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Yangyang(Y2L) Underground Laboratory

KIMS (Dark Matter Sear Ay
OFOFO! ém-& AMOoRE (Double Betq Decay Experiment)

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



Research Programs at Y2L

Dark Matter Search (KIMS)
- CsI(TI) crystal detectors (~100kg)
Running

Neutrinoless Double Beta Decay Search (AMoRE)
- CaMoO, crystal Bolometer (with Russia and Ukraine)
R&D & LOI under preparation.

Development of Cryogenic Detector (@ KRISS)
R&D effort is on going

=>Rare event experiment
Background reduction is a critical research program
Underground laboratory is essential
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KIMS overview

Mineral Oil (30cm) & Muon de




Advantages of CsI(Tl) for WIMP Search
7

Easy to get large mass with an affordable cost
= Good for AM study
High light yield ~60,000/MeV
Pulse shape discrimination
=» Moderate background rejection
Cs-133, I-127 (SI cross section ~ A?)
Both Cs-133, I-127 are sensitive to SD interaction
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Data w/ 12 crystals

¥ .12 crystals (104.4kg) installed in the

' Cu shield.

| +2.5year data (Sep. 2009 — Feb. 2012)

: collected.

8 ° Background Level : 2~4 cpd/kg/keV
* Source calibration with Fe55 &

- Am241
« 1 year of data (Sep. 2009 — Aug. 2010)

published with PSD analysis.

The temperature of detector array is 20 - 21.6 ©C depending on
the position, and it is maintained stably with a maximum
fluctuation of around 0.2 ©C.



We calculate the mean time of FADC signal, and take logarithm of it.

Pulse shape discrimination (PSD)
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count/day/kg/keV

Background spectra
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rmt (1 s)

Surface alphas

Surface alpha response studied with intentional Rn contamination.

Measured low energy events of contaminated crystal tagged by
alphas of the other crystals.

Sides are wrapped by teflon

/ N\

A Is a crystal contaminated w/ Rn.
B iIs a clean crystal.

PMT PMT
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Surface alpha
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Limits on nuclear recoil rates

pdf = fO x F, + f1 x F, + (1-fO0-fl) x F

gamma

f\y=0.007, f =0.038 d)

%2=0.68 Bayesian method was used to estimate

the NR rates.

S.C. Kim et al., PRL 108 181301 (2012)
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Limits

14 |
S.C. Kim et al., PRL 108 181301 (2012)
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Understanding quenching with Simulation
15 |

- Numerical Method — Track shapes and lonization energy loss at a
collision point [2] SRIM [3] MARLOWE

- Scintillation efficiency — Reproducing E,.. [4] J.B.Birks The theory and
practice of scintillation counting(1964) Pergamon press

147

Nal(Tl) data [5] R. B. Murray and A. Meyer
Phys. Rev. 122 (1961) 815

Csl(Tl) data [6] R. Gwin and R. B. Murray
Phys. Rev. 131 (1963) 501

Since electronic stopping power of WIMP
nuclear recoil has similar values of alpha
stopping power, we can use these data.
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Quenching Factor

Reproduction of E_ ... — Quenching Factor

Quenching factor of alphas and nuclear recoils are reproduced with
common basis. TRIM’s ionization energy loss is used for nuclear
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Studies on Channeling

17 |
“* Motivated by DAMA’s initial studies on channeling.

KIMS may lose some nuclear recoil events by PSD cut due to channeling
effect -Eur. Phys. J. C. 53, 205 (2008)

0.25 [

02 E,=dkeV

E,, (keVee)

Bozorgnia et al., JCAP11, 029(2010)
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Channeling fraction in Csl(Tl) < 2%
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Experimental Setup

18 |
@ DAQ : 3 Coincidence trigger of Neutron generator,
Neutron

Neutron Detector and Csl(Tl)

Detector
¢ 60 * 100 mm

Csl(TI)
30*%30*14 mm

Neutron
Generator

inl
Recoil ions ﬂ 900 s
50 ps 50 ps
Neutron pulses

75 | 90 | 105 | 120 | 185
27.2 36.6 46 54.8 62.2

Recoil Energies (0)

o) | a5 | 60
E

ol 108 18.4
(keV)

2.4 MeV Monoenergetic n

Figure 3.17: Neutron generator inside the shielding box



Simulation & Measurements
9

%* The channeling checked

O Preliminary
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Red Nuclear recoil events in GEANT4+Malowe
Blue Gamma contaminated events in GEANT4+Malowe

Due to very low event rate, we need more statistics to compare spectra of
different recoil angle tagged by each neutron detector.



Annual Modulation Studies

Data Acquisition Time
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Sep. 2009 ~ Feb. 2012
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DAQ rate i1s under 6Hz .

Analysis is conducted with data from Sep. 2009 ~ Feb. 2012 (2.5
year data to see annual modulation; 75.53 ton-days )



3-6 keV
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® Annual modulation amplitude is obtained including the
exponential decay of 134Cs.

® Annual modulation amplitude is consistent with null.

® The 90% upper limit of the amplitude is similar to DAMA’s
annual modulation signal (0.0189 cpd/kg/keV) , but obtained with
slightly different energy range of DAMA.

® A concrete number with the same energy range with DAMA will
be given shortly in this summer.



Counts/ 200 keV
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Feasible Upgrade Plan

1. Lower Background — For annual modulation.
= PMT upgrade
= Crystal polishing.

2. New Nal(Tl) crystal for low mass WIMP
= Purre Nal(Tl) crystals

3. New detector development
= AMoORE-DARK



PMT upgrade : a candidate - R11065

3” Metal + Quartz window PMT

High Quantum efficiency

Two PMTs will be delivered in June 2012.
Disadvantage : Expensive
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Radioactivity

PMT : 0.4-0.9 cpd Cf. Internal :0.7-1.2 cpd
U :0.2-0.4 137Cs :0.3-0.5
Th : 0.1-0.25 134Cs : 0.05-0.3 - will be less
K :0.15-0.25 UTh :0.01
U Th K Value
Present (9269QA) 83 48 1866 | mBq/PMT
Plan (R11065) 33 1.9 32 mBq/PMT

® High K content in the PMT is at the coupling of Quartz and Borosillicate
glasses at the center of PMT body.

® The Cherenkov lights from 4°K decay in the glass or weak glass
scintillation may be the origin of the PMT noise.

® \With new PMT, we can reduce ~ 1cpd/kg/keV



Pure Nal(Tl) crystal development

Nal DAMA 2-10 1-6 ~ 20

LIBRA 0.7-10 0.5-7.5 13

ANAIS 400 >10
Csl KIMS 0.75 0.38 <10 ~3

It is possible to add Nal(Tl) crystals to KIMS.
We try to develop low background Nal(Tl) crystals.
Sigma-Aldrich company is contacted and Nal powder ~ 0.3 ppm of K

New Nal powder with less K will be tested in June.
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New Detector : AMoORE-DARK
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AMORE is a project of 100 kg

1 4°Ca'®°MoO, bolometer.

For Dark Matter, *°Ca"**MoO,
Can be run simultaneously in
AMoRE.

Cf. CRESST — CaWO,



Summary

® 1 year data with 100 kg CsI(TI) data analyzed with PSD method.
DAMA lodine region is inconsistent with KIMS NR rate limit.

® Stringent limit of spin-dependent proton cross section is given.

® 2.5 year data is analyzed without PSD for annual modulation =
null modulation limit similar to the level of DAMA’s modulation
amplitude : final numbers are underway.

® Channeling & quenching factor studies generates first data.

® Upgrades will reduce the background further.



