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Introduction

� Dark photons (DP) and axion-like particles (ALPs) are hypothet-
ical particles appearing in SM extensions.

� They are well motivated candidates for dark matter content.
� The interaction with photons is described as follows:

LDP =
ε

2
F ′µνF

µν LALP = −gaγγ
4

aFµν F̃
µν (1)
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Current DP limitations

Caputo et al., 2105.04565

Figure 1 – The current limitations on parameters (mX{mA′}, χ{ε}) for DP
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Current ALP limitations

Ringwald, 2404.09036

Figure 2 – The current limitations on parameters (ma, gaγγ) for QCD axions
and ALPs.4/21



Light-Shining-through-Wall

Figure 3 – The LSW setup scheme
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LSW experimental setups

Figure 4 – The LSW experimental setups photos. The left panel presents
the CROWS experiment at CERN [Betz et al., 1310.8098]. The right
panel presents the current Fermilab experimental setup [Romanenko et al.,
2301.11512].
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Thin wall

Berlin et al., 2303.00014

d & 10µm, mA′ � ω ∼ 10−7 eV ∼ GHz (2)
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LSW setup schemes

Figure 5 – The experimental model schemes for two receiver location: sepa-
rated (the left panel) and nested (the right panel).

Separated Nested
R 10 cm 10 cm
L 5 cm 10 cm
d 10 µm, 1 mm, 1 cm
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Experiment sensitivity

� The signal power

Psignal =
ωs
Qrec

∫
Vrec

d3x 〈| ~E2(~x, t)|〉t =
ωs
Qrec

· 1

2
|G|2Vrec , (3)

where G is the amplitude of the signal EM-mode.

� The radiometric equation

SNR =
Psignal

Pnoise
·
√
t∆ν , (4)

where Pnoise = T∆ν – the thermal noise power (ωs � T ).
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Amplitude and Geometric Form Factor

� ALP
G = G g2aγγEem

0 B2
extQrecVemω, (5)

G =

∫
Vrec

d3x

Vrec

∫
Vem

d3x′

Vem
E∗recB (~x)EemB (~x′)

eika|~x−~x
′−~l|

4πω|~x− ~x′ −~l|
. (6)

ka =
√
ω2 −m2

a (7)

� DP
G = G ε2m2

A′Eem
0 QrecVemω, (8)

G =
1

ω2

∫
Vrec

d3x

Vrec

∫
Vem

d3x′

Vem
E i∗rec(~x)Ejem(~x′)(m2

A′−∂i∂j)
eikA′ |~x−~x′−~l|

4πω|~x− ~x′ −~l|
.

(9)

kA′ =
√
ω2 −m2

A′ (10)
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TM010 and TE011 modes
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Separated receiver
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Nested receiver
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Asymptotic behaviour of ε at high masses

� Separated receiver, TM010

G ∝ (mA′d)2

m4
A′

[K2(mA′d)−K0(mA′d)] ∝ exp(−mA′d)

m
7
2÷4
A′

(11)

ε ∝ m
3
4÷1
A′ × exp

(
mA′d

2

)
(12)

� Other cases
G ∝ exp(−mA′d)

m3
A′

(13)

ε ∝ m
1
2

A′ × exp

(
mA′d

2

)
(14)
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Dependence on d
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Separated receiver
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Nested receiver
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Asymptotic behaviour of gaγγ at high masses

� Separated receiver, TM010

G ∝ exp(−mad)

m3
a

(15)

gaγγ ∝ m
3
2
a × exp

(
mad

2

)
(16)

� Other cases
G ∝ exp(−mad)

m5
a

(17)

gaγγ ∝ m
5
2
a × exp

(
mad

2

)
(18)
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Dependence on d
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Results

� The LSW cavity setups with thin wall for DP and ALP search
were considered

� It has been shown that using a thin-wall installation, it is possible
to significantly increase the coverage area

� Asymptotical approximations of sensitivity at high masses were
analytically calculated
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Thank you!
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