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Intro

Standard Model (SM) of particle physics is incomplete
One of particle physics puzzle - Strong CP-problem
( СР-parity concerved in QCD)
One of the puzzles of cosmology — dark matter. What particles compose it?
None of the particles (or fields) in the Standard Model are suitable candidates
One of the solutions for both puzzles — new pseudoscalar particle “axion”

Peccei Quinn, 1977
Preskill 1982, Abbott 1982, Dine 1982
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Axion interaction with electromagnetic field
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Axion-like particles (ALP) — arbitrary parameters (ga

 ; ma)
QCD axions — a stripe in the parametric space,

ga

 = 10�10 GeV�1 C

ma

0:5 eV
; C
 � 1

Benchmark models:
KSVZ C
 � 1:92 Kim, 1979, Shifman, Vainshtein, Zakharov 1979

DFSZ C
 � 0:75 Dine, 1981, Fischler, Srednicki, Zhitnitsky 1980
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ALP parameters& bounds

ga

 = 10� 10 GeV� 1 C

ma

0:5 eV
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Search for axion dark matter � a haloscope concept

Pierre Sikivie PRL 1983

Dark matter - axionic condensatea(t ) = a0 sin(mat ). Energy density
� a = 1

2 m2
aa2

0 = 0:45 GeV=cm3, ma - unde�ned.
Resonance detection in magnetic �eldB with radiofrequency cavity (volume
V , unloaded quality factorQ0).
Disadvantage - resonant tuning of! to a certain axion massma (very narrow
band)
Energy power of axion-induced electromagnetic signal
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C010 - form factor, F(� ) - cavity-detector connection.
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Detectors

Standard detectors for axion searches in radio waverange �linear ampli�ers .
Noise is fundamentally limited by the quantum limit.

Tnoise> TSQL � 50 mK�
!

GHz

Dicke radiometer equation:

SNR=
Psig

Pnoise
=

Psig

Te�

r
t

� �

Cooling belowTnoiseis ine�ective.

Alternatives to linear ampli�ers are necessary �Single Photon Detectors
(SPD) Lamoreaux et al 2013

SNR=
Nsigp

Nsig + Nd:c:
=

Rsigp
Rsig + Rd:c:

p
t

Rate R = P=! = N=t . d.c. � dark counts, non-thermal noise.
Thermal Planck noise is suppressed,e� != T for T � ! .
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Josephson Junction Single Photon Detector

SPD on Josephson Junctions for 5� 15 GHz waverange have been constructed by a
group in Nizhny Novgorod Technical University
A.L.Pankratov et al. Observation of thermal microwave photons with a Josephson
junction detector. arXiv:2404.10434 [quant-ph]. Nature Commun. 16 (2025) 1, 3457

No thermal photons at 21 mK. 1 dark count in 100 seconds

Petr Satunin / CASH CASH haloscope proposal 4 July 2025 7 / 16



Time dependence

SNR =
Rsigp

Rsig + Rd:c:

p
t;

Rsig = C 2

 B2

0 Q0 � G ; G = 0:14 GeV�3; Rd:c: = 0:01 s�1
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S
N
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time, s

5 sigma
one-sided 95 CL

KSVZ  1.7 T
DFSZ 1.7 T
KSVZ  10 T
DFSZ 10 T

B, T t
KSVZ 1.7 400 s ’ 6:5 min
DFSZ 1.7 9 200 s ’ 2:5 hours
KSVZ 7 14 s
DFSZ 7 112 s

Necessary observation time to reach
95% CL sensitivity (SNR = 1:65),
Q = 105.
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CASH-I. No tuning

Cavity params: cylinder, R = 1:3 cm, L = 12 cm. C010 = 0:69, Q0 = 105.
Resonant mass ma = 36:5�eV.
B = 1:7 T
T = 20 mK , Rd:c: = 0:01 s�1. Rth: � Rd:c:

SNR= 1:65
t = 106 s � 12 days

Results:

C
 = 0:27; or ga

 = 2:3 � 10�15 GeV�1
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CASH-I. Sensitivity plot.

CASH-I: t = 106 s, B = 1:7 T.
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CASH-II. Frequency tuning

Q / ! . Q can be changed by changing conductivity.

Petr Satunin / CASH CASH haloscope proposal 4 July 2025 11 / 16


