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15°: | will present different ‘new physics’ cases from LISA and AION

5’: I’'ll mention briefly recent progress on UHFGWSs
(may be of interest for the atomic physics community + CERN community)

10’: discussion/find synergies



LISA

‘//’ ESA Mission at “B17” (definition) phase (possible adoption in 2023!)

N © Launch ca. 2032
- 2.5 million km arms
~ picometer displacement of free falling masses

A fantastic laboratory for GWSs!
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LISA and ‘new’ Physics



LISA and ‘new’ Physics

Stochastic backgrounds of GWs at the LISA band are harbingers of the
Physics of the primordial Universe

inilation Lasky et al PRX 6,011035 : Primordial BHs Braglia et al. JCAP 12 (2021)
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LISA and ‘new’ Physics

Stochastic backgrounds of GWs at the LISA band are harbingers of the
Physics of the primordial Universe
Primordial BHs

Inflation
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* The LISA Science Group has Working groups focusing on (inspiration for atomic inter?)

[) Dark matter (led by D. Blas)

Ii) Tests of black holes (led by P Pani)

lif) Tests of general relativity (led by K. Yagi and T. Baker)
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LISA and ‘other new’ Physics

* The LISA Science Group has Working groups focusing on (inspiration for atomic inter?)

[) Dark matter (led by D. Blas)

Two main directions under scrutiny

GWSs from ultralight dark matter

Tsukada et al (2021)
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LISA and ‘other new’ Physics

* The LISA Science Group has Working groups focusing on (inspiration for atomic inter?)

[) Dark matter (led by D. Blas)
Two main directions under scrutiny

GWs from ultralight dark matter : Effects on GWs from ambient dark matter
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LISA and ‘other new’ Physics

* The LISA Science Group has Working groups focusing on (inspiration for atomic inter?)

li) Tests of black holes (led by P Pani)

Exotic compact objects BHs in non-vacuum GR (e.g SR)



* The LISA Science Group has Working groups focusing on (inspiration for atomic inter?)

li) Tests of black holes (led by P Pani)

Exotic compact objects
Objects almost as compact as BHs from ‘new’ Physics

Cardoso & Pani arXiv:1904.05363

Tests:
Exotic matter
Rotating or Y L O, [) new channels of emission
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“, 1 Q&e@ ' Ii) Multipolar structure & Kerr bound
Buchdhal’s theorem M?H _l_ ISEH — M€—|—1 (IX)E
e>1/8
&S --.__{;5% fus . . . .
R iij) Tidal heating/Tidal deformations
(Multi)-layered objects ” g,i gﬁ:ﬁrzp;?gglsds .
: Iv) QNM
Semt lasioa ffacts v) Echos

Quantum gravity

Arun et al 2205.01597



LISA and ‘other new’ Physics

* The LISA Science Group has Working groups focusing on (inspiration for atomic inter?)

li) Tests of black holes (led by P Pani)

Exotic compact objects
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LISA and ‘other new’ Physics

* The LISA Science Group has Working groups focusing on (inspiration for atomic inter?)

lif) Tests of general relativity (led by K. Yagi and T. Baker)
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Atomic interferometry and ‘other new’ Physics

You have already heard that atomic interferometers are
great detectors for GWs and ultra-light dark matter

Fountain distance




Atomic interferometry and ‘other new’ Physics

You have already heard that atomic interferometers are
great detectors for GWs and ultra-light dark matter

3 RNt 1
14;p+2RK>. . € 4}9 a -".j‘ I) Would they ever sense the

. ¢+,  scattering from heavier DM candidates?

..
e
-

see Alonso, Blas, Wolf for co-magnetometers and AC 1810.00889 [hep-ph],
And Du et al. arXiv:2205.13546 for Al

Fountain distance

To be explored!




Atomic interferometry and ‘other new’ Physics

i) Measuring G: We all know that G rules gravitational interactions
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Precision measurement of the Newtonian
gravitational constant 3
Chao Xue, Jian-Ping Liu, Qing Li, Jun-Fei Wu, Shan-Qing Yang ...

National Science Review, Volume 7, Issue 12, December 2020, Pages
1803-1817, https://doi.org/10.1093/nsr/nwaal65



G x 10" (m*-kg'-s?)

Read our COVID-19 research and news.
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week ending

PRL 119, 253201 (2017) PHYSICAL REVIEW LETTERS 22 DECEMBER 2017

>

Canceling the Gravity Gradient Phase Shift in Atom Interferometry

G. D’Amic:o,1 G. Rosi,1 S. Zhan,l’* L. Cacc:iapuoti,2 M. Fattori,1 and G. M. Tino"'
1Dipartimento di Fisica e Astronomia and LENS, Universita di Firenze, rO e I I I S
INFN Sezione di Firenze, via Sansone 1, I-50019 Sesto Fiorentino (FI), Italy
2European Space Agency, Keplerlaan 1, 2200 AG Noordwijk, Netherlands

(Received 23 May 2017; revised manuscript received 22 July 2017; published 19 December 2017)
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Fountain distance

Atomic interferometry and ‘other new’ Physics

0
Time

Als/LISA are very good accelerometers.

i) Can we feel the ‘force’ from cosmic relics?

Given the DM/neutrino wind, if it scatters with an atom it will also

transter momentum (accelerate)

Pendulum
(1)
Domcke, Spinrath 1703.08629
0 [ a2, N 10718 cm/sz, mx =10 GeV, ox_n =3-10"°% cm?
DM Wlnd agz, N 10~2 cm/sz, mx =0.1 GeV, ox_ny=3"- 1073% cm?
CNB wind agz, 1072 em/s?, mx =1MeV, ox n=1-10"" cm?.
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Atomic interferometry and ‘other new’ Physics

AXions couple to:

) atoms in Als/LISA —>\ if unpolarised:
a)

Va-S harder to test w/ EP tests efiects cancels
b) A7 f polarised

A A time dep. Zeeman
may be challenging

I uB-S
1) light in Als/LISA

Gayy aB-E generates birrefringence

VV\ + polarisations travel with different phase velocities
N s this detectable?



Qgw(f)

And now some Magic...

As compared to the EM spectrum, GWs are searched
for at very small frequencies
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What happens
at ‘laboratory’ sizes?

challenge i) sources?

challenge ii) how to detect them?
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Qgw(f)

And now some Magic...

As compared to the EM spectrum, GWs are searched
for at very small frequencies
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GWs exciting solids

[he passage of a GW deforms solids (principle of Welber bars)
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MAGO set-up

(Microwave Apparatus for Gravitational Waves Observation)
Ballantini et al arXiv:gr-qc/0502054.

Principle: an eigenmode is no longer an eigenmode
when the cavity is deformed: mode-mixing!




EStiI I lates A.Berlin, DB, R.T. D’Agnolo, S. Ellis, R. Harnik,

Y. Kahn, |. Schutte-Engel, 2303.01518
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Conclusions

1. A clear synergy LISA/Al is already been exploited with SGWBs

2. Both LISA-like missions and Als: great potential for other new physics

(and complementarity)
DM in GW searches from ULDM clouds or ambient DM

Tests of nature of BHs (several smoking guns)

Tests of gravitation (measurements of PN parameters)

Measurements of G
Effects of pressure/noise from scattering with DM/CNB

Birrefringent effects from axions in the propagation of lasers

3. Other opportunities may be awaiting for Atomic Physics for UHFGWSs



