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™ Development of CaMo04 crystals
Development of cryogenic detector with the CaMo0O4 crystal
O Prospects



Yangyang Underground Laboratory(Y2L)
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Yangyang Underground Laboratory

Yangyang Pumped Storage Power Plant

Korea Middleland Power Co.
- Korea Hydro and Nuclear Power Co.

rreEE
Vertical depth : 700 m / Access to the' Iab by car (~2km)
Constructed in 2003



Environment Parameters in YZL
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Depth (m.w.e)

Depth Minimum 700 m
Temperature 20 ~ 25 °C
Humidity 35 ~ 60 %
Rock contents 238 less than 0.5 ppm

232Th 5.6 + 2.6 ppm
40K 270 ppm

Muon flux 2.7 x 107 /cm?2/s

Neutron flux 8 x107 /cm?/s

222Rn in air 1~2 pCi/liter




Underground Lab. Space
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KIMS(Korea Invisible Mass Search)
WIMP search with CsI(TIl) Crystals

asy to get large mass with an affordable cost ——

erpite background rejection

gtion and handling

SI cross section ~ A?)

127 are sensitive to SD interaction

’Shanghai0501B

electron recoil

Isotope J Abun <Sp> <Sn>
133Cs 7/2 100% -0.370 0.003
127] 5/2  100% 0.309 0.075
3Ge 9/2 | 78% | 0.03 0.38
129% e 1/2 26% 0.028 0.359
I Ia R 1B1Xe | 3/2 | 21% | -0.009 | -0.227

Log(Mean Time)



KIMS(Korea Invisible Mass Search)

DM search experiment with CsI crystal
sI(T1) Crystal 8x8x30 cm? (8.7 kg)

AYScm

__-__EE_EEIE 15cm

Mineral oil 30cm




PRL 99, 091301 (2007)
\ .

4 crystals, ~ 2Zmonths

WIMP Nucleon Sl cross section (pb)
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WIMP Proton SD cross section (pb)

TR Ll

107

11 1 1 1 L 1 I
10* 102 10° 10*

WIMP Mass (GeV) WIMP Mass (GeV)

Data taking with 12 crystals

12 crystals(104.4kg) running (from 2008)
* Stable data taking for more than a year

* Unique experiment to test DAMA annual
modulation




New result on WIMP search (PSD analysis) - Preliminary

Counts/day/kg/kev
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New result on WIMP search (PSD analysis) - Preliminary
~ 1 year data, Total exposure: 32793 kg days
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ysis after full 2 year data collection : ~ end of Aug.



DBD Searches at KIMS

C+B* decay




HPGe at Y2L

® HPGe : 100% efficiency
® Shielding : 5 cm OFHC Cu +
15 cm Pb +N2 gas flowing
® | ow background measurement,
Double beta decay search

| Energy Spectrum : variable bin |
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Zn-64 EC+p* decay

Csl
7.5x7.5x8

/n

HPGe

511keV y

571+510.8keV(Th232)
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Will be used for

- Measurement of internal background
». - DBD search with beta+
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Black Line : ORTEC =0.0119 Hz
Red Line : Canberra=>»0.0060 Hz
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Ov bb search with Sn-loaded LSC

Double beta decay search with 124Sn
Q = 2287 keV
5% \of natural abundance

data at Y2L inside of Pb shielding
t, Phys. 31 (2009) 412
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TetraButhyI Tin + LSC (50%—>Sn 20%) 2000
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| EC/B* decay of °?Mo

Ec 2T 1395 49154
3.47x107y AL 0

+

Ec aiNb g Mo o(A,Z)+e -> (A Z-2 )+ et + 628keV(Q-value)
e e et stops in active(CaMoO,) Crystal.
Q, 356 e back to back 511 keV gammas at CsI(Tl)

555 e Abundance = 92Mo: 14.84%, 199Mo: 9.63%
40
, 2 4= FASE B

4pi coverage by CsI(TI)
crystal (not high radiopurity)




Mo-92 EC
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44.1 events at 90 % confidence level

> 2.3x10%% years at 90 % confidence level

> 1.9x1020 years by Barabash et al,,
A.S. Barabash et al., Z. Phys. A 357 351-352 (1997)



CaMoO, for OV([3

CaMOO4 Energy
R 100¢
® DBD for Mo-100 (3034 keV), Ca-48(4272 keV) | ¥
high energy = less background
® Mo-100 enrichment >90% not so difficult R
® for Mo-100 search, Ca-48 needs to be depleted =~ "}-----eeeeii U
® Scintillator | , > Z
Z+1 7Z+2

= At room temp; 10-20% of CsI(T1) at 20°

" Decay time ; 16 p sec

" LY increases at lower temp. (almost the same as CsI(T1))
Wavelength; 450-650ns-> RbCs PMT or APD

Pulse Shape Discrimination

Can be used as cryogenic detector

" Debye temperature: 438 K ( Ge : 360 K, Si: 625 K)

* Combining with Scintillation detection : NR, alpha/gamma
separation

" Good dark matter detector as well
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Muclear Instruments and Methods in Physics Research A 584 (2008) 334-345

E ¥ o
d | _ ]
1044, [ 1500 00 g 100 Vo
1 60 keV, 34% || 5
T 662keV. FWHM=103% 3 - ER.
- \L F 100007 . B 50 E
E ) -E " "l.-’il\ EE.“IKE g = l] [
2 10 ., g 5000 - vy l\t B % 100 50 0 50
8 E 4 i ' - -
= 2 LY U ok, E Shape indicator
=3 Y o
8 E
U LI T | T 1 | 1 T m _50 _ .
i 0 40 ]
o Channel L
T T T T T I T "-“,‘H""‘: : T T T T —100 g '?,‘Pi?
100 200 300 400 500 o
Channel ~150
- 1000 1200 1400 1600 1800
\ 4 Energy (keV)
Table 4
Radioactive contarminations in CaMoQy, CaW0y, and CdW Oy crystal scimullators
Source Activity (mBg/kg) —
CMO-2 CMO-3 CMO-4 CMO-5 CawO [29] CAWO [3.6.48.49) =
2327h =0.7 =0.7 =09 =15 0.69(10) 0.053(5) —
221 0.23(10) 042(17) 0.4(4) 0.0 2) 0.6(2) =0.004—=0.0392) ==
B8Ry =0.5 =06 =06 =15 5.6(5) = 0.004 =
Ly 2.1(4) 2.5(5) 2.4(1.3) 0.13(4) 5.6(5) =0.004 e
20py, = 308 =401 = 550 =17 <430 =04 =
Uiy, 420010} 4900 10) S50(20) =8 291(5) =04 e
g =1.1 =21 =25 =3 =12 0.3(1) —
W =62 =178 =50 =23 =70 =02 —




Enrichment & Depletion

Mo-100,enrichemeinet : 96.1%
8 depletion < 0.001% (Nantural abundance is 0.187%)

experiment. However, further improvement will be difficult
task: the half-life limit of 10~ yr could be reached only with

g 200 kg vr statistics. More sensitive searches for " Mo v2p
E E . . . . . - &

' 3,00 decay will evidently need the depletion of Ca in Hal’
10 |
c C
E 101 Nuclear Instruments and Methods in Physics Research A 584 (2008) 334-345

Ll | L1l 1 | L1 1l | Ll 1 | L1 1l | L1 L | l |J 1 | L1 1 1 L1 11 | 1 A
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
E(keV)

Ca : ~ 30 kg available
d for 100 kg CaMoo0O4 crystals



48Ca Enrichment/Depletion at KAERI
(Korea Atomic Energy Research Institute)

followed by Non-selective Resonant Photoionization (RPI)

§ good isotope-selectivity and non-selective RPI high yield.

& 0
c
(-) Charge collector =
8
S “ca (x100)
-
== C_B -2
A = *ca (x20)
Yo t’f," ~ T a
Atomic vapor g 27
'a (@) == 2., tuned to “Ca
" target isotope Q - (b) == 1, tuned to *Ca
© other isotope f “ca (c) == 1., tuned to **Ca
© target isotope ion
40 : a4 : a8

Mass (amu)




48Ca Enrichment/Depletion at KAERI




9Cal%Mo0,

First 40Cal®Mo0O, crystal
after big bang

S35
D44 mmxL51mm~300g

A -‘ /A-,A

Cs-137 source

1800 SB23
- Resolution : 30% (FWHM)
1600 — Mean : 2.88 x 105
1400 — S35
1200 C Resolution : 16% (FWHM)
- Mean : 5.97 x 105
1000
800 CMO_3
Resolution : 16% (FWHM)
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. <10°
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130cm qtot
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\ Preliminary data analysis

Po-214
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BG spectrum of SB28 with 47 days data

P—-a decay in 238U
\  2MBj (Q-value : 3.27-MeV) — 214Po (Q-value : 7.83-MeV)— 219Pb
a—a decay in 22Th

220 . _, 216 . _, 212pp
>
b
-E *1 sigma of energy cut was used to analyze the internal background.
O
O o2 Preliminary
: 216pg : 1.61-MeV, 21 events = 0,026mBq/kg
10 |
- iPo : 1.93-MeYV, 34 events <{0.043mBq/kg
B 220Rn : 1.45-MeV
Aoovme e | g (T
it Il L bl |

0 500 1000 1500 2000 2500 3000 3500 4000
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BG spectrum of S3S with 87 days data

P—-a decay in 238U
214Bi (Q-value : 3.27-MeV) — 214P¢ (Q-value : 7.83-MeV)— 210Pp

a—a decay in 32Th
220Rn (Oxwalue * 6 41-Me\) — 216Pa (O-value * 6 01 -Me\V)_—, 212 b
i‘.ll \Y vV AL AN L] AV B B u PUASS W I 4 I P SV 4 \Y vV AN \ 2 ® e K PUASS W I 4

—
=
w

210pg : 1.13-MeV

Counts/keV
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216pg : 1.61-MeV, 363 events = 0.19 mBq/kg

._ ,Il itPo : 1.93-MeV, 3134 events 5 1.63 mBq/kg

i
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Cryogenic Detector

Energy absorption = Heat (Temperature)

At room temperature the specific heat of Siis 0.7 J/gK, so
E=1keV,m=1g = AI=210"°K,

3
CK(E)
S

Example

(Metallic Magnetic Calorimeter ) T=0.1K

ST] KID etc Si -  C=410"JK
’ E=1keV ~  AT=004K




Metallic Magnetic Calorimeter (MMC)

'e](;{ %&K\ Magnetic material (Au:Er) in dc SQUID
> Au:Er(10~1000ppm)
e paramagnetic system

metallic host: fast thermalization ( ~ 1ms)
y Can control heat capacity by magnetic field

< | e=15peV . 5 mT —> A€ - 1.5 “ev
Ll | \ 1keV — 107 spin flips

50 160 150 F

Magnetic Field (G) T

- Fast
- Wide working temperature
« Absorber friendly



Experimental setup at KRISS with MMC
to measure temperature changes

20 um thick brass alphas and gammas

| —

CaMoOs ‘
[Aukr]

SQUID chip

32



Performance of CMO+MMC

\ Astropart. Phys.34, 732, 2011

\

5.5 MeV alpha FWHM = 11.2 ke\/«<—— highenergy resolution
- . suitable to search for Mo-100 Ov[3(3

Emission line of Mo : 18keV

- 42 keV
FWHM = 1.7 keV
51-‘15(}Enerm|r e 5500 5550 5600 60kev gamma

thresold —— 10'l

search for WIMP
L{Hl\’l
10° : ' : ‘

0 10 20 30 40
Energy (keV)

Nl

60

1
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New sensor for large heat capacity
==

N

¢ sensor
m SQUID
2.5 x 2.5 mm? gold absorber
—_— : alpha particles
Lo oo
| E— gold stems y y y N y y
\ stycast
o G
AuEr

gold stems

Meander is made in U. of Heidelberg.

2.5 x 0.07 mm:? gold foil 60 cm3 CMO

C= 0.17 nJ/K at 10 mK
= 0.6 nJ/K at 20 mK 1.4 nJ/K at 20 mK




CaMo0Os+ DBD Sensitivity

5 years, 100 kg 4°Cal®®Mo0,
3 x10%% years ~ 50 meV

500 100!1 150!1 2000 2500 3000 350{) 4000 4500 5000
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Dark matter sensitivity of CaMoQO, cryogenic experiment

| E,+10 keV :
A (5 and«100 kg year) E
100 £ i

Bottino et al

6000 kgd _
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\\

Crystal size: 0.6 cm?3

Energy resolution
2keV (60keV)

11 keV (5.5MeV)

Toward a full scale experiment

Crystal size: ~ 60 cm3, 250 g

Energy resolution
<1 9% @ 3 MeV

Additional light sensor

Time constant of phonon signal

EfﬁCiency nJ 08 diameter, mm

30 35 40 45 50 55

60

65

70

30/ 0.794 0.806 0.813 0.822 0.826 0.831
35/0.799 0.808 0.821 0.829 0.833 0.839
40| 0.804 0.816 0.822 0.830 0.838 0.842
451 0.808 0.819 0.829 0.835 0.841 0.847
50| 0.809 0.820 0.830 0.839 0.845 0.851
5510.809 0.823 0.834 0.841 0.848 0.856
60 | 0.810 0.825 0.835 0.845 0.850 0.856
65]0.813 0.825 0.838 0.846 0.851 0.859
70 | 0.817 0.828 0.839 0.846 0.853 0.860

height,
mm

0.834
0.843
0.849
0.851
0.854
0.857
0.860
0.863
0.867

0.839
0.846
0.852
0.856
0.861
0.864
0.866
0.869
0.869

0.841
0.849
0.856
0.860
0.864
0.868
0.871
0.873
0.875

Si or Ge o ES/MMC/NTD

60 cm3 CMO

C= 0.17 ndJ/Kat 10 mK
aMoQ 1.4 nd/K at 20 mK

Phonon sensor (MMC)



MMIC Sensor Silver collimator

Thermalizatiogy pad
Am241 Source

0,025422] (3=0, 20687 (5=029 0,072

4 cm

b

Il scale experiment!

5ms/div

-0,18145



KIMS(Korea Invisible Mass Search) collaboration
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1stitute of High Energy Physics ].Li

singhua University : Y.Li, Q.Yue

4 countries
8 institutions
68 collaborators
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Korea (39)
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SUMMARY

Y2L

ataking with 100 kg CsI(TI)
alysis is done
sis will be done for two full year data

plume CaMo004 crystals with enriched material developed

t experiment of ~ 1 kg with scintillation technique + CsI(TI)
e-veto IS in preparation

lopment of cryogenic CaMo04 detector

?’4 kg CaMo0O4 cryogenic detector: achievable goal
~3x 1026 yrs (~ 0.05 eV)

0 Included in the National Research Facility Road Map
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