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Research Profile: Veture with Fundamental Force Carriers

Nature 607 (2022) 52

Phys. Rev. Lett. 125 (2020) 251802
& ATLAS 1st Science Bulletin

Higgs Portal to BSM
How much DM loves Higgs?

Work out giant leap of precision

V V

Differentiate quarks/gluons
A Large Boson-Boson Collider

ATLAS 1st Chin. Phys. C
(Cover Article)

recoil electron

Invisible

MHz@8GeV
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Nature Physics 19 (2023) 237

Dark SHINE R&D
Engineering the Dark

Mediators

Sci. China-Phys. Mech. Astron.
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Looking into the SM particle bible

Fermions:
making
up
ordinary
matter

Bosons:
mediator
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ordinary
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Searching for Dark Force Mediators

Dark
Matter

Mediators

The world of Dark Matter

Dark
Photon:
Dark force
Mediators

Dark
Matter

candidate
particles
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Dark Photon Theory in a nutshell

Kin.
Mixing

(Ɛ)

A’

𝜺𝑿𝝁𝝂𝑭
𝝁𝝂

𝓛 = −
𝟏

𝟒
𝑭𝝁𝝂𝑭

𝝁𝝂 + 𝑨𝝁𝒋𝒆𝒎
𝝁

Introduce extra U(1)X symmetry → New Gauge Field X → Dark Photon Mediator A’
U(1)em → U(1)em×U(1)X

• A’& 𝛾 kin. mixing

• Renormalizable and Gauge Invariant

• Straightforward for experimental search

• Free param, kin. mixing (Ɛ)、mass (mA’)

SM Photon 𝛾 Dark Photon A’

−
𝟏

𝟒
𝑿𝝁𝝂𝑿

𝝁𝝂 + 𝑿𝝁𝒋𝑿
𝝁

B. Holdom, Phys. Lett. B 166, 196 (1986)
R. Foot & X.-G. He, Phys. Lett. B 267, 509 (1991)

5th fundamental interaction in our universe
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Physics process and anticipated signatures

Processes to search for dark photon A’: Bremsstrahlung, 
Annihilation, Meson decay and Drell-Yan process

(Dark photon production) (dark photon decay)

Fixed target

• Goal: put constraints on the
kinetic mixing parameter 𝜺.

• Challenge: small production
rate → suppress bkg. from SM
processes.

• Experimental signatures:
missing energy, missing
momentum.
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Invisible vs visible searches

Interaction probability could be enhanced 
→ better sensitivity!
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Experimental approaches

• High repetition rate single electron beam
• More striking record of single electron-on-target

event energy loss after recoiling
• Require: fast detector responses and readout

electronics, radiation hardness to allow high e-on-
target statistics.

• Energy + Momentum loss detection

• Synergy of high precision tracking and calorimetry

Signal Background

• Searches at collider and beam-dump 

experiment:

• BESIII, Belle-II, LHC, …

• NA64, LDMX, DarkLight, DarkMESA…

→ Layout the new approach

• Single electron beam on target

• High repetition rate

• “Missing momentum” information
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The SHINE Facility

Shanghai High Repetition-Rate XFEL and Extreme Light Facility (SHINE) can provide high repetition
rate single electron beams → with dedicated kicker to be designed and deployed

• Electron energy: 8 GeV,   Frequency: 1MHz

• Beam intensity: 100pC (6.25E8 electrons/bunch)

• ~3x1014 electrons-on-target (EOT) per year. 

• Under construction in ZhangJiang area (2018-2026)

• Beamline R&D: ShanghaiTech. / SARI,CAS

• Detector R&D: SJTU / FDU / USTC / SIC-CAS / IHEP
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Detector system conceptual design

Dark SHINE detector sketch

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

Electromagnetic
calorimeter
Measure the
deposited energy:
electron and photon.

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

Additional system:
Readout electronics, trigger system, TDAQ, magnetic system (1.5 T),
etc.

The Dark SHINE detector hardware technical R&D is carried out in parallel to
the full detector system simulation and prospective study/optimization
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Software Framework Further Optimization
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《Science China》publication with highlights

Highlight remarks

“Editor’s Focus”

• Anticipated to have the sensitivity
improved by one order of magnitude
compared to other experiment (e.g. NA64)

• Aim to deliver 1016 EOT stat. and cover
most of the sensitivity regions of interests

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

Sci. China-Phys. Mech. Astron. 66(1): 211063 (2023)

Sci. China-Phys. Mech. Astron. 66(1): 211061 (2023)
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Crystal ECAL R&D

Measure the deposited energy of electron and
photon.
• Designed resolution: better energy resolution than 5%.
• LYSO crystal (𝐿𝑢(1−𝑥−𝑦)𝑌2𝑦𝐶𝑒2𝑥𝑆𝑖𝑂5):

• high light yield (30000 p.e/MeV) with good linearity.
• short decay time (40 ns).

• 20×20×11 crystals, 2.5cm×2.5cm×4cm

• Readout with SiPM and waveform sampling.

• More intrinsic radiation and radioactive source
tests.

Baseline design of each crystal: X,Y = 2.5 cm,
Z = 4 cm (radiation length: 1.14 cm)

SiPM
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ECAL Unit Test 

• Experiments based on LYSO and SiPM to study their properties

~ 2.48% non-

uniformity

a

a. LYSO intrinsic radiation from 71
176𝐿𝑢 → 72

176𝐻𝑓 b. Uniformity test with 27
60𝐶o source

c. Cosmic ray test d. SiPM dynamic range test

e. Light yield changed with crystal size

b c d e
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Design and beam test for 1st prototype Module

• Motivation: 

• Performance study under high energy and high repetition beam. 

• Technical validation for the whole detector system 

• Prototype conceptual design: hybrid materials with LYSO as core scintillator, and PWO 

as outer scintillator

• 1st prototype module for beam test (2x2 LYSO) at DESY

• 8GeV electron beam,  ~2 kHz repetition rate

• Crystal unit dynamic range test and digitization method validation

2.5 × 2.5 × 4𝑐𝑚3 LYSO

2.5 × 2.5 × 5𝑐𝑚3 LYSO

Simulation and experiment 

can be in good agreement
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Dark Photon Theory Progresses at TDLI/SJTU
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More Physics Opportunities:

ALP+DP, positron-on-Target mode
Minimal dark Axion-like particle portal

and Axion+DP co-existence
• Dramatically different sensitivity curve of Dark Photon search

when changing from electron beam to positron beam
• Extra s/t-chan annihilation diagrams come into play for Dark

Photon production
• SHINE can also deliver positron beam with low current…

Eur. Phys. J. A (2021) 57:253
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More Physics Opportunities: search for muonium

Inspired by Prof. Kim-Siang Khaw


