48R U.S. DEPARTMENT W

++ENERGY UNIVERSITY of
% of WASHINGTON

Dielectric Powder Haloscope SNSPD*
Experiment

Madeleine Carhart, CPAD October 22 2026

*Superconducting Nanowire Single Photon Detector



Outline

- Axion Motivation
- Haloscopes

« DPHaSE Concept

« Powder Characterization



Axion Motivation

- The QCD Axion was proposed as a

solution to the strong CP problem Y

: : cl ayy
« Axions weakly couple to photons in a X

strong magnetic field

» Axions are a promising dark matter

candidate! Bo

Inverse Primakoff Effect



Current Axion Limits
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Detector Scale
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Haloscopes



Haloscope Power
1: Resonant Cavity: ADMX
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Resonant Cavity Haloscope

* Cavity
* Rod
* Antenna

* Amplifiers




DPHaSE Concept




Disordered Dielectric Haloscope

* Dielectric Powder

* Superconducting Nanowire

Single Photon Detector

(SNSPD)
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Disordered Dielectric Haloscope
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Photon Collection Chamber
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Single Sphere Conversion

Bad Oscillations
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Conversion on Many Spheres
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DPHaSE Experimental Projection

Projected parameters for DPHaSE:

Currently targeting Band A
m Band A

Pathfinder

Phase 1

Phase 11

Bandwidth
Material

A S€nsor

Vest
Background rate

A S€nsor

Vett
Background rate

A S€nsor

Veff
Background rate

Sensor efficiency

1—4 pm [122]

Alumina
1.7
10 m [118]

0.82 pm

1 mm?

5 cm?
10> Hz

1 cm?

500 cm?
10—3 Hz

10 cm?
5000 cm?
107% Hz

85%

Band B Band C
2-20 pm [123] 30-120 pm [124]
KBr/NaCl HR-Si
1.5 3.4
100 m [123] 1.6-6.3 m [124]
2.11 pm 20.0 pm
1 cm? 1 cm?
5000 c¢m3 80—320 cm?
10~2 Hz 10~2 Hz
10 cm? 10 cm?
50000 cm? 800-3200 cm?
107 Hz 107 Hz
50% 50%
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DPHaSE Projected Sensitivity
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Where dotted line is for pathfinder and solid and dashed lines are for phase | and Il respectively.
The blue line corresponds with band A with a mean radius of 0.8um, magenta corresponds to
band B with mean radius of 2um, and green corresponds to band C with mean radius of 20um.
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Powder Characterization



Radius Characterization
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Characteristic Lengths

Transmittance vs Wavenumber for SiO2 Sample Case
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Projected Pathfinder Sensitivity
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Status Summary and Next Steps

We're searching for axions using a new technigue with disordered

dielectrics.
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Next: Build the detector!
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Radius Characterization
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Characteristic Lengths
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Characteristic Lengths

- Sample case consisting of glass slides

Wit h a9 3D or inte d spacer \ ot S

» Tested eight thicknesses of samples:
« 0.1, 0.25, 0.5, ..., Z2Zmm

- Followed DJ’s technique:

« Powder does not free fall due to
gravity

« Powder moves when strongly shaken
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Characteristic Lengths

Fourier Transform Infrared Spectrometer (FTIR)

IR beam enters
through window

IR beam passes through
sample and continues to
detector
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Characteristic Lengths

Diffuse Reflectance Integrating Sphere

IR beam enters
through window

IR beam reflects off
powder and continues to
integrating sphere

27



Detector Design

Either:

- Powdersuspendedin-epoxy

« Powder Box with Transparent
walls

- Plastic: PHRE - FER-PEN

« Glass or|Sapphire
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Single Photon Detecto

System Detection Efficiency
1 98% (NIST 2020)

] .— Optica 7.12 (2020): 1649-1653.

DETECT.SNSPD

I

SRR

I

«— ‘ ] - >
count rate [Mcps] L 1o | 197" 1ljitter [ps™]
1.5 Geps (JPL 2023) | 4.5 ps (MIT/JPL 2019)

Nature Phot 14.4 (2020): 250-255
Optica 10.2 (2023): 183-190. ature Photonics (2020)

/" 1/dark counts [s/counts]
v 1107 ps (MIT 2021)

PMT data: Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Physical Review Letters 128.23 (2022): 231802.
Spectrometers, Detectors and Associated Equipment, 926, 2-15.
SPAD data: Chip (2022): 100005.
ES data: Superconducting devices in quantum optics (2016): 31-60.
Other missing data: Nature photonics 3.12 (2009): 696-705.

credit: Berggren




Grinding Sapphire!




