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< Introduction to KIMS

< The latest publication £ Astropart. Phys. 35 (2012_) 7
PRL 108 181301(2012)

< Recent results - Background study,
Annual Modulation, Channeling effect

< Future Plans - Upgrade of PMTs and Nal(TI)

< Summary
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Introduction to KIM

2. Detector .
12 CsI(T1) crystals, each 8 * 8 * 30 cm3 (8.7kg), w

T
Th . o g

= Measured light yields for gammas: ~ 5 p.e./ keV

SI + SD interaction search for the WIMP-nucleon scattering

Isotope J Abun  <Sp> <Sn>
133(Cs =2/2  100% -0.370 0.003

7] 5/2 100% 0.309 0.075

Background level : 2~ 3 cpd/kg/keV : slide #12
» Pulse shape discrimination(PSD) : slide #8
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Introduction to K

3. The shielding setup

= Neutrons (~ zero) : ~100 days Bc501A measurement w/ th
= N2 gas flow inside the setup

Copper shield

Polyethylene

Lead shield

Moderator(Muo Det.) —

= Muon Det. : supply the veto signals to CsI(Tl) (6~7 counts /hr)
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Introduction to KIN

4. DAQ
» Trigger condition : 4 p.e. for two PMTs

DAQ rate : < 6 Hz.

400 MHz FADC (10 bit) w/ x 100 preAmp.

& 64 MHz SADC (12 bit) w/ X 10 preAmp.

Stability check - By monitoring of temperature, electric power etc.

= CsI(TI) temp. : 20~21.6 (depending on the positions) = 0.2 C
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5. Calibration

» Electron recoil energy calibration w/ bar typé‘ "-
(59.54 keV'y)

[ Am241 qc(59.54keV)

Events / ((l:; )

3000 PETS : meagg = 26.165331 +- 0.007229
DETS : signfd = 1.970971 +- 0.005599

resofidtion = 17.738141%

and low energy efficiency check w/ 5Fe (5.9 keV x-ray)

= Nuclear recoil energy calibration (in Seoul National University)
- For small sample crystals of each detector in Y2L
- 24Am/9Be 300 mCi, 2.4 MeV neutron beam (in progress)

THoys

- Nuclear recoil event sample - PDF as a function YA,

o
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The latest |

< Astropart. Phys. 35 (2012) 781 by S.C.1

= Surface alphas (SA)- main backgrounds from ﬁﬁ
= W/ Radon double detector (A & B)

CsI(Tl) A : Rn progenies CsI(T1) B : Alpivfk"‘ : . SA, crystal 1

contaminated one tagging detector ~ os | 225&1'1’3,2?;'&
- o gamma, crystal 2
\ / 0.6 =
B —— e — S
= - L 5
: 0.4 ::ﬁ:i::;
A B - ——
1 b I
; e
AT PMT ] :—
iz —— e e
0.2F
Aluminium thin T 'J" }) ,:-, ; = 'é' !, 1',;, "
foil 6 pm Energy (keV)

» From SA sample events - PDF of LMTio (Fs,)
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< Phys. Rev. Lett. 108 181301(2012)

= By Bayesian Analysis Tool
- The most probable ratios for Exg, Fs, and B

gamma "

- Efficiency corrections for e nuclear recoil event lim:
_b..r
fy=0.007, f =0.038 007

0.06

> " Red1o
You- Black 90% c.l.

3 4 5 6 7 8 9 T
Energy (keV)

1.5

LMT10 5 6-5.8 keV (2-4 keV in DAMA)
F=fyFagt foFsa+ (I=fy—fo)F,  90% c.l. is 0.0098 cpd/kg/keV

: < 0.0183 cpd/kg/keV modulation
(for 6 keV bin of Det 9) Beallof DAMA
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Recent Results

= 34Cs/ 37Cs - in CsI(T1), 238U/23°Th/+°K - in PMT gl

- For data - Energy calibration w/ 59.54 (**Am), 605, 796 keV(

" E .. 'II
Charge asymmetry( pt0.gc —pmtl.qc )correction
pmt0.gc+ pmtl.qc . \
Single hit o Multiple hit - e |
g F e —— Backgroun z °F —— Background 1600
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.. Background study by using « event
= 238(J/232Th - in CsI(TI)

- Better energy resolution w/ two corrections of the «

and the saturation

f = POEPUL. 40P - PI*RTH Y . 42 P0) &

- Quenching factor measuréin nt
- Fit data w/ MC events generated by f

P20 4 PHUSSTH Y5 RA)

PA(®?Th) + P5(®Th+™'Ra) +
_ o P& PaY,
73 v ™ # Activity of Nuclide (uBq/ke)
A el H ¥ of e B kg
(=) f
~ o0 i dotector 'EHEL' 234 L= 'EE'E]',:_EIB 210 Po ".ES'E'Fh 'E'ESThr: 22[]Rnd
\ s +
E i 0 10005 M6.36 7.8 7537 23.51 2561 T80
g Sk 1 24,70 220,50 11.91 16.82 3497 3N 11.73
O wof 2 101.96  226.11 7.58 2711 20.63 36.37 0.61
“ [ i 3 15.32 45.29 534 2321 .11 17.72 6.15
1 33.19 o712 4.18 2.35 1723 943 4.71
E(keV)
a 14.99 44 fif 3.05 8.05 6.53 T.40 3.70
i 22.60 65.86 11.15 283 9.62 22.65 .62
- Bkg 1@V€1 ~ 0.008 de/ kg/keV 7 7364 16587 708 181 1163 92157 8.73
- . - B 14.08 3507 5.22 11.72 T7.O7 14.73 6.02
- Time anaIYSlS can underestlmate 0 911 19.60 211 578 %96 795 .43
U Th o o 10 642 2264 6.42  271.30 3.53 £.95 3.48
/ aCthltY' 11 7.83 19.30 0.07 28 81 4.49 384 1.92
a Bdyy 0y IBR, b 250 and its alpha decay progenies.
2012-11-05 13 c 3P MR, 4 220pn and its alpha decay progenies.




Data Acquisition Time

N N (%]
o a o
L L UL L

Time [days/month]

-
a
L L

-l
(=]
L

a
L

1 L l L l l l l l I
0 2009 2009 2010 2010 2010 2010 2011 2011 2011 2011
10/01 12/31 04/01 07/01 10/01 12/31 04/01 07/02 10/01 12/31
Time [month]

- Due to an outage of electricity or an abnormal termination of computers,
sometimes not a full month data

» For data - PMT noise cuts and the efficiency correction

(w/ multiple hit events, in next slide), No PSD
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>. Annual Modulation
» Cut efficiency from multiple hit data

2012
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Recent Results

». Annual Modulation

201.

T
.

= Single hit events after all cuts and efficien .
(except Detio for its high background rate)
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Recent Results

». Annual Modulation

3-6 keV

» Similar E_._ bin
w/ DAMA's 2-4 keV bin

from quenching factor correctio

= After fitting data w/ R,
A4 can be extracted.

bty

"+ bkg.

R=A
+:4..

dec ay

dcos 36;: e b

(t,:1.sep. 2009, T:2.98Yy.

tpeak 153 d. (2“ Jun-))
2012-11-05
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Recent Results

». Annual Modulation
3-6 keV

Rate [cpd/kg/keV]

" Ajecay has the same decay time as
1B4Cs. (t:2.98y)

» The bkg. level of 2 keV bin

is higher than other energy bin.
More bkg. reduction is needed.

y Amod
- 10 : 0.0008+0.0068 cpd/kg/keV

Rate [cpd/kg/keV]

-90 % c.1 : 0.0119 cpd/kg/keV
Inconsistent with DAMA's modulation

signal independent of halo model.
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Recent Results

3. Channeling effect

IEEE TNS. 59. 5 (2012) 2346 (by J. H. Lee et. al.) and i

= R. Bernabei et. al. (Eur. Phys. J. C. 53 (2008) 205) e
- KIMS PSD method might lose some nuclear recoil events rel

channeling effect.

= Channeling effect : When recoil ions go through the symmetry axes/planes

. ) O O
W ! R Erecoil
o o o
nucleus
From the ion cascades after the recoil
Erecoil ~a Ephonon + Eionization + Edamage
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Enhanced light yield
due to the enhanced

Eionization

However, gamma like events?
(cf. alpha events)
Stopping power may be the

more important thing.




Recent Results

<1 P B L S

3. Channeling effect
= E

- To know the channeling effect on E

e

reproduction for a E . ; in the monocr

meas

meas

distribution

® By simulation (TRIM/MARLOWE) : Ec.ion
@ Scintillation efficiency model based on Birk's formula : Conversion to

® PDF of E_.... spectrum (Landau-Gaussian funtion) for amorphous and
monocrystalline cases

@ £ 2% @ m_gaus = 1.265 + 0.044
700 |~ by i - o g m_landau = 2.959 + 0.039
650 |- )’ Ay N N sig_gaus = 0.852 = 0.021
F o=~ : =il L 7 “aeoa ~ 3 L3t
g 600 — 3 7 [ 10 EY:s sig_landau = 0.2659 + 0.0094
s L AL i S
2 550 - A L o ‘ 8. g SR
® r .. P : w :
g 500 : ’ [ 107
s F e e o ' i
5 4s0f TERe - i
L s 10
400 [~ ba v r %
E LA 02} E
350 3y ¥ .
almg|"....|.........|...f‘|....|....|....|....|...|... ot 1‘0 “132 ‘16; -10‘. 10' “‘1‘0”' 2L0 ‘ 3‘0 40 50 60
250 300 350 400 450 500 550 600 650 700 Stonpiag Pomwer Bl
Longitudinal position (A) t ng Fower cmig,
Emeas(kev)
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Recent Results =~ ™™

3. Channeling effect
= Exp. setup

Neutron
Detector
& 60 * 100 mm
\ CsI(TD

1100 mm 30%30*14 mm
V4
lf: 0 250 mm Neutron
2.3 keV o for 1Y Generator
: a0 s

184 keV Erecoil i 50 ps 50 ps
Neutron pulses
0=45° :E ..oy = 10.8 keV
60° : 18.4 keV
90° : 36.6 keV
1nl'.-1 1 0 m. Y
E Ao n
S 220 |
ok : 114 ™| I
'"“.‘ !‘N: '| \I : L
a0 & ] a0 o0 129 “: e P '1\_,_,, 2 o
20 (%) 500 1000 1500 2000 2500
XRD pattern of 3 planes Bheightiqc10 (a.u.)
2012-11-05 P 3P 21
on the CsI(TI) PSD power of a neutron detector




3. Channeling effect
= E

. .‘-::u.E
meas Spectrum for E_ ., w/ a small deviation

- Normalized by # of events below 10 keV

B = 45° for the monocrystalline |

| 6 = 45° for the amorphous |

10° 102

10} i R
: 10 Measurec
o L evts.
- 1E i 1E
F N Ml i Dashed -
10°0 90" 20 30 40 50 60 70 80 80 100 107 ':0 20 30 40 50 60 70 80 90 100 Reproduced
Emaas (keV) Emess (keV) total evts.
| @ =60 for the monocrystalline | = 60° for the amorphous |
10° i
105 Blue -
ol Inelastic events = Reproduced
5 from “7I* & B3Cs* "
rom S gamma
b contaminated
, evts.
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Recent Results

3. Channeling effect

» Zoom in below E

- To consider symmetry axes and planes in Csl(
S
| 8 = 45° for the amorphous |

._

@ = 45" for the monocrystalline |

Blue : partial channeling

<Emeas>normal i 3Gnormal < Emeas

i3
E:l vzl <E

| it

- 20

recoil recoil

(8= 60" or the monocrystatine | | | y Red : full channeling
whp 31% p.c + WA & E 20,0c0il < E

|+ 20

recoil ~

<E

meas

recoi recoil

><—> | .ol

H s HE B

3l

1 H

: : i

H HR i 10 He R | $11H
10 12 14 16 18 20 22 24 0 2 4 6 & 10 12 14 16 18 20 22 24
Epnees (keV) Eneas [ke‘”

10 5

o [ £
“IREnH isp
5 | [

» Channeling effect is ~3 %
in partial.

= PSD cut seems to be
reasonable.




1. Upgrade of PMTSs (tested by K. W. Kim)

(from company) U Th - 7o

Present (9269QA) 83 48
Plan (R11065) B3 1.9

- High K content : at the coupling of Quartz and Borosilicate glasses
at the center of PMT body.
- The Cherenkov light from 4°K decay in the glass
or weak glass scintillation may be the origin of the PMT noise.
- With new PMT and suface alpha reduction from the polishing
, we can reduce by ~ icpd/kg/keV
- With this lower bkg level, low mass WIMP search is possible.
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LIBRA NEW

Photocathode SBA : Bialkali

Window Borosil ;:_.e*é_-:_ Quartz

Effective Dia. 70 e 64

Body Borosil Metal Quartz+ Borosil
QE(500,550,600) 20,7.5,2.3 22,11,5 18,11,3
Gain 1X10° 5X10° 1X10°
U (mBq/PMT) 128 33 83
Th(mBq/PMT) 20 1.9 48

K (mBq/PMT) 97 32 1866
Dark counts (kHz) o.5 3 0.6
Afterpulse (x103) ~5.0 0.4 ~10

# of pe/keV .7 8.8 6.1

2027 T1R0S
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.— After pulse LIBRA NEW
e pu " R6956MOD
«=— COINparisons  (1200V)
=
05 KIMS NEW
“E- R11065
= (1650V)
“-”.._T
u.iff—
3 "'.':!.E 3 e e i b —,-: G Ap e o =
= KIMS OLD
s |- ﬁ 9269QA
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>. Pure Nal(T1)

Nal DAMA 210  -"‘_;;_1—6 ~ 20

LIBRA o0.7-10 0.5-7.5 13

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

= [t is possible to add several Nal(T1) crystals to KIMS.

= We are developing low background Nal(TI) crystals from scratch in
collaboration with Signa-Aldrich company & DM-ICE group.

= Sigma-Aldrich company made first low-K Nal powder in June 2012.
= Normal Nal powder (crystal grade) ~300ppb vs.

New one (astro grade) ~4ppb (Claimed by Sigma-Aldrich)

» We are confirming their results now.
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¢ Stringent limit of spin-dependent proton cross sectio; _
® Background levels of 12 detectors are well understood.

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

4 Channeling & quenching factor studies produced first data.

¢ Planned upgrades will reduce the background further.
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