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1, Introduction

amLAND detector
(before KamLAND-zen)
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the radioactivity level inside the detector is very low

¢ 28U 7.3 X 10™|g/g]
e 22Th1.5 X 1077 [g/g]
o 4K < 1.5 [uBq/m3]

The detector is capable of dissolving double beta decay material
into Liquid Scintillator (KamLAND-zen),

or putting solid material
inside the KamLAND
balloon.

->16Cd crystal in KamLAND
is one of

those options.

Isotope E)M\;a\llu:r Abundance [ % ] (ZyI:) half life

*Ca 427 0.19] 4.2x10"
150Nd 337 56 78 X 1018
962r 3.35 28 2 X 1019
100M° 3.03 96 71X 1018
~Se 3 92 9.2x107
''°cd 2.8 75 29Xx10"
"*Te 253 34 09x10°
1%Xe 2.47 89| 2.1x10%
124Sn 2.29 579 >1x10"
"Ge 2.04 7.8 15x107




mnl crystal

Property of CdWQO4 crystal

Density: 7.9 g/cm3
Melting point 1698 K
Hygroscopicity absent
Chemically inert

Max Emission Spectrum 470-540 nm
Refractive index 2.3

Light yield ~ 40% to Nal ?
Radio purity <10 uBg/kg
X 1.11 cm

A 21.7 cm

For example: L.Bardelli at all,
nucl-ex/0608004v1, August 2006




Past double beta
m

F.A.Danevich at all. Phys Rev C68, 035501 (2003)

Solotvina Underground Laboratory (1000 meters of Iml
equivalent)

¥ | Lead

¥ 'l.- ._'—I_
55 55 j | {— Copper

ékberim ent with C

Four CdWO, crystals build with enriched up to 83%

(Natural — 7.49%) o I
4 |~ Plastic
6 _ : 241 | active shieid

Crystals mass—-330g -> ""°Cdmassis 87 g. i .,'.?.L‘___-—— T—
Crystals were viewed by 55 cm long light guide and o _._:;;3 g T,
background 5" EMI PMT ” T CaWo,

o b 1l BC-aiz
Active shielding made of natural, CdWO04, plastic B : IZ._: || — Cuartz
scintillators T Night-guide

& T —— PMT EMIGS0
Passive shielding: high purity cooper 3-6 cm, Lead : Tk Calbration pi pe
cm and 16 cm Polyethylene [
Cosmic veto: two plastic scintillators (120*130*3 cm o W & 80 oo

installed above passive shield

T2v1/2 =[ 2.9%0.06(stat) *04 0.3(sys) ] 1019y
was obtained
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CdWo0, wrapped

2, Test measurement of CdWO4’s scintil lation signal

* Natural CdAWO4 crystal (column shape)
Diameter = 39.65mm, height = 40.00mm
total mass = 390g
116Cd mass = 9.4¢

Record waveforms with a digital scope e -
and store them in computer with
following later analysis
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in reflective foil
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Waveforms recorded by a digital oscilloscope were summed.

| 1.17 MeV waveforms |

= 1,=(0.0840.02) psec  |,=(0.5+0.1)%
10° — 1,=(0.8+0.1) psec ,=(1.9+0.4)%
1,=(3.6+0.3) psec 1,=(9.3£0.5)%
T,=(14.740.1) psec  1,=(88.3+1.0)%

Consistent with
the past measurement

102
i Sier!rcléely ratio
I [ps] (%]
e b e b e L L 14.5 88.7
0 5 10 15 20 25 30 t:;;e,usegn 4.6 8.7
0.8 2.1
From the area of the waveform, 0.15 0.5

2300 p.e. @1MeV was obtained. nucl-ex/0608004v1, August 2006
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3, Insta IIationomo
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, crystal in KamLAND

Put the Cd crystal in the center position using a calibration source
deployment system(MiniCAL) .

y. LT L .

Hole

with Cd crystal and °Co source

Measurement was done with Cd crystal only
with nothing inside the balloon other than LS



To

ure scmtlllatlon light from Cd Crsytal, front-end electronics contlnue taking data
- for more than a few tens of micro second.

Signals are processed by two types of electronics.
* KamFEE : 30us is needed to digitize waveform
* MoGURA : dead time free new electronics. Not covered all PMTs.
-> MoGURA was used for the detection of signals from Cd crystal

PMT To Online PC VME

Ch KamFEE

- PR 2 \ 4
y

—_— IRIG-B Yoy
_ .

CMD Hold TimeCode

CLK 1\

1PPS Orbital
Fiber
€

1PPS

1PPS el [e]8 4
. MoGURA
Base line restorer . Trigger
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LS signal
Event Rate ~ 80 Hz (@Th = 120 NHITs)
HIT Distribution ~ 100 nsec
NHITs ~ 200 HIT/MeV (for 17")

Dark signal

Light Emission

~ 15 k photons/MeV

Visible p.e.

~ 500 p.e./MeV

HITs

" 1.9 HIT at the 1st CLK @ 2.8MeV

" 0.69 HIT at the 1st CLK @ 1.1 MeV

Dark Rate " 1.5 HIT/CLK

Crystal signal S " g
Event Rate " Hz ¥ i
Decay Constant “ 14.5 usec L=tdpm

i 1] M W i Al
Tame (jus)

scintillation decay signal of
similar CdWO4 crystal

: LBardall &t al.
MIMA 569 (2006) 743-753



~ New trigger logic for Cd signal

ADC
. IEE—
_)I Waveform Buffer { < "10usec ) Waveform zero RAM
suppression —>
—> Waveform Buffer { < "10usec ) > & Data framing
HIT Tmm
HITSUM
" usec + @ Roll back
B R R, R
Trigger /‘F\ /‘ Trigger (~—Control)
\ 4
\ " usec % Cd / " usec Gate
Remove HIT > HIT = Signal GEMN. Successive | Data frami
Exclusion Accumu— Discriminatio / Launch Trigger -1+ aming
LS pea lation n Trigger

Hit accumulation Window length for trigger :
Normal run -> 120ns
Cd trigger -> 7 micro sec




Remove a peak[hits/bin>200)
Raw Data and fit a exponential curve to the data
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Fitting curve : f(t) = amplitude * exp( - t/decaytime) + baselin
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# of events/bin

# of events/bin
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Distributions of fitting parameters
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* Two peaks in Amplitude distribution

* b.g. events tend to take decay time of around
22us



~ Muon subtraction —
| Nhit/{500 nsec) subrun 1 Muon# 75 | __ th_4 -
k= 30005 RMS  daueses
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b E o e o .
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Comparing the Cd-triggered evens
with the FBE electronics data, we
gl can subtract muon.

Then higher peak can be removed.
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Rough EStimatiOnOf the ReSOIUtiOn /
— e —

= Integrate “f(t) = amplitude * exp( - t/decaytime) + baseline” and obtain # of hits
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4, Summary

* Natural CdWO4 crystal was prepared and the property

of scintillatoin light was measured.
* Crystal was directly connected with PMT and
about 3% energy resolution @ 1iMeV was obtained.

* CdWO4 crystal was deployed in KamLAND together

with %°Co source.
* new Trigger logic detected Cd scintillation signals
* Obtained peak from ¢°Co’s one gamma ray was rather broad.

* To investigate the result further, detailed simulation or
measurement with other sources will be needed.
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