1/15

XXIIT International Seminar on High Energy Physics
Quarks-2026

Prospects of Laboratory Searches for Physics
Beyond the Standard Model with Single-Photon
Detectors in RF Cavities

Dmitry Salnikov'?, Petr Satunin®»?

1 Institute for Nuclear Research of the Russian Academy of Science

2 Lomonosov Moscow State University

The research is supported by the RSF grant Ne25-22-00932.

May 22, 2026



2/15

Introduction
B Dark photons (DP) and axion-like particles (ALPs) are hypothet-
ical particles appearing in SM extensions.
B Well motivated candidates for dark matter content.
B Interaction with photons:
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Current constraints on ALPs
Caputo et al., 2105.04565
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Current constraints on DP
Caputo et al., 2105.04565
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Search strategies

B Haloscopes target DP and ALPs as constituents of the local dark
matter halo (depending on the DM fraction and ppy).

B Helioscopes search for DP and ALPs emitted by the Sun (depend-
ing on the production model in the Sun).

B Purely laboratory-based experiments aim to produce and detect
DP and ALPs within a single setup — light-shining-through-wall
(LSW) (model independent).
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Laser-based LSW experiment

Superconducting Dipole Magnets Wall  Superconducting Dipole Magnets
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Parameter Value
Wavelength (1064.5 £ 0.1) nm
Vacuum-tube length bf. wall Lv = (123.00 £ 0.01) m
Cavity length behind wall Lrc = (122.6012 £ 0.0001) m
Laser power injected P, ~25W
Cavity res. enhancement B = 7000
Cavity free spectral range FSR ~ 1.22263 MHz
Spatial & spectral matching 2

of HPL to the RC Eigenmode In[* ~ 0.9
Vacuum system gas pressure < 10~° mbar

TABLE II. Parameters of the optical system. P; denotes the
laser power traversing the magnet string before the wall. P;, 8
and |n|? varied during data taking (see [47]). Lrc is measured
via the free spectral range of the cavity.

Figure 1 — Any Light Particle Search (ALPS) is a dual optical cavity enhanced
light-shining-through-awall (LSW) experiment at DESY in Hamburg. ALPS-
I: Phys.Lett.B689:149-155, 2010; ALPS-II: arXiv:2512.14110
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RF cavity LSW experiment

DEWAR | ROOMT

FIG. 7: Photo of emitting cavity (1) and shielding enclosure
(2) containing the identical detecting cavity. For ALP search,
both parts were placed in the bore of a solenoid magnet with  FIG. 1. Left: The experimental setup for the Dark SRF ex-

the same arrangement as shown in the picture. periment consisting of two 1.3 GHz cavities. Right: A sketch
of the Dark SRF electronic system.

Figure 2 - CROWS experiment at CERN, Phys.Rev.D 88 (2013). Dark SRF
at Fermilab Phys. Rev. Lett. 130, 261801 (2023), Phys. Rev. Lett. 136,
111802 (2026).



Current laboratory constraints on ALPs & CAST
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Current laboratory constraints on DP & CAST

1072 4
CAST(2024)
10764
v -
o 10774
£ DarkSRF (2026)
20
4
ALPS-II(prospects)
10-?
10710 4= — = . — !
1077 1076 107 10 103 1072

ma [eV]

9/15



10/15

Single photon detector & Linear amplifier

B Linear amplifier (LA) and standard quantum limit (SQL)
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B Efficiency of SPD comparing to LA:
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Signal power

H DP
Psignal = Pem X QQVQWQ X gl%P(mA’) X 64mj14’7 <6)
3! 5im2, — 8;0,; eikA/|:i’—5c"—l_]
gDP—/ ER (D) EL, (Z )( . AQ i) R
rec Vem w drw|Z — & —
m(J 7 2, ma < w;

gDP(mA’)OC{ Aty
mA/

x exp(—mard), ma > w.

B ALPs
Pignal = Pem X B Q*V20? X G1ps(ma) X gayss (7)
3’ iko |Z—2 —I|
gALPs — / g*rec .'Z" gem f/ =
rcc chm ( ) B ( )47TW|f—fl—l|

G (ma) Const, My K W;
(Mmg) (3=
ALPsTa ma B x exp(—mqd), mg > w.

B Sensitivity improvement: (10°)%/4 ~ 20.



Setup parameters for sensitivity estimation

Pom = 1kW, Q= Qem = Qrec = 10°, Beyy = 10T, t = 1day,
R=30mm, L =25mm, d=10mm,

SNR = 1.65 (oneside 95% C.L.),

Rae =1072Hz, f(TMg1o) = 3.82GHz, f(TEq11) = 8.55 GHz.
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Estimation on ALPs constraints
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Estimation on DP constraints
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Conclusions

B Single-photon detectors operating at frequencies of 1-10 GHz can
increase sensitivity of RF cavity lsw setups by an order of magni-
tude comparing to linear amplifiers.

B The estimated sensitivity to ALPs merely reproduces the exist-
ing ALPS-II constraints but does not improve them significantly,
therefore conducting an experiment aimed at ALPs searches is
hardly justified.

B In the case of DP, an experimental setup can cover unconstrained
areas and seems more motivated.

Thank you!
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