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To-be-detected astrophysical backgrounds

Cosmic neutrinos (SM)

Dark matter (BSM)

Gravitational waves (SM + BSM)




Cosmic neutrinos (SM)

Produced at the Big Bang, T' ~ MeV ( Toyp ~ 0.1eV )
0.06eV < ) m,, <0.2eV Tioday ~ 1074 eV

10 ecm~2s~! but weakly interacting and low momentum

Dark matter (BSM)

Gravitational waves (SM + BSM)




Cosmic neutrinos (SM)

Produced at the Big Bang, T' ~ MeV ( Toyp ~ 0.1eV )
0.06eV < ) m,, <0.2eV Tioday ~ 1074 eV

102 em™2s~ ! but weakly interacting and low momentum

€, sl Dark matter (BSM)

Required by multiple observations but no detection in the lab
anew boson? 1072'eV < m, < A(e.g.10% GeV)

M . .
1019 < eV) cm~2s~! weakly interacting and
M

my (Ve )~ 107°m,.c too low for nuclear recoils if m, < MeV

Gravitational waves (SM + BSM)
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@ Production mechanism In the early universe
& Motivation from fundamental physics

M Possibility of (direct or indirect) detection

DARK MATTER CANDIDATES:
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DM-atom scattering™
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g see the papers for more possibilities



DM-atom interaction during Ramsey sequence
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standard result X The states have different spin
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DM-atom interaction in co-magnetometers

same with
129Xe

Modified Larmor frequencies

Can be also understood as a phase difference
Co-magnetometer: eliminates B



f(0)1 — f(0)2

The two states have ditferent spin
We thus probe spin-dependent interactions

— — —

S. vy, S-S

may contain a coherent part (O(1) e.g. relative velocity)
or a non-coherent part (O(1/v/'N) e.g. DM spin)

The ultralight case ( m,, < 10eV, field description)
vields similar results

one needs to make sure
that the effect is not confused with
atomic physics/backgrounds



Constraints: two examples

scalar DM
Lint = —Gn/dgx (nyFysn) (iXJf@MX h.c.)
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Constraints: two examples

fermionic DM with light mediator

1 :

V“%X)

(X

Ling = —9 19y /dgaj (T_VV'UJ/VSR) m

oy [cm?]
10-63
10—65,
osTf — T clocks
N / \ ™\ previous
50 100 / 500 1000 5000 104 bounds

magnetometers my (eV)



B Cosmic neutrinos, low-mass dark matter and grav. waves:
high flux, low momentum and small coupling

B Precise (quantum) devices perfect place to look for them!

B The effect of dark matter in the standard operation of
atomic clocks/magnetometers yields new (sometimes
spectacular) bounds on the dark matter models

B [his seems just the beginning...



Future

More complete framework for some models (cosmology)

Perform the atomic clock measurements (at A # 0)

Bounds on other operators (may be enhanced by #nucleons)
srovided f(0) — F(0) # 0

Neutrinos! Gravitational waves?

Can these devices be used as detectors! To study coherent

scattering! (they work at zero momentum transfer)



Ultra-light case
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The atoms live in a background with some coherent teatures and
for certain dark matter models

Vo = V1 #0



