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Axionlike particles (ALPs) appear in several dark sector studies. They have gained increasing attention
from the theoretical and experimental community. In this work, we propose the first search for ALPs to be
conducted at the Brazilian Synchrotron Light Laboratory (LNLS). In this work, we derive the projected
sensitivity of a proposed experiment for the production of ALPs via the channel eþe− → aγ. We show that
such an experiment could probe ALP masses between 1–55 MeV, and ALP-electron couplings down to
gaee ¼ 2–6 × 10−4 GeV−1 depending on the energy beam, thickness of the target, and background
assumptions. Therefore, this quest would cover an unexplored region of parameter space for experiments of
this kind, constitute a promising probe for dark sectors, and potentially become the first Latin-American
dark sector detector.
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I. INTRODUCTION

The Standard Model (SM) of particle physics has
successfully described numerous observed phenomena
in nature. However, there remain some missing pieces
to the puzzle. One common extension to the SM is the
inclusion of new neutral bosons, such as vector, scalar,
and pseudoscalar particles. Among the pseudoscalar
extensions, the axion is one of the most well-known,
having been first introduced in the literature in 1977 [1,2]
as a solution to the strong-CP problem in QCD. By
introducing a new global symmetry, the Peccei-Quinn
symmetry, which is spontaneously broken at some high-
energy scale and explicitly broken due to instanton effects,
the mechanism can resolve the strong-CP problem
and predict the existence of a new particle, the axion.
Alongside axions, new pseudoscalar particles, known as
axionlike particles (ALPs), have also emerged as possible
extensions to the SM.
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Analogously to axions, ALPs have an effective coupling
to photons and possibly to fermions. However, for ALPs,
their coupling constant and mass are independent param-
eters. Their popularity arises from several aspects; if they
are light enough, they can be produced nonthermally in the
early Universe (e.g., via the misalignment mechanism
proposed by Dine and Fischler in 1982 [3]), without the
need for messenger particles, and potentially account for
the entire dark matter content observed today within a wide
parameter space [4–6]. Slim ALPs in a higher mass range,
with masses below or around MeV, have been extensively
sought after at the intensity frontier [7].
In the intermediate mass range, from MeV up to a

few GeV, ALPs have received increasing attention. Their
potential to alleviate the tension observed in measuring
the anomalous electron and muon magnetic moments
[8–10] and as messengers between the SM and invisible
(dark matter) sectors [11,12] have been recognized.
Constraints on this mass range are mainly provided by
colliders, such as BABAR [13], CLEO [14], LEP [15],
LHC, and CLIC [8], as well as beam dump experiments.
So far, the most studied coupling for ALPs is the one with

two photons, which is highly constrained. However, the
coupling to fermions still presents an important gap,
especially for coupling constants gaee ≲ 10−2 GeV−1, for
masses in the GeV range. Supernovae are potential sources
of ALPs, and they provide strong constraints on several
couplings and mass ranges [16–20]. ALPs in the MeV mass
range that feature a coupling to photons are mainly produced
through the Primakoff effect, and they later decay, producing
a gamma-ray flux that sets the upper bound gaγγ <
10−11 GeV−1 for a mass ma ∼ 10 MeV [21,22].
However, if ALPs couple to electrons, they can be

produced in the core of a supernova mainly through electron
Bremsstrahlung, or if their mass is greater than 10 MeV,
through electron-positron annihilation. For sufficiently weak
couplings, the ALPs can escape the supernova and decay
on their way to Earth. This production mechanism can
constrain the parameter space to gaee > 3 × 10−10 GeV−1

for ma ∼ 120 MeV [23,24]. Despite these severe restric-
tions, it is important to check the aforementioned parameter
space with laboratory experiments that have controlled
sources and backgrounds, as the astrophysical environments
are not fully modeled in some cases, with significant
improvements currently underway [25].
In this study, our objective is to develop a theoretical

proposal for an ALP search and evaluate the new physics
reach of Search for Dark Sector (SeDS), a detector for the
dark matter sector [26] at the UVX Synchrotron. UVX is a
second-generation storage ring and synchrotron light
source that accelerated electrons to 1.37 GeV [27–29],
but it has recently been decommissioned. UVX has
been succeeded by Sirius, a fourth-generation storage ring
[30–32]. Certain subsystems of UVX may be reutilized to
develop a new 1–3 GeV positron accelerator, which would

give rise to SeDS, a small-scale fixed target experiment
aimed at searching for dark sectors, including ALPs. The
design of the proposed detector is illustrated in Fig. 1.
The production process will occur through electron-

positron annihilation processes, specifically via channels
of the type eþe− → aγ as illustrated in Fig. 2. The SeDS
experiment will feature a positron beam consisting of
10 bunches of 109 positrons on target (POT) per second,
with energies ranging from 1 GeV to 3 GeV directed at a
diamond target with a thickness of d ¼ 100–500 μm. It is
well-known that with such an intense beam, a portion of the
beam will pass through the target. To address this issue, a
magnetic dipole will be added to sweep the noninteracting
positron beam away from the calorimeters. This dipole
magnet will function as a filter, reducing the number
of events in the electromagnetic calorimeter (ECal).
Furthermore, a spectrometer is expected to be installed
between the gap in the dipole magnet to detect possible
positrons that would radiate bremsstrahlung photons,
suppressing this background source. On the other hand,
since the photons are not affected by the magnetic dipole,
they will hit the calorimeter, be measured, and be used
to reconstruct the ALP mass using the missing-mass

FIG. 1. Experimental scheme of the SeDS experiment. In this
scheme, we show the main parts of the experiment, such as the
beam source in yellow, the diamond target in orange, the dipole
magnet in blue, the spectrometer in green, and the electromag-
netic calorimeter in vermilion.

FIG. 2. Feynman diagrams of the channels that contribute to the
ALP production via electron-positron annihilation into a photon
and the ALP (eþe− → aγ).
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technique. This setup is expected to yield accurate and
precise measurements of the ALP mass. We will show that
SeDS has the potential to significantly contribute to the
search for ALPs and deepen our understanding of the
possible dark sectors.
The missing-mass technique is based on 4-momentum

conservation, depending only on the initial parameters
of the setup and knowledge about the outgoing photon
4-momentum. With the missing-mass technique the mass
of the ALP is given by

M2
miss ¼ ðpe− þ pbeam − pγÞ2; ð1Þ

where pe− , pbeam and pγ are the 4-momentum of the
target’s electrons, positron beam, and outgoing photon,
respectively.
The rest of this article is organized as follows. In Sec. II

we describe the model for the ALP we consider. In Sec. III
we analyze and discuss the observability and bounds of
the ALP. Section IV contains our conclusions.

II. THE MODEL

As our model, we consider a straightforward case of
ALPs that interact only with photons and electrons,1

resulting in the following Lagrangian,

L ⊃
1

2
ð∂μaÞð∂μaÞ −

1

2
maa2 þ

1

4
gaγγaFμνF̃μν

þ gaee
2

ð∂μaÞðēγμγ5eÞ; ð2Þ

where Fμν is the electromagnetic strength tensor,
F̃μν ¼ 1

2
ϵμναβFαβ is the dual tensor, ma is the ALP mass,

gaγγ is the effective coupling of the ALPs with the photon
and gaee being the effective coupling of the axial interaction
of the ALPs with the electron, both with dimension of
inverse energy.
Since the ALP only interacts with photons and electrons,

it has two main decay channels, a → γγ and a → eþe−.
The decay widths of these channels are given by

Γa→γγ ¼
g2aγγm3

a

64π
; ð3Þ

Γa→eþe− ¼ g2aee
8π

m2
ema

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 −

4m2
e

m2
a

s
: ð4Þ

We remind the reader that our proposal is based on
the search for ALPs via the process eþe− → aγ. There
are two different channels that can produce ALPs with
this signature, represented by the diagrams in Fig. 2.

The total cross-section of these channels are given by
σT ¼ σaγ þ σae þ σint, with

σaγ ¼ αemg2aγγ
ðsþ 2m2

eÞðs −m2
aÞ3

24βs4
; ð5Þ

σae ¼ αemg2aeem2
e

−2m2
aβsþ ðs2 þm4

a − 4m2
am2

eÞ log 1þβ
1−β

2ðs −m2
aÞs2β2

;

ð6Þ

σint ¼ αemgaγγgaeem2
e
ðs −m2

aÞ2
2β2s3

log
1þ β

1 − β
; ð7Þ

where
ffiffiffi
s

p ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2meðme þ EbeamÞ

p
is the center-of-mass

(c.m.) energy, me is the electron mass, β ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − 4m2

e=s
p

and αem ¼ e2=4π is the electromagnetic fine structure
constant. The first equation (σaγ) is the contribution from
the diagram in Fig. 2(a), representing the cross section
of the photon-mediated channel as a function of ma, whilst
the second equation (σae) is for the diagram in Fig. 2(b).
The last equation is the interference term between the two
contributions.
It is important to note that ALPs can be produced

through other channels, such as Bremsstrahlung with the
target (eþ þ N → eþ þ N þ a) and Primakoff production
originating from a secondary photon that collides with the
target (γ þ N → N þ a). However, these channels produce
a distinct signal from the previously discussed ones, and the
missing mass technique described in Eq. (1) cannot be
employed in the same manner since there are no photons in
the final state. Hence, these channels do not represent a
feasible signal for our setup. An important ingredient of
dark sector searches is the decay length. One needs to know
whether the ALP will decay inside or outside the detector.

A. Decay length

The first method presented in this work is the so-called
invisible search, which is concentrated on the visible
counterpart of the signal, i.e., the recoil photon in the final
state. However, depending on the detector setup and
properties of the ALP, the decay products of the ALP
can also be measured, if it decays inside the detector. The
latter is known as visible search. A key quantity in this case
is the decay length, which is found to be

La ¼ γβcτa ≈
Ea

maΓa
; ð8Þ

where γ ¼ Ea=ma is the Lorentz factor, τa ¼ Γ−1
a is the

lifetime of the ALP, which is inversely related to the decay
width presented in Eq. (4), β ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − 4m2

e=s
p

, and Ea being
the energy of the ALP. In order to determine the decay
length of the ALP to assess whether it decays inside or

1Actually, even if we remove the photon interaction at tree
level, a similar term would be induced at loop level [8].
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outside the detector, we need to know the energy of the
ALP, Ea. The energy of the ALP is related to the outgoing
photon energy,

Ea ¼
s

2me
− EγL; ð9Þ

where EγL is the energy of the photon in the laboratory
system, which depends on the opening angle of the photon
in relation to the beam axis, and the mass of the ALP
as follows:

EγL ¼
�
1 −

m2
a

s

�
me

1þ β cos2 θL
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ tan2 θL

p
1 − β2 cos2 θL

; ð10Þ

where β is the velocity of the c.m. in the laboratory frame
and θL is the angle between the photon and the beam axis.
In order to clearly demonstrate how the energy and angle

of the photon detected in the calorimeter are influenced by
the ALP mass, we present the results from Eq. (10) for two
different beam energies in Fig. 3 from where it can be
inferred that the energy of the outgoing photon increases
as the opening angle decreases. Furthermore, in order to
accurately determine the mass of the ALP produced in the
collision, it is crucial to use a calorimeter with a good
energy resolution, especially for photons detected at a high
opening angle.
The energy measurement of an electromagnetic calo-

rimeter is determined by the energy released in the detector
material through ionization and excitation processes, which
is proportional to the energy of the incident particle. The
thickness of the absorber layers in radiation lengths affects

the energy resolution of an electromagnetic calorimeter,
with a smaller thickness leading to a larger number
of detected particles and a better energy resolution [33].
To achieve precise determination of the photon energy
and ALP mass, it is important to reduce the thickness of the
absorber layers. A bismuth-germanate (BGO) calorimeter
has achieved an energy resolution of 2%=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
EðGeVÞp

[34,35], which is sufficient for our scientific goal. For
example, a 100 MeV photon would yield a 6% energy
resolution. With a lutetium-yttrium-orthosilicate (LYSO)
calorimeter one could improve this energy resolution by a
factor of two [36–38].
Having that in mind, we use the measuredEγL, combined

with knowledge of the beam energy to derive Ea, and
subsequently determine the decay length of the ALP using
Eq. (8) for Ebeam ¼ 1 GeV [Fig. 4(a)] and Ebeam ¼ 3 GeV
(Fig. 4b). In Fig. 4, we present the decay length of the ALP
as a function of the photon angle in the laboratory frame θL,
assuming a coupling of the ALP with the electron of
gaee ¼ 10−3 GeV−1, and various values of ma within the
region of interest. Notably, for this configuration, the decay
length of the ALP is greater than 20 meters, resulting in
the ALP being invisible. However, this is not true when
assuming larger couplings, where the decay length of the
ALP is orders of magnitude smaller. Nonetheless, the
experimental setup is also able to detect ALPs visibly
when assuming larger couplings by realizing an inclusive
reconstruction with the calorimeter and spectrometer.
Therefore, our proposal is to search for ALPs both visibly
and invisibly, with the main focus of this work being the
invisible channel. Having established the search for ALPs
we will address the production cross section.

FIG. 3. Energy of the photon produced along with the ALP as a function of the opening angle between the photon and the beam axis in
the laboratory frame for different configurations of the ALP mass. As expected, the photon’s energy gets smaller as larger masses are
assumed.
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III. DISCUSSION

Upon analyzing the total cross section, it has been
observed that the interference term is suppressed by a
factor ofm2

e. As a result, the contribution of the interference
term to the total cross-section is at most 3.5% compared to
the case where no interference is present. Thus, we will
ignore it and focus on investigating the two ALPs pro-
duction cross sections, namely σaγ and σae, independently.
The contributions of the photon and electron

mediated channels can be seen in Fig. 5, where we plotted
σaγ and σae for the beam energies of Ebeam ¼ 1 GeV and

Ebeam ¼ 3 GeV. The contribution of the photon (electron)
channel is presented in solid (dashed) lines. We assumed
gaγγ ¼ gaee ¼ 1 GeV−1. Although we acknowledge that
gaγγ ¼ 1 GeV−1 is excluded by observations, we aim to
emphasize the significance of gaγγ in the production of
ALPs via eþe− annihilations. Furthermore, whenma ≃

ffiffiffi
s

p
,

we find a divergence at σae, as shown in the denominator
of Eq. (6).
When the couplings have comparable magnitudes, the

photon-mediated process’s contribution dominates most
of the parameter space. However, as the mass of the
ALP approaches the center of mass energy, the electron-
mediated process becomes the dominant channel. The
center-of-mass energy is determined by

ffiffiffi
s

p ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2Ebeamme

p
and is equal to 31.9MeVand 55.3 MeV for beam energies of
1 GeVand 3 GeV, respectively. Hence, when gaγγ ≪ gaee the
ALP production is governed by gaee. Having in mind the
restrictive bounds on gaγγ , we will assume that gaee is
sufficiently larger than gaγγ , hereafter. That said, we will
concentrate our work on gaee in what follows.

A. Current and projected bounds on the model

There are several limits on ALPs stemming from beam
dump experiments [39–41], cosmology [42], and astro-
physical sources [24,43], which is the main source of these
constraints. However, probing such interactions in accel-
erators would be desirable as it would be subject to smaller
systematic uncertainties. In this study, we will focus on the
couplings between ALPs and electrons, specifically gaee,
which can be directly probed using eþe− collisions. To
assess the relevance of our proposal, we will put our
findings into perspective with existing and projected

FIG. 4. Decay length of the ALP as a function of the photon angle θL in the laboratory frame, taking gaee ¼ 10−3 for Ebeam ¼ 1 GeV
[Fig. 4(a)] and Ebeam ¼ 3 GeV [Fig. 4(b)]. Notably, the ALP will decay outside the detector.

FIG. 5. Cross section of the photon (solid lines) and electron
(dashed lines) mediated processes of ALP production as a
function of the ALP mass ma. We considered gaγγ ¼ gaee ¼
1 GeV−1 and beam energies of 1 GeV and 3 GeV. The drop
(peak) in the photon (electron) cross section occurs due to the
dependence on ma, happening for ma ¼ 32 MeV and ma ¼
55 MeV for the 1 GeV and 3 GeV beams, respectively.
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accelerator searches. We will outline the relevant bounds on
this coupling below:

(i) DELPHI-LEP: The DELPHI experiment was a
detector inside the Large Electron Positron (LEP)
collider at CERN [44]. A revision of the data
from the DELPHI experiment on monophoton
processes of the type eþe− → Xγ resulted in
gaee < 8 × 10 GeV−1 [45]. The excluded region
is shown in Figs. 6–8.

(ii) BABAR: BABAR is a eþe− collider [46]. The BABAR
Collaboration analyzed the production of dark pho-
ton in the process eþe− → A0γ where A0 represents
the dark photon, decaying into eþe−; μþμ− [47].
Recasting this bound, we find gaee < 0.6 GeV−1 for
1 MeV < ma < 10 GeV. This constraint is exhib-
ited in Figs. 6–8.

(iii) Belle-II: The Belle-II experiment [48] has a similar
setup to BABAR, being able to search for visible

FIG. 6. Current and projected bounds for the gaee coupling in ALP searches for the case where gaγγ ¼ 0. SeDS’ projected sensitivity
for Nback ∼ 0 is presented in the green region. Current and projected limits considered here were taken from [10,40,52,53], where the
dashed black lines represent the projected bounds from Belle-II and PADME, while the gray regions are bounds from current and old
experiments as well as the ALP contribution to the anomalous magnetic moment of the electron.

FIG. 7. Current and projected bounds for the gaee coupling in ALP searches for the case where gaγγ ¼ 0. SeDS’ sensitivity for
Nback ∼ Nsig is presented in the green region. Current and projected limits considered here were taken from [10,40,52,54], where the
dashed black lines represent the projected bounds from Belle-II and PADME, while the gray regions are bounds from current and old
experiments as well as the ALP contribution to the anomalous magnetic moment of the electron.
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and invisible ALPs. The projected bounds coming
from Belle-II are initially on gaγγ , but they can be
translated to gaee. In this work, we considered the
Belle-II projections for the luminosity of 20 fb−1

and 50 ab−1. This high luminosity makes this
projection produce the most compelling constraints
covering most regions of parameter space, being the
best probe for ALPs in the range of hundreds of
MeV to 10 GeV. The projection for both luminosity
configurations is given in Figs. 6–8.

(iv) NA64: The NA64 experiment [49] consists of a
beam of electrons with an energy of 100 GeV
dumped at a fixed target. The experiment goal is
to search for dark photons via the process e− þ Z →
e− þ Z þ A0, where A0 is the dark photon that can
decay visibly and invisibly, being able to analyze data
from the decays A0 → eþe−; γγ. The results of NA64
were used to search for ALPs [39]. As no excess of
events was observed, a bound was derived on the
ALP-electron couplings, as shown in Figs. 6–8.

(v) PADME: The PADME experiment at the DAΦNE
Linac features a positron beam with variable energy
of 200–550 MeV directed at an active target. Meas-
uring the energy of the final states, the presence of
invisible particles such as ALPs can be constrained
[50]. During two dedicated runs, the total collected
integrated luminosity was ∼1013 POT, with data
analysis still in progress. The collaboration also
studies the possibility for a new run exploiting the
DAΦNE storage ring, for a total of 4 × 1016 POT
[10]. The projected bounds are presented in Figs. 6–8.

(vi) Electron’s g − 2: The ALP model considered in
this work can contribute to the magnetic moment of
the electron at the 1-loop level. Thus, the experi-
mental bounds on the anomalous magnetic moment

of the electron [51] can be recast as a bound on
the parameter space of the model, as presented in
Figs. 6–8.

(vii) Beam dumps: Data from past beam dump such as the
E137, E141, and Orsay experiments [40,52,53] can
also be used to generate bounds on the parameter
space of visibly decaying ALPs, constraining a
considerable region of parameter space, especially
in the lower mass range of ma ∼ 1–200OðMeVÞ.
These bounds are presented in Figs. 6–8.

Depending on the theoretical assumptions, there are
other bounds that can be applied to the model, such as
indirect bounds on ALP production via flavor-changing
meson decays and weak gauge bosons contributions from
chiral anomalies as shown in [55]. However, we will not
present those indirect bounds in this work.

B. SM background processes

Standard model processes can generate a signal that
resembles eþe− → aγ. However, it is crucial to note
that in the framework we are considering, the ALP has
a long decay length and therefore decays outside the
detector, resulting in signal events characterized by a
single photon in the electromagnetic calorimeter. By
using the energy of the beam, we can calculate the ALP
mass using Eq. (1).
We used CalcHEP and Geant4 to compute the SM

background processes [56–58]. The latter is more impor-
tant in the presence of bremsstrahlung. The primary
background processes arise from σðeþe− → γγÞ ¼
0.93 mb, σðeþZ → eþγZÞ ¼ 2.2 × 103 mb, σðeþe− →
eþe−γÞ ¼ 77 mb, and σðeþe− → γγγÞ ¼ 0.02 mb for a
positron beam energy of 1 GeV. Among them, the largest
cross section originates from photon bremsstrahlung.
However, this background can be effectively reduced

FIG. 8. Same as Figs. 6 and 7, but with Nback ∼ 10Nsignal.
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because the photon from bremsstrahlung is almost col-
linear with the beam and the charged particle will be
guided to the spectrometer via the electric dipole. Besides,
a positron-electron veto system could also be installed to
further control this background [59].
Similarly, the background arising from eþe−γ produc-

tion can be managed. Although its cross section is not
particularly large, the γγγ production presents a challenging
background. Due to the phase space, there is a lack of
symmetry, which could result in a false signal in the
calorimeter, where one high-energy photon is detected,
and two low-energy photons would pass undetected.
This scenario leads to no significant peak in M2

miss.
Consequently, it is challenging to reduce this background
by applying cuts on the energy and angular distribution
of the calorimeter. Notice that this case is different from
the two-photon annihilation production, where there is
symmetry in the direction of the photons.
We want to emphasize to the reader that this work is a

theoretical proposal for an ALP search using a 3 GeV
positron accelerator called SeDS, which is planned to
be constructed using parts of a partly decommissioned
1.37 GeV accelerator at the LNLS. Our objective is to
estimate the projected sensitivity of such an accelerator
without considering detector effects but to demonstrate the
physics potential of what could be the first Latin-American
dark sector detector. In the following section, we explain
how we obtained the projected limits.

C. Limits from SeDS

An important quantity to assess the sensitivity of such an
accelerator is the luminosity. The instantaneous luminosity
of a positron beam impinging on a target is given by

Linst ¼
NP:O:T

s
NA

Zρd
A

; ð11Þ

where NP:O:T=s ¼ 1010 is the number of positrons on
the target per second considering the properties of the
decommissioned accelerator. Assuming a diamond target
with a thickness of d ¼ 100–500 μm, we can calculate the
instantaneous luminosity knowing that NA is the Avogadro
number, Z ¼ 6 is the atomic number of the diamond
target, ρ ¼ 3, 51 g=cm3 is the density of diamond and
A ¼ 12.01 g is the carbon’s gram-molecular weight.
We consider two different setups. One uses a 1 GeV

positron beam, and the other uses a 3 GeV positron beam.
With Ebeam¼1GeV and d¼100 μm, we find L¼821 pb−1

for 90 days of data taking, and L ¼ 3331 pb−1 for one year
of data taking. For Ebeam ¼ 3 GeV and d ¼ 500 μm,
we find L ¼ 4106 pb−1 for 90 days of data taking, and
L ¼ 16650 pb−1 for one year of data taking.
Knowing the luminosity of the experiment, we can

calculate the number of signal events and delimit the

region of parameter space in which an ALP could be
observed in the fma; gaeeg plane assuming gaγγ ¼ 0.
In Fig. 6, we present the regions at 95% confidence

level (CL) assuming that the number of signal events
is dominant over the number of background events
(Nback ∼ 0). In Fig. 7, we consider the number of back-
ground events, which includes the irreducible background
ðeþe− → γγγÞ, to be similar to the number of signal
events. Lastly, in Fig. 8, we assume the number of
background events to be ten times larger than the number
of signal events. These figures demonstrate that SeDS is a
promising probe for directly measuring ALP couplings
to electrons, even in a very conservative scenario. It is
important to note that these sensitivity projections do not
take into account detector effects, but rather serve to
demonstrate the physics potential of SeDS as the first
Latin-American dark sector detector. Moreover, we did
not account for the decay width factor at the resonance,
justifying the sharp peak at

ffiffiffi
s

p ¼ ma.
Figure 6(a) accounts the projected sensitivity of SeDS

for the case Ebeam ¼ 1 GeV and d ¼ 100 μm. In this
setup, SeDS probes ALP-electron coupling down to
gaee ∼ 6 × 10−4 GeV−1 for masses up to ma ∼ 32 MeV.
Figure 6(b) exhibits the sensitivity for Ebeam ¼ 3 GeV and
d ¼ 500 μm. In the latter setup, SeDS could probe ALP-
electron coupling down to gaee ∼ 2.3 × 10−4 GeV−1 cover-
ing larger ALP masses up to ma ≈ 55 MeV due to the
larger center-of-mass energy. It is noteworthy that the
higher luminosity and center-of-mass energy of the latter
configuration can achieve better results than the first one.
In both cases, SeDS presents a promising prospect in the
search for an electrophilic axionlike particle and projects
better results than other experiments of its kind.
However, it is important to note that the sensitivity

presented in Fig. 6 is the result of an optimistic
analysis in which the experiment’s background can be
reduced as much as possible, ensuring that the signal is
considerably higher than the background. To present
a more realistic scenario of SeDS’s sensitivity for the
electron-mediated channel, Fig. 7 shows the case where
Nback ∼ Nsignal.
The first scenario considered is the setup with

Ebeam ¼ 1 GeV and d ¼ 100 μm, presented in Fig. 7(a).
In this case, SeDS can probe the ALP-electron coupling
for values of gaee > 9 × 10−4 GeV−1 with L ¼ 3300 pb−1.
In the second experimental setup where Ebeam ¼ 3 GeV
and d ¼ 500 μm, SeDS can reach an ALP-electron
coupling of gaee > 6.5 × 10−4 GeV−1. As expected,
SeDS’s sensitivity is reduced when there is a nonzero
background. Nevertheless, SeDS’s projected sensitivity is
still an improvement compared to the results of similar
experiments.
In a similar vein, we consider a very conservative scenario

where we repeat the exercise above assuming the number
of background events to be ten times larger than the signal
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events, Nsig ¼ 10Nback, in Figs. 8(a) and 8(b). Even so,
SeDS covers an unexplored region of parameter space.

IV. CONCLUSION

In this work, we have proposed the first direct search for
axionlike particles at the LNLS using a detector named
SeDS, which consists of a 1–3 GeVaccelerator impinging on
a target planned to be constructed using subsystems of UVX,
a 1.37 GeV accelerator which has been recently decom-
missioned. We have concluded that SeDS could place
competitive bounds on the coupling of axionlike particle
coupling to electrons. In particular, in a conservative
scenario, we have shown that SeDS could surpass current
and projected similar experiments in the mass range of
1–30 MeV using a 1 GeV positron beam. In an optimistic
configuration with a 3 GeV positron beam, SeDS could
potentially probe axionlike particles for masses up to
55 MeV and outperform current and projected experiments
of the kind, probing gaee down to 3 × 10−4 GeV−1.
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Nallin, Gustavo Pinton, and Antonio Rodrigues, UVX
control system: An approach with beaglebone black, in
Proceedings of the 11th International Workshop on Per-
sonal Computers and Particle Accelerator Controls
(JACoW, Geneva, Switzerland, 2017), p. THPOPRPO03.

[30] Antonio Rodrigues et al., Sirius status update, in Proceedings
of the 10th International Particle Accelerator Conference
(JACoW, Geneva, Switzerland, 2019), p. TUPGW003.

[31] Murilo Alves, Lin Liu, and Fernando de Sá, Simulation
of sirius booster commissioning, in Proceedings of the
10th International Particle Accelerator Conference
(JACoW, Geneva, Switzerland, 2019), p. WEPTS105.

[32] Lin Liu, Murilo Alves, Ana Clara Oliveira, Ximenes
Resende, and Fernando de Sá, Sirius commissioning
results and operation status, in Proceedings of the 12th
International Particle Accelerator Conference (JACoW,
Geneva, Switzerland, 2021).

[33] C. W. Fabjan and F. Gianotti, Calorimetry for particle
physics, Rev. Mod. Phys. 75, 1243 (2003).

[34] A. Frankenthal et al., Characterization and performance
of PADME’s Cherenkov-based small-angle calorimeter,
Nucl. Instrum. Methods Phys. Res., Sect. A 919, 89
(2019).

[35] B. Bantes et al., The BGO calorimeter of BGO-OD experi-
ment, J. Phys. Conf. Ser. 587, 012042 (2015).

[36] D. Anderson, A. Apresyan, A. Bornheim, J. Duarte, C.
Pena, A. Ronzhin, M. Spiropulu, J. Trevor, and S. Xie,
On timing properties of LYSO-based calorimeters, Nucl.
Instrum. Methods Phys. Res., Sect. A 794, 7 (2015).

[37] A. Bornheim, A. Apresyan, A. Ronzhin, S. Xie, J. Duarte,
M. Spiropulu, J. Trevor, D. Anderson, C. Pena, and M. H.
Hassanshahi, LYSO based precision timing calorimeters,
J. Phys. Conf. Ser. 928, 012023 (2017).

[38] A. M. E. Saad and F. Kocak, Evaluation of energy resolution
by changing angle and position of incident photon in a
LYSO calorimeter, Acta Phys. Pol. B 51, 2097 (2020).

[39] D. Banerjee, J. Bernhard et al., Search for Axionlike and
Scalar Particles with the NA64 Experiment, Phys. Rev. Lett.
125, 081801 (2020).

[40] J. D. Bjorken, S. Ecklund, W. R. Nelson, A. Abashian, C.
Church, B. Lu, L. W. Mo, T. A. Nunamaker, and P.
Rassmann, Search for neutral metastable penetrating par-
ticles produced in the slac beam dump, Phys. Rev. D 38,
3375 (1988).

[41] E. M. Riordan, M.W. Krasny et al., Search for Short-Lived
Axions in an Electron-Beam-Dump Experiment, Phys. Rev.
Lett. 59, 755 (1987).

[42] Diptimoy Ghosh and Divya Sachdeva, Constraints on
axion-lepton coupling from big bang nucleosynthesis,
J. Cosmol. Astropart. Phys. 10 (2020) 060.

[43] Jae Hyeok Chang, Rouven Essig, and Samuel D.
McDermott, Supernova 1987a constraints on sub-GeV dark
sectors, millicharged particles, the QCD axion, and an
axion-like particle, J. High Energy Phys. 09 (2018) 051.

[44] G. D. Alekseev et al., The DELPHI experiment at LEP, Part.
Nucl. Lett. 98, 5 (2001).

[45] J. Abdallah et al., Search for one large extra dimension
with the DELPHI detector at LEP, Eur. Phys. J. C 60, 17
(2009).

[46] P. F. Harrison, An introduction to the BABAR experiment,
Nucl. Instrum. Methods Phys. Res., Sect. A 368, 81 (1995).

[47] J. P. Lees, V. Poireau et al., Search for a Dark Photon in
eþe− Collisions at BABAR, Phys. Rev. Lett. 113, 201801
(2014).

[48] E. Kou, P. Urquijo et al., The Belle II physics book, Prog.
Theor. Exp. Phys. 2019, 123C01 (2019).

[49] D. Banerjee et al., Search for a Hypothetical 16.7 MeV
Gauge Boson and Dark Photons in the NA64 Experiment at
CERN, Phys. Rev. Lett. 120, 231802 (2018).

[50] Mauro Raggi and Venelin Kozhuharov, Proposal to search
for a dark photon in positron on target collisions at
DAΦNE linac, Adv. High Energy Phys. 2014, 959802
(2014).

[51] Leo Morel, Zhibin Yao, Pierre Clade, and Saida Guellati-
Khelifa, Determination of the fine-structure constant with an
accuracy of 81 parts per trillion, Nature (London) 588, 61
(2020).

[52] E. M. Riordan et al., Search for Short-Lived Axions in an
Electron-Beam-Dump Experiment, Phys. Rev. Lett. 59, 755
(1987).

[53] M. Davier and H. Nguyen Ngoc, An unambiguous search
for a light higgs boson, Phys. Lett. B 229, 150 (1989).

L. ANGEL et al. PHYS. REV. D 108, 055030 (2023)

055030-10

https://doi.org/10.1103/PhysRevD.107.103029
https://doi.org/10.1103/PhysRevD.107.103029
https://doi.org/10.1103/PhysRevD.98.055032
https://doi.org/10.1103/PhysRevD.98.055032
https://doi.org/10.1103/PhysRevD.104.043016
https://doi.org/10.1088/1475-7516/2022/11/057
https://doi.org/10.1103/PhysRevD.104.103007
https://doi.org/10.1103/PhysRevD.104.103007
https://doi.org/10.1088/1475-7516/2019/10/016
https://doi.org/10.1088/1475-7516/2019/10/016
https://doi.org/10.1088/1475-7516/2020/05/E01
https://doi.org/10.1140/epjc/s10052-023-11603-x
https://doi.org/10.1140/epjc/s10052-023-11603-x
https://doi.org/10.1016/0168-9002(93)90916-6
https://doi.org/10.1016/0168-9002(93)90916-6
https://doi.org/10.1103/RevModPhys.75.1243
https://doi.org/10.1016/j.nima.2018.12.035
https://doi.org/10.1016/j.nima.2018.12.035
https://doi.org/10.1088/1742-6596/587/1/012042
https://doi.org/10.1016/j.nima.2015.04.013
https://doi.org/10.1016/j.nima.2015.04.013
https://doi.org/10.1088/1742-6596/928/1/012023
https://doi.org/10.5506/APhysPolB.51.2097
https://doi.org/10.1103/PhysRevLett.125.081801
https://doi.org/10.1103/PhysRevLett.125.081801
https://doi.org/10.1103/PhysRevD.38.3375
https://doi.org/10.1103/PhysRevD.38.3375
https://doi.org/10.1103/PhysRevLett.59.755
https://doi.org/10.1103/PhysRevLett.59.755
https://doi.org/10.1088/1475-7516/2020/10/060
https://doi.org/10.1007/JHEP09(2018)051
https://doi.org/10.1140/epjc/s10052-009-0874-9
https://doi.org/10.1140/epjc/s10052-009-0874-9
https://doi.org/10.1016/0168-9002(95)00960-4
https://doi.org/10.1103/PhysRevLett.113.201801
https://doi.org/10.1103/PhysRevLett.113.201801
https://doi.org/10.1093/ptep/ptz106
https://doi.org/10.1093/ptep/ptz106
https://doi.org/10.1103/PhysRevLett.120.231802
https://doi.org/10.1155/2014/959802
https://doi.org/10.1155/2014/959802
https://doi.org/10.1038/s41586-020-2964-7
https://doi.org/10.1038/s41586-020-2964-7
https://doi.org/10.1103/PhysRevLett.59.755
https://doi.org/10.1103/PhysRevLett.59.755
https://doi.org/10.1016/0370-2693(89)90174-3


[54] A. Konaka, K. Imai, H. Kobayashi, A. Masaike, K. Miyake,
T. Nakamura, N. Nagamine, N. Sasao, A. Enomoto, Y.
Fukushima, E. Kikutani, H. Koiso, H. Matsumoto, K.
Nakahara, S. Ohsawa, T. Taniguchi, I. Sato, and J.
Urakawa, Search for Neutral Particles in Electron-Beam-
Dump Experiment, Phys. Rev. Lett. 57, 659 (1986).

[55] Wolfgang Altmannshofer, Jeff A. Dror, and Stefania Gori,
New Opportunities for Detecting Axion-Lepton Inter-
actions, Phys. Rev. Lett. 130, 241801 (2023).

[56] Alexander Belyaev, Neil D. Christensen, and Alexander
Pukhov, CalcHEP 3.4 for collider physics within and beyond

the standard model, Comput. Phys. Commun. 184, 1729
(2013).

[57] C. Zeitnitz and T. A. Gabriel, The Geant—CALOR interface
and benchmark calculations of ZEUS test calorimeters, Nucl.
Instrum. Methods Phys. Res., Sect. A 349, 106 (1994).
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