D
S

2|

smd |

L
E) % ¢4 4 1Y
. % ;%t ~>%
L -
B0 CENTRAL CHINA NORMAL UNIVERSITY

AT = R A TPC TG il T XU D B AR

dal: 0P NEEL el @ v

glxgg
LEAIFEAF

FEZ- @it THZ BN FYES FEYEGEBAMTR
20245588-120, FEE



NvDEX LI

* EE%’Tﬁ% . 2018 JINST 13 P03015
+ Topmetal-SE#E B4 HHE i s
» TPCIERERE, B EBRY & o]
« FREFHL LI E 10| |

» 23SefE OpfH (2.998 MeV)

W

i g { : 1 ! E
0 500 1000 1500 2000 2500 3000 3500 4000

Y 45 'EE Energy / keV

L TR, PRI B AR M AR S ] P
- FEGIEEA ﬁamlm | f Lo
* 2VBRAR ) 1

« T AR i 1

Energy / keV

BEEL: NvDEx—100LMH#HE (FA=T4) 136X g 82Se
BRF: NvDExSISeF,/SF A A B IR AR (A= T4F)
Frlv:  NovDExEZHASICHFZEHEE (JEVUF4F)

2024-5-10


https://inspirehep.net/literature/1648151
http://indico-cdex.ep.tsinghua.edu.cn/event/162/contributions/1501/
http://indico-cdex.ep.tsinghua.edu.cn/event/162/contributions/1611/
http://indico-cdex.ep.tsinghua.edu.cn/event/162/contributions/1633/

il Phys. Rev. Lett. 130 (2023)
is IEH EI:l 1}-&% ;_li , F(a) Singles Data Total 136Xe Ouff (90% C.L. U.L.)
)

"""" Total (0vff U.L.) —-— Carbon spallation + *"Xe
> 104 B36Xe 2up Xenon spallation products
\ — s—F N\ 7h—\ ] g Internal RI
- fEE HMAEAYRE D> AT = B S —
a JE e Solar neutrino ES+CC
> / —_ o 106 5L~ 'h + Data
ORI 3- A EIN il A AW
q- Se Z/ \/'T{/I]u E\ S L _,! th_".
> E | *
Sa) I
® 0 : A [ Ll
1RO, R L g o i !l
E’;JI| | ] ] ] ] |-‘|—|F._|.-h| L-l.-'l""l—-_t_m ]
600 | : : 1 2 3 4
Mo-100Q Visible Energy (MeV)
500 _Nd'1 50 _
Group A
4001} | TABLE 2. 53, CC, and SB Q values in units of MeV and solar-v capture rates in units
Se-82 of SNU for selected 8 nuclei including the effect of oscillations. Column 3 gives S, for
S no oscillations., S  is the $B-v capture rate, and S, is the total solar-v capture rate. The
(% 3001} i background rates for 8 decay (Bsp) and SB(2v) (B,,) are calculated for 6 = 0.02.
;';_, Isotope S pp Sg S'; no osc. S Bsp B>,
200 (SNU) (SNU) (SNU) (SNU) events/ty events/ty
Group B 75Ge 0 5.0 15.7 6.3 0.03 0.005
100k | 828e 257 10.0 672 368 4.42 0.15 |
Xe-136n 10Mo 391 6.0 975 539 0.11 1.56
Te-130a 130Te 0 6.1 67.7 33.7 0.48 0.01
ol ' | ' L Ge-/6 u 136 Xe 0 9.8 136 68.8 0.55 0.003
0.0 0.2 0-4Q (Ncl)-f/) 0.8 1.0 IONd 352 155 961 524 0.12 1.00
- V e

AIP Conf. Proc. 1894, 020008 (2017)

2024-5-10


https://doi.org/10.1103/PhysRevLett.130.051801
https://doi.org/10.1063/1.5007633

KB AT

* FRAEANPHIREY
« B16-AGSS09
- BT

o i
o 0.55_____::‘:=-_= _______________________________
0.501
—— Day
0.451 _ _. Night
........ Average
0.401 ____ phys. Rev. C 89 (2014)
055501
0.35/
30 I~
10 o 10° 100 101 100 101
Ev [MeV] E, [MeV]

2024-5-10



P A S B A

:l,[—ﬁ% == %%%—J— 2% [events/(ton - yr)]

EEEETT T

do  2G%ime [ - T .5 mel’ 738.6 487.5 0.00445

1 = )2 _
91 + 9x( Ey) JLIR T

2
dr 2
— 1.0
> 10% ! —— Al S
Ve,U,T > > > Ve,p,r - : O
S 0| : —_y ©
g W ; 2 0.8,
/0 w I — Vur
N ~ 1072 : fracti
v, ¢ fraction
. fc‘?) 1 st -0.6
€ > > e < 1074 |
= !
10-° | 0.4
Ve > > e & |
W A 0.2
CC W= 10710 |
— \ - 0.0
e > > Ve 0 5 10 15
2024-5-10 Te [MeV] 5



P 1A ) B A I
- T T B c w-

n [ >
. 0+ (IAS)
::.:,'{:::::1: 1/2* (1= 17 s)
’ l E, =29 keV
\ 2- (T = 6 min)
\ lEY:46 keV Q,=3239 keV
5- (1 = 35 h)
Q=445 keV
Q,=3239 keV
Qp 5=2998 keV
....... 4
\:::::l::::
b 1/2+
82Se 82Br 82Ky 19F "Ne

2024-5-10



7 FEL T SO AR T AT 2 (3138

5% [events/(ton - yr]

2 2 2
re = SRy pp 2. E) | B+ () BT, R TR
825e  65.50 34.64 0.00025

— (1597 X 10_44 Cm2)peEeF(Z7 Ee)

Il 6.13 2.03 0.0043

o [10~%5cm?]

[
o
w

......
----
....

dR/dE [SNU MeV™1!]
=
2

172 keV
2024-5-10

............................ L T T T 10—1_ / ’
= Brskev) e Br(1233keV)
d Br(421keV) —— Br(total) 10-3-
S Br(848keV) Ne(g.s.)
- Br(1142keV)
| . - 10>
E, [MeV]
3.24 MeV 7



82
a2 nnﬂ Br
353r4? K i
2- 0 35282 h 7 T
0* 3093.0 keV 10 2 0.005
~
82 =
- 0% 0--> X
B 100.0 % O BEKrriﬁ -‘.«-‘;"'UCJ} 0.004 :
A nsﬁl E !
I Log ft # Jp En [keV] .‘iﬁ“‘ “; 5 :
0.002 8.4 12 (6+) 2920.4 Sy &> 0.003] i
1.42 6.139 11 5(-) 2828.140 LA !
99.1 5.047 10 4- 2648.368 : ! :
0.04 >8.7 9 (4+) 2556.184 . : -
m.um 20.7 8 (3-) 2547.446 11y 0.002; :
7 (4+) 2426.809 BE: !
0.006 =10.4 6 O+  2171.5 T :
0.7 0.0 5 3+  2094.017 . -
0.024 >10.1 4 (2+) 1956.770 1 0.001; :
0.4 9.1 3 4+  1820.537 Yy i
0.6 9.3 2 2+  1474.895 i
0.7 0.9 1 2+  776.528 0.000 e SR
@ & 90 _— 2500 2600 2700
2Ky STABLE
36 46

2024-5-10

82BriE AR

F 52 [events/ (ton -

N AT

63.98 33.80 0.64

yr)]

2648 keV
2828 keV
Other
Total

ROI (1.9%)

2800 2900 3000 3100

E [keV]



* 2RSS

82m

BEBrd?
2- 45.9492
6.13 m 5
0+ 3093.1 keV 10
g2
B- : 2.4 % 3--> Kr
36 46

IS Log ft # Jp En [kevl
0.00111 7.58 11 X+ 2655. 865

0.00047 g.42 10 (44+) 2556.20

0.0021 7.61 9 (3-) 2547.88

0.00053 8.37 8 X 2479.71

0.00005 10.5 7 ™ 2171.64

0.003 9.4 6 2093.98
0.0056 8.29 3 (2+) 1956.801

4 4+ 1820.6

0.00146 10.40 3 ™ 1487.56
0.049 7.93 2 M 1474.901

0.22 7.91 1 X T76.524

[12i:é%§;::j 2.1 g.88 0 ™ [¢]

2024-5-10

N/dE [keV™!]

£
o

0.0

82
Kr
36 46

!“
o

0.4

0.2;

82rnE3r

le-5

S2mBrigAZ

{2 [events/(ton -

AT

0.83 0.00052

1.57

yrl]

g.s.
777 keV

1475 keV
Total
ROI (0.0015%)

0 500

STABLE

1000 1500 2000 2500 3000

E [keV]



INeH) AL

e IFHfRE=

""Ne

6.13

{2 [events/(ton -

MR AT

yr)]

2.03 0.0049

g.s.

110 keV (x1000)
1554 keV (x1000)

Total
ROI (0.25%)

N R N VA ol — N
o IEfAH T KBER
—0.0008;
S
)
=
1900 w 0.0006
1/2+ 109 0 >
3238.4 kel 6 172z s 23
Q - Ke 0.0004
B+ : 100.0 % 0--> °F
9 10
I If% Log ft # Jp En [kevl 0.00024
0.00222 0.00213 571 3 372+ 1554 .038
2 2+ 197.143
G.012 G.012 7.06 1 1/2- 109.894
CC@?QQ.QEE g9.888 3.2329 0 172+ 0 000010000
YF STABLE
g9 10

2024-5-10

1500

2000

3000
E [keV]

2500

10



=
=
T
-
Qv
D)
O

0.5 mXx0.b

A X

MmX0.5 m

3

40 mX40 mX40 m

| X35 -
EEXE.

gl

%

BxDecay(

55

/] mX7 mxX40 m

» ZNJK . particle gun

= i

r
® L
m“_Amb
_— O
= —
o

KEVREEE

T
BE=RSRE

CXTERIE ]

.3

fiz

_

vl

* RE=EEES mm

“_W A

3K
1 mm# EX

)

E/ W ®0.34% FWHM

v

=|

S
E/‘\!

H IR E

. xy3E

L

-10

2024-5



B

MEEIRE “raw block”
< raw block” 32 5k /\gY“block”

a6 %ﬁj\??—?i 1% FWHM )

JAN40 e BB FHIE B ({5588
M BY“block”2H fk “cluster”

« XJ“block’AY

Signal

y [cm]

0 Ea/E1=3.0/3.0 (MeV)

x [mm]

2024-5-10

7.5 10.0 12.5

X [em]
12



c
s RSB EBENHEF =15
BT #S :
° 19F CC

« 82Se CCZI$2Br (75 keV)iA .
RSB —29 keVHT

Eo/EA2:3O/3O (MeV) il

10.0 ™
9.5
9.0

8.5

: . .
AN A=<\ U -20 -15 -10 -5
° 7|<//L»ﬁ é‘; I I_Jﬁ|57t¥ x [em]
— 19 +
o 19Neﬁ7ﬁ" - Ne B ™ decay
. 2R ﬁ NN S 100l . Q) 100 keV
IESI AR > '
. 8Sc CCEIBrS A o @
—1001
—200
—300: @
Eo/EA8:20/3O (MeV)

2024-5-10

0 200
X [em]

8.0

7.5

3002
N
200

100

5<
O_
—51 ®
QO o
Eo/Ea3=3.0/3.0 (MeV) .
—-20 -15 -10 =5
x [cm]
Electron scattering
§150 Q) 100 kev
>
12.5
10.0
7.5]
5.0;
2'5_EO/EA1:3.'O/3.O (MeV) |
-20 -15 -10
x [cm]




» VBrESHIP-TE. NefIpER

« K=cluster

- SHSEER

dll

—— Br2 B
—— BrgsB
—— FCC
—— Ne B

46 keV vy

p emission
e scattering
—— Signal

0.06

Fraction / 0.025

0.04

0.02

] T I 1 I 1 T
Se CC

2024-5-10

Logm(L[mm])
L: BBENRERNANRAES

Fraction

0.8

0.6

0.4

0.2

[T]T

o

— Se CC

—Br2 p
—Brgsp
—FCC
—Ne B

46 keV vy

p emission
—— e scattering
— Signal

20 30

clus



Entries / 5 keV

1 ABE. § 80:— 82 egzKr* +eHV,
Clustergg = R
S 601 q
=| =14t =2 + 7 s I
« IHE BA[E s E AV YRIAFAELE i _
<5, Ex>2.2 MeV t :
* Br CCAJE: 0.64— <0.0001 events/(ton-yr) : ‘ ‘ ‘ :
O~ =500 1000 1500 2000
E, [keV]
. £5>2.2 MeV 3
_secc 3 % m IR | —SeCC 7
106 | A - f; | E.>2.9 MeV i ]
i —Brgs B = — 10° & —I—BrgsB =
10° \ —FcC =R - 1 FCC -
10% I :’e\l 2cﬁattering ; % - I’: Zcﬁattering ji}trfwj
A\ﬁ — Signal E S 10? = - Signal 1 Rfkfﬂ E
103 E T - ~ : . ¥~.-'r“ ‘w : =
- N - - LUL« oL g NUU il
10° & ot 10 - !1! g o
; L i
3 : L ﬁy f
1__ | 1 I” H‘ i
0 3 0 3
E,. [MeV] E, [MeV]

2024-5-10 Er G clusterBE &= B BEE=FEROIMTITFYEE A fYleading clusterBBE 15



=R 17 [=ayi¥ =) cluster,u

N & /NclusterfyBE =

Ly

EE IR H

/1

Fraction / 0.005 MeV

1-| .IIInI

- M IR Acluster 2pE L =

ii + = | EEjK *‘ %: S
EI\]e HTJ-, EN—I-/_\E yARN Z/\/
PAN E/]ABE Z{
SN HAE B
>
()
'
9]
~~
_________ 0
- T —
/// \\\\\ =
// \\\\ q>)
l/ //ﬁ\.‘ ":\\\ LIJ
\\ o -_ \.\\\\
\\ ‘/. I - \ \\
i # ™ Lo
! \ | |
_/'/ l;' -\ /./ /
/ / //
./' {\ /v/'///
// ei :—;—//
[\ ‘/‘/././
2024-5-10 S

- —— Se CC

x40 m

T | T T
All clusters in 40

10k Br2 B =
- —— Brgs B ]
| FCC ‘\ :
Ne B II
", Wiy, 45 keV ‘ﬁk
S 1) al
- WY T& e i'm‘ iy
f:j ! p ‘.iL[; ! 1
e a
102 e
- | =
B NI [
O ol i
0 3
N1 [MeV]
= T T : =
— —SeCC -
10° g Br2p =
- —Brgsp -
5 | —FCC _
107 nep =
~ — escattering —
10% | Signal 5“ E
| il -
”J ;ur_.frw*‘f"‘"’“‘”' Apurmsnnem i il - e e ~ ]
1 03 s o s o, =
),f ey 1:!
10° ‘
d) " ‘ ‘ 14 ; f’t};# E’l W‘i‘iﬂl’ '4
10 T P ik B
0 1 2 3
i [MeV]

16



° 82Brl':'|/\] B% I~

° E_I-[/Xi_Jj_EO clus;):i-/l/\

ol_%élE

2024-5-10

i Nk 2 M AR D

5 AR A AR S
£>2.2 MeV
Source All energy  With oscillation ROI  Selection
Electron scattering 728.6 481.0 0.00445 0.00395(13)*
52Se CC 63.95 33.88  0.00021 0.000185(4)*
52Br 3 decay 62.41 33.07 0.63 < 0.0001 (95% C.L.)
82mBr B decay 1.54 0.81 0.00052 0.00037(2)*
YF CC 5 11 1.69 0.0036  0.00318(7)*
19Ne 8 decay ' ' 0.0042  0.000003(3)
Proton emission 0.292 0.093 0 O
Total single-electron events 0.00878 | 0.00769(15)
Total multi-site events 0.63 | < 0.0001 (95% C.L.)

17



AR

e AR TR IISCF JRMIAS
TR, Y.

10OP Publishing Journal of Physics G: Nuclear and Particle Physics
J. Phys. G: Nucl. Part. Phys. 50 (2023) 013001 (115pp) hitps://doi.org/10.1088/1361-6471/ac841a

Topical Review

s Research A next-generation liquid xenon
observatory for dark matter and neutrino
physics

Research Article

Determination of Double Beta Decay Half-Life of >*Xe with the
PandaX-4T Natural Xenon Detector

PHYSICAL REVIEW LETTERS 130, 021802 (2023)

Search for Solar 3B Neutrinos in the PandaX-4T Experiment
Using Neutrino-Nucleus Coherent Scattering

a I"' \lV > hep-ex > arXiv:2401.07045

High Energy Physics - Experiment

[Submitted on 13 Jan 2024]

A Measurement of Solar pp Neutrino Flux using PandaX-4T Electron Recoil Data 18
ZU0Z24-5-1U




b1 2

[

2024-5-10

» KB FAIR
o RfE—B 582 SeF o i e AR g3 X R B i it 2E . I sS4k i R

o« KIHART5%28e A LI AR, FEOVBBHYROI X IR (Il R4 1=

o TERFR AT RERCN HEEAE

* KEHA A28 el 1 P AL AR IR ] 3 A 28

T (HIERIET) — B AR
¢ T BN REIE TS FclusterBOH . BN LI L A A O

B — SUARAE T AR R

AIHHI

HUE

19



2024-5-10

20



I

J

T
S5
=

fir K]S

oAb = oy =
* EEATEINE
A B8/ = 1 L3757
c NN F SRR
5 ! -
X 0.04 N — Br gs B, R=20 m _
— [ e Brgs B, R=6m ]
= [  —-BrgsB,R=1m 1
c " 2
2 Gz - ——NeB,R=20m i
(ié T meee Ne B, R=5m i
w 002 —  Nep,R=1m 3
0.01F —'
. i
00
E [MeV]
2024-5-10

Fraction [%]

——Br

o
T
E)

21



K PH A Ak 1 i AN o

- 2S¢ CCHIX AR T
+ 19F CCAR AR FBF

- EXpp. 'BeF

+ SRS AEDER

PP
PEP]
hep
7Be_

13N_
150_
17|:_

Total

2024-5-10

—— B16 — AGSS09

—— BSBO05 - GS98

BSBO5 — AGS05
B16 — GS98

Ref

1.10
Ratio

Sk
52N, (10-20)%

hep

Total -

~3%
19 o
F 1 | —— B16-AGSS09
I e BSB05 — AGS05
e B16 — GS98
$ 1 1 ——. BSBO5—GS98
i Ref
o
i
ST sevm— a
b *_]:Ts_srr‘__._;_.‘_‘%.‘_‘.‘_‘t ..... 4
4
: . 4
>< ....................... I |
_,_*_T::}T__:_:,_ﬁ‘r_?:‘_* ..... —
| . . .
1.0 1.2 1.4 1.6 1.8
Ratio

22



HA [R5 31

« VFEF J1,F100%

* SeB ZMENE
c WES

FR+EE AR
* Opflk, TP =T
Isotope Abundance(%) |(Qp/MeV| Qpg/MeV  Brlifetime Br decay
"Se 0.86 6.925 1209 254 min Bt
Se 9.23 4.963 — 16.2 h i
7'Se 7.6 1.365 - 57h B
"Se 23.7 3.574 — 645min B, Bt
Se 49.8 1.870 0.134 17min g, 8%
Se 8.82 0.095 2.998 35h B~
2024-5-10

=
)
=
S 20/
<
151
-5

N
9y

Se-74;
Se-76:
Se-77:
Se-78:
Se-80:
Se-82;

0.86%
9.23%
7.6%
23.69%
49.8%
8.82%

36

37

23



s ywil saddn 1D %56

(@) (00 M~ O LN < m N
L O
© 1) —
Q ~ F 1
O
v O = (N 8
S
i o
0=z =z 1 e
1 1 \ o —
| /
_ | | ~‘_ s*
l,’ /
A o
ss —— \\ 1
&\ﬁ — ’
’ _ \
’ | * A
’ _\ i
; =
—~ (N 2 ~*
[ . /1
s 2 ; i |
, /| m
1 s . 1 A
| 3 : / =
| [ ' )
N © 1IN + M N H O

Z 2ouedylubis A1aAodsIg

24

2024-5-10



PHYSICAL REVIEW C 94, 014614

2 0 I ' I v I v I v I v | v I | I (I20‘6I) | I 8
C|E £ EE EEE 82Se(3He,1)82Br IAS IAS
E & §§ & & & E =420 MeV B =
‘%‘“155 & ¥r s AE = 38 keV
2 oo = B 1.0° < O)yp < 1.5°
511 ol aBe R Bl 2.0°< O)5p < 2.5° |
"6 (== B = N e ] -
2 [W ]
ki |
2 0.5; ~65 JT=1T states

Ey [MeV]

2024-5-10



2024-5-10

Neutrino Flux on the Earth (relative)

—_—
o
N
N

-
o
(]

109

103

Neutrino Energy (MeV)

Target Nuclei : Li 180 19F 6Lj 42Ca 12C
Q_Ec (MeV) : 0.86 166 3.244.296.43 173
> B Pl H
Be
- _,_P_ep
0.1 0.3 06 1

26



= fgdET T ¢ ¢ \ | _
= [ ENC=None  Prob 0 ]
— 0.08 8 =0.33% FWHM Contlant  0.00312£0.00036 1
8 & L Me 2.998 + 0.000 i
D- C Sig 0.004218 + 0.000009 ]
< 0.06 ]
- - i
Q C i
S 004 -
L C i
0.02F &

93 2.05 3 3.05 3.1
Etot [MeV]
= I B N R R ]
20.025 — ENC = 50 Pr 6.809¢-06 -]
= - 5=1.3%FWHM C t 0.02491+0.00010 1
S g.02C 2.998 +0.000 ]
D. C 0.01598 + 0.00004 ]
=0.015 E
S r ’
& 0.01F =
. C N
0.005 = -

99 2.95 "3 305 3.1
Etot [MEV]

2024-5-10

0.04

0.03

0.02

Fraction /0.001 MeV

0.01

0.015

0.01

0.005

Fraction/ 0.001 MeV

[ 8 = 0.8% FWHM

ENC =30

Pro 0.004276
Coiistant 0.03936 + 0.00015
2.998 £ 0.000

0.01012 £ 0.00002

©

L 1 .
2.95

1 1 1 N | M L
3 3.05 3.1

E. [MeV]
L (N S A =
[ ENC =100 Pro 1.62e-05
[ & = 2.4% FWHM t 0.01287 £0.00005 |
R ean 2.998 £ 0.000 o
— Sigma 03095 +£0.00008
R 1 L N | L P N | L h |
9 2.95 3 3.05 3.1
Eior [MeV]

0.03
0.025

=
o
¥

&‘DIIIIIIIIIIIIIIII\IIlIIII‘IIIIlIII

Frac‘gon /0.001 MeV
S
(8]

0.01

0.005

0.03

0.02

Fraction / 0.001 MeV

=40
0% FWHM

o m
= |
-~ O |

™ 7 1
0.0001288

2.998 £ 0.000
0.01327 £ 0.00003

L |
2.95

1 L 1 1 1 .
3 3.05

IS_CO IIIIIIIIIIIIIIII\IIlIIII‘IIIIlIII

%

E: [Me
FT T T I T I 3
[ & = 0.929% FWHM Cpnétant 0.03423 + 0.00013 b
- 1o threshold cut 2993 +0.000
i 0.01164 £0.00003
C L L 1 1 1 1 1 L 1 | . i A 7]
9 2.95 3 3.05 3.1

Et [MeV]

27



LU

et
T(me+ E,)?
(T + 2m. ) E2

cos’ @ =

Events / 0.02

2024-5-10

120F
1oof
80
60f
40f
20f

"*‘.”“ﬁ

cos(0)
28



