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Existing evidence of dark matter
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Favorite candidate: WIMP

LSP Neutralino
with weak coupling
——» WIMP Miracle

Comoving Number Density
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x=m/T (time -)

Phys. Rep. 267(1996) 195-273



Methods to search LSP
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Direct Dark Matter Detection
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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

s mf ZEPLIN, XENON,
MW | UX, WARP, ArDM




Direct detection results
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Direct detection status
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Direct detection status

Cross Section [cm?]
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Smaller WII\/IP mass, smaller Ethreshold

Trotta et al. CMSSM 05% ¢ 1.
Trotta et al. CMSS5M 68% ¢ 1.
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Smaller o, larger detector mass, lower bg rate.



Direct detection challenge

WIMP signal: <0.1/kg day (bg 10°%/kg day)
<100keV
no feature

spin independent
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Xenon advantage

Signal collection

Background rejection
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- 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

Erx — lonization —Xe* + e

% /
+Xa
_ Excitation |
O Recombination:
Nuclear Recoil >> Elec. Recaoill
Xe' < Xe“+Xe —
+Xe NR light >> ER light
. NR charge << ER-charge
Xez* 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)



Two-Phase Xenon TPC

10keV

Top PMT Array

x100, 400K gamma (S2=charge)
—» 4000 electrons drift

—p 400 gamma (S1=photon)
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Advantage of two-phase TPC |
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Advantage of two-phase TPC |
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Advantage of two-phase TPC Il

Top PMT array



Advantage of two-phase TPC Il

Excellent 3D position g, 2mm

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

gamma/neutron , multiple hits

WIMP, single hit




Z [cm|

XENON100 as example

all 22 events in fiducial volume
failed S2/S1 and single-hit cut
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Zero background achieved
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PANDAX collaboration

Particle AND Astro-particle Xenon Observatory

since 2009
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PANDAX in Slchuan (of course)
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PANDAX in Sichuan (of course)

PANDA-X
Detector
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Many thanks to Tsinghua colleagues and Ertan company!



Detector overview

5cm Cu outer vessel — >

Inner vessel
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Inner detector
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Disk-like Xenon TPC
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PANDAX vs. Xenon100

LXe ID (m)
- Disk-like LXe
Drift distance (m) 0.3 0.15
Cathode voltage (kV) -16 -75 _
Drift field (kV/cm) 0.53 5
Fiducial mass (kg) 40 25
# of R8520 242 143
# of R11410 0 37

S1 collection efficiency 24% 57%




Disk-like advantage |

S1 light collection efficiency €
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g1, E threshold |,  WIMP event rate 1
{ low-mass WIMP sensitivity 1
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Strong E field achievable
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PANDAX Shielding

E&3XK, 536K

MA@
5cm i
20cm R Z2H
5cm 4
20cm 4f
A0cm R Z2H

N
5 160cm
B 120cm

Goal set for ton-scale: external bg event in 5-15keV, < 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
2, cosmic muon and mdéléed—neu#en—

3, n/gamma from shielding material

7% 2, XENON100 SCIe BEmc it MU £ TR &, #9247 mBa/ke.

¥ U238 Th232 Co60 K40 Pb210
il <0.07 <0.03 <0.0045 <0.06

NEE L4 [0.2320.05  [<0.094 <0.89 0.7+0.4

iy <0.92 <0.72 <0.12 14+3 530+70




Simulation based on Gean4.9.3
~1.15 event in 5-15keV / ton year
0.5 from rock+concrete gamma

Shielding simulation results

0.6 from Cu gamma
0.03 from Cu neutron

eEs FRAEH T 5655 | 49 s RIM | RRERARS | 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




PANDAX projected sensitivity

‘El T T T S
assume: S,
- light yield 5.5 p.e./keV S10%
o )
- energy range 3-30 p.e. 3 ﬂ
- 25kg x 200 days exposure @ 4o+ \ &
o 3
o .'5;‘ XENOMNIOO, Lower 90% CL Leff
1 u_qg \{KEN{]N 100}, Global Lell Fit
g \ Trotta et al. CMSSM 95% C L
10"'3;— N
104E
E CXO Projecied
1oL b

10 10° 10°
WIMP Mass [GeV/c?]



Comparison with other Xe-based DM exp.

Ex T 1]

ZEPLIN IIT | XENON100 PandaX
active target 5% Bk P <35
mass (kg) 3
electron recoil i e . .
rejection 99.97 99% O 99% 99.9%
energy threshold "
(keV) 10 9 20 10 5
sensitivity at - - g e .
100 GeV (em?) 10 2X10 1X10 3X10 4X10
sensitivity at
42 -43 -42 -44 X 10744
10 GeV (cm?) >10 3% 10 > 10 4X10 1X10
status science run | science run operation |surface testing| construction




Current activities

cryogenic
~ testing
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PMT testing facility



Cross Section [cm?]

- exciting physics, strong competition.

Summary

- We must move forward fast.
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Thank you!
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Comparison with other Xe-based exp.
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active target - ol ~800 — —
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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

top PMT array
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Achieved upper limits

“hot” low-mass wimps
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