%

Zlie

Y nma
K =
7 m
iy n-
N L]

- L

= b — O
R K T N
e c &
) X = o
. 59
Kr N N

he DarkSHINE Experiment R&D Status




ut
J

HCAL

v
2
N
y@w
AN O
5
=
o B

£
[
(]
— =]
H
S g v
- 2 \%
lfA g =
=] o
5 8
) ¢ m
2l © s
W g
= m
ﬁ <
RN z
PR W
\ 2 . .
- Indirect detection @
s @ _
© S
v R > £5 8
T r S
(= ~ o
, 88 2
; w
’ » = - B
/ e e 1° 5
' x 3 2
c ; © mm g
§ ° — do ©
.on.lw ' _.lm -_ — &
o &
D o m - 2 2
o | S5S - = N
oy T ® wz Lo
O = S5 20 TT
o , o SO FE® 5o o
= a®n E 0 s5s e
o, Kme.Muv
1 DnEuOd.m
' a g ES S~ N
' ) L5302
' o 8 Q8 sHod
=
: @ L -
.md
> 5% | \
‘- llllllllllllllllllll S M ,\:, 787::: ,77::: 767::: ,57::::47::: ,37::: ,27::::%::: L 47I:::\0
e 2 %2 % 8 e ¥R
S19pI||09 Je uoioNpo.id ASD9L'0/ PIBIA PaIyBIom

)
N
N
Rit-
R
il
N
K
=

on

imulat

introduction
ies in simu

The detector conceptual design

Physics motivation
The SHINE facility
Prospective stud
Detector R&D status

Summary

ine

TSUNG-DAO LEE INSTITUTE

Outl



Physics Motivation — search for light dark matter \ YERAAY  AEMEST

SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute

Dark Matter can exist in wide mass range, from Ultralight “Fuzzy DM” to Primordial Black Holes.

Dark Sector Candidates, Anomalies, and Search Techniques

zeV aeV feV peV neV peV meV eV keV MeV GeV TeV PeV 30Mg
«* I I I I I l l l 1 1 I 1 1 l 1 1 l 1 1 l 1 1 I h)3 | 3
| | | | | | | | L DL DL L L O | S
- I —> i
QCD Axion WIMPs
Ultralight Dark Matter Hidden Sector Dark Matter Black Holes e
—> % I
Pre-Inflationary Axion Hidden Thermal Relics / WINMPless DM
«—> * > Yark Mattor
P ost-Inflationary Axion Asymmettic DM Dark Matter
<k - 4
Freeze-In DM
—>
SIMPs f ELDERS
<
Beryllium-8 -
WIMPxilla
Muon g-2

R —
Small-Scale Structure

>
Microlensing

o
Small Experiments: Coherent Field Searches, Direct Detection, Nuclear and Atomic Physics, Accelerators

€==IIIIII..I L 1 3 1

T T T T Tttt e arXiv: 1707.04591; arXiv:1870.07668
zeV aeV feV peV neV peV meV eV keV MeV GeV TeV PeV  30Mq,
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comoving number density

Physics Motivation — search for light dark matter

(@) YEXAAE i

SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute

L S B R Thermal DM
!-I‘elatIVIStIC regime E
. Ypyu = constant non-relativistic regime ]
§ 1073 ‘;r / Ypm o exp(—mpwm/T) , € > Mpwm
ol [ i ~100 Mg
x -6 1 increasing (o ann Urel) E
Tl
A e
5 1079} ‘ perturbativity
» overclosure
1 1 BBN,CMB MeV GeV
& o) EE I "
m r i ~10keV
5 10_15? o frozen—out ’ ' '
i E density : nght DM WIMPS
10718 ] o ,
107! 1 10 102 108 10* Thermal contact implies a new mediator Thermal freeze-out for weak scale masses
Xx=mpu!T Hidden sector light DM model is well-motivated Has driven DM searches for last ~30 years

_time g

* In order to explain the presence of Dark Matter constituting ~ 27% of the energy content of the

universe, the “Freeze-out” mechanism allows mass range of Dark Matter: MeV ~ 10s TeV.

TSUNG-DAO LEE INSTITUTE

WXKZIE BYZE



(@) YEXAAE i

SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute

Physics Motivation — search general strategy

MeV ~ m, GeV ~ m, Mz p ~ 10s TeV

AN g LDM “WIMPs” 2, > QoM

N s s
A .
.f%;) Dark Matter - g
‘: Standard Model L
% mediators g
r::‘ i
= & o R P,
R S q».,,.. 2 “ :’
COIIider experiments : Co-'develloped by Tsing ol A
(LHC, BELLE-II, BESIII etc.) T e ——
Underground Space experiments
experiments (DAMPE, AMS etc.)

(CDEX, PandaX, Xenon etc.)

and LHAASO etc.
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Physics Motivation — experimental search results

SHANGHAI JIAO TONG UNIVERSITY

A AR

Tsung-Dao Lee Institute

MeV ~ m,

GeV ~ my,

w 1074 E

1077 ¢

Fermion, ap = 0.1
Fermion, ap = 0.5
Scalar, ap = 0.1

BaBar

106
1073

1072

107!
my, GeV

— 1072

'fftg’h

“WIMPs”

5 10738
10739
10740
5 10741
b@ 1 0—42
107%3
10744
107%°
107
1047
1048

nucleon)

|17
NI

eliminary

ETsS4X

resonance

Dijet

DarkSide-50 QF MIGD

Vector mediator, Dirac DM
gq = 0.25, gl =0, g)C =1

ATLAS limits at 95% CL, direct detection limits at 90% CL
1 1 1

10749

10 102

10°
m, [GeV]

~ 10sTeV

E_EI_JIT'-.T

& 250 ——rrrrr
> C o ATIC
8 L o Fermi-LAT
- r HESS syst.errors
h 200 - * HESS
i r o CALET
o B o DAMPE
‘g 150 -« AMS-02
Tu C
o C
1001 !
S} - Physics Reports %
sof- 894 (2021) i H
C - |
L 1 Energly [GeV] | ” *If iy
0 1L 1111 1 111111 L 1111111 L 1111111 L
1 10 10? 10° 10*
1030: T MR | T T 1030 T A | T
E DM — bb DM — 7F7~ Chianesc2021
Z10% e Z10% 3
2 T 2Ly T
IS 20 =
S 105 e 4 gk -
8 By E E~I =~ _Cohen2017
RS > R F B
3 107 2 — A L) 4 3107 E [ o) — KM2A (i Letter)
E B 00 - KM2A (prompt only) E /Q// """ KM2A (prompt only)
[ | IL(‘Cubc fit [ | “ IeeCube it
1026 . PR sl PR 1[)26 P M. P L L]
10° 106 107 108 10° 10° 100 107 108 10°

Mass mpwm [GGV]

Mass, mpyp [GeV]

PRL 129, 261103
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Physics Motivation — search for light dark matter

LUX (M)

\ NEWS-G
\ \ DAMA/Na

Julien Billard et al

CRESST (Surf)

2022 Rep. Prog. Phys.

85 056201

EDELWEISS (Surf)

(\fl_i
=
L/
a —40 =" DAMIC
5 10 . DAMA/I -0
8 CDMSlite ‘\\\‘ / COSINE \
(D) 42 DarkSide-50 (S2)
v 10 N\ SuperCDMS  4e-50
o5 XENONIT (S2) <N\ EDELWEISS P36 DarkSt
7] D =
) 44 : 0 LUX
= 10 \¥/ NON!
— v-floor : — 7 &
10—46 - — — pandd
10—50 II| | | IIIIII| | | lIlIIIl | | IIlIIIl | | lIIIlIl | |
0.1 0305 1 3 5 10 30 50 100 300 1000 3000
WIMP mass [GeV/c?]
TsuUNG-DAO LEE INSTITUTE LK Z1E BYziiE
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A B ET

Tsung-Dao Lee Institute

Competitive experiments world-
wide have been hunting for dark
matter candidates from GeV to

10s TeV mass range.

Sub-GeV regime less explored

by direct search experiments.

Alternative approaches have

been proposed at this regime.




Physics Motivation — search for light dark matter

ekl i Thermal and Asymmetric Targets at Accelerators
10~7
-37.
10 < jo-tl
10—39. A
. S 10
10-41.
£ 100
10—43. E .
1071+
107 E 13
v 10_47' ~~Q“!O |
® ST K
—49, @\ = .
2 a\®
Il o-14/ W
10—51. B ?
3 |
-53. ]Q’ L l | 1 L1 1 | - | ] 1 ] L |
i bl-- I 10 107 103
-55. =
) - mpm [MeV]

10—57.
* In accelerator-based experiments, this difference can be

reduced to 102 ~ 103 orders of magnitudes, due to the fact
of insensitive to DM’s mass and spin in its production.

10—59.
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Physics Motivation — search for light dark matter

A AR

Tsung-Dao Lee Institute

/éiiﬂ’,/t%?

ONG Ul

mass -+ *2.3 Me'
chage -+
- w a 9 a Ji
)| cham | top gluon ' g'o'g‘s,

~4.8 MoVt ~95 MoVic* 4,18 GoVie*

;;‘:gv "®:0| @

down ) strange bottom . photon I
0511 MeVie* 106.7 MeVic* 912 GeVic*
1 “a 0 -
- @ | @ |- y @
electron muon Z boson O
. v
7} Qv <17 MeVic* <y le.w:'w 8
= 0 4 ) i 7
. 9. 9.0 @
o
w neinge neutrino neutino W.boson JS
Standard Model
Portal
‘icl’
N
Z R
A
e

Hidden Sector

How Dark Matter may interact with Ordinary Matter?

Dark Matter Mediator Standard Model

4 Renormalizable “Portals”

i : Y . 9 5 . Exotic Higgs
Axion - FuyF""a Axion/ALP Higgs \H>S” +pH?S decay?
Vector ¢ F"*"F| = Darkphoton  Neutrino # (HL)N EIE
= ‘ neutrino?

\

Kinetic

Dark Matter s
Mixing

Dark Photon

T

New force carried by massive vector boson: dark photon

Standard Model ]
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= = = 4 N -
Physics Motivation — search for dark photon \Mé@ ’L l\ﬁ*‘ﬂi
e e = | « Search for the mediator, like dark photon, opens an
- @ . © 9 @ ng alternative way to shed light on the dark world.
up charm gluon 99s
-®-e-® | @ « The dark photon can be predicted by introducing
som _J{_srawe J| bt ) | itern } extra U(1), gauge group = new gauge field X =

0511 Mevic! 105.7 Mevie! 1777 Gevict 912 Gevict y

"® -0 '® | @ . dark photon A’.
E -8 .. W || w E L 1 1 1 U
% Reinne neutrino neutino _Wboson | & — | — — F —I— A — — X X —I— X 1

- Standard Model - 4 H v I'J X

The SM y terms

e : ' Interactions between the A v
& "g" i photon and dark photon mixing(&)

via kinetic mixing.

Hidden Sector

B. Holdom, Phys. Lett. B 166, 196 (1986)
R. Foot & X.-G. He, Phys. Lett. B 267, 509 (1991)
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Physics Motivation — search for dark photon

d&ﬂr_‘iuv

Tsung -Dao Lee Institute

mats —+ *2.3 Me'

chage » 20

w2 w
4.8 MoVt

il ]
- @ |
do

wn strange

0511 MeVie*
1
. &
electron
Q2K

- U

electron
neutrino

LEPTONS

e Dark photon production modes: Bremsstrahlung,

9 y | @ Higge Annihilation, Meson decay and Drell-Yan process
g ' Q’ @ Annihilation Meson decay Drell-Yan

Bremtrasslung

bottom k photon § ANANAAN Ay Ay q
. Ef 8 1:/ : a - Y Mﬁ MAU
muon tau &Zboson 8
oum | oo | 2 e AVAVAVAVAVZY Ay g
09| @
2% | it | [ wooson | 2
Sta"_da'd M°de' * Dark photon decay channels: visible and invisible decays
Vel Visible Invisible
/ q &
A, A, Ay

Q
b

A'Hidden Sector
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SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute

Physics Motivation — search for dark photon

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

u . . !/
- Two ways of detection, via its VISIBLE DECAY MODE ™4 < 2mx

+ Visible decay it — | .
Having two interaction Eo W et §
vertices — production . SM

n < — 1ot E_
rate highly supressed — e — >

Noxe* « N 62(1 _ (:‘2) ~ €2 INVISIBLE DECAY MODE /4 > 2mx
E__ <¥E

recoil beam

* Invisible decay
B%HI‘
Interaction probability could be ‘ )

enhanced — better sensitivity!
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Searching for Dark Photon Invisible Decay

e Searches at collider and beam-dump
experiment:
» Missing mass (BESIII, Belle-ll etc.)
* Missing energy (NA64)

A new approach looking at missing
momentum
« Single electron on target
» High frequency electron beam
» “Missing momentum” information

arXiv: 1912.05535
= Light Dark Matter eXperiment (LDMX) at LCLS-Il SLAC (R&D)
= DarkSHINE experiment at SHINE facility, Shanghai (R&D)

TsSUNG-DAO LEE INSTITUTE DEZIE BRY I8 3
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Tsung -Dao Lee Institute

The SHINE Facility Introduction

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

« Electron energy: 8 GeV, Frequency: 1MHz * Under construction in Zhangjiang area (2018-2026)
- Beam intensity: 100pC (6.25E8 electrons/bunch) °* Beam techniques: SARI,CAS / Shanghai Tech.
« ~3x1014 electrons-on-target (EOT) per year. * Detector R&D: SJTU/ FDU / SIC, CAS.

e |
- “Cl\ \s . FEL kicker FEL kicker
‘ - ( \X A\
it

o © \ DarkSHINE kicker

~ 1 electron

100 pC

>

60 ns

600 ns
1us

To DarkSHINE

u L2 3 FEL-I1 (0.4-3 keV)

Shaft 1 Shaft 2 Shaft 3 Shaft 4 Shaft 5 M emo2-03 CM04-21 CM22-75
l/"\t m FEL-1 (3-15 keV)
, , ! r'**- L ———— _ = —i
! i . ; 1zo MeV 270'Mev 2.1'Gev 8.6 GeV
& TR — 12A 85A 1500 A 1500 A o
8GeV SCRF linac BDS FELs BLs NEH BLs FEH S S — -
SHINE linac

TsSUNG-DAO LEE INSTITUTE LIXKZI1E BYziE



- Signal — Background —
E rrrrr I<1AEbE:m
Beam +
ECAL ["---. A XX ECAL
HCAL HCAL

SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute

The DarkSHINE detector conceptual design:
« Silicon tracker: incident and recoil electrons

| | BJaﬂ
Hﬁ ~~~~~~~~~~ i H m:“‘. .« * [EM Calo.: electron and photon energy reco.

Main processes produced in electron-on-target

Incoming Outgoing relative rate
_ N 0 .
e ¢ 71 )
.. 1 0_1 """ 2m
) e » y—>e*e (ECAL) I
o %_‘ Magnet (1.5T)
E A 102
=% (o1 target ECAL
% a ‘-._‘ tagging tracker |
‘% %a i py—e‘e (Target (350 um)) 102 s I! HCAL 3
eI Sy ———» Photo-nuclear (ECAL) =>m 4 m
(g)‘ y %‘.“‘ 1 0—4 nnnnn |
% dipole magnet | recoil tracker
e 108
V. b| b k d "“‘ (ECAL) ‘:“'=V;)ﬂ+lf(ECAL) apparatus platform
Isible backgrounds * T -6
J —(Target (350 ym)) 3 Photo-nuclear (Target (350 um)) 10 Tracker Region 4m
\ “_‘ it N
\\ 107  Taraet ( Tunasten ) |
\\ '-.\—» y—>u*u (Target (350 pm)) 108
\ | 12m >
1 1 10° . i i

TSUNG-DAO LEE INSTITUTE

« Hadron Calo.: veto muon and hadron bkgs.
« Readout electronics, trigger system, TDAQ etc.

WXKZIE BYZE
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The DarkSHINE Simulation Framework

MC Generator

CalHEP

MadGraph

Particle Gun

welboid uolenwis paseq—piuesn)

nTuples (ROOT)

Geometry
(TGeoManager)

AnaEvent : DEvent

Geometry

I[; ;

TGeoManager

TSUNG-DAO LEE INSTITUTE

DAna, the analysis framework for Dark SHINE

Algorithm Processors

=_>
S

Secondaries

Phy. Processors

Cofiguration

WXKZIE BYZE

Results

Event Display
DDis

DPlot

Tsung-Dao

AR

Lee Institute

Fast Simulation

Calorimeters L Dark SHINE Software
Digitization
DAna
Reconstruction
MC Truth Analysis (et
Tracking Validation History

Dark SHINE Webpage

Other Projects

New Event Display

DSimu . eret
Signal Generation with

Calchep

Full Simulation

DEvent: Data Structure

Tracking reconstruction | ;
Vg . 1
| Mag-Field |
DSimu . { Propagation
clustefing ACTS =

|
> - N
g __sourcelmks ]

i Geometry

SimulatedHit B TrkHit |

Geometry

expected 0, ~ 1%, 0, < 10um RIZRSTER:ENEN DAna






The DarkSHINE Experiment Simulation (@) Yiaidr¥ Audsny

o/ SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute

Weighted Yield /0.16GeV

EIIIIIIIIIIIIII|IIIIIIIII|IIII|IIII
108 DARK SHINE B signal (x 10
= Beam Energy 8 GeV [ Background
107 5.0x 10° EOT
= Sig Yields: 0.5x 107'* (x 10'3)
108 Bkg Yields: 5.0 x 10°
10° =
10
103: Background
- Signal
102—
:llll|lIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 1 2 3 4 5 6 7

| I I —

mﬁ IIIIIIII | I|||III| | IIIIIlL| | I||I||JJ | IIIIIIII | IIIII[IJ | IIIIIII| | III[III| [ 1]

« Signal region definition (preliminary):-L

Reconstructed Energy [GeV]

Signal Box

' NI 1 I 1 1

& ' " [ - —
2000 4000 6000 8000 10000
Eccal [MeV]

o

= 1. Exact one track in tagging and recoil tracker

2. Momentum of Pincident — Precoil = 4 GeV

3. ECAL deposited total energy < 2.5 GeV
4. HCAL deposited total energy < 100 MeV
5. HCAL max cell energy < 2 MeV.

TSUNG-DAO LEE INSTITUTE
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The DarkSHINE Simulation

SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute
I I
102 T T T T 1()1 T T T T T T T T
u = n n n ™ (a) (b) 1 0.1GeV
« Kinematic distributions of the signal Elecron energy: 105 GeV ocron onergy. . 050
101k E,250MeV [11.0 GeV - E stoMey Y [ 10Gev
C11.5GeV 100K o C115GeV
and inclusive background (right) and o i
u g u g s 100k [—IBackground | 5 LT [ Background
5 g .l
[ - - f % 10 |
signal acceptance efficiency: 10k b :
1 w i
gl
102 f E
2.0 T 1 1 T LI L | 1 1 1 1 LILILIL T T T 1 LILILIL 1 1072 3 LJ
u | | | -
= —eo—All events 7 _
—_ DarkSHINE  Prelimin i ]
1.8 eliminary —e—Only 1 Tag. track & 1 Rec. track 10° 10~ R S OO RSN O
— — o 1 2 3 4 5 6 7 8 0 10 20 30 40 50 60 70 80 90
— 3e+14 events @ 8 GeV —e—p .. —p . >4GeV — )
1.6 — @ p"“;'::’"' Precon — Electron recoil energy E, (GeV) Electron recoil angle (deg.)
- —  Sig. efficiency at all mass point —e—E. -, <100 MeV - " S —
5 1 4 — —e— EMaxCell ¢ 2 MeV/ — F(c) [10.1 GeV (d) [10.1GeV 1]
c — ot - 10'¢ 10.5 GeV 3 020+ [C105GeV
Q 12E —o—E, <25GeV = i [11.0GeV [11.0GeV
g:;’ [~ _ 100k 115 GeV ] [C115GeV |
) : - i 2.0 GeV [120GeV
= 1.0 fe- e o o eocoooe e o o eoocooee ° e o o o -o 1 1 Background 0.15 | .
— ] 10° 3
S0P ° ° ceeee 1 s SOMeV<E savev | &
— o T 5 < < S
O F ® o o 000000 o 8 B o ’ S
il X XYY . 2 |
0.6 - e °*° ®© o o eocoo00 - & %
— _ w 102
(o . ]
04 — - 0.05 b
- - 104 1
0 2 —l 1 1 1 1 L1l 11l I L L 1 1 Ll 1L 1l I 1 1 1 1 Ll Ll I l_
1 0_3 1 0_2 1 0_1 1 105 - - 0.00 = 1 L N =
0.0 0.2 0.4 0.6 0.8 1.0 0 50 100 150 200 250
m A (GeV) Electron recoil p; (GeV) Transverse separation (mm)
I
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The DarkSHINE Simulation

. .. Process Generate events Branching ratio EOTs
« Simulated background statistics = T osive S 10° 0 S x10°
 Cost a lot computer time Bremsstrahlung 1% 107 670x 102  1.5x 108
» Biasing techniques to produce GMM _target 1x 107 1.5(x0.5)x 1078 43 x 104
rare process GMM_ECAL 1x 10’ 1.63(+0.06) x 10 6.0 x 102
PN_target 1 x 107 1.37(£0.05) x 1076 4.0 x 10'2
« Cut-flow of each backgroud process SN ECAL X 10° 2312000 X 10* 44 101
g EN _target 1x 108 5.1(x0.3)x 1077 1.6 x 1012
EN_ECAL 1 x 107 3.25(+0.08) x 1076 1.8 x 102
ENECAL PNECAL GMMECAL 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 <1073 78.73 84.40
Ptag — Prec > 4 GeV 0.0044 0.0033 0.0041 5.58 5.46 <1075 70.49 4.80
ES&, < 100 MeV <107 <107 0 0.30 0.72 0 69.61 4.76
EMaxCell < 10 MeV <1073 <1073 0 0.13 0.27 0 65.00 4.48
ENaCel <2 MeV <107 <107 0 0.058 0.095 0 58.14 4.04
EX&  <2.5GeV 0 0 0 0 .0 0 0 0
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The DarkSHINE Background Estimates

« To estimate background yields in 3x10'* EOTs, extrapolation method is used

 Left: fit from inclusive background process

* Right: extrapolation from low energy electron-fixed-target samples

10 T T T T T T T T T T T T l I — I I 108 il LI L I L L L L L L L L Y LB S
. 1 DarkSHINE Preliminary | Inclusive o £ 10°F o nSHINE Preliminary e ooy a5 VE
10~ = al 5 Ge eV
S 1978 3e+14 events @ 8 Gev | . S 10°F 09 events @ 8 GeV 8GeV ¢6GeV ¢4GeV _
© 1028 Fuom < 100 MeV, EMCel< 2 MeV = 102 o7 st @8 Ge 7.5GeV 4 5.5 GeV 4 3.5 GeV—
3 103 HCAL HCAL | | GEJ) il 1e+07 events @ 3-7.5 GeV 7 GeV 5 GeV 3 Gey
g 10+ | © 1F  --Function cooeees
g 10- | % 10-2 = — Fit function ° -
% 10-8 | 8 104 :_ —:
2 407 = Setf 2 4oeE f
£ ,0eE —+ Setd c 107 =
% 10-° —— Truth > 108 = =
© 101 E 10-1° :: ::
:.§ 10™ 2 10-12 - —
S 102 ® .~ —=
v -13 I 107 . =
t 10_14 [T T T N T R V2« T T T N T T R T N | | T | I L L1 10_16?| T 1 T e e i n T T T a
2000 3000 4000 5000 6000 7000 8000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Cuton EX% (MeV) ECAL energy (MeV)
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The DarkSHINE Background Estimates

SHANGHAI JIAO TONG UNIVERSITY

YEXAAE  AdMET

Tsung-Dao Lee Institute

« To estimate background yields in 3x10"4 EOTs, fit from each rare process
al
\
\
|

—~
QO

) 1
102
104
10°¢
10®
1010
1072
101
1018
1018

0720

Fraction of events below energy cutoff

Fraction of events below energy cutoff
=)

T
DarkSHINE Preliminary

3e+14 events @ 8 GeV

H CAL HCAL

-=- Set1
—+ Set4
—o—_Truth_

EN

total < 100 Mev EMaxCeII < 2 MeV

——
_FCAL
\

A

Pl I

2000

3000 4000

M |
5000 60
Cut on E @

ECAL

(MeV)

— T
DarkSHINE Preliminary

3e+14 events @ 8 GeV

HCAL

Ea < 100 MeV, ENM>Ce! < 2 MeV

HCAL

\

3000 4000

5000
Cut on E !

ECAL

TSUNG-DAO LEE INSTITUTE

6000
(MeV)

|

|

|
ol
7000 8000

(

Fraction of events below energy cutoff

—

Fraction of events below energy cutoff

b) 1
102
104F *°
10
10°¢ E

100

10-"2

DarkSHINE Preliminary |

||||:||||||l:||

EN target
3e+14 events @ 8 GeV |
E @ < 100 MeV, EMaxCe! <|2 MeV

HCAL HCAL

ol |If

-= Set1
—+ Set4
—-—_Truth

P Y Y Y Y Y Y A Y BT Y

|
e
104 | ‘
101 | \
10-18 | |
10720*...A|....|....l....|....|l..
2000 3000 4000 5000 6000 7000 8000
Cuton EXE (MeV)
d)1_""|"" T T
102 DarkSHINE Prellmlnary | PN target | 3
e 3e+14 events @ 8 GeV l | 5
107 proal < 100 MeV, EMo:! < 2 Mev =
10 | =
109 | | 3
107°F - Sett | I 3
12— ——Set4 -
1 12F =
O"E Tt | |7
0E B i
10" ! |3
10—18.’-_ I | =
0_20”_ {1 Ll Lol Lol 3
2000 3000 4000 5000 6000 7000 8000
Cuton El22 (MeV)
\ kY RS kY .
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Background w.r.t 3x10'4 EOT:

Method

Expectation in
signal region

Cut flow

0

Inclusive fit

9.23 x 103

Low energy
extrapolation

2.53 x 10-3

Rare processes fit

1.5 x 10-2




The DarkSHINE Projected Sensitivity

Sci. China-Phy. Mech. Astron., 66(1):211062 (2023)
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« The DarkSHINE experiment can provide competitive results which will be sensitive
to most of phase space predicted by models, with 9x107* EOTs (running ~3 years).
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Energy Resolution (o/E)

The DarkSHINE Detector R&D

 Tracker:

- Tagging tracker (7 layers) + recoil tracker (6 layers)
- Incident and recoil electron tracks

- Two silicon strip sensors w/ a small angle (0.1rad)
- Resolution: 10 um(horizontal), 60 um(vertical)
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1 RecTrk

@ 0.18
£ 016
w ACTS: all events
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AC-LGAD silicon strip sensor 1x1 mm?

designed, in collaboration with Prof.Zhijun
Liang and Prof.Mei Zhao from IHEP.
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The DarkSHINE Detector R&D

< 10'6Er LN L L L L L LB
= = 3
¢ = I-V performance :
o
10775_ =
10%5_ =
10° —R2L2 =
E —R2L3 3
0‘°H —R2L4 7
10 § —=
/ R3L4 3
—R3L3 1
10-”IlllxlllllllllllllIIIII]IIAIIIIIIAIIIII
0 20 40 60 80 100 120 140 160 180
Voltage (V)
'H
' i [l =3 e v e s s e s e e e e s e e S B S
3 U = 3
& C-V performance — 3
Working point T oL )
W11: 350V e B
W12: 150V o 3
= C ]
oy 104 -
= 2l — w11 )
o) 10° =
é E ~ W12 R2L2 3
- — W12 R2L3 s
10 = -
E — W12 R3L4 =
L |G Tasna ) g pppllop oo
0 10 30 40 50 60
Voltage (V)

TsuNG-DAO LEE INSTITUTE LIXZIE BYziE



The DarkSHINE Detector R&D

* Position resolution can reachto 7 ~ 12 pm.

Reconstructed Results for W11 Line2
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The DarkSHINE Detector R&D

Electromagnetic Calorimeter:

« Designed resolution: better energy resolution than 5%.

LYSO crystal (Lug;_y—_y) Y2, Ce;,Si05):
« high light yield (30000 p.e/MeV) with good linearity
« short decay time (40 ns)

21x21%x11 crystals, 2.5cmx2.5cmx4cm

Readout with SiPM and waveform sampling

More intrinsic radiation and radioactive source tests.
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The DarkSHINE Detector R&D

 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
 Energy resolution |s better than 3% (244ch). Very low energy leakage below 2.5 GeV.
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The DarkSHINE Detector R&D

SHANGHAI JIAO TONG UNIVERSITY

Hadronic Calorimeter:
« Veto backgrounds with same behavior as signal in ECAL
« 1.5mx1.5m x 2.5 m (perpendicular to the beam)
« Split to 4 modules: 75 cm x 75 cm each
« Plastic scintillator
« 10 mm thick, 75cm x 5cm, 15 bars per module
« 90 degree rotation between 2 adjacent layers
« Wavelength shift fiber + SiPM
« lron absorber: 10 mm/ 50 mm thick, 75cm x 75cm [ SaEEeeT | o
« Side-HCAL: encircling the ECAL o R W e

Veto inefficiency on hadrons

Particle 0 K0 20 "
Energy[MeV]
100 1.17E-03 | 3.16E-02 | 7.30E-06 | 3.07E-02
500 1.84E-05 | 3.30E-06 | 1.00E-07 | 8.04E-06
1000 3.70E-06 | 4.30E-06 | 1.00E-07 | 1.00E-07
2000 2.70E-06 | 1.15E-05 | 1.00E-07 | 1.00E-07
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The DarkSHINE Detector R&D

(@) YEXAAE i

SHANGHAI JIAO TONG UNIVERSITY Tsung-Dao Lee Institute

« Scintillator test at TDLI lab
« SiPMs performance are studied first, both size, gain and noise are
considered, and picked one type (Hamamatsu S13360-3050, gain
1.7e6) for the rest tests

« Radioactive source test for uniformity: good uniformity with 75 cm

100 MeV neutron veto inEff

——e— 1cm absorber, E_Max_Cell

veto inEff

T T TTTTTT

I \\H[H‘

« Cosmic ray test for photon yields e —
« Various types of scintillator are tested: : sizes, number of fiber * | | | | |
grooves/used, manufacturer/composition (on-going) N N ? ? e

SIGNAL
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Summary

« The DarkSHINE: a fixed-target experiment searching for dark photon to light dark matter
* The DarkSHINE will be almost background free experiment

« Expected 0.02 background in 3x10'* electron-on-target (w.r.t 1 year. running)

« Above 50% dark photon signal acceptance efficiency

 The DarkSHINE has competitive sensitivity (Sci. China-Pay. Mech. Astron., 66(1):211062 (2023))

« Sensitive to most of phase space predicted by models with 3 years running

» Detector key technology R&D has been sponsored by NSFC "[REliRZ1TXIIRB".
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https://link.springer.com/article/10.1007/s11433-022-1983-8




More physics opportunities at the DarkSHINE

« Searching for dark photon in visible decay channels g __shield <
* Probing invisible vector meson decays | o7

« Phys. Rev. D 105, 035036 (2022)

 Millicharges, Axion-like particles, Minimal U(1) gauge

detector

AA
E
)

Yy

bosons, light new leptophilic scalar particles @
* Phys. Rev. D 99, 075001 (2019)

» Searching for “true muonium”(Z2+&=) u*u bound state

 The DarkSHINE can be a compact muon source

« 150,000 u*u pairs per bunch at 10 MHz
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.035036
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.075001
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Alternative beam energy and target at DarkSHINE

« Left: dark photon production cross sections with different target materials
* Right: projected sensitivity with 4 GeV electron beam (very preliminary)
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