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A quick index to 7 -rays and X-rays from natural radionuclides is presented. In

the list, 7 -rays are arranged in order of increasing energy. The list also contains 7 •

rays from radioactive nuclides produced in a germanium detector and its surrounding

materials by interaction with cosmic neutrons, as well as direct 7 -rays from

interaction with the neutrons. Artificial radioactive nuclides emitting 7 -rays with

same or near energy value as that of the natural 7 -rays and X-rays are also listed. In

appendix, 7 -ray spectra from a rock, uranium ore, thorium, monazite and uraninite

and also background spectra obtained with germanium detectors placed in iron or lead

shield have been given. The list is designed for use in 7 -ray spectroscopy under the

conditions of highly natural background, such as in-situ environmental radiation

monitoring or low-level activity measurements, with a germanium detector.
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1. Introduction

In in-situ gamma-ray measurements for environmental radiation monitoring or

in gamma-ray measurements for low-level radioactive samples, spectral lines from

background gamma-rays may mask weak lines of gamma-rays emitted from artificial

radioactive nuclides. Although germanium detectors have excellent energy-resolution,

it is very difficult to identify such weak lines in a gamma-ray spectrum. This list is

designed as a convenient tool to identify background gamma-rays, while identifying

weak gamma-rays from artificial radionuclides, in a gamma-ray spectrum obtained

with a germanium detector.

Background peaks observed in a gamma-ray spectrum are not only those formed

by gamma-rays from natural radioactive nuclides, but also from radioactive nuclides

produced in the detector and its surrounding materials by interaction with the cosmic

radiation, as well as from direct interaction with the cosmic radiation.1) 2) 3) 4) These

gamma-rays are listed together with characteristic X-rays following the decay of

natural radionuclides in the table.

Artificial radioactive nuclides to emit a y -ray with same or near energy value as

that of the listed y - and X-ray are also given in the same line of the table. Selection of

these corresponding artificial nuclides is based on a list of strong gamma-rays from

radioactive nuclide provided by authors, previously.6) 6)

Furthermore, y -ray spectra obtained from a rock, uranium ore, thorium,

monazite, and uraninite with a germanium detector, and also background spectra

obtained by shielded detectors with iron or lead have been shown in appendix B.

Authors wish to use this table not only in environmental radiation monitoring,

but also in field of research on natural radioactivity.

2. Data source

All energies and their intensities of y -rays given in this table are those retrieved

from Evaluated Nuclear Structure Data File (ENSDF, file as September 1997)

maintained by National Nuclear Data Center at Brookhaven National Laboratory,

USA, on behalf of the International Network for Nuclear Structure and Decay Data

evaluation.7)

Energies of characteristic X-rays are those from Table of Isotopes. 8)

3. Gamma-ray emitters and interactions

Gamma-rays listed are those from radionuclides and interactions as follows.

3.1 Natural radionuclides (see Appendix A.)

- 1 -
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Nuclides belong to the thorium, 4n, series.

Nuclides belong to the uranium, 4n+2, series.

Nuclides belong to the actinium, 4n+3, series.

Natural radionuclide not belong to any natural series:

(EC, 0 ~)

(EC, 0 -)

( EC, 0 ~)

3.2 Nuclides produced by the cosmic radiation in terrestrial environment:
7Be (EC)

22Na (EC)
28A1 (0~)

3.3 Nuclides produced by radiative capture and inelastic scattering with the cosmic

neutrons in germanium crystal.
71mGe (IT)
73mGe (IT)

™™Ge (IT, 0 -)
77mGe (IT, 0 ")

Reaction products from(n,a) , (n,p), (n,2n), (n,xnyp), and (p,xnyp) reactions are

not listed.

3.4 Reaction and inelastic scattering:

iH(n,r)
19F(n,n'r)
B657Fe(n,n' 7)
56Fe(n, 7)
636BCu(n,n'7)
636ECu(n, 7)

70.72,74,76Ge(n,n'7)

7 0 7 3Ge(n, 7 )

no,ni,ii2,ii3,ii4Cd(n,n'7)

113Cd(n,7)

H6,ii7,ii8,i2osn(n,n'7)

ii5.ii7,ii9Sn(n,7)

20"Pb(n, 7)

206.207.208pb(n,n'7)

- 2 -
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List of gamma-rays from natural radionuclides

Explanation of the table.

1. Col. 1 "Energy"

Energy of gamma-rays and X-rays in keV, except for 691.43 keV, that is the

transition energy. Gamma-rays at 2103.5 and 1592.5 keV are single and double escape

peak of the 2614.53 keV 7 -ray, respectively. See section 3 for energy values of X-rays.

2. Col. 2 "Intensity"

Photons per 100 decays of the parent nuclides in equilibrium with its daughter

nuclides. For nuclide to belong to no any decay chain, photons per 100 decays of the

nuclide in col. 3.

3 Col. 3 "Nuclide"

Parent nuclide emitting the 7 -ray of col. 1 unless otherwise noted. The nuclide is

indicated with a chemical symbol and a mass number. The letter "m" after the mass

number means that the nuclide is an isomer. The letter before the chemical symbol

means:

a: belongs to actinium series

t: belongs to thorium series

u: belongs to uranium series

c: produced by interaction with cosmic neutrons or the target nuclide in that

interaction.

x: not nuclide, but the characteristic X-ray is given. For example, Bi Kal is Ka i

X - rays of Bi, Kbl, La, Lb, and Lg are as follows:

Kbl : K/3i+K/S3 X-ray

La : La i+La2 X-ray

Lb : L£i+L£2.i5 X-ray

Lg : L r I X-ray

Values of energies of these X-rays are those obtained by a weighted average of each

components.

4 Col. 4 "Decay mode"

Mode of decay of nuclide or type of interaction emitting 7 -rays in col. 1.

Symbols using in this column:

A: a decay

B-: 0' decay

EC: Electron capture and 0* decay

IT: Isomeric decay

NN: (n,n'7)

NG: (n,7)

_ 4 _
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5 Col. 5 "Half life"

Half-life of the nuclide in col.3. Units and their symbols using in this column:

US: Microsecond

MS: Millisecond

S: Second

M: Minute

H: Hour

D: Day

Y: Year

6 Col. 6 "Relational artificial radionuclides"

Artificial radionuclides emitting the 7 -ray with energy value equal or near to

that in col. 1 are listed. The nuclides are shown with a chemical symbol and a mass

number. The letter "m" after the mass number indicates that the nuclide is the isomer,

and "ml" for the first (low energy) isomer and "m2" for the second isomer. Symbol

"gm" indicates that the artificial nuclide has two decay modes, ground-state decay and

metastable state decay, and emits their 7 -ray corresponding to one in col. 1.

7 Other symbols using in the table.

= Approximately equal to

> Greater or equal to

< Less than or equal to

-- Not reported, or reported in ENSDF but not given here

- 5 -
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Energy
(keV;

4.4
4.47
4.5
4.51
4.93
6.28
6.3
6.67

7.9a
8.2
9.03
9.2
9.3
9.5
9.98

10.
< 10.
< 10.

10.25
10.26
10.52
10.54
10.83
1 ' " ' . • ; •
11.12
11.41
11.71
11.85
]2A)2
12.23
12.33
12.4
12.61
12.64
12.7
12.75
12.95
13.01
13.27
13.27
13.41
13.52
13.6
13.83
13.8.3
14.1
14.25
14.29
14.4
14.41
14.68
14.77
15.
15.12
If.. 15
13.2
15. a5
15.5
15.5

Intensity
<%)

1.4E-06

3.IE-OS

.. _
—
—
0.5

0.014

—
0.7fi
—
—
—
—

—
—
...
—
—
—
—
—
—
0.304
__

—
—
—
1.6
—

—
—
—

O.Olfi
—
—
—
—
—
3.

--
0.16

Nuclide

a Ra-223
x Ba La
x Ti Ka2
x Ti Kal
x Ti Kb
i. Ra-228
a 1h~227
t Ra-228

x llf La
a Th-227
x Hf Lb
a Th-231
a Ac-227
u Pb-214
x HR I-a
a Ra-223
u Th-234
u Pa-234m
a Th-231
x TI La
x Hf Lg
x Pb La
x Bi La
.i TV2.11
x I'o La
x At I.a
x Rn I,n
x Hg I-b
x Fr La
x TI Lb
x Ra La
a Pa-231
x Pb Lb
x Ac La
a Ac-227
t Ra-228
x Th La
x Bi l.b
c Ge- 73m
x Pa La
x Po Lb
t Ra-228
x U La
xHgLg
x At Lb
a Pa-231
x Rn l.b
x TI Lg
a Ra 22o
c ; ' ' _ • •_ ' .

x Fr Lb
x Pb Lg
a Fr-223
x Ra Lb
t Ra-228
a Ac-227
x Bi Lj?
t Ra-228
a Pa 231

Decay
mode

A

15-
A
B-

A

B-
B-
B-

A
B-
IT
B-

A

A

A
B-

IT

B-

A

A
:JN

B-

B-
B-

B-
A

Half l i f e

11.435 D

5.75 Y
18.72 D
5.75 V

18.72 D

25.52 H
21.773 Y
26.8 M

il.43f. D
24.10 D
1.17 M
25.52 H

.-l.27f.IM Y

3.276E+4 Y

21.77.3 Y
5.75 Y

0.4W S

5.75 Y

3.276Er4 Y

11.435 [i

21.8 M

f.. 75 Y
21.773 Y

5.75 Y
3.276E-4 Y

Energy 4.4 ~

Relational artificial

Hf-181 ;Ba-146
1
1
1
I

Po-204 !
Pb-203ml!Se- 86
Tl-aOl !W -181
In-121 :Sn-121m
Er-159 !po-201m
Eu-154n jEr-lfiO
W -179m jSm-153m
Th-233 ;Fm-251
W -179m ;At-200m2
U -231 !
Ag-102m !Eu-154m
Kr- 83m IPo-204
Y 81 !Kr- 74
Ho-162m !

i
1
1
1

Y - 8% JNp-235
Tm-157 ;

i
i

Po-205 [Ce-137
Sb-124mi:

|
Rn-209 Illo. 160m2

I
1

Pt-184 !
Sia-153ra |
Au-191m ;At-2U4

Ba-133m ;La-133
Sc- 45m !Ca- 45
Eu-152m2!
Pt-193m I

f
I
1
1

Pu-239 !
T1-193B ;Ge- 7.3m
As 7.3 ;

i

Gd-155m !
Au-191m :
Ba-140 IIr-179

1
1

Gd-l53 !Hf-177«l
DV-157B !
Hf-166 |

Mn- 57 ;Co- 57
i
i
i
I

Cs-130m !
I
I
I
F
I

I

Yb-161 1
i

At-208

Po-204
Bi-204
Hf-181
Br- 75

Es-254
Er-169
At-200ml

Mo-101

Sr-100

Cs-134m

•

15.5 (keV)

radionuclide

Lu-167

Ag-lO4ni

Eu-154m

Eu-157

Sr- 85in

c
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15.57
15.74
16.04
16.2
1M 2~
16.5
16-51
16.77
16.98
17.2
17.30
17.85
18.07
18.2
IS 1
18.41
18.98
19.
19.1
19.1
19.57
19.59
19.6
20.02
20.17
20.3
20.3
20.95

22.7

23.44
23.6
24.14

2 4 ;>
Ii5 51
25 *i

26.4

26.55
27.
27.27
27.36

29.3

29.49
29.6
29.6
29.86
29.86
29.96
'10 6

31.

I,]

<

l

9

4
4

•P

9

1
=3
=4
7

7

IP1-.MV

—
—

0.72

0.3O6

0.227

0.33
—
n ni i
—

0.374
.5E-03
3.7

61.
—

. 9E-03
—
0.012
0.182

—

—
.8E-03
.1E-03

_
IE-03
•) 117

14. S

0.014

0.54
—

.1E-04
10.29

0.035

.6E-03

.3E-04

.9E-03

.5E-04
0.093
0.109
—

0 »1

i* 0.5

X

X

X

t

a
X
X
X
a
X

X

a
a
i
X
X
a
a
a
X

a
a
u
X

a
a
a

a

c
a
a

a
a
a
t i

t

a
a
a
a
a

u
a
a
a
a
a
i

a

.V.ii-1 nii-

Ac Lb
PoLg
Th Lb
Ra-228
•\i Tn
Pa 231
Pa Lb
Rn LR

U Lb
Th-231
Fr Lg
Ra Lg
Th-231
Pa-231
\c-92^
Ac Lg
Th Lg
Pa-231
Fr-223
Th-231
Pa Lg
U -235
Pa-231
Th-234
U Lg
Fr-223
Th-227
Th-227

Pa-231

Ge- 71m
Pa-231
Fr-223

Ac 227
Pa 231
Pa J3i
Hi 231

Ra-228

Th-231
Pa-231
Fr-223
Pa-231

Th-231

Th-234
Fr-223
Th-227
Fr-223
Th-227
Pa-231
Ka JJS

Fa-U'jl

P.' 2y.

- , , , ( c l V

»X

B-

A

B-

B-
A
B

A
B-
B-

A
A
B-

B-
A
A

A

IT
A
B-

lir
A
\
B-

B-

B-
A
B-
A

B-

B~
B-
A
B-
A
A
B

A

A

Halt >i

5.75

3.276E+4

25.52

25.52
3.276E+4
r. in

3.276E+4
21.8
25.52

703.8E+6
3.276E+4
24.10

21 8
18.72
18.72

3.276E+4

20.40 !
3.276E+4
21.8

21.773
3 276F-4
3.276E+4
25.52

5.75

25.52
3.276E+4
21.8
3.276E+4

25.52

24.10
21.8
18.72
21.8
18.72
3.276E+4
5 75

3.J76C-4

i.27fi<-.'.

Y

Y

[1

H
Y
II

Y
M
H

Y
Y
D

M
D
D

Y

rfS
Y
M

Y
V

It

Y

H
Y
M
Y

H

D
M
D
M
D
Y
Y

*

\

Energy 15. 5 ~

IV ]

Re-188m
Hg-195m
Pu 2If.
Zn- 12

Ti- 52
I" -231
Nd-154
Sn-126
U -231
Ho-161

Pd-112
Eu-155

U -231

Lu-171

Pt-195m
Sb-128m
Os-180
Zr-102

Xe-142
U-136n
I -132m
Sm-156
TI-198ml
W -185m
In-119
Yb-169m
hi li'l

Xe-12d
U --31
Sb-124mJ
Yb-157
Ir-190ml
Eu-155
Ag-119
Gd-145m
Ra-227
Ir-194ml
Xe-117
LU-169BI

Lu-167

Ir-194ml

Ba-140
\p Ji ISDI

»'-17-J

IJ §1 1 ' , . . .
J t I "Mill
Ac 2.*1

<il i • ) . ' ! , . ' i : r i ! i t i ; i |

1 I
1 I

1 i
1 i

|Nd-152 !
I I
iT,i lq2ml iLt 1S2'II2
; ;
j i

I !
JNp-235 •
1 I

iSb-126ml;Ag-113m
!Np-235 !
!Eu-152m2:La-136m
i i
I 1
f 1
I 1
t 1
f 1
f I
f t
1 I

I 1

|Au-187m ;
i i
i i
i i
• i
i i
i i

!Ir-174m \
1 1
1 1
1 1
1 1

:Gd-155m :<kl-151
'Pb-2rt3a>2'
•Kr- 75 :La-l3fim
iSn-126 JHf-166
;Tl-198m2;Sn-126
!Pd-116 1
lSb-119 :Sn-119m
• •
t •

!hn 27)':> I d ) »""hm

!Pu -••''.? 'S"i- L]!«n
•Np 235 ;Tb-161
jl'r 5h ; Ar-231
;Sb-122m jHf-166
IT1-201 iPu-237
:Pu-24i :
!Er-154 !Au-194ml
I I
I I

5EU-154IH .'Cd-103
lMo-108 :Ta-160m
«Nd-152 'Ag-ll7m
•Zr- m jPa-229 |
1 •

jCs-117 •
1 i

!Er-156 "Cf-247
1 i
1 i

!Dy-165m !
Ibra IV) !B,i IX'
I *.n - L9'IJL^ I / i '.«.;

;U> \{fm |Ea-2;.S

••:: V i | : i : n

31.5

radionu"

•Pi ISlm

!SB-151

lPr-151
Tb-151m
Yb-157

Hf-172

La ll!7n

Afi-105ia
Ilo-lnl

Hg-185m
Am-241

Pu-246
Ir~105ro
Eu-154m '
Tli-233

r ; :.'O;
Na- Kim

» \ • : , * .

(keV)

I id.'

;Te-ll7«

Eu-149
Dy-151
Ge- 71m

Ru-103m

SB-15P

Ce-131
U -237

Te-129ai
Pt-195m
Ta-169

11 , U7

n
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Energy
(keV)

31.58
31.58
31.6
31.82
31.99
32.19

32.73
33.32
33.4
33.6
34.
34.3
34.7
31 S
34.99
35.83

36.4
36,8

37.9
38.19
38.9

39.73

39.86
39.97
40.2

41.4

41.55
i -:

41 82
41.96

42.11
42.16
42.22
42.46
42.48
42.86

43 05

43.5
43 3
43.8

44.08
44.1
44.15

r
47). 34

45.43

Intensity

__
0.075
0.016

=9.6E-05
__

0.073
0.03

- 0.012
0.101

8.2E-03
= 0.037

6.2E-05
0.016

——

1.0E-04
0.16
0.11

2.4E-03 •

1.06
0.013
0.024

0.03

0.016

2 T'E-U4
0.06

_
0.039
0.052

9. OE-03
6.0E-03

0.058

7.0C03

1.3E-H3
2.U: U4

0 2M

7.OE-04
7.3E-03

0.065
1 •• • • _

0-034

4.3E 05

a
a
a
X
a
X

a
a
a
a
a
u
a
II

a
a

X
u

a
a
a

a

t
a
a

a

a

u
a

t
a
a
t
a
a

a

u
u
a

a
a
a
i

a

u

Nuclide

Fr-223
Th-227
U -235
Ba Ka2
Ra-223
BaKal

Th-231
Th-231
Th-227
Ra-223
Pa-231
Pa-234
U -235
Ra 22f,
Fr-223
Pa-231

Ba Kb
Bi-214

Fr-223
Pa-231
Th-231

Pa-231

Bt-2-12
Pa-231
Th-227

U -235

Th-231
- , 2"in
Pa 234
L -235

Pb-212
Th-227
Th-231
Ac-228
Pa-231
Th-231

Pa-23i

f*H-234m
Pa-234
Th 227

Th-231
Th-227
Pa-231

Th-231

Pa 234

Decay
mode

B-
A
A

A

B-
8-
A
A
A
B-
A
\
B-
A

B-

B-
A
B-

A

A
A
A

A

B-

B
A

B-
A
B-
B-
A
B-

A

B-
B-
A

B-
A
A

B-

B-

Haif l i f e

21.8
18.72
703.8E+6

11.435

25.52
25.52
18.72
11.435
3.276E+4
6.70
703.8E+6
lfion
21.8
3.276E+4

19.9

21.8
3.276E+4
25.52

3.276E+4

60.55
3.276E+4
18.72

703.8E+6

25.52

6.70
703.8E+H

10.64
18.72
25.52
6.15
3.276E+4
25.52

3.27bE-4

] . 17
6 7 0
•8.72

25.52
18.72
3._276E+4
1- ._

2.1.52

6.70

M
D
Y

D

If
H
D
D
Y
H
Y
Y
H
Y

M

M
Y
H

Y

it
Y
D

Y

H
V
11
Y

H
D
H
H
Y
H

Y

y
ii
[1

H
D
Y

r
H

H

Energy 31.5 - 45.4 (keV)

Relational artificial radionuclide

i
i

i

Hg-192 'Fr-225
Eu-154m !Po-208
Pt-199m !
Sn-128 !Kr- 83o
0s-I79 '<
Cd-107 iRh-lOOm
U -237 |Pu-237

t

La-136m ;Ce-144
Lu-167 ;Pu-243
Tc- 96m iPu-235
Es-254m !Rh-117
•\ni-21Hni iPa 22f'
Au-194ml!Er-156
ff -174 iSb-125
Es-254m JW -173
Ir-189 ;Mo-104
Pt-178 :8r- 80m
Sn-121m ;Dy-157m
Zr-104 ;Ta-173
Sm-156 :Ta-169
Te-112 lPu-239
0s-lQ0ra !Tr ianra:
Ho-155 !Sr- 79
Cs-129 !Pd~103

• *

I -130m j
Pa-229 <V - 45
Cu- 58 ;Au-181
Sb-118m [Zn- 62
Ca- 47 ,'Zr- 84
Nd-135 !Bk-248m

1

Zn 7li ! Ac-231
Cf-2tf Uf-247
Kh-lOOm ;Pd-10fi

•

Pu-243 ;Sr- 83
Yb-178 ,' Pa-229
Hg-181 ;Es-254
Mo- 90 !Pu-237
Cm-244 !Mo-102
Am -244m I Am 244
Am-243 !lr-194ail
Bk-248m Wi-ASA
II-239 ;Am 243
Pt 200 ;Ca 249
Pu-246 ;Ge- 66
Fr-225 ;Fm-251
U -240 ;
Pu-241 1

Np-236in lYb-iei:
Zr- W !Piir212
IT) 1 « !lr-17P

; ;

; j

!Fm-251 !
!Rh-104m ICe-134
I I
I I

jAia-241 1TI-201

'Pd-100 !Sai-153m
•AIB-241 |
1 1

i
i

i
i
i
i
i
t
I
I

!Au-193m
1

l

l
i

i

•W -176 ;Au-194m2'Cs-117
[Es-251 ;Fm-255
!Lu-166mi:Es-254
!Pd-117m I
IBk 2in :TJ-IPlml
l I
l 1

:r -125 :y - 83
|Eu-154jn tPai-353
jSr- 98 Cd-124
•HR-19SM :W -168
;Ho-164m ;
;lr-185 [Yb-164
;Au-193m lHo-162m
lRh-105 iXe-142
!Gd 1S2 :ir-l°4ml
>Ho~159m Hlg-1,93m
*£u-152m2«Ru~103
• <
> t

lFr-212 -Rn-208
jMo- 99 JFm-255
iYb-164 |Nb- 94m
:Ag-115m IHf-184
!Fm-252 !Tb-153
:•"• " • ' \~ " " •'

• •

itm 245 ipt-188
:Tm-lf.fim lyb-160
lAm-242 !
I 1
I f

I I

1 I

iSn-126 !
!Am-241 lBk-250
!Cf-250 !Am-245
ji:-s 253 i Ac-224

!Pa-237 !ABI-24!
•La-!25 1
•i«i l.J9m iT)v if'S
•Hf-184 ;
;Yb-157 !Cm-242
I i

I i
I i

i 011-243 JLu-i?-loi
!Eb-254ni !Ba-L2f-
!\p-236 ! P J - 2 4 0

Tb-155 ;Au-19'lmliHy-]S5 iilf U>3
Br 7Gni ;Kr 7P ;Er If* jTm- lb l

i
i
i
i
i
i

;

;

:Te-125rn
i
i

•Es-254m
;TC-121IB
i
i

;Ho-155
!Tm-159
!Tc- 95m
!Iu 1R5
:i -129
.'Sh-103m
j
i
i
i

•Nd-136
JEu-155
iCe-144
i
I
I
i

• 1

;

•.Np 241
!
!
!
•

•

IFm-254
IAm-240
I l'̂ m- '£1*6
i
i

•1^1-238
!

•
i
•
i
i
•
i

• •
i
i

lFr-220
iNp-23('iio
i

j ta 1L'8



JAERI-Data/Code 98-008

Energy
<keV"

46.

46.
I1"1

47!

48.
48.

35

45
-1
91

3
5

48.56
ll1.

49.
I1"1.
50.
50.

89

13
13

50.84
50.9
51. 22

52.73

53!
0 ]

2
53.23
53.44

54.

54.
54.
54.
54.

1

2
25
6
61

54.96
55. 03
55.45

55.

56!
56.
56.
56.

79

55
55
72
76

56.84
56.
57.

57.

57.
58.

~iS.

59.

59.

96
19

7.1

77
2

7,7

19

6

Intensity

0.223

—
1.2."

9.3E-O3

1.

<2.

<

<1.
=9.
4.

U

9!

6.

6.

1.

5.

8.

0.047

J. U'ji

0.038
i"> r > . ~ i ^

0l 497
7.88

„

5E-Q3
0.02

0.085

0.123
1.2

OE-03

0.03
0.077

5E-05
7E-04
3E-05

_-
JE-'JJ
9E-05
0.097

1E-03
__
0.019
0.030

6E 0.J

0.47
4E-05

n. i«

IE-05

7E -05

a

a
1,

t

a
a
l
u

a
,1

a
a
a
a
a

a

1
u
u
c

a

a
a
a
X

u
a
u

X

a
a
t
a
u
t
a

u

t
u

M

U

a

Nuclide

Pa-231

Th-227
Fb 2K
Pb-212

Th-227
Hi-227
Pb-212
L 23>

Fr-223
Tli 227
Fr-223
Th-227
Th-227
Pa-231
U -235

Pa-231

Pb 212
U -234
Pb-214
Ge- 73m

II -235

Th-227
U -235
Pa-231
Hf Ka2
Pa-234
Ac-227
Pa-234

Hf Kal
lh 227
Fr-223
Th-227
Pb-212
Pa-231
Pb-214
Ac-228
Pa-231

Th-234

Ac-228
Pa-234

Tii-2n.l

Pa-234

Fr 223

Decay
mode

A

A
p
B-

A
A
B-
A

B-
A
B-
A
A
A
A

A

r,A
8-
1T

A

A
A
A

B-
A
B-

A
B-
A
B-
A
B-
B-
A

B-

B-
B-

n-
B-

B-

Hal f l i f e

3.276E+4

18.72
22.3
l6". 64

18.72
18.72
10.64
1. l-JbL'j

21.8
18.72
21.8
18.72
18.72
3 276E'4
7O3.«E*6

3.276E+4

10.61
2.455E+5
26.8
0.499

703.8E*6

18.72
703.8E+6
3.276E+4

6-70
21.773
6.70

lb.72
21.8
18.72
10.64
3.276E+4
26.8
6.15
3.276E+4

24.10

6.15
6.70

9-, -0

6.70

21. S

Y

D
Y
H

n
D
H
Y

M
n
M
D
0
Y
Y

Y

I!
Y
M
S

Y

D
Y
Y

H
Y
H

L'
M
D
H
Y
M
H
Y

U

H
H

11

H

M

Energy 46.3 ~

Kelat ional a r t i f i c i a l

Pd-118 jLu-181
Br- 82m ;Nd-154
Cd-101 :Sm-153m
Ta-183 1W -183m
7n 7" in*. i~"
ilo-ir.5 !Ru- 92

La-14.1 isc- 86
Lu 1 7 0 B '•
( ' s . l ' l l -Am 242ml
Lu 7 1 ;'_ _ l ' j
Cm-243 |Tb-151m
Ta-171 iIr-173
Te-132 iPd-118
v.i i'"i : Fi iS'"m
Es-2:.4m !Rn 208

1
t

An-198a lAr-231
Eu-159 ;!.• -237
Ho- Ififitnli • Cs-1 .'iOni
Dy-157m -Pu-239
Rh- 96m |W -171
Sr- 98 lSn-106
Sn-134 ILa-132m
1.11 '.si \y.\ i."7
Pn-IK". ! f t . 197m
Ru-103 !Pd KG
Ce-144 jW -171
Co-245 ;
Ba-M8 jCs- 124m
Bi-204m2;
Gd-153 jLa-148
Dy-166 ITm-165
Tb-157 !Eu-157

1

Cf-249 iPt 188
Mo-104 iBa-12:.
Re-184in • Sin-135
Aai-241 ;li -242
Zr- 99 ;Pd-lOU
bin YJJ ; C a l i b
Gd-161 ;Pu-241
Pa-236 |Zn- 74
Ho-164m !Ir-192ml
Pu-241 !
Au-19.™ !Cm 245

1

•
Tm-1H7 iTh-223
Ce-143 |
Hf-180m ;Pr-ir»l
Er-151m ;
U -232 [Dy-165m
Sm-153m jGd-159
Ba-123 1
fi i-l. '>.'i !M> • l1"1^

Fe- (id ll'o 60m
Tb-152m iRe-lSfJin
Lu-174m !Hf 182m
Kn-227 !
Pb ISO ;Pa 227

;W -166
|Se- 72
!Cs-147
lRe-183
1 j | 1 ~i 1 pi *

:i'u-236
1
1
1
1

1

•Br 71
'I'u - J - 1

iby-151
!Ir-173m
lAu-199
:\u isi
lib J6f.
t
t

'.VI 1 1 1 '

•Au-187
;Pa-230
|Zn- 74
1Ta-183
;
1
!Ba-133
:ilg-195m
!As- 73
1
t

jGa- ^5
1

1
1
1

!Na- 29
I
I

:Xe-125
:pt-i7s
: Am-243
t
1
<
1

;Ld U7LI
;RU- 92
!La-136m
1
1
1
1

!Pu-239
1

• B i - 76m
1
1

iXe-127

iHo-162m
IDy-159
1
t

If.- 127
lXe-117
1HO-168B
iTm-159
1
t

; I'm 1G1

5 9 . 6 (keV)

radionuclide

|Cs-122ml
lMo-104
IHf-164
;
T l i "•••ll

;llf. 170
1
I
I

1

•AIB-239

1 2J'J
;Se-""68
ITb-156ml
!W -174
IFm 2."."]
!
i
1

jEu-159
1

|W -172
|Es-253
:i -117
!W -183m
;
1

lTh-225
!
•Xe-118
t
f

•Ho-106

1
1
1
1

IPd- 94
I
1

I
iPm-251
|0s-182
1
f

1

;La 127m
;In—121
;Ho-159
1

1
1

J
1
-Tb-161
f
f

•TP-127

JAm-241
;Lu-163
l
l

I Fin 2.".:.
;
•CP-144
!Bi-196m2
F
f

jl" 237

I
I
l

lTe-114
lPu-239
I
I

iT'i' l**i~

1

1
1

!

;Br- 8flm

!Se- 70
1
1

!Pr-147
1

1
I
t
1

[Hf J82fli

•Fm. 251

JEr-156
lRe-183
]
I
t
t

t

!Ge- 73m
l
1

•Ru-110
I

1
1
1
I

ITe-114
1
1
1

!Es-253
•Zr- 83
1
1

1
1

•Ga-^74m
j
1

|
;
1

•'Aa-239
1
1

|Te-1.27B
1
1

lFm-255
!Cs-124m
1

• Np 2 1 . "
1

:pr-144a
!HD-161
1
1

•I'u-237

- 9 -



JAERI-Data/Code 98-008

Energy

(keVT
59.6

60.5
60.5
SI
61.41
51.44

62.
62.45
62.45
62.5
62.7
62.7
62.7
62.86

63.2
63.29
63.65
63.81
hi 8(1
64.31
64.37
64.94

65.12
65.42

66.2

60 1

67.25

67.67

67.81

W 7J

h": Ui
69.21
69.46
69.8

io JU
70 83
71.1
71 9

Intensity

9.7E-03

6.5E-03

.'• 1181

__

2. 5E-04
0.188

—
2.5E-03
1.2E-03

0.021

0.055
4.84
0.05
0.263
n 021
0.036

= 0.04
„

5.4E-M
0.077

6.1E-03

7 1Y.-O1

5.8E-05

0.377

—

b. :i: u:i

0 i\"i3

6.5E-03
2.8E-05
9.7E-03

[
.

].'•£-iJ3

a

a
a
u
a
a

a
a
a
u
u
u
u
u

a
u
a
t
a
a
a
X

a
a

a

a

u

u

u

a

a
X.
\

a
u
a

X
X.
u
a

Kuclide

Th-227

Pa-231
U -235
Bi 214
Fi 22Ii
fh-jJ.;7

Th-227
Fr-223
Th-227
Bi-214
Pb-214
Pa»234
Pa-234m
Th-234

Ra-223
Th-234
Pa-231
Th-232
Th-231
Th-227
U-235
Hf Kb2

Fr-223
Pb-211

Th-227

Tli-227

Pa-234

Th-230

Th-230

rh-231

Ta-i'il
Ilj! K,i2
•If Kbl
Ac-227
Pa-234
Th-227

Ife ha:
Tl Ka2
Bi-414
Pa 231

Decay
mode

A

A
A
lj.
\\
A

A
B-
A
A
B-
B-
B-
B-

A
B-
A
A
B
A
A

B-
B-

A

A

B-

A

A

B

K

A
B-
A

H-
A

Half l i fe

18.72

3.276E+4
703.8E+6
Is? 9
21.8
18.7J

18.72
21.8
18.72
19.9
26.8
6.70
1.17
24.10

11.435
24.10
3.276E+4
14.05E+9
Ti .)9

18.72
703.8B+6

21.8
36.1

18.72

18.72

6.70

7.538E+4

7.538E+4

k5 52

18 71

21.773
6.70
18.72

1'j.H

D

Y
Y
M
M
D

D
M
D
M
M
H
M
D

D
D
Y
Y
H
D
Y

M
M

D

n
H

Y

Y

l!

Y
H
D

i

M
Y

Energy 59. 6 ~

Relational artificial

Am-241
Pd-111
Pt-200
Au-200m
Hg-183
I)i Mil
i>m 145
Sb-122m
Sin -155

W -174
Cr- 49

Ce-145
Tm-173

|Er-172 ;Ga- 74m
!Rn-208 ;Ho-160ml
!Am-245 !Es-255
:in-121m :Sn-130m
ICd- 98 IHf-172
!l3v lf)7in !Fr £0)
'•V - l i b 'i'm l!^3i
>Au -l l\"im 'lin-19.~)
•Pic-2." \in Mi

•Ge- 75m ;Ge- 65
;Pd-iO3 :
• i
• i
i i
• i
i i
i i
i i
i i
i i
i i

lr-194ml!Cd-l24 iKr- 74
Kr- 73
Yb-169
I -119
Co- 65
Tm-155m

Ra-123
Ho-105
Es-252
Pa-229'
Tb-152m
Ge- 6fi
Ir-181
Dy-155
W -185m
U -229
Se- 60
Lu-171
Cs-136
Se- 73m
Ag-119
La-125
La-129m
Ta-182
Am-239
Nd-154
Er-172
Lu-lMa

CM- 73
/b-lfw
Xc- 11.
Tm-163
Yb-157
Sm-153
Es-254

Pi Ihi

Hi- 1'ij
Pd 117m
M. in?

•Os-172 ;Pt-W6
1 t
1 |
;Sn-130m ;Ba-125
I i
l i

IPo-208 !Rn-224
• i
• i

!Eu-lHi7 !An IT'"
iFr-227 !Sn-126 .
!Zr-102 !Pm-154m
iPr-131a !ll -237
JRc-181 |
• »

JAu-187 |Hg-185m
;Te-121 ;Sn-119m
IBa-145 lCf-249
IBa-127 1 Ho-145
lU -2 in !Rb 77
!Tn-171 1
•Td-162m >Am-242ol
| S e - 7 3 :Pffi-H5
;Cu- 61 ;Co- 61
;Pt-184 ;Ac-22fi
j '
;Re-182m \Mo-108
IRe-182 !Ti- 44
IHf-172 !At-206
1 i
1 i

: r h L'L'.5 :r-d :..;',

• l l a - V* ' A n '••••ITI1 '

;., r-". ;•
i i

•Re-189 ilr-189
lGd-153 !Mo-104
!Sn-129m [Pd-119
! • i " : " " " ,

!i'r-l.VI !
1 1
1 1

Ifti 171m lFs-?r>iai
'(a fill '() ££
\Y.I I T I - F r : . M J

71.9 (keV)

radionuclide

JAg-lllm
lEr-160
IFm-255
;in—121
•

\7i HI
I Ar I.-
• S ; J 1^<
;Cs-l23in

;Rn-206
;
;
]
]
i

i

lYb-167
;Ka-230
I

;Yb-169

!w -188
;
!fs 121m
t

!Ho-169
jCs-124m
<
!
•Ir-187
[Mo-107
!Ge- 75
i
i

ICd 101
J
«Er-157
JHo-158ml
Nd-155

:Pa-227
i
i

;Eu-159
lSr-102
!Ru-109
1

J
!
i

i

•

,'Ta-173
IHf-172
• A 1

•Pu 2 4 i

;Nd-156
lXe-118
IMd-255
!Ir-195m
]

\7n i.O
•Ba Hh
•Nd • i'iii

•Hf-163
;
1
;
I
•
•
|

!Cd-126
•Es-254

|Po-204
l

!Re-188m
I
! R i 2< 'Sm
i

IIr-187
!Br- 73
*l
l

;0s-179
iMo-108
!Se- 75
i
I

:PU 2 ir.
*
ipu-243
|0s-183m
1
l

jU -242
I
i

lPa-229
|Dy-165m
IIr-189m2
I
I

• L *s i £ 1 ID
i
i
i
i

i
i
•

i

!

iTa-185
iSn-130
• _

•
•
i

•Fr Inn

- 1 0 -



JAERI-Data/Code 98-008

Energy
ikeV)

72.7

72.72
72.75
72.81
72.87
72.9
73.62
73.72
73.92
73.92
74.15
74.4

74.82
74.97
75.
75.02

.75.15

76.86

77.11

77.34
77.34
77. b

78.95

79.29

79.72
79.72
79.84
SO. 11

81.

81.07
81.23
81.52

* 82

82.09
82.42

82.47
83.

83.23
83.3

83.79

Intensity

=

3

=

4

5

9.

-1.

4.

0.11

7E-03
0.251

_.
0.027
0.019
0.01
0.017
0.013
0.024
OE-04

9E-O5
0.06
0.022

0.026
0.073
•j. U

—

—

0.126
1.87
9E-05

0.045

-..
0.89
—
2E-O3

0.4
—

—
2E-04

0.079

--

a

a
a
X
X
a
a
a
u
u
a
t

X
X
u
&
a

X

X

t
a
a

X

X

a
a
u
X

a

X
a
X
a

a
X

X

u

X
u

X

Nuclide

U -235

Pa-231
Th-231
PbKa2
Ti Kal
Th-227
Th-227
U -235
Th-234
Pa-234m
Pa-231
Th-228

Bi Ka2
PbKal
Pa-234
I) -235
Th-227

Po Ka2

Bi Kal

Ac-228
Pa-231
111 I'ol

At Ka2

PoKal

Fr-223
Th-227
Pa-234
llg Kbl

Pb-211

Rn Ka2
Th-231
At Kal
Ac-227

Th-231
Tl Kbl

Hg Kb2
Tl-210

Fr Ka2
Th-234

Rn Kal

Decay
node

A

A
B-

A
A
A
B-
IT
A
A

B-
A
A

B-
A
B-

B-
A
8-

B-

B-

A

B-

B-

B-

Half life

703.8E+6

3.276E+4
25.52

18.72
18.72
7Q3.8E-6
24.10
1.17
3.276E+4
1.9116

6.70
703.8E+6
18.72

6.15
3.276E44
2Z. 52

21.8
18.72
6.70

36.1

25.52

21.773

25.52

1.30

24.10

Y

Y
H

1)
D
Y
D
M
Y
Y

li
Y
D

11
Y
II

U
D
H

M

H

Y

H

M

D

Energy 72.7 -

Relational artificial

Po-199m
Nd-154
Se- 68

Ba-127
Xe-H'''
Ilf-169
Ain~242ml

Mg- 22

Yb-158
Ba-147
Ho-161
I.' -239
Rh-lOOm
Tb-149n
Ir-187
Sn- 128
Ir-177
Pu-246
Pm-156
Sb-122m
Tm 171

Pd-117
Nb- 88
Sm-13r>
Eu-152m2
Hs-197m
Ha 112
Hg-189gm
Ru-111
Ho-170m
Ho-171
Ag-lGfcm
Dy-159
Gd-159

Mo. 88
1'a- L'27
Fm-257
Ho-166
Dy-153
Ac-226
Rh»113
Cs-122ml
F«-23H
T«--12lm
Pm-15'lm
Zn- 76
Es-250
Ce-135m
Dy-166
Tb-153
Ac-224

Elc-184{D
Cr- 57
Ac 223

|Ra-230
lLu-171
IXe-120
;
[
iPr-131
!
11 -133m

f

i
i

•

i
•

IIr-187
I

I

!Am 243
SPa-227
'Fu-257
!
•£u-16u
;Sm-153
;Cs-147
ILU-171
;Pm-147
:Lu-i7i

• Sm-lo'/
5Sn-113m
IPt-199
•Sn-I29m
;Gd-161
'Ca 12.,
lYb-161
!Eu-159
! Tin-170
\
;Y - 8i
lAu-181
JTb-158
I

|Tm-16B
'Xc-1-1
;lr-193m
:Tm-166
!Es-254
!U -230
lTe-131m
!Np-23f>
lTa-173
;Zr- 99
[I'm-154
;Yb-176m
;Sn-131gm
!Pt-191
ITc-105
!Cs-130m
JDy-157
i

i

iCs-123
•Mo-103
;W-1S4

;Ba-148
iPm-145
iPr-152
\
|

!
ICf-251
•Ho-164
L

;

]
;
10s-191m
i

i

!Pd-llX)
1

t

1

1

1

|Fr-225
;Gd-153
;Pm-148m
IZn- 76
!Eu-147
!I.u-171n>
•Ce—133D9
JHO-172
I

I

•Pi-197
|Tb-IB1

;Ti- 44
IPb-190
lLu-172
!
'.Cm 245
STe-134
!Ba-133
i

t

•Ho-168
|Xu ill'
:Ag-ioi
;Ho-166m
lFm-255
|
J
!
!Ta-l7n
•Xe-141
•
;Lu-176m
;Yb-166
;0s-191
lU -240
!Cr- 56
lPt-187
1
t

•Pr-ir>l
!Er-157
i

t

i

83.7 (keV)

radionuclide

iu -230
iXe-122
!Au-181
]
\
!
t

F

!(te -193
•Rii-108
i

;

•

;

!Ac-224
i

i

!ln 109
!
j
!
{Pa-229
;Sm-159
;W -172
I
i

!Re-177
!Mn 10f
•
!Pt-197m
1

f

;Au-197m
;Ho 161
|A'j [f>j
i

!Lu-173
!Tm-172

!Ho-167
jEu-158
• X(*-133
I

jCs-]38ra
\\h iu:>
;Ba-130m
!Tb-162
IMo-101
l
i

E
F

1

!0s-176
•'Ba-144
f
I

|U -231
!Ru-112
! Ir-191m]
iPr-135
!Tc- 94
I

I

I

1

jPm-153
jCd-104

;Ac-226
;Pr-145
!Rn-210
l

]
1

i

1

i

!llf-l83
•

i

!

;

;

]
ITb-161
I

i

|

Ji
i

t

t

;T!i 223
;Ru- 94
[Hg-186
I

I

IPt-200
|Sm I13m2
1

IPu-241
1

JHg-197
!Fr-223
;lli! lbu
;
lSm-155
IHf-166
I

i

!Nd-154
1
1

;Re-177
•

t

;Cs-130m
!Ho-162m
IXe-133
I

I

1

1

I

1

IAR-119
;Ag-116ni
•

•Tm-176
;0s-194
I

I

lHg-188
INd-153
1
I
1
1

!Sni-l53
•Ho-167
1

I

t

- 1 1 -



JAERI-Data/Code 98-008

Energy
(keV;

83.8
84.21

84.37

M 77

84. »7

85.8
86.11

87.02

87.17
87.3

87.68

88.2

SS 3."
88.47

89.62

89.78

89.95
89.96
90.

'jj.

92.11
92.28
92.32
92.38
92 S
"3 ' 2

93.93
93.93
94.
'j1 .'
•M IM
94 '">
P4 *i
1 .4 . M

Intensity
(V
0.058
6.6

1.22

.

5.8E-03

0.019

-_
—

0.017

13 2.".
—-

—-.

0.94
—
—

—

—
2.81
i . 77
{' 01'")

5.4E-04
1.35
0.4
0. i. 1 'i

.

i> O i l

a
a

t

X
X

a
X

u

X
X

X

a

X

X

X

a
X

a

IJ

X
X
X
u
ll
A

\

a
a
a
a
X
\
X

Nuclide

Pb-211
Th-231

Th-228

I'b Kbl

T! hb2
Ra K.-Z

Th-231
Fr Kal

Th-234

Bi Kbl
Pb Kb2

AcKa2

Pb-211

I . i i 17'")
RaKal

Po Kbl

Bi Kb2

Th-231
Th Ka2
Th-227

Ac Kal

Th-2:J1

At Kbl
Pa Ka2
Po Kb2
Th-234
In 231
l'i-2J]

i I K.r

Fr-223
Th-227
U -235
I'b J l l
ii-i Kb:
I! K.U
K\ KbJ
1 i <!27

Decay
mode

B-
B-

A

B-

B-

B-

R-

B-

A

B

B-
\\
B-

B-
A
A
)'.

\

Half l i f e

36.1
25.52

1.9116

25.52

24.10

36.1

r. 78E1"

25.52

18.72

IK. V>

24.10
24 10
2."..") 2

21.8
18.72
703.8E+6
A* 1

IS. 11

M
H

Y

H

D

M

Y

H

D

V)

D
1)
H

M
D
Y
VI

:•

Energy 83.8 ~

Relational artificial

Te-114
In-109
Lu-170
Ir-194ml
Ir-189m2
(*n - t̂ Sni
'Ac l»Jin
!IB-1.".:J

I s 117
Ru 11-'.
Ge- 64
Eu-155
Ba-148
Pr-147
Sn-12^
Co- 63
Re~186m

Cr- 47
Ru-114
Ir-177
Ce-133
Pd-109
Sb-113
T . i - 1 7 M
Au-189
Lu-178m
In-130
Tc- 99
Kr- 74
W -172
Ar- 32

Bi-198ml
Pt-178
A i J bbi
f /* 1M ̂
^"1 1 A* ID
lui-ifi-;
Pra ir..i
Pt-177
Ra-230
Rb-101

Re-188m
Is.i 12 o
Mo 1!)3
lK«- SJ

Ga- 67
Rb- 91
Te-116

Ho-164m
I , i i > > ! i
Pa VS.,

Nb hT-

;Se- 73m jPd-100
lFr-212 |W -176
] J
lRe-177 IFr-224
i i

! \ d ' i i . !•'• l l ^
iRr lbs 'iffi '..JO-ii
• Kh II1 , ;Pr 1''7JI
; l i d - L l l i n j p j j - i l
• H.i 1L\". • t" i /.","

lCs-121 i
|Rb- 81m ;Ir-179
;Th-233 !Eu-155
:Am-242mi:Am-243
!Mo 104 !Pm 137
!Nd-155 :Ce-137m
|Te-136 jle-119

|lr-183 ;Lu-I65
;i)y-165m ;Tm-lfi8
I i

•Tb-161 ;Th-223
I R U - 1 1 3 [Tm-155
:Te-127m !
; iu i7i")m !Ki 7."

:ii -229 :sr-ioo
!Hf-178m2:Hf-178ml
•In-130m2•Pd-115m
;Cs-124n» JNe- 25
;Ir-172 jCd-117
•Eu-152m2;
!ln-120m2:Ce-147
i i
i i

!Fr-227 !Nd-134
i i
I I

I ( r 49 !ui 1*"̂
I Mo l!>1 !ld lift

• i

\tia 1&4 il'i I7x
;Co- 55 ;Ba-145
; ;
!Ta-171 iNp-235
l i
i I

!La-123 IRn-227
!il 1M \.\c 223
:C$ 117 !» 17J
|In- M B ;H.I 221

;Lu-180 -Cs-129
I i
I i

IIr-181 !Kr- 74
I i
I i

:w -189 :Au-i8i
• 1 r-11".! !l!'i 1 il'ai
!H -!>.'in . ' l - U.Jii
1 i

94.9 (keV)

radionuclide

•Pu-243
;U -231
]

ITm-161
•

• |ii I°7
•Vi :'"'.
;S.i I'll-
I

I

;Cs-136
;Gd-155m
!As- 69
!Ov-15731
F

1

;An-181

•Sn-126
;Lu-168m
i

JTh-233
!Tm-155m
i
•

!Tb -l"r'in"
lre-123m"
!Ta-178nl
iHf-175
JCB-245
|Rh- 99
i

•Au-181
i

lTe-114

! iif\ 7 *
:xv !•'.

•Yb i:.J
1

1
;
|
lCf-249
1Kb l.'il
<t>\ s ' iIIU
• At* 1-.J7TI

JM- - r .
|Hf-180m

iCm-245
I
lEr-161
!F'i lx ;
• ' .i 2''.5
j
!

;Bk-247
!Np-235
i
I

lAc-224
I
l

! ' i ',"'•'

;Mo-i08
!Tb-155
!Tb-160
I
!
|Lu-169

| S B - 1 5 6
;Pr 131m

;Ag-109m
; R U - 1 1 0
]
;

!Zn- 72
lEu-156
!Sn-153
•Tc- 99ra
;Sb 120m
i

I

i
i

IIr-177
I

1

: ra - i7 i
•Ho UA
!
j l r 17.'!
1

1

1

1

1

1

I

I

I

',['•• n r
'! I'.JS

;l.I l"7

;h i7.'
;Ta-180
i

iSr-102
I
I
I
i

i

i
•
•
•
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JAERI-Data/Code 98-008

Energy
(keV)

95.
95.7
95.86
96.

Vs? llf-"

•'n. !

9(.\v,

97.17
97.25
97.3
97.53

•18 1 3

99.51
99.6
99 J»i

9i»!b9
- 100

100.21
100.27
100.41
100.84

100.89

102.27

102.5
102.59
102.6
102.95

103.35

103.71

103.77
104.2

104.4

105.2

Intensity

0.018
0.37

•'). '/rib
0 Rot)
0 l'!Ji~

h .IF .)'.
3.8E-04

—
0.012
—

0 12

1.26

5. IE (13
5 OE-04

-9.1E-03

0.075
0.093
0.03

2. OE-04

0.41

< 0.014
—

4.2E-03

3.8E-04
0.019

__

a
a
X

a

a

;1

i .

u
X
a
X
i

X

a

t
a
i,

u
X
f!

X
a
t
a

u

a

a
X

a
X

u
u

u
a

u

a

Nuclide

Pb-211
U -235
Pa Kal
Pa-231

I LMf,
iii n't
t'.t J J i

r. -i\>
Pa-234
Fr Kbl
Pb-211
Rn Kb2

1

I. K i l

Ac-228
Th-227
Pa 234
Pa-234m
Ka Kbl
Ac-22?

Fr Kb2
Th-227
Ac-228
Pa-231

Fa-234

Th-231

Th-227
Ac Kbl
Pa-231
RaKb2

Th-234

Th-234

Pa-234
Ra-223

Bi-214

Th-227

Decay
mode

B-
A

A

\
\
K

It
B-

B-

ti

B-
A
B-
B-

A

A
B-
A

B™

B-

A

A

B-
B-

B-
A

B-

A

Half l i fe

36.1
703.8E+6

3.276E+4

70,'i i»F '.

is. n
3 J75L-4

1.30
6.70

36.1

- '

2fj. j>

6.15
18.72
ti 70
1.17

•l\ 773

18.72
6.15
3.276E+4

6.70

25.52

18.72

3.276E+4

24.10

24.10

6.70
11.435

19.9

18.72

M
Y

Y

Y
I)

V
H

M

H

H
D
11
M

Y

D
H
Y

H

H

D

Y

0

D

H
D

M

D

Energy 95. ~

Relational a r t i f i c ia l

Mo-103
As- 79
Sr-100
Dy-165m
Cf-246

Ic I1."
',, ''7ir.
S- .'.">

Zr- 83
Ce-133m
Cs-123
Sm-153
II ,
i • ^ > ' : n

: ; : . . :n
h a U K
Pii I ;l<
(n. 21 1
Am-240
Ta-183
Am-246

Lu-183
5t)-11 Pic

Rn-221
(« j -]4->
St< \y--i
Ta-182
Sb-111
Er-174
Hf-180m
Dy-149
Ce-146
Y - 81
Hg~193iB
ff-179a
Zr-102
At-200ml
Gd-161
W -183m
Nb-103
Br- 76m
Zn- Tl
Te-116
Xe-114
Sm-153
Sb-132
Re-180
Ho-172
In-122m2
Es-254m
Pu-240
Sn-108
Xe-116
Nb- 91a>
Pm-151
Ba-W7

;Pa-228
[Xe-121
;
IN - 19
iFm-257
i

'' PI 'J '•'
'•:-i I •!
; \K 1.1
i
I

[Rh-117
I
I

!Cd-102
IGd-153

i -f ivv
!•!•! i | l

I.'ur .:•!:•,
• I i If-."
; . l i 1«. .
;Tb-158
!W -183m
!Np-235

lDy-153
•Pi 17?
•

j

! x<» - 1 ','*

•Re-182m
lEr-151
!Ge- 79
IXe-141
!Ta-170
!£u-154ai
•Hi—115
!Kr- 72
jBa-128
jNb-105
;At-200ra2
!Es-252
;ii—181

iTc-107
.'Cd-126
lCe-134
•Bk-345
jGd-153
<Hjr-l87fim
•Ho-170
lLu-165
!In-122ml
!Rn-227
!Ta-175
SSn-155
ilm-177
Re-I84«
Sr- 79

;Ce-148

;Ha-258
;La-136m
;
IPd-113
j

1
! [. j , ; • , l n

•'•I IV'j i j

j i ' l - l^ i
•

;Pd-117ni
I
I

;ir-185
iIr-179

i i i i .^
!\,; 10 lm

i1"-1 lV.'1J r 1 ̂ 'oni
[Ho i.^Ku
;Pu-237
!Re-183
!Re-186m
i
i
I
I

[
j

• t r 16.J

•Sm-158
I
l

INd-136
jLu-173

:Zr-104
«Dy-147ia
•Pt-178
JFt-227
fTo-162
;Te-131m
JLU-166
I
1
1
I

]
lNp-236
fSm-156

•Kr- 76
; Pa- 238
;Ta-180
I
I

!Te-121m
!At-209
;
ITm-163
'.Yb-177iB
JU-129B
;Zr- 83
;Ra-232

105.2 (keV)

radionuclidc

jlr-189
!Eu-159
l
I

!Xe-119
]
•

• ' 1 j 1 ' !D

!i ^ i j|m
!

!

•Th-223
;
|
IFr-212

St .-•'
!>".(! 1 ' i
'!'": 17l'
!
• I - I i % i l

;Am-241
!Fm-254
!Am-244
t
i
i
i

J
I
I
I

jh IKa
i

;W -176
1
!Ho-159
!Cd-121m
;
!Ra-230
!Au-187m
!Sr- 76
|Hg-192
jTm-162m
|Ir-183
,'Lu-166mi
1
;
;
'.111-12401
|Se- 81m
f

iRb- 78m
•Th-225
;Pt-200
I
I

;Ba-144
!Te-112
I
I

!£s-254m
:Sm-l35
l
X

•Nd-133m
l
i
l

•Ta-172
;Se- 79m
i
i

:Yb-176m
J
I
i

!(id l-Uci
• H i 1 1 '
!
•

|Rh-104m
;
[
;
• •

!['ir 1,J!JPI

• Ar ?2.S
!
• l J ! [••'run

•Ce-148
;Bk-250
I
I
I
I
I
I

i
i
i
i
i

•Po 151

•Ir-179

iIr-185
i
I

!Nd-154
'Pd-116
'Au-2(KhB
•Np-238
;Re-171
;Np-235

»;Lu-166ml
I
I
i
i
I
I

I P U - 2 3 7

'Ho-161
*
*;Ir-196m
;Pu-242
;Pu-241
I
I

;Ho-155
!Np-236m
I

iAs- 67
!Sa-213ia
1
1

jNd-133

- 1 3 -



JAERI-Da ta /Code 98-008

Energy
(keV)

105.33

105.74
105.81
106.

UK. 61
]«• 68
106 78
]'%. ?n
106.85
107.22
107.75
108.
108.14

]()9.16
109 ii
irio.o

110.

110.65
110.65
110 8fi
111.1)0

111.49

112.6

112.81
113.16

113.5

114.45

114.5
114.56
115.18

113.45
115.63

116.82

117.2

118. ih

Intensity
tt)
__

7.1E-03

0 017
5 SE-itf

O.CJJ'J

: IF (B
< 0.03

0.015
8.4E-03

0.011

i :>i
=fi. lfc-03

6. OE-05

7.9E-05

0. li.'ib
_

_

=8.5E-03

0.277
0.655

0.01

9.OE-03
9.8E-U3

0.592

0.07
: » fi3

0.021

0.167

0.094

X

X

a
a

a
u
cl
a
a
u
a
u
X

a
a

u

a
a
a
X

X

a

u
a

u

X

a
r
t

a
a

a

a
i

u

Nuclide

Ac Kb2

Th Kbl
Th-231
Pa-231

1h 231
Pa-234
H,i 22.'J
Ai 227
Th-231
Pb-214
Th-227
Th-234
Th Kb2
Fa Kb]

I" 4J5
Hi 227
F - 19

Th-230

Fr-223
Th-227
Ra-223
U Kbl

Pit Kb2

Th-227

Th-234
Th--227

I -238

U Kb2

Ra-223
Ac 228
Pb-212

I -235
Th 231

Th-231

Th-227
T ; "•* " —
1 __

Pb-214

Decay
(node

B-
A

B-
B-
A
A
B-
B-
A
B-

\
A
\N

A

B-
A
A

A

1}
A

A

A
B-
B-

A
R

B-

A

B-

Half l i f e

25.52
3.276E+4

2a. 52
I. 7ft
11 tt.1
JI.77J
25.52
26.8
18.72
24.10

703 .&-6
IS 72

7.538E+4

21.8
18.72
11 435

18.72

24 10
18.7a

4.468F+9

11.435
ti 15
10.64

7113. HE* n
27}.7ii

25.52

18.72

2fi.S

H
Y

11
II
1)
^
H
M
D
D

\
I)

Y

M
D
D

D

D
D

Y

D
II
H

Y
H

H

D

M

Energy 105.3 ~

Relational a r t i f i c i a l

Eu-155 'Tb-155 ;Lu-177m
Au-200m ;Te-129m ;
Cd-119m !Zn- 77 IYb-157
Pr-151 !W -188 !Br- 77m
Xe-141 :Re-188m IAt-210
fm-^W Wb In7 iMu-llifc
Tc 107 !]'t Ib7 !(.d 1!J-

I I
I I

I'd Ob | |
i i
1 |

Rb- 90m j l r -182 jPa-227
Ag- 96 ;Fr-225 ;Cd- 98
Cs-138m [Ir-181 !Eu-143
Pm-154m lTa-183 !W -183m
La-131 ITb-151 IAc-224
Nd K?,'i!i :R;I 1:̂ 1 iRn ?2\
Yb ISO ilii) l.".:i !Kr 9 .
Nd-liii iRe-176 !Pii-23h
Pb-JOl) jGc- 79 ;lrt'- 79n
Ib 153 ;Er-lF9 ;Yb-U.&
Ne- 19 ;Re-181 ;
Pt-187 ,'Pa-227 ;Ir-192
Sm-134 IAU-193 !Tb-158m
Tm-157 IGe- 80 IPd-115

1 i
1 I

Th 23b ! 1
Eu-I45 !TI -19-im \FT 222
Re-lK-4 \Ra-\Mm '•
Cu- 6t%oi ;Xc-125in -Lr-Mftn
Lu HW -Es -j:,6ni ;Hn-221
Ir-194m2;Te-132 ;Lu-174m
Pd- 98 lCs-125 ;Pt-184m
Cr- 59 !Zn- 72 IBr- 75
Ir-194ml!Cr- 48 !Lu-168
Cs-138m IAu-193 !Tm-161
U 236 ! la-177 !Lii 177m
Tb-144m lNd-155 lYb-159
Yb-lfi7 ! !
Kh-109 ;Rn-224 'kfi-\\rjm
lli-22:J ;RP 182 ;lr-18ftn2
Pt-189 ;Nd-139m [Nd-139
Pu-241 [Mo- 93m ;U -229
Hf-182m lNd-149 jHf-182
Sm-159 lOs-183 !
Rh-101 :Re-183m 1
I'd-116 !lr 177 lGri-146
C - IS iff 172 iBa-144
Sb-134a iYb-156 !Yb-lfi7
Y bl ;Gd-Mfi '•
Pa 22S «Sr» l l l i -W 177
0s-182 ;Cd-102 jEu-141m
Pu-239 ;Te-132 ;Nd-138
Yb-167 lEr-171 JXe-117
Pa-229 !Eu-152ml!

1 1 1 : I i "

La-147 !Pa L'30 !
0s.-174 iOs-lSl SYb-165
La-M5 iPto-133 !lc-14n
Y -100 ;F.r 173 -KK 1 9 9 I

Mo 89m jBa-l-m ;S«-134

118.1 (keV)

radionucl ide

|Hf-177ml
]
:Lu-i8i
!Kr- 77
IFr-220

Jib K.2n.
1
1
1
1

1
1

;0s-193
;Ho-160m2
ITa-185
!Re-183
!Dy-165m
Win i.ii-n
: K I '.>:
if'u-J-l.1;
: An.- 242ml
;!.:< 12!)
l
I

;Ra-213m
lFr-225
ILa-129
l

[
lAu 20;tn
!
!Tm H'J

;Rb K)l
;In-126m
I
i

lHg-186
!Re-174
!Xe-140
!Lu-177
UkM41m
1

!f -172
;Yb-175
;Tm-159
!Hf-172
!Y - 81

•
lBa-127
IAR-121

! A J - 1 8 3
!
jNd 13".
jRu-110
;Ru-109
lRh-113
I
I

i ' 1 '
:MO-ILVS
•Xc-141
I An 1S1

;Nd-153
1
]
ITm-161
iTb-161
ll'l i7-'
1
1
1
1

1

1

I
lLu-184
!W -185m
!Tc-105
lPm-157

!!•(.• l:i..ii

! lo I2f>m
•Ls-147
jlig IS..

JRa-213
;
iDy-149m
|
i

|Th-226

;IJa 1-M
\im 13Lm
|Sm-139m
1

:RU-HO
:Cs-145
lNd-135
!Hf 177ml
!Tb-141
[
!fia-MO
;llf 17:.

•Au-193
!0s-183m
i
i

!CP 1:̂ 2
!* 177
!Au l'Jhn
i

;I.u 177n
;Ba-123
iAg-123
lNd-151

i .

b:r-16«
:IM-1'-.0BI2

!Yb 162
;Ia 22!*
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JAERI-Data/Code 98-008

Energy
(keV)

120.35

120.9

121.53

122.06

122.32

123.5

123.52
124.1
124.58
124.8
124.8
121 °1

125.46

129.06

130.

130.59

l i l L1

.31.3
".'sl.fil

132.9

-- 134.

134.03
134.48
134.48

Intensity

= 0.026

0.034

2.1E-03

1.19

-.-

9.7E-O3

4.8E-03
=2.4E-03
2.8E-07

o. r>r.fi

1.3E-03

2.42

0.119

."). ."i . i ' »
' C.'f'

—

0.024
6.yE-U3

0.028

a

u

a

c

a

t

a
t
a
a
u
,i

u

t

t

a

a
i:
i

u

a

a
a

Nuclidc

U -235

U • 234

Ac-227

Fe- 57

Ra-223

Pb-212

Th-227
Bi-212
Pa-231
Th-227
Th-230
Th-2"!1

Pa-234

Ac-228

Bi-212

Rn-219

Ka L'2.$
P.' -2M

Th-234

Ac-227

Th-231
Fr-223
Th227

Decay-
ing

A

A

A

NN

A

B-

A
A
A
A
A
B-

B-

B-

B-

A

\
ff
i

B-

A

B-
B-
A

Half l i f e

703.8E+6

2.455E-5

21.773

11.435

10.64

18.72
60.55
3.276E+4
18.72
7.538E+4
2.i. .)2

6.70

6.15

60.55

3.96

1 1 -i.!.~>
C. 7(j
1 ')]]»

24.10

21.773

25.52
21.8
18.72

Y

Y

Y

D

H

Li
M
Y
D
Y
II

H

H

M

S

1'
1'
\

D

Y

H
M

IEnergy

R«:lai ional

Sr- 98
Tm-159
Xe-118
Tl-196m
C - 16
Lu—165
As- G7
Ho lf>9
Ba-146
Pm-147
Lu-177m
Pm-152m]
Hf-171
Sr- 96
W -172
Br- 71
Uf 172
lr-172
Lu-179
IIC- IB9
Ba-131
Kr- 72
Cs-127

Pd r'N
W -174
Rb- 99
Pd-118
Tm-160
Iif-172
Pd-100
Hf-164
Ge- 64
Ac-224
Pm-135m
Fr--23O
lfe-182
1b-148o
Kh-lOom
An-195
Kr- 85
Hf-164
W -173
Nd-133
W -171
M < J ^
Pi "î l
In M1."
Phi I •! I

u 1.5'
Au-182
Cm-241
Ba-140
Rn-227
\'p 211
Er- l.%
W -179
UJ 1 « 7flr — Irif

Pr-133

|Zn- 78
!Tb-147
iRe-179
IHf-170
!Nd-147
:AU-I8I
!SB-14(I
jSo 75
1

jfti 147
;Y - 99
;Pm-152
!W -185m
lSn-106
!U -229
life •Warn
lRh-111
•Yb-163
;Soi-13*>
'Ajf- 123
;Ta-168
;Am-239
|Pb-202m
j
; Tin K,2ni
i

!Lu-181
iYb-155
Pa-229

•As- 77
|Nd-138
|Rh- 94
IRu-114
!Br- 83
!Er-151m
JBa-129
!Pu-239
Spl-lPom
llg-190

;Ru-10?
jSr- 85m
,'W -189
!Au-197m
IEr-174
jRe-182
!! r I.1-'-'
• \i !? i \
!.\.' 1".' >
! l . i 1 . ••
;!• I -

;Yb-160
!Lu-165
iSn-104
,!Te-112

lce-144
•Il£-]97m
1

•lii 195©
1
1

120.3 -

a r t i f i c i a l

lAc-223
;Y - 81
lZr-103
:Au-200m
!Hf-177m2
I
t

*Ir-189in2
I G o - 7f>m
i
i

;Kr 157
;Eu-152ml
;Er-174
!Mn- 57
ITa-186
!Re-186
iLu- 179
|Eu-154
!LU- 161
•Ba-123
•I If -173
•Er-171
;Ti- 52
1
[

!0, 17."
I
t

!Pu-237
j'Os-177
;In-123m
jTa-175
;Lu-174m
i
i

lU -240
IRb- 83
!Tm-161
<Ba-129m
! Pin-153
1
1

•Kr- 77
;Pt-195ai
;Pd-119
;Pt-197m
!Hg-197m
!Ce-134
IOs-182
\\i -''."
\'\ ".',"

!( ^ . . .n
\ri :..",
• i 1 : . : • .•

i

JKr- 75
!Nb- 90
iCm-245

ici»-]4t;
STl-197
1
1

•

134.4 (keV)

radionuclide

•Dy-165m
lPm-153
lBa-123
!Fe- 61
!In-128m
I
1

! Pa-229
! Sin-157
1

•Zn- 71m
;Eu-152
;Am-242ml
!Co- 57
!Mo- 90
!As- 67
i
i

•Tb-ir>4m2
! Re-172
•lr-181
;Cd-l(M
|Y - 81
jFr-220
I

1

I

if -18T.
'Yb-162
|Tc- 95
;Cr- 55
;0s-196
i
i

!Sr-101
!Au-194ni2
lTe-137
lPa-228
!Pt-191
1

|lr-195m
;Sr- 85
jBk-251
iPa-228
lPr-150
!Yb-169
IYb-163
•

[

j i ' . !,'.'
! 1 'S.
1
1

JFr-220
JNd-138
JHf-181

!ba-HS
!Cd-119
«
iCd-103
l
l

[Kr- 75
!lr-184
lFr-210
!In-124m
jSr- 99

'.La 123
!• -175
I
l

•Zn- 71

|Kr- 90
iHf-164
;Er-173
lYb-177
I
I

!Tb-154Bl
!Rc -172B
I
i

\V.r-\m
;Fr-212
;Xe-127m
i
i
i

\r.\-22:
|
iOs-185
!Br- 73
;'In-160m
;(r- 58
;Zr-103

!Lu-177m
!Tc-109
!U -232
!Ba-128
IOS-191
i
I

Jfr-195
;In-130
jNd-154
iKr- 79m
;
;Pa-227
;
•

•

!<•'i ** i

II •! ' ' I ' J

•I • : . ' •
i

|U -229
;Xe-121
IHf-163

IHo-172
t
t

i

I
I
i
i
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JAERI-Data/Code 98-008

Energy
(keY)

134.61
135.32

1 )ri i)n

1 J ' 1 1

Kih.-Yf

136.55
136.75

137.23
n7 2.".
137.45
137.91

139.68

140.15
110 IT.
140.54

140.76
140.88
140.91
141.02
141.3
141.49

1.12
142.4

143.1

143.76
143.78
143.87
144.1
144.23
144.39
111 «M

145. On

li.'.tv
no. at

147.

147.48

Intensity

1.8E-04
4.3E-06

n ma
- i .

M 027

= 0.012
4.2E-03

4.7E-05
1 .T or.

<6.0E-03
0.024

—

1.3E-03
8. lK-ni
7.1E-04

0.22
0.021

4.9E-04
0.05

<4.OE-03
0.121

i r>¥ ii>j

•=5. OE-03

—

10.96
5.1E-04

0.049
2.3E-05

3.22
0.012

? SF.-lQ

... 1 >X

—

3.1E-03

u
u

t

,1

a

a
a

u
u
u
t

c

u
u
a

a
t
u
t
u
a

i

a

a

a
u
u
a
a
a
I

a

I
a

a

a

Nuclide

Pa-234
Pa-234m

Ar_998

111 231
Ra W

11* Tw

U -235
Th-231

Pa-234m
Pa 231
Pb-214
Ac~228

Ge- 75m

Pa-234m
P.i-231
Th-231

U -235
Th-232
Pa-234
Ac-228
Pb-214
Th-227

Th 22R

U -235

Ra-223

U -235
Pa-234
Th-230
Fr-223
Ra-223
Pa-231
Hi 212

Hi A',i'.

\ i <J2.i

U -235

Ac-227

Decay
node

B-
B-

P-
b
^

\ \
A
B-

B-

r.
B-
B-

IT

B-
B-
B-

A
A
B-
B-
B-
A

A
A

A

A
B-
A
B-
A
A
A

B

':
D-

A

A

Half l i f e

6.70
1.17

2 " '•>'*.
• . > ' i ,

703.8E+6
25.52

1.17

26.8
6.15

47.7

1.17
t> 7H
25.52

703.8E+6
14.05E+9
6.70
6.15
26.8
18.72

1 Qll'~i
703.8E<6

11.435

703.SL-6
6.70
7.538E+4
21.8
11.435
3.276E+4
K1 i1"

n ]j

703.8E+6

21.773

H
M

H
il
•i

Y
H

M
i;
HI
H

S

M
11
H

Y
Y
H
H
M
D

Y
Y

D

\
H
Y
M
D
Y
M

11

ti
h

Y

Y

Energy 134.6 ~

Relational artificial

Tc- 90m jRu- 92 ;Nb- 87m
Hf-173 ;Zr- 87m :Ir-197gm
Pt-185gm:Au-201 !Ac-229
Ag-117 lHg-190 !
P<-_1Q"?m 1 QK_1 1 Kip !

Zi b& !1U i'."' !•*•• n>
ii! i V i l ' l ' ' i •'*'( "")

Mo |.'i2 |l"in .Mi f l c l"'>

• _ ' •

W - 1 7 4 | 1
Ru-111 jPd-114 ;Tb-141
Hf-181 iCm-249 !
Ba-123 iHf-171 lPo-204
Ir-isr. ;.\u-r-lni2;\n 2onni
Rh-113 lDy-159 !Rh 101
Au-196m2iNb- 99m JNb- 99

147.4 (keV)

radionuclide

;Hg-188 | S r - 79
;Am-242mllKr- 94
IT1-201 !Te-136
I i
I i
I i

!wi i.M'n !: 'i lM-u
J .'(I i .(i l i | [> ,"

Ij-.r 7 1 ' ' / . i L >'/.

• 1 - , .'•" ;Vi, . ,7

;Fm-257 :Lu-177
i i

:ir-186m !Re-186
illli I0*"1 i
lYb-175 '.
!Ho-156 IHO-172

Tc-109 ' ln - I30 Un-l30iB2<Os-174 :Cs-138
In-H8m2|Siii-l55 ;Fr-212
Pr-149 'Kb-103 ;Cs-134m
Nd-151 ;0s-193 ;Hg-192
Yb-177 lRu-110 !Tm-164m
Pd-100 lCd-100 !Tb-147
Sm-140 lAt-210 !Fr-220
Y b l f i l I K i 7 1 I

Yb-160 JPt-188 ICS-147
Yb-179 JPt-195m EPb-190
Es-250 !Rh-102ia ;Ba-146
Pa-229 Fr-228 ;
Zr-104 ;Ba-125 ;Ta-175
Rb- 97 jTl-201 ;
Nb- 90 jPt-189 |Br- 75
Xe-125m [Sm-155 [Rn-227
Er-148 1 !
W -18S IAin ' " I" ;'T
Ag-U3m !Pb-lW) ll'tJ 2i"-
S c - 46m IZn- «lm Hift ISO
Ke-186 '2ti- 74 !Rn-2fl9
Cd-124 ;Rb- ?o ;
Vb Ili7 ;l)v 16^ ;W 171

Dy-157 iTm-161 !
W -170 !Ra-222 !Tm-159
Rb- 98 !Rb- 98m INd-136
S r - 79 lYb-161 !Bk-244
",' • 22t' \7n '•"!' !iJa I1h
Si 77 !()•! LMm !Yb-17ri
Gd 14In '>h MI !SI 7I.
0 - , - l H ' i -I 2 1 ' i ! l f i - J l
' i l l i X < \ l 1 i : ; ! ' c l . X

As- oy 'PL- I<5^ ' hg- iy^
Rh- 94m |Hf-179m2|Pm-146
Eu-159 ;Ac-229 iPa-229
Kr- 77 !Y - 96 !Y - 96m
Th-225 !Sr- 77 !Kr- 72
Re-189 !Lu-177m I
Yb-165 JPd-117 t'fa-185
Po-200 !pb-200 lYb-158
Sr- 81 Mo-105 ;Ir-177
Dy-157m jPt-177 ;Sn-104

jIn-116ail;Bi-196ni2

;Es-252 jHf-184
lHf-173 ;Ge- 75m
!Bi-208m ;Fr-225
lTh-223 |Ir-189m2
i I

!MO' 99 ITc 99m
1 i
I I

lAc-224 !
1 t

jRn-223 | S r - 79
I I

I i

!Ce-146 |Zn- 74
!Yb-152 !Xe-119
I i
I i

i " i

jKr :.'L' ji,a- 79
lie &a ll'e- 59
!Se- 71 !Hf-182i
i •
i i
i i

i i

i i
i i
i i
i i

: A C - 2 2 4 :
!Au-200m ',
jCc- • !« p - IIVJI
!Sn \'j[in !
:rc-i^7 :\p 127
• V I 1 ' •
: . > , 1 :".. .„ :

•Ti- 44 iRe-186m
;Cm-239 lBk-243
ITm-161 !Ta-182m2
ITc-111 IHf-171
1 1
I t

JTe-114 'tie- 71
*Tr-173m Ur-173
Ilg-181 ;Au-196m2

;Mo-102 ;Ag-103
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JAERI-Data/Code 98-008

Energy
<keV)

149.88

ir.n. K,
150.16

350.93

152.71

153.98

1Z1.21

158.56

158.63

159.28
lZ'J. 18
159.7

Ifif'. 2"i

162.1

163.1

163.33

164.2

164.94
ICO.

165.5
165.61

166.41

Intensity

1.2E-04

3. nr-n:
0.O13

0.076

9.6E-03

0.722

Z. •J-

—

0.683

—
l.uL IJ3

—

.~. s r -i~'3

=8.5E-03

0.155

5.08

—

8.2E-05
3. PE-'T!

5.5E-03
1.2E-O4

0.10-1

u

a
a

a

u

I

a

c

•A

C
u
c

a

a

a

a

t

u
a

a
u

t

Nuclide

Pa-234

Ti-223
Th-227

U -235

Pa-234

Ac-228

Ka- 22J

Sn-117

Ea-223

Cu- 63
Pa 231
Ge- 77m

V-227

Th-227

Th-231

U -235

Pb-212

Pa-234
Tli 231

Ra-223
Pa-234

Th 228

Decay
mode

B-

P.-
A

A

B-

B-

A

NN

A

NG
B
IT

A

A

B-

A

B-

B-
n-
A
B-

A

Half I

6.70

21.8
18.72

ifc

H

M
D

703.8E+6 H

6.70

6.15

11. 135

U.435

G. 7u
52.9

21.773

18.72

25.52

703. SE-it

10.64

6.70
2.". 52

11.435
fi.70

1.9116

H

H

D

D

II
S

Y

D

H

i Y

H

H
II

D
H

Y

Energy 149.8 ~

Kf: 1 at ional a r l i f i c ia

Cs-130m
Xe-123
Ir-189m2
Rb- 77
Rn 221
TV-Ill
Lu-159
Dv-167
In 111
Kr- 85m
Cu- 68m
Y -102m
Th-223
Zn- 77
T.- 1:2
Or- 49
Lu 177m
Tn-ltil
Sr- 81
HR-183
Un 2'J'j
Gd-146
Ir-188
W -190
I ' T n M
1 „ • J( 1

La-148
ln-117
Tin-149
I -123
5c 17
Tb-152m
Pm-140
Pu-241

a-::.:
Sn-123
W -183m
Zx- 86
Ra-213m
Ce-147
Sm-134
Y - 97ml
Os-170
W -190
Hf-163
In-116m2
Kr- 72
Os-iain
Am-242ml
Ag 99m
Bk-251
Pm-157
W -185m
Ac-229
Ijr ]T7|>|

Nd-1M
Ho-170
Xr-103
Er-159
W -173

;Fr-225 ;
!Sm-158 ;Ra-221
!Sn-130 :Te-131m
INb-105 lPa-228
!P: i 2 " 2 I P i 1 " "
!Nd-15fi lkr-157
t i
i i

iZr-103 ISb-I32m
•Cd-Ulin :Fai-254
;Sr- Sf>m ;Pb ISO
iPd-100 jPd-118
!Rh-113 ;Er-174
lTm-155 ;U -228
lTa-182 !Re-182
!Sn 12q !Np 21"'
Ida 65 :HO-L"7
lllf -177ml !Hf 164

166.4 (keV)

. radionuclide

•Nd-136
!Te-131

! C\] 1 'i 1

1111-233
f
I

iYb-177
••Kr 73
;Th- 225
;Tm-155m
i
I

IT1-197
lRe-182m
;r^ 2."1
i lb 158ml
!An 180

!Lu-181 !Pb-203n2!Ta-169
;Te- U9ffl «La-123
;Xt*—13*j ;Ani -24*1
;AL I'L'J \\c 22l
lHg-190 ;Pt-184
!Ir-192m2;Y - 81
!Tc-105 ;0s-174

lkp-236 ill- 199
•Sn-117n lSb-117
;In-117n '$r- 99
;l>u-242 ;Zr-103
;Te-lJJ3m 'Hg-18-1
IAu l b l ;.Nb l'J'j
|Ge- 77m |Cs-121
!Ir-174m lRh-113
• i
• i

! S i - 7 7 ! Y 1 I - 1 ~ I S

.'Np-236 !Ta-173
JXo-117 IXe-133
;Hf-179al!Tr-18D
•Zn- 77 ;Tia-15«
1 I

•Au-183 ;Re-184m
[Fr-206 ;Yb-163
!Kr- 77 !As- 77
!Ir-172m !Sr- 77
!Ba-145 IPr-149
IPr-15'l :Pt-184m
!Ho-158*2!Ba-140
lAu-184 iLu-163
JTb-155 !Sr- lui
;Cd- 99 JSra 137
;Zr-103 ;Cs-136
!Nd-131 ;I -118m
IYb-164 ;Yb-157
!U -237 lNd-135
!Tb 1 P ITb 1 "̂ .n
!Gd 161 !
!Hg-19(J lBk-245
• Po-202 !Sm-l5f!
•Kr 88 :Hi)-159m
[Ru-llU ;I!o 149m

•Gd-151
•Rn-221
|L J J '
!Rb-"79

!U -227

JNi. 5 6 '
f
f

lTa-166
1
1

•Np-242
; l c lu^
;Ba-128
lCs-117
•

!U -242
!Ba-133
iRb- 79
•Mn- 50m
i

•Tb-155
;Fr-220
;Pr-131
!Rn-227
ICe-134
!Fa-175
!0s-16f.
i.Nd-134
• ^ - 1 1 ) 2

;Ba-136m
;La-145
lRh-115
!Hf-170
!Pu 23."
1
1
1
1

•Ct1-139
jlT-200
-YII-I:.JI

JW -175
lGd-149
;
!(Y 13 "m
lRu-108
i
i

•hi--UJ3
Ih'r- 85
;Es 252
jNd-154
;
IIr-177
!Y - 79
!Pi: I3S

!!Kr- 75
I
I

!lr-l8R
Ho 172

;Cs 121
;Sb 111
;Au-l82
i
i

:Cd-115m

! In-i31ni2
I
4

*Oi-134
I
I

|Sc- 88
'
|V - 47
!0s-172
]
:Sn 123m
siio-ion
> P in-157
!Hf-183
•Cs-124tB

•Hf-175
;Xe-114
!Se- 77m
!Y - 97m2
!Ta-183
I
I

:Txa-159
J
! In-l^^raii
i

;Xe-131m
;Pr-152
lXe-142
!Ac-224
jfni 211
1
I .
1

lBa-139
I
i

•Ta-171
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JAERI- Data/Code 98-008

Energy 166.5 182.6 (keV)

Energy
(keV)

166.5

KiS. 2^

168.65

169.66

170.
170.07
170.85

171.9

1.73.

173.3
173.37
173.37
173.96

174.15
174.55

174.95
174.95

],-•> x

173.8

!7f- w*

177.1

177.4

i7"...l

17'.. v

181.5

182 I

I« 2
]*!.'>'•

Intensity
{%)

2.4E-07

n.oi t

0.013

1.2E-03

=3.6E-03
0.032

8.1E-04

1.3E-O3

.< 0.04

0.01
1.5E-03

0.015
0.035

0.018
2.6E-O4

—
—

• j . n : y

>.) <!]'<

0 'J5_-i

4.1E-03

0.047

0 lr)l

: ii- a .

f.. JL Ijn
'„• . Î '•

Nucîide

u Pa-234m

a Tli 227

t Ac-228

a Th-231

a Th-227
u Pb-214
u Pa-234

a Ac-227

a Th-231

a U -235
a Fr-223
a Th-227
t Ac 228

a Th-231
u Pa-234

c Ge- 70
c Ge- 71m

:i R,J 2J.S

\ Ph 21?

a Ra-223

a Ra-223

a Ra 22;i

i P.. I'M

u Pb-214

,i I 2 A .

[ Hi 22X
A I,1 23f-

Decay
mode

B-

A

B

B-

A
B-
B-

A

B-

A
B-
A
B-

B-
B

NG
IT

A
\

B-

A

A

A

i i

B-

A

A
A

Half l i f e

1.17 M

18.72 D

6.15 H

25.52 H

18.72 D
26.8 M
6.70 H

21.773 Y

25.52 H

703.8E+6 Y
21.8 M
18.72 D
6.15 H

25.52 H
6.70 H

20.40 MS

:i -ir> D
X 72 b

\<S ->4 11

11.435 D

11.435 D

lL.-l3.-i î)

" 7 i . ':]
•1

26.8 M

70.1 8"p.«. Y

1 911.. Y
7-J.SI. j . *

Relational a r t i f i c i a l radionuclide

Ho-158m2;Au-189m ;Ac-224 ; |
Au-191 !Hg-189gm:Pr-151 ;W -175 ;Lu-162
At-210 !Ge- 67 !Rb- 97 ;Cu- 58 :0s-181
Kr- 94 : : ; :
r.a 117 :TI -2OI :AU 201 : r b - i i : :rm r . i
Rn-211 ÎU-129 SLu-183 ÎBi-202 !Sn-108
Sr- 93 :Y 93m !pd 117m ÎFe- 52 ÎRn-211
Pd- 9f»m !Cd-127 iLa-123 ÎSBI-137 ÏTC-133*
Th-233 |Tb-144m ;U -240 jCe-137œ ÎB - 13
Ce-131 ;Cs-124m jBa-124 ;Ke-18»m ;I!f-179m2
Fr-225 ;Pa-228 ; ; ;
0s-i75 : : : :
Mo- 88 !Tb-153 |Au-181 JMg- 27 !Si- 27
0s-183m ÎNd-151 :Au-194m2!Sn-123m !Tc- 93
Ag-nim :in-m : : :
Lu 173 iEr-HSa !Er-14y !Tm-155in !Hf-182B
Ta-182oi2!Br- 71 ! Ai-154a iPt-179 ÎBi-201
U-177B îlk-161 »Te-127 «Xe-127 ÎPd-111«
Ta-173 Th-22fi 2n- 76
Xe-127m jCt>-149 ;W -lfifi jHf-182 ;Es -256m
Ir-195m ;Ba-144 ;Sm-153 ;Gd-153 |Re-182
Eu-160 ;Gd-141 ; ; |
In-131m2; ', ! !
Hf-182m !Pb-198 IRn-208 iAu-193 !

1 i i i
1 1 1 1

W -185m iZr- 86 !Yb-l6ü !Pra-156 '.Xe-132m
Tb-141 ÎHf-162 ÏW -168 lTa-185 ÎCr- 58
ii-iy<dgmj j
Ra-221 Sffi-141œ Zn- 75 Lu-165 K - 45
Pd- 98 «La-123 -Yb-lfiO 'Lu-177m ;Hf-177ml
Gd-151 : i i !
Eu-140m :Gd-140 |W -173 ;Yb-155 |Au-196m2
Cm-245 !Ge- 71m JAs- 71 !Xe-139 | S i - 36
Tc-111 II -132m ÎNd-151 lNp-241 iPo-203
S e - 48 :Cs-145 !Pm-153 ! 1
Mi ib.- :RC ix.'im :sp 2 îu ::in >r>: \v-i •.-»
fa-171 i ï c - 1 2 2 ÎXi- llil !Mo ''"'i !Xt UO
Pu-133 !l.a 70 ! \ R i'i ai !Cd 101 !>o lt-7
tv î :« W 2L»:> !sb !.iô !;K \y. MV I?--.
C s l.{i. ;"'t 251 -Lu I71n JLi. 174 ;0s 172
Te-107 ;0s-173 ;Fr-220 ;Th-224 ;Cs-129
Pm-151 lTh-225 ;I -131 |Yb-169 ;Yb-167
Es-254m iY - 79 !Nd-137m IPm-137 :Ta-185
Es-251 !Fe- 61 ÎHo-159 ÎIr-187 lSm-158
Nb- 97 :Pd-116 IHo-172 ÏW -189 !Rh-109
\ l l \'J 1 ' * / I ' ' . ' J i ' J " L ' \ . i . l « ' ' |. 1 I V
A I ' i c j < U I . . 5 I ' t l 6 . i S I O I - ̂ . • . ' ) - l a
Rb- 77 lUi- l i - f :Kb 7 i !ii<l 112 ! l d 100
Sn. ;:.:» \AU 114 ;\ui7:s | u ui.u jes i?1

J . 1 ^ . ^ t * « I « I • > " ' • . ( . . I L ' . . " l i t t O t t I i l * a i l

r » 1 ; > - ' • • R : - ^ . - I ' A ; I l s j ' L , . I I I « i J > n - ] | | . n i
J r - . V , - ; ; ' , 1 1 Ki . S ! , I . " - i M - 1 ", ' ' u L ' i ' i

•i i ' ' ' U . ••
Au-198m ;Sm-137 ;Cm-249 jNd-155 ;Pm-133
Nd-154 !Ba-127 ;Pu-233 ! ',
Te-134 iTe-116 IHf-184 :0s-175 !Cs-146
Mn_ QQ •!Aii_9flflni ! Aii_1SV !W - 1 7 4 | P o _ 1 7 ^

i.M \',2 \\h ; : . • :/..i 7 s !»- . : . i i :AT:-.•'•{.•

Vf lfih !ih t l 2 : rB -15s !Hi 2 f i in: . ' î r -M;
d e M . !.' i 167 !Cc VU '> '<
li> l."7 ;U- 131m :S-- Kfri !hb \?.'n 'Vi Ï&
Ai ' 1 ;«!) :•• ;iV l « ; '
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JAERI-Data/Code 98-008

Energy
(keV)

183.5

184.54

184.65
184.65
184.7
184.8

185.72

186.01
186.05
186.15
186.21

187.1

188.76

191.1

191.35

193.

193.4
193 ::,

194.94

196.2

196.8

lf-7.1

197.61
197.91

Intensity
(%)

0.033

0.07

3. OE-U3
0.038

1.7E-03
0.013

57.2

—
8. 8E-03
2. SE-03

3.59

-_

3.2E-03

—

0.123

= 9.6E-03

7.1E-04
7.PE 01

0.63

0.0(59

1.2E-04

0.013
2.7E-U5

a

t

a
a
u
u

a

c
u
u
I!

U

a

u

t

a

u
u

a

u

u

( •

a
it

Nuclide

Th-231

Ac-228

Fr-223
Th-227
Pa-234ffl
Th-234

U -235

Cu- 65
Th-230
Pa-234
Ra-22(>

Ra-22C

Th-231

Bi-214

Ac-228

Ra-223

Pa-234m
Pa 231

IJ -235

Pb-214

Pa-234

F IP

Th-227
Pa-234m

Decay
mode

B-

B-

B-
A
B-
B-

A

NG
A
B-
A

A

B-

A

B-

A

B-
R

A

B-

B-

N\

A
15-

Half l i

25.52

6.15

21.8
18.72
1.17
24.10

703.8E+6

7.538E+4
6.70
1600

1600

25.52

19.9

6.15

11.435

1.17
6. 70

703.8E+6

26.8

6.70

18.72
1.17

fo

H

H

M
[i

M
D

Y

Y
H
Y

Y

H

M

II

D

M
II

Y

M

H

D
M

Energy 183.5 ~ 197.9 (keV)

Relational a r t i f i c i a l radionuclide

Ni- 69 ;La-146m
Hf-168 jBi-206
Tb-165 !Tc-101
W -171 lHo-168
Tm ]Fp. We 117m
ir- ly i I

1

Eu-IM ;
Pm-154 'Pm-lMm
Ho 102 \\U-lb2m
Ho-155 :
Tb-162 ;Eu-140m
Ac-231 lCs-147
Re-189 !Er-156
Fr-226 !
Au 193 !
W • 177 !Pt- 187
HK-I&2 :»' 377
Re-190 Re 190B
l r 190m2;Pt 189
Ba-128 ;Ho-158m2
No-255 ,'Tb-149
In-125m iXe-141
Sm-137 lCm-239
Cs-117 iSr- 81
Re 189 !Lu-167
Ca-124m !Fe- 59
Re-179 iMo-106
S B - 1 5 8 Zn- 77
Rli 113 ;fid 141
Sm-139m ;Eu-139
Ir-174m [Tm-161
Th-226 !Ba-141
Mo-108 ,'Sm-158
Pu 2.™ !Xi- 1 1 ?
Ac-223 lllg-197
Au-lS6 !XP IU
Pb-196 iMo 101
Pm 133 JTK- 138
Se- ftf ;Nb-liMwn
Nb l'Jo ;sn Ul1

La-124goi! Sm-137
W -174 IPt-179
Np-240 !Ho-157
Fi r . " : ri.i-111
Ru-107 !Au 191
Tc-109 SCe-118
Bk-24r. !Sr 100
Er-15b ;Rn-20r»
Os-177 ;No lul
Da-117 ;b - J i
Hf-162 :Sm-157
Dy-144 lTm-159
Cs-127 !Tl-190m
7? I1"1"1 I C - - 1 1 " 1

Ne- 19 I E U - 1 3 9
Pin-147 '.Eii-147
Pt-18fi«ai!Bi-19aiBl
Rii 221 !FT 20r.
Rh-101 ;ABI-245

•Rb- 82m -Pt-177
f i

!Rh-101m !Rh-101
!Tm-168 IAu-181
iRo 175 !Pv 1F5
1 1 "
* 1
\ 1
t t
t I
I f

jljg 181 ;Pb!«S
I i

;Br- 91 lAc-226
;Sm-134 ;Pt-199
IPt-182 IAu-187
1 I
I I
i I
i 1

Ilk-159 Jh'r 94
!Bi-2O3 '
•Ir-189ml;Ir 190
;Tc 109 ;Pt- l«7
;0s-173 ;U -228
IIr-187 :Lu-159
lAu-193 IW -185m
IRe-184m !Pm-157
:Au-196m2!Yb-161
.'Pai-139m iSa 139m
!Ba 124 !Ru 111
;Ra-23O |Kh- 97m
>Ba-145 jBi-2O3m
;U 240 J
;Yb-176m lHg-185gm
;Fr-222 ;ln-114ml
!In-114m2;Au-187
IRe-173 !Ge- 65
!Ri P-millnil 111
!Eu-14f. JRc-181'
'.Ife-186 !ES 249
!Tb-15J !Pt 184

;Zn- 74 jFe- 59
;D> i t s jl'i j j ' j
,'Ho-151 ,'Ga- 63
ILu-170 iCe-134
!Sb-128m !Ir-174
:n--i8^n.:vt)-i""'
iN'd '138 '
J'lr 183 !Gc- 77m
IPt-188 !Zn- 74
•Cs-143 ;U-I77in
;fo-WS ;Cs-121m
; In- l'jC- ;KI b5
I i
i i

;Xe-129m ;Sin-141m
!Re-177 !W -173
iri. 11'" ! i " "i"ri

!Ge- 81m SCe-'si
IT -136m Hr-189
i i
l r
' Sm~ 1 TJ7 'Mo-10")
•Uk-245 jHo 16b

•Nd-139
i
i

iIr-177
!Ho-166
ICii 6 7
1

1
1
1
1

•Pd- 95m
;Er-155
•

•Ru-113
I
,'Ge- 79m
\
t
l
lLa-147
I
I

|0s-190n
;Xo 122
;Ce-134
;Pt-188
JIn-103
!Ho-157
lXe-125
iPd- 109m
Jpr-151
!Rh- 97
•Po-203
i

•Hg-188
!Sm-157
IKr- 81m
IFr-225
IGil 1 lr '
'•Pt-197
!Pt-199
!Rn-227*
i

lRn-208
; 111 17'jmJ
;Hg-185gm
I
I

IFr-225
Hi 177
1
t
!Rn-227
!Rh 111
i
i

ll's-121
• | h i ' j |

j
lNd-147
I

iln-12Cta2
J
t
t
•Ta-1»6
;Tm-lfi8
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JAERI-Data/Code 98-008

Energy
(keV)

215.98

2K. 17

217.94

219.
219.
21°.

220.

220.fi
221.

221.15
221.38
221.5
221.83

222.9

223.85

224.1

225.5

226.5

227.25

228.5

228.78

230.
230.
230.3

231.42

232.21

233.36

233.5
233.6

Intensity

0.254

0.04

1.3E-04
0.014
n. \no

2.3E-O4

0.0.%
3.0F.-03

8.2E-05
0.12
0.03

1.2E-M1

6.2E-05

0.05-1

8. 9E-03

=3.6E-03

6.8E-03

9.2F.-O3

1.8E-05

8. OE-03

<4.OE-03
1.7E-03

.

0.025

2.8E-04

0.11

0.029
8.0E-04

t

ii

a

a
a
a

u

a
u

u
a
a
u

a

t

a

a

u

u

t

a

u
a
a

t

u

t

a
u

Nuclide

Th-228

Pb 2:1

Th-231

Fr-223
Ra-223
Th 227

Pa- 234

Ra-223
Bi-214

Pa-234
U -235
Rn-219
P.i 211

Fr-223

Ac-228

Th-231

Th-227

Pa-234

Pa-234

Th-228

U -235

Bi-214
Pa-231
Th- 227

Ac-228

Pa-234

TI-208

U -235
Pa 234m

Decay
mode

A

r > -

B-

B-
A
A

B-

A
B-

B-
A
A
E-

B-

B-

B-

A

B-

B-

A

A

B-
A
A

B-

B-

B-

A
B-

Half l i f e

1.9116

26. S

25 . f>2

21.8
11.435
18 7°

6.70

U.43S
19.9

6.70
703.8E+6
3.96
r,. 70

21.8

6.15

25.52

18.72

6.70

6.70

1.9116

703.8Ef6

19.9
3.276E+4
18.72

6.15

6.70

3.053

703.8E-fi
1.17

Y

M

11

M
D
P

H

D
M

H
Y
S
11

M

H

H

D

H

H

Y

y

M
Y
D

H

H

U

Y
M

IEnergy 215.9 ~

RclaT ional a r t i f i c i a

Tl-189m
Tb-160
Y - 85
Pd-116

Lu-17iim
Nd-134
Rh 113
¥ -172
Hn-103
Zn- 73
Mo-105
Ir-181
Tc- 95m
Hn 1RF
Re 18«>
Rh 113
Tn-lf.9
K - 43
H« 187»5!
Fr-211
Er-155
Xe-117
Br- 82
\.i 31
Re-182
TI-197a
Pt-177
Pt-189
Tc-112
h IJSO
Lu-182
W -166
Pm-133

x« roTi- 195
Dy-139
Re-182
Pr-152
Dv-155
I in 1'jJoj
Ir-172m
Tl-194m
Np-239
Lu-177m
Zn- 7f«
Er-155
Ho-172
1 a-124jni
Rn 209
Ce-131m
Fr-204m2
Re-183m
Y - 85m
Sr- 85m
As- 69
Tc- 99m
W .17-1

I r 189

;Rb- 84m
!Au-189
!Tl-191m
;
!Tn - 7."jm
!Ta-178m]
!l> 132
| H M 7 9 B 2
•l.u-105
•lia-12b
;Lu-177m
1

IAu-200m
!Ce-147

Sir 18!)
• Au-lMm
i
i

|Rn-in9
n'Ba- 129

•U -230
lTa-170
!W -172
IW -179m
!Pu 2"3
!Ta 182
!W -179oi
•Hjf- 1S1
[
'Sm-139m

;v - 55
llr-174
!Tl-201m
:Sin i io
:Tb-154«2
! 0s-175
•Tl-lPbml
•Re- \Mwi
•Yb-177m
| lni-l'jJ
;Np-239
lSm-139
;Am-239
!Hf-177ml
i(s-143
jRh- 95
'Ba-lliS

IJSDJ 158
;Sr- 76
;Ge- 79m
;I -121
lCd-115
!Xe-119
!Pd-114
!l'u-2't6
|Nb -ins
•Hjf-I87«m
1

JBa 126

t
l

;Ru- 97
lFr-224
[
!T1 2 "'"in

233.6

radionuc

I
i
i

;Ac-224
iRb- 99
;
!Cia ^1

!Hf-17a«2!Rc-l89
!Kr 74
;Kr- 79
•Ke-182
'Pa-238
;Au-183
1
!Xe-139
!Tm-165
!Br- 71m
!Kr- 94
'Hg-1933i
t

IJH-155
|Lu-lfi3
i

;Ac-231
;Fr-222
JCs-117
1 'VII-J.S0

Sir-185
!Pb-197m
iXo-133
I
t

;hu 139
jMu-l'JJ
iSn-106
!Hg-191
iPb-194
:TC in-,
:RU-IO9
!U -229
•Np-239
i7m-155
ICf-251
;Ru 11J
i

i

!Lu-166
iCm-243
iPu-237
!Ag-115m
!Gd-147
'Tla-230
•Ta-169
;Ho-153m
|Ge- 79
lRh-111
iCe-143

Ce-145

!Xe-134oi
I
I

;

;Pm 137

!U -229
1
1

|Bk-244
|IJ -231
;Ho-158gm
;
iOs-179
!Br- 74
!Pn. 221
1
1

!Ag- 99
I

I
1

•La 135
I
I

I
l

i

!Cs-147
:pd i n
I
E

lGd-142
lBa-133
1
I

•Lu-16b
;LJ l l lu
;Sm-158
!Zn- 78
:cs-i i9
:Tn in."
1
1

! Am-247
!Am-239
I
I

i
i

!Lu-166m2
!Ti- 53
!Lu-168
!Ag. 115
Ma-182
Slir-175
;Ac-22«i
;Pt Ihl
;Pm-154m
;Yb-157
iBa-146
[
lPm-154m
1
1

!Xo-133m

•Lu-173

(keV)

1 i<le

i
i

•Yb-160
lAc-223
;
IT' l^lni
! l r - l{59
>0s--182
t
i

•Hu-159
jSr-102
;Tb-158

[Dy-153
:Sm-134
!Ph oo
I
1

Sir-179
i
I
1
i

;Kr 89
I
I

iRe-182
:w i? r '
i
t

iMo-ios
I
t

JNp-232

;Pd-118
i
i

lFr-225
; .\n. \i,n
i

!Cd-159
'Xf-IIG
I
1

|Pt-200
• {• 2 J ] _
i
i

!Lu-166ml
lOs-172
!Ir-183
!SB 134
lRe-182
:pt-185gDi
!W 1 7 9 B
jl -230
I
iCm-247
IIr-181
I
I

ICs-143
1
t

iRn-JlO
i
i

i

•Cm-231
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JAERI- Data/Code 98-008

Energy 233.6 249.6 (keV)

Energy
ikeV)

233.6

234.81
234.81
235.
Ï.Î5 11
J:S.-.."
21:<.:.»
J.S;I ^7
J3'.
236.
236.01

237.8

s> 1

-I-'. :

240.27
240. 87
240.99

241.7

242.
242.2
242.5

243.08

243.5

244.

•J.VJ.1

245.37
245.4
2in.Ü
246.04
246.19
246.19
246.84

J17.1'

247.79
247.79

249.22

249.4
249.6

Intensity
W
__

0.041
0.4

8.4E-06
] .«: -«

:• ô t I'.i
0.087

9.2E-03

< 0.09

» • • . i i . ' .

2.8E-04
0.075
4.1

«1.6B-03

7.43
9. OE-03
8.4E-04

0.048

5.QK-O4

0.039

I'. oL-u3

1.2E-03
—

7.SE-03
0.011

2.9E-04
9.7E-03

0.053

-

5.9E-07
2.4E-04

4. OE-03

0.U38
=7.3E-03

Nuclide

u Pa-234

a Fr-223
a Th-227
u Th-230
i VA 231
u Pa Xita
L l'a JÎ4
a Th-L77
•i f a 2J>
u Pa-234m
a Th-231

a Th-231

î. I t - 1 !
L I'b •/]'/.

•i i':i-_'Vl

a Th-231
a U 235
t Ra-224

a Ac-227

u Pb-214
a Pa-231
a Th-231

a Pa-231

u I'a-234m

a Pb-21I

a Ka L'J3

u Pa-234
c Cd-111
a P.i 231
a Pa-231
a Fr-223
a Th-227
a U -235

u LU J11

u Pa-234
u Pa-234m

u Pa~234

a Ra-223
a Th-227

Decay
mode

B-

B-
A
A
It
h

nA
\
B-
B-

B-

IS

!'

B-
A
A

A

B-
A
B-

A

B-

B-

A

B-
NN
A
A
B-
A
A

L!

B-
B-

B-

A
A

Half l i f e

6.70 H

21.8 M
18.72 D
7.538E+4 Y
? 7i' Ii
1.17 M
'.. 70 H
i.S 72 Ii
. l . - l . l i !>
1.17 M
2 5 . 5 2 H

2 5 . 5 2 H

: - ' . » I Ï M

2 5 . 5 2 H
703 RE'fi Y
3.66 D

21.773 Y

26.8 M
3.276E+4 Y
2 5 . 5 2 H

3.276E+4 Y

1.17 M

3 6 . 1 M

11 . 135 Ü

6 .70 H

3 27ÔE-1 Y

3.276E+4 Y
21.B M
18.72 D
703.8E+6 Y

1-j. l' M

6 .70 H
1.17 M

6.70 H

11.435 D
18.72 D

Relational art i f ic ia l radionuclide

Br- 71 ;Nd-137m JTc-101 JRh-lOlm ;Kr- 74
Er-155 :0s-185 ', \ \
I -134m !Np-233 !Pb-197m |Bi-197 |Kr- 90
Yb-163 !Zr- 83 :Cs-121m ITe-114 lEr-155
Th-224 : : : :
Ai 11'. !' L'v ! . b :.">ii !l'-i 2:>S !
[JbL'i"i ',/.[ . v M . .;yn !ST fci !l,a i-!7

l l 1 i
• i l l

! ! ! !

i 2 l i : : : :
i i i i
• i i i
i i i i

Sn-108 jYb-155 [Hg-184 ;W -171 JIr-182
Rn-211 ;Hf-179m2:Sm-135 :Hg-189gm;Tc-112
Fe- 51 :Au-187 !Er-171 !Dy-146m lHo-146
Mn- 61 IHo-167 :0s-181m !Po-199m !
Nii ; . : K ! I : i"' in : i i - i •: : i . a Î . Ï L ' I . : M J -.-.
iljï ".^fflii!»1 li:jm !l)h 181 \\ S., !^r s . a
' ' i 7 7 ! A > . ~!" ! \ h 1 " . ' J î A i J : w ! : • \tf>,m

• 1 I I ' , M | 1 ' 1 U I t ' u » ' a l l mjS i ' E l L « i L i - ^ M l

•*»•'"" i i i i
/ I Wat \\c. \f\i - ( s Vi\ \ \ \ \£\?i ;t'b 'J-\'ÏKI2

Lu-163 ;Tm-176 ;0s-172 ;Ir-183 j Pb-196
Pm-151 :Po-201 ;Re-176 jBi-202 ;Ho-155
Nd-149 i ! ! !
Hg-187gm!Pb-202m !Lu-181 !Tm-164m IMo-108
Te l in :Tl-106m IHR 1°1 IAm-245 !Cf 24P
Te-131m ÎCs-145 ÎBa-126 ÎAu 191m : F » - 2 5 7
Dy-146 lPb-202ffl ÎSi- 35 ÎKr- 73 ÎOs-182
TIB-163 ÎNb- 96 :Hg-191o îCs-147 ÎEr-155
Sr- 92 ;Kr- 75 ;Y - 98m ;Ac-223 !ßa-146
Ru-103 ;Pd-H)3 ;Zr-104 ;Pr-133 ;U -229
Fr-222 ;Th-226 ;T1-195 ;Kr- 90 ;Te-108
Lu-184 |Se- 87 |Np-233 ;Xe-138 JIn-108
Cs-i34 !0s-i8i : ; :
Zr- 86 lTm-165 iCd-103 !Tm-159 lAu-185
Pt-179 IPt-181 IGd-151 I
Te-137 !Zn- 62 ÎXe-125 :Lu-160gm:Pt-189
Te- 92 !Ta-185 ÎRe-174 .'Pt-200 l
Sr-102 ;In-122iB2:La'123 JAg-103 ;Sra-15t>
Se- 70 jHg-185gm Dy-153 Ta-183 ;Mg- 30
V . 47 <Te-114 ; ; ;
I'm 132 Jl'ui -132ml ;bu 132 jRu-HJ \lc 1J1
Re-189 ;lr-189 jRu-109 |Bi-200 ;
Bi-200mi:At-210 ! ', ',
Ag-lllm !Ag-lll :Cd-lllm i l n - l l l !Nd-135
Pin 133 ! G«-'".i-. îSm-irû :Si 7° :C^ 117
Cs-119tn iPô-199 ITb-225 \{l -228 ÎTa-183
Pt-199 J 1 i !

1 » t I
1 1 f 1

Tb-145 ;Sn-132 ;Nb-105 ;Es-25O ;Zn- 62
Pr-148m ;TID-155ID «U .237 ;
k - l l u ;:ni-llb ;I1 -Uum ; 11-lL'L» ;!1 1L-3
Au-187 ;Re-182 ; ; ;
Pd-117 ;Te-123m ;Pd-115 !Cd-125m ;Zr-103
Ir-189m2;Bi-198ml!Pt-187 ÎXe-116 ITm-159
U -229 !Eu-154 :Tb-154m2!Tb-154mi:i -123
Os-175 !Rb- S4m JLu-183 ÎHg-189gm:Bi-198iii2
Er-158 lAm-237 !(le- $2 INI- 69 JRh-109
Ba-147 :pœ-135 ! '
Pr-151 ;Ba-131 | ;
Se- 88 -Tb-153 ;Po 207 jLu-177m ;Lu-177
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JAERI- Data/Code 98-008

Energy
(koV)

249.6

250.35
250.35
Tifi 1."'
251.1

251.5

251.8
252.6

252.61
252.8

253.73

253.8

254.68
254.68

2.-M If,
255-23
255.6
255.77
256.25
256.25
-'57.1'

257.52

2."i8 2f>

258.44

258.87

260.19

260.48

iv.r.

262.91
262.91
263.58

265.

266.45

Intensity

ow
7.8E-04

2.8E-04
0.425

f, ~f-O 1

0.043

< 0.04

0. ftfi7
0.095

0.249
3. OE-03

0.011

8.5E-O4

8. 7E-05
0.728

0.052
5-5E-03

0.112
3.1E-04

6.91
6. JL-U5

0.03

0.073

2.4E-03

0.524

0.188

6.2E-05
0.093
0.04

—

6.0E 03

a

a
a

a

a

A
a

t
u

u

u

a
a

ii

a
a
a
a
a
u

t

ii

a
u

a

c

u

a
a
t

u

a

Nuclido

Th-231

Fr-223
Th-227
Tli 231
Ra-223

U -235

Ka-223
Th-227

Tl-208
Bi-214

Th~23O

Th-230

Fr-223
Th-227

Bi-211
Ra-223
Ra--223
Pa-231
Fr-223
Th-227
I'd 231

Ac-228

Pd-231m

Pa-231

Pb-214

Pa-231

Pb-204

Ra-22'.

Fr-223
Th-227
Ac-228

Bi-210

U 235

Decay
mode

B-

B-
A
V>-
A

A

A
A

B-
B-

A

A

B-
A

B
A
A
A
8-
A
B

B-

B-

A

8-

A

NG

A

B-
A
B-

A

A

Half l i f e

25.52

21.8
18.72
2."). ."2
11.435

703.8E-6

11.435
18.72

3.053
19.9

7.538E+4

7.538E*4

21.8
18.72

1Q 0

11.435
11.435
3.276E+4
21.8
18.72
t>. 7'J

6.15

1.17

3.276K+4

26.8

3.276E+4

r "."

Is:']11

21.8
18.72
6.15

5.013

703.8E»6

H

M
D
}[

I)

Y

D
D

M
M

Y

Y

M
D

M
D
D
Y
M
D
II

H

M

Y

M

Y

r

M
D
H

D

Y

Energy 249.6 ~

Rolat ional ar t i f ic ia l

Hf-177ml;Mo-105
Ag-113m i
Nd-133 IDy-167
Hg-185gm!Cl- 39
En 111 ! 7 i - l " ' 1H i t 1 A & • ' ! 4 1

Tb-163 Ke-Ufi
Cm-24-1 iPr-lSl)
Au-187 lAu-183
In-120 ;Hg-18f>
nv-l'irin jTb-JRl
Ac-229 ;In-127m
Kr- 93 :Yb-158
Xe-121 ITm-159
Am-245 !Cf-249
Ho-159 !Au-191m
Ba-124 !
Zr.100 !Rh-li:.
Nb 99m !Ac-J26
Fr-226
La-129 ;R«--172m
Zr- 97 ;Ir-185
Dy-153 ,'Ce-137m
Sm-159 lEu-149
Ir-183 !
Cf-2r.l ISM 113
Kd-153 iBa 142
Pu-246 iAu-193
Au-200tn Spt-186
Fr-210 |Er-l51

I
P J I

 vL.'l ' L a Z"
In-128m 'lPb-200
Cs-119 !Tm-148
Tb-145 !0s-196
Pm llf'ni :-\u-lC'lm
Tb-141 !Pr-14«
rr-189mlJU-146m
Np-233 !ln-126ai
Hg-l»5Rm;Rh- 97m
Tb-lfi4 jSr-bita
Ba-144 jCs-119
La-135 ;T1-198ml
In-105 !
Zn- 62 :

Br- 91 ;Po-209
Mo- 93m :Cs-117
Os-182 :Cm-244
Zr-104 :Cd-113m
Jm-lhfi !'\u-lr'fiin2
Afi-llfim !Ge- 77
Rn-221 !Au-182
Bk-247 \Np-m
Ce-135 Bi-21Oai
Rn-22'1 ;Bk-24:>

;Br- 77
1
1

INd-152
I
I

ITV 1 °r<

!Kn-2Ub
i
i

JCe-132
•Rb-101
;Kr- 7fi
;Er-159
!Hg-191m
I
i

IRe-184
!Tc- 95m
J
!Dy-147m
!]n-118«2
I
I

•Re-172
;Rn-221
,'Rb- 77
•IPd-113
•
!Fu 13'IIJII
1*1"} ..]Q4n)

lNd-151

•Re-182
!

iMo- 90
II -119
i
I

IIIH F-lni
j |{a_227
'.Xe-138
*
iAjj-113
•Se- 88
JT1-I98m2
!Tb-162
I
i

'r "\
!Ac -•.:••

ii!f •.{"•
;Ru-105
;Se- 70
!Np-240m
INb- 99m
:r(--is2
IAR- 99
:Tin-167
!Pd- 97
: Po! • 157
•Yb 180

266.4 (keV)

rad ionuc l idc

•Xe-135
I
l

;Tm-167
i

!Xi- 11°
!Au-18S
1
I

!pr-131
;Ir-195ui
•lc-105
;Sb-127
I
i
I
I

!Re-184m
!Nd-155
l
I

lily-149
:Sb-118m
1
j

•Sr-102

[Au-185
!Zr- 83
I
I

I Pi -lSfiin

{
i

1At-206

;D> 1D_'
i

iBa-126
i

iff - i s n

iPu-237
1
1

•Gd-143
:Ru- 92
i'Pb-198
;Cd-126
I
I
I
i

i"V *3:*ai

1 il 1 • *• •

;Pm-135m
!Ru-113
;Cs-143
!Np-231
IT.I-1S2
!Ce-M6
!Rn-205
!Dy-157
!n-206n
IPa 230

•As- 77
i
l

!Rn-211
1
1

:?b- iri2
lBa-146
t
I

!Yb-175
I
I

|Hf-lM
!Hg-191
I
i
I
I

ITa-184
|Pb-196
1

!Kr 93
'So- 73DI
t
I

•Au-191

iCm-243
iHf-177m2
;

i l P i - 1 3 0
*
*
•
i
*

jPd-119
t

•

!Au-180

jNi. 170

!La-146
I
t

•Hg-184
;Rh-ni

,'Se- 81m
I
1
1
I

!:IJ :'-.J7

; : . i ' M T ,

•0s-181m
;Sm-157
;Zn- 79
IAg-123
ITm-l'lOm
iGe- 75
!Se- 68
;Ge- 80

|Cf-231

2 3 -



J A E R I - Data/Code 98-008

Energy
ikeV)

267.1

2'".7.12
267.62
268.

268.8

269.46

270.25

270.7
270.7
271.23
271,23

272.28

272. V,
272.93
273.14
273.8
274.1

271. a
275.04
275.04
275.13
:7.~. r,

277.32

277.36
277. 72
278.24
278.3

27S o-

279.5
279.72

....280.6

280.95
281.
281.29

LV-.
'.'&2

Intensity
(V

T . s r ri i
L2E-U3
5.6E-03

0.02

13.7

3.46

2.7E-05
0.036

4.4E-05
10.8

1.7E-03

h. ""'F-l"!."'

0.473
0.06
0. IB

3.0E-05

•J. 171
3.1E-04
1.5E-04

0.042
, MF-'"'"!

0.069

2.27

—
6.6E-05

• 1 . 1 ° 1

= 0.27
0.061

0.06

0.158

••. .71

• '. i . >

a

II

a
a

u

a

t

a
a
a
a

u

a
a
a
u
a

u
u
u
a
a

a

t
t
c
u

I

a
a

u

u
a
a
ri

I

• J

Nuclido

Th-227

P.i-"T>1

rh-23i
Th-227

Bi-214

Ra-223

Ac-228

Fr-223
Th-227
Bi-215
Rn-219

Pa-234

Ft 221
Th-227
Pa-231
Bi-214
Th-23]

I'b-211
Pa-234m
Pa-234
U -235
11 2r..">

Pa-231

Tl-208
11-2U8
Cu- 63
Pa-234

Ac-22*

U -235
Th-227

Bi 214

Bi-214
Th-227
Th-227

Hi .'.i-\
w 2LV
: 2.-f-

Decay
mode

A

R
B-
A

B-

A

B-

B-
A
B-
A

B-

R-
A
A
B-
B-

B
B-
B-
A
\

A

B-
B
NG
B-

R-

A
A

B-

B-
A
A

h
l!
\

Half l i f e

18.72

i~. 7'"'

25.52
18.72

19.9

11.435

6.15

21.8
18.72
7.6
3.96

6.70

21.;S
18.72
3.276E+4
19.9
25.52

2o.b
1.17
6.70
703.8E+6
,0 ,1 hF-H~i

3.276E*4

3.053
J. UJO

6.70

P. 1."

703.8E+6
18.72

19. 9

19.9
18.72
18.72

i'ljis.."!".!.

D

II
H
0

M

D

H

M
I)
M
S

H

M
D
Y
M
H

M
M
H
Y
Y

Y

M
M

H

II

Y
D

M

M
D
D
l1

ii

Energy 267.1 ~ 282.9 (keV)

Relat ional a r t i f i c i a l radionuclide

Ho-158m2iZr- 85
Ir-178 iCf-249
Te-135 ICs-129
Cd-115 ITc- l l l
Sm nr 'in !F.u l.if1

U -237 iKd-149
Po-207m !ln-120m2
Au-191 jRu-107
Mo- 89m Sra-156
Pf-197 ;Lu-177n
Mo-106 jMo-105
Ac-223 jNi- 56
Pa-238 ;Au-193
Pm-133 :Pm-135m
W \fif- HljT-lSr-jsm
IJ -232 ! Pa-228
Pb-194 !Te-119m

1
I

Pel 118 ;Eu-l52ml
Lu-lfif; ;Rb-101
Hg-187gm;Kr- 76
Nb- 88 ;Fm-253
Ho-157 !Sm-143
Gd-149 !Rb- 89
Cs 113 :Sn ins
Ge- 66 lAu-184
Am-237 !Cd-117
tr-182 !Cs-136
Xe-118 Nd-156
Os-182 jTt»-117m
11 -l'jom ;U> I J J

;
;

Tm-163 IBr- 73
Zn .'"i iNd 117
Se- 81m !Se- 81
Rh-109 JLu-166
Ba-133 | l r - 180
Pm-149 Eu-149
Ra-227 jEr-171
Rh-lu: i.Np-^'J
Rh-115 ;U -229
Nd-155 !Pd-116
Cs-129 1
La l .n !7n 7?
U -229 lCe-132
Rn-221 JSr- 96
Ge- 75 ;Dy-l&5
Y -97ml Sm-134
Dy 146 jAm 237
Ag-105 ;Ag-105m
Cs-147 :Yb-157
Pt-186 IRe-175
Fr-211 IKr- 85m
Ba-126 l'Te-129

it • ""i\M '
f| if j "|j i

IJI 177M !H. 177ml
I t .*>! '-W i. .tl

Ir \\i ; ' • : : 7 -

;Pm-133 ;Tm-167 ;Ho-156
I i i

!Kr- 93 !Ag-103 JY - 93
I I !
IPlll-l.'h i !
Ukl-146 ! !
!Bal35m '.Au-193 !Mo> 108
!pb-2ffl) ! !
•Y - 98 ;Pm-137 ;Pl-191
;Ce-M7 ;Ht-179m2;Ir-197gai
jHf-171 ; |
!Pb-192 ;Ce-148 :Ba-146
I i i
i i I

ICf-251 !Po-204 :Am-246m
:Nd i n :GI- ?r. w.i 7n
IW -175 K's-12'lm lBa-124
:Ho-153n lPd-113 !As- 77
I I I
I I I

•Tb-152 jCs-117 -Sc- 44m
;Ta-l59 j I r -183 ;Np-240
iCe-131 ;Au-191 ;
;Pm-133 ;Gd-143m ;I -134m
!Ba-124 ;Pt-184m ;Po-201m
!Tc-105 ! !
!Sf- ^S !T:u-171 II.u 171:n
iBi 200ml 1 1
!Zn- 60 SBa-128 !
!Sn-139 !Ce-148 'Eu-142m
| T I - 1 9 8 M 1 J U R - 1 9 1 « ;La-147
;I -117 ;Lu-166 ;
I b i - "Jl jllk' l-J- !
I I i
I i i
i i i
I i i

!Pm-151 I !
!Rh 111 III- l h l m :R< ]?•'•
!Ba-I33m !Kr- 81 IKr- 77
•Re-189 > '
"•Rh- 99m !C - 16 .'Ba-Ml
|Tb-132m ;&e- 78 ;Hl-177m2
iTb-lfi-l ; ;
lAui-2Jbl jCni 213 [Au 1'JI
,;Cm-247 ! I"
JAg-lllm !Te-129 :Nd-152
! ! !
:i.u 1M7 : n - rcm : \u- lPTm
JTl-195 !Ho-171 !H«-203
!Ce- 75m lBa-146 iSe- 75
•Tm-ir>2 • Put-154m 'FI')-li»7
;Pa-228 jRh-105 ;Cs-121m
;Pt 188 ;Gd 142 jAu 191
:0s-193 ;Ho-166m ;Np-233
! ! !
i i i
• i i

!Sr- 85m :in-122m2!I -123
IEu-149 :Zn-_78 !
I 1 I
1 1 1

J V J i'.VJ iMiJ Jf\» jl 'n l'i.":n
• l > r i \ • •

; F r J - J - . | v .-•: • ! . ' . - . , :

24 -



JAERI-Data/Code 98-008

Energy
(kcV)

283.69
284.4

285.5

286.12
286.12
286. 55

OQQ 1 Q

288.2
289.5
289.5
289.56

291.2

291.65

292.41
292.7
293.15
293.6
293.6
293.79
293.8

295.22

295.91

JL'U.

296.51
296.51

297.81

298.
298.1
2i»8. T>8

298.76
299.1

.inn.
300.
300.07
300.09

Intensity
(»)

1.7
0.024

0.047

6.2E-O5
1.52
0.01

n. 15°-

0.337
3.1E-O3

-7.0t-03

—

0.038

0.066
6.2E-03
4.6E-O5
8. OE-04

0.073
4.8E-03

0.066

19.3

2.3E-04

'j . Ul7

6.6E-06
0.449

....

5.2E-i>f)
2.1E-05

....

< 0.02
6.4E-04

1. IF '"1
2.63
2.47
3.28

a
a

a

a
a
a

a

t
a
a
a

a

a

a
t
a
a
a
u
a

u

u

u

a
a

u

u
u
c

u
u

a
a
a
I

Nuclide

Pa-231
Th-227

Th 227

Fr-223
Th-227
Pa-231

Rn 223

Bi-212
Fr-223
Th-227
U -235

U -235

U -235

Th-227
Ra-224
Fr-223
Bi-215
Rn-219
Pa-234
Ra-223

Pb-214

Pa-234

11-Ll'J

Fr-223
Th-227

Bi-214

fo-214
Pa-234
Cd-113

Pb-214
Pa-234m

H 22.1
Th-227
Pa-231
Pb-212

Decay
mode

A
A

A

B-
A
A

\

A
B-
A
A

A

A

A
A
B-
B-
A
B-
A

B-

B-

B-

B-
A

B-

A
B-
NN

B-
B-

n-A
A
fi-

lial f l i fe

3.276E+4
18.72

18.72

21.8
18.72
3.276E+4

11.435

60.55
21.8
18.72
703.8E*6

703.8E+6

703.8Ei6

38.72
3.66
21.8
7.6
3.96
6.70
11.435

26.8

6.70

1.3U

21.8
18.72

19.9

Y
D

I)

M
D
Y

n
M
M
0
Y

Y

Y

D
D
M
M
S
H
D

M

H

M

M
D

a
161.3 US
6.70

26.8
1.17

2 1 . 8
18.72
3.276Et4
10.64

u
M
M

V
D
y
H

Energy 283.6 ~ 300.0 (keV)

Relational a r t i f i c i a l radionuclidp

Ho-162m jCu- 61
Ir-192 ;Tb-152m
La-147 IGd-161
Tl-199 lLa-128
M 112 ! Tn W.m?
Ga- 73 j
Pr-152 IOs-173
Iji-l«»3nl!Ra-23O
Sp-239 JCB-243
Sin 135 |PtD' 149
Ba-145 ;
Po-206 !Br- 75
Y - 93 !Tc-112
As- 69 ITb-151
Au 1«5 :rm 217
Ar- 46 !Au-lS3
Rh-107 JXP 122
Nd-134 to-175
Pb-20401 : Pt - l8 i
Co 148 ;iJy-i46m
Ce-147 ;Pb-200
Dy-159 [Gd-159
Ru- 95 :Dy-149m
Sm-156 ICf-251
Pm-133 !
Tc-107 lOs-172
Sc- 69 IPo-208
Pr-131 !Zr- 85m
Ho-147 ;Dr- 75
Ra 221 jPa-23b
Au-191 ;lr-194

I
i
I
I

Ge- 78 !Ce-149
Pm-134 lNd-152
ib-164 IXe-117
Ru-103 |Pd-103

Hf-171 IHo-108
Ce-I3r» ;Ho-153
Lr l^tj | l i lL'Jml
Ir-173m |Pr-135
Pd-101 !Re-179
Kr- 74 !Y - 97
Hf-173 iSb-134m
Dy 157 Ifir- 77
[{($- 189gDi!Pr-ir>2
X>-137 iBa-146
A K - U 7 B |C - 1ft
Ft- 1M :H«-187«n
Au-186 -Gd-149
Pu-237 jPt-181
Ho-163m !Sr-100
Sm-136 ITm-153
Ti lr'7>3ii!T[i]-:r,.i
Sm-134 !W -171
(V-135 !
Ra-227 !ife-177
lr-lb«nl'Ir-189B2
Xo-121 j l r - l M

iSn-110 iTm-148
I i
i t

;Ra-227 IPd-118
:Pb-205m !Ac-223
I Rn. 14^ I Cn 145

:ir-173m ilr-173
|La-13I |Lu-173
|AII-196B2 AB-239
jPm-137 ;Gd-151
1 i

•Re-182 ;Sm-136
lXe-142 ICS-127
i I
i I

!Fr 11« INp-213
! I'm- 148m !Kr- 94
![ -135 lEr-inim
!* -179m ! Tin-159
•Cr- 58 -Rb- 98
;llo 14ft IXii-i.J9
|Re-179 jSe- 81
|Ir-195m :Pb-198
lDy-166 IW -188
lHo-172 '.La-133
I i
l i

!Ba~144 !Ce-148
!Xe-142 !Cs-147
!lr-189n2!Tb-161
•Cd-119 ;Yb-l7Ha
;Ce 143 ;Se • 88
;Au-194 ;Se- 70
j 1
i i

iPm-132 iCf-247
IW -171 1
IIr-190 lTb-143
iRh-101 H,a-148
t t

•Aa-J45 JRh 99
;Au-190 ;Er-171
jl i 1'JJ ;Au liC
[Tm-165 ;Te-112
iRh-115 !Xe-139
!Ir-186 !Er-151m
lTh-224 !
!Sb 12b !Ga- 73
!Er -163 !Fe- 61
|Es-249 1
>AK-113m •
jTb-lfiO ;A«-113
i i

i I

•Pm-133 lNp-233
IEu-139 !Pb-187m

ipt -179 i
i i
iCu- 67 !Ga- 67
'HK-18U jPt-189
|C<:-134 j

•Bi-196m2
i
i

;Tb-144m
!I -131
IHr l n n

i

:Ain-247
!Pr-l31
•Ac-223
;Nd-137m
i

1T1-184
lRn-208

!Gd 1R3

>Hg-lS5gni
!Pb-20f»
'Wo- 98oi
•Pd - l l l
ILa-133
|Ge- 81m
iSb-127
IBa-143
I

lTa-183
t
t

JHg-185gm
•Bi -197
•Cd-141
i

i
i
i
i

lCe-134
I
I

!Ba<146
|H£-177B2
I

!

;Nb 1'jJni
;Pm-157
lGd-140
lRe-186
;
lTm-165
I
I
I
I

t
i

•Dy 144
i
•

•In-132
IKr- 79
l.-.i- 1 1 '
i
t
I
I

IPt-187
|T1-195
I
I
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JAERI-Data/Code 98-008

Energy
(keV)

301.7

302.65

304.2

304.52
304.52
304.9
304.9
305.26

",-- ££

308.4
308.4

308.6
308. 78

310.

310.2
310.52
310.52
Jl'j. L'J
311."

112 r,f.
312.69
312.92
313.5
313.59
314.32

314.78
314.78
314.9

316.7
316.7

317.1

317.87

318.1
318.46

319.2
319.2

Intensity

=5. OE-03

2.87

< 0.042

3.3E-O4
1.21

5.9E-07
—
0.031

r, j

1.9E-04
0.013

3.3E-05
3.9E-04

1.5E-03

1.2E-04
2.1E-07
8.7E-D5

-l.uL-'jJ
2.9E-03

2 IF oi
0.473
0.102

1.6E-Q4
0.031
0.078

2. 5E-05
0.437
—

1.6E-04
1.8E-04

=1.OE-03

8.0E-05

3.4E-03
6.3E-O3

6.9E-03
0.032

a

a

u

a
a
u
u
u

a
a

u
a

a

u
u
u
a
a

a
a
a
u
a
u

a
a
u

u
LI

a

a

a
a

a
a

Nuclide

U -235

Pa-231

Bi-214

Fr-223
Th-227
Hg-206
Bi-210
Pb-214

I 11-1 ~h

Fr-223
Th-227

Pa-234
Th-231

Pa-231

Pa-234
Pa-234
Pa-234m
I JJI>
Th-231

Tr 22.1
Th-227
Pa-231
Pa-234
Pb-211
Pb-214

Fr-223
Th-227
Bi-214

rV234
Pa-234m

U -235

Th-231

Pa-231
Th-227

Fr-223
Th-227

Decay
mode

A

A

B-

B~
A
B-
A
B-

R

B-
A

B-
B-

A

B-
B-
B-
A
B-

B
A
A
B-
B-
B-

B-
A
B-

B-
B-

A

B-

A
A

B-
A

Half l i f e

703.8E+6

3.276E+4

19.9

21.8
18.72
8.15
5.013
26.8

.1. 7SF.10

21.8
18.72

6.70
25.52

3.276E+4

6.70
6.70
1.17
7'jJ.iEtu
25.52

21 ft
18.72
3.276E+4
6.70
36.1
26.8

21.8
18.72
19.9

6.70
1.17

703.8E+6

25.52

3.276E+4
18.72

21.8
18.72

Y

Y

M

M
D
M
D
M

y

M
D

H
H

Y

H
H
M
Y
H

M
D
Y
H
If
M

M
D
M

H
M

Y

H

Y
D

M
D

Energy 301.7 -

Relational artificial

Ru- 95 [Ag-124 ;Mo-107
Pm-144 lAu-190 ;0s-174
Pb-196 [Gd-162 lLa-133
Pr-138m IRh-107 :Pm-136m
Lu-163 :Np-240m :Cm-244
8a-145 !Sb-130 11 -117
Er-157 lRu-111 IPd-llD
Ba-141 !Zr- 83 !Sn-l3]gm
U -242 jBi-210m ;

• >

Pt-187 'Ba-140 ;Kr- 85m
1 I
1 I

Hg-183 ICS-147 !Tl-190m
Ac-223 ICd-159 lRe-170
Rll I'"1" 'Pill lorilll ' Air 1"'~H|

Ir-lMa iIIg-192 !(>- 83
Sin-139 lRn-208 '•C\i- 73
Pr-140 iAc-231 !Sn-129a
Er-151n Cs-146 ;Cd-151
Yb-lfi9 ;T1-197 ;Cd-105
Xe-119 ;0s-175 jOs-196
Ir-192 ;Au-192 |
Xe-114 lXe-142 ;;T1-197
Th-236 lNp-241 !Re-179
Pr-134m iHo-145 lAu-185
Pb-187m JlIo-159 iSr-lUO
Pa-228 !U -227 \
Kr- 72 iPa-237 toy-167
Pb-205n ;Xc-l2l ;Co- 65

Xu l l ' j ;GL bu ;Li 15d
Ta-174 iRh-101m |At-205
Pd-109 :Hf-177m2!Fr-212
Rh- 94 !Ta-166 :Cm-251
Ki- 77 :zn- so ;TC ir.i
Pt-183n IRh-107 JAB-117
Ho-145 !Ta-183 .'Au-183
Pb-lSSa !'fa-183 ^Pu-237
8b- 75 In-I21m ;Sm-136
Sb-128m ;Cs-119 ;Cs 119m
Tc- 96 ;Sn-117m ;Se- 68
Ag-121 ;Pr-147 jEr-161
V - 55 ! !
Gd-161 :Tm-164m !Ho-145
In-117m !Tn 12Pm JEr-HS
Pr-133 iKr- 76 !
Ra-219 !Hf-183 !Np-239
Sr- 80 IPo-202 !Es-2f.4
f -170 jAg-113 i l -134m
Pt-183m ;Ru-105 ;Rn-208
Ir-192 ;Au-192 ;Pm-133
Rh-114m |Ce-131m ;Lu-163
Sm-157 ! !
Tl-189m iPt-189 IPd-103
Bi-198ml.' i
Re-184m iTa-184 II -131
Zn- 69 lLa-129 !Ta-182in2
Ta-172 I !
Rh-305 jHf-175 |Ir-181
Lu-177m ;Ag-105m ;Ag-105

319.2 (keV)

radiunuclide

|Tl-196m
iRn-206
;0s-192m
iXe-133
iPr-133
Sts-250
!Re-183m
j
j
f

;Zn- 62
1
lRh-115
iTh-225
T i i ~'~
IKr- 74
lHf-166
ICs-123
•Ta-IM
;Pb-197m
;Pu-245
[
[

!Ir-181
lBa-142
IKr. 76
f

r
i
i

•Au-185
f

;l"u- oi
lHf-173
;Po-206
iPt-187
iN[i 2.11
IK - 42
!]fe-l85Kn
'•Gd-140
Hf-164

'Rn-210
•

!Ir-192
I
I

!Tb-144m
!HR- 18Ffiii
i
i

!ln-126m
• Ag-113ra
|Ba-H«
;Tc 96
;Ce-146
;Ac-229
i
i

ISr- 79
1
1

IPr-151
!Au-l95tn
f
1

lAu 190
;Cs-147

|Pr-148
I
l

IPd-116
!Ba-133
lCe-132

iso 75I

t
i

i
I
I
I
I
I

IPr-131
!Zn- 77
!Ci 1fi
Mlf-173
lTc-101
!(h-192B
;Bk-249
;Tc. 95
;Cr- 48
I
l
i
i

IPt-179
lTb-143
lNb-105
t
t
t
t

t

i

i

;Sn-130m
!In-114m2

i c \ i i 7
|Sc- 42

\'
t
1

•Lu-163
;Sb-128
•

•Pa-230
I
!Tm-155m
!Os lPfi
•

:Hf-179in2
!Au-196tD2
Pr-149

jLu-180
[Yb-152
!Pt-199

:RU-IO3

;
!Cs-129
!Ge- 69

•Cs-147
jKd-156

2 6 -



JAERI-Data/Code 98-008

Energy
(keV)

320.15

320.4

321.i»5

323. «3
323.87

324.9

324.94

325.8

326.04
326.11

327.13

327.4-J

328.
328.03
328.12
328.12
328.4

'129.85
;J29.85
330.06
330.4
333.4

332.37

333.31

333.99

oJl .Je
334.38
334.78

337.7

338.3
338.28
338.32

Intensityw
1.1E-04

8.2E-05

0.226

0.028
3.93

<6.5E-03

=4.9E-03

=4. OB 04

0.033
= 0.024

0.038

0.12

2.95
0.125

I.4E-03
9.0E-06

0.206

3.7E-U4
2.66
1.4

-1.2E-04
1 2E-04

0.4

0.08

0-1

1. 1L-U1
1.03

< 0.034

8.6E-03

1.1E-O3
2.79

11.27

a

u

i

u
a

a

a

a

t
a

a

t

t
t
a
a
a

a
a
a
u
u

t

u

a

a
a
u

a

u
a
t

Nuc-lidc

Th-231

Pa-234

Ac-228

Pb-214
Ra-223

Rn-219

Th- 227

U -23.1

Ac-228
Th-227

Pa-231

Ac-228

Ac-228
Bi-212
Tl -207
Po-211
Ra-223

Fr-223
Th-227
Pa-231
Pa-234
Pa-234

Ac-228

Bi-214

Ra-223

I r 2Jo
Th-227
Bi-214

Rn-219

Pa-2.'Mia
Ra-223
Ac-228

Pecay
mode

B-

B-

13-

B-
A

A

A

A

B-
A

A

B-

B-
A
B-
A
A

B-
A
A
B-
B-

B-

B--
A

B
A
B-

A

B-
A
B-

Half l i fe

25.52

6.70

6.15

26.8
11.435

3.96

18.72

703.3E-6

6.15
18.72

3.276E+4

6.15

6.15
60.55
4.77
0.516
11.435

21.8
18.72
3.276E-4
6.70
6.70

6.15

19.9

11.435

21 . 6
18.72
19.9

3.96

1.17
11.435
6.15

H

H

H

M
D

S

D

Y

H
D

Y

H

H
M
M
S
D

M
D
Y
H
H

H

M

D

M
D
M

S

M
I)
H

Energy 320.1 -

Relai ional a r t i f i c i a l

I -121
Cr- 51
Ho-152m
Lu-162
Hg-189gm
Sb 125
Y 97DI2
Dv Ml
Mo-lU5
Ilg 187gm
Kr- 93
Pr-131
Sin-141
Au-180
Ce-148
Os-174
Rn-208
ib-ir.r.
In -las
Cs-147

Pd-119
Au-196
Y -102m
Tl 188ml
Np-232
Hf-177ml
U -232

Pn-200

Ca- 38
Ca- 50
Rb- 95
In-181
B i - 1 9 5 K B
I -118m
Ra-227
Yb-159
Sb-130

Hg-191 "
Lu-178m
Sn-125m
U -237
Au-2lH>iD
Ir-196
Cf-249
T1-1&9
Eu-130
I*i Ulm
Zn- 60
Ho-154m
Pr-131
v.) - r'8rii

lift- 18."Bm
Bi-196m2
Ge- 75

Fa-228

;Ir-195m
t

iXe-119
!Pu-237
lNp-233
!*u- 18.9m
:SB ins
!fs 127
•Pu-243
jMo- 90
;Pd-117
i
i

;Tb-146ml
!Rn-206
I
1

!Pb-19lm
Id! 12t;
;Kh 109
;Lu-l78m

lAg-115
!Tl-191m
:Y -102
!Ru 112
JPu-2-15
!At-2d4
I
f
1
I

\Bi-2U7
1

•Ba-126
IIr-194
,'Y - 96

!Tc 92
lRn-207
!Xe 123
jP t -200
|Pr 133

.'Pb-187
!Pr-134m
!Mg- 21
ICs-146
i
4

lFr-228
• Rt'-1»6
•Au-I98o
J7e-136
| I L UJIH
;Lu-i8i
;Ho-154
jCs-125
1 Pill 1 "l ill!
IRh-lOlm
!Tm-l(i2ni
iKu-l.'JS
I
I

|P.) 21.6

iZr- 84
;
!Ho-158gn]
!Re-183m
iAm-237
• 1 i i—11J-1
! 110-167
SOs-193
*,~ .̂̂
1 IV- VV®jTiD-lSrai
;Ir-194m2
I
JRu- 97
,'Pm-135m
1
<

!Rh 101
!
' 1g- %
'(!a- 73
i
i

I
;Dy-157
lNd-149
:Hf-177m2
!Sh 114
IEU- 149
! C s l 4 7
1
1
1
1

•So- 4 2 B
I

•Gd-151
;lr-194m2
!Er-155
!Au-185
!Sb 134m
:Gd-145ru
•lig- I8f»/?H1
lEu-139
jib-181

JAg-105
I
1

!Au-185
iSb-113
1
I

IPr 149
! Ac-223
•Ba-129
•Sf- 87
'Iu Ulu:
JRh-101
|Hg-187gm
,'Tl-189m
!Pt lS."^ni
:cs-ngRD
!Lu-179
•Ge- 'ii'i
I
I

;Tb 163

338.3 (keV)

rad i untie J ide

iYb-160
i

| Se - 73m
!Kr- 94
i
i

Mn-128in
lLn-177
!Wi-107
•Ce- Hit
jDy-1.".3
;Sr- 79
i
l

:Cs-138m
jLu-168

!Ba-H5
i
i

! H M 7.3ml
iNd-138
E

1

•Sn-106
!Mo-106
: A S - 7i
!Bk 24Q

!Yb-lfiO
!
*
•i

i

•

lRn-224
;Au-194
,'La-140
;
!Bi-210m
|Ce-132
1

iTm-176
•Rb- 99

jln-131ml

!Sn-125
jRh-10lB

lAti-196
;Bk-244
•F,u-150m
;V PT.

;
:Xe-142
!Fr-208
:rii :-":BI
!l<ri 209
!A|!-117B

•'ftl-161

;Er-l."lin

lRa-221
i
t

:i -ii9
!Cs-121m
1
1

!Of-249
!Tli-225
!Rh- 99m
;Kh- 99
1 Fia-167
iCd-121

iSm-158
!Dy-146
1

!llK- 185KB
I
I

JMf J 7 8 B 2

!r -i3i
1
1

1

!Ho-154
]
iSm-158
|
!Pa-228
i
i
i
II
i

t

I
iCd-115
!Rh-116m
[Ra-222
;
! lr 192

*
t

•KB-251

JHg-191m
;
!Hf-180m
!Rh-114m
i
I

!Ag 113
!
| Pin-150
;Hy 145

>
\Fe- 59
ITm-158
! ? i - l v l
:RU-LI3
•Aj{-117
:pv-14»i
i
i

•Au-183
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JAERI- Data/Code 98-008

Energy
ikeV)

359.3

360.6

362.06
362.07

r.r,:.r.

363.47

363. 84
365.

.T.S.S

359.35
369.35
369.5
3'J'J. J
370.85
370.9

n.71.fiS
372.

372.57

373.3

374.79

374.93

375.59
376.
376.3

377.99

379.1

379.3
380.

Intensity

W

9.OE-03

2.8E-05

.J.L-L J l

0.045
0.043

;.-",E or,
6. SE-04

7. SE-n3

7.8E-03
2.8E-05

1.4E-O3
-6.1E-03
' 0.021

—
< 0.011

n. is
1.9E-03

6.7E-O3

• 0.049

1.3E-03

4.9E-03

4.6E-O3
0.012

0.025

6 .6K uf>

o. or>
-3.2E-O5

a

ii

a

a
a
;i
u

u

a
u

,i

a
a
a
u
a
a

,i
u

t

a

a

a

u
a
a

t

u

a
a

Nuclide

Pa-231

Pa-234

11 JUG

Ra-223
Pb-211
Tli 227
Pa-234a

Bi-214

Pa-231
Pa-234

Ra 223

Fr-223
Th-227
Ra-223
I'd-JJl
Th-227
Rn-219

R.i 223
Pa-234

Ac-228

Ra-223

Th-227

Pa-231

Bi-214
Ra-223
Tli- 227

Ac-228

E'a-234

Pa-231
Rn-219

Decay
mode

A

B-

B

A
B-
\
B-

B-

A
B-

A

B-
A
A
b
A
A

• \

B-

B-

A

A

A

8-
A
A

B-

B-

A
A

Half l i f e

3.276E+4

6.70

1.109

11.435
36.1
18.72
1.17

19.9

3.276Ef4
6.70

11 4.T>

21.8
18.72
11.435
( j . 7u
18.72
3.96

11.43.")
6.70

6.15

11.435

18.72

3.276Ei4

19. &
11.435
18.72

6.15

6.70

3.276E+4
3.96

Y

fj

M

D
H
0
M

M

Y
H

n

M
D
D
11
D
S

D
H

li

D

D

y

M
D
D

H

H

V
s

Energy

Kclat ional ;

Tc-104
Tc-105
Pd-114
Te-137
Th-225
«p 67
W -1M

Rc»-181
Yb-157
Gd-Hlm
[hi Lui
Ag-121

Pm-135
Tb 11°.
Ir 178
Kb 101
Re-1*8
Sm-158
Tin-174
I -131
Br- 91
La-131
Cs-147
Piii l.°.ri

Tc-111
Cd-100
Au-187

I'u-Ml
l i _'_T
Eu-157
Np-231
Re-190
Nlj r-o
Cs-12ii
Bi-196m2
Ag-L19
Tl-191m
Lu-lfif,
Ra-232
Rh-110
As- 69
Te-115
Pb-204m
Tm-159
Pu-li39
Cs-]27
Tns- 160m
Cf-247
I -140
Ta-164
Br- 75
Zn- 75
Hf-177ml
Tc-KKl
Tin-155m
Os-182
Te-114
Cc-H9

jCe-147
!Ho-171
I
lEr-155
!Ba-128
!(s 142
.'lc-107
|Nd -133m
JLu-li).")
;l)s HUlra

\l'} 1---:JI
;Rh-114
I

!Kr- 88
: \ P ?;:
|Kr- 8")
f

!¥ - 96m
•Lu-17-lo
;Tm 175
;As- 79
;Dy-147m
IIn-107
!Sr- 97
:PU V'l
! La-123
!Pm-13ti
•Nb-10S
I
i

;Eu-141m
;1 IJOBI
!Ag-119
!U -237
iIr-190
:Cd-121
!Os-174
:
LSn-113
;l'e-U2
«Yb-160
;bd-lbJ
;Ag-110
;Hg-199m
:0s-192m
lAg-lllm
:Xc-127
lEs-249
!Sr- 76
jFii-2fil
;Cd-127
jPd-111
;La-145
lEs-252
!Fe- 53
,'W -174
!Lu-169
lOs-183
ife'-ltfto
•Tb-lSln
| S B 134

359.3 -

i r t i f i c i a l

;Rh-104
;Fm-251
;
!Lu-152
lNd-133
iKh-HZm
•Td-102
|Pt-184n
•Ke-190

380. (keV)

radionucl idt?

|Zn- 79 |Lu-158
lXe-135 !Au-181
I i
I i

IRu-109 !Se- 71
;Pm-154m !Ir-195m
'.7.r 83 :Pt--HU
''1r-W .'Tin. 150
jRe-171 lGd-161
Re-19fto '.Jr-WO

:Tr-l9nBiL';Pb-201 •
lib K-:
;Rh-114m
;
[
:?i in",
!Sr- ho
i
i

•Is- 132
i

•Cf-2'17
;Ba-147
;Ir-189m2
!Rn-208
,' Bk-245
: \u :nr.
iNb-llMgni
!Cra-lj49
jUi 159

|Hf-lfi9
Jl'm IJUIL

lTm-157
:Hg-191m
I
I

;i,u ir.i
:x<> 125
1
1

•'Mo-idS
K̂ - 43

;Cu- fil
[Pffl-Ubm
lAg-123
1T1-I86m2
IIr-192
IBi-204
!Ba-12i5
!lr-181
:pb 197
;Mi,-lU4
;Hfi W7KB
;Pu-245
;Sm-136
;Cs-147
lYb-155
l

iSr 80
!Ga- 73
JPd-118
•Kn 2OS
;Tb-143

|L'j k ^ ;siu 1>
!La-123 ;Po-199m
I i
I i
I i
I i

: \u i s ] ;nf i7n-Mi2
!Yb 164 ISm-Kft
1 i
j j

jDy-159 '• I n -124B
1 i
I i

•Cd-115 ;Ba-142
|W -174 ;Zn- 60
|Ir-195m ;Tl-193m
lPb-198 IW -172
!Cd-126 :Ho-153
:TI 2cr< : iu inn
!Zn. 77 SHff-Ufim
!Bi-21(IID lAc-231

•Aff-121 ;
1 I
I t

|Pa-207 ;Yb-lo3
| bd 117 ] I d 1-ji

jPb-192 !Rn-206

iDv i•".••; \\z-u]
!Tc- 110 !Ho-149ra
f 1
f i

!TB-150 . 'AC-223
;Sc- 43 2r- 84
;Xi*-135 |Pr 151
;Ke-17J ;Pm-13b
!At-200gm;
ICe-147 !Ru-107
lAg-111 !Br- 73
I i
I i

iTe 127 !Yb 180
1 *
1 i

lTa-163 !Tl-l&Jm
1 i
I i

•Np-231 -Pb 190
;Tc-109 ; P d - l l l n
!W -174 |
IHf-166 |Mn- 52m
:ir-197gm;ir-172m
I i
I i

!Ha-145 !Gd-14u
!Tb-141 !

•JCc 142 |l.a 146m
;lb Jf.l ;bb 125
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JAERI-Data/Code 98-008

Energy
ikeV)

382.

382.4
382.4
382.8
383.52

384.63

384.7
IS.".. 1

386.77

387.
387.82

387.94
387.94

388.88

389.12

390.3

390.4

301 >'.

392.4

393.5

394.05

.I*11.1

395.3

396.01

397.7

:>r<7.r<i
398.14

399.

399.62

Intensity

6.2E-04

7.0E-06
=6.1E-03

0.014
0.046

6. 7E-03

3. 7E-03
>"•. <~V i"Ci

0.31

4.9E-O4
0.038

1.1E-06
1.4E-03

'I. fii.i

0.37

0.01

0.04

6.9E-03

7. f-Y,-C]

9.7E-03

0.OU

0.015

1..T-O1

2.2E-03

0.029

4.3E-05

•~i. 0 2 7

8.8E-Q3

-2.4E-03

0.029

u

a
a
a
a

t

a
u

u

a
a

u
u
a

u

t

a

a

,,

a

a

u

u

a

u

u

t
a
a

t

Nuclide

Tl-210

Fr-223
Th-227
Ra-223
Th-227

Ac-228

Pa-231
Pa 231

Bi-214

Pa-231
U -235

Pa-234
Pa-234m
Ra 223

Bi-214

Ac-22S

U -235

Ra-223

Pa-231

Th-227

Ra-223

Bi-214

Pa 231

Pa-231

Bi-214

Pa-234

Ar-228
Pa-231

Th-227

Ac-228

Decay
mode

B-

B-
A
A
A

B-

A
r>-
B-

A
A

B-
B-
A

B-

B-

A

A

A

A

A

B-

r.-
A

B-

B-

nA
A

B

Half l ife

1.30

21.8
18.72
11.435
18.72

6.15

3.276E+4

19.9

3.276E+4
703.8E+6

6.70
1.17
11. 13.-.

19.9

6.13

703.8E+6

11.435

3 270E-1

18.72

11.435

19.9

C 70

3.276E+4

19.9

6.70

h. l,"i

3.276E*4

18.72

6.15

M

M
I)
I)
D

H

Y
II

M

Y
Y

H
M
n
M

H

Y

D

Y

D

D

M

II

Y

M

H

II
Y

D

H

Energy 382. ~ 399.6 (keV)

Relational a r t i f i c ia l radionuclide

Bi-195gm;Y - 87m ;Bk-245 ;I -116
Es-253 |Sr- 83 |Hg-180 ;I -136m
Pt-188 ISr- 83 |Y - 94 ITc-112
Pd- 95m ITm-176 IAu-180 IGe- 66
Ru-111 lPb-198 IAm-240 1

1 I 1
1 1 1

Tl -199B !Bi-192giu!Eu 141 !Sn-113
Fm-251 jGd-14fi JEr-172 ;Pa-230
Es-250 jCo- 63 ;Xc-l33 jBa-133
Te-131 1 1 I
Ge- 64 |Re-184m |Ta-184 ;Rn-209
Sn-109 |Eu-141 |Pt-185gm|Dy-146
Pr-151 !Au-185 IBk-245 1
A n " ' '" ' I 1 Mi > ^fii i i I f ' i " " I T in J . ~ 7

Y -"tW II'bl97m !Pb-197 iTb-152n
l)y-151 |Ih>-167 jHf-182m jZn- 71m
Rn-209 ''\\R- 195m 'Cu- 7(»B ISn-106
Rn-206 ;Pd- 99 ^Rn-^09 ;Ag-117m
Au-191 jCd-103 ;Pb 191m ;Es-253
Zr- 99 ;0s-193 |0s-174 ;Pr-131
Pb-197m ;Hg-195m | |
Pa-232 ! :| !

i i i
I I I

A s S I : A U - 2 I " ' 2 I f f 2 1 0 I P . a - l U

Tb-142 : : J
Sr- 87m lY - 87 lTb-149 lTc-103
Cs-126 JSb-in !AJ?-1]5BI !Kr- 79
Tb-141 ;Es-253 !Gd-141m ;Yb-l7Hm
Yb-160 ;Dy-153 jlio-148ml;Ka 25
Tb-163 ;Au-185 ;Zn- 71m ;Pb-202m
Yb-159 ;Au-191 iNd-136 I
Ir-184 |TI-198mi:Au-187 iRn-208
Yb-178 IIr-194m2IPr-138m 1
Mn 01 IMd l'"iS :i.u-101 IPd Him
In-130mlJFr-227 . ' Y . « 3 !ln U3n
Te-113 !Tc- 93m iKr- 73 :Pt-199m
Ag-U3m !Ba-129m ISi- 35 !llo-162
Ba-146 ;Ce-131 jlr-183 ;Ag-lO5
Hg-186 ;Cs-117 ;Ta-175 jPr-152
Ru l t ' i j j R b - 77 ;Au 1'JU j l ' b lt>~
Cs-116 ;lr-196m |Cu- 67 ;Ga- 67
Ho-150m IIr-182 |Eu-141m |Eu-141
Zn- 62 I 1 1
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La-144 IKr- 79 IRb- 79 IPb-198
I I I" 1 S . 1 I l l f ] n l i n i 2 V ;
V - 52 \hh- 69 jRh-llti ifih-116n
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Zn- 71 lHo-167 :Pm-l35m SHB-185RH
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;

iSn-123m
IPu-243
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1

i

!Rh 98m
•Tl-195m
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•
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IY1) l?'~i
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!Sr- 8]
•Er-158
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;Ho-145
I
I
I
I
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1
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lAg-108
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•Fr-'OS
•Al- 25
;Zn- 71
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;
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SSn-113
1
I

!HK-184
\Lx- 88
;Pt 179
; be 7JIL
iRu- 91
lTm-175
i

Ism 1"7
1
1

!f0-131
' Eii- 141m
•Sn-108
.j.Xc-13«
t

JLu-168
IP - 29
IPa-230
i
i

1 Ho-] 52m

JHK-18901
!Se- 69
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- 3 0 -



fa IS 'V
. i

"O
I co

C
O en

C
O to

to CO

to
o
p

oa
fc

*

4 O C
O

i£
h 

4
 4

O
O

O
V

I 
4=

- 
#

-

<
«

jc
o

o
o

ip
».

 e
n
 o

n

i o e
n

I o co
I O 4^

O

c
o

C
O

O
 

I
 C

O —
3

O
O

C
O

C
O I O C
O

O
ft

e
n

O
O PI 1 CD en

p CO CO CO

•x
)

6
> 1 CO C
O

so 63 1 to CO
I C
O to en

I to to O
O

IS

C
 

(U
 6

3

pa

t
i
l 

I
to

 t
o

 t
o
 c

o C
O

5»
 f
t
i
 8J

C
O I

C
O I

to
Ji

^&
S

S
r^

C
O

a
>

 
co

. T
O

 C
O

C
O I

C
O en

K
 

S
|
^

&
%

C
T

>

o

S
S

K
S

C
O oo o -<

I 
I
 
I
 
I
 
!
 
I
 
I
 

t
I—

' 
»—

' >
—

' I
—

' I
""

* 
' 
'

0
(
0
(
0
0
1

O
O

l—
» 

C
O

 C
O

 <
B

I

I 
I
 
I
 
I
 I ?r

*r
??

??
F

1
 

"I

o B

O

i 
i 

i 
i 

i

O
O

 •£
>.

 ̂
0

 O
O

 4
i.

co
 <

y
i -

o
 
e
n
 o

o
B
 

q
g

i co
 4

^
co

 c
o

l )_
•

en

-3
 

C
d
 t

—
 t

=
-

o 
—

• s
=
 n

i 
i

l
l

K
--
 

i—
. 

_
. 

C
O

<o
 

c
o

 e
n
 C

o
C

o 
e

n
 e

n
 4

-̂

i 
i 

i

D
 O

\ 
f i

M
D

t
/
)
X

>
t

T
T

T
T 

B
?

f 
'

I—
'I

—
M

—
'I

—
' 

C
O

 +

: 
co

co
3
 
B

I 
I

C
O

63

—
JC

n—
."l

O
O

 C
O

O
O

O

t—
' C

O
C

5
c 

a>
 

a>

e
n
 —

o
 —

J
o

o
 e

n
 e

n B

to i
*

» 
co

 
e

n 
c

o

o
o

en
 >

—
I 

t
oo C

D
e
n
 

-
j 

o
o
 —

j

0
 

»—
. 

—

C
n
 <

*i
 o

n

-3
 
O

S
<-)

 a
- 

3
i 

i
 
i

O
O

 C
O
 I

B
1 e

n
 t

B C
O

t 
1
 |
 
(
 

f
f
s
 *
W

.

I
I
 

I
 

t
i—

• 
i—

' 
•
-
•
*

3 
C

.
J
 

<
»

1
 

C
O

 
<
3
»

O
-O

 
—

3 
CO

>̂
( 

e
r

a
: 

>-
i

t
i
l
l

i—
• i
—

>
•-

J 
C

O
 O

O
 —

0
<

J*
i 

C
O

 *
- 

C
O

It e
n 

<y
r»

C
O

 •
>

!

t-
t 

w
<

 1
3
 -

a
 —

3
 •
<

 O
 

f-
t 

f-
f 

J
s
-T

f
f
t
»

 
i-

ir
^

B
 

to
 
1

8
 
*

*
©

5
 
I
 
I
 
I
 
I
 
I
 
I
 
t
 
\
 

\
 
i

h-
* 

t—
' I—

t 
I—

' 
I—

' *
»*

( 
»»

* 
H

-1
 t

v
*»

 O
(J

 c
o
 c

o
 e

n
 o

o
 c

o
 «

O
 (s

t 
O

O
<
J>

 t
j?

\ 
t^

. 
-<

J
 C

O
 H

-*
 O

^ 
0

^ 
"

5
 

€
»
^ 

""
"I

B
 
B
 

B
 B

O
 •
-3

O
O co

: 
I
 I

>

C
O

 
T

3
 
C

—
3 

r^
 C

I 
I
 I

o 
o

o 
e

n
4=

* 
—

a 
e

o

3 T o o o a C
O oo o o oo

o
co en



cr>
O

«
5
»
-,co

 
t
p

N
O

W
) 

O
t*t*t 

^J*î
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JAERI-Data/Code 98-008

Energy
UseVi

452.92
452.98
453.58

454.77

454.95
455.1
45C. 7

457.17
457.5

461.

461.5
462.

lh.1

464.2

1-jj. 2

466.4
1»"I '"I .•

468.

468.44
469.33

469.76
470.25

171.7'".

472.3
473.

474.2

474.41
474.75

17". 1

475.75

477.6

Intensity
(%)

0.031
0.363

1.9E-03

0.3

2 pE-Oy
-8!0E-03

7.1E-04

0.015
=6.1E-05

1 ^F "^

0.053

5.4E-05
0.221

1. 1

4.9E-05

1. 'Jh-L'J

0.029
i .">F.-or
3.3E-04

2.3E-Q3
3. IE-05

0.129
0.013

r>. fes

5.8E-04
0.05

5.8E-05

0.11
0.022

8.7r-r>r

2.3E-03

u
t
u

u

u
a
u
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i[

u

u
u

t

u

a

t
<L
U

u
a

u
t

i

u
t

u

u
t

a

u

Nuclido

Bi-214
Bi-212
Pa-234m

Bi-214

IF -234
11 -235
Pa-234m

Ac-228
Th-227

P.i 13 i

ni-214

Pa-234
Pb-214

V 22S

Pa-234

Ka-223

Ac-228
Tli-227
Pa-234

Pa~234m
Fr-223

Bi-214
Ac-228

\r 228

Pa-234
Bi-212

Pa-234

Bi-214
Ac-228

M .-H3

Pa-234m

Be- 7

Decay
mode

B-
A
B-

B-

A
A
B-

B-
A

R

B-

B-
B-

B-

B-

A

B-
A
B-

B-
B-

B-
B-

R

B-
K

B-

B-
B-

R

n-
EC

Half l i f e

19.9
60.55
1.17

19.9

2.455E-5
703.8E-«»
J. 17

6.15
18.72

19.9

6.70
26.8

f.. l."i

6.70

11. 130

6.15
18 72
6.70

1.17
21,8

19.9
6.15

h. 15

6.70
60.55

6.70

19.9
6.15

21.8

1.17

53.2l>

M
M
M

M

Y
Y
M

H
D

II

M

H
M

II

11

\)

H

nH

M
M

M
H

II

H
M

H

M
H

M

M

Energy 452.9 -

Rtilat ional a r t i f i c i a l

Tm-156
0s-192m
Tl-206m
Pa-232
Pi 1 if,
Lu-17fca
Kr 73
Ac-230
Sb 130
NbW3
Ir-197gm
La-129
Pu-233
Pr-138m
Sm 1 1 ">
1c 1«»7
W -172
Ru-112
ih -167
Rh-IM
Te-134
Nb-lOOm
In-110
Bi-200
Rn 1-7
Zn- 80
Sb-116
Tb-141
Kb- «4ni
U-132DI
1b 1U
Tb-142
Zn- 77
Ir-189m2
Rli llMn
Cu- eiu
Xe 141
TJ-18SD]
Kh-lU2
Si 35
Y - 96
Ra-230
Re-182m
Er-155
Pni-13 mi
Bk-245
Ne- 24
C - 18
Rn-2l«
Kr- 73
Zn "
lx- 83
Br- 71
Ta-175
Ti- 1"I2II.

Cs-134
Nd-13P
C - 17
Er-350
Nd-13fi

i
i
I

!Fm-251
;Eu-139
ILa-131
iPn. \\-~
'<7.r 85

!Pa 230
Tl-199

\CH 103
i
I
lOs-177
lSn-111
IRa-230
ILt-l"1'"1

!Lu 165
!lh-233
'("fi-119
•Nb- 9rt
[Nil-131
!Pr-136
;Tm-173
lCs-147
:Bi-200ml
!Y - Q l i n
:Cs-138«
!ln-116iBl
!Bi-192gm
•Gd-143
;Ttj 334
; l i lbt'iuJ
;Pt-185gm
ITc-108
!Ar- 32
ifs i n
ilig.l95m
iNd 134
I
•Hi-235
jTc-102

ilr-197gm
!Hg-187gm
IGe- 66
I f , I Ml"

iCm. 241
!Na 24m
•M 115
;An-237
;Ba 124
;11 JJs
:Tm-150
IEu-157
IRh-102
IP'1 f-7
IZr- 83
IOv-144
JJW-135
I Pa-238
jPm-144

;

;Xe-142
!Gd-140
IPd-101
I7n 7 s.
'V w'(' 1 - 0.)
t

!Rb- 78ra
jXe-137
; P r • 1 9 1

;Tl-206m
:i -HO
!Ga- 78
'Ylj l'Vi
IHf-lh3
IXc-141
•Cf-247
•Tc- 96
•Ru 97
!Hg-185gm
;As- 85
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i
i

:T ( ] N -
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iDy-lol
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I

:&•- 75
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lTe-121
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ITm lf.S
'ib-lS^iB
>Pa-232
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1
1

•Ba-147
' b i - l u l
• In-118ml
•Pt-199
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IN.l l."n,
! (Jd-Ml in
i

477.6

radionuo

JLa-130
!Ir-172m
1Y - 99
!P,i 7 q

IPd 111m

!Rb- 78
;Tb- lfrfln
' H o l~>'im

;Pm-137
!W -173
IEu-136gm
l̂ n T1

IGe- 65
'.Pm-134

•Pb-194
•Lu 163
;Fr-210
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i
i
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•Cs-132
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;Lu-163
lXe-125
ll.a 1 I."
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I
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JAERI-Data/Code 98-008

Energy
ikeY)
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17*. r,
478.6
479.6

480.
480.
480.
480.43

480.94
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481.1
481.6
481.92
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490.33

491.
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493.1
493.3
494.2
494.2

4yo. b

497.49

498.

500.4

Intensity
(%;

0.013
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1.9E-05
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a

Nuclide

Pb-211
V 22R
Pa-234
Pb-211

TI-210
Pr-22.'J
Th-227
Pb-214

Ac-228
Pa-234
Pb-211
Ra-223
Pb-211
Th-227

Pa-234m

Bi-214
Tl-208
Bi-214
Pa-231
l'b I'll
Ra-223
Bi-214

Ac-228

Pa-231

Pb 211
Ac-228

Ft-223
Th-227
Bi-212
Pb-211
Bi-214

Hi-214

Ac-228

Pa -234

Pb-211

Decay
mode

B-
B
B-
B-

B-
B
A
B-

B-
B-
13-
A
B-
A

B-

B-
B-
B-
A
b
A
B-

B-

A

B
B-

B
A
A
B-
B-

B-

B-

B-

B-

Half l i f e

36.1
.",. IS
6.70
36.1

1.30
21.8
18.72
26.8

6.15
6.70
36.1
11.435
36.1
IS. 72

1.17

19.9
3.053
19.9
3.276E+4
2C.6
11.435
19.9

6.15

3.276E+4

Ju. 1
6.15

21. S
18.72
60.55
36.1
19.9

id.v

6.15

6.70

36.1

M
II
11
M

M
M
D
M

H
H
M
D
M
D

M

M
M
M
Y
M
D
M

l'i

Y

M
H

M
D
M
M
M

M

H

H

M

Energy 478. —

Relat ional a r t i f i c i a l

Lu-158 !Fm-251 lPm-140
Sn-106 iCe-133 :Re-179
Be- 7 iPr-147 !
Re-188 !Ir-188 IAu-191
Pt-ISS !Pn-23r. i
Ka-232 SAc-229 !W -171
Rh-104 !lu-135J !(c 137
Tb-151 'La-132m !Y - 9dn
Re-168 JHR-liW |St- 97

1 i
1 I
i I
i i

Tb-141 ;B i-200 ;Fm-251
Pt-187 : :
Nb- 96 !Tc- 96m !Sr- 98
Cd-102 1 1
Ir 195m IHM70 IHMKJ
Np-231 !1T>-148B !TC- 90m
Lu-184 ! !
Hu-170« Flf-181 ;Sn-128
Pd-113 ;ir-194m2jAs-ll9
Hf-166 |Ga- 68 [Nd-134
I -138 : !
Hg-189gm!S - 39 [Th-235
At-200gm:0s-192m IIr-192
Np-231 !Y - 87 !GP- 7Qm
Rn-2i)6 ! !

1 1
1 1

Ir-187' iAu-184 iRe-188
Pt-184ra At-203 ;Ba-131
Rn-208 ;Y -lUi! ;Cs-147
Ra-227 ;L'i lua ;La-lL'
Te-129 ;Gd-141m ;Au-191
La-128 !Pm-136m |Re-170
Re-183m :Pm-136 !Tb-148m
Ir-192 !Ru-107 ITb-148
Ca- 47 !Sb-115 iBa-126
Y - S3 lAu-185 lTc-109
Tc-105 ! !
fo-HKk Sn-127 ;As- 81
Se- 81m :Sn-1^7m ;Te-13fi
la 177 ;lJu 213 ; h lt.7
Tb-141 IT1-199 ;Cd-115m
Sm-145 |F - 23 |Y - 92
Te-131 IBa-145 ITa-171
H f 1 6 " I M n - GOm I T n l - i r -n i l
Cs-118gm:E1m-138ia Ur-184
Pb-187m IZr-103 I
Pt-199 jPb-196 STe-112
Ga 67 W -172 ;Tb-141
I'm-134 ;Hf 178m2;Sc- 17
In- id ;Hl-ioo jlu-lau
Ba-131 lGd-149 |Pr-133
Ru-103 !Pd-103 lAg-108
Tc-102m iEu-139 IRh-108
Kr- 89 IRn-206 1
Au-200m iAg-119 !Sb-113
Ho-145 !Sb-124mi:Se- 84
Lu-W3 «Dy-146m !ft>-14rt
Cs-123 ;Hu-l87ff!HK-193«
Ttn-177 jYb-179 ;Tbl41

500.4 (keV)

radionuclidr

iHo-154m JAt-206
:Nb-104gm|Mo-108
1 ;
i i
i i

I I
!Ka-230 !Ar- 4,'i
!Pt 181 !Te ll'l
!W -187 !RII-208
•Hg-l«r>«ai|(kl-161
j |
• i
• i

|Ni- 56 lLa-135
I i
i i

IAu-181 1
i i
I i
I i
1 i
1 i
I I

1 I

•Yb-152 -GV- 81
jKu-113 ; I -I3fim
;Lu-163 ;Mo-107
I i
i i

IPr-135 |Cd-115m
!Kr- 92 ICs-119
INa- 33 l^m-l.Sfi
1 1
1 1
1 1
I 1
f 1
1 1

|Pt-l87 ;Ho-147
1 I
1 i

;AK luDui ;bi I-'J
lAt-203 lAg-118
|At-200gm|Ga- 73
IRa-219 IPa-238
ISb-111 1
Slto-152 \11 198ml
iCe-143 !Pb-20ai
1 1
1 I

•1 -12ti ;Sr- 92
;Zn- 59 ;Rn-223
| h lb'jiuLjLo-HJ
lCd-115 |K - 45
IRh- 94 1 Ho-152m
1 I
I i

:r,a : i :nu 7 :
1Pm-135 !
f 1
1 I

!8e-168 hm-174
•Y - 83n jTb-163
;Pr-l;jl ;
| iu-ljuiu ;iu-ij»
|Ir-197gm|Sb-132m
|Cs-122m2|Cs-122
IRh-108m ISb-115
I 1

lZr-100 iRo-171
Ur-183 !by-155
:Th-233 !
|Pd- 9fi !Po-199m
;Rh-113 ;Pu 233
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JAERI-Data/Code 98-008

Energy
(kcV)

501.4

501.96

502.
503.5

503.82
504.32

506. 75

507.4
507.4
507.5
508.2

508.96
509.2
500.7
510.

510.77

513.
511.

513.4

515.06

516.1

51o. 1
516.4
516.6
517.2
517.63
517.63

519.6

51**- 9
JZ\J. 1 J

521.4

524.3
524.3
52-1.6

Intensity
(*;

8.5E-04

0.018
" •"F-1"'")
4.3E-O5

•=9.5E-07

0.182
5.8E 03

2.1E-03

3.3E-0f>
3.8E-04
I.6E-03
1.5E-05

0.45
2.1E-03
1. 2E-O3

0.076

8.13

0.032

=1.8E-03

0.049

1.0E-03

O.uE OJ
1.7E-04
1.3E-05

=4.OE-04
1.5E-05

0.044

6.3E-04

0.016
O.Uo7

1.2E-03

0. IK1.

7. OE-05
1.4B-U4

0.017

a

u
;i

U
11

t
a

u

a
a
u
u

t
u
a
u

t

u

u

i

a

a
a
u
a
a
a

u

u
t

u

I

a
a
u

Nuclide

Pa-231

Bi-214
Pb 211
Pa-234
U -234

Ac-228
Pb-211

Pa-234

Fr-223
Th-227
l'a-234m
U -234

Ac-228
Pa-234m
Pa-231
Rn-222

Tl-208

Pb-214
annihi

Pa-234

Ac-228

Pa-231

Fi-J-M
Th-227
Pa-234m
U -235
Bi-215
fin-219

Pa-234

Bi-214
Ac-22b

Pa-234

Ai"-2IS

Fr-m
Hi-227
Bi 214

Decay
mode

A

B-
B-
B-
A

B-
B-

B-

B-
A
B-
A

B-
B-
A
A

B-

B-

B-

B~

A

B-
A
B-
A
B-
A

B-

B-
B-

B-

r > -

B-
A
B-

Half l i f e

3.276E+4

19.9
16 1
6.70
2.455E+5

6. lfl
36.1

6.70

21.8
18.72
1.17
2.455E+5

6.15
1.17
3.27SE-<-4
3.8235

3.053

26.8

6.70

6.15

3.276E+4

21. b
18.72
1.17
703.8E+6
7.6
3-96

6.70

19.9
u. 15

6.70

r>. ir.

21.8
18.72
19.9

Y

M
M
I!
Y

H
M

H

M
[)
M
Y

H
M
Y
D

M

M

H

H

Y

M
D
M
Y
M
S

II

M
[I

H

II

M
i)
M

Ag-121
Tm-159
Ir-187
Ta-171
Ci. 7">

JH-1U4
Nb- M
Zr- 83
Pu 237
hi 233
Y - 85
Cd-102
Er-159
Sn-129m
Ag-120m
l a 171
Jr-19S
Cd-JW

Tb-W3
Ni- 65
Tm-150
Nd-133
Pd-111

&>• 73
I -130
Rb- 81
Sr-101
ri-19'ioi
fc-112
Ag-106m
Cs-122
Er-155
Ag-116
Tc-lt)9
Y - $6
Ba-144
Ra-222
B»-2Oi;
Ba 111

Gd-149
Au-201
Pr-149
Ce-135
Ir-190
Eu-14lin

fih-ll'Im
11-2U2
At-205
Sr- 94
Hg-191
Ta 171
Sm-15ft
Hg-188
Sc- f.o
Pt-181
Nd 133m

Energy 501.4 ~

lai ional a r t i f i c i a l

;Hf-180m
lRe-178
INd-135
lBi-192gm
ID) I1"-'
I|jg. i#9jjn)

; l c - 9 Ira
ji: -232

jZr-ll)U
;Cm-241
!Nd-137
;
IIn-107
lMo-101
'.Np 233
I
i

•Nb- 89

h(s-i2i
;Am-240
lSm-139
!Rn-227
:ir-197gm
]

iTb-150u!
! C P - 1 3 3
•Dy-153

•Tb-IR)
|Zn- 71m
lRh-106
1Dy-153
!Hg-189gn)
!Cs-123
!La-146m
!Hf-178«l
;Dy-165m
;Pu-23«i
jl's-l'Jtim
;AL Jji
•
i

IZn- 77
lAt-208
lTb-141
!Pr-134
1
1

;Np-241

;Co- f>5
'Au-2u2
•Pr-154
;Pm-138m
IPb-194
! T1 1 .v"1

!Pd 117
lTc-112
•Ho-l^m
•Ag-111
|Rn 94

1

:Tc-i03
IHf-170
!Pa-238
I0-N ". "''"'Ill
]
;I 131
1

I
1

•Ho-148ml
|Tb-151m
!La-145
[
:Eu-i50
lPm-137
!Kr 91
I
k

•Nb- 89m
i

;Zn- nl
;Ta-177
j

!Pr-142
ITb-165
I
i

.'Se- 83
[
;1 -133
t

•Er-153
|Zn- 71
jAg-106
i
i

IPu-233
!Pr-137
iTm-175
:Cia-242
1

|Pa-232
;Ra-227
;bj 7'j
i
i

ILa-147
I
1

lTm-177
.'TiB.ir.9
i
1

•Pm 1S7

•Rb 97
jHr-luJ
|As- 77
!Au-201
!Ag-117m
! Tl J 1. 1 in
:i -132
:cd-ioi
I Mn- 58
iCs-116
•TIO-1FJ7

524.6 (keV)

radionuclidc

i
i
i

;Pm-148m
I
I
I
1

: T I Ir* -u

i

i
1

;T1-188ml
;Zr-104
;Tl-196m
i
i

II -132
IEu-149
!Hf-182ii
|
I

1
i

;Zr- 97
;Ac-230

i0s-192m

i

los-182
f
1

;Ta-186
i

•Ta-169
;W -187
IK - 45
j

,'Ir-183
!Kr- 85
!Eu 160
lTb-142
i
1

•La-132
I

i
i
i
i

;

IV - 55
jCffl 249

jXt-117
I

I

[Kb- bJ
|Br- 77
!As- 81
IOs-196
IP"-""""
!Ac-233
!Ba-127
'I'd P5ni
•Aii-180
f
f

I
I
I

;Au-186
i
I
I
I

I
I

!(!(: 79
•
i
t

•Bi -192«m
;Ho-154m
H - 1 2 3
i
i

ICs-132
!Fe- 62
!A^ 111m
i

i
i
i
I

iIn-125
;Pa-230
I

;

i

•

!A«-108
I
I

|In-105

•Po-20r>
;Rh-106m
lSn-104
]

JAu-182
lNb-105
!At-2UUKin
!Er-149oi

•Er-158
I

i

1
;
!Tb-154ml
!Pa-23ii
t
t

|U«-103
i
•
i

'C i - ob
•Ho-152m
IIr-196m
ITc-106
!Pl- ll.Nl.
IGa- 80
!Cd-127
• Tb-I4r>
•Pu-233
t
I
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JAERI-Data/Code 98-008

Energy
(keV)

526.02

527.61

527.9
528.
529.1

533.1

533.66
534.1

535.

535.8

536.77
537.
537.
537.2
537.45
538.2

538.41

539.8

540.76

543.

:.*:>. s i
M1-, 'JS

u4vj. i

546.

."•th 17

546.7

547.6

Intensity
(*)

9.2E-06

0.07

6.3E-U4
4.0E-03
1.5E-O4

2.9E-05

0.186
J.3E-04

9. 3E-05

6.OE-04

0.U68
7.5E-05

• 1.0B-03
J.3E-O4

—
6. 5E-03

0.02

8.3E-05

0.026

0.084

:• no*

1 . OC-UO

—

n 201

8.7E-04

<4. Ofc-03

u

a

u
u
u

a

u
u

a

a

u
a
a
u
c
a

u

a

t

u

i.
i.
i .

a

a

i

a

u

Nuclide

Pa-234m

Ra-223

Pa-234
Bi 214
Pa-234

Fr-223

Pb-214
Pa-234

Th-227

Pa-231

Bi-214
Fr-223
Th-227
Pa-234
Pb-2U6
Rn-219

Pb-214

Fr-223

Ac-228

Bi-214

Pa 231
Pb-Jl4
Pa /.'Hai

Pb-211

V 228

Pa-231

Bi-214

Decay
mode

B-

A

B~
B-
B-

B-

B-
B-

A

A

B-
B-
A
B-
NN
A

B-

B-

B-

B-

B
B
fi

D -

B-

r>-
A

B-

Half l i f e

1.17

11.435

6.70
is. y
6.70

21.8

26.8
6.70

18.72

3.276E+4

19.9
21.8
18.72
6.70

3.96

26.8

21.8

6.15

19.9

h 7<:

i Ï7

36.1

•"• 1 5

3.276Er4

19.9

M

D

H
M
H

M

M
H

D

Y

M
M
D
H

S

M

M

H

M

II
M
M

M

M

II

y

M

Energy 526.0 ~ 547.6 (keV)

Relational a r t i f i c ia l radionuclide

Nb- 99m ;Hg-187gm;Pd-lllm ÎHg-195m
Gd-141 ;Cs-125 :Gd-141m ;Lu-166ml
Cd-107 ;Sb-128 II -128 ;Xe-135m
Au-201 IHo-151 :ir-197gm:Au-185
At-2io :i -139 : :
Rh- 97m !Cd-U5 ! !
In-118 ÎRh- 99m ÎRh- 99 ÎCs-140
Eu-149 !Sb-118 jMo- 99 !l -123
Es-252 |Cu- fil Pa-237 Gd-l«l
Br- 83 jHol66tD ; ï -133 ;Sr- 96
Sr- 94 ;Po-201 |Ga- 81 ;Tc-104
Tb-141 :V - 53 ;Eu-140 |Nd-147
Cu- 69 ;Sm-137 iSm-153 [Tc-101
Sr- 99 lAt-203 !Rn-208 :Tm-155
I -121 !Tc- 94 !Ca- 51 lHo-171
Tb-15Zn ÎBa-145 !0s-179 !C • 17
0s 178 îPt-181 ÎTm-155 ÎSm-153
Nb- 88œ IPin-137 îpi-181 '
Aff-124 TI-1M jl'a-liOliu ;Gd-149
At-20n»B! ; ;
Rh-112m |Eu-136gm:Cs-143 ;Pu-233
Tc-104 ;N - 18 ;Hf-163 ;Zr-102
Tb-165 ;Bi-210m |Y - 85m !Nb-100
Bk-243 II -130m !I -130 !Y - 99
Hg-lPlm !Sr- Q« :Cs-13Om \
In-123 II -139 !Rn-206 :Rel84m
In-11 Im ÎTb-145 ! '•

1 I *
1 1 1

Dy-153 jBa-140 ; j
Bi-206 ;Po-201m ;Rb- 81 jLu-166
Ta-171 ;Np-236m jPu-240 ;Xe-132m
Xe-i42 : : ;
Rh-116m !Am-244 !Nb-103 !Sm-141m
Re-183m !Cd-105 lRh-113 lAg-124
Tl-200m !I -130 :Po-208 :
Ir-197gm'.Rel84 ÎRh-114 ÎOs-177
Rh-100 iRh-ïOOii ÎAc-233 Ur-184
Hg-189gm:Ac-229 ÎNb- 84 ÎCs-125
Po-201m Xe-Hl ;Tb-154il I -116
Hf-171 ;La-132 ;Ac 22« jNd-149
I -134 ;Ho-170m ;In-106 ;Nd-138
La-144 |Mo- 93m jRh-112 ;Tm-159
Sn-123m ; : ]
Au-181 !Ir-197gm:Ge- 79m ;Eu-145
Rh- 99m :Sb-116m IPt-199 INb-lOOm
n 1 *.Jh \.v> i î ' i IK:] -VIU îtiu 1 J 7
Te - JQn !Sn ;;!.'. !t»:i l.JOni !

l i l
l i 1

- V ; - ! l « ! ' l ; . ' • » !f>i : i ô !"cs ? " î n

i-u ! > i ; ;
ou-i^y [sb-iua ]rL-iöy |i -HÖ
Rh-101m jTe-114 |As- 78 ;Cs-148
Nd-152 :W -172 ;ir-189m2iPo-199
Zr- 99 ! : i
Kii nom :AU-IS: :n^-i."i :K . I - : I> I

Gd-140 lBM98al!I -135 !
Pm-154m ! l -140 ÎTc- 9Ûa ÎNp-233
Rn-223 îCs-145 ! '
Tto-164m jTb-147 !Pa-238 |Yb-153
Câ  51 «Yb-180 jCe-131 jOs-178

jLa-131
;Gd-142
iCs-128
:Cs-143
1
1
1

ÎNb-100
!Sn-132
Rb- 83

;Y - 97ml
;Ca- 47
i
i

lTm-167
lFr-212
!Pb-202m
ÜI1-1Ü4
i
l
l
l
•Tb-156
<
I

;Nd-136

iNb-lOOm
iCs-130
1
!Ta-lM
t
i
t
i
i
t
•Riv-208
;Se- 81

II -123
lTb-165
l
l

!Kr 9U
ÎPr-136
•EU-142B
l

JHf-170
;Ba-144
!Ga- 73
l
l

!Au-201
II -114m
!
•
i
i

\'\i !'r,"ii
•

;Bi-200
;Dy-165

iiïri 12r'iii
t
i

:pd-ini
i

;Pb-2»2m
l
I
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JAERI-Data/Code 98-008

Energy
ikcV)

548.73

549.73

551.8

551.9
552.4
552.4
553.7

555.12

556. a
556.5

557.24
557.3
558.

558.46

559.2

j - jJ . "•

562.8

..-._ ,

563.7
563.7

565.2

568.9

569.
569.
569.5

Ci/'J. 7
569.7
569.7
570.5

570.91

571.8
572.
572.14

Intensity
(W

0.023

0.114

5.5E-U7

__
4.6E-O5
2.8E-O4
7.1E-05

0.046

2.2E-05
2. IE 04

8.6E-06
7.1E-04
1.5E-04

-_
1.2E-U4

5.8E-05

l.OE-05
<3.2E-03

1.6E-O3

5.8E-03

7.0E-04
5.6K-04

0.013

I . - JL - J J

1.5E-03
3.3E-06

0.182

5.3E-04
8.7IUM

0.15

t

t

u

u
a
a
u

t

a
a

u
u
u

c
k-
u

I

u
1

a
a

u

u

a
a

a
c
a
u

i

a
u
t

Nuclido

Ac-228

Rn-220

Th- 230

Bi-214
Kr-223
Th-227
Pa-234

Ac-228

Fr-223
Th-ii27

Pa-234n
Pa-234m
Pa-234

Cd-113
Cd 111
Pa 234

Ac 22b

Pa-234

Gc- ,r

Bi -215
Rn-2W

Pa-234

Pa-234

Fr-223
Th-227
Pa-234

11 Ju7
Pb-207
Po-211
Th-230

Ac-228

Pa-231
Pa-234m
Ac 228

Dec a*
mode

B-

A

A

B-
8-
A
B-

B-

B-
A

B-
B-
B-

NG
NN
B-

B

B-
XTi*
Jll\

B-
A

B-

B-

B-
A
B-

B
NN
A
A

B-

A
B-
B

Half l i fe

6.15

55.6

7.533E+4

19.9
21.8
18.72
6.70

6.15

21.8
18.72

1.17
1.17
6.70

6.70

G. 15

6.70

7.6
3.96

6.70

6.70

21.8
18.72
6.70

1.77

0.516
7.538E+4

6.15

3.276E+4
1.17
6. IS

H

S

Y

M
a[i
H

H

M
D

M
M
H

II

11

H

M
S

H

H

M
D
1!

M

S
Y

(I

Y
M
H

Energy 548.7 ~-

Relai ional a r t i f i c i a l

Kr- 92 -Pt-184 ;Zn- 62
Rb- 81m :Cs-129 |Ar- 45
Sn-132 INb- 97 ICm-249
W -189 :Pm-148m !Pm-148
La-130 :Bk-248m 1
Ho-lf)l)ni !Y - 94 !Te 116
W 187 INb 102m lEr-159
As- 79 iLu-164 '
Pr-136 jln-IOfi jSe- 81
Br- 83 ;Au-2()l ;ln-117
Fr-208 |Eu-148 |Ge- 69
Ba-129 lGd-143 [Tl-184
Kr- 90 i 1
Sn-134 lCm-244 :Np-240m
Pa-237 iCs-141 lFr-227
Y - t)lm 'kg 10-lDi lAu 104
Rh-104m !Rh-104 i fb- l lSpn
Pr-13im jkb 86m IPd-l lS
Ag-102m •An-102 -Au-183
Zr- 84 JT1-19U ;ri-190m
Sn-128 ;0s-193 ;Gd-141m
Ce-133m ;Cs-146 |Rh-114m
Ir-190 !Ge- 77 ,!Tb-144m
Rh-111 !Tm-159 iEu-149
In-lllmllAi,' 111 IGd 1 ;•"•
Hg-185gm!Br- 7f>m !Cd-H)4
Br- 76 iAs- 76 IOs-193
Au-187 il'.fi-122B2!r\i-245
I -120a j l -120 lRn-208
Gd-14lB ;Pb-191m ;Zn 77
Nb- J-ni ;,ki-JJb ;tni-21L'
Ar- 43 lCs-141 ;Nb- 95
Ir-194m2!Bi-198ml:Lu-163
Ti- 43 j I

Cs--134 iu-134 iHo-145"
0s-192m lRe-189 !T1-191B
lr-189«2!Eu-142B !Sr- 98
Sb-122 ;Sn-ll l ;Cd-117a
PB-132 ;K - 47 •At-200KB

Pd-101 !Te-134 ;Se- 88
Zn- 80 lLu-163 ;Tb-150m
Ga- 78 :La-132m !La-132
Cd-100 !Ag- 99 !Pm-149
Pt-189 INb- 96 l i e - 96
(VI31m JHo-154 !Tb-150

i i
• •

Bi-202 ;Ru- 97 iRr-HHto
0s-192m ; A K - 1 2 2 ;P1 186

U> li>7 jl'b JL'7iii • U i Ju7
Rb- 92 ;Mn-"57 •Ho-154

I i
I i

Ba-144 :Ho-154m IBi-205
Po-208 ! 1
Ioi-1G2 lAu-196 iLu-JOeiml
Ca- 80 !AR- 98 U -139

t I
1 I

Eu-148 | !
Tb M5 ;Lu 170 ;So 75

572.1

radiynuc

;Tb-164
;Zr-102
IHf-173
1Eu-148
1

! At-209
U -118
j
iSn-l23tt
jSb-117
|Sr - 80
;Tb-141
j

lPr-147
:Nb-104gm
J
IAn 185
!Rh-102
|Xe-Ul
;Rn 103
;Lu-173
;Pb-197m
!Pd- 94
IT1-195
!R( 1 l~*.~m
! S B 137
!Pm-134
Sl's-116
; Cm--249

i ^ i j i

;Rb- 78
iCm-251
|

f
f

JTI-195
U -122
•I -140
;Rn- 223

lPb-190
i
i

ICs-132
ITe-115
!Rb- 81
!Ac-229
t
i

;Ro-l90

'Ai-j'jJ
;Po-212m
1
!Mn- 59
;
jEu-157
F AC~ i 1 £*
i
i
i
i

•Co 13?

(keV)

i idr

•Tc- 91
;Er-157
!Fr-228
!Ir-189m2
|

lOs 178
1
I

|Kb- S3
;Er 151
;Ho-153m
;Br- 82
;
JTb-147
iCd-126
1
1

!Pr 134
!EU-142B
r
i

•Xe-un
;Tb-154
;Re-190m
!Re-168
;in—114
!Pu 23."
!Fr-2H6
•Dy-14Sni
'Hjj-l&faD
•As- S2iu

'Nb "J!:

ikb- 83
•

i
i

!V - 53
|Pta-133

•La-133

•Se- 81
i
l

lRh-107
IRe-171
I
I
i
I
I
I

•Ir-190
t

\\h :>A
;Co- 57

iCs-143
1
I

!Rn-2IU
lPm-157
i
I

I

•Zn- 60
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JAERI-Data/Code 98-008

Energy
(keV)

572. 76

573.88

575.7
575.7
576.

578.5

7uc'. 11

580.13
580.4
581.19
581.3
581.7
581.9

583.
"SI l̂ i
583.19
583.41
584.1

586.3

587.7

588.1

589.

590.3

r>po 1

592.3

595.23

595.4

av.. s."
fi'.'t'.

r-':..-j

Intensity
(*)

0.074

—

1.1E-O.."".

1.7E-05
1.2E-O4

1.2E-04

0.352

8. IE-OS
2. IE-OS
1.2E-05

—

4.4E-03
30. ?,C,

0.111
2.8E-04

1.2E-04

0.014

i.oE-or»
5.6E-05

5. 8E-05

n.ni7

4.1E-05

0.017

1.5E-04

.
I. IE ii."
'*. "1. i -it

'i \i •".!

u

c

11

a
a

a

u

u
a
u
a
u
u

a
i

c
t
u

u

t

a

a

u

t

a

u

u
* •

a
.i

•

Nuclide

Bi-214

Pb-204

Pa-231

Fr-223
Th-227
Bi-212

Th-227

F.i 211

Pb-214
Ra-223
Pa-234»
Fr-223
U -234
Bi-214

Pa-231
T1-°O8
Pb208
Ac-228
Pa-234

Pa-234

TI 208

Kr-223

Th-227

Pa-234

Ac-228

Pr-223

Bi-214

Pa-234
(,,. 7,;
&• 71
FT 'Si
Ih "L'7

Decay-
mode

B-

NG

r.
B-
A
A

A

B

B-
A
B-
B-
A
B-

A

r>KN
B-
8-

B-

B-

8-

A

B-

B-

B-

B-

B-

v ;XX
B
A
!i

Half l i f e

19.9

fi, 7M

21.8
18.72
60. Rfi

18.72

IP.1;-

26.8
11.435
1.17
21.8
2.455E+5
19.9

3.276E+4
3. o."3

6.15
6.70

6.70

3.053

21.8

18.72

6.70

>',. if.

21.8

19.9

6.70

;»j. h

1H 72
' . " i

M

II

M
D
M

D

M

M
1)
M
M
Y
M

Y
\1

H
H

H

Hi

M

D

H

II

M

M

H

M
i)

! !

Energy 572.7 - 596.9 (keV)

Relational artificial radionucl id<;

Bi-197 jRh-110 -Mo- 93m jHf-170
Sm-135 !W -168 [Te-121 ;Se- 87
Y - 82 ISb-126 IZn- 69m |Ge- 69
Ni- 69 ISr- 81 1 i
Nd ir/, :iu is] :r 2 v \c\ :\\a
Gd-163 !Fr-20fi ! l r 195m !Gd MO
Eu 136gm'ln-114 ' '

• • i

vSe- 73 ;Gd-146 ! A K - 1 1 4 |Yb-U52
Kr- 72 ;La-124gm;lr-187 ;Sd-152
Ce-135 ;Lu-160gm; ;
Ce-131m ;Nd-133m [As- 84 |Se- 73m
Ce-147 !I -116 !Pr-147 IT1-197
Dy-145m IGa- 68 IBi-202 !Hg-191m
Rb- r'.~i !fii 77 !A^r lri~ni !"1 21"11"1

Ru-lU7 !Y -102 ! !
Bi-205 iPd-lllm IPd-111 !l'm-139
Ce-147 iRn-208 |Kr- Sfm JHd-137
W-1S9 Pm-137 Er-159 Rh-108
Pr-154 ;Pa-232 ; ;

Pb-194 'Fr-230 'In-110 |Mg- 22
Tc- 95m [I -140 ;lr-172m ;Pm-144
Cd-100 !Au-192 !Pm-135 !Pm-135m
V r<£in i B u - 1 1 1 ! I

t i i
• i i

Lu-168 jPa-238 ; j
n$-13Jin *C6—131 'tii- lon^ni1 rb~16^
Eu-150 ;Es-254a -lr-186 ;Nb- 8fi
Rh-linm ;Pt-]«5KmjCd-U9Hi ;U 242
Al- 25 ;Hg-195 ; j
Rb- 97 ;Br- 77 ;Re-183m :Cd-126
Tb-164 lTm-156 !K - 47 [Kr- 89
Cs-130 !Ga- 80 !Os-196 IEu-152
Au-191 iCs-118gm:Yb-153 !K - 42
Br- 92 lCs-127 !Ce-143 !Ti-198ml
Ge- 65 iZr- 89m lLa-135 I
Nb- 89 'Nb- 89m lAg-101 !Gd-143ii
Rh-100 At-204 'At-207 |
Cs-129 jlr-192 ;Cu- fil jTa-185
11 IU'UQ] ' I 1 J G ' Ab w-j~ ' b i s'j

Ir-194 ;Sn-125m |* i
Pm-146 !Gd-141m ILu-181 ;Es-252
Y - 93m ! i !
S i - io i :xc-i2ri ;pd-ii"a : r « . - n ^
Mo-lUl lPl-181 iMn- 59 lAg-123
Ho- 149m lEu-154 !Rn-223 '.Ra-219
Au-184 :TI-188iBi:Bk-248ui JHd-152
Er-161 Bu-I36ff»ift»-148 jln-102
Tc- 95 ;Te-127m ;Po-201 :K - 43
Kr- 94 jNd-135 ;Dy-153 ;
Os-179 [Au-183 ;Zr- 99 jLa-131
Tm-150 lTm-166 ;l -121 ;0s-178
Cu- 69 !Ce-131m !Ta-169 IB - 13
I -134 lMo-106 !Tc-107 !
•\s i"; Ida 71 ! !

• i i

L a .3.5 j i > 147 \7n 7 1 n j . i - ! . •>!
S r ^>< ' • •

;U -242
!Hg-193m
!Hf-178ni2

! P . : 1 1 ' iii

!Y - 99
t
1

t
1
!Os-I77
;Kr • 89

•Cu- 68
!Ba-127
!Te-136
! \ I I " ' " i n
j
!

!Sr- 8fnn
i
i

i

;Fe- 63
I
lAu-183
1
1
r
1
1

!Yb-162
•Pb-201
;La-144
1

iTb-141
II -130
;Eu-152ml
;
1 At-204m
i
1
;TI-2(Hin

jCs-141
;i!u 117
i
i

:Mo-ioi
I
i

i!Ti I1"'1"1

!Ho-150
J0&-185
IT1-19S
•Sb-126
;Sc- 43

jRh-111
:Pm-134m

:Y - soi
i

•

i

! ̂ l! I ^ -
•

" (i 1 i7
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JAERI-Data/Code 98-008

Energy
(keV)

598.5
598.72

iV'fp.

600.66

600.7

602.6

604.6

607.5
607.5

608.3

608.35

60.9.
609.31
609.32
609.38
610.64

612.

fJ13.6

615.73

616.22

Ü17.
617.
617.52

f>19.

620.

Intensity

—
0.093

s . •T.-N-;

4.9E-04

8.3E-06

8.6E-04

8.2E-05

4. 6E-05
1.7E-04

4.3E-Ö3

7.3E-03
46.1
0.056
0.043
0.023

6.1E-04

2. 9E-O5

0.Ü6

0.08

U.U34
8.2E-05

—

5.8E-05

u
a

M

u

a

u

u

a
a

a

c

a
u
a
a
t

u

a

u

t.

u
u
c

u

t

Nue1 ide

Bi-214
Ra-223

Di 211

Ra-22ii

Fr-223

Pa-234

Pa 231

Fr-223
Th-227

Rn-21.9

Ge- 74

Pa 231
Bi-214
Ra-223
Pb-211
Ac-228

Pa-234

Ft-223

Bi-214

Ac-228

Ci-214
Pa-234
Cd-112

Pa-234

Bi 212

Decay
mode

B-
A

B

A

B-

B-

B-

B-
A

A

NN

A
B-
A
B-
B-

B-

B-

B-

B-

B-
B-
NN

B-

A

Half l i f e

19.9
11.435

ln.O

1600

21.8

6.70

6.70

21.8
18.72

3.96

3.276E+4
19.9
11.435
36.1
6.15

6.70

21.8

19.9

6.1S

ly.y
6.70

6.70

60.55

M
D

M

Y

M

H

H

M
D

S

Y
M
D
M
H

H

M

M

11

M
H

H

M

Energy 598.5 ~ 620. (keV)

Ktîlational a r t i f i c i a l radionuci ide

Np-240m iDy-157 iTl-186mlJRn-227
Rh- 98 lEu-141 ;Pb-190 :Ce-131
Cu- 76gmll -121 :Tm-166 JRh- 98m
Mo-103 lDy-167 lFr-230 1
Eu i:-", im r c p n i z i V'Z \u\ n im
I -132B :po-205 !Yb 161 V/.r- H
Hß-18Sgoi;1f?-114 ;Xe-132in ;Mn- 52
Ib 141m • ' '•
Hb 97 ;Nb lOfim «La 123 jlr-HMnÜ
1 -118 ;] -n«m ;(>s 178 ;
Ga- 72 ;I -137 ;I -120m ;I -120
i -139 ; : ;
Pr-146 ;La-148 :Pb-202m JTe-131
Cs-140 ;Zr- 97 !Y - 99 ÎPd-109
Pm-136m !Sb-124ml!I -124 lSb-124
Po2C)B Ilif 182oi ïl«. lift ÏSb-127
Go 79 Slln- 51 ÎTc- 95 !|»r- 149
Cs-134 îLa-1.34 ;Tb-lf.l ÎTa 164
Re-190 !RC-190B ; I r - l W ; Ac-229
Pb-200 ;Nd-154 ;Xe-142 jRb- Mm
Eu-141 ;Eu-141m ;0s-192m ;
Kr- 79 îEu-158 JIn-112 ,'Zn- 75
Hf-177m2;Au-183 !Tc- 91m lAg-112
Sb-125 iCe-135 !Mg- 28 !Ga- 79
Tl-18Pmi:Pt--18Q :Pb-lQ5m IYb-162
Bi-2U4a2iXe-14O ÎXe-135 lMo-103
Tb-163 ÎT1-184 1 !
Ga- 74 ÎAs- 74 !Tc-J05 ! î i - 51
Eu-140 ; ; ;
Br 75 ;Hb-l]3 ;Ag-m5m ;ha-12«
Nd-155 ;Rn-218 ; ;

l l i
l l i

Ni- 65 !Er-148 :in-120m2!I -132m
Er-172 lPt-184m JRu-103 ÎPm-132
Pi I M :TI r'."m :TI ]«-. :Tr-n."m
Ir-187 !Tb 161 ! i i 42 Ks-123
fra-148 !En-148 ICs-116 !
Pt-18<> ÎW -177 U s - 68 ÎZr- 86
Ru-103 |Yb-179 jIr-li»2Bl!lr-192
Xe-139 ;Kr- 91 ;B 14 ;Ti- 110
Fr-228 [Ag-124 ;Au-201 | I -128
In-109 ,'Br- 78 ,'As- 78 ,'Pr-135
Ho-152 !I -132m ;lr-189m2;Y - 99
Ge- 77m II -118m !Er-163 lAt-206
Rh-108 ! ! !
J -120m ÎAu-181 :Sb-122 JHr-148
Ilf-181 jRh- 98m jTa-186 jAs- 71
Te - 9r»m • ! !
Rh-106n iA«-106B |A«-106 JUI 160g»
Te- 95m ;Nb. 87 ;0b-19fàn ;Ir-lfif*D2
\ -luw ;Kb- 8u j l l - i b4 ; \b-lo2
Y - 96m :ln-112 |Pb-187m ;Cm-242
Ag-112 ;Tb-141 iAc-226 :Am-238
Ir-183 !Po-200 !Rh- 99m |Pr-144m
Tu ]?.:• :T -W] iPm m :rii ™
W -187 iCs-lM :Xe-112 ÎFc- 61
lJy-146 lMo-106 ÏIIK -03 ÎHf-181
In-l2.S !A«-1ÜS :Rh-108jB '-lir- Mm
C 17 ;Tc-lW ÎAr- 45 !üu-lö7
\ t- l f i2 ;Gd-142 ;Sb-12f.ml;Sr- t»l

•Au-190
;
!Pd- 96

ÎIîi; 1"'."
INI) H7
!Sr- 98
1
1

•Kp- 240
i

;Po-199m

!Y - 82
IPm-136
!Rb- 91
'.le I3f.
! In-105
!Cta-242
ÎCs-141
;I -118
i

•Kr- 77
:Tm-155
!Au-186
1

JHf-1b4
i
<

ÎRb- 77
i
i

;In-103
•

l
l
l

IAu-181
:HI£ i l l m
|At-2(K)«n

|AJÏ- 98
•Au-192
•Ifci-152
;Cs-128
:Au-182
!Tm-158
!Gd-142
l
i

:cs-ii6
jTI-190

!Kh-lû6
;Tb-151
JU -2Ö0
1

ÎK - 43
IAt-205
!i ,i ir>n
'.Te 127
!Gt:- 65
îBx- 82
;()s-H>2m
\\R- 111m
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JAERI-Data/Code 98-008

Energy 620. 641. (keV)

Energy
ikeV)

620.
620.38

r>21. 1

623.27
623.4
623.8
623.8
624.2
624.4
-",21. n

626.4

fi27.23

628.1

C~r'\'. 1
629.4
629.95

fi30.79

632.

632.3
632.3
632.6
633.14

634.18
634.3
634.72
634.9

640.34
64].

Intensity
{%)

8.OE-07
0.08

:>. '-£-•'•:•

0.011
8.2E-Q3
7. OE-06
1.5E-04
5.6E-04

=8.2E-07
1. lE-'-'l

=5. OE-03

0.014

3.8E-04

5.6E-U4
—

< 0 018

0.03

2.9E-U5
1.3E-04
5.8E-O5

0.055

0.011
2.1E-04
6.5E-03
1.4E-05

•J. 'JJ

0.054
1.8E-05

Nuclide

u Th-230
t Ac-228

a Th-227

t Ac-228
a Ka-223
a Fr-223
a Th-227
u Pa-234
u U -234
u P;i-2.n»lm

u Bi-214

t Ac-228

u Pa-234

t V 228
u Pa-234
c Ge- 72

u Bi-214

a Ra-223

a Fr 223
a Th-227
u Pa-234
u Bi-2H

t Ac-228
u Pa-234
u Bi-214
u U -234

u LU _J11

t Ac-228
a Th-227

Decay
mock*

A
B-

A

B-
A
B-
A
B-
A

n
B-

B-

B-

R-
&..
NN

B-

A

B-
A
B-
B-

B-
B-
B-
A

L;-

B-
A

Hal f l i f e

7.538E+4 Y
6.15 H

IS.72 P

6 .15 H
11.435 D
21.8 M
18.72 D
6.70 H
2.455E+5 Y
1.17 M

19. D M

6 . 1 5 H

6.70 H

n. in u
6 .70 H

19.9 M

11.435 D

2 1 . 8 M
18.72 D
6.70 H
19.9 M

6.15 H
6.70 H
19.9 M
2.455E+5 Y

l1.'. 'J M

6.15 H
18.72 D

Relational artificial radionuet ide

Nb- 86 ißa-131 \ \ \
Zn- 71m ;Nb-104gm;Rn-205 ;Dy-148 jAg-111
Rn-208 !Y - 98m JZr- 86 ;Np-242m lDy-165
Mo-103 :Au-i87 : : :
Pi-i.r. :i.u hv, :i.;i nr» Wn-iz:, ;i.:< i.r.
Sr- 94 iNd-139 !lto- y9 Ü -134 !A1- 31
C'm-249 !Rh-lU6 !AR-106 Ur-194 ÎAg-lll
IV141 lHo-145 ÎRb- 79 !ln-104 :pb-204n
Nb-100 jRh- 95 !pt-lS7 !Tb-162 !pr-149
W -173 :Na- 31 jIn-109 j ;
Pa-238 ;Ir-189m2; ; |

i l l l
l l i l

Ho-150m !Pt-191 ! ! !
ir- i78 : : : :
F, i -1 .-•"• :i \zr. : P I - I I I :ai :•« :s. '"r-
TI l U h . 'TI 1OO ' ' '11-1 yinu i 11 - lav i • i
Rh-114m iW -187 ÎCd-104 !Pd-117 lBi-197
Es-250B JCd-103 'Zn- 77 ÎAg-llÔ Uîe- 80
Rb- 77 ; ; i ;
Ru- 95 ;Cd-103 ;Tc-101 ;Pt -lät» ;C.a f»3
Y - 86m ;Cs-139 ; ; ;
Tc-102 ;Ta-163 |Y - 86 ;Tb-140 |Zn- 75
Rh-102 ;Rh-102m ;Tc-102m jAg-119 !Lu-174m
Mn- 61 lTe-127m lFr-206 !Sb-128 ITe-116
\t 2 r̂, :il,.-ir,o :\,,,2ir, :os-inr, ;r.i-2ni
Kr. 94 lAu-181 ÎRh-104 !P1 183m ÎPt-187
Po-207 Us - 72 iGa- 72 lPm-]48ni !Eu-148
PIJ-245 ÎKr- 91 'l -132 ÎCs-132 !TC-102IB
jie-186 ; ; i
Dv-i49m |Dy-168 ;Er-149io ;W -172 ;Te-136
Re-190 ;Rb- 98m ;Ü -239 ;Pm-134 ;Au-189
Ce-i37 ! : ; :
Y - 96m :Yb-161 !Rn-207 ;Ho-168 |I -119
Rh- 96 !Nb- 99m !Cd-117m !Ge- 77 !Tb-148m
Ag-103 ITb-148 !Y - 97m2iRn-206 ',

f t i t
i i i i

• i i >

Ba-133» j'ln-106 |In-106» |La-133 iPd-lllm
In-108m In-108 La-145 Gd-lfi3 ;Ag-108
As- 67 jlr-188 ;Eu-146 «Cs-148 ;Pm-14fi
Si- 35 ;Ge- 79m ;La-135 ;Eu-146 ;Lu-163
Br- 74m ;Mo-106 ;Pb-203m2:Cm-249 JB - 14
As- 74 !Br- 74m JBr- 74 ;Tl-192gm;
Ir-188 !As- 74 !Re-188 lAu-187 :Bi-210m
Tl-196 iRn-223 !Tl-196m ICd-105 iln-118ml
Sb-132 il -U4a :Pt-186 '.Pr 138m ÎMo-108
I -119 :Sb-125 !Kr- 73 iLu-173 iSb-12S
Tl-194 îTl-194ra iFr-208 !lr-186 >Ti- 42
Sb-110 ;Tc-102 ;Zr- 85 ;Er-174 jTl-398ml
Cm 0,11 i ! i !Lm-J41 ; ; ; ;
k - l k . ; ! t ' - l i ' i j ; N b - ï6m ; b n 1 1 J ; l b l ^ u .
Yb-164 |Hf-177m2;Er-151 |Tl-191m ;Cs-122m2
In-127 :Ac-234 |Ir-178 |I -117 JXe-117
Re-181 |Nd-133m iCs-116 !Br- 80 !Rh-116m
Tb M8 IRb 80 | p r 131m !Pm i m !0v-l15m

A g - H H . 1 I I I I
Äff-116 !Cs-146 !Tc-105 iTl-191ai !
Po-203m JNb-103 'l -120 !Sr- 77 ÎU-142
Pr-147 jNd-131 Er-151 At-203 In-110
Pr-I42 ;Ta-164 ; ;
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JAERI-Data/Code 98-008

Energy
tkeVl

643.2

644.2

6-15.5

646.5

647.7

648.5
648.84
649.
649.18
649.5

650.1

iV 1 2*

631.5
651.51

653.7

655.3

657.4

657.76

658.7
659.8
660.1
of.l 1

663.1
6C3.1
663.82
663.9
665.45

666.45

666.5

661,). 62

Intensity
flu

4.3E-05

4. 6E-05

5.4E-03

1.8E-04

1.6E-03

l .SE il:>
0.04

1.0E-O3
0.06

4.9K-O8

0.013

<2.0E-03
0.09

7.4E-O4

2 1F-O1
1.4E-W

6.3E-O4

0.015
4.3E-04

=5.0E-03
0.017

2.1E-05
5.6E-O5

0.02U
8.6E 04

1.46

0.062

1.9E-03

—

u

a

t

u

u

a
t
u
u
u

t

r

u
1

u

11

u

u

c

u
u
t
u

a
a
t
u
u

t

u

c

Nuclidc

Pa-234

Th-227

Ra-224

Pa-234

Pa-234m

Th-227
Ac- 228
Pa-234m
Bi-214
Htj-2l)6

T1-208

Cd i n

Bi-214
Ae-228

Pa-234

P.i-2.11
Pa-234m

Pa-234

Cd-110

Bi-214
Pa-234
Ac-228
r.i-211

Fr-223
Th-227
te-228
Pa- 234
Bi-214

Ac-228

Pa-234

Cu- 63

Decay
mode

B-

A

A

B-

B-

A
B-
B-
B-
B-

B-

NG

B-
B-

B

R
B-

B-

NN

B-
B-
B-
R

B-
A
B-
B-
B-

B-

B-

NN

Half

6.70

18.72

3.66

6.70

1.17

18.72
6.15
1.17
19.9
8.15

3.053

19.9
6.15

6.70

h. 70
1.17

6.70

19.9
6.70
6.15
\Q C,

21.8
18.72
6.15
6.70
19.9

6.15

6.70

life

H

D

D

H

M

I)
H
M
M
M

M

H

H

II
M

H

M
H
H
M

M
D
H
H
M

H

H

Energy 643.2 -

Rclat ional ar t if ic ia l

Zn- 80 jSb-131
Er-174 ;I -131
Rn-227 IC1- 40
Pd-113 IPo-202

Kb 97 ibn 10-1
Nb %m lib-23."
An-194 lSn-1^9
Ho-160 jPb 187m
Sb- 12-1 ;Y 66
In-127 |0s-185
Th-236 iCs-141
I -139 !Ho-152
Ho-152m |Tb-152m
Br- 71 ISb-130m
Ba-Ml JAi-207
Au-184 !Bn-21(i
Br- 83 |Kb- S3
Aj»-115 ;Kr-lf)9
Cu- 69 ;'lb 134ml
Se- 81 1
In-109 ;Sn-109
In-109mi:Bi-208m
Tb-150m ITa-164
\il-V.7 I S , «••:
K - 44 !
Ta-166 |
Kh-llfiB lTb-149
Lu-181 Fc-98
Cm -219 ;Sr- 91
Cd-126 jPd- 99
Fr-230 ;Eu-145
Cs-122m2!Rb- 75
As- 82 iAg-119
M) 102m IN,l-ll r '
Sin 139 !Am 237
I -139 !CII til
At-203 ITID-158
Jte-142 ; In-121
Pr-145 ;ln-lHta
Ru-113 lSb-131
Au-181 !At-207
Ne- 18 IEu-139
At-208 ICs-143
X f 1 1 7 I I I . . 1 1 - m l
Cs-137 !Ba-137m
Cs-143 !Pd- 98
Pr-lf.l jL.a-132

Pb-2O4m ;I)v-15:.
Eu-159 ;Dy-146
As- 76 :Eu-146
Ag-lOOm IBr- 80
Y -100 I0s-181m
\n 181 !Tm IRS
i -126 :
Sr-101 Mr- 84
Er-151 lAu-182
f -132 ; l -132m
Gd-H3m ; ln Inf.

;Pa-236
!Ru- 93m
IRb- 81m
1 La-143

i'lV-113
!Au-20l
!Pr-133
; Au-181

|P - 37
!Sn-113
IPd-109
IV - 52
IRh-lHm
•1b-ir>Um
!Rn-223
•Pb-198
jAK-105ra
•Tb- In'lm2
•

jPd-117
IAg-122
1
1

!Ti 1Z7m
i
t
i
i

!Sr- 97
|Ba-130n
;Mo- 91m
1 Ho-150m
|Dy-149
iSb-128
iXe-135
l\ .i Y<\
!lr-l«3
:A«-II9
'Ij.l-lfi2
'Pb-202u
•In-110
;Nb- 97
!Mo- 89
|Ag-118m
IRb- 95
IT1 2'"in

SAu-ltSl
Sllf-171
•La-132m
1
I
I _ •» ̂

;Rb- <*m!Ta-170
lBi-196

!At-200gm
1 ^ Qf\
1
1

>Zn- 71
'Ag-101
|Cs-132
;I -140

669.6 (keV)

radionuei idi;

|Np-236m ;Pu-240
|Sn-125m jYb-179
ISb-111 ILa-128
IFr-210 !Te-119
1 V Q£\ ' T n 1 A*R

ixeH2 iia-145
IPu-236 iNb 98
!T1- 194 !RU- 97
;IV. 133 ;Sb-124ml
1 i

|Eu-156 ;HO-160
| I -133m ;
!Gd-141m ITb-164
IMn- 52 !Te-133m
lBi-200 IRb- 77
:cd 105 :
•En-138 'Eb-23431
• i

•Os-177 •
;trf- 65 ;Xe-121
I i
i |

!Zr- 99 jAu-181
!Tl-194m lTb-150
I I
t i

!T1J 1 lr'i:i !A^ - ^
1 i
* *
i (
1 i

!Sr- 91 !Sn-132
•Rh- 98 iRh- %m
jEu-138 ;Gd Him
!Rh-110m ;Xe-140
;Yb-179 |Zn- 79
ITe-131 [Sb-129
I i
I i

: r . i •"<"• i

SSm 139 !Tb 146ml
• Pm-iri2ml'M>- 99m
jTc-113 |Br- 7fi
•Ri-202 ;A«-11O
;Au-lllim ;Rb- ̂ 9
| In-104 ;
|Te-127m ;Yb-161
|At-205 !
lAg- 98 IAg-119
l\u °'"r. ;MI, "On,
SRe-181 !La-141
!lj -239 !Pr-149
!Fr-230 !
I I
1 i

;Sb-Hi9 ;Ce 143
;Ac-232 ;Te-131m
|Mg- 31 ;Ar- 34
I i
I i

ILa-146 ISb-126ml
I7n 71 !Sb 12fi
i i
i <

lAg-lPiiD !Ge- 64
ij.u-171 !Y - 97ml
• Ki!•• 112m 'Cs -119
•Sb-114 -As 70
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JAERI-Data/Code 98-008

Energy
ikeV)

669.7
670.
•")7M. ^

67L9

672.

673.9

674.16

674.75
h,, .1

676.64
676.64
676.69
677.11
677.41
677.6

682.3

683.22
683.4
683.9
684.
685.1

687.6

688.1

691.

691.43
692.

692.5
692.6
693.3

•vl 6

" ' . • . " ) . . ' •

Intensity
W

1.6E-03
4.2E-04
3.7E MI
1.2E-U5

0.026

6.4E-O4

< 0.109

< 0.109
l.or oi

4.8E-O6
0.021
0.013
0.062

6.OE-03
=1. OE-06

7.5E-06

0.081
5.7E-04
2.5E-04

0.019
2.3E-04

6.9E-O3

0.067

7.8E-03

3.8E-05

5.6E-03
2. OE-03
6.OE-03

v , ; r iJf-

• -A 03

u
u
u
a
t

u

t

t
u

a
a
a
t
u
u

a

u
u
u
t
u

u

t

u

c
a

t
u
u

a

.:

Nuclidc

Pa-234
Tl-210
Pa 231m
Fr-223

Ac-228

Pa-234ra

Ac-228

Ac-228
P;i 231

Bi-215
Rn-219
Pb-211
Ac-228
Bi-214
U -234

Fr-223

Bi -214
Pa-234m
Pa-234
Ac-228
Pa-234

Bi-214

Ac-228

Pa-234m

Gc- 72
Th-227

Ac-228
Pa-234
Bi-214

• - . : . • . ;

1'ii 231m

Decay
mode

B-
B-
C
B-

B-

B-

B-

B-
R-

B-
A
B-
B-
B-
A

B-

B-
B-
B-
B-
B-

B-

B-

B-

NN
A

B-
B-
B-

r,

i.

Half 1

6.70
1.30
1.17
21.8

6.15

1.17

6.15

6.15
i~i. 7 M

7.6
3.96
36.1
6. lH
19.9

ife

H
M
M
M

H

M

H

H
II

M
S
M
H
M

2.455E+5 Y

21.8

19.9
1.17
6.70
6.15
6.70

19.9

6.15

1.17

18.72

6.15
6.70
19.9

kl *

M

M
M
H
H
H

M

H

M

D

H
H
M

Vf

M

Energy 669.7 —

Relational a r t i f i c i a l

I -130 |Y - 97m2|Nd-139
Zn- 63 ; |
I -132 1 1
Th-233 ISb-112 !Nb- 86
Bi 2 M 1 I A . I 1 S 1 I P . . 2-r>

Ci- 38m II -132 lSb-125
Bi-194 lie 129m :ih-226
TB-166 ;Ag-ll3 iTm-162
La-124smjTta-152 ;Tm-152iu

695.5 (keV)

radionuclidc

iSn-108 |At-205
I I
I I
I I

iRh-107 iCm-241
i l u - l - o IN!)- SS
!Rb- 75 !Cd- 99
1 t
1 1

!Tm-162m -Tni-162
jRn-209 'Al-205

Re- 190m ;Pd- 99 ;In-109m2|Tb-I64 jDy-H6ni
W -172 ;Na- 31 ;Kr- 87
In-105m lYb-153 |Rn-211
Cu- 73 1 1
Nb- 99m !Po-199m ITm-166
P i 111 IRn-2n ." l \ i 2 0 7

At-202 lYb 164 lCd-102
Au-198 !RH-105 !C - 17
Tb-154mllEu-159 !
S - 40 ! j
Br- 80 ;]Jr- 80 ;Ag-118
I -134 ;Fr-230 |Au-180
Eu-147 |Rh- 95 |In-110
Ag-101 |Br- 92 |Th-236
Ag- 98 IAu-181 ISn-107
Rh-lHm IXO-12M 11 llfi

Pd • 95m !Y - 84m ISn-128
Rb- 95 iRu- 93 !Sb-130
Y - 90m lBa-126 lEu-159
I -114 ;l -lHm !Ga- 68
Cr- 58 ;Dy-146tn ;Ho-l4fi
Tl-190 |Tl-190m |Ho-152m
I -122 ; ;
I -117 lFr-206 |Zn- 79
Ag-117m ISm-Ulm I Mo- 93m
Rh- 96m !Rh- 96 lAs- 67
Eu-138 !Sb-127 IW -187
Bi-210ia JAm-246 .'Nd-137
T1-206B !At-208 UAI-165
At-211 Ag-llOtn |Rb- 97
Br- 80 jPa-236 ;Po-207
Rh-llOm |Cs-132 |Ir-194m2
Mg- 30 lCd-127 |Rb- 79
Hf-163 IPm-152 |Tb-164
Eu-152 |Es-254m IEu-152ml
Sm-143ml!Mo- Q3m l\g-123
Lu-171 iBi-196 :Bi-196m2
Au-203 !Zn- 61 .'Y - 80
As- 72 ;Ho-156 :Ba-130m
Tm-166 Mo-103 '<
Au-204 ;Se- 69 ;Dy-H8
Tl-190m - ;
Pb-201 |Co- 57 |Tb-154ml
Sb-122 lAg-112 |I -122
Xe-119 IAu-185 IZn- 73
T _ i n n i m i i r. l p nr- i

?ni i n i:i< : 3 : ir-« >:>2
JBi-114 jTi 11:n ;l'b 1-17

|Se- 83m |Ho-166
lAu-191 IT1-197
1 1
1 1

IGa- 78 1
IK IS I f . i - ."2

iPr-145 STI-196
jHo-169 jAu-186
• 1

• •

•AII-1 lbn ;S - 30
1 1

|Pr-134m 'Ag-llOm
|Mn- 60m |In-107m
ISb-109 1Eu-152
ISm \\2 IAm-246
.'Fb-203 !Ag-113
iBr- 83 !Rb- 83
lY - 83 JEu-142
1 •
1 1

;La-l48 jln -118ml
lSb-129 |

!At-204 IHo-156
IOs-179 IIr-195m
IPr-151 IZn- 80
JNd-147 JI -130
!Tb-143 iAg- 97
iPa-238 SRh-lOQa
Cs-148 ;Yb-163

;Pu-240 ;Mo-l03

lPu-233 ;Pr-138
IHo-153 IAc-234
IAu-181 IAu-196
IDv-151 IPt-186
JTc-100 :Te-115m
'Ag-113m tTl-W^gm
iPu-236 '
f t
t t

•Mil- 57 ;Rb- 96
1 1

|Tb-154 lEu-154
|Rb- 78 |Rb- 78m
IAs- 67 IAc-234

Id. 67 !Pd !! :a
|K VI ;!.a IMpt

jPo li'cn ;K- i'l
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JAERI-Data/Code 98-008

Energy
(koV)

697.9

cm.699.03
6!». OS
699.82

700.5

701.7."
702.05

703.11

704.3

704.64

704.9
705. 2
705.9
705.9
707.2
707.41
708.3
708.3
708.3
708.8

71-" 3
710.67
711.2
711.5

713.7

716.5

718.48
718. 5
71K01

719.86

722.04

722.1
722.1
722. %

Intensity
(*)

0.051

7.9E-O4
5.8E-03

0.037
0.016

=3.1E-06

M. 171
7. IE- (J3

0.472

7. 5E-O5

0.462

0.047
7. ̂ F-O3
3.61i-u3
4.QE-03
3.8T--05

0.153
2.1E-O5

<7. OE-04
3. 6E-05

0.017

-
0.075

3.fiE-03
2.3R-04

JJ.3E-M

4.9E-05

0.0] &
2.8C-05
Z.tfE-05

0.379

0.072

5.3E-O4
3.5E- 04

0.035

u

u
u
t
u

t

I
u

u

a

a

u
t
u
u
a
t
a
u
u
u

11

u
•A
u

u

u

I
a
ii

u

t

a
a
u

Nuclide

Bi-214

E'a-234m
Pa-23-1
Ac-228
Bi-214

Th-228

A< 22>
Pa-234m

Bi-214

Th-227

Pb-211

Bi-214
Tl °r>S
Pa-234
Pa-234m
Th-227
Ac-228
Fr-223
Pa-234m
Pa-234
Bi-214

Bi-211
Bi-214
Ra-223
Pa-234

Pa-234

Pa-234

Ac-228
Th-227
Pa-234n

Bi-214

T1-20S

Fr-22.1
Th 227
Bi 214

Decay
mode

B-

B-
B-
B-
B-

A

r>-B-

B-

A

B-

B-
B-
B-
B~
A
B-
B-
B-
B-
B-

V,
B~
A
B-

B-

B-

B-
A
B-

B-

B-

B-
A
B-

Half 1

19.9

1.17
6.70
6. 15
19.9

1.9116

n. lr.
1.17

19.9

18.72...

36.1

19.9
3.053
6.70
1.17
18.72
6.15
21.S
1.17
6.70
19.9

19.°
19! 9
11.435
6.70

6.70

6.70

6.15
18.72
1.17

19.9

3.053

21.8
18.72
19. H

ife

M

M
H
(i
M

Y

II
M

M

D

M

M
M
H
M
D
H
M
M
H
M

M
M
D
H

H

H

H
i)
M

M

M

M
1)
M

Energy 697.9 ~ 722.9

Kc1at i ona1 a r t i f i c i a l rad i onuo

Te-129m ;Pm-152
Rn-210 iPm-144
In-120m2!Sb-132
Sr- 97 lLu-172
PI l.T. !Fii 2^7
Cu- 7bj3n!As 120
Ag-115 .'Cs 1M
Sb-127 iT(-112

!
Eu-152aJ;
Ag-116m jIn-103
Ho-152 !
Lu-181 !Ho-145
Fe- 53m !
K l i - i ' " ' M m ! N i ] 1."•,.''11

Pd-ll)t> !Nb 91m
La-l!6m '• Re -170
Nb- 94 iTc 94
Y - S6 !pb-2nBB
Tb-lSl jZr- H7
In-120 ;Na- 33
Y - 84m ;V - 52
Ho-171 !Lu-160gm
Tb-154 ,'
I.u lPfiml!Hn-lF.«
Pb-191m !Ge 66
Sb-134m ''Yr 230
1 -133 lAu-185
In-110 ;Zn- 79
Nd-139m ;Kr-177
Er-174 jHo-171

1
1

Ag-116m II -114
Pt-187 ICd-104
r a - i n :\u 1^1
Se 87 iTa 17fi
Fr-230 '.Ga- 81
I I O - 1 « M !Cs-125
Sn-106 | 7 J I - 80
As- 71 jTm-153
Tb-144m ;Te-134
Au-189 |Na- 27
Er-174 iAc-232
As- 79 !As- 74
TV in] |F<; 2^2
Re-Wb b r 85
Ag-lO6m !0s-185
Sc- 5] .'fla-151

Ba-143 JEu 13D
Ag-102m ;
Nb- 97 jTc- 96m
Te-133 1T1-I99m
Pt-185gm:Pr-150
Hg-205 !Sr- 81
At-207 !Pr-148
Ce-143 !
11)-154 !T1 -1.S4

t
1

Sn-i29m |Sb 129n

|Pm-136m ;Pb-195
lPr-144 !
;Sb-132m IRb- 82
!Tb-162 :Sb-130m
: r : - i i s m :PI- U S
:A«-121)O iTb-l'Mm
•'Br- 82m .'Br- 82
JCe-137 ifr-180
I I
i t

I I
l f

jAg-116 |Br- 73
1 ;
iCe-147 lTa-173
1 1
1 1

IDi \V- IN S7
!Zn- 79 !Eu-M6
1 1
1 f

!Ce-149 !Ga- 67
lBi-205 -Sn-104
;Br- 80 ;Sb-120
|Rb- 80 !
;Mn- 52m ;Fe- 52
I I
l I
I I

iTm 1W :i . a 111
! A11-187 !Ge- 81
:co-57 :
lAs-HOin ![ -IIP
;Th-226 JFr-222
;Au-180 j An-113m
I I
I 1
1 1
1 1

II -114m !Ag-113m
1 1

1Kb ?1 ITm l-"..?iii
lBi-194 !
!Br- 82m IRb- 82
Jpo -202 !Eu-150m
;Ir-186ra ;
•Ta-lfi3 ;Pt-187
;Pm-135 ;Eu-136gm
:ln-120mi:Sb-124
!Pt-199 !Ru-113
!Dy-165 !Zn- 80
ITm 152m \Qd 115m
lHo-169 !Rh-106n
1 1
1 1

>'So- 83 W - 10
t i
1 1

•Ai 2 0 3 ;Rh • 99m
1 1
1 i

;Nb- 96 | T i - 45
!Pb-199 iTm-168
ITc-106 Hn-103
I 1
1 1

lPt-1K» !Zn- 71
t 1
1 1

JPr-138 lGd-140
t 1
1 1

•Pa 237 jNb- 98m

(keV)

1 ide

•In-127m
1
;Tc-102m
IIn-119
:?.. 201m
: Y - «:>
!Rb- 82
t
t
1
1

1

•Ho-170m
I
l

!At-206
j
1T1 1 v-'ir,.:
!La 146
t

;Eu 146
•Eu-152m!
;Sr- 9-1
1

;Tl-206m
1
1
1

! \ g l l P m
!Cs-121m
1
1

tor- 90
•Pb-195u
;Th 235
1
1

1
1

:s - 30
•
•

i M - . . J
1

J
•'Pb-191na
1

JTe-137
jMo-101
;Nb- 98m
;
!In-127
!Pd °5m
|Po-2u2
1

t
tt
1
•At-203
•

!Fr-208
!Au-187
;Cd-119m
i
1

:od-i4r.m
1
t

toi 203
1

|Pr 150
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JAERI-Data/Code 98-008

Energy 723.6 752.8 (keV)

Energy
(keV)

723.6

721.1"

726.86

727.33
727.8

730.9

732. f>

733.39
733.8
734.4

735.5
735.5

737.72

738.
738.4
738.4
739.95

710.7°.

742.2

742.37
742.5
742.81
742.81

743.56

745.9

746.4
746.4
71^ 1

748.5
718.7

750.12

752.84

Intensity
(W

2.5E-04

2.2E ni

0.62

6.58
1.8E-04

1.0E-03

1.3E-03

0.011
0.043

9.7E-05

8.3E-06
1.5E-04

0.U37

1.8E-03
8. .TE-flfi
6.6E-05

0.012

n. n i

1.5E-06

1.7E-05
-4. OE-04

0.08
3.3E-03

—

5.1E-U4

3. OE-04
9.7E-05
I.'JL-'JI

2.8E-04
n. n i :

1.8E-05

0.13

Nuciide

a Th-227

a Fr 223

t Ac-228

t Bi-212
u Pa-234

u Pa-234

u Pa-234m

u Pa-234
ii Bi-214
a Th-227

a Fr-223
a Th-227

t Ac -228

u Pa-234
a Fr-223
a Th-227
u Pa-234m

ii n i 2 1 1

t Th-228

a Fr-223
a U -235
u Pa-234m
u Pa-234

c Ge- 70

u Pa-234

a Fr-223
a Hi-227
•J Pa JJ1

a Th-227
t T1-2OS

u Pa-234m

u Bi-214

Decay
mode

A

n

B-

B-
B-

B-

B-

B-
B-
A

B-
A

B-

B-
B-
A
B-

B

A

B-
A
B-
B-

NN

B-

B-
A
U-

A
B

B-

B-

H a l f l i f e

18.72 D

2 1 . 8 M

6.15 H

60.55 M
6.70 H

6.70 H

1.17 M

6.70 11
19.9 M
18.72 D

21.8 M
18.72 D

6.15 H

6.70 II
2 1 . 8 M
18.72 D
1.17 M

10.0 M

1.9116 Y

21.8 M
703.8E+6 Y
1.17 M
6 .70 H

6.70 II

21.8 M
1 8 . 7 2 D
u. 7L' 11

1 8 . 7 2 D
:>. "r>3 M

1 . 1 7 M

19.9 M

Relational a r t i f i c i a l radionuelide

I -124 ;Nb- 84 |Se- 71 | l -131 |Ag-108m
Au-204 ;Rn-223 ;Cd-103 ', \
Eu-154 !Pd- 96 iRe-177 !Eu-156 |Tl-196m
As- 79 :Te-115m IPd-101 !Sr- 94 iXe-139
Pil ? 1 !Pb Ifi7in !Y ?r> ! 7 r - '?<> !Ni l -131
Au-lbl :Cc-H5 |Pd- 98 |Rb- 78m jHi>-154n
Pm'-155 'Ir-lB9m2' < •
Eu-148 !Pm-14Sm Ur-187 ;Tb-152ai iRh-llftn
Mn- 59 ;Sb-l3l ;K - 44 ;Tc-114 ;Ho-153
Th-235 ;lr-196m ; j ;
Sb-128 ;Ho-171 ;In-107 jHo-160 |Pa-230
Fr-230 ;l -120m ;Tm-160 ;Ge- 67 ;In-129
Rb- 81m !Cs-143 \ ', !
Th-235 lTe-129m IAu-181 !Rn-205 !Tm-148
In-108 lAg-100 !Tl-190m iPt-184 iTb-151
Xe 135 !("a- 47 !Kr- 8Sn ! l r 183 !
Sr- 85m !Sb-13<> Hr-178 !Au-201 IXO-139
Mo- 91m iTc-108 jTa-155 ; >
Ba-136n jFr-210 Os-177 ;Ir-l72m ;Pt-181
Ar-20fi jPa-237 j j ;
Bk-246 ;Ru- 93m ;Ta-177 ;Am-246m ;As- 83
Ag-101 ;Kr- 77 : Fr-230 \ >,
Tl-194m lHf-183 :Re-176 JLa-144 i
Mg- 32 iPr-146 !I -123 !Lu-179 lAc-232
Np-242m ITe-114 !Nd-151 !Dy-149 :Bi-204m2
Cd-125m iCu- 68m lEu-160 :Hg--189gm:Rli-112
Eu-138 iY - 82 iXe-142 iBit-150 lTa-186
Ge- 81m iNp-231 ' ! !
Yb-I62 Ar- 13 'Rh-116 At-203 •
Tc:-13fi ;Nd-33i)ra ;Kr- 89 ;Rn-206 ;I -140
Tm-160m ;Cs-146 ; ; ;
Ba-141 [Ta-186 ;Rn-227 jTc-105 |Re-174
Ga- 73 II -130 !Mo- 99 !Ho-148mi;Rh-102
Pd-113 ILu-171 lPu-235 !Re-170 IIn-103
F.n-l.iMin ! . \g I 1 1 ! i l .u 101 !Pm 13.Nn I R h - l T ' l m
Br- 90 !Te-129m lHo-149ni !Eu-142m lHo-168
Cs-123 |Dy-149 ;Rh- 96 jRa-143 ;Pr-143
Pb-195oi 'Zn- 63 • * •
Tc- 94 ;Zn- 80 j | •
Te-I3'i ;Po-207 ; ;
At-211 |Np-234 ;Ta-166 ;Tl-191m ;Pu-238
Pr-149 ;Te-112 ;Tb-144 !Tb-144m ;Re-172m
Y -102m lEu-158 :Sn-130 ! \
Sb-128m lSb-128 !Zr- 97 !Nb- 97m !Ag-123
Ta-115 !Rh llfim !Nd-133m ^ m 211 !Mn- 52
As- 70 !0s-178 lBk-244 !Ge- 79m .'Pu-235
Dy-157 !Tc- 98 iPr-137 !Rb- 98 !Pm-154m
Tl-192gni!Eu-138 tftt-209 !'fa-177 J
Nb-103 Cd-105 'Rn-207 jEu-14fi !pm-146

• i i i
i i i i

(JU 6l \>h HI- 'bm 1J._. 'l)b-lb7m '.MJ- fcu
fh-235 iLu-164 ;Cd-117m iEu-150 ;U"-239
Rh-112m lPr-145 ', \ \
Ag-106m :Rh-106m ! 1 !
G d - l l i 1 ! Z n - I*"I ! B i - 1 0 t ) m 2 ! P d 1 1 . ' i n ! T I l ° l m
Re-180 ! f ! !
Sr- 91 lGd-140 !Ni- 56 lMo-103 !Ho-148inl
I -136a ;Ho-170 lTl-199 •Cs-I22m2.'Ag-100
Re-192 Au-181 ;Eu-150 P - 37 ;Ta-168
Ge- 81 jLa-140 jBa-124 jNb- 86 ;Ga- fi5
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JAERI-Data/Code 98-008

Energy
ikcV)

754.
754.
7;',',.

755.32

756.9
756.9

758.9

7f,n. 3
760! 53
761.

762.2
762.2

763.13

764.8

765.96
766.3
766.3
766.38
766.38
766.51

768.36

769.1
769.7
770.04
770.6

77 J. 21-
772.4
773.

774.1

775.3
775.3
776.56

778.23

77S. n

780.4

780.5
780.5

Intensity
{%)

1.4E-04
9.3E-05
1 r'F '"'.1

1.

1.2E-04
=9.1E-04

4.OE-04

i.nr-o.T
4.3E-U6
1.2E-04

3.7E-05
2.4E-O1

0.652

3.1E-04

0.078
3.3E-04
2.8E-04
1.2E-04

0.294
0.617

4.94

3.OE-4M
0.03

6.3E-O3

1. 1J
1.2E-04
1.2E-04

••= 0.06

6.6E-il3
1.4E-03

0.019

0.022

7..T »:•

1.4E-03

4.1E-O5
3. OE-04

a
a
M

t

a
a

u

u
u
11

a
a

t

u

u
a
a
u
u
a

u

u
u
t
c

I
u
a

t

a
a
t

t

i ,

u

a
a

Nuclidt?

Fr-223
Th-227
P;i-231

Ac- 22S

Fr 223
Th-227

Pa-234

Pa-211m
Pa-234m
Pa-234

Fr-223
Th-227

T1-208

Pa-234

Pb-214
Fr-223
Th-227
Pa-234
Pa-234m
Pb-211

Bi-214

Pa 234
Bi-214
Ac-228
Cu- 65

Ac 2Jb
Pa-234
Th-227

Ac 228

Fr-223
Tli-227
Ac-22S

Ac-228

P.-. 131

Pa-234

Fr-223
1h 227

Decay
mode

B-
A
Fi-

B-

B-
A

B-

P>-
B-
B-

B-
A

B-

B-

B~
B-
A
B-
B-
B-

B-

B~
B-
B-
HH

B
B-
A

B-

B-
A
B-

B-

P,

B-

B-
A

Half

21.8
18.72
•~i. 7 N

6.15

21.8
18.72

6.70

1.17

1.17
6.70

21.8
18.72

3.053

6.70

26.8
21.8
18.72
6.70
1.17
36.1

19.9

6.70
19.9
6.15

u. 15
6.70
18.72

6.15

21.8
18.72
6. in

6.15

•~i. 7 0

6.70

21.8
18.72

l i f e

M
D
II

II

M
D

H

M
M
H

M
D

M

H

M
M
D
H
M
M

M

II
M
H

11
H
D

H

M
D
H

H

II

H

M
[)

Energy 754. -

Kti i a t iona l a r t i f i c i a l

Mn- 48 iHo-166m
Ag-lllm ;Zn- 74
Pm-134m :Pm-134
Sb-128 :Ce-139m
\M i n :\L, 1 : ;
T b - 1 M j A l - 29

As- 82 ;Pb-196
Am-246 j
Rh- 9-lm jKh- 94
Nd-141m ;Y - 80
Ho-172 ;Tm-166
Zn- 80 iCs-114
Rh-104m !Au-196
A „ 1 OO ' r>_ O O T

La.136 !
Nb- 88m !Sn 129m
Sr- 91 lRn-210
Kd-137 -At-2ni
Pb-199 ;Kh- 98m
Ce-137m ;Xe-120
Eu-144 ;Fr-211
I -118m !Ag-110m
Es-250 !B - 13
Tb 1^2 !Eu 1F2
Au-186 lTa-170

1
1
1
1

Pu-23*S '

Rh-102m iEr-174
Te-134 ;Pb-201
Ir-186m !Re-186
Eu-142 :Eu-142m
Sr- 85m INb-lOO
Ga- 6? jNblOOm
Nb- S9m lFm-251
Tl-I8('.ml!
Te-115m | P I - 1 3 R B
I -13fia> ;A«- 118tn
Ur- .urn ]Zi fc7
Tl-188ml;l -132
Hf-165 ;W -187
I -137 ;ir-186m
Re-186 IBi-194
Te-131m iPm-HOm
In-130Di2!Ge- 64
La-143 '-Br- 72
lly-149 |Ho-l51
Bi ^ogm'Br- 82ra
Bi-196 iln-102
Sm-141m |Rh- 97
Rh-104 lSb-111
Gd-147 [Nb- 96
M ^1 !Tc-11:
Tin 166 :Tb-152
Ho-147 :ir-19«i
rb-138 lY - V57ai2
Lu-16«m ;Lu 171

I
I

;A1- 31
;Tb-148m
!I -126
!Sm-143ml
'•?•• 2ri*m
:p 29
1

tor- 77
1
t

•Au 181
;Zr- 95
1

iPb-188
iEs-252
!Mn- 1Q

1
1

!Sb-12«
t
1

•Tb-164
•I'ni-irirj
;Po-204
!ln-119
;
IHo-156
:so- 73
:TC- 95
J
1
1
1

*

•Ca- 47
;Y - 85m
;ir-186
!Eu-138
1

iTm-lM
IPd-117

•Pat-136m
;Rh- 97m
[AtJ 121
| l -132m
!Er-174
Hr-186

:Pm-14u
!AU-181
U -114m
•Au-lal
;Br 82
;Au-184
;Co- 62m
lRe-178
!Tc- 96
! F1 •" S
! E11-152
U'u-235
•Np-242in
|kr-149ra
1
1

780.5 (keV)

radionuclide

;Bi-204m2
;Nd-133
!Sb-128m
\
! ? 1 "'I
!Gc 79m
f
1

; sb-111
1

jPu 235
;Eu-154
1

;Ho-152m
iOs-179
! I.r. 1 1 Q

1
1

JPr-136
1
1

•As- •«
{Pd-lllm
;Fr-224
;Pr-137
;
!Kr- 94
:rd 121
jTm-153
f

1
1
1
I
I
1

;Se- 81m
;Rn-210
lAg-104
iRe-176
1
1

!Br- 92
IPt-181
1

•Ni i?5
;Nb-lO4tjra
1

;Xe-132m
!Tc- 92
!Ag-100
1
1

lXe-140

!Eu-l."«
!Cd- 98
;Rb- 82
;La-148
!Rh-112
:MO- 99
ITc- 96m
: pni 111
I A R - 1 1 9
!Sn-l»»
t

•Nd-154
1
1

;Y - 94
;Cs-145
:RU- 97
1
1

:~>:n rr-
;Np-232

•Bi-197

•Pin-139
;Br- 71
1

iCm-244
;Au-200m
|
1
•

!Ho-169
1
1

ISn-111
•Rii ^
;Sr- 83
;Pr-134m
1
1

!Eu-145

!Nb- 95
1
1
1
1

1

1

1Rh-104
;
iRh-104m
| S i - 35
1

:Rb %
:Re-184
1
t

•Zn- 65
1

j
:Cs-132
!Tb-149m
!U -232
;
:Pb-197m
t
t

tor- 88
•Us 176
;Kb- 82m
;Re-174
[Pb-195
|Eu-136gm
:Ho-169
: Pin -1 r-r.
Mn-131
•lfe-19o
*
|Pm 152ral
1
t
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JAERI-Data/Code 98-008

Energy 781.3 808.2 (keV)

Energy
(keV)

781.37

782.14

7S.-Î 1
783.4

784.2
784.2
785.37
785.96

786.1
786.27
7Sf, 27
787.4
787.4
788.6
788.74

791.49

791.94
7°2. •>
792.6
792.8
792.8

794.7

794.9
794.95
796.1
• ' " " • > . . * i

796.8

799.7
799.7
799.7

802.3

803.1
803.1
803.1
803.5
SOX G
OUI. 1
804.9

805.8
805.8
806.17
807.5

808.2

Intensity
{%)

7.8E-03

0.485

?> SE-O."i
4.8E-Û4

1.3E-Ö4
9.3E-05

1.1
1.07

0.31
1.9E-03

n . o i s
3.7E-05
9.3E-05

O.OIB
33.6

0.023

1.0E-05
1. IT.-M.-.

6.6B-U5
= 0.08

7.1E--0S

-6.0E-04

1.1E-03
4.25

4.1E-03
1. r.K -M 1
7.5E-O4

0.O21
0.01
—

4.9E-05

5.0E-Ü3
—

I.2E-03
8.7E-O4
9.1E-04
•J. 'JL-U4
1.9E-03

4.3E-03
4.OE-03

1.22
4.6E-05

3.OE-03

Nuclide

u Pa-234m

t Ac-228

ii Pa 231m
u Pa-234

a Fr-223
a Th-227
t Bi-212
u Pb-214

u Bi-214
u Pa-234
M Pa-?31m
a Fr-223
a Th-227
u Bi-214

La-138

t Ac-228

u Pa-234m
a FJ -22.1
a Th-227
t Ac-228
u Pa-234

a IJ -235

u Pa-234
t Ac-228
u Pa-234
,i Fi-22.°>
a Th-227

u T1-210
u Po-214
u Pa-234

u Pa-234

u Tl-206
c Pb-206
u Fo-210
a Fr-223
a Th-227
u Pa 2J4
t Po-216

u Pa-234m
u Pa-234
u Bi-214
a Th-227

u Pa-234m

Decay
mode

B-

B-

B
B-

B-
A
B-
B-

B-
B-
B-
B-
A
B-
B-

B-

B-
R-
A
B-
B-

A

B-
B-
B-
R-
A

B-
A
B-

B-

B-
NN
A
B-
A
13
A

B-
B-
B-
A

J3-

Half l i f e

1 . 1 7 M

6.15 H

1.17 M
6.70 11

21.8 M
18.72 D
60.55 M
26.8 M

19.9 M
6.70 H
1.17 M
2 1 . 8 M
18.72 D
1 9 . 9 M
l . O S E - l l Y

6 .15 H

1.17 M
21 . S M
18.72 D
6.13 H
6.70 H

703.8E+6 Y

6.70 H
6.15 H
6.70 H
2 1 . S M
18.72 ï)

1.30 M
164.3 US
6.70 H

6.70 H

4.199 M

138.376 D
21.8 M
18.72 Ü
o. 7u 11
0 .145 S

1.17 M
6.70 H
19.9 M
18.72 D

1.17 M

Relational artificial radionuclide

Am-246 |Y - 96 jIr-183 iPd-109 jGe- 79m
Pb-192 ;Ag-118 ! : !
At-209 lPr-149 !Y - 99 :Sm-139 !Zr- 85
Sn-129m !Te-131m !As- 80 !Au-181 ITb-164
Ft 222 IV s n !Mn ."'"' !Rli 111 !Tli 22»".
Ce-145 !Mn- 50m !Cd • 99 ÎCe-135 lSb-127
M-HÖ : : : :
Tb-148 îTb-148n !Cc-133 !La-146 >

f i l l
i i 1 i

Mo-107 ;Ku- 97 ;Es-252 |Gd-143a |
Ag-104m |Ag-104 ;Np-242 ;Rh-104 |Rh-104m
Tm-166 |Tc- 95 ;Au-202 : |
Nb- 95m ! ! ! i
Te- 95m !Np-234 lHo-170 !Tl-192gm;Pu-238
m- 201 !\^ 72 :i.a nr. : o \ - i tom :pd PO
Xp-13rim !Te-133 !Pb-202ni ! Au-182 !Cs-135m
Nb- 98m ÏNb- 98 '.Sb-128m ÎOs-181 ÎRh- 95ra
Br- 80 ile-139 '>ln-V2Sm «Ir-180 îHo-169
Pr-138 Pr-138i Gd-149 Rh-111 Pd- 96
Se- 81 jCe-138m ;Au-181 jlir-lSlm ;Dy-149
Es-249 ;As- 67 ; I r -182 ;Br- 83 ;
Rb- 83 ;At-209 |Po-202 ;Bi-204 ;Sm-158
Po-201 IRh-112 !Nb- 98m ! i
Y - 97m2!Tl-197 !Ta-184 iRe-184 !Re-184m
Ti- îiv, n b I.V) : r r 2?^ :T<- ir-i :TH 127
Pt-i89 : : : :
Pd- 97 IPt-187 :Ce- SI !Y - 84m ÎY - 84
Nb- 99m ÎKr- 75 >K - 48 !l -122 ÎSb-122
Sb-13Um Zr- 83 | ;
Te-131m ;Zr- 87 ;Pr-154 «Au-185 ;(ia- <i7
l'iu U l m ;l'm l o i ;Pa 22b ;Kn JJ'J ;13i b5
Dy-148 ! ! ! i
Ti-i88mi: : : :
Cs-134 !Tb-149m !Tm-149 !Br- 71 !
Cd 107 :Nd-1 .If'iii IFi 171 !Rh \W< Wn-yn
Zr- 87 ÎZn- 79 ÎSm-159 lTe-112 ÎNd-151
Pd- 94 ÎPd-lllm :AR-118 !FO- 49 ÎLa-143
Hg-183 lA«-I2Z :Sn-131gm!Cs-126 ÎTm-162
Tm-162ra ;Au-18fi JBk-246 jEu-147 ;Lu-162
Ba-143 ;Am-246m ;Gd-143m ;Se- 83 ;Se- 83m
Nd 13-1 ;!U 162m ;Pu L!!5 ; 1 I 1ST |Eb 252
Ir-183 ;Nd-155 |Rh- 96 ;Er-173 ;
K - 43 IV - 46m !Sr- 97 !Er-151m !Tm-151m
Cs-134 :Nd-139m iTe-129 !Br- 88 !Br- 84
Br- 85 !Zn- 79 i ', \
Th-226 !Ba-130m !Mo-89 JBi-206 !V - 48

1 t f «
* « * *
1 t 1 «
t i l t

Br- 91 ;HO-150IB ;Co- 55 ;Ho-l50 ;Rb- 81
« i i •

k - l u ' j jAjj-luùi) ;L)^-145ui ;Eu-141m ;
Rh-106m [Pr-150 jEu-159 ;Es-252 [Rn-227
Re-181 ;Ra-219 ;Rn-208 iEu-143 ',
Xe-140 !Ag- 99 IPa-238 !Ga- 68 iAg-114
Sn-i27 : : : :
Sr- 94 !Lu-181 !RU- 95 !Cs-127 lTm-165
Cu- 68 iPr-135 !At-208 !Rh- 99 ^Br- 89
Tb-162 ÎHo-162 :Bi-195fffiRh- 97 >
Ga- 64 ;Ca- 47 ;As- 67 Tb-148m ;Lu-182
Pm-149 ;lln- 51 jTm-152 Pu-238 ;Zn- 77
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JAERI-Data/Code 98-008

Energy
(keW

808.4

810.
810.

811.5

812.2
812.2

813.77

814.2

815.

816.54

816.71

818.

818.2

819.2

821.18

821.2
823.1
823.1
824.2
*2l.r'3
825.1
82Ö.6
82«.
826.
826.3

828.5

829.3

830.49

....831.5

832.
832.01
832.39

833.
- 83,1

833.9
834.ni

Intensity
(%)

5.8E-05

0.509
3.1E-04

2.0E-04

3.1E-04
2. 5E-O3

7. OE-03

4.9E-04

0.038

2.2E-0r>

0.03

1.2E-04

1. OE-03

3.ÜE-U3

Ù. 158

0.014
1.2E-04
2.3E-03
2.OE-03

3.0E-U3
1.4E-03
7.9E-04
1.8E-04

0.11

1.8E-04

5.8E-Ü4

0.54

ti, 6E 03

1.5E-05
3.52
0.028

1.1E-U5
«1.1E-03

1.9E-05
_.

u

u
u

u

a
a

t

u

u

a

t

a

u

u

u

t
a
a
u
t
u
u
a
a
ti

a

u

I

i ]

t
a
u

a
a
a
c

Nue lido

Pa-234

Pa-234m
Pa-234

Pa-234

Fr-223
Th-227

Ac-228

Pa-234

Bi-214

Fr-223

Ac-228

Th-227

Pa-234m

Pa-234

Bi-214

Tl-208
Fr-223
Th-227
Pa-234
Ac 22R
Pa-234
Pa-234œ
Fr-223
Th-227
Bi-214

Th-227

Pa-234

Ac-228

Pa -23-1

Th-228
Pb-211
Bi-214

Bi-213
Rn-219
Fr-ü£"
Ge 72

Decay
mode

B-

B-
B-

B-

B-
A

B-

B-

B-

B-

B-

A

B-

B-

B-

B-
B-
A
B-
R
B-
B-
B-
A
B-

A

8-

B-

B-

A
B-
B-

B-
A
B-
NN

Half

6.70

1.17
6.70

6.70

21.8
18.72

6.15

6.70

19.9

21.8

6.15

18.72

1.17

6.70

19.9

3.053
21.8
18.72
6.70
M. If)
6.70
1.17
21.8
18.72
19.9

18.72

6.70

6.15

6.70

1.9116
36.1
19.9

7.6
3.96
21.8

ife

H

M
H

H

M
D

H

H

M

M

H

D

M

H

M

M
M
D
H
il
H
M
M
D
M

D

11

H

H

Y
M
M

M
S
M

Energy 808.4 - 834.0

Relational a r t i f i c i a l radi<»nue

Tm-152m -Gd-145 ;Ag-118m ;Rh- 96m
In-107 :Ge- 65 ;Ir-197gm;
Ar- 44 IP - 36 !Sr- 96 ;Au-180
Pm-142 :Ho-152m |Tc- 90m IPd- 99
Lu-172 !T.i I-"'" !Pm l'Zinl \T> 2."1"
Nb- % itii-l."i2mi:Ar- 33 !
Un- 58 jCo r« |Tc- 91 |im 153
En-lfifi ' ' •
Ni- 56 !Lu-lfi-iiBl!r -l-'ß : Bi- 80
As- fi9 ;Nb-lWßn|rc- 9fi ;Kr-92
Sb-129 ;Au-189 jRb- 94 ;Pm-133
In-118 |Rb- 96 ;In-118mljSb-118
Sb-128 !Np-242m !Rh-110 |Tc- 91
Sb-132 lPr-144 !Ho-154m ;Pm-144
At-207 !Ag-124 ! ',
11-19:. :CC-131B !Np-232 ÎRb 92
As- 8L'm !l> - Zi ÎAg-llO '.Ag- ÜÜ
Li-14fi !Pm 139 >Un-\m !lr-197RB
Sb-130m jBi 203 îpt-187 ! Sb-132
Cu- fil ;Te-12Ü»j ; AR-120 jTb 149
Fr-210 ;Ag-121 ; ;
Eu-144 :Br- 77 ;Sb-133 lCm-244
In-110m :Ag-110m \ ',
Es-252 iAg-110 iLu-182 ICS-136
As- 82m iSb-116 i :
In-116 ÎIn-llfiml!Bi-2Ul '.Pa 232
Pb-194 !Np-232 :in-122kl!Ke-176
Tc-112 ; ! ;
Ru-lUi* ;Pb-203«l;Bi-203 jl-u-HWan
Te- 95m ;Ho 16b ;TIB-H"8 ;
Lu-154 ;Ni— 67 jEu-160 ;N - 18
Sn-125 lTc-100 ;Rh-100 ;Te-131m
Mo- 99 ;Sn-127 !Hf-182m iPm-132
Ho-171 !Rh- 98m !Rb- 90m !Gd-143m
AJÎ l'"""m !Sn 1-7 îû'-TîTni !Rh l'"»"m
Pb 203mllBi-203 lLu-162 !
Re-180 ÎAg-119 '• '<

i i I
1 i I
1 1 1
1 i i

Tb-lfiâ ;Pb-2ul ;f« fiO ;Co- 6(Jni
Sr- 95 ;Mo- 93m jIn-118 ;Yb-152
In-125 ;Sb-118 ', \
Tb-150m ;Nd-139m !Br- 82 !Rb- 82m
Ga- 81 !Se- 81 !Ge- 67 iTl-200
Bk-250 ! ! 1
Es-250fl !Cd 107 !Re-19u 1 I'm-138m
Ir-188 ÎRe-188 ! '•
Tm-lt.8 îAg-l-iOm îLu- 106ml '>Se- 71
Pa-149 ;!Io-lf>fîm | l -13« ;Zn- 7<"
Ta-16» "La 14h j ln l2Jml;0s lfel
Rb- 90 ;Rb- L'Um ;LU l l v j x
Cd-117 ;Eu-150m ;Pm-150 |Kr- 79

• l l
i l l

Lu-166mi:Ag- 99 iCe-147 !Rh- 96
Re-i79 : : :
P d - 9 8 lln-ia/Di :Cu- 66 \Vm-2b\
Ti-153 iAn-187 > !
Ga- firî ißk-246 !Nb- 98in :Am-246tn
As 72 ;Ga- 72 îtîa- 81) -As 83
Np-2'11 ;Rb- 81 ;V - 54 ;la-17u

(keV)

lidp

•In-121
;
;Nd-139m
I Cd-100
HL. l' .fmi
l
l

! Tin-175
l
1

!Hu-17Um
; 1 13fim
;Gd-143
;Es-249

ÎTe-113
i

!Rb %
!Ta-164
•Tm-lfiS

•Yb-ir.3
i
t

;Np-240m
i

ißa-136m
i
l

:tJ -239
jRn-208
!
•Kr- 93
i
1
;Sb-134m
;Po-203
!Mn- 60m
l

i

i
l
l
l
i

i

;Cu- fiO
lOs-181
1
i As- 78
;Ce-135
i

'.Es- 2511
1
1

•Tb-lf.lm
• Pli 't'-i'i
\\ u-J.ls
;In-lL'8m
i

i
i
l

ÎRh- 96m
l
l

:PDI 119
1
1

îAs 83
îln-104
;Kr. 8S
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JAERI-Data/Code 98-008

Energy 835.7 866. (keV)

Energy
(keV)

835.71

837.3
f\>i . •>

839.04

839.5

840.38
840.4

842.2
812.2

844.1
844.1

846.1

846.7
846.7
846.78
847.16

848.7
848.9

851.5

851.7
S.V. 17

854.3

s::.j

857.7
858.3
858 3
860.

860.56

863.
863.
863.2

865.93

866.

Intensity
(*)

1.61

1.4E-04
3. SE "4

0.587

4.9E-05

0.91
9.OE-03

7.9E-05

6.8E-04
1.1E-03

8.2E-05

7.9E-04
1.4E-04

0.026

5.6E-05
4.3E-05

6. 2E-03

1.2E-04
1 2r 02

6.6E-05

j .bL u:

5.8E-05
<2.1E-06

2 2F-HS
1.5E-U3

4.47

5.4E-05
1.8E-05
1.2E-04

5.9E-03

....

Nuclide

t Ac-228

a Fr-223
a Tli-227

u Pb-214

u Pa-234

t Ac-228
u Bi-214

a Fr-223
:i Tli 227

u Pa-234
u Pa-234m

u Pa-234

a Fr-223
a Th-227
c Fe- 56
u Bi-214

a Th-227
u Pa-234

u Pa-234m

u Pa-234
t \c 228

a Th-227

a Hi 227

u Pa-234
a Fr-223
a Th-227
u Tl-210

î ÎI-208

a Fr-223
a Th-227
u Pa-234

a Pb-211

u Bi-214

Decay
mode

B-

B-
A

B-

B-

B-
B-

B-
\

B-
B-

B-

B-
A
NN
B-

A
B-

B-

B-

r > -

A

A

B-
B-
K
B-

B-

B-
A
B-

B-

B-

Half l i f e

6.15 H

21.8 M
18.72 P

26.8 M

6.70 II

6.15 H
19.9 M

21.8 M
18.72 n

6 . 7 0 H
1.17 M

6.70 H

21.8 M
18.72 D

19.9 M

18.72 D
6.70 H

1.17 M

6.70 H
•'•>. 1 . " I I

18.72 Ü

la. 72 Ü

6.70 H
21.8 M
18 72 H
1.30 M

3.053 M

21.8 M
18.72 D
6.70 H

36.1 M

19.9 M

Relational artificial radionuclide

Fr-228 ;Nb- 95m -Te- 95m "Pb-195 ;Ce-137m
Pa-228 :lr-196m ;Zn- 77 jPd-111 iAg-124
As- 81 !Nb-104gm:Kr- 87 :Rh-100m |Cu- 59
Se- 83 lPr-137 !Dy-149 II -135 iPo-205
N;i- 2." :Sb 13r> !Rb 01 îrr-221 iBi lfv
Rb-iion : : : :
Pb-203m2:Ho-159 :Ho-158m2ÏBr- 74m ! Ara. 246
Re-19(> • • i .
Pm-154ui jPm-154 jSb-I30m ;Sb-l30 !y - 98o
Pm-UOm ; ; ! !
Lu-171 ;Bk-243 ;Rh- 97 ;Ra-222 ;Bi-195gm
Ba-142 ;Rh-110 :0s-183m ;Pu-245 ;C1- 39
Sn-125m ;C1- 33 !At-204 : !
Ir-184 IPm-152 ilr-186 !Rn-208 !Eu-152ml
o . Ri ;p,i loo \7w 7." :n.. ir,2m : ( v i : 2
T ii 1 CH\rtm * ' ' '
Lu JhUßni' • ' i
Gfc- 82 U)s-172 :TC-119 iRu-lll !MR- 27
Si- 27 ÎMo- 89 ÎSb-ll(M JSb-128m !Au -184
Y - 92 Tc-133 -La-144 Te-129» ;Mo- 93m
Tb-lfi4 jAt-208 ; j ;
Ti- 43 jKr- 87 jDy-151 jIn-123 ;Po-199
Sb-117 ;ln-117m ;Cs-135m ;La-133 ;Fr-228
Cu- 72 ;Xe-125 !Ho-158gm:Cs-124 :Bi-196

l i i i
l i i i

Mn- 56 !Co- 56 ! ', \
Nb- 99m il -134m ÎCs-134 !l -134 lPa-237
Bi-203 lHo-158jîia:Nb-102m lTa-166 !Tc- 96m
Mn- 52 :pr-I45 ISn-129 iRe-176 '
XP-137 ;Sm-H2 )Pa-238 ;Br- 73 '>Tc- 94
Te- 9fim ;Tc- 96 ;Nb- 96 ;PÜ-20Ü ;SO- 73m
Cr- 57 ;Nd-154 ;I -114m ;Pm-157 ;Ho-158gm
Zn- 77 iln-112 ;Tc-108 ;Tm-158 :Ag-112
0s-183 ' ' ' '
Np-231 iPu-238 iPb-203m2!Y - 80 JES-249
iif-i7i !Ni--v. :\t-2i'"i :n.i-i.y< : r r - r .o
Lu-171 lTb-142 lRn-207 lRn-211 lTb-149
Nd-155 IPa-237 ! i !
Bi-192gmîY - 98 !l -139 îTm-160 ÎBi-197
Rb- 99 ;Ho-l70 ;Cu- 58 U-135 "ff -189
Au-182 ;Ru- 97 ;Rn-209 ; ;
Ca [[) |Ld 110 ;i 13J ;bb Ub ;Lu 117
Pm-136 :0s-176 |Ta-172 |I -134 ;
Ta-175 ;Tm-175 |Ag-104 ', \
Rh-104m iPm-136m !La-133 ILu-181 !Y - 83
T -117 :oe- «i : : :
Lu-179 lPo-149 :Sn-127 ICd-125 !Pm 150
Tm \RA ' ' ' 'Im-lu4 i i i i
Yb-163 !2n- 78 !Ta-17ö !Cd-117ia iPo-206
In-106m Pt-187 jAu-180 ;Sb-U7 jjn-102
Tm-160m :Kr 77 ;Ca- 51 ;As- hl) ;In 117m
Br- 85 ; i j ;
I -116 ;Tb-149 ;Sm-159 ;Br- 72 [Ta-164
As- 69 lPm-136 |K - 48 \ ',
Nb- 89 !Ag- 98 !Es-250 !Re-174 !Pa-238
Sn-106 ILu-164 IMn- 58 !Co- 58 !Te-133m
Ta-166 !Nd-154 ÎHo-15Cto ÎNp-232 ÏIr-178
Ce-149 !W -187 Î ' !
Er-161 ÎPa-237 'Se- 73 ÎAg-Ul ÎBr- 85
Tc-102 ;Ag-102 ;7,n- 79 ;Pb-187m ;
Rn-211 jAr- 44 ; ; ;
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JAERI-Data/Code 98-008

Energy

866.8

867.5
867.5
867. ?•

867.9
869.7

870.46

873.07

873. 17

874.
874.44

876.

876.2
876.2
877.46

878^2
880.5

880.76
arfu. 'J

883.24
883.24

883.3

887.28

887.33
889.

Sr"~i 1

891.

891.8
893.

893!41

Spf<. 1
89b. 1

897.7

Intensity
{%)

1.1E-03

2.5E-05
6.6E-05

3. IE- 04

0.044

0.018

M. i V i l

T..8E-05
0.0.17

4.0E-O3

5.8E-04
1.5E-04

0.014
n. n 12

1.1E-O4
rl.7E-02

6.2E-O3
J. bL .jj

3. 5E-03
0.015

0.011

7.1E-03

0.027
1.6E-03

l.3F-'"i.'.

1.8E-05

3.7t-05
1. 2L jo

0.378

2. IP ni
1.0E-04

1.5E-03

u

a
a
i -

c
u

t.

u

1

u
t

u

a
a
t
ii

a
u

t
u

u
u

t

u

t
a

ii

a

u
a
a
t

a

a

Nuclide

Pa-234m

Fr-223
Th-227
fir- 73
Ge- 74
Pa-234

Ac-228

Bi-214

V 228

Pa-234
Ac-228

Pa-234

Fr-223
Th-227
Ac-228
Ri 211
Th-227
Pa-234

Ac-228
Pa-2Jlm

Pa-234m
Pa-234

Tl-208

Pa»234m

Ac-228
Rn-219

Pa 231

Th-227

Bi-214
Fr-223
lli-L'27
Bi-212

Ft -223
Th-227

Po-211

Decay
mode

B-

B-
A
NG
NN
B-

B-

B-

P.

B-
B-

B-

B-
A
B-
B-
A
B-

B
B-

B-
B-

B-

B-

B-
A

B

A

B-
B-
A
B-

r>~
A

A

Half

1.17

21.8
18.72

6.70

6.15

19.9

> ' • < . 1 . "

6.70
6.15

6.70

21.8
18.72
6.15

W. 72
6.70

6.15
1.17

1.17
6.70

3.053

1.17

6.15
3.96

h. 70

18.72

19.9
21.8
18.72
60.55

21.8
18.72

0.516

life

M

M
D

H

H

M

II

[{

H

H

M
D
H
M
D
H

(1
M

M
H

M

M

H
S

II

D

M
M
D
M

V
D

S

Energy 866.8 —

Rclat ional ar t i ficial

Ho-169 ;Ir-197gm:Pr-137
Ag-111 ;Eu-156 |Kr- 89
As- 74 IBi-197 INp-232
Ga- 82 I 1
G . - I - 7 i : T . ; I : I ^ : < M .«"•

[ J

Kr-151 !Pr 148 !ln- 121
Eu-118 '?v- 32m Ifik-244
Eu- 152ml JUI-179 | l -138
Ir-180 jMn- 57 ;N - 17
Tc- 94m |Tc- 94 |Nb- 94
Zn- 69 1 |
Cs-138m lCs-138 |Ge- 69
Po-205 IAt-205 !
T ^ T ^ A 1 O^I 1 r™ A 1 T^I "1 ^ A "1

r . u - l M i l b - l M • Ib 1 F̂ lm 1
Rh-io6 : :
Pb-191m !]*b-20ao2!Pu-240
Zn- 79 !He- 24 !Cd- 98
Co- 62m !Hn 59 '<!<:- 94m
1 138 |I -133 ;In-108
Cu u2 | S I I'o |E i - l ( j j
Tm-156 |Kr- 92 |I -118

i i
I i

Mo-101 ITm-148 |In-122m2
l i g 1 •"•rJni ! O i • ' ' ! I n I 1 " 1 !
Si- 36 !Tb 154 iPb-lUfun
Ho-160 !Tb-16(i !l" 18
Xe-134m kV126 !Po-199in
Pm-156 |Pra-HOtn jl>-143
Cd-117 ;Fm-251 ;
Bi 2'J 'J |11 lSbiLljIL' l j ju i
Br- 84 |Rb- 84 |Sb-132m
Y - 83 ITb-162 |Tb-148m
Np-238 ICs-122 ICs-122m2
Pb-195 ! 1
Rb 76 !Ag 113 ISe- 83
Tc-104 iHo-172 IT1-195
Ho-156 !LU-168B lTn-110
Cu- 70m jRb- 8lai '\ -134m
Na- 32 jl'a-238 ;Pm-133
I'm- 141 ; k 117 ;As>- 7-1
Sb-114 |Ga- 67 |Nd-155
Tb-162 IHo-162 |S - 40
Sc- 46 1 I
nu I 12 :iu-i'~>° :r,k 2.^
Bi-195gnii(ifc • 83 iJ*in-144
Ir-182 ;Fr-20ti ;Nb- 90

Xt-142 'Aft 102 hi 197
Ba-129m jSr- 92 ;Ce-149
\ - L'7ml'lc l'jl '
Gd-147 |Bi-203m |Po-203
As- 72 lTm-175 iPa-228
Sb-112 INa- 31 !
R c - 1 8 1 IKi I R l n i IT.i I S 1
La-142 !Pr-154 :Bi-2(».;
Pd- 98 |Pt-187 ;Np-240
Pm-.148 >In-123m jln-lJ9m

Cmli-12 |As 67 -bb-l i :

897.7 (keV)

radionuclidr

•Se- 83
;
!Np-240
I

!\t 2'X
[

•Sc- 71
;Nb- 94m
;Dy-149
i

I

IHo-160
j

!Hrv-l.c;4
i

IPm-148
|La-I35

jBi-195Rn
|lju i l
lPm-150
1

I

I

I

i

!As- 79
SXe-140
!i\fi-108
•I.u-Hi.i

| b i 7>j
iPm-149
!Co- 65
IEu-141
1

ilio 147
'I-a-128
•Ag-110m
i

•Ail 2W
| iNb- b."

i0s-183
|As- 78

:PC» -2oi
; J r-180

jnk-244
;Tb- 15-tml
;
•Eu-145
IPm-156
I
I

!Pi- 182i:i
IIta-143
!Pb-l97
i Ho -157

j In l]{m

;Pa-232

iEu-152
;
IP.i s c .

1
'Dv-149
i *

!Te-135
;AU-1M
jCe-135
i
i

lSn-134
|
!Zn- 77
1
1

J
;S - 39
I

i j im li'O

|Hu lu3
|Mn- 62
I
t
i
i

!Rh- 97
!Sm-159
!Tb- lf>f i
jOs-185
>
|Zn 7.J
;
iZn- 79
lEu-Mlm
;
:Po-204
!lr-192
•Br- 78

•Co 131
; I'd 'JU
|Sr- 93
lAm-240
;
!Rh 11 lm
IH6-170
|Ar- 43

!Sr- 97
•Ru- 91
;
!Bi-195gm
lPa-232
i
I

:sn ni
!Ba-142
|LU-168B

t

I

|Tb-l58
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JAERI-Data/Code 98-008

Energy 897.7 930.9 (keV)

Energy
(keV)

897.78
897.78
898.67

901.23

904.2
904.2
904.29

908.1

908.2
908.2

910.
910.
911.2
911.3

913.6

915.74

916.5
917.8

918.4
918.97

920.
920.5

921.7

921.98
921.03

925.

926.

926.5
926.72
926. 72
927.

*v 2

:W JV.

Intensity
(%)

0.259

5. 2E-03

0.016

0.77
5.4E-04
0.085

=1.7E-06

2. OE-04
2. QE-03

6.2E-04
1.5E-05
25.8
1.1E-05

6.2E-U6

0.02fi

3.8E-05
5.0E-03

1.6E-04
0.027

1.1E-U5
4.6E-05

0.013

0.015
: r.n-iT.

0.013

2.8E-03

2.3E-05
0.012

1.2E-03
6. 6E-06

'• IMJ

Nue 1 ide

a T1-207
c Pb-207
u Pa-234

t Ac-228

1 Ac-228
u Pa-234
u Bi-214

t Th-228

a Fr-223
a Th-227

u T1-210
a Th-227
t Ac-228
a Fr-223

a Fr-223

u Bi-214

u Pa-234
u Bi-214

u Pa-234
t Ac-228

a Th-227
u Pa-234

u Pa-234m

t Ac-228
t Ac-228

u Pa~234

u Pa-234

a Fr-223
u Pa-234
u Pa-234m
a Th-227
—. — _1 1

i: Bi 2 1 1

Decay
mode

B-
NN
B-

B-

B-
B-
B-

A

B-
A

B-
A
B-
B-

B-

B

B-
B-

8-
B-

A
B-

B-

B-
B-

B-

B-

B-
B-
B-
A
'
H

Ii

Half life

4.77 M

6.70 H

6.15 H

6.15 H
6.70 H
19.9 M

1.9116 Y

21.8 M
18.72 D

1.30 M
18.72 D
6.15 H
21.8 M

21.8 M

iô. y M

6.70 H
19.9 M

6.70 H
6.15 H

18.72 D
6.70 H.

1.17 M

6.15 H
6.1.-. II

6.70 H

6.70 I!

21.8 M
6.70 H
1.17 M
18.72 D

::i ïi M

f i:> iï

Relational artificial radionuclide

T b - 1 5 8 i i i i
B i-207 [Am-244 ;Rb- 88 ;Y - 88 ;Tm-164m
cd-107 ;cu- 69 : : :
Sr-100 :Cd- 98 IPa-230 !Yb-177 lSn-132
Pb-204m !Bi-204 :Sn-130m :Nd-133m :La-132m
K •• 42 :Sc- 42» !Xe Yfå ilr-178 :Tai-162m
Re- 174 :PO-211ID Slk-162 !Tm-162m ÎLu-172
Fr-210 iRh-108 |Xe-125 jCu- 70m '•? - 36
Pu-235 :
Re-180 ;Tc- 91 ; Ro-174 ;At-209 ;Rc-184
Re-184m ;Ta-184 ;Ho-171 ;Pm-148 |Po-201
Kr- 89 jFr-228 :Rh-110m |Pm-132 ;Pa-228
Pa-238 :S - 39 lDy-155 |As- 70 |Pt-181
Y - 96m ITa-166 !S - 37 !In-129m :Tm-152m
Ce-137m !Sr- 94 lTe-114 !Ni- 57 ITa-168
Se- 51 !!lo 171 ilB-149 !('s-148 !Pb 201
I -128 ÎLa-130 ! '• '<
Cs-140 îSb-128m lAu-202 îTb-145 !ln-126ai
In-126 ;Bi-203m >?o~m |Cu- fil JNd-154
AB-237 ;In-121m ;Sb-U0 ;Sr-81 ;
Sr- 89 |Y - 89m ;Zr- 89 ;Co- 61 :Xe-141
Te-121m |Nd-139m ;Pu-235 ;Zn- 71 ;Pu-245
Pm-154 1Pa-238 |Ge- 67 iPa-228 !
Sm-141m !Y - 97m2!Pb-204m '.Bi-204 !Po-207
Ru-1^7 IT -133m !Tr-182 !Tm-172 iI.u-172
Nb- 92m iSn-104 !Te-ll»B !Te-133m JPt-187
Ir-187 IPd- 95m !Br- 85 ÎSn-129 ÎCo- 63
1 -136b ÎRn-210 ;Zn- P9 |Br- 73 ÎTc-105
AU-187 ; : :
Tc-13,'k» ;Gt»- 67 ;Nb- 8fi ;Cs-124 ; P M - 1 4 8
Pt-179 ;Pm-148m ;Sn-125 ;Ce-137 ;Np-240m
Am-240 ! I ! ;
Gd-143m :in-103 :Nd-139 !Pa-236 !
Cd-123 !Ho-162m !Bi-198mi:Rb- 76 !Ce-137m
0 - 2 2 !Fr-211 ! ! !
Bi-2O4d2iRe-168 !Bi-2W ÎPa-230 JY 96
Np-238 !AJD-238 !Y - 94 !Ga- 64 iPm-152
U-143 jTn-121 ' i i
La-140 ;Sr- 85a ;
Nb- 89 ;In-119m ;Au-181 jPr-145 ;Ta-184
Bi-208m \ \ \ \
V - 55 :Pm-154 :Si- 36 ;Sn-134 |Bk-244
Cd-105 !Eu-150m ', \ \
Cs-125 :Ag-100m !Pr-146 lXe-116 :
•\i 2o,~) : ra-ii 9m :v - :>\ : \K-IOJ ;\d v,?
Te-117 JNp-238 ïifo-153 !Es-252 !
La-146 !Br- 85 ÏCd-101 ÎTe-112 ÎEr-148
La-140 iCs-126 ÏPr-140 JDy-l46m ÎH*J-146
In-121 -Mn- 58 ;To-137 ;Sr- 91 ;Ag-120o
Ag-104 :Kd-137 : ; :
Ce-137 jBi-199 JFr-206 j j
Tm-160m ;Eu-160 ;Zn- 77 ; ;

l l l l
l l i l

Bi-202 i : :__ \

\ \b ! Ti- 11.: !Nb ' H'-n il'i ;,: îs-i-ÎL»'.1

lid -1---7 !\i1-i:*7 U -: l̂ -n I V - ''."m iHk-.-lu
•\1 M |Np-J-".l jl'R.-1:.4JI -Ar "J5 • I m -1 T.i.
im 1'î Ti ; Ve l.to ;Pt I T P |"IR V.i'.- «Xi1 IT.
lo .T, ;io ••! ;',<- :_'.' ; i '.'j ; Kli 1"^
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JAERI-Data/Code 98-008

Energy
(keV)

934.06

934.1
934.5

935.8
936.3

938.

938.65
03°. fi
939! 87
941.6
941.6

941.94
• j l l . ' J l
943.34
944.2

•f. if",

946.
947.7

947.98
949.3

951.
952.12
952.2
97<2. 7

958.61

958.7
95s. 7
960.
960.

0ni.nl

962.06

054.(18

964.77
965.
965.8

968.97

970.
970.

Intensity
<X)

3.03

0.U5
l.OE 02

I.1E-04
1.8E-O3

9.7E-06

0.013
0. i^is

9 . <)E -113
4.6E-05
6. 7K-O5

2. 5fc 03
7. JJ. "j

"o7oi7
0.095

'VC m
0.021

2.5E-03

0.106
5. OE-Ofi
, o k 1IJ

0.022
0.167

6.OE-03
1 . 3 F •"•]

0.28

H. 3E'fW
5.8E-U5
1.2E-04
9. OE-04

i~. i"'l?

—

0.362

4.99
1.0E-02
7. 6E-04

15.8

3.3E- 06
2.8E-05

u

u
u

11
u

a

u
ii

t
a
a

u
u
u
t

11
u
u

t
a
..
a
t
u
11

t

a
a
u
u

11

c

u

t
u
u

t

a
a

Nuclide

Bi-214

Bi-214
Bi-214

Pa-234
Pa- 2'Mm

Th-227

Bi-214
P-i 211
Ac-228
Fr 223
Th-227

Pa-234m
Pa-L'Jl
Bi-214
Ac-228

P.i 2.11m

Pa-234
Pa-234

Ac-228
Fr-223
Bi 211
Pb-211
Bi-212
Bi-214
Pa 21\

Ac-228

Fr- 223
Ih-^27
Pa-234
Pa-234m

Ri-211

Cu- 63

Bi-214

Ac-228
Bi-214
Pa-234

Ac-228

Fr -223
Th-227

Decay
mode

B-

B-
B-

B-
B-

A

B-
r.B-
B-
A

B-
B-
B-
B-

nB-
B-

B-
B-
B
B-
B-
B-
n

B-

B-
A
B-
B-

P>-

NN

B-

B-
B-
B-

B-

B--
A

Half

19.9

19.9
19.9

6.70
1-17

18.72

19.9
10.0
6.15
21.8
18.72

1.17
6. 7u
19.9
6.15

1.17
6.70
6.70

6.15
23.8
1". 'J
36! 1
60.55
19.9
fi. 70

6.15

21.8
18.72
6.70
1.17

10. °

19.9

6.15
19.9
6.70

6.15

21.8
18.72

1 i to

M

M
M

II
M

D

M
M
II
M
I)

M
11
M
H

M
II
H

11
M
M
M
M
M
II

II

M
D
H
M

M

M

H
M
H

H

M
[1

Energy 934.0 ~~

Re I at ional a r t i f i c i a l

Cd-117m ;Br- 73 iBi-200
Er-161 ;Pr-150 :Sb-116
Ho-170 |Ga- 65 !Lu-166ml
La-124gm!Re-178 :Th-235
Ir IPS in 21 !Cd 11 Fm
Pr. 135 Ilk.-170 :&MU5
Mb- 92m lY - 92 lie 131
Pr 118m '-Cd 123m ill)-145
In-128 |V - f.2 JMn- 52tu
Bi-201 'Lu-176m ;l -121
Np-238 ;Ga- 81 ;I -140
Ho-162m ;Hg-205 ;La-123
Np-240m ;Ga- 82 :
Sr- 81 IGd-149 iIr-194
P n - 2 0 S !Ti lP'7v'ni!
Pr KJfcm IPd 97^ iKh. 99
Tin-175 !Cd-119 !Np 238
UK- 28 ;Mi.- W ! C B - 2 «
Kh-104m j ;
Yb-177 ;Am 244m ;Sr 77
Pb L - J I k 11L-Q !Di l'Ju
Hf-182m ;In-104 ;Sb-131
V - 48 !Eu-158 lTb-158
Pu-235 !Ta-177 lNp-242
Pa_99g IHrv-lSSgmlPb-'JOl
Ho-ir.8«m:Rn-211 I
Mg- 31 .'le-121m !Zn 60
Tc-95 ! In-122 !Rb- 89
Cd-105 ;Tc- 90m jTc- 90
IJo 158»p;Nb lU2m ;Ba-142
As- 81 'Mo- 93m •
Sb-109 |Ga- 78 :Dy-148
Ge- 82 !Y - 83 lRn-208
Cu- 60 iOs-177 iPa-238
Cd- 121m : T11 1 > iHiMir.
Sr- 97 !Y - 95 lSn-111
Pb 202m 11-132 '•
Yb-lW- SHo-172 '>]M-17(*
In-123 ;Uo-l7n ;K - 45
I - l in ;La-146m ;Tm lSfi

Ho-170m ;Nd-155 JAu-202
Mg- 29 !Eu-156 !Pt-181
Mo- 99 ! 1
Pm ir.: iui rcmi!fa- ".:
Bi-195gro!Ti- 45 !
Cd-105 :Pm-i:»4 !Zn- 63
Tb-160 |llo-160 ;Sn 13ffc
Np-238 ;Am-238 ;Sm-143ml
Cd-103 ;Pm-ir.2 ;fu-152ml
Sr-100 jRn-208 ;Eu-152
Tl-196 ;Pa-228 ;Zn- 71m
In-120m2iZn- 80 ITm-153
Pr-134m JPr-134 ITb-160
Cs-142 :Bi-195gm:Pu-240
Po201in !T1 195 lSb-124
In-108m !0s-17« '.Nb-100
1 -128 iCs 12H '•
In-126 'I'm-151 ! In-124m
Y • 97ml;Ta-178 ;Ku 152m]

970. (keV)

radionuclide

iHo-156 |Sr- 96
!La-145 ;ln-116
!Hg-193m !Rb- 81m
jEu-147 ISb-131
1 ^m 1 ̂  ̂  i C s - l ' j ' ^

!Ho-101 !
'•Nb- 92 !Si- 36
1 1
1 1

jlln- 52 |Sb-113
; In-125 -rd-lfW
;Lu-166ml;Pb-191m
IIn-110 ;Ag-110m
1 I

:Lu-i70 :AS- 8i
1 1
1 1

iSb-113 :i'ii 235
IHo-170 !AIB-238
•Rh- ?:•, )AR-1(I4
1 1

•Hii- 62 ;T1 189
11"; J i 1^ •

!Tc- 93m •
!Eu-156 |I -118m
!Sr- 95 1
!Ri-lQQ IRk-24"}
1 1

I 1

!Y - 93 JRh-108
;Mo- 93m !
•Au-194 ; In- 127m
;Yb-ir-2 ;Fr-228
I 1

iSr- 85 i
lPa-230 !Ac-230
1 I
( I

:si r'2 :ni sr'
!Pb-196 !Bi-2l)2
1 1
1 1

!Pr-154 !Lu-183
•Pb 197m jIta-210
j To-144m ;

•Tl-202 •
lLu-169 ;Bi-202
1 1
1 1

:T r -1s 1 :v -.-..-.
1 <

1 1

!Ta-17f. lTb-158
iZn 79 !Br- 89
1 1
1 t

•Kb- 92 ;Co- 65
;Po-201m ;U -23-J
|Zn- 71 I

!Ho-160 isb-129
ii -130 INb-103
lPr-199 103-179
JPa-228 IPa-232
1 1

•In-12! ;Zn- 61
1 I
1 1
1 1
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J A E R I - D a t a / C o d e 98-008

Energy 971.7 1013.5 (keV)

Energy
ikeV)

Intensity
(

Nuclidc Decay
mode

Half l i fe Relational a r t i f i c ia l radionuclide

971.7

975.1

975.2
975.96
976. .18

978.2

978.7
979.48
T'N"'. 3

981.6
982.7

984.2

987.71

988.63

989.34
989.5
990.
990.
991.49

992^9

994.6
995.
995.

997.7

99r\ S
999^8

1000.69
1001.03

3011.8

1013.58

9.3E-06

4.3E-05

2.5E-06
0.05
0.019

1.4E-04

1.1E-05
0.026

7. IE <T,

1.2E--03
0.073

•I. 6E-03

0.077

0.077

1.0E-02
1.6E-04
2.1E-06
3.3E-05
1.0E-02
L I E Ol

-1.5E-U6

9.9E-O5
--1.7E-06
6.1E-06
1.lE-'XJ

7.3E-05

2.0E-0-"
2.8E 05
5. OE-03

0.837

l . l E - n i

4.6E- 03

a Th-227

u Pa-234

a Pr-223
t Ac-228
u Bi-214

u Pa-234

a Fr-223
t Ac-228
:i Pa 231

u Pa-234
t T1-20S

u Pa-234

t Ac-228

t Ac-228

u Bi-214
u Pa-234
a Fr-223
a Th-227
u Bi-214
ii Pa 231
t Th-228

u Pa-234
a Fr-223
a Th-227
u Pa L'jliu

u Pa-234

.i Fi 223
a Th-227
t Ac-228
u Pa-234m

I 11-AJ8

u Pa 2.11

u Bi-214

t Ac-228

18.72 D

B-
B-
B-

B-
B-

B-

B-

B-

B»
B-
B-
A
B-
P,-

B-
B-
A
U

R
A
B-
B-

li-

B-

B-

6.70

21.8
6.15
19.9

6.70

21.8
6.15
h. 70

6.70
3.053

6.70

6.15

6.15

19.it
6.70
21.8
18.72
19.9
I"I 7 0

1.9116

6.70
21.8
18.72
1.17

6.70

21.8
18.72
6.15
1.17

fi. 70

19.9

6.15

M

H

Rb- 77
Pm-138m
In-129m
Po-202
T i - 45
Sb-114
Ti • 42
Bi-197
Te-llftn
Tb-158
Ir-187
Pm-135
Pr-134m
Sn-127
I.a 13."
Fr-226
Gt- 67
Nd-139B
Fr-211
Tc- 90in
Sb-118m
Ga- 82
Cl- 39
Am-246m

;Ta-174
!Y - 92
lRn-207
:Sb-132m
IY - 84m
!La-130
!Cd- 99
!l -120m
•I 139
;Eu-158
;Rb- 96
;Pu-233
IPr-145

;Te
;Nd
!I
1Sb
lTb
!Ar

112
136
119
132

;Nb- 98
:Sb-116m

:Pr-134m
•152 : in-122ml
• 4 3 ! I -120

|Fr-230
;Sb-116

IPr-134
!Na- 25

Ga- 76 j l -136 | S B - 1 5 9

;Am
;Cm
!Mo

Tb-146ml
Cd-121n
Rb- 77
V - 54
Xe-140
Sb-132
Fr-228
Y - 97m2
Sb-112
Tm-171
Rh-114m
Tc- 94ra
Se- 86
Fe- 63

Lu lDJinl
Cd-125
Hg-207
In-106
I.u 170
Nd-155
In-104
Eu-136am

ILu-168m ITe-
!T;i-172 !T1>-
!He- 8 j

iXe-137 !Lu-
Sm-MltB '

|V - 48 ;Sc-
;Np-238 ;Lu-
;Lu-170 ;Rb-
I I

IRb- 93 ISb-
!Ii 1P7KIII!I.II
jPu-245 |Bi-
•Tb-149m |Se-
; Sat-157 jAg-

-244m jSe- 71
-251 ;Te-133m
- 93m ;
-119m IZn- 79

139 iCo- 63
•180 JMg- 28

• 48 !l)y-151
•166ml | Na- 27
• 97 |Na- 30

; S i - 36

IZn- 78
!P..-2or,

!Nd-141
;Sr- 76
t

;Lu-168m
;Sb-110
:i -139

115 IN - 16 ITa-168
170 |C;i 19 Hi- 187
205 JPb-205m |Np-240

83m > >
113 iSb-120 '0

• T B - 1 5 8 ;Es-25flB jBk-250 ;Sb-12fi

;Na- 25
!K - 43
!La-132m

La
Bi
Ga
Kd
Pd

•Ce-137a !Pb
'Eu-160

: F I 1 . 1
!Sn-132
!Cu- 69

148
201

64
1.11
101
79

19.r)
97m

;At-208 ;In-120

!Pu-233
I I . i i - 1 1 1m
!Bi-200
!Ba-126
Bi-197

! P. i-2O7
.'Tb-154m2
'.As- 74
ERn-210

Na- 26
Lu-17^.
I -119
Sb-117
Pm-152ml
Pm-li:
Fr-226
Bi-195Rm
Mo-101
Pu-233
TI -199

; 1 b-1 ~. 1 j ib
|Na- 24 I
I In-110 |Tb-
IBr- 89 ITe-

iNd-134 !Ke-

iPu-233 lEu-
! P U - 2 M !Ba-
.In-l22al|Tb-
I i
i t

; liii-Ub ;Kc-
|Ba-130m ;Pu-
|Cu- 72 |Eu-

i:-lnil;i:u 151 ; S i - l u l

•147m
•121m

•181
144
142
144m

174
233
154

;
lTe-131
lTa-175

;
!Lu
iPb

lPr-136 !Te-
lNd-155 !Po-
;Po-199m ;Sc-
• •
i i

;Lu-17u |Nb-
|In-117m |Ce-
|Tb-154ml|Tb-

166
194
i3im

133
205

44ra

137m
154m2

106
151
53m

\2-:<
I R C - 1 8 1
JDy-149
'.Ru-109 U r

{Si- 35
ITS JIT' III..-
!Sr- 99 Sin-
lBa-143 !Dy-
•La-142 !Fe-
Mo-101 ; I

;0e 81 ;In-122 jSb 113 ;Rh-

35

1940i2

97m
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JAERI-Data/Code 98-008

Energy
ikeV)

1013.8

1014.64

1015.2
1016.44

1017.92
1019.5
1019.86
1020.
1021.

ira.«

1023.6

1025.
1025.
1025.3

1028. 7

1032.37

103j.b
1033.25
1033.3

in.l". r<

1037.9

1038.
1'jJ'j. 2

1039.65

lnl r ' . 02
1041//"
1041.7
1044.4

1045.6

1051.4

1031.96
1053.09
1054.11

Intensity
(%)

8.3E-03

0.017

1.5E-U5
0.019

5.7E 03
4. 3E 05

0.021
1.8E-05

0.014

2.1F '"']

9.9E-05

~L i t on
1.5E-05
8.2E-05

9.1E-04

0.078

0.201
0.024

l.lH-'Ti

2.SE-05

8. 3E 03
-

0.044

'"'. '"" 11
5.1K-U5
1.2E-03

-4.9E-0S

0.026

9.9E-05

0.315
0.013
0.018

u

a

a
t

t
ii
t
a
u

u

u

a
a
u

u

u

u
t
u

u

u

u
c

t

1

u
u
u
11

u

u
t
t

Nue l ido

Bi-214

Pb-211

Th 227
Ac-228

Ac-228
Pa-234
Ac-228
Th-227
Bi-214

PM 231

Pa-234

Fr 22.J
Th-227
Pa-234

Pa-234

Bi-214

l'a Jjl
Ac-228
Bi-214

r.i-2.11

Pa-234

Bi-214
(JC 70

Ac-228

•V-22S
Pa-234
Pa-234«
Pa-234

Bi-214

Pa-234

Ri-214
Ac-228
Ac-228

Decay
mode

B-

B-

A
B-

B-
B-
B-
A
B-

r.-
B-

B-
A
B-

B-

B-

B
B-
B-

R-

B-

B-

B-

B
B-
B-
B-

B-

B-

B-
B-
B~

Half

19.9

36.1

18.72
6.15

6.Î5
6.70
6.15
18.72
19.9

fi. 70

6.70

21.8
18.72
6.70

6.70

19.9

0. TU
6.15
19.9

h. 70

6.70

1 9 . 9

6 . 1 5

'">. 1."
6.70
1.17
6.70

li».9

6.70

19.9
6.15
6. IB

life

M

M

IJ
H

H
H
H
D
M

II

H

M
D
H

H

M

H
H
M

II

H

M

H

II
I!
M
H

M

H

M
H
H

Energy 1013.8 - 1054.1

Relational a r t i f i c i a l radiunuc

Mg- 28 ; 1 1
Re-180 iPm-140 ;Pb-205m ;Pm-148m
Pm-138m !Er-150 iBi-201 !
Cd- 99 IMg- 27 !Si- 27 !Cu- 68m
Re-168 lTb-145 1W -177 ',
Gr- 79m !lJa-238 ! !
La-Mh !Br- b4 !Ru- 93 !Ru- «ra
Eu-M2m !Kb- 84 !Pm- 13F. !l'o-204
Pin-154 |Sn I25n jSb-l."JOm j l r -178

i i i

In-123 ; ; !
Ar- 45 ;Ar- 46 ;In-117m ;
Sb-117 !Se- 83m ;Cd-121m ;Sn-123
Zr- 97 iCr- 49 ! !
L;i 11" IT! 2"""m iK 11 !f - 1"
Nb-iiHi : ke-184 : :
Ho-170m !K 42 ÎBr- 74 ilîi-199
In-12nm2!ln ]20ol!Ta-17t; '-Sb-l̂ Ona
Zr- S7 ;Ic-123in | '
Sr- 91 ;Sb- 9« ;Nb- 97 j'ic-lüO
K - 44 ; Kr- 91 ;Ag-102 ; Cd-119m
In-109m2jNp-238 jSn-109 ;Au-182
Bi-200 lAg-119 :Bi-200mi:Sb-133
K - 50 :Ho-154 !Pb-203m2:Er-148
Cd-125m !At-20fi !Yh-177 11 130m
Bk 2fiu I ('& -1 lSgm ! kg-] 1 fini ! Cd-117m
Yb-165 !Y - 8:>m !Sb-129 !Cs-128
Se- 83m !Ho-136 ÎCs-132 !La-I32
Bk-250 jTc-lirim |Es-250ra jRb-- 89
Se- 52 ;Tb-146ml;
sb-111 ;Lu-168m ;Mo- 91m ;In-108

! ! !
Rh- 94m iLa-124gm!Bi-203 iPo-199m
Bi-i99 : ; ;
ili) 1 T'III : \ I I 1S1 10-, lS-.ni :Sb-i :-" . inl
Te-121m lCs-122 !Sr-102 :An-246n
ff -177 !Tl-19tiB !Cd-102 i
Tfb-lß7 ;Kb- 96 ;Np--232 !&.• 48
Hn- 56 ;Rr- 85 >Xo 56 ;Rn-2n&
Cd-10;j ; ; j
U 1J1 |1 l j j ;A1- Jlj ;bn lu'j
Ga- 70 ;Ga- 66 ;Tc- 95m ;Nb- 86
Y - 84m ! Dy-149 !Na- 29 !Fe- 52
Cd-121 ! ! !
Ti P I :i;i i : s :si)-i:siii :cu -̂ m
Gd-140 lSb-132m i Ne- ]{5 iGd-145

I 1 1
1 1 f

Fr-228 iBi-aOä !ßr- 82 !Rb- 82m
Ir-1M ;Ba-l29fli ;Cd-125n ;
Sb-U-i ;H.)-151 ;V •• 52 ;A«-liißm
La-132m ;Rh-102 ;Rh-102m ;Ni- 57
Hg-188 ;lr-196 ;Fr-212 ;Sr- 99
Bi-196m2iBi-196 |Sc- 52 !Lu-160gm
Tm-176 iCd-119 :Te-129m !Ag-106
Tu -nsini :PH o". :r,;i 72 :in n - m :
La-14f. !Ar- 44 !Pr-l4f. !
Cd-117 :Sni-lf>9 !Ge- 69 !Cd-123
Bi-199 \U-hV.i ta-128 !Si- 36
IM- Ü? • S e - 83m ;Rh- 97 |AR- 100
Te 90m ; ; ;

(keV)

1 i di?

;

iCd-125
i

iPa-238
i
i
l
t

ihr- 8'lm
!pr-14«
•Tc-lia

!

jSb-117
i

!C>.-l lSiini
1
1

iPr-148
!BU-H2B
I
i

•Re-lfi8
;Ga- 78
jSn-111

!Fe- 61
!Pm-140m
:pii).-i4i
!Sn-123
ÎU-132B
!Ti- 45
i
i

i

i

:Eu-148
1
f

: r . i - r'2
lBk-2-16
t
i

:CC-138B
I

1

i

!As- 70

i l i i 121m
: R I J - ] 0 7
1
t

! K I - - 92
1
1

;!>y M 8
;Rh-106m
;Ga- 65
!Tm-164m
ILu-170
!?•) 11.QIH
i
i

!l -133
!Ho-l58«2
'•\ -12ita
i
i
i
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JAERI-Data/Code 98-008

Energy 1055. 1106.9 (keV)

Energy
(keV)

Intensity
{

Nuclide Decay
mode

Half l i fe Relational artificial radionuclide

1055.

1057.8

1059.4

1061.86

1062.55

1065.1

inr.rj. is
1(K>7.2

1069.96
1070.
1073.6
1073.6

1074.71

1080.16

1083.2
1083.2

1085.4
ins.". 1

1088.18

1090.5

1093.9

1095.68

1103.41

1103.52
110.1 hi
1104.79

1106.9

6.5E-04

=2.8E-05

1.1E-03

2.3E-03

0.01

4.3E-05

n. 132
0.027

0.275
2.5E-03

O.Olfi
1.6E-04

0.01

0.012

8.9E-04
8.1E-04

4.8E-04
i .3r '~>ri

5.9E-03

2.6E-03

0.143

0.129

0.015

4.6E-03
O 1
0.077

1.3E-O4

a Rn-219

u Pa-234

u Pa-234m

u Pa-234iH

t Ac-228

u Pa-234

t ,\c 22S
u Bi 214

u Bi-214
u Tl-210
t Bi-212

u Pa-234

t Ac-228

l Bi-212

a Pb-211

u Pa-234m
u Pa-234

u Pa-234m
u Pa 231

t Ac-228

a Pb-211

t Tl-208

t Ac-228

t Ac-228

a Pb-211
u Bi 211
u Bi-214

u Pa-234

B-

B-

B-

B-

B
B-

B-
B-
B-

B-

B-

B

B-

B-
B-

B-
B-

B-

B-

B-

B-
B-

B-

3.96

6.70

1.17

1.17

6.15

6.70

fi. IT.
19.9

19.9
1.30
60.55
6.70

6.15

•in. r>r)

36.1

1.17
6.70

1.17
f>. 70

6.15

36.1

3.053

6.15

6.15

36.1
]O 0

6.70 H

In-129
Cr- 57
Sm-143
Sm-141
Dy-149
Eu-146
Pm-136m
Rb- 90
Cs-116
Bk-24fi
Ra-213m
Pb-207m
V - 48
Pt-184m
En l.'.r,
Nb- 87
Tb-162
Co- 63
Au-189
Iff-171
Gd-141
Tl-194
Nd-139
Re-182
Sb 11'-.m
Se- 73m
Bi-195«ni
Tb-148
Pan 152
Yb-177
Bi-197
Nb- 88
Te-129
Cd-123
Gi - 77
Mo-103
Lu-183
Re-174
Rb- 94
In-124
Ba-139
Tc- 96
In-122ml
Pm-137
Xe-123
Ba-142
Fr-230
Pitt-154
Ru- 95
Sb-ll.fi
Yb-153
In-121m
Rh-102

Si \C<2
Kh-116m
Rh-102
Lu-179
Tb-152my

|Br- 72 jRu-111 [In-128m ;Te-116

ILu-183
!Pm-140
IP - 36
:y -102m
!Fr-222
!Xe-123
;Sb-126ml
;Dy-14fi
;Tm-152m
!Nb-100
!Y - 99
!Ga- 73
I Tn-llOni
!Cd-127
:EU-HO
iTa-176
Cd-305
jSb-llfim
;Ac-232
[Lu-164
!Pr-150
!As- 82
IRb S'l
!Cu- 68m
lBa-142

IIn-108
ITm-155
!Ag-118m
iFe- 49
iPa-238
{Rb- 90m
[Br- 72
•Am-246m
;Am-244m
;Bi-207
iXe-123
!Lu-174

lDy-146
:Pb-l9f.m
!Ne- 25
Rb- 99
;Gd-145
;In-124m
!Yb-165
1In-129
!As- 82m

i("u- 68
!Ar- 32
JEu-156
;Dy-lfi5
;Ne- 18
;Pr-138
!Nb- 87
lAm-244m
!Po-200
jTa-172

lAu-198
iTm-176
Bi-197
!ln-119m
jPo-203
!Nb- 96
IRb-101
!Pr-136
!Np-242m
!In-127
jSe- 71
!Cd-l21
•Pr-137
;Cu- 76gm
;Lu-170
lAg- 99
lCe-143
i I
I I

:0s-183ai i'lr-184

:o - 20
:Au-i9o

!Y -102
iOs-181
IRb- 99
:Sb-lO9

:Ta-168
I

ipb-194
IPa-238
Sl-u-170
•Cs-141

jIr-182 |Bi-198ml

As-
•Cs-116
;Mo- 91m
lPa-238
i

iBa-127
II -114m

!Pd- 98
!Sn-123
Tb-148
:Dy-155
jY - 97ml
[Au-196
!Ge- 82
!In-121
IAg-101

lAs- 71

•Ru- 91
•Gd-14lB
;Cd-119m
;Tc-102
;Tc-102m

iCs-142
!Tb-156
:Cil 117m
SPb-195
'.Rh- 94
JGd-147
Tc-l]5m
;Rb- 94
;Br- 82m
;Tc- 95
ITa-172
ILa-143
lEu 117
!Sb 109
jTb-146ml

|As- 82
;Br- 82m
;Mo- 91
!Ga- 80
i

!ln-127m
jl -111

!Sn-125
!Pr-137
In-128
:Yb-165
•Cl- 39
|In-118m2
1Sm-141
lFr-228
ITm-172
t

isn-127
;Sb-133
|ln-H8

i0s-183m
|Y - 97
!At-209

lTe-116

:R.- 171
lSn-125

be-176
Lu-168«

;I 134
iHo-149
;Nb- 88
iSe- 69
!Y - 86m
:G,I »".S
:Pai-135nt
|Bk-246

;
;Ge- t\7
;Nb- 88m
;Lu-168m
i

!Am-246m

tAg-105
iSn-125
•Eu-152
!Te-117
•I -114
!Sb-118m
i

isb-132
II -118m

! ( V 63
>Tc- 96m
•Pai-152ml
l

|Te-121m
|Y - 97ml

|y - 79
Tm-152m
•Eu-143

|Ag-lO8
Lu-180
;Te-121in

! Tm—l^ii'Tii
!Affi-244ffl

!Ta-178
!Ge- 69
Eu 158

:TC-IO2
I

''tin- 48
|Ar- 45
•Tb-158
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JAERI- Data/Code 98-008

Energy
(kt-V)

1109.48

1110.
1110.6
1110.61

1115.55

1117.63

1118.9
1120.29
1120.6
1121.7

1125.1

1125.7

1126.8
Wiu. S
1130.29

1133.66

1135.24

1142.85

1148.12

1151.4

1153.5
1153.52

1155.19
1155.6
1156.
1157.14

ll-~.fi. S

1164.5

1165.

Intensity

0.115

1.5E-03
9.9E-05

0.304

__

0.054

0.04
15.1

1.7E-U3
4.0E-04

5.8F.-(M

1.8E-03

4.8E-04
1. OF. i"'3

0.04

0.248

9.8E-03

0.01

5.9E-03

5.1E-05

7.3E-05
0.139

1.63
0.016

7. OE-03
7. OE-03

?,.\>Y I'M

0.065

0.1

a

u
u
t

c

t

u
u
u
u

u

t

u
11

u

I]

t

t

t

u

u
t

u
u
u
t

]

t

u

Nuclide

Pb-211

Tl-210
Pa-234
Ac-228

Cu- fi5

Ac-228

Bi-214
Bi-214
Pa 234m
Pa-234

Pa-234

T1-208

Pa-234
P;i 231m
Bi-214

Bi-214

Ac-228

Ac-228

Ac-228

Pa-234

Pa-234
Ac-228

Bi-214
Bi-214
Bi-214
Ac-228

Tl 20S

Ac-228

T1-206

Decay
mode

B-

B-
B-
B-

NN

B-

B-
B-
B-
B-

B-

B-

B-
B-
B-

B-

B-

B-

B-

B-

B-
B-

B-
B-
B-
B-

B

B-

B-

Haif

36.1

1.30
6.70
6.15

6.15

19.9
19.9
1.17
6.70

6.70

3.053

6.70
1.17
19.9

19.9

6.15

6.15

6.15

6.70

6.70
6.15

19.9
19.9
19.9
6.15

3. •\'i3

6.15

4.199

l i f e

M

M
H
H

H

M
M
M
II

H

M

H
M
M

M

H

II

H

H

H
H

M
M
M
H

M

H

M

Energy 1109.4 - 1165. (keV)

Relational a r t i f i c i a l radionuclide

0s-183m -Bi-201 iNp-231 i
Ga- 76 !Kr- 91 !Cu- 70m ;Eu-152
Ta-172 !Ga- 80 !Rb- 78m 1

i I i
i ( I
i I i
i I I

St>- 73 :('u-M5 !Rh 94 iRe-178
Tn-17fi iRii- 93m iBi 197 !AB- 85
Ir-187 iEu-152 !Pta 152ml!
As- 70 ;Sn-127 -Dy-151 ;Ar- U
Ni' ii7 ;Lu-16Ufira;Ni fi."> ;Zn- 65
Pd-lllm ;Ge- 80 ; ;
In-124m ;Re-176 ;Nb- 97 ;Sn-129
Sb-134 !Ge- 79m !Pb-197m !Tc-108
Re-177 !Kr- 90 :0s-181m ITa-170
Yb-177 !Zn- 71 lOs-172 !Pd-lll
Sc- 46 :sc 50 : :
Sb-115 !TO 119 !Ta-l*2 iRo 182
ln-122m2!Sc- 40 ilb-lf.i. If -L'JOni
JRh-114m 'Nd-151 !fJk-246 !l.a-H3
Sb-131 ;Zn 63 ;I -135 jBk-246
Y - 9 7 m l ; B r - 7 2 ;Au-202 ;Lu-183
Te-131m jln-HOm [Ag-llO ;Bi-195gm
ci - 33 : : :
Rn-211 ITc- 96 !Nd-141 !Nb- 89
\jj l'V, !.\ii l ^m !Rh I1""" !?i ""'2
Fr-23li '.Co 62 ICu- 62 !(o- 62m
Nb- 90 iNa- 26 !Ai- 26 Jnv-151
Cd-107 '.Co- 54m !Tm-]fi3 Ui\ 123
In-123 ;La-124«ffi|J -133 jln-124
Sm-135 ;Nb 92m ;Rc-188 ;Y - 92
Ne- 25 ;Xe-135m ;Es-250m [Te-135
Lu-170 jHo-162 ; ;
Sc- 52 IPb-199 lAm-240 lDy-149
Br- 72 !Te-119m :Lu-168m !Hg-205
Np-242m ! ! !
Hg-2U5 !In-126m Mn-126 !Pr-150
Ho-172 !Dy-151 .'Sb-130m .'U-I46ni
TI-190 !Tb-144 !Rh- 98m !Ca- 49
Lu-170 ;Ge- 81 ! ;
Bi-199 ;Sb-113 ;Tc-133 ;Ca- 47
Nd i l l ;Cb 111 ;sb 111 ;I'ai-151
Rb- 78 ;Rb- 78m ;Zr- 97 |Mn- 51
La-143 !Nb~ 97 :in-109 :Pt-187
Yb-177 iTm-158 IMn- 60m !Pr-145
Zn- 80 II -114 ICu- 76gm!Ta-174
C - 17 !Tb 147 IA1- 29 '.P - 29
Sn-111 JCo- 54 .'Bk-2'M !Y - 86
Cs-141 !Eu-156 '•!•!•-222 Jlto-89
Sb-114 ; ; 1
Fr-230 ; lml64 ;AR-103 ;
Dy-155 ;Sn-129m ; ;
Tc-110 [Pb-197 jGe- 81 \
Pt-187 |K - 44 ;Sc- 44m :Sc- 44
Ta-176 !I -130 !Sb-128m lRh-102
7.i S7 ITb IV ;in 17hm IT.i-17-".
Au-189 !Tc.ll4 :MO-101 '.Dy-M6
Y - 94 JSn-108 .'Hf-171 !Fr-23(»
Os-183 !Co- 62m '• In- 122ml!Co- 63
Kh- 9« ;Ba-129 ' |
U - M 3 ;Tm-164 -tu 150m ;Pm K"u

i
i

;Tb-152
]

|

1H«-195
ITC-129
I
I

•Sb-133
;Ag-100m

;Re-180
INd-131
!Sn-109
:in-121m
i

>Re-182m
:cs-i3n
'•Tb -154
;br 101
|Pr-134m
|K - 44
1
1

:Rh-106m
!NI 1 ""'in
!Sn-lU7
.'6r- 76
JRC-178
•Jn-124ni
•Cd-ll.Tin
|Tb-144

iCs-132
IBi-199
i
i

!Sn 13Igm
.'Ta-164
'•Br- 78
t
t

•Cs-141
;L ICJ
;Ce-145
I
I

:i -us
!Sb-134m

.'y - 86m
STb-l.V.
I
1

t

1

)
1

!Ag-121
!Mo- 91m
!Y li"'"i!i

:Sn-129m
i

;In-119m

•Cd I23ni

- 5 5 -



en C
n

O
O

C
O C
D

co
 c

o
C

O
 C

O

oo to
to

 
i—

C
D

C
O

co

3 2
to

o
 

o
C

o.
,e

n

CO
 
O

W
 

'
I 

C
D

C
D

 i—
CO

 c
n

p o 00

co
 

;
cn

 
©

I

CD
 

c
n

i!
co

 
i—

'I

C
J 

O
 

I
>—

• 
O

CO
 c

n

cn P
I o cn

o C
D to

IN
S s

r>
 
C

 C
 C

"
IJ

W
13

 -
0

ro
 t

o
 to

O
l'

-'
-t

O
C

O
<y

 
#
*

 J
U

 
*v

r*
\.*

^ 
r*

\.*
} 

^i
iis

ii^
is

iw
if'

S^
&

si
&

^i

C ca i C
O

-d co I C
O co

I 1—

C
O

 
C

O
|

C
 

C
 

«"
»

H jt
t
t
A t

I to C
O

I co

: 
i 

i 
i

C
O

 C
O

I 
I

m
w

£7
 

&
/ 

C
O

ca
 c

a
i 

i
w

C
O I

c
o
 i
—

1

C
D

 <
£>

C
O

C
D

C
D

C
D

S
H

I

m
m•

W
i

rl
M

iil
i

p
Sk

i
m

Sm
m

m

i—
>

C
O o

1— cc C
C

to
I—

• 
—

0
 

1
—

•

s
C

D

--
]

C
D

i 
a

?
 •-

» 
C

O
C

O

C
O

; 
i—

( 
m

 c
a

c
r 

03
 3

 
cn

 
-

•
i 

i 
i 

i 
i

„„
,,>

—
' 

M
M

M
Jf

P
P

f0 
c
o
 t
o
 c

n
 c

o
--0

 O
o 

CD
 -

-0
B

to
 
to

 t
o
 c

n
 c

o
O

 
C

O
 O

O
 I—

 i
—

'
B
 
B

 B

to —
1

m
I C

O
—

1
O

O

E
C

 i
-i

O
 

"1
I 

I

C
n
 0

0
-j

 
o
o

JQ
 

0
>

 i
-t

I 
I 

'
:̂

-t
 

£
u

 C
O
 

3
 

C
fi
 ,
^

, x
, 

.,

O
 

O
O

 C
D

C
D

 C
O

 C
O

O
O

 -
v

l t
tO

 Q
O

 c

3 
<

-f
 
3

 
n
>

 
c

r
I 

I 
I 

I 
I

^
^ 

C
O

 t—
 

h—
CO

 O
 

CO
 0

O
 C

O
C

D
 C

O
 O

O
 -

J
 t

o
B

 
B

 
B

C
O

C
O

-0
 
-

j 
t—

 i
-3

I 
I 

I 
I 

I
t—

* 
>

—
' 
•—

* 
I—

1
 

1
—

'
1—

' 
C

O
 C

D
 C

D
 O

O
C

n 
O

 C
n 

o
o
 t

o

co
co

•J
 i

 
o

-a
c

I 
I 

I 
I

—
.•

£
»

. 
C

O
 C

D
 C

n
—

' 
C

O
 O

O
 C

O
 
C

O
B

 
B

 
5

rr
p
o

I 
I 

I

C
D B

<
7

i
C

D
 c

n
i—

• c
n

C
O

 t—
' C

O
 <

T2
 -

a
cr

 w
 

cn
 
B

I 
I 

I 
I 

I
t—

1 
I—

' 
I—

' 
I—

'
to

 
c

o
 c

o
 c

o
 c

o
C

D
 C

D
 —

0 
4

-̂ 
*

*

3 C
D

> s I a CO o o CD o



JAERI-Data/Code 98-008

Energy
ikeV)

1245.05
1247.08
1217.S

1250.04

1252.6

1253.14
1256.5

1270.71

1274.53

1276.69
1277.7
127°

1280.96
1282.8

1284.
1285.1
1286.27
1287.68

12r»2 S

1293.56
3293.56

1296.4
13-Jl.J

1303.76

1309.71

1315.34

1316.
1316.96
1317.7

1327.

1327.03
1330.

Intensity
<.%)

0.095
0.5

:>. r . r •-•.-.

0.062

2.8E -05

9.4E-05

6.8E U3

99.94

0.014
7.1E-05

0.012

1.43
0.019

0.011
0.017
0.05
0.08

7 IF 0]

4.6E-O5
2 . fcE •„'"•

0.112

0.019

0.015

4.4E-03
0.08
—

2.8E-0T.

0.1)11

t
t
ii

t

u

u
u

a

c

t
u
u

u
t

u
u
t
t

11

c
c

u
u

u

t

t

u
u
u

u

c
u

Nuclide

Ac-228
Ac-228
Pa 211

Ac-228

Pa-234

Bi-214
Pa-234

Pb-211

Na- 22

Ac-228
Pa-234
Ri 214

Bi-214
Tl-208

Bi-214
Bi-214
Ac-228
Ac-228

Pa 231

Sn-llf.
Sn-116

Pa-234
Pa J31

Bi-214

Ac-228

Ac-228

Tl-210
Bi-214
Bi-214

Pa-234

Cu- 63
Bi-214

Decay
mode

B-
B-
?,

B-

B-

B-
B-

B-

EC

B-
B-
R

B-
B-

B-
B-
B-
B-

R-

NG
NN

B-
B

B-

8-

B-

B-
B-
B-

B-

NN
B-

Half

6.15
6.15
n. 70

6.15

6.70

19.9
6.70

36.1

2.6088

6.15
6.70

19.9
3.053

19.9
19.9
6.15
6.15

6. 70

6.70
u. 70

19.9

6.15

6.15

1.30
19.9
19.9

ft. 70

19.9

l i fe

H
H
II

11

ii

M
H

M

Y

H
H
M

M
M

M
M
H
H

II

H
ii

M

H

H

M
M
M

II

M

Energy

Relational

Tb-165
Na- 33
Sb-110
Mn- 52
I.u 17r.ni

Tin lfiOm
In- 120
Cu- 72
In-lift
Ta-176
Y - 84m
Lu-166m2
I -118
I -118m
Br- 74
Ag-118
Cd-121B
Ga- SI
Tin-Kit?
Dy-149
Re-184
Rh- 96
Sr- 95
Tb 161
Hg- J8typB
Cs-142
Cd 123m
Lu-169
Lu ltifiml
Pm-137
Br- 86
Eu-142
Ca- 49
Os-17'"
ib-165
In-116
& - :>i
In-120ral
Tin 1R4
In lub
Pr-147
S - 39
I -137
Mo im
Ru-109
Cs-139
Pt-181
Al- 3D
Ito-152
Cd-121
Cd- 99
Co- 55
Rb- 82m
Tm-162
Tn-lti4
To-115
Zn-- '53
S P - 6i>
Rh-lMm

;Lu-174
;Rb- 90m
!Ac-230
IAu-181

!Br 74m
•Mo-101
|Cu- ma

•In-Ill"
;Pt-i87
!Te-113
!Sb-112
ISr- 97
!Br- 74m
!As- 74
•Tb 160
Xc-137

•AK-IIX'J

;Eu-154
,'Ta-164
!Ga- 64
IEu-156
IMp- 22
:sb-ii5
lLu-170
'•Mn- 50m
1
1

•Pa 236
i

iTm-156
lSb-117
.'In-129m
:Y - r-7
!Rb 94
I In-116m
SAs - 80
;Lu-17O
11'U 146
;Lu lfcU
;Ho-154
!Cd-105
ii -117
iPb 1°5
JBi-199
!Br- 78
SO - 20
•Ba-139
;Bi-197
;K - 48
;Zn- 75
!Br- 72
!Br- 82m
!Au-187
!Bi-J01

•0(i- 53
•Os-179
jCd-123

1245.0 ~

a r t i f ic ia l

;Tm-174
!Sm-143
!Y - 97ml
!I -136

I

!In-119m
J
;Cu- 69

;La l.i-
;P - 36
!Ba-139
,'Rb- 80
•
I

!l,u 178
!Tm 160
IRII 107

•A l - 29
;Ar 35
;Tb-154
j

iHo-153
II -138
iSb-131
I
iNb-lOOm
lTe-112
t
i

|Gd 143
i

•Ga- 81
!Cd-103
IPb-197
! T b - l . ' l
:Sn)-lll

[!bb-116
•AR- 97

•(a 47
I In 111
;Eu-160
;
!Sb-118m
'As 11 ̂
i
r

:AS- 7«
! I J I - I 7 8

•Zn 61
•Eu-152ml
i

•

iCd-119
IBr- 82
lHo-162
II -124
[
•I'"e- 5301
•Ta-17a
;Sr 9fi

1330. (keV)

radiynuclidc

|Po-203
;Sm-142
!As- 84
jEu-150

t
t

I

•13 i - 1 9 7
i

•Lu 17b
;Ge- 80
!Ge- 83
!Ag-102
i
i

ISr 93
lTm-lf'9
'My- 8°
|P - 29
•I'b 2u-1ra
•F - 22
i

IDy-148
!Y - 80
i ^ r> ] * i m

r

!Sr 91
Spd-llln
i
i
•

•

iTb-165
JPd-101
! Ti ° "'in

!Nd 141
ISb-llhm
!La-144
i

•Cs-132
iib-111
;Sm-155
I
:Cd-117
jSo- P7

•Mo-107
:;fa-17.S
;0s-l79
; In-124
i

i
i

;Rh- 95
,'Cs-132
l

I

! ft-124
]
'TV- 91w
•As 83
;H« 2H7

;Eu-156
i

:Zr-102
!Dy-148
I?. . l-"'f-i:i
I
t

!

;Sn-liJ9
t

i
i

|Br- 80
!I -122
!Lu-170
i
I

:pt -187
!.\b- 90
1
1

•Au- 200
;Sm 1-40
;Cd-105

;Er-149m
!Nb- 89m
!Pm 138m
1

Jlfo-HSml
!Cd-127
t
t

I
I

i
i

!Fe- 53
!V - 53
!Fi- .•'"

!Cu- 68
!Ar- 41
:in-l22ni2
I
I

•I -133
I hi i i
lAg-114
I
i

!Cs-128
!Bi 1°7
•
i

iXe-140
!Rh- 97
Jlki-163
;fa 51

•As- 84
,'Au-181
I
I

!Sn-134
I
I
I

!0s-178
•Au IS?
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JAERI-Data/Code 98-008

Energy 1337.3 1407.9 (keV)

Energy
tkeV)

1337.33

1.111. If

1342.9
1344.59

1347.5

1351.
1352.9
1353.
1353.4
1354.6
1357.78

1359.
1361.2

13'V"i.7

1371.9

1374.19

1377.67

1378.23

1.1S1.1

1385.31

1385.39
1387.5

ir.sp.f,

1392.5
1392.7
1393.9

1397.5

. .„„ „

1101 »9
1-V'l.."i

: U'V w

Intensity
(%)

4.9E-03

0. "i22

2.0E-05
9.ÜE-03

0.015

—
1.8E-03
6.2E-04

.._
2.1E-Q4

O.fl2

2.5E-04
—

n. m i

0.014

4.

5.9E-03

2..-.E 0.1

0.757

0.011
—

1.2F ni

0.019
3.4E-03
3.3E-03

1.3E-04

" T "'
i; • 11
] . . '7

1.15

Nuclide

t Ac-228

u Bi -21!

u Pa-234
t Ac-228

t Ac-228

u Bi-214
u Pa-234
u Pa-234m
u Bi-214
u Pa-234
I Ac-228

ti Pa-234
u Bi-214

t V-22S

c Pb-204

t Äc-228

u Bi-214

t Ac-228

t T1-2ÛS

u Bi-214

t Ac-228
u Bi-214

u Pa-231

u Bi-214
u Pa-234m
u Pa-234

u Pa-234

i .v-.;..'-*
u i i ' - k i i

u Bi-L'lî

Decay
mode

B-

R-

B-
B-

B-

B-
B-
B-
B-
B-
B-

B-
B-

R-

NG

B-

B-

B-

B-

B-

B-
B-

R

B-
B-
B-

B-

r.
u
Fi

1.

Half l i f e

6.15 H

10.0 M

6.70 H
6.15 H

6.15 H

19.9 M
6.70 H
1.17 M
19.9 M
6.70 H
6.15 II

6.70 II
19.9 M

r.. ir> n

6. IS H

19.9 M

6.15 H

3. n;-3 \\

19.9 M

6.15 H
19.9 M

h. 70 II

19.9 M
1.17 M
6.70 H

6.70 H

- _- ..

••.. i s :i
:$ [i M

:« « M

Relational artificial radionuclide

Pd- 99 ;Cr- 57 ;Cs-124 ;Lu-164 ;Rb- 96
Y - 83 ;Ge- 69 :0s-177 |Cu- 76gm;Sn-123
Se- 43 ;Po-203 |Kr- 87 lCd-105 !Te-119
Br- 78 : : : :
Cn .T' !fu r,8m i r i 221 ll.u 17« !T:i-17S
Ta-176 ÎRh-100 lith-KMa iRh-104 .'Aji-ltMn
Sm-143 !Eu-142ai ÏSi - 26 i !
Mg- 28 ÎDy-146 !lr-197»i:Sb-lO9 '
Eu-150 Cd-119m ;Ta-170 ;K - 4« Sœ-142
Pu-141 ;Cu- 6-1 ;I -120B ;Zr-lU3 ;
Co- 64 ;Kr- 75 ;K - 46 jIr-181 |Pr-139
Tl-195 ;Sn-127m :Pr-138m |Ga- 82 JIn-129
Ta-178 !Te-115m !Pd- 95m |Br- 89 :
Rh- 95 iSb-134 iTm-162 lDy-146 !

1 1 i i
1 I 1 i

Mn- si : : Ï :
Ga- 82 !U-141 Uia- 65 i '
In-116 ÎO - 19 iNe- 39 ÎPr-148 \7.n- 77
ïe-135« Pta-154« jAu-183 ;
Lu-lfifi«i2;Au-187 ;Rb- 98m ;Pr-136 ;Cd-102
Co- 56 |Br- 87 jCd-105 ;Kr- 92 ;Ta-174
Br- 86 ;Tc-102 ; T C - 91m |Tc- 91 :Tc-100
Rh-102 |Br- 90 iln-125 lAu-181 !Zr- 97
T1-200 IRn-211 !Tc- 93 !Mo- 93m JNb- 86
Pi l."2 ITl-KC. ILu-lôSm IMn 1« !Cd lT'm
Co- 63 ÎLu-170 !Tm-164m ÎCs-134 ÎTc-105
Co- 55 iBa-139 i fa- 37 ÎHo-168 ÎAu-181
Mg-28 | ; ; ;
As- 78 ;C - 17 ;Tm-166 jTm-lt>3 ;Ag-119
Ho-l'i9 ;Rb- 9Um jAc-230 ;Pr-139 ;
1-124 ;Pr-144 ;Pr-146 |fm-175 ; Cd-100
Tb-i64 : : ; ;
In-126m JFr-224 | I -126 ;Rn-208 iLu-169
Na- 25 : : ; :
Ri sr< :F.I iir-m : i -l.iom :r.M 112 :RII mr™
Te-115 !Ho-153 Hr-181 '.Te- 93 ÎPr-148
Cd-121m ÎLa-146 ÎY - 88 ÎPm-1.% Ün-123
Pb-i99 : : ! :
S - 29 -Sr- 92 :Pm-134m M«- 21 ;.Ag-110m
Eu-160 jCs-122 ;Rb- 9 3 ; ;

i i i i

In-105 iTm-172 |Sr- 93 ,;Ga- 64 |LU-168
Tb-145 !Dy-147m JRe-168 JBi-197 :Ac-232
cd-io5 :Pd-ni : : :
P \ l l ' î : E U 1 .^2mi :Tn-122 i F i i - V , ; p v 1 \9
Fir--226 ! ! J !
Tb-165 !Np-234 ÎAu-204 !Zn- 63 '
Au-181 : : : :
Sai-140 ;Pra-154 ;Ca- 51 ;Hg-181 ;K - 43
Y - 80 :Tn)-l&> ;F 21 ;Rb- 82 :Cu- 59
Lu-170 j | j i
Sn-107 ; Ru- 93m |Tb-165 |Ge- 79 ;Pm-144
Tm-163 !Fe- 53 iTm-172 |Mg- 29 | I -132
Lu-162 ; ; : :

1 1 ' 1 1 '
1 1 1 I
1 1 1 I

l ' r - ;Vi i l l l£>•- Ü l\r> '•*". \"- l i ' . i 1 7 s

i n - l i i u i « o i r - j - t . j u n . L . . • •
A > b l \ \ . r .".Ifli •>•.]• ! . i - l •:': > : ; . . - î ' i
Aß I.1'. ;'. i 1." ; Vi > 7 ;'.,( !'•> ;d> T.
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JAERI-Data/Code 98-008

Energy
CkeV)

1409.1
1410.
1413.88

1111. 1
1415.66
1415.8
1419.7

1426.9

1430.95

1434.13

1434.22
1435.8

113o. ul

1442.8

1 1 1 7 ) . 1

1451.4

1452.7

1458.5
1458.9
1459.14
1460.83

1469.71

1470.9

1175. fc

1479.15
1480.37
1481.84

1485.4
1488.
1490.
1 I'Jo. 0

1495.91

1 If'-"

1500.

1501.
1501.57

Intensity

7.1E-05
1.0E-03
2.3E-03

1.3E-M-.
0.021
(l. 481

5.1E-03

2. 6E-04

0.035

9.7E-U3

8.0E-03
66.4

j . UL UJ

4.9E-05

~i i E - r i l

0-011

1.3E-03

1.8E-03
1.5E-04

0.83
10.67

0.02

9.2E-03

l.JL J5

0.051
0.016
—

4.8E-05
2.1E-O5
4.2E 04
l .uL U4

0.86

,",. SF-07.

1.8E-05

•-1.3E--U3
0. 46

u
u
u

1

t
u
u

u

t

u

t

L

u

u

t

u

u
u
t

{

u

u

u
t
c

u
u
u
u

t

11

u

It

t

Nuclide

Pa-234
Tl-210
Pa-234m

P;i-°11
Ac-228
Bi-214
Bi-214

Pa-234

Ac-228

Pa-234m

Ac-228
La-138

Ac ~-b

Pa-234

Pa 231

Ac-228

Pa-234

Pa-234m
Pa-234
Ac-228
K - 40

Ac-228

Bi-214

l'd-231

Bi-214
Ac-228
Cu- 65

Pa-234
Pa-234
Tl-210
Pa 234

Ac-228

Pa 231

Pa-234

Pa-23-lm
Ac-228

Decay
Diode

B-
B-
B-

P,
B-
B-
B-

B-

B-

B-

B-
EC

B-

B-

B

B-

B-

B-
B-
B-
EC

B-

B-

1)

B-
B-
M

B-
B-
B-
B

B-

B

B-

B~
B-

Half l i f e

6.70
1.30
1.17

'">. 70

6.15
19.9
19.9

6.70

6.15

1.17

6.15
1.05E-11

>j. 1 5

6.70

'">. 7 0

6.15

6.70

1.17
6.70
6.15
1.277E+9

6.15

19.9

b.70

19.9
6.15

6.70
6.70
1.30
b.Tu

6.15

h. 70

6.70

1.17
6.15

H
M
M

II
il
M
M

H

H

M

H
Y

II

H

II

H

H

M
H
H
Y

11

M

11

M
H

H
11
M
II

H

II

H

M
H

Energy ' 409.1 -

Rclai iunal a r t i f i c i a l

Ca- 49 ;Cr- 57
Zr- 85 ;Ru- 95
Zn- 63 lGd-142
As- 68 ISr- 91
Au-.yil I nh "'S
Ge- HH iFc- l in
Fc- 52m iCd-105
Mo- 93m !<<- 79
t -126 jEu-140
Lu-lfifta ;Tb-156
Au-183 |Y - 93
Se- 85 ;Ag- 98
0s-181m !Lu-170
Ge- 81 !Cu- 69
La-144 !Si - 33
Cu- 6S :Cd-117m
Bi-197 IV - f.2
I -128 !Tra-163
Kp-234 h i - 1 9 8
At-210 ;ljy-147n
So 51 ;l'i 1J7
Rb- 95 ;Ar- 43
Ag-108 IAU-190

Tb-164 10 - 19
Tit- r'2 ISb 117
T1-19B Silo- 91
Bi 196 lLu-169
Pr-14f» !Rh- 96m
Au-187 ;Ho-152
Tc-117 jCu- 5b
Pm-154m ;Mn- 62
Pd-111 I
Ba-129m IRu- 95
Pb-195 ITm-160
Br- 84m I
Os-lblra iEr 149m
fr-194 JTm-163
Tm-172 <
Cd- 99 Lu-162
Sc- 50 jCl- 33
Ai J j ;Di- 6-
La-143 lDy-151
Sb-126ml!Cd-103
Lu-166m2IGa- 78
Ca- 51 !Sb-118m
Sn-131fln!Fe- 59
Ni- 69 !Cd-121
Sn-12f)JD !Ho-15Sm2
Na- 27 jtd-121 o
Pr-144 ;Rh• 95
1 1 Join ;Lr J 7
Rh- 95 ;
Se- 88 ;Cs-122
Tl-196 1
T.i I T S II.il 1 7 . '

In-llti JTc- 96m
La-146 !K 44
Ho-HAalUV-133

1
1

Kr 91 |Sb 100

; Re-180
IT1-197
!As- 70
!Lu-168
:T U>
!An- 96
•Tc-108
!Nb- 98
•Ba-139
I
•I -139
;Re-182

IMg- 29
INb- 98m
IITD iob

iHn 52DI

;K - 45
•Fr-224
1
1

;\ is
[Tb-165
IBi-207
INe- 19
IPi 1 .2
•
jLu 170

•I -l^Om
t

| I -135
I
l

!Ar- 44
!Dy-147m
]

!Sb-l04«m
iPr-1512
i
i

•Pr-146
;Kr« 89
;iJi bJm
iln-HOm
|Mo- 93m

!Ni- 65
!At-210
!Ca- 51
•Cu 5H
;Pm MO
;Ic 114

iHo-149

I Tin 1 7 1 m

|So- 87
* Sc 44
i
i
*

|Pb-199

1501.5 (keV)

radionuclide

;
|Na- 26
II -139
iXe-140
i

I
f

!Cd-HH
!Sn-125
•Tl 198
•

•Hg-183
!ln-109m^

iTc- 91m
ITe-114
!Si 20
SHn- 52
•Nd 141
jCs-138
;
; I'm \ZJu^
;Pm-154m
!Mn- 50m
1

: Mil ."Sin

:o - 21
i
i

•Tb-isn

[Eu-143
i

ILu-166
IC1- 40

!ln 112
!Ce -131
f
I

•In 124
•ft'- 67
;Kb S2
•Ag-110
ITc- 93
i
I
l

isb-no
!ib-144
! In-108
•Sn-in9
;Sm-141m
:PJ 7̂
i

!Ge- 81
I
I

IN]. I I Mill
;

|Sb-lI2

;Ru-109

;

;Eu-152ml
IHo-150m
IRh- 98m
i
i
i
i

lTb-H6ml
!Br- 87
•Cs-139
•

•Lu-166m2
ISr- 94

IRh- 94m
INb- 98
jAn-187

!Gc- 83
|Cs-13S«
i
I

|Pm-154m
!Ga- 74
1
1

!TI)-11"
i
i

IY - 93
t
1

•I'm-148
!

•

I L U - 1 7 0
IAg-102m
J
Sir-196
!Re 170
i
1

•In-106
•

jl'.b b2m
•As- 72
I
I
I
I
I

J Ka- 3u
!l.a 134
i
l
i
i

jEr-150

i
i

lSm-141
i
i

II .i-1. V
;
U -122
t
i
i
i

•Te-112
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JAERI-Data/Code 98-008

Energy
(keV)

1507.3

1509.23
1510.1
1510.2
1512.7
1535.5
1515.6
1520.7
1527.27

1529.05

15.'!2.8

1537.89

1538.5
1538.8
1540.
1543.32
1543.9
15IS fi5
1550.
1550.1
]553.74
1553.77
1557.11
153b. 1
1559.85

1567.

1570.67
1571.52
1573.26
1579.9
1580.53
ljbJ. 22

1585.9
1588.2
1 "-in
1592.5D
1593.88
1594.
1594.73
1595.
ll'.'b.

1599.31
1601.8

1609.41

1618.3
1620.5

Intensity

3.1E-05

2.11
<1.5E-05

0.013
0.288

6.9E-O3
1.2E-04

-1.5E-05
2.4E-03

0.057

0.047

0.376
2.1E-05
4.2E-04
0.2
—
n 03°,

l.ffi-03
1.2E-04
8.1E-03
83.
0.178

7. ̂L "1
'0.02

1.8E-05

1.1E--03
5.7E-O3

0.033
1.2E-04
0.6
•J. O J

2.3E-04
3.22

1.2E-01

2.7E-03
4.9E-O4
0.25

5. OE 03
'J.'JL JJ

0.23
4.7E-04

7.7E-03

1.58-05
1.49

u

u
u
u
t
u
u
ii
u

t

u

t

11
u
u
u
c
t
u
u
u

1
u
t

u

u
t
I
u
t
u

u
t
LI
t
u
u
u
u
u

u
u

t

u
t

Nuclide

Pa-234

Bi-214
Pa-234
Pa-234m
Bi-212
Bi-214
Pa-234
Pa-234
Pa-234m

Ac-228

Bi-214

Ac-228

Bi-214
Pa-234
Tl-210
Bi-214
Pb-204
\r 228
Pa-234a>
Pa-234
Pa-234m
V - 50
Ac-228
I'u 2Jlni
Ac-228

Pa-234

Pa-234m
Ac-228
Ac-228
Pa-234
Ac-228
Bi 211

Pa-234
Ac-228
Tl 210
Tl-208
Pa-234ai
Pa-234
Bi-214
Bi-214
bi Jll

Bi-214
Pa-234m

Ac-228

Pa-234
Bi-212

Decay
mode

B-

B-
B-
B-
B-
B-
B-
B-
B-

B-

B-

B-

B-
B-
B-
B-
NG
B
B~.
B-
B-
EC
R-
D-
B-

B-

B-
B-
B-
B-
B-
B

B-
B-
r.
B-
B-
B-
B-
B-
K-

B-
B-

B~

B-
B~

Half life

6.70

19.9
6.70
1.17
60.55
19.9
6.70
6.70
1.17

6.15

19.9

6.15

19.9
6.70
1.30
19.9

6.1."
1.17
6.70
1.17
1.4E+17
6.15
1.17
6.15

6.70

1.17
6.13
6.15
6.70
6.15
11'. lJ

6.70
6.15
1.30
3.052
1.17
6.70
19.9
19.9
U.'J

19.9
1.17

6.15

6.70
60.55

H

M
H
M
M
M
H
H
M

H

M

]{

M
H
M
M

II
M
H
M
Y
H
M
H

H

M
H
H
H
H
M

H
H
M
M
M
H
M
M
M

M
M

H

H
M

Energy 1507.3 -

Relational artificial

Na- 30
Rb- 96
Mo- 91m
Cr- 49

Pr-138
Tl -195
Cr- 49
Nb- 97
Ca- 30
Ge- 83
Np-234
Ir-181
Kr- 88
Fe- 52
Ho 149m
Eu-146
Bi-203
Rb- 89
In-112
Tc- 93
Rh- 94
Sn-107
Nb- 88
Zn 63
Ho-151
TV 113
Cd-103
Sc- 50m
Sb-U3
Ld-luO
Ir-183
Ni- 56
Te-117
Sc- 51
An-200
Br- 72
Fr-228
Er-149
Nb- 89
Ilu lo-j
Ho-149
Ag- 98
I -114
Cd 12r.m
Tc- 94

Eu 141m
La 113
In-127
At-210
Pd- 95m
Er-149m
Si- 34
Cd-119
Ir-18lki
C - 18
Tl-196

•Kr- 93 iGe- 79
;ln-119m |Zr- 89m
1 I
1 i

!Tc- 94 II -124
I ]
lAg-121 lTc-105
JCd-123m lLa-141
if.u-180 JTI-200
•Rn-111 | P B - 1 5 6
•Pb-194 ;Tc- 93
;La-130 [Tm-160
!Ag-106m ;Cr- 55
;Rh-106m :in-108m
!As- 78 !Kr- 89
:Er-149m \
lLu-152 !Ati- 99
I.*!- 30 U -137
lAu-183 !Ru-109
|Dy-151 i
;Bi-20l ;
;Rn-211 ;
;Ag-108 ;Cu- 72
lSn-111 !Fe- 63
lTa-172 !Sm-143
!C1- 32 IGa- 81
IV ••• 47 !Sb-116
:i)y-147m !pr-138
lPm-142 iEr-149m
jSc- 50 JO - 19
<La-143 ;Xc-141
;In 125 ;Ny 2J1
;Pa-236 ; T C - 1 0 5
1 i

iPt-179 1Ir-181
!Ca- 38 II -114
JCr 49 .'Cd-103
;In-124 ;P - 35
;C1- 34m !Sm-143m2
;Sb-U7 ;Tm-150
;Mo- 91 ;Ag-102
]Go bl |Ld l'jj
;Ta-176 !Cd-121
lCd-125 !Ta-175
!Nb- 86 lAg-lOOm
:MH 2S :Y - osm
!Au-183 ! At*-232
t 1
t «
1 I
i t

^ *

jPr 140 ;La 140
;I'i 1JL1 ;L-a 71!
:Cs-146 ;
lTe-115 lGd-145
!Sm-141 !In-108m
!As- 74 iPr-136
!Tb-147in .'Nd-141
!Rc-188 ISn-lll
Jy _ 95 !
•Fe- 53 ;Mg- 28
<Si 26 ;In-109

1620.5 (keV)

radionuclide

•Bi-199 •B i-203
|In-112 ;ln-116ml

I ;
:TC- 92 :
1 1
1 1

.'Au-204 nn-151«
:i -137 :TC-IOO
! SID-143 !pr-136
•Tia-147 ;C1- 39
;Dy-149 ;Tc- 94m
;Rh-104m ;Ag-101
i I
i I

!Tm-172 !Cu- 68m
iSm-140 IV - 52
; ;

:AU 183 :MO-IOI
!TC- 91m '.Lu-170
IEU-143 K̂ - 18
t t
i I

1 I

i i

iCu- 68m I As- 82m
I i
i I

!La-142 ;
ITm 151m !Ei 1"1
1 1
t i

<'La-136 !Ba-136ra
!Au-204 iTl-196
•Ne- 19 'La-134
;Pr-l48m jCd-103
;Sc 1J jIl-lLv
iEr-149m ;Re-179
I I
t i

!Ba-127 !Sb-112
IRe-170 :
JNp-234 lln-126
I t
r t

!Sn-109 !
«Tb-l4fiml;Pr-134

•I' J7 ;Ld i>l>
1 ;
:Ti— 42 JRh- 97m
!Pa-228 I
:ca ."."'I :Y •:*
iDy-151 1
t *
1 I
1 t
1 t

t i
f t

t l
t t

lie 1'jl |Lu lijj

l i

lLu-165 !Kr- 75
IPm-139 1
iTm-172 lAg-117
JBa-129 ."fm-164
• i
1 t

;Tc- 95m ;Cs-139
1 <
i •
I t
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JAERI-Data/Code 98-008

Energy
ikeV)

1625.06
1627.3
1630.63

1 ti/Jl" . .")

1637.
1638.1
1638.28
1640.5
1644.
1644.9
1647.5
1650.
K.no. °
1655^ 7
1657.

1661.28

1664.8
1665.8
1666.52
1667.6
K.fi.S. 1

1671.64
1672.8
1677.67

1679.3
1'JTJ. 7

1683.99
1684.01
luvi. 7
1686.09
1693.4
1693.8
1694.1
1695.

1700.5
1700.59
1702.43
170.",. IT1

1711.
1713.47

1717.

1719.7
1720.5
1721.4
1723.2
1723.7
1724.21
1727.8
1729.6
1732.2

Intensity
(*;

0.255
1.2E-04

1.51

•"'. ' " ' i l

6.OE-03
3.3E-04

0.47
.... 1.6E-O5

1.6E-05
7.1E-04
4.2E-04
-,q. 2F or.
A. IE-05

0.046

1.15

2.8E-05
8.3E-03

0.178
8.2E-04
1.2: or,
4. IE 03
5.4E-05

0.054

1.2E-04
IJ. ijjj)

0.216
0.015

1 r'Y 01

0.095
_._

LIE-03
4.5E-04
4 3E-04

1.6E-04
0.01
0.048

v .T-OT

1.8E-03
5.4E-03

....

2.8E-05
3.2E-04
5.7E-03
2.5E-05

.._
0.029

3.1E-05
2.92

1.8E-03

t
u
t

ii

u
u
t
u
u
u
t
u
11

u
u

11

u
u
t
u
u
t
u
t

u
I

u
t
11

t
u
u
u
u

u
t
t
I

u
I

u

u
u
t
u
u
t
u
li
11

Nuclide

Ac-228
Pa-234
Ac-228

P.i 211

Bi-214
Pa-234
Ac-228
Pa-234
Bi-214
Pa-234
T1-208
Tl-210
Pa 2.11
Pa-234
Bi-214

Bi-214

Pa-234
Bi-214
Ac-228
Pa-234m
P;i °S1
Ac-228
Pa-234
Ac-228

Pa-234
Bi 21-'

Bi-214
Ac-228
P.i "'31
Ac-228
Bi-214
Pa-234
Pa-234a
Pa-234

Pa-234
Ac-228
Ac-228
Ac- 228

Bi-214
Ac-228

Bi-214

Pa-234
Pa-234m
Ac-228
Pa-234
Bi-214
Ac-228
Pa-234
Bi-214
Pa 234m

Decay
mode

B-
B-
B-

B

B-
B-
B-
B
B-
B-
B-
B-

n-H-
B-

B-

B-
B-
B-
B-

B-
B-
B-

B-
B-

B-
B-
P,
B-
B-
B-
B-
B-

B-
B-
B-

r.-
B-
B-

B-

B-
B-
B-
B-
B-
B-
B-
13-
B-

Half

6.15
6.70
6.15

IP. p

19.9
6.70
6.15
6.70
19.9
6.70
3.053
1.30
0.70
6.70
19.9

19.9

6.70
19.9
6.15
1.17
6. 70
g. 15
6.70
6.15

6.70
•j'J. 55

19.9
6.15
f">. 7 0

6.15
19.9
6.70
1.17
6.70

6.70
6.15
6.15
i ~ i . l . " >

19.9
6.15

19.9

6.70
1.17
6.15
6.70
19.9
6. IS
6,70
19.9
1.17

l i fe

H
H
H

M

M
H
i!
H
M
H
M
M
II
11
M

M

H
M
H
M
II
II
H
H

H
M

M
H
II
II
M
H
U
H

H
H
H
H

M
H

M

H
M
H
H
M
H
H
M
M

Energy 1625.0 ~

Relational a r t i f i c i a l

Ni- 65
Mg- 31
Cs-128
Pr-144m
f-.-1 I'"
Ca- 52
Iig-207
Na- 29
P - 36
lr-181
Cl- 38
0 - 2 0
Ir-181
Er-149m
Bi 201
Sb 134
C& 146
Pb- 199
Pe- 61
Sn-l30m
Ho-149
Rb- 90m
La-136

Pi IR1
Y - 94
I -138
Cu- 158
Cs-126
Lu-178
Ku i>-
Tb-149m
Ba-139
Cs-128
Si 101
Cd-127
Ga- 63
Kr- 89
Ce-131
Cd-123
Ta-176
Cd-121
Ne- 18
Dy-151
Pin U9
Cs-130
Sb-112
Rb- 92
Ca- 51
Ir-lS8
Te-133
Co- 62m
Br- 78
Ta-176
Cd-101
Rh- 98
Cd-105
Br- 85
Na- 27
As- 82m

;Ba-129m |Ga- 79
!Nb- 89 lDy-149
;Eu-150m |Rb- 78m
:zn- 71 :
: Tu 1:2 :o n
: In-126m '.Am-238
!MO- 91 •
I k
f i

•Pd- 97 ;Ar- 45
; l r - 91 ;Mo- 89
;Tb-147m jSb-114
;Se- 88 jRb- 78m
IIr-186 lCd-121
; ;
:N I « :
!ln 131ml!In 131
!Zv 89 !Te- 112
•Eu-145 ;P 28
;l -IHm ;Se- 83m
;Ti- 45 ;I -139
|Zn- 77 ;Tb-165
!Cd-105 ;
; ;
• i

• i

I Ti -1ST !C(l-n.!r'ni
1 1
1 i

!AR-11H !Tm-164
!TC-104 !Ar- 41
1 t
1 I

•Hi-203 ;
;l(u 17'J jKb 70
; ;
!Te-133m |In-112
IGd-163 1
| \fT lf|"l |

!Lu-168 :i?o-171
!Rh- 96m IS - 38
«Ag-100m I
t t
i t
|A1- 31 JNd-155
JT1-196 ;
!Pt-181 ;Sr- 93
!Cd-125 !F - 23
!Cd-119m !Rb- 82
i Sin-113m2 IK 1."
!La-143 !As- 70
JFr-230 !Ni- 69
!pe- 53m >7.r- 89
•Br- 74m !ln-106m
|HR- 21 ;Tm 152m
I i
I |

jBi-206 [Tb-144
!Ag-104m 1
i t
1 i

!Cd-117 IAu-192
1 1
1 1

!Dv-U7n !Hi- 65
!V - 32 '.Mn- 52m
Ti- 53 !Zr- «5

JAs- 82 jAl- 30

1732.2

radionuo

;Pm-154m
|Tb-147
iPr-139
•

!ul l'"i~
i
i
i

!

•Ga- 7h
•Tb-149
; Cd-105
JAs- 80
JTm-161
•

!

!Si- 26
|Cu- 72
t

•Eu-IH
;Ho-166
i

I
I
I
I

I

IK - If.
*
!Mn- 58
IHo-148
f
t
f

; Ga 6>j
l

i

JNb- 87
I

i

:cs-i30
JRb- 98
l
l
l
l

•Dy-146
;
•Sb-118
JNb- 98m
JAr- 44
JT1 If'."
J
J
•Ho-149
!
i In- 106m

•SI— 27
j
;
;
!

Ipe- 52
!0 - 21 !
jIn-H)8m ;

(keV)

lido

Sc- 51
Tb-147
Ir-183

Ac-232
Br- 88
Fe- 61

He 115m
;Eu 142

AK-114

Co- 58
'Ho-MSnl

l't lfcl

La-141

Nb- 99m

Au-204
T ir.r.

Ga 81

Tt--117

Bi-203

Sb-133
Ni- 57
La 134
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JAERI-Data/Code 98-008

Energy
(keV>

1849.8
1850.13
1863.09

1867.68

1870.83
1872.8
1873.16
1874.85

1879.6
1884.1

1887.1
1890.1
1890.3
1893. 1
3893.5
\iH'Z\ -S-
1896. 7
1898.7
1900.07
1T-O7 1^

1911.17

1915.5
1915.9
1919.5
1925.4
1926.5
1927.9
V'29.7*
1935.2
1935.3
1936.3
1937.01
1937.7
1943.7
1944.2
1952.33
1953.4
if*".". r<
1958.
1958.4
1965.24

1970.

1971.2
1971.9

1977.4
1979.3
19S9.6
1994.6

2001). 9

Intensity
(%;

4.4E-05
4.4E-03
1.2E-03

9.2E-O3

0.024
5.6E-05

0.219
8.2E-03

1.3E-03
2.5E-05

0. U9
2.3E-04

0.08
-•9.9F.-06
2.2E-O3

' j . li>
1.6E-04

0.057
2.8E-03

0.012

b. 3E-03

3.JE-05
8. OE-04
2.1E-03
4.8E-04
4.4E-04
8.6E-05

p 02
=1.5E-U5

0.041
2.1E-03
2.9E-03
6.6E-05

—
2.1E-03

0.059

s.or-oi
1.6E-05
1.5E-03

0.02

5.5E 04

=4.3E-06
3. 6E-03

2.6E-05
1.8E-03
1.2E-05
5.0E-O3

1.0E-03

u
t
u

u

t
u
u
u

t
u

t
u
u
u
u
u
u
u
t
1

u

u
t
t
u
u
u
t
u
u
I
u
u
u
t
t
u
1
u
t
t

u

u
t

u
t
u
u

t

Nuclide

Pa-234
Ac-228
Pa-234m

Pa 234m

Ac-228
Pa-234
Bi-214
Pa-234m

Ac-228
Pa-234

Ac-228
Pa 234
Bi-214
Pa-234
Pa-234m
bi-211
Pa-234
Bi-214
Ac-228
\< 22^

Pa-234m

Pa-234
Ac-228
Ac-228
Pa-234
Pa-234m
Pa-234
V 228
Pa-234
Bi-214
Ac-228
Pa-234a>
Pa-234
Bi-214
Ac-228
Ac-228
Bi-214
Ac-228
Pa 234
Ac-228
Ac-228

Pa-234m

Pa-234
Ac-228

Pa-234
Ac-228
Pa-234
Bi-214

Ac-228

Decay
mode

B-
B-
B-

B-

B-
B-
B-
B-

B-
B-

B«
B-
B-
B-
B-
U-
B-
B-
B-
R

B-

B-
B-
B-
B-
B-
B-
B
B-
B-
B-
B-
B-
B-
B-
B-
B-
P>-
B
B-
B-

B

B-
B-

B-
B-
B-
B-

B-

Half

6.70
6.15
1.17

1.17

C.15
6.70
19.9
1.17

6.15
6.70

6.15
6.70
19.9
6.70
1.17
iy. 9
6.70
19.9
6.15
> 1 . 1 5

1.17

6.70
6.15
6.15
6.70
1.17
6.70

6.70
19.9
6.15
1.17
6.70
19.9
6.15
6.15
19.9
fi 1 "•

6.70
6.15
6.15

1.17

6.70
6.15

6.70
6.15
6.70
19.9

6.15

life

H
H
M

M

11
11
M
M

H
H

H
I!
M
11
M
M
H
M
H
II

M

H
H
H
H
M
H
II
li
M
H
M
H
M
H
H
M
II
(I
H
I!

M

H
H

H
H
il
M

H

Energy

Rclat ional

As- 80 |Tc-100
Rb- 91 |C - 17
In-108m |Cr- 57
Ga- 72 !Cu- 60
Tb-148 IIn-129
Br- 69 !Rb 94
S - 31 'dt;- 79
Fr-230 iRb- ?3
Cu- 66 ;Au-183
I -137 ;
0 - 2 2 jCu- 70
Sc- 40 I
Ca- 47 |Se- 87
Ge- 81 ITi- 43
Ga- 79 INb- 87
Au-194 lAr 44
Ha-238 !
F - 21 '.Ce- 69
V - 85m {Hn-ISOB
Ho-170m ;
S L - i'J |Ab ^2m
Te-114 lCd-105
Br- 84m |Rb- 84
Mn- 51 IF - 22
f 17 ISb 11-s
iii 118 :
Ga- 82 !Cd-105
Eu-143 '<
Sn-11! ;
Hv-14fi ;As- b3
Y - 93 ;Ga- 66
Au-194 |Zn- 73
Sb-114 1

i
I

Ru IP1*' !Rh- 1 no
In-106ra !(ia 78

1
1

Au-J81 |Mg- 22
Dy-147m jCu- <iO
Eu-.15fi ; La-143
S - 38 |
Rb- 78m i l r -188
Mg- 23 IEu-140
Cu- 70m IBa-129
K in llu 17n
1 -13tim !
Ac-232 :.As- 80
Bu-109 ;Te-112
Ku-156 '1 — 130BB
Au-181 jCs 146

Au-181 |As- 82
Tb-146ml|Ho-170m
In-128m I
Ag-123 IT1-195
Na- 30 lPr-144
Ho-149 IC - 35
Cu- 72 ;Br- 89
Aij-114 jLu' lofim
[r-lX3 jAs 69

1849.8 ~

arti ficial

i

•

I
IBi-205
i
•

> 1 n 12$tu
1
•Cd-ifir.
i

i

|Tb-144
I
I

lCd-103
IGa- 68
IXe-123

*
i

IY - 94
•Cd-103
•

|Br- 84
JAg-119
!La-142
!Fh- "Jt~m
i
i

i
i
i
i

i

•F - 23
i
i
•

;

• f i l l'">^
!Si- 35
j

!Cd- 99
;Ni- 67
;N 18

|Tb-147m
I

!S - 29
ir.i S2m
t
1

:La-134
!Au-l87
•Br - 86
;Mn- 60m

•Sb-110
iNa- 32
I
I

1Ac-232
!Zn- 73
'Au-lSl
!nv-147in

2'>Ca- 51
;In 123

2000.9

radionuc

•

I
;
II -114m
1
I

JTa-lfiii
1
1

jK i - 69
1
l
i
1

; La-143
i
i

lGd-145
ICu- 68
|Pr-144m
i In-lLiUml
i
i
i
i

•IU-203

I
i

1Ac-232
ITe-114
IPi 1 >
i
1

ISn-109
l
4

!

1
1

;Ni- 57
i
i
i
i

i

i Sn 1S1 iim

!
!
!
IAK-118
I

|Ar- 46
]

IAc-234
;
I
:AU-I8I
'•Na 25
;C1- 33
;Tc 10.15

JRb- 91
IK - 50
i
i
i
i

!La-143
lAu-187
•Si- 35 '
1
i

|Au-181

(keV)

ide

0 - 2 2

Tf-in

Eu-145

0 - 2 1

Y - 97

Ac 2J1

Cs-142

ii is;;

Re-177

Y - 86

s. n

Mn- 50m

P - 36
Re-377

Dv 147m

Tb-146
Rh- 98

V -- 52

La-134

Mn 51
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JAERI- Data/Code 98-008

Energy
(keV)

2010.
2010.78

2016.7
2O21.fi

2029.4

2052.94
2072.2
2085.1
2089.7
2090.
2103.2S

2109.92
2118.55
2120.
2147.9
2J60.4
2176.5
2184.8

2192.58
2193.3
2204.21
2223.25

2251.6
2260.:}
2266.51
2270.
2270.9
2284.3
22^7 <~>7,
2293.4
2310.2
2312.4
2319.3

JJJ3.
2331.3
2348.

2353.5
2358.
2360.
2361.
2369.
2376.9
Ĵ'JU. S

2396.5
2405.1
2413.1
2421.
2423.27

2430.
2430.

Intensity
{%)

1.5E-03
0.047

6.OE-03
n. 02

1.8E-03

0.069
6.6E-06
9.1E-03
0.05

1. OE-03

0.088
1.14

7. OE-03
0.014

1.8E-03
3.2E-03

0.034

5.08
__

5.5E-03
8.7E-O3

0.018
6.2E-04
1.3E-03
5.1E-03
1 iiF. '13
0.305

1.4E-03
9. OE-03
4.0E-04

i.Tfc 0J
0.022

1.4E-04

4.OE-04

1.7E-03
1.7E-03
2.7E-03
8.8E-03
LuL-uJ

4.1E-04

.._
4.6E-03

1.9E-03
—

u
u

u
1]

t

u
u
u
u
u
t

u
u
u
u
u
u
u

u
u
u
c

u
u
u
u
u
u
11

u
u
u
u

u
u
u

u
u
u
u
u
n
u

u
u
u
u
u

u
u

Nuclide

Tl-210
Bi-214

Bi-214
Ri 211

Ac-228

Bi-214
Pa~234
Bi-214
Bi-214
Tl-210
T1-208

Bi-214
Bi-214
Bi-214
Bi-214
Bi-214
Bi-214
Bi-214

Bi-214
Bi-214
Bi-214
H

Bi-214
Bi-214
Bi-214
Tl-210
Bi-214
Bi-214
Bi 211
Bi-214
Bi-214
Bi-214
Bi-214

hi-m
Bi-214
Bi-214

Bi-214
Bi-214
Tl-210
Bi-214
Bi-214
Bi-214
bi-214

Bi-214
Bi-214
Bi-214
Bi-214
Bi-2H

Tl-210
Bi-214

Decay
mode

B-
B-

B-
r.-
B-

B-
B
B-
B-
B-
B-

B-
B-
B-
B-
B-
B-
B-

B-
B-
B
NG

B-
B-
B-
B-
B-
B-
B
B-
B-
B-
B-
B-
B-
B-

B-
B
B-
B-
B-
B-
B-

B-
B-
B-
B-
B-

B-
B-

Half

1.30
19.9

19.9
]C, 0

6.15

19.9
6.70
19.9
19.9
1.30
3.052

19.9
19.9
19.9
19.9
19.9
19.9
19.9

19.9
19.9
19.9

19.9
19. y
19.9
1.30
19.9
19.9
19.9
19.9
19.9
19.9
19.9

19! 9
19.9

19.9
19.9
1.30
19.9
19.9
19.9
ly. 'J

19.9
19.9
19.9
19-9
19.9

1.30

life

M
M

M
M

H

M
H
M
M
M
M

M
M
M
M
M
M
M

M
M
M

M
M
M
M
M
M
M
M
M
H
M

M
M
M

M
M
M
M
M
M
M

M
M
M
M
M

M
M

Energy 2010. -

Relational artificial

Ac-232 |Rh- 97m ;In-120ml
Se- 86 JT1-196 ;Fe- 61
Hg-187gm; !
Co- 56 IAu-181 IXe-138
(V121 :.\s :n ;p ~,r,
Na- 31 !K - 49 I
Al- 29 IP - 29 Un-130
Br- 84 lDy-149 'I -137
Sc- 51 Sc- 83m ;Tm-166
Ca- 52 ;Br- 87 ;Au-l81
Cu- 62 ;Au-187 jAs- 84
Te-119m | |
Sb-124 !I -124 !In-130
Cs-140 IAu-181 IAs- 81
La-132 IIn-128 ICd-119m
Br- 89 JZn 73 !Cu- 68m
Au-181 !ln-129 iAfi-lOOni
Tb-154 iSb-110 iEr-148
Cd-125 ;
Co- 60 jCo- 6Um ;Cu- 60
Co- 63 |Y - 95 |Hg-187gm
Nb-102m |N - 17 |Y - 93
Y - 90 IEu-156 1
Y - 93 ILu-170 IIn-131
Na- 31 IGa- 64 1
As- 83 JZn- 78 .'Sc- 50
Er-149rn *Zr- 87 '.Ti- 42
Sb-116 ' '
Xe-138 )Cr- 55 ;
In-128 ;ln 330mljV - 54
La-141 ;Cr- 55 ;
In-132 |Dy-147m |Eu-156
Rb- 94 |Ni- 67 lCd-105
I -124 IF - 22 IPm-148
Sr- 97 ITi- 43 IAl- 32

1 1
( 1

Fe- 53 1
Mn- 51 10 - 14 !C1- 33
Al- 31 ;In-110m Er-149m
Er-149m ; ;
Ld 117m ;S[- L'o ;bn-lll
Cs-140 !Pr-134 |Dy-147m
Br- 89 |Pb-197 |Co- 62
Kr- 93 IDy-147m 1
Ar- 33 IV - 54 IK - 45
Cd-119 !Ar- 45 JAs- 80
La-145 ! 1
Sb-118m |T1-191B !
V - 47 Er-149m Cr- 55
Ga 64 jV - 48 ;Rh-100
K - 4S ;ln-lJUDil;Nd- Jb
Kr- 88 |Cd-125m |Tc- 94m
La-142 | !
I -120m |Cu- 72 I
Rb- 82 II -136 IF - 23
Mo- 89 iRb- 7S !Y - 98
Cd-119m IS - 29 !Ga- 66
N - 18 Al- 29 !P - 29
Fe- 63 0 - 20 K - 36

< •

2430. (keV)

radionuclide

|Sc- 46 I
|Kr- 87 |Tc- 93m
; ;
IMn- 62 IAu-187
Ifd ll«m Illg lSOfjm
• 1
• 1

Sln-130m2:Cd-105
!Kr- 88 iAu-187
Ag-lO2m
jCa- 76 jPm-141
1 1
1 1
1 1
1 1
1 1
1 1

!Rh-108 IEu-143
ITe-115m ICo- 62m
!As- 76 iln-126
!Br- 89 !Rb- 88
1 1
1 1
1 *
I 1

jl -114 ;Ag-102m
;Er-149m ;
|Dy-147m |Pr-144
I 1
I 1

II -122 1
1 1
1 1
f 1
f 1

JMg- 29 IP - 38
* *
( 1
1 1

jl -138 ;
1 1

1 1
1 1
1 1
1 1

IK - 46 IFe- 52m
II -136 1
t I
1 I

1 >
1 1

t k
1 1

;Nb- 90 JY - 90ra

JLu l'junjiO-lll'm
|Cd-121m jCd-105
iPr-140 |Br- 86
I I
I I

IGa- 74 10 - 19
iLa-146 !
l l

I l
< l
1 l

jCa- 49 ;Br- U
;In-130ni2;In-131m2
jln-liiu ;Mg- 2J

1 1
• 1
• 1

iln-122 1
Hn-llOin !V - 48
!Eu-144 IK - 42
1 t

1 t
1 t

1 l
1 1
l t
l 1
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Energy
<keV)

2444. 7
2447.86
2459.
2469.4
°lh°. S
2505! 4
2529.7
2540.3
2550.7
25S3.
2555.1
2562.
2564.
2604.5
°fiM. 53
2614!53
2630.9
2662.4
2694. 7
2699.4
2719! 3
2769.9
2785.9
2827.
2*61.1
2880.3
2893.5
2921.9
2928. fi
2934.6
2978.9
3000.
3053.9
3081.7
T''"11.
3142"! 6
3149.
3160.6
3183.fi
3233.2
j_VJ. ."

Intensity
(.%)

8.OE-03
1.57

i . r.r r>3
5.7E-U3

_..
4.6E-04

-1.OE-04

1.8E-04
1.4E-04
4.OE-04

35. fi1

8.OE-04
3.OE-04

0.031
2.8E-O3
1.8E-03

0.025
5.5E-03
2.3E-03
3. £E-(H
«!2E-O3
6.OE-03

0.O14
1.1E-O3
4. 6E-O4

0.014
8.8E-03

0.021
4.8E-03
1. IE ni
1.2E-U3

-8.8E-05
3.2E-O4
1.3E-O3

- 1 . OE-04
6.'JL UJ

u
u
u
u
M

li

u
u
u
li

u
u
u
u
t
c:
u
u
u
u
u
u
u
u
11

u
u
u
u
u
u
u
u
u
IJ

u
u
u
tl
u
11

Nuclidc

Bi-214
Bi-214
Bi-214
Bi-214
Bi-211
Bi-214
Bi-214
Hi-214
Bi-2H
Bi-214
Bi-214
Bi-214
Bi-214
Bi-214
Tl ^ns
Pb-208
Hi-214
Bi-214
Hi-214
Bi-214
Bi-214
Bi-214
Bi-214
Bi-214
Bi-214
Bi-214
Bi-214
Bi-214
Bi-214
Bi-214
Bi-214
Bi-214
Bi-214
Bi-214
Bi 211
Bi-214
Bi-214
Bi-214
Bi-214
Bi-214
Bi J l l

Decay
mode

B-
B-
B-
B-
B
B-
B-
R-
B-
B-
B-
B-
B-
B-
B

m
B-
B-
B-
B-
B-
B-
B-
B-
B-
B
B-
B-
B-
B-
B-
B-
B-
B-
R-
B-
B-
B-
B-
B-
B

Half

19.9
19.9
19.9
19.9
19.0
19.9
19.9
19.9
19.9
19.!*
19.9
19.9
19.9
19.9
3.053

19.9
19.9
19.9
19.9
19.9
19.9
19.9
19.9
19.9
19.9
19.9
19.9
19.9
19.9
19.9
19.9
19.9
19.9
19.9
19! 9
19.9
19.9
19.9
19.9
1 C J . C J

l i f e

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M

Ga-

Ti-
Mg-
n- . •

Hn-
Rh-
Si-
V -

Kr-
Na-
K -

Energy 2444.7 ~

Relational a r t i f ic ia l

81 |
1
1

53 ICI-
32 ISc-
i7m :r.t

49 ! (o -
98 !MB-

33 ;P •
47 ;

1

87 •
29 iCl-
52 ;Rb-

Cd-123m IKr-
\c
Na-

2̂ \\s
29 iBr-

Sb-13't !Rh-
Se-
Ar-
Tc-
Tc-

8i> >Sr-

1
1
1

40 ITi- 43
52 !Er-149m
s i ; i ; i ~<i

fiO !Na- 27
31 !Tc- 9 4 B
36 iMn- 50m

I
I

t

I

34m ;Cd-121m
91 II -120
93 !Er-149m

1̂ 2m ISni 113
74 :Cd-12f.m
94m !Mo- 91

101 !Br- 74
35 jSr-lfiJ |A«-118ra
93m ;Tc-H)6 :
91 !Sr-

Y -100 ;
95 ;

1
1

Lu-170 !Ag-119 !Ag-118
Sn-107 :Ho-149 !

Co
Br-
Ga-

Dv
Si-
Br-

Na-
Mj

]

62a !
80 :SP-

1

[•1731 ;S r -
27 ;Ne-
87 IS -

;
28 !Rb-
Sp !

Tb-146ml!
Rb-
Co-
Tn-
Br-
lu

98 iHo-
62 '-Mn-
3Ooi2jRli-
90 ;ln
>j- !

;

1
1

88 !Re- 11
1
1
I
4

iif) ;K - 35
23 ;
29 |Ar- 35

1

78 !Ca- 49
1

1

91 1
52m !
95m |To-106

123m ;Ru 93
1

3269.7

radionuc

As- 68
K - 36

Ag-112
Cs-13'i
Na- 26

C is

Y W>
AK-116
In-123m

Tt'-136

(keV)

idc

As- 84
Pr-138

(Ja 72

No- 23

Nn 29

LJI-170
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Appendix A. Natural radioactive families

Thorium series (A=4n)

Uranium series (4n+2)

Actinium series (4n+3)

Natural Radioactive Families
Thorium Series

85At

84P0

83Bi

82Pb

8lTI

decay

decay
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Uranium Series

92U

91 Pa

goTh

85At

84Po

83B i

8iTI
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Actinium Series

9iPa

goTh

89A0

85At

84P0

83Bi

82Pb

81TI
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Appendix B. Some examples of na tura l gamma-ray spectrum

Rock. Uranium ore, Thorium, Monazite, Uraninite, and

Natural background

10s

107

10"

10s

to4

103

10J

10'

IOU

Gamma-rays from a rock (1)

•s
n
oo

oo m 03
CM CO CM
CM CM CM

a n n LOCO en
N V B CO 00 O S r*" "^S ) co oo •—

I fOCO CO

200 400 600

channel number

800 1000

108

107

I06

10s

Gamma-rays from a rock (2)

ts
/c

c3oo

104

I03

io2

10'

V V 2 as M C ^ C M CM CM <

2. P m << mm •<•< o-
i - ^ (0 (^f^ (O
• * » • CMCM O - - r-O) O

en 3 ^ S3 3S Q
co Cn en okO) en en o

1000 1200 1400 1600

channel number
1800 2000
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IO8

Gamma-rays from a rock (3)

10'

10°

j =

10"

10'

10',1)

lit
CD 1— <

GO CD CO CQ

sas s,
o oo o

o o

I I
20(X) 2200 2400 2600

channel number
2800 3000

105
Gamma-rays from a rock (4)

c
o
o

107

10°

io5

\0A

101

101

10u

S3S3
esjcsi

CMCMCMCSI eg egCMCMCMCSI

kkkk
SS2 SSSS SS

I
3000 3200 3400 3600

channel number
3800 4000
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10s

10'

10°

103

I
I 1°4
o
o

103

I01

10'

CM CM
I I

££

into m i—

~2 SS

10"

Gamma-rays from Uranium ore

NCM CM CM

- Q O

— CO

CJO)
00 O
into

"~ "~ CM CM CM CMCM CM CM CM

CO CO CO CO

8 8
i— CM co i n

CO CO <J>
eg CM t o ^ j -
O> ^ CO i f
"~» <O Cs| ID

<o r- i--

CM CM

i_ r

com co
coin i-
inin CM

- J ^ J W - A J L

I I

(N CM

^ M

I
200 400 600 800 1000 1200 1400

channel number
1600 1800 2000

10°

10

10'

10'

10u

Gamma-ryas from decay of Thorium

o ^r m mm <oco r- co en

«K DB CDJl CM M M ^ H M M MM
_t_l _J_J _J—I N J J J_ l M J _l_l

O CM<— CMT- C M I - (Or- i - i - C M t-CMi- <—
n n nj raw ra *o CMJO ra JD^Q js jaeo ra^ : CM

k
!=5£ 55 SS S= KF: = t n SSS iS S
m to to r^-r*

500 1000 1500 2000 2500

channel number
3000 3500 4000
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Gamma-rays from monazite
ioB

107

10°

^ r

m .q M <»-Q M -O CMU u M ii 1i «t*n » *i» « ' « ! o i J i - - j S ' - N n n win
_J ^J_J -J _J -J -J CM.J J J ^ ^ ^ ^ ^ ^ U ^ ^ ^ ^ N ^ £ C 4 N N N ^ ^

3 33 S5SK ^ 3 S S S 5 S f ; S S S l ? S S S S i 3 S 3 ^ S ; 55
2

ioJ

10"

10u I I I i i

500 1000 1500 2000 2500

channel number
3000 3500 4000

10°

10'

10"

to5

o

^ I04

o
o

103

10'

10"

Gamma-rays from uraninite

03 oo i— m
_J _ I _ J tsi_j _j _j cg_i eg _j esj _i

co i— CQ aczj ca •< or •< i— t— 3 2
« m«— CJ m r^ tn 00 a> r-
co 0 1 0 w<o eg in cgcg CM o> 10 • < -
o c-jci r ico in in <btb K co ai 6

o r~- ST"* " * ° esJ"~ ^ ^ esl*"~ •*" r g *~ — «M •—CNJ —CM -<r «r »-cg
CM CM CMCM CM CM *Zi£ *Zi£ i£iC iC S£ i £ ^ S£ ^ Stf ^ i ̂  CM CM ^ ^

500 1000 1500 2000 2500

channel number
3000 3500 4000
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10s

107

I06

IO5

o

oo

I03

102

I01

Background gamma-rays measured by a detector with lead shield

CM CM CM CM CM CM I N

OO COCO •<?
CM CMCM r a
CMCMCM CM

2 8
r r en OJ »

CM r—o* o CM »-
^ S(o o CM co
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500 1000 1500 2000 2500
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Background gamma-rays measured by a detector with iron shield
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•S
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8
10J
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500 1000 1500 2000 2500
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s
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T

H
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Bq

Gy

Sv

fu3© S I -EfMu
rC ct o ^z ?fi

S " '

m-kg/s2

N/m2

N-m

J / s

A-s

W/A

C/V

V/A

A/V

V-s
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Wb/A

cd-sr
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s - '

J/kg

J/kg
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t-
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B#, a

., h IV

y

f * yi/ h

12 f̂
min, h, d

1. L

t

eV

u

1 eV=1.60218xl0-"J

1 u= 1.66054x10-" kg

* y fT. ^ a
/N' -

,< -

if

* ^ 'J
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7

— A
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-

r y

K
A

12 ^

A

b

bar

Gal

Ci
R

rad

r e m

A=0.1 nm=10-10m

b=100fm2=10-28m2

1 bar=0.1MPa=105Pa

lCi=3.7xlO"'Bq

1 R=2.58xlO-4C/kg

1 rad = lcGy=10-2Gy

1 rem=lcSv=10 zSv

1

sa
1 0 "

1 0 "

1012

10'

10'

103

102

10'

10"'

io-2

io-3

10"'

10"'
1Q-12
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m
X
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X
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X
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f

a

1. m 1 - 5 (± raKMte^j ^5 us, TSK
®tt«i: 1985^PHTICJ;4O fcfcX, 1 eV
fc'ifflu Offifi CODATA © 1986^*4?

h, T-iv,

3. barl i ,

So

r, barn&J;

N( = 105dyn)

1

9.80665

4.44822

kgf

0.101972

1

0.453592

lbf

0.224809

2.20462

1

E

tt S. 1 Pa-s(N-s/m2)=10P(#rx')(g/(cm-s))
lmVs=10'St(x b -:? x)(cmVs)

MPa( = 10bar)

1

0.0980665

0.101325

1.33322 x 10"'

6.89476 x 10'3

kgf/cm2

10.1972

1

1.03323

1.35951 x 10'

7.03070 x 10-

a tm

9.86923

0.967841

1

1.31579 x 10-

6.80460 x 10"

mmHg(Torr)

7.50062 x 103

735.559

760

1

51.7149

Ibf/in2(psi)

145.038

14.2233

14.6959

1.93368x10-

1

X

J[s

1

i±

ffl

J( = 10'erg)

1

9.80665

3.6 x 10s

4.18605

1055.06

1.35582

1.60218x10-"

kgf'm

0.101972

1

3.67098 x 10 s

0.426858

107.586

0.138255

1.63377 x lO"20

kW- h

2.77778 x 10"'

2.72407 x 10"'

1

1.16279x10-'

2.93072 x 10""

3.76616x10-'

4.45050 xlO"26

cal(lt«ffi)
0.238889

2.34270

8.59999 x 10s

1

252.042

0.323890

3.82743 x 10"2°

Btu

9.47813 x 10-'

9.29487 x 10'3

3412.13

3.96759 x lO"3

1

1.28506 x lO ' 3

1.51857x 10"22

ft • lbf

0.737562

7.23301

2.65522 x 10'

3.08747

778.172

1

1.18171 x 10""

eV

6.24150 x 10"

6.12082x 10"

2.24694 x 1O2S

2.61272x 10"

6.58515 x 1021

8.46233x10"

1

1 cal = 4.18605 J (ItJitffi)

= 4.184 J (#Vft'fO

= 4.1855 J (15 X )

* 1 PS

= 75 kgf-m/s

= 735.499 W

Bq

3.7 x 10'°

Ci

2.70270 x 10-

1

Gy

1

0.01

rad

100

1

C/kg

2.58 x 1Q-'

R

3876

1

Sv

1

0.01

100

1
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