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Discrimi-ation of Neutrons from
Gamma Rays in the Scintillation Counter

ABSTRACT

Tt has been tried to find the optimum conditions for the discrimination of neutrons from
gamma rays using a method similar to that of Owen?. Several types of photomultipliers were
used for this purpose. Degrees of the discrimination depended on the type of photomultipliers.

A clue for the mechanism of the scintillation in anthracene is also suggested, that is, there

may be a little difference between the spectra of fast and slow components of the light of

scintillation, both of which are distributed around 4, 000 A.
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Fig.1 Neutron and gamma-ray pulses in
anthracene.
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Fig. 2 Pulse shapes at the last dynode which
is partially space-charge-limited.
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Fig. 3 Block diagram of the experimental apparatus,




I
S

iU e

JAERI 1015

807

RaD-Be
-3
70}

601

50f Th
GUCO

e e i e 20 o e

401
wiQ

Maximum pulse height

30t

201

101

0 I 2 3 3MeV
Gamma-ray energy

Fig.4 Maximum pulse height at the last dynode
versus gamma-ray energy.
(anthracene, RCA 6342, H.T.=1,400V and V,_4=1V)
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Fig.b Counting rate vs. discrimination level for

RaD-Be source.
(anthracene, RCA 6342, H.T.=1,400V and V,.4=3V)

(a) Pb (10cm thickness) is placed between the
source (RaD-Be) and detector.

(b) Paraffine (11 cm thickness)

(c) There is no shield between the source and
detector.
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Fig-§ Maximum pulse height at the last dynode
vs. neutron or gamma-ray energy.
(anthracene, Du Mont 6467, H.7.=1,400V and
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TaBLE §. Ratio of the muximum output at the last dynode for gamma-ray (Th, E,=2.65
MeV) to that for neutrons (RaD-Be).
Voltage between the anode and last dynode is lowered to several volts, so that
the pulse at the last dynode is partially space-charge-limited.
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astic
176%1" DuMont 6467-A 1.4 1,500 10
PEETFRS v REEIITCE S. FIerOERBPDONER R TITRFv T o ¥
RaD-Be & b offEFic X 2AHE Th & YFU—E—ET Y b FeVBERVEREALRE
DO = iE X BB HOKE, PHEFEer = Motz 140F ¢xX1 4 »FOT2+722E Du
HoBANORIERTREL LS. FroFELL T Mont 6467-A DEESENRFLRT T 1.
Th #2BAKEDIE, FrHC X 5Bk 3MeV CBHTR T ANA B FNCT Y P
BECHMMTs0 T, Th Il 5 Fr~i (2.65 T L OH v i b TS 71 XOBRRIM
MeV) & X B AT &y =fc & 2HJi0 LR 100

LEEZGNAZNDLTHS. 0 RaD-Be X o
Fick afkiiy1E Th Lo =4 & ik
WAook T /— V-4V~ FlloBE, 7/—F-7
Z b &4 /= FHOBECLVES. TZCIDl
O kE%Y, YrFL—F—LLTE 14 0F ¢x1
4 vFOTY TRy EERBTFNEE LGN
1AV FIRLAVFDTIRF v I« YV FL—
£ —~& Du Mont 6467-A* 2 &wicifs, L4 F
¢x12 4 vFDT ¥ F & EMI 6097/B-A %#
G fgicontRbie, TOBO T/~ F-4Y
— FlloBE, 7/—F-FA L &4/~ F’_l’:ﬂfD 1
EbFULA. Fhat Taeel. Tha.

COHETF U FTEVTCRTFAF v I s v 4F L
——Tdh, F534TARETAIT—LTH —50°C
CRHLAEBEELEVED Rl 14 v F $X1A
vFDFTY T E LA FPXY2 4 v FDT

Transmission (%)

3000 4000
Wave lcngth (A)

Fig.7 Transmxssmn of filter vs. wave length
R: Ratio of maximum pulse hexght w1th L

* A i DuMont 6467 ¥ SRRAL DT r”)[iﬂﬂ'&ﬁb’i‘ a filter to that without a filter." -
EMI 6097/B, RCA 6342 kovCh B

» 7 408—2 LTIREZ UV-D2; UV-39, UV-44, UV-45, . (::;h;;“ceﬂeig%s)h’ba 7309, H.T.=

VV-40 2ERALA. T OFBBERX Fig.7 EREINTS. ' and= :

ce o A " In these cases, scintillation ulses are not

Do - influenced by space: chargg :




JAERIT 1015

PR T aNF—E, YFL—2— X HETF

BEEOXEAOMCEIATER L. THERH -

B LEVWIERERFERFET, 7102 —%ARE
OHAL AN VEOROEYHIEL 2. FiECIZ
RaD-Be & A\ /. EEBFHEE L L CRIHEZT7309
BEEHLN. fEERE Fig. 1 OBBEOHBCERL
Thsd. COEESRLD LT AFREESR4,100A L]
Eodoiid A XL, 3,500~4,000A D DHRK
AT 3,500A CIFEdB/HL T B0 % Lt

T4 NE—%Dt B Lk ) EHEERHRBIE LS
BT L b v BORIOEBER ¥ SED i %N
fo. TanE—%23CTh LOOF y<HBCLER
K HF7: RaD-Be X h othiEFic X KM AD
HrfllELi., REFHEEEL L CRHEY 7309 24§
Alfc. 7404 —%205 Lt RETFHEEBCADL
ENRP L, EHEFRGRORENRES LT 4 1F
—~ &2V CET /— F-h YV~ FEOBELZTW, 7
gV E—EOT B LRAUAST OB SRE

1,0p
0.9
0.8f
0.7

0.6f

Output current of photomultipliers

0.2

0.1

3600 3800 4000 4200  4400A
Wave length

Fig.8 Relative output current of photomultipliers
vs. wave length.
Light source: tungsten lamp
Photomultiplier: box-type
O Du Mont 6467-A, x Du Mont 6467-B
A Du Mont 6467-C, [J Du Mont 6292
@® Toshiba 7309. o
These curves are normalised at 4,400 A.

TABLE 2. Ratio of the maximum output at the
last dynode for nenirons (RaD-Be) to that for
gamma-ray (Th, E,,=2.65MeV) with and without
a filter (anthracene, Toshiba 7309).

The characteristics of these filters are shown
in Fig. 7. The filters are sandwiched in between
the anthracene and the photomultiplier. Voltage
between the anode and last dynode is lowered to
optimum voltage, so that the ratio is maximized.

* A YA CT Y P SEryab A Y 1 RBAThL.
4100, 4300, 4600 A ¥l LESHESTHRS.®

maximum output for neutrons
- Filter (maximum output for gamma—rays)
with a filter | without a filter
uv-D2 1.6 1.8
VV-40 1.7 1.8
uv-39 L7 1.8
uv-46 1.1 1.5

LT RO EAHIFE LA, AR TAE2 KR
ZDFREY T 42— UV-46 2R L LEETE,
T 4 A — 2oV A I BT O FEE R L
{ELL Bz Lhibhind,

Output current of photomultipliers
e © © o 2 = o =
@ S [ (=] ~3 o™ © =]

e
o

=
=

3200 3400 3600 ° 3800A
Wave length
Fig. 3 Relative oulput current of photomultipliers
vs. wave length.
Light source: mercury lamp
Photomultiplier: box-type
O Du Mont 6467-A, x Du Mont 6467-B
A Du Mont 6467-C, [} Du Mont 6293
@ Toshiba 7309,
These curves dre normalised at 3,900 A.
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Fig. 10 Relative output current of photomultipliers
vs. wave length.

Light source: tungsten lamp.
Photomultiplier: venetian blind type.
@ EMI 6097/B-A, [1 EMI 6097/B—B
Focussing electrode type ’
O RCA 6342-A, x RCA 6342-B
A RCA 6342-C.
These curves are normalised at 4, 400 A.
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