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Abstract: Direct detection experiments search for dark matter through its potential interactions with the SM particles. However, light dark matter
models with particle masses below the GeV scale are still largely unconstrained. As we will see in this talk, sensitivity to such small momentum
transfer can benefit from quantum sensors, which employ fundamental quantum mechanical phenomena to notice energy depositions otherwise
unreachable. Quantum sensors can considerably extend the range in dark matter mass of traditional WIMP experiments and be complementary to
other direct detection methods. In the first part of the talk, | will examine a proposal to use atom interferometers to detect a light dark matter
subcomponent at sub-GeV masses. DM scattering off of one "arm” of the atom interferometer can cause trackable decoherence and phase shifts.
Two key factors render atom interferometers highly competitive experiments for very low masses: they are sensitive to extremely low momentum
deposition and their coherent atoms give them a boost in sensitivity. On the second part of the talk, | will present a new proposal to search for axions
with optomechanical cavities. As we will see, the Bose-enhancement of a final state coherent population of photons or phonons can help
overcoming the strong suppression from the axion to photon coupling. A unique advantage of this novel search, axioptomechanics, is that the cavity
size need no longer be matched to the axion mass, which allows to probe a wide window of axion masses.

Zoom Link: https://pitp.zoom.us/j/92645586400?7pwd=bm1VUEVquUzNOOXYV 2V nhEUKkJdWZrZz09
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Dark Matter: where to look?
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Dark Matter: where to look?
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Dark Matter: where to look?
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Dark Matter: where to look?
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Dark Matter: where to look?

GeV  10Tev Mpi
|

WIMPs

max mX

recoil ™ (G eV) keV

o~ 1073%cm? (

P

loss of “Hux” My =
L

My )2
100 GeV

Page 9/86



Dark Matter: where to look?
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Dark Matter: where to look?
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Dark Matter: where to look?
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Atom Interferometer tests of Dark Matter

with Yufeng Du, Kris Pardo, Yikun Wang and Kathryn M. Zurek
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Als: Decoherence
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Als: Decoherence
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Als: Decoherence

distance
A

, Fdecoh(q) =1- eXp(zq . AX)

[Joss, Zeh, 1985
|Hornberger, Sipe, 2003]
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Als: Decoherence
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Als: Decoherence
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Measurement
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[Kunjummen et al., 2022]

Impact of potential backgrounds

(cosmic rays, solar photons, solar neutrinos, dust...)
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Als: the Rate
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Als: the Rate
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Als: the Rate
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Als: the Rate
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Als: the Rate
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Als: the Rate
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Als: Results
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Als: Constraints

[Knapen, Lin, Zurek, 2017
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Als: Constraints

[Knapen, Lin, Zurek, 2017
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Als: Constraints

[Knapen, Lin, Zurek, 2017
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Als: Constraints

[Knapen, Lin, Zurek, 2017
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Als: Constraints

[Knapen, Lin, Zurek, 2017
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Als: Constraints

[Knapen, Lin, Zurek, 2017
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> Stellar emission
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Als: Constraints
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Als: Constraints

[Knapen, Lin, Zurek, 2017

Cosmological
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Als: Constraints

[Knapen, Lin, Zurek, 2017
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Dark Matter: where to look?
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Dark Matter: where to look?

GeV  10Tev Mpi
|

“Light” DM
7N\

GeV 100 GeV
f >

ATOM INTERFEROMETERS

NO minimum energy deposition!

Pirsa: 22120019 Page 62/86



Axion Dark Matter
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Axion Dark Matter
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Axion Dark Matter
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Axion Dark Matter

107 22eV . GeV  101ev Mp
|

| | 1
¢ 1 1 | |

“Ultralight” DM

106
CROWS ALPS-I
0OSQAR

| Solar v

MWD X-rays
_E—

TS XWAY

surds ajoy doejg

! (LR ARRERE, - B R A Y. RN T L Al 3 x %} A A J
105070 A 1070 4070774040 T A0 A0 AT 407 40" 48 A 0
mg [EV] [Ciaran O’Hare, 2020]

Pirsa: 22120019 Page 66/86



Standard Optomechanics
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Standard Optomechanics
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Standard Optomechanics
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Standard Optomechanics
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Standard Optomechanics
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Standard Optomechanics
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standard Axioptomechanics
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Standard Axioptomechanics

Py = 2py
Wyl + Wa = Wy2 + Wy
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Standard Axioptomechanics
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Coherent enhancement: Photons

Py = 2py
Wyl + Wa = Wy2 + Wy

Hyp = =30 gawjdf‘r a(r) n(x) E(r) - B(r)
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Coherent enhancement: Photons

Py = 2py
Wyl + Wa = Wy2 + Wy

Hyp = —30 gawjdf‘r a() n(x) E(r) - B(r)
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Coherent enhancement: Phonons

Py = 2py
Wyl + Wa = Wy2 + Wy

Y"“’ Mechanical
drive

Hyp = =30 gawjdf‘r a(r) n(x) E(r) - B(r)

N
- Z ) (gaw (aplagzb; )

PPk

2
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Axioptomechanics

: s kq
Qgoy]l = SINC E(npump s Nprobe — Mm i )

m/

Mechanical
drive

oy ——

Pprobe

n For usual experiments in their lab:
o) — 10 P W
Norobe = 10° L ~ 100 pm
Ny =1 Fent 5107

E What they can “easily” do, even now:

Npump il Ppump ~ 10mW
Norope ™ 1014 B robe o 100NN
probe —

14 L~1cm Yogesh Patil [
] N = 10 h Yale University J k H .
¢ -Fopt/?r ~ 10° ac arris

Yale University
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Importance of exploiting potential of existing /upcoming experiments to explore

dark matter possibilities.

Atom Interferometers

Advantages

Future
Directions

' Decoherence has no lower bound on energy deposition
"> Coherent enhancement

= Boost in the rate for light DM and mediator

=> Understand the possible backgrounds.
=» Study the implications of enjoying a network of Als.
> Constrain other new physics: DM nuggets?

=» Study decoherence in other quantum sensors: atomic clocks?

Axioptomechanics

Advantages

Future

Directions

=» Coherent enhancement /number state enhancement (7)

= Decoupling length from axion mass

> Study backgrounds in specific experiment |experimental proposall

i EXplore other materials J. Harris and J. Patil at Yale U.
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Thank you!
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