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Welcome 
The event organisers are delighted to welcome, to the inaugural Forming and Exploring Habitable Worlds 

Meeting, scientists alongside scholars of space law, ethics, and culture of all career levels from academic 
institutions, private sector bodies, space agencies, and other government organisations from all over the globe.  
The University of Edinburgh’s School of Geosciences and its Earth and Planetary Science Institute are thrilled to 
have brought together a large and diverse set of experts engaged in fundamental aspects of planetary and space 
science as well as specialists in exploration mission planning, space culture, and diversity and inclusion in these 
scholarly areas. We look forward to hosting a very productive meeting. 

Further information: www.habitableworlds.co.uk   Please read the ethos: www.habitableworlds.co.uk/ethos 

Overview 

Forming and Exploring Habitable Worlds is a multi-discipline four to five day international scientific meeting 
taking place in Edinburgh, UK, in November 2022. This event is to accommodate up to 120 in-person delegates of 
all career stages based in a range of relevant employment sectors. A hybrid model is envisaged to be delivered so 
as to broaden participation by accommodating virtual attendance of additional delegates. Students and those in 
their early-careers are encouraged to attend and contribute their work in this friendly, relatively unintimidating, 
and specialist gathering.  

The welcoming atmosphere of this modest-sized event will foster friendly scholarly exchange and shall help to 
promote networking beneficial over both immediate and long time periods to delegates of their early, mid, and 
senior careers. Due to the event being of cross-discipline appeal participants will be planetary scientists, 
astronomers, computational astrophysicist, astrobiologists, space lawyers, educators, space technology / mission 
innovators, earth scientists, and social scientists and humanities experts.  The meeting and related activities 
provide opportunities for friendly exchange among scholars of planetary and space science matters at all career 
levels. Thus, offering the potential for all to accelerate knowledge/technology sharing and explore new 
observations that advance understanding of key questions concerning planet formation, community and space 
mission priorities, and give prominence to our responsibilities to excel in our protective responsibilities off-Earth.   

In nucleating useful new international collaborations, this event will be highly beneficial to continued 
community progress in frontier planetary and space science while supporting overall community advances in 
preparing for society’s growing needs for highly qualified personnel in these employment sectors as well as 
among connected social science and policy bodies.  Additionally, this meeting will help to create pathways for 
present and future students through interaction with other delegates, and potentially permits the early-stages of 
discussion to commercialise certain scientific findings and/or new technologies for industry.  Ample discussion 
time during the overall event supports our goal to engage all attendees in the effective exchange of new 
observations, emerging analytical approaches, and the development of new hypotheses. 

In light of the development of new planetary science study facilities across the globe and the recent and 
pending return of new forms of intentionally retrieved extraterrestrial materials, we are positioned at the 
inception of a new era of frontier study.  A dedicated special issue with Geochimica et Cosmochimica Acta, the 
journal of the Geochemical Society and Meteoritical Society (or similar), will be produced after this meeting and 
is provisionally titled “Tracing Planetary Formation and Evolution, and the Dynamics of the Early Solar System”.  
We intend for this volume to include a significant set of useful new advances in cross-disciplinary understanding 
of planetary formation and Solar System evolution. In addition, as our interconnected fields of work are fast 
accelerating this is an opportune time to provide the community with a high-level review. Hence, a provisional 
agreement is held with the University of Arizona Press’s Space Science Series; the approach and content of this 
volume will be discussed during the event. This meeting and its aligned activities, therefore, are a special 
opportunity for delegates to engage in producing two excellent thematic volumes of lasting scientific impact.  

More information: www.habitableworlds.co.uk/publishing-projects  

http://www.habitableworlds.co.uk/
https://www.habitableworlds.co.uk/ethos
https://www.habitableworlds.co.uk/publishing-projects
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Visiting Edinburgh? 
Travel and other information for visitors to Edinburgh can be accessed via www.habitableworlds.co.uk/travel  

and www.ed.ac.uk/visit/city/basics. All in-person delegates are required to be vaccinated against COVID-19. In-
person attendees must adhere to other precautions should they be requested to ensure the good health of all. 

Visas and your stay: Visitors to Scotland must hold a valid passport before starting their journey and children 
may require their own passports. All visitors who wish to enter the UK must meet the requirements of the UK 
immigration regulations. Application forms and information on how to apply for a visa, as well as guidance for 
visitors coming to the UK, is available on the UK Border Agency website. 
 EU citizens can stay in Scotland for as long as required. Visitors from other European countries outside 

the EU can stay for up to three months. 
 Visitors from the USA, Canada, Australia or New Zealand, can stay for up to six months, providing they 

have a return ticket and funds to cover the trip. 
 Visitors from any other country in the world will require a visa. 
 After you have fully paid for registration and booked your accommodation to attend and present your 

work, please email the organisers at habworldbursaries@gmail.com if you require a visa assist letter. 

Money: In Edinburgh and across Scotland and the UK pounds sterling (£) is the currency used. Bank notes 
produced in England and in Scotland are slightly different from one another but both are accepted everywhere in 
these countries. Cash machines / ATMs are widely available to people, and there are also a number of Bureaux 
de Change in Edinburgh’s city centre. Credit and debit cards are accepted in most hotels, restaurants and shops. 
Only a very few small shops and guesthouse accommodation may prefer or accept only cash.   

There are no fixed expectations concerning tipping in Edinburgh. If you are happy with the service in 
restaurants or cafés, a 10 to 15% tip to waitressing staff or similar is customary. For taxi fares, it’s usual to round 
up to the nearest pound (£) for short journeys.  

All purchases, with the exception of food, books and children’s clothing, are subject to VAT, which is 
currently 20%. This is already included in the price shown in shops / on price tags. Visitors from non-EU countries 
can claim a refund of VAT from selected shops on goods to be taken out of the country under the Retail Export 
Scheme. You can find information on how to reclaim sales tax by visiting the HM Revenue & Customs website. 

Roads: Please be aware as both pedestrians crossing roadways and as potential vehicle users that drivers 
and cyclists use the left hand side of the road in the UK. If you choose to drive in Scotland at any time during your 
visit, you must have a valid driving licence, be driving with valid insurance, and adhere to the UK’s Highway Code. 
A foreign driving licence is accepted in the UK for up to 12 months. It is compulsory to wear seat belts in the front 
seat and if your car has seat belts in the back, they must also be worn.  

Medical Cover: When travelling to Scotland from outside of the UK, make sure you know what emergency 
healthcare you are entitled to, what medicines you can bring into the country, what to do in an emergency, and 
what travel insurance you will need. The Scottish Government provides detailed healthcare information for 
overseas visitors and holiday makers in PDF, audio and large-print formats:  

Safety: Edinburgh, like other major cities, is a place where general care and common sense rules apply. 
Edinburgh is generally very safe and friendly so you should not encounter any problems. During the day, Police 
Officers and Community Enforcement Officers would be able to assist you if needed. In case of an emergency the 
police, emergency medics / ambulance, or fire brigade service can be contacted by telephoning 999. 

Electricity: The standard voltage in Scotland is 240V AC, 50Hz. North American appliances need an adapter 
and transformer; Australasian appliances need only an adapter. Plugs in the UK are different to those in many 
other countries, including other European nations, and have 3 square pins.  Adapters are widely available at 
places of international arrival, and in Scottish hardware shops or high street retailers such as Boots or Superdrug. 

Child care and faith: If you have any queries about local provisions for child care ahead of the meeting 
please find further information and links at this page and this student resource. Initial information about 
Edinburgh‘s welcoming faith communities can be accessed at this website.  Should you wish to attend faith 
venues during your visit, please contact these directly to enquire about their COVID-safe operating practices. 

http://www.habitableworlds.co.uk/travel
http://www.ed.ac.uk/visit/city/basics
https://www.gov.uk/uk-border-control
mailto:habworldbursaries@gmail.com
http://customs.hmrc.gov.uk/channelsPortalWebApp/channelsPortalWebApp.portal?_nfpb=true&_pageLabel=pageTravel_ShowContent&id=HMCE_CL_000141&propertyType=document
https://www.gov.uk/browse/driving/highway-code-road-safety
https://www.nhsinform.scot/care-support-and-rights/health-rights/access/healthcare-for-overseas-visitors#tourists-and-holidaymakers
https://www.ed.ac.uk/equality-diversity/inclusion/family/child-support
https://www.ed.ac.uk/studying/postgraduate/student-life/childcare
https://edinburgh.org/things-to-do/faith-venues/
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Local Interest 
The historic city of Edinburgh boasts a World Heritage Site in the centrally located Old Town and New Town 

areas where this meeting is located.  Established in 1451 The University of Edinburgh is one of the UK’s oldest 
and most prestigious Universities, and is Scotland’s largest high-performing public higher education institutions.   

       
Image Credits: The University of Edinburgh and the National Museum of Scotland 

As Scotland’s capital city, Edinburgh is well situated for access to inspiring landscapes as well as the Scottish 
borders and England’s northern counties such as Northumberland and Cumbria. During the month of November 
temperatures are expected to be cool, likely ranging from roughly +3 ºC to +10 ºC and with rain and will at times. 
Please come prepared for these weather conditions.   

Further information about the local area: www.habitableworlds.co.uk/local-area.    

    

    

Image Credits: visitscotland.com 
 

 

http://www.habitableworlds.co.uk/local-area
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Summary 
The meeting is capped by a retreat to Gartmore House, Stirlingshire. This retreat shall accommodate approximately 

35 attendees, where eligible early- and mid-career scholars on insecure contracts who are awarded bursaries to attend 
this aspect of the event will be given priority.  

The purpose of the retreat is to accommodate friendly exchange and short-course style activities as well as a 
specialist CV clinic. Hence, this environment will help to foster new professional partnerships, identify collaborative 
opportunities for the short-, mid-, and longer-term, all while developing transferable skills and addressing approaches 
to raising and maintaining funding. The retreat will also feature an exploration of a range of career pathways via 
informal discussions and presentations with diverse leaders in the planetary and space sciences. 

Example Guest Facilitators include: 

• Nick Booth, Author, Broadcaster, Journalist and all round SciComm enthusiast. 

• Katrina Wesencraft, Communications and Content Coordinator, and Storyteller,  
School of Geosciences, University of Edinburgh. Plus, Treasurer of the Association of British Science Writers.  

• Nicolle Zellner, Professor, Albion College, USA. Recipient of the 2021 Carl Sagan Medal of the American 
Astronomical Society for her extensive contributions to outreach. Also highly-active in advocating for and advising 
communities, funders and other policy makers to improve careers for women and other marginalised people in 
planetary science / astronomy. https://campus.albion.edu/nzellner/professional-information/  

• Natasha Nicholson, Cluster Manager, Space Scotland, Higgs Centre For Innovation, Royal Observatory Edinburgh. 
https://scottishspace.org/  

• (Remote access) Luke Vanstone, Business Development Manager (Small Satellites), Science and Technologies 
Facilities Council, Higgs Centre for Innovation, Edinburgh - www.higgscentre.org/news  

• (Remote access) Andrew Fournet, Product Development and Innovation Analyst – www.astrosat.net  
 

Plus, recordings kindly provided to this retreat include a feature by Dr. Sheila Kanani MBE, Astronomer, Education, 
Outreach and Diversity Officer of the Royal Astronomical Society. 

Themes to connect with through the retreat 
• Science Communication and Outreach  

Focusing on the development of skills for communicating research to the general public, including approaches to 
science writing and the creation of other engaging resources / materials for a range of settings and age-groups. 

• Private Sector Opportunities 
Activities and talks will explore subjects of shared interest and (academic-adjacent) job opportunities available 
outside of universities while emphasising the types of professional abilities and knowledge that are valued. 

• Government and Policy 
This theme will look at how research is turned into policy and how policy directs research (e.g. through funding 
opportunities) as well as exploring the experience, collaboration, and employment opportunities in these areas. 

Retreat to Gartmore 
 

 

https://campus.albion.edu/nzellner/professional-information/
https://scottishspace.org/
http://www.higgscentre.org/news
http://www.astrosat.net/
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Afternoon, Friday November 11th 2022 
• It is compulsory for members of the attending group to gather in the John McIntyre Conference Centre 

immediately following the closing formalities of the meeting. The group will then depart together for travel to the 
retreat, which is expected to take approximately 90 minutes.  

• If any member(s) of the party fail to meet at the agreed time and place before departure, they must take full 
responsibility for their travel to Gartmore House. It is only by prior arrangement with the Chair that members of 
the party should make their own way to the retreat’s venue.  

• Participants are reminded that they should expect cool weather during November. They should bring sturdy 
waterproof footwear or wellington boots, as well as a rain proof coat / jacket / hat / umbrella should they wish to 
enjoy a walk about the grounds or adjacent countryside during their time at Gartmore House.  

• Members of the attending party should have the expectation that they will need to have eaten their lunch prior to 
gathering for departure, or should be prepared with a sandwich / pack lunch on this day. A notice of reminder will 
be sent by email to all participants shortly before the event takes place. 

• Travel / rail tickets are included in fee to attendees for the retreat. The group will travel together by train from 
Edinburgh Waverley to Stirling rail station during the afternoon. At Stirling rail station shuttle transport provided 
by Gartmore House will take attendees to the destination. 

• Upon arrival at Gartmore House the venue’s staff will direct people to their allocated rooms. Quiet time is provided 
while people settle in and dinner will be served in the evening. 
 
 
 

Saturday November 12th and Sunday November 13th 2022 
• Breakfast will be available at times confirmed upon arrival at Gartmore House.  

This will likely be from 7.30 am, closing at 9 am. 

• The first activity of the morning begins at 9.15 am, and ends at 10.30 am. 

• At 10.30 am refreshments will be served and a break of approximately 20 to 30 minutes will be provided for. 

• The second activity of the morning is expected to take place between 11 am and 12.30. 

• Lunch will be provided between 12.30 and 1.30 pm. 

• Afternoon activities begin at 2 pm with refreshments served at approximately 3.30 pm. 

• Participants have the option to engage in relaxed activities with the group between 4 pm and 5.30 pm, or are 
permitted to use the time as they wish. 

• Dinner will be at 6 pm. Function rooms / comfortable seating will be available to attendees throughout the evening. 

• An optional evening talk or recorded speaker is a possibility, and would be of no more than one hour in duration. 

• Should any attendees of the retreat prefer to depart on the Sunday evening they must advise the Chair as early as 
possible and ahead of the November 2022. Under these circumstances departure transport is the responsibility of 
the attendee - Gartmore House staff shall likely be best positioned to advise should transport bookings be required.  
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Monday November 14th  
• Breakfast will be served from approximately 7 am and group members should have packed their luggage and 

vacated their rooms ahead of departure at 9 am. 

• Return transport to Stirling Rail station will be provided along with return tickets to Edinburgh Waverley from 
which point delegates should make their own arrangements for onward transport and/or any vacation or visiting 
research plans that they may have. It is expected that the return journey will comfortably reach Waverley train 
station around either 11.30 am or 12.30. The meeting organisers recommend that delegates allow an addition  
30 minutes or an hour for any planned connections. Organisers take no responsibility for any delays that could 
potentially affect return travel to Waverley. 

• We appreciate that some attendees may prefer to travel direct from Stirling to their next destination. The Chair 
asks that anyone please advises the organisers as early as possible if they wish to leave the group early by: 

o Departing Stirling for a destination different from Edinburgh Waverley. 

o Having booked - direct with Gartmore - their own an extended stay at the House after this retreat. 

o Using their own transport to travel from Edinburgh and will have with them to Gartmore House for 
independent travel following the final group breakfast.     
  

 

 

 

 
 
 
 
 
 
 
 
 

Retreat Coordinators  

Above from left to right - Nisha Ramkissoon, Open University,  
Emily Bonsall and Christian Shröder, University of Stirling, and Kristina Tamane, University of Edinburg
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Public Event, Tuesday 8th November 2022, John McIntyre Conference Centre 

 
 
 

 
 
 

 
 
 

Please arrive promptly and 10 minutes before the stated start times. 
 

 

6.15 pm, Interactive hour for under-14 year olds and the young at heart. 
Let’s Explore Planets! 

 
 

Fun times with the science of space! Please ask lots of questions! 

  
 
 
 
 

Entertaining expert presenters are Professor Nicolle Zellner, Albion College, USA and  
Associate Professor Elizabeth Tasker, Japan Aerospace Exploration Agency (JAXA). 

 
 

7.30 pm, Public Lecture for all ages. Our Future In Space. 
 

Distinguished Prof. Chris Impey   
University of Arizona, USA.   Website 

 

What is out there? Where might we go? 
What should we do? 

 

Giving a talk loosely based on his 
popular book: 

 “Beyond: Our Future In Space” 
 

Please ask questions! 
 
 
 

Coordinators of the Public Event 

Coordinators of the Public Event - Sarah Crowther, University of Manchester,  
Paula Antoshechkina, California Institute of Technology, and Amy Riches, Meeting Chair. 

 
 

 
 
 
 

For further information on this event please see: 
www.habitableworlds.co.uk/public-event                                                                     

A separate Public Talk, hosted by the Royal Observatory of Edinburgh, will be given by Prof. Chris Impey  
on Monday 7th November 2022 at 7 pm. “Einstein's Monsters: The Life and Times of Black Holes” 

Astronomy for All: talks at the Royal Observatory Edinburgh Tickets | Eventbrite 

http://chrisimpey-astronomy.com/
https://www.habitableworlds.co.uk/public-event
https://www.eventbrite.co.uk/e/astronomy-for-all-talks-at-the-royal-observatory-edinburgh-tickets-399527957877
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Meeting’s Keynote Speakers, November 7th-11th  

 

 

 

 

 
 

              Professor Dirk Schulze-Makuch                       Professor Audrey Bouvier 
           Technische Univ. Berlin, Germany.              Universität Bayreuth, Germany. 

Meeting’s Invited Speakers, November 7th-11th  
 

 

 

 

 
 

    Dr. Sean Raymond, CNRS                                          Dr. Laetitia Delrez                                                      Dr. Mickaël Baqué         
Universite de Bordeaux, France.                                    Université de Liège, Belgium.                                   German Aerospace Centre             

 
 

 

 

 

 

Prof. Hasnaa Chennaoui Aoudjehane                                Dr. Neeraj Srivastava                                                Prof. Nigel Mason OBE  
     Hassan II U of Casablanca                                          Physical Research Lab., India                         President, Europlanet Society        

 

 

 

 

 

 
 

               Dr. Tony Milligan                                                          Dr. Joanna Barstow                                                    Prof. Jamie Gilmour                  
             Kings College London                                                      Open University, UK                                  UK Cosmochemical Analysis Network      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                Dr. Millarca Valenzuela Picón          Dr. Sohan Jheeta                                                
                                  Universidad Católica del Norte                    NoRCEL Network 
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Bursary Awards 
Learned societies of the international scientific community [listed below] are thanked for their generous 

support of the meeting and particularly of conference access bursaries administered by the meeting’s scientific 
team.  Awards were made on a competitive basis to support eligible researchers presenting their work. 

Sponsors of conference access bursaries 

 
 

The UK’s Science and Technologies Facilities Council, the Meteoritical Society,  
the Scottish Alliance for Geoscience and Society, Zeiss, the Royal Astronomical Society,  

the European Association of Geochemistry, Nu Ametek, UK’s Geochemistry Group, and Frontiers in Geochemistry. 

The following presenting delegates are congratulated on their successful applications! 

Nidhi Verma, Physical Research Laboratory, Ahmedabad, India. 

Mohamad Essam Sayed Abdelaal, Space Science Dept., Moscow Institute of Physics & Technology, Russia. 

Emily Bonsall, Dept. of Biological & Environmental Sciences, University of Stirling, UK. 

Caprice Phillips, Dept. of Astronomy, Ohio State University, USA. (Virtual access participant.) 

Catheryn Ryan, Institute for Earth & Space Exploration, University of Western Ontario, Canada. 

Natasha Latouf, Dept. of Physics & Astronomy, George Mason Univ., and NASA Goddard Space Flight Center, USA. 

Matthew Swayne, Astrophysics Group, School of Chemical and Physical Sciences, Keele University, UK. 

Margarita Safonova, Indian Institute of Astrophysics, Bengaluru, India. (Virtual access participant.) 

Megha Bhatt, Physical Research Laboratory, Ahmedabad, India. 

Neeraj Srivastava, Physical Research Laboratory, Ahmedabad, India. 

Monalisa Chowdhury, Onshore Construction Company PVT Ltd / Physical Research Laboratory, India. 

Hasnaa Chennaoui Aoudjehane, Hassan II University, Casablanca, Morocco.  

Jordan Stone, previously of Newcastle University now Imperial College London, UK. 

Vera Assis Fernandes, Museum für Naturkunde, Berlin, Germany; Department of Earth and Environmental Sciences (DEES), 
Univ. of Manchester, UK; Instituto Dom Luiz (IDL), Univ. of Lisbon, Portugal.  

Adrian Guzman, Mexican Space Agency. 

Heba Mohamed, Cairo University, Egypt. 

Osama Shalabiea, Cairo University, Egypt. 

Soukaina ARIF, Hassan II University, Casablanca, Morocco. 

Lauren Stone, Western University of Ontario, Canada. 

Haruka Hoshino, National Astronomical Observatory, Japan. 
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Maps Emphasising Key Locations Related to the Meeting 
 
Map 1: Overview of Scotland 
 
 

 

 

 
 
 

 

 
 
 
 
 
 

 

Map 2: Central Area of Edinburgh. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

For your reference only, 
Shetland Space Centre 

Gartmore House 
Location of Retreat 

Edinburgh 
Meeting Location 

100 km 

 
In addition to the maps provided here, other 
maps and information useful to visiting 
delegates can be accessed at: 
• https://www.ed.ac.uk/maps  
• https://www.ed.ac.uk/visit/city  
• https://mapcarta.com/W27279498  
• and via google maps.  

https://www.google.co.uk/maps  
• www.habitableworlds.co.uk/local-area  
• www.habitableworlds.co.uk/travel  

Talks and Poster 
Presentations.  

Plus, Public Event. 
 

The Scott / The Scholar 
Accommodation 

Edinburgh 
Waverley Station 

600 metres South Hall 
Banquet Night 

Cafes 

Cafes 

Kismot 
Welcome Dinner 

https://www.ed.ac.uk/maps
https://www.ed.ac.uk/visit/city
https://mapcarta.com/W27279498
https://www.google.co.uk/maps
http://www.habitableworlds.co.uk/local-area
http://www.habitableworlds.co.uk/travel
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Accommodation 
Reservations have been made on a bed and breakfast basis at the University’s The Scott and The Scholar 

Hotels, which are both located within a few hundred metres of the John McIntyre Conference Centre. Rooms are 
offered through the registration process, and all have private modern bathrooms. The cost to delegates of bed 
and breakfast accommodation shall be in the range of roughly £60 (based on two people sharing a twin or family 
room) to around £100 per night (single occupancy). www.habitableworlds.co.uk/registration  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Image Credit: Edinburgh First, University of Edinburgh. 

Meeting organisers accept no responsibility for arrangements made outside of our registration portal. 
Edinburgh is Scotland’s capital city; please always check that the address of any accommodation you book 
independent of the meeting’s own provisions is located within an easy distance of the conference centre. Please 
check available reviews of any such accommodation that you book outside of the registration portal.  

If needed, alternative accommodations not coordinated by this meeting’s team and located nearby include: 

• Hotels and bed and breakfast accommodation searchable via a google map of the area.  

• Room only or bed and breakfast listed on Air BnB (please check if these options are recognised for 
reimbursement by the relevant employer / funder).  

• The Residence Inn Edinburgh by Marriott. 36 Simpson Loan, Quartermile, Edinburgh EH3 9GG.  
www.marriott.com/hotels/hotel-photos/ediri-residence-inn-edinburgh/ 

https://www.uoecollection.com/hotels/the-scott/
https://www.uoecollection.com/hotels/the-scholar/
https://www.uoecollection.com/hotels/the-scholar/
http://www.habitableworlds.co.uk/registration
http://www.marriott.com/hotels/hotel-photos/ediri-residence-inn-edinburgh/
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John McIntyre Conference Centre 
Meeting Location for In-Person Oral and Poster Presentations 

 
Image Credit: Edinburgh First, University of Edinburgh. 

 
The inaugural Forming and Exploring 
Habitable Worlds Meeting uses the 
Pentland Suite – marked by the 
orange ellipse. The East and West 
rooms will be combined to give one 
large theatre space for talks. 
Boardrooms 1 and 2 provide for quiet 
/ committee spaces. 

The building is served by accessible 
lifts as well as stair cases. Bathrooms 
will be clearly marked. 

Windows and doors will be opened to 
increase air circulation in meeting 
rooms and catering areas. Guests are 
encouraged to take fresh air breaks 
throughout the day. 

Hand sanitisers will be available 
throughout the venue. Cleaning of 
surfaces and high touch points in 
meeting rooms, catering areas and 
public spaces will be carried out 
throughout the day. 
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Presentations  
The Pentland Suite includes a large theatre spaces with a seated 

capacity of approximately three hundred. Poster presentations will take 
place inside the John McIntyre Conference Centre where the meeting is 
taking place. The space assigned for posters to be shown and discussed 
with presenters will be clearly sign posted inside this building at the time 
of the event. 

Quiet / Meeting Room  
Two small rooms adjacent to the theatre in which presentations will 

be given are considered boardrooms. These rooms contain seating and 
desks and provide a quiet space for people to rest and/or take sensory 
breaks. By prior request and arrangement with the organisers, members 
of the media and small boards or committees can arrange discussions in 
one of these rooms and over the course of the meeting. 

Meals 
The meeting will provide refreshments (coffee, teas, water and other 

cold drinks, ± biscuits) at intervals during the event. For the week of November 7th to 10th 2022, lunches will be 
provided at the conference centre.  

The Scott and Scholar University Hotels provide breakfast. Over the full course of their visit, visitors will find 
that dinners can generally be purchased for around £8 to £25 per person at cafes and restaurants in and around 
Edinburgh’s historic centre.  

Dinner will be provided at the event’s banquet in South Hall.  

An option that some in-person attendees have added to their 
package is a welcoming icebreaker dinner at the Kismot restaurant on 
the evening of Sunday November 6th. As with all other aspects of the 
meeting, and in keeping with this event’s ethos, alcohol will not be 
provided at the icebreaker dinner. 

Cafés and Restaurants 
Numerous cafés and restaurants are located within a 15 minute walk of 

the conference centre and university hotels along Newington Road (turns 
into S. Clerk Street as you walk northward). There are also many places 
suited to evening dining in Edinburgh’s Old Town.  

It is in these central areas that many of Edinburgh’s museums and 
galleries are located. Visitors should be aware that many of these public 
points of cultural interest are free to all visitors and, if possible for you, we 
encourage you to explore them during your stay. More information:  
www.habitableworlds.co.uk/local-area  

Public Event  
The Public Event shall take place in the John McIntyre Conference Centre (page 8), with independent public 
events held by the Royal Observatory of Edinburgh as optional activities open to all during that week. 
 
 
 
 
 
 

Image Credit: University of Edinburgh. 

Image Credit: University of Edinburgh. 

Image Credit: University of Edinburgh. 

Image Credit: University of Edinburgh. 

https://www.habitableworlds.co.uk/ethos
https://www.habitableworlds.co.uk/local-area
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Social Activities 
Opt-in Welcome Dinner 
Sunday November 6th 
Beginning promptly at 18:30.  
Kismot, 29 St. Leonards Street, Edinburgh, EH8 9QN 

This friendly welcome (for those that added this option 
during their registration) will be hosted at a local family run 
restaurant, ‘Kismot’. This dinner venue is located a 10 to 15 minute walk to the North of the university hotels and 
conference centre. In keeping with the event’s ethos, this restaurant does not serve alcohol and provides for 
tasty Indian-Bangladeshi food.   

Public Event, Tuesday November 8th 
Beginning promptly at 18:30. John McIntyre Conference Centre. 

The meeting’s expert Public Speakers on the topic ‘Let’s Explore Planets’ for under 14s. Plus, Distinguished 
Professor of Astronomy Chris Impey, University of Arizona, USA - who gained his doctoral degree at the 
University of Edinburgh - will give a lecture for a general public audience. Professor Impey’s talk will relate to his 
popular book ‘Beyond: Our Future in Space’. Please be seated by 18:20. 

Poster Session, Wednesday November 9th  
The poster session for this meeting will include light refreshments, and there will be no alcohol. Poster 

presentations run from the close of oral presentations on Wednesday morning until 13:40.   

Boards for forty or more poster presentations can be accommodated. Presenters should stand by their 
posters from the beginning of this session. It is intended that there will be a competition for prizes among 
presenting students. 

Banquet, Thursday November 10th 
Beginning promptly at 18:30.  South Hall. 

The meeting’s banquet will be held in South Hall - a spacious and contemporary building sited close to the 
conference centre and well sign posted.  The venue will be welcoming delegates from 18:15, before taking our 
seats to enjoy the meal and after-dinner folk music with ceilidh. In line with the meeting’s ethos, the banquet 
will be alcohol-free and optional participation in traditional Scottish ceilidh dancing will be fuelled only by 
general high spirits and good food.    

Tours showcase key facilities that can support planetary science, astronomy, space exploration and other 
research will take place at key points across the week. 

  
 
 
 
 
 

 
 
 

For a modest number of in-person delegates, a visit to specific facilities in the School of Geosciences will be offered. 
At the invitation of the Institute of Astronomy, in-person delegates will be able 

to visit the Royal Observatory of Edinburgh on Blackford Hill.  
There will also be an opportunity for a modest number of delegates  

to participate in a tour of Edinburgh’s STFC Astronomy Technology Centre. 
For these purposes, sign-up sheets will be available during the main event. 

https://www.habitableworlds.co.uk/ethos
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Virtual Access Provisions 
The Inaugural Forming and Exploring Habitable Worlds Meeting is a modest-scale international conference, yet it 
is intended for hybrid delivery to broaden access for participants across the globe while helping ensure COVID-
safety and reducing the per delegate resource footprint of the event.  
 

The following provisions are planned for (delegates should have received an email with instructions and invite to 
the conference’s dedicated MS Teams space): 

• More info about the MS Teams is here: https://www.microsoft.com/en-gb/microsoft-teams/group-chat-
software  

• You can access the MS Teams platform either directly from any supported browser or via a native app for 
Desktop or Mobile: https://www.microsoft.com/en-gb/microsoft-teams/download-app Wherever 
possible, we recommend that you do use a native app because not all functions are available in the 
browser version. 

• As said, those who have registered or been provided bursary support for remote access should have by 
now received an automated invitation to join our MS Team, which you should follow to ensure your 
account is set up on our system. Access to the MS Teams space dedicated to this meeting is a two-step 
process, requiring a quick approval by the administrator.  

 
Please, make sure you open the link and log into the teams space before the end of Wednesday, 2nd 
November. Failure to do so could complicate your access to the conference. Do not worry if you cannot 
find anything in the MS Teams space after you register – it may or may not look empty until 4th 
November. Please, make sure you check your spam folder in case you do not see the invitation in your 
mailbox. If no invitation is received, email matjaz.vidmar@ed.ac.uk and we will look into it for you. 

• On 4th November the conference space on MS Teams will go live and you will be able to participate in the 
General chat, see the Livestream channel and access/view the Posters board, as well as drop any 
questions in the Help thread. 

• From 9am on Monday, 7th November, you will be able to watch and participate in the conference 
proceedings by clicking on “Join” button within the MS Teams’ Livestream channel. Unless presenters opt 
out, all presentations will be recorded and accessible shortly after each session block. 

• If you are presenting a virtual poster, please submit the poster as a PDF file (A1, 300dpi, 10MB max size) 
by the 2nd November using this link: https://forms.gle/31TqbvurNn5LGdUD6 

• If you are presenting your talk virtually, you will be enabled to share slides/screen directly from your 
computer, with your camera and screen feeds streamed into the conference hall. More info is here: 
https://support.microsoft.com/en-us/office/show-your-screen-during-a-meeting-90c84e5a-b6fe-4ed4-9687-5923d230d3a7 

• We recommend that virtual presenters join a drop-in trial run session between 2-4pm on Friday, 4th 
November in the Help channel in the conference MS Teams space, or by clicking on this link: 
https://teams.microsoft.com/l/meetup-
join/19:268fcd0b89e14f66b20d578acfa27d31@thread.tacv2/1666170646872?context=%7B%22Tid%22:%222e9f0
6b0-1669-4589-8789-10a06934dc61%22,%22Oid%22:%2218f01aa9-be75-42e6-a0d3-95fe3464e1ab%22%7D  

If you have any further questions, please, do not hesitate to get in touch with Dr. Matjaz Vidmar 
(matjaz.vidmar@ed.ac.uk). .

https://www.microsoft.com/en-gb/microsoft-teams/group-chat-software
https://www.microsoft.com/en-gb/microsoft-teams/group-chat-software
https://www.microsoft.com/en-gb/microsoft-teams/download-app
mailto:matjaz.vidmar@ed.ac.uk
https://forms.gle/31TqbvurNn5LGdUD6
https://support.microsoft.com/en-us/office/show-your-screen-during-a-meeting-90c84e5a-b6fe-4ed4-9687-5923d230d3a7
https://teams.microsoft.com/l/meetup-join/19:268fcd0b89e14f66b20d578acfa27d31@thread.tacv2/1666170646872?context=%7B%22Tid%22:%222e9f06b0-1669-4589-8789-10a06934dc61%22,%22Oid%22:%2218f01aa9-be75-42e6-a0d3-95fe3464e1ab%22%7D
https://teams.microsoft.com/l/meetup-join/19:268fcd0b89e14f66b20d578acfa27d31@thread.tacv2/1666170646872?context=%7B%22Tid%22:%222e9f06b0-1669-4589-8789-10a06934dc61%22,%22Oid%22:%2218f01aa9-be75-42e6-a0d3-95fe3464e1ab%22%7D
https://teams.microsoft.com/l/meetup-join/19:268fcd0b89e14f66b20d578acfa27d31@thread.tacv2/1666170646872?context=%7B%22Tid%22:%222e9f06b0-1669-4589-8789-10a06934dc61%22,%22Oid%22:%2218f01aa9-be75-42e6-a0d3-95fe3464e1ab%22%7D
mailto:matjaz.vidmar@ed.ac.uk
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Presenter Instructions  

• All talks can be given by either a single solo presenter or delivered by two person (dual) speakers. 

• Speakers should prepare slide presentations in PC-compatible formats (power point or pdfs). 

• Dimensions of power point slides should be standard (4:3). 

• Presentations should be provided on a thumb-drive and must be submitted in the presentation room prior to 
the start of each scientific session. For all presentations before noon, submission is required before 8.40 a.m. 
or preferably the day before. For all afternoon presentations, submission is required on a previous day or 
during the lunch break (ideally, at the start of lunch). 

• Standard oral presentations must be 15 minutes in length and will be followed by 5 minutes of questions. 
Solo presenters should use 15 minutes. Dual presenters will have ~7 minutes each with a smooth transition 
and will share the total of 5 minutes of questions time. 

• Those who are Invited Speakers will have 30 minutes of time and should prepare a 20-25 minute presentation 
and anticipate 5-10 minutes of questions and discussion. 

• The two Keynote Speakers will have 40 minutes and should prepare a 30 minute talk to be followed by 10 
minutes of questions and discussion. 

 

In addition to roughly 70 talks, a number of excellent poster presentations can be anticipated. 

• In-person posters should be put up in the presentation space in the conference centre. This space will be 
clearly sign posted within the venue. During October, instructions will be sent for submission of virtual posters  

• Those giving poster presentations should stand by their work during the poster session.  

• All posters (in-person and virtual) are to be 84 cm × 114 cm (33” × 45”). Portrait orientation is requested.  
 

*It is not acceptable to record or photograph the presentations without the explicit permission of the authors.* 

Awards 
The following awards are supported by the meeting: 

• Two best poster presentations led by a student (virtual or in-person). 
• Two best oral presentations involving a research student (solo or dual presenter talk). 
• Best oral presentation by or involving a postdoctoral researcher (solo or dual presenter talk). 

Criteria and guidance for judges will be made available at / during the event.  People of any age classifying as 
research students or postdoctoral researchers are eligible.  Winners of these prizes will be announced prior to 
the closing remarks on Friday 11th November.  

Venue Logistics 
• In the event of a fire alarm sounding continuously please remain calm, take your valuables with you and 

follow the directions of the workshop organisers and/or fire marshal to leave the building by the nearest safe 
exit in an orderly manner.  

• Bathrooms are located near to all meeting rooms and delegates should familiarise themselves with their 
locations, or ask one of the voluntary assistants involved in workshop organisation. 

• If delegates experience any problems or accidents they should inform the event organisers immediately who 
will arrange for the appropriate assistance. 

• Free wireless internet access is available at the science site where scientific sessions will take place. Further 
instructions will be made available to delegates close to and/or at the time of the meeting.
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Chair 
Amy J. V. Riches, School of Geosciences, University of Edinburgh, UK. 

Scientific Steering Committee 
Please see - www.habitableworlds.co.uk/event-leadership  
Co-Chair: Vera Assis Fernandes, Museum für Naturkunde, Germany. 
Co-Chair: Christian Schröder, University of Stirling, UK. 
Paula Antoshechkina, California Institute of Technology, USA. 
Megha Bhatt, Physical Research Laboratory, India. 
Hasnaa Chennaoui Aoudjehane, Hassan II Univ. of Casablanca, Morocco. 
Patricia Clay, University of Manchester, UK. 
Sarah Crowther, University of Manchester, UK. 
Mario Fischer-Gödde, Universität zu Köln, Germany. 
Andrea Fortier, University of Bern, Switzerland. 
Eiichiro Kokubo, National Astronomical Observatory of Japan. 
Chris McKay, NASA Ames Research Center, USA. 
Millarca Valenzuela Picón, Universidad Católica del Norte, Chile. 
Ganna (Anya) Portyankina, University of Colorado in Boulder, USA. 
Nisha Ramkissoon, The Open University, UK. 
Natalie Starkey, The Open University, UK. (Thanked for service during early organising stages.) 
Natasha Stephen, University of Plymouth, UK. (Thanked for service during early organising stages.) 
Amaury Triaud, University of Birmingham, UK. 
Monica Truninger, University of Lisbon, Portugal. 
Elishevah van Kooten, University of Copenhagen, Denmark. 
Justin Walsh, Chapman University, USA. 

Local Committee / Advisor and others 
Matjaz Vidmar, School of Engineering, University of Edinburgh, UK. 
Kristina Tamane, Space Business Executive, University of Edinburgh, UK. 
Edinburgh First, Conference Service Team. Special thanks to Rachel Foot and Adele Willoughby. 
Lisa Thornburn of the School of Geoscience’s Finance Team. 
The staff of Gartmore House. 
Plus, Schools’ Liaisons, Media Professionals, the Knowledge Exchange and Impact Team and others of 
the host University for their contributions, enthusiastic encouragement, and other enabling support. 

Voluntary Assistants 
Jordan Young, Final Year MEarth student, University of Edinburgh, UK. 
Christina MacLeod, Graduate in Engineering, University of Edinburgh, UK. 

http://www.habitableworlds.co.uk/event-leadership
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Virtual Delegates  
(*) denotes student. 
David Arnot, Open University, UK. 
Vera Assis Fernandes, Museum für Naturkunde, Berlin, Germany; University of Manchester, UK;  
IDL University of Lisbon, Portugal. 
Agiratu Bah, Ministry of Mines and Mineral Resources Government of Sierra Leone. 
*Borja Barbero Barcenilla, Texas A&M University, USA. 
*Agnibha Banerjee, The Open University, UK. 
*Nidhi Bangera, Space Research Institute (IWF), Graz, Austria. 
Vickie Bennet, Australia National University, Australia. 
Daniel Bensen, Sofia Life Services and Author. 
Tracy Berg. Infinity Press. 
Sue Bowler, Royal Astronomical Society. UK-based. 
*Andrew Buchan, University of Cambridge, UK. 
Ricardo Cabrera, Universidad de Chile. 
Luis Campos, Rice University, USA. 
Patricia Clay, now at the University of Ottawa, Canada. 
*Andrea Cyniburk, University of Vienna, Austria. 
Bruce Damer, University of California Santa Cruz, USA. 
David Deamer, University of California Santa Cruz, USA. 
Jean-Pierre de Vera, German Aerospace Center (DLR), Germany. 
Mark Elowitz, Network for Life Detection (NfoLD) 
Mario Fischer-Gödde, Universität zu Köln, Germany. 
Andrea Fortier, University of Bern, Switzerland 
Mark Fox-Powell, Open University, UK. 
Heather Gibson, University of Glasgow, UK. 
Adrian Guzman, Mexican Space Agency. 
Mika Holmberg, DIAS Dunsink Observatory, Dublin Institute for Advanced Studies, Ireland. 
Melinda Hutson, Portland State University, USA. 
Nozair Khawaja, Freie Universität Berlin, Germany. 
Jonas Kuhn, University of Bern, Switzerland. 
David Latham, Center for Astrophysics | Harvard and Smithsonian, USA. 
Jean-Pierre Lebreton, retired planetary scientist, France. 
*David Lewis, Space Research Institute (IWF), Graz, Austria. 
Kuan Li, University of Reading, UK. 
Shaolin Li, Macau University of Science and Technology, China. 
*Pengyu Liu, University of Edinburgh, UK. 
*Evelyn MacDonald, University of Toronto, Canada. 
Chris McKay?, NASA Ames Research Center, USA. 
*Nicholas Mehrle, Massachusetts Institute of Technology, USA. 
*Heba Mohamed, Cairo University, Egypt. 
Gordon Osinski, University of Western Ontario, Canada. 
Valerie Payre, University of Iowa, USA. 
*Caprice Phillips, Ohio State University, USA. 
Ganna (Anya) Portyankina, University of Colorado in Boulder, USA. 
George Profitiliotis, Blue Marble Space Institute of Science. 
Nisha Ramkissoon, Open University, UK. 
Laura Rogers, University of Cambridge, UK. 
Margarita Safonova, Indian Institute of Astrophysics. 
Osama Shalabiea, Cairo University, Egypt. 
*Ursula Shaw, University of Cambridge, UK. 
*Elena Suslina, Space Research Institute (IWF), Graz, Austria. 
A. A. Thaskeena, Cochin University of Science and Technology, India. 
Janelle Thompson, Nanyang Technological University, Singapore. 
François Tissot, California Institute of Technology, USA. 
Millarca Valenzuela Picón, Universidad Católica del Norte, Chile. 
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Virtual Delegates Continued  
Elishevah van Kooten, University of Copenhagen, Denmark. 
Nidhi Verma, Physical Research Laboratory (PRL), India. 
Sabine Viramoutou, Open University, UK. 
Justin Walsh, Chapman University, USA. 

 

In-person Delegates  
Vardan Adibekyan, Universidade do Porto, Portugal. 
Paula Antoshechkina, California Institute of Technology, USA. 
*Soukaina ARIF, Hassan II University of Casablanca, Morocco. 
Mickael Baqué, German Aerospace Center (DLR), Germany. 
Joanna Barstow, Open University, UK. (Hybrid attendance: In-person and virtual across the week) 
Megha Bhatt, Physical Research Laboratory (PRL), India. 
*Emily Bonsall, University of Stirling, UK. 
Amy Bonsor, University of Cambridge, UK. 
Audrey Bouvier, Universität Bayreuth, Germany. 
*Margaret Bruna, McGill Space Institute, Canada. 
*Amadeo Castro-González, Centro de Astrobiología, Spain. 
Thomas Cheney, Open University, UK. 
Hasnaa Chennaoui Aoudjehane, Hassan II University of Casablanca, Morocco. ATTARIK Foundation. 
*Monalisa Chowdhury, Onshore Construction Co. PvT Ltd / PRL, India. 

Katy Chubb, University of St. Andrews, UK.  
*Laura Clodoré, Centre de Biophysique Moléculaire – Orléans, France. 
Ian Crawford, Birkbeck College, London, UK. 
*Thomas Cross, University of Hull, UK. 
*Jeanne Davoult, University of Bern, Switzerland. 
Laetitia Delrez, University of Liege, Belgium. 
Martin Dominik, University of St Andrews, UK. 
*Mohamad Essam Sayed, Moscow Institute of Physics and Technology, Russia. 
Valentina Erastova, School of Chemistry, University of Edinburgh, UK. 
Thomas Fauchez, NASA Goddard Space Flight Center American Univ. Sellers Exoplanet Environments Collab., USA. 
Emily Finer, University of St. Andrews, USA. 
Frédéric Foucher CNRS, Centre de Biophysique Moléculaire – Orléans, France. 
Jörg Fritz, Zentrum für Rieskrater und Impaktforschung, Nördlingen, Germany. 
Yuri Fujii, Kyoto University, Japan. 
Pavol Gajdoš, Pavol Jozef Šafárik University, Slovakia. 
*Toni Galloway, University of St. Andrews, UK. 
Michael Garrett, University of Manchester, UK. 
Jamie Gilmour, University of Manchester. UK Cosmochemical Analysis Network. (Hybrid attendance across the week?) 
*Arthur Goodwin, University of Manchester, UK. (Hybrid attendance: In-person and virtual across the week) 
*Namrah Habib, University of Oxford, UK. 
Jacob Heinz, Technische Universität Berlin, Germany. 
Mahesh Herath, McGill University, Canada. 
*Haruka Hoshino, National Astronomical Observatory of Japan. 
Chris Impey, University of Arizona, USA. 
Sohan Jheeta, UK-based. NoRCEL Network. 
Ao Jiang, Lunex EuroMoonMars ILEWG, Netherlands; Imperial College London, UK; EuroSpaceHub, EU. 
*Nicolas Kaufmann, University of Bern, Switzerland. 
Andrew Kennedy, Project Chronolith, Spain. 
Fabian Klenner, Freie Universität Berlin, Germany. 
Takanori Kodama, University of Tokyo, Japan. 
Vincent Kofman, NASA Goddard Space Flight Center / Sellers Exoplanet Environments Collab., America Univ., USA. 
Eiichiro Kokubo, National Astronomical Observatory of Japan. 
Maud Langlois CNRS, Université de Lyon, France. 
Natasha Latouf, George Mason University, USA.  
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In-person Delegates Continued  
Kevin Lewis, Buble Studios. 
Luca Maltagliati, Nature Astronomy. 
Nigel Mason, University of Kent, UK. Europlanet Society. 
Tony Milligan, King’s College London, UK. 
*Marit Marit Mol Lous, Universität Bern, Switzerland. 
*Keavin Moore, McGill University, Canada. 
Akifumi Nakayama, National Astronomical Observatory of Japan. 
Nick Nielsen, NoRCEL member, Portland, USA. 
*Alex O’Donnell, University of Aberdeen, UK.  
Christian Potiszil, Okayama University at Misasa, Japan. 
*Emma Puranen, University of St. Andrews, UK. 
Sean Raymond CNRS, Université de Bordeaux, France. 
Amy Riches, University of Edinburgh, UK. / SETI Institute, USA. 
Jamie Royce, Nu Instruments (Nu-Ametek), UK-based. 
*Catheryn Ryan, Western University of Ontario, Canada. 
Suman Saha, Indian Institute of Astrophysics / Pondicherry University, India. 
Martin Schlecker, Steward Observatory / University of Arizona, USA. 
Dirk Schulze-Makuch, Technical University Berlin +, Germany. 
Christian Schröder, University of Stirling, UK. 
Andrew Siemion?, University of California Berkley, USA. 
Neeraj Srivastava, Physical Research Laboratory (PRL), India. 
*Jordan Stone, previously Newcastle University now Imperial College London, UK. 
*Lauren Stone, Western University of Ontario, Canada. 
Matthew Swayne, Keele University, UK. 
Elizabeth Tasker, Japan Aerospace Exploration Agency (JAXA). 
Rich Taylor, Zeiss. UK-based. 
Amaury Triaud, University of Birmingham, UK. 
Monica Truninger, University of Lisbon, Portugal. 
Matjaz Vidmar, University of Edinburgh, UK. 
Geronimo L. Villanueva, NASA Goddard Space Flight Center / Sellers Exoplanet Environments Collab., USA. 
Jordan Young, University of Edinburgh, UK. 
*Yuki Yoshida, The University of Tokyo, Japan. 
Nicolle Zellner, Albion College, USA. 
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Theme 1  
The origins of habitable bodies in  

and beyond our home Solar System 

 

 
 
 
 

For this broadly defined theme we solicit contributions of new findings arising from meteoritical, 
experimental / analogue / computational modelling, observational astronomy and space mission studies. 
We strongly encourage contributions that integrate models of impact processes and celestial mechanics 
with chemical and other findings for meteorites, and / or experiments that seek to constrain the 
dynamical and geological history of our own planetary neighbourhood. In addition, we seek astronomical 
findings from planet-hunting studies because such work is crucial to furthering community discussions 
and understanding of wider planetary and solar system types as well their possible paths of formation, 
included among which will be potentially habitable exoplanets.  

Together we can ask, what are the priorities in our fundamental investigations into and searches for 
habitable bodies? What do we each need to learn from one another to progress our collective 
understanding? What new efforts do we need to undertake together? 



 

23 

 

Theme 1 is anticipated to accommodate talks and posters under the following topics: 

A. Habitable environments, including a focus on Mars’ (near) surface 

Keywords and questions  

 How do we define habitability and life?  
 

Prebiotic molecules. Plausible forms. Known and unknown.  
In and beyond our Solar System. "Extreme" and the earliest life on Earth. 
Planetary brines. Alteration. Lessons from low-gravity space stations. Astrobiological possibilities. 
Tracking / remotely sensing tell tale signs among biogeochemical cycles. 

 Do we have evidence for past or present life on Mars? What and where are Mars’ past or present 
liveable environments? Have martian hydrothermal processes given niche environments for life? 
How do we infer and constrain Martian biogeochemical cycles? 

 

B. Nebulars, protoplanetary disks, and building worlds 

Keywords and questions:  

 What is required to prompt the rise of potentially habitable worlds?  
 

Modelling. Mimicking (with analogue experiments). Constraining the conditions during the earliest 
phases of solar system histories. Element origins. Chemical / isotopic reservoirs. Volatile / water 
behaviour(s) and import. Linking computational astrophysics with primitive solar system materials. 

 What aspects of planetary construction determine long-term potential for habitability?  
 

Rocky worlds with icy neighbours. Bulk body chemical recipes and mass balance. High-temperature 
geochemistry. Tracing planetary phsysiochemical histories. Impact processes and long-term flux. 
Core Formation. Planetary volatiles (including calculations of water delivery). Volatile inheritance? 
Volatile loss? Accretion theory. Planetary magma generation, crystallisation, and volcanism. 
Outgassing. Natural planetary materials. Meteorites. Returned planetary samples. Asteroids, 
comets, presolar grains, IDPs, Moon. Experimental study approaches. Relevant revelations from 
crater counting and other remote sensing. How important is the Moon to the habitability of the 
Earth-Moon system? Computational modelling of planetary growth and solar system evolution. 

 

C. Exoplanet discoveries, atmospheres, SETI science and new frontiers 

Keywords and questions:  

 What fundamental questions can exoplanetary geoscience answer??  
 

Identifying potentially habitable exoplanets, exomoons, or other bodies. Observational astronomy. 
Associated solar / star setting and conditions. Bulk elemental compositions of exoplanets. 
Snapshots of giant impact processes. Hints of exomoons. Extraterrestrial atmospheric compositions 
(with possibilities for life detection?) and their physics. Modelling atmospheres and/or inferring 
climates on bodies outside our Solar System. New developments in capabilities for exoplanetary 
science and the search for other habitable worlds.  

Keywords and questions:  

 Could other civilisations and ecologies be more advanced and sustainable than ours currently are on 
Earth? Combing the cosmos for signs of intelligence in the great beyond. Fermi’s paradox. 
Radio astronomy approaches and more. 
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Theme 2 
Space exploration and its governance: 
 priorities, visions, concerns, and ambitions 

 
  

This portion of the meeting will foster trans-disciplinary dialogue across a wide range of fields. The 
purpose of this theme is to highlight key observations that have implications for how and why we explore 
space, evaluate our ambitions and priorities in space exploration, cooperate over missions, and consider 
emerging visions and aspirations for future settling of other worlds.  

Crucial to responsible exploration of space, and strong support of discovery-driven science over 
generations, is how international communities distinguish between exploration and exploitation and how 
well they trust in and/or are inspired by scientists and others connected with the space sector. Hence, we 
are motivated to reflect on the varying nature and extent of engagement as well as attitudes among the 
global public with respect to space and planetary science activity by government bodies, academic 
groups, and that driven by the private sector.  

Given the differing priorities, narratives, visions, concerns and ambitions of space exploration, and 
possible developing space race pressures, we must act with urgency to mitigate any adverse impacts on 
poorly known extraterrestrial environments. Are the current international outer space treaties adequate 
to ensure universal good practice and the preservation of pristine bodies in space? What concerns exist 
regarding current and future modes of space exploration practices? And regarding the supply of 
personnel qualified to both work in and govern these sectors? How can society effectively and widely 
share collective understandings and / or concerns to help improve the governance and regulation of 
international space exploration?  How can societies develop forms of governance conducive to fair, 
responsible and inclusive space activities? 

Where to and what next? 
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Theme 2 is anticipated to accommodate talks and posters under the following topics: 

A. Space governance, environmental ethics, and planetary protection 

Keywords and questions: 
 How is planetary protection currently defined? What other considerations need to be included beyond ‘life’ 

off-Earth? What about pristine inorganic landscapes?  Discussion will draw on previous impacts caused by 
human activity both on Earth and of instruments or craft left and impacted on other planetary surfaces.  

 What is space governance and what does it entail?  Are the treaties appropriate for the current level of 
knowledge and understanding of governance, global activity, and are they reinforced? 

 Drawing from natural sciences, and the properties required to make Earth a habitable planet, can humans 
duplicate them? And drawing from social sciences and humanities, can other planets be terraformed? What 
are the ethical, social and cultural implications of such ambitions?  

 Should legislation better reference and regulate the clearance of space junk while recognising and ensuring 
the provision of dark skies? 

 Our responsibilities: preparing for launch, exploring, managing possible extra-terrestrial economies, and 
settling in space. How are the perspectives of non-elite historically marginalised groups (people of 
underrepresented race, ethnicity, religions, age, gender, class) included in determining responsibilities? 

 Do we need improved strategies to raise public awareness and understanding related to planetary protection 
and space governance? 

B. Where to next, why, how, and when? What are we seeking, how do we connect and inspire? 

Keywords and questions: 
 On Mars and its satellites? Are we ready?  
 What innovative technologies, new education / apprenticeships / other training / recruitment provisions with 

constructive partnerships, and original knowledge, are needed to enable our aims? 
 The current ambitions of the various space stakeholders (e.g. space agencies, commercial ventures) have to 

explore and make habitable other planets and how do these compare with past missions. Do they interfere 
with the natural sustainability of the planetary body? 

 Public perceptions, attitudes, values, concerns, dreams, and imaginaries regarding current and future space 
exploration and making other worlds habitable.  

 Meanings, sociotechnical imaginaries, and practices of habitable worlds regarding housing/shelter (space 
architecture), food, clothing, leisure / consumption practices, material culture, communication technologies, 
and privacy protection in confined, dangerous and distant places (e.g. ISS, spaceships to Mars and elsewhere).  

 Imaginaries of living forms off-Earth and encounters between earthlings and extraterrestrial organisms. 
 The role of planetary analogues on Earth to test living conditions off-Earth, namely Mars and other planets. 

What configurations of the future off-Earth living conditions do these sites pre-figure?  
 Meanings and concepts of time and temporalities in space travel and space exploration to seek living 

conditions off-Earth. 

C. How will we maximise scientific output from space missions? and what technologies are required? 

Keywords and questions: 
 The Moon: Scientific priorities and target destinations of lunar missions (e.g. ARTEMIS / Lunar Gateway). 
 Exploration, technological preparedness, and governance related to astronaut health, in situ resource 

utilisation on the Moon, humankind's unknown future, and importance to testing viabilities for further space 
exploration or extraterrestrial settlements in / beyond our immediate celestial neighbourhood. 

 Mars and its satellites / moons: What are we all seeking, why, how, and where? 
 Venus: Missions and priorities for this hot-house planet. 
 Icy worlds, metal and primitive asteroids: Scientific objectives and destinations.  
 Intercepting comets: Priorities, accomplishments, readiness and ambitions.   
 Astronomy and Exoplanetary science: Latest ground-based and space roving telescopes. The motivations for, 

abilities, big data and pin point targets of all projects extremely large and smaller. Emerging opportunities? 
 Planetary Materials Curation and Analysis: Locating, storing, handling, and characterising space rocks on 

Earth. Fireball networks. A forward view to studies of extra-terrestrial material and floods of celestial data. 
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Scientific programme – running order  
Monday 7th November begins promptly at 8.30 am in the Pentland Suite, John McIntyre Conference Centre. 

Unless otherwise stated, all speakers listed below are understood to be attending to give an in-person presentation. 
A pair of Chairs for each session will be contacted and agreed comfortably before November 4th  

 

 

Please be aware that there will be a Public Talk at the Royal Observatory of Edinburgh, Blackford Hill, at 7 pm. 

8:30 REGISTRATION - Please collect your badges from the desk
8:40 TEA AND COFFEE
8:50
9:00
9:10
9:20 Talk #1 - Theme 1A
9:30 Speaker: Valentina Erastova      Title: Computational Chemistry - Space & Time Travellers' Tool
9:40 Talk #2 Theme 1A
9:50 Speaker: Emily Bonsall*    Title: Reactive Iron Species Preserve Organic Carbon: What Does This Mean For Finding Fossil Life On Mars?

10:00 Talk #3 INVITED TALK Theme 1A
10:10 Invited Speaker: Dr. Mickaël Baqué 
10:20 Title: Supporting Search-For-Life Missions: In Situ Raman Spectroscopy Monitoring Of Material Changes During Proton Irradiation
10:30 Talk #4 Theme 1A
10:40 Speaker: Toni Galloway*    Title: Carbon and Nitrogen Cycling within Complex Geothermal Mars Analogue
10:50 Talk #5 Theme 1A
11:00 Speaker: Catheryn Ryan*    Title: Mars-Relevant Hydrovolcanic Tuff is Habitable
11:10 Talk #6 Theme 1A
11:20 Speaker: Frédéric Foucher    Title: Detection Of Biosignatures On Mars Using Raman Spectroscopy
11:30 Talk# 7 Theme 1A
11:40 Speaker: Mohamad Essam Sayed*    Title: The Dynamics Of Dust Particles And Electromagnetic Noise On Mars' Surface
11:50
12:00
12:10
12:20
12:30
12:40 Talk #8 Theme 1A
12:50 Speaker: Arthur Goodwin*    Title: Comparing the Stac Fada impactite and Northwest Africa 11220 martian meteorite to ascertain where carbon is preserved…
13:00 Talk #9 Theme 1A 
13:10 Speaker: Lauren Stone*    Title: Astrobiological Potential Of Martian Craters: Effect Of Meteorite Impact On The Habitability Of Basalt
13:20 Talk #10 KEYNOTE Theme 1A 
13:30
13:40 Keynote Speaker: Prof. Dirk Schulze Makuch
13:50 Title: Searching for habitable niches and life on Mars
14:00 Talk #11 Theme 1A
14:10 Speaker: Jordan Stone*    Title: Tectonically driven oxidant production in the hot biosphere
14:20 Talk #12 Theme 1A
14:30 Speaker: Sohan Jheeta    Title: Emergence of Life - Importance of Formation of Organic Molecules of Life
14:40
14:50
15:00
15:10 Talk #13 Theme 1A
15:20 Speaker: Nozair Khawaja / Fabian Klenner     Title: Enceladus: A Potential Habitable Place in the Solar System
15:30 Talk #14 Theme 1A 
15:40 Speaker: Mark Fox-Powell    Title: Entombment of microorganisms within rapidly fronzen fluid droplets relevant to the plumes of Enceladus
15:50 Talk #15 Theme 1A
16:00 Speaker: Alexander O'Donnell*      Title: Searching for Life in Hot Spring Systems: Effects of Temperature on Raman Spectra of Organic Carbon Inclusions
16:10 Talk #16  TEAM TALK Theme 1A - virtual
16:20 Authors: David Deamer, Francesca Cary, Bruce Damer
16:30 Title: Urability: a property of planetary bodies that can support the origin of life
16:40
16:50
17:00 Talk #17 Theme 2B+ 2C (part 1)
17:10 Speaker: Monalisa Chowdhury*    Title: Geological Characterization Of Potential Landing Sites For Future Lunar South Pole Missions
17:20 Talk #18 Theme 2B + 2C (part 1) - virtual 
17:30 Speaker: Nidhi Verma    Title: Application Of Dual Frequency Synthetic Aperture Radar Towards Understanding Microenvironment Of The Lunar Poles
17:40 Talk #19 Theme 2B+ 2C (part 1)
17:50 Speaker: Laura Clodoré*    Title: Mars Sample Return: The Challenge Of Detecting Putative Ancient Traces Of Life In Martian Rocks
18:00 Talk #20 Theme 2B+ 2C (part 1) - virtual
18:10 Speaker: Borja Barbero Barcenilla*     Title: Spaceflight and Microgravity - Response of Plant Telomeres and Telomerase

18:20
18:30

Nov. 7th
Monday

TEA AND COFFEE BREAK (30 minutes)

WELCOME AND OPENING SPEECHES - With Ian Murray MP

Enjoy Your Evening

LUNCH (around 50 minutes)
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Scientific programme – running order  
Tuesday 8th November begins promptly at 8.30 am in the Pentland Suite, John McIntyre Conference Centre. 

Unless otherwise stated, all speakers listed below are understood to be attending to give an in-person presentation. 
A pair of Chairs for each session will be contacted and agreed comfortably before November 4th.  

8:30 Talk #21 Theme 2B+ 2C (part 2)
8:40 Speaker: Ian Crawford    Title: The Case For A Lunar Base
8:50 Talk #22 Theme 1A / 2B+ 2C (part 2) 
9:00 Speaker: Megha Bhatt    Title: Geological Characterization Of Potential Landing Sites 

     9:10 Talk #23 SPECIAL Theme 1A / 2B+ 2C (part 2) 
9:20 Speaker: Ao Jiang
9:30 Title: Exploring the habitability and behavioural health of Mars habitat analogues: the ILEWG EuroMoonMars EMMPOL 8-11 investigation
9:40 Talk #24 Theme 2B+ 2C (part 2) - virtual
9:50 Speaker: Jean-Pierre de Vera    Title: Habitability Studies And Life Detection In Orbit And Beyond

10:00 Talk #25 Theme 2B+ 2C (part 2)
10:10 Speaker: Frédéric Foucher    Title: Biosignatures And Detectability: Two Key Concepts For Understanding The Challenge Of The Search For Extraterrestrial Life
10:20
10:30
10:40
10:50 Talk #26 Theme 2B+ 2C (part 2)
11:00 Speaker: Margaret Bruna*    Title: Combining Photometry and Astrometry to Improve Orbit Retrieval of Directly Imaged Exoplanets
11:10 Talk #27 Theme 2B+ 2C (part 2)
11:20 Speaker: Maud Langlois   Title: The small ExoLife Finder Telescope (SELF): Towards a ground based extremely large telescope dedicated to …..
11:30 Talk #28 Theme 1C (part 1)
11:40 Speaker: Martin Schlecker    Title: Quantifying Habitability: How To Optimize Exoplanet Missions To Explore The Closest Habitable Worlds
11:50 Talk #29 INVITED Theme 1C (part 1)
12:00 Invited Speaker: Joanna Barstow
12:10 Modelling Exoplanet Atmospheres For JWST And Ariel
12:20 Talk #30 Theme 1C (part 1)
12:30 Speaker: Akifumi Nakayama    Title: Survival of Terrestrial N2-O2 Atmosphere in Violent XUV Environments through Efficient Atomic Line Radiative Cooling.
12:40 Talk #31 Theme 1C (part 1)
12:50 Speaker: Namrah Habib*    Title: Modelling Dry Compositional Convection for Applications to Terrestrial Exoplanet Atmospheres 
13:00
13:10
13:20
13:30
13:40
13:50 Talk #32 Theme 1C (part 1)
14:00 Speaker: Takanori Kodama     Title: Climate of high obliquity terrestrial planets with 3D cloud resolving model
14:10 Talk #33 Theme 1C (part 1) - virtual
14:20 Speaker: Evelyn MacDonald*     Title: M-Earth Transit Spectra Over A Large Parameter Space: What Can We Learn About Habitability From JWST?
14:30 Talk #34 Theme 1C (part 1)
14:40 Speaker: Thomas J. Fauchez     Title: Searching for Atmospheric Technosignature
14:50 Talk #35 Theme 2B+ 2C (part 3)
15:00 Speaker: Andrew Kennedy     Title: Biocosmology and Extraterrestrial Adventures
15:10 Talk #36 Theme 2B+ 2C (part 3)
15:20 Speaker: Emma Puranen*     Title: Exoplanet Worldbuilding In Science Fiction Before And After Discovery: A Bayesian Network Analysis
15:30
15:40
15:50
16:00
16:10
16:20
16:30
16:40
16:50
17:00
17:10
17:20
17:30
17:40
17:50
18:00
18:10
18:20
18:30
18:40 OUR MEETING'S PUBLIC EVENT - John McIntyre Conference Centre
18:50 Part 1, targeting U14s and those young at heart
19:00
19:10
19:20
19:30
19:40
19:50
20:00 OUR MEETING'S PUBLIC EVENT - John McIntyre Conference Centre
20:10 Part 2, lecture by Dist. Prof. Chris Impey
20:20
20:30 To finish around 8.30 pm

LUNCH (around 50 minutes)

BREAK - TEA, COFFEE, SOFT DRINKS

Optional tours or break.

Nov. 8th

TEA AND COFFEE BREAK (30 minutes)

Beyond: Our Future In Space

Let's Explore Planets!

Tuesday
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Scientific programme – running order  
Wednesday 9th November begins promptly at 8.30 am in the Pentland Suite, John McIntyre Conference Centre 

Unless otherwise stated, all speakers listed below are understood to be attending to give an in-person presentation. 
A pair of Chairs for each session will be contacted and agreed comfortably before November 4th. 

 
 

8:30 Talk #37 KEYNOTE Theme 1B
8:40
8:50 Keynote Speaker: Prof. Audrey Bouvier

9:00 Title: Building Earth
9:10 Talk #38 Theme 1B (part 1)
9:20 Speaker: Yuri Fujii    Title: Effects Of Magnetic Fields On The Cosmic-Ray Ionization In Protoplanetary Disks 
9:30 Talk #39 Theme 1B (part 1)
9:40 Speaker: Yuki Yoshida*      Title: Simulating dust monomer collision: expansion of JKR theory
9:50 Talk #40 Theme 1B (part 1)

10:00 Speaker: Christian Potiszil     Title: Organic Matter from the Asteroid Ryugu: A Reservoir for the building blocks of life
10:10 Talk #41 Theme 1B (part 1)
10:20 Speaker: Rich Taylor     Title: Understanding the building blocks of our solar system

10:30 Talk #42 Theme 1B (part 1) - virtual
10:40 Speaker: Francois Tissot      Title: The case for the angrite parent body as the archetypal first-generation planetesimal: Large, reduced and Mg-enriched 

10:50
11:00 POSTER SESSION
11:10
11:20 WITH TEA, COFFEE, FRUIT
11:30 AND BISCUITS 
11:40
11:50
12:00
12:10
12:20
12:30
12:40
12:50 Talk #43 Theme 1B (part 2)
13:00 Speaker: Nicolas Kaufmann*     Title: Population level study on the influence of planetesimal fragmentation on planet formation

13:10 Talk #44 Theme 1B (part 2)
13:20 Speaker: Joerg Fritz     Title: The Heavy Bombardment Eon 

13:30 Talk #45 INVITED Theme 1B (part 2)
13:40 Invited Speaker: Neeraj Srivastava
13:50 Title: Recent Volcanism On The Moon: Current Understanding And Implications
14:00 Talk #46 Theme 1B (part 2)
14:10 Speaker: Nicolle Zellner     Title: Earth's first billion years: a holistic view derived from multple scientific studies
14:20 Talk #47 Theme 1B (part 2) - hybrid pairing
14:30 Speaker: Paula Antoshechkina and Valerie Payré     Title: Tridymite as Evidence of Explosive Volcanism on Mars: 

   14:40
14:50
15:00
15:10 Talk #48 INVITED Theme 1B / 1C transition - virtual
15:20 Invited Speaker: Sean Raymond
15:30 Title: The Solar System Vs. Exoplanets: Case Studies In Comparative Planet Formation
15:40 Talk #49 SPECIAL Theme 1B / 1C transition
15:50 Speaker: Nick Nielsen    
16:00 Title: Constraining Exobiology: An Observational Research Program in the Origins and Development of Life.
16:10 Talk #50 Theme 1B/ 1C transition
16:20 Speaker: Haruka Hoshino*      Title: Orbital structure of planetary systems formed by giant impacts: stellar mass dependence
16:30
16:40
16:50 Mini creative writing workshop!
17:00
17:10
17:20 By Dr. Emily Finer
17:30
17:40
17:50
18:00
18:10

Nov. 9th
Wednesday

Imagining Habitable Worlds

Free Time - Enjoy!

TEA AND COFFEE BREAK (roughly 30 minutes)

LUNCH (around 50 minutes)
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Scientific programme – running order  
Thursday 10th November begins promptly at 8.30 am in the Pentland Suite, John McIntyre Conference Centre. 

Unless otherwise stated, all speakers listed below are understood to be attending to give an in-person presentation. 
A pair of Chairs for each session will be contacted and agreed comfortably before November 4th.  

 

8:30 Talk #51 Theme 1C (part 2)
8:40 Speaker: Amy Bonsor     Title:The Early Formation of Exo-planetesimals, as Revealed by White Dwarfs
8:50 Talk #52 Theme 1C (part 2)
9:00 Speaker: Jeanne Devoult*    Title: On planetary systems classification and Earth-like planets
9:10 Talk #53 Theme 1C (part 2)
9:20 Speaker: Elizaabeth Tasker     Title: How Unlike Earth Are Earth-Like Exoplanets?
9:30 Talk #54 Theme 1C (part 2)
9:40 Speaker: Suman Saha     Title: Habitable Exomoons : Detection and Characterization
9:50 Talk #55 Theme 1C (part 2)

10:00 Speaker: Amadeo Castro-González     Title: The KOBE experiment: K-dwarfs Orbited By habitable Exoplanets
10:10
10:20
10:30
10:40 Talk #56 INVITED Theme 1C (part 2)
10:50 Invited Speaker: Laetitia Delrez
11:00 Title: Exploring Connections Between Exoplanetary And Solar System Science
11:10 Talk #57 Theme 1C (part 2)
11:20 Speaker: Vardan Adibekyan     Title: Composition of super-Earths, super-Mercuries, and their host stars
11:30 Talk #58 Theme 1C (part 2)
11:40 Speaker: Mahesh Herath*     Title: The interiors of terrestrial Exoplanets and their magnetic fields
11:50
12:00
12:10
12:20
12:30
12:40
12:50 Talk #59 Theme 2B+ 2C (part 4)
13:00 Speaker: Matjaz Vidmar     Title: Open Engineering for Open Science
13:10 Talk #60 Theme 2B+ 2C (part 4)
13:20 Speaker: Mónica Truninger    Title: Space Food And Multi-Planetary Sociotechnical Imaginaries
13:30
13:40
13:50 PANEL DISCUSSION
14:00 WITH 
14:10 DELEGATE INPUT
14:20
14:30 Community directions.
14:40 Visions, people,  responsibilities, sharing, opportunities, ideas, needs.
14:50
15:00
15:10
15:20
15:30 Talk #61 INVITED Theme "A
15:40 Invited Speaker: Tony Milligan
15:50 Title: Ground Bias: Transferring habitability lessons back to Earth
16:00 Talk #62 Theme 2A
16:10 Speaker: Thomas Cheney     Talk: Exploration and Empire in Outer Space: Environmental Authority, Ecological Imperialism and Governance of the ‘Final Frontier’
16:20 Talk #63 Theme 2A
16:30 Speaker: Ian Crawford     Title: Who speaks for Humanity? Strengthening international space governance
16:40
16:50
17:00
17:10
17:20 BREAK
17:30
17:40 PREPARE FOR BANQUET
17:50
18:00
18:10
18:20 BANQUET AT SOUTH HALL
18:30 WITH 
18:40 POSSIBLE CEILIDH 
18:50
19:00
19:10
19:20
19:30
19:40
19:50
20:00
20:10
20:20
20:30 To finish around 8.30 pm

LUNCH (1 hour)

TEA AND COFFEE BREAK

TEA AND COFFEE BREAK

Thursday
Nov. 10th

Ceilidh = traditional scottish music and group dance with a caller. Participation in dancing is optional.
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Scientific programme – running order  
Friday 11th November begins promptly at 9.20 am in the Pentland Suite, John McIntyre Conference Centre. 

Unless otherwise stated, all speakers listed below are understood to be attending to give an in-person presentation. 
A pair of Chairs for each session will be contacted and agreed comfortably before November 4th. 

 
 
 
 
 

 
Example of how to read the time for a slot in the schematic of the schedule 
 
 
 
 
Start of talk #64 = 9.20 
 
 
End of talk #64 + its question time = 9.40 
 
(20 minute standard slot, 15 minutes for  
presentation + 5 minutes for questions.)  
 
 
 
Talk # 65 then begins immediately afterward at 9.40

Nov.11th
Friday

9:00
9:10
9:20 Talk #64 Theme 1C (part 3)
9:30 Speaker: Martin Schlecker     Title: Habitable Worlds Across The Main Sequence: Challenges For Core Accretion Theory
9:40 Talk #65 Theme 1C  (part 3)
9:50 Speaker: Keavin Moore*     Title: Deep-water cycling & loss to space on M-Earths: from magam ocean through plate tectonics

10:00 Talk #66 Theme 1C (part 3)
10:10 Speaker: Marit Mol Lous*     Title: Potenital long-term habitable conditions on planets with primordial H-He atmospheres
10:20 Talk #67 Theme 1C (part 3)
10:30 Speaker: Matthew Swayne*     Title: The radius inflation problem: …….accurate stellar characterization in the era of searches for habitable exoplanets 

   10:40
10:50
11:00
11:10 Talk #68 Theme 1C (part 3)
11:20 Speaker: Mike Garret + Andrew Siemion     Title: SETI both near and far
11:30 Talk #69 Theme 1C (part 3)
11:40 Speaker: Vincent Kofman     Title: Noise simulations of exoplanet observations for transit and coronagraphic studies using the Planetary Spectrum Generator
11:50 Talk #70 Theme 1C (part 3)
12:00 Speaker: Geronimo L. Villanueva     Title: The Planetary Spectrum Generator (PSG) for exoplanet research
12:10 FILM
12:20 Presenter: Jarita Holbrook      Title: ASTROMOVES: Navigating Careers
12:30
12:40
12:50
13:00
13:10
13:20
13:30
13:40
13:50
14:00
14:10 Tours?
14:20
14:30 Attendees to Gartmore Retreat to walk together to catch the train.
14:40
14:50 Others are released from the meeting 
15:00 and should pursue their own travel or visiting plans.
15:10
15:20
15:30

PRIZES AWARDED

TEA AND COFFEE BREAK

Discussion of the publication projects to arise from this conference.

 -- CLOSING CEREMONY AND END OF MEETING --

9:10
9:20 Talk #64 Theme   
9:30 Speaker: Martin S                 
9:40 Talk #65 Theme    
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Abstracts 

 
 

Appended abstracts are provided in running order.  

Speakers denoted with a * are research student presenters. 

 

 
If you wish to join in, please refer to: https://www.habitableworlds.co.uk/registration  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

https://www.habitableworlds.co.uk/registration
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Session 1A 
Habitable Environments 
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Talk # 1 
 

Computational Chemistry - Space & Time Travellers' Tool 
Valentina Erastova  

School of Chemistry, University of Edinburgh, UK (valentina.erastova@ed.ac.uk) 
 

'Where to land the next Mars rover?', and  

'I found a peptide on a rocky planet - is it a sign of extraterrestrial life?' 

The search for Life and its Origins continued to push science and stretch the realms of our 
knowledge, demanding to imagine the unseen. To this end, computational chemistry, a rapidly 
growing research field, can become a handy tool to explore experimentally unattainable systems; 
to develop, test and refine our hypothesis. 

In this talk, I will focus on the role of minerals in the emergence of proto-biomolecules, as well as 
in the preservation of biosignatures and their lookalikes. I would also like to present a theoretical 
approach for the identification of false-positive biosignatures, and to discuss its utility in the 
decision-making for equipment and landing sights of upcoming extraterrestrial missions. 

With this short talk, I aim to showcase the computational chemistry methodology on a couple of 
examples from my work and to foster a discussion, developing new and exciting ideas together. 

 

 

mailto:valentina.erastova@ed.ac.uk
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Talk # 2 
 

Reactive Iron Species Preserve Organic Carbon: What Does This Mean For 
Finding Fossil Life On Mars? 

*E. Bonsall1, I. Hutchinson2, H. Lerman2, M. McHugh2, E. Tisdall1, and C. Schröder1  
1Biloogical Environmental Sciences, and University of Stirling, Stirling, FK9 4LA, UK 2School of Physics and 

Astronomy, University of Leicester, Leicester, UK (email: emily.bonsall@stir.ac.uk) 

Introduction:   
Just over 20% of organic carbon in sediments on Earth is bound to reactive iron species [1]. Reactive iron 

species are characterized as nano-phase iron oxides (npOx) and iron-rich X-ray amorphous material. This 
makes identification of reactive iron species difficult for a number of analytical techniques. Pyrolysis is one 
such technique as its been shown to break the reactive iron-organic carbon complex and induce a reaction 
where the iron oxide is reduced and the organic carbon is oxidized, thus being destroyed [2,3]. Reactive 
iron species have been identified on the martian surface by the Mars Exploration Rovers, Spirit and 
Opportunity [4-7], and the Mars Science Laboratory, Curiosity [8,9]. Spirit and Opportunity both identified 
npOx at Gusev Crater and Meridiani Planum via sediment analysis with the Miniaturised Mössbauer 
Spectrometer (MIMOS II) both rovers were equipped with [10]. Curiosity identified iron-rich X-ray 
amorphous material at Gale Crater with the CheMin instrument which uses X-ray powder diffraction (XRD) 
[11]. The current Mars 2020 rover, Perseverance, and the suspended ExoMars rover, Rosalind Franklin, 
both have Raman spectrometers onboard as their main mineralogical analysis instrument [12-14]. Analysis 
of samples from an active pockmark (the Scanner Pockmark) in the North Sea with both Mössbauer 
spectroscopy, and Raman spectroscop, presented here has highlighted potential issues of identifying 
reactive iron species with Raman Spectroscopy.  

Results, Discussion, and Conclusions: 
Mössbauer Spectroscopy, carried out at the University of Stirling, identified npOx and Fe-phosphate 

doublets at room temperature which continue to be seen as the temperature decreases. 
Superparamagnetic goethite is identified at 77 K with a sextet identified as lepidocrocite appearing at 4.2 K. 
Raman spectroscopy, carried out at the University of Leicester with the ExoMars Raman Laser 
Spectrometer [15], identified carbonate, quartz, phosphate, feldspar, anatase and haematite within the 
sample. 

The results from the Raman spectroscopy differ from the Mössbauer results. As reactive iron minerals 
are opaque in visible wavelengths, a high laser intensity is needed to improve the signal-to-noise for 
identification with Raman spectroscopy. This laser power is capable of  inducing mineral transformation of 
iron minerals, especially those that are poorly crystalline like the samples measured here [15]. From this, it 
can be suggested that the difference in results between the two techniques is down to the transformation 
of nanophase goethite and lepidocrocite into haematite by the Raman laser. Following this, haematite can 
fluoresce under the laser and overwhelm the organic carbon signal at certain wavelengths [16]. 
Optimisation of the laser intensity and other instrument parameters is necessary in order to identify 
reactive iron species and organic carbon. This is important for the current Mars 2020 rover, Perseverance, 
and the suspended ExoMars rover, Rosalind Franklin, as both have Raman spectrometers as part of their 
instrument suites.  

References: 
[1] Lalonde K. et al (2012) Nature, 483, 198-200 [2] Tan S. W. et al (2021) Astrobiology, 21, 199-218 [3] 

Royle S. H. et al (2021) Astrobiology, 21, 673-691 [4] Morris R. V. et al (2006) JGR, 111, E02S13 [5] Morris R. 
V. et al (2006) JGR, 111, E12S15 [6] Morris R. V. et al (2008) JGR, 113, E12S42 [7] Morris R. V. et al (2019) in 
Remote Compositional Analysis: Techniques for Understanding Spectroscopy, Mineralogy, and 
Geochemistry of Planetary Surfaces, pp. 538-554, Cambridge University Press [8] Rampe E. B. et al (2017) 
Earth Planet. Sci. Lett., 471, 172-185 [9] Rampe E. B. et al (2020) Geochemistry 80, 125605 [10] Klingelhöfer 
G. et al (2003) JGR, 108(E12), 8067 [11] Blake D. et al (2012) Space Sci. Rev., 170, 341-399 771 [12] Bhartia 
R. et al (2021) Space Sci. Rev., 217:58 [13] Wiens R. C. et al (2021) Space Sci. Rev., 217:4 [14] Rull F. et al 
(2017) Astrobiology, 17, 627-654 [15] Ingley R. et al (2011) Proc. SPIE 8152, 815215 [16] Hanesch M. (2009) 
Geophys. J. Int., 177, 941-948  [17] Hays L. E. et al (2017) Astrobiology, 17, 363-400

Student-led presentation 

mailto:emily.bonsall@stir.ac.uk
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Talk # 3                                                    INVITED TALK 
 

Supporting Search-For-Life Missions: In Situ Raman Spectroscopy 
Monitoring Of Material Changes During Proton Irradiation 

Mickael Baqué1, Frédéric Foucher2, Aurélien Canizarès3, Jean-Pierre de Vera4, Thierry Sauvage3, Olivier 
Wendling3, Aurélien Bellamy3, Paul Sigot3 Thomas Georgelin3, Frances Westall2; 1German Aerospace Center 
(DLR), Institute of Planetary Research, Department of Planetary Laboratories, Astrobiological Laboratories, 

Berlin, Germany, mickael.baque@dlr.de; 2CNRS, CBM, UPR 4301, rue Charles Sadron, CS80054, 45071 Orléans 
Cedex 2, France; 3CNRS, CEMHTI UPR3079, Univ. Orléans, F-45071 Orléans, France ; 4German Aerospace Center 

(DLR), Space Operations and Astronaut Training, MUSC, Linder Höhe, Cologne, Germany. 
 

In our search for past or present habitable environments in our Solar System, organic molecules 
are prime targets for in situ exploration to unravel clues about ancient or present life. 
Understanding their preservation potential and detectability after ionic irradiation, with fluencies 
potentially representing those received for several millions to billions of years at Mars or in 
interplanetary space, is a crucial goal for astrobiology research [1]. Particles of different energies 
and fluencies can indeed induce breaking of molecular bonds, depolymerization, and temperature 
increase among others. To monitor these changes, Raman spectroscopy is a method of 
predilection due to its sensitivity to crystallinity defects and internal stresses. Present and future 
missions to Mars are moreover already carrying Raman spectrometers to characterize the 
mineralogical environment and potentially detect preserved traces of life [2]. We can, on Earth, 
use ion beams to simulate the radiation environment of Mars’ surface, subsurface, or 
interplanetary space by using different particles at different energies and fluences. However, 
materials can evolve rapidly after irradiation and the changes, between the irradiation chamber 
and the ex situ laboratory analysis conditions (and environment), are hard to predict and time and 
sample consuming. The possibility to monitor changes in the sample in situ in the chamber thus 
constitutes an important breakthrough for the domain.  

We present here a Raman in situ investigation of the evolution of a series of polymers during 
proton irradiation, as a feasibility experiment, for which a new type of Raman optical probe was 
designed. We showed that the kinetics of alteration may vary drastically from one sample to 
another. Indeed, proton irradiation (with a final fluence of 3.1014 protons.cm-2) leads to an 
increase in the background level of the signal, potentially explained by the scission of the 
polymeric chains and by the atom displacements creating defects in the materials [3]. Further 
improvements of the system are underway to reduce the Raman probe working distance, include 
a cooled sample holder, and allow for Raman mapping to apply to biomolecular samples of 
relevance for astrobiology, such as those previously used for space experiments. 

To fully simulate the Martian, or other planetary, environments, it is indeed necessary to 
conduct space experiments to have access to the full radiation spectrum present in space, 
composed of galactic cosmic rays and solar energetic particles, with a wide range of energies. 
BIOMEX (or the BIOlogy and Mars EXperiment) was such an experiment and was conducted on-
board the International Space Station (ISS) from 2014 to 2016 [4]. The future mission of its type, 
called BioSigN, is in preparation and ground-based irradiation campaigns, like the one presented 
here, are crucial to support such experiments, to provide estimates of the kinetics of degradation, 
and simulate doses representative of geological timescales on Mars.    

 
References: [1] Hassler D.M. et al. (2014) Science, 343(6169), 1244797. [2] Rull F. et al (2017) 

Astrobiology, 17(6-7):627-654. [3] Canizarès A. et al. (2022) Applied Spectroscopy FirstOnline. [4] 
de Vera J.-P. et al. (2019) Astrobiology 19:145–157. 
 

mailto:mickael.baque@dlr.de
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Talk # 4 
 
Carbon And Nitrogen Cycling Within A Complex Geothermal Mars Analogue 

*T. Galloway1, C. Cousins1, E. Stüeken1, A. Moreras-Marti1,2, M. Fox-Powell3. 1School of Earth and 
Environmental Sciences, University of St Andrews, Bute Building, Queen’s Terrace, St Andrews, Fife, UK, 
KY16 9TS, (tg65@st-andrews.ac.uk). 2School of Geographical & Earth Sciences, Glasgow University, Gregory 
Building, Glasgow, UK, G12 8QQ. 3AstrobiologyOU, The Open University, Milton Keynes, UK, MK7 6AA. 
 

Introduction: Since the discovery of ancient Noachian-age (4.1-3.7Ga) terrestrial hot spring deposits on 
Mars [1,2,3], many recent studies have focused on their analogues on Earth due to their potential to host 
Mars-relevant microbial communities [4,5,6]. Following on from the discovery of nitrogen compounds on 
Mars [7], our aim is to examine the biological nitrogen and carbon cycling within geothermal systems in 
Iceland, how they link to other metabolic cycles and geochemical environments which are relevant to Mars, 
and how we can use this knowledge to establish geochemical biosignatures that can be recognised in future 
missions. 

  
Fieldwork and analyses: Fieldwork for this study was carried out around the cooling Hveragerði 

geothermal system in SW Iceland, and further North at Ölkelduháls which lies within the active Hengill 
volcanic system. Physiochemical measurements taken in situ were combined with major ion water 
chemistry, and δ15N and δ13C measurements of sediment and biomass from both sites. This data is being 
compared to genomic data, which includes identifying the taxa and metabolic pathways present in these 
springs.  

 
Results: The system sampled at Ölkelduháls had a more diverse range of environments than Hveragerði; 

including a small, low temperature stream with red sediment and suspended materials which was 
intersected by the outflow of an acidic, iron-sulfate pool. This spring’s geochemistry was affected by the 
influence of the acidic pool; dissolved iron levels increased after the input of the acidic pool, while the pH 
dropped from 7.5 to 3.3. The δ13C values of total organic carbon (TOC) around the acidic pool were around -
22‰ while the red spring’s biomass samples were closer to -30‰, indicating the presence of carbon 
fixation pathways [8]. δ15N of the biomass sampled within the red spring was -6‰ before the inflow of the 
acidic pool, which may be consistent with nitrogen fixation via alternative nitrogenases [9]. Genetic data 
has so far identified species capable of nitrogen fixation in this section of the spring. The presence of 
ferrous iron in the acidic pool and downstream site correlates with the detection of iron-oxidising 
prokaryotes. This could include nitrate-dependent iron oxidation, which has been suggested as a possible 
metabolism plausible for early Mars [10]. When examining the C:N:P ratios with respect to the Redfield 
Ratio, it was discovered that this system is extremely nitrogen-limited. The alternative nitrogenases have 
been shown to require more energy than the conventional Mo-based enzyme [9], and this may be one 
explanation as to what is limiting the influx of nitrogen into this system.  

 
Conclusion: The geochemical and biological parameters which regulate nitrogen fixation are extremely 

important to these environments and the isotopic biosignatures produced. The energy produced by these 
metabolisms helps to govern their viability in extreme environments and is the subject of future work to 
gauge the suitability of Martian geothermal environments for nitrogen cyclers.  

 
References: [1] Schulze-Makuch, D. et al. (2007) Icarus, 189:308-324. [2] Costello, L. et al. (2020) 
Geochemistry, 80.  [3] Ruff, S. W. et al. (2020) Astrobiology, 20:475-499. [4] Cousins, C. R. et al. (2013) 
Journal of Volcanology and Geothermal Research, 256:61-77. [5] Moreras-Marti, A. et al. (2021) Geobiology, 
19:489-509. [6] Moreras-Marti, A. et al. (2021) Geochimica et Cosmochimica Acta, 308:157-172. [7] Stern, 
J.C. et al. (2015) Proceedings of the National Academy of Sciences of the United States of America, 112: 
4245-4250. [8] Havig, J. R. et al. (2011) Journal of Geophysical Research: Biogeosciences, 116:1-15. [9] 
Zhang, X. et al. (2014) Proceedings of the National Academy of Sciences of the United States of America, 
111:4782-4787.[10] Price, A. et al. (2018) Frontiers in Microbiology, 9:A513.  
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Talk # 5 
 

Mars-Relevant Hydrovolcanic Tuff Is Habitable! 
*C.H. Ryan1,2*, M.E. Schmidt3, G.R. Osinski1,2, and R.L. Flemming1,2; 1Department of Earth Sciences and 2Institute 
for Earth and Space Exploration, University of Western Ontario, London, ON, Canada (*email: cryan73@uwo.ca), 

3Department of Earth Sciences, Brock University, St Catharine’s, ON, Canada. 

Introduction: Basaltic glass at terrestrial hydrovolcanoes represent habitable niches that were likely present 
on both the early Earth and Mars [1,2]. Such hydrovolcanoes have been tentatively identified on Mars in situ by 
the Spirit rover in Gusev Crater [3,4] and from orbital imagery [5]. Recent work has shown the presence of 
putative biogenic alteration (PBA) textures in palagonitized basaltic tuffs from hydrovolcanoes of Fort Rock 
Volcanic Field (FRVF), Oregon, USA [6DDI (Fig. 1); Nevada, USA [9]; and subglacial hyaloclastites of Iceland and 
British Columbia, Canada [7,10]. These textures are morphologically and chemically suggestive of a biogenic 
origin, and bear a striking resemblance to textures observed in seafloor basaltic glass which contain preserved 
biomolecules [11,12]. 

Methods: Samples collected in 2010 from FRVF were analyzed using petrographic microscopy, x-ray 
fluorescence spectroscopy, x-ray diffractometry, scanning electron microscopy, and electron micro-probe 
analysis, to determine the morphology, spatial distribution, and mineralogical and chemical associations of PBAs. 
We will conduct fieldwork in 2022 to a comparable site, the Western Snake River Plain (WSRP) in Idaho, USA, to 
collect variably-altered tuff samples. WSRP samples will be similarly analyzed to those from FRVF, and 
comparisons made between the two sites in terms of alteration and fluid conditions. Additionally, we are using 
the Global Volcanism Program’s data [13] to identify other appropriate hydrovolcanic environments.  

Results: PBAs in FRVF glass-rich samples are associated 
with secondary zeolites, calcite, and both gel- and fibro-
palagonite. PBAs include both granular and tubular 
morphologies congruent with those described in seafloor 
basaltic glasses [14], including curvilinear, terminal 
enlargements, and annulated. Fig. 1 shows curvilinear 
tubules, some containing internal structures and some with 
terminal enlargements. Tubules have lengths of 1-90 µm 
and diameters 0.5–8 µm. Both metrics show a log-normal 
distribution.  

We are developing a database of relevant continental 
volcanic fields (RVFs) that show mafic hydrovolcanic 
structures with preserved partially palagonitized glass less 
than 5.4 Ma. Our database has over 40 entries of tuff 
cones, tuff rings, maars, tuyas, and subglacial deposits. 
RVFs are distributed globally, found in subduction zones, 
intraplate hot-spots, and basin-and-range/rifting 
environments.  

Discussion: Alteration minerals and textures indicate a 
low-temperature, neutral-to-alkaline lacustrine environment was present during the growth of PBAs in FRVF 
2010 samples, consistent with [6]. Log-normal size distribution of tubules is accordant with many biological 
systems, and tubule diameters are sized such that prokaryotes would be able to fit within them [15]. PBAs occur 
in glass that has been partially, but not completely, altered to palagonite, indicating a finite window during the 
alteration period in which these rocks are inhabited by chemolithotrophs.  

Published geochemical and morphological data from RVFs correspond with in situ observations of Home 
Plate in Gusev Crater, which is suggested to be of hydrovolcanic origin [4]. Mafic volcanic glasses are metastable 
and not preserved in the ancient terrestrial geologic record, as they quickly alter to palagonite or dissolve in 
aqueous fluids [16].  In contrast, amorphous materials are abundant on the surface of Mars. 

The terrestrial record of PBAs underscores the importance of exploring RVFs. RVFs are young, well-preserved, 
and have not been continuously submerged in water, providing pristine glass samples with varying levels of 
relatively recent alteration. They represent a shorter-lived habitable niche, which is more relevant to Mars [17]. 
Finally, they are much more accessible than sea-floor basalts, offering greater sampling opportunities and in situ 
observations to constrain the range of possible conditions for PBAs to arise.  

References: [1] J.A. Baross & S.E. Hoffman [2006] Orig. Life Evol. Bios., 15:4. [2] D.D. Sasselov et al. [2020] Sci. Adv., 
6:6. [3] M.E. Schmidt et al. [2008] J.G.R., 113. [4] A. Batista et al. [2010] D.P.S., 42:30.23. [5] P. Brož & E. Hauber [2013] 
J.G.R. Planets, 118:8. [6] M.P.C. Nikitczuk et al. [2016] Bull. Geol. Soc. Am., 128:7-8. [7] M.P.C. Nikitczuk et al. [2022] 
J.G.R. Planets, 127:2. [8] C.H. Ryan et al. [2021] Terr. Analogs for Planet. Expl. #8026. [9] J.T. Pentesco [2019] Brock 
Univ. thesis. [10] E.A. Massey [2017] UBCO thesis. [11] M.R.M. Izawa et al. [2019] Front. Earth Sci., 7. [12] N.R. 
Banerjee et al. [2011] Surf. Interface Anal., 43:1-2. [13] Smithsonian Inst. [2013] Global Volcanism Program. [14] M. 
Fisk and N. McLoughlin [2013] Geosphere, 9:2. [15] E. Limpert et al. [2001] Biosphere, 51:5. [16] N.A. Stroncik & H.U. 
Schmincke [2002] Int. J. Earth Sci., 91:4. [17] C.S. Cockell [2014] Astrobiology, 14:2.

Fig. 1 Microphotograph of glass sample from FRVF 
2010 (scale bar = 50 µm), showing microtubular 

structures classified as PBAs (arrows). There is also 
secondary palagonite and calcite. 
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Detection Of Biosignatures On Mars Using Raman Spectroscopy 
F. Foucher1, K. Hickman-Lewis2, L. Clodoré1 and F. Westall1. 

1CNRS, Centre de Biophysique Moléculaire, 3 avenue de la Recherche Scientifique, 45071 Orléans Cedex 2, 
France (frederic.foucher@cnrs.fr). 

 
Introduction: Raman spectroscopy is able to detect both organic and mineral phases and is 

particularly sensitive to carbonaceous matter and biomolecules. It is thus highly suitable for the 
detection of biosignatures associated with present or ancient life [1]. Consequently, in the context 
of current and future missions to Mars dedicated to the search for traces of life (Mars 2020, 
ExoMars, Mars Sample Return), this method is extremely useful [2,3].  

 
Detection of biosignatures using Raman spectroscopy: Raman spectroscopy is relevant for the 

study of traces of both active and ancient life (fossils) [1]. It is able to detect specific biomolecules 
even when mixed within a mineral matrix. In particular, the method is very sensitive to pigments 
such as carotenoids [4,5]. It is also a widely used method for the study of fossil life, for the study of 
kerogen (i.e. insoluble carbonaceous matter of biological origin) and for the identification of 
mineral biosignatures [5-7]. This detection is greatly facilitated by the Raman micro-imaging 
method consisting of scanning the sample (usually a petrographic thin section) while acquiring 
Raman spectra in order to visualize the spatial distributions of constituent phases and to detect 
very subtle biosignatures [8 ]. 

 
Application to Mars exploration: Sample preparation systems and Raman spectrometers 

onboard rovers are limited compared to laboratory systems. In particular, microscopy imaging is 
not yet considered and would be very limited in the absence of a device for preparing thin sections 
on Mars [9]. Nevertheless, in situ Raman spectrometers have been developed to maximize their 
capabilities according to mission specifications and optimized to detect certain biosignatures 
[2,3,10]. Finally, Raman spectroscopy, including micro-imaging, is likely to be one of the key 
analytical methods for characterizing Martian samples returned to Earth in the near future. 

 
Summary: Raman spectroscopy is widely used for studying active and fossil microbial life on 

Earth and for detecting putative biosignatures on Mars. Here we will present the method and 
demonstrate its relevance in the context of astrobiology and Mars exploration. 

 
References: [1] Foucher F. (2019) in Biosignatures for Astrobiology, (Eds: B. Cavalazzi, F. 

Westall), Springer International Publishing, pp. 267–282. [2] Rull F. et al. (2017) Astrobiology 
17:6-7, 627-654. [3] Farley K. A. et al. (2020) Space Sci. Rev. 216:8, 142. [4] Baqué M. et al. (2016) 
Origin of Life and Evolution of the Biosphere 46, 289-310. [5] Vitek P. et al. (2012) Astrobiology 
12:12, 1095-1099. [6] Foucher, F. et al. (2015) Journal of Raman Spectroscopy 46, 873-879. [7] 
Foucher F. and Westall F. (2013) Astrobiology 13:9, 887-897. [8] Westall F. et al. (2015) 
Astrobiology 15:11, 998-1029. [9] Foucher F. et al. (2017) in Raman Spectroscopy and Applications, 
(Ed: K. Maaz), Intech, pp. 163–180. [10] Foucher F. et al. (2021) Front. Astron. Space Sci. 8:749494. 
[11] Lalla E. A. et al. (2020) Raman Spectrosc. 51:12, 2525-2535.
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Talk # 7 
 

The Dynamics Of Dust Particles And  
Electromagnetic Noise On Mars' Surface  

M. E. Abdelaal1, I. A. Kuznetsov2, G. G. Dolnikov2, A. A. Kartasheva2, A. Shekhovtsova2, A. N. Lyash2, A. E. Dubov2 
and A. V. Zakharov2, 1Moscow Institute of Physics and Technology, (mohamad.essam@phystech.edu), 2Space 

Research Institute of the Russian Academy of Sciences (zakharov@iki.rssi.ru) 

Introduction: The scientific research program of the ExoMars landing platform, includes the Dust Complex 
experiment (DC), aimed at studying the dynamics of dust particles and the main parameters of the near-surface 
environment that determine their dynamics on the surface of Mars in the equatorial region of the planet. With 
the help of the DC device, it is planned to register individual dust particles raised from the surface of Mars for a 
long time, determine their main parameters, and measure some characteristics of the near-surface environment 
associated with the dynamics of dust particles. The text describes the electromagnetic activity sensor (EMA), 
which will be used to investigate the electrical processes relating to the dynamics of dust particles in Mars' near-
surface region and in its atmosphere, as well as its description, features, and characteristics of the measured 
parameters. 

The dynamics of the atmosphere in the near-surface layers of Mars is an important natural phenomenon that 
changes the characteristics of the atmosphere and the appearance of the surface of Mars. Among the most 
important elements of the composition of the Martian atmosphere are dust and aerosol particles, the size of 
which can range from tens of nanometers to tens of microns [1]. They are responsible, in particular, for the 
transparency of the atmosphere, erosion, soil weathering, and redistribution of the upper surface layer. The 
wind can lift dust particles up to hundreds of micrometers in diameter from the surface, triggering saltation 
mechanisms, rolling millimeter and submillimeter-sized particles by wind currents, leading to erosion of the 
surface and a change in its relief. According to previous observations and measurements, it is known that even in 
the absence of wind, a significant amount of suspended dust particles (mineral aerosol) is always present in the 
Martian atmosphere [2, 3].  

EMA allows measuring the main parameters characterizing the electrical properties of the near-surface 
atmosphere: electrical conductivity, the magnitude of the electric field, the level of electromagnetic noise, 
micro-discharges generated by the mutual movement of charged dust particles in the atmosphere and during 
surface saltation (fig.1). The electromagnetic activity measurement unit of the Martian atmosphere EMA is 
designed to register an alternating electromagnetic field in the frequency range from 0.1 to 1 MHz the unit 
registers the amplitude of the noise signal in the filter band of the amplifier, see table 1. This value characterizes 
the change in atmospheric and dust conditions in the landing area. The EMA unit measures a signal, which is a 
combination of radiation from a set of uncorrelated micro-discharges in time and space, with random 
amplitudes and phases. A signal of this type can be seen as white noise at the output of a bandpass amplifier. 

   

 

 

 

 

 

 

 

 
References:  

1.  Tomasko MG, Doose LR, Lemmon M, et al (1999) Properties of dust in the Martian atmosphere from the 
Imager on Mars Pathfinder. Journal of Geophysical Research: Planets 104:8987–9007 

2.  Myhre G, Stordal F (2001) Global sensitivity experiments of the radiative forcing due to mineral aerosols. 
Journal of Geophysical Research: Atmospheres 106:18193–18204 

3.  Fenton L, Reiss D, Lemmon M, et al (2016) Orbital observations of dust lofted by daytime convective  
turbulence. Space Science Reviews 203:89–142 

Characteristics units values 

The bandwidth of the radio path at the 
level of 3 dB  

MHz  0.12 – 1 

Sensitivity of the signal measurements at 
the input of the amplifier, ats/n ratio 6 dB.  

μV 7 

Field sensitivity with standard antenna μV /m 700 

Intrinsic noise at the input of the amplifier μV 2 
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Table 1. The main characteristics of the EMA sensor 

Fig.1 Recording of the electrostatic 
discharge signal form. 
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Comparing The Stac Fada Impactite And Northwest Africa 11220 Martian 
Meteorite To Ascertain Where Carbon Is Preserved Within Martian Regolith  

*Arthur Goodwin1*, Romain Tartèse1, Russell J. Garwood1,2, Katherine  H. Joy1, and Rhodri M. Jerrett1 
1Department of Earth & Environmental Sciences, The University of Manchester, M13 9PL, UK  

2Earth Sciences Department, Natural History Museum, London, SW7 5BD, UK 

*(arthur.goodwin@manchester.ac.uk)  

Introduction: The Stac Fada Member is a Mesoproterozoic (1177±5 Ma) single layer ejecta impactite 
from NW Scotland [1, 2]. Its deposition history is potentially analogous to impactites on Mars [3] and as 
such, we have compared it to samples of the martian regolith breccia Northwest Africa (NWA) 11220, 
which is a polymict breccia thought to be representative of the near-surface martian regolith [4]. We 
compare the diagenetic alteration of carbon within the Stac Fada impact ejecta with similar observations in 
the martian meteorite, using a multimodal approach combining computed microtomography (μCT) and 
Raman spectroscopy.   

Methods: μCT data of the ca. 36 g main mass of NWA 11220 was collected by Natasha Almeida of the 
Natural History Museum, London, with a voxel size of 24.9 μm3. We also carried out higher resolution (1.6–
2.1 μm3 voxel size) μCT scans of nine ~1 mm samples originating from the main mass, with a total weight of 
0.11 g, at the University of Manchester using a Zeiss Versa 620 instrument. Samples from the Stac Fada 
Member were collected from the Stoer and Second Coast outcrops, as well as from the under- and 
overlying Clachtoll and Bay of Stoer formations during a field campaign in March 2022. Optical microscopy 
on a Leica DM750 was used to locate targets in thin sections of Stac Fada and on polished chips of NWA 
11220. To minimize contamination, the NWA 11220 fragments were sliced dry using a diamond wire saw 
and polished using Xe beam milling. For micro-Raman spectroscopy, we used a Horiba Xplora Plus 
instrument to collect point spectra using a 1 mW beam at 20 s exposure to avoid altering oxides in the 
samples. All spectra were background corrected, cosmic rays removed, and calibrated against polystyrene 
as described in ASTM E 1840.  

Results and Discussion: Within the Stac Fada impactite, we use Raman spectroscopy to identify carbon-
bearing compounds with a characteristic peak at ca. 1440 cm-1 likely produced by amorphous, diamond-like 
carbon. This amorphous diamond has later degraded into graphite and other products – including organics 
(such a polyynes) potentially formed due to reactions catalsyed on the surfaces of the diagenetic minerals 
apatite and anatase preserved within altered impact glasses. We draw comparisons between Stac Fada and 
carbon found in spatial association with iron oxides within NWA 11220. By extrapolating analytical 
observations on slices of NWA 11220 using μCT models, we assess the distribution of carbon within the 
martian breccia NWA 11220 and thus the martian near-surface regolith.  

References: [1] Branney M. J and Brown R. J (2011) The Journal of Geology 119:275–292. [2] Parnell J. M et 
al. (2011) Journal of the Geological Society 168:349–358. [3] Simms M. J (2015) Proceedings of the 
Geologists’ Association 126:742–761. [4] Davidson J. et al. (2020) Earth and Planetary Science Letters 
552:1596
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Figure 1. Genus and family classifications of 58 
R2A isolates from impact-shocked basalts based 
on 16S rRNA sequences. 
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The Astrobiological Potential Of Martian Craters:  
Effect Of Meteorite Impact On The Habitability Of Basalt 

*L. B. L. Stone1, G. R. Osinski1, and A. J. Pontefract1,2, 1Institute for Earth and Space Exploration/ Dept. of Earth 
Sciences, Western University, London, ON, Canada, 2Department of Biology, Georgetown University, 

Washington, D.C., United States. (Email: lstone22@uwo.ca)  

Introduction: Impact cratering has long been considered to be a solely destructive process for life, resulting 
in catastrophic damage on both local and global scales. Impact-induced alteration to target rocks, however, can 
favourably affect their habitability for endolithic microorganisms (i.e., those living within rocks) which may 
colonize the rock post-impact [1]. The extreme temperatures and pressures generated during impact can 
mobilize bioessential elements [2], as well as increase the porosity of target rock, thereby increasing the internal 
surface area available for colonization. Additionally, such endolithic habitats are well-suited to protecting 
inhabitants from environmental stressors. For example, studies of impact-shocked gneisses at the Haughton 
impact structure have revealed them to be a refuge for endolithic communities in the Canadian High Arctic [3, 
4]. Given this ability of impact-shocked rocks to support life in otherwise inhospitable terrestrial environments 
[5], it has been proposed that such a strategy may have been utilized by extraterrestrial life, if it has ever existed.  

Terrestrial basaltic impact craters represent important analogue sites for the study of how impact cratering 
may have influenced the habitability of the primarily basaltic surface of Mars, whose lack of an appreciable 
atmosphere and magnetic field results in inhospitable environmental conditions which can be buffered by 
endolithic modes of living, including extremes of radiation, temperature, and dryness. To the best of our 
knowledge, endoliths in impact-shocked basalts have been studied only at India’s Lonar Lake [e.g. 6], though it 
remains unknown whether the habitability of such basalts is directly related to their impact-generated features. 
We aim to address this current gap in knowledge on the effects of impact shock on the habitability of basalt. 

Geological Context: Of the six known preserved basaltic craters on Earth, two are found ~100 km apart in the 
basaltic rock of the Serra Geral Formation located in Brazil’s Paraná Basin— (1) Vargeão Dome (26° 49.0' S, 52° 
10.0' W) and (2) Vista Alegre (25° 57.0' S, 52° 41.5' W). Samples were aseptically collected at exposed sites in 
various locations within both craters, and samples of unshocked basalt were collected outside of Vista Alegre to 
serve as a control. As described by Posnov et al. (2019), petrographic analyses were carried out to characterize 
the shock level of each sample based on constituent minerals and their shock porosity, corresponding to the 
shock pressures the rock was exposed to upon impact [7]. 

Microbial Community: The aim of this work is to 
characterize microbial biomass and community 
composition as a function of shock level in order to assess 
the habitability of basaltic substrates from a planetary 
exploration context.  

Culture-dependent isolation of heterotrophs. 58 isolates, 
primarily Bacillales (Fig. 1), from impact-shocked basalts 
incubated in R2A media were identified via Sanger 
Sequencing.  

Culture-independent characterization of microbial 
diversity. DNA was extracted from twelve samples and sent 
for Illumina sequencing of 16S rRNA, 18S rRNA, and ITS 
genes. Sequencing data will soon be received and analyzed 
to determine whether microbial diversity in a given basalt 
increases with increasing shock level. This would suggest 
that impact shock-related changes to the basaltic 
substrate have had favourable effects on its habitability 
for life on Earth, and thus potentially for life on Mars. 

References: [1] Osinski, G. R. et al. (2020) Astrobiology 20:1121-1149. [2] Pontefract, A. et al. (2012) 
Meteoritics & Planetary Science 47:1681-1691. [3] Cockell, C. S. (2004) Advances in Space Research 3:1231–1235. 
[4] Pontefract, A. et al. (2014) Astrobiology 14:522-533. [5] Cockell et al. (2005) Meteoritics & Planetary Science 
40:1901-1941. [6] Paul, D. et al. (2016) Frontiers in Microbiology 6:1553. [7] Posnov, N. et al. (2019) LPSC 50, 
Abstract #2863. 
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SEARCHING FOR HABITABLE NICHES AND LIFE ON MARS 
D. Schulze-Makuch1,2,3, 1ZAA, Technical University Berlin, schulze-makuch@tu-berlin.de 2GFZ German Research 
Centre for Geosciences, Section Geomicrobiology, Potsdam, Germany, 3Leibniz-Institute of Freshwater Ecology 
and Inland Fisheries, Dept. of Experimental Limnology, 16775 Stechlin, Germany. 

Mars has transitioned from a warmer and wetter world to the dry and cold planet it is today. While 
widespread habitable conditions existed on Mars 4 billion years ago, including the presence of oceans [1], only 
habitable niche locations remain today. Even during habitable periods on Mars, life may have not existed on the 
Red Planet as many locations on Mars and elsewhere are likely habitable but uninhabited [2]. This is because the 
constraints for the origin of life on a planet can be assumed to be much harder than the constraints for the 
persistence of life, especially when judging by the amazing adaptations to extreme stresses that we observe in 
life on our planet. Due to the poor preservation of past unicellular life, it will be difficult to determine whether 
life ever existed on early Mars. Our best bet are Martian meteorites from that time, but even this is very difficult 
to resolve, as shown by the controversy around Martian meteorite ALH84001. The more promising and perhaps 
also more exciting question is then whether there is still active life on Mars today [3]. 

Assuming life was present on early Mars because of an independent origin or a transfer of life from Earth by 
asteroids, we can speculate on how life might have adapted as the planet transitioned to a colder and drier 
climatic regime. Life may have retreated to a psychrophilic lifestyle beneath the surface or to habitable niches 
near the surface [4]. Due to evolutionary pressure Martian life might have evolved alternating cycles between 
active and dormant forms as we observe it in hyperarid environments on Earth [5]. Another plausible adaptation 
is the use of hygroscopic substrates such as NaCl to maximize access to atmospheric sources of water. Selective 
pressure may have been so strong to force the innovation of new traits that we do not observe on Earth. One 
such possibility is that microbial life might include hydrogen peroxide or perchlorates in the aqueous interior of 
their cells, which would suppress the cell´s freezing point, provide a reservoir of oxygen and also a way to obtain 
atmospheric water [6].  

We should test whether life is still present on Mars by focussing our search in the following locations: 
(1) Recurrent Slope Lineae (RSL). Several types of RSL exist on Mars and some of these are likely caused by 

surface water brines, which may be habitable for halophilic and psychrophilic microbes [7] 
(2) Salt deposits such as those existing in the Southern Highlands of Mars. In the most hyperarid regions of 

Earth microbes live within salt rocks using the hygroscopic and deliquescence properties of salts to extract 
water from the atmosphere. A similar life style is feasible in hygroscopic salt deposits on Mars [8] 

(3) The near-subsurface. While no rain falls on Mars today, liquid water could be present near the surface in 
form of fog, near-surface groundwater, ice microbursts, and mineral dehydration reactions. Liquid water 
veins in ice deposits near the poles might be another possibility. 

(4) Caves, particularly deep-reaching lava tube caves or ice caves are natural windows to the subsurface and 
might provide a habitat for putative Martian life [3]. 

(5) Hydrothermally active regions. They would be a prime habitat by providing elevated temperatures and 
being rich in useful chemical compounds including organics [9] 

(6) The deep subsurface would be a general possible habitat as well [3]. While many environmental 
parameters would be in a suitable range for life (e.g., temperature, pressure), the deep subusrface is a very 
oligotrophic environment and the expected biomass density would be very low. 

Mars is an example of a planet on which habitability changed during its natural history. This is a common trait for 
all planets, including Earth. While Mars developed in the direction of reduced habitability, Earth evolved 
generally in the opposite direction, but with huge variations in habitability conditions. The understanding of how 
habitability changes with time is essential  if we want to trace the evolution of planets and any life that they may 
host.   For the foreseeable future this can only be done for planetary bodies in our Solar System, not exoplanets. 

References: [1] Fairén A.G. (2010) Icarus 208: 165-175 [2] Cockell C.S. (2016) Astrobiology 16, 89–117 [3] 
Carrier B.L. et al. (2020) Astrobiology, doi: 10.1089/ast.2020.2237 [4] Schulze-Makuch D. et al. (2005) JGR – 
Planets 110, E12S23 [5] Schulze-Makuch D. et al. (2018) PNAS 115: 2670-2675 [6] Houtkooper J. M. and Schulze-
Makuch D. (2007) Int. J. of Astrobiology 6: 147-152. [7] Heinz J. et al. (2020) Life 10 (5): 53 [8] Davila A.F. and 
Schulze-Makuch D. Astrobiology (2016) 16: 159-168 [9] Schulze-Makuch D. et al. (2007) Icarus 189: 308-324.
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Tectonically Driven Oxidant Production In The Hot Biosphere 
*J. Stone, J. O. Edgar and J. Telling. School of Natural and Environmental Sciences, Newcastle University, 

Newcastle upon Tyne, NE1 7RU. (Email: jordan@stonescience.org) 

Genomic reconstructions of the common ancestor to all life have identified genes involved in H2O2 and O2 
cycling[1], yet these oxidants are not thought to have been present in significant amounts until the later 
evolution of oxygenic photosynthesis. These genes are commonly dismissed as a later artefact of lateral gene 
transfer events[1]. However, an alternative is a geological source of H2O2 and O2 on the early Earth[2-4]. Here, 
we show that under oxygen-free conditions high concentrations of H2O2 can be released from defects on 
crushed silicate rocks when water is added and heated to temperatures close to boiling point, but little is 
released at temperatures < 80°C. This high-temperature oxidant generation is coincident with the cessation of H2 
production, consistent with the thermal activation of mineral SiO• radicals produced from the mechanical 
activation of silicate minerals and the activation of pre-existing oxygen-rich mineral defects[4, 5]. This 
temperature window overlaps the growth ranges of evolutionary ancient heat-loving and oxygen-respiring 
Bacteria and Archaea near the root of the Universal Tree of Life[6, 7]. We propose that the thermal activation of 
mineral surface defects during geological fault movements and associated stresses in the Earth’s crust was a 
source of oxidants that helped drive the (bio)geochemistry of hot fractures where life first evolved or where 
alien life may exist on tectonically active exoplanets. 

 

Figure 1: Two anoxic mechanochemistry mechanisms leading to hydrogen and oxidant production in subseafloor 
environments. The first mechanism is caused by earthquake-derived cataclasis, which forms Si• and SiO• from 
crushed ≡Si-O-Si≡. Hydrogen is formed at < 80 °C from Si• and H2O2 is formed from SiO• at 104 °C. This 
mechanism requires fluctuating temperatures to produce H2O2. The second mechanism results from the 
formation of SiOH from magma crystallisation, releasing H• when cooled. A peroxy bridge subsequently forms, 
splitting into two SiO• under mechanical stress, which react with water to generate H2O2 at 104 °C.  

1. Weiss, M.C., et al., The physiology and habitat of the last universal common ancestor. Nature Microbiology, 2016. 
1(9): p. 1-8. 

2. Borda, M.J., et al., Pyrite-induced hydrogen peroxide formation as a driving force in the evolution of 
photosynthetic organisms on an early Earth. Astrobiology, 2001. 1(3): p. 283-288. 

3. He, H., et al., An abiotic source of Archean hydrogen peroxide and oxygen that pre-dates oxygenic photosynthesis. 
Nature Communications, 2021. 12(1): p. 1-9. 

4. Balk, M., et al., Oxidation of water to hydrogen peroxide at the rock–water interface due to stress-activated 
electric currents in rocks. Earth and Planetary Science Letters, 2009. 283(1-4): p. 87-92. 

5. Kita, I., S. Matsuo, and H. Wakita, H2 generation by reaction between H2O and crushed rock: an experimental 
study on H2 degassing from the active fault zone. Journal of Geophysical Research: Solid Earth, 1982. 87(B13): p. 
10789-10795. 

6. Völkl, P., et al., The sequence of a subtilisin-type protease (aerolysin) from the hyperthermophilic archaeum 
Pyrobaculum aerophilum reveals sites important to thermostability. Protein Science, 1994. 3(8): p. 1329-1340. 

7. Deckert, G., et al., The complete genome of the hyperthermophilic bacterium Aquifex aeolicus. Nature, 1998. 
392(6674): p. 353-358.  
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Emergence of Life: Importance of Formation of  
Organic Molecules of Life 

 
Sohan Jheeta, Network of Researchers on the Chemical Evolution of life, NoRCEL, Leeds, LS7 3RB 

sohan@sohanjheeta.com 
 
Abstract 
 
It is a fact that chemical evolution is a pre-requisite for the emergence and evolution of life alluding to 
the fact that “miraculous events” and the delivery mechanism promulgated by panspermia hypothesis 
are even less of an explanatory mechanism. The notion of chemical evolution could be viewed either as a 
whole spectrum or as a series of reactions leading from small, simpler molecules (e.g., formaldehyde, 
H2CO; hydrogen cyanide, HCN; cyanate OCN—) to long and highly complex semantides, namely 
polyribonucleotides (RNAs), polydeoxyribonucleotides (DNAs), and polypeptides. The pertinent question 
is: where and how were these small molecules first made? (Ref: book chapter entitled: “Origin of Life: 
Conflicting Models for the Origin of Life” by Jheeta and Chatzitheodoridis, 2022). It is suggested that such 
molecules could be made: 
 

• At the boundaries of denser and less dense atmospheric layers 

• During lightning strikes in the primordial planetary atmosphere 

• In small puddles of water at the foothills of volcanoes 

• In the alkaline hydrothermal vents on the ancient sea floors 

• On seashores during the ebb and flow of tides 

• Via impactors - meteorites, comets and asteroids  

• At the subducting mantel lithosphere boundaries   

• ASTROCHEMISTRY: In the dark molecular clouds 
 
In this oral presentation, I will mostly focus on molecules being made in simulated dark molecular cloud 
conditions—i.e., in ultra-high vacuums (10-9 mb) and with temperatures as low as 30 K and this oral 
presentation will be confined to solid phase astrochemistry. 
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Enceladus: A Potential Habitable Place  
In The Solar System 

N. Khawaja1, F. Klenner1, F. Postberg1,  1Freie Universität Berlin, Germany; nozair.khawaja@fu-berlin.de  

Finding habitable places beyond Earth has become one of the most important questions of 
contemporary space exploration. In this quest, icy moons in the outer solar system are potential 
sites for the search for habitable environments. These bodies have a surface ice layer, however, 
below this layer, some moons have a liquid water ocean connected with rocky cores [1]. So far, 
Saturn’s moon Enceladus is the only confirmed icy moon that emits its subsurface ocean material 
into space in the form of water ice grains and gas from its south polar region. The emitted ice 
grains are direct samples of the moon’s subsurface ocean material (e.g. [2,3]). Therefore, 
understanding the composition of emitted ice grains is probably the easiest and most cost 
effective way to finding out whether or not the subsurface ocean is habitable.  

Most of the Enceladean ice grains fall back onto the icy surface but a substantial fraction of 
these grains escape the moon’s gravity and become a part of Saturn’s E ring [4]. One of the 
Cassini’s onboard mass spectrometers — the Cosmic Dust Analyzer (CDA) [5] frequently sampled 
ice grains in the Enceladus plume and Saturn’s E ring, where ice grains impact on instrument’s 
target at hypervelocity > 1 km/s and produced cations to generate their time of flight Type 2 mass 
spectra The detections of various salts [2] and nanophase silica (SiO2) [6] particles strongly indicate 
the presence of a subsurface liquid water ocean interacting with the moon’s rocky core via 
hydrothermal vent systems on the sea floor [7]. CDA was also able to detect different classes of 
organic species. With the help of laboratory analogue experiments [8], a detailed analysis of these 
CDA spectra revealed diverse organic species in the ice grains. This led to the further classification 
of this spectral type: (i) complex, hydrophobic, solid, macromolecular organic compounds with 
molecular masses > 200 u [3] and (ii) recondensed volatile organic compound in ice grains, the 
dominant fraction organic-bearing grains, which produce spectral features due to low mass (< 100 
u molecular mass) nitrogen-, oxygen- or single aromatic-ring bearing compounds [9]. 

By using the same laboratory analogue technique, mass spectra of compounds of interest can 
be simulated. Based on the aforementioned CDA detections of various organics, we conducted 
analogue experiments to predict the mass spectral appearance of amino acids, fatty acids and 
peptides as well as determined their detection limits down to the ppm or ppb level, if these 
compounds would be present in ice grains [10,11]. Most recent experiments with bacterial DNA 
and lipids show that these complex building blocks of potential life could be reliably identified by 
future CDA-type instruments [12]. Here, we present an overview of the inventory of Enceladean 
chemical species, as detected by Cassini’s CDA instrument, as well as future plans for simulating 
their production and evolution for the preparation of NASA’s space mission Europa Clipper to 
explore the habitability of Jupiter’s moon Europa and also to any upcoming life detection missions 
towards Enceladus e.g. Enceladus Life Detection (ELF) mission [13,14]. 

References: [1] Schenk P. et al. (2018) Enceladus and the Icy Moons of Saturn, University of 
Arizona Press. [2] Postberg, F. et al. (2009) Nature 459, 1098–1101. [3] Postberg, F. et al. (2018) 
Nature 558, 564–568. [4] Kempf, S. et al. (2010) Icarus 206, 446-457. [5] Srama, R. et al. (2004) 
Space Science Review 114, 465–518. [6] Hsu, H-W. et al. (2015) Nature 519, 207-210. [7] Choblet, 
G. et al. (2017) Nature Astronomy, 841-847. [8] Klenner, F. et al. (2019) Rapid Communication 
Mass in Spectrometery 33, 1751–1760. [9] Khawaja, N. et al. (2019) Monthly Notices of Royal 
Astronomical Society 489, 5231–5243. [10] Klenner, F. et al. (2020a) Astrobiology 20, 179–189. 
[11] Klenner, F. et al. (2020b) Astrobiology 20, 1168–1184. [12] Dannenmann, M. et al. (2022) 
Astrobiology, under review. [13] Reh, K. et al (2016) IEEE Aerospace Conference Abstract, 1–8. [14] 
Mackenzie, S. M. et al. (2022) Astrobiology 22, 685-712. 
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Entombment Of Microorganisms Within Rapidly Frozen Fluid Droplets 
Relevant To The Plumes Of Enceladus 

M. G. Fox-Powell1, C. R. Cousins2, B. Stephens1, C. Dazley1, D. Slade1, G. Richards1, K. Olsson-Francis1, 
1AstrobiologyOU, The Open University, Walton Hall, Milton Keynes, UK, mark.fox-powell@open.ac.uk  

2School of Earth and Environmental Sciences, University of St Andrews, St Andrews UK 

Introduction: The plumes emanating from the south polar region of Saturn’s moon Enceladus were 
studied by the Cassini mission, and have revealed evidence for ongoing hydrothermal activity [1], organic 
chemistry [2], and redox conditions favorable for microbial metabolism [3] in the ocean below. Salt-rich icy 
particles encountered by Cassini were interpreted to originate as rapidly frozen droplets of ocean spray [4]. 
If extant microbial communities exist within Enceladus’s ocean, cells may become incorporated into these 
particles and ejected into space where they can be sampled by future spacecraft [5]. However, the 
potential fate of biomass within frozen icy particles is not understood. Here, we used cryogenic imaging 
alongside sublimation-extraction techniques to study the interaction of microorganisms with precipitated 
inorganic phases during freezing of simulated Enceladus ocean fluids, at contrasting cooling rates. Our 
findings reveal how potential microbial biomass may be expressed in the Enceladus plumes, and carry 
implications for its potential detection using current and future spacecraft sampling strategies 

Methods: Cells taken from four phylogenetically and morphologically distinct pure cultures, as well as a 
mixed community, were suspended in simulated Enceladus ocean fluid [6], and droplets were cooled at two 
contrasting rates: rapidly quench cooling in liquid nitrogen (101-102 K s-1), and gradual cooling (0.01 K s-1). 
Partitioning of microorganisms alongside ice and non-ice phases within frozen droplet interiors was imaged 
at 120 K via cryo-scanning electron microscopy. Specific associations between microorganisms and 
cryogenic mineral phases and the mineralogy of crystalline precipitates was analyzed using electron 
microscopy, micro-Raman spectroscopy, and X-ray diffraction (XRD) following extraction from the ice 
matrix by sublimation. 

Results and discussion: Under both freezing scenarios, ice crystallisation produces an interconnected 
network of solidified solute-rich brine veins accumulated at ice grain boundaries. The presence of microbial 
cells also leads to the formation of small, solitary inclusions of brine fully encased by ice, which are 
disconnected from the main brine vein network. Microscale crystallization textures, previously identified to 
be diagnostic of cooling rate [6], are disrupted and modified by the presence of biomass, with distinct 
differences arising between brine veins and solitary inclusions. XRD analyses of cryogenic salt phases shows 
that the presence of microbial biomass during freezing also influences bulk mineralogy. In the absence of 
biomass, nahcolite (NaHCO3) is kinetically inhibited during flash freezing. However, in the presence of 
microorganisms, nahcolite does form during flash freezing, and the resulting mineralogy instead resembles 
that of gradually cooled control fluids. This indicates that the presence of microorganisms kinetically favors 
the precipitation of nahcolite. Moreover, this finding provides a route by which the presence of biomass at 
Enceladus could influence the mineralogy of icy particles in the plumes. Given that mineralogy is also 
sensitive to cooling rate and fluid pH [6], analyses of mineralogy within plume particles at Enceladus should 
be prioritized in future observations.  

Our results demonstrate how microbial biomass may be preserved within icy particles relevant to the 
Enceladus plumes, revealing complex, cooling rate-dependent interactions between microbial biomass and 
rapidly precipitating inorganic phases. The association of microbial cells with specific inorganic phases has 
implications for interpreting secondary ion fragments in spacecraft impact-ionization mass spectra [7], and 
in the planning for future plume sampling missions that target in situ analyses, or more ambitiously, 
cryogenic sample return. 

References: [1] Waite, J. H. et al. Science 356, 155–159 (2017). [2] Postberg, F. et al. Nature 558, 564–568 
(2018). [3] Ray, C. et al. Icarus 364, 114248 (2021). [4] Postberg et al. Science 459, 1098-1101 (2009). [5] 
Porco, C.C., et al. Astrobiology, 17, 876-901 (2017). [6] Fox-Powell & Cousins, JGR: Planets 126(1), 
e2020JE006628 (2021). [7] Klenner et al. Astrobiology 20, 1168-1184 (2020).
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Abstract: Carotenoid pigments provide some of the most common biogenic markers on Earth, 
and these organic pigments may be present in extra-terrestrial life. Raman spectroscopy is a rover-
deployable instrument (currently deployed on Mars on the Perseverance (NASA) rover and will be 
on the planned Rosalind Franklin (ESA) rover mission) that can be used to identify carotenoids 
quickly and accurately through the inelastic scattering of laser light. In this study we investigated 
Raman spectra of organic matter found in hot spring bacterial assemblages. With increasing 
maturity, the intensity of the carotenoid Raman spectrum changes, and as the microbial material 
degrades a carbon spectrum forms. This carbon spectrum overprints the carotenoid spectrum 
until only the carbon spectrum can be observed. These key carotenoid biogenic signatures may be 
hidden within carbon spectra, and a detailed study of the interaction and transition of carotenoid 
and carbon Raman spectra may assist in deconvolution procedures to positively identifying 
biogenic carbon over abiogenic carbon. Understanding how the Raman spectra of organic matter 
can change in geological environments such as hot springs has consequences for current and 
future planetary geology missions. 
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Urability: a property of planetary bodies that can support the origin of life 
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Kasting et al. defined habitable zones as environments in a solar system in which planets can 

sustain liquid water for extended periods of time. Habitability does not focus on other essential 
features relevant to origin of life processes on a planet, so here we propose a new term to 
describe the possibility that life could not only thrive on habitable planetary bodies but could also 
begin there. The word that seems appropriate is urability, which incorporates the combining 
term ur- meaning primitive, original or earliest. The utility of the word is tested by applying it to 
combinations of multiple geophysical and geochemical factors that support plausible localized 
zones conducive to the chemical reactions and molecular assembly processes required for the 
origin of life. This is useful for searching for life elsewhere because it characterizes a specific zone 
of conditions on habitable Earth-like worlds where it is possible for life to emerge.  

Urability addresses a fundamental question of what minimal set of physical, chemical, and 
energetic conditions is required for life to begin. A combination of factors contribute to urability, 
and each factor falls within a range between two extremes. For example, liquid water is a 
significant factor that characterizes habitability, and its physical properties are determined by the 
temperature and pressure constraints that permit water to exist in a liquid state. Water is also a 
significant factor for characterizing urability, but the physical properties that relate water to 
urability include a narrower zone of conditions, such as conditions where water can exist 
between wet and dry states though evaporation and precipitation cycles, where chemical energy 
relevant to prebiotic processes can be generated. Urability takes a multitude of factors into 
account when describing how conducive a planetary environment is for facilitating an emergence 
of life, and the ‘urable zone’ is where the factors combinatorically overlap in parametric space. 

 We have identified 28 factors that shaped the early Earth’s urable zone: 12 geophysical, 14 
geochemical and 2 combinatorial. However, our present understanding of prebiotic conditions 
represents only a subset of the possible conditions that can lead to urable zones on other worlds, 
just as our understanding of habitability represents a subset of possible habitable zones in other 
systems. The meaning of urability is not limited to an exact set of conditions, but rather the 
broader concept that there exists a set of conditions which in combination create a window of 
opportunity for life to emerge. 

As we expand the search for life elsewhere, urability can be applied to predict the potential for 
life to actually begin on other worlds, rather than just exist as we know it on them. Life is 
inextricably linked to the conditions of the planetary body that facilitated its origin, and these 
conditions can be defined within the context of urability to expand our understanding of life and 
where it can begin.  

References: Clark B.C. et al. (2021) Life 11, 539. Kasting J.F. et al. (1993) Icarus 101, 108 - 128. 
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Geological Characterization Of Potential Landing Sites  
For Future Lunar South Pole Missions 

*M. Chowdhury1, S.A. Sathyan2 and M. Bhatt3, 1Executive, Remote Sensing (Onshore Construction Company 
Pvt Ltd, Powai, Mumbai- 400072; email: cd.monalisa5@gmail.com), 2JRF, Planetary Sciences Division (PRL, 
Ahmedabad- 380059; email: sachana@prl.res.in). 3Reader, Planetary Sciences Division (PRL, Ahmedabad- 

380059; email: megha@prl.res.in). 

Introduction: The south pole of the Moon is located on an inner basin ring of the South Pole 
Aitken (SPA) basin, the largest and oldest impact basin of the Moon [1].  The location of crater 
Shackleton (89.9° S, 0.0° E) is specifically interesting because it nearly is coincident with the South 
pole with most of its interior as a permanently shadowed region (PSR).  Measurements in different 
wavelength regions have indicated presence of OH/H2O species in and around Shackleton crater 
[2]. There is a possibility of considerable amount of ice deposits due to the constant negative 
temperatures inside PSRs throughout the year consistently for billions of years. The low inclination 
of Moon’s axis and extreme illumination conditions makes the PSRs prominent at latitudes more 
than 65⁰ [3]. This is the very reason several of the lunar missions planned for launch in this decade 
are focused on exploring the polar regions with landers and rovers for quantitative analysis of PSRs 
and surroundings [4].  

The objective of this work is to identify a set of new landing sites and prepare a detailed geological 
map of the potential landing sites situated between -70 and -90 deg latitudes.  The study area 
involves some of the famous craters like the Shoemaker crater, de Gerlache crater and Shackleton 
crater and their surroundings. We have used available high resolution data products; LOLA DEM, 
DIVINER, WAC and NAC images acquired from LRO mission [5] for understanding the surface 
morphology and correlated them with available H+ and OH/H2O maps. Derived maps from LOLA 
DEM and bolometric temperature maps from DIVINER data have provided meaningful insights 
regarding the different PSRs. The ridge between de Gerlache crater and Shackleton crater has 
been considered of importance in terms of landing site or establishment of lunar field station [6]. 
The illumination condition combined with degree of slope and temperature come in support of 
this particular region. We considered Shackleton crater’s characteristics as a reference and studied 
other craters in its proximity in detail in a comparative way. The criteria of landing site selection 
include atleast one permanently shadowed region in the vicinity, the slope of the surface less than 
8 deg, roughness of the surface, the temperature of the region, illumination condition and 
possibility of water ice exposures in the vicinity. 

Based on our criteria, we have prepared detailed geological maps of a set of sites situated at South 
pole region of the Moon which are interesting from scientific exploration purpose and feasible 
from landing prospective considering present technology of landing.   

References:  
[1] Ivanov M.A. et al. (2018). Journal of Geophysical Research: Planets, pages- 2585-2612. [2] 

Spudis P.D. et al. (2008). Geophysical Research Letters Vol 35, L14201. [3] Flauhat. J. et al. (2020). 
Elsevier: Planetary and Space Science Vol 180. 4] Gawronska A.J. et al. (2020). Advances in Space 
Research Vol 66, Issue 6, pages 1247-1264. [5] Brown H.M. et al. (2022). Elsevier ICARUS 377 
(2022) 114874. [6] Bernhardt H. et al. (2022). Elsevier ICARUS 379 (2022) 114963. 
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Application Of Dual Frequency Synthetic Aperture Radar Towards 
Understanding Microenviornment Of The Lunar Poles 

N. Verma1 and M. Bhatt1, 1Physical Research Laboratory Ahmedabad, India  
Email: nidhivr@prl.res.in 

Introduction: The Moon has gained significant scientific and exploration values after the detection of volatile 
species of diverse nature by recent lunar missions [1-4]. Lunar poles provide a microenvironment that is 
analogous to conditions in the outer solar system due to very low temperatures at permanently shaded regions. 
The Moon being the nearest celestial body serve as a natural laboratory for understanding processes work on 
cold traps of lunar poles. As water is the primary source of forming habitable worlds, ongoing and near future 
lunar exploration is majorly focused on detailed mapping and quantification of water ice exposures on surface 
and subsurface level. Which is crucial for building base station for space programs in near future. 

The dual frequency aperture radar (DFSAR) onboard Chandrayaan-2 operating in fully polarimetric ca- pability 
with L and S-band [1] is designed for high resolution water ice mapping and quantification in the lunar polar 
region. In this work, we present the methodology of mapping water ice deposits using DFSAR data in terms of 
decomposition of scattering matrix. The high circular polarization ratios (CPR >1) have traditionally been derived 
from SAR payloads to identify water ice deposits in cold, permanently shadowed polar regions (PSRs) [5-7]. 
However, it has been found that CPR values can also be greater than one for rough and dry surfaces containing 
rocks, lava flows, and ejecta, due to double-bounce scattering [6, 8]. In addition to CPR, we derive the coherency 
matrices in three-dimensional space as an additional criteria of water ice detection that can only be possible by 
using DFSAR fully polarimetric data. As a case study for validation of our new framework, we selected the 
Cabeus carter (84.9°S 35.5°W) which is a well-studied region with a considerable area of PSR. Cabeus is our 
obvious choice since it was the site of the LCROSS Centaur impact and the vapor cloud released from the impact 
provided clear evidences of considerable amounts of water [9]. 

We prepared CPR map of Cabeus and its surroundings using the DFSAR data. The PSR regions of Cabeus meet 
the condition CPR>1, suggesting the high probability of water ice deposits. Additionally, we followed the 
approach suggested by [10, 11] and derived the elements of a coherence matrix. Three dimensional coherency 
matrix provides additional information on the surface properties that could not be retrieved by dual polarimetric 
Mini-SAR onboard Chandrayaan-1 [2] and Mini-RF onboard LRO [3]. Using the information interpreted from the 
three-dimensional space coherency matrix elements, the double-bounce scattering has been identified, which 
also creates ambiguity when identifying the possible water-ice deposits based on the condition CPR>1. These 
regions have therefore been masked to allow the identification of the water-ice deposits without ambiguity. Our 
results support the findings by [9] and detect water-ice on the floor of Cabeus carter. We have validated our 
framework at Cabeus crater that will be extended to map both the poles at DFSAR data resolution. We will 
present a few site-specific case studies from both, south and north poles of the Moon and discuss advantages 
and limitations of developed framework. 

 
References: [1] Kumar, S., et al., Polarimetric analysis of L-band DFSAR data of Chandrayaan-2 mission for ice 

detection in permanently shadowed regions (PSRs) of lunar South polar craters. Advances in Space Research, 2022. [2] 
Spudis, P., et al., Mini-SAR: an imaging radar experiment for the Chandrayaan-1 mission to the Moon. Current Science, 
2009: p. 533-539. [3] Nozette, S., et al., The Lunar Reconnaissance Orbiter miniature radio frequency (Mini-RF) 
technology demonstration. Space Science Reviews, 2010. 150(1): p. 285-302. [4] Bhiravarasu, S.S., et al., Chandrayaan-
2 Dual-frequency Synthetic Aperture Radar (DFSAR): Performance Characterization and Initial Results. The Planetary 
Science Journal, 2021. 2(4): p. 134. [5] Camp- bell, B.A., High circular polarization ratios in radar scattering from 
geologic targets. Journal of Geophysical Research: Planets, 2012. 117(E6). [6] Stacy, N., D. Campbell, and P. Ford, 
Arecibo radar mapping of the lunar poles: A search for ice deposits. Science, 1997. 276(5318): p. 1527-1530. [7] Verma, 
N., et al. Detection of Possible Water-Ice Deposits on Lunar Surface Using Conformity Coefficient: An Application of 
MiniSAR Data. in IGARSS 2018-2018 IEEE International Geoscience and Remote Sensing Symposium. 2018. IEEE. [8] 
Campbell, D.B., et al., No evidence for thick deposits of ice at the lunar south pole. Nature, 2006. 443(7113): p. 835-837. 
[9] Gladstone, G.R., et al., LRO-LAMP observations of the LCROSS impact plume. Science, 2010. 330(6003): p. 472-476. 
10. [10] Cloude, S.R. and E. Pottier, A review of target decomposition theorems in radar polarimetry. IEEE transactions 
on geoscience and remote sensing, 1996. 34(2): p. 498-518. [11] Lee, J.-S. and E. Pottier, Polarimetric radar imaging: 
from basics to applications. 2017: CRC press. 
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Mars Sample Return: The Challenge Of Detecting Putative Ancient  
Traces Of Life In Martian Rocks 

*L. Clodoré1, F. Foucher1, K. Hickman-Lewis2, and F. Westall1, 1CNRS, Centre de Biophysique Moléculaire, 3 
avenue de la Recherche Scientifique, 45071 Orléans Cedex 2, France (laura.clodore@cnrs-orleans.fr), 2The 

Natural History Museum, London, SW7 5BD, United Kingdom 

Introduction: The Mars 2020 Perseverance rover is exploring Jezero crater where it collects drill cores in 
preparation of their future return to Earth in the 2030’s. This will permit high-resolution studies in state-of-
the-art laboratories that are impossible to carry out in situ [1,2]. Of particular interest will be the search for 
putative biosignatures of ancient traces of life. 

What can we expect? Due to punctuated habitability, if life ever appeared on Mars, it most likely 
remained at a relatively primitive stage of evolution (chemotroph-like microorganisms) and the associated 
biosignatures would be very subtle, similar to those observed in ancient terrestrial rocks [3,4]. 

A multimodal approach: By using Archean microfossils as analogues of putative traces of Martian life, 
we can predict that the detection of biosignatures will require multiple complementary analyzes organized 
according to a logical protocol. In particular, a multi-scale approach will be necessary, from the description 
of the outcrops on Mars to the elemental analysis of returned samples (Fig. 1). 

 

Figure 1. (A) Outcrop of Archean volcanic sediments containing microfossils in the 3.45 Ga Kitty’s Gap 
Chert, Australia. Scale-lens cap 5.4 cm. (B) Optical image of a volcanic grain in the volcano-sedimentary 
deposit of the Kitty’s Gap Chert surrounded by carbonaceous remains (in brown). (C) Raman map of the 
grain (yellow = quartz, blue = anatase, fuchsia = muscovite, green = organic matter); (D) SEM images in 
secondary electron mode of the border of the grain showing possible extracellular polymeric subtances 
(EPS) mixed with muscovite sheets (alteration product of the volcanic grains). (E) µ-PIXE map of titanium 
(black = low concentration, white = high concentration) showing the border of the grain enriched with Ti 
and other trace metal elements (not shown here). 

Here, we have proposed a list of analyses to be performed in order to maximize the detection of 
microfossils in Martian samples. Planetary protection and sterility are taken into account and the time-
series analyses are organized to take into account their potential degradation effect ont the samples: 

- ICP-MS of rock powders to reconstruct the paleoenvironmental conditions; 
- LA-ICP-MS of flat rock chips to visualise the fine-scale paleoenvironmental variations; 
- Optical microscopy and Raman spectroscopy of thin sections to study the mineralogy of the rocks 

and locate the carbonaceous deposits related to possible remains of microfossils; 
- SEM-EDX of thin sections to observe individual microstructures and map major elements in 

(bio)minerals; 
- FTIR and DUV-luminescence spectroscopies of detached thin sections to identify molecular 

composition of the carbonaceous matter; 
- PIXE and XRF spectroscopies of detached thin sections to map the distribution of trace metals in 

the carbonaceous remains. 
- … 

Summary: Detecting ancient traces of life in Martian samples will be very difficult due to the subtlety of 
expected biosignatures and specific handling conditions. Dedicated instrumentation will have to be 
developed. To help with the preparation, work carried out on analogous samples from the Archean is 
particularly suitable. 

References: [1] Farley, K. A. et al. (2020) Space Science Reviews 216:142. [2] Muirhead, B. K. et al. (2020) 
Acta Astronautica 176:131–138. [3] Westall F. et al. (2015) Astrobiology 15:998–1029. [4] Westall F. et al. 
(2021) International Journal of Astrobiology 20: 377–393. 
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Talk # 20 (Virtual, discussion and time for friendly questions & answers will be provided for.) 
 

Spaceflight and Microgravity  
Response of Plant Telomeres and Telomerase 

 
 
Borja Barbero Barcenilla1(bbarbero@tamu.edu), Alexander Meyers2, Claudia Castillo-Gonzalez1, Eric Land3, 
Imara Y. Perera3, Roberto Aquilano4, Emma Canaday2, Sarah Wyatt2 and Dorothy E. Shippen1 
 
1Department of Biochemistry and Biophysics, Texas A&M University, 2128 TAMU, College Station, TX 
77843. 2 Department of Experimental and Plant Biology, Ohio University, Athens, OH 45701. 3Department of 
Plant and Microbial Biology, North Carolina State University, Raleigh, NC 27695. 4Faculty of Exact Sciences, 
Engineering and Surveying, National University of Rosario/CONICET.Av.Pellegrini 250, S2000 Rosario, 
Argentina.  
 
To realize NASA’s goal of human settlement of Mars and the Moon by 2050, plants will be 
required for food production, carbon dioxide removal and oxygen generation, among other 
functions. Understanding plant adaptation to spaceflight is therefore essential for space 
expansion. Transcriptomic data show space flown plants upregulate multiple stress response 
pathways, including genomic and oxidative stress. Telomeres are essential structures that 
safeguard genome stability and are an important biological marker of survivability. Recent studies 
reveal that astronauts aboard the International Space Station (ISS) experienced a dramatic 
increase in telomere length during spaceflight, but the underlying cause is unknown. Here we 
explore the impact of spaceflight on telomere dynamics and telomerase activity in Arabidopsis 
thaliana seedlings. We report that telomerase activity was significantly elevated in response to 
spaceflight aboard the ISS. We also show that spaceflight led to increased 8-oxoguanine content in 
genomic DNA and increased mitochondrial and chloroplast DNA, consistent with oxidative stress. 
Unexpectedly, however, telomere length was unaltered by spaceflight or simulated microgravity 
conditions, induced by a Random Positioning Machine on the ground. These findings indicate 
plants have an inherent capacity to maintain telomere length homeostasis under spaceflight 
conditions. We postulate this characteristic will enhance their generational survival for space 
exploration and settlement.  
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Talk # 21 
 

The Case For A Lunar Base 
I.A. Crawford1, 1Department of Earth and Planetary Sciences, Birkbeck College, Malet Street, London. Email: 

I.crawford@bbk.ac.uk  
The construction of a permanently occupied outpost on the Moon, i.e. a lunar base, would offer 
significant opportunities for planetary science and astrobiology by providing a scientific 
infrastructure on the lunar surface [1-4]. An analogy is provided by human outposts in Antarctica 
which facilitate research activities across multiple scientific disciplines on that continent [5,6]. On 
the Moon, scientific fields that are likely to benefit from establishing a lunar base include (see 
Refs. [3,7] for more detailed discussion): 
 

• Planetary science, including studies of the Moon itself, the origin and evolution of the 
Earth-Moon system, and geological records of the inner Solar System environment 
throughout its history;  
 

• Astronomy, by using the lunar surface as a platform for observations of the wider universe, 
especially radio astronomy from the farside and, possibly, infrared astronomy from 
permanently shadowed polar craters; 

 
• Astrobiology, by enabling the access to geological records relevant to understanding the 

evolution of the Sun and the habitability of the Earth through time;  
 

• Life sciences, especially studies of life’s adaptation to low-gravity, dusty, high-radiation 
environments; 

 
• Fundamental physics, by facilitating emplacement on the lunar surface of instruments to 

study ultra-high-energy cosmic rays, general relativity, and quantum entanglement over 
the Earth-Moon baseline.  
 

Although robotic missions will be able to address a subset of these objectives, for many of them 
the requirements for mobility, deployment of complex instrumentation, sub-surface access, and 
sample return capacity are likely to outstrip the capabilities of robotic exploration alone. It follows 
that many of these scientific objectives would be greatly facilitated by, and some may be 
impractical without, renewed human operations on the lunar surface. A lunar base would provide 
the enabling infrastructure. Moreover, in addition to these purely scientific benefits, a lunar base 
would also support activities on the boundary between scientific and commercial operations, such 
as assessing the economic potential of lunar resources, which may themselves be scientifically 
enabling [8]. 
 
References: [1] Taylor, G.J. (1985) The need for a lunar base: answering basic questions about 
planetary science. In: Lunar bases and space activities of the 21st century (ed. W.W. Mendell), 
Houston, TX; 189–197. [2] Spudis, P.D. (1996) The Once and Future Moon. Washington, DC: 
Smithsonian Institution Press. [3] Crawford, I.A. et al. (2012) Back to the Moon: the scientific 
rationale for resuming lunar surface exploration. Planet. Space Sci., 74, 3–14. [4] Crawford, I.A., 
Joy, K.H. (2014) Lunar exploration: opening a window into the history and evolution of the inner 
solar system, Phil. Trans. Royal Soc., A372: 20130315, 1-21. [5] Ehrenfreund, P. et al. (2012) 
Toward a global space exploration program: a stepping stone approach. Adv. Space Res., 49, 2–48. 
[6] McKay, C. (2013) The case for a NASA research base on the Moon. New Space, 1, 162-166. [7] 
Crawford, I.A. (2017) Why we should build a Moon Village, Astronomy and Geophysics, 58, 6.18-
6.21. [8] Crawford, I.A. (2016) The long-term scientific benefits of a space economy, Space Policy, 
37, 58-61. 
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QUANTIFICATION OF Mg AND Al OF THE LUNAR REGOLITH  
 

M. Bhatt1, S. Narendranath2, N. Pillai2, C. Wöhler3, N. Srivastava1, A. Bhardwaj1 
1Physical Research Laboratory, Ahmedabad India, 2U R Rao Satellite Centre, Bangalore, India, 3TU Dortmund 
University, Dortmund, Germany. Email: megha@prl.res.in 

 
A new phase of lunar exploration in this decade and the near future is mainly focused on mapping 
specific reservoirs of H2O and OH species and measuring their abundances. Although we have 
greatly enhanced our understanding of the polar OH/H2O distribution, there is still limited 
information on the regolith physical and chemical composition and volatile interactions for the 
lunar polar regions since the signal to noise ratio at high latitude regions decreases drastically for 
passive sensor detection techniques.  
 
The Chandrayaan-2 [1] orbiter carries a unique set of instruments operating in a wide wavelength 
domain [2]. The integration of responses from the Imaging Infrared Spectrometer (IIRS) operating 
in the wavelength domain from 0.8 to 5.0 µm [2] and the Chandryaan-2 Large Area Soft X-ray 
Spectrometer (CLASS) [3] measurements will be important for obtaining regolith elemental 
concentrations at a spatial resolution of tens of meters. Such an integrated approach will be 
helpful in understanding the correlation of the OH and H2O ice with the surface chemistry. The 
main challenge towards integrating the IIRS and CLASS derived information is the precise 
calibration so that the IIRS-derived spectral band parameters can be used in a multivariate 
regression between CLASS-derived kilometer-scale elemental abundances and IIRS band 
parameters extracted from the two pronounced absorption bands around 1 µm and 2 µm which 
are sensitive to surface mineral composition [4]. 
 
The IIRS data are getting revised in terms of refining corrections. Therefore, as a case study, in this 
work we focus on developing the algorithm and validating the approach by considering the well-
calibrated and extensively used nearly global data coverage of the Moon Mineralogy Mapper (M3) 
[5,6].  Our approach is based on [7] which is robust with respect to the effects of soil maturity. A 
set of spectral parameters is derived from M3 corresponding to the CLASS footprints. This is the 
first approach of this kind where we use the CLASS-derived elemental abundances as ground truth. 
The advantage of our newly refined algorithm is that the CLASS-derived elemental estimations 
belong to the uppermost layer of the regolith and primarily rely on a physical model rather than 
on empirical relationships to lunar returned samples. We applied the classical multivariate linear 
regression as well as the machine learning technique of support vector regression for global 
predictions of Mg and Al. The outcomes of both techniques show a good correlation with the 
Apollo and Luna sample return sites. We obtained results on local and global scales and compared 
them to published works. The results are comparable to within 2 wt.% deviation, which will be 
refined in the future. Maps of FeO, TiO2, and CaO will be derived once a higher coverage of CLASS 
footprints is available. Later on, the spectral parameters derived from IIRS data will be used for 
better understanding the relations between mineralogy, elemental abundances, and volatiles.  
 

References: [1] Vanitha, M. V. et al. (2020) LPSC 1994. [2] Chowdhury, A. R. et al., (2020) 
Current Science, 118(3), 368. [3] Pillai N. S.et al. (2021) Icarus 363, 114436. [4] Burns R., Remote 
geochemical analysis: Elemental and mineralogical composition (1993). [5] Pieters, C. et al. (2009) 
Current Science 96, 500-505. [6] Wöhler, C. et al. (2017) Science Advances 3, e1701286. [7] Bhatt 
M. et al. (2019) AA 627, A155. 
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Exploring the habitability and behavioural health of Mars habitat analogues: the 

ILEWG EuroMoonMars EMMPOL 8-11 investigation 
Ao Jiang1,2,5(aojohn928@gmail.com), Imperial College London, London, SW7 2DB), 

Bernard Foing1,3,5 (foing@strw.leidenuniv.nl),Serena Crotti 1,4,5 (serena.crotti@mail.polimi.it) 
1 Lunex EuroMoonMars ILEWG, Netherlands, 

2 Imperial College London,UK 
3 Leiden Observatory, Netherlands, Netherlands, 

4 Politecnico di Milano, Italy 
5 EuroSpaceHub, EU 

 
Human factors and habitability are the theoretical and practical basis for the design and construction of human 

habitats on Mars. In Mars habitats, the crew is the focus of habitability design and ensures good behavioural health 
for spaceflight, including neuropsychiatric dysfunction, personal adaptation, interpersonal relationships and 
positive interaction with the physical and social environment. Investigating and understanding Mars habitat 
simulation missions on Earth can help make it possible to test design solutions before deploying them into space 
and reduce negative human stress reactions to Martian surface stressors. This study is based on the ILEWG 
EuroMoonMars EMMPOL 8-11 short-term mission on the Habitat Simulation Station, collecting teleconference 
notes, mission logs,  anecdotal reports and post-mission interviews from each crew to provide unique insights into 
simulating habitability and behavioural health on a short-term mission to Mars. 

 
EuroMoonMars is an ILEWG programme that acts as a collaboration between the ILEWG, space agencies, 

academia, universities, research institutions and industry, following up on the ICEUM statement. EMMPOL missions 
are organised by EMM and AATC on a confined simulator in Poland. Four missions were organised. Each mission 
has a crew of about 5-6 people, support staff outside the simulator and scientists of about 5-6 people. The duration 
of each mission is 7-12 days. 

 
The results found that. 
1. Habitability minimises risk, disruptive performance and human occupancy environmental stressors to serve 

behavioural health benefits. Mars habitats should reduce the 'negative' environments (hot, crowded, noisy, smelly, 
confined and cramped environments) found on Earth 

2. Basic security requirements: Crews need a safe environment, with a high level of skill and extensive training 
to help keep them safe. In addition, safety devices and procedures must meet higher standards of prominence and 
ease of operation. Warnings and alarms must be responsive and easy to understand, rescue equipment needs to be 
easy to find and use, escape procedures are clear and easy to remember, and are not dependent on months of 
training and peak physical fitness. 

3. Psychological requirements: The crew should be assured of adequate internal space, adequate and 
reasonable storage areas, the type and intensity of light appropriate to the task, easily maintained facilities, clear 
channels for accurate communication and social support on the ground. In addition, virtual natural landscapes and 
scenery can be effective in helping to lighten one's mood. Reading, watching TV, listening to music and 
communicating with people on the planet were also popular. 

4. Socio-cultural requirements: Isolation and confinement have been identified as the main challenges in Mars 
exploration. This could increase interpersonal tensions. Crews must be organised into cohesive, effective teams 
through pre-mission training, communication, and cooperation to interact successfully with other teams and within 
the wider context of the sponsoring organisation. In addition, cultural differences provide a welcome source of 
diversity, but can also add to design challenges. Different standards in areas including different languages, personal 
hygiene or preferred social distances, as well as specific preferences for food and entertainment can all lead to 
conflict. Therefore, extensive foreign language training, cross-cultural awareness training, mutual experiences and 
common goals should reduce cultural tensions. 

 
*Acknowledgements: We thank LUNEX EuroSpaceHub and EuroMoonMars for the support; We thank the 

ILEWG EuroMoonMars field campaign 2021-2022 staff (including ILEWG EuroMoonMars and ESA staff and remote 
support teams from external support. 
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Habitability Studies And Life Detection In Orbit And Beyond 
J.-P. de Vera1, 1German Aerospace Center (DLR), Space Operations and Astronaut Training, Microgravity 

User Support Center (MUSC) Geb. 29, Linder Höhe, 51147 Köln, Germany, jean-pierre.devera@dlr.de  

Abstract: Habitability studies are mainly driven by an Earth-centric and anthropologic view. 
There is only our home planet Earth as reference system to evaluate other planetary bodies as 
habitable wolds. According to a common understanding, planets, moons or other planetary 
objects are habitable if there is the presence of an energy source, the presence of a liquid solvent 
such as water and the presence of gases as solutes or within an atmosphere besides the needed 
presence of the most essential elements CHNOPS and specific minerals containing elements with 
catalytic functions such as metal elements Mn, Fe, Mg, Ca, K etc. Based on this general 
understanding often a biological reference system is missing within the evaluation process. 
Habitability of any celestial object also means, that life could originate, grow, evolve and colonize 
planetary bodies of interest.  

Because life on Earth has developed a big variety of species which even are able to adapt to 
different environmental conditions formally classified as extreme [1], [2], [3], a revision is needed 
on what kind of planetary body could be classified as habitable in reference to what type of life 
form. For this reason in the last decades habitability studies were done in addition to field studies 
performed in most remote and so-called extreme places also in laboratories producing planetary 
analogy in planetary simulation experiments by using different types of organisms as test samples. 
A step further was done to approach an excellent simulation of planetary conditions for improved 
habitability investigations using organisms in Low Earth Orbit (LEO) on satellites [4] and the 
International Space Station (ISS) [5], [6]. Examples will be given to show the results of studies 
performed with microorganisms in the field, in the lab and in space (particularly under LEO-
conditions). According to these results it becomes clear, that specific terrestrial organisms could 
survive or even live under simulated planetary conditions and are even detectable with currently 
modern life detection methods and instruments. By that it could be concluded that it is important 
to start new space missions to Mars and the icy ocean worlds around Jupiter and Saturn. There we 
will be able to search with much more precision for potential habitable locations/niches and for 
life beyond Earth, because of the gained more well-founded knowledge on terrestrial reference 
organisms in the last decades.  

References:  

[1] de Vera J.-P. et al. 2014. Planetary and Space Science 98: 182-190. [2] Schirmack J. et al. 2014. 
Planetary and Space Science 98: 198–204. [3] Zakharova, K. et al. 2014. Scientific Reports 
(nature.com) 4 : 5114. [4] de la Torre, R. et al. 2010. Icarus 208, 735- 748. [5] Onofri, S. et al. 2012. 
Astrobiology 12 (5): 508-516. [6] de Vera, J.P. et al. 2019. Astrobiology 19 (2): 145 -157. 
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Biosignatures And Detectability: Two Key Concepts For Understanding The 
Challenge Of The Search For Extraterrestrial Life 

F. Foucher1 and F. Westall1 
1CNRS, Centre de Biophysique Moléculaire, 3 avenue de la Recherche Scientifique, 45071 Orléans, France 

(frederic.foucher@cnrs.fr). 

Introduction: The detection of extraterrestrial life would be one of humanity's most important 
discoveries. Nevertheless, in more than a hundred years of intensive research, nothing has been 
detected so far. This absence of detection is certainly explained by our limited exploration 
methods compared to the immensity of the universe. Indeed, if the probability of the existence of 
evolved extraterrestrial life increases with distance from Earth, at the same time, and on the 
contrary, the number of detectable biosignatures decreases due to technical and physical 
limitations. This competition between the probability of extraterrestrial life and its detectability 
constitutes the main challenge of astrobiology [1].  

Different degrees of complexity: According to evolutionary synthesis, it is obvious that, if they 
exist, "intelligent" extraterrestrial life forms necessarily evolved from "unintelligent" macro-
organisms, themselves evolved from micro - unicellular organisms. Conversely, the evolution of 
unicellular microorganisms towards more complex organisms is certainly not systematic and 
strongly depends on environmental conditions. In particular, the prerequisites for the 
development of microorganisms are less restrictive than for (more evolved) macroorganisms. 
Therefore, it can be inferred that intelligent life forms are less likely and therefore less widespread 
in the universe than microbial life. As a consequence, statistically, the more we search for complex 
life, the further we have to search from Earth [1]. 

Different biosignatures: Biosignatures can be defined as all characteristics associated with life. 
They can be direct, i.e. the organisms themselves, or indirect, i.e. something produced by the 
organisms (e.g. radio signal, biogas, etc.); present or past. Clearly, the biosignatures associated 
with microorganisms are generally more subtle than those associated with more evolved life 
forms. This is all the more true for fossil traces of life [2].  

From Mars to the Milky Way: The search for extraterrestrial life is an important topic in space 
science and exploration. Nevertheless, this quest is hampered by our current limited technological 
level but, also and above all, by the limits imposed by physics. As a result, exploration using in situ 
space probes (landers, rovers or satellites) is limited to our solar system while they are the best 
and most of the time the only way to detect specific biosignatures. Thus, while it is now possible 
to explore the surface of Mars with robots, scientists expect at best to find fossilized primitive 
microorganisms associated with very limited and subtle biosignatures, whose detection will 
probably require the use of laboratory instrumentation and a Mars Sample Return mission [2,3]. 
Conversely, if evolved life forms can exist on exoplanets, our methods of investigation outside the 
solar system are limited to (radio) telescopes only capable of detecting very specific types of 
biosignatures. 

Summary: The search for extraterrestrial life relies on the detection of biosignatures. 
Nevertheless, their detectability depends on the degree of complexity of life as well as the 
distance from Earth. Here we will present an overview of current astrobiological approaches used 
to detect life in the solar system and beyond, from detecting biotic molecules on Mars to 
searching for extraterrestrial intelligence in the Milky Way, and thereby highlight the challenge of 
astrobiology. 

References: [1] Foucher F. et al. (2017) Life 7:22. [2] Westall F. et al. (2015) Astrobiology 
15:998–1029. [3] Westall F. et al. (2021) International Journal of Astrobiology 2021:1. 
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Combining Photometry and Astrometry to Improve Orbit Retrieval of  
Directly Imaged Exoplanets  

*Margaret Bruna1 and Nicolas Cowan2 1, McGill Space Institute, 3550 Rue University, Montreal, QC H3A 2A, 
margaret.bruna@mail.mcgill.ca 2 nicolas.cowan@mcgill.ca  

Introduction: Future missions like Roman, HabEx and LUVOIR will directly image exoplanets in 
reflected light [1,2,3]. While current near infrared direct imaging searches are only sensitive to 
young, self-luminous planets whose brightness is independent of their orbital phase [4,5,6], 
reflected light direct imaging will observe planets that change in brightness over the course of an 
orbit due to phase variations. One of the first objectives will be determining the planets orbit via 
astrometry, the projected position of the planet with respect to its host star in the sky plane. We 
show that the changing brightness of a planet throughout its orbit can significantly improve the 
accuracy and precision of numerical orbital retrieval with two and three direct images. This would 
speed up the classification of exoplanets and improve the efficiency of subsequent spectroscopic 
characterization of their atmosphere and surface. We develop a forward model of Earth-twins to 
generate synthetic observations of the three observables produced by a direct image at a given 
epoch: the two dimensional position of the planet with respect to its host star on the sky plane, 
and the planet/star flux ratio. Synthetic data are fitted with Keplerian orbits and Lambertian or 
Henyey-Greenstein phase variations to retrieve orbital parameters, the size of the planet, and its 
geometric albedo. Our analysis indicates that for astrometric uncertainties of 0.01 AU in projected 
separation and uncertainties at 10^-12 in the flux ratio, using photometry in orbit retrieval 
improves the precision of semi-major axis by 40% for two epochs and 73% for three epochs if the 
phase curves are presumed to be Lambertian. In the more realistic scenario that the phase curve is 
non-Lambertian, photometry still improves retrieval accuracy by 16% for two epochs and 50% for 
three epochs. 
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and biomarkers detection 
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(4) Univ Lyon, INSA-LYON,LGEF, EA682, 69621 Villeurbanne, France ; 
(5) Dynamic Structures, Ltd Vancouver, CA; 
(6) IAC, Tenerife, Spain 

 
Abstract 

Detecting an exoplanetary life signal is extremely challenging with current 
technology because it requires a sensitive telescope and instrument that can measure 
the planet's reflected optical and infrared light, while distinguishing this from the star's 
scattered light and the terrestrial thermal noise background. This requires highly 
accurate adaptive optics, a coronagraphic system, and a specially designed and aligned 
giant telescope. We present here new strategies for building such a telescope with 
large circular segments using adaptive optics correction independently for each of 
these segments prior to cophasing the segments. The foreseen cophasing technique 
uses focal plane images that allow piston measurements and correction between all the 
segments. In this context we propose to derive the segment phase error using the the 
Mach-Zehnder technology. 

 

 
Figure 1: (Left) The SELF/ELF Gregorian-focus opto-mechanical configuration. (Right) Synthetic PSF Left: 

phase (greyscale 0-360 deg), Center: Log10 PSF 8 decades, Right: Log10 RMS speckle noise 6 decades 
 
These measurements need to be coupled with ultra high precision wavefront sensing 

at for Extreme-AO. Ideally, a wavefront sensor for an Extreme-AO (XAO) system should 
be very sensitive (to allow high speed wavefront correction), very accurate (to allow 
precise calibration of residual starlight vs. planet light in the focal plane) and allow to 
maintain very accurate cophasing of the pupil We describe our trade off results for 
selecting the best wavefront sensors scheme which meet all these requirements. We 
also investigate the performance of multi-segmented extreme adaptive optics and we 
present detailed simulations of the proposed cophasing/ Extreme-AO wavefront 
sensing and correction scheme in this context. At the end we demonstrate that a 
natural star can be successfully used to cophase in real time the ELF telescope and to 
drive the XAO system in order to reach very high contrast compatible with imaging of 
extrasolar planets and detecting exoplanetary life signal. 
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Figure 3: [Left] Each of M2i (i=1..16) is a locus for an independent deformable mirror of 115mm in diameter on a 
rim of 0.6m. For a field of view of 20 arcsec2 such deformable mirror M2i will be filled of 477 actuators, i.e. 25 
actuators per diameter for a 4.6mm pitch. [Right] The initial parameters for simulations are 20cm 25x25 subapertures 
on a sin- gle 5m off-axis mirror M1i aperture; r0=0.17m, L0 = 25m, measurement noise is of 10 nm RMS; using the 
best re- constructor (MAP, generators, optimal pre conditioner). 

 

Conclusions 
The ELF optical configuration described here has the angular resolution of a 30m 

telescope and the light gathering power of a 20m telescope. A hybrid optic like this, 
dedicated to exoplanet direct imaging, will have unrivaled sensitivity to biomarkers and 
could map subcontinental surface features of habitable-zone exoplanets around nearby 
M-dwarf stars. The technologies described here could decrease the area mass density 
and cost of such giant remote sensing telescopes by an order of magnitude from the 
wide-field general astronomical ELTs now under construction. The Small ELF (SELF) 
prototype being developed by our consortium at Tenerife is the first step towards the 
technological validations required for the construction of ELF. 

 
 

Figure 4: The SELF opto-mechanical configuration 
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Quantifying Habitability: How To Optimize Exoplanet Missions  
To Explore The Closest Habitable Worlds 

 

M. Schlecker1, D. Apai1, K. Hardegree-Ullman1, and A. Bixel1  
1Steward Observatory/University of Arizona (schlecker@arizona.edu) 

 
Late M dwarf planetary systems like TRAPPIST-1 may be the may be the nearest habitable 

worlds to the Solar System, and they are ideally suited for exploration via remote sensing. While 
the occurrence rates, formation pathways, and properties of these worlds remain unexplored for 
now, the next-generation ESA and NASA missions will be able to shed light on these questions.  

One of the key hypotheses to test is that the high abundance of terrestrial planets around mid-
M-dwarfs extends to late M dwarfs. We use Bioverse, a simulation framework that leverages the 
contextual information from the overall planet population to assess the ability of space and 
ground-based telescopes to test this hypothesis. In the near future, ESA's PLATO mission and 
NASA's Roman Space Telescope will be the most promising endeavors to constrain this 
demographic feature. For each of these missions, we identify the key mission design drivers that 
enable a statistically sound detection. We also show the unique synergy of these missions in 
answering this question, and what survey strategy optimizes the statistical power of the combined 
dataset. 

The occurrence rate of small planets around late M dwarfs not only has significant constraining 
power on competing planet formation models; its measurement will also provide insights into 
which stars harbor the nearest habitable worlds. 
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Talk # 29                                                    INVITED TALK 
 

Modelling Exoplanet Atmospheres For JWST And Ariel 
J. K. Barstow1 1The Open University, Walton Hall, Milton Keynes, MK7 6AA, UK; jo.barstow@open.ac.uk  

Introduction: The observation and characterization of transiting exoplanet atmospheres is currently one of 
the fastest growing fields in astronomy. Over the last 15 years we have progressed from having photometric 
observations of a handful of planets, to the first spectroscopic population studies of favourable hot Jupiter 
targets with the Hubble Space Telescope (e.g. [1,2,3,4]). With JWST commencing its first cycle of operations, we 
await further improvements in the precision, resolution and spectral range of observational data, which should 
allow us to characterize terrestrial planet atmospheres for the first time (e.g. [5,6,7]). In the near future, the ESA 
Ariel mission [8] will provide the opportunity to look for statistically significant trends in a broader population.  

 

Modelling and tools: The tool of choice for interpreting transit spectra is a retrieval scheme [9]. These 
combine relatively simple, usually 1D, radiative transfer models with a sampling algorithm. Individual 
computations must be fast, since potentially millions are required for a solution; we therefore strike a balance 
between realistic (but complex and therefore slow) models, and oversimplified models that are fast but ignore 
important physics. As the information content of observations increases, some approximations will no longer be 
valid. For example, until recently a common assumption was that the region of atmosphere probed in a given 
observation could be treated as spatially uniform, although the temperature of hot Jupiters is known to vary 
substantially between the day and night side (see figure - originally published in [9]). Recent work (e.g. 
[10,11,12]) has shown that this is not a valid approximation for JWST spectra, and retrieval models must 
therefore account for spatial variation.  

Terrestrial planets: JWST will allow us to probe the relatively compact secondary atmospheres of transiting 
terrestrial worlds for the first time. Retrievals of secondary atmospheres come with the added challenge that, 
unlike invariably H2/He-dominated gas giants, the bulk atmospheric composition is unknown. For example, a 
secondary atmosphere may be N2-dominated, as in the case of Earth, or CO2-dominated like Venus and Mars.   

Summary: I will present a review of modelling challenges involved in interpreting JWST spectra of gas giant 
and terrestrial exoplanets, whilst also looking forward to population-level insights from the Ariel mission.  

References: [1] Barstow, J. K. et al. (2017) The Astrophysical Journal  834:50. [2] Tsiaras, A. et al. (2018) The 
Astronomical Journal 155:156. [3] Fisher, C. and Heng, K. (2018) Monthly Notices of the Royal Astronomical 
Society 481:4698–4727. [4] Pinhas, A. et al. (2019) Monthly Notices of the Royal Astronomical Society 482:1485–
1498. [5] Barstow, J. K.  and Irwin, P. G. J. (2016) Monthly Notices of the Royal Astronomical Society Letters 
461:L92–L96 [6] Morley, C. V.  et al. (2017) The Astrophysical Journal 850:121. [7] Krissanson-Totton, J.  et al. 
(2017) The Astronomical Journal 156:114. [8] Tinetti, G. et al. (2018) Experimental Astronomy 46:135–209. [9] 
Barstow, J. K. & Heng, K. (2020) Space Science Reviews 216:82. [10] Line, M. and Parmentier, V. (2016) The 
Astrophysical Journal 820:78. [11] Caldas, A. et al. (2019) Astronomy & Astrophysics 623:A161. [12] Macdonald, 
R. J., Goyal, J. M. and Lewis, N. K. (2020) The Astrophysical Journal Letters 893:L43. 
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Survival Of Terrestrial N2-O2 Atmosphere In Violent Xuv Environments 
Through Efficient Atomic Line Radiative Cooling 

A. Nakayama1, M. Ikoma2, and N. Terada3,  
1Department of Physics, College of Science, Rikkyo University, 3-34-1 Nishi-Ikebukuro, Toshima-ku, Tokyo 
171-8501, Japan (anakayama@rikkyo.ac.jp), 2Division of Science, National Astronomical Observatory of 
Japan, 2-21-1 Osawa, Mitaka, Tokyo 181-8558, Japan, 3Department of Geophysics, Graduate School of 

Science, Tohoku University, 6-3 Aramaki-aza-Aoba, Aoba-ku, Sendai, Miyagi 980-8578, Japan. 

Atmospheres play a crucial role in planetary habitability because it controls the planetary 
climate. Around M-dwarfs and young Sun-like stars, planets receiving the same insolation as the 
present-day Earth are exposed to intense stellar X-rays and extreme-ultraviolet (XUV) radiation 
[e.g., 1]. Intense stellar XUV radiation drives the thermal escape which is capable of significantly 
eroding the atmosphere. This study explores the fundamental question of whether the 
atmosphere of present-day Earth could survive in such harsh XUV environments. Previous 
theoretical study demonstrated an Earth-like N2-O2 atmosphere lapses into a hydrodynamic state 
once the XUV irradiation exceeds approximately 5 times the present level experienced by the 
Earth [2]. Recent hydrodynamic simulations for an Earth-like atmosphere irradiated by XUV from 
the very active young Sun suggests that stellar XUV irradiation is sufficiently intense to remove 
such atmospheres completely on short timescales below 0.1Myr [3]. 

 In this study, we develop a new upper-atmosphere model and re-examine the thermal and 
hydrodynamic responses of the thermospheric structure of an Earth-like N2-O2 atmosphere, on an 
Earth-mass planet, to an increase in the XUV irradiation, of up to 1000 times the level of present-
day Earth. Our model includes the effects of radiative cooling via electronic transitions of atoms 
and ions, known as atomic line cooling, in addition to the processes accounted for by previous 
models [4]: Molecular radiative cooling, thermo- and photo-chemistry, diffusion, conduction, and 
hydrodynamic cooling. We demonstrate that atomic line cooling dominates over the 
hydrodynamic effect at XUV irradiation levels greater than several times the present level of the 
Earth. In addition, atomic line cooling is so effective in reducing the exobase temperature. 
Consequently, the atmosphere’s structure is kept almost hydrostatic, and its escape remains 
sluggish even at XUV irradiation levels up to a thousand times that of the Earth at present. Our 
estimates for the Jeans escape rates of N2-O2 atmospheres suggest that these 1-bar atmospheres 
survive in early active phases of Sun-like stars. Even around active late M-dwarfs, N2-O2 
atmospheres could escape significant thermal loss on timescales of Gyr. These results give new 
insights into the habitability of terrestrial exoplanets and the Earth’s climate history.  
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Talk # 31 
 

Modelling Dry Compositional Convection For Applications To Terrestrial 
Exoplanet Atmospheres 

*N. Habib and R.T. Pierrehumbert. Atmospheric, Oceanic and Planetary Physics, Department of Physics, 
University of Oxford, OX1 3PU, UK. namrah.habib@physics.ox.ac.uk 

Introduction: Representation of convection within 3D climate models, or General Circulation Models 
(GCMs), is a known source of uncertainty that affects the predicted climate and habitability of exoplanets 
[1]–[4]. Convection occurs on length scales much smaller than most GCM studies resolve and is therefore 
parameterized. However, convection parameterizations are often tuned to Earth-based parameters or 
overly simplified [1]. Additionally, compositional gradients within planetary atmospheres can affect 
convection and should be considered when modelling exoplanet atmospheres. In Earth’s present 
atmosphere, water vapor has a lower molecular weight than N2 and contributes slightly to the positive 
buoyancy of an air parcel. This compositional convection effect in Earth’s atmosphere is small, but 
significant. Conversely, in exoplanet’s with primarily H2/He atmospheres, convection can be inhibited by 
the greater density of atmospheric tracers compared to the background air [5]–[7]. When accounting for 
compositional gradients when modelling H2/He atmospheres, Leconte et al., [5] showed that the planetary 
deep atmospheric temperature can be 100s K hotter than predicted by a moist or dry adiabat. Hotter deep 
atmospheric temperatures would change our understanding of planetary interior chemistry, evolution, and 
habitability for terrestrial exoplanets. In this work, we aim to develop a convection parameterization 
scheme that accounts for compositional convection effects and is tuned to model terrestrial exoplanet 
atmospheres.  

 
Figure 2 Mass mixing ratio vertical cross sections in XZ taken in the middle of the y-domain at three different time steps from a CM1 simulation 
modelling an H2/He atmosphere with an initial step profile of the mass mixing ratio. The different time steps (panels) show the formation, 
growth and mixing of convective plumes. The right-most panel represents the water vapor distribution in the final state of the simulation. 

Methods: We use Cloud Model 1 (CM1; [8]), a convection resolving model, to perform two initial value 
problem testcases of dry compositional convection for Earth-Air, H2, and CO2 atmospheres. First, we model 
an isothermal atmosphere with a step profile of a non-condensing water vapor tracer. Second, we model 
an initial atmospheric state with a step profile in both the temperature and mass-mixing ratio.  

Results: Our CM1 simulations for all six test cases show that convection does not fully homogenize the 
distribution of the water vapor tracer within an atmospheric column. Rather, the water vapor tracer only 
mixes within a portion of the atmospheric column which is shown in Fig. 1. Our simulations show that the 
final atmospheric state is a local, neutrally stable state that is dependent upon both the atmospheric 
temperature and the mass mixing ratio profile of the water vapor tracer. For convective adjustment within 
a well-mixed atmosphere, a state of neutral buoyancy uniquely defines the end state. With inhomogeneous 
composition, as in our simulations, neutral buoyancy can be obtained with various combinations of 
temperature and mass mixing ratio. We used our CM1 simulation results to produce a dry convective 
adjustment scheme which relies on an energy balance to determine the final adjusted atmospheric state. 
Overall, our convection scheme produces results that agree with our CM1 simulations and improves the 
modelling of compositional convection for use in GCMs.   

References: [1] Sergeev D. E. et al. (2020) The Astrophysical Journal 894:2:84. [2] Yang J. et al. (2019) 
The Astrophysical Journal 875:1:46. [3] Fauchez T. J. et al. (2019) The Astrophysical Journal 887:194. [4] 
Fauchez T. J. et al. (2021) ArXiv 2109:11460. [5] Leconte J. et al. (2017) Astronomy and Astrophysics 
598:A98. [6] Li C. and Ingersoll A. P. (2015) Nature Geoscience 8:5:398–403. [7] Guillot T. (1979) Science 
269:5231:1697–1699. 778:154. [8] Bryan G. H. (2020) Online 9:1–24. 
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Climate Of High Obliquity Terrestrial Planets  
With 3d Cloud Resolving Model 

T. Kodama1, D. Takasuka2, S. Sherriff-Tadano3, T. Kuroda4, T. Miyakawa5, A. Abe-Ouchi5, and M. Satoh5  
1Komaba Institute for Science, The University of Tokyo (3-8-1 Komaba, Meguro, Tokyo 153-8902, Japan and 
koda@g.ecc.u-tokyo.ac.jp), 2Japan Agency for Marine-Earth Science and Technology, 3School of Earth and 

Environment, University of Leeds, 4Department of Geophysics, Graduate School of Science, Tohoku 
University, 5Atmosphere and Ocean Research Institute, The University of Tokyo. 

Many exoplanets have been detected since 1995. Some of them are expected to be rocky planets 
with Earth-like bulk composition within the habitable zone which is defined as the region around the 
central star where liquid water on the planetary surface remains stable for a long term. New space 
telescope observations are planned to reveal the characteristics of the atmosphere of exoplanets. In 
the next decade, such potential habitable exoplanets will be the primary targets for observation of life 
on exoplanets. Recently, the climate for exoplanets in the habitable zone has been estimated with 3D 
global climate models (GCMs). Thus, future observation and our understanding for exoplanetary 
climate will be an essential key on exoplanetary science. 

Climates are strongly affected by the planetary orbital parameters, such as the obliquity, 
eccentricity, precession, and so on. On the Earth's history, glaciation and deglaciation cycle have been 
controlled by Milankovitch orbital insolation forcing [1]. In our solar system, planets have a wide range 
of obliquity. Thanks to the presence of the Moon, our Earth has stable obliquity around 23.5º. Without 
the Moon, Earth's obliquity would vary due to solar tides between 0º and 90º on the timescale of less 
than 10 Myrs [2]. Thus, on the exoplanetary system, exoplanets should have various obliquity. High 
obliquity planets would have extreme seasonal cycles due to the seasonal change of the distribution of 
the insolation. 

Here, we introduce NICAM(Non-hydrostatic ICosahedral Atmospheric Model) [3], known as a global 
cloud resolving model. This model can explicitly resolve cloud distributions and the vertical moisture 
transport of water vapor, and we can simulate the climate with high resolution using the 
supercomputer FUGAKU. We assumed aqua-planet configurations with 1 bar of air as a background 
atmosphere with four different obliquities (0º, 23.5º, 45º, and 60º). We ran two sets set of 
simulations: 1) low-resolution (~220km mesh as standard resolution of GCM for exoplanetary science) 
with parametrization for cloud formation, and 2) high-resolution (~14km mesh) with an explicit cloud 
microphysics scheme[4].  

Results suggest that high resolution simulations with an explicit treatment of cloud microphysics 
show warmer climates due to a large amount of water vapor in the atmosphere, leading a difference 
between different resolution in climatic regime in cases with high obliquities. Our study shows the 
impact of cloud-related processes on the climatological states due to differences in model resolution 
and treatments for clouds. 

The amount of water vapor in the atmosphere is important for the inner edge of the habitable 
zone. To investigate terrestrial planets near the inner edge of the habitable zone in near future, we 
need to use a global cloud resolving model to estimate the planetary albedo and the day-night surface 
temperature differences, related to the distribution of clouds and water vapor on both hemisphere. 

This work was supported by MEXT as “Program for Promoting Researches on the Supercomputer 
Fugaku” (JPMXP1020200305) and used computational resources provided by the RIKEN Center for 
Computational Science  (Project ID: hp200128, hp210166). 
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Talk # 33 (Virtual, discussion and time for friendly questions & answers will be provided for.) 
 

M-Earth Transit Spectra Over A Large Parameter Space: What Can We Learn 
About Habitability From JWST? 

 

E. Macdonald, K. Menou, A. Paradise, and C. Lee 

University of Toronto, Toronto, ON, Canada 
 

Introduction: JWST will soon be producing transit spectra of habitable zone Earth-like planets 
orbiting small stars (“M-Earths”), allowing observers to look for signs of life in their atmospheres. 
However, these spectra will be challenging to interpret due to low signal-to-noise, and will cover a 
limited sample of planets due to time constraints. The parameter space of possible climates is very 
large and under-explored, which will make it difficult to draw conclusions about climate and 
habitability based on a spectrum. Theoretical modelling, which is far less resource-intensive, can lay 
the groundwork for understanding M-Earth climates and interpreting their spectra. Using a 3D 
climate model [1], I have simulated a wide range of M-Earth climates with varying surface 
conditions and atmosphere masses and found that these variables, which will be difficult to predict 
for a given planet, can have significant climate impacts [2]. A set of these simulation outputs is 
publicly available [3]. I have generated synthetic transit spectra based on my simulations using a 
radiative transfer model [4]. I will discuss how unconstrained parameters can affect M-Earth 
climates, how transit spectra are affected by these climate differences, and how observational 
targets can be chosen to optimize use of telescope time.  

Digital Formats: Digital Formats:   

 

References: Use the brief numbered style common in many abstracts, e.g., [1], [2], etc. 
References should then appear in numerical order in the reference list, journal names should be 
spelled in full. Please, use the following style: 
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Royal Astronomical Society 511:3272-3303. 

[2] Macdonald, E., Paradise, A., Menou, K., and Lee, C. (2022) Monthly Notices of the Royal 
Astronomical Society 513:2761-2769. 
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Searching for Atmospheric Technosignature. 
Thomas J. Fauchez1,2,3, Jacob Haqq-Misra4, Ravi K. Kopparapu2 and Edward W. Schwieterman4,5 

1NASA Goddard Space Flight Center, Greenbelt MD, USA 
2American University, Washington DC, USA 

  3Sellers Exoplanet Environments Collaboration (SEEC) 
4Blue Marble Space Institute of Science, Seattle, WA, USA 

5Department of Earth and Planetary Sciences, University of California, Riverside, CA, USA 

thomas.j.fauchez@nasa.gov 
Introduction: Over five thousands of exoplanets have so far been discovered from space-based 

telescopes, such as Kepler and TESS, as well as ground-based observatories such as VLR and Keck. 
Detection methods can constrain the orbital position and bulk properties of such planets, but follow-up 
observations of planetary spectra in transit, emitted, or reflected light can provide information about 
the presence and composition of a planet’s atmosphere. When atmospheric composition can be 
retrieved, search for clues of life activity can be attempted to answer the fundamental question “are we 
alone?”  

In that search of life in the Universe, biosignatures [1] refer to any remotely detectable evidence of 
extraterrestrial biology, “technosignatures” [2] refer to observational evidence of technology. While 
both, bio- and techno- signatures belong to the same spectrum, technosignature research is far less 
advanced than biosignature research, a knowledge gap that therefore requires to be filled. 

 Among the large variety of potential technosignatures, several suggestions have been proposed for 
detectable atmospheric technosignatures as an indicator of extraterrestrial technology. For example, 
molecules such as chlorofluorocarbons (CFCs, [3]) and halofluorocarbons (HFCs) can be a sign of long 
live industrial products and could be detectable at mid-infrared wavelengths. Atmospheric pollution 
could also indicate planetary-scale technology, such as elevated abundances of NO2 due to combustion 
that could be detectable in the 0.2–0.7 um range [4] or farming by-products gases such as NH3, NO2 
and CH4 [5]. CFCs and HFCs are almost entirely produced by industry on Earth, while the major sources 
of NO2 and NH3 are also industrial, so the detection of these atmospheric constituents in an 
exoplanetary atmosphere would provide compelling evidence of technology on another planet. 

In this presentation we will review the list of atmospheric technosignatures that have been 
previously studied and their potential for remote detection with current or future space observatories 
such as JWST or LUVEx.  
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Talk # 35 
 

Biocosmology and Extraterrestrial Adventures 
Andrew Kennedy  

Project Chronolith 

Calle Goles 48, Bajo, Sevilla 41002, Spain 

ank@chronolith.net 

Using the author’s explorations of cosmological probability in the make-up of mind [1][2], and 
following from Cortes, Kauffman, Liddle and Smolin’s introduction of the concept of Biocosmology 
in their recent works [3][4], this paper explores the mystery of the evolution of space-faring 
civilizations. Cortes et al.’s approach is to examine whether the biological configuration space of 
our universe can grow rapidly enough to dominate the total entropy of the universe where the 
Hilbert space of the underlying physical parameters does not expand. The author contrasts this 
with ideas about intersecting causal lines at the Human narrative level that may contribute 
negentropy or costless order to the advancement of life in the cosmos and to space exploration 
efforts in particular. The evolution of life can be simply considered as the non-commutative nature 
of chance, which is to say negative effects of chance die out while positive effects lead on to 
survivability. Chance is free order in life systems but where it depends upon the interaction 
density of the biological channels. As civilizations expand their range into space, the biological 
entropy may become highly significant, and along with David Wiltshire's suggestion there may be 
vastly differing densities and ages to regions of the universe [5], it may help determine not only 
the progress of Human colonizing efforts but also determine some generalized characteristics of 
extraterrestrial intelligences and the likely nature of Human encounters with them. This paper will 
consider whether these ideas have relevance to the simulation hypothesis and, for example, 
whether a galactic civilization could ever reach the Kardashev Type II stage of growth, or become a 
predatory civilization, given the expectation of the author and of Cortes et al. that biological 
information will expand in complexity and dominate the physical energetic parameters of the 
Universe.  

[1] Kennedy (2020) The Cosmology of People: Volume I, An astrobiological proposal, Gravity 
Publishing. 

[2] Kennedy (2022) The Cosmology of People: Volume II, The kinship of coincidence and the 
simulated universe, manuscript. 

[3] Cortes, Kauffman, Liddle, Smolin (2022) “Biocosmology: Towards the birth of a new science”, 
arXiv:2204.09378v2 [astro-ph.CO]28 Apr 2022. 

[4] Cortes, Kauffman, Liddle, Smolin (2022) “Biocosmology: Biology from a cosmological 
perspective”, arXIV:2204.09379v2 [physics.hist-ph] 28 Apr 2022. 
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Exoplanet Worldbuilding In Science Fiction Before And After Discovery:  
A Bayesian Network Analysis. 
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Academy of Science, 6Weltraumwissenschaften, Graz University of Technology. Email: ep222@st-andrews.ac.uk  

Abstract: Portrayals of exoplanets featured in science fiction (SF) for decades before the discovery of 
real exoplanets in the 1990s. This has led to the curious situation of science fiction being the source of 
much of the public’s conceptual familiarity with exoplanets. The interplay between science and SF, as well 
as SF’s role in communicating scientific concepts to the public, demand study, and the rapid growth of 
exoplanet science combined with exoplanets’ historic portrayals in SF make exoplanets an ideal subject for 
such a study. Our study employs data science methods to investigate changes in science fiction portrayals 
of exoplanets since the discovery of real exoplanets. Bayesian network analysis is applied to a 
representative database of fictional exoplanets to find influences between fictional characteristics of the 
planets, such as whether they host life, and astronomically-relevant pieces of information, such as whether 
or not their publication predates exoplanet discovery. This technique maps relationships between science 
and SF worldbuilding, uncovering how SF presents scientific concepts from a rapidly-evolving field. Results 
show fictional exoplanets designed after real exoplanets were discovered are moderately less likely to host 
established human populations, and slightly less likely to host intelligent native life. These results mirror 
real exoplanet discoveries of a wide range of worlds, many of which are far from Earth-like or human-
habitable, as well as reveal SF as an understudied source of science communication. 

 

Figure 1. Influence Scores of Fictional Exoplanet Variables 

Top-scoring Bayesian network visualized with GraphViz [1] and created with Banjo [2]. Links are labelled 
with influence scores: blue links are positive, red are negative, black are non-monotonic. Scores range from 
-1 to +1. The variable BeforeAfter represents whether a planet first appeared in fiction before or after the 
discovery of real exoplanets, and it’s negative links with EstNonNativeHumans and Intelligent show fewer 
portrayals of fictional exoplanets with established human populations or intelligent native life in works 
from after discovery. 

References: [1] Gansner E. R. and North S. C. (2000) Software–Practice and Experience, 30:1203–1233. 
[2] Yu J. et al. (2004) Bioinformatics, 20:3594–3603. 
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Public Event 
Arrive for 6.15 pm 

John McIntyre Conference Centre 
 

First Part: Interactive Fun 
Let’s Explore Planets 

 
Second part  

Beyond: Our Future in Space 
Distinguished Professor Chris Impey, Department of Astronomy 

University of Arizona, Tucson AZ 85721, USA. 

The early successes of the Space Age were driven by a fierce superpower rivalry between the 

Soviet Union and the United States, which obscured the fact that exploration and risk-taking is 

built into human DNA. Half a century after we last set foot on the Moon, and a decade after the 

Space Shuttle was retired, the space activity is leaving the doldrums. A vibrant private sector led 

by SpaceX and Blue Origins plans to launch supplies cheaply into Earth orbit and give anyone a joy 

ride into space. New materials are being developed that could lead to space elevators and 

transform the economics of space. Fighting gravity will always be difficult but permanent bases on 

the Moon and Mars are now within reach, and a new space race with China is brewing. Medical 

advances might even allow us to reach for the stars. The talk reviews the history and landmarks of 

the space program, gives a snapshot of the current dynamic situation, and plots the probable 

trajectory of the future of space travel. The time has come to envision our future off-Earth. 
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Talk # 37                                              KEYNOTE TALK 
 

Building Earth 
A. Bouvier, Bayerisches Geoinstitut, Universität Bayreuth, 95447 Bayreuth, Germany 

audrey.bouvier@uni-bayreuth.de  

Introduction: The conditions for planetary habitability are governed by astrophysical and planetary processes, 
and stochastic events early in the Earth and Solar System’s history [1]. The elemental and isotopic heritage of the 
Solar System, the timescales and reservoirs of planetary accretion and differentiation, and major planetary impact 
events and their sources influenced the conditions for Earth to form, and ultimately for life to emerge and 
prosper.  Studies of meteorites and samples returned from space missions bear the chemical and physical records 
of these conditions, which can be powerfully complemented by astronomical observations and dynamical 
modelling (e.g. [2-4]).  

Isotopic anomalies. The mass-independent isotopic variations found in planetary materials are for many 
elements are due to the particular distribution of presolar dust grains and/or irradiation processes. They provide 
constraints on the origin of elements in the Solar System and the formation of the protoplanetary disk and planets 
(e.g. [5-9]). The distinct elemental and isotopic compositions of planetary materials support their formation from 
various components, which themselves formed at different temperature and time, and within distinct regions of 
the protoplanetary disc (e.g. [10]). Mass-independent isotopic anomalies measured in planetary materials have 
shed light on a major separation between two regions of the Solar System with the most volatile-rich region 
(carbonaceous) in the outer solar system, and the more volatile-depleted (non-carbonaceous) region 
corresponding to the inner and terrestrial planet formation region [5, 11, 12]. How and when these two reservoirs 
formed and interacted is still a metter of debate with critical consequences for Earth’s formation and evolution 
[13, 14]. After Earth’s main period of accretion, the Moon-forming event and late accretion added more 
complexities to elucidate how Earth acquired its final composition. Constraining these first steps is essential to 
decipher Earth’s evolution throughout time and understand why our planet may be so unique. 

Earth’s building blocks. Refractory and lithophile elements can be used as tracers for the main building blocks. 
The 146Sm-142Nd (146Sm = 103 Ma) short-lived radioactive system and stable isotopic variations provide 
constraints on the formation reservoirs of planetary materials. The bulk silicate Earth and other extraterrestrial 
objects including some refractory inclusions found in carbonaceous chondrites shared the same initial 
abundances of 142Nd at chondritic Sm/Nd elemental abundances [2]. In contrast, different groups of chondrites 
with identical Sm/Nd ratios show increasing deficits in their respective initial abundances in 142Nd which appear to 
be related with nucleosynthetic anomalies and with their presumed distance of accretion from the Sun [6, 7]. The 
nucleosynthetic anomalies in 145Nd and 148Nd measured in NC achondrites support instead that a change in 
composition occurred within the first 1.5 million years of the inner solar system formation [15]. The closest match 
of Earth with meteorite groups remain the enstatite chondrites, which are within 5 ppm on average from the 
Earth’s mantle composition [16]. The offset of 142Nd abundance between the Earth and chondrites may either 
have been produced by early silicate fractionation from chondritic materials or were already present within the 
disk [6,7]. On the other hand, constraints from major (e.g. Mg/Si), and siderophile elements suggest that enstatite 
chondrites cannot neither be the main component forming Earth nor the late accreted materials [17, 18]. 
Elemental and isotopic fingerprints indicate that the Earth may be primarily built from unsampled materials 
formed closer to the Sun [15, 19], while the inventory of volatiles indicates variable sources [20]. Dynamical 
models of inner and outer planetary formation may be able to reconcile the physical, chemical, and isotopic 
constraints for Earth’s formation.  

References: [1] Raymond S. N. et al. (2007) Astrobiology, 7: 66-84. [2] Brasser R. et al. (2018) Geophysical 
Research Letters, 45: 5908-5917. [3] Lichtenberg T. et al. (2019) Nature Astronomy, 3: 307-313. [4] Mah J. et al. 
(2021) Monthly Notices of the Royal Astronomical Society, 511: 158-175. [5] Warren P. H. (2011) Earth and 
Planetary Science Letters, 311: 93-100. [6] Bouvier A. et al. (2016) Nature, 537: 399-402. [7] Burkhardt C. et al. 
(2016) Nature, 537: 394-398. [8] Dauphas N. (2017) Nature, 541: 521-524. [9] Fischer-Gödde M. et al. (2017) 
Nature, 541: 525-527. [10] Mezger K. et al. (2020) Space Science Reviews, 216: 27. [11] Trinquier A. et al. (2007) 
Astro. Phys. J., 655: 1179-1185. [12] Kruijer T. S. et al. (2020) Nature Astronomy, 4: 32–40. [13] Lichtenberg T. et 
al. (2021) Science, 371: 365-370. [14] Morbidelli A. et al. (2022) Nature Astronomy, 6: 72-79. [15] Frossard P. et al. 
(2021) Earth and Planetary Science Letters, 566: 116968. [16] Boyet M. et al. (2018) Earth and Planetary Science 
Letters, 488: 68-78. [17] Fischer-Gödde M. et al. (2020) Nature, 579: 240-244. [18] Budde G. et al. (2019) Nature 
Astronomy, 1. [19] Morbidelli A. et al. (2020) Earth and Planetary Science Letters, 538: 116220. [20] Marty B. 
(2022) Icarus, 381: 115020.  
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Talk # 38 
 

Effects Of Magnetic Fields On The Cosmic-Ray Ionization In  
Protoplanetary Disks  

Y. I. Fujii1 and S. S. Kimura23, 1Graduate School of Human and Environmental Studies, 
Kyoto University, Yoshida-Nihonmatsu, Sakyo, Kyoto 606-8501, Japan  fujii@gaia.h.kyoto-u.ac.jp, 2 Frontier 
Research Institute for Interdisciplinary Sciences, Tohoku University, Sendai 980-8578, Japan, 3Astronomical 

Institute, Graduate School of Science, Tohoku University, Sendai 980-8578, Japan 

Introduction:  The dynamical and chemical evolutions of protoplanetary disks are fundamentally 
important for planet formation. The dynamical evolution is thought to be governed by the interaction 
between the gas and magnetic field in the disk, and the strength of the interaction is determined by the 
ionization degree of the gas. The chemical reactions that generates various molecular species in 
protoplanetary disks are triggered by ionization. The sources of ionization are cosmic rays, stellar UV and X-
rays, and the decay of radionuclides. Especially in the midplane region of the inner disk, cosmic rays are 
expected to be the dominant ionization source due to its strong penetration power[1, 2].  

Since cosmic rays are charged particles, their propagation should be affected by magnetic field. In 
previous studies, however, paths of cosmic ray particles that enter into the protoplanetary disk are 
assumed to be the vertical straight lines. In this study, we considered the effect of magnetic field in the 
propargation of cosmic rays toward and in a disk. 

Methods:  First, we estimated the flux of cosmic-ray particles arriving to the surface of a disk by 
considering the effects of focusing and reflection of cosmic-ray particles. Then, we performed a series of 
magnetohydrodynamic simulations and investigated the effective column density that is swept by cosmic 
rays. We computed the ionization rate in each area of the disk. We also estimated the ionization degree of 
a disk using our calculation scheme[3]. 

Results:  We found that the cosmic-ray density around a protoplanetary disk should be 4 times lower 
than the ISM value. The magnetic field in the disk are elongated to the azimuthal directions because of the 
shear, and cosmic rays need to detour while propagating to the midplane. Our results show that the 
detouring enhance the ionization rate over an order of magnitude compared to the conventional estimats 
in the region outer to ~100 AU. In the inner radii, the ionization rate is enhanced at around two scale height 
from the midplane, while the cosmic rays are shielded near the midplane. 

Conclusion:  The detouring of cosmic rays along the sheared magnetic field in a protoplanetary disk 
modifies the cosmic-ray density in the disk. We estimated the distribution of the ionization rate. Our results 
are consistent with the recent ALMA observation that indicates the radial gradient in the cosmic-ray 
ionization rate[4]. Our elevated ionization rate in the outer radii of disks may activate the 
magnetorotational instability that was thought to be suppressed due to ambipolar diffusion[5, 6]. These 
results will have strong influence on dynamical and chemical evolutions of protoplanetary disks. 

References: [1] Gammie C. F. (1996) The Astrophysical Journal, 457, 355. [2] Sano T. et al. (2000) The 
Astrophysical Journal, 543, 486. [3] Fujii Y. I., Okuzumi S., and Inutsuka, S. (2011) The Astrophysical Journal, 
743, 53. [4] Seifert R. A. et al. (2021) The Astrophysical Journal, 912, 136. [5] Bai X.-N., and Stone J. M. 
(2013) The Astrophysical Journal, 769, 76. [6] Simon, J. B., Lesur, G., Kunz, M. W., & Armitage, P. J. (2015) 
The Monthly Notice of the Royal Astronomical Society, 454, 1117. 
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Talk # 39 
 

Simulating dust monomer collision: expansion of JKR theory 
*Y. Yoshida1, E. Kokubo2 and H. Tanaka3 

 1Department of Astronomy, University of Tokyo (yoshida-yuki520@g.ecc.u-tokyo.ac.jp), 2Center for 
Computational Astrophysics, National Astronomical Observatory of Japan, 3Department of Astronomy, 

University of Tohoku, Japan. 

Introduction: Dust in a protoplanetary disk is the material of planets. The initial dust is considered to be 0.1 
𝜇𝜇m-sized spheres called monomers.  Dust grains are considered to be aggregates of monomers. Dust grains 
smaller than cm grow by direct coalescence due to intermolecular forces. Dust growth processes have been 
investigated by numerical simulation studies. Numerical simulations adopt interactions between monomers 
based on the JKR theory, which is one of the contact theories. However, the JKR theory does not take into 
account molecular physics such as molecular motions and deformation of monomers. It is suggested that it leads 
to energy dissipation at collisions and promotes coalescence[1,2]. Therefore, the monomer interaction should be 
investigated including molecular physics. There are some simulation studies including molecular physics[e.g., 
2,3], although they have treated mainly small particles (less than 10 nm) and large impact velocity (100-1000 
m/s), which are out of parameters in protoplanetary disks (dust monomer is 0.1 𝜇𝜇m and impact velocity is 10-
100 m/s). We should investigate monomer collisions with parameters in protoplanetary disks. 

Method: We used Molecular Dynamics (MD) simulation to include molecular physics and performed 
simulations of monomers’ head-on collision. We focused on the coefficient of restitution 𝑒𝑒 and investigated the 
dependence on monomer radius (10-50 nm) and impact velocity (20-150 m/s). We adopted Lennard-Jones 
potential as the intermolecular interaction. In this potential, the physical quantities are normalized by binding 
energy and the particular length of the molecule. For water, the length and the velocity are normalized by 0.32 
nm and 500 m/s, respectively. We tried to expand the JKR theory by introducing a dissipative force: 𝐹𝐹 = 𝐴𝐴′𝑣𝑣imp𝛼𝛼 𝑎𝑎𝛽𝛽, 
where 𝑎𝑎 is contact radius and 𝑣𝑣imp is impact velocity. We investigated coefficient A to reproduce our MD 
simulation and searched for an appropriate index to expand the theory. 

Results: We showed that the coefficient of restitution of the MD 
simulation is smaller than that of the JKR theory. The energy dissipation due 
to molecular motion and deformation makes the coefficient of restitution 
small. First, we found the coefficient of restitution increases with monomer 
radius, which agrees with the previous study[2]. We also found that an 
impact velocity larger than 0.1 (50 m/s) makes the coefficient of restitution 
decrease (Figure 1). Figure 2 shows coefficient 𝐴𝐴′ to reproduce the result of 
Figure 1. We found that 𝐴𝐴′ increases with the impact velocity. In the case 
with 𝛼𝛼 = 3 and 𝛽𝛽 = 1, the coefficient is almost constant for 𝑣𝑣imp < 0.2 (100 
m/s). Therefore, the model of 𝛼𝛼 = 3 and 𝛽𝛽 = 1 is useful for the expansion 
model.  

Discussion: Our results show that the probability of coalescence in the 
MD simulation is larger than that of the JKR theory. Therefore, we can expect 
that dust aggregates should more easily coalesce. We can consider that water 
ice can grow by direct coalescence and that the growth rate becomes fast 
because the bouncing occurs less. 

Summary: The JKR theory does not include the molecular motion and 
deformation of monomers, which cause energy dissipation and make the 
coalescence of monomers easier. We performed monomer collision 
simulation by using MD simulation and investigated the coefficient of 
restitution. We found that the monomers are more inclined to coalesce than 
the JKR theory expected. The energy dissipation affects the results of 
monomer collision. We tried to expand the JKR theory and introduced the dissipative force. As the model to 
reproduce the results of the MD simulation, we found that the model with  𝛼𝛼 = 3 and 𝛽𝛽 = 1 is useful. 

References: 
[1] Krijt, S. et al. (2013) JPhD, 46, 435303. [2] Tanaka, H. et al. 2012. PThPS, 195, 101. [3] Takato, Y. et al. 

(2014) , Phys. Rev. E 89, 033308 (2014). 

Figure 1. The dependence of 𝑒𝑒 on 
impact velocity. 

Figure 2. The dependence of 𝐴𝐴′ on 
impact velocity. 
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Talk # 40 
 

Organic Matter From The Asteroid Ryugu: A Reservoir For The Building 
Blocks Of Life. 

C. Potiszil1, K. Kobayashi1, R. Tanaka1, T. Kunihiro1, H. Kitagawa1, T. Ota1, M. Yamanaka1 C. Sakaguchi, and E. 
Nakamura1, 1Institute for Planetary Materials, Okayama University at Misasa (cpotiszil@okayama-u.ac.jp). 

Introduction: Asteroids and comets represent the material that was left over after the formation of the 
planets. Such bodies would have initially formed from material within the protosolar nebular around the 
protosun and thus can preserve clues about the processes that operated during this period of the Solar 
System. While meteorites have revealed much about the early solar system, for organic geochemistry in 
particular, interpretations concerning the organic inventories of early solar system bodies have been 
limited by the influence of terrestrial contamination. The recent Hayabusa2 mission to the asteroid Ryugu 
represents an exceptional opportunity to study an almost pristine (in terms of terrestrial contamination) 
primitive asteroid. The results of a comprehensive geochemical analysis of 16 Ryugu samples was published 
as an entire issue within the Proceedings of the Japan Academy, Series B, entitled “On the origin and 
evolution of the asteroid Ryugu: A comprehensive geochemical perspective” [1]. It is from the findings 
reported in this article that this talk will be formed.  

The Ryugu samples, similar to many unmetamorphosed carbonaceous chondrites, would have formed 
on an icy planetesimal and experienced aqueous alteration. The aqueous alteration is likely to have 
occurred as a result of heat from radioactive nuclides melting water-rich ice. Current estimations indicate 
that the planetesimal should have been several 10’s of km in size to sustain liquid water for any meaningful 
amount of time [1]. The onset of this aqueous alteration would have occurred early in the solar system, 
peaking before 2.6 ± 1.0

0.8
  My after solar CAI formation [1]. It is likely that during this period complex organic 

reactions yielded many of the amino acids found within the Ryugu samples, which were measured via ultra 
high performance liquid chromatography-Orbitrap-Mass spectrometry (UHPLC-OT-MS) [1]. Previously, it 
was shown that Strecker synthesis (α-amino acids) and Michael addition of ammonia to unsaturated 
nitriles, with subsequent hydrolysis, can produce many of the α- and β-amino acids found within Ryugu [2, 
3]. Meanwhile, another study demonstrated the production of α-, β- and γ-amino acids from comet-like ice 
compositions involving formose, condensation and carbonization style reactions under plausible 
extraterrestrial parent body temperature conditions [4]. Furthermore, a cometary/interstellar ice analogue 
compound HMT was also shown to form a variety of amino acids during simulated aqueous alteration 
conditions [5]. In the aforementioned study, the presence of Fe-rich smectites hampered the production of 
amino acids, but Al-rich smectites enhanced them. Ryugu contains smectites of a predominantly Al-rich 
composition, so it is possible that such mineral phases acted as mineral catalysts for the production of the 
amino acids in the Ryugu samples. 

Among the Amino acids found within Ryugu samples were the proteinogenic essential amino acids, 
valine leucine, isoleucine, threonine and phenylalanine and the non-essential proteinogenic amino acids 
glycine, alanine (likely), serine, aspartic acid, glutamic acid, proline and hydroxyproline. The presence of 
protein-forming amino acids in Ryugu samples confirms that such amino acids within meteorite samples 
could be indigenous. Indeed, very similar kinds of amino acids were observed in Orgueil (CI1) using the 
same technique (UHPLC-OT-MS), but at higher concentrations. Orgueil has been shown to have 
experienced terrestrial alteration of its mineral components, due to interaction with the Earth’s oxygen and 
water. As such, the increased amino acid content may represent a Ryugu-like component that has been 
over written by terrestrial contamination. Regardless of the contamination state of meteorites, Ryugu’s 
inventory of proteinogenic amino acids is important, because it indicates that primitive asteroids could 
have supplied at least some of the essential building blocks of life to the Earth before the origin of life.  

References: [1] Nakamura, E. et al. (2022) Proc. Jpn. Acad., Ser. B, in press, [2] Peltzer, E.T., Bada, J.L., 
Schlesinger, G. and Miller, S.L. (1984) Adv. Space Res. 4, 69–74. [3] Miller, S.L. (1957). Biochim. Biophys. 
Acta 23, 480–489. [4] Kebukawa, Y., Chan, Q.H.S., Tachibana, S., Kobayashi, K. and Zolensky, M.E. (2017). 
Sci. Adv. 3, e1602093. [5] Vinogradoff, V., Remusat, L., McLain, H.L., Aponte, J.C., Bernard, S., Danger, G. et 
al. (2020) ACS Earth Space Chem. 4, 1398–1407.
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Understanding the building blocks of our solar system. 
R. J.M.Taylor1, 1Carl Zeiss Microscopy, Cambourne, Cambridgeshire, CB23 6DW, UK  

(richard.taylor@zeiss.com) 
 

Introduction: On 28th of February 2021 a very special event happened, a meteorite fell from 
the sky over the UK and fragments of it landed in and around the Gloucestershire village of 
Winchcombe.  It’s fiery trail was captured by the national network of cameras that form the UK 
Fireball Alliance (UK FAll), enabling its final location to be narrowed down with great accuracy. It 
took less than a day for over 500g of material to be safely collected for the various research teams 
that would then be involved. The UK FAll camera network was able to track the rock back to its 
point of origin, on the outer edge of the asteroid belt between Mars and Jupiter. 

In meteorite classification terms initial work showed the Winchcombe sample to be a rare CM2 
carbonaceous chondrite. It can be described as a monomict breccia, meaning that it is composed 
of a single original rock type, but that rock has been blasted apart by collisions in space, and larger 
fragments are then stuck back together by fine grained material (clasts within a matrix). This mass 
has also been altered by fluids that formed part of the rock mass itself, changing the structure and 
composition of many of the original minerals. The result is a very complex sample that takes many 
techniques to understand its history.  

Two of the Winchcombe science teams have been tasked with understanding the fundamental 
structure and mineralogy of this fantastic rock. For this research the ZEISS Mineralogic software 
suite was used to perform quantitative EDS mapping in conjunction with automated mineralogy, 
alongside the latest microCT scanning software processing techniques. By understanding the 
Winchcombe sample in both 2D and 3D with complementary approaches we can gain the greatest 
insight into the history of this complex sample. 

One key aspect for the analysis of such precious sample as meteorites and sample return 
missions is gaining as much quantitative information as possible using non-destructive techniques. 
Here we demonstrate a simple example of using the latest techniques in lab-based quantitative 
μCT that will enable much greater detail and statistical significance to be gained from mineralogy 
and texture in the often tiny and complex fragments as meteorites such as Winchcombe. 
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Talk # 42 (Virtual, discussion and time for friendly questions & answers will be provided for.) 
 

The case for the angrite parent body as the archetypal first-generation 
planetesimal: Large, reduced and Mg-enriched. 

F. L. H. Tissot1,2, M. Collinet1,3, O. Namur4,5, T. L. Grove1 
1Department of the Earth, Atmospheric and Planetary Sciences, Massachusetts Institute of Technology, 77 

Massachusetts Avenue, Cambridge, MA 02139, USA, 2The Isotoparium, Division of Geological and Planetary 
Sciences, California Institute of Technology, Pasadena, CA 91125, USA (tissot@caltech.edu), 3Institute of 

Planetary Research, German Aerospace Center (DLR), Rutherfordstaße 2, 12489 Berlin, Germany, 4Institute of 
Mineralogy, Leibniz University Hannover, Callinstrasse 3, 30167 Hannover, Germany, 5Department of Earth and 

Environmental Sciences, KU Leuven, Celestijnenlaan 200e, 3001 Heverlee, Belgium  

Introduction: Angrites are silica-undersaturated achondrites formed very early in the history of the Solar 
System, and the most volatile-depleted known meteorites [1]. As such, the study of angrites can provide critical 
insights into the early stages of planetary formation, melting and differentiation. Yet, understanding the origins 
of angrites and the nature of their parent body has long been hindered by the initially small number of 
specimens available. Here [2], we leverage (i) the rapidly growing number of known angrites, and (ii) equilibrium 
crystallization experiments at various pressure, temperature and oxygen fugacity conditions (P-T-fO2), to revisit 
the petrogenesis of angrites and constrain key features of the angrite parent body (APB), such as its composition 
and size.  

Results and Discussion: When the compositions of the full suite of known angrites are projected in 
pseudoquaternary Ol-Cpx-Plag-Qtz diagrams, two groups appear amongst quenched angrites. Group 1 contains 
angrites Asuka 881371, Lewis Cliff 87051, Northwest Africa 1670, Northwest Africa 5167, Northwest Africa 7812 
and Northwest Africa 12774. It is somewhat diffuse, with ~10–15 % compositional variability in any given 
mineral component between specimens. In contrast, Group 2 is a tightly clustered set of three angrites – 
D’Orbigny, Sahara 99555 and Northwest Africa 1296 – whose compositions are nearly identical. We find that 
these two compositional groups can readily be related by fractional crystallization, with the crystallization trend 
strating from Group 1 specimens, and converging on an olivine-clinopyroxene-plagioclase (Ol + Cpx + Plag) 
multiple saturation boundary, whose composition is sampled by Group 2 specimens. Using the observation that 
quenched Group 1 specimens represent primitive angritic melts allows us to derive a self-consistent bulk 
composition for the APB. We find that this composition matches the proposed Mg/Si ratio of 1.3 derived from 
the angrite δ30Si values [3], and yields a core size (18 ± 6 wt%) in agreement with the siderophile elements 
depletion in the APB mantle [4]. Our results suggests that the refractory-enriched (and volatile-depleted) nature 
of the APB is a primitive feature resulting from nebular fractionation at high-T (~1300–1400 K), rather than the 
result of parent body processing. 

To establish the liquid phase equilibria of angrites, a series of 1 atmosphere and high-pressure crystallization 
experiments (piston cylinder and internally heated pressure vessel) were performed on a synthetic powder of 
D’Orbigny. The results indicate that a pressure of 6 to 9 kbar is necessary for multiple saturation in Ol + Cpx + Sp 
(±Plag) in the source magma of quenched Group 2 angrites. This results allows us to place a stringent lower limit 
on the size of the APB, whose radius must have been at least ~600–770 km (3 times larger than Vesta), and more 
likely greater than 1085–1405 km, raising the possibility of a Moon-sized APB.  

When combined with its extremely early accretion (~0.5–1 Myr after CAIs) and differentiation (within 2 Myr 
after CAIs) [5-6], the large size and refractory-enriched nature of the APB (this work) suggests that it was an 
important body in the inner Early Solar System. We propose that the APB represents the archetype of the first-
generation of refractory-enriched planetesimals and embryos formed in the innermost part of the inner Solar 
System (<1 AU), and which accreted in the telluric planets. In this framework, the terrestrial planets would grow 
dry (i.e., devoid of volatiles), at least during the early stages of their accretion, and their volatile inventory would 
be delivered later in their history, through accretion of more volatile rich materials, such as chondrites and/or 
comets.  

 
References: [1] Keil K. (2012) Geochemistry 72, 191–218. [2] Tissot F. L. H. et al. (2022) Geochim. Cosmochim. 

Acta. [3] Dauphas N. et al. (2015) Earth Planet. Sci. Lett. 427, 236–248. [4] Steenstra E. S. et al. (2017) Geochim. 
Cosmochim. Acta 212, 62–83. [5] Kleine T. et al. (2009) Geochim. Cosmochim. Acta 73, 5150–5188. [6] Kleine T. 
et al. (2012) Geochim. Cosmochim. Acta 84, 186–203. 
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Population level study on the influence of planetesimal fragmentation  
on planet formation 

N. Kaufmann1 and Y. Alibert1,  
1Institute of Physics, University of Bern, Gesellschaftstrasse 6, 3012 Bern Switzerland, 

(nicolas.kaufmann@unibe.ch)   
 
 
Context: In the core accretion scenario the presence of forming planets stirs up the random 

velocities of planetesimals. This leads to collisions among them that can break the planetesimals 
apart fragmenting them. The impact of this effect on planet formation has been studied by various 
models on single or simplified embryos mostly in the outer disk [1,2]. They found that it can have 
both a positive or negative effect on core growth due to the introduction of competing effects. On 
one hand it speeds up solid accretion as the smaller solids generated from collisions are easier to 
accrete because they are more tightly coupled to the gas disk. On the other hand, these smaller 
solids drift inwards rapidly due to the headwind they experience caused by the partial pressure 
support of the gas disk which depletes the feeding zone of forming planets of acceptable material. 

Aims: We investigate the imprint of the collisional fragmentation of planetesimals on the planet 
formation process employing a population synthesis approach [3]. We aim to explore its effects on a 
much larger part of the parameter space of planet formation then previous studies. Additionally we 
also look at the concurrent formation of multiple embryos in the same disk. 

Methods: We run planet formation simulations with the generation III Bern model [4] with a 
Eulerian 1D solid disks. The initial conditions informed by observations are varied to generate 
synthetic exoplanet populations. The global planet formation model tracks the growth and evolution 
of several planetary embryos from the start of oligarchic growth to the final planetary system. We 
improved the description of the planetesimal disk and added to it a fragmentation model to see the 
impact it has on the forming planets and systems. 

Results: Our synthetic populations show that depending on the typical size of solids generated in 
collisions, fragmentation can either enhance or hinder planet formation. For larger fragments we see 
increased growth of protoplanets throughout the populations especially beyond the water ice line. 
However, if we consider smaller fragments, it has and adverse effect due to their short drift 
timescales which hinders the formation process especially for rocky planets in the inner disk. The 
enhanced radial drift of the smaller fragments also changes the typical composition of accreted 
solids which allows for the formation of icy planets closer to the star. Furthermore, beyond the ice 
line fragmentation promotes late growth around the time of disk dispersal due to the reduction in 
damping by the gas disk. 

References: [1] Chambers J. (2008) Icarus, 198:256 [2] Guilera O. M et al. (2014) Astronomy & 
Astrophysics 565:A96 [3] Mordasini C. et al. (2015) International Journal of Astrobiology 14:201–232 
[4] Emsenhuber A. et al. (2021) Astronomy & Astrophysics 656:A69 [5] Kaufmann N. and Alibert, Y. in 
prep. 
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The Heavy Bombardment Eon 
J. Fritz1 and V. Assis Fernandes2, 1Zentrum für Rieskrater und Impaktforschung, Nördlingen, 

Germany; joerg.fritz@kino-heppenheim.de, 2Museum für Naturkunde, Berlin. 
 
Introduction: Earth, the only inhabited planet we know, serves as a template for the formation of a habitable 

planet [e.g. 1]. Vestiges of planetary accretion are well preserved on the impact gardened lunar surface. This rec- 
ord is interpreted with opposing views: 1) The Late heavy bombardment (LHB) proposes a cataclysmic surge of 
projectiles to the inner Solar System because of a unique astronomic event that occurred hundreds million years 
after planetary formation, while 2) the Early heavy bombardment (EHB) interpretation explains the continuous 
lunar bombardment, with potential random increases, as the tail end of planetary formation. 

Discussion: On the Moon, > 95% of impacts (including all lunar basins; impact crater > 300 km ) occurred 
before 3.5 Ga ago, as testified by the low impact crater densities of the lunar basaltic plains. In 1973 it was argued 
that several lunar basins including Nectaris, Serenitatis and Imbrium formed during a narrow time interval be- 
tween 4.0 and 3.8 Ga ago, because all Apollo landing missions collected lunar impact melt rocks showing the ~3.9 
Ga age [2]. This interpretation is key for the Late Heavy Bombardment (LHB sensu stricto) interpretation. Addition- 
ally, for the past 40+ years, the most prominent reasoning for a “3.9 Ga LHB” single impact spike was the inaccurate 
assessment that lunar impact ages older than 3.9 Ga do not exist in the lunar rock sample suite. The “3.9 Ga LHB” 
impact spike was explained by the astronomic Nice model I describing a massive reconfiguration of orbits of the 
giant planets [3]. Ongoing studies showed that these massive gravitational disturbances would jeopardize the orbit 
of planet Earth [4]. Therefore a modified Nice model II proposed a “jumping Jupiter” scenario to reduce the grav- 
itational disturbance, and allowing the survival of Earth [5]. Nice model II is inconsistent with the “3.9 Ga LHB” 
Apollo sample interpretation. It introduced a protracted lunar impact spike at 4.1 Ga, but such an increase in the 
impact rate is not recorded, neither in the lunar rock sample suite nor in the meteorites from the asteroid belt 
[1,6]. The Nice model II includes several ad hoc assumptions and especially relies on a very unlikely scenario be- 
cause it proposed a planetary system remaining for 400 Ma in a highly unstable orbital configuration. 

A protracted EHB over the first hundred million years was first proposed in pre-Apollo times in 1963 by R. 
Baldwin [7]. Based on telescopic observations Baldwin recognized that the height of the rim walls and central 
peaks of lunar impact craters systematically increase with their stratigraphically younger ages. Baldwin attributed 
this systematic morphological trend to topographic adjustments over time. Early impacts formed in a warmer and 
less supportive curst. During a prolonged cooling time of several hundred million years, the viscosity of the lunar 
crust increased allowing the support of elevated rim walls and central peaks of younger impact craters. At the time 
where the lunar basalts extruded, the crust was sufficiently rigid to support the topography of the craters for 
billions of years. His interpretations were later confirmed by the Apollo samples showing that 1) the lunar curst 
formed hot, 2) large impact basins formed up to several hundred million years after formation of the Moon, and  
3) the darker and younger plains are volcanic basaltic flows. In 1974, Baldwin argued that the dominance of the 
3.9 Ga impact ages in Apollo sample collection reflects the observation that all Apollo landing sites are covered by 
Imbrium ejecta [8]. Recent studies using the high resolution orbital imaging and spectroscopic elemental and 
mineralogical maps revealed that Orientale, the youngest lunar basin delivered a thin (10 to 30 meter thick) 
veneer onto the Apollo 14 sample site, hence relating the dominance of 3.9 Ga impact samples to the formation of 
the Orientale basin [9]. Notably, besides the 3.9 Ga lunar impact ages there is a great diversity of lunar rock types 
with impact ages of >4.2 Ga. This is observed in a petrological and Ar/Ar age study of of 12 handpicked Apollo 16 
soil fragments of the anorthositic samples [6]. A wealth of literature on the variety of impact ages on the Moon 
and other planetary bodies older than 3.9 Ga is summarized in [1,6]. The absence of observational evidence for a 
late and heavy increase in the lunar impact rate renders the term late heavy bombardment (LHB) irrelevant. 
Therefore, we [1] proposed the term Heavy Bombardment Eon (HBE) to describe the intense bombardment of the 
Earth- Moon system during the first billion years. 

References: [1] Fritz et al. (2014) Planet. Space Sci. 98:254–267. [2] Turner et al. (1973) Proceedings of 4th LPSC. 
1889–1914. [3] Gomes et al. (2005) Nature. 435:466–469. [4] Brasser et al. (2009) Astro. & Astrophy. 507:1053-
1065 [5] Morbidelli, A. et al (2012) Earth Planet. Sci. Lett. 355:144–151. [6] Fernandes et al. (2013) MaPS 48:241-
269. [7] Baldwin (1963) The measure of the Moon. The University of Chicago Press. pp. 488. [8 ] Baldwin, R.B. 
(1974) Icarus 23:157–166. [9] Wener et al. (2022) Planet. Sci. J. 3:65. 
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Recent Volcanism On The Moon: Current Understanding And Implications. 
Neeraj Srivastava*, Megha U. Bhatt, Anil Bhardwaj 

PRSS, Planetary Sciences Division, Physical Research Laboratory, Ahmedabad, email: sneeraj@prl.res.in  

When did the volcanoes on the Moon last erupt? Is the Moon geologically active? These are some of the 
intriguing questions that have surfaced during the intensive exploration of the Moon during the past two decades.  
The remote sensing observations have indicated the possibility of Topical Phase volcanic and tectonic activities 
during <100 Ma [1-5], while samples recently brought back by the Change'5 mission from the Oceanus 
Procellarum (OP) region have provided a radiometrically dated ~2Ga old basalt sample in our repository [6], the 
youngest and the only representative sample of the Late Phase volcanic activity on the Moon, as proposed earlier 
from remote sensing studies [7 – 9]. While remote sensing observations broaden the perspective and provide us 
with exciting possibilities, it is equally important to envisage and back them with plausible mechanisms. The 
thermal models easily explain the Early Phase (>3.9 Ga) and the Main Phase volcanism (3.9 - 2.8 Ga) on the Moon; 
however, they are unable to account for the Late Phase (< 2.8 Ga - 100 Ma) and the Topical Phase activities (<100 
Ma) since a small body like the Moon should have cooled much earlier during its geological history. For long, 
enhanced radioactivity in the Procellarum KREEP Terrane (PKT) has been proposed as the plausible heat source 
for long-lived volcanism on the Moon [10]; however, the same could not explain occurrences of Late Phase and 
Topical Phase volcanism in locations far from the PKT, such as in the Moscoviense Basin [11], Orientale Basin 
[1,2,12], and inside few basins of the South Pole Aitken Terrane (SPAT) [9, 11, 13]. Interestingly, the Change'5 
basalt samples acquired from the heart of the PKT region also show evidence of non-KREEP [14] and dry mantle 
[15] origin. Despite the fact that passive involvement of KREEP in melt production cannot still be ruled out, our 
present-day understanding of lunar volcanism has become even more complex and requires a fresh look.  

In our opinion, it is essential to systematically search for global occurrences of fresh basalts and examine their 
stratigraphy and the geological context in detail to provide necessary inputs to the thermal models. Recently, we 
have carried out such studies on two of the very old and degraded, pre-Nectarian Basins Grimaldi and Crüger 
Sirsalis (CS), lying outside the PKT boundary between the OP and the Orientale Basin. It has been found that both 
these basins experienced remarkably prolonged volcanism and tectonism. The volcanism continued from ~>3.9 
Ga to 1.4 Ga in the slightly older CS Basin [16], whereas it extended from ~3.5 Ga to 700 Ma in the Grimaldi Basin 
[17]. Also, it has been found that both these basins were tectonically active during the Copernican period. With 
regard to the compositional variability, the fresh basalts in the Grimaldi Basin have high FeO and TiO2 
concentrations and are olivine bearing, similar to the ones in the OP. Contrary to this, the late-stage basalts in the 
almost identical-sized CS Basin located in the immediate vicinity in the southern part do not show any specific 
trend, and the basalts are devoid of olivine. These observations reflect a high degree of heterogeneity in the 
Moon's makeup, both in the spatial and depth domains; therefore, a single thermal model may not be sufficient 
to explain all the findings. More and more samples of fresh basalts are required, and from remote sensing, 
individual occurrences need to be examined in terms of the potential variables such as crustal thickness, 
presence/absence of fault systems, distance from PKT and SPAT, age of the host structure, and built-up of 
megaregolith in the region. Even if we look at the cumulative picture today, KREEP does not seem to be the 
primary factor controlling recent volcanism on the Moon. A more ubiquitous observation is the association of 
these enigmatic formations with specific impact basins, as was established in our study of the isolated mare 
patches south of Grimaldi Basin [16]. The more we learn and refine the relation between "impact cratering" and 
"volcanism", the more we understand the forming and evolution of the Moon and the other habitable worlds of 
our solar system and beyond.     

References: [1] Srivastava N. et al. (2013) Planetary and Space Science 87, 37-45. [2] Gupta R.P. et al., (2014) 
Current Science, 107, 3, 454-460. [3] Braden S.E. et al. (2014) Nature Geoscience, 7, 787–791. [4] van der Bogert 
C.H. et al. (2018) Icarus, 306, 225-242. [5] Valantinas A. and Schultz P.H. (2020) Geology, 48, 649-653. [6] Li Q.L. et 
al., (2021) Nature, 600, 54-58. [7] Schultz P.H. and Spudis P.D. (1983) Nature, 600, 54-58. [8] Hiesinger H. et al. 
(2010) Journal of Geophysical Research 115, E0300390. [9] Morota T. et al. (2011) Earth and Planetary Science 
Letters 302, 255-266. [10] Wieczorek M.A. and Philips R.J. (2000) Journal of Geophysical Research 105, E8, 20417-
20430. [11] Haruyama J. (2009) Science 323, 5916, 905-908.  [12] Whitten et al. (2011) Journal of Geophysical 
Research 116, E00G09. [13] Sruthi U. and Kumar P.S. (2014) Icarus 242, 249-268. [14] Tian H.C. et al. (2021) Nature 
600, 59-63. [15] Hu S. et al. (2021) Nature 600, 49-53. [16] Singh T. et al. (2022) Icarus 376, 114875. [17] Singh T. 
and Srivastava N. (2020) Icarus 351, 113921. 
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nzellner@albion.edu   

Introduction: The general conditions on the early Earth have revealed themselves through analytical studies of 
ancient rocks, minerals, fossils, and other samples. These samples have suggested epochs of terrestrial crustal 
recycling; the onset of plate tectonics; periods of cool temperatures that allowed for surface water; and 
atmospheres that are either toxic to or required of life as we know, depending on the sample. These data are 
much improved over those previously acquired, having benefitted from improvements in analytical instruments 
and quality and size of sample that can be studied. Additonally, theoretical modeling based on these improved 
analyses has provided tighter constraints on important parameters. However, there remain contradictory findings 
and interpretations of whether or not early Earth was truly “Hadean” (i.e., hot). By collating, comparing, and 
culling data and interpreations published in a variety of scientific journals in a variety of fields, a more holistic view 
of the Hadean (4.6 to 4.0 billion years ago, Ga) and early Archean (4.0 to 3.5 Ga) time periods on Earth can be 
considered. 

Not-so-Hadean Earth: After initial “Hadean” accretion of planetesimals, Earth appears to have settled into a 
cooler, non-Hadean state just ~160 million years (Ma) after Earth’s formation. Terrestrial zircons provide evidence 
for the presence of water and land masses [e.g., 1, 2]; crustal recycling [3]; and an oxidizing terrestrial atmosphere 
[e.g., 4]. Impacts would have been frequent, though the intensity and duration of the impact flux, as observed in 
the Moon’s cratering and sample record (as proxies to Earth’s), has been the topic of much debate [e.g., 5, 6, 7]. 

Impact Flux and the Delivery of Biomolecules: Lunar orbital data [e.g., 8] and analyses of lunar (and other) 
samples provide evidence for impacts >3.9 Gy old [e.g., 9] and question the cataclysmic “spike” (aka “late heavy 
bombardment, “LHB”) at ~3.9 Ga [6] that was proposed to have provided a bottleneck to the origin and 
proliferation of life [10]. With these new observational constraints, the Nice model [e.g., 11] has been modified to 
more accurately describe dynamical interactions among planetary bodies and can now explain ancient cratered 
terrains on the Moon without invoking a “spike” [e.g., 12]. Terrestrial Archean impact spherule beds [e.g., 13] 
provide additional evidence for an impact flux that was long in duration and never exceptionally high.   

Experiments that simulate asteroid and comet impacts have shown that impact pressures and temperatures do 
not necessarily destroy organic molecules. Instead, much of the organic material is preserved in its original form 
and more complex molecules are created [e.g.,  14, 15, 16]. In Earth’s first billion years, ~1013 kg of organic 
material per year could have been delivered [17], providing the ingredients necessary for life as we know it. 

Early Life: The Miller-Urey experiment suggested that the first biomolecules were formed under reducing 
atmospheric conditions [18]. This idea is challenged, though, by evidence that Earth’s early atmosphere was 
oxidizing by 4.35 Ga [e.g., 4] and that volatiles released into Earth's atmosphere by high-temperature (T ≥ 1300 K) 
volcanism have been dominated by H2O, CO2, and SO2 since ~3.96 Ga [19]. Biogenic carbon has been found in 
multiple samples, including ancient zircons [20] and sediments [e.g., 21]. These observations may indicate that life 
appeared very early, perhaps under generally oxidizing conditions or perhaps in pockets of reduced ones [e.g., 22]. 
Whatever the case, life may have quickly evolved [e.g., 23, 24], and even with large impacts until ~3.23 Ga [e.g., 
13], fossil evidence shows that life on Earth was established by 3.43 Ga [25].  

References: [1] Wilde S. et al. (2001) Nature, 409, 175. [2] Valley J. et al. (2014) Nature Geoscience, 7, 219–223. 
[3] Watson B. and Harrison T. (2005) Science, 308, 842. [4] Trail D. et al. (2011) Nature, 480, 79-82. [5] Tera G. et al. 
(1974) EPSL, 22, 1-21. [6] Ryder G. (1990) Eos, 71, 313, 322. [7] Zellner N. (2017) OLEB, 47, 261-280. [8] Neumann 
G. et al. (2015) Sci. Adv., 1, e1500852. [9] Fernandes V. et al. (2013) MAPS, 48, 241. [10] Maher K. and Stevenson 
D. (1988) Nature, 331, 612. [11] Gomes R. et al. (2005) Nature, 435, 466–469. [12] Morbidelli A. et al. (2018) 
Icarus, 305, 262-276. [13] Lowe D. et al. (2015) Geology, 42, 747. [14] Blank J. et al. (2001) OLEB, 31, 15. [15] 
McCaffrey V. et al. (2014) OLEB, 44, 29. [16] Zellner N. et al. (2020) Astrobiology, 20, 
doi.org/10.1089/ast.2020.2216. [17] Chyba C. et al. (1990) Science, 249, 366–373. [18] Miller S. and Urey H. (1959) 
Science, 130, 245-251. [19] Delano J. (2001) OLEB, 31, 311-41. [20] Bell E. et al. (2015) PNAS, 112, 14518. [21] 
Schidlowski M. (1988) Nature 333, 313. [22] Zahnle K. et al. (2020) Planet. Sci. J., 1, 11. [23] Djokic T. et al. (2017), 
Nature Comm, 8. [24] Wacey D. et al. (2018) Astrobiology, 18, 6. [25] Wacey D. et al. (2011) Nature Geo, 4, 698.  
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Introduction: Tridymite is a silica polymorph (SiO2) that crystallizes at high temperature (>870°C) and low 
pressure (<4 kbars) in silicic environments. On Earth, tridymite is commonly found in volcanic, hydrothermal, and 
impact settings. The detection of such polymorph by the Curiosity rover within a thinly laminated mudstone formed 
at the bottom of a lake in Gale crater, Mars was thus a surprise, and several possible formation mechanisms have 
been proposed [e.g.,1]. Based on terrestrial settings, we discuss the most plausible pathway that led to the 
crystallization and deposition of the tridymite identified in Gale crater, and used the MELTS family of 
thermodynamic models [e.g., 2] to further support our preferred scenario. 

Methods: The CheMin instrument is a X-ray diffractometer onboard the rover that enables identification of the 
mineralogy of a drilled rock. The tridymite-bearing mudstone named Buckskin includes 54 wt.% of a silica-rich 
amorphous component presenting hydrated silica (opal) and potential silica-rich glass, along with 34 wt.% of 
tridymite, 43 wt.% of plagioclase, and minor sanidine and cristobalite in the crystalline component [3]. The alpha-
particle X- ray spectrometer (APXS) measured Buckskin composition, revealing a silica-rich aluminum-depleted rock.  

Preferred Scenario: Based on terrestrial set- 
tings presenting tridymite, along with Buckskin 
texture, mineralogy, composition, and Gale 
crater geological setting, we suggest that an ex- 
plosive eruption released silica-rich glass, 
tridymite, cristobalite, and feldspar produced 
from the fractional crystallization of a rhyolitic 
magma at shallow depths (Fig. 1; [4]). The ashes 
were deposited in Gale crater watershed when 
Gale was still a lake, transporting the ashes up to 
the middle of the lake and depositing them, 
forming after cementation the thin laminations 
observed in Buckskin. 

Thermodynamical Modeling: To further 
support that scenario, we combined analysis of 
the setting and sedimentology of Buckskin with 
thermodynamic modeling of the evolution of 
silica-rich melts that could have generated the 
source material for the mudstone. We ran 
various fractional crystallization models using the 
latest alphaMELTS interface [5], in which the 
underlying thermodynamic model [2] was tuned 
to match the crystallization of tridymite and/or 
cristobalite in petrological experiments. The 
calculation results demonstrate that a high 
melting degree mantle-derived melt crystallizes 
at low pressure up to 35 wt.% of tridymite, 

along with 48 wt.% of plagioclase with similar composition to those measured in Buckskin. These proportions and 
compositions further support the formation of tridymite from silica-rich melts on Mars between 3 and 3.5 Gyr ago. 
This study demonstrates that Mars volcanism was complex and not restricted to basaltic explosive eruptions as 
suggested by orbital observations. 

References: [1] Morris et al. 2016. PNAS 113(26), 7071-7076. [2] Gualda et al. 2015. [3] Rampe et al. 2017. [4] 
Payré et al. 2022 EPSL. [5] Antoshechkina and Ghiorso. 2018 

Fig.1. Sketch of the possible formation pathways of tridymite in 
Gale crater based on terrestrial settings. 
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Batiment B18N, Allée Geoffroy St Hilaire, 33615 Pessac, FRANCE; rayray.sean@gmail.com)  

Introduction: There is abundant cross-pollination between studies of the formation and dynamical 
evolution of the Solar System and of exoplanet systems. I will use case studies to illustrate how 
cosmochemical, astronomical and orbital constraints allow for a comparison between Solar System- 
and exoplanet formation. In roughly chronological order (with regards to the chronology of planet 
formation), these case studies relate to 1) planetesimal formation, 2) orbital migration, 3) dynamical 
instability, and 4) late accretion.  For each case there are complementary constraints from the Solar 
System and exoplanets. 

Planetesimal formation.  Planetesimals (the 1-100 km-scale building blocks of planets) are thought 
to clump from concentrations of large dust grains in gaseous circumstellar disks.  Their formation is 
constrained in the Solar System by the carbonaceous/non-carbonaceous isotopic dichotomy in 
chondritic meteorites and in exoplanet systems by images of dust in planet-forming disks.   

Migration. Orbital migration is an inevitable consequence of planet-disk interaction, and thought to 
be a driving mechanism in the formation of close-in low-mass exoplanets. The evidence for migration 
in the Solar System is circumstantial – it likely played an important role in the assembly of the giant 
planets but it remains unclear whether it was important for the rocky planets.   

Dynamical instability.  The broad eccentricity distribution of giant exoplanets can be explained if 
the vast majority of observed systems are the survivors of dynamical instability, through which many 
planets were ejected into interstellar space to become “free-floating planets”.  The Solar System is also 
thought to have undergone an instability, but a much gentler one than most exoplanet systems. 

Late accretion.  The last giant impact on Earth is thought to have sequestered all of the highly-
siderophile elements in the core.  The existence of HSEs in the crust and mantle is interpreted as 
evidence that the final 0.5% of Earth’s mass was accreted late, after the Moon-forming impact.  Upper 
limits can be placed on late accretion in multi-resonant exoplanet systems such as Trappist-1, because 
the same population of impacting planetesimals would destabilize the observed resonant chains. 

To conclude, I will try to put the Solar System in a larger context, and highlight paths forward to 
make the best possible use of constraints to planet formation modeling from Solar System- and 
exoplanet measurements. 
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Constraining Exobiology:  
An Observational Research Program in the Origins and Development of Life. 
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ABSTRACT: Technologies for exoplanet search have come into use only in the past thirty years, 

and we are now on the cusp of exoplanet atmospheric spectroscopy, which will reveal the 
atmospheric composition of some exoplanets. If life is not a cosmological imperative, if its 
appearance is not inevitable once the necessary prerequisites are in place, then there will be 
geologically complex planets that also develop chemical complexity without the particular form of 
chemical complexity that we identify as life. A taxonomy of given planetary types, surveyed at 
different periods of time in their development, and in different planetary systems, may allow for 
the reconstruction of chemospheric evolution, in turn revealing a taxonomy of typical forms of 
chemospheric development for given planetary types, facilitating the differentiation of non-
biological chemospheres from biospheres, and the differentiation of developmental sequences 
among chemospheres and biospheres, through the seriation of exoplanet atmospheres. The more 
comprehensive our observational research program in reconstructing the history of chemospheres 
across diverse types of planets, the more likely we are to be able to reconstruct the typical 
developmental pathway of a living biosphere, including identifying an origins of life event and 
major developmental stages in biospheric evolution. 
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Context: Recent exoplanet surveys revealed that for solar-type stars, close-in Super-Earths are 
ubiquitous and many of them are in multi-planet systems. These systems are more compact than 
the Solar System's terrestrial planets. However, there have been few theoretical studies on the 
formation of such planets around low-mass stars. 

Aims: We investigate the effect of the stellar mass on the architecture of planetary systems 
formed by giant impacts. 

Methods: We perform N-body simulations around stars with masses of 0.1 - 2 times the solar 
mass. Using the isolation mass of protoplanets, we distribute the initial protoplanets in 0.05 - 0.15 
au from the central star and follow the evolution for 200 million orbital periods of the innermost 
protoplanet. 

Results: We find that for a given protoplanet system, the mass of planets increases as the 
stellar mass decreases, while the number of planets decreases. The eccentricity and inclination of 
orbits and the orbital separation of adjacent planets increase with decreasing the stellar mass. This 
is because as the stellar mass decreases, the relative strength of planetary scattering becomes 
more effective. We also discuss the properties of planets formed in the habitable zone using the 
minimum-mass extrasolar nebula model. 

Future works: In the future, we will focus on the process of planetesimal growth and study the 
dependence of the stellar mass. 

 

Student-led presentation 
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Imagining Habitable Worlds 
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What happens when exoplanet scientists, science fiction writers, artists, composers, and 
translators collaborate? In this session, Dr Emily Finer, Co-Director of the St Andrews Centre for 
Exoplanet Science, will introduce new creative projects where science and science fiction inspire 
each other. The Multilingual Science Fiction Translation Project draws on the global expertise of 
undergraduates at St Andrews to ensure that our imagined futures in space are not limited to 
English-language culture. New translations of science fiction imagining exoplanets and first 
contact scenarios from Arabic, Bulgarian, Catalan, Chinese, Czech, German, Hindi, Japanese, 
Malay, Portuguese and Russian enter into conversation with analysis from exoplanet scientists, 
new music and visual art. Around Distant Suns (Guardbridge Books, 2021) is an anthology of new 
science fiction authored by pairs of creative writers and scientists from the St Andrews Centre for 
Exoplanet Science, conceived and edited by PhD student, Emma Johanna Puranen. This 
presentation will transition into a workshop element where participants will join an informal 
discussion about examples of fictional exoplanets. 
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Talk # 51 
 

The Early Formation of Exo-planetesimals, as Revealed by White Dwarfs 
A. Bonsor1 and T. Lichtenberg2 and J. Drazkowska3 and A. M. Buchan1, 1Institute of Astronomy, University of 
Cambridge, Madingley Road, Cambridge CB3 OHA. abonsor@ast.cam.ac.uk, 2 Atmospheric, Oceanic and 
Planetary Physics, Department of Physics, University of Oxford, Parks Rd, Oxford, OX1 3PU, United Kingdom. 
3University Observatory, Faculty of Physics, Ludwig-Maximilians-Universita ̈t Mu ̈nchen, Scheinerstraße 1, 
Munich, 81679, Germany.  

Introduction: The timing of planetesimal formation is crucial to our understanding of planet formation. 
Planetesimals are the building blocks for terrestrial planets and gas giants. Jupiter’s formation depends on when 
planetesimals formed, as well as gas giants in exoplanetary systems. Planetesimal formation spanned millions of 
netesimal formation started during the collapse phase, traced observationally by Class 0/I discs, or later in fully 
flyears in the Solar System [1], but without a knowledge of the timing of CAI formation, it is not clear whether 
plaedged, planet-forming discs (Class II).  

Observationally, gaps and substructures seen in Class 0/I discs indicate that planet formation may be 
underway [2,3], although these structures can alternatively be explained by disc instabilities or condensation 
fronts  [4,5]. The best way to probe observationally the growth of planetesimals is to search for depletion in the 
dust content of discs with each stage. This technique is complicated by complicated by correlations between disc 
structure, size and disc stage,  as well as observational biases in the disc and exoplanet populations [6,7].  

This work presents distinct, complimentary observational evidence that planetesimal formation commenced 
early in a significant fraction of exoplanetary systems. This evidence comes from white dwarfs that have 
accreted planetary material. Fragments of planetary bodies from a surviving outer planetary system show up in 
the spectra of an otherwise clean (hydrogen/helium only) white dwarf [8]. From these observations the 
composition, notably ratios of key elements such as Si, Mg, Fe, O, Ca, C, Cr, or Ni in the planetary material can be 
found. Observationally, a significant fraction of white dwarfs with planetary material in their atmospheres have 
accreted core- or mantle-rich material, at least 5% and potentially significantly more than 13%.  

 

This work argues that the formation of an iron core in exoplanetesimals accreted by white dwarfs is most 
likely fuelled by short-lived radioactive nuclides such as 26Al. Due to short half-life of these nuclides, the 
observations of core- or mantle-rich material accreted by white dwarfs requires the early formation of 
planetesimals in exoplanetary systems, most likely within the first Myr after the injection of 26Al. With 26Al 
injection at (or before) the start of the collapse of the molecular cloud, the white dwarf observations, thus, 
provide observational evidence that planetesimal formation occurred already during the Class 0/I phase.  

 References: [1] Kleine, T. et al, Space Sci. Rev. 216(4), 55 (2020). [2] Segura-Cox, D.M., et al, Nature 586(7828), 228– 231 (2020) [3] 
Sheehan, P.D & Eisner, J.A., Astrophys. J. 857(1), 18 (2018) [4] Flock, M., et al, Astron. Astrophys. 574, 68 (2015) [5] Zhang, K., et al, 
Astrophys. J. Lett. 806(1), 7 (2015) [6] van der Marel, N. &Mulders, G.D Astron. J. 162(1), 28 (2021) [7]Mulders, G.D., et al, 
Astrophys. J. 920(2), 66 (2021) [8] Jura, M. & Young, E., ARAA, 42, 45 (2014) [9] Harrison, J.H.D. et al, MNRAS, 504(2), 2853 (2021) 
[10] Buchan, A.M. et al, MNRAS, 510,3512 (2021)  

Fig 1: Enrichment in Fe, Ni, and Cr relative to Ca, Mg, 
and Si of planetary materials accreted by at least 5%, 
plausibly 13%, of white dwarfs suggest the accretion of 
core- or mantle- rich material. Planetesimals must form 
within ~1Myrs of 26Al injection, such that there is 
sufficient energy to fuel the formation of an iron core. 
Thus, core- or mantle-rich material provides evidence 
that planetesimals formed during the collapse phase of 
the planet-forming disc. Shown are the Ca/Fe ratios 
observed in a sample of 232 white dwarfs, alongside associated 
1σ errors, as a function of white dwarf temperature. The large 
red circles indicate the 8 white dwarfs where a model in which 
core-rich material is accreted explains the observed 
abundances of all elements to > 3σ above a primitive model. 
Models from [9,10]. The blue line indicates a solar Ca/Fe ratio.  
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Talk # 52 
 

On planetary systems classification and Earth-like planets 
*J. Davoult1, L. Mishra1,2, Y. Alibert1,1Institute of Physics, University of Bern, Gesellschaftstrasse 6, 3012 

Bern, Switzerland, jeanne.davoult@unibe.ch, 2Geneva Observatory, University of Geneva, Chemin Pegasi 
51b, 1290 Versoix, Switzerland. 

Context: The detection of Earth-like planets is both one of the major goals of planetology and at the 
same time one of the most complicated. Earth-like planets are difficult to detect and imply a lot of 
observation time with the current detection methods. Currently only 0.06% of the confirmed exoplanets 
are similar to Earth by their masses and semi-major axis. 

Aims:  Here, a way to identify systems, which are likely to harbor an Earth-like planet, is considered.  
This can facilitate the selection of targets and reduce the time necessary for observations. 

Methods: Mishra et. al 2022 (to be submitted) have developed a method for classifying planetary 
systems according to their architecture. Applied on generation III Bern model synthetic population, a class 
has been identified in which a majority of systems harbors an Earth-like planet. Using the same 
classification scheme now taking into account the observational bias, we investigate whether the observed 
class of a system (the one obtained only from observable planets) could help to find systems more likely to 
have an Earth-like planet. 

Results: The classes in themselves with only the detectable planets are not sufficient to identify systems 
with an Earth-like planet, but the characteristics of the remaining planets and the prognostic of the intrinsic 
architecture is a solid base for such a conjecture 

References: [1] Mishra L. et al. (2022) To be submitted. [2] Davoult J. In prep.. 

Student-led presentation 
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How Unlike Earth Are Earth-Like Planets? 
E. Tasker1, C. Unterborn2, M. Laneuville3, Y. Fujii4, S. Desch2, H. Hartnett2  

1Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency (ISAS, JAXA), 2Arizona State 
Univeristy, 3Earth-Life Science Institute (ELSI), 4National Astronomical Observatory of Japan (NAOJ).  

Email: elizabeth.tasker@jaxa.jp  

Introduction: Since the early 1990s, we have discovered over 5,000 extrasolar planets. Many of these have 
sizes consistent with rocky surfaces and thin atmospheres, hightening expectations for future astrobiological 
studies. But any biosignature will need to be distinguished from the abiotic processes powering the planet; a task 
only possible if we understand how variations in rocky planet properties impact their internal geological, chemical 
and physical processes. As exoplanet science moves from the era of detection to characterization, the data will 
need an interdisciplinary knowledge of Earth and planetary science to interpret and unravel.  

 

Figure: Observable molecules in the upper atmosphere will be the combination of all processes on and within the planet. 

Planetary Diversity: Rocky Planet processes and their observational signatures (AAS IOP Astronomy book): 
Earth, planetary science and astrophysics have traditionally been separate fields, with little overlap in journals and 
conferences. We therefore brought together an interdisciplinary team of scientists to write a book in the AAS IOP 
ebook series that was published in December 2020. This volume considers the impact of variations in the 
properties of a rocky planet similar to the Earth on the abiotic processes and resulting observational signatures.  

With only the Earth as a current example of a habitable world, astrobiological studies outside our Solar System 
have focused on rocky planets in the habitable zone. While there is no guarantee that such a planet would be 
Earth-like, this is where another Earth would be found to support life. Moreover, it seems more likely that we 
would recognize a biosignature if it resembles one from our own planet.. However, even if a habitable Earth-like 
planet were discovered, the probability of an exact Earth-clone is exceedingly low, risking a misinterpretation of 
the observational data. This volume therefore considers the consequences of varying four properties of our own 
planet on a rocky planet’s developement: the magnetic field, composition, heat budget and volatile abundance. 
The range of variation is chosen based on our knowledge of our Solar System and observations we have of other 
star systems.  

Aimed at both astrophysicists and planetary scientists interested in exoplanets, the book takes the reader 
through considerations both observed, experimental and theoretical of how a planet is expected to change as 
these properties vary. While in no way complete, the goal is to set the stage for the considerations and studies 
needed to understand the next generation of characterisation data from Earth-sized worlds. This presentation will 
draw on the highlights from the volume.  
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Habitable Exomoons: Detection and Characterization 

Suman Saha1,2 ,  
1Indian Institute of Astrophysics, Bengaluru, India (suman.saha@iiap.res.in),  

2Pondicherry University, Pudecherry, India. 
 
Rocky exomoons in the habitable zones of the exoplanetary systems hold special significance as they can 

host life. Although the detection of exomoons has yet remained elusive, mainly due to their smaller 
expected size, the next generation space missions such as JWST can provide unique opportunity for their 
detection.  

In this talk, I will present a comprehensive analytical formalism in order to model the lightcurves of 
transiting exoplanets hosting exomoons. In order to achieve an analytical formalism, we have considered 
circular orbit for the exomoon around the host planet, which is indeed the case for tidally locked moons. 
The formalism takes care of the co-alignment or non-coalignment of the orbits of the planet and the moon 
using a two anglular parameter approach, and can be used to model and characterize all the possible 
orbital alignments for a star-planet-moon system. Using this formulation, we have studied the detectability 
of rocky exomoons using the next generation telescopes, such as JWST. We have also studied the 
observational limits on the atmospheric characterization of such exomoons using JWST. 
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Talk # 55 
 

The KOBE experiment: K-dwarfs Orbited By habitable Exoplanets. 
*A. Castro-González1  (acastro@cab.inta-csic.es) and J. Lillo-Box1 (jlillo@cab.inta-csic.es),  1Centro de 

Astrobiología (CAB, INTA-CSIC) 

 

The search for habitable worlds is a challenging process but key in our search for life beyond Earth. 
Astrobiological studies show that liquid water is one of the most critical components to allow life 
development. Hence, the search and characterization of planets within the habitable zone (HZ), where 
water can be in liquid state on the surface of a planet, is a first step towards the search for life in distant 
planetary systems. Historically, these planets have been mostly searched around solar-type stars (looking 
for earth analogues) and M-dwarfs (due to several detection advantages), giving rise to a desert of HZ 
planets around K-dwarfs. Interestingly, K-dwarfs are among the most suitable environments for life 
development. Contrary to G-dwarfs, the HZ is closer, thus making planet detection easier using transit or 
radial velocity techniques. And contrary to M-dwarfs, the stellar activity is much smaller, hence having a 
smaller impact in both the detectability and the true habitability of the planet.  

In the context outlined above, we have started the first dedicated and systematic search for habitable 
planets around K-dwarfs, the K-dwarfs Orbited By habitable Exoplanets (KOBE). This survey is currently 
monitoring the radial velocity of 50 carefully pre-selected K-dwarf stars with the CARMENES instrument 
along 5 consecutive semesters (2021A-2023A), in which we expect to acquire an average of 90 datapoints 
per target. When searching for low-amplitude radial velocity signals, as those produced by rocky worlds, 
stellar activity is one of the major contaminants. To overcome this, we are performing a high-cadence 
photometric monitoring of the KOBE sample stars over the duration of the CARMENES observations 
through the robotic telescope STELLA/WiFSIP. This way, we are able to obtain contemporary and time-
resolved information about activity that allows us to use it as a proxy to account for activity in the radial 
velocity time series. Based on planet occurrence rates convolved with our detectability limits, we expect to 
detect 1.68±0.25 planets per star in the KOBE sample at the end of the survey, and in half of the sample we 
expect to find one of those planets within the habitable zone of its star.  In this contribution we describe 
the project motivation, goals and current results.  

Habitable zone for different stellar types showing the desert of planets in the HZ of K-dwarfs. 

Student-led presentation 
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Talk # 56 
 

Exploring Connections Between Exoplanetary  
And Solar System Science 

L. Delrez, University of Liege, Belgium. 

Email: ldelrez@uliege.be     
 
Over the past decades, thousands of planets have been discovered outside of our Solar System. The 

exoplanet population exhibits a remarkable diversity of planet types, with a wide range of sizes, masses, 
orbital periods, and system architectures. In the first part of this talk, I will explore how the diversity and 
large sample offered by exoplanets can put in context and inform our understanding of the Solar System. 

With the field of exoplanetary science now rapidly moving towards the goal of detailed characterization 
of exoplanet interiors, surfaces, and atmospheres, I will then discuss how transiting planets around nearby 
stars are instrumental in this endeavor. In this context, I will highlight some scientific investigations 
transiting exoplanets have allowed, but also some challenges we are still working to overcome. Finally, I will 
comment on the future of exoplanet characterization and how the detailed and in-situ measurements from 
our Solar System can inform our interpretation of exoplanet data. 

Through the two complementary axes explored in this talk, I hope to demonstrate that exoplanetary 
and Solar System science can greatly benefit from each other, and it is thus crucial to encourage 
interactions and exchanges of information between the two communities. 
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Talk # 57 
 

Composition of super-Earths, super-Mercuries, and their host stars. 
V. Adibekyan1 and C. Dorn2, et al 

1Instituto de Astrofísica e Ciências do Espaço,  Universidade do Porto, Portugal (vadibekyan@astro.up.pt) 
2Institute for Computational Science, University of Zurich, Switzerland 

Although the precise derivation of planetary mass and radius is sufficient to constrain core size of rocky 
planets, there is an inherent degeneracy in the planetary compositions that cannot be inferred from mass and 
radius measurements alone [1]. Stellar elemental abundances of Fe, Si, Mg are proposed as principal constraints 
to reduce degeneracy in interior structure models [e.g. 2,3] under assumption of identical composition of these 
elements in the rocky planets and their host stars. 

This regularly used assumption is based on our knowledge that stars and planets form from the same 
primordial gas and dust cloud and is also supported by our Solar System for which we know that the composition 
of major rock forming elements (such as Mg, Si, and Fe) in the meteorites and telluric planets, with the 
exception of Mercury [4], is similar to that of the Sun [5]. However, there is no direct observational evidence for 
the aforementioned assumption and it was even recently questioned in [6]. 

 By using the largest possible sample of precisely characterized low-mass planets and their host stars, we 
show that the composition of the planet building blocks indeed correlates with the properties of the rocky 
planets (see Fig. 1; [7]). We also find that on average the iron-mass fraction of planets is higher than that of the 
primordial values, owing to the disk-chemistry and planet formation processes. Additionally, we show that 
super-Earths and super-Mercuries appear to be distinct populations with differing compositions, implying 
differences in their formation processes. We suggest that giant impact alone is not responsible for the high-
densities of super-Mercuries. 

I propose an oral contribution to speak about these very recent results published in Science. 

 
 

Fig. 1 The iron-mass fraction of the planets 
inferred from the planets mass and radius as a 
function of the iron-mass fraction of the 
protoplanetary disk, estimated from the host star 
abundances. Super-Mercuries (in brown) and 
super-Earths (in blue) appear as two distinct 
groups. 

 
 
 
 
 
 
 
 
 

 
References: [1] Rogers & Seager 2010, ApJ, 712, 974 . [2] Dorn et al. 2015, A&A, 577, A83 . [3] Unterborn et 

al. 2016, ApJ, 819, 32 . [4] Hauk et al. 2013, J. Geo. Res., 118, 1204. [5] Asplund et al. 2009, AR&A, 47, 481. 
[6] Plotnykov & Valencia 2020, MNRAS, 499, 932. [7] Adibekyan et al. 2021, Science, 374, 330. 
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Talk # 58 
 

The interiors of terrestrial Exoplanets and their magnetic fields 
 

M. V. Y. Herath1 , N. Cowan1, 1McGill University  

Emails: mahesh.herath@mail.mcgill.ca and nicolas.cowan@mcgill.ca 

 
The conditions in the interiors of terrestrial planets cannot be observed directly using any existing 
techniques. To infer the nature of their interiors, we have to rely on phenomena that manifest externally, 
such as magnetic fields. Moreover, the ability to sustain a magnetic field is an important aspect of planetary 
habitability, since it may control atmospheric loss. We developed a planetary interior structure model to 
determine the types of conditions that could generate a magnetic field in terrestrial exoplanets. We limit 
our study to magnetic fields generated in the same manner as Earth’s: convection from the release of light 
elements and latent heat during the formation of a solid iron inner core inside a liquid iron outer core leads 
to the emergence of a geodynamo. We run the model with planet masses ranging from 1 Mearth to 6 
Mearth, with core mass fractions (CMF’s) from 16% to 70%. We also vary the thermal conductivity of the 
core mantle boundary to quantify the effect it would have on the thermal dynamics of the lower mantle. 
The simulations predict that planets between 1 and 3 Mearth generate the strongest and longest lasting 
magnetic fields if they have CMFs between 30% and 50%. Planets with masses between 4 Mearth and 6 
Mearth have the strongest fields for CMFs between 16% and 50%. Planet masses between 2 and 4 Mearth 
with CMFs between 30% and 50% showed the most stable magnetic fields over all the simulations. We also 
note that while CMFs above 50% would damp any emerging geodynamo, a slight increase in the thermal 
conductivity of the core mantle boundary would allow the core to cool more effectively, and sustain a 
magnetic field over several billion years. Planets less massive than 3 Mearth with small CMFs (less than 
25%) were shown to have magnetic fields that are on the cusp of being multipolar rather than dipolar, and 
less useful for protecting atmospheres. The study overall shows that planetary mass, CMF and thermal 
conductivity of the deep interior are important predictors of a rocky planet’s ability to have a magnetic 
field. Conversely, future measurements of the presence, strength and geometry of magnetic fields on 
terrestrial exoplanets will constrain the thermodynamics at the core mantle boundary. 

Student-led presentation 
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Talk # 59 
 

Open Engineering For Open Space 
M. Vidmar1 

1The University of Edinburgh, School of Engineeirng, Sanderson Building, Edinburgh, EH9 3FB; 
matjaz.vidmar@ed.ac.uk 

 
Abstract: In the past few decades, openness has become the guiding principle in organization and 

governance of scientific and technological development. Paradigms such as Open Science, Open Access, 
Open Innovation and Open Source, have permeated from the information technology fields, to the 
frontiers of scientific and technological development. Combining these networked, distributed systems of 
scientific and technological production with principles of responsible research and innovation (RRI) [1] – a 
critical gap has emerged in under- standing the processes and  management structures of new project and 
mission development. 

Here, Open Engineering [2] is emerging as a new a framework to examine and design processes and 
management structures to support co-production of new knowledge in high-tech domains, acknowledging 
wider range of contributing stakeholders and articulating and critically engage with key technical, ethical and 
political challenges both on Earth as well as in Space. Space Exploration is at the heart of a particular 
challenge since Space is so inherently “open” to access, but the required technology to actively pursue its 
exploration and utilization is not equitably accessible. 

This paper examines these challenges to the development of “Open Space” through the framing of 
Open Engineering. In particular, it examines different aspects of “openness” through analyzing a series of 
ongoing experiments, contextualizing engineering process and management with different dimensions of 
societal systems: 

• Technological Paradigm: A speculative design for a new space station in geostationary orbit – Gateway 
Earth - as a way to contextualize the transition of open engineering processes as a way to challenge 
traditional military-industrial complex [3]. 

• Legal Framework: A curated engagement with pivotal Outer Space Treaty and Moon Treaty in contrast 
to alternative, performative and embodied legal practices, challenging the inclusion and exclusion of 
stakeholders in (post-)colonial extractivist practices [4]. 

• Socio-political Context: The emergence of social imaginaries around transplanetary ecologies and their 
problematic, contradictory and transformative dimensions in contrast with the impact of space and 
satellite technology on daily life on Earth [5]. 

• Cultural Visioning: Using collaborative practices to establish fictions and narratives challenging cur- 
rent mind set and cultural conditioning vis-à-vis utopian and dystopian future(s), spanning collective 
and individual practices [6]. 

Building on recent work on techno-ecological systems as the model of space exploration and utilisation 
governance [7], this paper articulates a process of prototyping interventions, managed through creative 
production practice, as a way to explore an Open Space future. In turn, this enables the four dimension of 
societal systems described above to be mobilised to respond to urgent critical challenges, such as space 
debris, global divisions and inequality, climate emergency and (un)sustainability of our (material) culture. 

References: [1] R. Owen, P. Macnaghten, and J. Stilgoe, (2012) “Responsible research and innovation: From 
science in society to science for society, with society,” Science and Public Policy, vol. 39, no. 6, pp. 751–760; [2] M. 
Vidmar (2022), “Aligning Open Engineering Parctices,” Proceedings of 28th IEEE ICE Conference; [3] M. Vid- mar 
and D. Webber (2017), “Gateway Earth: A Pragmatic Modular Architecture for Space Access and Exploration,” in 
Proceedings of the 68th International Astronautical Congress, vol. 15.; [4] M. Vidmar and S. Vermeylen, (2022) 
“Utopia(s), Outer Space Law and Ecology | EASST,” EASST Review, vol. 41, no. 1; [5] M. Vidmar, (2020) 
“Transplanetary Ecologies: A New Chapter in Social Studies of Outer Space?,” EASST Review, vol. 39, no. 2; [6] D. 
Scott and S. Malpas, Eds., (2019) Scotland in Space: Creative Visions and Critical Reflections on Scotland’s Space 
Futures. Edinburgh: Shorline of Infinity; [7] M. Vidmar, (forthcoming) “On Libertarian Communities in/around 
Outer Space: Is ecology an antithesis to liberty?” in Institutions of Extraterrestrial Liberty, C. Cockell, Ed. 
(forthcoming). 
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Space Food And Multi-Planetary Sociotechnical Imaginaries 
M. Truninger, Instituto de Ciências Sociais, University of Lisbon (Av. Professor Aníbal de Bettencourt, 9, 1600-189 

Lisbon, Portugal; monica.truninger@ics.ulisboa.pt). 

Introduction: Space food is often associated with food products developed for life support of 
astronauts/cosmonauts in space missions and flights off-Earth. The plans for interplanetary travel and 
exploration of outer space by several space agencies (e.g. NASA, Canadian Space Agency, ESA) are currently 
working on the promotion and development of innovative space food technologies and products to face the 
challenges of long-duration space missions to the Moon, Mars and beyond. The science fiction imaginaries are 
becoming ever more tangible with space agencies’ plans for building permanent bases and habitable worlds off 
Earth. A case in point is the planning of the Moon Village by the European Space Agency as a permanent base on 
the Moon or NASA’s plans for building a space station in lunar orbit and to send humans to Mars.  

According to Jasanoff and Kim [1] sociotechnical imaginaries are ‘collectively held, institutionally stabilized, 
and publicly performed visions of desirable futures, animated by shared understandings of forms of social life 
and social order attainable through, and supportive of, advances in science and technology’. In the plans and 
visions of designing a multi-planet civilization, where long-duration flight missions to reach other cosmic bodies 
and living in future private space stations (as the ISS will de-orbit in 2030) or setting a permanent base on lunar 
or planetary surfaces off-Earth are expected, space food systems have a set of significant and specific challenges 
and problems to be solved. In 2021 NASA and the Canadian Space Agency launched the Deep Space Food 
Challenge to seek innovative ideas and food production technologies that require few resources and reduce 
waste to the minimum for long-duration missions to the Moon, Mars, and beyond. Space food systems must 
meet the following criteria in extreme environments such as the ones found on other planets (e.g. Mars) or in 
confined spaces such as space stations [2]: safety; stability; palatability; nutrition; resource minimization; variety; 
reliability; usability. Despite such concerns, sociotechnical imaginaries and narratives around space food are 
expanding beyond the maximization of safe, nutritious, and palatable food to feed space mission crews. There is 
growing consideration on how to deliver benefits to tackle food problems on Earth as well, namely the 
mitigation of impacts of climate change on food security and Earth-bound food systems more generally.  

Objectives and empirical material: By taking stock of the scant social and humanities scientific literature 
produced on space food [3], but also on the more abundant nutritional scientific literature on space food this 
presentation analyses desk-based data collected from publicly available material on NASA’s and ESA’s official 
websites and Twitter accounts (e.g. archived documents, videos, and images) related with food. The objective is 
to show the main patterns of sociotechnical imaginaries around food and their public appropriation in social 
media. Some visions promise to deliver workable and feasible solutions for environmental and climate change 
agro-food-related problems on Earth while others anticipate the risk, dangers, and challenges of designing 
future space food systems. Yet others, show how commensality and meal sharing are important features of 
living in confined spaces (e.g. the ISS) and exhibit the international food palette that is available to the ISS space 
crews, unveiling multicultural aspects of space food. Several items that are familiar to Earth-bound food tastes 
also feature in such narratives (e.g. peanut butter candies covered in chocolate and other snacks that are 
crumble-free) as reminders of food taste from Earth. The production of fresh food, the pleasure, and joy of 
tasting space chili peppers or lettuce leaves also feature prominently as a sign of the importance given by the 
crews to menu variety, palatability, and food freshness. The paper shows the multiple sociotechnical imaginaries 
on space food exhibited in the publicly available material by NASA and ESA and explores their common patterns 
along with the contested, changeable and flexible character of these imaginaries.  

References:  

[1] Jasanoff J. and Kim Sang-Hyun (2015) Dreamscapes of Modernity: Sociotechnical Imaginaries and the 
Fabrication of Power, Chicago: Chicago University Press, p.4. [2] Douglas G. L., Zwart S. R. and Smith, S. M. (2020) 
Space Food for Thought: Challenges and Considerations for Food and Nutrition on Exploration Missions, The 
Journal of Nutrition, 150 (9): 2242–2244, https://doi.org/10.1093/jn/nxaa188 [3] Foss R. (2015) Food in the Air 
and Space, London: Rowman & Littlefield. 
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Panel and Community Discussion 
 

Discussion: Visions, people, responsibilities,  
sharing, opportunities, ideas, needs 

 
Panel Members with summaries or abstracts 

 

Prof. Jamie Gilmour, University of Manchester, UK. 
jamie.gilmour@manchester.ac.uk  

On behalf of the UK Cosmochemical Analysis Network - 
https://ukcosmochemanalysisnetwork.wordpress.com/  

 
The UK Cosmochemical Analysis Network (UKCAN) presently has over 15 member institutions, each of 
which offers microscopy and/or geo- and cosmochemical expertise in the study of planetary materials. The 
research focus of UKCAN has two principle areas of interest. Namely:  

1) Fundamental planetary science – where studies involve a broad range of recovered and returned 
planetary materials  and focus on scientific questions centred about the origin of- and major events in 
our Solar System as well as the (geologic) evolution of asteroidal and planetary bodies. 

2) Exploration related research – involving investigations of planetary materials with the purpose of 
readying, informing, ground-truthing and exploiting, and/or shaping planetary protection protocols for 
major international initiatives. Examples of which are planetary rovers, fireball networks capable of 
supporting the recovery of meteorite falls, and space missions – some that provide extraterrestrial 
surface / atmospheric data, have involved astronauts (health), and/or return space rocks, soils, and 
dusts to Earth. 

 

 
 
 
 

 

Dr. Sohan Jheeta, Independent Educator,  
Science Communicator and Research Scientist 

Founder, Chairman and Editor in Chief,  
NoRCEL Network - https://norcel.net/  
 

NoRCEL is a truly global network of scientists, researchers, students and lay people coming together to 
work to investigate and fathom some of the most multi-faceted aspects of - and elusive challenges facing 
the scientific world. 

We have an inclusive ethos that is both welcoming and encouraging for every one of our members. 
Starting out with a mission statement almost a decade ago which focusses on promoting the 
dissemination of research information relating to the chemical evolution of life, our aims have now 
evolved to include exploring global issues, as in our Blue Earth project, as well as developing educational 
tools to enable wider access to the field of astroscience, especially in the Global South. 

NoRCEL has been established with the aim of kick-starting a debate amongst those practitioners who 
are directly involved in the theoretical aspects and experimental studies pertaining to the origin of life, and 
those scientists who traditionally work in other fields. We encourage you to familiarise yourself with, join 
the network, and come together at our meetings to air, share and debate ideas together. It is our fervent 
desire that our regular gatherings, reports and published works will assist in expediting a better 
understanding of the origin of life on the Earth. 

Email: contact@norcel.net 

mailto:jamie.gilmour@manchester.ac.uk
https://ukcosmochemanalysisnetwork.wordpress.com/
https://norcel.net/
mailto:contact@norcel.net
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Prof. Nigel Mason, OBE, University of Kent, UK. 

President, Europlanet Society - www.europlanet-society.org  

The Europlanet Society promotes the advancement of European planetary science and related fields for 
the benefit of the community and is open to individual / organisational members. Anyone with an active 
interest in planetary science (whether academic or industrial, professional or amateur) is welcome to join. 

Our aims: 

• To expand and support a diverse and inclusive planetary community across Europe through the 
activities of our 10 Regional Hubs, 

• To build the profile of our sector through outreach, education and policy activities, 

• To underpin the key role Europe plays in planetary science through developing links at a national and 
international level. 

Europlanet links research institutions and companies active in planetary research in Europe and around 
the world. Planetary science covers the study of our solar system and those around other stars. It is an 
interdisciplinary field of research that covers astronomy and geophysics, robotic and human exploration of 
other planets, as well as the search for extra-terrestrial life. 

Since 2005, Europlanet has provided Europe’s planetary science community with a platform to: 

• Exchange ideas and personnel, 

• Share research tools, data and facilities, 

• Define key science goals for the future, 

• Engage stakeholders, policy makers and European Citizens with planetary science. 

In addition to being a member society, we are responsible for the Europlanet 2024 Research 
Infrastructure (RI) project valued at €10 million and funded by the European Commission under Horizon 
2020 (grant agreement No 871149). The project launched on 1st February 2020 and will run until 31 July 
2024. This project has over 50 beneficiaries from 25 countries, and is led by the University of Kent, UK. 
Europlanet 2024 RI provides free access to the world’s largest collection of planetary simulation and 
analysis facilities, data services and tools, a ground-based observational network and programme of 
community support activities. 

General enquiries: europlanet2024ri@kent.ac.uk   

 

Asst. Prof. Millarca Valenzuela Picón, Universidad 
Católica del Norte, Antofagasta, Chile - 
https://millarca.wixsite.com/meteoritoschile  
Email: millarca.valenzuela@ucn.cl  
 
Chair, COSPAR Capacity Building Workshop, Data 
Analysis for Planetary Sciences 2023 - 
http://cospar.das.uchile.cl/  
 
Millarca intends to join the panel and community 
discussion via virtual access. She will speak to relevant 
perspectives, initiatives, and community groups in 
Chile and some other countries of South America. 

http://www.europlanet-society.org/
mailto:europlanet2024ri@kent.ac.uk
https://millarca.wixsite.com/meteoritoschile
mailto:millarca.valenzuela@ucn.cl
http://cospar.das.uchile.cl/
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Prof. Hasnaa Chennaoui Aoudjehane,  
Hassan II University of Casablanca, Morocco. 

President, ATTARIK Foundation - http://attarikfoundation.org/  
 

ATTARIK Foundation: An Example Of  
Meteoritics And Planetary Science Dissemination Initiative. 

H. Chennaoui Aoudjehane1,2, O. Berrada2,3, M. Aoudjehane2,4, S. Arif1,2, F.Z Jadid1,2 E. El Hachemi1,2, L. 
Zennouri1,2, S. Makhoukhi1,2, E. Ould Mohamed Naviee and N. Bouya2, 1GAIA Laboratory, Hassan II University of 
Casablanca, Faculty of Science Ain Chock, Morocco (hassna.chennaoui@univh2c.ma), 2ATTARIK Foundation for 
Meteoritics and Planetary Science, 3Yasmine Signature, 4Agrokit Morocco 

Introduction: ATTARIK Foundation is an autonomous and non-profit association. Its headquarters is held in 
Hassan II Univer-sity of Casablanca, Ain Chock Faculty, Morocco. The creation of this Foundation is a result of a 
long experience of Meteoritics and Planetary Science of the founders and the incredible richness of Morocco and 
North Africa on Extraterrestrial rocks. The vision of the ATTARIK Foundation emphasizes the role of scientific and 
cultural development and education in the basic and applied sciences in general for sustainable economic and 
social development. 

ATTARIK Foundation aims at:  

• promoting Meteoritics and Planetary Science and Astronomy researchers,  
• valorising Moroccan geoheritage especially Meteorites as Morocco is well known for its rich 

geoheritage, 
• disseminating sciences among youth and general public, 
• developing Moroccan territories and regions through geotourism and astrotourism.  

Since its inception April 18, 2019, ATTARIK Foundation through its members and its office has undertaken 
numerous actions and activities in line with the objectives of the Foundation. ATTARIK Foundation has, in just 
over three years, established itself as the reference organization in Morocco in the promotion of research in the 
field of meteorites and planetology. Numerous requests for participation and contribution reach the Foundation.  

The year 2019 was a year of implementation and the year 2020 was the year of the development of ATTARIK 
Foundation although strongly disrupted by the constraints related to the COVID-19 pandemic. ATTARIK Founda-
tion has nevertheless organized a large number of actions, conferences, field missions, communication initiatives 
which testify to the dynamism of the members of the Foundation. 

For 2021, the focus was made on the autonomy and financial sustainability of the foundation, the 
continuation of all scientific and popularization actions, in particular the organization of a temporary exhibition 
in the format of a traveling museum of Meteorites, Planets and Space exploration sciences. ATTARIK expo was 
launched on June 30, 2021 in AnfaPlace Mall in Casablanca. It was scheduled to welcoming visitors for two 
months extended to two extra months then to more time. It will end on June 30, 2022. More than 10.000 
visitors had the privilege to discover the exhibit including a large number of children with schools. This exhibit is 
a step to organize a permanent exhibit of Moroccan geoheritage especially meteorites mixed with a research 
center dedicated to Meteoritics and Planetary Science. 

Strategic Vision of ATTARIK Foundation for 2021-2023 is based on "Dream Big & Start Small". Our common 
desire is to dream big for the future of our country with the contribution of our association. Dreaming of a 
national center dedicated to geology, astronomy, planetology and meteorites, endowed with research 
laboratories, giving the opportunity to doctoral students and researchers to promote Morocco in these fields.  

Acknowledgment: Authors thanks all ATTARIK Foundation for Meteoritics and Planetary Science partners for 
their cooperation and support. The Meteoritical Society, Barringer Crater company, Intelcia, European 
Association of Geochemistry, Hassan II University of Casablanca, Atlas Dark Sky foundation, Oukaimeden 
Observatory, Desert Fireball Network, Al Akhawayn University, Agrokit, We Speak Citizen. 

http://attarikfoundation.org/
mailto:hassna.chennaoui@univh2c.ma
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Talk # 61                                                    INVITED TALK 
 

Ground Bias: Transferring Habitability Lessons  
Back To Earth 

Tony Milligan1, Cosmological Visionaries Project, King’s College London, Anthony.milligan@kcl.ac.uk  
 
 
A series of unacknowledged biases in our ways of thinking about the Earth can be challenged by thinking 

about the habitability of other bodies in and beyond our home Solar System. When we think about habitability 
elsewhere, we immediately think about surface water. When we think about the formation and history of other 
planets, the history of water runs through the core of the story. Yet our ways of thinking about our own planet 
tend to privilege the land, in spite of the fact that Ocean (indeed a World Ocean) covers most of the Earth’s 
surface. Similarly, when we think about the habitability of other worlds, we go geologically deep in order to 
make sense of surface processes. Yet, here, on Earth, geologists encounter difficulty conveying the extent to 
which surface life is shaped by the underlying processes. Even to the extent that food types in Japan turn out to 
be strongly related (through crop production) to regional geology. A similar point might be made about the deep 
historical differences between pine forrests in the ‘geologically American’ parts of the Scottish Highlands and the 
oak woodland elsewhere in the UK. Differences which contribute to the identify formation of humans. Surface 
life, both human and non-human, turns out to be not fixed or determined, but at inflected by processes that run 
geologically deep. In response to failures to give such deep processes on Earth their due, the idea of a ‘surface 
bias’ has been suggested within anthropology of space (Olson 2018) and by political ecologists working on 
terrestrial mining (Bebbington and Bury 2013).  

This paper will argue that a third bias relating to space can help us to unify the other biases, bringing them 
under a single concept. The bias can be seen in familiar discussions about the funding of space sicence and 
exploration in a time of global climate change. Discussions which presuppose that our understanding of 
terrestrial processes can be severed from planetary science (in a fuller and more inclusive sense) and conducted 
in ways which would be radically at odds with the historic pattern of human engagement with both sky and 
ground. At odds with Carl Sagan’s recognition that ‘The surface of the Earth is the shore of the cosmic ocean’ 
(Sagan 1980). This final bias involves a problematic understanding of the ways in which our grasp of both climate 
change and environmental systems have been productively shaped by engagements with other worlds and with 
space more generally. Here, we may think not only of the role of Venus research in the recognition of the 
greenhouse effect via the impact of chlorine upon the ozone layer, and even in the formation of the productive 
(but controversial) Gaia metaphor. We may also think about the way in which the Galilean concept of 
‘sistemi’/‘systems’ has been drawn from sky to ground in order to make sense of life on Earth as itself systematic 
(Olson 2018). Looking forward rather than back. We may consider the potential of research on water worlds 
other than Earth to impact in major ways upon our understanding of World Ocean change. Collectively, we may 
think of these biases as different forms of ‘ground bias’. Unificaton of this sort is more than terminological, it is a 
way to move beyond recognitions of one bias that embrace others. E.g., pointing towards surface bias while 
failing to recognize the deep importance of astrobiology. The normative or ethical significance of ground bias is 
closer to bias about time rather than it is to familiar forms of bias about persons (e.g., antisemitism, racism, 
sexism, transphobia) or other life forms (speciesism, anthropocentrism). Biases which may, themselves, overlap. 
But they nonetheless carry considerable social weight. Unlike bias about time, which may have at least some 
evolutionary basis, at least some aspects of ground bias also appear to be comparatively modern rather than 
fixed, ineradicable or capable only of mitigation rather than elimination (e.g., anthropocentric bias). This gives us 
reason to believe that challenges to ground bias may begin to impact upon it.  

 
 

Bebbington, A. and Bury, J. (2013) Subterranean struggles: New dynamics of mining, oil, and gas in Latin 
America. Austin: University of Texas Press. 

Olson, V. (2018) Into the extreme: US environmental systems and politics beyond Earth. Minneapolis: University 
of Minnesota Press. 

Sagan, C. (1980) Cosmos: A Personal Voyage New York: Random House.
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Talk # 62 
 
Exploration and Empire in Outer Space: Environmental Authority, Ecological 

Imperialism and Governance of the ‘Final Frontier’ 
T. Cheney1, 1AstrobiologyOU and the School of Law, Open University (School of Environment, Earth and 
Ecosystems, Gass Building, The Open University, Milton Keynes, MK7 6AA; Thomas.cheney@open.ac.uk 

 
Introduction:  

Space as a frontier has a long history. Thanks to Star Trek it is often regarded as the ‘Final Frontier.’ As in 
President Kennedy’s speech at Rice University [1], the central motif of this phraseology is usually American 
‘West’ of the 19th century although consciously and subconsciously this is situated within the broader ‘European’ 
imperial project dating from the mid-15th century. While there has been an effort to move away from the 
language of the ‘frontier’ [2] space exploration and space expansionism [3] must be understood in the context of 
the past 500 years, i.e. during what Jairus Victor Grove calls the Eurocene[4]. This paper will situate space 
exploration and emerging aspirations for future settling of other worlds within a broader historical, political and 
cultural context specifically that imperial and colonial legacy. 

This paper will use the concepts of Environmental Authority and Ecological Imperialism to examine space 
exploration and space expansionism within those contexts. Environmental Authority considers the role of 
science in the advancement of political and imperial aims [5], particularly in extreme environments such as 
Antarctica or outer space. This builds on the legacy of scientists in the ‘winning’ of the colonial frontier in the 
19th century (as discussed in Goetzmann’s 1966 book from which this paper derives its title [6]). The concept of 
ecological imperialism reframes European imperialism as a socio-ecological project which seeks to transform 
‘useless’ spaces into ‘productive’ spaces providing resources for the ‘metropole’ which enabled growth beyond 
the ecological limits of Europe [7][8]. The parallels with arguments for space resource utilization and space 
settlement are all too obvious. 

Consideration of this intellectual and cultural paradigm and its implications is particularly important for 
questions of the governance of activities in outer space. As Travis has argued “our imaginations and the 
language we use are bound to, and are products of, current cultural and social paradigms.” This also shapes the 
future worlds that we can imagine. [9] Therefore, that modern ‘Western’ society is shaped by the colonial and 
imperial history of the past 500 years will impact how the future worlds are constructed, particularly given the 
world shaping nature of law and governance institutions [10]. As law, particularly property and international law 
are core instruments of the colonial project this history will shape the institutions for governance of space 
resources, settlements, and environments. Thus, it is imperative that we consider the impact on this intellectual 
paradigm before we seek to ‘form’ new habitable worlds. This paper will explore these themes in the 
consideration of the “implications for how and why we explore space, evaluate our ambitions and priorities in 
space exploration, cooperate over missions, and consider emerging aspirations for future settling of other 
worlds.” [11] 

References:  

[1] J.F. Kennedy, ‘Rice Moon Speech’, 12 September 1962, Available at: https://er.jsc.nasa.gov/seh/ricetalk.htm 
[2] L. Messeri 'We Need to Stop Talking About Space as a 'Frontier' Slate 15 March 2017 Available at: 
https://slate.com/technology/2017/03/why-we-need-to-stop-talking-about-space-as-a-frontier.html [3] D. 
Deudney Dark Skies: Space Expansionism, Planetary Geopolitics, and the Ends of Humanity (Oxford University 
Press 2020) [4] J.V. Grove Savage Ecology: War and Geopolitics at the End of the World (Duke University Press 
2019) [5] A. Howkins Frozen Empires: An Environmental History of the Antarctic Peninsula (Oxford University 
Press 2021) [6] W.H. Goetzmann Exploration and Empire: The Explorer and the Scientists in the Winning of the 
American West (WW. Norton and Co 1966) [7] A.W. Crosby Ecological Imperialism (2nd edition, Cambridge 
University Press 2004) [8] C. Ross Ecology and Power in the Age of Empire: Europe and the Transformation of the 
Tropical World (Oxford University Press 2017) [9] M. Travis (2011) ‘Making Space: Law and Science Fiction’ Law 
and Literature 23: 241-261, 251 [10] D. Delaney, R.T. Ford, N. Blomley, ‘Preface: Where is Law?’ in N.
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Talk # 63 
 

Who Speaks For Humanity?  
Strengthening International Space Governance 

I.A. Crawford1, 1Department of Earth and Planetary Sciences, Birkbeck College, Malet Street, London. Email: 
I.crawford@bbk.ac.uk  

Managing future human activities in the transnational domain of outer space will require the development 
of international political institutions able legitimately to speak for humanity as a whole. Areas where 
increased international cooperation and coordination in space activities will be required include, but are 
not limited to: 

• Ensuring that human activities in space, for example competition for space resources, do not 
become potential flashpoints for international conflict. 

• Encouraging investment in space development, including the use of space resources, while at the 
same time protecting scientifically and aesthetically important locations in the Solar System from 
potentially harmful interference. 

• Enabling the scientific exploration of space on a scale beyond what is feasible for individual nations, 
or groups of nations, through the pooling of global financial, intellectual and human resources. 

• Ensuring that the economic, scientific, and cultural benefits of space activities are fairly distributed 
to humanity as a whole and ensuring the long-term sustainability of outer space activities. 

• Defining and implementing planetary protection policies, and managing interactions with any 
extraterrestrial life that may be encountered as space exploration proceeds. 

Unfortunately, although the world will increasingly need to strengthen collaboration in all these areas of 
space activity, we currently lack sufficiently strong global political institutions legitimately to speak for 
humanity in the transnational domains beyond Earth. Here, I identify a range of possibilities, including the 
formation of a world space agency [1-3], and a strengthening of the United Nations role in overseeing 
global space activities [4]. However, even a strengthened UN will not legitimately ‘speak for humanity’ 
unless the world’s citizens are better represented in its decision-making processes, perhaps through the 
creation of a UN Parliamentary Assembly [5]. Ultimately, the logic may point in the direction of bringing 
space exploration within the remit of a future federal world government, the evolution of which may also 
be desirable for other reasons [6]. Although, at present, humanity lacks a sufficiently strong sense of global 
community for the formation of strong global political institutions, I will argue that the cosmic and 
evolutionary perspectives provided by space exploration and astrobiology can help lay the psychological 
foundations on which such institutions may be built [7].  

References: [1] Clark, G. and Sohn, L.B. (1962) World Peace Through World Law, Second revised edition, 
Harvard University Press, Cambridge. [2] Brown, S. and Fabian, L.L. (1975) Toward mutual accountability in 
the nonterrestrial realms, International Organisation, 29, 877-892. [3] Crawford, I.A. (1981) On the 
formation of a global space agency. Spaceflight, 23, 316-317. [4] Crawford, I.A. (2021) Who speaks for 
humanity? The need for a single political voice, In: O.A. Chon Torres et al., eds., Astrobiology: Science, Ethics 
and Public Policy, pp. 313-338, Scrivener Publishing, Beverly. [5] Campaign for a UN Parliamentary 
Assembly, https://www.unpacampaign.org. [6] Leinen, J. and Bummel, A. (2018). A World Parliament: 
Governance and Democracy in the 21st Century, Democracy Without Borders, Berlin. [7] Crawford, I.A. 
(2021). Widening perspectives: The intellectual and social benefits of astrobiology, big history, and the 
exploration of space, In: I.A. Crawford, ed., Expanding Worldviews: Astrobiology, Big History and Cosmic 
Perspectives, pp 341-365. Springer, Cham.
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Talk # 64 
 

Habitable Worlds Across The Main Sequence: Challenges For  
Core Accretion Theory 

 

M. Schlecker1,2, R. Burn1, 1, S. Sabotta4, A. Seifert1, Th. Henning1, A. Emsenhuber6,5,3 C. Mordasini3, S. 
Reffert4, Y. Shan7,8, and H. Klahr1 

 
1Max-Planck-Institut für Astronomie, Königstuhl 17, 69117 Heidelberg, Germany (schlecker@arizona.edu), 
2Department of Astronomy/Steward Observatory, The University of Arizona, 933 North Cherry Avenue, 
Tucson, AZ 85721, USA, 3Physikalisches Institut, University of Bern, Gesellschaftsstrasse 6, 3012 Bern, 
Switzerland, 4Landessternwarte, Zentrum für Astronomie der Universität Heidelberg, Königstuhl 12, 69117 
Heidelberg, Germany, 5Lunar and Planetary Laboratory, University of Arizona, 1629 E. University Blvd., 
Tucson, AZ 85721, USA, 6Universitäts-Sternwarte München, Ludwig-Maximilians-Universität München, 
Scheinerstraße 1, 81679 München, Germany, 7Centre for Earth Evolution and Dynamics, Department of 
Geosciences, University of Oslo, Sem Sælands vei 2b 0315 Oslo, Norway, 8Institut für Astrophysik, Georg-
August-Universität, Friedrich-Hund-Platz 1, 37077 Göttingen, Germany 

 

A prime motivation to search for exoplanets is to advance our understanding of planet formation. While 
the constraining power from individual systems is limited, we can leverage population-level information to 
draw conclusions about planet formation environments. Most advancements in this regard have focused 
on solar-type host stars and largely neglected differences as a function of spectral type. 

We recently shed light on such differences by comparing the planet samples of the HARPS and 
CARMENES M dwarf radial velocity surveys to simulated populations. We find an excess of giant planets 
around late M dwarfs (< 0.4 Msun) that cannot be explained with current core accretion theories. The 
occurrence of such giant companions has important implications for the existence of habitable terrestrial 
planets in these systems. I will discuss shortcomings of state-of-the-art planet formation models that this 
trend points to, as well as competing formation scenarios that our finding may constrain. 

mailto:schlecker@arizona.edu
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Talk # 65 
 

Deep-Water Cycling and Loss To Space On M-Earths: 
From Magma Ocean Through Plate Tectonics 

K. Moore1, N. B. Cowan1,2, C.-É. Boukaré3, Colin Goldblatt4 1Department of Earth & Planetary Sciences, 
McGill University, 3450 rue University, Montréal, QC H3A 2A7, Canada; keavin.moore@mail.mcgill.ca 

2Department of Physics, McGill University, 3600 rue University, Montréal, QC H3A 2T8, Canada 3Institut de 
Physique du Globe de Paris, 1 Rue Jussieu, Paris 75005, France 4School of Earth and Ocean Sciences, 

University of Victoria PO Box 3065, Victoria, BC V8W 3V6, Canada 

Introduction: Rocky planets orbiting M dwarfs are more abundant – and easier to detect – than those 
orbiting Sun-like stars[1,2]. However, Earth-like planets orbiting M dwarfs (hereafter, "M-Earths") are 
susceptible to very high rates of water loss to space, due to their tighter orbits and the enhanced stellar 
activity of their host star, potentially leading to complete surface desiccation. Specifically, emission in the X-
ray and extreme ultraviolet, collectively known as the “XUV”, photodissociates water molecules and drives 
their loss to space[e.g., 3,4,5]. Since surface liquid water is the definition of planetary habitability, we aim 
to predict surface water inventories over time for a variety of potential M-Earths, using a coupled model of 
water cycling and atmospheric loss to space[6]. We consider a pure water vapour atmosphere and account 
for the early magma ocean[e.g., 7, 8], within which water is highly soluble, and which may be concurrent 
with a runaway greenhouse phase[9, 10]. Our simulations are run through to a deep water-cycle mediated 
by active plate tectonics, akin to the modern-day Earth. Since water is highly soluble within the silicate 
melts of the magma, the duration of the magma ocean and the runaway greenhouse phases are crucial in 
determining the amount of water lost to space during the earliest stages of the M-Earth's lifetime. Once the 
magma ocean solidifies, we assume the M-Earth shifts into a plate-tectonics-driven deep-water cycling 
mode, with degassing from interior to surface at mid-ocean ridges and regassing from surface to mantle 
through subduction of hydrated oceanic crust. Atmospheric loss during this stage occurs at a much lower 
rate and decreases with time, roughly tracking the decreasing XUV output of the host M dwarf; the steam 
atmosphere mostly condenses into a surface ocean, so less water is available in the upper atmosphere to 
be photodissociated and lost to space. We also test a model accounting for a potentially long-lived basal 
magma ocean[11], an additional water reservoir that could exist below the solid mantle following 
solidification of the global magma ocean and slowly inject water into the overlying mantle for billions of 
years, a significant portion of our 5 Gyr simulations.  

References: [1] Dressing C. D. and Charbonneau D. (2015) The Astrophysical Journal, 807, 45 [2] Henry T. 
J. (2004) in Hilditch R.W., Hensberge H., Pavlovski K., eds, ASP Conf. Ser. 318, Spectroscopically and Spatially 
Resolving the Components of the Close Binary Stars. Publications of the Astronomical Society of the Pacific, 
San Francisco, p. 159. [3] Wordsworth R. and Pierrehumbert R. (2014) The Astrophysical Journal, 785, L20. 
[4] Wordsworth R. D. and Pierrehumbert R. T. (2013) The Astrophysical Journal, 778, 154. [5] Luger R. and 
Barnes R. (2015) Astrobiology, 15, 119. [6] Moore K. and Cowan. N.B. (2020) Monthly Notices of the Royal 
Astronomical Society, 496, 3786. [7] Elkins-Tanton L.T. (2008) Earth and Planetary Science Letters, 271, 181. 
[8] Hamano K., Abe Y., and Genda H. (2013) Nature, 497, 607. [9] Ingersoll A.P. (1969) Journal of 
Atmospheric Sciences, 26, 1191. [10] Goldblatt C., Robinson T.D., Zahnle K.J. and Crisp D. (2013) Nature 
Geoscience, 6, 661. [11] Labrosse S., Hernlund J.W. and Coltice N. (2007) Nature, 450, 866.

Student-led presentation 
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Talk # 66 
 

Potential long-term habitable conditions on planets with primordial H-He 
atmospheres. 

M. A. S. Mol Lous1, 2, C. Mordasini1 and R. Helled2, 

 1Physikalisches Institut, Universität Bern, Gesellschaftsstrasse 6, 3012 Bern, Switzerland 
(marit.mollous@space.unibe.ch)  

2Institute for Computational Science, University of Zürich, Winterthurerstr. 190, CH-8057 Zurich, 
Switzerland. 

 
 
Introduction: Planets that retain a primordial, H-He dominated atmosphere can have hydrogen act as a 

greenhouse gas: the collision induced absorption (CIA) of infra-red light increases with pressure. This 
mechanism could replace regular greenhouse gasses in exoplanets to allow warm enough temperatures for 
a liquid water layer. Prior work[1, 2] demonstrated that either stellar insolation or intrinsic heat could be a 
sufficient energy source. In the case of the latter, a ‘habitable zone’ for such planets could extend up to 
infinity[3, 4]. In this work we aim to study the long-term potential for habitability of planets with hydrogen-
dominated atmospheres. We simulate planets with varying properties to investigate how these influence 
the likeliness of habitable conditions. Importantly, we include for the first time long-term temporal 
evolution of both the planet and the host-star, to estimate how long liquid water could remain. 

Methods: We model the thermal structure of a silicate-iron planet with a H-He-dominated atmosphere 
and vary the core mass, initial envelope mass, and semimajor-axis. An evolution model for the host-star's 
luminosity is included, as well as a model for the evolution of the planet's intrinsic heat and radius. The 
intrinsic heat model includes a radiogenic component based on Earth's abundance of radioactive materials 
as well as cooling and contraction of both the silicate-iron core and the gaseous envelope. We furthermore 
include a thermal XUV-driven atmosphere loss model. By comparing the pressure and temperature at the 
bottom of the atmosphere with the water phase diagram, we determine when liquid water can exist. 

Results: We find that terrestrial and super-Earth planets with masses of about 1 - 10 Earth masses can 
maintain liquid water conditions for more than 9 billion years at radial distances larger than 2 AU. The 
required surface pressures are typically between ~100 bar (as on Venus) and 1 kbar (as in the oceanic 
trenches on Earth). Hydrodynamic escape can reduce this duration significantly for planets with a smaller 
envelope than 10-5 Earth mass within 10 AU, while planets with an envelope larger than 10-3 Earth mass 
remain mostly unaffected by this mechanism. Planets that receive a negligible amount of stellar radiation 
can maintain the conditions as long as the internal heat source is sufficient, which is at maximum 80 billion 
years in our simulation. 

Conclusions: Under the assumptions of our model we show that there is a wide range of conditions 
under which liquid water can exist and remain on the order of 10 billion years. This raises the question 
whether most potentially habitable planets are very different from Earth. Our model is simplified and 
future work should investigate the formation and retention of a liquid water ocean in more detail. The 
pathway and the conditions towards planets with the right initial conditions should be studied in the future 
as well. This will enable us to better predict the occurrence rate of such a planet and the chances of 
observing them at the current age of the universe. 

References: [1] Stevenson D. J. (1999) Nature 400:32. [2] Pierrehumbert R. & Gaidos E. (2011). The 
Astrophysical Journal Letters 734:L13. [3] Seager S. (2013) Science, 340:577-581. [4] Madhusudhan, N. et al. 
(2021) The Astrophysical Journal, 918:1.
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The radius inflation problem: The importance of accurate stellar 
characterization in the era of searches for habitable exoplanets  

around low mass stars. 
M. I. Swayne1 and P. F. L. Maxted1, Astrophysics Group, Keele University, Staffordshire, ST5 5BG, 
United Kingdom (m.i.swayne@keele.ac.uk)  

As we enter into a new age of exoplanet astronomy, low mass stars are looked upon more and 
more as optimal host stars to observe [1][2][3][4], particularly in searching for planets in a star’s 
habitable zone. However, though there are numerous advantages to a low mass stellar host there are 
also potential problems. There are numerous examples in the literature of low-mass stars (<0.3 M⊙) 
that have radii larger than those predicted by theoretical models [5][6][7][8]. This “radius inflation” 
problem indicates missing physics in current stellar models that has a direct impact on the analysis and 
interpretation of observations for transiting exoplanet systems orbiting low-mass stars. Though there 
have been many proposed causes of this problem such as increased stellar magnetism [9], metallicity 
[10] or tidal interactions [11] there has been no definitive conclusion drawn in the literature. 

To address this problem, we have used the exoplanetary follow-up satellite CHEOPS [12] to obtain 
high-precision photometry for a sample of ~20 eclipsing binaries. Our targets are low mass stars 
orbiting solar-type stars with a range of metallicities. We seek to provide a sample of homogeneous 
and precise radius and effective temperature measurements and search them for any possible trends 
of radius inflation with metallicity, age, etc. Early results include targets that both do and do not show 
signs of radius inflation, with hints of a trend for metal-rich stars to be more likely to show radius 
inflation [13]. We then discuss possible consequences and lessons for upcoming searches for habitable 
zone exoplanets around low mass stars. 

References:  
[1] Charbonneau D. and Deming D. (2007) arXiv e-prints, p. arXiv:0706.1047. [2] Quirrenbach A. et 

al. (2014) Ground-based and Airborne Instrumentation for Astronomy V. p. 91471F. [3] Gillon M. et al. 
(2017) Nature, 542, 456 [4] Delrez L. et al. (2018) Ground-based and Airborne Telescopes VII. p. 
107001I [5] Casagrande L., Flynn C., Bessell M. (2008) Monthly Notices of the Royal Astronomical 
Society, 389, 585 [6] Torres G., Andersen J., Giménez A. (2010) The Astronomy & Astrophysics Review, 
18, 67 [7] Spada F., Demarque P., Kim Y. C., Sills A. (2013) The Astrophysical Journal, 776, 87 [8] Kesseli 
A. Y., Muirhead P. S., Mann A. W., Mace G. (2018) The Astronomical Journal, 155, 225 [9] Chabrier G., 
Gallardo J., Baraffe I. (2007) Astronomy & Astrophysics, 472, L17 [10] von Boetticher A. et al. (2019) 
Astronomy & Astrophysics, 625, A150 [11] Ribas I. (2006) Astrophysics & Space Science, 304, 89 [12] 
Benz W. et al. (2021) Experimental Astronomy, 51, 109 [13] Swayne M. et al. (2021) Monthly Notices of 
the Royal Astronomical Society, 506.1, 306
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SETI both near and far. 
M.A. Garrett 1 and A.V.P Siemion2, 

1University of Manchester, Jodrell Bank Centre of Astrophysics, Dept. of Physics & Astronomy, Alan Turing 
Building, Oxford Road, Manchester, michael.garrett@manchester.ac.uk, 2University of California Berkeley, 

Berkeley SETI Research Centre/Breakthrough Listen.  
 

Abstract: Research activities associated with the Search for Extraterrestrial Inteligence, SETI, have greatly 
expanded over the last few years. A major catalyst has been the establishment of the Breakthrough Listen 
programme [1]  - a privately funded initiative that has transformed SETI efforts across the globe. We will 
describe how the SETI community organises itself world-wide, and report on the main progress made to date 
for the Breakthrough Listen programme [2-8]. The latter includes systematic surveys of 1 million nearby 
galactic stars, targeted observations of the galactic centre and a programme to survey 100 nearby 
extragalactic systems. These surveys use the most sensitive telescopes in the world, including the Greenbank 
Telescope in the USA, and MeerKAT in South Africa. In addition, we also consider other approaches to the 
detection of technosignatures in the radio and other wavelengths (e.g. [9]).  
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[1] Worden S. P., et al., 2017, Acta Astronautica, 139, 98 
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Noise simulations of exoplanet observations for transit and coronagraphic 
studies using the Planetary Spectrum Generator 

Vincent Kofman1,2,3, Geronimo L. Villanueva1,2, Thomas J. Fauchez1,2,3, Giuliano Liuzzi1,2,3 , Sara Faggi1,2,3 

Shane Stone1,2,4 and Avi Mandell1,2  

1NASA Goddard Space Flight Center, Greenbelt MD, USA, 2Sellers Exoplanet Environments Collaboration (SEEC), 
3American University, Washington DC, USA, 4NASA Post-doctoral Program (NPP) 

vincent.kofman@nasa.gov  

Accurate noise simulations are necessary to determine the detectability of atmospheric features in 
exoplanets’ spectra and strategize for the most effective observations. Many aspects of the physical system have 
to be included to correctly budget the noise levels in a measurements, and detailed understanding of all of those 
aspects is required. From source to detector, noise components include the stellar and planetary source fluxes, 
including molecular, atomic, aerosols, and surface interactions with light, the contribution from zodiacal light, 
and the telescope’s performance. In particular the telescope’s performance consists of many components like 
the reflectivity of the different optical elements, the throughput of the used filters, as well as detector 
performance and noise, all of which are wavelength dependent and can be challenging to model. When 
considering coronagraph modeling, calculating the contrast and noise levels as a function of inner working angle 
and wavelength requires a detailed description of the optical effects within the instrument. The Planetary 
Spectrum Generator (PSG[1], psg.gsfc.nasa.gov/) contains all the elements to calculate the noise of 
spectroscopic observations. The noise simulator in PSG operates with a set of core parameters, which capture 
the performance of a telescope / instrument / detector combination. Figure 1 shows an overview of the 
parameters which are used to simulate the noise levels on space and ground-based observatories.  

The detectability of molecular features in exoplanet atmosphere depends strongly on the expected noise 
levels. We recently demonstrated the detectablility of strong HDO features in an oxygen dominated TRAPPIST-
1b atmosphere [2] using JWST/NIRSPEC and LUVOIR/HDI. Since that study, a number of steps have been made 
to further improve and quantify different noise sources. The better the different aspects of the noise are 
understood, the more we leverage this knowledge to maximize the scientic return of current and future space 
missions in planning astronomical observations. In this talk, the HDO case will be presented together with other 
examples to showcase the advanced abilities of the PSG in performing sensitivity studies and noise simulations 
for observations of transiting exoplanets and for exoplanet coronagraph studies. 

References: 
[1] Villanueva, G. L., Smith, M. D., Protopapa, S., Faggi, S., & Mandell, A. M. 2018, Journal of Quantitative 
Spectroscopy and Radiative Transfer, 217, doi: 10.1016/j.jqsrt.2018.05.023. 

[2] Kofman, V. & Villanueva, G. L. 2021, Journal of Quantitative Spectroscopy and Radiative Transfer, 270 
doi:10.1016/j.jqsrt.2021.107708 
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The Planetary Spectrum Generator (PSG) for exoplanet research 
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1NASA Goddard Space Flight Center, Greenbelt MD, USA 
2Sellers Exoplanet Environments Collaboration (SEEC) 

3American University, Washington DC, USA 
4NASA Post-doctoral Program (NPP) 

geronimo.l.villanueva@nasa.gov 
 
The Planetary Spectrum Generator (PSG, https://psg.gsfc.nasa.gov, [1,2]) is an advanced and accurate 
tool to synthesize, model and analyze exoplanetary spectra. PSG can be used to model any type of 
exoplanet (e.g., terrestrial, icy giants, hot giants, cloudy planets) in transit and in direct-imaging mode 
(including advanced multiple-scattering simulations), and as observed employing space observatories 
(e.g., Hubble, JWST, WFIRST, LUVOIR, HabEx) and ground-based observatories (e.g., Keck, ALMA). PSG 
also includes the GlobES application, a 3-D synthesis and visualization tool which allows to ingest 
climatological data from a variety of General Circulation Models and to accurately generate planetary 
spectra, in a way that is fully integrated with the radiative transfer capabilities of PSG. PSG also 
contains a Nested Sampling routine which enables retrievals of exoplanet atmospheric compositions in 
a fast and robust way. 

This wide versatility, combined with a simple graphical user interface, reduces the historical barriers to 
molecular spectroscopy for the general community. In particular, PSG is fully free and already widely 
used worlwide to synthesize spectra of exoplanets and objects in the solar system. Expert and novice 
users indeed (Figure 1) employ PSG to generate high-resolution spectra of exoplanets in various modes 
and configurations. Importantly, by collecting information from different areas of study (Solar System 
planets, minor bodies and exoplanets), the tool naturally advances each field by integrating 
developments from the others. Recently, we published a handbook and release released video 
tutorials accompanying the different chapters. 

In this presentation we will show key aspects of PSG and demonstrate simulations of exoplanet 
observations using amongst others the James Webb Space Telescope, demonstrating its capabilities to 
the Habitable World community. 

 
References: 
[1]  Villanueva, Smith, M. D., Protopapa, S., Faggi, S., & Mandell, A. M. 2018, Journal of Quantitative 
Spectroscopy and Radiative Transfer, 217, 86, doi: 10.1016/j.jqsrt.2018.05.023. 
[2] Villanueva et al. Fundamentals of the Planetary Spectrum Generator.  
2022 ISBN 978-0-578-36143-7, 2022 
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ASTROMOVES: Navigating Careers 
 

Jarita Holbrook, School of Social and Political Sciences, University of Edinburgh, Scotland. 
 

ASTROMOVES is an EU funded project to study the career 

navigation and decision-making of astrophysicists and those in 

adjacent disciplines. The documentary film highlights many of 

the research findings of the project. For the Forming and 

Exploring Habitable Worlds Meeting, we will have a special 20 

minute screening of two sections of the film including the 

section on impostor syndrome. Discussion will follow. 

 
 
 
 
 
 

 

Dr. Jarita Holbrook 

Holding a doctorate in Astronomy & Astrophysics 

from UC Santa Cruz, granted in 1997 for her 

observational work on star formation regions in 

our galaxy, Holbrook is the fourth Black woman to 

be granted a PhD in Astrophysics in the entire 

History of the United States. Jarita is the sitting 

president of the International Society for Archaeoastronomy & Astronomy in Culture (ISAAC), is 

the lead of the IAU Division C working group on Ethnoastronomy & Intangible Heritage, and is a 

member of the joint RAS-IAU-AAS working group on Culturally Sensitive Sites. AAS has honoured 

her as an AAS Legacy Fellow and they are a fellow of the UK Royal Astronomical Society. Holbrook 

is currently an EU funded Marie Curie Fellow as a Restart Fellow at the University of Edinburgh in 

the Science, Technology & Innovation Studies Department. Holbrook is an award-winning 

filmmaker and you can see their nerdy family in the web series “The Science Tourist” on YouTube. 
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Tracing Terrestrial Planet Formation With Nickel Nucleosynthetic Variability 
*G. V. Makhatadze, M. Schiller and M. Bizzarro, Centre for Star and Planet Formation (StarPlan), Globe Institute, 
University of Copenhagen, Øster Voldgade 5-7, 1350 Copenhagen, Denmark, georgy.makhatadze@sund.ku.dk  

Introduction: The mechanisms of terrestrial planet formation have a major impact on their habitability 
especially when volatile delivery is considered [1]. The model of forming terretrial planets via pebble accretion 
[2] is succesful at explaining, e.g. exoplanet demographics [3] and nucleosynthetic isotope signatures of 
lithophile elements preserved by planets and planetesimals [4]. However, since siderophile elements tend to 
have a more complicated accretion history compared to the lithophiles [5], there is an active debate with 
siderophile elements' signatures being interpreted in different ways [6, 7]. This study utilises one such element, 
namely nickel, and is aimed at obtaining a high-precision mass-independent Ni isotope dataset representative of 
the initial planetesimal population available for planet formation. We studied a set of 34 iron meteorites of 
which 23 are ungrouped. Majority of iron meteorites sample cores of planetesimals that formed within one Myr 
of Solar System formation [8]. Studying ungrouped meteorites brings a significant advantage as those typically 
come from diffirent parent bodies thus greatly increasing the total amount of planetesimals sampled. 

Methods: The Ni purification procedure comprised of four chromatography steps: (1) Fe-Co separation on 
TEVA resin, (2) residual matrix separation on Ni-specific (DMG) resin, (3) clean-up for trace amounts of Ti on 
anion resin and finally (4) clean-up for trace amounts of Fe and Zn on anion resin. Measurements were 
performed on Thermo Scientific Neoma MC-ICP-MS at StarPlan, University of Copenhagen. 

Results: Iron meteorites record a wide range of positively correlated μ58Ni62/61 and μ60Ni62/61 compositions 
that covers and extends the range of previously reported compositions for bulk meteorites [9]. Importantly, no 
gap in the compositions is observed between typical carbonaceous and non-carbonaceous compositions. 
μ60Ni62/61 signatures do not correlate with Fe/Ni-ratio indicating that they are indeed nucleosynthetic signatures 
and are thus suitable to be interpreted in the context of planet formation. 

Discussion: Comparison of the iron meteorite data to the CI chondrites and the terrestrial mantle reveals 
that both CIs and the mantle do not lie on the correlation trend defined by irons. Under the view that the iron 
meteorites are a representative sample of the planetesimals available for Earth formation, the terrestrial mantle 
composition requires accretion of some fraction of the outer Solar System CI-like material. This implies Earth 
formation via pebble accretion where outer Solar System material is delivered to the terrestrial planet formation 
region by inward drifting pebbles experiencing headwind in the protoplanetary disk. 

Effects of the core formation and the Moon-forming giant impact on siderophile elements. In the case of 
concurrent pebble accretion and core formation, isotope signatures of siderophile elements recorded by 
planetary mantles reflect the composition of the later accreted material [5]. This is observed for Fe with the 
terrestrial mantle being indistinguishable from the CI chondrites [6], however not for Ni [7]. A possible solution 
to this is taking into account pressure-dependency of Ni core-mantle partitioning [10] and the effects of the 
Moon-forming giant impact. During early stages of accretion, Ni is extremely siderophile and is thus mainly 
stored in the core. This results in the pre-impact Proto-Earth mantle having outer Solar System Ni signature but 
being virtually devoided of Ni, while Theia core is rich in Ni and as a metal reservoir bears a mixed Ni signature 
reflective of the whole accretion history. If any degree of equilibration between the target mantle and the 
impactor core happened [11], it would result in the mantle signature being overprinted completely. This 
reconciles nucleosynthetic Ni isotope singature of the terrestrial mantle with Earth formation via pebble 
accretion. 

References:  
[1] Alibert Y. et al. (2018) Handbook of Exoplanets 2879-2895. [2] Johansen A. et al. (2021) Science Advances 

7:eabc0444. [3] Drążkowska J. et al. (2022) Protostars and Planets VII arXiv:2203.09759. [4] Schiller M. et al. 
(2018) Nature 555:507-510 [5] Dauphas N. (2017) Nature 541:521-524. [6] Schiller M. et al. (2020) Science 
Advances 6:eaay7604. [7] Hopp T. et al. (2022) Earth and Planetary Science Letters 577:117245. [8] Spitzer F. et 
al. (2021) Earth and Planetary Science Letters 576:117211. [9] Nanne J. A. M. et al. (2019) Earth and Planetary 
Science Letters 511:44-54. [10] Wood B. et al. (2009) Geochimica et Cosmochimica Acta 72:1415-1426. [11] Yu G. 
and Jacobsen S. (2011) Proceedings of the National Academy of Sciences 108:17604-17609. 
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Venus the Easy Bake Planet: How the Atmosphere, Lithosphere, and  
Mantle Couple to Break a Habitable World  

Matthew B. Weller, Lunar and Planetary Institute/USRA, Houston TX. (mweller@lpi.usra.edu); Walter S. Kiefer, 
Lunar and Planetary Institute/USRA, Houston TX; Michael J. Way, NASA Goddard Institute for Space Studies, NY, NY. 

The current and past tectonic states of Venus are hotly debated. Observations of Venus reveal a world 
resurfaced by vast volcanic plains, 80%, which are thought to have been emplaced in the last Gyr [1], perhaps 
‘catastrophically’ [2]. Currently, Venus shows no clear evidence of plate tectonic activity, suggesting that it is 
either within stagnant, or episodic global tectonic regimes [3]. However, there are several lines of evidence 
that suggests Venus once did have a mobile lithosphere perhaps not dissimilar to Earth [4].   

While recent attention has been paid to end member steady-state stagnant lid behaviors, significantly less 
attention has been focused on the behavior of changing tectonics. Earth-based geochemical evidence and 
geodynamic models suggest that planets may transition between tectonic states over time [5]. Observations 
for Venus bolster this idea, suggesting a planet that evolved away from an Earth-like, mobile lithosphere 
toward a present-day stagnant-like tectonic state. This can occur though a reduction in the buoyancy force 
driving convection or due to an increase in the frictional strength of global-scale faults (from increasing 
surface temperatures and loss of water [6,7]), both of which are postulated consequences of the coupled Sun-
planet evolution.   

Here we explore a climate-driven change in lithospheric conditions on the evolution of mantle convection 
for Venus and couple these results to models of outgassing speciation [8] to drive general Circulation Models 
(GCMs) in ROCKE-3D [9]. The initial fault strength is chosen to be consistent with a mobile lid. A transition in 
tectonic regimes is ushered in by as little as an 8% increase in fault strength, or a 5% increase in the surface 
temperature. Initially, convection is in a mobile state. However, surface velocity begins to oscillate, with large 
decreases at ~1, 1.8, 2.4, 2.5, and 2.8 Gyr (scaled assuming Earth-like convective velocities); at ~1.8 and 2.8 
Gyr, the lithosphere becomes fully stagnant for ~100 Myr. After ~3.8 Gyr the systems enters a quiescent state.   

Contrary to early thinking [e.g., 1-3] transitions in tectonic regimes are governed by regional and global 
scale instabilities, resulting in oscillations in surface and core heat fluxes, surface and mantle convective 
velocities, and magma production rates over Gyr time scales. Volcanism and yielding are almost exclusively 
non-global in extent and highly time dependent. At any time, portions of the surface may reflect vastly 
differing styles of convection, with some regions being highly active and other regions being sluggish to 
entirely inactive.  

During a transitionary period, Venus’ surface and atmosphere would experience rapid and punctuated 
changes. Surface pressures may increase as much as 5 bar, with a similar increase in CO2 concentrations over 
~ 60 Myrs. With multiple overturn events, atmospheres of O (10) Bar are plausibly generated over sub Gyr 
time frames (for relatively cool interior temperature cases, greater pressures for warmer interior cases). 
Following periods of activity, outgassing is predicted to be negligible for ~ 1 Gyr, before melting resumes in 
new stagnant states. Observations of thick atmospheres, current reduced volcanism, and prodigious 
volcanism in the past Gyr, are all consistent with models of a planet that is undergoing a transition in global 
tectonics. Changing outgassing rates and chemistry with time has strong implications for the development of 
the atmosphere, and habitability.  

For Venus, the implication is that resurfacing is a natural consequence of a tectonic change, and that 
Venus may have lost liquid surface water in the last third of its history. We are testing these results with the 
ROCKE-3D GCM to evaluate when Venus may have lost its water and entered a greenhouse state, thus 
breaking a potentially habitable planet [10]. Application of these results to Exoplanets will be discussed.     

References: [1] McKinnon, W.B. et al., Venus II, pp.969-1014, Univ. of Ariz. Press, Tucson (1997); [2] Schaber, 
G.G. et al., Journal of Geophysical Research, 97, 13,257-13,301 (1992); [3] Schubert, G. et al., Venus II, pp. 1245–
1288, Univ. of Arizona Press, Tucson, Ariz. (1997); [4] Kiefer, W.S. & Peterson, K., Geophysical Research Letters 30, 
1005 (2003); [5] Weller, M.B. & Lenardic, A., Geoscience Frontiers (2018); [6] Grinspoon, D. H., Nature, 363, 428–
431. (1993); [7] Hubbert, M.K & Rubey, W.W, Bulletin Geological Society of America, 70, 115–166 (1959); [8] 
Gaillard, F. & Scaillet, B., Earth and Planetary Science Letters 403, 307–316; [9] Way, M.J. et al. The Astroph. J. 
Suppl. Ser. 231:12 (2017) [10] Way, M.J. et al., Planetary Science Journal.,3, 92 (2022). 
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Habitability Of Mars Surface And Importance Of  
Landing Site Selection 

S. Tanbakouei1 
1Department of Earth Science, Hong Kong University, Hong Kong SAR, China (stanba@hku.hk) 

Introduction: Mars is a planet with a surface area of 144.8 million km2. Many Mars explaration 
missions including: Spirit, Opportunity, Curiosity, ExoMars and Perseverance have been looking for 
evidence of habitable environment and past wet areas on Mars. They also drill metres below the 
surface to look for organic signatures that may have been left by ancient or recent life. However, Mars 
today is a very different planet; dry and cold, with only a thin atmosphere. Water can only remain in 
liquid form for about 8 to 10 minutes before it either evaporates into the atmosphere or freezes out to 
the subsurface.  

A habitable environment is defined as one that has the essential ingredients for life as we know it 
on Earth; water, a source of carbon to make metabolism of organisms feasible, and a source of energy 
to supply fuel for their metabolism [1]. To characterize the past habitability of a site, surveying the 
overall geological context, constraining prior water and energy availability, prior physicochemical 
environment, water activity, and chemical composition need to be performed to investigate the 
abundance of potential sources of biologically essential elements. 

Discussion: The scientific selection criteria for a landing site are derived from the mission 
objectives. They may include 1) understanding the history of landing site and geologic setting through 
a combination of orbital and in-situ observations, 2) evidences which shows the ancient habitability of 
landing site, 3) availability and accessibility of biosignature preservation potential rocks and soil in the 
site to investigate by the rover instrument, 4) offering an adequate abundance and diversity of 
samples suitable for addressing key planetary evolution questions if they are returned to Earth [2]. Nili 
Fossae, NE Syrtis, and Mawrth Vallis are the target sites where their rocks may reveal evidence of 
biosignatures in ancient habitable environments in the subsurface. Eberswalde crater, Holden crater, 
Jezero crater, SW Melas Basin are deltaic or lacustrine environments and there is a strong belief that 
rocks in deltaic settings are favorable for the preservation of biosignatures of ancient life if it has ever 
developed on Mars [2]. Mission data also indicate that an ancient habitable environment existed at 
Yellowknife Bay, Gale Crater, where stream waters flowed from the crater rim, and pooled at the base 
of Gale’s central mountain to form a lake or groundwater system that might have existed for millions 
of years [3]. 

A carefully-selected landing site can potentially reveal ancient Martian environmental conditions 
and the sequence of major changes in climate through time [4]. Mineral weathering, erosion and 
cementation under the role of liquid water, presence/abundance of clays, sulfates, iron oxides, mafic 
silicates, and even dust are some evidences which are vital to be considered. Ideal sites allow to 
sample phyllosilicates of potential astrobiological relevance, also contain a large variety of 
composition, from Mg/Fe smectites to Al-rich ones. Furthermore, elevation, slopes and thermal inertia 
must be favorable [5]. 

Our Objective is to find a Landing Site that is safe and large enough for a safe harbour 
investigations, located at a favorable latitude where seasonal conditions such as severe cold winter 
won’t slow down the mission operations. Moreover the site must presents a diversity of sedimentary 
rock types and features attributable to water to address habitability, and also has attributes which we 
can test by going there.  

References: [1] Grotzinger, J.P. (2014). International Conference on Mars (Vol. 1791, p. 1175). [2] 
Summons, R.E., et al. (2011). Working Group. Astrobiology, 11(2), pp.157-181. [3] Grotzinger, J.P., et al. 
(2014). En beboelig Fluvio-Lacustrine-miljö vid Yellowknife Bay, Gale Crater, Mars. [4] Grant, J.A., et al. 
(2014) Planetary and Space Science, 164, pp.106-126. [5] Des Marais, D.J. (2014).  International 
Conference on Mars (No. ARC-E-DAA-TN15526). 
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Modelling The Stability Of H/He Atmospheres  
On Rocky Planets Around M-Dwarf Stars 
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Current and near-future telescopes like the James Webb Space Telescope (JWST) or the 
Extremely Large Telescope (ELT) promise to reveal the composition of rocky exoplanets orbiting 
late type stars. Aside from a few outstanding candidates however, this observations are expected 
to yield high SNR only for planets with low mean molecular weight atmospheres, i.e. planets with 
atmospheres dominated by H/He. The feasibility of small, rocky planets hosting such atmospheres, 
and remaining stable is not well understood. The stability question is further complicated by the 
fact that the exoplanets most amenable to observation will orbit M-dwarf stars. Although the 
smaller stellar radius makes these ideal candidates for observation, M-dwarfs typically exhibit 
enhanced stellar activity and higher EUV/X-ray flux compared to G/K stars. This enhanced flux has 
the potential to destroy H/He atmospheres on small planets around M-dwarf stars. In this work, 
we report on the stability of low mean molecular weight atmospheres on rocky planets in close 
orbits around late type stars. We investigate the atmospheric mass loss of these planets due to 
photo-evaporation. 

To model the photo-evaporative mass loss of H/He atmospheres on rocky planets, we make use 
of a new hydrodynamics+radiation+photochemistry code, introduced in this work. This new code 
is based on the Athena++/Atmosphere code [1] which is in turn a modification of the Athena++ 
magneto-hydrodynamics code [2]. Our code computes the time-evolution of temperature, velocity 
and density profiles from an initial condition and input radiation spectrum. Our code solves the 
time-dependent Euler, energy conservation, and radiative transfer equations in three-dimensions 
and outputs temperature, velocity and density profiles. The code is able to handle multiple 
chemical species as well as photochemistry. For the purposes of this work, it calculates the 
photoionization of neutral Hydrogen, as well as the transitions to/from the metastable 23S Helium 
state. It accurately models collisional recombination as well as other heating/cooling sources, 
most notably Ly 𝛼𝛼 cooling. In principle, the code could handle any number of chemical species or 
reactions, and is being extended to cover atmospheric mass loss coupled with the composition 
change from the photodissociation of water molecules. 

[1] Huazhi Ge, C. Li, X. Zhang (2020) The Astrophysical Journal 898.2:130. 
[2] James M. Stone et al 2020 The Astrophysical Journal Supplement Series 249 4 
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Perchlorate Stress Responses Of All Three Domains Of Life 
J. Heinz1 and D. Schulze-Makuch1,2,3,4, 1Center for Astronomy and Astrophysics, Research Group Astrobiology, 

Technische Universität Berlin, Hardenbergstr. 36, 10623 Berlin, Germany, heinz@tu-berlin.de 2Department of 
Plankton and Microbial Ecology, Leibniz-Institute of Freshwater Ecology and Inland Fisheries (IGB), Stechlin, 

Germany, 3GFZ German Research Center for Geosciences, Section Geomicrobiology, Potsdam, Germany, 4School 
of the Environment, Washington State University, Pullman, Washington, USA 

 
Introduction: Putative microbial life in the near surface of Mars faces several challenging conditions. One of 

them is the global distribution of perchlorate salts [1], which induce chaotropic stress to cells, i.e., they 
destabilize biomacromolecules such as proteins [2]. Ironically, high hygroscopicity and intense water freezing 
point depression make these salts also one of the last niches potentially providing liquid water at the freezing 
and hyperarid conditions on Mars [3]. However, little is known about perchlorate toxicity for microorganisms on 
the cellular level. Here we present the results of our investigations exploring the metabolic perchlorate-specific 
stress responses of various organisms from all three domains of life (archaea, bacteria, and eukaryotes) and 
discuss the consequences for the habitability of Mars. 

Methodology:  Growth experiments were performed in liquid growth media containing an additional solute 
(e.g. sodium perchlorate, NaClO4) and cell growth was detected via colony forming unit (CFU) counts, optical 
density (OD) measurements and microscopical observations as described recently [4,5]. As model organisms we 
used (or are about to use in upcoming experiments) Planococcus halocryophilus and Escherichia coli for bacteria, 
Haloferax volcanii and Methanosarcina soligelidi for archaea, and Debaryomyces hansenii for eukaryotes. Water 
activities (aw) of the growth media were measured with the Rotronics ‘HC2-AW-USB’ aw meter. Proteomics 
analyses were performed using the SPEED (Sample Preparation by Easy Extraction and Digestion) protocol 
described previously [6], and additional analytical investigations are currently planned and undertaken. 

Preliminary results: Growth experiments with the halotolerant yeast D. hansenii have demonstrated that it is 
able to grow in liquid growth media containing up to 4.0 mol/kg NaCl (corresponding to aw = 0.854), while 
growth in perchlorate-containing media was obtained only at NaClO4 concentrations up to 2.5 mol/kg (aw = 
0.926) [5]. Proteomic investigations indicated that the chaotropicity of perchlorate likely accounts for the 
decreased tolerance of D. hansenii towards NaClO4 compared to NaCl, rather than perchlorate-induced oxidative 
stress. Accordingly, we observed that that the more oxidatively reactive (but less chaotropic) chlorate anion 
(ClO3

-) can be better tolerated by D. hansenii than perchlorate, which indicates the oxidative character alone 
cannot account significantly to the additional stress exhibited by NaClO4 compared to NaCl [5]. As a response to 
the perchlorate-induced chaotropic stress, cells of D. hansenii stabilized proteins by increased glycosylation. 
Furthermore, the biosynthesis and remodulation of the cell wall was upregulated as well. Stronger cross-linking 
of cell wall components and the concomitant disability to separate cells after cell division might explain the 
formation of large cell clusters of the bacterial strain Planococcus halocryophilus [4] when exposed to 
perchlorate stress. Whether other organisms, particularly archaea, react similarly when exposed to perchlorate 
stress is currently under investigation. 

Conclusions: We investigated perchlorate-specific stress responses (i.e., with a significant distinction 
compared to general salt stress) in order to provide novel and fundamental understanding of the required 
cellular adaptation mechanisms for putative microorganisms in perchlorate-rich, chaotropic habitats on Mars. 
On basis of our initial results, we propose that life on Mars – if it exists – has evolved strategies to counteract 
chaotropic stress, e.g. strong cross-linking of cell envelop constituents, the formation of large cell aggregates, or 
the attachment of polymers to biomacromolecules similar to stabilization effects via protein glycosylation as 
observed in our experiments. Furthermore, “chaotolerant” [7] organisms such as D. hansenii might be used by 
in-situ resource utilization (ISRU) technologies for the production of biomass and the recycling of waste material 
in the perchlorate-rich environment of Mars [8]. 

References: [1] Clark B. C. and Kounaves S. P. (2016) International Journal of Astrobiology 15:311–318. [2] Cray J. 
A. et al. (2013) Environmental microbiology 15:287–296. [3] Martínez G.M. and Renno N.O. (2013) Space Science 
Reviews 175:29–51. [4] Heinz J. et al. (2019) Astrobiology 19:1377–1387. [5] Heinz J. et al. (2021) Life 11:11. [6] 
Doellinger J. et al. (2020) Molecular & cellular proteomics 19:209–222. [7] Zajc, J et al. (2014) Frontiers in 
microbiology 5:708. [8] Billi D. et al. (2021) International Journal of Astrobiology 20:29–35.
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The Fragility Of The Moon And Other Planetary Bodies: The Need To 
Consider Human And Robotic Impact On  

These Unknown Environments. 
V. Assis Fernandes1,2,3, veraafernandes@yahoo.com, 1Museum für Naturkunde, Berlin, Germany, 

veraafernandes@yahoo.com, 2DEES University of Manchester, UK, 3IDL University of Lisbon, Portugal. 

Introduction: The forward planning for Humans to continue exploring the Solar System, as envisioned by 
different national and collaborative space agencies and private companies, requires thorough consideration of 
the fragility and pristine nature of the planetary bodies to be visited [1-3]. These bodies are smaller than Earth, 
most deprived of an atmosphere, and their innards solidified. Additionally, the persistence of the mindset for 
settling/ colonizing these bodies reflect the unwillingness to assess and learn from past mistakes made in the 
“discoveries” of new worlds and following destructive exploitation. Notable recognition has to be given to the 
fact that Human/robotic activities induce to damage of pristine environments, and particularly, to the non-
sustainability of exploitation of mineral resources from geologically inactive planetary bodies because of their 
early cooling and lack of volatile delivery by asteroid and cometary impacts post formation. As scientists, we are 
responsible for our discoveries, and their positive and negative aspects.  

Discussion: International treaties supporting space endeavors are outdated and require immediate action for 
their update and amendment, or perhaps a complete restart is required. The Outer Space Treaty, formally 
known as The Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer Space, 
including the Moon and Other Celestial Bodies, and the Agreement Governing the Activities of States on the 
Moon and Other Celestial Bodies, simply stated as the Moon Agreement, were written in 1966 and 1979, 
respectively, in a different geo-socio-political understanding than current one. Since, we have accumulated 50+ 
years of research and knowledge acquisition, not only in the natural sciences and engineering, but also in social 
sciences and humanities, to better place us in assessing such endeavors [2]. Chiefly, enabling us the humility to 
censor ourselves, and accept that the Solar System and the Cosmos is not ours, instead we are of the Cosmos. 
This begs first for the complete evaluation of the environmental impacts on Earth for all that is required for the 
so termed “renewable” energies and technologies “that will save as all”, as if they were entities separate from 
the Human decision. This includes all items, but not exclusively, with the prefix “e-“ from bikes to cigarettes, to 
cars, planes, etc. Consumers need to be clearly and fully informed of mining procedures, ore treatment and 
manufacturing processes required for the production of solar-panels, wind and ocean waves turbines, so that 
they are able to make seriously informed decisions. Second, there is a need of transparency in providing all 
information on the environmental impact of these processes, which potentially will last millennia, and their 
direct effects on livelihoods of those working and living near the mines and transformation plants. At present, it 
is clear that the rush to curb the atmospheric CO2 excess to the purported carbon-neutral near future, is merely 
digging into the next extensive global environmental disaster. It is now more than optimal to begin assessing the 
pros- and cons- of the present “Green-new-deal”, which would be a testimony of Human positive evolution and 
development. 

Summary: The impulse for colonizing/settling other planetary bodies, in ‘astro-imperialist fashion’ [4], 
requires the foremost consideration that all these bodies are smaller than Earth, and their innards solidified 
thousands of million years ago. Hence, whatever exploitation endeavors used to remove resources are being 
planned, including wide range of volatile-ices in polar regions, consideration needs to be given that their 
replenishment will NOT happen. Resulting from their lacking of plate tectonics, any other endogenous geologic 
events, and intense delivery of volatiles by impactors to these bodies. In other words, sustainability is reduced to 
zero, and not too different from that on Earth [1,2,4]. With this in mind, and for comparison, the Antarctic 
continent is in an active planet, where resources would more likely be replenished in geologic time, and not in 
few Human generations.  The Protocol on Environmental Protection to the Antarctic Treaty need to be 
considered as motivation to draw an equivalent for the Moon and other (exo)planetary bodies [1-3]. Ultimately, 
the aim of visiting these bodies will ONLY be for research and knowledge acquisition [2,5,6] of our place in the 
Cosmos. Humans already and continuously destroy Earth in the name of "development": all the requirements for 
technology "that will save us all" is following a blind path of misinformation and forged news. Hence, it is well 
overdue a serious and honest pondering over our actions and outcomes, with the particular notion of 
“preservation of static lifeless landscapes” [3].  

References: [1] Fernandes et al. (2010) COSPAR abst.#5593. [2] Assis Fernandes (2018) Geosciences 2019, 
9(1), 12. [3] McKay (2021) Ethics & Envir.26:105-120. [4] Klinger (2021) Geopolitics 26:666-703. [5] Billings 
(2017) Theology &Sci. 15:321-332. [6] Schwartz (2020) Oxford University Press. 
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The Future Of Space Activities And Preservation On Mars:  
A Policy Delphi Study 

G. Profitiliotis1 and J. Haqq-Misra2, 1Blue Marble Space Institute of Science, gprofitiliotis@hotmail.com 
2Blue Marble Space Institute of Science, jacob@bmsis.org 

Cockell & Horneck [1,2] suggested a "planetary park" system for Mars to preserve land for scientific, 
cultural, and aesthetic purposes. These parks would represent a diverse portion of Mars' terrain and would 
be regulated to minimize human contamination and prevent excess human intervention. Cockell [3] 
suggested an approach to the use of non-park areas via a two-part land-use policy for Mars, i.e. Planetary 
Parks and Lockean Land. According to Cockell, non-park areas could be opened up for development and 
settlement. Bruhns & Haqq-Misra [4] proposed that this Planetary Parks concept could be extended to 
appeal to corporate interests as a compromise between protecting environmental interests and allowing 
private use of resources on Mars. Bruhns & Haqq-Misra also recommended the selection and upkeep of the 
initial parks, as well as the proposals of new parks, to be entrusted to the global community of scientists, 
experts, and leaders through consensus. 

This empirical study aimed to move forward the discussion of future preservation plans on Mars, 
especially in light of future space activities, using the Policy Delphi method as a means to reveal positions 
on that issue and to explore alternative policy options ex ante, through the collective judgement of a group 
of experts. The overarching Delphi method is a foresight approach to facilitate collective progression 
towards decision-making and forecasting for complex and uncertain issues. The Delphi method was 
originally designed as a group judgment tool that would remove conference room impediments to promote 
true expert consensus and to help groups of experts access multiple interpretations and views on a given 
topic of discussion. A key advantage of the Delphi method is that it is able to overcome the more negative 
features of group discussions, such as domineering individuals and opinions, which can undermine the 
effectiveness of these discussions. The popularity and applicability of the Delphi method, particularly in 
topics of high uncertainty that can only be approached via expert opinion, have eventually given rise to a 
set of best practices that should be followed in the formulation of a well-founded Delphi study [5]. 

Our work closely followed the published best practices and brought together a panel of renowned 
experts working in academic fields adjacent to the topic of future preservation plans on Mars, in order to 
promote structured anonymous dialogue among them. Specifically, we implemented the so-called “Policy 
Delphi” variant of the Delphi method, as our goal was not strictly to promote consensus regarding our topic 
of interest, but to understand whether it would be possible or appropriate to achieve consensus in the first 
place, and to encourage debate that could help expose all the differing positions advocated, along with 
their respective principal rationales, as well as highlight potential policy alternatives. 

As the number of novel space actors is increasing, and the potential future uses of deep space, including 
Mars, are diversifying beyond the current paradigm of strictly scientific activities that have been largely 
moderated by planetary protection guidelines, the importance of promoting dialogue regarding the 
preferred future models of environmental governance of celestial bodies becomes evident. Our empirical 
work demonstrates for the first time in the published literature the employment of the Policy Delphi 
method, a foresight tool, with the goal of explicating the rich argumentation surrounding the dialogue 
regarding the future preservation plans on Mars. The insights revealed in this work may inform relevant 
international discussions towards the formulation of proactive policies that will contribute to the equitable 
environmental governance of future activities on Mars.   

 

References: [1] Cockell C. and Horneck G. (2004) Space Policy 20(4):291-295. [2] Cockell C. and Horneck 
G. (2006) Space Policy 22(4):256-261. [3] Cockell C. (2006). In: J. Clarke, ed. Martian Analog Studies, Vol. 
111, American Astronautical Society:299-312. [4] Bruhns S. and Haqq-Misra J. (2016) Space Policy 38:57-63. 
[5] Belton, I. et al. (2019) Technological Forecasting and Social Change 147:72-82. 
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40AR/39AR Ages For Lunar Basaltic Meteorites  
Northwest Africa 8632 And 12008. 

V. Assis Fernandes1,2,3, J.A. Pfänder4, M. Bizzarro5, B. Hoefnagels6, A. Khan7 and A-.C. Zhang8, 1Museum für 
Naturkunde, Berlin, Germany, veraafernandes@yahoo.com, 2DEES University of Manchester, UK, 3IDL University of 

Lisbon, Portugal, 4TU-Freiberg, Germany, 5CSPF, GLOBE Institute, University of Copenhagen, Denmark, 6BigBang 
Meteorites, The Hague, The Netherlands, 7DES-IG ETH-Zürich, Switzerland and 8SESE Nanjing University, China. 

Introduction: Basaltic lunar meteorites are important supplements to samples collected by Apollo and Luna 
missions, potentially sourced at other flows of the same mare, or other maria not sampled by these missions. The 
outcome is a better survey of chemical, isotopic and chronologic information on overall heterogeneities of lunar 
mantle source areas and processes that permitted protracted lunar volcanism. Chang’e-5 mission basalts collected 
at NW of Procellarum region on lunar nearside are youngest material ever dated, 2030±4 Ma and derived from a 
source not involving KREEP [1-4]. Here we report new 40Ar/39Ar ages for lunar basaltic meteorites Northwest Africa 
8632 (NWA 8632) and Northwest Africa 12008 (NWA 12008). 

Methods: 40Ar/39Ar analytical method requires that samples are neutron-irradiated prior to measurements, 
and then inserted in vacuum sealed chamber attached to a noble-gas mass-spectrometer. The sample is heated in 
progressively hotter heating steps, here using an IR-laser. Gas released at each step is measured for 40-36Ar. Data 
are corrected for blank, discrimination, decay of short-lived nucleogenic nuclides (37Ar, 39Ar), and if necessary also 
for cosmogenic and/or trapped Ar. Isotope correlation diagrams are preferred to age-spectrum for optimal 
interpretation of Ar distribution and assess different components (e.g. solar, cosmogenic, radiogenic; [e.g.5,6]). 

Samples: NWA 8632 and NWA 12008 basalts are 2 of the known 15 unbrecciated lunar basaltic meteorites.  
Basalt NWA 8632 is low-Ti basalt similar in composition to, but petrologically distinct, NWA 032/479 and Apollo 12 
pigeonite basalts [7]. Previously reported 40Ar/39Ar data suggested an age of 2877±34 Ma [8]. NWA 12008 is also a 
low-Ti basalt with major and REE composition similar to, but petrologically distinct, NWA 032/479, NWA 4734 and 
LAP02024-clan [9]. No chronology has of yet been reported for this meteorite. 

Results: Data acquired over 23 to 132 heating-steps provide high resolution gas release to better disentangle 
different Ar-components. Both basalts show at low-T heating steps dominant excess 40Ar component 
corresponding to old ages (Fig.1a). Intermediate- and high-T steps show a mixture of trapped, but dominated by, 
radiogenic 40Ar confirmed by cosmogenic 38Ar/36Ar values (Fig.1b). Sample NWA 8632 high-T steps show release of 
Cl-derived 38Ar potentially related to Cl-phosphate (Fig.1a&b). The 40Ar/39Ar ages calculated from intermediate and 
high-T steps isochrones are 3038±60 Ma (2σ) for NWA 8632 (average n=2), and 2815±70 Ma (2σ) for NWA 12008.   

                              

Discussion/Summary: Lunar basaltic meteorites range from very low- to low-Ti with a wide age range from ~4369 
Ma to ~2815 Ma (~1500 Ma volcanic activity), and range in Mg# and REE composition. Earlier work by [10] 
proposes NWA 12008 underwent short duration shock metamorphism, suggesting the 2815±70 Ma likely 
corresponding to its formation age. P-T modelling of different lunar basalt sources [11] show wide range in 
temperature and depths independent of their age: 1370°C and 175 km for NWA 8632, and 1260°C and 50 km for 
NWA 12008 [11].  

 References: [1] Li et al. (2021) Nature 600:54–58. [2] Che et al. (2021) Science 374:887-890. [3] Tian et al. (2021)  
Nature 600:59–63. [4] Hu et al. (2021) Nature 600:49–53. [5] Fernandes et al. (2013) MaPS 48:241–269. [6] Assis 
Fernandes et al. (2021) DINGUE Workshop 2021. [7] Korotev et al. (2015) 46th LPCS, abst.#1195. [8] Fagan et al. 
(2018) 49th LPSC:abst.#2584. [9] Cohen et al. (2019) 50th LPSC:abst.#2508. [10] Zhang et al. (2019) 82nd MetSoc: 
abst.#6117. [11] Assis Fernandes et al. (in preparation).
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Trace element and U-Pb dating of lunar feldspathic meteorite Northwest Africa 

11479 
S. Li1 and J. Chen1, 1State Key Laboratory of Lunar and Planetary Sciences, Macau University of Science and 

Technology, Macau, China. Email: slli@must.edu.mo  

Introduction: Lunar samples, including mission-returned materials and lunar meteorites, provide ground 
truth for the composition of the lunar crust, which is critical for understanding the origin and early evolution 
of the Earth-Moon system [1]. Compared to Apollo and Luna samples that are collected from the restricted 
regions of the central and eastern nearside, lunar meteorites are ejected from random locations of the Moon 
and thus are more representative of the surface constitution [2]. For the past two decades, the exponentially 
increasing number of lunar meteorites has prompted the discovery of more diverse lunar lithologies that 
contribute to the highland crust, of which the most enigmatic is the widespread KREEP-poor and Mg-rich 
anorthositic lithologies that are unrepresented by Apollo samples, including magnesian anorthosite (MAN) 
and the associated anorthositic magnesian granulite (Mg-granulite). These diverse Mg-rich clasts in lunar 
feldspathic meteorites have enhanced our knowledge of lunar lithologies and also imply that the formation of 
the lunar crust is more complex than the classical lunar magma ocean established since the Apollo epoch. We 
discover several MAN clasts in lunar feldspathic meteorite Northwest Africa 11479, and report here the 
results of in situ measurements of major, trace element, and U-Pb isotopic composition. 

Result and Discussion: NWA 11479 is a lunar feldspathic meteorite found in Morocco in 2017, and it may 
be paired with NWA 8046 clan meteorites (Gattacceca et al., 2019). The samples in this clan are among the 
most Th-depleted lunar meteorites with Th concentration of ~0.3 ppm [3].NWA 11479 is composed of 
multiple lithological clasts, mainly including anorthosites, granulites, and impact melt breccias, enveloped 
within the glassy to clastic matrix. The major element composition of the mafic minerals and associated 
feldspar fall in the region between ferroan anorthosite (FAN) and Mg-suite, indicating a MAN origin [4]. The 
incompatible trace element (ITE) composition of the plagioclase in the MAN of NWA 11479, in addition to 
other feldspathic meteorites, overlaps with that of FAN on the Eu/Sm versus Sm plot (figure left). This 
indicates despite the more primitive major-element composition of MAN compared to FAN, their ITE 
enrichment is indistinguishable. 

 

Several apatite grains and one zircon, coexisting with pyroxene and plagioclase, are discovered in the 
matrix of NWA 11479. The chemical compositions of these pyroxenes and plagioclase are the same as the 
dominated MAN clasts, suggesting they are derived from the same protolith. The U-Pb data of zircon and 
apatite spread along a well-defined discordia line (figure right), with the upper intercept (4328 ± 9 Ma) within 
the error of the zircon U-Pb age (4327 ± 6 Ma). This age is also identical to the weighted average Pb-Pb ages of 
apatite and zircon (4326 ± 8 Ma) within analytical errors, if only the most well-preserved analyses are 
accounted for. We suggest this age (i.e. ~4327 Ma) presents the formation age of MAN in NWA 11479, which 
is at best within the lower range of the age spectrum for FAN [5]. Therefore, we suggest any formation 
models for MAN need to explain the compositional and temporal relationship between MAN and FAN. 

References: [1] Taylor, G.J. (2009) Elements 5:17–22. [2] Korotev, R. L. (2005) Geochemistry 65:297–346. 
[3] Korotev, R. L. (2021) https://meteorites.wustl.edu/lunar/ [4] Gross, J. et al. (2014) Earth and Planetary 
Science Letters 388:318–328. [5] Borg, L.E. et al. (2020) Geochimica et Cosmochimica Acta 290:312–332. 
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2ATTARIK Foundation for Meteoritics and Planetary Science. Morocco. 

Corresponding author’s e-mail : soukaina.arif1-etu@etu.univh2c.ma 

 

Morocco is known throughout the world for a large number of meteorites of all types, collected 
during discoveries or observed falls. These meteorites play a fundamental role in improving 
international scientific research. Many of them are rare and have scientific value.  

Known as a "geologist's paradise", Morocco has a rich geological history. Many important fossils of 
all living species and early geological periods have been discovered in Morocco, as well as valuable 
minerals.  

Not forgetting its geographical location, which adds considerable richness to its geological 
heritage, particularly through the diversity of its natural elements. 

Given its great value, the importance of conservation, preservation, and valorization of 
geoheritage has become more and more important, because it reflects the identity and natural 
wealth of countries. 

In Morocco, the ATTARIK FOUNDATION has taken on this role by carrying out many actions, 
initiatives, and projects that aim to disseminate the sciences to the general public, especially the 
planetary sciences and meteorites. 

Since its creation in 2019, ATTARIK FOUNDATION has been able to complete several projects such 
as the creation of geo-tourism circuits in several regions, the organization of various workshops on 
the identification of meteorites for schools throughout the kingdom, the publication of books with 
simplified scientific explanations for children and the general public (story, booklet, leaflets. . ), the 
creation of a virtual museum to allow interested people to discover part of the very rich Moroccan 
geoheritage and to obtain access and verified scientific information, without forgetting the major 
event of the year 2021 which lasted one year which is the launching of the first temporary 
exhibition museum in Morocco, dedicated to the presentation of meteorites and various objects 
related to planetary sciences to the general public. 

Student-led presentation 
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RADIOGENIC HEATING AND POSSIBILITY OF HABITABLE REGIONS IN 
COMETS. 

A. A. Thaskeena1 and Godfrey Louis1, 1Cochin University of Science and Technology, Kochi, Kerala, India 
(thaskeena@cusat.ac.in). 

 
Introduction: We study the effect of radiogenic heating due to 26Al on the thermal evolution of 
comets. Our main aim is to find the extent of internal melting and existence or survival of liquid 
water. The comets are modelled as spheres with uniform distribution of ice, dust and radio 
isotope. Evolutionary calculations are carried out for different comet models, starting from 
accretion phase to 30 Million years after the completion of accretion, for different combinations of 
the three free parameters, namely, radius, ice-dust ratio and porosity. We find that the 
temperature profile of each model is different. The 26Al abundance prevailing in the solar nebula is 
high enough to melt the water ice in the interior of comets with radius greater than 10km. In all 
models, we can trace out a region where the temperature rises above the melting point of water 
ice and remain well below the sterilising temperature, and can be termed as Habitable 
zones/regions in comet nuclei. The mixture of minerals and organics in warm liquid water can 
serve as a suitable cultural medium for anaerobic microorganisms. That is a minute fraction of 
viable microbes that might be incorporated in the cometary material can replicate in the presence 
of liquid water. The replication rate will be very high such that an exponential growth in number 
takes place on time scales very much shorter than the time scale of refreezing. Outer layers are 
less altered. Habitable regions have been found to lie deep enough, that not to be 
affected(sterilised or destroyed) by insolation(solar radiation) during its perihelion transition. We 
also find that the accretion time analysis is important while dealing with thermal profile of comets, 
and skipping of the same and choosing some random initial conditions may lead to entirely 
different thermal profiles. 
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Brent Reymen1,5,6(brent.reymen96@gmail.com), Ao Jiang1,3(aojohn928@gmail.com),  

Bernard Foing1,4,6(foing@strw.leidenuniv.nl) 

1 Lunex EuroMoonMars, Netherlands 
2 Politecnico di Milano, Italy 

3 Imperial College London, UK 
4 Leiden Observatory, Netherlands 

5 KU Leuven, Belgium 
6 EuroSpaceHub, EU 

 
Mars exploration missions will last longer than any previous space mission. It is clear that future missions will  

be performed under different conditions from the current ones aboard the International Space Station (ISS), in 
terms of duration, real-time communications with the ground, evacuation options, crew rotations and distance 
from Earth. These differences will create new challenges for the maintenance of human health and the 
performance of long-term exploration missions. Mental health risks are often ranked as one of the most serious 
threats to crew safety and have a great potential to undermine mission success. For this reason, it is becoming 
urgent to study such implications and to develop possible countermeasures. 

EuroMoonMars is an ILEWG programme that acts as a collaboration between ILEWG, space agencies, academia, 
research institutions and industry, following up on the ICEUM statement. EuroMoonMars collaborates with the 
Analog Astronaut Training Center (AATC) in the organisation of EMMPOL analog missions. These missions take 
place at AATC’s lunar base simulator, which is located in Rzepiennik Strzyżewski in Poland. The EMMPOL8 mission 
in particular took place from 9th to 16th September 2021 with a crew of five. Several experiments were performed 
by the analog astronauts during the simulation week. Biological experiments were conducted by the crew to 
analyze the impact of microgravity and of different light conditions on the growth of plants. Besides, experiments 
were performed to evaluate the lunar dust simulant toxicity to various organisms. Here, we focus on the 
investigations which were carried out by Serena Crotti, Vice-Commander of the mission, in the context of her MSc 
Thesis research in Integrated Product Design at Politecnico di Milano, under the academic supervision of Professors 
A. Dominoni, B. Quaquaro and B. Foing. The goal of the discipline of Design for Space is to increase astronauts' 
well-being and this research stems from this premise. In particular, three experiments were conducted during the 
mission: the Emotion Wall experiment, the Multi-sensory Scenarios and the Scents Experiment.  

The Emotion Wall is an emotional monitoring system which was designed by Serena Crotti as part of her thesis 
work at Politecnico di Milano. During the mission, an early version of the software was tested for the first time in a 
realistic context. Two other crew members, Brent Reymen and Abdelali Ez Zyn, collaborated on this project. The 
Emotion Wall was designed as a tool to facilitate group dynamics: it collects psychological data from individuals and 
then it processes them into a common visual representation of the crew’s emotional state. In this way, real-time 
psychological data can be collected during missions, thus facilitating the study of individuals’ reactions to 
environmental stressors. The instrument was conceived to make crews more autonomous in managing 
psychological aspects in view of future Mars missions, where communication with Mission Control will be reduced. 
Testing the system and evaluating its impact on crew dynamics were the main goals during the EMMPOL 8 mission. 
The Multi-sensory Scenarios and the Scents Experiment, instead, exploited light, sounds and scents to simulate 
different environmental settings on board. Stimulating the crew’s senses so as to provide relief from 
claustrophobia and from monotony was the main goal of these two investigations. Interviews and surveys 
monitored the crew’s reactions during the week in complete isolation and confinement. Anecdotal reports, 
meeting notes, interviews and specific surveys were collected to evaluate the impact of the sensorial stimulations 
on the EMMPOL 8 crew. 

These experiments support the importance of developing synergistic solutions between the discipline of Design 
and Psychology. With a view to long-duration missions, it becomes crucial to ensure adequate levels of well-being 
in astronauts to guarantee mission success. Therefore, it is also critical to develop effective instruments for 
assessing the emotional responses of the crew.  

 

*Acknowledgements: We thank LUNEX EuroSpaceHub and EuroMoonMars for the support; we thank EMMPOL 
8 crew members and MCC team. We also thank AATC staff and the Company Aroma Design for equipment supply. 
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Orbital Architecture of Planetary Systems 
Formed by Gravitational Scattering and Collisions 

E. Kokubo1,2, H. Hoshino2,1, and Y. Matsumoto1  
1National Astronomical Observatory of Japan, 2University of Tokyo  

(kokubo.eiichiro@nao.ac.jp). 

Introduction: In the standard model of solar system formation, terrestrial planets are 
spontaneously formed by giant impacts of protoplanets or planetary embryos after the dispersal 
of protoplanetary disk gas. Similar models are also proposed for the formation of close-in super-
Earths mainly discovered by the Kepler transit observations. In this giant impact stage 
protoplanets gravitationally perturb and collide with each other to complete planets. The goal of 
this study is to obtain the basic scaling laws for the orbital architecture of planetary systems 
formed by gravitational scattering and collision among protoplanets. 

Method: We investigate the orbital architecture of planetary systems formed from protoplanet 
systems by giant impacts using N-body simulations. We systematically change the system 
parameters of initial protoplanet systems such as the mass, mean semimajor axis, and orbital 
eccentricity and inclination distributions, and investigate their effects on final planetary systems. 

Results: The basic orbital evolution of protoplanets during the giant impact phase is (1) an 
increase in orbital eccentricity and inclination due to gravitational scattering, and (2) an increase in 
orbital spacing and decay in orbital eccentricity and inclination due to collisions. We find that the 
orbital separation and eccentricity normalized by the Hill radius are nearly independent of the 
total mass, mass distribution, orbital separation, and eccentricity of the initial protoplanet systems 
in the realistic parameter range. On the other hand, they show a positive dependence on the 
mean semimajor axis and the bulk density of planets.  

Discussion: This positive dependence can be explained by the equilibrium random eccentricity 
in this stage. If the system evolves by gravitational scattering and collisional coalescence, the 
equilibrium eccentricity is about the value of the two-body surface escape velocity normalized by 
the Keplerian velocity, which increases with the semimajor axis and bulk density of planets. 
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de Welle5, N. Altobelli6, F. Cipriani2, G. Déprez2 , and H.L.F. Huybrighs7,8 

1School of Cosmic Physics, DIAS Dunsink Observatory, Dublin Institute for Advanced Studies, Dublin 15, 
Ireland, 2ESTEC, European Space Agency, Noordwijk, The Netherlands, 3Swedish Institute of Space Physics, 
Uppsala, Sweden, 4Swedish Institute of Space Physics, Kiruna, Sweden, 5LPP, CNRS, Ecole polytechnique, 
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Mathematics, Khalifa University, Abu Dhabi, UAE 

mika.holmberg@dias.ie  
 

Abstract:  The Jupiter Icy Moons Explorer (JUICE) is the first large class European Space Agency 
mission to the outer Solar System. The main objective of JUICE is to study the Jovian space 
environment, with a special focus of the habitability of Jupiter’s icy moons. The Jovian moons 
Europa, Ganymede and Callisto are all suspected to hold potentially habitable water oceans under 
their ice covered surfaces, which will all be studied by JUICE.  

JUICE is planned for launch in April 2023 and is currently undergoing an extensive amount of 
testing in preparation for launch. A large number of preparatory studies are also ongoing, with the 
aim of realising the full potential of the JUICE instrumentation and maximising the scientific 
outcome of the mission. The JUICE particle and field instrumentation, the Radio and Plasma Wave 
Investigation (RPWI) and the Particle Environment Package (PEP), will play a main role in studying 
the habitability of the icy moons. RPWI and PEP observations will, for example, be used to 
characterise the properties of the oceans of the moons, identify biologically essential elements 
and search for biosignatures. However, these kind of observations are often pushing close to the 
limit of the instrument capabilities and it is therefore crucial that the process of developing 
analysis codes is optimised and that the data products have the highest possible accuracy. 

We use the Spacecraft Plasma Interaction Software (SPIS) to study how the interaction 
between the spacecraft and its environment will impact the particle and field observations. When 
the spacecraft is interacting with its environment it accumulates and emits charges and will 
therefore charge up and obtain a certain surface potential. The charging of the spacecraft is a 
source of multiple kinds of perturbations to the particle and field measurements. The aim of our 
study is to provide corrections to the errors that spacecraft charging gives rise to, in order to 
improve the accuracy of the future JUICE data products and facilitate the studies of the habitability 
of the Jovian icy moons.  

In this presentation we give an overview of the JUICE mission and our mission to maximise the 
scientific outcome of JUICE. We also give a brief overview of spacecraft charging, how it will 
impact the JUICE measurements and how this impact can be minimised. 
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1Steward Observatory/University of Arizona (schlecker@arizona.edu), 2Space Telescope Science Institute, 3 

MIT, 4National Central University Taiwan, 5Vatican Observatory, 6Max-Planck Institute for Astronomy 

 
A major emerging focus of exoplanet research is the search for potentially habitable planets 
around nearby stars. It is these relatively close planets that we hope to study for possible 
atmospheric evidence of life in the near future. Due to the challenging nature of exoplanet 
observations, however, the majority of nearby planets remain undiscovered. Project EDEN aims to 
address this challenge with a dedicated transit search of closeby (<15 pc) northern late M stars 
(M7-M9). 

We recently completed our volume-limited survey of 25 stars with a total of more than 2400 
observing hours, providing robust upper limits on the occurrence rate of planetary systems 
around closeby very low-mass stars. We put these constraints in the context of planet formation 
and test the compatibility of our results with predictions from state-of-the-art planet formation 
models. Ultimately, the planet occurrence around the least massive stars is a key element in 
identifying the nearest habitable worlds. 
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Habitable Megastructures Versus Habitable Planets 
M. Safonova and C. Sivaram, Indian Institute of Astrophysics, Bangalore, 560012, India 

(margarita.safonova@iiap.res.in, profcsivaram@gmail.com). 
 

In 2015, an unremarkable star with an unremarkable name KIC 8462852 caught the world’s 
attention due to paper by citizen scientists [1] who noticed that it exhibits irregular brightness 
variations not explained by usual stellar variability or planetary transits. The forward theory was 
suggested – that KIC 8462852 is surrounded by a Dyson sphere, a megastructure made by alien 
civilization to catch all energy output from their star. This has put the world into observational 
frenzy centred on the star, now named Tabby's star after its discoverer Tabetha Boyajian. Finally in 
2018, the light curve made in 3 colours showed chromaticity more characteristic of the dust (from 
comets or asteroids) rather than of something made from solid material [2]. But the world was 
woken up to the idea of megastructures.  

The possibility of building giant structures by advanced civilization was suggested very early in 
the 20th century, possibly first in 1929 non-fiction book by J. D. Bernal which describes the space 
habitats intended for permanent residence several hundred thousand people in case Earth 
becomes unlivable [3]. Space habitats idea was further developed in 1937 book The Star Maker, 
suggesting that stars without natural planets can be made habitable by constructing artificial 
habitats around them [4]. All this was possibly the inspiration for Dyson to introduce his famous 
megastructures as they are known now: swarm, sphere, and bubble [5]. However, there are lots of 
problems with such megastructures. A sphere (or a ring) will be very unstable against slight 
perturbations (a meteorite hit) and collide with the central star. To construct a shell of just 8–20-
cm thickness at 1 AU from the Sun would require all Solar System rocky material, including the 
Earth and the gas giants’ cores, destroying any possible life there, which goes against the principle 
of Planetary Protection – the UN policies governing the preservation of Solar System bodies.  

However, in Dyson's times, the only known planets were the Solar System planets: first two 
exoplanets were discovered only in 1991. It took more than 20 years to realize that Nature has no 
problem making planets and does it with flair – the total number of planets in the Galaxy is 
estimated to be in billions, while the free-floating planets (FFPs) even exceeding the number of 
bound ones. With such abundance of planets, the earlier concerns, i.e., megastructures, seem 
unnecessary. There would be no need to destroy the entire planetary system to make just one 
sphere. A civilization can expand to a neighbouring system that has planet(s) in the habitable zone 
(HZ), or a planet can be moved into it. For example, Mars is just less than 0.5au from the HZ. It can 
be nudged into the HZ, spending just one billionth of the energy required to disassemble Jupiter to 
make a Dyson sphere. Shifting Pluto would require three orders of magnitude less power and two 
orders of magnitude less energy. Alternatively, a nearby FFP can be captured and moved into the 
HZ. These shifts can be performed at a constant low-thrust acceleration, which results in a gradual 
spiral transfer from one orbit to another, using directional exawatt lasers. Since petawatt lasers 
are already available, this seems to be certainly feasible within a century or so!  

References:  

[1] Boyajan, T. S. et al. (2016) MNRAS 457:3988. [2] Schaefer B. E. et al. (2018) MNRAS 
481:2235. [3] Bernal  J. D. (1929) The World, the Flesh and the Devil (I. Paul, Trench, Trubner), pp. 
96. [4] Stapledon O. (1937) The Star Maker (Methuen Publishing Ltd.), pp. 339. ISBN 1-85798-807-
8. [5] Dyson, F. J. (1959) Science 131:1667. 
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nlatouf@gmu.edu,,2NASA Goddard Space Flight Center (GSFC) 

 

Introduction: L 98-59, a bright, nearby M3 dwarf, was recently found by [1] to host three 
potentially rocky transiting planets, along with a candidate non-transiting planet [2]. From the 
measured mass radius constraints, the planet L 98-59 c appears to have a  bulk terrestrial 
composition, and it also has among the highest transmission spectroscopy metric (TSM) and 
emission spectroscopy metric (ESM) of the currently confirmed list of potentially rocky planets, 
making it a valuable target  for atmosphere characterization. L98-59 c was recently observed with 
the Hubble Space Telescope (HST) to search for indications of atmospheric absorption, and we 
present an analysis of the derived spectrum using  the radiative transfer and retrieval tool 
Planetary Spectrum Generator (PSG) [3]. Due to the narrow wavelength range and relatively low 
SNR, we performed a direct chi-squared calculation to derive upper limits for several key potential 
absorbers: CO2, CH4, H2O, H2S, NH3, and HCN, while also locating regions with a local chi-squared 
minima which may suggest potential solutions for the most likely atmospheric composition. We 
find that the lowest reduced chi-squared value (0.83) corresponds to a low-weight atmosphere 
with CO2 and H2O. While we do not have sufficient SNR to make definitive detections of 
atmospheric absorbers, we believe additional data incoming from HST and the James Webb Space 
Telescope (JWST) may yield intriguing results for this potentially terrestrial world.  

 
References: [1] V. Kostov et al. 2019. The Astronomical Journal 158:32K. [2] O. Demangeon et al. 
2021. Astronomy & Astrophysics 653:A41 [3] G. Villanueva et al. 2018. Journal of Quantitative 
Spectroscopy and Radiative Transfer 217:86-104 
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Exploring the Lower Boundary of the Radius Valley with Twinkle: Studying 
Atmospheric Composition and Detecting Biosignatures of a Terrestrial-like 

planet LTT 1445 Ab. 
*Caprice Phillips1 Ji Wang1 , Billy Edwarfs and B. Scott Gaudi, 1Department of Astronomy, The Ohio State 

University, 100 W 18th Ave, Columbus, OH 43210 USA, 2Department of Physics and Astronomy, University 
College London, Gower Street, London WC1E 6BT, UK (Email: phillips.1622@buckeyemail.osu.edu)  

Introduction: We present work on studying the atmospheric composition and detecting a 
potential biosignature, ammonia (NH3), in the nearby terrestrial-like planet LTT 1445 Ab. At a 
distance of 6.9 pc, this system is the second closest known transiting system and will be observed 
for transmission spectroscopy with the upcoming Twinkle mission. Twinkle is equipped with a 
0.45m telescope, covers a spectral wavelength range of 0.5 - 4.5 microns simultaneously with a 
resolution between 50 - 70, and is designed to study exoplanet, bright stars, along with solar 
system objects. Twinkle is scheduled to launch in 2024, and will have a 7 year mission lifetime. We 
use petitRADTRANS and a Twinkle simulator to simulate observed transmission spectra for a Cold 
Haber World with a N2-H2-dominated atmosphere, for which NH3 is thought to be a biosignature. 
We study the detectability under different scenarios: varying hydrogen fraction, concentration of 
ammonia, and cloud coverage. Given the error across the Twinkle wavelength range for 25 
transits, and 4.0 ppm of N H3we find that transmission spectroscopy with Twinkle, would detect 
ammonia at a ~3𝜎𝜎 level, given non-cloudy optimal conditions. We also investigate and conclude 
that Twinkle data can distinguish between a Cold Haber World and a Hycean World with a H2O-H2-
dominated atmosphere. 
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Planetary Stability As A Necessary  
Condition Of Habitability. 

P. Gajdoš1 , 1Institute of Physics, Faculty of Science, Pavol Jozef Šafárik University, 040 01 Košice, Slovakia, 
pavol.gajdos@upjs.sk  

More than 100 Earth-mass planets and super-Earth are discovered among known extrasolar 
planets. Most of them are part of multi-planetary systems with different kinds of mutual 
interactions between planets. Strong resonant interactions could cause instabilities in the 
system and its disintegration on a relatively short time scale. If one looks for habitable 
exoplanets, system stability should also be considered. We study the dynamics and long-term 
stability of 35 exoplanetary systems hosting Earth-mass planets or super-Earth planets. The 
value of the MEGNO indicator for each system was determined to distinguish between a 
regular system and a chaotic one. The calculated Lyapunov time gives an estimation of the 
time after that a system becomes chaotic. The dynamics of 10 systems show chaotic behaviour 
on the time scales shorter than 1 Myr. 

 

mailto:pavol.gajdos@upjs.sk


 

139 

 
Poster # 16 (Virtual, discussion and time for friendly questions & answers will be provided for.) 
 

The ionospheric response to geomagnetic storms in Asia using the GNSS 
network  

H.S .Mohamed1, 1Cairo University, Faculty of Science, Dept. of Astronomy, Space Science and Meteorology 
(heba.salah@aucegypt.edu)   

Introduction: During the solar cycle where activity on the sun occur leading to the emission of  speeded particles 
in form of solar wind or Coronal mass ejection. Due to the emission of the solar activities, the earth magnetic 
field is affected. Some of the particles manage to penetrate to the upper atmosphere causing collision with the 
atmosphere particle forming aurora or even deeper, modulating the number of ionized particles in the 
ionosphere causing effective disturbances. The deposition of solar wind energy in the magnetospheric polar cap 
region causes a disturbance in geomagnetic field. Geomagnetic storms produce large and rapid changes in 
magnetospheric convection currents. As a result of this disturbance, the energy inputs from the magnetosphere 
to the upper atmosphere can cause a dramatic change in electron density of the F region of the ionosphere.  
During the magnetic storm an intense joule and particle heating causes a strong up welling of the atoms around 
the auroral oval, the strong up welling transport oxygen or rich nitrogen up from the thermosphere to the F 
region, Neutral wind redistribute oxygen and rich nitrogen over high and mid latitude. The ionosphere is 
responding to Earth's magnetic disturbance and electric field penetration to modulate the electrodynamics 
phenomena in the ionosphere which shows a significant signature at the equator. 

The enhanced EEJ is an important feature of the equatorward extension of ionospheric currents from the polar 
ionosphere. During magnetic storms, ionospheric electric field disturbances are observed at middle and low 
latitudes on different timescales. They often affect the plasma distribution of the ionosphere significantly. They 
result from both prompt penetrations of time-varying magnetospheric fields from high latitudes to low latitudes. 

Abstract: The variation in the ionosphere due to geomagnetic storms prompt severe scintillation that disturb or 
enlarge changes in ionization. TEC (Total Electron content) value was employed in studying the ionospheric 
response to solar flare and CME (Coronal Mass Ejection). Different studies investigated the ionospheric response 
of equatorial and low latitude ionosphere to 22/23 June 2015 geomagnetic storm using chain of ground based 
ionosondes located at Tirunelveli (8.73°N,77.70°E; geom: 0.32°N), Hyderabad (17.36°N, 78.47°E; geom 8.76°N), 
and Allahabad (25.45°N, 81.85°E; geom 16.5°N) along with chain of GPS receivers. Our work is motivated by the 
fact that the ionosphere is not only responding to Earth's magnetic disturbance and electric field penetration to 
modulate the electrodynamics phenomena in the ionosphere which shows a significant signature at the equator 
but also the solar activity sunspot number and F10.7 flux. The ionospheric response  monitoring for magnetic 
storm using GPS station on Asia COCO (Australia) and CUSV (Thailand), swarm satellite and Dst(disturbance 
storm time). The study is for the SC 23 declining SC 24 ascending and declining phases as well as SC 25 beginning. 
The ∆tiono average value found to be is 1~2 days for regular storms facing the earth side at the equator during 
daytime and we found the correlation value has the same behaviour as F10.7 flux except for 2006 and 2007 .The 
correlation for response time and dst has values vary from 0.84 to 0.985. The analysis shows that F10.7 can be 
used as variable in the response time and Dst correlation. 
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Closing times around 5 pm 
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Inspace, 1 Crichton Street,  
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SpaceUp Scotland is jointly organised with British Interplanetary 
Society’s Scotland Branch and the Design Informatics and Social 

Dimensions of Outer Space Network. 
 
 

This event is dedicated to celebrating and strengthening Space 
collaboration between Scotland and the Ukraine. 
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Free Public Event 
www.habitableworlds.co.uk/public-event  

Let’s Explore Planets! 
From 6.15 pm Tuesday 8th November  
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