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The aim of experiment:
the search for Dark Matter as Hidden Photons

Virial theorem:
kinetic energy of gravitationally bound system of objects should be equal to
— 0.5 of their potential energy

Zwicky (1937) — analyses of red shifts of the Coma Cluster of galaxies:
surprisingly high mass-to-light ratio

To-day, according to a combination of all data: the dark matter accounts for
about 84 % of the matter content of the Universe

WIMPS, Axions .... ?

What if: dark photons?
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First articles on the topic:

* P. Fayet, On the search for a New Spin 1 Boson, Nucl. Phys B 187 (1981)
184-204.

* L. B. Okun, Limits of Electrodynamics: Paraphotons, Sov. Phys. JETP 56
(1982) 502 [Zh. Eksp. Thedor. Fiz. 83 (1982) 892.

* H. Georgi, P. H. Ginsparg, and S. L. Glashow, Photon Oscillations and the
Cosmic Background Radiation, Nature 306 (1983) 765 — 766.
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The dark Photon

Abstract

HE DARK PHOTON IS A NEW CAUGE BOSON whose existence has been conjectured.

e It is dark because it arises from a symmetry of a hypothetical dark sactor comprising
particles completely neutral under the Standard Model interactions. Dark though it is, this new

/ gauge boson can be detected because of its kinetic mixing with the ordinary, visible photon.
€ We review its physics from the theomtical and the experimental point of view. We discuss
the difference beaween the massive and the massless case. We explain how the dark photon

enters laboratory, astrophysical and cosmological obsarvations aswell as dark matter physics.
We survey the current and futume experimental limits on the paramewers of the massless and

massive dark photons together with the related bounds on milli-charged fermions.
SM DS

M. Fabbrichesi, E. Gabrielli, G. Lanfranchi
The Physics of the Dark Photon, Springer Briefs in Physics (Springer, 2021)
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V. Dzunushaliev, V. Folomeev, A.Tlemisov
Linear Energy Density and the Flux of an Electric Field in Proca Tubes
Symmetry 2021, 13, 640. https://doi.org/10.3390/sym 13040640

V. Dzunushaliev, V. Folomeev

Axially symmetric particlelike solutions with the flux of a magnetic field in the non-
Abelian Proca-Higgs theory

Phys. Rev. D 2021, 104, 116027

V. Dzunushaliev, V. Folomeev

Proca balls with angular momentum or flux of electric field
Phys. Rev. D 2022, 105, 016022

arXiv:2112.06227v.2 [hep-th] 16 Feb 2022
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]
i) PHELEX- PHoton-ELectron EXperiment

multicathode counter technique as an extension of
a method of a dish antenna to higher masses (energies)

P=2a’y’ A, a’ =<cos’ 6>
X PcomAaish Pepm = 0.4 GeV/em
0 — angle between electric field of a photon and the surface P (0.43 % 0.06) GeV/em3 (Salucei et al 2010)
x- dimensionless parameter quantifying a kinetic mixing Galactic dark matter halo.

(D.Horns, J.Jackel, A.Lindner, A.Lobanov, J.Redondo, A.Ringwald , But loca.lly, near the Sun? :
“Searching for wispy cold dark matter with a dish antenna” Journq/FTimordial Solar dark matter halo?

of Cosmology and Astroparticle Physics, vol.4. article 16, 2013) arXiv:2007.11016 :
(N.B.Anderson, A.Partenheimer,

In our case: due to low reflectivity of the surface and T.D.Wiser)
the photon gets absorbed and emits an electron

P = RMCCmy' /1
Sensitivity:
1 1 1 1
7=2_9_10-1:' Riee V[ ™, Ij 0.3GeV /cm® 2 1m* 2 f2/3 )
' \n-1H= ) {1V ) | Porss | \Adgq) | @ |
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Working gas: Ar, Ne + 10% CH,, P = 1 atm

Anode Cathode 1
Cathode 2

Cathode 3 Preamplifier

Multicathode counter, calibration from the end of the counter
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6. Anode

5. I8t cathode

4. 20d cathode

3. Assembling rods

With auxiliary rods for tensioning cathode wires
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Calibration by
UV lamp

Multicathode counter, calibration from the end of the counter
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@O SHOT ON RED

Assembling the counter
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R.B.Cairns and J.A.R.Samson Journal of optical society of America
Vol. 56, Number 11, November 1966, 1568-1573
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New
SCIentISt ACTpOHOMbI U3 [TOPTCMYTCKOro YHUBEpcUTeTa
o6Hapyxunu B ranakTuke SDSS J0946+1006
HeoBbIYHO NNOTHOE TEMHOE rano, KOTOpoe MOXEeT
CTaTb KJIIOYOM K pasrajke npupoabl TEMHOM
MaTepuu. OTKpbITUe YKa3blBaeT Ha BO3MOXHOe
CylLLleCTBOBaHWe «JIMMKON» TEMHOR MaTepuu,
KoTopasi cnocobHa B3aMMO[eCTBOBaTb CaMa C
co60oW, YTO NPOTUBOPEYUT TPAAULMOHHBLIM
npeacTaBneHUsM O ee NoBeAeHUN. YHUKaNbHas
CTPYKTypa ranakTUKK, COCTOsLLEN U3 Tpex
06BbEKTOB Ha paccToAHMM 3,6 1 11 MunNMapace
CBETOBbIX NeT, N03BONIMNA Y4YeHbIM UCNONb30BaTh
rpaBuMTaunoHHOe JINH3npoBaHue and TOMHOro
aHanusa pacnpefeneHus Macchbl.

aHanu3sa pacnpegeneHna Maccol.

M3o6paxeHune creHepupoeaHo Grok
A Galaxy SDSS J0946+1006 actsas a

gravitational lens, helping astronomers see the

signs of dark matter
NASA/ESA/R. Gavazzi, T. Treu/University of California/SLACS

B cTaHpapTHOM KOCMONOrU4YecKon Mogeny TeMHas
MaTepus cuMTaeTcs «XONOAHOM» U
B3aMMOJENCTBYET C OKPYaloLWMM MUPOM TONbKO
Yepes rpaBuUTaLmio, GOpMUPYA pbixNible obnaka
BOKpYr ranakTuk. OaHaKko nnoTHocTb rano B SDSS
J0946+1006 oka3zanach Bbllle 0XXUAAEMOW, YTO
COOTBETCTBYET rUMNoTe3e 0
CaMOoB3aUMOLEeNCTBYIOLLEeH TEMHOW MaTEpPUMN.
Mcnonb3ya faHHble Teneckona «Xabon» u
cTaTUCTUYeCKoe MOAENMPOBaHWE, UccrefloBaTenu
NoATBEepAMNIN, UTO rano PacrnosioXeHo B LieHTpe
ranakTWKW, a ero xapakTepucTUKK COBNafatoT ¢
TeOpeTUYECKUMU NpefcKasaHUaMU.
«paB1TaLMOHHOE NMH3MPOBaHWe — Hall MaBHbINA
louds around galaxies. We can map L]]t’\ir‘e MaTepus CYUTAETCA «XONOAHON» U MHCTPYMEHT ANA N3YYeHNs HeBUAMMOI Macchl,

B3aMMOAENCTBYET C OKPY>XaloLUM MUPOM TOSIbKO KOTOpast He U3My4aeT CBET», — OTMETUN Npodeccop
Advertisement
dvertiseme yepes rpasutauuio, d)OpMVIpyﬂ pbiXnble obnaka Tomac Konnerr.

BOKPYr ranakTuk. OfHako nnoTHocTk rano B SDSS

o ® 4 I @® i 8] @® .

An unusually dense galaxy could be the first
clear evidence for the existence of an
unconventional form of “sticky” dark matter,
altering our understanding of this mysterious
cosmic substance.

In the standard picture of cosmology, so-
called cold dark matter only interacts with the MU3o6parkeHne creHepupoBaHo Grok

rest of the universe through gravity, which

causes it to bunch together in invisible, puffy B cTaHAapTHO/ kocMonoryeckoi Moaent TeMHas




MNRAS 540, 247-263 (2025) https://doi.org/10.1093/mnras/staf697 Advance Access publication 2025 April 30
The overconcentrated dark halo in the strong lens SDSS J0946 +
1006 is a subhalo: evidence for self-interacting dark matter?

Wolfgang J. R. Enzi, 1«
Coleman M. Krawczyk , 1
Daniel J. Ballard 1, 2 and

Thomas E. Collett 1 1 institute of Cosmology and Gravitation (ICG), University of Portsmouth, Burnaby Rd, Portsmouth PO1 3FX, UK 2
Sydney Institute for Astronomy, School of Physics, University of Sydney, NSW 2006, Australia Accepted 2025 April 18. Received 2025 March
22; in original form 2024 November 13

AB S TRAC T The nature of dark matter is poorly constrained on subgalactic scales. Alternative models to cold dark
matter, such as warm dark matter or self-interacting dark matter, could produce very different dark haloes on these
scales. One of the few known dark haloes smaller than a galaxy was disco v ered in the triple source plane strong lens
system J0946 + 1006. Previous studies have found that this structure is much more concentrated than expected in
Lambda cold dark matter ( CDM), but have assumed the dark halo is at the same redshift as the main deflector ( z main =
0. 222). In this paper, we fit for the redshift of this dark halo. We reconstruct the first two sources in the system using a
forward modelling approach, allowing for additional complexity from multipole perturbations. We find that the perturber
redshift is z halo = 0 . 207 +0.019-0.019, and lower bounds on the evidence strongly prefer a subhalo o v er a line-of-sight
structure. Whilst modelling both background sources does not impro v e constraints on the redshift of the subhalo, it
breaks important degeneracies affecting the reconstruction of multipole perturbations. We find that the subhalo is a more
than 5 ooutlier from the CDM v max—r max relation and has a steep profile with an average slope of y2b=-1.81+0.15-0
.11 for radii between 0 . 75 and 1 . 25 kpc. This steep slope might indicate dark matter self-interactions causing the

subhalo to undergo gra v othermal collapse; such collapsed haloes are expected to have y2D =-2.
itati i —dark matt

Key wards: grayitational lensing: strong —da
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Simulated dark matter halo from a cosmological

N-body simulation
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. The restored shape of the pulse
Pulse from muon crossing the counter P P

100-
20 k
50 ]
E 0 E 104 .
-50
0 Jand
-100 Pulse from single electron
0 1 [I) 2(I) 36 40 0 2(')0 460 660 S(T)U 1000
ms us

From muons at sea level: = 15 pulses per second = = 15% dead time (10 ms per each pulse)
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Pulses from sin l?Ie electrons during

calibration by UV light
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From muons at sea level: = 15 pulses per second = = 15% dead time (10 ms per each pulse)
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Count rate, Hz

0,2

Results of measurement
with gas mixture Ar +CH,(10%) n Ne + CH,(10%)
Target - free electrons of a degenerate electron gas of a metal

Result is included in compilation of the data
Review of Particle Physics in Prog. Theor. Exp. Phys. 2020, 083CO01 (2020).
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Hidden photon mass m,., eV
R 7= red, R2 - blue * Target — valence electrons
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102 T — — Rycc = 1.6460/e = 0.00164/0.608 =
5 10 15 20 25 30 354045 = 0.0027
Hidden photon mass m , eV e — efficiency of counting
1

New upper limit
Result is included in compilation of the data by PDG
Review of Particle Physics in Prog. Theor. Exp. Phys. 2022, 083C01 (2022).
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i) Directionality of the counting

P= ZaZZZPCDMAdish

a’ =cos’ 0

888y
AAAAA

Field along the axes of the counter

<cos’f>=0

Field normal to the axes of the counter

0 — angle between a field
of a hidden photon and
the surface

x- dimensionless
parameter quantifying a
kinetic mixing

(D.Horns, J.Jackel, A.Lindner,
A.Lobanov, J.Redondo,
A.Ringwald , “Searching for
wispy cold dark matter with a
dish antenna” Journal of
Cosmology and Astroparticle
Physics, vol.4. article 16,

< cos’ 49>=% 2013)
- If the surface is mirror-like!
* By fot.atmn of the counter - The counter with a matt surface -
variation of the count rate for the control measurements
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Equator

The direction of the vector of E-
field in case of the observation of
one peak for the counter oriented
along the meridian

Left: for maximum and
Right: for minimum of the
count rate
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30.3568 15t series of measurements
[ in 2023 y

4 g (January —July)

v 4

Time of start-stop in each 4 Runs of
1 6515 measurements

1: 27.12.22 12:00 - 25.02.23 20:00
2:25.02.23 22:00 - 15.04.23 16:00
3:15.04.23 18:00 - 4.06.23 10:00
4:4.06.23 12:00 - 24.07.23 10:00

T T T T T T L L L
0 2 4 6 8 10 12 14 16 18 20 22 24
Sidereal, hours

DIURNAL VARIATIONS IN SIDEREAL TIME (configuration 1)
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2n X
p=12 (O,Serfc( : D
[1] 0:3erel 73
here: n - number of Runs,

X; - the deviation from an average value in o for each 2h interval between
8-00 and 12-00 of sidereal fime in each 4 Runs of measurements

For sidereal time p= 7.6x1019,
Confidence level > 6 g (1x10-?).

The possible interpretation:

in first half year of 2023 y the solar system has been moving through space
where the vector of E-field of dark photons in the time interval between 8-
00 and 12-00 of sidereal time was in the plane of Moscow meridian with an
angle to the axes of the Earth between 20° and 50°.
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p =1.6x10"
>4 6 (3.17x10)

p=5.05x10"
>4 6 (3.17x107)

LN IR B N BLE NN AR
10 12 14 16 18 >0/22 24

ConHeyHoe Bpems, 4Yackl

DIURNAL VARIATIONS IN SOLAR TIME
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1)

p=3. 0><1o-2
(2o

T / \ / \
0-30-2::?::: :‘f: :t:__ _I: :¥ '!:_._ _I: :§‘ = 029949
0.29 - p -
T n E
5 028 _:0.28134
©
E 0273 E
3 30.26768
U m
0.26 3
; 0.25229
0'25_5 =
E I
024 . L A O L L O D B L L L L | . 2
0 2 4 6 8 10 12 14 16 18 20 22 24 | A 3
Sidereal time, hours v 4

2nd geries of measurements

end of 2023 y —
15t quarter of 2024 y

Time of start-stop in each 4 Runs of
measurements

1:21.09.23 12:00 - 9.11.23 22:00
2:10.11.23 00:00 - 29.12.23 22:00
3:30.12.23 00:00 - 21.02.24 10:00
4:21.02.24 12:00 - 3.04.24 8:00

DIURNAL VARIATIONS IN SIDEREAL TIME (configuration 1)
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D= 121;[(0,5e1fc(T’2D

here n - number of Runs,

X; - deviation from an average value in o 8 in each 2h intervals
between 18-00 and 22-00 of sidereal time in each 4 Runs of
measurements.

For sidereal time p= 9.1x10°¢,
Confidence level >4 ¢ (3.17x103).

The possible interpretation:

Since September 2023 till March 2024 the solar system has been
moving through space region, where the vector of E-field of dark
photons between 18-00 and 22-00 of sidereal tfime was in the plane
of Moscow meridian with an angle to the axes of the Earth between
20° and B0°.
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"5 No s}m{lar effect has been observed in solar time
| 0.31 g
: In solar time we have not observed
030¢= any synchronous fluctuations
0,20 3 £ Inall 4 Runs.which could be :
G 11 o 2 : connected with any technogenic
I"oza-g:::::EL:::::E::::;::5:53:;:%:31::;350'28134 or other processes at the Sun or
-g 1 1 r 18 1 i L at the Earth
Eoxrd V' b i . i £
8:;027;” :i ::::f‘::i:::::-::_:%"" ':% ;0.26768 To get into the time interval

\2) 10.25229
.70 :

Run

m 1

LN A A L e e I- ' 2

8 10 12 14 16 18 20 22 24 | A 3

Terrestrial time, hours v 4

DIURNAL VARIATION IN SOLAR TIME

between 18-00 and 22-00 of
sidereal time the events should
belong to the time intervals of solar
time, colored in blue, which are
regularly shifted in time

IfCL.<350-noise,ifCL.>40-
Candidate for the effect
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Present Status:
Detector test
in Troitsk,

INR RAS
Moscow
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Working gas: Ar, Ne + 10% CH,, P = 1 atm

Cathode 1
Cathode 2

Cathode 3 Preamplifier

Multicathode counter, calibration from the end of the counter

Kopylov, Orekhov, Petukhov, Solomatin - PHELEX
22nd Lomonosov Conference Moscow, 2025




Sidereal time

Fe-counter
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Diurnal variations of the count rate in 4 Runs
each Run = 60 days
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CkopocTb cyeTa, 'y

Sidereal time Al-counter Solar time
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Summary

Method has shown its efficiency. The
results are included in PDG

Three experimental series were conducted, each consisting of 4 runs
lasting approximately 60 dags per run. One can expect an excess in the

single electron count rate above the average level if the polarization
vector of dark photons in the region traversed by the Sun forms an angle
between 20° and 50° with the Earth's rotational axis. Such an effect was
observed in the first series (si%nificance 60) and the second series
(significance 40). However, in the third series, which employed two
identical detectors simultaneously, the effect was not observed on either
detector. This result practically excludes the possibility that the
effect observed earlier was purely instrumental. The results of the
three series max be interpreted as a possible effect arising from the
Sun's passage through regions of dark matter characterized by
different orientations of the dark photon polarization vector.
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Diurnal variations, INO, India 10°
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Diurnal variations, Pyhasalmi, Finnland 64°

Vertical orientation East-West orientation North-South orientation
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3TO XOPOLWUW 3HAK!

OaHako! [1na nonyyeHus aokasatenbHOM 6asbl elle HYXHO:
- TlpoBecTu namepeHusa ¢ AByMa AeTeKTopamu

(1) oba opueHTUpOBAHBI BAOSTb MEPUANAHA
(2) oAavH - BAONbL MepuamnaHa, Apyrovi - BAOMb Napanienu
- DPeKT He AoJKeH HabNroAATbCS BO BTOPOU KOHPUrypaLmu

- TlposecTu U3mepeHUs C AeTeKTOPOM, pacMONOXeHHBIM Ha TOU Xe LWmnpoTe,
HO Ha ApYron AOoNroTe - AoJIKeH HabNroAaTbCa 3PEEKT CO CABUTOM NO
BpeMeHU, COOTBEeTCTBYHOLMM pasHOCTU AONTOT

Hanpumep: r. Tomck ¢ wmpotoii 56.495° u 4 yacamm pasHULbL ¢ MOCKBOM. DpdpeKT
Habnrogaembiv B MOCKBe A0SIXeH 3ana3abisaTh Ha 4 yaca oTHocuTenbHO ToMcKa.

TTpoBecTu UaMepeHUa ¢ AeTeKTopamu C ApYrUM maTepuanom KaToaa
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Het npopoka B ceoem OTevecTse

‘The new guiding principle should be “no stone left
unturned”: we should look for dark matter not
only where theoretical prejudice dictates that

we "must”, but wherever we can.

G.Bertone and T.M.P.Tait A New Era in the
Quest for Dark Matter arXiv:1810.01668
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We are building an experiment to search for dark matter in the form of dark photons in the
nano- to milli-eV mass range. This experiment is the electromagnetic dual of magnetic detector

dark radio It is also a fre

ime dual

in two ways: We search for a

high-Q signal in wide-band data rather than tuning a high-Q resonator, and we measure electric
rather v.mn magnetic flelds. In this paper we describe a pilot experiment using room temperature
which sibility and sets useful limits to the kinetic coupling ¢~ 10~ over

50-300 MHz. With a factor of 2000 incresse in real-time spectral coverage, and lower system noise
tempersture, it will soon be possible to search a wide range of masses at 100 times this sensitivity.
We describe the planned experiment in two phases: Phase-I will implement s wide band, 5-million
channel, real-time FFT processor over the 30-300 MHz range with a back-end time-domain optimal
filter to search for the predicted @ ~ 10° line using low-noise amplifiers. We have completed spot

frequency calibrations using a biconical dipole antenna in

a shielded room that extrapolate to a

50 limit of € ~ 10~'? for the coupling from the dark fleld, per month of integration. Phase-1I will
extend the search to 20 GHz using cryogenic preamplifiers and new antennas.

1. INTRODUCTION

The physical nature of dark matter is unknown. Sen-
sitive searches for weakly interacting massive particles
(WIMPS) have found nothing [1]. In recent years the
WIMP hypothesis has dominated searches for dark mat-
ter since a generic weak-scale thermal relic could account
for all of the observed dark matter in the universe [2].
Experimenters continue to probe new pm
space by developing larger and mar
however these tend to lose sensil hen t!n mass of
the dark matter particle is small, leaving a large range of
parameter space open for exploration [3].

The 2014 P5 report [4] emphasizes the importance of
searching for dark matter along every feasible avenue.
To date, relatively little effort has been spent on detec-
tion of ultra-low mass dark matter candidates where it is
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,  to axions, through e

best describerd as & wave rather than a particle [5). This
requires development of new detectors.

The dark photon is a hypothetical, low-mass vector bo-
son which has been posed as a candidate for dark matter.
Dark photons could account for much of the dark matter
and are theoretically motivated via fluctnations of A vec-
tor field during the early inflation epoch of our e
A relic abundance of such a particle could be
non-relativistically in the carly universe in

ither the misalignment i
or through quantum fluctuations of the field \lnmg in-
fiation [6, 7]

In contrast to axions, a massive, inflation-produced
vector bason like a dark photon would have s power spec-
trum that is peaked at & length seale of roughly 1010 km,
and rapidly decresses in intensity st large length scales,
consistent with CMB observations. Furthermore, a dark
photon would adopt the adiabatic fluctustions nf the in-
flaton making it a good d:\rk matter candidate [7]. Th
high phase space density required for dark photons
constitute a significant panmn of the local dark mnn. er
density implies that they would behave as an oscillating
oscillate with a frequency equal to the

photon. In general, for a theory with

Dark photons as a Dark Matter

The dark photon is a hypothetical, low-mass vector bo-
son which has been posed as a candidate for dark matter.
Dark photons could account for much of the dark matter,
and are theoretically motivated via fluctuations of a vec-
tor field during the early inflation epoch of our universe.
A relic abundance of such a particle could be produced
non-relativistically in the early universe in a similar way
to axions, through either the misalignment mechanism
or through quantum fluctuations of the field during in-
flation [6, 7].

In contrast to axions, a massive, inflation-produced
vector boson like a dark photon would have a power spec-
trum that is peaked at a length scale of roughly 10'° km,
and rapidly decreases in intensity at large length scales,
consistent with CMB observations. Furthermore, a dark
photon would adopt the adiabatic fluctuations of the in-
flaton making it a good dark matter candidate [7]. The
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‘We are building an experiment to search for dark matter in the form of dark photons in the
nano- to millieV mass range. This experiment is the electromsgnetic dusal of magnetic detector
dark radio i It is also a freq) ~time dual i in two ways: We search for a
high-Q signal in wide-band data rather than tuning a high-Q resonstor, and we messure electric
rather than magnetic flelds. In this paper we describe a pilot experiment using room temperature
electronics which demonstrates fessibility and sets useful imits to the kinetic coupling € ~ 10~ over
50-300 MHz. With a factor of 2000 increase in real-time spectral coverage, and lower system noise
tempersture, it will soon be possible to search a wide range of masses at 100 times this sensitivity.
We describe the planned experiment in two phases: Phase-l will implement a wide band, 5-million
channel, real-time FFT over the 30-300 MHz range with a back-end time-domain optimal
filter to search for the predicted @ ~ 10° line using low-noise amplifiers. We have completed spot
frequency ealibrations using a biconical dipole antenna in 4 shieided room that extrapolate to &
50 limit of € ~ 10-** for the eoupling from the dark fleld, per momth of integration. Phase 11 will

extend the search to 20 GHz using eryogenic preamplifiens and new antennss.

L INTRODUCTION

The physical nature of dark matter is unknown. Sen-
sitive searches for weakly interacting massive particles
(WIMPS) have found nothing [1|. In recent years the
WIMP hypothesis has dominsted searches for dark mat-
ter since a generic weak-scale thermal relic could account
for all of the ohserved dark matter in the universe [2].
Experimenters continue to probe new WIMP parameter
space by developing larger and more sensitive detectors,
however these tend to lose sensitivity when the mass of
the dark matter particle is small, leaving a large range of
parameter space open for exploration [3]

The 2014 P5 report (4] emphasizes the importance of
searching for dark matter along every feasible avenme.
To date, relatively little effort has been spent on detec-
tion of ultra-low mass dark matter did where it is

best described as & wave rather than a particle [5]. This
requires development of new detectors.

The dark photon is & hypothetical, low-mass vector bo-
son which has been posed as a candidate for dark matter.
Dark photons could account for much of the dark matter,
and are theoretically motivated via fluctuations of s vee-
tor field during the early inflation epoch of our universe.
A relic abundance of such a particle could be produced
non-relativistically in the early universe in a similar way
to nxions, through either the misalignment mechanism
or through quantum fluctuations of the field during in-
Hation [6, 7).

In contrast to axions, & massive, inflation-produced
vector bason like a dark photon would have a power spec-
trum that is peaked at a length scale of roughly 1010 km,
and rapidly decresses in intensity at large length scales,
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with CMB observations. Furthermore, a dark
photon would adopt the adisbatic fluctuations of the in-
flaton making it a good dark matter candidate [7]. The
high phase space density required for dark photons to
constitute a significant portion of the local dark matter
density implies that they would behave as an oscillating
field and would oscillate with a frequency equal to the
mass of the dark photon. In general, for a theory with

N3mepeHue MHAyLUMpPOBAHHOIO
3N1eKTpUYeCcKoro nons

As in WIMP searches, there are two unknowns: the
frequency of the wave (a proxy for the mass) and its
weakly coupled amplitude. We measure the induced elec-
tric field with a wideband antenna. The experiment is
conducted inside a large (&~ 27.4 m®) electromagnetically
shielded room, searching for a weak narrowband signal
between 30 MHz and 20 GHz from dark photons con-
verting from within the shield. The antenna is polar-
ization sensitive, enabling detection of the expected E-
field in any direction whence aligned. The challenge is
detecting a 1 ppm spectrally pure signal, varying only
on 12-hour timescales (Earth rotation), at femtovolt lev-
els, in wideband noise. Since the frequency of the line
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The dark photon is a massive hypothetical particle that interacts with the Standard Model by
kinetically mixing with the visible photon. For small values of the mixing parameter, dark photons
can evade cosmological bounds to be a viable dark matter candidate. Due to the similarities with
the electromagnetic signals generated by axions, several bounds on dark photon signals are simply
reinterpretations of historical bounds set by axion haloscopes. However, the dark photon has a
property that the axion does not: an intrinsic polarisation. Due to the rotation of the Earth, accurately
accounting for this polarisation is nontrivial, and highly experiment-dependent. We show that if one
does account for this polarisation, and the rotation of the Earth, experimental sensitivity to the dark
photon’s kinetic mixing parameter can be improved by over an order of magnitude. We detail the
strategies that would need to be taken to properly optimise a dark photon search. These include
judiciously choosing the location and orientation of the experiment, as well as strategically timing
any repeated measurements. We also point out that several well-known searches for axions employ
techniques for testing signals that preclude their ability to set exclusion limits on dark photons, and

hence should not be reinterpreted as such. O




