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Community Proposal for ESA Road-Map

for Cold Atoms in Space
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Cold Atoms in Space: Advances of Atomic Clocks
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Cold Atoms in Space: Earth Observation
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STE-QUEST Science:
Testing the Equivalence Principle

Class Elements n Year [ref] Comments
Be - Ti 2x 10~ 2008 Torsion balance
Classical Pt - Ti 1x10°H 2017 MICROSCOPE first results
Pt - Ti (10-1%) 2022+ MICROSCOPE full data
HiCs - CC 7x 1077 2001 Atom Interferometry
Hybrid STRb - CC 7x 1079 2010 and macroscopic corner cube (CC)
3K - 5TRb 3x 107 2020 different elements
87Sr - %Sy 2x 107" 2014 same element, fermion vs. boson
Quantum  ®Rb-%Rb 3 x 107" 2015 same element, different isotopes
Rb-%Rb 3.8 x 1012 2020 10 m tower
41K - 87Rb (10-17) 2037 STE-QUEST
Antimatter H-H (10—2%) 2023+ under construction at CERN




STE-QUEST Science:
Searching for Ultralight Dark Matter
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STE-QUEST Science:
Probe of Quantum Mechanics

Interferometric tests on ground
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Exploration in Space Beyond LISA
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AEDGE: Searches for Ultralight Dark Matter

Linear couplings to gauge fields and matter fermions
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Gravitational Wave Spectrum
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* Gap between ground-based optical interferometers & LISA
— Formation of supermassive black holes (SMBHs)?
— Electroweak phase transition? Cosmic strings?



How to Make a Supermassive BH?

SMBHs from mergers of intermediate-mass BHs (IMBHs)?
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AEDGE: Gravitational Waves from IMBH Mergers

Characteristic Strain
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Synergies with other GW experiments (LIGO, LISA), test GR

Badurina, Buchmueller, JE, Lewicki, McCabe & Vaskonen: arXiv:2108.02468



AEDGE: GWs from IMBH Mergers
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AEDGE: GWs from IMBH, BH-NS Mergers
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Badurina, Buchmueller, JE, Lewicki, McCabe & Vaskonen: arXiv:2108.02468



AEDGE: Bertoldi, ..., JE et al: arXiv:1908.00802

AEDGE: Gravitational Waves from Cosmic Strings
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Badurina, Buchmueller, JE et al: arXiv:2108.02468

AEDGE: Gravitational Waves from Cosmic Strings
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Alonso, ..., Badurina, ..., JE, ..., McCabe et al, arXiv:2201.07789
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Towards the Definition of an Earth
Observation (Pathfinder) Mission

The EU has committed itself to a pathfinder EO mission in
collaboration with ESA

 What should be its objectives?

What should be the long-term satellite EO objectives
e Wishlist?

* What sensitivity on what time-scale, with what spatial
resolution?

e (C/should it be sensitive to moisture, biomass, infrastructure, ...?



