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Dark Matter Evidence ®) L ALY drpnsy

s/ SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute

Ordinary matter
o
Dark energy 4.9% Dark matter

 Dark matter evidence from astronomical 68.5% 26.6%

observations and gravitational effects:

» Galactic rotation curves, Gravitational

lensing, Cosmic Microwave Background .
J J Dark matter exist!
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e | How Dark Matter may interact with Ordinary Matter?

¢ Massive dark photon as new force carrier
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Kinetic
Dark Matter 'Dark Photon Mixing Standard Model ]

Hidden Sector 4 . T :
New force carried by massive vector boson: dark photon
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Physics process and anticipated signatures

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

@) yHELArE el

SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute

Bremtrasslung Annihilation

(Dark photon production)

TSUNG-DAO LEE INSTITUTE

Visible Visible

(dark photon decay)

WXKZIE BYZE

Goal: put constraints on the
kinetic mixing parameter &.

Challenge: small production
rate - suppress bkg. from SM
processes.

Experimental signatures:
missing energy, missing
momentum

DarkSHINE: Bremsstrahlung +
invisible decay
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SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute

DarkSHINE experimental approaches

Shanghai High Repetition-Rate XFEL and Extreme Light Facility
(SHINE) can provide high frequency electron beams — single
electron with dedicated kicker

Under construction in Zhangjiang area (2018-2026)
Beam techniques: SARI, CAS / Shanghai Tech
Detector R&D: SJTU / FDU / SIC, CAS

Electron energy: 8 GeV, frequency: 1MHz

~3x1074 electrons-on-target (EOT)

FEL kicker FEL kicker
DarkSHINE kicker
f ~ 1 electron f
= . 100 pC
1 | |
1 [}
6‘6’ns
) 600 ns :
< e >

To DarkSHINE

FEL-II (0.4-3 keV)
L1 L2 L3
LH HL  BC1 BC2
Shaft 5 CM02-03 CM04-21 CM22-75

Shaft 1 Shaft 2 Shaft 3

FEL-1 (3-15 keV)

Kickers

| - 3 120 MeV 270 MeV 2.1'GeV 8.6 GeV
12A 85 A 1500 A 1500 A
8GeV SCRF linac BDS FELs BLs NEH BLs FEH FEL (1028 kel —
” A |
SHINE linac _
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SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute

The DarkSHINE detector hardware technical R&D is carried out in parallel to the
full detector system simulation and prospective study/optimization

Electromagnetic

calorimeter
Measure the

Tracking Target(Tungsten) e deposited energy:
system — i electron and photon.

Measure the track
of the incident and Magnet
recoil electrons.

Hadronic
calorimeter

Measure the
deposited energy:
veto muon and
hadron backgrounds.

Tracker

Electromagnetic Calorimeter(ECAL)

Hadronic Calorimeter(HCAL)

DarkSHINE detector sketch

Additional system:
Readout electronics, trigger system, magnetic system (1.5 T), etc.
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DarkSHINE simulation framework @) YAELAAY  Addsr

/' SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute

Comprehensive simulation and analysis framework that seamlessly integrates various functions,
such as detector simulation, electronic signal digitization, event display, event reconstruction,
and data analysis, based on GEANT4 and ACTs.

nTuples (ROOT) D D NN

Algorithm Processors

Geometr o
(TGeOManayger) : Secondaries Exp. Limits

j—
AnaEvent : DEvent ( =72 ’

Initial particle steps ‘ Phy. Processors

Track Finding

MC Generator

CalHEP

MC Particles

Y

MadGraph

Caloritmeter Hits Centering Muon Trk. Event Display

Particle Gun

Reconstructed
Particles

@
(]
Q
=
—
I
lon
Q
w
8
® G
20
g 2
Q
=
(o]
-}
>
T
(o]
«Q
g
Q
3

HCAL Reconstruction 3 DDis
Energy Veto Hadron Trk.

)

Simulated Hits J ECAL Reconstruction
|

Digi. Optical Hits J

DPlot

£ Cofiguration

I, &

TGeoManager Processor List

Add-ons

Digitization Biasing
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Event Data Model (DEvent) [ [y G Fud g

Customized event data structure based on ROOT

Optimized data class & memory, w/ memory alignment : 60.1 KB/event - minimum 13.7 KB/event

Collection

Truth info: record steps for a certain particle

std::map<key, value> collection

defualt collection: Initial Particle Step

ke /
4 Ll AnaEvent : DEvent

"ECAL_Center" std::vector<SimulatedHit*> * Truth Info: energy deposition from Sensitive Detector,
Step Collection one collection for one detector: "ECAL_Center"...

"Tag_Trk1" std::vector<SimulatedHit*> *

Simulated Hits Collection " Real Hits: real data recorded from the detector

"Rec_Trk1" std::vector<SimulatedHit*> *

Caloritmeter Hits Collection

Digitized Hits: the final output from digitization

"HCAL_1" std::vector<SimulatedHit*> *

MC Particle Collection
"HCAL_2" std::vector<SimulatedHit*> * Truth info: MC particle generated in the simulation

Reconstructed Particles Collection
"RawMC..." std::vector<McParticle*> * default collection: RawMCParticle

Digitized Optical Hits Collection
"Step..." std::vector<DStep*> * Particles reconstructed from SimulatedHits or
Calorimeter Hits

Collection of all digitized optical hits and the
corresponding raw infomation
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Input Data: DEvent Input Geometry

Reconstruction and Analysis (DAna) | |

® Reconstruction and Analysis Framework for B Config file

DarkSHINE Software ... Aigorithm Processors
¥
AI g ori t h m P rocessors. Processors- >Begin() Algo Processors

@ Called subsequently MC Truth Analysis

Event Loop

® Analyzed data can be shared within the event

® Featured processors:
® MC Truth Analysis

@ Digitizer

® Track Reconstruction

- ECAL Reconstruction

®

® HCAL Reconstruction
® Data Exporter for Machine Learning

TSUNG-DAO LEE INSTITUTE Dec 18, 2024

for evt: i

Y

- Algo1l->Process()

Y

Algo2- >Process()

Y

Processors- >Check()

I—i

Processors- >End()

e

Track Finding

ECAL
Reconstruction

HCAL
Reconstruction

MVA
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Event Display

Eve Main Window

@ Eve nt D i S p I ay for Da rkS H I N E i’:’w Fi:: DDis Control ' Ana Proces Main 3D Event Display | CaloHits Details

Go to event: 0 % Redraw Event Hide Viewer 1 Actions

Draw Options

Software based on QT and B i v

[V Draw Simulated Tracker Hits
[V Draw Simulated Calo Hits
[V Draw Simulated CaloHits Lego

R O O I MC Tracks Options

0 4| min. E for MC Tracks [MeV)
0 4 Abs of PDG of MC Tracks

Simulated Hits Options
D 0.01 :: Display scale factor for Trk Sim
® Read Geometry and Event X g ol
0 | min. ECAL Cell E [MeV]
0 | min. HCAL Cell E [MeV)

Collection from output of DSimu  F=rimasss

CaloHit Lego Options
¥ Log Scale
1 | Scale Factor of Height

® Draw event one by one
® Customized draw options

® Support online algorithm

processors

Command

Command (local)
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Signal and background processes

(@) YEXAAE iy

SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute

INVISIBLE DECAY MODE  m/, > 2mx

« Detector is designed based on the difference between signal and
background signatures

X
« Search for the final states with a soft recoil electron + large
missing energy & pr .-
. 1
Slgnal Erecoq»j&AEbeam
incoming outgoing relative rate
Bea e - >c 10°
% g » y > e'e” (ECAL) 107"
S CR
39\ <% 1072 .
3 X « Leading background: y
° % ey ete (Tan m)§ 10
: S — el bremsstrahlung
4 CIA 107 .
Background . « Rare processes include:
'-. : 1075
/7 s (ECAL) %yt (ECAL) electron-nuclear, photon-
Bea visible backgrounds ‘_> (Target [350um]) photo-nuclear (Target [350um]) 107 nUC|eaI’, Y - ul_l
Y 'L.,,__::__ _______ \\ 1077
------- - nonnn, ' .
ECAL I . “‘ |“—> v - 'y (Target [350um])] , 16
; \ o
HCAL invisible backgrounds << 1078 10
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Background Rejection

Background and Ratio = 8000 S
neoming g outgoing _relatve rate 8000 | | I T T 1 dvor 500 T g
e - - e 10° — DarkSHINE  Preliminary ] = 450F (d) R 3
x : % 7000 — ] - % : DarkSHINE  Preliminary E 100
._ 1 - - E 80667 events @ 8 GeV =
s 3y > 6'” (ECAL) 10 2 5000 Eop V5. B,y inclusive 3 = 400 o Bl ibied
3% Y 102 = 100§ 350F E
2y A £ 500 E T 300k =
%‘_,‘.-.. "&;‘;—» y - e*e” (Target [350um]) 10 c E ] 104 R E- - 3 102
2, s——— photo-nuclear (ECAL) - 'S, 4000 | — 3 250 —
© 3 (@) - = = - =
B o F . 3 [} £ =
10 £ 3000 - ' 5 200f: E
y—— (ECAL) %y ptu (ECAL) : - ] 9 150 - 1
. 3 § o : 102 O 3 10
Viible BRCGIONSS % 1o (350um))  Photo-nuceat (Trget 3soump) 10 3 200 packground E 2 100
, o7 - . 1
\‘ ‘-_“‘ 1 1000 - ] 10 50
' Yy > 1"y (Target [350um])] 4 -5 oF | | 1 1 U : 1 o IR SRR R e e s T i 1
“‘ \ 10 0 1000 2000 30004000 5000 6000 7000 8000 0 1000 2000 30004000 5000 6000 7000 8000
invisible backgrounds << 107" Reco. energy in ECAL (MeV) Reco. energy in ECAL (MeV)

EN_ECAL PN_ECAL GMM_ECAL EN_target PN _target GMM _target Hard_brem Inclusive

Total events 100 100 100 100 100 100 100 100
Only 1 track 58.87 70.48 87.36 5.85 5.88 <107 78.73 84.40
_ Ptag — Prec > 4 GeV 0.0044 0.0033 0.0041 5.58 5.46 <107 70.49 4.80
f;g?;: ECdl < 100MevV | <1073 <1073 0 030 0.72 0 69.61 476
Ep&Cel < 10 MeV <1073 <1073 0 0.13 0.27 0 65.00 4.48
Ep&C <2 Mev <1077 <1077 0 0.058 0.095 0 58.14 4.04
ER8 <25GeV 0 0 0 0 0 0 0 0

Zero background can be achieved, for 2.5x10° inclusive EOTs and ~10'2 rare EOTs!
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Event Fraction

FEXAAE Audda

et/ SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute

Dark Photon Efficiency

« After applying all cuts in signal region, a signal efficiency of around 60% can still be achieved.

2.0 —l 1] T T T LI ll T T T ] LI ll T ] T T LI I l_
102:.---l----l----l----l----l----r----r----: ~ o —e—All events -
: 1 0.1 GeV ] 1.8 |~ DarkSHINE  Preliminary Only 1 Tag. track & 1 Rec. track
| Electron Energy: 0.5 GeV | C 30414 ¢ 8 GeV > 4 GeV —
101 : Ee > 50 MeV [1 1.0 GeV . 1.6 :_ e events @ e _._pincident_precoil € ,_:
g 1 1.5 GeV ] —  Sig. efficiency at all mass point —e—E/ %, < 100 MeV -
_ 1 20GeV ] § 1.4 —e—EMaCsl < 2 MeV —
100 L [ Background ] @ ~ —e—E£" <25GeV _
: ' S 1.2 —
th:) L -
= 1.0}e ® o o eoococooe e o o eooocooe ° e o o o -
5 08F. ° ° *ecee, . =

Nk ® o o 00000 °
%) ~ 8 8 888t ¢ s sssetes 1§ $ts °¢
0.6__ « °*° ® ®oo00 ® o o ooooo00 ¢ ._':
(o _
0.4 __ __
Elect R i E E[GV] 021 1 1 Lo ool 1 1 Lo gl 1 1 Lol L

ectron Recoil Ener e .
I e 103 102 101 1
m, (GeV)
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Sensitivity study
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Physics, Mechanics & Astronomy

@ CrossMark
Eacktors
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DarkSHINE

« Article -
Editor's Focus

Sci. China-Phys. Mech. Astron., 66(1): 21106&@02;& Baseline Design Report

Jan vrvznzx Vol.66 No. 1: 211062
https://doi.org/10.1007/s11433-022-1983-8

Prospective sensitivity is competitive

Expected limit on the £ as a function
of A’ mass at 90% C.L. is estimated
with predicted luminosity

Editor’s Foct

Prospective study of light dark matter search with a newly proposed

DarkSHINE experiment

=

Jun Guo®?,

First publication! |

Ve-Jia Lu>3,

T VIO ST TUAIT SN ZATa0=TCONg VWalg— TU-TCIg VWarg
Wei-Hao Wu??, Dao ang1 112 'Hai-Jun Yang!??*, Jun-Hua Zhang1 23 Yu-Lei Zhang23
Zhi-Yu Zhaol 23, Xu-Liang Zhu'?3, Chun-Xiang Zhu??, and Yi-Fan Zhu?3

~zmerwanz—, Zi-Rui Wang'?,

23 SN B

sics Prospects and Detector Technologies
arxiv:2411.09345

Version 1

Conceptual design reportI

Si-Yuan Song™", Tong Sun  Sun' 2 . Jian-Nan Tang™" We ci-Shi Wan'"**, Dong Wang™*, Xiao-Long ng Wang ",
Yu-Feng \\anL, 5 Zhen \\ang‘ 210,11 7 Rui Wang'®, Wei-Hao Wu?*, Dao Xiang 18,19,1 umJunm;n
Lin \mu; *. Yong Yang®*, Dmn \u . Rui \unn . Jun-Hua /Inmp \u Lei /lm"
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https://www.sciengine.com/SCPMA/doi/10.1007/s11433-022-1983-8
https://www.sciengine.com/SCPMA/doi/10.1007/s11433-022-1983-8
https://www.sciengine.com/SCPMA/doi/10.1007/s11433-022-1983-8
https://arxiv.org/abs/2411.09345
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More physics opportunity: Positron-on-Target

SHINE can also deliver positron beam with low current

« Signal boxes for three channels are optimized
« Contamination from other signal processes are investigated
- L] , - - L]
« Extrapolation method for variables’ cuts, similar to the EOT analysis
: t - CA cA CA cA -
Slgnal Nt,(-l;}g grelf Pmissing Erlfzaxl(i‘ell Ef(‘)ta% Egta% E#laxléell 107
darkBrem 1 1 > 4GeV - <2.5GeV <2MeV < 100MeV
t-channel 1 0 > 4GeV >= 1MeV <25GeV <1MeV < 100MeV 10-6
s-channel 1 0 - < 1MeV - < 1MeV < 100MeV :
10-8 i_ NA64e ~, 100GeV 9.37ell EOT /// :, B
i o S iR e
5 2:”' e Tt E 0'055”'” oo e T e 001 ! AL AL 3 :“ o “:3 Zmenee A
T 18 DarkSHINE simulaon 7"y 3 5 0045 DarkSHINE simulation  “7"*4™ T 50009° DarkSHINE simulaton "N E R ey o € el b e Sl
& 1.6/ channel: brem @ 8 GeV o ek 3 2 0.045 channel: tch @ 8 Gev b i £ <§’0.008: channel: sch @ 8 GeV o 11ag.track 1 q0-10 LT o o il i
140 < 4 e o missingP>4 GeV B 0.0351 : P o missingP >4 GeV E 0.0075 N . . :,.::,:::.G,v 3 Eo- NAGde ", Fflfsz“ Rl e - --STCE 2GeY
o ,, g IS o S BT e - v A L ~ T DarHINE sel foT
“E Z Z o B <2Mev ] 0.025 ¢ o EL<2Mev = 0005 % o EMNT<2Mev E E--="" =" DarSEIN V. 3¢ DarkSHINE 1.5e15 EOT
TE 8 S2oem coscommme oosoeq 0.02E 3 0.0045- S 1012 L --2Z-ParKSHINE 8G&V 3e14 EOT | /DarkSHINE 1e16 EOT
085 . tteteee Dy 7 2 E oak i
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Detector R&D

HCAL

ECAL
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Detector R&D: Tracking system ) ;‘g;’;ﬁx% A d AT

Tsung-Dao Lee Institute

 Silicon strips detector under strong magnetic field, | %"
~10 um position resolution < |

« 7 layers of tagging + 6 layers of recoil tracker, two 10D m [\
silicon strips sensors for each layer N A

« AC-coupled low-gain avalanche diode (AC-LGAD) N

z|m]

silicon strip sensor 1x1 mm? for performance study

Recoil tracker

DarkSHINE Simulation
o 1x10' events @ 8 GeV
One Recoil Track | 4

| =]
& &=
PR I

E i T (3 .
[ DarkSHINE EO:0_05GeV

=
u E ACTS || t

6% E E
T 0.4/ D 3
E‘ 8 ek —'ACTS u g8da7% ACTS Gisigma: 0020359 |
& 0120 —
— E £ DS eff: 41.7%
E 5oL g 0.1 B
‘E' 0.08:— 3
g 0.06F E
B 4% 0.04- E
] £ B
E 0.02— =

E o ‘
702 27 0 0" T 0.8
Relative Bias [a.u.]

a2
-
[=4]
oW

Recoil momentum [GeV]

Nucl.Sci.Tech. 35 (2024) 11, 201
TSUNG-DAO LEE INSTITUTE LIk ZiE BYpzia



https://link.springer.com/article/10.1007/s41365-024-01575-2
https://link.springer.com/article/10.1007/s41365-024-01575-2

Detector R&D: Tracking system (&
More plots

Tsung-Dao Lee Institute

1— . .
‘| DarkSHINE ——Wafert1 |
10~} AC-LGAD Strip-Sensor Prototypes —*— Wafer12-1 |
5F —— Wafer12-2 .
2r —— Wafer12-3 -
107°F -
5k
— 2F
% 107%F
8 sk
=
. 2r
O 1074
=i S5k
2k
1075
5k
2F
107
5k
2k
107/ L— ) L ) L L
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10’r DarkSHINE —— Wafer11 4
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<
£
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C
£
3]
] 10
107t
1ot
1
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Tsung-Dao Lee Institute

The Electromagnetic Calorimeter and performance

« Crystal Scintillator + SiPM
« LYSO (Lu(1_x_y)Y2yCe2xSiO5)

« 21x21x11 crystals, 2.5cmx2.5cmx4cm, design has been s
optimized

* High light yields, short decay time, good radiation
resistant

e Module has been tested in DESY

Crystal gipm PCB Cooling Energy resolution

o [ ] [ ]
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— E £ r | ]
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o Cooo I I I | ]
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E
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https://link.springer.com/article/10.1007/s41365-024-01618-8
https://link.springer.com/article/10.1007/s41365-024-01618-8
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SHANGHAI JIAO TONG UNIVERSITY

Detector R&D: ECAL prototype

[ asip | | FPGA | [FMCHPc| | Flash | | pcoc |

' High speed and
.‘ Epigh precision ADC

Sf ADC: AD9680,
| ]‘ 1 GS/s, 14 bit

| ADC Connector | | Clock | [4DDR3| | LDO | [ JTAG |

scev  arXiv:2407.20723, submitted to JINST

©
-
B

§ []Simu, Truth .

8 0121 ~ Simu, ResSmear * LYSO unit test has been done

E L [ Simu, SiPMSat

s T e Data * 1stprototype module for beam test
0.08- (2X2 LYSO) at DESY

006 * New read-out has been designed
and the sets of readout system has

been further developed

0.04—

0.02-

* 1 MHz repetition rate

1 1 I
1000 1500 2000
E [MeV]
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1 1 I 1 1
0 500



https://arxiv.org/abs/2407.20723

Event Number

j_\l Y \ﬁ&ijfj;u‘/

Tsung -Dao Lee Institute

The Hadronic Calorimeter and performance
Nucl.Sci.Tech. 35 (2024) 9, 148

* Veto backgrounds with same behavior as signal in ECAL
* 1.5m x 1.5 m (perpendicular to the beam), ~10 A (~160 cm iron, parallel to the beam)
« Split to 4 modules, 75 cm x 75 cm each
* lIron absorber: 10 mm (70 layers)/50 mm (18 layers )thick, 75 cm x 75 cm
« Plastic scintillator: 10 mm thick, 75 cm x 5 cm, 15 bars per layer per module
* 90 degree rotation between 2 adjacent layers
« Wavelength shift fiber + SiPM
« Side-HCAL: encircling the ECAL

w/ side HCALY

[ ] Oe T ——— —— ——— ——
Design has been optimized; o ‘
:8 1 Absorber 10 mm — ;88 mzx -
106 . . . . E'ci | F 500 MI;VV 3
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r 3 1l Neutron 2000 MeV — xy-Abs-xy
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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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Summary

« The DarkSHINE experiment is a fixed target experiment using an electron beam to search for
light dark matter, and has the potential for searching for more BSM particles
» First round of prospective analysis sensitivity of DarkSHINE has been studied

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

« Detector key technology R&D progress has been presented
* Four articles have been submitted, one for each of the three sub-detectors and one for
ECAL electronics, three of which have been published (HCAL, Tracking system, ECAL),

and one under review (ECAL electronics)
- Has been sponsored by NSFC ([REiEZ=iTXIIRE)

« Conceptual design report is released on Arxiv: arxiv:2411.09345

« With data collection by 2026 and more physics opportunities ahead, stay tuned!
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https://www.sciengine.com/SCPMA/doi/10.1007/s11433-022-1983-8
https://www.sciengine.com/SCPMA/doi/10.1007/s11433-022-1983-8
https://www.sciengine.com/SCPMA/doi/10.1007/s11433-022-1983-8
https://www.sciengine.com/SCPMA/doi/10.1007/s11433-022-1983-8
https://link.springer.com/article/10.1007/s41365-024-01502-5
https://link.springer.com/article/10.1007/s41365-024-01575-2
https://link.springer.com/article/10.1007/s41365-024-01618-8
https://arxiv.org/abs/2407.20723
https://arxiv.org/abs/2411.09345
https://arxiv.org/abs/2411.09345
https://arxiv.org/abs/2411.09345
https://arxiv.org/abs/2411.09345
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Dark Photon Theory in a nutshell

Introduce extra U(1)x symmetry > New Gauge Field X > Dark Photon Mediator A’
U(Mem 2 U(M)emxU(1)x

SM Photon y Dark Photon A’

« A" &y kin. mixing

A Y « Renormalizable and Gauge Invariant
- Straightforward for experimental search

SXI“,FMV « Free param, kin. mixing (€). mass (my )

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

xl i X
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Dark Matter: Search for LDM & WIMP

1077

Fermion, e~ beam
Scalar, e~ beam
Fermion, e beam
Scalar, et beam
Fermion, e* beam, low-E

" arXiv:2308.15612

my = ‘”?x 3
ap=0.5

192 1= W 1
m,,GeV

 LDM: sub-GeV
 Thermal contact implies new mediator

 Beam dumpl/lepton-on-target
experiments searching for dark
photon: NA64@CERN, BESIII,BELL-II,
LDMX, etc.
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WIMP mass [GeV/c’]
« WIMPs: GeV ~ TeV
« Space experiments (DAMPE, AMS, etc.)

» Collider experiments (LHC, BELLE-II,
BESIII, etc.)

* Underground experiments (PandaX,
CDEX, LUX, Xenon, etc.)



https://arxiv.org/abs/2104.07634
https://arxiv.org/abs/2308.15612

The SHINE facility
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Dark photon XS @) YiEXAL¥  Aedry
N e SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute
— e Z—e ZA'inclusive cross section

10" —————— . .

XS with £2 = 1

1073 102 10" 10°
Dark photon mass (GeV)
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Signal vs. background

T mmoroe
Electron energy: [10.5GeV |
101k E_ 250 MeV [11.0GeV e
[11.5GeV ]
[12.0GeV
SignaI: 5 100 1 Background
- Low momentum of recoil electron £
- Recoil electron angle has on a
average value 10+
10 - _ = .
0 1 2 3 4 5 6 T 8
Electron recoil energy E_ (GeV)
(t':)' T 'ﬁ'oﬁ IGe|V'
Background: 10 osear |
- Small missing energy, recoil 1o m G |
electron carries most of the o il
momen t um é SOeI(\:AL?seEf;gZ MeV
8 102
- Small recoil electron angle :
TV
10+ E

1.0

0.6
Electron recoil p; (GeV)

0.2 0.4 0.8
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Event fraction

Event fraction

Tsung -Dao Lee Instltute
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Signal-box design
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Acceptance efficiency

2.0 J 1 1 1 ] LINLLIL I 1 1 1 1 LI L L] I 1 1 1 ] LI I I_
— . —e—All events 7
1.8 |~ DarkSHINE  Preliminary —o—Only 1 Tag. track & 1 Rec. track
1 .6 :— 3e+14 events @ 8 GeV _._pincident_precoil >4 GeV :
- - Sig. efficiency at all mass point —e—E>% <100 MeV Sig na I - bOX Selection
o 14— —e—[EMaCel < 2 MeV
C — ]
— otal —
g . LE —e—E“ <25GeV =
= — _
(0] — -
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208 .._ ® o oo ®0e0ee o o . ]
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» 60% signal events survive the cut-flow, no background survive (2.5e9)
» Acceptance efficiency drops in:
« Low-mass region of a few MeV: tight energy cuts.

 High-mass region above 1 GeV: particles with large incident/recoil angle go into the
TSUNG HCAL directly. $31>



Background estimation

Tsung -Dao Lee Inst!tute

1? 1 1 1 1 I 1 1 1 1 I. 1 .I 1 1 I I 1 1 II II 1 .I 1 I I 1 1 Y Expected background
. :I;)arI:jHINE Pre:rgln\a/ry nclusive . yields go down quickly
e + t
S 102k o devents @8 GeV : at lower ECAL energy.
S WTE E= <100 MeV, EV>%'< 2 MeV
2 . ‘ - In order to estimate
C = =
S 405 background yields in
S 10+ ' 104 EOT, extrapolation
@ 18; e method is used
C
o . . .
> 109 — Truth > fit from inclusive
5107 background process
c 10"

B 102
™ 10-13
10_14 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1
2000 3000 4000 5000 6000 7000 8000
Cuton EX5 (MeV)
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Background estimation

8_ o LI LI LI LI LI LI LI T r-
1T T o Expected background
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-] 104_— . . —
o W 8GeV ¢6Gev ¢4Gev 1 at lower ECAL energy.
3 102 Tor07 evonts @ 3.7.8 oV $7.5 GeV ¢5.5GeV 3.5 GeV 9y
o — ' ¢7GeV 95GeV " 3GeV — :
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Background estimation

1
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~

10_2:: DarkSHINE Preliminary

— 3e+14 events @ 8 GeV
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« Expected background
yields go down quickly
at lower ECAL energy.

* In order to estimate

hacrlrAaraiinAd vialde in

Method Cut flow Rare.
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Yield 0
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8000

Fraction of events below energy ct
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HCAL

F- 3e+14 events @ 8 GeV
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4000
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background process

- extrapolation from
low energy samples

- fit from each rare
background process

* <34>



\ FEXAAE AkarrEsT

SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute

More physics opportunities...

AI

1077
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JLAB e" thick target

Fig. 1 Three different A’ production modes in fixed target lepton beam =
experiments: (a) A’-strahlung in e~ /e -nucleon scattering; (b) A'- Eur' Ph.Vs' J' A (2021) 57'253
strahlung in eTe™ annihilation; (c) resonant A’ production in ete~

annihilation
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Tracking system
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1064 nm Pico-second Laser
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Reconstructed Results for W11 Line2

Gauss u = —1.470

Gauss o = 6.746
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Working point
W11: 350V
W12: 150V

| : 3D platform

Focuser

4-CH readout board

1o, trigger
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ECAL: crystal test
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Detector R&D: Electromagnetic

1155

NPE

1150

R B
o

Bl Uniformity |
| scan with oas% N

1125

SiPM laser
calibration
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J X 4
N distance [cm)

Electron Data of Ch1-4cmLYSO Experimental Data vs. Simﬁlét
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Detector R&D: ECAL prototype

PCB Light block Crystal sleeve

Crystals Front end cover

Pre-amplifier: transimpedance amplifier
 PZC + RCRC filter
e Dual output: large dynamic range

[ LED ] [Temp. sensor]
IDOUNGTLUAD LEE INDSITIITUIE L‘,L?EZE %E:%ZE




HCAL: Photon yields test results

1 1 1 1 1 12“ 1 1 1 1 1
140~ DarkSHINE —=—HND 75 cm - DarkSHINE —=—1 c¢m thickness 3 grooves
=== E] 60 cm === 1 c¢m thickness 2 grooves
1201 —s—HTX 75 cm | 100 —=— 2 cm thickness 3 grooves 7
=== Simu 75 cm 2= 2 ¢m thickness 2 grooves
....----"'"‘ Simu 1 cm thickness
Lo0r prar ™™ i 80 === Simu 2 cm thickness i
3 3
= 8o0r | = &0l _
3 = .
o o
60} -
40| -
a0+ _
20F .
201 4
ﬂ | | 1 1 | u 1 | | | |
1 1.5 2 2.5 3 1 1.5 2 2.3 3
Nﬁber used Nﬁber used

TsSUNG-DAO LEE INSTITUTE LIXKZ1E BYziE



\ FAERAAE AT

SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute

Hardware test: Electronic readout system

* The electronic readout system was constructed and tested

+ Test the acquisition card designed by Prof. Yang Yong

! cosmic ray : i SiPM
trigger '
” . - »i »| B
. Fan- | | Discri . Fan- -
iona) . ) Logic . Acquisition
| I 7 % in/F minat e in/Fan
tri t unit t - card
o — Ll i | ©u J Or . .| —ou |
o
v v
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