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This talk
15’: I will present different ‘new physics’ cases from LISA and AION 

10’: discussion/find synergies

5’: I’ll mention briefly recent progress on UHFGWs 

(may be of interest for the atomic physics community + CERN community)



LISA
ESA Mission at “B1” (definition) phase (possible adoption in 2023!)

Launch ca. 2032

2.5 million km arms

picometer displacement of free falling masses
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A fantastic laboratory for GWs!
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LISA and ‘new’ Physics
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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

also effects on

 propagation of GWs
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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

also effects on

 propagation of GWs

  Clearly, 
the complementarity fro

m AI is essential     



for a multiband characterisation of th
e SGWB  



LISA and ‘other new’ Physics

i) Dark matter (led by D. Blas)

ii) Tests of black holes (led by P. Pani)

iii) Tests of general relativity (led by K. Yagi and T. Baker) 

* The LISA Science Group has Working groups focusing on (inspiration for atomic inter?)
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i) Dark matter (led by D. Blas)
Two main directions under scrutiny

GWs from ultralight dark matter Effects on GWs from ambient dark matter

if
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prospect

also SGWB

Cardoso & Maselli 1909.05870

Coogan et al. 2108.04154 [gr-qc]

Amaro Seoane et al 2107.09665
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* The LISA Science Group has Working groups focusing on (inspiration for atomic inter?)

ii) Tests of black holes (led by P. Pani)

BHs in non-vacuum GR (e.g SR)Exotic compact objects
Objects almost as compact as BHs from ‘new’ Physics 

Tests:
i) new channels of emission
ii) Multipolar structure & Kerr bound

Cardoso & Pani arXiv:1904.05363
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iii) Tidal heating/Tidal deformations

iv) QNM
v) Echos

Arun et al 2205.01597
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  LISA will m
easure all th

is with unprecedented 


precision! 



LISA and ‘other new’ Physics
* The LISA Science Group has Working groups focusing on (inspiration for atomic inter?)

iii) Tests of general relativity (led by K. Yagi and T. Baker) 

 =  GR + �(⇡Mf)2n�5

LVK Yunes et al 1603.08955 Carson and Yagi 2011.02938

Non-GR corrections to the inspiral part of the waveform



Atomic interferometry and ‘other new’ Physics
You have already heard that atomic interferometers are 


great detectors for GWs and ultra-light dark matter



Atomic interferometry and ‘other new’ Physics
You have already heard that atomic interferometers are 


great detectors for GWs and ultra-light dark matter

i) Would they ever sense the 
scattering from heavier DM candidates?

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

To be explored!



ii) Measuring G: We all know that G rules gravitational interactions

Atomic interferometry and ‘other new’ Physics

6.67430(15) ⋅ 10−11 m3 kg−1 s−2CODATA





Laser noise

Velocity/position of cloud 

Gravity gradient…

Can AIs improvements help here? 
(to reach 10 ppm)

Problems



Atomic interferometry and ‘other new’ Physics
AIs/LISA are very good accelerometers. 


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

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

transfer momentum (accelerate)

DM wind

g θ(t)
Domcke, Spinrath 1703.08629



Axions couple to:

ra · ~S harder to test w/ EP tests

if unpolarised:
effects cancels

if polarised

µ ~B · ~S
may be challenging

i) atoms in AIs/LISA
a)

b) time dep. Zeeman

ii) light in AIs/LISA
generates birrefringence 

 polarisations travel with different phase velocities±
is this detectable? 

Atomic interferometry and ‘other new’ Physics



And now some Magic…
As compared to the EM spectrum, GWs are searched 

for at very small frequencies

challenge i) sources?
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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

Figure 4. Sketch of Weber’s cylinder detector and photo of Joseph Weber at the antenna.

Weber built two detectors. The 2rst one was at the University of Maryland and the other was
situated 950 km away, in Argonne National Laboratory near Chicago. Both detectors were
connected to a registration center by a high-speed phone line. The idea of having two antennas
separated by a large distance allowed Weber to eliminate spurious local signals, that is, signals
produced by local disturbances such as thunderstorms, cosmic rays showers, power supply
5uctuations, etc. In other words, if a detected signal was not recorded simultaneously in both
laboratories, the signal should be discarded because it was a local signal and therefore spurious.

For several years, Weber made great eAorts to isolate his cylinders from spurious vibrations,
local earthquakes, and electromagnetic interference, and argued that the only signi2cant source of
background noise was random thermal motions of the atoms of the aluminum cylinder. This
thermal agitation caused the cylinder length to vary erratically by about 10W16 meters, less than the
diameter of a proton; however, the gravitational signal he anticipated was not likely to get much
greater than the threshold stochastic noise caused by thermal agitation.

It took several years for Weber and his team to begin detecting what they claimed were
gravitational wave signals. In 1969 he published results announcing the detection of waves [23]. A
year later, Weber claimed that he had discovered many signals that seemed to emanate from the
center of our galaxy [24]. This meant that in the center of the Milky Way a lot of stellar mass became
energy (E = mc2) in the form of gravitational waves, thus reducing the mass of our galaxy. This
“fact” presented the problem that a mass conversion into energy as large as Weber’s results implied
involved a rapid decrease of the mass that gravitationally keeps our galaxy together. If that were the
case, our galaxy would have already been dispersed long ago. Theoretical physicists Sciama, Field,
and Rees calculated that the maximum conversion of mass into energy for the galaxy, so as not to
expand more than what measurements allowed, corresponded to an upper limit of 200 solar masses
per year [25]. However, Weber’s measurements implied that a conversion of 1000 solar masses per
year was taking place. Something did not 2t. Discussions took place to determine what mechanisms
could make Weber’s measurements possible. Among others, Charles Misner, also from the
University of Maryland, put forward the idea that signals, if stemming from the center of the Milky
Way, could have originated by gravitational synchotron radiation in narrow angles, so as to avoid
the above constraints considered for isotropic emission. Some others, like Peter Kafka of the Max
Planck Institute in Munich, claimed in an essay for the Gravity Research Foundation’s contest in
1972 (in which he won the second prize) that Weber’s measurements, if they were isotropically
emitted, and taking into account the ineFciency of bars, would imply a conversion of three million
solar masses per year in the center of the Milky Way [26]. It soon became clear that Weber’s alleged
discoveries were not credible. Weber’s frequent observations of gravitational waves related to very
sporadic events and raised many suspicions among some scientists. It seemed that Weber was like
those who have a hammer in hand and to them everything looks like a nail to hit. 

The passage of a GW deforms solids (principle of Weber bars)
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FIG. 1. Cartoon of a two-spherical-cell setup, illustrating the two coexisting signals. The pump mode E0 of the cavity is

driven at frequency !0 (orange). The incoming gravitational wave of frequency !g either directly couples to the electromagnetic

fields (left inset) or indirectly by exciting the mechanical vibrational modes at frequencies !p (right inset), thereby sourcing

electromagnetic power at !0 ± !g. Thus, the signal mode E1 at frequency !1 is resonantly excited if !g ' |!1 � !0|, which is

read out by a directional coupler centered around !1. The mode profiles of the mechanical vibrations (as indicated by the solid

boundary of the cells) and the electromagnetic modes (orange and blue lines) are shown for an optimal configuration. A scan

across various gravitational wave frequencies amounts to tuning the electromagnetic frequency di↵erence !1 � !0, which can

be performed by, e.g., varying the diameter of the central aperture connecing the two cells.

10 kHz to GHz range. The large quality factors of SRF cavities, Q ⇠ 1011 operating at !0 ⇠ GHz, allow them to act

as e�cient converters of mechanical to EM energy and operate with much smaller readout noise than the mechanical-

EM transducers employed in modern Weber bar experiments [37–40]. In this sense, the optimal setup described here

functions as a Weber bar with significantly reduced EM noise, resulting in increased sensitivity to GW frequencies

that are outside the bandwidth of the mechanical resonance. This is discussed in more detail in Sec. VI. As a result,

even for fixed EM frequency splittings, in which case most GW frequencies can only excite the signal o↵ resonance,

the reduced EM noise allows this setup to potentially operate as an exquisite broadband detector of high-frequency

GWs. In this case, such a search has the added benefit of being sensitive to transient signals that would otherwise be

missed by a scanning experiment. For the analysis in this paper, we will consider spherical-cell SRF cavities (such as

those employed in the MAGO prototype), since their enhanced symmetry allows greater coverage of the GW sky as

well as the availability of analytic results for the various mode profiles.1 However, this setup can be applied to any

cavity geometry, including the elliptical cavities currently used for state-of-the-art SRF systems.

Compared to previous work, we introduce three new results: 1) we compute a new source of signal from the direct

coupling between the GW and the EM energy in the cavity, 2) we discuss the sensitivity of a broadband operation

of the experimental apparatus, where the parameters of the cavity are not resonantly tuned to the GW frequency,

and 3) we analytically determine the GW-mechanical and mechanical-EM coupling for spherical cavities, allowing

us to estimate the sensitivity as a function of the GW’s polarization and direction of propagation. The outline of

this paper is as follows. In Sec. II, we discuss signals arising from either the GW-mechanical or GW-EM coupling.

1 Spherical Weber bars have been studied in, e.g., Refs. [41–46].

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!



A. Berlin, DB, R. T. D’Agnolo, S. Ellis, R. Harnik, 
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FIG. 5. Reach of a MAGO-like setup to monochromatic GWs. The mechanical (purple) and EM (blue) signals are separated

for visual comparison, but they would both be present in a single experiment. The shaded purple and blue regions labeled

“scanning” and “scanning (EM)” show the sensitivity to mechanical and EM signals, respectively, for a scanning setup in

which the EM mode splitting is matched to the GW frequency, i.e., !1 � !0 = !g and assuming vibrational noise as inferred

by recent Fermilab measurements of cavity microphonics. The solid and dashed light-shaded contours labeled “scanning

(thermal)” and “non-scanning (thermal)” show the sensitivity when vibrational noise is attenuated to its irreducible thermal

value, for a scanning or broadband setup, respectively. In the latter case, the EM mode splitting is fixed to the lowest-lying

mechanical resonance, i.e., !1 � !0 = min !p ⇠ 10 kHz. In the scanning or broadband setup, the time to cover an e-fold in

!g or the total experimental time are fixed to 1 year, respectively. The degree of overcoupling to the readout is optimized for

105
 Qcpl  1010 (fixed to Qcpl = 105) at each frequency for the scanning (non-scanning) projection. Also shown in gray

are existing limits from LIGO-Virgo [67], AURIGA [39, 62, 68], bulk acoustic wave (BAW) resonators [18], and the Holometer

experiment [17]. The green shaded region corresponds to signals generated from superradiant bosonic clouds around black holes

of mass M? ⇠ M� (105 Hz/!g) at a distance of 1 kpc (see Appendix F).

GWs. These include searches performed by LIGO and VIRGO7 [67], the Weber bar experiment AURIGA [39, 62, 68],

the Holometer interferometer [17], and a bulk acoustic wave (BAW) resonant mass antenna [18]. The green shaded

region corresponds to the predicted signal strength of coherent GWs generated from superradiant bosonic clouds

around black holes of mass M? ⇠ M� (105 Hz/!g) at a distance of 1 kpc [28, 69]. We refer the interested reader to

Appendix F for further discussion of such signals.

VI. COMPARISONS TO OTHER EXPERIMENTS

In Fig. 5, we estimated the reach to coherent GWs with amplitude h0. However, to compare to other experimental

setups, it is often more useful to phrase the sensitivity in terms of the “e↵ective noise strain” PSD Snoise

h , since it

7 Note that the reach of LIGO-Virgo cannot be extrapolated beyond ⇠ 10 kHz. Besides the fact that current data is sampled at ⇠ 16 kHz,

there is also a lack of feasible calibration to understand and control the changed optical response at high frequencies. We thank M.

Seglar and O. Piccinni for discussions on this point.

today’s noise

2 K floor

1 yr integration in band!



Conclusions

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

2. Both LISA-like missions and AIs: 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)

Effects of pressure/noise from scattering with DM/CNB

Measurements of G

Birrefringent effects from axions in the propagation of lasers

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


