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PandaX Projects

Dark matter WIMP
searches

PandaX-I: 120kg LXe  PandaX-II: 500kg LXe
(2009 - 2014) (2014 - 2018) (2017 -)

, / PHYSICAL

REVIEW

/ LETTERS
! \\ : o 2" ) .

OvBp searches

PandaX-lll:

A 200kg - 1 ton HPXe (2016 - )
PRL 117,

Amercan oyl Soi ?«2.% vame s 2121303 (2016)
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PandaX-lll: high pressure xenon gas TPC for OvBp of 13¢Xe

TPC: 200 kg scale, symmetric, double-ended charge readout with cathode in
the middle

— Charge readout plane: tiles of microbulk Micromegas (MM) modules with X, Y strips

Four more upgraded modules for a ton scale experiment
@ Hall #B4 at China Jin Ping underground Lab (CJPL-II).

Main design features: good energy resolution, good tracking capability, and low
background.

6 m water shielding
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PandaX-Ill TPC illustrated
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— High Voltage Feedthrough

Drift electrons

E Field

Cathode
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Microbulk MicroMegas (MM)

* Microbulk MicroMegas films made of Copper .
and Kapton only ;
— Perfect for radio-purity purpose
e XY strip readout :
e ~1000X gain :
* 3% energy resolution expected at 2.5 MeV.
:\I‘\I\\ll\llllll\||\\I‘\II\|I\II|:
900 8.5+ O.l%_f
, , Double side Cu-coated (5 um) Kapton foil (50 pm) 800
= | Construction of readout strips/pads (photolithography) 700
= | Attachment of a single-side Cu-coated kapton foil (25/5 pm) L, 600
= | Construction of readout lines § 500
E———— < Etching of kapton < 400 -
= =—— —— —— —— —— \liasconstruction 300 ¢
m 2nd Layer of Cu-coated kapton 200 i
Eﬁ Photochemical production of mesh holes 100 7 0% 0.1%

————————— . . 0:\I‘\I\\ll\llllll\ll\\l‘ f
E—_::—.ﬁ Kapton etching / Cleaning 350 400 450 500 550 600 650
Andriamonije, S. et al. JINST 02 (2010): P02001 Gonzalez-Diaz, et al. NIMA 804 8 (2015)  energy [keV]
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Scalable Radio-pure Readout Module (SR2M)

e SR2M: Mosaic layout to cover readout planes
— Solderless system V
— Strip and mesh signal readout
— Dead-zone-free arrangement

— Designed by Zaragoza and SJTU

* Eleven MM films produced at CERN
— 20by20cm
— 3 mm pitch size, 128 strip readouts

xX41 /

the own circuit extracts the
signals outside the chamber

Support made of copper that
allows modulation
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More SR2M design features

Hermetic seal

Electrical
connection

DBD16, Osaka, Japan, 11/09/2016

Joining two SR2Ms

External rims (copper wires)

Micromegas glued on the support

Dielectric
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From MM films to SR2M
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TPC Field Cage — option 1 (mature)

* Copper shaping rings + resistors + external Teflon (or Acrylic) supporting bars
— Mature technology
— Used and tested extensively in PandaX-I and PandaX-ll

e Supporting bars are critical
— Dielectric strength
— Displacer for 13%Xe

Prototype TPC field cage
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TPC Field Cage — option 2

* Resistive coating on the acrylic pieces.
The resistive layer works as continuous
field shaping rings.

— No more resistors
— No more soldering
— No copper rings

e Diamond-like carbon sputtering or

commercial DLC or Ge film

e SUT (Thailand) is collaborating with
SJTU on developing this option

* Field simulation is under way

Large sputter station at NARIT (SUT has access)
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High pressure vessel

* High gas pressure and radio-pure

* Baseline approach: oxygen-free copper welded with E-beam technique

— Technologically challenging

— Still a major contributor to our background budget

* Alternatively:
— Titanium vessel with copper lining

Forge or ring roll
Vs Girth weld joint

Longitudinal weld joint, higher stress

DBD16, Osaka, Japan, 11/09/2016 Ke Han (SJTU)

Copper Vessel:

e 15 cm thick end caps

e 3.2 cm thick side wall

e About 9 ton of OFHC copper

Possibility of fabrication in China or
Germany

* Connex (contractor, machining)
* Pro-Beam (E-beam welding)
CSN (OFHC copper)
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Xe +TMA mixture
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136Xe enriched gas

e 145 kg of 90% Xe-136
enriched gas purchased and
arrived at SJTU.

* Gas content measured at
LBNL with an ion source and
double checked at SJTU
with a sniffer.

136 Xe 25+ 136 Xe 24+ 136 Xe 23+ 136 Xe 22+ 136)(e 21+ 136Xe 20+ 136 Xe 19+ 136 Xe 18+

Current [ pA]
N

Results L
from LBNL *° |
ok

ionsource @ - PSS B o S —— T :

m/q
DBD16, Osaka, Japan, 11/09/2016 Ke Han (SJTU) 14



Electronics

e ASIC AGET chips: generic electronics for TPC

from CEA-Saclay AGET and the commercial

— 350 nm CMOS, mature technology version ASAD are being
— 64 channel multiplex _ tested and studied at

— 512 sampling point per channel Zaragoza, USTC, and SJTU
— 12 bit ADC | Ensure high

— Dynamic range up to 10 pC energy resolution

— Sampling rate: 1 MHz to 100 MHz )

64 channels

Power SCA MANAGER ea °'-""
W / CK

CSA;CR;SCAIn;DISCRIIN(NT 1)
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Prototype TPC at SJTU

* 16 kg of xenon at 10 bar (active mass within TPC)
— Single-ended TPC

* To optimize the design of Micromegas readout plane

* To study the energy calibration of TPC

e To develop algorithm of 3D track reconstruction

* To explore the impact of t, with light readout

S
N
N
N

7 MicroMegas

DBD16, Osaka, Japan, 11/09/2016 Ke Han (SJTU) 16



Commissioning the prototype TPC

e One SR2M mounted

 Data taking with Ar+CO,, Ar+Isobutane,

Xe, Xe+TMA at different pressures

— Upto 5 bar

« 241Am alpha source with low energy
gamma (59 keV); 137Cs gamma source,

muons

Muon track

XZ plane

500

Time bin (100ns)

0 10 20 30 40 50
X strip No.
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Radio-purity control

* |CP-MS recently commissioned at
PKU (Beijing)
— Agilent 7900 ICP-MS

— Class 10 clean room; class 1 for
the ICP-MS hood

e HPGe detectors at CJPL and SJTU

* Low radioactivity environment
— Radon sealant on the wall of Hall 4

— Rn-free air in the detector
assembly region of the lab

— Rn-control in water shield
— Rn-emanation measurements

DBD16, Osaka, Japan, 11/09/2016 Ke Han (SJTU)



PandaX hall at CJPL-II

CIPL phase || Connecting  Link Tunnel //

Experiments

Emergency

Tunnel O
Civil excavation finished .

PandaX projects
CDEX WIMP search
JUNA (accelerator)

Solar neutrino LS detector
4x Lab Halls
(130x 13.2 x 13.2 m3)

From Jianmin Li

Storage Crane Crane Rn free Purge room Offices
platform rail clean room

PandaX at Hall B4

* Extra excavation for the water
shielding pool (finished)

* Shared facility of DM and
OvBp searches

* Beneficial occupancy by the

beginning of 2018

Class 10000 clean room Semi clean area
DBD16, Osaka, Japan, 11/09/2016 Ke Han (SJTU) 19



Progress of the water shielding pool

2016/4/9: Inn

About Now

DBD16, Osaka, Japan, 11/09/2016 Ke Han (SJTU)

Water pool

20



Simulations

Two independent Geant-4
based MC packages: RESTG4
and BambooMC

Trigger starts

Total energy : Acqui§ition window
2456.8keV 512 bins
Trigger starts : 384

Energy recorded : Acquisition ends : 896

HII|HII|HII|IHlllHllIHlilHI[lH

* Treat PandaX-lll as a simple . 2415.1 keV
calorimeter i |
i | 'y N
* Add detector response B s IR L S B e

Signal efficiency Simulation includes detector response

* No PandaX-specific

topological analysis yet T oz oA

NLDBD

1 TR YT P vt v v e | pldodebdnelnebidig

mmmmmmmmmmmmmmmmmmmmm

Simulation does not include topological analysis yet
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Background budget

* Use measured U/Th contamination upper limits from literature as inputs
— 3.5x 1073 c/keV/kg/y in the ROI

— Bolts and MM are dominating (MM input contamination is “weak”, since little
material mass is available for counting)

e X35 background reduction from topological analysis were assumed
— 1x10*%c/keV/kg/y in the ROI

Entries/5keV/year

Shaping Rings
I Electronics
I Water Contamination
I Barrel
[ Field Insulator
g| B MicroMegas
End-Caps
Bolts

10

2%00 2250 2300 2350 2400 2450 2500

DBD16, Osaka, Japan, 11/09/2016

232Th Raw
spectrum

2550 2600 2650 2700
Energy(kev)
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Entries/5keV/year

10

IIIIIII

2381 Raw
spectrum

2250 2300 2350 2400 2450 2500 2550 2600 2650 2700

Shaping Rings
I Electronics
I Water Contamination
[ Barrel
[0 Field Insulator
[ MicroMegas
End-Caps
Bolts

Energy(kev)
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Sensitivity projection

* First module:

— 3% FWHM, 35% signal efficiency

— 1x10*%c/keV/kg/y in the ROI

* Ton scale:
— 1% FWHM

— 1x 10~ c/keV/kg/y in the ROI

» Single-bin counting

First module:

» 102%y half-life limit
* 65-165 meV mg,
Ton-scale

* 10?7 y half-life limit
* 20-50 meV mgg

DBD16, Osaka, Japan, 11/09/2016
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1024
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1025 /

— PandaX-lll, 200 kg Module
— PandaX-lll, 1T, Multiple Modules

0.0
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10t E 1 i
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Future beyond the first TPC module

* Additional modules with upgraded
options will be installed in the same
water shielding pit.

— 1% energy resolution to approach

the intrinsic resolution of high
pressure xenon gas with TMA

— Better material screening

 Reaches ton-scale in 2022.

DBD16, Osaka, Japan, 11/09/2016 Ke Han (SJTU)

e TopMetal Direct Charge Sensor

— Direct pixel readout without gas
amplification

Charge track

l ll | |
P-Well} N-Well

pssme - NMOS CAP  PMOS

e Alternative readout technologies

— Improvement on bulk and
microbulk technologies
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PandaX-lll collaboration

e China: Shanghai Jiao Tong University, University of Science and Technology of China,
Peking University, China Institute of Atomic Energy, Shandong University, Sun Yat-Sen
University, Central China Normal University

e Spain: Universidad de Zaragoza

* France: CEA Saclay

* US: University of Maryland, Lawrence Berkeley National Laboratory

e Thailand: Suranaree University of Technology

DBD16, Osaka, Japan, 11/09/2016 Ke Han (SJTU) 25



Conclusion

PandaX-Ill uses high pressure xenon TPCs to search for double beta decay

Phased approach: 200 kg first, then ton-scale with multiple modules

20-kg scale prototype TPC has been built and under commissioning

PandaX Hall B4 at CJPL is being furbished for future OvBp and dark matter

detectors.

DBD16, Osaka, Japan, 11/09/2016 Ke Han (SJTU) 26






How the field changes with thickness

Width 12cm

20%thinner 10%thinner

Max:109% of the average;
E field deviation goes below 5% in
1.7cm from the boundary ;

Max:120% of the average,;
E field deviation goes below 5% in 3
cm from the boundary ;

¥ 6.68x 107 V¥ 1.29%x10

0 N
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PandaX vs. NEXT

PandaX-Ill first TPC

200 kg Xe(enriched) + 1% TMA
Micromegas
3%
mm
X,Y

Since 2015

DBD16, Osaka, Japan, 11/09/2016

Detector medium
Light
Charge/Tracking
Projected energy resolution
Tracking pitch size

Fiducialization

Ke Han (SJTU)

NEXT-100

100 kg pure Xe (enriched)
Primary + electroluminescence
SiPM
0.7%
cm
XY, Z

Since ~2008
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Xe+TMA

X" |#recrenomrcnmenennnnnnmenmnme ( Xet + e J
eae Sl Penning transfer l"‘TMA
( Xex +Xe | ( Xe + TMA* + & | (Xe+TMA +e ]
/ St Fluorescence transfer [TMA+ . e_]
( 2Xe + hv(170 nm) | TMA* + 2Xe |

Recombination(?)

[TMVA +hv(300nm) | ( TMA + hv(300 nm) |

Figure 1. Simplified schematic of Xe and TMA reactions after initial ionization and excitation of Xe. We
made the first direct measurement of the processes shown with red arrows.
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Gas handling system

* A gas handling system at
high pressure (10 bar)
was designed and
manufactured.

* Used successfully for
mixing Xe and TMA and
extracting TMA from Xe.

DBD16, Osaka, Japan, 11/09/2016

To connect mare bottles at rocm tel

MV2

PV1

To fill gas I
MV1

To pump gasline
(KF25)

relief valve1

rellef valve2

perature

~

Te get sample gas

MV5

Flow
meter(HP)

Output (HP detector)
}%j PV8(NO)
Pump(HP
U To HP detector
PV
Buffef 2 EV10
| Filter %
MVE Input (detector)
rellef
valve3 High Temp,
'_ _D Purlfier(HP) 4

To pump gasline

(KF25)

* An online gas analyzing system is
being added.

Ke Han (SJTU)
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High voltage system

* Feedthrough for high voltage and withstand 10 bar gas pressure
— Teflon wrap with a stainless steel core
— Squeezed by a Swagelok for gas tightness
* Tested on the prototype TPC
— 70kVin air
— 95kVin 10 bar N,

DBD16, Osaka, Japan, 11/09/2016 Ke Han (SJTU)
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