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= Where is Dark Matter Hidin&fr_’
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; Dark Matter around the Planck Mass

4
{1
IR

10-2leV Y GeV PeV Mppnae kg 10V M; Mg

v Uniquely motivated, e.g.

 Primordial Black Holes Hawking-evaporate and leave a
quantum-gravity corpse behind MacGibbon 1987, Aharonov+ 1987

e WIMPzillas Kolb+ hep-ph/9810361, 1708.04293, Harigaya+ 1606.00923

 Composite dark matter Krnjaic+ 1406.1171, Hardy+ 1504.05419

 GUT-scale coannihilation Berlin 1704.08256

 Dark quark nuggets Detmold+ 1406.2276, Gresham+ 1707.02316

 Planckian interaction Garny+ 1511.03278
o= Bai+ii906:04858 Blaricor-2112 14734
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; Dark Matter around the Planck Mass
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; Directly Probing Planck-Mass Dark Matter

R
e
gl b bra bl

10-2leV Y GeV PeV Mppnae kg 10V M; Mg

v Uniquely motivated

v' Still accessible in lab

mass density fixed
to ~0.3 GeV/cm?3

at mXNmPlanck?
flux ~ 1/m?/year
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_Quantum Sensing for Dark Matter Detection

gl b bl

10-2leV Y GeV PeV Mppnae kg 10V M; Mg

v Uniquely motivated
v’ Still accessible in lab

v' Gravitational detection feasible carney+ 1903.00492

thanks to recent advances in quantum sensing. Need
* sensitive accelerometers

« quantum-enhanced readout

* large array

Rafael Lang (Purdue): Windchime 7h
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__Measure Tracks through Array of Accelerometers
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_Measure Tracks through Array of Accelerometer
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_Simulating the Experiment

Dark Matter Halo
local density
velocity distribution

Earth orientation Particle Track A I S
seasonal modulation

. s21(dB)

Newtonian acceleration

directionality Array layout template
Particle properties Sensor orientation spectral response
> O
2 5
. O O fit or
&) O parameter
4 scan

o
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__Recovering Tracks from Noisy Data: Radon Transform
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__Recovering Tracks from Noisy Data: Radon Transform
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__Recovering Tracks from Noisy Data: Radon Transform
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JHL Parameter Estimation Challenge

”i Tracks buried in noise:
fitting is a challenge.

velocity (km/s)
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o

Here: Nested Sampling
MCMC 64 sensors: Works.
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Quantum Back-Action Evasion through Velocity Sensing
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Quantum Back-Action Evasion through Velocity Sensing
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Quantum Back-Action Evasion through Velocity Sensing

e P measure
- X

AzAp = h/2
minimal uncertainty

Caves+ Rev. Mod. Phys. 1980}
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Quantum Back-Action Evasion through Velocity Sensing

Caves+ Rev. Mod. Phys. 1980}

AzAp = h/2
minimal uncertainty

measure
X

measure
p

Rafael Lang (Purdue): Windchime
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Levitated MicrosEheres

—

Auxillary
coil

Hofer, Higgins+ 2211.06289

Trap coil
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_Broad-Band Back-Action Evasion through Velocity Sensing

m | |||||'|T| I ||||I'II] IIIIII|T| I |||||T|| I ||||I'IT| 1 |||||'|T| I ||||ITI] I ||||||TI I |||||T|] I ||||I'I|] I IIIII|T| I |||||T|E
. 1 0—15 & /
Q, Z 3
é - =
— -20[C et
k= i 10 = position sensing 4
3 o = g=102°> Hz/m >
~E e £
o) _ A
0 N = -1 Here: Voltage
‘_‘ | .
— .g 10-30F —| measurement with
2 s E Velocity Sensing = electric fleld—
= s g=1025 Hz/C —| dependent cavity,
+ == 71 e.g. using a RF
@ E | Single Electron
'(% 10_40 Q | ||I||,|,|J 1 |||I|,|,|I 1 IIIII|_|I L 111l | IIII|,|,|I 1 |||||,|,|J 1 |||I|_|,|I 1 IIIII|_|I 1 |||||_|,|] | |I|I|,||] 1 IIIII|_|J 1 IIIILUI; TranSiStor

= 10" = 10628 A0+ a10° > =10°
Frequency(Hz)
Rafael Lang (Purdue): Windchime 2]



Squeezing to Go Beyond the Standard Quantum Limit™
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Towards Gravitational Detection

XENONI1T from 2009.07909
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Towards Gravitational Detection
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Towards Gravitational Detection
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_Near-Term Target: Ultralight Dark Matter

Same array also probes wave-like excitations

Dark matter Compton frequency (Hz) Graham+ 1512.06165
107! 10° 10! 102 103 104 Carney+ 1908.04797
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Rafael Lang (Purdue): Windchime
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