| AYUDA BEATRIZ GALINDO JUNIOR BG23
|
UAB 9 (CErN
\ e OBIERNO  MINISTERIO
b EESPANA  DE CIENCIA

Universitat Autonoma Institut de Fisica < DE CIENCIA
de Barcelona d’Altes Energies il

Targeting soft imprints of dark matter

Clara Murgui (UAB/IFAE/CERN)
L. Badurina, Y. Du, K. Pardo, R. Plestid, Y. Wang, and K. M. Zurek [all @ Caltech]

R. Adhikari [Caltech], S. Chiow [JPL|, L. P. McCuller [Caltech], Y. Michimura |[Caltech], K.
Schwab [Caltech], Y. Patil [Yale U.], J. Harris [Yale U]

Dark Matter Beyond the Weak Scale 11
26th March 2024



Dark Matter: where to look?

10~ %%eV eV GeV 10 Tev Mpr 10M g
|

I I I I |
<+ | | | | | >

“Ultralight” DM “Light” DM WIMPs Composite DM PBH, MACHOs




Dark Matter: where to look?

10~ 2%2%eV eV GeV 10 Tev Mpr 10M g
|

I I I I I
<+ | | | | | >

WIMPs

The WIMP miracle

weak coupling

SM '

Gt sc 24 3 il ?
~N ——— — ~ 10~ ( X )
2> (ov) 5 M3 0" “*cm” /s 100 GaV

SM

3 x 10726 cm3/s) @ﬁ

QDM ~ 0.1 X ( (O"U) &



Dark Matter: where to look?

10~ 2%2%eV eV GeV 10 Tev Mpr 10M g
|

I I I I I
<+ | | | | | >

WIMPs
1074 10°°
10~42 106
104 1077
10~4 108

< m 2
q0° 8 g~y X

- 100 GeV

10—10

Dark matter-nucleon cross section [cm?]

10—48

Xe neutrino fog
10°

10—49

Dark matter mass [GeV/c?]

[Akerib, D. S., et al., Snowmass2021, 2203.08084]



Dark Matter: where to look?

10~ %%eV eV GeV 10 Tev Mpr 10M g
|

I I I I I
<+ | | | | | >

WIMPs

m
Ema,x- ~ ( X )k
':> recoil GeV eV
A
i o
g
3
*




Dark Matter: where to look?

10~ 2%2%eV eV GeV 10 Tev Mpr 10M g
|

| | | | |
T | l | | |
Essig, Mardon, Volansky, 2011] [Blanco, Collar, Kahn, Lillard, 2019]

: 3 K b
‘Graham, Kaplan, Rajendran, Walters, 2012]L1ght DM [Blanco, Kahn, Lillard, McDermott, 2021]

Lee, Lisanti, Mishra-Sharma, Safdi, 2015] [Blanco, Essig, Fernandez-Serra, Ramani, Slone, 2022]
[Essig, Volansky, Yu, 2017] —/\

Kurinsky, Yu, Hochberg, Cabrera, 2019]
Emken, Essig, Kouvaris, Sholapurka, 2019] keV MeV GeV
| | | >
I I I
|
) Semiconductors .
Absorption Magnons Super- Traditional
conductors Migdal Effects WIMP DD
5p (nuclear recoil)
Polar Dirac Fluoresence
crystals materials
Ionization
Superfluid He Graphene
. . . ~meV energy ~eV energy ~keV energy
Collectlve excltations resolution resolution resolution
Essig, Fernandez-Serra, Mardon, Soto, Volansky, Yu, 2015] (Griffin, Inzani, Trickle, Zhang, Zurek, 2019]
Derenzo, Essig, Massari, Soto, Yu, 2016] [Coskuner, Mitridate, Olivares, Zurek, 2020]
Hochberg, Lin, Zurek, 2016] Mitridate, Trickle, Zhang, Zurek, 2021]
Bloch, Essig, Tobioka, Volansky, Yu, 2016] 'Chen, Mitridate, Trickle, et al, 2022]




Dark Matter: where to look?

—22
10 eV eV GeV 10 Tev Mpr 10M@
- | | — —
“Light” DM
/\
meV eV keV MeV GeV 100 GeV
I I I I I I >
] | I I ] ]

ATOM INTERFEROMETERS

NO minimum energy deposition!
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Single-atom system
[Joss, Zeh, 1985]
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Multi-atom system (distinguishable)
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Particle scattering
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[Knapen, Lin, Zurek, 2017]
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Als: Destructive Decoherence

Multi-atom system (distinguishable)
|[Badurina, CM, Plestid, 2024]
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Standard Optomechanics

[Review: M. Aspelmeyer, T. J. Kippenberg, F. Marquardt, 2013. Thesis at J. Harris lab.]
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Standard Axioptomechanics
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Standard Axioptomechanics

[ )
CM, Y. W K. M. Zurek. 2022 -y
| ; ang, ure ] Do =2 2p7
W1 + Wg = W2 + We
\ J

Foump - gachﬁr a(r) n(r) E(r) - B(r)
\/2
_Z (“)(g p)(a aTbT)
ayy P1 P2k,
P1-P2.K Ma
~ 107
) P, for QCD axion
Yaom |=>FO<|g()| (ggﬂ/ 2
| b
<
Qm W > X Ny,pump




Coherent enhancement: Phonons
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Axioptomechanics: Rates
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Axioptomechanics: Sensitivity
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Axioptomechanics: Sensitivity

SNR = PSigIEtint/ Ta) >3 5> Gayy > f(ma, cavity, lasers, material)
back

Sources of noise

Dark Count Rate Laser frequency noise Thermal phonons
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Curves: heavy axion regime

[CM, Y. Wang, K. M. Zurek. 2022]
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Curves: heavy axion regime
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Curves: heavy axion regime
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Conclusions

Importance of exploiting potential of existing /upcoming experiments to explore

dark matter possibilities.

Atom Interferometers

:D Already (or will) exist!

l:{} No minimum energy deposition — decoherence

l={> Coherent enhancement

Axioptomechanics

l:{} Decoupling length — axion mass: phonons!

l:{} ~ background-free experiment

l={> Complementary to other axion searches
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