Axion and hidden photon
dark matter detection with
multilayer optical haloscopes

Junwu Huang

Perimeter Institute
June, 2018

arxiv:1803.11455, Masha Baryakhtar, JH, Robert Lasenby



Outline

Motivations for bosonic Dark Matter searches

Dark Matter to photon conversion in a photonic
crystal

Experimental setup and reach

Conclusion



BosoniCc dark matter

Fuzzy

10226y dark matter beV QCD axion

See Stadnik’s talk

e Dark matter with m < 100 eVmust be bosonic, with occupation
number > 1 in dense regions

e DM In form of coherent, classical oscillations of field
coherence length ~ (vpym) ™t ~ 10°m ™!
coherence time ~ (U%Mm)—l ~ 10%m 1

* Can naturally be produced by amplification of quantum
fluctuations during inflation



e AXion parameter space: T

« Axion DM searches:

CASPER

e Axion productions:
 Misalignment

e String & domain wall

ABRACADABRA, DM radio
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Borsanyi et al., Nature 16 [1606.0794]]
(G. Grilli di Cortona, E. Hardy, J. Pardo Vega, G.Villadoro
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' 1 See Scherlis’s talk



Dark photons

* Dark photon parameter
space:

107" N\g

* Dark photon DM searches: ” v )

‘DM radio

. 1 v 1 / v 1 2 A2 L LA,
» Dark photon production: ~q D = g Fu E A gmE AT T (A AL

e [nflationary production

[P.W. Graham, J. Mardon, S. Rajendran, arXiv:1504.02102]
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Dark matter searches

* Dark matter scattering

2

* Dark matter(absorptidnb:onversion

AE = mpy

Haystac Cavity




Dark matter conversion to photon

* Challenges for dark matter absorption:

Pa = (’771 as Mg 1%')

Py = (Mg, My,)

ky

* Jo satisty energy and momentum conservation, we
need the absorption target to have the right
periodicity

Boundary

of a cavity
(ADMX)




Dark matter absorption
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* Challenges for dark matter absorption:
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* Jo satisty energy and momentum conservati
need the scattering target to have the right
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Photonic Crystals

- Materials with periodic optical properties

2 microns




Photon mode

+ DM is spatially uniform over the de Broglie wavelength

 Photon modes have period of the Compton wavelength

« Half wave stack  n1di = nadas = Acompton/ 2

Period
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Coherent absorption

» Converted power (dark photon): (@ ~ N)
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6 ~ 102 -+ Coverage over DM mass Scan!
range 5m/m N 1/@
P/P,
e A oo O(100) stack to cover an e-fold

0 of frequency with N=100 stack.
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Coherent absorption

» Converted power (dark photon): (@ ~ V)

- 2 2N\ 2
16 .2 2 (ny—n3)
?/‘i pDMAN 14 42

UL
s~ * Coverage over DM mass Scan!
can!
range  om/m ~ 1/Q

aea s * Photons are emitted
collimated to the surface
Background

N periods » Photons can be focussed rejection

—P»G down to area~ 107°4



cxperimental setup
Ager~(100 m)?

» Signal photons can be detector
focused Into a sensitive

photon detector

Adet — 1O—GAAlayer

lens
» The Target-Lens-Detector —~ B
system should be operated
Y . P & é dielectric
IN a cryogenic system N S~ ———  layers
& //é

' ' \ //
» A horizontal magnetic field @ @
s needed to look for axions
mirror

Alayer~( I O Cm)2



Notable backgrouna

Blackbody (Thermal)

Aw w?

I'gp ~ Agere /T < ~ el

BB 12 Aidet€ i T < w/40 ~ 300K (eV)

» Cosmic ray and Radioactivity [ ~ O(10) Hz/Target
Background reduction by focusing ['get 10—6I’Target

- Active veto of particle shower

Detector dark count

CCD: mHz Background rate of

|0~ Hz at eV energies
SCT), TES, MKIDs: O(1)/day



Dark Photon DM

Alum
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10710 ¢ Sun

1 week run time
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Roughly N stacks are needed to cover an e-fold of masses



Dark Photon DM
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Axion DM

2 2\ 2
2 D2 2\n;—n .
892 B3 223 AN? 12 4 week run time

Alum
102 10 1

Axion-photon coupling
Gay~va I - Brequires
background magnetic
field 1070

1078 |

Existing constraints
stronger; need larger
target / better detectors

10—12 L

10T, N = 1000, (30 cm)2, 10-5Hz

0.02 0.05 0.1 0.2 0.5 1 2 5 10
myleV

Sub-component of DM
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Conclusions

Photonic crystals can be used to convert non-
relativistic axion and dark photon dark matter to
photon

- [he converted photon can be focused onto very
small photon counters

* Optimal axion and dark photon dark matter reach
in the optical/IR range

Experimental design & set up underway
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cxperimental parameters

Pathfinder Phase | Phase 11
Signal Dark Photon Dark Photon & Axion|Dark Photon & Axion
(1eV,10eV) (50meV, 10eV) (50meV, 10eV)
Range (le\I & ACompton)
(0.1 gm, 1 pm) (0.1 pm, 20 pm) (0.1 pm, 20 pm)
Area (A) (10 cm)? (10cm)? (30cm)?
Number of periods (V) 30 100 1000
Temperature (Tiayer) 200 K(300K) 4K 4K

Thickness (d ~ N )
Stacks per e-fold

um, ~ 30 pum)

(~ 10 pm, ~ 2mm)
400

(~ 100 pgm, ~ 20 mm)
4000

Detector Dark Count (I'pbcr .g. CCD) |107°Hz (e.g. TES) 107° Hz (e.g. TES)
Detector Efficiency (n) 0.1 0.9 0.9
Temperature (Tyetector) 200 K 100 mK 100 mK
Magnetic Field (Axion) N/A 10T 10T
mg mass g mass
target target



