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APanda)& Jinping Lab

APandaX: result of 120kd-XeDM search
APandaXl: statusof 500kgLXeDM search
APandaXll: plan for ton scale Xe136 NLDBD

AThe future: ultimate DM experiment
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DM Direct Search Progress Over Time (2012)
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PandaX collaboration
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Some of important questions
related toCosPA

AWhat is dark matter?
Als there a WIMP component in Dark Matter?

Als the particle dark matter consistent with
Astrophysical observation

Als neutrino aMajoranaparticle?
ALepton number violationReptogenesi?
ASupersymmetry?

ANeutrino mass scale? cosmology
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China Jin-Ping underground Laboratory

Ya Long River

CHINA

il

Jinping 11

1630m o Location of
the hydropower
tunnel

Sichuan Province

Yunnan Province
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A deep underground lab?

China JinPing Deep Underground Laboratory
(CJPL)




A small experimental hall

Aln 2009, Tsinghua University afdlong
company decided to dig a small exp. hall for
dark matter research

AThe hall wagxcavedearly 2010 with size
6X6x40m.

AThe hall can accommodate two
experiments.
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1,480m 1,400m

XMASS

Usable xenon: 835 kilograms

Status: Reported 6.7 days of data
Plans for a 1.5-tonne experiment in
2014 at a cost of US$12 million.

XENON100

Usable xenon: 62 kilograms
Status: Reported 225 days of data.
Construction begins in 2013 for
$12-million tonne-scale experiment.

LUX

Usable xenon: 350 kilograms
Status: Taken surface data and has
just started below ground. Plans for
multi-tonne experiment in 2016-17,
at a cost of $30 million.

PANDAX

Usable xenon: 120 kilograms
Status: Yet to take data. Plans for
tonne-scale experiment in 2016 at
a cost of $15 million.




Layout of theexpin Jinpingdab




PandaX and resulit




PandaX-| 120 kg detector
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CW?NQE"JTE syg,tem
Exchanger

Shield Cavity size:
1.8mx1.2m

Cryogenic System

JINST 8 (2013) P01002

A Allcomponents of the cryogenic
system are outside afhield ,

A Heattransport with flowing liquid |
Xe

A Modular design (upgradable to
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Datataking ceremony,
March, 2014
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Dual phase xenon detector: charge
and light detections

31 Drift time S2
g1 Drift timg g2
4’ W f W v
¢
$
; S1 S2
z Dark matter: nuclear W
< recoil (NR)
QB
= (S2/S1)\g<<(S2/S1)gr

Gamma background:
electron recoil (ER)
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PandaXiark matter run: May 26 to
Oct. 16, 2014

A80.1 day of data

DAQ Time Live Time  Trigger Rate

Run type (hr) (hr) (Hz)
DM 2.158.32 1,023.11 3.58
220 95.32 94.05 17.95
6000 405.14 361.47 292.93

TABLE I: Summary of data taken during the entire PandaX-I
running period.

ALow-mass dark matter search results from full exposure of the
PandaXl experiment

Xiang Xiaet al. (Panda>XCollaboration)
Phys Rev. D 92, 0520@4Published 15 September 2015
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Neutron calibration

(a) Without X-events cut

(b) After X-events cut
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Gamma calibration
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log, 0(82/81) X,y,z corrected

S1 x,y,z corrected [PE]
(a)ER band
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Data reduction

Cut # Events  Rate (Hz)
All triggers 24,762,972 3.58
Quality cut 6,127,280 0.88
Single-site cut 5,050,845 0.73
S1 range (2-30 PE) 62,872  9.08 x 107°
S2 range (300-10,000 PE) 44171 6.38 x 107°
Fiducial volume 542  7.83 x 1077

TABLE I1I: The event rate of dark matter running after var-
lous cuts.
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Vertex distribution
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542 event distributions

ks ER  Accidental Neutron Total Total
S expected observed
S All 503.7  35.1 0.35 5391 542
N
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Exclusion plot
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Sensitivity at low energy
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PandaX| and Status




PandaX to Pandax| Upgrade

SUSY  |—
e | prediction |-
N§10'42
.

,,,,,,,, 10_4;_ : @ 1/kVvicm
500 kg B Panlda?aé"lff year |
(cleaner " "’ ’
vessel, more WIMP mass ( GeV)
photocathode
coverage, x4
larger TPC)
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Planned improvements Pandaxi|

Background
AReplacing the SS vessel with one made with special 304 SS

AAIl 1.2ton Xewith Kr level less thappt
AMaterial surface treatment to minimize Rn

Performance

Amproved PMT base design to reduce HV relative to ground
Alncrease circulation speed (parallel pumps/getters)
ACareful baking/flushing to reduce outgassimgpurity
Almprovement to the cathode HV connection

ATwo_Iayer calibration system to allow calibrating multiple z
location
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PandaXl schedule

AStarted construction in June 2014

ASart to commission in Feb. 2015
AData taking in Dec. 2015
AFirst result by summer of 2016




500kg TPC in construction and
Inner essel




PandaXill:
Highpressure Xel36
OnuDBD experiment




Key requirements for discovering
OvDBD

1. Low radioactivity (more stringent
requirement than for DM search)

2. Good energy resolution (sub% level)

3. Distinguishing Background from OvDBD
(Tracking, Cerenkov Radiation)

4. Scalability
(price of iIsotopeexpexpandability)

......




® Benchmark SenSitiVity for standard mechanism Assume most “pessimistic” values for

nuclear matrix elements
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® Ton-scale experiment will make a discovery if spectrum has
|. inverted ordering or

2. Mightest > 50 meV (irrespective of ordering)

10 LRP Resolution Meeting
Ovpp-decay — theory April 18, 2015

10/15/2015 PANDAX PLAN




Front runners

Experiment Isotope Resolution Efficiency Phase Mass Exposure Background rate Sensitivity
(keV) (kg)  (kg-year) (counts/(keV -kg-y)) (meV)
coms o () as 20EE GD o
EXO wxe woor G Q) soo 150
GERDA e () 0 Sneamean 12
KamLAND-Zen 136Xe ‘2.5? 0.8 jgi?:gg;g EH) & éigg gg

Table 1.1: Proposals considered in the mgg sensitivity comparison. For each proposal, the isotope that will be used, together
with estimates for detector performance parameters — FWHM energy resolution, detection efficiency and background rate
per unit of energy, time and 3/ isotope mass — are given. Two possible operation phases, with estimates for the detector
mass and the background rate achieved, are given for each experiment.
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A Front Runner: EXO200

A200kg Liguid Xenon TPZyears ofunning

ASuperb control in radioactivity and energy
resolution (3%)

A39 events observed in Zegion. 31
background events expected
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New game: HP Gas Xel36 TPC

Apossibly excellent energy resolution:
intrinsic one is 0.3% FWHM (k&\V)

ALowbackground, maybe can be as low as

103count/keVkgyr
ATracking capability

AScalability (there is already 1 té#fXe in the
world)




Advantages of High Pressiie
Gas

AGreater energy resolution

A. Bolotnikov, B. Ramsey | Nucl. Instr. and Meth. in Phys. Res. A 396 (1997) 360-370
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Energy Resolution, %

(%FWHM) measured for 662 keV gamma-rays.

For p <0.55 g/cm?, ionization energy resolution is “intrinsic”

ATracking capability
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PandaXll: 200kg HReTPC

ADevelop a
Ahigh-energy resolution (0-8%FWHM)
Alow-background (18 c/keVkgyr)
Alarge size (8m?3)
Ahigh-pressure (1@L5bar)
Xel36 gas TPC

vV

AThis Is also the goal of the NEXT
collaboration
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What is NEXT?

ENERGY PLANE (PMTs)

D TPB coated surfaces
() xenon @
| .gas &
O : gas 1|
i B ~ -
__________________________ =z
D scintillation (81)_ ] R ;
D L I R— ©)
5 ' =
X
o7 electroluminescence (S2) | | e é
() CATHODE .~ . ANODE i »

EL mode is essential to get lineal
gain, therefore avoiding avalanche
fluctuations and fully exploiting the
excellent Fano factor in gas
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e[t is a High Pressure Xenon
(HPXe) TPC operating in EL
mode.

olt is filled with 100 kg of Xenon
enriched at 90% in Xe-136 (in
stock) at a pressure of 15 bar.

® [he event energy is integrated
by a plane of radiopure PMTs
located behind a transparent
cathode (energy plane), which
also provide t0.

® [he event topology is
reconstructed by a plane of
radiopure silicon pixels (MPPCs)
(tracking plane).

gy
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PandaXll main differences

AAlternativeRealization For Readowymmetric
chargereadout
AStagel:MircoMegagnergy resolution 3% FWHM

AStage2:TopMetal (modified CMOS), energy resolution 0.5%

ABenefits:radiopurity, scalability, and ultimate energy
resolution, tracking

ALight readout? (optional)

ANew type HP vessel

A200kg modules for scalability to 1 ton
ADeepest underground lab (CJPL)
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200kg HP Gas TPC

ASize: 1.5m in diameter, 2m long cylinder

-
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Xel38vDBD event

AProduce 2 electrons with total energy 2.458
MeV

Aln Xegas, it produces roughly 100K
lonization electrons

ATrack size in 10 bar gas, 30 cm

AReadout the total energy and the tracks.




Readout option IMicromegas

AMicromegasworking principle: gas
amplification through very thin layers 50um

AMicroBulktechnology, using lithographic
tech to manufacture MM3uperb quality!




Micromegas readout

* Microbulks Micromegas

* are made mostly of copper &
kapton = potentially very

: CERN workshop:
radiopure

Rui de Oliveira et al
* High gap homogeneity 2>

: JINST 5(2010)P12001
very good energy resolutiosn

[ ] Double side Cu-coated (5 um) Kapton foil (50 um),

= ! Construction of readout strips/pads (photolithography)
= ! Attachment of a single-side Cu-coated kapton foil (25/5 um)
- ! Construction of readout lines
E v ES===c= B Etching of kapton
copper=. . -—— — —

N Vias construction

=R e — ; 2" Layer of Cu-coated kapton

X [po] ‘ mﬁ Photochemical production of mesh holes
B T e T T ¢ ion ctching / Cleaning

kapton .

coppel
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Energy resolution ... in Xenon?

* Addition of TMA to Xe: perfect combination!
* higher gains, better E res, more stable

operation
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Energy resolution — real data

[|— Data

F — Total Fit: "®Ag X-rays
[|— Fit: fully absorbed "™Ag X-rays|f | mmip  22.1keV

| — Fit: Xe L,-escape peaks Res.(%FWHM) = 7.32 + 0.01
| — Fit: X-rays Cu X3NDF = 1.14

E 8ikev
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Small setup TREX-BB-0
Low Energies (x-rays)
~10% FWHM @ 22 keV
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selected region (130cm?)
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0.9% FWHM @
QBP 10 bar

Large setup NEXT-MM
Low Energies

(isolated x-rays)
~15% FWHM @ 22 keV

Large setup NEXT-MM
High energies (511 keV)
~7% FWHM @ 511 keV

1.4% FWHM
@ QBB 10 bar

3.1% FWHM
@ Q3 10 bar

10/15/2015

PANDAX PLAN

46




Real tracks in NEXT-MM @ UNIZAR

3DHitMap

10/15/2015

HitMapXZ

PR

HitMapXY
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Energy
~1274 keV
(Na-22
photo peak)

“half a 2v[33
event”



Alternative readoutffopmetal

/Direct pixel readout
without gas amplification

A30 e noise level

ASuperbradiopurity for
FEE

AGame changer!

ANill developed by .
LBL/CCNU

£0.3-0.5%FWHM??
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Preliminary Design of CdPL

1# Tunnel
Traffic Headrace § 2# Tunnel B Water drainage /
Tunnels Tunnels tunnel ///////w’////”4'

CJPL-II
Rock Work 4000 m3 131000m3

Electric Power 70 kVA 1000 kVA
Fresh Air 2400 m3/h 40000 m3/h



Water shield imnping




Future: Ultimate dark
matter experiment
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