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on development of ULE HPGe detector
for low mass WIMP search
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SCIENCE, July 2007SCIENCE, July 2007
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Yangyang Underground Laboratory(Y2L)
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Korea Middleland Power Co.
Yangyang Pumped Storage Power Plant

Yangyang Underground Laboratory

Minimum depth : 700 m / Access to the lab by car (~2km)

(Upper Dam)

(Lower Dam)

(Power Plant)

Construction of Lab. buildings done in 2003
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Research Program of KIMS

Dark Matter Search
- CsI(Tl) crystal detector

Running result was published
- Ultra-low energy HPGe detector  (with Taiwan)

R&D setup is running 

Neutrinoless Double Beta Decay Search
- Metal loaded liquid scintillator 

Pilot experiment is done – a preliminary result
- CaMoO4 crystal (With Russia and Ukraine)

R&D effort is on going

Development of Cryogenic Detector
R&D effort is on going
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Direct WIMP searchDirect WIMP search

To measure the elastic scattering of WIMP

-expected event rate is very low  < 1 counts/kg/keV/day
-recoil energy is very small < 100 keV
-needs low background detectors, environment

How do we confirm if it is really WIMP if observed?

-annual modulation
-direction dependent detection
-target dependence : A2, <sp>, <sn>

needs several experiments with different targets
and different detection techniques
will need even larger mass detectors
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Spin Dependent Interaction
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Elastic scattering of SUSY WIMP with ordinary nucleusElastic scattering of SUSY WIMP with ordinary nucleus
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Easy to get large mass with an affordable cost
High light yield ~60,000/MeV 
Pulse shape discrimination : γ background rejection
Easy fabrication and handling (no cryogenics!)

Cs-133, I-127 (SI cross section ~ A2)
Both Cs-133, I-127 are sensitive to SD interaction 
Direct check of DAMA signal

WIMP search with CsI(Tl) Crystals
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Isotope J Abun <Sp> <Sn>
133Cs 7/2 100% -0.370 0.003
127I 5/2 100% 0.309 0.075

73Ge 9/2 7.8% 0.03 0.38
129Xe 1/2 26% 0.028 0.359
131Xe 3/2 21% -0.009 -0.227



KIMS

Neutron shield / Muon det.
Minreal oil + liquid scint.(5%)

Lead shield

Polyethylene

Copper shield

CsI(Tl) crystal

OFHC Cu 10cm : 3t
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Calibration and control data samples
•Neutron ~ 500 kg days (at 4~6 keV)
•Gamma (using 137Cs) ~ 1100 kg days (0501A), 1650 kg days(0501B)

910 kg days (0510A),   840 kg days(0510B)
•PMT only ~350 kg days for each crystal with the PMTS used

for each crystal

Data set

clear boxPMT PMT

Crystal p.e./keV Mass(kg) Data(kg·days)

S0501A 4.6 8.7 1147

S0501B 4.5 8.7 1030

B0510A 5.9 8.7 616

B0510B 5.9 8.7 616

Total 34.8 3409
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Data analysis

Decay time fit and fit quality cut

Likelihood fit with F(t) = 1/Likelihood fit with F(t) = 1/ττff exp(exp(--(t(t--tt00)/)/ττff )+r/ )+r/ ττss exp(exp(--(t(t--tt00)/)/ττss))

Gamma
Neutron
PMT only(dot-dashed)
WIMP search DATA

• fitted τf  
• log likelihood difference
between two exponential fit 
and one exponential fit

• Asymmetry
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Coincidence events

Sum of energies in all crystals 
for the coincidence events

Reduction of background
by coincident event veto

A  clean sample of low energy gamma events 
used for verification of gamma calibration  and for efficiency calculation 

A  clean sample of low energy gamma events 
used for verification of gamma calibration  and for efficiency calculation 
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Modeling of Calibration data with asymmetric 
gaussian function

NR event rate

S0501AS0501A
S0501BS0501B
B0510AB0510A
B0510BB0510B

nuclear recoil
electron recoil

Event rate after cuts (eff. corrected) NR event rate (eff. corrected)



Signal in CsI(Tl) crystal

CsCs

II

Quenching Quenching 
factorfactor
Energy Energy 

ResolutionResolution

GEANT4 GEANT4 
SimulationSimulation

Recoiled rate in  Cs and IRecoiled rate in  Cs and I Measured rate in CsI(Tl) crystalMeasured rate in CsI(Tl) crystal
σσWIMPWIMP--pp = 7.2x10= 7.2x10--66pbpb

WIMP Mass = 50 GeVWIMP Mass = 50 GeV

59.54 keV 
from Am241 

SD form factors for Cs (J.Toivanen) 
I (M.T.Ressel et al)



Spin independent limitSpin independent limit

Ruled out the interpretation of DAMA 
signal as recoil of 127I (dominant target
for SI WIMP interaction).

Ruled out the interpretation of DAMA 
signal as recoil of 127I (dominant target
for SI WIMP interaction).

ρD=0.3 GeV/c2/cm3

v0=220km/s
vesc=650km/s

PRL 99, 091301 (2007)

Systematic uncertainty
Fitting, Quenching factor
energy resolution...
~ 15% higher than w/o syst.

DAMA annual modulation still
needs to be checked !
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Spin dependent limitsSpin dependent limits

Pure proton casePure proton case Pure neutron casePure neutron case

PRL 99, 091301 (2007)
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KIMS ruled out DAMA signal region for SI, SD (p), SD(n) for MW>20 GeV
by single experiment  
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Status and Plan

Status

•12 crystals(104.4kg) in data taking

• Expect a stable data taking for more than 
a year  annual modulation 

• 6 more crystals (52.2 kg) are grown

Plan for the improvement of the sensitivity

• New PMT with higher Q.E. under development 
• lower threshold
• better PSD
• lower background from PMT

• Further reduction of internal background
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Summary

WIMP search results using 3409 kg days data (PRL 99, 091301 (2007))
DAMA signal region is ruled out for both SD and SI interactions 

at  WIMP mass > 20 GeV without ambiguity
Most stringent limit on SD interactions for pure proton case

Successfully reduced internal backgrounds of CsI(Tl) crystals
12 full size crystals(8x8x30cm3) ~ 100 kg
6 more full size crystals are grown (to be delivered, to be tested)
Current shielding can house 250 kg crystals

100 kg crystals installed in the shield and data taking is on going
Annual modulation  search

Competitive DBD search using CaMoO4 crystals can be realized rather 
soon LOI in preparation

Possibility of expansion of underground laboratory space is beinPossibility of expansion of underground laboratory space is being g 
exploredexplored
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Thank you !
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( ) 202
2/1 ~0 ν

ββνββ MmT ><

Neutrinoless Double Beta Decay

S13

100 meV

25 meV

2meV

from Ejiri’s talk (IDM2006)

need 1 t det.
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CaMoO4 for ββ

CaMoO4 (PbMoO4 , SrMoO4...)
DBD for Mo-100 (3034 keV), Ca-48(4272 keV)
Light output; 10-20% of CsI(Tl) at 20o, increase with lower temp.
Decay time : 16 μ sec
Wavelength : 450-650ns-> RbCs PMT or APD
Pulse shape discrimination   

CaMoO4 + LAAPD at -159oC

•Proc. New View in Particle Physics 
(VIETNAM ’2004) Aug. 2004, p.449

•IEEE Nucl. Sci. 52, 1131 (2005)
•NIMA 584, 334 (2008) 

keV @662 %1.4=
E

Eσ

FWHM%5.4~)0343(0 keVνββσ

best crystal

PMT, room temp
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CaMoO4  Sensitivity on 0νββ decay search  

MoMo--100 2nu100 2nu

CaCa--48 2nu48 2nu

TlTl--208208

BiBi--214214
SignalSignal10kg (100Mo)  ~20 kg CaMoO4 crystal

5% FWHM resolution 
1year ~ 3x1024 y w/o 48Ca depletion

~ 7x1024y  w 48Ca depletion

Ca, Mo purificationCa, Mo purification
TlTl--208, Bi208, Bi--214 : 0.05 mBq/kg214 : 0.05 mBq/kg
Active veto : radiopure CsI(Tl) crystalsActive veto : radiopure CsI(Tl) crystals
Time correlation , Pulse shape discriminationTime correlation , Pulse shape discrimination

Current limit on 100Mo : 
4.6x1023 y by NEMO3 with 6.9kg 100Mo (389 days)

<Mββ> ~ 0.2-0.7eV 

With cryogenic technique : improve the energy resolution

1st phase : 20kg Ca(depl.)100MoO4 with CsI(Tl) crystal active shield
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Crystal Growth

1st crystal 25 mm x 25 mm x 123 mm
installed  @ Y2L, taking data now

Newer crystals

Newest crystal

So far with Natural Mo to develop growth
technique for the large size crystals

Next step : to grow Ca100MoO4

Carried out by ISTC program with ITEP, Russia



XLIIInd Rencontres de MORIOND                              Sun Kee Kim, Seoul National University 25

Gamma
PMT background

WIMP search DATA

3-5keV

5-7keV

Asymmetry=(PMT1 charge-PMT2 charge)/(Total charge)
85% region with gamma calibration

Asymmetry events rejection



Data Gamma

Neutron PMT

Effect of cuts on MT distribution



Efficiency

Neutron
Compton events



Limit on WIMP nucleus cross section

90% CL

Central 
value

σ

WAσ



Liquid Scintilator for 0νββ

T1/2 > 2x1019 yr at 90% C.L

9 Months data

2287keV

previous limit :T1/2 < 2.4x1017 yr at 90% C.L

TMSN loading

paper in preparation
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Loading Sn (TMSn)
base scintillator: 
PC+PPO(4g/l)+POPOP(30mg/l)

very stable over a year

NIMA 570, 454(2007)

1.1 liter 30% Tin-loaded Liquid 
scintilator
124Sn 124Te + 2β-decay
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Status of DBD searches


