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Recent developments in radiation detectors and instru-
ments are briefly reviewed concerning gas detectors,
scintillation and semiconductor detectors. Some topics
are focused on novel detectors having been developed by

Japanese research groups.

Keywords: radiation measurements, gas detector, com-

pound semiconductor detector, scintillator
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AN, K7 7 A NE D> S AT 2HTEaTNT
WY, R 7 b LCTHBRMT 52, oIk
HFix, K774 NaT7HNEBEETH 570, W
Fy7 b7 7 A N3l D & AR R & LT
FIHTE, KRS 25 IFEHHZROY v F L =805
DENITHEL T35, WES 7 b7 74 N R
& TRUST Eu:LiCaAlFs & v F L — % Zflat by, &
¥ S F R EMIRO PRI SRR, BTSN T
W5,

4 {LEYFEFREE

PERBHER I, BHBHA DB A E D SR,
RS KRG R EM B L 7B Ic A S 5 -
BN %2, SEEEZ AL CINEET 5 2 & CRARES
WCEHT 25D TH 5, BUERBEHINCH W 655 R0E
i 25 8 A % Table 1 ISR,

b ATV S 0T 2 EER R A A X Si
BXUGe ThH2. @EOMED Si HETIX, HE
gL 22 fEE ZUE LR TER VIO, ZOFH]
R 2V ¥ — XM, fER ORI,
—7, EEE Ge (High Purity Germanium : HPGe)
MR, ZOEVHEICK D EZFZEL T LD
AHET, yMARZ tbr2a¥—IcHwsNns, Ih
5 OiEfkhTco, Eif¥ V7, DEDET - B
DOBENEIFIEFICE L, BRI N B T-IEL DL
FERFRIFIZIT 100 % T, FER ISR I3V X — 57 fihg

PEEND,

HPGe ¥ ABHI# I3 2 )L X — b 2 R §
Y REHARTH 205, ZOONY FX vy TD®),
B TIEBIRICE S ) A XABKRELH>TLEW
BHESE L TEEIR B3 LN TERYL, ZDLD,
WHERAERRE E THAIL TSNS, 2ol
23, HPGe &AM ZFT 2 L TOREELR S
23, 2o b b EIRENEATRE 2 R IR AR DYV
CODPHTETVS, CdTe BLX NI4T Zn 23N L
7o CZT LN 2L EYEERPIRENLZ DD TH
5. Ihnild, T RVX —2fRRE C % HPGe W #RIC
FRIEEWb o0, FEiREIEAHET, Ge L TKE
WE TS, BEEZH LTV 70, v ST 2 5%
IREDNE R Ty AR B ATRE & v ) Rl D
5. LLads, RELAOEOHEREZEHT
LZEDHEL W E, X v ) 7 OBEE)Y HPGe
IR NI LI EICRAL T, ZomHEr A4 X
BIRKTlIlemBEE 2> T3,

WA, XS ICH 7 R LAY BB INE & LT TIBr
DFIFEDS, ALK « FILT KD 7V — 712 X b K1
IED SNTWV 22D TIBriE, KWWY FX vy 7
4 UEHEEETET, ZORFVETFETE L0
B & D IEEICEN O y BRI Z R T 2 L IR
nTwz, Lo LAansiFEYY, EfMX v ) 708
FHEEDME C, BB AR & U CEITEICE S 2 IRDL
DML T2 A8, S B & o ML B AT ST L 22
T k) BAEREEE DN E E N, HPGe 1213 T
2\ DD CdTe % CZT L A% O BMBEIFIELRE S
Nb&9ko7™, ¥/, TIBr TlE, CdTe % & [H
BRI R R U Ge ) 22 BRI = 2 L X — 0 fREE S D i
HEEREB BT 2R —F VX = a v LI B
KB 2MERH o7, F—F VX -2 arDxh
ZALIECATe F L TR, A A EHEIZKD TIF
HDVIEBr BEELFE->TLE) L) ET LR

Table 1. Properties of semiconductor detector materials 2%,

Material Atomic number Density Bandgap

(gfem’)  (eV)

Si 14 2.33 1.16

Ge 32 5.33 0.72

CdTe 48/52 6.06 1.52

CdysZno,Te (CZT) 48/30/52 6.0 1.64

T1Br 81/35 7.56 2.68
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A method to predict the response of inorganic scintil-
lators exposed to various particles with consideration
for quenching effect is developed. The light yield of
inorganic scintillators is proportional to the deposited
energy in the first order approximation, but in case of
radiation with high energy deposition density, the light
yield is suppressed owing to the quenching effect. In this
study, the light yield was predicted by a combination of
following three processes, (1) topological arrangement
of energy deposition calculated by a track-structure
calculation code, (2) energy transfer between the excited
molecules based on dipole interaction, (3) non-radiative
de-excitation of the molecules at highly excited states.
The accuracy of the developed model was well verified by

the earlier experimental data.

Keywords: inorganic scintillators, quenching, track-

structure
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Prediction of scintillation light yield based on track-structure
simulation
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L2 RO 720, HT 2L X — Ot %Z w2 I 1k
T2 &9 RHEECESTH S,
yy%v FIZAS L 7RO = 2V ¥ — %Al %
7ediciE, BAEREZ ANV —MNEREOBREZ H 55
Lbﬁ«f%%,ﬁﬂf%%ht//v 7 DR
& ZIUTHEED O TEWT 5 kSR TH B, >~
FL =% DI, ASL BRI X > T S
FETOBRIC X 3720, FBEEIFHE T IZIH
EINTBFOBICHHIT 2 EARES, 2L, =
%w# NENEEEIZRL E, 5372V
— N TEHREEND RS LI L AONTE
D,:méﬁly%vﬁﬁﬁaws.ﬁlv%vﬁﬁ
REZEL -2V X — 58 LR OBFRR X
Birks DD Sib kS ASNTEY, UToATH
LhbIN5,

L _g_ & (1)
dy 71+ kBE’

22T, dL/dx \ZHNRE S O FRERS 22 D BT B %
Y’ S BHOZ T v F v 7 BT E B HILREL,
k3R 7R 2 V=2 BB ENL 5 0ET
W%b%mw%m%%ﬁ,Bil%W# 54720
oz F v T HEETIRTFVERT 22200 5
g%, dE/dx 13FEz 2L ¥ —f15 (LET) TH 5.
7:¥ Birks DB I A v F L —F ~DOEH % itk
ELTEBY, 7ZvF v ICHLGT LT OBME L
T, AR X 2 G IR BT 5 X 9 i
ol TR CwE, ZoXNoFH, M
BALEBZ R TRENIC—DD/87 A =% (kB) L
DI EE, LET O—flifd#k & L TILERI LI N
TWVW3EWVHIZETHE, ZOKBIRIYFL—FD
FFIC X > THRZ 2D, FFEPZRLY—IckET
—ETH 57, LET 2357% 2B DKL FHRICRT LT
FERZWE T UL kB PRETE, WIS FHLR
ZYUCES. 2o, HBEeET 2ILX —EA
F U B X BRNIEE XSHETE S0, KS
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Super-Kamiokande has contributed to explore the field of
neutrino physics since 1996. The next step of its solar neu-
trino measurement is to search for the matter effect on solar
neutrino oscillation. But, the sensitivity for this search is
limited by radioactive isotopes remaining in purified water.
Especially, radon is one of the major background among
underground experiments and its progeny (>'*Bi) produces
background events in MeV region. Therefore, monitoring
Rn in the experimental site is important to evaluate such
backgrounds in the physics analysis. For this purpose, we
have developed a high sensitivity Rn detector for gas. In
this article, we reviewed the development of this Rn detec-
tor and their applications in Super-Kamiokande.

Keywords: Super-Kamiokande, solar neutrino, radon gas,
purified water
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(bottom) panel shows the result of Output (Input) air. Data during the period drawn in gray is used for

Table 1.
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Table 1. Summary of measurement results of the Rn concentration in Input/Output air for the buffer
gas layer in Super-K before and after the improvement of activated charcoal Rn trap system on March
2013.
Period Input air (mBq/m3) Output air (mBq/m3)
Before improvement 35+0.3 289+1.7
After improvement 0.08 + 0.07 28.8 £ 1.7

Table 2. Summary of the measurement results
of Rn concentration in purified water in Super-

Kamiokande.
Type Result (mBg/m?)
Supply water 1.62 £0.15
Center water  <0.14 (95 %C.L.)
Return water 9.06 + 0.63
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Figure 5. Schematic view of the Rn measurement system for Super-Kamiokande’s purified water.

The main components are the Rn extraction mixer (right top), cooled activated charcoal (middle) and

the high sensitivity 80 L Rn detector (left bottom).
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