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DarkSHINE is an electron-fixed-target experiment under proposal that aims to probe light dark
matter in the MeV–GeV mass range via the invisible decay of dark photons (A’), leveraging the
High repetition-rate 8 GeV electron beam from the Shanghai High repetition-rate XFEL and Ex-
treme Light Facility (SHINE). This paper presents the core detector design of the experiment,
R&D, the simulation framework, and the prospects of the physics. The detector system integrates
an AC-coupled Low Gain Avalanche Diode (AC-LGAD) silicon tracker, a LYSO crystal electro-
magnetic calorimeter (ECAL), and a scintillator-based hadronic calorimeter (HCAL), all optimized
for SHINE’s high-radiation, high-rate environment. The prototype tests at DESY and CERN have
validated key performance metrics, including a spatial resolution of 6.5-8.2 µm for AC-LGAD silicon
strip sensor, an ECAL energy resolution of 1.8%/

√
E(GeV )

⊕
0.66%. Based on MC simulations

and 9 × 1014 electrons-on-target (EOT), the DarkSHINE experiment is expected to rule out most
of the sensitive regions predicted by popular dark photon models.

I. INTRODUCTION

Based on the results from cosmology and astronomy
in the past few decades [1], there is strong evidence that
dark matter (DM) exists in the universe. DM is about
five times more than ordinary matter [2], however, its
fundamental nature remains one of the most pressing
mysteries in modern physics. In the last decades, search-
ing for DM candidates using alternative approaches to as-
tronomy observatories have been launched, such as space
experiments involving DAMPE [3] and AMS [4]; col-
lider experiments involving LHC [5], BELLE-II [6], and
BES-III [7]; and underground experiments involving Pan-
daX [8], CDEX [9], LUX [10] and Xenon [11]. A large
parameter space of DM in the GeV-TeV mass range has
been ruled out [12].

Although Weakly Interacting Massive Particles
(WIMPs) in the GeV–TeV range have long dominated
search efforts, mounting theoretical and experimental
evidence has shifted focus to light dark matter (LDM)
with masses between MeV and GeV, a regime largely
unexplored due to limitations of traditional detection
methods.

The dark photon (A′), a hypothetical abelian gauge
boson, emerges as a vital portal between the standard
model (SM) and DM[13–15], in analogy to the ordinary
photon of electromagnetism [16, 17]. Dark photons can
couple with photons with a kinetic mixing parameter ε
and then interact with SM particles. Several experiments
aim to search for dark mediators and LDM particles us-
ing fixed-target or collider experiments, including NA64
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at CERN [18], BESIII at BEPCII [19]. More experi-
ments remain in the proposal stage including LDMX [20–
22]. DarkLight [23], DarkMESA [24] and DarkQuest [25],
which help to establish the new frontier for accelerator
based fixed-target DM search experiments worldwide.

II. SHINE BEAMLINE

The Shanghai high repetition rate XFEL and extreme
light facility (SHINE) is under construction and aims
to deliver its first electron beam in 2026 [26–28]. The
SHINE facility is designed to deliver an electron beam
with an energy of 8 GeV, operating at 1 MHz with 100
pC per electron bunch. This beam is dedicated to XFEL
light source generation.
For the DarkSHINE experiment, the SHINE linac re-

quires the development of a dedicated single-electron
beam (one electron per bunch). This single-electron
beam is generated by a low-power laser and then injected
into the ten empty buckets between two adjacent FEL
bunches via a kicker system, as illustrated in FIG. 1.
This configuration yields a 10 MHz repetition rate for
the DarkSHINE-dedicated single-electron beam.
DarkSHINE [29, 30], a new initiative, proposes to

conduct searches for dark mediators and LDM via an
electron-on-target (EoT) experiment. This approach
leverages the high-repetition-rate single-electron beam
that will be provided by the SHINE facility.
DarkSHINE’s benchmark design places special empha-

sis on probing the invisible decays of the dark mediator
- the Dark Photon. This vector boson bridges the SM
and DM sectors by kinetically mixing with SM photons.
In one of the most simplified scenarios, an additional
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FIG. 1. The conceptual design of the FEL kicker, DarkSHINE
kicker and beamline.

U(1) symmetry is introduced, which predicts a new gauge
field (X) and the corresponding Dark Photon vector bo-
son [16, 17]. The unique characteristics of invisible decays
drive the conceptual design of the DarkSHINE detector.

III. DARKSHINE DETECTOR DESIGN

The DarkSHINE detector system is engineered to pre-
cisely measure recoil electron trajectories and energies
while efficiently vetoing SM background processes. Its
layout comprises a tungsten target, magnetic field sys-
tem, AC-LGAD silicon tracker, LYSO ECAL, and scintil-
lator HCAL, supported by high-speed readout electron-
ics—all optimized for the high-rate, high-radiation envi-
ronment of the SHINE facility. The conceptual design of
the DarkSHINE detector is shown in FIG. 2.

FIG. 2. The conceptual design of the DarkSHINE detector
is structured as follows: along the electron incident direction
(from left to right), a tagging tracker, tungsten target, and
recoil tracker are mounted inside a dipole magnet with a 1.5
T magnetic field. These are followed by a crystal electro-
magnetic calorimeter (ECAL) encircled by a side hadronic
calorimeter (sideHCAL), and a large hadronic calorimeter
(HCAL) positioned downstream.

A. Beam and Target

DarkSHINE utilizes an 8 GeV single-electron beam (1
electron per bunch) with 10 MHz repetition extracted
from SHINE’s linear accelerator via a dedicated low
power laser and kicker system. The beam is directed
to a thin tungsten target with thickness of 350 microns
(0.1 X0), chosen to balance dark photon production ef-
ficiency (via bremsstrahlung and t/s-channel processes)
against background generation from beam scattering. A
1.5 T uniform magnetic field surrounds the tracker re-
gion to bend electron trajectories, enabling precise mo-
mentum measurement of incident and recoil electrons, a
critical capability for reconstructing the missing momen-
tum vector associated with invisible dark photon decays.

B. Silicon Tracker

The tracker system is central to DarkSHINE’s physics
goals, as it enables reconstruction of electron trajectories
and calculation of missing momentum. It employs AC-
coupled Low Gain Avalanche Diode (AC-LGAD) sensors,
selected for their fast response, radiation hardness, and
high spatial resolution, essential qualities for operation
in SHINE’s high-rate environment.

The tracker consists of two functional modules: a
seven-layer tagging tracker for incident electrons and a
six-layer recoil tracker for scattered electrons, with the
tungsten target positioned between them. Each layer
comprises AC-LGAD strip sensors with 50 µm strip
width and 50 µm gap, and adjacent layers are rotated
by 100 mrad to enable 2D track reconstruction. Track
reconstruction is performed using a custom algorithm in-
tegrated into the simulation framework, which employs
hit clustering and Kalman filtering to achieve high recon-
struction efficiency.

FIG. 3. Image of the AC-LGAD silicon strip sensor.

FIG. 3 shows photograph of a fabricated AC-LGAD
silicon strip sensor prototype with size of 3638 µm �
3638 µm. Performance test using infrared laser systems
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