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Total muon flux (cm2s-")

Introduction of CDEX ex

® CDEX: China Dark matter Experiment.

® Physics target: direct searches for dark matter using germanium detectors.

periment
e ——————————————————————

® Laboratory: CJPL, China Jinping Underground Laboratory.
® Deepest rock overburden

® Largest available space

® Lowest muon flux
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CDEX Pi)admap

® CDEX-1: Development of PPC Ge detector, bkg understanding, since 2017;
® CDEX-10: Performances of Ge detector array immersed in LN,, since 2016;
® CDEX-50: ~50 kg Ge detector array immersed in LN,, under preparing.
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CDEX-50 experiTent construction =

® Located at CJPL-1I, hall C1. § | - SignalCable
® & 13 m, H 13 m LN, cylinder tank. Silicon-Base |
® 5 detector strings, 10 units for each. Signal Pin
® ® 80 mm, H 40 mm, 1 kg unit. \ |
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Background sources =

Environment:
IMUNo
U, Th
RN

Detector

components
Cosmogenic
Ambient

Cosmogenic radioactivity, .\
such as ®°Co and ®%Ge.
Ambient radioactivity,
including ?*%u, 23*Th and *°K.

U, Th series in rocks
and concrete

\ 222pn and its

progeny in LN,
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Background sources from environment &S

®Muon-induced background
® CJPL 2400 m rock overburden.
® ~1 cm *min ! at sea level - 2.1 x 10" %cm~*min~! in CJPLI2],

oU, Th series in rocks and concrete
® Neutron related effects: spontaneous fission; (a,n).
® y arise from long-lived radionuclides.

©6.5 m thick LN, can lower the sources above to a negligible level.
®The 222Rn in LN, is expected to be 0.4 nBq/kg after purification.
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Cosmogenic Iadioactivity &5
P————————————————————————————————————————

® CRY (Cosmic-ray Shower Library) is used to generate spectra of cosmic-rays.

® Geant4 is used to simulate particle interactions between cosmic-ray and
target&shield with Shielding physics list.

® Background control methods during different processes of detector.
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Cosmogenic radioactivity £
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® Specific activities of the cosmogenic radionuclides of the germanium crystal

as well as copper.

Radionuclides variation over time!3!
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Copper
Radionuclide Activities (uBq/kg)
54Mn 2.38 x 102
57Co 5.32x 1073
60Co 3.27

Germanium crystal

Radionuclide Activities (uBq/kg)

SH 9.93 x 1071
657n 3.26 x 101
68Ge 1.06
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Ambient regiioactivity S
P ————————————————————————————————————

® Primordial radionuclides with long half-lives (238U, 232Th and 4°K) introduced
in the material during manufacturing.

® Components of detector and their radionuclides activities:
® Data of copper comes from purity copper samples used in CDEX-50.
® Upper limits are given at 90% C.L.

| ' Signal-Cable Com nents ACt'V't'es (l’qu/ kg)
ﬂ/ po 238y 232TH 40K
Silicon-Base >/ Front-Electronics
i HV-Cable < 2.4 x 10? <12 <3.2x103
Signal Pin - HV-Cable
. Support Pole . 5 3 4
‘ . Electronics <1.3x10 <3.0x10 (5.2+0.1) x10
8 }— HV-Electronics
Crystal Support Copper <13 <0.58 <5.8
imbsion Enle PTFE <1.7 x 103 <60 <3.7x 102
Cysinl K Silicon <38 <19 <3.0x 103
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SAGE package &

r— A e——————————————————————————
® SAGE[*] package (Simulation and Analysis for Germanium Experiments).

"Mode" : "Simulation",

n . 1] - n n ° ° .
Physics" : "Background”, Physics list / IP2EnvGeo CDEXShieldGeo CDEXArrayGeo \ SAGEStandardPhysics
1. Constructor 1. Constructor 1. Constructor PhySical Lists |I.EM Phys.lcs
n ", 2. Positions of components | |2. Positions of components | |2. Positions of components 2. lon Physics .
Ar‘r\ay . 3. Confine method 3. Confine method 3. Confine method 8- Hardron P}l;ysms
A T
{ Z[\ ? SAGEOnbbPhysics ] SAGEBackgroundPhysics
o 3 o [ ; : 1. SAGEStandardPhysics
L . = 1. SAGEStandardPh ' Y
H31ghtGa P Containing Extending SAGEDetGeo 2 lum ran;?:: c?]rt for?_lc;+ : 2. Radioactive Decay Physics
"RadiusGap” SAGEGeometryManager Extending i : i- 'gitiflm ?gcay Physics
n 3 1] 1 : . blasing 'VSICS
HeightN 2 1. Geometry Constructors é v H : ¢
" g " Geometry 2. Location of components CDEXPPCGeDetGeo| | CDEXBEGeDetGeo S N L —— ;
RadiusN : 3. Confine methAnd 1. Constructor 1. Constructor Extending
"Material" : "enriched" Geometries ) 2. Positions of components | |2. Positions of components E
Extending 3. Confine method 3. Confine method
}, i G4VModularPhysicsList
| G4VUserDetectorConstruction
"Particle”: SAGESimManager ]<
{ G4VUserPrimaeyGeneratorAction
"Type" : "Decay", Extending ///7 \\\
"Isotope"” : "Co-68" Particles v SAGEDataCollect SAGEDataObject
npe s * : n " ’ n . . SAGEUserSrc ) ) L. OutPUt file name [ Containing=>1 1. Step level
Distribution”: "Component”, Exienis I Energy raigidling 2. Output format 2. Event level
"Confine" : "physGe", S PPt -
" " ource . irection v,
. 4. Confi
Beam leoooe SAGEGammaSrc = lm|erlt SAGENeutronSre
} s Bl SAGERunAction
J; J] J, Data SAGEEventAction
"Out p ut" : { SAGESFSrc SAGEOnbbSrc SAGEDecaySrc SAGETrackingAction
npezs n, n . " 1. For U-238 SAGE2nbbSrc 1. Radionuclides i i
Filename": "CosmogenicCobaltee”, . Spontancous fission | |L Two cenitied clectruns | [, Excitated isotops SAGEStackingAction
"DataMode”: "event" HEuton 2. A single primary vertex SAGESteppingAction
Output 3. Simultaneity
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® CDEX-50 geometry.
® Generate 10° radionuclides for each radionuclide in each component.
® Decay chains are assumed to be in secular equilibrium.

® Time window representing the response time of Ge detector: 10 ps.
® Decay chains breaking. *

}‘ \“ ‘P Signal-Cable

. Cascad e rad i ati Ons ° \‘} f\j Silicon-Base ﬂ/ >/ Front-Electronics
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——

e Conversion from simulation result to bckground model: Survival probability

counts _
—| X M[kg] q—; — X units
primaries

R counts
kg - keV - day

Count rate «
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& Geant4 simulatioR of radionuclides

® Survival probability in ROI (2-2.5 keV) of each radionuclide in each component.

Radionuclides in crystal

— T

Radionuclide Survival Probability[%] —_— L
3H 100.0 high energy vy
9V 100.0
54Mn 82.57 low energy y
55Fe 100.0 —
57Co 89.20 D
60Co 64.62
63Nj 100.0
657n 93.91 *'\FBJ_
68Ge 100.0 —L -

63Ga 78.32




Geant4 simulatioR of radionuclides

® Survival probability in ROI (2-2.5 keV) of each radionuclide in each component.

Radionuclides in outer components

) highenergyy
Radionuclide Components Survival Probability[%]
e Crystal Support 68.23
(0] B~ _— T
S Pol
upport Pole 71.01 — I
Silicon-Base 71.03 #
238(J Crystal Support 71.49 \\.
Support Pole 74.73
Silicon-Base 71.27 T —
228Th Crystal Support 74.23
Support Pole 75.52 low xe_l:l(:;igy 14
N~




Background from solar neutrino &S
—_—

® Solar neutrino induced background above energy threshold (0(100) eV) within
SM mainly comes from CEVNS.

® Scattering rate of CEVNS is calculated based on theoretical formula.
® Rate in ROI: 1.32 x 108 cpkkd. 107 -

hep
—TOTAL

® Mainly from 2B and hep neutrino.

® Drop steeply below 2.5 keV.

t 1 Threshold
E 160 eVee

RN

0.1 0.5 1 1.5 2 2.5
Eget (keVee)




CDEX-50 back
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ground model

® Total spectrum in 0-20 keVee and 0-3000 keVee.

® 0-20 keV: dominated by 3H B~ decay.

® >1.5 MeV: dominated by %8Ga and %°Co in Ge crystal.
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CDEX-50 background model =

& + =

® Contribution in ROI of various sources. ® Expected spectrum in 0.16-4.01 keV.
® Total ~0.01 cpkkd. ® 3H B~ decay.
® Dominated by 3H. ® X-rays from cosmogenic radionuclides.
CEVNS in 0.16-0.5 keV ® CEVNS.

: 0.1
CEVNS - I — TOTAL - ——543411111 -- —65ZnM
—— CEvNS —S‘SFEL 68Ga)5
IN H :'_"‘ - 3q __ _SSFEM GSGaM
27 L 0.08 1 0y, “Cop x 100 —— %Gey
[ TTTTIC T T T T T = 0y, Coy x 100 - - -BGeyy
Support - :3 —%Mn; ——%7Zn,
| [T T T O T COFmAr e s
Electronics 4 LY 0.06 -
T TTTL [T |||||: ::::ﬂl "
Cabling - b}
T T 11T > 0.04
3 - - .
H@Ge A,
I T T T T T T @ i
Ge = [
T T T TN T 3 0.02 1 g
TOTAL - @, ") A J
- I h-_d‘.. ‘ Peg” | ‘.
1E-9 1E-8 1E-7 1E-6 1E-5 1E-4 1E-3 1E-2 1E-1 0&”‘_ . / WAL
Counts (keVee! kg day!) @ 2-2.5 keVee 0.1 0.5 1 1.5 2 2.5 3 3.5 4
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Sum ln ary =

® CDEX-50 is the next generation dark matter project using a 50-kg Ge
detector array.

® Different background sources are analyzed:
® Environment.
® Detector components.
® Solar neutrino.

® Several schemes are performed to control the background:
® Background control in detector fabrication and transportation; cooling time.
® Purified LN, and copper.
® Self-anticoincidence.

® Background model of CDEX-50 is obtained through SAGE.
® Total background level in ROI is calculated to be ~0.01 cpkkd, dominated by 3H.
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) Appendix]: 3H in SAGE
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® 3H is treated as a stable isotope in Geant4.
® SAGE make it decay automatically with SAGE 7ritiumPhysics.

SAGETritiumPhys: :ConstructProcess()

G4ParticleDefinition *H3 = GA4Triton::Definition();
H3->SetPDGStable( );

G4VProcess *decay = @;
G4ProcessManager *processMan = H3->GetProcessManager();
G4AProcessVector *processVec = processMan->GetAtRestProcessVector();
for (G4int i = @; i < processVec->size() &R decay == 0; i++)
{
if ((*processVec)[i]->GetProcessName() ==
decay = (*processVec)[1i];

“Decay”

}
if (decay)
processMan->RemoveProcess(decay);

H3->GetProcessManager()->AddProcess(new G4RadioactiveDecay(), 1000,

2024/4/25

radioactiveDecayContainer =
G4int Z = 1;
G4int A = 3;
G4String file name =

new G4RadioactiveDecay();

"../userData/Z1.A3";

radioactiveDecayContainer->AddUserDecayDataFile(Z,A,file name);
RegisterPhysics(new G4RadioactiveDecayPhysics());
RegisterPhysics(new SAGETritiumPhys());

-1, 1000);
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Appendix2: Scattezing rate of CEVNS =
—_— e —
® Calculation formula:
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Appendix3: Calculation of expect spectrum =2

—_—r

® Differential event rate of 3H decay:
N(E.) = \/Eg +2E,m.(Q — Ee)Z(Ee +m,)f(E,)

® Background formula: 0.1

20?2

—_ —— TOTAL - - - 54}-‘111‘1[ GSZILM
B(e) _ 01 ) N(Edet) —— CEvNS ey 8Gar
‘H - - - Fey 68Gany
2-8 ) 0.08 oy Cop x 100 —— %Gey
| 49 . STC . o _ﬁsG _
1 (Edet _ E) —“111}[1; fﬁz:iir » 100 e
+ 0, exp(— )
i

V2o

\2Tmo 202

T
5
F
i)
2-8 SN
1 (Ed — E)Z > |
+ z M/ 0 exp(——= ) & 004y
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o
O

9-10 0.02
N z 0. N j"" d® do(Ey,Ey) - \
. ' ! EI,'"'"dEv dEr v 0~\.lg,gf\\, N\
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Appendix4: Spectrum of cosmogenic radionuclides
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® Spectrum of cosmogenic radionuclides in 0-20 keVee and 0-3000 keVee.

® 0-20 keVee: p~ decay and x-rays.
® >20 keVee: y rays, f and EC decay.

2024/4/25
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