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Detection Mechanism
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Status of dlrect search
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A profile-likelihood analysis technique shows our data to be consistent with the background-only
hypothesis, allowing 90% confidence limits to be set on spin-independent WIMP-nucleon elastic
scattering with a minimum upper limit on the cross section of 7.6 x 107 ¢cm? at a WIMP mass
of 33 GEV/CQ. We find that the LUX data are in strong disagreement with low-mass WIMP signal
interpretations of the results from several recent direct detection experiments.
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Main Challenge

(S1) WIMP Recoil Energy Spectrum (M=100GeV, 2*10-9pb)

Quasi-exponential spectrum
Recoil energy <100keV,

Integrated rate
< 0.01 events/kg/day

Basic requirements :
Low threshold

Low background
Large mass
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Detection Technology
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Only scintillation channel

Two-channel technology:
Cresst2 Scintillation-Phonon
LUX Scintillation-lonization
CDMS lonization-Phonon
background rejection power is
good, but relatively complex.
One-channel technology:
DAMA Scintillation

CoGeNT lonization

Cresstl Phonon

are relatively simple, but the
ability to identify the bg presents
weak.

background rejection by interaction region



The Main Differences: interaction region
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Dual Light-emitting Crystals

Doped crystals has two scintillation components, (L:z:(llll\'ge
one is from the solvent, Nal:?
another is from the doping. CeBr:?

»electron recoils cover | |

more doping due to Electron recoils Nuclear recoils

large range ~ n*1000A

»Nuclear recoils cover

less doping due to small A

range ~ n*100A 300 420 nm 300 420 nm

The ratio of the two luminescence is different for nuclear

recoils and electron recoils.
Fast or slow, short or long wavelength



Performance of Csl(Na): Waveform
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Performance of Csl(Na):
The Transmittance
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Csl(Na) crystal is transparent for the scintillation of pure Csl, but Csl(Tl) is not.
So there are two components of light for Csl(Na), but CsI(Tl) not.



Separation by Waveform

Pulse Shape Discrimination (PSD) technique could be used for n/y separation based on
different waveforms of nuclear recoils and y-rays

Define: ADC is the integration of the
total component 2us

ADC2 is the integration of the
fast component 100ns
the ratio ADC2/ADC can used for

n/gamma separation
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Separation by Wavelength

different wavelength of the two components can also be used for separation,

Natis 420nm slow
pure Csl is 310 nm fast
we use a filter to test.

Experimental Set-up

ADC

ADCfilter T
filter

Transmittance of the wavelength filter as a

function of wavelength
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Scatter plot of ADCfilter/ADC for y and surface-a.

0.8

—_JrJL';Jq+++ :ﬂ:+-_|;-_—||—‘_'_|_-;—'—
R +%i++£4f E
ir++++ H b rf
L +¢+|- +;H'—: —|-|-+_h:—# ++ —|—+——__._SU ace-
IS SRS i
R S alpha
jﬁjL -+ o+ + -+
—:.-—|—..<t +_H_ ++
’«l‘r +++ T
B gamma
| _#_4— . K
_'-|"'_L_+ -_+- ] /
__ .-;:. - e o N ". . '_ -
- AR W e
|

Energy (keVee)

13

80



The Light Yield

m (pureCsl_Cs137_bus
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ADC2/ADC
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Csi(Na) Dark Matter Search Experiment

Water tank:

To shield environment neutrons

trace cosmic ray by Cherenkov light

opper low-temperature box:

To provide a low-temperature environment
Shield environment gamma

Detector concept design

Bg rejection:
PSD/ filter
Crystal module:

End read out
Side read out »



Key Challenges

Ultra-low controlled background

Surface deliguescence remove

Uniform of doped Na in crystal
Understanding of detector response
Quenching factor(QF) measurement
Calibrate energy scales

Efficiency calibration (background, signal)

17



The Low background Crystals

Low background CsI(Na) crystals:

* Commercially available samples D g o L sms000 4725000
. two end f: lished and the angl
— 1¥Cs 1 18-210 mBa/kg bet\::enelt!he ::; fr:)agesand tl?; sideefail; i:
— 13Cs : 38-586 mBa/kg S0 Gldearee
— %Rb: 3.2-816 ppb 2 Cylinder: 90(diameter) X 300mm ! 7340.00 7340.00
two end face polished and the angle
. . between the end face and the side face is
* Using ultra-pure water for extraction and 90+-0.1 degree
. . USD44,590.00
re t I O n Total CPT Beijing

— 157Cs : 2 mBa/kg
— “Rb :1 ppb

850 USD/kg

Manufacturer and Country of Origin: Amcrys-H, Ukraine

Configuration File M.C.: CsI _2200GMX.cfg

Analysis Results

Analysis File: CsLxls

Activity [Bg/Kg] | Close to the best

137 ~ ~
C <0.009 . )
= ) level radioactive
Cs | 0.050+0.004
content

Crystals have
been received,
Stored in the
vacuum oven

Confidence Level 95%

By Dr. Ezio Previtali from University of Milano Bicocca
18




Crystal Package for Phase |

Crystal size: 180x180x300 mm 43.8kg
Shell size: 270x270x360 thick 40 118kg

Oxygen-free copper shielding shell,
guartz-glass window,

silicone coupling,

TEFL reflecting layer,

each side 5 PMT,

positive pressure for sealing against
deliguescence.

Copper:

Ingredient: Cu+Ag >99.98%

Order has been completed, delivery in June.
Expected to be completed in July.

19



Glove box

Deliquescent crystals, 160kg,
assembly is a challenge.

Vacuum glove box:

4 stations, heating chamber,
transition chamber, Ball transfer,
lifting hatch,

Electrode and the vacuum channel
interface reserved

Moisture meter monitoring inside
moisture content, Liquid nitrogen
cold well for removing water vapor

Assembly and testing completely
isolated

Moisture meter, furnace, transfer
ball has arrived. Expected to
complete construction by the end of
May. 20



Cryostat

Temperature control system:
Vacuum insulation structure,

GM refrigerator,

PT100 temperature sensors,
ceramic heater,

lakeshore temperature controller,

Detector using lifting structure,
the upper is waterproof cover,
Cable through the pipe to the surface.

Delivery is expected in June.

Refrigerator have been delivered,
Temperature controller, feedthroug,
vacuum pump has completed

research, upcoming orders.
21



PMT

PMTs for Low Temperature Operation

R8778
(2inchround)
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R11410
R11065

R6041-406
R6041-506
(2 inch round)
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HAMAMATSU PMT have been
delivered

R11065MOD, R8778 70-
100mBg/PMT

PMT voltage divider has been
designed, Positive high voltage,
Voltage and signal separation,

Calibration System is ready, Test is
ongoing.
22



Electronics

Disc.

FIFO

Hardware:
CAEN commercial plug-ins
V1751 8channels FADC

acquisition QDC  settings | info | postdecode

Gate » Logic 1GSs,
l N625 FIFO,
N844 Discriminator,
FAD have been ordered.

Software:
Real-time waveform analysis
software is ready

e 0= 0 O

4-50 F4R PCB #Z[E

FADC and trigger system developed
by IHEP, will be debug in June

23




Mechanical structure, calibration

Detector support structure has
completed the design, surface
platform and related work will
be carried out.

PMT Calibration:
LED+Optical fiber for PMTs

Gamma/neutorn:
Cs137 gamma, Cf252 neutron,

Rejection power calibration:
Am241 source in plastic
scintillator for gamma
rejection power calibration.

24




QF measurement

IHEP neutron experiment
setup:

DT, DD neutron tube, BC501A
liquid scintillation have been
installed and tested,

Cryostat has arrived, is being
assembled.

Low temperature neutron
scattering experiments
condition is ready.

QF measurements for
CslI(Na), CsI(TI), Nal(TI) will
be carried out at different
temperatures

25



QF new results

PHYSICAL REVIEW C 88, 035806 (2013
LIRS | ; L IR T | * LR R L5 |

quenching factor (%)
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Time of flight peaks delayed than expected,
indicating a small QF at room temperature.

QF is 4% for | recoil, consistent with
our expectations.

Csl(TI)??
26



G2 Concept Design

If G1 successful, G2 will be proposed 2015 ==

Detector array: 5x5x2 50 modules
2.15T

water tank: ® 8x8 m

Cryostat: @ 2x2 m

The budget

PMT: ¥ 20 million 500x40000/PMT
CslI(Na): ¥ 10 million 2000kg x5000/kg
Electronics: ¥ 5 million 500x10000/ch
Others: ¥ 5 million

Total ~¥ 40 million

27



The plans

2014-2015: verification of the
technology

funded by IHEP
*One module 40 kg
*Daya Bay laboratory

2015 :
1T proposal
Hope located in Gran Sasso

Hall 5 ~100m overburden

Water tank 5mx5mx6m .



Summary

® Dual Light-emitting Crystals is proposed for WIMPs search.
» One scintillation channel
» background discrimination by interaction range

® Csl(Na) has good performance
» waveforms of n/gamma/alpha are different
» wavelengths of fast and slow light are different
» low temperature better performance

® CINDMS design and construction works are under way

» 2014-2015, 40kg, water shielding, Low temperature,
Daya bay Hall 5

» 2015 1T proposal

Thanks for your attention



