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Existing evidence of dark matter
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Favorite candidate: WIMP

Lightest SUSY Particle
Neutralino 2
with weak coupling 5
— » WIMP Miracle 3
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Phys. Rep. 267(1996) 195-273



Methods to search LSP
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Recent direct detection results
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Direct detection technique

COUPP,
PICASSO

CDMS ; CRESST

EDELWEISS % ROSEBUD
DAMA_LIBRA,
XMASS, CLEAN,

HDMS, DRIFT, ANAIS, KIMS

GERDA, MAJORANA
CoGeNT, CDEX
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Direct detection challenge

Signal collection

WIMP signal: <0.1/kg day
<100keV
no feature

spin independent

Background rejection
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Xenon advantage

Signal collection

Background rejection

. _ A2
~ -large A:o  ~A

- easy scale-up, larger mass

- efficient scintillation (80% of Nal), 178nm, no WS

- Xe131 sensitive to spin-dependent

" |- self-shielding| 3g/cm®

- no long-life radioactive isotopes

- easy to remove Kr (distillation)

._ |- dual phase

- noble gas, -100°C, easy to handle



Xenon self-shielding
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Xenon light & charge

Er .—*\Ionization/—*Xe*' +e
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Excitation Xe>
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Xe" < Xe"“+Xe

Xeg* wavelength depends on gas
hv / \ hy (85nmNe, 128 nm Ar, 175 nm Xe)

triplet 2X@ 2Xe singlet

time constants depend on gas
( few ns/15.4us Ne, 10ns/1.5us Ar, 3/27 ns Xe)



Xenon light & charge

En _ lonization ,—*Xe* + e
Excitation . .
Recombination:
Nuclear Recoil >> Elec. Recoll
Xe“+Xe —
l +Xe

XezjIr wavelength depends on gas __
/ | h @smmNe tzamman 75 nmxe) S G G

triplet 2X@ 2Xe singlet —)

time constants depend on gas
( few ns/15.4us Ne, 10ns/1.5us Ar, 3/27 ns Xe)

two-phase detector



Advantage of two-phase TPC ()
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Advantage of two-phase TPC ()

(cS2/cS1)
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Advantage of two-phase TPC (ll)

Top PMT array



Advantage of two-phase TPC (ll)

Excellent 3D position g, 2mm

Mean-free-path
MeV gamma: ~3cm
MeV neutron: ~30cm

gamma/neutron , multiple hits

WIMP, single hit




Z [cm|

Latest XENON10O results
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Direct detection status
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Direct detection status

Smaller WIMP mass, smaller energy threshold
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Smaller o, larger detector mass, lower bg rate.



PANDAX collaboration

Particle AND Astro-particle Xenon Observatory

Shanghai Jiaotong University

Shanghai Institute of Applied Physics

Shandong University

Peking University, Center for High Energy physics



PANDAX in Sichuan
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PANDAX shield and inner vessel

Passive shielding with Cu, Pb and PE



PANDAX: Pancake TPC with high light yield

sensitive mass : 123 kg

143 PMT
R8520

e et ] Y

GXe liquid level

N
I":::;:ﬁ. 6 .........




PANDAX vs. Xenon100

LXe Height [cm]

Drift field [kV/cm] 0.53 5.0
S1 collection efficiency 24% (average) 57% (average)




Pancake advantage (I)

S1 light collection efficiency
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Pancake advantage (Il
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PANDAX projected sensitivity
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PANDAX status

cryogenic
~ testing
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PMT testing facility



PANDAX status




Summary

- Exciting physics on dark matter direct detection.
- Liquid Xenon Dual-Phase a promising technique.
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Thank you!
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Detector overview

5cm Cu outer vessel — >

Inner vessel
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Disk-like Xenon TPC
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Comparison with other Xe-based exp.
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Energy Calibration: determine the energy of nuclear recoils

energy of nuclear recoils (NRs)
measured signal in # of pe

| (detector dependent)

Enr =S1/Ly/Less - Ser/Snr

relative scintillation efficiency of

NRs to 122 keV Y’s at zero field
(large uncertainty at low energy)

quenching of scintillation yield for

122 keV ¥'s due to drift field

quenching of scintillation yield for

NRs due to drift field

light yield for 122 keV Y in pe/keVee
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Achieved upper limits
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Two-Phase Xenon TPC
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Top PMT Array
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Disk-like advantage ()

S1 light collection efficiency €
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Comparison with other Xe-based DM exp.

Ex T 1]
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Strong E field achievable
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PANDAX Shielding

Diameter 3m, Height 3.6m

5cm Cu
20cm PE
5cm Cu
20cm Pb
40cm PE

Inner Vaccum
Height 160cm
Diameter 120cm

Goal set for ton-scale: external bg event in 5-15keV, ~1.1/ton year



External background

1, n/gamma from rock & concrete

ZER: JECH 1 T 25 75 & [Ba ke

Ra226  Th232 K40

a4 18+02 <027 <11
IKe B E ~ 2 ~ 0.7 AR TER MR P

K ~~ 25 =~ 130
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Simulation based on Gean4.9.3
~1.1 event in 5-15keV / ton year

Shielding simulation results

0.5 from rock+concrete gamma
0.6 from Cu gamma

S5 FRAEs T 3565 % | 4 s WM | BRI AR | AR
EARUIE VRS (JEK) (EK) | (JEX) |[f1F (mdru) (ALTTA)
XMASS Kamioka / Xe - 2 7K (0, 7% [6] |0.27
XENON100 |LNGS/Xe 5 20 20 0.006**** [7] [0.67
LUX DUSEL / Xe - 3 KK 0.0005**** [8] 10.12
CJPL / Xe >10 20 20+40 0.0002%**%* 1.9

PANDAX
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