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NO minimum energy deposition!




Atom Interferometer tests of Dark Matter
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with Yufeng Du, Kris Pardo, Yikun Wang and Kathryn M. Zurek
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Als: the Rate
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ATOM INTERFEROMETERS

NO minimum energy deposition!




Dark Matter: where to look?
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[Preskill, Wise, Wilczek, 1983] [Peccei, Quinn, 1977] [Wilzeck]
[Dine, Fischler, Srednicki, 1981] [Zhitnitsky, 1980]
[Kim, 1979] [Shifman, Vainshtein, Zakharov, 1980]
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Optomechanical Cavities

Axioptomechanics

[work in progress]

with Yikun Wang and Kathryn M. Zurek
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Standard Optomechanics
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Standard Optomechanics
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Standard Optomechanics
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Standard Axioptomechanics

{ /\N\/\.__--;é p’}’l_l_pa:pgb_l_pfyz
pomp E{k Wn1 + Wwe = Wn2 -+ We
AN \( - 7

P probe T
}/pump wcav — C&V CS, C&V C Z

MEC mec [,
}, T
7pump 7pr0be pump

an a, aTbk +apaTbTm>




Standard Axioptomechanics
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Let’s give some numbers!

Yale University
Jack Harris Lab

[A.D. Kashkanova, A.B. Shkarin, C.D. Brown, et al. , 2017]

n For usual experiments in their lab:

P Npump =~ 106 Ppump ~ 1 pW
> Nprobe = 1 L ~ 100 pm
e Ny =1 Fopt ~ 10°

Yogesh Patil

Yale University Jack Harris
Yale University
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L)) Yale University
Jack Harris Lab

n For usual experiments in their lab:
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= N, pump — 10 PR Yogesh Patil
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Let’s give some numbers!

n For usual experiments in their lab:

= Npump > 10° Poump ~ 1 pW
> Nprobe = 1 L ~ 100 pm
D Ny =1 ]:optN105

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

> Npump =~ 10 Poump ~ 1 mW
> Nprobe ~ 101! Porobe ~ 1 mW

> N, ~ 10 b bem
Fopt ~ 10°

L-J) Yale University
Jack Harris Lab

Yogesh Patil

Yale University

E What we need to do for the QCD axion search:

> Nssiinp 22 107 Poump ~ 1 W
> Nprobe = 1017 Porope ~ 1 W

L ~1
=>N¢ e 1019 "
Fopt ~ 106

“apparently FEASIBLE!!”

Jack Harris
Yale University




Sensitivity and scanning strategy

N, sig

SNR =
V N, shot
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Sensitivity and scanning strategy

Pug 1

SNR =
\/ V¥ probe Wopt K [V, I}Q/eis

>1 ©> gayy > f(mg, cavity, lasers, material)

Klaser ™~ Hz < Afa
| » T, [GV]

|
~ 107?

Lorenzian regime Boltzmann regime

("f'laser/2)
("'fla,ser/z)2 a% (A + Q0 — ma)2

. (’ilaser) . (Afa> Mq o
SpacCing — € SpacClng — € = €—0

I ' x By (A + Q)

9 2 )~ “uar

~10 neV /year ~1 oom/year



Conclusions

Importance of exploiting potential of existing /upcoming experiments to explore
dark matter possibilities

|:> Atom interferometers at low transferred momentum:

l=:> Decoherence has no lower bound on energy deposition
'=> Coherent enhancement
I=:> Boost in the rate

I:> Axioptopmechanics:

'=> Coherent enhancement
|:> Decoupling of the cavity geometry with the axion mass
l=> Axions do not spoil the matching conditions



Future directions

Work in progress

I:> Atom interferometers (Als):

ED Understand the possible backgrounds.
I==> Study the implications of enjoying a Als network.

I=:> Study decoherence in other quantum sensors: atomic clocks?

I:> Axioptopmechanics:

l=:> Experimental proposal with J. Harris lab at Yale University.
ED Study the effect of using other materials (Si0,, Ta,Os...)



Thank you!



