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Gamma-ray Spectra of Short Half-life Nuclides

Y. Kamemoro, K. Suma, M. Hanpba, M. Ogapa™*

Radio Chemistry Laboratry
(Received Jul. 25, 1961)

Summary

This report is a collection of gamma-ray spectrograms for 26 different nuclides which
were produced from natural elements by neutron irradiation, with half-lives from to
1 second and 5.5 minutes.

These spectra were measured using a well-type, Nal (TI) crystal (134 inch dia.
x 2 inch thick).

The weight of samples, the neutron flux, the period of irradiation, the cooling and
counting times, etc., are indicated on each spectrogram, an example of which is shown
below.

0 5 geC ITMEL eeereerrerererieniinn e s (half-life, nuclide)

A)27 B0 vrveeemsrnmmnssessssissiies s (date of measurement)

Material : 778ug-Er with NO;7-wereeemrereeees (sample, weight)

Neutron Flux : ~5x10*°n/cm?/sec

Time : 5-5-3-2-386C recerrrreeerrererreers (irradiation-cooling-counting-cooling-counting)

Absorber -+ None
Source::- - In Well
Count Scale : 50 counts/div. ««oeeeererreeeeeeeees (ordinate)
Energy Range: 0~0.3 MeV --ooeoveeeeeernenes (abscissa)
These data are useful for the application of gamma-ray spectrometry to neutron
activation analysis.

* AKFIRE (TREABHTTIRBRED

** On the leave of absence from Kogyo-Gijutsu-In
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10. 7sec” 2R
2/18/60
Material :
3.91x10%ug-F in PbF,

Neutron Flux :
~4x10"n/cm?/sec

Time : 10-10-10 sec
Absorber : 607Tmg/cm?
Source : In Well

Count Scale: 400 counts/div.
Energy Rangé: 0~6 MeV
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2.2Tmin® Al
9/29/59
Material :
61. Qug-Al with SO,~~
Neutron Flux:
~4x10"n/cm?/sec
Time: 2-2-1min
Absorber : None
Source : In Well
Count Scale: 800 counts/div.
Energy Range: 0~5.1MeV
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38m?C] o 46mSc

0.66 MeV

1. 0sec” 3#m2Cl
9/22/59
Material :
6. 33 x 10*ug-Cl with NH,~

Neutron Flux:
~4x10"'n/cm?/sec

Time: 2-3-2s€ecC

Absorber : None

Source Dist: 1 cm

Count Scale: 12,5 counts/div.
Energy Range: 0~1.2 MeV

0.142 MeV

19. 5sec”  *mSc
7/22/59
Material :
5.19ug-Sc with C1- &
SO,
Neutron Flux:
~4x10'"n/cm?/sec
Time : 20-15-20 sec
Absorber : None
Source : In Well
Count Scale : 1600 counts/div.
Energy Range: 0~0.5MeV
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1.44 MeV

JAERT 4019

3.76min” 2V
11/10/59
Material :
8.56ug-V with NH,~

Neutron Flux :
~4x10*n/cm?/sec

Time: 2.75-2. 67 - 1 min
Absorber : None

Source: In Well

Count Scale: 400 counts/div.
Energy Range: 0~4 MeV

1.038 MeV

5.15min”  %Cu
3/10/60

Material :
163ug-Cu with No,~

Neutron Flux :
~4x10"n/cm?/sec

Time: 2-0.83-0.5min
Absorber : None

Source : In Well

Count Scale: 400 counts/div.
Energy Range: 0~2.8 MeV
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= 2.2min® "Zn+14hr *~Zn
11/10/59
_ Materal : 4. 52 x 10°ug-Zn
d Neutron Flux:
N o ~4x10"n/cm?/sec
Time : 20-10-20 sec
Absorber : None
-] '. Source : In Well
. Count Scale : 800 counts/div.
- . Energy Range: 0~2.2 MeV
_ . 0.438 MeV (69m)
’ i " 0.513 MeV (71)
’ \
. °~ .-‘ "\.
; o \
- ‘NN
-~ e ————
J 48sec” mGe
7/22/59
- Material :
2.5x10%ug-Ge in GeO,
. Neutron Flux:
0.139 MeV ~4x10''n/cm?/sec
7 . Time : 50-30-30 sec
" Absorber : None
7 . Source : In Well
°° Count Scale : 800 counts/div.
- .’ Energy Range: 0~0.5MeV
. .
— ;
.. /'-’ % Al




7mSe . 33mSe 4 T74Se

0.162 MeV
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17.5sec!?” 7= Se
7/22/59
Material :
12. Tug-Se with SO,
Neutron Flux :
~4x10"n/cm?/sec
Time: 20-15-15 sec
Absorber : None
Source : In Well
Count Scale : 400 counts/div.
Energy Range: 0~0.5MeV

v 1.01 MeV (83)

69sec’” #mSe 117, 5sec ""»Se
11/10/59
Material :
1. 201 x 10*ug-Se with
SO,
Neutron Flux:
~4x10"n/cm?/sec
Time: 1-2-0.83 min
Absorber : 555. bmg/cm?
Source Dist: 1 cm
Count Scale : 800 counts/div.
Energy Range: 0~4.4 MeV
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80"1_?Br - SZBr -+ BOBr - 104Rh

0.21 MeV (80m?)

0.62 MeV (80)

5. 0sec'® #m?Br 4 36hr *2Br
4 18min #°Br
11/10/59
Materiel :
1. 214 x 10*ug-Br with
Zn++
Neutron Flux:
~4x10'"n/cm?/sec
Time: 5-5-5 sec
Absorber : None
Source Dist: 1 cm
Count Scale : 100 counts/div.
Energy Range: 0~1.1 MeV

0.78 MeV (82)

- 0.556 MeV

N -
L -

44sec'® *Rh
11/10/59
Material :
252/1g-Rh with NO,~

Neutron Flux :
~4x10'"n/cm?/sec

Time: 45-15-45 sec
Absorber : 555, 5mg/cm?®
Source Dist: 1 cm

Count Scale : 3200 counts/div:
Energy Range: 0~2.2 MeV
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44sec? 19Rh
9/22/59
Material :
78. 8ug-Rh with NO,~
Neutron Flux:
~4x10"n/cm?/sec
Time : 45-30-30 sec
Absorber”: 555. bmg/cm?
Source Dist: 1 cm
Count Scale : 1600 counts/div.
Energy Range: 0~1.2 MeV

L 0.556 MeV
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2.3min” '*Ag
9/29/59
Material :
1006u4g-Ag with NO,~
Neutron Flux :
~4x10"n/cm?/sec
Time: 2-2-1 min
Absorber : 555. 5mg/cm?
Source Dist: 1 cm
Count Scale : 3200 counts/div.
Energy Range: 0~2.5 MeV
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. 0.63 MeV (108)
% 0.66 MeV (110)
\ S

0.43 MeV °

® (108)

~

'\\/.
. \'—x

A

.
L
L]
L 4
®

L)

L

*
L 4
L
*
L
L]

2.3min” *Ag+24sec "’Ag
11/10/59
Material :
25ug-Ag with NO;~
Neutron Flux :
~4x10*n/cm?/sec
Time: 2~1-1 min
Absorker : 555. 5bmg/cm?
Source Dist: 1 cm
Count Scale: 1600 counts/div.
Energy Range: 0~2 MeV

W

%
e ® "..
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* . 0.66 MeV
\
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24.2sec” 1°Ag
11/10/59
Material :
5. 00ug-Ag with NO,~
Neutron Flux:
~4x10*n/cm?/sec

Time : 30-10-20 sec
Absorber : 555. 5mg/cm?®
Source Dist: 1 cm

~ Count Scale: 800 counts/div.

Energy Range: 0~2.2 MeV
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2.60min” 1¥"»Ba
3/10/60
Material :
1. 53x 10*ug-Ba in BaC,0,
with NO,~

Neutron Flux:
~4x10"n/cm?/sec

Time: 2-3-1 min

Absorber : None

Source : Tn Well

Count Scale: 100 counts/div.

Energy Range: 0~1.3 MeV
0.6616 MeV

r{ed)
L X ..7:“b
L \. .
.‘.\‘o ()

0.6616 MeV 2. 6Omin7/ 1379 Ry

2/26/60

Material :
1.53x 10%ug-Ba in BaC,0,
with NO,~

Neutron Flux :
~4x10"n/cm?/sec

. Time: 3-2-1 min

Absorber : None

. ® Source : In Well

Count Scale: 100 counts/div.
Energy Range: 0~1.3 MeV
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1 ° 3.6min® 11Gd
11/10/59
7] Material :
o 74. 6p1g-Gd with NO,-
] Neutron Flux:
. ~4x10'"n/cm?/sec
y Time: 3-4.25-1 min
Absorber : None
] 0.102 MeV Source : In Well
. Count Scale: 800 counts/div.
:_ 0.361 MeV Energy Range: 0~0.8 MeV
.« .. (0.316 MeV
s o ".
* ‘ °
- 3 .‘ L ]
.. % 0.166 MeV 7 s
L ] Ps J
P4 . ®
— .«‘. ’.' ...
N, " .
] e Y
~\_‘
_ T
- 3.6min® 6':Gd
3/10/60
7 Material :
187ug-Gd with NO,~
] Neutron Flux :
~4x10"n/cm?/sec
7] Time: 1-0.5-0.5 min
v Absorber : None
7 0361 Me Source : In Well
0316 MeV Count Scale : 400 counts/div.
7] .'..':. Energy Range: 0~0.7 MeV
i S
0.102 MeV ‘--' %
’ .
1 o 5a 0166 Mev = N
'.'c' . : . .
_ . ¥
o, L) hd
S N ES
] ‘lp.‘#." '..
»,
%‘Mﬂ —
—~ e . . gty
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0.108 MeV

marqDy

JAERI 4019

1. 25min” 165=Dy
7/22/59
Material :
0. 649¢g-Dy with NO,~
Neutron Flux :
~4x10"'n/cm?/sec
Time: 1-1-1 min
Absorber : None
Source : In Well
Count Scale : 1600 counts/div.
Energy Range: 0~1.1 MeV

"MM

0.046 MeV (KX):

0.108 MeV

. N

o’/

1. 25min” =Dy
2/25/60
Material :
0. 649g-Dy with NO,~

Neutron Flux:
~4x10"n/cm?/sec

Time: 1.5-0.5- 1.5 min
Absorber : None

Source : In Well

Count Scale : 1600 counts/div
Energy Range: 0~0.6 MeV

N~—
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1.25min™ 1Dy
4/22/60
. Material :
3. 25ug-Dy with NO,~
. e Neutron Flux:
. . ~5x%x10'n/cm?/sec
. . , . Time : 30-10-30-10-30 sec
. Absorber : None
B ) 0.108 MeV o Source : In Well
. Count Scale: 100 counts/div.
Energy Range: 0~0.2 MeV

2.5sec” 1mEr

0.208 MeV 9/29/59
Materiel :
. 115. 8ug-Er with NO,~
' Neutron Flux:
., ~4x10"n/cm?/sec

. » Time: 3-3-2 sec
Absorber : None
Source Dist: 1 cm
Count Scale: 25 counts/div.
. . | Energy Range: 0~1.1 MeV

a4
.

- .v"::. o\'

[

0 T AN M\

| W.'N'WM%\“ »
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IG'imEr - 17Bme+179me

0.208 MeV

JAERI 4019

2.5sec” =Fr
4/27/60
Material :
778ug-Er with NO,~

Neutron Flux:
~5x10"n/cm?*/sec

Time: 5-5-3-2-3sec
Absorber : None

Source : In Well

Count Scale: 50 counts/div.
Energy Range: 070.3 MeV

0.208 MeV

-
R4

Sen

0.160 MeV (178m)

\

*®
o 0.214 MeV (178m)
o« * 0.215 MeV (179m)

4. 8sec? snHf+19sec” 1omHE
3/10/60

Material :
26. Tug-Hf with SO, F~
& Tartaric Acid

Neutron Flux:
~4x10"n/cm?/sec

Time : 5-10-10-10-10 sec

Absorber : None

Source : In Well

Count Scale: 400 counts/div.

Energy Range: 0~0.4 MeV
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0.160 MeV
] b
. ° 0.215 MeV
f :\
P
... (']
L -
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* W
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19sec”  17o=f
9/29/59
Material :
1. 600ug-Hf with SO,~~,F~
& Tartaric Acid
Neutron Flux:
~4x10"n/cm?/sec
Time : 20-15-20 sec
Absorber : None
Source : In Well
Count Scale: 800 counts/div.
Energy Range: 0~1.0 MeV

0.057 MeV (KX)

19sec” 1= Hf
9/22/59 -
Material :
1. 155pug-Hf with SO,
F- & Tartaric Acid
Neutron Flux :

0.160 MeV
. ~4%10"'n/cm?/sec
. . Time : 20-15-20 sec
< 5 Absorber : None
& e .215 MeV
¢ ¢ . 0.215 Me Source : In Well
. . N Count Scale: 100 counts/div.
. M ¥ = Energy Range: 0~0.45 MeV
. ® 1Y 'Y Y .
* o P
-] . . ¥ * L
) ..O > s .. Q... M
1.5 W
: .. .\..6: ‘. : 'b..' .. .." [ d ". ;
" .'5".0. °
4 ‘v'..“’f":,:'.".“':.'f v 9

- ‘o . -
.'.:'h' '\';5-;‘\.
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5. 5sec” ¥ W 41, Tmin® 185mW
11/10/59
Material :
0.059 MeV (KX) 7.50x 10°ug-W with KOHaq
Neutron Flux:
~4 % 10"n/cm?/sec

Time: 5-6-5sec
Absorber : None
Source Dist: 1 cm
. Count Scale : 400 counts/div.
. Energy Range: O0~1.1 MeV

0.105 MeV (183m)

.
L

»

4 [ ]
. T e 0.130 MeV (185m)
'y * hd o'.'
< r . 0.165 MeV (185m)
™ ‘*

. k

1.7min7) 18sm W L 24hr W
0.130 MeV (185m) 11/10/59

0.134 MeV (187) Material :

. 1. 00 x 10*ug-W with KOHagq

Neutron Flux:
~4x10"n/cm?/sec

Time: 0.5-1.5-1min

Absorber : None

Source : In Well

Count Scale : 3200 counts/div.

Energy Range: 0~2 MeV

- 0.165 MeV (185m)
o »
[
* L
*e
¢ o
. 0.481 MeV 0.686 MeV (187)
L J
(187) Pra’
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0.059 MeV (KX)

16

1. 7min® 1852W 4 24hr ¥'W
11/10/59

Material :

1. 00 x 10*ug-W with KOHaq

Neutron Flux :
~4x10"n/cm?/sec

Time: 1-1.5-1 min

Absorber : None

Source : In Well

Count Scale : 3200 counts/div.

EnergyRange: 0~1 MeV.

j 0.130 MeV (185m)
. 0.134 MeV (187)
.0 0.165 MeV (185m)
AN
NN 0.686 MeV (187)
7/ 0.481 MeV (187)
1. 7min? 1ssmW
9/22./59
0.059 MeV (KX) Material -
K 0.130 MeV (185m) 5. 00% 103ug-W with KOHag
* 0.134 MeV (187) Neutron Flux:
. . ~4x10"n/cm?/sec
Time: 1-1.5-1 min
. . ® Absorber : None
. . ° Souce : In Well
. « ° Count Scale : 800 counts/div.
. * Energy Range :0~0.45 MeV
. 0.165 MeV (185m) gy g
- L * '. -
. s
L ] . '. '. R
* . 0‘ . * °
[ . R K - .; '..
) ‘/. i
- Vo
- . A_"\.-‘ -
S P g
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0.059 MeV (KX)

0.130 MeV (185m)

SBSmW +187mW . 185mW

JAERI 4019

1. 7Tmin™ 15 W 4 24hr W'W
2/18/60
Material :
2.50x 10%ug-W with
KOHag
Neutron Flux:
~4x10"n/cm*/sec
Time : 30 -20-30 sec
Absorber : None
Source : In Well
Count Scale : 1600 counts/div.
Energy Range: 0~1.4MeV

4
[ ]
[ 4
L ]
L
oy ° 0165 MeV (185m)
[ ]
)O
\
L ]
Y
° 0.686 MeV (187)
3 N— o~
0.059 MeV (KX)
..
..
*
®
. 0.130 MeV
..
. ,\‘
et
e o % 0.165 MeV
¢ . 2 '
- ..‘, V\

1.7min” #=W

2/18,/60
Material : 1.25x 10%ug-W

with KOHaq

Neutron Flux:

~4x 10" n/cm?/sec
Time : 30-20-40 sec
Absorber : None
Sourca: In Well
Count Scale : 800 counts/div.
Energy Range: 0~0.7 MeV
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192m]p 4 102]p , 199mPyt 4 199D

1. 4min® 92n[r 474, 4day *’Ir
7/22/59
Material :
1. 9x 10*1g-Ir metal powder
0.0580 MeV (192m) Neutron Flux :
~4x10"n/cm?/sec
Time: 1.5-1-1 min

. ‘ Absorber : None -

Source : In Well
Count Scale : 400 counts/div.

. Energy Range: 0~0. 48 MeV

.
-
.
.

0.317 MeV (192)

""""m-- '-M'
$ LA o e S ,,-\/_* w

LS

-~

14sec'™ 199mPt 4 31min **Pt
3/10/60
Material :
5.58x 10%ug-Pt metal plate

Neutron Flux :
. ‘ ~4x10"n/cm?/sec
Time : 5-10-10-10-10 sec

. . Absorber : 607mg/cm?

. . Source : In Well

. Count Scale : 200 counts/div.
o . % Energy Range: 0~0.8 MeV

0.39 MeV (199m)

0.475 MeV (199)
0.54 MeV (199) .

18
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0.073 MeV (KX)

4
[ ]
[ }
)
e
L 2
[
0.203 MeV
L]
A

W Hg B[ L F P,

JAERI 4019

5.5min” *sHg

3/10/60
Material ;

2.16x10°ug-Hg with NO,”

Neutron Flux:

~4x10"n/cm?/sec
Time: 2-4.9~1 min
Absorber : None
Source : In Well
Count Scale: 1600 counts/div.
Energy Range: 0~0.7 MeV

1.32 MeV

86sec” 13¢]
with Other Fission Products
irom Uranium
11/10/59
Material :
204pg-U with NO,~
Neutron Flux :
~4x10"n/cm?/sec
Time: 1.5-1-1 min
Absorber : 555. bmg/cm?
Source Dist: 1 cm
Count Scale : 3200 counts/div.
Energy Range: 0~9 MeV
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- ’ . 86sec” 1*I with Other Fission
Products from Uranium
9/22/59
Material :
° 305ug-U with NO,~
) “ Neutron Flux :
: ‘ ~4x10"n/cm?/sec
: Time: 1.5-1-1 min
'. Absorber : 555. 5mg/cm?
© : Source Dist: 1 cm
% 132 MeV - Count Scale: 400 counts/div.

. . ‘v, Energy Range: 0~5 MeV

‘e
0]

.

.

.
.
.'
0

/,

L)
. ., .,

N ——

Fission Products from
Uranium

(2. T4min™**Rb, 3. 0min”**Ce,
. etc.)
. , 9/29/59
E Unknown
Material :
204ug-U with NO,”
.* Neutron Flux :
~4x10"n/cm?/sec
d Time :§1 -4 —1¥min
. Absorber : 555. 5mg/cm?
Source Dist ;31 cm
. Count}Scale : 800;counts/div.
' EnergylRange ;0~5. 1{MeV
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