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Experimental concept

Problem 1:
Decreasing volume
(and Q factor)
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Decreasing volume

A cavity haloscope converts m, = v, = myc?/h

C. Boutan, et al., Phys. Rev. Lett. 121 (2018)
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Decreasing volume
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Decreasing volume

A cavity haloscope converts m, = v, = myc?/h

17 _4 2 2 Q Cavity Q-factor
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For a cylindrical cavity, DFSZ axion:
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Cavity central frequency (GH2) C. Boutan, et al., Phys. Rev. Lett. 121 (2018)
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Why a dielectric Fabry-Perot Cavity?



Why a dielectric Fabry-Perot Cavity?
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Why a dielectric Fabry-Perot Cavity?

Rate [s7!] ~ 5 X 107*Cg,,,* Q V;, B2
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S. Kuhr et al., Appl. Phys. Lett. 90, 164101 (2007)




Why a dielectric Fabry-Perot Cavity?

Rate [s7!] ~ 5 X 107*Cg,,,* Q V;, B2

4 \ /. . . . . )
: : 2) High ossible in this open
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Why a dielectric Fabry-Perot Cavity?

1 —4 2
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- . * Large sapphire wafers available: 10-12 inch
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—— FP® 50 mm * Lesslikely to crack under differential expansion
—— FP @150 mm Microwave Bragg mirrors, Q>2.5 x 10°
———FP @ 300 mm J. Krupka et al., IEEE trans. ultra. 52 9 (2005

Other considerations: Frequency adjustment easy, relatively compact, broad tuning range,
easy to model, simulate and measure electric fields.



2 Inch prototype
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Measuring Quality factor at 4K

Rate [s™'] ~ 5 X 107*C,,,* Q V},, B
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Increasing noise

Classical readout: linearly amplify signal and use a signal analyzer
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Increasing noise

Classical readout: linearly amplify signal and use a signal analyzer
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Implications for axion detection

Time to scan for 95% confidence limit
mg, = 124 peV - 2m, = 248 peV

(30 - 60 GHz)
with Q = 10°:
t 8,600 Ls™) 2 !
= X
scan = ©,0UL YEALS R, Efficiency

>2



Photon counting to beat SQL
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Time to scan for 95% confidence limit
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Penning trap

Modified Cyclotron:

wy ~ 30 — 60 GHz

Axial:

w, =~ 2t X 10 — 100 MHz

Magnetron:
w_ ~ 10 — 100 KHz

=~ _~W;, . Axial

&\ w, : Modified
Cyclotron
w_: Magnetron



Penning trap

Modified Cyclotron:

wy =~ 30 — 60 GHz

Axial:
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Magnetron:

w_~ 10 — 100 KHz
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S. Peiland G. Gabrielse Phys. Rev. Lett. 83, 1287 (1999)
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Penning trap

Modified Cyclotron:
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Detecting photons with a single trapped electron

Detailsin J. A. Devlin et al., arXiv:2601.05472
See also similar ideas —

A. Cridland et al., Photonics 3, 59 (2016).

X. Fan et al., Physical Review D 111, 075022 (2025).
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Detecting photons with a single trapped electron

Step 1: Excite the
axial motion
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Detecting photons with a single trapped electron
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Detecting photons with a single trapped electron
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Detecting photons with a single trapped electron
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Detecting photons with a single trapped electron

Step 5: Detect
axial motion
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Detecting photons with a single trapped electron

cyclotron mode\l
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Detecting photons with a single trapped electron

cyclotron mode\l
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Detecting photons with a single trapped electron

cyclotron mode\l
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Detecting photons with a single trapped electron

cyclotron mode\l
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Exclusion efficiency: 30%
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Trapped electrons

Cryo infrastructure Penning trap assembly
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Trapped electrons

Cryo infrastructure

Up to date images of small
cloud of electrons
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Takeaways

* Fabry-Perot cavities has
favourable scaling with
frequency.

* High quality factor measured.

* Route to high count rates.

= Cylindrical cavity
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Takeaways

* Single photon counting
dramatically speed up detector
high mass axion
searches. “
* Electrons in a Penning
trap can be used as single
photon counters.

* Able to load and control
small clouds of electrons.



Thank you for listening



Cavity Modes
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Other detection options >30 GHz

-

Results .~
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https://cajohare.github.io/AxionLimits/docs/ap.html



Single photon counters

Solid-state devices
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A. V. Dixit, et al., Phys. Rev. Lett. 126 141302 (2021)
A. Ghirriet al., Sensors 20(14), 4010 (2020)

Alternative AMO devices
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Good performance, ultimately effort was not sustained.
Now Rydberg Axions at Yale (RAY) D. Speller, & S. Ghosh

M. Tada et al., Nuclear Physics B (Proc. Suppl.) 72 164 (1999)
M. Tada et al., Physics Letters A 349 6 488 (2006)



Detection and exclusion efficiency

Detection efficiency
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Projected scan time
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Fabry-Perot Cavity
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