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Introduction
Dark SHINE is a newly proposed fixed-target experiment at SHINE (Shanghai high repetition rate XFEL and extreme light facility). Dark SHINE aims 
to search for the new mediator, Dark Photon (𝑨!), bridging the Dark sector and the ordinary matter. In this work, we present the idea of this new 
project and 1st prospective study in search for 𝐴! decaying into light dark matter. 

SHINE Facility
• Under construction in Zhangjiang area, Shanghai (2018-2026).
• 𝑬𝒃𝒆𝒂𝒎 = 𝟖𝑮𝒆𝑽 with frequency 1MHz, beam intensity: 6.25×10%

electrons/bunch.
• A Dark SHINE kicker will be built to provide single electron beam. 

𝟑×𝟏𝟎𝟏𝟒 electron-
on-target(EOTs) 
per year!

Dark SHINE Detector

• Tracking System
- Tagging tracker (7 layers) + recoil tracker (6 layers)
- Incident and recoil electron tracks
- Two silicon strip sensors w/ a small angle (0.1rad)
- Resolution: 𝟔𝝁𝒎(horizontal), 𝟔𝟎𝝁𝒎(vertical)

• ECAL:
- Electron & photon.
- 2.5×2.5×4𝑐𝑚!LYSO, 20×20×11crystals 
(X,Y=2.5cm, Z=4cm,radiation length: 
1.14cm).
- Designed energy resolution ~ 5%.
- LYSO crystal (𝐿𝑢(#$%$&)𝑌!&𝐶𝑒!%𝑆𝑖𝑂(): 

• HCAL:
- Veto muon & hadronic background
- Scintillator w/ steel absorber
- 4×4×1 modules

• Additional system
- Readout electronics, trigger system, 
TDAQ, magnetic system (1.5T)

Sensitivity Study
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• Comparing with other experiments, Dark SHINE can provide competitive 

sensitivity.

• Expected 90% C.L. limit estimated with 3×10&' EOTs (running ~1 year), 
9×10&' EOTs (~3 years), 1.5×10&( EOTs (~5 years) and 1×10&) EOTs (with 
Phase-II upgrade).
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3e+14 events @ 8 GeV

Sig. efficiency at all mass point

• Signal samples: 25 mass points are 
produced (1×10( events in each 
sample).

• Around 60% signal events survive 
the cut-flow.
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2.5GeV

• No background events left 
after signal region selection.

• Lack of statistics 
→extrapolate from fit 
results.

Signal Efficiency
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Extrapolate from rare 
processes simulation.

Extrapolate from inclusive 
background simulation. 

Validate Incl.-extra: 
Scale low 𝐸*+,- events 
to match the shoulder 
with 𝐸*+,- = 8 GeV 
events.    

Background Estimation

Physics Motivation
• Various astrophysical observations told us dark matter (DM) exists in our 

universe. DM is the mysterious substance that makes up roughly a quarter of 
the Universe.

• DM can exist in wide mass range. Sub-GeV mass range is not fully explored yet. 
𝐴. is one of the candidates in sub-GeV mass range. DM particles may interact 
with other DM particles via a new force mediated by 𝐴.. 

Bremsstrahlung

𝜀

𝜀 𝜀 𝜀𝜀

𝜶𝑫 = 𝒈𝝌

One interaction vertices

interaction probability enhanced

Better sensitivity! Missing energy, 
missing momentum

• Dark SHINE is a fixed-target experiment to search for 𝐴.. 
- Invisible decay: 𝑚$" > 2𝑚%, missing energy / missing momentum.
- Search for 𝐴. in 𝑚/! , 𝜀 parameter space.

𝑒𝑍 → 𝑒𝑍𝐴!

Signal Signature
• Most of the incident momentum is transferred to 𝐴..
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• Leading background → photon bremsstrahlung. Rare processes (photon-
nuclear, 𝛾 → 𝜇𝜇, electron-nuclear) also have some contribution.

https://www.sciengine.com/SCPMA/doi/10.1007/s11433-022-1983-8

