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A ﬁ-ray Absorbed Dose Rate Meter (I)

Selected pulse counting method to obtain the energy-

independent response

Kazuyoshi BINGO, Tooru CHIDA and Katsuo KAWAI

Division of Health Physics and Safety, Tokai, JAERI

( Received September 27, 1976 )

A measuring method and dose rate meter for B-ray absorbed dose independent
of the 8-ray maximum energy have been developed. To obtain constant dose
sensitivity { counting rate per absorbed dose rate ), a thin plastic scintil-
lator is used as the detector, and the pulses selected by a single channel
analyzer ( SCA ) are counted. The desirable pulse height distribution in
obtaining a constant dose sensitivity is obtained with 2 mm thick scintillator.
The lower level of discrimination and the window width of the SCA are chosen
according to the epidermal thickness of tissue exposed to B-rays.

The dose sensitivity of the absorbed dose rate meter is constant at 50
cps/(mrad/hr) + 15 % for B-rays with maximum energy 0.4~3.5 MeV ( epidermal
thickness 7 mg/cm2 } and 0,.3~3.5 MeV ( epidermal thickness 40 mg/cm2 }. The
absorbed dese rate is givenlby multipling the counting rate by a constant factor
2.0 x 1072 (mrad/hr)/cps. The lower limit of dose rate measurement is 1.7 X 10_2

mrad/hr (7 mg/cm2 } and 9.4°'x 10_3 mrad/hr ( 40 mg/cm2 .
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Fig. 1 B-ray absorbed dose rate per fluence rate at
a surface as a function of Maximum energy.
Parameters in the figure are epidermal thickness.
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Fig. 2 Pulse height distributions of B-rays measured
by the 20 mm thick plastic scintillator.
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Table 1. Specifications of plastic scintillator
Styrene 100
(+ 40 ppm inhibitor)

Composition P-terphenyl 1
POPOP - 0.03

Density 1.04 ~ 1.06 g/cm?

Softening temperature 70 ~ 100 °C

Refractive index 1.539

Light outpu

t

60 Z anthracene

Decay time

245 x 1072 sec

Wave length L. x 103 A
Maximum Emission e
6
B
T S 1 mmt -
w
-
Y
=
"
g 4 —
c
]
-
3]
—
8 _
v O
o
§ 2 mmt
a0
2
T
oo _
3
3 3 mmt
1 \ \ )
o 5_mmt
0 |
0 50 100

Channel Number

Fig. 3 Pulse height distributions of 90y B-~rays measured
by various thick plastic scintillators.
Parameters are the thickness of scintillators.
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Table 2. Specification of B-ray source

Max. Energy Y-ray Conversion Activity
Nuclide (MeV) (MeV) Electron (MeV) (dps)
, 35g 0.167 3.41 x 10%
i :
: “5ca | 0.258 | : ' 5.29 x 103
| 60 0.31 © 1.173(99.9%) 2. 86 x 10"
| Co | 148 (0.1%) . 1.332(~100%) trace 8610
| 185y 0.43 : 1.37 x 10%
137 0-514(93-5%) . o 0-624 u'o 4-03)( loh
Cs 1.176 (6.5%) | 0.662(85.1%) 0.656 (.8%)
20411 | 0.766 | 7.29 x 107
0.29 (v1%) | 0.412 (v974) | a9 Y
1985y | 0.96 (v997) | 0.676 (0.8%) | '590> (v3%Z) | 5.69x10
: 1.37(0.025%) | 1.088(~0.27%) '
* | 1.369(+100%) ' : 4
24 %) . 0
Na 1.39 (~100%) | 2.754(m100%1v trace 3.95x1
32p 1.71 |
1 %y | 2.27 | 1.75 (0.02%) 2.62 x 103
| 1.97 (18%)  1.524 (18%) X
; 42 ; 2.82x10
g K| 3.56 (827) | others(n0.3%) g
o |
] : Pre- }I |
— Amp SCA [
PMT Amp i i
i i |
|
| |
|
Rate
HV McA | | i
: | |Meter|
| L |
| o
e i
Fig. 4 Block diagram of B-ray absorbed dose rate meter

§: scintillator, PMT: photomultiplier tube,
Amp.: amplifier, MCA: multichannel analyzer,
SCA: single channel analyzer,

Rate Meter: dose rate meter.
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Fig. 5 Constructive view of detector head.
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Fig. 7 Pulse height distributions of 8-rays measured
by the 2 mm thick plastic scintillator.
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Fig. 8 Particle sensitivity of f-ray absorbed dose
rate meter.
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Fig. 9 Dose sensitivity of B-ray absorbed dose rate meter.
Epidermal thickness is 7 mg/cm?.
Pulses between 2 and 80 channels in the MCA are counted.
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Fig. 10 Dose sensitivity of B-ray absorbed dose rate meter.
Epidermal thickness is 40 mg/em?.
Pulses between 26 and 86 channels in the MCA are counted.
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Fig. 11 Relation between input pulse height and channel number.
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The pulse height distribution of 2%Y B-rays with
a 6 mm thick acrylic resin filter is compared
with that of 204T1 g-rays without the filter.
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Fig. Al Pulse height distribution measured with acrylic
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Appendix 3 BAMEOHERK

HEOFHEEOEXM085mg/ o’ THOERKOHES L2mg/end® ( ~20T ) E/hEW
DT, BHREACLAFEFEOBME, ERCLEIVLDEFHR LI, LvL, ¥SoBaR
HEBMESRILE T I E2DE X, $3.5mgenf THEZ b o/2DT, 0.85mg”
mf®iﬁﬁm£5%ﬁﬁﬁ®$%%%Nkoﬁﬁmﬁﬂﬁgé7nm®77Uwﬁﬁﬁéﬁ
ABELAEL2OHBRE, @EROL VL EDOHEROR ERD LT H099E001TH
N, 770 UBIERCLAHHEOMMRES SNILL ol IORFCDV T RKRLHE
EEE Lo T 7 U ABIEHRM5H5 & aDFBBERNL EDHEREDLE, Fig, ASUR
Ltzo BHBO T A¥ -3 05 ET 7 W vEIEHIC L2 BRI HADIHEHBEHLENT 5
ClpiFig, Adbobhh b,

ﬁﬁ%ﬁ%ﬂk<zng“ flow counter ZOWVWT, BEEEOHE K LZEFHRILOH
Ammﬁﬂmﬁéoﬁ%&vmeﬁEGWﬁK;5&ﬁﬁﬁ®ﬂAfmgAﬁmﬁ%bno
BOTH 1 OBHMEABMLTLE Z Edibnd, —F, AEROBEIET 7V vBIERER
BHoghHcRATTHLERECEMEBSL oL L2/
Cmcam%,ﬁﬁiﬁﬁm&ﬁ%ﬁ%%aaofmacambmaoumu,%nm;of
SHMENEOBEEEML TV AL DFIEMMTE Lo i, KERTOBE S IABICERE
HHs0IECH LT, Nader 5 DERBERABPLOBHRETHOAIDLLTH S

EREC BRI L 2R EOEMESLAEFET 2 L LT Uum o0, EMOF
S S LT T DK, AT, BIELHE « ERE L ORE L B SHEE 0 fudl
&2, Nader GOBEBMEAEB TORMEBEDOELE LV EFRE Lo DX ILLTRD
P HERFEB ( Emax) & Fig. A5 KR L 7o

B( Epx) OFBEZCONTE, HOERHEZIA LTS, EECKDHETLHT
X0 LdL, BAL10B5HTETE, B Epx) =1 65334, /2, Nader 5 DM
EMLELLDCNEDT, T THAbo
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B-Ray Maximum Energy (MeV')

Ah4 Ratio of counting rate with back-material to
that without back-material.
The back-material is a 7 mm thick acrylic plate.

1.4 T Ll i LR ] I|II i ¥ I L
27 lnner Counter

i3k ( Nader, J.S. et al ) 4
| - _--_-——l
{% ::""——“-c
Vi 1.2r g

c/_.-._-——\"-t

£ 11t B (Emad ;
[}
&
S 10k i
(=]
m

0_9 | 1 | S T | lll 1 } 1 .I 1111

TO—! 1OO ]Oi

B-Ray Maximum Energy { MeV)

A5 Backscatter factor as a function of B-ray
maximum energy.
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