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Evidence of dark matter o

Gravitational Lensing The Bullet Cluster

Rotation Curve

Velocity
(km s°1)
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Distance (light years)
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Dark matter candidates

Mass scale of dark matter

(not to scale)

» Mysterious substance, roughly a quarter of the Universe.

QCD axion WDM limit unitarity limit

102eV  Simsr keV GeV 100wv My 10 M
. e t | — >

““Ultralight” DM ““Light” DM WIMP  Composite DM Primordial

(Q-balls, nuggets, etc)
non-thermal datkisectors black holes

bosonic fields sterile v
can be thermal

* Wide mass range.
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e « Searching for light DM:

10—8 [ BaBar
R - Dark photon A':
éf(w*“’ . 1. Dark matter particles may interact with other
i Sl dark matter particles via a new force mediated by
10 e, b . A

v 3 2.Collider/accelerator-based experiments

1024 my =3m, ] ]

M i = searching for dark photon: NA64@CERN, BESIII,

m,, GeV

1 BEPCII, LDMX, etc.



https://arxiv.org/abs/2104.07634
https://arxiv.org/abs/1904.07915
https://arxiv.org/abs/2308.15612
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Search for dark photon
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« Dark photon is an important portal between the standard model (SM) particles

and the dark matter.

not couple directly to SM particles

——

”

obtain a small coupling to
the EM current due to ¢
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Kinetic mixing term

Field strength tensor

Dark photon field

« DarkSHINE is an experiment based on the minimal dark-photon model with

3 unknown parameters:

e: kinetic mixing between the SM hypercharge and A’ field strength tensors.

m . dark photon mass.

Decay branching ratio of A" - yy (assumed to be 1 or 0)



https://arxiv.org/pdf/2104.10280.pdf
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Search for dark photon e A

!/ H . ! .
« A’ production: « A’ decay:
Visible Visible
Bremsstrahlung Annihilation |
q
— A
>V VN A € € € €
! A, _ A,
I q

Drell-Yan

q
Mﬁ >’WVWA‘I‘
A, ;

gy,
nentum

- Bremsstrahlung, eZ — eZA' & pZ - - Visible decay
pZA', fixed-target experiment Two interaction vertices — production rate
- Annihilation, ete™ —» A’y, e*e™ collider highly suppressed

- Drell-Yan, qq — A’, hadron collider / fixed

nuclear target w/ proton-beam

- Meson decay, n° - A’y orn —» A’y (W/

myr < mgy), any experiment w/ high

meson production rates
B

- Invisible decay
One interaction vertice — interaction
probability enhanced

Better sensitivity!
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The SHINE facility PR

« DarkSHINE:
- Fixed-target experiment w/ high frequency single electron beam provided

by Shanghai High Repetition-Rate XFEL and Extreme Light Facility(SHINE)
- Invisible decay: m,r > 2m,,, missing energy / missing momentum

- Search for A" in [m,/, €] parameter space
 The SHINE:

- Under construction in Zhangjiang area, Shanghai (2018-2026).

Ebeam = 8GeV with frequency 1MHz, beam intensity: 6.25x108 electrons/bunch
m - M‘“ 3><1014 electron-on-target(EOTs) per year!

FEL kicker FEL kicker

DarkSHINE kicker

~ 1 electron
100 pC

i
~ 0000000000

600 ns
1ps

vvvvvv
750keV  CMOO CMOT CM02:03 -~ CMo4-21  _  CM22-75

nnnnnnn
zzzzz

Shaft 1 Shaft 2 Shaft 3 Shaft 4

8GeV SCRF linac BDS FELs - BLs NEH BLs

SHINE linac



https://www.sciencedirect.com/science/article/abs/pii/S2095927316301347
https://www.sciencedirect.com/science/article/abs/pii/S2095927316301347
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Signal & background signatures __ .+

- Signal signature: Signal Background

E | < %Eb& m -
Most of the incident Z %
momentum is Bea Bea L
transferred to A’. ~~~~~~~~~ _ ¥ B - » nlnnn
ECAL [ ---lXX ECAL HH
HCAL HCAL
« Major background processes: e
e e Leading background: & <t =t
.., . 1 ol — Black;round |
Frant * photon bremsstrahlung
el EY 1072
D ve et RAIE processes:
- g s—» photo—nuclear (ECAL)
T b photon-nuclear, y — uu,
e (ECAY byt ECAD * electron-nuclear o éaeimn iecoif;EneréyE iGevf
visible backgrounds % ""‘-.=h0t§—»nuclear (Target [350um]) 1078 e
— (Target [350um]) P ]
" Invisible background:
\\ ".\—» y = utu” (Target [350um]) 1078 . .
\ \ o Neutrino productions

invisible backgrounds << 108
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The Dark SHINE detector hardware technical R&D is carried out in parallel to
the full detector system simulation and prospective study/optimization.

A

Detector conceptual design

Electromagnetic calorimeter
- Measure the deposited

energy: electron & photon
Hadronic calorimeter

- Measure the deposited energy:
muon & hadron backgrounds

Additional system:
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Magnet
Trackers

meter (HCAL)

Hadronic Calor

Target (Tungsten)

Tracking system

- Incident and recoil electron tracks
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NTuple (.root)
MC Generator

Analysis Framework
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=
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CalcHEP

Physics List

l

DSimu
G4-based Simulation Program

MVA

Exp. Limits
Biasing

Event Display

Filter DPlot

« Based on GEANT4 v10.6.1: event simulation, reconstruction and display.
« Optimization and machine learning implementation ongoing...
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ECAL energy vs. HCAL energy e
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Signal efficiency & background estimation

« Signal region selections: - Efficiency drops:

g - P .
é 1'8:_ DarkSHINE Preliminary —— :rl:ly1Ttag.track&1 Rec. track _: LOW'maSS reglon Of a feW
B [ 3eridevents @8 Gev e h o >4Gev E MeV: tight missingP cuts.
_% E Sig. efficiency at all mass point & Efu <100 MeV E
e D E High-mass region above 1
= —o— Eg <25GeV = ] )
12E E GeV: particles with large
15* Sosseseee b s eneeem 0 Tttt incident/recoil angle go into
P e R T S R X the HCAL directly.
0.6_— o ® e ¢ %0000 ® o o 000000 L4 = .
= E « Around 60% signal events
I S survive the cut-flow.
"0 1072 107 1
: . M [GeV] g CF T T
« Background estimation: g I DakSHNE Proiminary ipcuste .
- — % 102 Se+‘14 events@:(:(iv ‘ ‘ « =
Method Cut flow | Rare. extra. | Incl.- extra.  Incl. vali. 3 183 i <100 MoV gy <21V | \
g 107 |
Yield 0 1.5x 107 |2.53x 107 9.23x 107 2 |
i v % 107 sett ‘ ji
Extrapolate from rare Validate Inclu.-extra: |2 . Ziw | E
prOCGSSGS SImU|atI0n Scale IOW Ebeam events § 11(();1? } :i
) — | to match the shoulder | o3 | ]
EXtrapOIate from InCIUSIVe with Ebeam = 8 GeV 103000 ? 500040005000 600050008000
background simulation. events. 0 5GeV Cuton EZZ, MeV]
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Sensitivity study e

@l

« Expected 90% C.L. limit estimated with 3x101* EQOTs (running ~1 year),
9x10'* EOTs (~3 years), 1.5x10'> EOTs (~5 years) and 1x10%® EOTs

(with Phase-Il upgrade).

_4 -8
< 10 5 173 T 10 I = ;
-5 i - < LS
opg- . - Ly g 1 0—9 Sy A R -
1 0—6 ................................... ..................... o s \>’< ,"l\; ’ /'l
. . L g 100 o fle il L NS
-7 ... BESHI2013.2018 17/ / 3
107 g - <
; —11E
— N
10 8 NAGde 2 BAE1E EOT @ 10 : ) :
g il 12 ‘ Z1owx Ph 1..4.GeV, 4E14 EOT.
B L SR ([ ) el LDNIX Fnasel, 4.GeV, 421420,
1 0 > 1 O < " i LDMX f«‘hasez, 8 GeV, 1E16 EOT
-10 :
10 R TR
1 0—1 (| Eais i . DARK SHINE, 9E14 EOT
. DARK $HINE, 1.5E15 EOT
10—12 -

------
llllll

10 ey besaying Darkphoion 8 © E oviiblyDecaying Dark Phaton
1 0—14 1 1 1 { R I 1 1 1 Eel-1. k1 I | 1 1 | [ B B I £ i 1 1§ | S O W B 1 1 E Loihod)
1 10 10? 10° 1 10 10° 10°

m ,[MeV] m,[MeV]

« Comparing with other experiments, DarkSHINE can provide competitive

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



https://www.sciengine.com/SCPMA/doi/10.1007/s11433-022-1983-8
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Detector R&D: tracking system

e

Energy Resolution (o/E)

Incident and recoil electron tracks.

Tagging tracker (7 layers) + recoil tracker (6
layers).

Two silicon strip sensors w/ a small angle
(0.1rad).

Resolution: 6um(horizontal), 60um(vertical).

7% Dark SHINE —e— Inclusive

1x10 Events @ 8 GeV

1 RecTrk
6% § O DamhmE o0 vscer
> :

oo f AC-LGAD silicon
40/0 OO;Z —0%2 : —(‘JA1 0 0{1 0.2 ;3 Strip Sensor 1 X 1mm2
Relative Bias [a.u.] deSig ned ’ in
. collaboration with
» Prof.Zhijun Liang and
Prof.Mei Zhao from

IHEP.

Recoil Prrack [GeV]
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Detector R&D: tracking system
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1064 nm Pico-second Laser

X Reconstructed Results for W11 Line2
l : Synchronous :’ 3D platform
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T i
! ]
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arXiv:2310.13926 (submitted to NST)



https://arxiv.org/abs/2310.13926
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Detector R&D: ECAL

» Measure the deposited energy of e & .

e 2.5%2.5%4cm?LYSO, 20x20x11crystals.

» Designed resolution: energy resolution ~ 5%.

* LYSO crystal (Lug —x—y)Y2yCe25Si0s):
high light yield (30000 p.e/MeV), short decay time (40
ns), low electronic noise, good radiation resistant.

More intrinsic radiation and radioactive source tests.

crystal sipw PCB Cooling

HENA
1]

]

L

D%
R

‘NN TN
]

=
“ma
L1
HE
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Detector R&D: ECAL

 Motivation:

- Performance study under high energy and high
repetition beam.

- Technical validation for the whole detector system.

« Energy resolution is better than 3%. Very low energy
leakage below 2.5 GeV.

g - \
: Many thanks to 2Gov
CEPC Calorimeter, ..
group! = iepi il
E : 1:_ [ ] Simu, w/ SatCor
- P —e— Data
1st prototype avsl-
: Simulation and
module for ool experiment in
.%g - | beam test (2x2 0,04; %ood agreement
- |LYSO)atDESY | °*| -
— 0” ﬁf‘?—-p_. s
1500 2000
E [MeV]
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arXiv:2311.01780 (accepted by NST)
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https://arxiv.org/pdf/2311.01780.pdf
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Detector R&D: HCAL

« HCAL optimization to reduce veto inefficiency

oS — el

- Main backgrounds: neutral hadrons, muons from bremsstrahlung photon.
- Optimization for total weight (mainly from iron) and cost (mainly from scintillator).

« Transverse dimensions: 1.5 m x 1.5 m, with ~ 10 A iron absorbing layers along

the beam direction.
* Optimized structure: 1 cm thickness iron for the first 70 layers, 5 cm thick for the

last 18 layers, 1 cm thick plastic scintillator.

> 10g— 7 . 1)e0rrr—r—7—— 7773
3 E T \ 1 E
5 F DarkSHINE Simulation j 2 DarkSHINE Simulation 3
kS 1g. Neutron 500 MeV = ;8 mm - :8 1 Neutron 500 MeV — xyAbsy -
] F 25 mm 3 = - —— x-Abs- E
Liél 101 —— 50 mm _ = 10" x-Abs-y _
o E —— 100 mm = B — Xx-Abs-y-20mm=
D C ] > ]
> 107 = > 102 =
1031 = 107 .
105 = 107 =
1055 M 107 .
1 0—6 B L e e e e e e e e e e by | ‘7 1 0—6 e b e b e b b b i
0 1000 2000 3000 4000 5000 0 500 1000 1500 2000 2500 3000 3500

HCAL depth [mm] HCAL depth [mm]
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Collaboration with SHINE
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More Physics opportunities ...
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Minimal dark Axion-like particle portal
and Axion+DP co-existence

D Vi
o _u- 1y - _(l_ -
~ { {4 1 l ~ l

(A,2) (A, Z)
106
105
9104
0
el
u
[=]
S
]
- LDMX
102 E.=100 GeV on Pb, NA6de: e Z->e Zayp ™
E,=160 GeV on Pb, NA64|: p Z->pZayp =™
E,=15GeVon W, M*: uZ>uZay, =
Ec=16GeV on Al, LDMX: € Z-> e Za vp

103 102 101 100
my, [GeV]

« Dramatically different sensitivity curve of Dark Photon
search when changing from electron beam to positron
beam.

» Extra s/t-channel annihilation diagrams come into play
for Dark Photon production.

» SHINE can also deliver positron beam with low current...

AI
ok '\rr' oF A’ Mediator, ma = 3m,, ap =0.5
10771
MiniBooNE T
5
(a) ¥ 10781 / P
- ~ s BABAR
= 107
ot g Belle IT
A Sx 107104
(b) S 1wk
¥ RN
e Il q10-12E
>
ot 10-13 57 JLAB e thick target
©) & 107172
10° 10 10%
¢ m, [MeV]

Fig. 1 Three different A’ production modes in fixed target lepton beam
experiments: (a) A'-s[rahlung in e’/e“-nucleon scattering; (b) Al
strahlung in e*e™ annihilation; (c) resonant A’ production in ete”
annihilation



https://link.springer.com/article/10.1140/epja/s10050-021-00524-6
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Summary

a0 I

« DarkSHINE: a fixed-target experiment to search for light dark matter
mediator.

* First round of preliminary study has been finished:

- Production: bremsstrahlung, eZ — eZA'.

- Invisible decay: A" — yyx.

- Most of the incident momentum is transferred to A’.

- Good signal efficiency, background well suppressed.
- Expecting competitive sensitivity.

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

« Detector R&D ongoing. (arXiv:2310.13926 , arXiv:2311.01780)

« With more physics opportunities ahead, stay tuned!


https://www.sciengine.com/SCPMA/doi/10.1007/s11433-022-1983-8
https://arxiv.org/abs/2310.13926
https://arxiv.org/pdf/2311.01780.pdf
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The SHINE facility

: ® | Project
- ® | |nstitution

HEPS |

{# A j
; o ’ HIAF& , Taipei
; ’:‘.‘,/”," % e - IHEP-cD Y CADS Tai\ié/n
) %, 'a_"«; AT . =8
— O ALY 1 - oHoﬂg Kong
Myanmar Lo Sl G | Mari S
(Burma)

Shanghai High Repetition-Rate XFEL
and Extreme Light Facility (SHINE)
@ Zhangjaing area, Shanghai
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The SHINE facility

Single electron beam is needed for DarkSHINE.

FEL kicker FEL kicker
e e DarkSHINE Kicker:
== | 1MHz - 10MHz
0000000000
600 ns
1us

‘  / 3x101* electron-

noasine ON-target(EOTS)
Lo L L2 3 FEL-11 (0.4-3 keV)
\;:OFKS\L;H cmoo cmo1 " cmoz-03 - CM04-21 B::\ CM22-75 ?\'m)- S per year!
0 ' ————

Kickers
Buncher 120 MeV 270 MeV 2.1 GeV 8.6 GeV
2.4MeV 12A 85 A 1500 A 1500 A
FEL-1II (10-25 keV)

SHINE linac ———
FEL kicker DarkSHINE Kicker
1300 buckets provided 100pC in one bucket electron beam w/ one
by 1.3GHz microwave 6.25x108 electrons per bunch electron per bunch
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Signal & background signatures
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Signal Background

- Low momentum of recoil electron || - Recoil electron carries most
- Recoil electron angle has on of the incident momentum
average value - Recoil electron angle small
c 102:""I""I""I""I""I""I""I"": c 101:""I""I""I""I""I""I""I""I"":
2 g 1 0.1 GeV ] 2 : 1 0.1 GeV ]
§ [ Electron Energy: 0.5 GeV § [ Electron Energy: 0.5 GeV
; 101L E.= 50 MeV 1 1.0GevV ; E.> 50 MeV 1 1.0 GeV
g F [ 1.5GeV g 100 [ 15GeV 4
w [ 1 2.0 GeV ] w ' [ 2.0 GeV ]

100 | [/ Background J L[] [ Background ]

1071}
1072 H

10—3 " -I .................................

_ 0 10 20 30 40 50 60 70 80 90
Electron Recoil Energy E. [GeV] Electron Recoil Angle [deg.]

1072

1073



- Veto muon & hadron

backgrounds
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- Scintillator w/ steel absorber
Additional system:

- 4x4x1 modules
- Magnet:1.5T magnetic field

- Readout electronics

meter (ECAL)

alor

g
A

~)
L

Electromagnetic

RSITY

x44% |

>
/
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Trackers

) X
Magnet

Detector conceptual design

Hadronic Calorimeter (HCAL)

Target (Tungsten)
- Two silicon strip sensors w/ a small angle (0.1rad)

- Tagging tracker (7 layers) + recoil tracker (6 layers)
- Resolution: 6um(horizontal), 60um(vertical)

- Incident and recoil electron tracks

Tracker:
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Detector R&D

If an electron interacts
with tungsten target
and produce a dark |$

photon ...

ECAL Readout electronics HCAL

/7] @)
g
[\
8

A)cm 20%) bbe’ steel
scintillator

. ' . s ] |
silicon strip sensor prototype e =

e |
o
1 |
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MC samples

a0 I

« Signal samples:

- Dark photon mass:1, 2, 3,4, 5,6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90,
100, 200, 500, 700, 1000, 1500, 2000 MeV.
- 1x10° events in each sample.

« Background samples:

Process Generate Events Branching Ratio EOTs

Inclusive 2.5%x 10° 1.0 2.5 % 10°
Bremsstrahlung 1 x 107 6.70 x 1072 1.5 % 108
GMM _target 1x 107 1.5(+0.5)x 107 4.3 x 10"
GMM _ECAL el 1.63(+0.06) x 107°% 6.0 x 10'2
PN_target Lo 107 1.37(+0.05) x 107% 4.0 x 10'2
PN_ECAL 1x10% 2.31(x0.01) x 107* 4.4 x 10!
EN _target 1x 108 51(x03)x 1077 1.6 x 10"
EN_ECAL 1x 10’ 3.25(x0.08) x 107 1.8 x 10'?
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Background estimation

e

« Cut-flow:
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% 585%  588%  <10°% 78734 84.40%
Piag — Prec > 4GV |0004AG0NN0/0033% I 0/0041%] 5.58% 5.46% <105% 70.49% 4.80%
E91l, <100 MeV <1073% <1073% 0% 0.30% 0.72% 0% 69.61% 4.76%
pEolaliMY <% <1073% 0% 0.13% 0.27% 0% 65.00% 4.48%
prarel 2 INEY <1073% <1073% 0% 0.058% 0.095% 0% 58.14% 4.04%
ploal, =S Gey 0% 0% 0% 0% 0% 0% 0% 0%
Process EOTs Inclusive background:
Inclusive 25%x10° ) 2 5%10° EOTs
Bremsstrahlung 1.5 x 108 No background
GMM.arget  [43x 10%] £=> > 3x10'*EQTs (1year run)  oyents left after
« EOTs: GMMECAL 6.0x10" SR selection
12 T )
e Lack of statistics!
PN.ECAL  4.4x10"
EN _target 1.6 x 102 @
EN.ECAL  18x10" Extrapolate from fit results
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Background estimation N

e 10 g L B
2 = . E
3 |gaf DarkSHINE Prelminary c00°°°°°Y < Extrapolate from rare
3 EE 3e+14 events @ 8 GeV 00° EE ) :
S ook tesumaieem o0 3 processes simulation.

E | o 3
§ _6: ‘ QQQ i:AAAAAA‘.IIHE:;;::::—:
ﬁ1O:E ?Q?A‘AA nm" “;;IIIIIE
g Retf THTIL A 1 « R back d
5 10727 pnEiee? N are processes backgroun
5 F gk # i ; samples are produced with
s 10_ A A: A A A A A A A A AAAAAAALAALAALAALAAAAAALNADN ) ]
EF woeon o ] larger statistics.
E 10_9_? ¢ | PN_ECAL  ——PN_target =

- ‘ - GMM_ECAL & GMM_target

-10 ¢ from rare -®- sum from incl. . [
0 E | o | = < Fit the fraction of events

5000 T 50004000 5000 6000 7000 8000 below energy cutoff in other
Cut on EZ [MeV]

2.5GeV el rare processes (EN_ECAL,
rare processes scaled according EN_target, PN_ECAL,
PN _target).

to the corresponding branching
ratio.
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Background estimation

« Extrapolate from rare processes simulation.

a0 I

- Estimate the number of background events corresponds to 3x101* EOTs.

;‘ 8000_] T T T i1 T | T T 7T [ l.. T .] T ] T T 17T | T 1T | T 1T ] T 1T 1 I_
s _ F Sk & - 1 GMM _target:
= 7000F— _ _,ark‘SHINE Preliminary 102
< - 36e+07 events @ 8 GeV miR
2 6000 | 2 1 4.3%x10™EOTs > 3x10™EOTs
= n Eica OMmM_eca 1 -
S 5000 b
A \' |,, GMM_ECAL:
o 4000 N
g - 6.0x102EQTs
3000— —
2000C- E En.ergy carried by the muon
- = pair
1000 —]
O: R A >| [ B R R B -'|>|’|>:’| »|>’ ol b ‘| | |>:T:>"1» |: HCAL reqUirementS Can highly
0 1000 2000 3000 4000 5000 6000 7000 8000

suppress these events (fraction

of the remaining GMM events <
- Don’t need to further extrapolation on: 1076)

Reco. energy in ECAL [MeV]

GMM _target — enough statistics
GMM_ECAL — can reject by HCAI requirements
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Background estimation

Fraction of events below energy cutoff

Fraction of events below energy cutoff

Extrapolation from rare processes simulation

I I
[ Dark SHINE Preliminary

F 3e+14 events @ 8 GeV
[~ Eitn<100 MeV, Ej>C <2 MeV

— set1
— —+set4
F  ——truth

1 0.0016

\ \
en_e%al } =
=

20 PR NI ST N B! L !
10 2000 3000 4000 5000 6000 7000 8000
Cut on ES2 [MeV]
1* T T ‘ T T ‘ 3
102 Dark SHINE Preliminary pn Tecal | 7
104 F 3e+14 events @ 8 GeV ‘ =
10_6:: Epsen < 100 MeV, EN' < 2 Mev | | ::
; I
108 ‘ ‘ —
10710 \ | =
10-12 C ‘ ‘ -
104 (N — —_ —‘ — J — ::
°E g 3
107 5.93x107° | 7
101 | I
107205‘”\””\‘H\HH‘HH\‘H?
2000 3000 4000 5000 6000 7000 8000

Cut on EZ2 [MeV]

Fraction of events below energy cutoff

Fraction of events below energy cutoff

1 ‘ ————]
10°2 ; Dark SHINE Prellmlnary } en_target } ::
10 F 3e+14 events @ 8 GeV ‘ ‘ —

L ey <100 MeV, Efo <2 MeV‘ | -
107 = —
= ‘ —
108 = ‘ =
1010 3
— set1 —
10712 ; —— setd ‘ ;
101 [ tuth ‘ =
1071 E } E
10718 2 \ I
R T
Cut on EZ [MeV]

1 il T T ‘ I T ‘ 3

102 - Dark SHINE Preliminary ‘ pn_target ‘ -
F 3e+14 events @ 8 GeV —
10_4 F total MaxCell ‘ ‘ =
. — Ejca<100MeV, E[ 0™ <2 MeV ‘ ‘ —
107
= \ \
108 ‘ ‘
10—10 ; set1 ‘
1072 ; —— setd ‘ ‘
101 [ —tuth L | ]
- -
107 2.53x1077 | —
1078 = o
107205H‘\HH\H"\“H\HH\“‘j
2000 3000 4000 5000 6000 7000 8000
Cuton EZ2 [MeV]

3x1014EQTs

Bkg. Events:
0.015
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1st publication
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SCIENCE CHINA
. . CrossMark
Physics, Mechanics & Astronomy elekforupae
« Article January 2023 Vol.66 No. 1: 211062

Editor's Focus https://doi.org/10.1007/s11433-022-1983-8

1“ “E\ |

Sci. China-Phys. Mech. Astron., 66(1): 211062 (2023) A\ E |

Editor’s Focus
Prospective study of light dark matter search with a newly proposed
DarkSHINE experiment

Jing Chen>37, Ji-Yuan Chen??, Jun-Feng Chen®, Xiang Chen??, Chang-Bo Fu®!°, Jun Guo??,
Le He%, Zheng-Ting He!!4, Kim Siang Khaw'2?, Jia-Lin Li*?, Liang Li>3, Shu Li!>3*>* Meng Lv’,
Dan-Ning Liu">3, Han-Qing Liu*?, Kun Liu'??*, Qi-Bin Liu""*3, Yang Liu'*3, Ze-Jia Lu*?,
Cen Mo??, Si-Yuan Song??, Xiao-Long Wang”!?, Yu-Feng Wang!>37, Zhen Wang'3, Zi-Rui Wang'?,
Wei-Hao Wu??, Dao Xiang!'!"12, Hai-Jun Yang'?**, Jun-Hua Zhang'*3, Yu-Lei Zhang>>",
Zhi-Yu Zhao'*3, Xu-Liang Zhu'?, Chun-Xiang Zhu??, and Yi-Fan Zhu??


https://www.sciengine.com/SCPMA/doi/10.1007/s11433-022-1983-8
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Detector R&D: tracking system e
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Detector R&D: tracking system
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pad/pitch percent = A/B

dielectric
thickness
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Figure 1. Sketch of AC-LGADs with 2 AC pads (not to scale).

INIP STTUS TS
DC ring s

s R e

Sounj(50)| e e

. \
=)

Ao (20) e

Each module: 2 layers of silicon strip
sensors with a small angle (0.1rad) for
better position resolution.

Designed resolution: 10um.

AC-LGAD silicon strip sensor prototype
designed (1x1 mm?) and tested in
collaboration with IHEP.

AC-coupled Low Gain Avalanche Detector
(AC-LGAD) offers exceptional timing
performance (response time ~ 1ns) and
spatial resolution (6.5um ~8.2 um).
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HCAL design

Parameter for the whole HCAL  Each scintillator wrapped by a carbon envelope, with'a

v wavelength shifting (WLS) fiber placed in its center.

Y:100cm
/Z:360cm Carbon envelope
Scintillator

Veto the muon and

hadron backgrounds.

« Simulation study
ongoing with inject
particles of different
type and energy.
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Background estimation

e

 Fit the fraction of events below energy cutoff as a function of cut values
on ECAL energy.

« Extrapolate from inclusive background simulation.

« Validation from inclusive background simulation.

» Extrapolate from rare processes simulation.

10||||||||||||||||||

5 o .k' N y = 1071*: less than one
3 Dark SHINE  Preliminary inclusive
5 19F serts ovents @8 Gov ‘ background event left w/ ECAL
% 107 Eyca < 100 MeV, Ef&°' < 2 MeV | energy cut.
g 10 |
2 10 | Extrapolate from the fit results.
3 . |
3 10 setl ] ] ) . ,
S 100f oot Lack of statistics in low “cut on EL2L4
S 10°F —tuth \ i a
S 10 | region.
T Tk |

o | | Event yield (3x10*EQOTs):

105000 T 5000 4000 5000 6000 7000 8000 2 53%10-3

0 5GeV Cut on EX2 [MeV] '
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Background estimation

« Validation from inclusive background

£ 10Pg T
simulation. 3 18; Dark SHINE Preliminary 5.5G6V 4 456V
. . . .. . 3 102 & 2.56+09 events @ 8 GeV 1?65%\;\/ ig%’é\év 1 gGSeGVeV
« Statistics is limited in E;.,,,, = 8GeV 2 o Tex07evenis@375Gev {72V ool T acey
. . 1 [elele]e]s] GO00000000000eeee
inclusive samples. 3 o1 T e 8, P
« In extrapolation of inclusive background 2 i3 By O 8,
simulation, the fit range is far away 5 10 “o° 0% 0 o20ga00 0,
- total 2 10° T % 0 N
from the final Ez%.7 cut (2.5 GeV). & i ‘ ‘ IH
* Inclusive samples with Ep g, from3— & b bl LI
. . 0 1000 2000 3000 4000 5000 6000 7000 8000 9000
7.5 GeV are used to estimate events in ECal Energy [MeV]
|OWEtOtal. 5 108;H\HH\““\“‘w“‘w“‘w“‘w“‘w“‘;
. Scal EIC al E ts t tch th 3 1°j§ Dark SHINE Preliminary 6,560V - 4.5G0V—
cale Iow beam events 10 malc € 5 102; 2.5e+09 events @ 8 GeV ¢£73%%VV %g%‘é‘\/vé}g%‘é\/v
shoulder with E, .., = 8 GeV events. § O p e ouens @ STSCV [7gey fscev  aGeV,
= o[ —Fit function . =
° 10°F .
- Event yield from direct 8 youE 3
extrapolation(3x104EOTs): § 10 F 3
5 10700 3
N — 3% 104 %N Nfit,100,2 S 1072E =
100,2 = 9X X1N100,20 * 3 gove .
fit,100,20 107°G"7660 2000 3000 4000 5000 6000 7000 8000 9000

== 9 2 3 X 10_3 ECal Energy [MeV]
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Invisible background

a0 I

» Neutrino productions:

- Moller scattering e"e™ — e~ e~ followed by charged-current quasi-elastic
(CCQE) reaction e™p - v,n.

- Neutrino pair production e™N — e~ Nvv.

- Bremsstrahlung @ CCQE and charge-current exchange with exclusive
e~ p — vnmy. No recoil electron, track requirement can remove these
processes.

Table 6  Expected invisible background production corresponds to 3 X
10" EOQTs, estimated from different irreducible reaction scenarios. The
Bremsstrahlung €5 CCQE and the charge-current exchange productions can
be effectively rejected by the one-track requirement.

irreducible reaction Moller scattering neutrino pair production

estimated yield Jacin® <18x107°

irreducible reaction Bremsstrahlung €9 CCQE  charge-current exchange
estimated yield 0.3 0.3
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Inclusive cross-section I8

e~ Z -» e~ ZA’ Inclusive Cross Section
1014 H v T v v T v v T

103 1072 101 100
Dark Photon Mass [GeV]

Inclusive cross-section of dark photon bremsstrahlung from electron
interacting with W target, assuming € = 1.

Nsig = 0,47X0.1XgXLXNy /My, x10730xe?
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Why need accelerator-based program?

 Accelerator-based
. experiments are

Current constraints 107+ Current constraints much less sensitive
10774
10\ _ 10 to the details of the

1041 1 10~ 020 \ DM particle nature
N than direct detection

Direct detection targets Accelerator targets

10~43-§

e 7 72 .

E m% v experiments.

“ n

T 107%) ;
L P el 8 = * Predictions with

n ¢ Scalar ‘-_,-' 1 10 10: 103 . .
10-51 , At T o THEER) different theoretical
seudo)Dirac Fermion % ¥
to-s3; models ~10% — 103,
1055, by ey e Relativistic production at accelerators
' m,,\,(\::w . is nearly insensitive to spin and mass ﬁ F

Easy to carry out
simultaneous verification
in experiments.
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SM Dark MaHer search s"-vo\‘k,glws
'8 A' DIM‘l' Md‘koA
M o I'\Alf%“' MQ“koA
SM “Annihilation DM

< .
Indirect Detection P
AN
: : . \ Y
» Direct Detection: nuclear recoils . "M;?\‘ Vilky Way

from DM-nuclei scattering
* Indirect Detection: products from Earth
DM annihilation .
Production

« Colliders: DM production in high- at the Lavge Hadron Collider
energy collisions




