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AEDGE: 

Atomic Experiment for Dark Matter 

and Gravity Exploration

Informal Workshop

CERN, July 22/23 2019

Organizers:

Kai Bongs(CA), Philippe Bouyer(CA), Oliver Buchmueller(PP),

Albert De Roeck(PP), John Ellis(PP, Theory), Peter Graham (CA, Theory), 

Jason Hogan (CA), Wolf von Klitzing(CA), Guglielmo Tino(CA), and AtomQT

PP=Particle Physics

CA=Cold Atoms
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Workshop Outline and Goals

 The purpose of this informal workshop is to review the landscape of 

cold atom technologies being developed to explore dark sector 

physics, gravitational effects, and searches for new fundamental 

interactions - which offer several options for ground-breaking 

discoveries. 

 The Workshop will focus on the physics opportunities and connections 

between the fundamental research areas of particle physics and 

gravitational physics using technologies based on cold atom expertise.

 This Workshop will be an opportunity to bring together representatives 

of the cold atom, particle physics and gravitational communities in 

Europe (and wold wide), to work towards a strong science case that 

will build the foundation for future space-based as well as terrestrial 

projects.

An important goal of the workshop will be to assemble a White 

Paper outlining the physics case for a future space-based cold atom 

detector in response to the ESA Voyage 2050 call 

(deadline August 5th).
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ESA White Paper: Why now?

 We believe that the time is ripe to propose the use of a space-based 

cold atom technology to explore gravitational waves in the mid-

frequency band, enabling also the exploration of properties of dark 

sector physics, especially light dark matter, as well as searches for 

new fundamental interactions, with several options for ground-

breaking discoveries.

 We believe that this White Paper effort would be an excellent 

opportunity to bring together the different communities in Europe and 

to work towards a strong science case that will build the foundation 

for future space-based, possibly also terrestrial, projects.

 The ESA White Papers are supposed to focus on the physics case, 

which has the advantage that we can easily include several different 

technology scenarios without having to choose, or even favour, any 

of them.
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White Paper: Physics Case

 The White paper will focus on the physics opportunities and how to 

connect the fundamental research areas of particle physics and 

gravitational wave physics using technologies based on cold atom 

expertise. 

 It will emphasis ”Cold Atoms” as a technology scheme, giving 

examples of technology options, but its focus will be on the physics 

opportunities:

 Mid-frequency band GW physics and its synergies with LISA and 

AdvancedLigo/ET – i.e., it is not in competition with other future GW projects but 

rather an opportunity to cover the full frequency spectrum, which will be crucial for 

GW physics in general.

 Exploration of Ultra-Light Dark Matter focusing on scalar particles but also 

highlighting opportunities for pseudo-scalar (axions) and Vector Dark Matter

 Other fundamental physics

The above outlined case spans several science areas ranging 

from fundamental particle physic, astrophysics and cosmology to 

cold atoms and, thus, connects these communities. 
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CERN: founded in 1954: 12 European States

“Science for Peace”

Today: 23 Member States

Member States: Austria, Belgium, Bulgaria, Czech Republic, Denmark, Finland, 
France, Germany, Greece, Hungary, Israel, Italy, Netherlands, Norway, Poland, 

Portugal, Romania, Slovak Republic, Spain, Sweden, Switzerland and 
United Kingdom, Serbia 

Associate Members in the Pre-Stage to Membership: Cyprus, Slovenia

Associate Member States: India, Lithuania, Pakistan, Turkey, Ukraine

Applications for Membership or Associate Membership:
Brazil, Croatia

Observers to Council: Japan, Russia, United States of America; 

European Union, JINR and UNESCO 

~ 2500 staff

~ 1800 other paid personnel

~ 13000 scientific users

Budget (2018) ~ 1150 MCHF
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Science is getting more and more global
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Science is getting more and more global
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Workshop Agenda: Day 1

Day 1

Review of large scale 

terrestrial projects:

ZIGRA, MIGA, MAGIA-Advanced, 

MAGIS, AION, ELGRA

Space:

SAGE 

Morning

Early afternoon

Late afternoon
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Workshop Agenda: Day 2

Day 2

Review of large scale 

space projects:

Optical Clocks, 

BECCAP, STE-QUEST

AEDGE Physics

GW and DARK Matter

Closed Session:

Discuss WP Draft   

Morning

Afternoon
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Workshop Venue Map

Today

Tomorrow

Morning

Tomorrow

Afternoon 

[closed session]


