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Double Beta.Decay (2vBB)
Neutrinoless Double Beta Decay (OvSf )
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 Majorana neutrlno may be an |mportant link in connectmg to matter antlmatter
asymmetry in our universe Fore .
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. -I\/Iajorana or Dirac

Lepton number violation

atmospheric

solar~7.6><10’5eVz
~2.5x103eV?
-Measures effective Majorana mass: relate OV,B,B to the neutrino o atmospheric
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-« Determination of Nuclear Matrix Elements (NME) of 2v8
“+ 0vBP half-life calculation - |

« New physics search with'Zv,B’,B spectrum .
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B Dark mtter WIMP Searches | 2vBB and OvBP Research
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PandaX-I: 120kg LXe
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PandaX-III: HPXe 100 kg scale

PandaX-1: 500kg ~ °  Liquide natural Xe (8.9% %Xe)" High pressure Xe (90% 3Xe)
LXe . e e e | |
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Detector capability: -

. 3D feconstruction and fiducialization (self-shielding)

* ER/NRPID | | |
* Single-Site (SS) and Multi-Site (MS) discrimination

Calorimeter from sub keV — few MeV -

Dark matter: nuclear recoil
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Sub-keV 1 keV 10 keV 100 keV 1 MeV 10 MeV
Xe-136
Xe-134
(-10%) M -

Xe-124
2vECEC
(-0.1%) -
8
Xe all SEOlElY WIMP and other DM
. and light solar pp v
isotopes DM models



PandaX l: 580 kg natural xenon, ~ 50 kg 135Xe, 403 1 days dark matter data

136Xe half-life limit 2.4x 1023 yr at 90% Cle

First 0vBp result with dual phase natural xenon  detector (dark matter experlment)
To verify the fea5|b|I|ty of Ov,B,B search

Count (/10keV)
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. , Chinese Physics C 43, 113001 (2019)
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:PandaX-4T experiment '

15 mstltutlons and 80 members

T"hir.d generation of the PandaX
experlments located at CJPL Il

. Dual-phase Xe TPC 1.2 m (D)~
x1.2m(H) - :

. Sen5|t|ve volume 3 7ton LXe i

. Totalvolume 5.6 ton LXe :

* 3-inch PMTs: 169 top / 199
- bottom

~» Water shleldlng 10 m (D) ><13
m(H) - | :
. Data taking:

. Comm|55|on|ng RunO ~95 . .
days

+ Physics Runl: ~164 days

10/31/2023 : ' 2 _ Shagbo Wang, ParidaX ; , 3 ‘ =



PandaX-4T, @ CJPL-II B2
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* PMT bases suffer serious saturation for MeV.range events - | )1*¢'

* -Match the rising slope of the saturated to the non-saturated templates in the R |
same events—> True charge collected =

* For events inthe energy range of 1to 3 MeV, the average correction factor is )* i

~3.0 for the top PMT array

MeV gamma events are mostly multlple scattering events whlle S|gnals
- (2vpBf and Ov,B,B ) are mostly single site (SS)
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Position reconstruction.based on PAF(photon acceptance function)
methods developed in DM analysis ‘ ~

Reconstruction at MeV energy range is sig’nifiéah’tly improved with
désaturation _ ;

Removed the band structure in R2 distribution
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Materlal components are grouped into Top, Bottom and s|de
‘categories, each with ®°Co, *°K, 238 and 2327 |

RV is-optimized based on both background level and position
reconstruction non-linearity, then segmented into four regions.

Binned Poisson likelihood fitting on SS enérgy spectrum is performed
simultaneously in four regions. . | | 50 100 150 200 250 300 350

Outer regions-are used to check material background model, and
~.data-MCis consistent at 1% level.
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136Xe 2V half-life measured by PandaX-4T Run0; 2.27 + 0.03(stat.) + O.10(syst.) X 192_1 year

- Comparable precision with Ieadmg results ¥

-Flrst such measurement from a dark matter detector with natural xenon
440 keV —2800 keV_ range is the widest RO
The first Step for OV,B,Band the other new physics

“in-situ”’ material background. flttmg results compatible and more precise than HPGe assay

2.27 £ 0.03(stat) = 0.10(syst) x 104! year
’ PandaX-4T, 2022

g

20 22 24 26 28
Half-life (10°' year)

Research2022 (2022) 9798721
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Bkg rate Energy FV mass (kg) Run time Sensitivity/Limit
(/keV/ton/y) resolution (90% CL, year)

PandaX-Il 403.1 days

PandaX-4T-RunO 94.9 days
« Commissioning Run0 +
- Physics'Run1 analysis on-

PandaX-4T _'
y going

PandaX: 200 Ton-year «' Improverrient of .the

incoming Run2:
* Better energy resolution and
~linearity S
" » Better SS/MS discrimination

Inverted Normal
Hierarchy Hierarchy

10/31/2023 : Shagbo Wang, PandaX . . 15



(A, Z) +2¢ — (A, Z —2) + (2v,)
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= Qriginal signal model: K and L1 only
Signal medel in this work: K to N5 KK
Excluded from fit

N
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« ‘Background time evolution is -
modeled and added to
likelihood fitting o

« Use commissioning Run0 open . YIS
~datato develop the méthod 0.09

X 0.08
30 40 S0 60 70 80

AW - o 124%a abundance measured as 0.07
75 : ; 0 6
Physical Review C106, 024328 (2022) - O 100+0.001)%, larger thain the o N
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* Two fits w’ere'performed_on‘. RunO open data for cOnsiStency check:
" » Unbinned 2-dimentional fit on parameter space of (energy, time)

- » Binned simultaneous flt on energy + time

. F|tt|ng results are more precise compared to the fit on energy spectrum onIy
. Commlsslo’nlng RunO + Physics Run1 blind analy5|s on-going

>
| ©
X
«
@
[~
@
>
3,
o
oc
£
=
=
Q
o

2ye -e-Data — Best fit 124%e

50

E
f_
E
E
0
E
F
}_

o 135 ;
— "¥Xe +v + Material — TXe +v + Material

Non-Gaussian sum Non-Gaussian sum

Rés:dual
Residual

70 758
Energy [keV]

10/31/2023 : Shaobo Wang, PandaX

17



2.7 .meters in diam_eter'and'héight. |
. .‘.Tot_al v¢-lume of 47-ton ﬁatural xenon
* Active xen'oh'-l-ﬂ-ass of 43-ton |
« Upgradable ba.s.ed:on the ;Xe'n,dn_ﬂ- 1

.- amount in possession-

10/31/2023
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Top PMT
Array

Active
Volume

Bottom
PMT Array
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Assumptlons
* 1% o/E, Rol within 50 keV onvaIue two

" background assumptions PandaX-xT 3o Discovery Sensitivity
* 10years x 8.4 ton FV (natural xenon, with 8.9%
136ya) - '
i Baseline Scenario  Ideal Scenario
* 30 dlscovery sensitivity to mﬁﬁ' 13- 56 meV "~ . i
basellne 9-39 meVideal = * - -

Baseline (1/tonne/year) Ideal (1/tonne/year)
Photosensors 1.4x1072 2.8x1073
Copper vessel 3.2x1072 6.3x1073

lm'

4.5%1072 5
136Xe DBD 5.2x1074 5.2x1074
I37Xe 8.7x1074 8.7x1074
Solar ®B v 1.4x1072 1.4x1072

Total i = 2.4x10°2

Normal MO

10’
Miightest [MeV]

10/31/2023 : Shagbo Wang, PandaX . . 19



‘PandaX-1Il:-10 bar Xe-(1%)TMA |
(trimethylamine), ~100 kg enriched **°Xe-(90%)

“TPC : Single-end charge readout on the u'pper
side, the cathode on the bottom

plane

52 20X20 cm2 Micromegas for charge readout Flela.cage

Readout: 2 series of strips (X, y) of 3 mm $S vessel

- Energy resolution: 3% FWHM expected at Q |
value of 136Xe OvBp RS " T g S o it odeiil

PrOJectlon sensitivity:
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Micromegas detector | - JHEP 06 (2021) 106




100 kg-scale'demohstr'ator |

10/31/2023 ; ~ Shagbo Wang, PandaX ; ' . : 21



_Pan'deX AT has extehded the energy renge from keV to MeV with dedicated analysis
pipeline and calibration campaign, and therefore extended the phyS|cs reach from
“dark matter to double weak decays

136Xe 2vB[ half-life is precisely measured for the first time by a natural xenon
detector, with much lower analysis threshold and robust background control,
demonstrating the physics potential of large liquid xenon TPC on muItipIe fronts

On-going analysis of double-weak decays: 124¥a 2VECEC, 134Xe ZV,B,B /-0VBp, 130Xe
Ovps, etc-

PandaX-xT with active xenon mass of 43 tonnes is under R&D

R&D work towards a future trackmg calorlmeter 100- kg scale demonstrator in
progress - < -
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-'.°’ PMT waveform'satu'r_ati'oh is studied‘ by'-
. independent bench tests -

* Desaturation al.gorifhm is checked and verified

1 2
o .

3 4
SN N\
NS N

PMTs in dark box

| Observed charge[PE]

Green: Measured charge
Blue: Desaturated charge

Pluse Generator

40 50 60 70 80
True charge[PE]



PandaX Project Timeline 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042
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