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Introduction

m Axions and axion-like particles (ALPs) are hypothetical pseudo-
scalar particles. They are massive and electrically neutral.

m Axion as CP-strong problem solution [Peccei-Quinn, 1977].

m Axions and ALPs as a part of dark matter content [Preskill, Ab-
bott, Dine, 1982].

m Interaction with EM-field is described by the following term of the
Lagrangian and the corresponding vertex:

Ling = _gaZ’Y G’FILUFMV

The mass of m, and the coupling constant of g4, are related for
QCD axion as follows, g,y = 1010 GeV_l(lr’:{/). These parame-
ters are independent for ALPs.
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Detection methods
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Figure 1 — The experiments for axions and ALPs search.
a) haloscope, b) LSW, ¢) helioscope (CAST).



Current limitations
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Figure 2 — The current limitations on parameters (ma, gay) for QCD axions
and ALPs.
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LSW experimental setups
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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 3 — The experimental setups photos. The left panel presents the

CROWS experiment at CERN [Betz et al., 2013]. The right panel presents

the current Fermilab experimental setup [Romanenko et al., 2023]. Results

were published for Dark photons search only. The SRF experimental setup
5/16 at CERN is projecting [Bogorad et al., 2023]. @




Motivation and aims

m The LSW cavity setups are being developed at the moment
m The problem of their sensitivity improvement is important

m The research aims were

m comparison of various cavity types (normal conducting and super-
conducting RF) schemes of the LSW cavity setups

m finding the optimal geometrical configuration

m discussion of schemes technical features
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Experimental model scheme
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Figure 4 — The experimental model schemes for two cavity orientations: coax-
ial (the left panel) and parallel (the right panel).

Cavity type By Bext | Q P
Normal conducting RF | 0.01T | 3T | 10° | 100kW
Superconducting RF 01T - 100 | 0.1kW

Table 1 — The basic characteristics of normally conducting RF and SRF
cavities. Four setups were considered: @

716 i) RF+RF, ii) SRF+SRF, iii) SRF+RF, iv) RF+SRF.



Theory

m The motion equations

(0,0" +m2)a = —g‘j%Fw,f?’“”,

OpuF™ = —gany F* 00 = ji.
m In the electric and magnetic field terms it reads
(00" +m2) a = gy (E - B)

> o - o OE -
(V.E):pan [VXB]:E—’—jam

where

— — —

Pa = _ga'y’y(ﬁa : é) , ja = ga'y'y([va X E] + dB) .
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Generated signal

m The exact Klein-Gordon equation solution is

eiku\a‘c‘—f’|—iwat

alt. &) =g BB Re| [ d's! (€ B)() (6)

em

m The exact Maxwell’s equations solution is

An|i — 7|

E(t, @) ~ Re[GE(&)e ™!, B(t, %) ~ Re[GBs()e 1], (1)

Qrec em pem rec
G: Ws .‘/rec d3 g Ja)—ZQrecga’YyEO BO recg(S ' ( )
Vrec
d3 ro, =, eika\i—i,| Fy
9= /ﬂ Vi | Vom B @E B — g O)
Vrec Vem

m For both cases of w, = wy and w, = wi + we EM-invariant reads

" " R T

(€ -B)= (& Bu), (€ -B)y==( -B+8&-B). (10
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Experiment sensitivity

m The signal power

w ~ w 1
Psina: k d3 EQ_}t = - '7G2‘/rec 11
ot = o [ (B @ 0D = 2 GG Ve, (1)
m The radiometric equation
Psi n
SNR = —2&mal \/iAp | (12)

P, noise

where Pyoise = TAv — the thermal noise power (ws < T).
m The sensitivity estimation

- 262T SNR fAv\S 13)
9o = e Qrec 2 o B2 o BRoiV2 Vieo G2 t )

0,emr—0,em~—0,rec ¥ em

s 1
where Av = —* or Ay = n [Bogorad, 2019

rec
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RF + RF scheme sensitivity
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Figure 5 — The sensitivity dependence guy for the RF+RF scheme on the
R/L ratio for the cases of mq = w, and m, = 0 (the left panel) and on
the mass in the case of an optimal value of the R/L ratio (the right panel).
The coaxial and parallel orientations are considered. The cavities volume is
V = 1m?, the distance between cavities walls § = 0.5 m, the EM-mode is

TMo10, the experiment duration is ¢ = 10° s.
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SRF + SRF scheme sensitivity
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Figure 6 — The sensitivity dependence gq~~ for the SRF+SRF scheme on the
R/L ratio for the cases of mq = wq and me = 0 (the left panel) and on
the mass in the case of an optimal value of the R/L ratio (the right panel).
The coaxial and parallel orientations are considered. The cavities volume is
V = 1m3, the distance between cavities walls § = 0.5 m, the EM-modes are
TMoi10+TEo11, the experiment duration is t = 10° s.
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SRF + RF scheme sensitivity
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Figure 7 — The sensitivity dependence gq~~ for the SRF+RF scheme on the
R/L ratio for the cases of mq = wq and m, = 0 (the left panel) and on
the mass in the case of an optimal value of the R/L ratio (the right panel).
The coaxial and parallel orientations are considered. The emitter volume
is V = 1m?, the distance between cavities walls § = 0.5 m, the emitter
pump EM-modes are TMo10+TEo11, the signal receiver mode is TMo10, the

experiment duration is ¢t = 10° s.
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Figure 8 — The sensitivity dependence gq~~ for the RF+SRF scheme on the
R/L ratio for the cases of mq = wq and m, = 0 (the left panel) and on
the mass in the case of an optimal value of the R/L ratio (the right panel).
The coaxial and parallel orientations are considered. The receiver volume is
V = 1m?, the distance between cavities walls § = 0.5 m, the pump emitter
EM-mode is TMg10, the receiver modes are TMo10+TEo11, the experiment

duration is ¢ = 10° s.
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Results and conclustions

Scheme type Bgm’m Bgm‘(z) By | Qrec Pom |G| Garry
RF em. + RF rec. | 0.01T 3T 3T | 10° | 100kW | 1072 [ 3 x 10711 GeV !
SRF em. + SRF rec. | 0.1T 01T [01T |10 [ 0.1kW [ 1073 | 5x 10711 GeV !
SRF em. + RF rec. | 0.1T 01T | 3T [ 10° | 0.1kW | 1072 [ 3 x 100 GeV !
RF em. + SRF rec. | 0.01T 3T [0.1T [ 100 | 100kW | 1073 [ 9 x 10~ GeV !

Table 2 — The comparison of various schemes characteristics values. The
geometric form-factor |G| and the experiment sensitivity ga~, are presented
for the optimal R/L ratio for coaxial orientation and the low masses limit
(area of mq < wa/2).

m Both RF+RF and SRF+SRF schemes allow to obtain similar val-
ues of the sensitivity at the level of ggr- =~ (3 —5) x 10711 GeV ™.
Mixed schemes expectations are several orders weaker.

m The coaxial orientation with the ratio of R/L ~ 1.6 is the most
optimal geometrical configuration.

m The narrowest bandwidth of Av = 1/t is the important issue.

m The disadvantage of RF+RF scheme is high emitter power, the
disadvantage of SRF+SRF scheme is a more complicated signal
photons detection against the pump mode background. @
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We discuss the aspects of axion-like-particles (ALPs) searches with
Ligl ing-through-Wall (LsW) setups consisted
of two radio-frequency cavities. We compare the efficiencies of
three setups which involve the cavity pump modes and external
magnetic fields. Additionally, we discuss the sensitivity
dependence both on the relative position of two cylindrical cavities
and on their radius-to-length ratio.
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