Dark photon dark matter search at the TASEH experiment

In Collaboration with: TASEH Collaboration

Yuan-Hann Chang, Cheng-Wei Chiang, Hien Thi Doan, Tianjun Li
Nick Houston, Jinmian Li, Lina Wu, Xin Zhang

September 20, 2025

B

JL

ViZN=V

RIS S

=ihd=, K&

Xin Zhang (IZFIWEXE)



Dark Photon

One of the simplest possible SM extensions: add a new dark U(1) gauge symmetry.

The low-energy effective Lagrangian:
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It has kinetic mixing with the SM photon, the kinetic mixinge = tan ais the mixing in
the mass term in the interaction basis.

It can obtain mass via Higgs mechanism or Stueckelberg mechanism.

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

Like the axion, dark photon can also provide a natural DM candidate(DPDM).



Dark Photon Relic Density

Gravitational particle production (inflationary fluctuations):
P.Graham, J.Mardon, S.Rajendran (2016); E. Kolb, A.Long (2021)
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Axion oscillation: P.Agrawal, N.Kitajima, M.Reece, T.Sekiguchi, F.Takahashi (2020)
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Misalignment mechanism: K o A.Nelson, J.Scholtz (2011); P.Arias et.al.(2012)
Requires non-minimal coupling to gravity ERA”A K otherwisep o« R™* for t < m;l,l, giving too
small relic density.

Decays of topological defects A.J.Longand L. T. Wang (2019)



Dark Photon Polarization

Misalignment mechanism naturally leads to relic DPDM with a fixed polarization within
the cosmological horizon.

Axion oscillation dominantly produces a specific dark photon helicity.

DPDM from the collapse of smaller closed cosmic string loops has no single
polarization, which give us the random polarization scenario.

The direction of the DP field remains unchanged for most of the Universe history.
Two phenomenological extreme cases: fixed polarization and randomized polarization.

Any realistic scenario will presumably lie between these two extremes.



Dark Photon Detection landscape
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Haloscope

Dark photons/axions from the DM halo resonantly convert to photons when m x
matches the resonance frequency of a microwave cavity.

Dark photons has kinetic mixing with the SM photon, and thus unlike axions we do not
need magnetic fields in the Haloscope experiments.

We don‘t know mx , so we need to scan the parameter space.
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Search for Axion/Dark photon DM with TASEH Haloscope

Axion cavity haloscope at National Central University, Taiwan. First experimental run
completed in 2021. Ultimate goal to search 2.5-6 GHz band to QCD axion sensitivity
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Dark photon cavity search with polarization

Geocentric coordinates Detector-centric coordinates
Ze
o Axial
experiments Z

Phys.Rev.D 104 (2021) 9, 095029 Xe .
X = (sinfx cos ¢ x,sinfx sin ¢ x, cos O x)

Z (t) = (cos Apap €OS wt, cos A1y, Sin wt, sin Aj,p)

Alab is the latitude, w = 27/(1 sidereal day ) angular frequency of the Earth’s rotation

Angle between dark photon polarization and detector: cos 0(t) = X - Z(t)



Axion cavity Haloscope Is also a dark photon Haloscope
The DPDM power: P = Px + N = Py{cos* )+ N
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Conversion factor with DP polarization

DP signal power accumulated over a measureggent time T
1

(cos? 0(t)), = = /0 cos® O(t)dt

over multi-measurement Ti
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TASEH axion limits to dark photon limits

Measuring with periods T:
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Lattitude dependence for fixed polarization
Measuring for a whole day:
(cos? B(t)), day = g(?) + cos20x — (1 + 3cos20x) cos 2A1ap )

Sampling spherical symmetric 0x — (cos®6(t)), day
Calculate the conversion factor (cos? 8(t) o

T

Aap = 25° Sensitivity to latitude
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Measurement time dependence

Measuring a period T
cos (t) = sin O x cos ¢ x cos Ajap cos wt + sin O x sin ¢ x cos Ajap, Sin wt + cos O x sin Ajp

Taking T = 1/48 day ~ 0.5 hour, A, = 25° — f ((cos 9(t)> )
— (cos B(t)) o ~ 0.025
Taking T'=1/12day ~ 2 hour, A\jp, = 25° — f (<cos2 9(t)>T)

Changing the integration time
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Multiple measurement with time gaps

Repetitive measurement with T,y = 30 mins and T%,.;; = 0, 20, 100, 200 mins, Tiot = Tint + Twait

(Assuming the same power for each measurement)
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Scan strategy at TASEH

Total 839 scans

Scan step size ~ 100 kHz
Width of each scan 1600 kHz
Integration time ~ 40 mins
Waiting time ~ 2 mins
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TASEH data analysis procedure = | el
Perform FFT on the IQ time series data to obtain |~
the frequency-domain power spectrum. R T

Apply the Savitzky-Golay (SG) filter to remove
the structure of the background in the
frequency-domain power spectrum.
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Combine all the spectra from different frequency
scans with the weighting algorithm. Merge bins T ey

In the combined spectrum to maximize the SNR. s T
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An example: f = 4.712705 GHz
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Conversion factor for all frequencies
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The dark photon bound from TASEH

TASEH dark photon A very short measurement
time was typically assumed
Cosmology, for cavity haloscopes, which
resulted in a value of ~
0.0025 for the conversion
factor.
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Confirming or Vetoing Candidate Signals

First sweep(s)
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A tentative signal

The merged spectrum before and after rescan:
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There are 22 candidates with an SNR greater than 3.355 - Rescan

Two candidates, in the frequency ranges of 4.71017 — 4.71019 GHz and
4.74730-4.74738 GHz



The frequency 4.74730 — 4.74738 GHz

SNR before and after rescan

Main scan Rescan (19 times) Combine
(SNR: 23.46@4.747308 GHz) (SNR: 34.35@4.747304 GHz) (SNR: 28.41@4.747306 GHz)
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The signal was detected via a portable antenna outside the Dilute Refrigerate and
found to come from the instrument control computer in the laboratory.



The frequency 4.71017 — 4.71019 GHz
SNR before and after rescan (SNR: 3.801 = 4.593 at 4.710179 GHz)

Main scan

(SNR: 3.801@4.710179 GHz)
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The signal was not detected outside the Dilute Refrigerate but still present after
turning off the external magnetic field.




Fit rescaled RDP with DP line shape and power

f;=4.7 GHz
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Fit Rescaled Relative Deviation of Power without Merge
Power rescaled to the KSVZ axion including Lorentzian cavity response.
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Conclusion

Dark photon is a viable DM, which can have random polarization or fixed
polarization.

By re-examining data taken by the TASEH experiment, we derive a world-
leading constraint on the dark photon parameter space, excluding kinetic
mixing e > 2 x 10~'* in the 19.46 — 19.84ueV mass range, which
exceeds the naive “rescaling limit” by roughly one order of magnitude.

We identify a tentative signal with a local significance of 4.70,
corresponding to a dark photon with mass: mx =~ 19.5ueV
and kinetic mixing: € ~ 6.5 x 10" (fx ~ 4.71GHz)
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