) ik d R

TSUNG-DAO LEE INSTITUTE

Recent progress o f DarkSHINE experiment

wun Yang (for DarkSHINE group)
Shanghai Jiao Tong University

.......
LR

Lepton-Photon 2025, Madison,
Wisconsin, USA, August 25-29, 2025



SHANGHALI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute

ul
[ .ﬂ“ ‘n
%,,

® Outline

A Physics motivation of DarkSHINE experiment

A Searching for massive dark photon invisible decay (light dark matter)

A DarkSHINE prospective sensitivity

A Detector optimization and performance

Target(Tungsten)

A Summary

DARK
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Tracker

Electromagnetic Calorimeter(ECAL)
Hadronic Calorimeter(HCAL)
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e® Dark Matter Evidence

A Dark matter evidence from astronomical
observations and gravitational effects:
A Galactic rotation curves
A Gravitational lensing
ADar k matter

A Dark matter may exist over a wide mass range, from
Ultralight AFuzzy DMO to
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Dark energy 4.9%
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Dark matter
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® Motivation ¢ search for light dark matter

10—32 e
=2, LUX (M . sgs :
S\% < e s s Julien Billard et al Competitive experiments world-
10 ) e L REpEEE e wide have been hunting for dark
85 056201 g
1073 4z .
— Vo, | o TE TR matter candidates from GeV to
—38 N
g 10 \ NEWS-G 10s TeV mass range.
? 0 CRESST-III \ | DN&WC
.% 10 CDMSlite \\\*k PV S0
/ DarkSide-50 (S2) ' . i} .
2 o b | Darksic \\ e 4050 Sub-GeV regime less explored
7 XENONIT (S2) <N EDELWEISS \p-3600 parkSide
S s - ‘\ DEAP — _ by direct search experiments.
© = v-floor . --"
1046 o - =" (aX-1l
* Fixed target experiment has
10—48
great sensitivity at sub-GeV
10—50 II| | 1 IIIIII| | | IIIIII| 1 | IIIIIII | ] IIIIII| | | L i1l

0.1 0305 I 35 10 3050 100 300 1000 3000 10°  mass range.
WIMP mass [GeV/c?]

TSUNG-DAO LEE INSTITUTE @ 3 o F 8 5



® Massive dark photon as new force carrier
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) o ) () | How Dark Matter may interact with Ordinary Matter?
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® Dark photon detection

« Dark photon can be produced in electron-nuclei interaction (electron-on-target).

« Two ways of detection, via its VISIBLE DECAY MODE  Ms < 2mx
+ Visible decay Sppticd <
Having two interaction %o W G
vertices — production Lo |
rate highly supressed D >
Noxe* & Noxe?(1l—¢e?)=~¢e?
e Invisible decay INVISIBLE DECAY MODE ~ m/y > 2mx
Erecoil = 1/4Ebeam
=
. . Bea X
Interaction probability can be 1
enhanced Y better p
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® SHINE Facility in Shanghai

A Shanghai high repetition -rate XFEL facility (SHINE, 3.1km) can provide 8 GeV electron beam.
A SHINE facility is under construction at ~ Zhangjiang area in Shanghai (2018 -2026)

A Single electron beam line (1IMHz A 10 MHz) can deliver ~3E14 EOT/year.

A Beam line R&D: ShanghaiTech University and Shanghai Advanced Research Institute, CAS
A Detector and physics R&D: SJTU and TDLI
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AThe 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.
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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)

— Electromagnetic
=0, calorimeter
Measure the deposited
energy: electron and
photon.

Tracking system | ...cumeen
Measure the track
of the incident and
recoil electrons.

Hadronic calorimeter
Measure the deposited
energy: veto muon and
hadron backgrounds.

Tracker

Electromagnetic Calorimeter(ECAL)
Hadronic Calorimeter(HCAL)

Additional system:
Readout electronics, trigger system, TDAQ, magnetic system (1.5 T), etc.
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Energy Resolution (o/E)

® Tracking system and performance

A Silicon strips detector under strong magnetic
field, ~10 * & position resolution.

A7 layers of tagging + 6 layers of recoil tracker,
two silicon strips sensors for each layer.
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A AC-LGAD silicon strip sensor 1x1
mm? with 100 microns pitch size

Aln collaboration with ATLAS HGTD
team at IHEP-Beljing.
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® Tracking system and performance

1064 nm Pico-second Laser

—

Fiber ™\,
Synchronous : 3D platform
pulse
Focuser

Amplifie
st ; : ZAC-LG
4-CH readout board

Oscilloscope Data analysis

A AC-LGAD silicon strip sensor prototype
designed and tested.
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A Achieved s patial resolution 7 ~ 12 ‘@,
with timing resolution  ~ 10ps

Nuclear Scence and ecmiques35 (2024) 201
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A Crystal Scintillator + SiPM (S14160-3010PS)
A LYSO (Lu(i-xy)Y2yCe2xSiOs)
A 21 x 21 x 11 crystals, each 2.5 x 2.5 x 4 cm?3
A High light yields, short decay time, hard radiation

A Energy resolution: 1.8%/ CE A 0.66%.

A Ratio of the energy deposited in ECAL: ~94%
arXiv:2407.17800, Nuclear Science and Techni@&6025) 41
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® Electromagnetic calorimeter and performance

FMCHPC | | Flash | | DCDC |

| Ampiifier | | sim |

[Amplifier] [ ADC ] [Connector]

[ ADC Connector | | Clock | (4DDR3| | tbo | [ JTAG |

5GeV

N A LYSO unit test has been done.
_smuRessmear | R 1St mjnj -prototype module (2x2 LYSO)

[_] Simu, SiPMSat

—e- Data for beam test at DESY (with CEPC
Calorimeter team)

0.1
0.08—
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A 1 MHz repetition rate readout board
MRS A arXiv:2407.20723
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https://arxiv.org/pdf/2407.20723
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® Hadronic calorimeter and performance

AVeto hadronic backgrounds ~ 10 ©

A Plastic scintillator + Iron absorber
A Scintillator : 75x5 cm?2, 10 mm thick

A Absorber: 75 x 75 cm?, 10 mm (70
layers) + 50 mm (18 layers) thick

A Wavelength shift fiber + SiPM
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w/o side HCAL A Optimization of the HCAL detector

- Maximum total weight of 30 tons
——  -HCALsize:15x1.5x25m 2, >101,
> - with side HCAL can suppress veto ineff by ~3.5
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® Summary

A DarkSHINE: a fixed -target exp . searching for dark photon & light dark matter .
A Dark photon detection sensitivity has been studied using MC simulation
A Sci. China-Phys. Mech. Astron., 66(1): 211062 (2023).
A Detector key technology R&D have been presented
ATracker (AC-LGAD silicon strips): Nucl.Sci.Tech. 35 (2024) 201
AECAL (LYSO+SiPM): Nucl.Sci.Tech. 36 (2025) 41
AHCAL (Scintillator + Iron absorber): Nucl.Sci.Tech. 35 (2024) 148
A Readout electronics: JINST 20 (2025) P08024
A Conceptual Design Report _is available: arxiv:2411.09345

U Aiming for the approval and construction of the DarkSHINE experiment !
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® Summary
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