
Towards a Roadmap
• What are the user requirements?


• Earth observation (frequency, strain: need quantum pathfinder)


• Astrophysics & cosmology (sources, frequency, strain (  for Hz)


• Fundamental physics


• GR: equivalence, dark energy (chameleon, symmetry, Galileo), Lorentz


• QM (Bell, WF collapse (BEC on ISS))


• Particle physics: variation of constants, dark matter, …


• What is the current state of the art?


• Clocks, interferometry (species, compare techniques)


• How do we get from here to there? (terrestrial, pathfinders (what demonstrates which TRL? Individual 
components vs manufacture, systems, science), EU non-dependence…)


• Which roads on the map can we travel together? (EO + FP? EP ready to go? common platform?)


• Roles of EU, ESA?

10−22 f ∈ (10−2,1)



Gravitational	Waves	from	IMBH	Mergers

Probe	formation	of	SMBHs	
Synergies	with	other	GW	experiments	(LIGO,	LISA),	test	GR

Badurina,	Buchmueller,	JE,	Lewicki,	McCabe	&	Vaskonen:	arXiv:2108.02468
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Discoveries waiting in the decihertz range
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Testing UFF in space at 10-17 or below 

• Several missions for UFF tests have been proposed and studied (STEP, 
GG, POEM, GAUGE, STE-QUEST).

• MICROSCOPE (2016-2018), provides the best test of UFF at present 
(10-14). Analysis of all data + systematics is expected to allow searching 
for a UFF violation down to 10-15.

• MICROSCOPE and LISA-Pathfinder have convincingly demonstrated 
platform inertial control (drag-free) compatible with future UFF tests.

• Europe is world leading in this field.

 It is time for pushing the limits of knowledge further, towards our first 
glimpse of physics beyond the standard model and general relativity.

E.g: Scalar dark matter 
coupling to electromagnetism 
with coupling constant de

(1)



▸ Precise control of the initial position and velocity of atomic 
ensembles at  the µm and µm/s level, respectively. 

▸ Expansion velocity of cold ensembles of 10s-100s μm/s to  

▸ allow free expansion of several seconds in microgravity and 
space  

▸ keep wavefront systematics at a reasonable level 

▸ Interacting quantum mixtures should 

 be treated appropriately

36Requirements for a precision UFF test at the 10-15 level



Naceur Gaaloul                                      Community Workshop on Cold Atoms in Space September 23rd 2021

37Conclusion

▸ Several recent advances, experimental and theoretical,  meet 
the requirements of a dual-species AI test of the UFF. 

▸ A consolidated UFF mission concept for a UFF/WEP test with 
a Rb-K dual atom interferometer at the 10-17 level has 
become realistic. 

▸ This would improve the expected final Microscope results 
(10-15) by few orders of magnitude, entering a region no 
other experiments can reach ⇒ Explore completely 
uncharted territory with potential for a major discovery !



Searches	for	Light	Dark	Matter
Linear	couplings	to	gauge	fields	and	matter	fermions

UFF @ 10−17



Detailed Comparison
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Quantum Gravity?
• The physics of the 21st century? (Ulf Israelsson)


• What signatures?


• Dark energy?


• Space-time foam?


• Lorentz violation?


• Modification of quantum mechanics?


• BH horizon?


• Credible theoretical calculations?

Challenge to early-career researchers: new ideas?



Other Discussion Points
• Neutrino experiment (Dylan Sabulsky)


• General-purpose detectors? (Jonathan Tinsley)


• Scientific synergies between EO and FP (Vincenza Tornatore)


• How to develop the community [early-career, converts, 
geographical spread]: seminars, lectures, schools (Goran Djordjevic)


• Piggy-back on work towards applications [EO] (Franck Pereira dos 
Santos)


• How to minimise power requirements for computing in space [and 
on Earth] (Alexandra Pinto)


