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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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Dark Matter: where to look?
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ATOM INTERFEROMETERS

NO minimum energy deposition!
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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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Let’s give some numbers!

Jack Harris Lab (Yale)

n For usual experiments in their lab:

= Npump =~ 10° Poump ~ 1 pW
> Nprobe = 1 L ~ 100 pm
e N, =1 Fopt ~ 10°

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

~ 11 P ~ 1 mW
* Npump =~ 10 pHmP Yogesh Patil
> Nprobe = 10! Fprobe ~ 1 mW Yole University Jack Harris
L ~J ]_ cm Yale University

+ N, ~ 104
¢ fopt ~ 105
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Let’s give some numbers!

Jack Harris Lab (Yale)

n For usual experiments in their lab:

> Npump ~ 106 Ppump ~ 1 IUW
= Nprobe = 1 L ~ 100 pm
=>N¢=]. ~Fopt’\“:|-()5

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

~ 1011 ~
> Npump =~ 10 Foump ~ 1 mW Yogesh Patil
> Nprobe = 10! Fprobe ~ 1 mW Yole University Jack Harris
L ~J ]_ cm Yale University
=> N, o) ~ 1014 .

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

I=>]Vpump =~ 1015 Ppump ~ 10 mW
> Nprobe ~ 1015 Ppmbe ~ 10 mW

L ~1m
> N, ~ 10%3
? Foy~105  “FEASIBLE!!”
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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 q
'=:> Coherent enhancement
I=:> Boost in the rate

|:> Axioptopmechanics:

'=:> Coherent enhancement
::} Decoupling of the cavity geometry with the axion mass

l=:> Axions do not spoil the matching conditions
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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!
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Als: Daily modulation
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Als: Decoherence
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Atom Interferometers (Als)

Heavy mediator case: other applications

Dark Photon

Axion scattering



