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Outline

ÅPhysics motivation of DarkSHINE experiment

ÅSearching for massive dark photon invisible decay (light dark matter)

ÅDarkSHINE prospective sensitivity 

ÅDetector optimization and performance

ÅSummary
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Dark Matter Evidence

Á Dark matter evidence from astronomical 

observations and gravitational effects:

ÅGalactic rotation curves 

ÅGravitational lensing 

ÅDark matter giant cosmic web, é

Å Dark matter may exist over a wide mass range, from 

Ultralight ñFuzzy DMò to Primordial Black Holes.
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Gdun Pdwwhu Ghwhfwlrq +ɎZLPSɏ,

(e.g. PandaX , XENON, 
LUX, LZ, CDEX, DarkSide )

αe.g. AMS, DAMPE, GAPS, 
IceCube , LHASSO, Trident )

Collider ( e.g. ATLAS, 
CMS, Belle - II, BESIII)

Fixed Target ( e.g.
NA64 εLDMX, 
DarkSHINE β
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Motivation ɇ search for light dark matter
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Massive dark photon as new force carrier
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Interaction probability can be 

enhanced Ÿ better sensitivity!

Dark photon detection
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SHINE Facility in Shanghai

ÅShanghai high repetition -rate XFEL facility (SHINE, 3.1km) can provide 8 GeV electron beam.

ÅSHINE facility is under construction at Zhangjiang area in Shanghai (2018 -2026)

ÅSingle electron beam line (1MHz Ą 10 MHz) can deliver ~3E14 EOT/year.

ÅBeam line R&D: ShanghaiTech University and Shanghai Advanced Research Institute, CAS

ÅDetector and physics R&D: SJTU and TDLI
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Physics prospective

ÅHigh repetition (1 0 MHz) 8 GeV single 

electron beam from SHINE. 

ÅClean dark photon signature

ÅUltra low background experiment.
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Physics prospective

ÅThe DarkSHINE can provide competitive results on search ing for dark photon , 

it is very sensitive to various dark matter models based on 2.5E9 MC events.

Science China-Phys. Mech. Astron., 66(1): 211062 (2023); arxiv:2411.09345
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Optimization of the detector design

DarkSHINE detector sketch (not to scale of each detector size)
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Tracking system and performance

ÅAC-LGAD silicon strip sensor 1x1 

mm 2 with 100 microns pitch size .

ÅIn collaboration with ATLAS HGTD 

team at IHEP-Beijing.

ÅSilicon strips detector under strong magnetic 

field, ~10 ‘άposition resolution.

Å7 layers of tagging + 6 layers of recoil tracker, 

two silicon strips sensors for each layer.
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Tracking system and performance

Nuclear Science and Techniques35 (2024) 201

ÅAC-LGAD silicon strip sensor prototype 

designed and tested.

ÅAchieved s patial resolution 7 ~ 12 ‘ά,

with timing resolution ~ 10ps

https://link.springer.com/article/10.1007/s41365-024-01575-2
https://link.springer.com/article/10.1007/s41365-024-01575-2
https://link.springer.com/article/10.1007/s41365-024-01575-2
https://link.springer.com/article/10.1007/s41365-024-01575-2
https://link.springer.com/article/10.1007/s41365-024-01575-2
https://link.springer.com/article/10.1007/s41365-024-01575-2
https://link.springer.com/article/10.1007/s41365-024-01575-2
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Electromagnetic calorimeter and performance

ÅCrystal Scintillator + SiPM (S14160-3010PS)

ÅLYSO (Lu(1-x-y)Y2yCe2xSiO5)

Å21 x 21 x 11 crystals, each 2.5 x 2.5 x 4 cm3

ÅHigh light yields, short decay time, hard radiation

arXiv:2407.17800, Nuclear Science and Techniques36 (2025) 41

ÅEnergy resolution: 1.8%/ ÕE Ä0.66%.

ÅRatio of the energy deposited in ECAL: ~94%

https://arxiv.org/pdf/2407.17800.pdf
https://arxiv.org/pdf/2407.17800.pdf
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Electromagnetic calorimeter and performance

ÅLYSO unit test has been done.

Å1st mini -prototype module (2x2 LYSO) 

for beam test at DESY (with CEPC 

Calorimeter team)

Å1 MHz repetition rate readout board

ÅarXiv:2407.20723

ÅJINST 20 (2025) P08024

https://arxiv.org/pdf/2407.20723
https://arxiv.org/pdf/2407.20723
https://iopscience.iop.org/article/10.1088/1748-0221/20/08/P08024
https://iopscience.iop.org/article/10.1088/1748-0221/20/08/P08024
https://iopscience.iop.org/article/10.1088/1748-0221/20/08/P08024
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Hadronic calorimeter and performance

ÅVeto hadronic backgrounds ~ 10 -6

ÅPlastic scintillator + Iron absorber

ÅScintillator : 75x5 cm2, 10 mm thick

ÅAbsorber: 75 x 75 cm2, 10 mm (70 

layers) + 50 mm (18 layers) thick

ÅWavelength shift fiber + SiPM

Nucl.Sci.Tech. 35 (2024) 148

https://link.springer.com/article/10.1007/s41365-024-01502-5
https://link.springer.com/article/10.1007/s41365-024-01502-5
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Hadronic calorimeter and performance

w/ side HCAL

w/o side HCAL ÅOptimization of the HCAL detector

- Maximum total weight of 30 tons

- HCAL size: 1.5 x 1.5 x 2.5 m 3 ,  >10 lI

- with side HCAL can suppress veto ineff by ~3.5 
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Summary

ÅDarkSHINE: a fixed -target exp . searching for dark photon & light dark matter .

ÅDark photon detection sensitivity has been studied using MC simulation

ÅSci. China-Phys. Mech. Astron., 66(1): 211062 (2023).

ÅDetector key technology R&D have been presented 

ÅTracker (AC-LGAD silicon strips): Nucl.Sci.Tech. 35 (2024) 201

ÅECAL (LYSO+SiPM): Nucl.Sci.Tech. 36 (2025) 41

ÅHCAL (Scintillator + Iron absorber): Nucl.Sci.Tech. 35 (2024) 148

ÅReadout electronics: JINST 20 (2025) P08024

ÅConceptual Design Report is available: arxiv:2411.09345

ü Aiming for the approval and construction of the DarkSHINE experiment !

https://link.springer.com/article/10.1007/s41365-024-01575-2
https://link.springer.com/article/10.1007/s41365-024-01575-2
https://link.springer.com/article/10.1007/s41365-024-01502-5
https://link.springer.com/article/10.1007/s41365-024-01502-5
https://link.springer.com/article/10.1007/s41365-024-01502-5
https://iopscience.iop.org/article/10.1088/1748-0221/20/08/P08024
https://iopscience.iop.org/article/10.1088/1748-0221/20/08/P08024
https://iopscience.iop.org/article/10.1088/1748-0221/20/08/P08024
https://arxiv.org/abs/2411.09345
https://arxiv.org/abs/2411.09345
https://arxiv.org/abs/2411.09345


Thanks for your attention !
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Summary


