Dark photon constraints from the APEX cavity haloscope
experiment
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The big picture
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Very good indirect evidence exists for dark matter, so why hasn't it been
detected?

This talk is about using a resonant microwave cavity - a haloscope, to search
for a particular dark matter candidate - the dark photon



Dark photon dark matter theory

One of the simplest possible SM extensions: add a new ‘dark’ U(1)
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A can mix directly with the SM photon, controlled via the parameter y

Light dark photons are best described as a coherent wave oscillating at a
frequency set by m,, rather than a collection of distinct particles.

Just like the axion this can provide a natural DM candidate. Interesting
phenomenology and experimental possibilities!

Unlike the axion: no B-field needed, no specifically favoured m, values
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APEX was based at Hunan Normal University and the Institute of Physics, Chinese Academy of Sciences
From October APEX will run at Anhui University, whilst we prepare a dedicated laboratory at Henan Normal University

(Figure courtesy of Ciaran O’Hare)
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How do we search for this ‘dark’ wave?

e Dark photons/axions from the DM halo resonantly convert to photons when n1,
matches the resonance frequency of a microwave cavity

Amplify
Digitize
>
Power Spectrum ﬂ Expected haloscope
signal power
< is O(107** W)

Noise floor from cavity
blackbody radiation, plus
N added Johnson noise from
the receiver chain

Power

Frequency

£, =m,/2x

([AVE(T) - Ag(T))’
[dVIE(T)*|Ag(X)|?

. p
Peak power is Py = mn)(zmApVeﬂsQL, V=

e We don't know m,, so we need to scan the parameter space



APEX experimental details |

Network | N \Spectrum Key components
Analyzer ®| Analyzer

o Keysight N5231B network analyser

o Keysight N9020B spectrum
analyser

wl

e Bluefors LD 400 dilution refrigerator

e Cryogenic HEMT amplifiers, 36 dB
gain

e Room temperature amplifiers, 36
dB gain

e Attenuators, circulators/isolators,
cables
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Total noise temperature: 7.5 K, gain: 108 dB, loss: 23 dB



APEX experlmental details Il
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APEX experimental details Il

e Transmission and reflection measurements allow us to find f3, f,, Oy
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e Tofind V ¢ we simulate the TMO10 mode in CST Microwave studio
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Data analysis

e Data arrive in the form of power spectra, measured by the spectrum analyzer
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e We calculate the reference signal power P,.; in each bin and compare to the
measured power excess P, via the likelihood
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Discussion and conclusions

We have performed a cavity haloscope experiment, searching for dark
photon DM

Finding no statistically significant excess, we we place an upper limit
| x| < 3.7 %1071 around m, ~ 29.5ueV (90% CL)

This exceeds other constraints on dark photon DM in this frequency range
by roughly an order of magnitude

From Oct 2024 (Anhui University): implement cavity scanning, with
addition of 9 T magnetic field and ‘dual-path’ interferometric readout for
axion searches with quantum enhanced sensitivity

From Oct 2025: move to a dedicated lab at Henan Normal University, to
search for axions, dark photons and even gravitational waves

More details in 2404.00908 and 2404.10264
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Thanks for listening!






Extra: axion/dark photon cosmology

THE NOT-SO-HARMLESS AXION

Not long after the first axion papers, people realised that Michael DINE
' i ' The Institute for Advanced Study, Pri NJ(
this wonderful new light particle could be dangerous.... ¢ fnstitute for Advanced Study, Frineeton

and
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What happens here?

Figure courtesy of ‘Axion Cosmology’, D. J. E. Marsh, 1510.07633



Extra: The misalignment mechanism v
A

When axion/dark photon begins oscillate, ¢ ~ ¢, cos(m t

—3/2

Inserting into the EOM gives ¢y x a™>2, p, & |y |* x a~>

At the top of the potential we have w, = — 1 (dark energy), at the
bottom w, = 1 (free scalar field). Therefore (@) = 0

Just like ordinary non-relativistic matter: the coherent oscillations
of the axion field function as a natural cold dark matter candidate

For QCD axions, with initial misalignment angle Ha,i we typically have

2 4 fCL /0 2
Q,h? ~ 2 x 10 <1016 GeV> (02,)



