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FOREWORD 

This Handbook has been compiled as a reference for scientists working 

with photonuclear reactions. It was intended to contain the known information 

required in the investigation of induced activity in foods. The photo cross 

sections, threshold values, and decay schemes presented here are the kind of 

information needed to calculate the activity produced in a food sample irradi¬ 

ated at a certain energy. BremsStrahlung cross section curves are also included 

in the final section of the handbook in order to facilitate the calculation of 

radionuclide yields. 

This collection of information is by no means complete. For this reason, 

space has been left to insert further information, remarks, and cross section 

curves. In this way, the individual can keep his photonuclear data up to date. 

Although this information was compiled as part of the Food Irradiation 

Program of the U.S. ^rmy, it is hoped that it will have wider application and 

will be used by those engaged in photonuclear research throughout the country. 

FERDINAND P. MEHRLICH, Ph.D. 

Director 

Food Division 

Approved: 

DALE H. SIELING, Ph.D. 

Scientific Director 

MERRILL L. TRIBE 

Brigadier General, USA 

Commanding 
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ABSTRACT 

A compilation has been made» of the data which would be most useful 

in calculating the activities produced in food by high energy electrons 

or gamma rays. The known isotopes of each element are listed with their 

atomic masses, half lives, and methods of decay. Photoneutron and photo¬ 

proton cross sections are shown and both theoretical and experimental 

threshold values are listed. References are included for a.1 data. The 

appendices include a short description of the bremsStrahlung cross sections 

and a list of the common radioactive isotopes found in food irradiated by 

high energy electrons. 
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INTRODUCTION 

Purpose. 

The purpose of this Handbook is to collect and make easily available the 

various data needed to calculate the activities produced in food and other 

materials by high energy electrons or gamma rays. 

Arrangement of Contents. 

The material is arranged by atomic number starting with Hydrogen and ending 

with element 103. The infonnation is divided into three principal parts: 

1. The Table. At the top of each page, the table gives pertinent 

information on the isotopes including the mass, half life, and 

type of decay. 

2. The Cross Sections. At the bottom o** each page are photoneutron 

and photoproton cross sections. Space has been provided for 

extra cross sections when they become available. 

3. Threshold Values. On the back of each page, in the ,,Remarksn 

section are the threshold values for (/, n) and (/, p) reactions. 

Both theoretical and experimental values are listed where available 

for the major stable isotopes. 

The Tatlss. 

Source. The data for most of these tables are adapted from the Table of 

Isotopes of Strominger, Hollander, and Seeborg (Ref. 9). TT another source is 

used, it is so indicated. Mass values in Column 2 are from the tables of 

Wapstra and Huizenga (Ref. 2). 
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Column Headings, 

Column 1: This contains the atomic number, the name of the element, and 

the isotope number for each isotope. 

Column 2: The atomic masses are listed here with the uncertainties in the 

measurement, 

Column 2: This lists the relative isotopic abundance. 

Column 4: The half life for radioactive isotopes are listed in this column. 

Column The type of decay is listed followed by the energy in Mev, 

The symbols used are: 

B“ negative beta particle emission 

ET*" positive beta particle emission 

ok alpha particle emission 

y gamma photon emission 

K or EC orbital electron capture 

Column 6: This refers to the references listed at the end of the Handbook. 

Selection and Interpretation of Information, 

The cross sections and data contained in this report are not meant to include 

all of the work which has been done. The bibliography of photonuclear reactions is 

quite large and increasing continuously. Thus the references used here were merely 

the ones known to the compilers of this report. This Handbook is considered only 

a place to start when photonpc.i ?ar information is needed about a particular isotope. 

No attempt has been made to be selective in determining which cross sections 

should be used. All (/, n) and (/, p) cross sections which could be found were 

included. The reader should return to the original papers to determine which most 

nearly fits his needs. 
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Space has been left in the Handbook for other remarks and information and for 

later cross sections. 

Appendices, 

Two appendices have been placed at the end of this Handbook. The first of 

these gives an introductory look at bremsStrahlung cross sections and the second 

lists some of the possible activities to be found in food irradiated by high 

energy gammas or electrons. 

Alphabetical List of Elements. 

The list which immediately follows is an index to the element s. 
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ALPHABETICAL LIST OF THE ELEMENTS 

Element 

Atomic 
Number 

Symbol_Z_Element Smybol 

Atomic 
Number 

Z 

Actinium 
Aluminum 
Americium 
Antimony- 
Argon 
Arsenic 
Astatine 
Barium 
Berkelium 
Beryllium 
Bismuth 
Boron 
Bromine 
Cadmium 
Calcium 
Californium 
Carbon 
Cerium 
Cesium 
Chlorine 
Chromium 
Cobalt 
Copper 
Curium 
Dysprosium 
Einsteinium 

Erbium 
Europium 
Fermium' 
Fluorine 
Francium 
Gadolinium 
Gallium 
Germanium 
Gold 
Hafnium 
Helium 
Holmium 
Hydrogen 
Indium 
Iodine 

Ac 
A1 
Am 
Sb 
A 
As 
At 
Ba 
Ek 
Be 
Bi 
B 
Br 
Cd 
Ca 
Cf 
C 
Ce 
Cs 
Cl 
Cr 
Co 
Cu 
Cm 

oy 
E 
Er 
Eu 
Fm 
F 
Fr 
Gd 
Ga 
Ge 
Au 
Hf 
He 
Ho 
H 
In 
I 

89 Iridium Ir 
13 Iron Fe 
95 Krypton Kr 
51 Lanthanum La 
18 Lead Pb 
33 Lithium Li 
85 Lutecium Lu 
56 Magnesium Mg 
97 Manganese Mn 

4 Mendel eevium Mv 
83 Mercury Hg 

5 Molybdenum Mo 
35 Neodymium Nd 
48 Neon Ne 
20 Neptunium Np 
98 Nickel Ni 

6 Niobium Nb 
58 Nitrogen N 
55 Osmium 0s 
17 Oxygen 0 
24 Palladium Pd 
27 Phos]jW>í*us P 
29 Platinum Pt 
96 Plutonium Pu 
66 Polonium Po 
99 Potassium K 
68 Praseodymium Pr 
63 Promethium Pm 

100 Protactinium Pa 
9 Radium Ra 

87 Radon ^ 
64 Rhenium Re 
31 Rhodium Rh 
32 Rubidium Rb 
79 Ruthehium Ru 
72 Samarium Sm 
2 Scandium Sc 

67 Selenium Se 
1 Silicon Si 

49 Silver Ag 
53 Sodium Na 

77 
26 
36 
57 
82 

3 
71 
12 
25 
101 

80 
42 
60 
10 

93 
28 
41 

7 
76 

8 
46 
15 
78 
94 
84 
19 
59 
6l. 
91 
88 
86 
75 
45 
37 
44 
62 
21 
34 
14 
47 
11 
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Element_Symbol 

Strontxuiu Sr 
Sulphur S 
Tantalum Ta 
Technetium Tc 
Tellurium Te 
Terbium Tb 
Thallium T1 
Thorium Th 
Thulium Tm 
Tin Sn 

Atomic 
Number 
Z_Element 

38 Titanium 
16 Tungsten 
73 (Wolfram) 
43 Uranium 
52 Vanadium 
65 Xenon 
81 Ytterbium 
90 Yttrium 
69 Zinc 
50 Zirconium 

Atomic 
Number 

Symbol_Z 

Ti 22 

W 74 
U 92 
V 23 
Xe 54 

;-;Yb 70 
Y 39 
Zn 30 
Zr 40 
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Z CHEM* A 
SYM. 

ATOMIC MASS 
AMU + 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

1 Hydrogen - 1 1.008145 1 99.985 2 

- 2 2.014740 2 0.015 2 

- 3 3.017005 5 
-- 

12.4 Y B-0.019 2, 5 

E 
Mev 

a 
mb 

/.9 
4 
5 

6 _ 2.Z 

7 /.1 
A /.8 
9 /,6 
io 1 b4 
/Ai 1.2 

/2 /-/ 
J3_ bO 

0,1 

// 0'8$ 
/ £ 

LxZ_L£biÊ_J 

mb 

¡0 itt 

eY fMev) 
H (fi") 

2.22471 + 0.00040 Mev 

Ref. #6 



REMARKS 

Thresholds Isotope Theoretical Experiinental 

(r*) H1 -2,2297 

!» 

Reference 

4-1-> I -H-H—I I—h-+—i f.fr-l » 



Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + 

“I- 
4BUNo 

HALF 
LIFE 

DECAY 
Pype & Energy (Q) EEF 

2 Hélium - 3 3.016986 5 0.00013 2 

- 4 4.003^73 2 ~ 100 2 

- 5 5.013888 32 2.x10-21s n, <A 2, 5 

- 6 6.020831 31 0.82 . B'3.50 2, 5 
_ 



REMARKS 

Thresholds Isotope Theoretical 

(Y: h) -M-W 

Ur,)*) 11122. - 

; 
He 

Experimental Ref. 

Ù 

á 

4-1-1-1-1-1-1-1 Í-(-(-I-1-I-1-► 
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Z CHEM. A 
SYM. 

ATOMIC MASS“ 
AMU + 

m— 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

3 Lithium -5 5.013948 220 10~21 B P, Ä 2, 5 

-6 6.017034 5 7.5 2, 5 

-7 7.016232 6 92.5 2 

-Ö 8.025033 5 0.83 s B-13.4; M3 2 

-9 
r 

0.17 s i B"; n + 2* 
: 5 



REMARKS 3 Li 

Thresholds 

~rj) 

Isotope Theoretical Experimental Reference 

Li6 -5.663 6 
li7 _-7.253___6 

Li^ -4.653 6 
Li7 -9.985_6 



* 

Z CHEM. A 
SYMo 

ATOMIC MASS 
AMU +j 

—r~ 
ABÎIN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

4 Beryllium-7 7.019159 5 54 d K;TT 0.48 2, 5 

-Ö 8.007849 5 ~lO-1^ s 2d .08 2, 5 

-9 9.015046 c 100 2 

-10 10.016716 7 2.7x106ï ro.56 2 



REMARKS 

i 8c 

Thresholds 

(Y*) 

if,*) 

Isotope Theoretical 

-/.Us 

os -n.tss 

Öc9 -2,52% 

Experimental Reference 

6 

á 

é 
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5 

Z CHEM. A 
SYM. 

! ATOMIC MASS 
AMU ± 

rnr~ 
ABUN. 

HALF ! DECAY 
LIFE , Type & Energy (Q) 

KEF. 

5 Boron -8 8.020768 430 
1 

0.65 s 1 B+13.7;2-<3 2,5 

-9 9.016195 6 3xl0'19 s P,(2¾) 2,5 

-10 10.016119 6 18.8 2,5 

-11 11.012795 6 81.2 2,5 

-3.2 j 12.018168 6 0.027 8 ri3.4~^;^ 4.5 2,5 

L (T 
mb 



REMARKS 

Thrasholds 

Of,*) 

CK P) 

Isotope 

B10 

B10 
BU 

Theoretical Experimental 

- 8,440 
-11.456_ 

- 6.58? 
-11,229_ 

Reference 

6 
6 

6 
6 
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r-- 

2 CHEM. A 
SYM. 

Ref. #2 — 
ATOMIC MASS 

AMU + 
% 

ABUN. 
HALF i DECAY 
LIFE ; Type & Energy (Q) 

REF. 

6 Carbon -10 10.020240 110 19.5S B+-2.2; Jf.72, 1.04 2, 5 

-11 11.014922 7 20.5m B-fO.99 2, 5 
_ 

-12 12.003803 5 98.89 2 

-13 13.007478 5 1.11 2 

-14 14-00768? 3 5580Y 
■ 1 

B-0,155 • 2, 5 

-15 15.014162 50 2.4s B-~9;jf5.5 2, 5 

\ 



REMARKS 
C 

6 

Thresholds 

(r,n) 

TrJT 

Isotope 
C12 

¿3 
()12 
cU 
c15 

Theoretical Experimental Reference 

-18.721 6 
- 4.947_6 
-15.956 6 
-17-?33_Í 

- 7.3695 6 

(KP) 



Z CHEM. A ATOMIC MASS 
SYM. AMU ± 

% HALF DECAY 
ABUN. LIFE Type & Enorgy (Q) 

_»___ 

REF. ■ 

7 Nitrogen-12 12*022?7ô 110 0.013 s B+17, 3« - 4 2,5 

-13 13.009864 5 10.1 m B+1.20 
— 

2,5 
■ ■ 

-14 14.OO752O 3 99.63 ! 
__ 

2 

-15 15.004862 5 0.37 2 
m — 

-16 1 16.011171 13 7.3 s 8-4,10,^1.72 
il.90,2.75,6,13, 

,if 7.11,8.85 
■_ . i 

2,5,6 

-17 ; 17.013984 210 4.14 s ¡ B“3.7;(n 1.0) 2,5 



REMARKS 

Thresholds 

o;m) 

Isotope 

nh 
N1? 

Theoretical 

-10.553 
-10.834 

Experimental Reference 

6 
6 

(y;p) nh 
n15 

- 7.5494 
-10.2077 

4-1-(-1-1-I->-! ■I-i-(-i-<-I-h—» 
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CHEM. 
SYM. 

ATOMIC MASS 
AMU ABUN, 

HALF DECAY > REF. 
LIFFj , Type & Energy (Q) ! 

8 Oxygen -14 14.013069 15 ?6 s i B-l-1.8; ï 2.3 2, 5 

-15 15.00776? 2.1 m ; B+1,66 

-16 1 16.000000 0 ; 9?.76 2 

-17 17.004534 5 0.037 2 

-18 18.004855 8 0.20 , 2 

-19 

— 

19.009591 13 1 : 29 s 

_^_ — 

BT.9, 4.5; i 
ï.112,.200,1.366 | 2,5,6 



REMARKS 

Thresholds 

(r*) 
(Kip) 

(Y,*) 

Isotope 

0* 

o'1 
„ fl 

Theoretical 

-I S. U<! 

- *2. lU 

- 7, U/S 

Experimental Reference 

¿ 

Í 

C 
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5 

Z CHEM. A 
S YM. 

ATOMIC MASS 
AMU t 

% 

ABUN. 
HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

-_ 

9 Fluorine -17 

---— 

17.007506 4 70 s Bfl.72 2,5 

-18 18.006646 9 1.87 h W-.65 2,5 

-19 
—--- 

19.004448 7 100 2 

-20 20.006340 h 12 s B-5.3, 6.7; K 1.6 2,5 

-21 21. 

♦ 

F"'(r,») ßcr n 

P . O- K S 



REMARKS 

Thresholds Isotope Theoretical Experimental Reference 

(yh) fT"* -/0.9*2 

(r[fi) r"_: 1112. 
i 

# 

4-1-1-t- ♦ «—I-< ^-1—f » 



CHEM. 
SYM. 

ATOMIC MASS 1 % 

AMU + ABUN. 
HALF ! DECAY j REF. 
LIEE Type & Energy (Q) 

10 Neon -18 18,011185 2/0 1.6 a . B+3.2 

-19 19.007OA5 18.5 s B4-2.18 

■20 i 19.998769 9 , 90.9 

2, 8 

! 2, 5 ! 
4-1 

<? 

-21 ' 21.000499 10 0.26 

-22 21,998354 12 8.8 

-23 23.001764 1? 40 s ; B'4.21, 1.18 
ff 0.439, 1.65 

2,5,6 

-24 
3.4 m 8-1.9¾ÏO.472,0.878 ; 2,8,6; 



REMARKS 

Thresholds 

(v;*i) 
Isotope Theoratical 

Ne20 -16.875 
Ne22 -10.-367 

Ne2^ -12.844 
Ne22_-15.288 

Experimental 

Ne 
10 

Reference 

6 
6 
6 
6 

4-1-) I 1--H—< Í-i-Í- 



Z CHEM. A 
S'ÏM* 

ATOMIC MASS 
AMU ± 

—Ï 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

BEF. ; 

11 Sodium - 20 20.015236 220 O.23 s BfjUl 72 2, 5 

- 21 21.004281 35 23 s Bf2.50 2, 5 

- 22 22..OOI404 14 2.6 y B+.54,~1.8; *1.28 2, 5 

- 23 22.997053 U 100 2, 5 

- 24 23.998565 14 15,0 h B-I.39, 4.2; y 5.3 
7 2.755, 3-7, 1.38 2,5,6 

-25 24.997781 180 60 s B-3.7, 2.7; ^0.39, 
» 0.46, 0.58, 0.98, 
V I.6I, I.96 

2,5,6 

E 
Mev mb 

1 

i 



REMARKS 

Thresholds Isotope Theoretical Experimental Reference 

(Y'") N*7' 

(r,t>) Ak13 - g.^g 

A-1-1-1-h—I-1-* A-i-1-I-f—h Í 



Z CHEM. A 1 ATOMIC MASS % 

S YM. ! AMU + AEUN. 

MAI,F DECAY REF. ¡ 
LIFE Type & Energy (Q) i 

_l- . — -*- 

12 Magnesium-23 j 23.001453 Hj 12 s : B-3.0 ¡2, 5 
—---1-----* 

-2U 1 23.992640 151 78.8 

’ 

>0
 

-25 24.993752 15 1 10.1 2, 5 _ :_k- 

-26 25.990798 23 11.1 2, 5 
-—- 1 --- 

-27 26.992868 23 9.6 m B-1.80, 0.79; 2,5,6 
¡5 0.84, 0.180, 1.01 

_—1--- 

-28 27.992714 32 ¡ 

J_i- 

21.3 h * 8-0.45^0.032, 
1 ( 0,396, 0.950, 1.35 '2,8,6 



il M, 

Thresholds 

lï^) 

( r,?) 

(K*) 

Isotope 

rf*' 

^Sr 

r 

2i 

¿5“ 

M~u 

u 

M ? 
iV 

FEMAFKS 

Theoretical 

-¡Í.S3T 

- 7,33/ 

- ll.WV 

-a in 

-n.otH 
- m, no 

- 7 

Experimental 

• I i,( 

- 72, 3 

-//, / 

-/2J 

- >V,3 

Reference 

20 

20 

Í 

10 

20 

E 
Mev mb 
H 0 j 
15 ! 0.05 
16 ! 0,5 i 
17 ! 1.4 j 
1Ö 2.8 
19 4.8 
20 7.5 
21 11.6 
22 17,8 
2? 18.2 
24 9,1 
25 4.3 
26 , 2.3... 

M12í(^ReF*4 
^ E 
jWev 

ÍÔ 1ü it 14 ic. 

T 
mb 

io : 2.1 
Il 2.3! 
12 2.5' 
13 2.7; 
U 3,0] 
15 3-2 
16 4.0 
17 ?.0 
18 9 J 
19 12,2 
20 10o2 
21 7.8 
22 5.0 

Jî oroPß-5 

('hev) 
ÿ /0 IZ i4 It If to XX. z4* 

Ey ("Mev) 
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Z CHEM. A 
SYM. 

-- 

ATOMIC MASS 
AMU i 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

13 Aluminum-2i+ 24.007691 320 2,3 S B-H; <1.385, 2.72 
4.20, 5.40, 5.70 
7.05 tcX 

2,5,6 

-25 24.993312 60 7.3 S B '5 K 1.58 2,5,6 

-26 25.995120 23 6.5 S B-:-3 2,5 

-27 26.990081 16 , 100 ; 2,5 

-28 
-1 

27.990771 16 j 2.30 m B~2,87;'!f 1.78 2,5 

-29 28.989925 110 6.6 m B-2.5, 1.4^1.2, 
2.3 

2,5 



REMARKS 

Thresholdb Isotope 

(r,») Ai21 
(Y,P) A111 

Theoretical 

“ /1.06 7 

- 

Experimental 

- /3. y -n 2C 
Reference 

t, 3?, Y2 

\-i—I—>.t—*■-»—» 
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Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + 

V 

£ 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

■ ■ .. 

14 Silicon -21 

r-— 

26.995265 19 5 S EH-3.5 2,5 

-28 27.985775 19 92.21 2,5 
-—1 

-29 28.985660 20 4.70 ?, 5 

-30 29.983252 19 3.09 2, 5 

"31 30.98*153 23 2.6 h B-!.47;tfl.26 2,5,6 

-32 31.984134 60 300 y BT 1 ' n, 8 
— 1 

\ 



Z CHEM. A 
STM. 

ATOMIC MASS 
AMU + 

% ' 
ABUN* i 

HALF 
LIPE 

DECAY 
Type & Energy (Q) 

REF. 

Thresholds 

(Y,*) 

Gr» 

Isotope 

s,3? 
S.1’ 
s,* 

s/1 
s, 

5,'» 

FEMARKS 

Theoretical 

-/7./77 
- 

- fQ.(^ 

- 

-/2.335“ 

- /3. 

- TWé 

Experimental Reference 

c 
Ù 

é 

é 

c 
L 

E 
Mev <r 

A-[-í-\-1-1-1-ï 
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Z CHEM. A 
STM, 

ATOMIC MASS 
AMU + 

% 

ABUN. 
HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

15 Phosphorus-28 28.000585 300 0.28 s B+10.6; y 2,9 

-29 28.990994 23 4.45 S B+3.9;jr 1.23,2.42 2,9,6 

-30 29.987825 48 2,5 rn B+3.2; r2.l6 2,9 

-31 30.983561 24 100 9 \ 

-32 31.984028 26 14-.2 d B-1.7 2,9 

-33 32.982156 30 25 d B-0,25 2,9 

-34 33.984120 230 12.4 s B-5.1,3.2,V2.10,4.6 2> 9 

E 
Mev <r 

\ 



REMARKS 

Thresholds Isotope 

(r,*) p" 

(Y,?) P11 

Theo ret ic&l Experimental 

-/2.3K 

- 7,2U 

Reference 

¿ 

4—H-1-1-1—*-1-* 4-i—HH—HH— ?■■■» 



Z CHEM. A 
SYM, 

ATOMIC MASS 
AMU ± 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

16 Sulfur -31 30.989405 80 2.4 s 9¾. 5 2, 9 

-32 31.982196 26 95.018 ? 

-33 32.981889 30 0.750 9 

-34 33.978640 50 4.215 c/ 

-35 34.980085 35 67 d B-0.17 2, 9 

-36 35.978440 120 0.017 9 

-37 36.982050 330 5.04 m B-1.6;Y3.1 2, 9 

-38 2.6? h B“l.l;Y 1.88 9, 6 



REMARKS l6fc 

Thresholds 

W) 

Isotope 
<*32 

S34 

Theoretical 

-15.081 
-1LÀ21— 

Experimental Reference 

6 
6_ 

(Kh) S32 
s34 

- 8.8626 
-10.8872 

4-)—i—!—I—I—I—i H-i—I—I—t—h -t—4 



Z CHEH.* A 
SM. 

, ATOMIC IASS 
AMU + 

* ' 
ABÜN. 

HALF 
Lire 

DECAY 
Type & Energy (Q) 

REF. 

17 Chlorine -32 31.996186 430 O.32 s B+9.5;Tf2.23, 3.79 
Tf 4.3Ó, 4.8O 

2,9,6 

-33 32.987744 HO 1,8 3 B+4.2; T2.9 2,9 

-34 33.984570 60 1.5 s B+4.45; 2,9 

-35 34.979905 35 75.53 2,9 

-36 35.979688 40 3.1xl05y B-0.714; 2,9 

-37 36.977540 45 24.47 2,9 

-38 37.979965 60 37.5 a 8-4.81,2.77,1-^5 
1T2.15, 1.60 

2,9 

-39 3Ö.979820 80 55.5 a B-1.91,2.18,3.45} 
0.246,0.35,1.27, 
1.35, 1.52 

2,9 

-40 I.4 m BT3.2, 7.5î¥1.46 
t 2.75, 6,0 

9 

IS 
Mev <r 

o i—I—I—i—i—i—i—y 



REMARKS 

n a 

Thresholds Isotope Theoretical 

(r>i) c/,r -n.sa 
_Ct 37_- 10,222 

(Y,p) CL^ - 
cl17 - 2 .^0lH 

Experimental * Reference 

¿ 

- /Q, 307_ 

( 

C 

4-l-H-1—(-Í—I-1 1-i—i 1 I I—h—* 



Z CHEM. A 
SYM, 

ATOMIC MASS 
AMU + 

£ 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

18 Argon -35 34.985715 65 1.83 s 8+4.96^1,19,1-73 2,9,6 

-36 35.978921 40 0.337 2,9 

-37 36.978416 45 35 d EC 2,9 

-38 37.974790 50 0.063 2,9 

-39 38.976644 70 ^265 y B-Û.565 2,9 

-40 39.975050 50 99.6 2,9 

-41 40.977530 60 110 m B-1,25;T 1.3 2,9 

-42 ¿3.5 y B- 
'1 

E 
Mev era 

9 0 
10 1.0 
11 2.0 
12 4.0 

_13 _ 7.0 
14 10.0 
15 14*5 
16 19.0 
I? 23^ 
18 56.5 
19 ¿9*5 
2Ö 31.2 
'¿1. 30.0 
25 26.2 
23 21.0 

. .24 . 14.0 

A (V(nj 
Ur * i 

E 
Mev 0^1 
14 1.5 
15 3-4 
16 6.Ö 
17 13.0 
18 2LÔ 
19 33.0 
20 49.0 
21 68,0 
22 84.0 
23 97.0 

! 24 lüTTTT" 

A (i/p) 
Rer^tC, 

tfr. 

UA 

M /6 /Í 



REMARKS 

IS 
A 

Thresholds 

(yn) 

(Y.*) 

Isotope Theoretical 

-n.s23 

- á. Sel 

Experimental Reference 

é 

¿ 
i 

\-I-h—I—I-1-1-1 4—i—(—> * I * 



Z CHEM. A 
SYM, 

ATOMIC MASS 
AMU + 

1 £ '■ 
AKIN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

19 Potassium-37 36.985000 300 1.2 s Bt5.1 2,9 

-38 37.981100 60 7.7 m 8+2.68^2.2 2,9 

-39 38.976037 70 93.08 2,9 

-AO 39.976653 60 0.0118 1.39xl09; •^1.3;51.5 2,9 

-41 40.974760 60 6.91 2,9 

-42 41.975830 70 12.5 h B-3.55,1-99; 
■$0,315, I.516 2,9 

-43 42.974330 80 22.0 h 8-0.83,0.24,0146} 
IfO.219,0.373,0,38í 

0.393,0.591,0.61^ 

s 2,9 

-44 43.975900 23O 22.0 m B-1.5, 4.95^1-13, 
2.07, 2.48, 3.6 

2,9 

-45 34 m E 9 

E 
Mev cr E 

Mev <r 

h—i—i—i—i—i—I—e 



REMARKS 

U 
K 

Thresholds 

(rn) 

(r,ï) 

Isotope 

k” 

K” 

K” 

K" 

Theoretical 

-/3.071 

- /0,0^5 

-t . 302 

- 1.171% 

Experimental 

- /3, /23" 

Reference 

Í, V* 

c_ 

< 

i 

A-1-1-1-H—Í-1—4 i—* » » »—HH I 



Zû Co, 

Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + 

ÍÍ 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

20 Calcium -38 0.66 s £* ,^3.5 6 

-39 38.983400 400 1,0 s B+6.1 2,9 

-40 39.975230 60 96.97 2,9 

-u 40.975230 60 l.lxlO^y EC 2,9 

-42 41.971890 60 0.64 2,9 

-43 42,.972350 80 0.145 2,9 

-44 43.969340 80 2.06 2,9 

__ -45 44.970350 80 153 d ro.26 2,9 

-46 0o0033 ~~9 

-47 46.969460 100 4.7 d n.94,0.66; 
ro.150,0.234, 

0.392.0.81.1.30 

2,9,6 1 
t 

-=4fíL ¿.7. Q67700 200 0.185 2,9 
-¿g 48.971160 200 8.8 r B-1.95;«3.08.4.04i 2ÍÜL 

E 
Mev 
“TT 

12 
TT 
TT 
15 
1? 
TT 
18 
II 
20 
21 
22 
TT 

078 

TT 
lofa 

TT 
77T 

14,0 
13 oO 

9T 
TT 
TT 

Câ. (V,n) 
J 6' 

H—H-f—I—I—»—I 
^ Il »4 /4 /g io 21 Z4 Z¿ 

ÍAÍ«v) 

E 
Mev Cc.'fx«)-*- (r,p»jj 

!?,!■* lo* 

/s n /7 /8 ^ il 2/ 22 

£/Mtv) 



REMARKS 

Thresholds 

(K”) 
(Y.P) 

Isotope TheoretIcaI 

Co** -/5,721 

- ■?, 

Eaperljnent&l Reference 

é 

+ 



Z CHEM* A 
SÏM, 

ATOMIC MASS 
AMU + 

* 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

21 Scandium -40 i 39.990250 500 I 0.22 s EH-9.0; *3.75,3.348 2, 9, 6 

-a 40.981630 70 0.87 s EH4.94 2, 9 

0.6S s B+4.8 9 

-43 42.974730 80 3.9 h 8+1.2,0.8,0.4/0.25 
10.371,0.627,0.8,1.2 

2, 6, 9 

-44 43.973260 80 3.9 h B+l*5; EC;ïl.2,2*54 2, 9 

-45 44.970075 80 100 2. 9 

-46 45.969490 80 84 d B-.36,1.2;ri„12, 
0.888 

2, 9 

-47 46.967240 95 3-4 d F-0.65 *0.161 2, 9, 5 

-48 47.967410 90 44 h r0.65;rl.0,0.987, 
I.329 

2, 9 

-49 48.965540 100 57 m B”2.0 2, 9 

-50 1 1*5 m B-^3.5; *1.56 9 

E 
Mev cr 



REMARKS 

Thresholds 

(Yn) 

(y,p) 

Isotope Theoretical Experimental 

Sc^ -/1.w 
Sivj- - 

Reference 

é 

¿ 

4-I-HH—\ i \ * í—i—(—i—r *' i 



Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + ABUN* 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

22 Titanium-A3 0,6 s 9 

-AA --103 y EC ; r0.072, 0.16 9 

-A5 AA.972270 80 3d h B+1.0; Ï0.A5, 0.80 

0
* 

I i 
OJ 

1 

-A6 A5.96695A 80 7.99 2, 9 

-A7 AÓ.966500 60 7.32 2, 9 

-AS A7.963120 80 73.99 2, 9 

-A9 A6.963390 80 5.A6 2, 9 

-50 A9.960580 80 5.25 2, 9 

-51 

- 

50.962660 120 5*8 m B-2.1, 1.5; 
ro.323, 0.608, 
0.93 

2j 9 

E 
Mev cr 



REMARKS 22 Ti 

Thresholds 

(r,*) 

(KP) 

Isotope 

t146 
Ti47 
Ti48 

Ti49 

Ti46 
TiW 
TiA-8 
Ti49 

Theoretical 

-I3.I9O 
- 8.887 
-11.620 
- 8.1169 

-10.349 
-10.469 
-11.438 
-11.354 

Experimental Reference 

4-1-1-!-1-1-I-< f—» I-J—f—fr ■ »-► 



23 V 

Z CHEM* A 
SIM, 

ATOMIC MASS 
AMU + 

£ 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

23 Vanadium-46 45.974900 400 0*4 9 B<-*6,0 2,9 

i 

r- 1 46.969627 80 31.1 m B+I.9 2,9 

-48 47.967453 80 16 d BK)„7i ^0.983, 
/1.-321, 2.25 

2, 9, 6 

2, 9 -49 48.964043 80 330 d EC 

-50 49.963120 180 0.25 4xL0^V r 
2, 9 

-51 5O.96OO4O 12C 99.75 2, 9 

-52 51.961184 12( 3*8 m B-2.5,r 1.440 2, 9 

-53 2 m r2.5i ^ 1.0 9 

-54 55 s B-3.3; ^0.835, 
r 0.99, 2.21 

9 



REMARKS 

Thresholds 

(Y,*) 

Üjjßl 

Isotope Theoretical Experimental Reference 

y*' -n.oHo ^ 
.Sri - ï ,0W 

V______—-— 

A-1-I-1 t ■*-*-» ^-Í-t t 1-t—f-► 



Z CHEM. A 
SIM. 

ATOMIC MASS 
AMU + 

Si 
ABUN. 

J HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

24 Chromiuin-46 1.1 8 F 9 

-47 
.- 

0.4 s F 9 

-48 23 h EC ;i0.117, OJIO 9, 6 

-49 48.966794 80 42 m B+1.54, 1.39, 0.73 
r0.063, 0.089, 

O.152 

-
-

 

O- 

-50 49.96I64O 150 4.31 2, 9 

-51 50.960844 120 28 d EC; * 0,320, O.324, 
yû.624, O.65O 

2, 9, 6 

-52 51.956990 130 83.76 2, 9 

-53 52.957460 130 9.55 2, 9 

-54 53.956020 130 2.38 2, 9 

-55 54.958430 180 3.6 m. B-2,8 2, 9 



REMARKS 24 
Cr 

Thresholds 

(y; n) 
Isotope 

50 Cr 

Cr532 Cr53 
Cr54 

Theoretical 

-12.934 
-12.051 
- 7>943 
- 9.7216 

Experimental 

-13.4 
-12.18 
- 7.92 
-10.20 

!íeference 

(Y,P) ^ co 
Cr5" 

Crg 
Cr5¿f 

- 9.592 
-10.515 
-11.155 
-11,.470 

4—I—i—i—i—i—i—i 4—i—»—I—<—H—I—I- 



25 Mn 

es Mn 

Z CHEM. A 
SYM, 

ATOMIC MASS 
AMU ± 

% 
AHJN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

25 Manganese-/f9 0^4 s F 9 

-50 49.970000 500 0.3 s Bfî6.3 2,9 

-51 50.964300 140 45 m Bf2.2 2,9 

-52 51.962070 140 5.7 d 0+0.65/0.73, 0.94 
1 I.46 

2,9, t 

-53 52.958100 130 -2x106 y EC 2,9 

-54 53.9573IO 200 300 d EC ;/0.840 2,9 

-55 ,54.955400 150 100 2,9 

-56 55.956590 160 2,6 h B-2.8, 1.0, 0,6; 
ro.84, 1.80 , 2.11 

2.52, 2.66, 2.98 
3.39 

2, 9, 6 

-57 1.7 m 8-2.6^0.117, • 
<0.134, O.69, 
f0.220, O.35O 

9, 6 



REMARKS 

Thresholds 

(K*) 

(Y.P) 

Isotope Theoretical Experimental Reference 

Mv," - to,no ^ 

M,"_S'65!_____ 

4—f 



26Fo 

Z CHEM. A 
STM, 

ATOMIC MASS 
AMU + 

! * 
AHJN, 

'half 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

26 Iron -52 51.964210 150 8.3 h _ B+0.8; ïTO.I63 2,9 

-53 52.962250 200 0,9 m Bf2.5j rO.370 2,9 

-54 53.956640 150 5.84 2,9 

-55 54.955646 15c 2.6 7 EC 2,9 

-56 55.952640 15c 91.68 2,9 

-57 56.953420 15c 2.17 2,9 

-58 57.951470 lío O.3I 2,9 

-59 58.953615 25C 45 d B-0.27, 0.46; 
ro.191,0.337, 

1.102, 1.290 

2, 9 

-60 -3xl05 y B" 9 

-61 5.5 m B" ; ^0.29 9 

E 
Mev <r 

*-1-1—i-1-1-1-K 



REMARKS 

Thresholds 

(Y,n) 
Isotope 

Fe54 
Fe56 
Fe57 

Theoretical 

-13.620 

-11.211 
- 7.643. 

Experimental 

-13.7 
-11.34 
- 7.85 

Fe 54 

Fe56 
Fe?? 

- 8.846 
-10.196 
-10.567 

2( ft 

Reference 

6, 39 
6, 23 
6. 23 

6 
6 
6 



Z CHEM. A 
SYK. 

ATOMIC MASS 
AMU + 

i * 
ABUN. 

HALF 
LIJE 

DECAY 
Type & Energy (Q) 

REF. 

27 Cobalt - 53.966200 700 0.18 s B-'>7.4 2, 9 
-55 54.959360 150 18,2 h B+l.5,1.0,.5; 

tTo.250,0.477, 
0,936, 1.410 

.r'J _ 
2, 9 

-56 55.957610 150 77.3 d EC; B+; TO.845, 
1.26,1.74,2.01, 
2.55,3.25. 

6, 2, 9 

-57 56.953980 330 270 d ec5to. 01437, 
0.12205.ü.l^óAO 

2, 9, 6 

-58 57.953940 160 7I.3 d ECjB+0.r; >"0.808, 
1,64, ^.81, 0.025 

2, 9, 6 

-59 58.951940 250 100 
— 

2, 9 
-60 59.952868 55Ü- 5-2 7 H* " ; Í1.17, 1.33, 

2.158 
2, 9,^ 

2, 9 -61 60,951290 250 99 11 B-1.22J ro.072 
-62 61.952940 400 1.6 m B- ;Y1.0, I.17Ö7 

1.49, 1.72,2.02, 
2.50 

27T97^ 

_42 14 m ^0.88,27887^1.3 9 
-64 
— ^5 m T~ 



REMARKS 

Thresholds 

(M) 

(Y¿1 

8» 

it 

% 

2o 

Isotope 

CcS' 

Theoretical Experimental 

-/i.*io -'O'*'* 

- 1.MÍ __ 

Co ^ IZ 

Co 
r\ 

Reference 

6, 72 

Í 

1-t—i-)-¥ 



H¡ 

Z CHEM* A 
SW- 

ATOŒC MASS 
AMU + 

55 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

2Ö Nickel -56 6.4 d EC 5*0.16,0.28, 
0.48,0.79,0.96, 
1.33.1.58.1.75 9, 6 

-57 56.957460 330 
31.1 h#10 

36 hj}-!9 B+0.8,0.7,0.4; 
*0.125,1.38,1.90 2,9,10 

-58 57.953770 250 67.76 2, 9 

-59 58.953093 250 IO5 y EC 2, 9 

-60 59.949840 250 26.16 2, 9 

-61 6O.94969O 250 1.25 2, 9 

-62 61.947570 250 3.66 2, 9 

-63 62.949508 200 125 y B-0.067 2, 9 

-64 63.948I3O 200 1.16 2, 9 

-65 ' 64.95OÓ5O 200 

" ' --- - .1 

2,6 a B-2.1, 1.0, 0.6; 
*0.37,1.12, 

1.49 

2, 9 

. 

E 
Mev 
12 0 

. 13_ 5.0 
-14 JLO 

10.5 
1 A .0 

.17 .16,,0 . 
1Ö 17.8 
19 -20-^0-. 

.20 20.4 
21 20.4 
22 . 13 a 0 
23 7.0 
21 2.0 



REMARKS 

Thresholds 

(y,n) 

(Y,)=) 

Isotope 

NiS na 

Ni62 

NiJ0 
Ni62 

Theoretical 

-11.924 
-11.389 
-10.390 

- 7.907 
- 9.530 
-11.097 

Experimental Reference 

+*—I—J—h—I—I—i—^ *—i—i—h—i—I—I—* 

n
O
 v

O
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O
I 

v
O
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Z CHEiM« A 
SYMo 

ATOMIC MASS 
AMU + 

í 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF= 

29 Copper -57 0.18s 9 

-59 

■60 

^61 

59.956580 250 

60,952084 250 

•ó2 61.951793 250 

•63 .62.949440“ 2ÕÕ' 
-64 I 63.949934 200 
-65 i 64.948.W 200 
-66 i 65.94976Õ 200 

9.5 m 
81 s 

23.4 m 

B+ 2, 9 
h 6 

h 6 

3.3 h 

T94 

"3079 

•67 ]"66.949114 2Ò0 {. 
I Continued on next, page 

Ë 
Mev 

" "10 U 

11 0+ 
12 ' iá.o 

1? 36.0 
14 54.0 
15 . 90/ 0 
16 ¿5.0 

17 100.0 Í 
. 18 113". 0 

19 120.0 
20 119.0 
21 95.0 
22 46.0 
23 18.0 

1.0 

Cu (r.n) 

fl (tfft) 

10.0 m 

84-3.75^0.34,0.42, ¡9, 6 
0.463,0.872,1.30, 
1.69,2.07_ 
B+2.0,3.0,4.0; 
TÍO.85,1.33,1.76, 
2.13,2.64,3.13, 
3.52,4.0 
84-1.2,0.9,0.6; 9, 6 
)f0.072,0.281,0.380| 
0.580,0.656,0.94, 
1.15,1.22_ 

B+2.9jir0.67,0.877|T, 6 
1.18,1.35,1.46, 
1.98,2.24 

12,8 h 3-0.6jEC; <1.35 

5.1 m B“2„6,1.5;ÏD.83, 
-, 1-04 

59.0 h ! 8-0.4,0.5,0.65^ 
; 0.094,0.186,0.300 

F. 
Mev 

_ 9 0 
10 1.8 
11 2.4 
12 . 3.2 
13 „L.2 
IL 5.0 
15 6.0 
16 -13.0 
17 . 18.0 
18 -21.0 
19 -23..0. 
20 1 22.5 

9, 6 
9--- 

9, 6 

9, 6 

Cu 0,p) 
Rep. "'sîi 

I > i-I I-»-* /2 /< 2 0 
Êy fAiev) 



Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + 

56 
ABUN. 

HALF 
. LIPE 

DECAY 
Type k Energy (Q) 

REF. 

29 Copper -68 32 s ET ~3.0;r 9_ 

Thresholds Isotope 

(r,*) 

C/5 

REMARKS 

Theoretical 

- /0.13* 

- 

/2Í 

- l.W 

Experimental Reference 

-I0.7S Vi 

- 9,9V n 

i 
(, 

E 
Mev <T 



30 Zn 

Z CHEM. A 
STM. 

ATOMIC MASS 
AMU + 

£ 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q] 

REF. 

30 Zinc -60 32 s B“ ~3'0 9 

-61 1.5 m 8+-4-3 9 

-62 61.953615 250 9.3 h EC; 8+0.66^0.04, 
/.25,.36,.40,.51, 

•595 

2,9,6 

-63 62.953029 200 38.3 m B+2.36, 1,4, 0.5 * 2,9 

-6k 63.949320 200 48.49 >8sclOi5y 2,9 

-65' 64.949847 200 245 d EC ; B+0.3 5 if 1 • II9 2,9,6 

2,9 -66 65.946940 200 27.81 

-67 66.948500 200 4.11 2,9 

-6ö 67.946520 200 18.56 2,9 

-69 68.948533 200 52 m B-0.9 2,9 

2,9 -70 69.947430 200 0.62 

-71 70.949840 300 2.2 m 5-2.4^0.12,0.51, 
0.90,1.09 

2,9,6 

-72 49.0 h 6--13.3,^1.6 9 



Thresholds 

ir*) 

(Y P) 

Isotope 

66 
Zri 
Zn 
Zn 68 

Zn 
Zn 
Zn 

64 
66 
68 

REMARKS 

Theoretical 

-11.856 
-11.039 
-10,199 

Experimental 

30 211 

Reference 

- 7.7067 
- 8.908 
- 9.988 

4-1-1-1 ♦' -4—H-1 +—J-1-i-fr—» I > 

CT
' o

- 
J
o
 o

 o
 



31 

ü 
Ga 

CHEM. 
SÏM. 

31 Gallium -64 

ATOMIC MASS 
AMU + 

-65 

63.957IOO 60Õ 

% 
xm. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

64.9532OO 220 

2,6 m 

15.2 m 

B+6.1,2.8,*0.975 
1.30,2.225,3.25 

EC; B+ ;<0.054,0Í172, 9, 6 

REF. 

2, 9, 6 

-66 65.952490 200 9.4 h B+4.1,1.4,0.88; 
Í1.05,1.7,2.2,2.75 
3.3,4.25,4.8 2, 9, 6 

-67 66.949576 200 78 h EC ; ÍO.090,0.092, 
0.182,0.206,0.296, 
0.388,0.496,0.790, 
0.880 

2, 9, 6 

-68 67.949640 200 68 m Bfl.9,0.8;/0.81, 
1.06,1.24,1.88 

2, 9, 6 

-69 68.947570 200 60.5 2, 9 

-70 69.948I4O 200 21.1 m B"l.65,0.6,0,44; 
-5.1735,1.039,1.215 2, 9, 6 

-71 7O.94V37O 200 39.5 2, 9 

-72 

E 
Wev <T 

■73 
■74 

71.948900 

72^9475990- 

250 14.3 h B-0.64,0.96,1.5; 
/2.491, 2.508 

150 5.0 h 
7 ß m 

■I-1-H-1-1-t—t—i 

E 
Mev <r 

B-1.4; 
p-2.65,2.0,1.1; 
ÏO.30,0.50,0.59, 
0.88,1.1,1.5,1.9, 
2.30, 2.7_ 

2, 9 
9, 6 

■+—H 1—I—I-1—I—1- 



REMARKS 

Thresholds 

o» 

(Y,P) 

Isotope Theoretical 

-/o.ns 

_zhl2L 

Cr«*1 -i.srt 
Go1'_- 1.7L0 

Experimental Reference 

Í 

_¿ 

¿ 

á 

1 

i <-H-1-h-H-1-1 í—i—H-í—h-+—f—► 



z CHEM. A 
SÏM. 

ATOMIC MASS 
AMO + AHJN. 

flALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

32 Germanium-66 150 m B+ ; r0.045,O.07O 
*0.114. 0.186 

2,9 

-6? 66.954330 400 21 m 8+2.9^0.170, 0.68 
0.86. I.47 

2, 9 

-68 280 d EC 9 
-69 68.949970 2ÕÕ 40 h EC 5^4.,2, 0.6^ 

Ï1.61,1.34,1.12, 
0.87,0,576,0.388, 
O.09O 

2,9 

-70 69.946370 200 20.55 ' 
-71 70.947634 2ÕÕ 11 d EC 
-72 71.944ÓOO 25Õ 27.37 A 1_ 
-73 72.940450 100 7.67 2, 9 
-74 73.944590 100 iunr 2, 9 . 

Ge75¡n Ref 6&9 -75 74.946620 100 82 in B-I.I4, 0,6;rD.066 
i0.199,0.2645,0.915 

0.427,0.477,0.572 
0.628 

2,9,6 

-=75" 75.¢45330 150 "TFT 2, 9 
-77 

Ge77m Ref 2 

76,940020 I4Õ 11.3 h 3-2.2,1,4,0.7; 
ion042,0.073,0.213 
0.264,0.368,0.41^ 
0^64.1.105,1-75 

2,9,6 

-78 86 m B-^0.9 9 

E 
Mev Óe (r\r.*84 

Ey ^Mev) 

Mev 

4—1—t—I—I—I—I—K 



REMARKS 

Thresholds Isotope Theoretical Experimental 

(K») Ge70 
Ge72 
Ge73 
Ge7^ 
Ge76 

-11.617 
-11.190 
- 6.570 
-10.120 
- 9.450 

(^) 
Ge72 
Ge73 

Ge76 

- 8.597 
-10.174 
- 9.780 
-10.890 

-11,56 
-11.3 
- 6.4 
-10.14 
-9.6 

Reference 

6, 23 
6, 23 
6, 23 
6, 23 

6 
6 
6 
6 

A-1-h—t—»--' ^-1—I-f H-f—► 



Z CffiSK. A 
SYM. 

ATOMIC MASS 
AMU ¿ ABUN. 

HALF 
LIPE 

DECAY 
Type & Energy (Q) 

REF. 

33 Arsenic -6ß "7m 9 
- 15 m 5^3.9: ^0.23 9 

-70 52 m 8+1.35,2.45^.18 
/1.065,1.36,1.5, 
1.74,2.04,2.15, 
2.75,3^ 

9, 6 

-71 70.949690 230 62 h EC(K);H+0.81,0.25; 
CO.0232.0.1748 

9, 2, é 

-72 71.949280 250 26 h EC; 8+ ; tTO.835 9í 2 ¿ 
-73 72.946850 ÎÏÔ “TFd EC;tD.0133,^.0535 
-74 73-947345 100 17.5 d B-1.36,0.7;Bn.53Í 

0.9^0.593,0.633, 
1.25 

9,2, ? 

-=73“ 74-945400—Töü ios 9, 2 
-=7T- 75.9465^0 IW 26.4 h “ B-2.97,2.41,1-76; 

tfo. 5605,0«, 646, 
1.205.1.405.2.05 

9, 2 

-=77“ 76.945095 IW 38.7 h B-0.68; 9iiL 2 
-78 77.946490 150 91o0 m 

^40 m 
B-4.1.1.4:^0.615 9, 2, ( 

-79 78.946050 180 9»0 m B-2.3 ñ 

^36 s _2- 
-I^-t—_ 0.43 s n J_J 

£ y (Mesf) 



REMARKS 

Thresholds Isotope 

(K*) A>7f 

ir,p)_Al!_ 

Theoretical 

- /C,mi 

- é.wv 

Experimental 

- JO, 

Reference 

ij 21 

i 

4-1 ♦—I-1-1-1-* 4-1—I—►—I—I—f—+ 



CHEM. 
SIM. 

ATOMIC MASS 
AMU + 

% 
AHJN, 

HALF 
LIFE 

DECAY 
Type k Energy (Q) 

REF. 

2k Selenium-70 ^44 m 
üHjl 

EC; lf¿,048 

9 

ïno 
■JL 

^=22. 
■73 

■74 
-75 

8.4 d 
72.949830 110 ZJJ! 

44 m. 

B+;fO.O¿65.¿'l3¿0 
B+1.7 

2, 9 

£j_2. 
73.945890 100 0.87 

T4.94&333ÍÕÕ 121 d EC;f0.067,0.077, 
0.098,0,124,0.138, 
0.203,0.269,0.281, 
0.308.0.405_ 

2, 9 

-76 
77m Ref.9^0.162-77 

79D1 Ref. 9 <02960-79 
•---=3¡T 
«im 102-81 

100 
76.944360 100 
77.94m 
78.943580- 

79T94I9BÖ 

TOO 
T5Ü 
200 

9.02 
T33' 
-2375? 

*6.frlö4 W.IO 

2, 9 
r?,9~ 

27 T“ 
49.82 

80.943580_21Q » JH fl4L32 2+-9- 

■82 

-84 
22 

E 
Kev 

— 

cr 
-84 -87 

81.942610 150 9.19 710 
25 m B-l.5;ro.04,0.061 

0.173,0.36,0.950,. 
1.1 _ 

70 s 8-3.4^0.35,07650 
1.01. 2.02_ 

97T 

9 

3.3 hi 
4Q_s. 

■*—I—I—I—(—»—1—I 

E 
Mev cr 

H-i-(—(-1-1-Í-H 



REMARKS 34 Se 

Thresholds 

(K*) 

cr ,/=) 

Isotope 

Se?? 
Se?« 

80 

Se82 

7^ 
Se?? 
Se?8 
SeÔO 
S2 

Theoretical 

-11.126 
- 7.415 
-10.480 
- 9.942 
- 9.190 

• 9.477 
■ 9.602 
•10.381 
■11.460 

Experimental Reference 

4-1-1-1—H-i-4-1 4—» —»—+—* 

n
O
 v

O
 
M

D
 
n

O
 
'-d

l 
v
O
 
v
O
 
s
O
 
v
O

 



Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU ± 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

Brnmine -7A 36 m MjJLüíèL—_ .1..... 
-75 74.949260 100 1.6 h B+l.7,0.8,0.6,0.3; 

lfO.29 
2,9 

-76 75.948270 130 1? 0 2 h B+3.57,1.7,1.1,0.8, 
0.6;r0.25,0.33,0.3r 
0.42,0.56,0.67,0.75 
0.96.1.20 

2, 9, ( 

-77 76.945818 100 57 h ECjB+0.34;* 0,237, 
0.520,0,641,0*813 

2,9, < 

-78 77.945850 180 ^6 m rB+2.4 T7T- 
_— - - 78.943410 150 ~ww~ rrr- 

-80 79.944010 200 17.6 m ETTi 
-81 80.9/i2080 20Ö 49.48 2, 9 . 

2,9, i -82 81.942680 210 36 h 8-0.44,-^0.55,0.611, 
0.69,0.76,0.822, 
1.03iOJJ-Jt6_j 

-83 82.941392 200 2o3 h B-0.940; ro.048 2. 9, ( 
-84 83.943085 200 31.8 m 8-4.^8,3.56,2.53, 

1.72; ro.89.1.89 
2, 9 

-65 84.942610 230 3o0 m B-2.5 -Si—9— 
2, 9 
9 
R_ 

-87 86.949870 6OO 55.6 s B-2.6;n 0.25;í 5-4 
-88 15.5 S B" 
-89 4.51 s F': B-n 0.43 
-90 1.4 s n 9 

E 
Wev 
10 
11 
IL 
11 
IL. 
15 
Tt 
11 
1S 
li 
20 
21 
22 

11 
ZL 

11 
11 
11 
65 
li 

88 
Jl 
7S 
68 
11 
li 
20 

Br9,M 

ao< 

60* 

^0- 

zo¬ 

te?,*i\ 

,rßr”M0rÄO 
|7.é ro 

¡4 IQ 

Mev 

H 
11 

11 
H 
11 
li 
11 
11 
12. 

li 
11 

XLÛZ. 

ÜLûà. 
XLQ25 
noa 
-QJJL 
ÍLJÍ2 
XLia 
SL332 
SLâl 
o.oq 

Ref.“* /5 

M 



REMARKS 

ßr 
3* 

Thresholds 

(yv) 

(Ï,P) 

Isotope 

n 

Theoretical 

- /fl, ico 

-is, i n 

- ¿.Si-? 

- l.'iHS 

Experimental Reference 

i 

_ L_ 

i 
Í 



Z CHEM. A 
SYM, 

ATOMIC MASS 
AMU ± 

* 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

36 Krypton -?6 9.7 h EC; iTo.028,0.093, 
0.267. 0.316,0.4 

9, 6 

-77 76.948910 100 1.1 h EC;B+1.8Ó,l.o7;)T 2, 9 
-7Ö 77.944890 700 “0354 2jl_9_ 
-79 78.945150 150 34.5 h EC;M).6; TO.263, 

0,044 
2, 9, 6 

- “TSTSTTTTWÎ MT 2.27 • • 

-81 80.94225O 27O 2.1x105ji EC; f0.012 .2j_9_. 
— “SI^3940ü‘ m TX.56 2, 9 

•"52.940340 “TÖÖ“ 11 >55 2, 9 
-■sr -03.938060 2ÜCT "55.90“ _2j_ ,9_ i 1 CO

 
\
r
t

 

84.939ÖX) 200 10.3 y BlO, 67; ITO.517 2;_. 9 
^ST 85.938210 200 17.37 2,.9 

2, 9, 6 

2, 9, 6 

9; 
9 

-87 86.941780 180 78 m B-3.8,-3.3,1.3; 
ro.4,0.85 

-=gr “§7.942470 24O 2.8 h 

3.18 m 

B-2.8;f0.19i, 
0.85, 2.4O 
B-4,0 
B-3.2 ' 

-89 88.944790 360 ' 
-90 33 s 

--9:8 s -91 8--3.6 9 
9 
9 

- 3o0 s B- 
-93 2/0 s B- Í 
-94 

Continued on next page 
1.4 s 

E 
Mev cr 

4-H-i—^—i-1-t—»■ 



Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + 

* 
ABUN. 

HALF 
LIFS 

DECAY 
Type & Energy (w) 

-—1 
REF, 

36 Krypton -95 Short B- 9 

9 -97 
. 

^1 s Br_ 

Thresholds 

(Y,*) 

(Y,P) 

(Y,*) 

Isotope 

kV™ 

K>h 

K* 

Ky u 

Kr V 

F¿MARKS 

Theoretical 

- lO.stS 

- 7êÇ 

- to ns’ 

- n.7^o 

- 7.010 

Experimental Reference 

é 
é 

4 

4 

E 
Mev <r 

, 

E 
Mev cr 

- 

H-—1—I-1—J—»■ 



Z CHEM* A 
SYM. 

ATOMIC MASS 
AMU + 

% 
ABUN. 

HAE.F 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

37 Fubidium -79 24 m ;D+:yo.l5_ 9 ! 
-80 8 d J 1 

8F Fef 9 0.C85 -81 80,944610 280 4.7 h EC; B+;)fO.253, 
0.450. 1.03 

2,9, i 

82® Ref. #9 -82 81.943550 500 I.25 ïïi B+3.15 2, 9 
-83 83 d EC; iro.525 9 

84® Fef. §9 -84 83.940900 200 33 d ECj BfrB-0.9ll 
Í0.89 

■279. 

-85 84.938880 200 72.15 
"279“ 

Sâm Ref. ^ -86 - 85.938521 200 18.66 d B-l. 78^0.527.1.080 2, 9, 6 
-87 86.936870 150 27,85 5xl0l0y B-O.275 2, 9 
-88 87.939300 210 I7.8 m [^5.3,3.6,2.5^ 

l.86t 0.9 
^77' 

2; 9, 6 

'2; 9 

-89 88.940490 350 I5.4 m B-3.92,2.8; îTO.663, 
1.05. 1.26 

-90 89.941900 350 2,74 m B“5.7;tf 
-91 1.67 m B-4.6 “1 

9 14 m B-3.0 
-92 J 80 s B- 9 
-93 Short B- 9 

9 -94 Short B“ 
-95 ~ïhort ■F- -9 

7 197" Short F- 

E 
Mev <r 



I 

Thresholds 

or,*) 

cr>) 

Isotope 

/?t 
?7 

/?t 

/?t 
17 

REMARKS 

Theoretical 

-/0,530 

- 9. 9/S 

Experimental 

- tO,2( 

- 

Reference 

/,23 

/,23 

7,1(0 

g. /30 

4-1-(-(-!-i-1-» i-i-i-1 , I-(-C 



38 Sr 

Z CHEM. A 
SYH. 

ATOMIC MASS 
AMU ± 

J 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

38 Strontimn-81 ¡ 29 m EC; B+ 9 
9 -82 ^! 25.5 d ECjfO.95! .4, 

- ^15 
-83 

1 i 
1 

33 h EC; 8+1.15 -^0.040 
0.074,0.10Í,0.151 
0.165 

9, 6 

-84 83.939860 25C 0.56 
85m Ref. #9 -85 84.940000 50C 64.0 d EC; <0.5133 -2,9,6 

-86 85.936620 2ÕC 9.8é 2, 9 
87m Ref. 9*0,339-87 86.936576 150 7.02 2, 9 

-88 87.933750 20C 82.56 2, 9 
2, 9. 
2, 9 
2,9,6 

89ni Ref, #9 -89 
-90 

88.935655 200' 50.5 d B-I.463 
89.935773 200Í 27.7 y B-0.545 

-91 90.938667 200 i 9-67 h B-2.67,2.03,1.36, 
1,09; <0.551,0.64; 
0.743,0.93,1.025, 
1.913 

-92 

". -93 

91.939650 240 2.6 h B-0.55;<D.23,0,44, 
... 1,37. ..._. 

2,9,6 

8.2 m .. .. 9. 
9 
9 

-94 1.3 m r 
- - . -2L_ '''O,? m B” 

-97 Short ET T 

E 
Mev cr 

4—H-1-i-1-i-h—4 



REMARKS 

Thresholds Isotope 

Sr86 

Sr88 

Sr86 
Sr8? 
Sr1 88 

Theoretical 

-11.460 
- 8.418 
-11,124 

- 9.570 
- 9.408 
-10.614 

Experimental 

-11.5 

Reference 

4-1-1-> t- —4-1-1 4——) I t >—► 

v
O
 
v

O
 
'O

l 
v

O
 
'O

 
'-O

 



33 y 

z CREM. a 
SYM. 

ATOMIC MASS 
AMU + 

% 
AHJN. 

HALF 
LIFE 

DECAY 
Type k Energy (Q) 

REF. 

39 Yttrium -8? Í 70 m _2_ 
-=5T 3.5 h _2_ 

-=5T" TTh 

0
 

i
 -2_ 

-85 5 h _2_ 
-ZbT 85.941130 230 14.6 h Í-&M.8,1.19;r0.18 

0.635.1,08^1.93_ 
2,9,6 

87ni Ref.9^0,384-87 86.938390 270 80 h EC;B+0.7;Î0.388, 
ÛJSL 

2,9,6 

-88 87.937770 200 104 d EC; B+0.5S; 
<0.9082.1.87.2.76 

2. 9 

89® Ref.9fo.934 -89 88.934080 200 100 
B-2.26J n.739 

2, 9 . 
2, 9 -90 89.935200 200 64.2 h 

Ql111 Ref.9Î055L -91 90,935805 200 57.5 d 
3.60 h 

8-1.537)^1.21 
’ 8-3:60,2.7,1-3) 

0.21,0.48,0.94, 
LJã*Ll»2Jí_ 

. 2, 9 
2,9,6 -92 91.937580 240 

! -93 92.938660 330 10.4 h B-2.88;ïT0.7 _iz-9 _ 

-94 ~ 93.941600 W 16,5 m B-5.4; in.4 9_. 
-r^r 10.5 ni B- 

-97 Short pr 9 

E 
Mev cr 



REMARKS 

Thresholds 

(Y,*) 
(Y, P) 

3Í 
y 

Isotope Theoretical 

y” -l/,éU 
y»l - 7. Vît 

Experijnental Reference 

¿, 21 

/ 

+ t 



Z CHEM. A 
SYM, 

ATOMIC MASS 
AMU + 

% 
km. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

IaO Zirconiujii-86 17 h EC¿ *0.241 9 
-87 SÓ.9Í2160 270 94 m ü'y.iüjsiür^jCr.^ T, ? 

_=M .Ô? d "EC -, iO.394 -7- 

09m Ref. 9 -89 
n i.w 

88.937131 ?oo 79-3 h ~Tfj!cJIF¡7 2, 9 

9 
2, 9 

90m Ref. 9 -90 89.932840 200 51.46 
-351 -W.9UTIÖ 2CÖ ITTTT 

-92 Q1.888820 210 17.IL 2,. 9 . . - 

-93 92.935327 24c l.lxLO^y B-0.056 — 
- 93.235300 35C 17.40 

’ 94.9379ÕS 4ÕÕ ¿5 d B-O.36O, 0.396,- 
^0.723. 0.757 2, ?J 

-9¿ 95.938530 50C 2.80 1, 9 
-357 96.941420 17-0h_ B-1.91; Vo.747 ^ Z 

-99 " 3Ó s B- 9 



REMARKS 

Thresholds Isotope 

Zr90 
Zr^ 

Zrm 
Zr94 

Theoretics! 

-11.949 
- 7.205 
- 8.683 
- 8.020 

Experimental Reference 

-11.78 6, 39 
-7,1 6 , 

6 
6 

Zr90 - 8.3¾ 
Zr91 - 8.680 
Zr9, - 9.450 
Zr94 -10.130 

6 
6 
6 
6 



41 

Z CHEM. A 
SW. 

ATOMIC MASS 
AMU + 

J 
ÂBÜN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

U. Niobium -89 1.9 h Bf2.9 9 
Columbium -90 89.937610 220 14.6 h ïH*;<r 0.1'r, 1.14,2.23 2, 9, 6 
_-91 90.935630 3SÜ~ Ton* EC 2, 9 

-92 91.935610 300 10.1 d ec jiro.90,0.931, 
1.835 

2, 9, 6 

-93 92.935260 240 100 2, 9 
-94 93.936520 25Õ” l.SxlOV r0.50;ro.71,0.89 

1.61 
2, 9, 6 

-95 94.9367OO 400 35 d 8-0.1585^0.768 % 9 
-96 95.938261 430 23.35 h B-0.750, 0.37; 

iTO.453, 0.55, O.76 
1.06_ 

TT9 , 6 

-97 96.938550 500 72.1 m ri.275 2D.665,1.02 2,9,6 
-98 26.Ö m B- T 
-99 

1 
3.8 m B-3.2 9 



REMARKS 

Thresholds Isotope Theoretical 

(Y,*) /Vb,s -?.?/? 

(Yjo) Nk”_~ 

Experimental 

- ?, tí 

Reference 

¿, 21 

¿ 

4-♦-Í-h—I-1-1—^ i-i—I—» ) > t * 



Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + ABUN. 

HALt 
LIFE 

DECAY 
Type 4 Energy (Q) 

REF. 

42 Molybdenum-90 89.940600 280 5.7 h BH.2:EC;Í0.12,0.2! 2,9,6 
-9i 90.93949Ö WT” IJ.? Kl B13.44 
-92 91.935210 15*86 2,9 
-93 92.935^30 290“ 72 y EC; 2.9 
-94 93.934330 270 9.12 2.9 , 

-=95" 94.935700 Too 15.70 ..2,9 
-96 95.934900 430“ TFTsÕ- .. 2,9 
-97 96.936470 5üü" 2.9 

_z2i. - 97.936560 5ÕÕ~ 23.75 2.9 
-99 98.939997 400 66o0 h 8-1.18,0.8,0.41; 

TfO.140,0.181,0.73S 
=IÕÜ" 99-938280 5ŒH 9.62 
-101 14.6 m 8-^.^35^0.191, 

O.96O 
~ÍX~ 

-102 11.5 m ET -ç- 
-105 B- -9— 

E 
Mev 

10 25-0 
11 32.0 
12 48.0 
1? 7O0O 
14 140.0 
15 220.0 
16 '¿tó,o 
17 720. Ó 
18 180.0 
19 150.0 
20 I25.O 
21 9O.O 

5Ö.0 

H* (V#o) E 
Mev <r 

4-1-í -f-H-1—I- 



REMARKS 

Thresholds 

(Kn) 

Isotope 

M°n? 
M° 
Mo9 
Mo98 

M°95 
Ho98 
Mo98 

Theoretical 

-13.140 
- 7.160 
- 9.160 

_-:8:296__ 
” 7.910 

- 8.450 
- 9.304 

- 9.440 

Experimental 

-13.1 

Reference 

4—i—»—I—I—I—i—* 4—i—I—i—1—<—(—r 

n
O
 m
D
 -
O
 v
O
 I 

v
O
 v
O
 -^O 



* 

43 
Tc 

Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU i 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

43 Technetium-9^ 91.942080 750 4.3 ni B+4-1;í 1.3 2,9 
-93 92.939100 290“ 2.75 h " 8+0.85^1.35,1.5 » 

2.0 .. 
2,9 

-94 93.930980 400 53 m 8+2.41^ 2^2_ 
-95 94.937451 400 20.0 h Yo. 762.0.932. I.ÔtT 
-96 95.938230 60 4.20 d tO.312,0.770,0.809 

0.841,1.118,1.65, 
1.89,2.39. 

2, 9, 6 

-97 
. 

2,6x10 
l,5xl06y 

2,. 9 , 
-98 B“0.30jtf0.655, 

0.745 
2, 9, 6 

-99 98.938515 900 2.12xllÎy B-O.29 2j_9. 
-100 15.8 S IF iiTO.55 2, 9 
-101 14.0 m B- ; TfO.307 2tx : 
-102 
-102 

5 s 
LJ: m 

B-4,4; <0.47 
_ 

2, 9, 6 

-103 1.2 m xs_ 
-104 18 m 8--3.02} fO.310 

0.360, O.49O, 
0.6801. 0.870_ 

2, 9, 6 

-105 10 m B- 2, 9 _ 
-107 £L 5 m B“ 2, 9 

E 
Mev a 

i—e 

\ 



REMARKS 

Thresholds 

(V'") 

(Y,*) 

Isotope 

Tc” 

_Ii!L 

Ti,s 

Tc” 

Theoretical Experimental 

- 

- 5,VO o 

Reference 

<—►—I—i—1 
H—Í—I—I—'■■ I—h 



CHEM. 
SM. 

ATCaCC MASS 
AMU + «a» 

i 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF, 

¿4 Rutheniuin-93 
-=24- *^57 ni_E_C 

-95 > 94-^939700 450 

-96 j 95.937920 500 3.57 
-97 

-98 
1 

_=99 
97=937130 ;65ô 
98.938200 900 

r;9i 
1 ï'2.7 

-100 
-loi_ 
-102 101:93541b 
-103 1 102.938704 

-104 ' 103.937800 
-105 IO4.94O845 

! 12.7 
i 17.0 

5001 '31.5 
500 ; 

1.65 h EC; B+Í.lj1f'0.145j Í2, 6 

0.340,0.640,1.053 i 
■*' ... " . 12 i 
'278 d “ËC; ro.1091, \ 1 

¡0.2180,0.325,0.567'2, 6 

. 
:_ _ 9 

! : 9 
’ 1 1 

2, 6 

700 
500 ; 

18.5 

-106 
-107 
-108“ 

IO5.940232 500 1 

39.8 d ; rO.217,0.698, 

0.497, 0.610 

4-5 h : B-1.150;tf0.265, 
0.315,0.400,0.670, 

:o.725,0.870,0,960 

1.0 y_B-O.O392__ 
4 m_B^4i 0? 2 2_ 

E 
Mev 

i"- 
<r 

: 

1—+ 

E 
Mev cr 

+ ♦ ^—I—Í—í—I—I—I—f 



REMARKS 

Thresholds 

(Y, W) 

Isotope Theoretical Experimental Reference 

^ - 10,ico ¿ 

_- g.!££...... 

^ - 7. 200 ¿ 

4-1—H-i—I—f—I 1 i-HH—»—■* ■■■■» 



AS 
nh 

z CHEM. A 
SYM, 

ATOMIC MASS 
AMU + 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type St Energy (Q) 

REF. 

45 Rhodium -97 
__=28_ &!• 7T5T550 TTT' 

-99 4.5 h BK).74;EC; rOTSSS 
0.34,0.62,0.89, 
1.26.1.a 

271T- 

-100 9.4 h EC5 &+-3.O;)fl.2 2, 6 
-101 EC ;TÔTr4ò j 0.30 276 
-102 101.938750 500 210 d B"1.0;B+l.l;r 
-103 1Ô2.9399ÔÔ 5ÔC 1Ö0 
-104 
-105 

103.939600 70C 
104.938692 5ÖC 

44 s 
36.5 h 

B~2.6; R).555,1.18 
B-0.570,0.25; if0;08 
0.16,0,22,0,31, 
0.316,0.a5,o,550 
B-3.53,3.1,2.44,2.0, 
yo.513, O.624 
B-1.2; fO.305,0.388 
r ; TO.43 

2, 6 

2 

6 
ó 

-105“ 

-107 

IO5.94OI9O 50C 

' ÏÔS.940240.4IC 
- - 

30 s 

26 m 
-108 
-109 ïî h r 

e 
^-f-H—I-1-1—K 



REMARKS 

Thresholds 

(Y,*) 

(Y ,)=) 

Isotope 

fi lx 102 

(if,0} 

Theoretical Experimental Reference 

- v.m ¿ 

- /, X 77 _1... 

4-1-»—!-1-< > 1 Í < #—I I—» 



46 
Pd 

CHEM. À 
SIM. 

ATOMIC MASS 
AMU + 

% 
AHJN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

-Palladium -98 
-99 

-ÏOO 
-101 

EC; *0.132 
TT; 575.140,0.275, 
[0.420, ^670 

-102 101.937530 500 0^5" 

4.0 d i EC; ^0,085 
.8 h i EC, Bi2.3 j tTÖ. 208, 

i 0.590,0.720,1.19, 
11.28 

103 102.938500 500 r 17.0"d * ecjiö.3¾,0.3647 " 
i 0.402 

-104 103.936870 500 10,97 
-3Ä5 104.938080' "500 " "22;2* 
-106 105.536400 500 ,27.3 
-107 106.938948 400 
-IÖ8^TÖ7.W«3Ö 4Ö0 '26,7 
-109 108.940510 400. 

L, 7x10° y ’ B ^0.04 

-110' 

■1111 
-Í12 
¿13_ 
■114 :. 
mL 

109. 
110.942890 
111.942770 

500 
530 
510 

11.8 

13.6 h : B-0.961/0.314, 
0^412,0.640,0,570 

22 m ~B”2.13 .. 
21 h B-0.2; 0.018 

27^ 

E 
Mev (T 

E 
Mev <r 

■I—)—I—t—t— 1 ' I—h 



REMARKS 

Thresholds 

<V>) 
Isotope 

Pd10^ 

Pdl05 
Pd 

Pd 

Pd' 

106 
108 
110 

pd104 

Theoretical 

-9.790 
-7.070 
-9.410 
-9.080 
-9.370 

-8.448 
-8.720 
-9.190 
-9.800 

Experimental Reference 

6 
6 
6 
6 

4-!-(-h—I-(-I-! 4--i—!—»—► 

v
O
 -O

 v
O
 v

O
 -O

 



Z CHEM. A 
SYM. 

ATOMIC MASS 
MJ + 

% 

ABUN. 
HALF 
LIES 

DECAY 
Type & Energy (Q) 

REF. 

Jil_Silver_-1Q2 
-103 

-104 

16 m 9 

103.9/0070 510 

66 m 

1.2 h 
27 m 

B+1.'3;EC;Íõ;549, 
O.764 
B+ 
B+2.7;ß0.1184, 
0.5562 

9, 6 

279“ 
2, 9, 6 

-105 IO4.9405OO 750 40 d EC ;Ç0.062 5,0.280, 
0.343.0.440 

27TT6 

-106 105.939590 500 8.2 d EC; í0.220,0.409, 
0.511,0.620,0.717, 
0 = 815 

9 

24.O m B+l. 95 ;B-0.36;Í0512 2, 9, 6 
......107. 106.930910 400 51.35 277 “ " 

-109 107.9/0090 400 2.3 m 

' ¿53 d ' 

B^r.77 ;EC ;T 07427 
0.62 

779, 6 

_.....-109 
-110 

108,939340 40Q 
IO9.9/J-390 400 

48,65 . 
8-5^0.66,0,72,0.81 

-Q-88,0^5 _ ^_ 

2,.9 
2, 9, 6 

-111 

-112 

-113 
-114 

110.940580 520 

111.942^50 510 

112.942280 510 

7.6'd 

3.2 h 

5.3 h 
5 s 
2 m 

B-l.04,0.79,0.69; 
fo.245.0-337 
B~4.1,3.5,2.7,1.0; 
<0,618, 1,39 - - . 
B-S.O;»’ 
B-4.6; ÍÕ.57 
B- 

2, 9, 6 

2, 9, 6 

?> 9 
2, 9, 6 
9 

E 
Mev <r 

■4—-i-<—I-1-1-(—*- 



17 A3 

Z CHEM. A 
SÎM. 

ATOMIC MASS 
AMU + 

% 
ABUN. 

HAI.F 
LlfE 

DECAY 
Type & Energy (Q) 

REF. 

47 Silver -115 114.9^5280 *'50 21.1 m B-2.9;<t>.138,0,227 2, 9, 6 
(Cont'fl) -116 

-117 
2.5 m B-5T0VT0,70, Ô.52 9 
1.1 m r 9 

Thresholds 

(y,») 

(Y, p) 

REMAP KS 

Isotope Theoretical Experijiiental 

-9,353 

_- l.tîû_- 1.I9Í 

-f, m 

-JJ11_ 

Reference 

¿ ; 

£ , 

£ 

4 

E 
Mev <r 

E 
Mev cr 

A-H—I—HH-1-1-Y 



Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + 

S« 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

h8 (Jadmiuin -1ÖI 103.943020 W 59 m EC: 0.0667 r2. 9. ¿ 
-105 104.943720 800 55 m ECj &H.69,0.8; 2.9.. .. 

2.. 9 
2, 9 

-106 .105,939520 500 1.22 
-107 106.940451 400 6.7 h EC;B+0.32; 0.846 
-108 107.938200 400 ^ 0.88 2, 9 
-109 108.939510 410 470 d EC; 0,0875 2, 9, 6 
-110 109.938300._4QQ_ 12.39 2. 9 
-111 110.939450 500 12.75 2,9 
-112 111.938230 500 24.07 2,9 
-m 112.940280 500 ip^n 2,9 

__=114. 113.939550 500 28.86 2, 9 
-115 114.942060 500 53 h B"1.11,0.58; 

0.335,0.360, 
0.500, O.525 

2, 9, 6 

-116 115.941850 500 7.58 2, 9 
-ii? 

-ÏÏ8 
-119 

116.944800 600 

- ..- 

50 m 

50 m 
10 m ' 

2.9 m 

B- j 0.267,0.281, 
O.331, 0.83, 1.27, 
1.53, 2.25 
B~ 
B 
B- 

179,5 

y 
9 
9 

E 
Mev (T 

+—H-1—I—I-1—I—b 



REMARKS 48 
Cd 

Thresholds 

Orí) 

Or/9) 

Isotope 

,110 Cd: 
Cd 
Cd 

111 
112 

Cdll3 
CdlH 

Cd111 
Cd312 

Cd114 

Theoretic&i 

-9.847 
-6.970 
-9.300 
-6.420 
-9.046 

-8.907 
-9.O6O 
-9.56O 
-9.670 

-IO.263 

Experimental Reference 

4—I—I—t—i—(—i—i 1—t—t—f—i—t—4—fr 

O
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O
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O
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O
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C

T
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O
'-
 

C
T

" 



Z CHEM* A 
SYM. 

ATOMIC MASS 
AMU + 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

49 Indium -107 106.94A030 450 30 m B+-2; ro.22 2,9 
-108 40 m &I-3.55 0.é37 9 

! -109 108.941410 420 4.3 h EC j ^0.80,--0.3)^ 2,9 
-110 IO9.94252O 400 r~ 66 m &f¿.25) Y0„ó5ò T. T - 
-111 110.940400 75<r 2.81 d SCj To.172,0.2405 2, 9, 6 
-112 111.940960 5IS1 iS m B-0,656; B+1. 
-113 ll?.94Ô12"ô ?ÜU~ 4.23 

-rmr "113.941600 5ÖÖ ” 72 s &-1.984,0.7l"; 
B-fO.40; rO.311, 
I.29 

Z 2, 9, 6 

'27 9 -ITTT II4.9405ÔÔ 5ÖS“ 95.77 ôxlô^y B-0.63 ; ^ 0.52 
-lié 115.942530 500 13 S B-3.¿9 1, 9 
-1ŸJ ir^9U79s—w 1.1 h "SlO.74O.161, ' 

0.565 
2, 9 

-118 4.5 Œ 
5.5 8 

B-1.5;tT 
B-4.4 

9 
9 

-119 ^2 m 
17.5 m B-2.7: !T0.4 _2_ 

-120 -55 8...- B-:^l- _S— - 

-1224 
i 

s B-4.5;n.l4, .99: 64 



REMARKS 

Thresholds Isotope Theoretical Experimental Reference 

(Y,Y\) Je"3 * <MVÖ ¿ 
]„ ns -l ois ¿ 

(Y f>) I* >n - S.wo ¿ 
¡n 115 -t.Ul J_ 

A-1-1-1-1—I-1-« 4—H—H-4—I—í—ï 



\ 

so 
Sn 



REMARKS 

Thresholds 

O',") 

(V-» 

Isotope 

Sníl7 
Sn11' 
Snl18 
Snll9 
Sn120 

Snl16 
Sn11? 
SnllS 

Theoretical Experimental Reference 

-9.390 
-7.190 
-9.250 
-6.590 
-9.240 

-9.110 
-9.690 
-9.940 

*—-i—(—i—i—I—i—( •I-1—I—)—HH—»■—¢- 

•
O
 
v

O
 

v
O
 
v

d
 

s
O

 
n

O
 
v

O
 



Si 
Sb 

Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + 

% 
km. 

HALF 
LIFE 

DECAY 
Typo & Energy (Q) 

REF. 

! 51 Antimony -115 
1 -116 

-117 

.. 

60 m 
2.8 h 
5.1 h 

3,5 m 

Bi ; 0.060,0.090 1 6 
¡B4- i 0.90,1.3,2.21 6 
EC;B+ ii0.159 i 6 

-118 EC ;60.040,0.257, 
1.06, 1.25 
EC 

6 

-119 ..3.9 h... EC: <0.0238 6 
-120 119.947900 500 5.8 d 

L6.4 d 
EC; 
B+L70;EC; ti.l8 

9 
2, 9 

-121 120.9^2000 500 57.25 
-I2r 121.943680 500 2,8 d B- ;EC;<0.564,0.69J 

1.13 
6 

-123 
-124 

-125 

-126 
-127 

-128 

122.94310Q~ 500—. 42.75 
~~ó(T'd r ; ^0.121,0.607, 

0.653,0.730,1.708, 
2i24_ . ... .. ... 

6 

„ . 

2.7 y 

... 9 > .. 
93 h 

—,. 
9.6 h 

.4 

B- ;<0.637,0.601, 
O. 465,0.425,0.175, 
P. 035 
Jr .i.. 
r ; <0.244,0.460, 
0.768 
r ;Í0.32,0.4,0.75 
0.90 

6 

6 
6 

6 

E 
Mev <r 

o *—I—I—f—»—I—1—► 



Sb 

Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + 

% 
km. 

HALF 
LIPE 

DECAY 
Type & Energy (Q) 

REF. 

* fl Antimony -129 
1 Contr d 
i -130 
I -131 

-132 
1 -133 
1 -134 - 135 

4.2 h 

12 m 
23.I m 

2 m 
4.4 m 

^50 s 

3- ;<fû.165,0.308, 
0.534, 0.79 
B” 
B“ 
B- 
B" 
r 

6 

2 
2 
2 
2 
2 

Thresholds Isotope 

(r,n) Sb121 

Sb12-3 

HEKARKS 

Theoretical Experimental 

—9.284 

-8.976 

Reference 

6 
6 

( r,p) Sb121 -5.779 

3b123 — 6 „ 600 

6 
6 

E 
Mev cr 

+—H—I—I—I—i—I- 



2 CHEM. A 
SÏM. 

ATOMIC MASS 
AMU ± 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

Tflllnrium-llS 6.0 d EC; Í-0.108 9 
-119 
-120 
-121 

4.5 d EC; Ï0.53 „.? 
119,942520 JOO 0,089 .. 2, 9... 

17 d EC; 50.506,0/573 9 
-122 121.941560' 500 2.46 2, 9 
-123 
-124 
-125 
-126 

122.943300 400 
123.942110 500 
124.944080 300 
125,943600 500. 
126.945660 520 

127,946100 500 
128.947580 520 

29.947800 500 

0.87 
i:6l 

_ 6.99 

2, 9 
2, 9 
2, 9 

—.2.1 9 18,71 
-127 

-128 
-129 

-1^0 

31-7? 

9.4 h B-O.7O; f0.0585, 
0.145,0.360,0.418 

2, 9 

.2, 9 
72 m ro,29,1.45^0.45 

1,09 
2, 9/ 

"“2, 9 
2, 9/ 

34.49 
-131 I3O.95OO2O 520 24.8 m Fi.35,1.69,2.14; 

r0.15,0.448 
-132 

. _ -133 

I3I.95026O 510 77.7 h B-0.22jf0.23l, 
0.053 . 

2, 9,< 

I32.95285O 720 2.Õ in B-2.4,1.3;f0.6,l.C 

-134 
-135 

44 m B- 9 
9 < 2 m B- 

E 
Mev cr 

*—I—I—I—I—I—I—fr 



REMARKS 

Thresholds 

(Y,*) 

(r,N 

Isotope 

7< lU 

7( 

T< "JU 
T Ul 
/(- 

Theoretical 

- 9, /70 

-% ,i30 

- 1 ,'U-O 

-c) ¡ 

- 7. / 

Experimental 

- ?, 

- V / 

Reference 

C 

tr 

i 

4-!-/-1-1-1-*-1 
H-1—I—(—» H—I—f 



CHEM. 
SYM, 

ATOMIC MASS 
AMU + 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF- 

53 Iodine ■IIS 
-119 

-120 
-121 
-122 

■124 

-125. 
-126 

.12? 
■12S 

•129 
■130 

■131 

121.,946010.. jäO 

123.945570 500 

.124..,944240_5X0- 
125.945850 500 

126.944800 500 
127.946670 500 

128.945752 , 500. 
129.947810 500 

130.947660 500 

A' lO m 
18 m 

l._4 h 
2.0 h 
3.5 m 

4.5 d 

60.0 d 
2.6 h 

II3.3 d 

B+-4.O 
EC 
m-1.2; YC .210 
&f3.12 

.Í) h .JEC;fQ.15.9._ 
EC;B+2.20,1.5,0.7; 

fD.603,0.73,1-72, 
1.95.2.24 .. 
EC: ro.0354 

EC;ÎTO.6J, 
0.745,0-384 

100 
25 r. 

1.72xl07y 
12.6 h 

3.08 d 

Continued on nexjb page 

9 
9 
9 
9 
2, 9 
9...., 

2, 9,6 
.2, 9 

2, 9,6 
2, 9 
2, 9,6 B-2.12,1.67; 

0-53 
B-0.450t0.188;f0flB 2, 9,6 
B-0.6,1.02j<"0.413, 2, 9,6 
0.532,0.664,0.744,■ 
lj.15 _ : 
B-Ö,608,0.335; ! 2, 9,6 
^0.284,0.364, 

0,638 



Z CHEM. A 
SYM, 

ATOMIC MASS 
AMU ± 

% 
ABUN. 

HALF 
LITE 

DECAY 
Type & Energy (Q) 

REF. 

c3 Iodine -132 

j -133 

-134 

-135 

■ -- - -yó 
-111 

131.949820 510 

132.949630 710 

133.951270 650 
- 

2.2*) h 

20.8 h 

52.5 m 

&-;T0.528,0.677, 
0.778,1.1 
8-1.3,0.45^0.53, 
0.85_ 
B“2.5,l*5; fo.12, 
0,20,0.86,1.10, 
1*78_ 

2,9,6 

2,9 

2,9,6 

9, 6 6f 68 h 

86 s 

B” 0-42,0.86, 
1.04,1.14,1.275, 
1.46,1.72,1.80 ; 

135.956920 540 ] iTÏ.4,2.9 2, 9._ 
9.. 22.0 s B- n 0.56. . 

-1381 J" _ _ 9 
1 -139 2.7 3 &- 9 

Thresholds 

( ^n) 

( ^P) 

Isotope 

j-127 

J127 

REMARKS 

Theoretical Experimental Reference 

-9.152 6 

-6.254 6 

E 
Mev cr 

.. 

! 

E 
Mpv <r 

1-1-1—»—H-1-(—t- 



1 

SA 
Xt 

Z CHEM. A 
S YM. 

ATOMIC MASS 
AMU + 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

54 Xenon -121 ■ - 1 40 m B+ 5 S0.096 9 
_ -122 ¡19,5 h EC :Í0.182.0.235 9 

9 -123 2.1 h EC;B+l-7¡r0.148 
- .. . -=124. 123.945390 500 0.096 2,9 

-125 18.0 h ECjTfO.055,0.096, 
0.106,0.187,0.243, 
Ot.460 

9/6 

-125.944500 . 500. . 0,050 “2, 9 
-127 

-128 
-129 
-130 
-131 
-132 
-133 
-134 
-135 

: -136 
-137 
-138 
-139 

126.945S80 900 

127.944500 ' '500” 1.919 

36.41d EC; Í0.565,0.1450 
0.1700,0.202,0.367 

2, 9, < 

2, 9 
128.945550 500 26.44 2, 9 

2, 9 
2, 9 
2j 9 
2j 9 
2, 9 
9, 6 

9 
9 
6 
9 

129.944620 500 
130.946620 500 
131.946000 500 

4.08 
21.18 

.26.89. 
132.947660 700 
133.947620 500 

I35.95OO5O 500 
136.955200 14OO 

Continued on next 

.10.44 - 

8.87 

Pftge_i 

5.27 d 

' 9.13 h 

3.9 m 
17 m 
41 s 

B~C.347;<0.0809 

B-0.91ff0.249, 
0.36,0.607 

B-3.5 
B-2.4; <0.42,0. 51 
B- 
__L 

E 
Mev cr E 

Mev <r 

\ 



I 

S4 

Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type k Energy (Q) 

REF. 

! t4 Xenon -140 
- -141 

-143 
-144 

1 I 16.0 s 
1.7 s 
1.0 s 
^1 s 

... 

B" i 9 
r 9 
B- : 9 
B" 9 

Thresholds 

O',«) 

(r,*) 

Isotope 

y«'” 
y#'1' 
Yf 

Ye'1’ 

Xe'5' 
V '3i 

x,'52 

FERARKS 

Theoretical 

- ¿M0 

- î.îli 

- ?,Ä5-/ 

-?.77V 

7,110 

- 2M0 

Experimental Reference 

á 
_ í 

i 
i 

__í 
i 

E 
Mev (T 

E 
Mev cr 

\ 



SS 
Cs 

Z CHEM. À 
sm. 

ATOMIC MASS 
AMU ± 

í 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

55 Cesium - 123 6 m B- 9 
-125 45 m B+2.Ô5: if 07132 Tl 
-126 125.949660 650 1.6 m B+3.8; If 0.385 1 1 
-127 126.943160 900 6.3 h EC;B+¡1Í0.1245,0.406 2, 9, 6 
-128 127.94S9ÕÕ SW~ 3.8 m Bf3.0,2.5 ;Ï0.447598 
-129 128.946740 75Õ 30.7 h EC; ^0.040,0.092, 

0.174,0.283,0.315, 
0.373,0.415,0.55, 
0.583 

2, 9, 6' 

-130 129.947830 500 30 m B+1.97; B-O.442 A.9 _ 
-131 130.946996 Too 9.S~d~ EC 2, 9 .. 

! -132 I3I.94793O 650 6.2 d EC •? 0.67 2, 9 
-133 I32.9472OO 700 H .9—2 ~ 
-134 133.948960 800 2.0?y B- ;lfO.561,0.567 

0.601,0.794- 
2, 9, É 

1 1—
1 

'v
-T

t 

136.950899 1010 !.0xl06y B-0.21: 
-136 137.953900 1000 12.9 d B-0.341.0.657:ïl.2 

■4^ 
-137 26.6 y B-0.514J ^0.6616 _9* 6— 

9, 6 -TW 32.2 m B-3.40; yo.463, 
0.98. 1.44 

-139 9.5 m B- 
-IAO 66 s B- 9 

9 -141 
"ontinued on next ¡ age [ 

ihort B- 

E 
Mev 0* 



Ci 
S5 

z CHEM. A 
SÏM. 

ATOMIC MASS 
AMU í 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

55 Cesium -142 ^1 m B- 9 
-143 Short B- 9 
-144 Short B- 9 

REMARKS 

Thresholds 

(Kn) 

_ír¿L 

Isotope 

O'” 

c, 

Theoretical 

-I tu 

- ¿,i30 

Experimental 

- ?t1t8 

Reference 

4 . Ví 

E 
Mev cr 

E 
Mev <r 

<—í—f—ï ^—!—y 



Z CHEM» A 
SYM. 

ATOMIC MASS 
AMU + 

% 

km. 
HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

3_Barium_-126 97 m EC;Ï0.225,0.70,0.9 9X 6 
-127 12 m * 9 
-126 
-129 

-yo 
-131 

-132 
-133 

-134 
-135 
-136 
-137 
-138 

128.949530 800 

129.947355 500 

133.946757 800 

136.949630 1010 
137.9AÖ700 1000 

0.101 

0.097 

2./+2 
6.59 
7.81 
II.32 
71.66 

2.4 d 
?.45 h 

11.5 d 

7.2 y 

ECjtO.270*0.I35 
B+1.6; 0.127,0.18, 
0.210,1.45 

ECjí 0.122,0.214, 
0.241,0.370,0.494 

EC5Í 0.080,0.298, 
0,357 . 

9, 6„ 
2,9,6 

2». 9 
9, 6 

9 
9, 6 

2x 9 
9 
9 
2, 9 
2, 9 
2, 9, 5 

2, 9, 5 

9 
9 
9 

_2_ 

-139 

-140 

-141 
-IW 
-143 
-144 

138.952060 1000 

139.954370 1050 

.1 

64 in 

12.8 d 

18 m 
6 m 

¿Q.5 & - 
Short 

B“2.38,2.23,0.82; 
* O.I64 
B"l.02,0-40;O.O3 
0.16,0.5 
B“2,8;f 
B- 
B-.. 
B" 

E 
Mev cr E 

Mev <r 

H-1-i—I-1-1-1-h 



REMARKS 

Thresholds 

(rr>) 

(Y,P) 

Isotope 

8*- 

8,. , u' 

Theoretical 

~ Í ,lf SO 

-5*0 

- %,7i t 

Experimental 

- /, rv-n 

Reference 

_/_ 

4-1-\-1 i-I-< f—í—I—I—f—f—H-t 



REMARKS 

Thresholds 

i r/*) 

Isotope 

G* 437 

o oy Ü a 

0* 

8- 

> 3 7 

ri S' 

Theoretical 

- Í,‘ï $o 

5*0 

- ?,7V7 

Experimental Reference 

- /, y y 

_/ 

f-H—i—i—h- f F—h 



S7 
La 

Z CHEM. A 
SÏH. 

ATOMIC MASS 
A>TJ + 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type k Energy (Q) 

REF. 

57 Lffthanum -131 
-132 

58 m 
"4.3'h. 

1 B+1.0 
. 

._9L._ 
L 9 

-133 
-134 
-135 

4.0 h EC: Bf-1.2:Í0.8 9 
r 2, 9. 

9, 6 
133.950730 820 6.J m &f2.7 

19.5 h EC; ipO.104,0.218, 
0.265,0.295,0.367, 
0.483,0.588,0.65, 
0.86 

-136 

137.950100 1020 

130,949500 1000 

0.0Ö9 

'99.911 

EC; B+2.1 9 
. — -137 

-138 

-Ï39 
-140 

-141 

-142 

-143 
-144 

6xl04y 
ICHy 

EC; 
EC;B-0.215 Ï0.54, 
0.81, 1,42 

9 

2,9,6 
2,9 
2, 9 

2, 9 

9, 6 

9 
9 

139.952970 1000 

140.954330 1000 

40.22 h 

3.8 h 

77 m 

^ 19 m 
Short 

B-;Í O.3286, 
0.4867,0.81cl, 
1.596 
B-2.43,0.9;f1.3, 
1.6 
B-72.5; Ï0.630, 
0.870,1.0,1.8,2.0, 
2..4,2,9 . 
B- 
r 

E 
Mev 

*—I—i—i—(—h 

\ 



REMAflKS 

S'* L* 

Thresholds 

(Y") 

(K»_ 

Isotope 

L ^ < y i 

L f' 

tVi 

Theoretical Experimental 

- ? _ V 7 7 -9, 

- £,3/8 

Reference 

/ 



Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU ± 

! % 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

58 Cerium -I31 
-132 
-133 

_-134 
. -135 

-136 
-137 
-138 

.-139 
-140 
-141 

-142 
-143 

-144 

-145 
-146 

137/949030 104Õ 
138.949630 1020 
139.948900 1000 
140.951724 1000 

141.953020 ’1000 
142.956538 1000 

143.958445 1000 

145.963210 1010 

O.I93 

_ 0/ 250”“ 

__88._48 

ii. 07 

1 30 m 
'4.2 h 
6-3 h. 
72.O h 

22. h 

8.7 h 

140 d 

33.1 d 

SxlO1?/ 
33 h 

285 d 

3 m 
13.9 m 

m-4^2 
B+- 
B+1.3; tl.8 
m__ 
EG5 ïtK).81 

EC;tb./i43 .. 

EC;.““ 

B“0.581,0.442} 
í 0.144 
^1.5 
B- îf0,035, 
0.126,0,160,0.289, 
0.356,0.660,0.720 
B- ; *0.0337, 
0.054,0,0807,0.100 
0.134 
B" ^2.0} 
B-0.7} <0.11,0.142 
0.22,0.27,0.32 

9_ 
9 
9 
9 
9 
9 
9 
2j 9 
2, 9 
2, 9 
2, 9 

2 j 9 
2, 9, < 

2, 9 

9 

E 
Mev cr 



REMARKS 

Threshoide 

(Y,*) 

(Y,P) 

Isotope 

Ce 
'V2 

Ce 

C<L 

>•+0 

/¥2 

Theoretical Experimental Reference 

-7.0(,0 Í 

- 7,/20_- 7. ¿V-_V8 

- %,0t o Í 

- ?,yí°_¿. 

^-1-1-1 H-H-H-H *—HH—HH-H—I—► 



i 

S9 
Pr 

CHEM. 
SÏM. 

ATOMIC MASS 
AMU + 

% 

ABUN, 
HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

8+2,5;0.08,0.22, 
_ 

9 59 PraBeodymiuinl35 

il3i 
-137 
-130 

■139 
-uo 
■141 
■142 

■143 
■1441 

I37.95279O 1060 

139.952390 1000 
140.951100 1000' 

141.953836 1000 

142.955°5Ö 1ÕÕ0 
143.958120 1000 

■145 
■146 145.963210 1010 

100 

22 m 

_4. 5 h 
3v4.ni 

19.2 h 
13.76'd 
17.27 m 

5.95 h 
24.4 m 

Bf2.0^0#17,0.S,l. 
Wî'm.e "ZJl" 
EC; Bfl.'4;ro.30,“' 
0.80^.05,1.4,1,.7 
EC; B+Í.'Ó; ri.3,1. 

'&+■< .23 

B“2.17,0.59;T1.572 
B-0.932 
B’2.98,2.3,0.8; 
ï- 0,691,1.488, 

2.182 
B-^1.7 
8-3.7,2.3^0.455, 
0.59, 0.75, 1.49 

9, 6 
T 
2,9,6 

z, 9 
2, 9 
2, 9 
2, 9 
2,9,6 

9 
2,9,6 

E 
Mev cr 

to *<9 3 

1 E 
Mev <r 

<—I—f—f 

\ 



REMARKS 

Pr 

Thresholds 

ÍKP) 

Isotope Theoretical Experimental Reference 

P-“" -9,US ¿ 

Pr'v' -S,32¿ _¿ 



Nd 
€õ 

Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

60 Neodymium -138 22 m B+~2.4 5_ 
-139 5-5 h EC; B+3.I; ifI.3 9 
-HO 139.952500 1010 .JA-d EC 
-141 140.952980 1000 2.42 h EC; B+0.7;l O.Hj 

1.295 
2, 9, 6 

-142 141.951510 1000 27.13 2j_9 
-143 

.. -144. 
. . -145 

-146 

142.954052 1000 12.20 2^.9 . 
143.954930 1000 

145.958700 1000 

23.87 
8.29 

17.18 

5^0¾ * 1..9.... 2, 9 
9 
.2, 9 . 
2, 9 
2, T - 

-147 146.961530 1000 teõ6 d B- ; lfO.091 
-148 147.964000 1000 5.72 
-149 

-150 
-151 

140.966700 1000 

149.9679ÕO '1000 

2.0 h &-1.5,l.l,0.95; 
^0.30,0.097,0.112, 
0.114,0.124,0.18g, 
0.198, 0.21 

2, 9 

5.60 2,.9 
9 15 m B-1.93; ÏÏ0.085, 

0.110 0.117, 
0.421. 0.73. 1.14 

E 
Mev cr 

^-1-1-1-S—I-1-K 



REMARKS 60 Nd 

Thresholds Isotope 

(Y,n) 
Nd 

143 
Ndîu 
Nd14^ 
Nd145 
Nd1^6 

Theoretical 

-9.789 
-6.070 
-7.814 
-5.970 
-7..5.BO . 

Experimental 

-6.38 

Reference 

6 
6 
6 
6 
6. 

Nd144 
Nd144 
Nd145 
Nd146 

-7.206 
-7.440 
-7.965 
-8.160 
-8.602 

*-1-*-1-1-1-1-1 ^—HH—h—*-H—J—► 



41 
Pm 

Z CHEM, A 
S YM, 

ATOMIC MASS 
AMU + 

% 
ABUN, 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

6l Promet heum-I4I 
_-1421 
_-143 

=144 
-145 

-146 
-147 
-148 

-149 
-150 

-151 

Rm: 

145.958950 1010 
146.960552 1000 
I47.9642OO 1050 

148.964900 1000 
149.969100 1010 

2_0_m_ 
r3o s 
270_d 
3OO d' 
16 d 
18 y 

B+2.6 
B+3.78;EC 
ECjï 0.95^0.740 
EC;Î0.65,0.44,0.17 
mo.45 
£0:^0.064.0.0725 

■Lx 
-î*- 6 

2.64 y 
5.3 d 
42 d 

;4 h 
2.7 h 

27.5 h 

B-O.2?3jr0.121 _ 
r 2,55^0.8 
B“2.4liQ.54,0.95 
8-1.05^.285,1.2 

B-3.05,2.01;r0.34 
0.40,0.57,0.70, 
0.82,1.17,1.33,1.68 
1.95,2.75 
B-l.l; i"0.065,0.O7O 
0.100,0.116,0.144, 
0.163,0.177 ,Q.2Q8__ 

2.5 h B' 

2, 9 

2, 9,6 
2, 9,6 
2, 9,6 

9, 6 

E 
Mev er 

is
O

 N
D

 í
n
O

' '
O

 



REMARKS 

Thresholds Isotope Theoretical Experimental Reference 

4—»—I I i <—i—* *—i—HH—I—H-f—» 



62 
Sm 

CHEM. 
SW. 

ATC9GC MASS 
AMU + 

% 

AflüH, 
HALF 
LIFE 

DECAY 
Typ® & Energy (Q) 

REF. 

62 Samarium -142 
.-143 

-144 
-145 
-146 
-147 
-148 
-149 
-150 
-151 
-_!52 
-153 
-154 
-155 

-156 

143.956000 1600 
EC: O.Ö613 

145.958200 
146.960310 
147.9613OO 
148.963460 
Í49.9634OO 

1000 
1000 
1000 
1000 
1000 

72 m |&t._ 7 
9 m B+2.3 

3,16' ' 

! 5x107 y #2.55 
15.07 1.3x1011^2.18 
11.27 
13.82 

.. 7.--47. 

151.967300 1000 

153.970520 
154.973510 

1000 
1050 

.'26.63 

22.53 

155.975050 1020 

93 y B-0.0765€ Ó .021 

47.1 

23.5 m 

9.0 h 

r ' ;fo.103,0.53 

B-1.8; /0.105, 
O.248 
B-0.9 

-9. 
9 
2, 9 
9ju 6 
2x 0 
2. 9 
2, 9- 
2x 9 
2x_9 
9. . 
2, 9 
9j 6 
2, 9 
2, 9,6 

2, 9 

E 
Mev er 

4—i->—I—I—I—I—► 



REMARKS 

Thresholds 

(rn) 

Isotope 

Sm1^ 

Sm12*8 
5mlW 
Sm^2 
^54 

Theoretical 

-6.470 

-8.130 

-5.860 
-8.410 

Experimental 

-6-440 
-7.570 

-9.430 

Reference 

6 
6 

6 

4-I-(-¡-!-^ 
4-(-1-1-(—»—I-if 

o
 
o
n
 
o

- 



63 
Eu 

Z CHEM* A 
STM. 

ATOMIC MASS 
AMU + 

% 
Am. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

63 Europiian-liA 
-145 

-146 

18 m m-2.4 9 
5 d EC; T O.I53,0.66, 

0.75^0.89 .. 
9, 6 

38 h EC¿Í l.9 
-147 
-IAS 
-H9 
-150 
-151 

149.966200 1000 
47.77J 

24 d 
.54 JL 

120 d 
I5.O.. h. 

ECifr2.9ii0.038 
EC ¿io.JS*P.41jl•00 

O.4 
.. B-1.07 .. 

.9, 6 
_9_ 

9 .. 
2^9. 

~. -152 12.7 y 
9.2 h 

EC 5 B" j 
EC ^1.88,0.55 5^; 

yo. 122. 
9, 6 

9. . . -153 52.23 
-154 153.972920 101Õ 16 y B- 5 ÎT 0.336, 

0.778^1.116 
2, 9,6 

2, 9 
--2, 9 

_-155. 
-156 

_154-921146..106C 
155.974080 101C 

-- . 1.7 y. 
15.4 a 

K S 
B" 

-157 156.973030 101c 15.4 h B- ï* .2 j. 9 . 
-158 .1 oO m B-2.6 ir 9 .. 
-159 1 20 m 9.. 

E 
Mev CT 

i-1-1—fr-H-i-1—fr 



REMARKS 

Thresholds 

i*,”) 

(r.p) 

Isotope 

r,'y' 

Eu 1,3 

Eu 151 

Eo ,í3 

Theoretical 

otro 

- y íro 

- 

- é.ciù_ 

Experimental 

- ? 

-V.lS 

Reference 

á/ vy 

é 

C 

A—\ I )— 



CHEM. 
SYM. 

ATOMIC MASS 
AMU + 

% 

A BUN. 
HALF 
LIFE 

DECAT 
Type & Energy (Q) 

REF. 

64 Gadolinium-147 
-148 

_-149 
-150 

-151 

■152 

•153 
■154 
•155 
•156 

■157 
■158 

■159 
•160 
•161 

147.9553370 

149.965050 

153.969720 
154.970880 
155.971500 
156.971200 
157.973420 

16001 

1000 

1000! 

1050, 
1000 
1000 
1000 

159.577750 1000 

0.20 

2.15 

14.7 
20.47 
15.68 
24.9 

21.9 

236 d EC;T 

18.0 h B"0.95 50..60/ 

3.6 m ETI.5;ÎT 

29.O h ECjr 
'I3O ' y * 3.2 i 

9,3 d EC; 3.O; 
?1Q5 f <2.7 i 

150 d EC;*-0.0715,0.1531 
0.1753, O.242, 
O.305 ! 

9 

2, 
9 

2, 
9, 

2,9 
2, 9 
2, 9 
9 
2,.9 
9 

E 
Mev cr 

4—(—f i-1-^ 

M
 

Tv
O
 
s
O

 



REMARKS 64 
Gd 

Thresholds 

<X,n) 

(Y,P) 

Isotope 

GdS 
Gd17 
Gd1-5' 
Gd1^ 
GdléO 

GdlJ6 Gd156 
Gdl57 
Gd1?8 
Gdl59 

Theoretical 

-6.420 
-7.859 
-6.390 
-7.926 
-6.200_ 

-7.. 600 
-7.319 
-8.150 
-8.840 

Experimental 

-6.39 

Reference 

6 
6 

6, 48 
6 
6 

4-1—4-1—I-1-1-- +-i—I—I-I )■ 

O
- C

T
s 

O
'- 
O

 



* 



I 

Tb 
6S 

Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + 

% 
ABUN. 

HALF 
LIFE 

ÜEGAY 
Type k Energy (Q) 

REF. 

65 Terbium -I64 
Tb? 

23 h 
._717 h Bt3.1 

9 
9 

REMARKS 

Thresholds Isotope 

(r,n) 
_TV” 

Theoretical 

- «,/¥8 

- 7,200 

Experimental Reference 

£ 

i 

E 
Mev cr E 

Mev <r 

\ 



Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + 

66 D^sprosium-lW 
¿■153 
¿•153 
-152 
-153 
-154 
-155 

-150 
' -157 ' 

-158 

159.975000 2000 

I6I.97696O 2000 

-15‘ 
-16( 
-16] 
-16; 
-16; 
-Ï5I I53.98O42O 2000 
-1¾ 

.-16( 

154.982440 2000 

% 

ABUN. 
HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

E 
Mev cr 

0,0524 

8 in 
7 m 

19 m 
2.3 h 
5,0 h 

13 h 
10 h 

O.O902 

2.294' 
18.88 
25.53 
24.97 
28.18 

8.2 h 

134 d 

i EC 
¡*4.2 
*4.1 
*3.66 
*3.48 
*3.37 
EC; TO.O654,0.O9O4 
0.1154,0.1558, 
0.1614,0.2057, 
0.2270,0.2714 

EC; (TO.O6Õ8, 
0.0830,0.1439, 
0.1825,0.2655, 
O.3266 

EC; TO.O58 

82 h 

139.2 itj B- jfO.095,0.175 
0.274, 0.360 
B~0,2; jf 0,05 

9 
9 
9 
C 
/ 

9 
9 
9, 

9 
9 
2, 
9 
2, 
9 
2, 
2. 

9—)■—)—»—i—f—i—I 

E 
Mev <r 

4-1-(-(-1-1-1-*■ 



REMARKS 

Thresholds 

(K,*) 

(y, fi) 

Isotope 

Dy164 

oyf 
Dyi6? ÿs 

Theoretical 

-6.410 
-8.170 
-6.300 
-7.620 

Experimental 

-6.32 

66Dy 

Reference 

-7-450 
-7.970 

4-1-1-1-h—H-*-1 f-H—H-i—f » I 

O-
 O
- 

O'
 



\ 

Z CHEM. A 
SW. 

ATOMIC MASS 
AMU + 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

67 HoLmiuir. 
-156 
-159 
-I60 

-161 

-162 

-I63 
-164 

•165 
■166 

-167 

■169 

163.982770 10001 

I64.98IIOC 2000! 100 

~4 in 
"1 h 
33 m 
28 m 

2.5 h 

67 m 

, 0.8 s 
36.7 m 

27.3 h 
i>30 y 

3.0 h 

96 m 

*4.2 9 
*0.1381 9 
SC;f 9. 
ECj&fl.3j <0.090 9 , 6 
0.20,0.65,0.73, 
0.89,0.97 
EC;î0.0256,0.0775 9, 6 
O.IO3, O.175 
EC; <0.0382,0.0577 9, 6 
0.0808,0.1848, 
0.2828 

O.3O5 I 9_ 
EC; ro.99; T'2,9,6 
TO.0373,0.0729, 
Û.09Û9 

, .I 2, 9 
08,1.37,1.56 | 6 

r;T0.084,0.185, ! 9, 6 
0.212 ^ _ 
8*0.28,0.96jjfO.35, 9, 6 
0.70 

9 

H-1-Í—j-i-(—j—H 

\ 



REMARKS 

Thresholds 

(rn) 

(Y.1P) 

67 
He 

Isotope Theoretical Experimental Reference 

Ho'1* t 

ú‘" -r.9öo é 



68 
Er 

Z CHEM. A 
STMr 

ATOMIC MASS 
AMU ± 

% 
Am. 

HALF 
LIFE 

DECAT 
Type & Energy (Q) 

REF. 

6Ö Erbium 60 29 h 1 EC 9 
9 -l6l 

0.136 
3-1A 

75 m 

EC; 8+1.255- 
-162 

EC;j0.43, 1.1Ö 
9 
9 
2,9 
9 
9 

-163 
-1¾ 
-1Ó5 
-166 

163.901720 100c 1.55 

33.u 
22.94 

1Ö7C‘¥ ~EC7Ti7i. 

--T67 9 ¡ 
-168 
-169 

167.983920 iööc 
9.4 d AO.33î Í0.0084 

27 9 
9 

1 .. -Ï70 I69.9893ÓO 2ÕÒC 14.68 
r ;í 0.113, 
0.118, 0,126, 0.176 
0.295, 0.308, 0.420 

2, 9 a ~r ~ 
-171 7.S h 

"50 h 

9, o 

-172 B- 9 

E 
Mev <r 

8 
i-1-1—I-H-H-1-K 



REMARKS 

Thresholds 

(V,«) 

( K*>) 

Isotope 
EjJ. 66 
Er16? 
Erl 68 

“ZK5- 
£l67 
Er168 

Theoretic&l 

-6.540 
-7.780 

-7.430 
-7.600 
-Ö.000 

Experimental 

-6.64 

, Er 68 

Reference 

6, 48 
6 

4-1-1-l—H-1-i 4—I I 

0%
 0

^ 
0^

 



7m 
69 

Z CHEM» A 
STM. 

ATONIC NASS 
ANU + 

% 
AfiUN. 

HALF 
LIFE 

DECAI 
Type & Energy (Q) 

REF. 

69 Thulium -165 29 h 

7.7 h 

9.6 d 

Ö5 d 

ECj JT 

EC;B+2.1sfl.7 

EC; »'0.057 

ECjB- ;Ï0.21,0,35 

9 

9, 6 

9, 6 

9, 6 

9 

9, 6 

-166 

-167 

-168 

-169 100 

129 d 

19 m 

680 d 

rO. 968,0.384; 
ÏO.O842 

-170 

>171 

B“0.097 ,~0.03 ji* 
O.O667 

9, 

9, 6 -171 

-172 63.6 h 
1 
1 

B_1.5;iT0.076, 
1.09, 1.49, 1.79 

9, 6 

E 
Mev cr E 

Mev cr 



REMARKS 

Thresholds Isotope Theoretical Experimental Reference 

4-1-f I I-1-1-1 » I ¡——► 



t 

Z CHEM. A 
SÏM. 

ATOMIC MASS 
AMU + 

% 
AHJN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

70 Ytterbium -166 
-167 

-168 
-169 

-170 
-171 
-172 
-173 
-174 
-175 

171.983480 3000 

173.980750 30ÖQ 

0.140 

3.03 
14.31 
21.82 
16.13 
31.84 

54 h 
74 m 
19 m 

31.8 d 

EC jf 0.112,0.140 
&f2.4 
EC ;Í0.118,0.18,0.33 

EC;Ï0.064,0.110, 
0.133,0.178,0.198 

9 

9, 6 
9 
9, 6 

..9 
9 
2, 9 

..9 
2, .9 
9, 6 

9 - 

101 h r ;l£ 0.1138, 
0.2826, 0.3961 

B-I.3O5Í 0.1185, 
-176 _.12,73 
-177 

Yb® 

1.9 h 9, 6 

6 s 
" 50 s. 

ITi o!212Jo!l04 
ITj. ^0^025 

9. 
9 
9 

Yb* 
Ybm ! - -— * -i- 

0.15 a 
--- • - 

E 
Mev cr 

^—í—I—I—I—1—* 



REMARKS 

Thresholds Isotope TheoretIc&l 

Yt'73 

Experimental Reference 

-¿.70 VÎ 

f 



CHEM. 
STM. 

IL Lutecium -l69 
-170 

--171 
■171 

-172 
-172 

■173 

■174 

•175 
■176 

■177 

■178 

ATONIC MASS 
AMU ± 

% 

ASUN. 

175.997370 2000 
97.40 
2.60 

HALF 
LITE 

~2 d 
Ï.7 d 
8.5 d 
600 d 
"6.7 d 
4,0 h 

1.4 y 

165 d 

?.4xl010 

6.75 d 

18.7 m 

DECAI 
Type & finergy (Q) 

EO 
EC"; ¿0.0842,0.3-935 
Ec;r . 
EC;Î-1 
EC jï 
B+1.2jEC;¿ 0.0787, 
0.0906,0.1128, 
0.1815,0.203^, 
0.2705,0.324b, 
0.3731 
EC; X*0.0788,0.IOO9 
0.1715, O.2727 
EC ; B“0.6;fO.O766, 
^■1 

ro.43; X0.089, 
0.20, 0;309 
B” : «0.113, 
0.208 
^0.34250.445 

REF, 

9, 6 

9, 6 

9 
2,9,6 

E 
Mev cr 

L 

■v
o
 
v
o
 
v

o
 
v
O

; 
-v

O
 
n
o

 



REMARKS 

Thresholds Isotope Theoretics! MerijnenUl Reference 

■I-1-1-!-1-1-*-1 
4—i—i—I—t—i—f—f 



CHEN. 
SW. 

ATOMIC MASS 
AMU + 

$ 
AHIN. 

HALF 
LIFE 

DECAY 
T/pe & Energy (Q) 

REF. 

72 Hafnium -170 
' -171 

-172 

-173 
-174 

-176 
-177 
-178 

-179 
-180 
-181 

■183 

175.996300 

177.999760 

179.998000 
181.004000 

200' 

2000 

2000 
2000 

O.I63 

5-21 
18.56 
27.1 
I3.75 

35.22 

112 m 
I6.0 h 

5 y 
23.6 h 

70 d 

44.6 d 

64 m 

B+2.4 

EC#0.18,1.4 
EC;f> 0.28,0.8 
ECji 0.123,0.2985 

ECj <"0.089,0.3434,! 
0.433 : 

ro.408; 5f 0.133, 
0.136,0.346,0.48: 
B"1.4;r 

9 
9, 6 
9 
9, ^ 
9 
9, 6 

9, 2 
9 
9, 2 
9 
9, 2 
9,2,6 

E 
Mev cr 

*—(—i—(—i—i—e—+ 



REMARKS 

Thresholds 

cr») 

tv',/0) 

Isotope 

Hfl79 
Hf180 

Theoretical 
-6.602 
-7.540 
-6.270 
-7.420 

Hf177 -6.Ö40 
Hf178 -“7.260 
Hf179 _ 

Experimental 

-6.38 
-7.61 
-6.09 
-7.31 

Reference. 

6, 23 
6, 23 
6, 23 
6, 23 

6 
6 

4-—i—i—1--1—I—i—I -I——t-t—h- » 



» 

Ta 
73 

CHEM. 
STM. 

ATOMIC MASS 
AMU + 

% 

Am 
HALF 
LIFE 

DECAY 

Type 4 Energy (Q) 

REF. 

Tantalum-17u 
■177 

-178 

-178 

_¿79. 
■180 
■Í8i 
■182 

-183 
-184 

-185 

-186 ; 

180.002200 2000 
181.002900 2000 
182:005370 2000 

E 
Mev 

0 
Q 
in 0.10 

0.18 
V? -0.. ^0 
ir . 0,44 

. 1A . 0.60 . 
. 0^63 

16 0^1 
- 17 0.36 

18 . .0.26 
19 0.21 1 
20 . 0.18 

_1 

Ta (i n) 
Kef. 

ÔVÛ123 
99.93771 

8.0 h 
' 53' h 

2.1 h 

9.35 m 

d '600 

115.1 d 

5.0 d 
8 /7 h 

50 m 

10.5 m 

EC; Í0.0883,0.202 
EC; ¡TO.113,0.208, 
0.321,0.425,0.510, 
0.63,0.75,0.96, 
1.07 
EC ,;B~i;¡r O.332, 

1.4 
EC ; B+l. 06 ; i 0.093, 9, 6 
1.35, 1.5 
EC; 

9j z 9, 6 

9, 6 

El [Med 

E 
Mev <r 

. 

T - 
27T 
2 9 

r ;Í0.068,0.100 , 2,9,6 
0.152,0.222,0.229 
0.264, 1.12, 1.19, 
1.22 
B_C.c2;rõ.24 9, 6 
3-1.26,0.15; ' 9, 6 
*0.110,0.24,0.30, ; 

0.41,0.89,1.18 
B-1.7,^0.15; *0.125 9, 6 
0.175,0.235 _ _ ■ 
B-2.2;*0.125,0.20, 9, 6 
0.30,0.41,0.51. 
0.61,0.73,0.94 

ins Mti/ 
IS. 



REMARKS 

Thresholds 

(Y») 

(Y. P) 

Isotope Theoretical Experimental 

y;/*' -7 ¿vr 

T '?/ -i.ioe __ 

Reference 

< 
i 

4——i-(—I—)-1->—» 4—HH—> I  » -1—* 



74 
W 

Z CHEM. A 
STM, 

ATOMIC MASS 
AMU + 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

•im 
w? 
-ITT 
-179 
-1P9 • 
-ISO ¡ 180.001450 ?000 
-181 ! 
-182 j 182.003510 2000 

.}— 

-183 
-184 
-185 

-186 
-187 

■188 

183.005300 2000 
184-006300 2000 

0.135 

26.4 
14.4 
30.6 

186,,010400 2000 1 28.4 
187.Ö1746Ö'"T5DÖ 

130 m ; EC 0,5, 1.2 
Long 
21.5 d 
30 m 

5.2 m 

75.8 d 

24.0~'h 

69.5 d 

<< 3^0 
EC ; 0,3 
EC; r0.030 
EC or IT: T0.22 

'145 d ¡EC;!T 

8-0.430^ 0.052, 
O.I34 

3- ' ; VO.072, 
0.134,0.479,0.62, 
0.69 
r 

9' 
9 
9 
9 
9 
2, 9 
9 
2, 9 
2, 9 
2, 9 
9, 6 

2, 9 
2, 9,6 

E 
Mev cr 

*—!-(—(—I—I—I—(■ 



REMARKS 74 
W 

Thresholds Isotope 

w182 
>3 
lj184 
-^186 

Theoretical 

-8.000 
-6.185 
-7.460 
-7.280 

Experimental 

-6.29 

-7.28 

Reference 

6 
6, 48 

6 
6, 4B 

(r,*) 
^82 
#83 
^84 
^186 

-7.021 
-7.135 
-7.740 
-8.200 

4-1-1-1 »' I-1-1 ^> Jill 



i 

75 
Re 

Z CHEM. A 
SÏHe 

ATOMIC MASS 
AMU + 

75 Khenium -177 
IÏTF" 
-180 

% 
km. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

-1Ô1 
-18? 

-183 
-184 

■185 
3§6“ 
337 
-188 

lg'5.010597 '2300 

188.016330 

-189 

E 
Mev <r 

_1 

Fe? 
-190 

37.07 

c 62757 
rcoc. 

■í—i e—f- t.r — 

17 m 
'T51F 

B+ 

2.4 ni 
'18Ti— 
_ 20 h 
2Ö'h 

12.7 h. 

64.0 h 

71 d 
50 d 

2.2 ú 

88.9 h 

1617" h 

15+0 
B+l.lj 70:1170188 
TT-'W. 227,0.212 
BtI . 9_ 
EC; V. 
SC;fO.110,0.127, 
0.222,0.250,0.346 
ec;|0.110,0.127, 
0,222,0.250,0.346 
EC ;í0.081,0 252 
EC ;Í0.159,O.206, 
0.244,0.784,0.89 
EC or IT; Í0.43, 
0.159 

1- VTO. 137,0.628 2,9,6 
T^xTO^y ^“OlOOSj rO.I372 

150 d 
9.8 i 
2.8 m 

B-2.12,1.96; ^0715^ 2, 
0.476,0.638L1,13 

'8-072 7TÏ.0 

E 
Mev <r 

B--1.8 
3-1.7 ;fO.191,0.392 
0.57,0.83 
B-Q.75_ 

9 
7 
X 
T ' 
9 
9 
9, 6 

9, 6 

9, 
9, 

9, 

9 
9 
9, 

3-(—)-1-1-1-H 



REMARKS 

Thresholds 

(r») 

(y, Is) 

Isotope 

/?/sr 

/?e 

Theoretical 

7.190 

Experimental 

- 7, /S 

Reference 

r?t "T 
/?« '*7 

voo 

- 3,900 

+—i—H—1—I—» ^ i—I—* I J » I > 



Z CHEM* A 
SIM. 

ATOMIC MASS 
AMU ± 

% 
km. 

HAIF 
LIS 

DECAY 
Type & Energy (Q) 

REF. 

76 Osmium -181 23 m EC;iT0.166.0.174 9. 6 
-182 21.9 h EC;ir0.0276, 

0.0555,0.1805, 
0.510 

■tir“ 

-103 13.5 h EC; ÍTÕ.3, 17^ 0 / 
757018 9 

-185 93.6 d ~1S; ^3754340.873 9 
--^I5F 186.009550 sot “T37 

_1ÔS 
W7Ü1Ï053“ 22OT 
188.0ia00.3DC 

T762T 
■"13.3 .--- 2,9 

2,9 
139.018130 2Ö0C I57T- 2,9 

. 2,.,9 3 ^I9ü 190.017400 2Ö0C ' 26.4" 
-191 I9I.O2I5OO 210C 16.C d ro.143; ¡T0.1858 2. 9.6 

-^19? 1927322300 3ÖOT Stl.o „JL 9 
193.026370^ 3Õ75 h B-"7TÕ7ÕT2^ 

0.137,0.2507, 
0.2806 .. 

2, 9,6 

-194 ^700 d B" _9. 
-195 

r I 6*5 diT 
1 

B"2 
. ... 

9 

E 
Mev cr 

1 

E 
Mev 0* 

<-I-í—f—H-H-1—h 



REMARKS 

Thresholds 

Or*) 

Isotope 

,108 Os 
Os: 
Os 
Os 

189 
190 
192 

08188 
0sl89 
OsW 
0b192 

Theoretical 

-8.060 
-5.990 
-7.880 
-7.810 

-7.280 
-7.320 

Experimental Reference 

6 
6 

4-1-)-f—I-1--< ■i—(—I—I—H—» f I 

C
T

' 
C

T
' 

C
T

' 
O

 



CHEM. 
SYM. 

ATOMIC MASS 
AMU + 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Typo & Energy (Q) 

REF. 

77 Iridiuri-185 

1M 

TS7' 
1M 
-189 
-190 

"193 

-195 

•196 

E 
Mev (T 

T9T7Ü2I24Õ 21ÕC 
192.Ö247ÖÖ 2Ü5ti 

193.025200 2ÖÖC 
T957Ü255ÜÎT T5IÕ 

l95.028éóÕ I5ÏC 

38,5 

-5I7T 

Continued on next; page 

*1.5 h 

15 h 

13 h 

11 d 
3.2 h 

11 d 

T975T 

- "¿".Th 

9.7 d 

4—f—I—I—f—f—t—I 

EC; «*0.0374, 
0.0599,0.0973, 
0.1008,0.1044, 
0.2544 

9, 6 

EC;Bf; «0.138, 
0.298,0.436 
EC; «710IPs 
rcy^.OjfvioiPs 
EC; r riot’s 
TTï'-’FÎTÔ'jVD.ISô, 
0.36, 0.56, 0.62 
EC; TO.1865,0.359 
O.404, 0.558, 0.8C 

9, 6 

9, 6 
.9,.6. 
9, 6 
976 

9, 6 

B"0,67; 8" 0.206, " 
n.296,0.308,0.316 
0.468 

2, 9 
2,9 

^177.29,0.3257 
1Æ__ 
8^2.1,1.3^0.070, 
O.42, 0.66, 0 88 
B-0.08;?0.58,0.7¾ 
^1 

27"9 
2, 9 

2,9,6 

‘97 6 

E 
Mev <r 

H-1-(—I—I-I —I- 



Z CHEM. A 
SÎM. 

ATOMIC MASS 
AMU + 

% 
am. 

HALF 
LIFE' 

DEGAY 
Type St Energy (Q) 

REF. 

77 Iridium - 197 7 m B-1.6; if 1.8 9 

- 198 198.033700 201C 50 s r \_o CT
' 

V
»
«
 o
 

o>
 

2, 9 

REMARKS 

Thresholds 

(Y,n) 

Isotope 

h1'1 

JV'1 

Theoretical 

-77ÍÍ 

Experimental 

Ik"' 

I.'” 

"V,9*0 

- £. 5?# 

Ref. 

¿ 

E 
Mev cr 

4-(-(—~i-1-1-1—^ 



78 
Pi 

Z CHEM» A 
SYM. 

ATOMIC MASS 
AMU + 

Sf 
AHJN. 

HALF 
LIFE 

7Ö Platinum-186 - • 2.5 h 
10.Ö d -138 

' -139 
— - -190 0.0127 

ll.o h 
5.9x10^ r 
3.00 à 

^101^ 

- - ^ -T91 

-192 I92.O23IOO 205C r 
to : 
t • ! 
O

 , -J, 

-T93 193.025300 155c 
32.9 

' 33-8 
25.2 

7_.19_ 

-1¾ 194.024000 150c 
’,95.026400 I5OC 
196.026880 15OC 
197.029280 100C 

198.029000 2000 

i -195 
-196 

. -197 

-198 
-199 

18 h 

.31" m' 

-200 11.5 h 

DECAY 
Type & Energy (Q) 

REF, 

EC 
ECjíD.20,0.20, 
0.40 
SC 5*0.14,0.35,0.7: 
^ 3-30 
EC ;ifO.003,0.O96, 
0.173 
Kr 2.6 
ECj no if 

B-o.670;ro.0771, 
0.1910,0.279 

B- ; ¡TO,074, 
0.197,0.246,0.318, 
0.475,0.540,0.715, 
0.790,0.960 
B- 

9 
9.6 

9/6 
9 
9, 6 

2, 9 
2, 9_ 
2, 9 
2, 9 _ 
2, 9 
2.9.6 

2, 9 
9, 6 

2, 9 

E 
Mev <r E 

Mev cr 

■I-I-(—h—1-1—I—i 



REMARKS 

Thresholds Isotope 
"pt1™ 

Ptl98 

Ptl94 
Ptl95 

Pt 

Theoretical 
-8.030 
-6.178 
-7.922 
-7.910 

-7.200 
-7.631 

Experimental 

-6.205 
-8.29 

Reference 
6 

6, 48 
6, 48 

.... 6 

6 
6 

4-1-1" »-I-I-1-I 4—i—I—)—h-b-4.» 



7$ 
Am 

CHEM. 
SYM. 

ATOMIC MASS 
AMU 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Typs 4 Energy (Q) 

REF, 

79 Gold 183-187 
"748? 
-185 

--439 

-191 

-192 

-193' 

TL94 

-195 

-196 

•197 
■198 

-199 

192.028100 ' 3010 

197:028470 3000 
198.030480 3Ö0Ö 

4.3. m .EC¿B+)^5.07 
^15 m ËC 
4*5 m ' ' EC 
" 42 m ; EC; iro.135, 0.29 
2,0 3 _ ... 
3*0 h I EC;5T). 135,0.300, 

! 0*390,0.475,0.600 

4*7 h EC;B+-i.9;)T2.3 
15.8 h EC;ï0.051,0.060, 

0.084,0.093,0.109, 
0.165,0 4 77,0.235 

39.5 h EC;B+1,21,1.55; 
#0.291,0.328,1.48 
2,1 

180 d EC;<0.0303,0.0987, 
0J.28_ 

I4.O h EC or IT; 
i 5.55 d EC; ^0.27^0.331, 

0.356 
100 

T99.031033 3050 
Continued on next 

E 
Mev 

. . 0-: 
Q 0.01 

. .10 -0.11 
11 0.2ß 

- 1,2 
13 _0._64 .. 
1L 0.70 

. 1^ 0.67 
16 -0-57 . 
AH. Û.A2 
1Ö -0.1/1. 
19-. 0.21 

—20. 0.17 
21 _^02 . 

2:i97 d 

3.14 d 
page 

B-O.96O; ¡TO.418, 
0.676, 1.086 
B" ;# 0.050, 
O.I58, 0.208 

9 
9 
9 
9,.6 
9 
9 

9 
9 

9 

9, 6 

9 
2, 9 

2, 9 
2,972 

2,9,6 

Au,9?M 
Re**/ 

Ö.2- 

E 
Mev <r 

r/7 
/¾ I ^ / 

öl- 



Z CHEH. A 
SÏM. 

ATOMIC MASS 
AMU + 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

79 Gold -200 200.034380 3030 48 m B-2.18,0.6; TO.39, 
1.13,1.23 

2, 9, f 

-201 201.035600 301C 26 m B”1.5; lTõ.55 2, 9 
202 -20ii r-25 3 S' or IT' 

-203 55 e TO.§9 9 

Thresholds 

(Y,*) 

(Y.P\ 

Isotope 

REMARKS 

Theoretical 

- %M1 
- ç.mo 

Experljnental 

- 7 <ft 

Reference 

¿, 22 
i 

E 
Mev cr 

_ 

E 
Mev (T 

’ 

+—H—S—*—I—I—I—* 



Z CHEM. A 
STM. 

ATOMIC MASS 
AMU + 

f 
km. 

HALF 
Lire 

DECAY 
Type & Energy (Q) 

REF. 

1 80 Mercury -1.89 
; “ -191 
i 

-19' 
-191 
-192 
-193 

-194 

-195 

-196 
-197 
-198 
-199 
-200 
-201 
-202 
-203 
-m 
-205 
-206 

198.029000 
199.030r'50 
200.031910 
201.034000 
202.035341 
203.036474 
104.037323 

¿05.040359 

3000 
3050 
3010 
3000 

620 
400 
23Ó 
160 

196.027350 3010: 0.146 

23 m 
90 m 

3 h 
O.? m 

57 m 
5.7 h 

6 h 

0.4 s 
-I30 d 
9.5 h 

65 h 
10.02 
16.84 
23.13 
13.22 
29.80 

6.85 
I 46. 

9 
9 

,<^5.60 ,9 
! EC;jro.2526,0.2741 ;9, 
; EC;B+1.18; f1.4 ,9 
£0^0.0379,0.1865,19 
0,570 . 0.860 j 
r 
EC; 9 
EC;Î0.061,0.197, 9, 
0-600 , 0.780 

ECjiTO.0775,0.1916 9, 

' i2’ 

2, 
i j 
I i2’ 
¡B-O.2O8;iro.2S0 ¡2, 

2, 
ÍB-1.8;r0.203 ! 2] 
B" '9 

E 
Mev (T 

+ 
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Z CHEM. A 
SIM. 

ATOMIC MASS 
AMU + ABU». 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

81 Thallium -195 ! 1.2 h EC; «"0.037 9 
-W 1.8 h EC; ro.425 9 
-197 2.7 h ECjlTO,1335,051521^9 

0.1^31,0.269,0.425 
-198 5.3 h EC; «--1.075^1.23, 9, 6 

1.44 
-199 7.4 h EG;r 0.0495,0.078, 

0.103,0.158,0.207, 
0.246,0.333,0.454, 
0.490 

9, 6 

-200 26.1 h ECjBf jTO.365, 
0.577,0.622,0.829, 
1.210,1.360 

9T5 

-201 72 h EC; «"0.0306,0.0321, 
0.135,0.1672,0.210 

9, 6 

-202 202.036415 450 
wr5ü-“' 

12.0 h EC; «0.440 i 2,9,6' 
2, 9 

p~\ 
o

 
<N 1 -2173.035951 îôcr . ! 

-204 204.037678 13Õ| 3.56 3 1 
rc'.'Sc ■ ; 

rÔ.?É4;EC; '2, 9 
2, 9 -2Ö5 205.038480 IJÕ ; 

i -206 206.040447 2) —T 4,19 m B-U51; ' ■ 2 ,-9 - 
2, 9 
2, '9, 6 

! -207 W. 042138 4Õ”T ¡+,79 m ' 8-1. 44 ) O. 870 
-208 ¡ 208.047006 20 ¡ 3.10m ETl.792; T2.62, 

; 0,859,0.582,0-510 

Continued on next page_0,277 

E 

Mev cr E 

Mev <r 

» 4 i—*—i—*—i—► 



Z CHEH. A 
SYM* 

ATOMIC MASS 
AMU + 

* 
ABUN. ! 

HAL? 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

81 ThalliUta -^09 209.050676 60 2.2 m ri.99; Í 0.120, 

0.45_i I.56 _ , 
2, 9, 6 

-21C 210.055615 30 1.32 m 6-1.965^0.297, 
0.783, "1.1, "1.3 
2.36 

2, 9, 6 

REMAPS 

Thresholds 

Of,*) 

Isotope Theoretical Experimental Reference 

-Vs>s W 

E 
Mev 0* 



$z 
n 

Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + 

% 
ABUN, 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

82 Lead -195 
-196 
-197 

~ -I98 

.. -199 

-200 

17 m 
37 m 
42 m 
25 m 

2.4 h 

.90~m 

21.5 h 

ECjTT 
EC;Í0.191,O.24,0,25 
EC; iTjr 
EC 
EC;Ï0.117»0.173, 
0.259,0.290,0.365, 
0.382 
EC;BK2.8;¡r0.267, 
0.353,0,367,0.721, 
I.I32 
EC; (TO.0328,0.109, 
0.142,0.148,0.159, 
0.235,0.257,0.268, 
0.289, 0,450 

9 
9, 6 
9 

9, 0 

97 6 

9, 6 

JL.. -201 
-202 

“2Ö3 
202.036501 460 

^203.037347 530' 

9.4 h EC;B+^2.5:Ï" 7 10ï!i 
“-3x102 j 

52.1 h 
EC; IT 
ECj ^0.2795,0.401 

EC ; V* " * 

2,.-9-. 
2, 9, f 
2, 9 
T, 9- .. 

-204 204.036859 130 I.40 
5x107 y " -205 205.038539 50 

206.0358¾ io 
207.040500 10" " 

r 

2571""’ 
21/7 

-206 
-207 

2, 9_ 
2, 9 
2, 9 
2, 9 1 

-208 208.04Í640 0 52.3 
3.30 h 3-0,035 -209 209.046471 50 

1 Continued on next page 



Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + 

% 
xm. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

82 Lead -210 210.049830 20 19.4 y B-0.0L7; ¡T0.0465 2,9,6 

2,9,1 

2,9, f 

-211 211.054754 100 36.I m B-1.3Q,~0.5j 
TO.065,0.083,0.40i 

-212 212.058170 30 10.64 h B-0.355,0.589} 
To.238, 0.300 

-213 213.063028 390 2 

2, 9, ( -214 214.066581 80 26.8 m B- 58*0.242, 
O.295, O.352 

REMARKS 

Thresholds 

( *» 

Isotope 

Pb207 

Pb208 

Theoretical Experimental 

-3.09 

-6,790 

-7-404 

Reference 

46 

48 

48 

E 
Mev <r 



83 
Bi 

CHEM. 
SYM. 

ATOMIC MASS 
AMU + 

* 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF, 

S3 Bismuth 7198 
-198 
-199 
-200 
-201 

-202 
-203 

-204 
-2Óf 

•206 
•207' 

■208 
■209 

-210 

-211 

■212 

1,,7 m 
7_m 

~J5jn 
"62 m 

1,65 n 

6.2 
EC 5-83 
EC^iVW 
EC;y0.452, 
EC;^5«15 
ECji" 

1.02? 

206.042692 210 
207.043nÖ ' 40 

208.044787 .70 
209.045794 50 
2IO.O4976I 20 

211,053261 50 

2I2TÖ57545.30' 
Continued on next 

100 

95 m 
12,3 h 

lï. 6 h 
14.5 d 

6,4 à 
'8.0'y 

>2xl0i-ü y 
"5:013 
2 0 6x106y 

20lë m 

pa^e. 
60c5 m 

E 
Mev 

? Ö 
8 0.04 
9 Ô.1Ó- 

10 0.72 
11 0,3à 
12 0.58 
13 Ö.8Ö- 

14 0,91 
15 .0.8^ 
16_ 0.62 
17 0,42 
18 0.33 
19. 0,21 
20 0,10 

íf'-, * i 

¡0 M 

£ï 

EC; IT0,/»22,0.961 
EC;^4.S5; n‘1,35, 
0,74i ïViors 
EC; r0,?17 
EG,3-0.95^ 0.431, 
0.527,0.550,0.746 
1.84 
ECj-^lOÍ's 
EC ^0.567,1.064, 
1.766_ 
EC_iÎ2,61,0.50,0.93 
oC3.0?; 
B-1.155; 
^4.94; B--__ 
^6.617,6,27350- 
£0.3il_ _ 
B-2.250;e^ jï^IOÎ's 

9 
9 
9 
976 

! Í 

E 
Mev <r 

9 
9, 

2- 9 
2, 9, ^ 

2^9>. 
2, 9 

7.9 
2, 9 

2, 9 

+-H-1—I—I-1-1—K 



Z CHEM. A 
SÏM. 

ATOMIC MASS 
AMU + 

t 
ABUN, 

J1ALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

83 Bismuth -213 213.060966 60 ' 47 m' B-i.39,0.96; 
oC5.86;ro.44 

2, 9,6 

214.O655I8 40 ¡19.7 m B- ;i>10r's 2, 9 

-215 215.068911 250 8 m B- 1 2, 9 

-216 216.073802 350 1 2 i 

E* • 
Mey <r 

- 

E 
Mev cr 



64 
To 

Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + 

% 
Am. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

RE}?. 

8L Pnl nni.um-196 1.9 m <^¿.14 9 

-197 *+U m *<=6.04 9 

-198 r* 6 m *^5.935; 5.933 9, 6 

-199 ^11 m ¿=3^5 9 
-200 11 a EC;î^5.770 9 

-201 ITi- EC ; ^ 5.67I 9 _ 
51 m ECjc¿5.575 9 

9" 
9 
9 
9 

T ' 

-203 r 4-2 m "ECTj 

-204 jjnr EC ;^5.3?o 

-2Ó* ... . 
£0:^5.2 
EC;¢^5.218; ÿD.8, 
0.0599 

“ECÏa£=5.10;ït).1,Í.; 

-206 8.8 d 

-207 5.7 h 
-208 206.046330 120 2.93 y 

103 y 

:33.4 à 
0.52 s 

^.iOSjr 
^4.8775^.260, 
0.91 
^5.305^0.79 
<47,442; iro.562, 
0.88 

2, 9 
2, 9, 6 

A. 9 ¿ 
2, 9, 6 

-209 

'-210 
-211 

209.047756 90 

210.048505 20 
2II.O52605 20 

- 

-212 212.055129 10 3.04^107¾ £48.78 .2,...9 . 

-213 213.059473 “50 4-.2x].0-6s -8.35 2,. 9 
-214 214.062114 30 I.ü4x10“4s ^7.68 2, 9 ¡ 

-215 215.066711 100 
Continued on nex page 

:.33x1C"33 P7.36 2, 9 

E 
Mev e 

*—i—i—i—i—i—i—f 



Z CHÈM. A 
SÏM. 

ATOMIC MASS 
AMU + 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Typ# & Energy (Q) 

REF. 

34 Polonium -216 216.069462 30 0.158 s .£6.775 2, 9 
-217 217.074Ô5Î 320 <10 s ¿■6.54 9„ . 
-213 218.077021 80 3.05 m £5.998, B- 2, 9 

2197012111 34U IT 
-220 220.085026 320“ 

FEMARKS 

Thresholds Isotope Theoretical Experimental Reference 

£ 
Mev cr 

* 

+.. >. US 



CHEM. 
SIM* 

65 AstatineX202 
*203 

203 
_ 204 

'205 
20 S 

ATOMIC MASS 
AÎÎU + 

207 
206' 

'209 

210“ 

211 

% 

ABUN. 
HALF 
LIFE 

212 
213 
214 

■215" 
215 
21? 
218 
219 

E 
Mev «r 

220 

2lÖVÖ525ir “23Ö 

211.053543 50 

212.056934 550 
213.059746 130 
214.063251 60 

216.0*69950 
217,072512 

50 
W 

216.076645 
2197079651^ 

240 
260 

220.084124 290 

—I—I—I—I—»—t—! 

43 s 
T.Tï 

7 m 
•~25 m 

25 r. 
2.9 h" 

" ITFF 
‘ Z.3 h 

1.6 h 

5.5 ¡1 

8-3 h 

7,20 h 

DECAY 
Type & Energy (Q) 

<£6,50 
■^.IT 
<P 6.10 

REF. 

9 
T9 

EC 
rf:5.90 
EC 

,EC;^5.75 

0.22 s 

^2x10-03 
TC-Ab"' 

EC; 
EC;^5.65; irO.120, 

! 0.175,0,250,0,660 
' EC;(^-642jDll95, 
.0.54L O-?82' 
Tc';^ 5.5Í9,5437, 
: 5,355,.?lûf's 
<#25.862; EC; 
yo.67. ylOt's 
<£•__ 
_- 

¿08.78 

^xlO^s 
07015 s 

0.9 m 

1 n 

Mev <r 

Ï5700 
f7.79 
77.05 
#6. S3 
¿6.27; B- 

9, 6 

2, 9 

2, 9 

2,i 
?.. Q 
2, .9. 
2, 9 
2, 9 
2,_9„ 
?^9_. 
.2,-.9.- 

■I—i—I—b 1—t- 

C
T

v>O
v''O

s- 
C

T
' 
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z CHEW. A 
SIM. 

ATOMIC MASS 
AMU + 

5t 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

86 Fadon -204 3 m a 6.28 Q / 
r -20Ç 6.5 m ct05 9 

~^%5T ”11 m MJTssTnr- 9 
-208 23 in EC; ¢(.6.141 9 
-2ÕT 30 m EC; #6.037 

OL 6.037 
9 

-210 2.7 h 9 1. .. 
-2ÍT 16 h EC ; ; S>10 IT1 s 9, 6 
-2127 23 m #6.264 9 
-213 
-2Í4 

213.057062 120 
214..06237Ö„33Ö. 
215.065891 120 

— ---- — 2 
2_ 

-21i_ .IO"6 3 oca. 6 2x_.9. 
Ä_9 -216 216.O6777O 40 -»10 s Of 8.01 

-217 217.071824 80 1 -10-3 s #7.74 2.9 
2.9 -218 r218.073788 40 0o019 S »7.13; *-0.609 

-219 219.078036 no 3.92 s Ä ; jno.198,0.270, 
0,399 

2, 9, 6 

-220 220,080211 40 ¡ 51.5 s #. 6.282;r 0.542 .2,. 9, 6 
-221 221.084508 250 25 m 

3.8229 d 
B~ ; 4.0 2, 9 

2, 9, 6 -222 222.086899 80 *¿5.486^0.510 
-2¾ 223.Ö'9I57t 260 2 
-224 224.O94II3 250 1 _L 

2 

E 
Mev <T 

E 
Mev (T 

*-1-(—H-*—I—I—K 



REMARKS 
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Z CHEM* A 
SYM. 

ATONIC MASS 
AMU + 

% 
ABUN. 

HAÏ*? 
LIFE 

DEGAT 
Typ« A Ensrgy (Q) 

REF. 

87 Francium -212 19.3 m EC ; <¿6.342 9 

-217 217.072709 170 ot 8.3 2,9 

-218 

-219 

-220 

-221 

-222 

-223 

-224 

-225 

-226 

-227 

218.075720 

219.077760 

220,081142 

221,083240 

222.087074 

223.089597 

224.093586 

225.095933 

226.100005 

100 

80 

60 

90 

290 

130 

180 

380 

590 

227.102867 

E 
Mev <r 

-228' 228.107115 

480 

270 

5x10 ~3 s 

0.02 s 

27.5 s 

4.8 m 

14.8 m 

22 m 

oC 7.85 

¢(-7.30 

0(6.69 

5^0.218 

B" 

B-l.15jrf5.34; 
iro.049, 0.060 

<r 
E 

Mav 

2, 9 

2, 9 

2, 9 

2, 9, 6 

2, 9 

2, 9 

2 

2 

2 

2 

2 

■#—<—I—I—HH—HH- 
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Z CHEM. A 
SW, 

ATOMIC MASS 
AMU + 

J 
ABUN. 

HAJJ 
LIFE 

DECAI 
Tjrpe â Energy (Q) 

RBF. 

i 88 Radium -213 2.7 m * 6.90 9 
2 1 -218 218.075506 37¡? 

¡- “TRTÜ7ÏÏ52I ITS s ai 8.0 
2, 9 
*' t-, 

- -- “22Ü.07977B “50 0.Ö3 s /«43 
- “22I.ÜS3037 90 JO s o( 6.71... 

-222 

--223 " 

50 

•223.088322 120 

35 s 

11.68d" 

0.55; ^0.325, 
0.80 

o<; ro44,0.155, 
0.180^0.270,0.340^ 

2, 9, 6 

2, 9, 6 

2Z¿ 6 -— 224.090300 40 “3T643 ^ ¡í , ¿¿4i 
- -225 
— ' -226 

225 .Õ93M5 IOC 
226.959990 " 90 

. . 
I4T8T“ 
1622 y 

41.2 m 

B-0.32; 7ÕTÕ4Õ 
-0(4-777 ^0.187, 
0.260 

2, 9 
2, 9, 6 

2, 9, 6 

279, ë 
2j_9 ‘ 

' -227 

-228 

227.100177 130 ri.31;íT0.0275, 
0.295, 0.499 

228.1Ö2555 9C 6.7 y ^0.0123^.03 
-229 “2295106415“ 210 Short 

i ro
 

o
 ■230.109141 550 1 h B-1.2 2,. 9_ 

h -231 231.113457 350 2 

E 
Mev cr 

i-1—i—í—I-1-1-* 
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39 

Z CHEM» A 
SYM« 

AltÄCIC MASS 
AMU + ABUN. 

HAJiP 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

89 Actinium -221 221,084099 230 rf.7.6 2,9 
^2221 T22J5S7215-M 9.5’s ” ^ 6, 2,9 
--223' 223‘.T!SB893-9Ö1 2.2 m 

2.9 h 

lÖTÜ'd 

6.64 
ËC ,^6.17^0.133, 
0.21? 

2T? 
2, '9, “6 

2,9,5 

--224' 224.091764 90 

- -90 ¿0; ^070366,0.03¾ 
0.0628,0.0873, 
0.0944,0.150,0.187 

-226 226.096891 340 29 h B^1.2; ^0.158, 
0,185.0.230,0.253 

2, 9, 6 

-227 227 0 988? so 1301 21.6 y B“070451äv.492; 
5“ 0.03 7 
r2.18,1.85,1.72, 
1.15,0.66,0.46; 
1T0.0 58,0.129, 
0.184,0.338,0.462, 
0.914,0.969 

2, 9, 6 

-228 

-229 

2287102512 60 6,13 h 2, 9 

229.104482 27Õ ■ 60'm B" 2, 9 
- 72397IÜ8I79 W 71 m ^-3272 ■27T 

~^231 ”3231.110825 J50” 2 
-232 232.114859 420 2 

E 
Mev cr 

-i-H-1—I-1-i-i—K 
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z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + 

t 
Am. 

H4iF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 1 

90 Thorium -222 222.088082 4¿0 2 

-223 223.090558 200 ~O.T s o£ 7.55 2, 9 
-224 224.091452 5^ ^ 1 s “ST-TT" 2, 9 

-225 225.094143 100 W m 'ôCÏTS? il ?—, 

-226 225.095539 6Õ 3O.9 m (X.J ^0.1116,0.131, 
0.20,0.242 

2,9, t 

-227 227.098792 120 18,17 d oC ; Ï^Ô.050,0.080, 
0.101,0.129,0.208, 
O.24O 

2,9, í 

-228 228.100106 50 1.91c y oC;ro.085,0.134, 
0.205 

2, 9, ¿ 

-229 229.103251 2IÕ 7340 y ^ 5^0.0677,0.144 2,9. i 

~ ' ^230" 230.104995 100 SxlO^ y û(.;iro.059,0.063, 
C.085, O.I36 

2, 9, ^ 

-231 231.108614 130 25.64 h r 0.059, 
0.063,0.085,0.136 

2,9, i 

-232 232.110797 bÕ 100 iJMÖg ûf4.007 ; 0.05^ 2, 9 

1 ' “ ' -233 
t 

233.ÍI432I 130 22.12 m B-1.23 5 X*0 § 098, 
0.448 

2, 9 

; -234 234.116778 Ï10 24.IÖ d B" ;Tf0.029, 
0.^64, O0O92 

2, 9, < 

! -235 235.120933 280 4-10 m 
- 

B .2,9 

1 ^23? 236.123795 370 
i——— 

2 

E 
Mev 

6 l^Û 
.. ..,_Q7_ .. 

A .. -10 
Q -15 

10 ... 
11 .50 
12 - 70 
13. 
IL a 99 . 
15 . .93 
16- .7.5 
17 .55 
18 .35 
19 _ ,25. 
20 - 20 

.21. ..,.20.. Is 10 12 H 1& 18 20 

r^tev) 

E 
Mev <r nnxMr?€^97 

H-> / j <—»—h-H—H 
i /o /S' 2 0 

f^Aicv/) 
4 

Ö 
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91 
fcc 

Z CHEM. A 
S YM. 

ATOMIC MASS 
AMU + 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

91 Protact inimi-225 
! " ‘ -226 

-227 
-228 
-229 

i -230 
-231 
-232 

' ' -233 
-234 

225.096617 280 
226.098533 HO 
227.099842 90 
228.102300 90 
229.103594 HO 
230.106622 390 
231.108266 130 
232.111180 60 
233.113000' ' 130 
234.ÍÍ6567 37C 

2.0 s 
1.8 m 

38.3 m 
22 h 

1.5 d 
17.7 d 

3.4*104 y 
1.31 d 
27.0 d 
6.66 h ' 

* 
& 6.81 
oL 6.46 
EC;/X ;2T>10V‘'s 
EC;«C5.69 
EC; .7-0.415^0.94 
oc ¡YTlOf's 
B- ;jr*10V's 
B" ;r>10T’s 
B" ;¿T7lOrs 

2,9 
2,9 
2, 9 : 
2, 9, 6 
2, 9 
2, 9 ; 
2, 9 1 
2, 9 Í 
2, 9 
2, 9 

--- ~-235 235.119000 28C 23.7 m B-1.4 ; 

'B* 

2, 9 
2 
xj:: 

-23¾ - - 
236.I2287Ï" 26c 

“237.12'5H5 450 11" im ' 
' -23» 238.129444 570 
!_—-—J ■ - 2 

E 
Mev cr 

E 
Mev <r 

+—H-(—I—I-H~+—+ 
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CHEM. 
SICH. 

ATOMIC MASS 
AMU + 

% 

ABUN, 
HALF 
LIFE 

DECAI 
Type & Energy (Q) 

REF. 

92 Uranium -226 
_-227 

-228 
-229 
-230 

-231 

-232 

-233 

-234 
-235 

E 
Mev w

 &_
_

 

.... it .. . 0 
7 ,05 

. 8 .10 
9 .25 

..1Û_ . A8_ 
11 .70 
12 ,95. 

rH
 1,10 

14 . „ 1.25 
1,29 

16 1.20 
17 rrfs 
18 .35 
1? .31 
20 o30 

21 ,30 

-236 
-237 
-238 
-239 
-240 
-241 
-241 
-243 

226.099907 
227.101957 
228,102622 
229.104990 
230,105951 

580 
250 

80 
110 

ÓO 

140 231.108630 

232,109795 50 

233.112398 120 

234.114076 100 
235,117496 140 

236.119590 
237.122752 
238.125223 
239.129160 
240,131807 
2/+1-13 5466 
242,138444 
243,142876 

100 
150 
110 
150 f 
110 i 
550 j 
710 
970 

0,0056 
O.720 

99/276 

244.146650 1070 

M 

,3 m [Ä 6.Ö 
9.3 » 6,6? 

58 m EC;<*6.42 
20.8 d C* 5^0.0721, 

0.1543,0,158,0.232 
4-3 d EG;oC5.45; TO.051, 

0.064,0.076 
74 y 04 jTO.059,0.130 

O.328 
1.62x10oL 5r0.0429, 

0,056,0.099 
2.48x10V <* ; TO.052,0.1175 
7.1x10% (X ;¡T0.094,0.109, 

0.144,0.165,0.185, 
. o ..203 

2.39xl0?yi pt.4.499;r^0,C50 
6,75 d B- ;r7l0!f!s 

4,53jcl09y ot 4.195;r 0.0447 
23.54 m B-l,2l;T 
14.1 h ' 3"0.36 

2, 9 ” 
2, 9 
2, 9 

2, 9 
2, 9 

2, 9, 6 

2, 9, 6 

2, 9, 6 
2, 9, 6 

2, 9, 6 
2, 9,. 6 
2, 9, 6 
2, 9, 6 
2, 9 
2 
2 
2 
2 

a a 

£>í (ñt*) 

E 
Mev <r í?4*V 

N 
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Thresholds Isotope Theoretical Experimental Reference 
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Z CHEM» A 
SÏÏL 

ATOMIC MASS 
AMU ± 

% 
km. 

HALF 
LIFE 

DECAY 
î^rpe & Energy (Q) 

REF. 

93 Neptunium-229 
-230 
-231 
-232 
-233 
-234 

' -23? 

-236 ' 

229-108088 440 
230,109660 270 
231.110580 120 
232.112643 ' ' 16c 
233.113518 130 . 
234.II6352 430 
235,117674 140 i 

i 

236,120503 . 80 j 

^ 50 m 
<^13 m 

35 m 
4c4 d 
410 d 

.22 h 

£6.28 
EC; ¡T (hard) 
¿3; £5.53. .. .-- 
EC;&tvO.8;ï>10r's 
EC;^5.06;1T0.026 
0.086 
EC ; B~0,52 ;lTO, 0443 
0.0453,0.150.. 

2 
2 
2,9 
2,.9 
2,--9 - - 
2, 9, 6 
2, 9, 6 

2, 9, 6 

-237 ’ 237»122204 150 j 
238 „125355 ' no" i. 

2„2xlo5y 
'"¿/Id 

f. ;fO.0296,0.087O 2, 9, 6 
2,..9,..6 

9, 6 
2» 9 
2. 9, 6 

-¿38 B“ tick's 
B“ ; r 710^- s -239 239.127769 150 - 2.346 d 

-240 240 „131421. 100 7»3 m 
60 m 

r ;r 
B-0.89 ¡If^ior 3 

-241 241.133555 300 2 
-242 242.137746 460 j 2 

72537150213 BT(j ! 2 
-244 244.155943 IÖ5D ! 2 

! 12Ï5- '245.147399 ÜSÎÜ"' j 2 

; .. 240523 2Õ 1090 2 

E 
Mev <r 

_J 

E 
Mev cr 

4—4-1—I—i—h—4—* 
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Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Eneisy (Q) 

REF. 

94 

-233 

33T! 231:113415—750' 
13596' 'Tlö 

_ 233.115849 170 
-234 1' 234.116595 _ 100 
-235 Î235.118898' ""ISO 
-236 ! 2357ÍÍ9955"“’ 80 
-237 !'23?.l2'2'430 ' IW 

36" m 
20 m" 

9.° h 
26 m 

^Tä" 

-239 

238.123956“ 110' 

239126999 “T5Õ 

'-24c 240.129105' 
-241 241.132148 

100' 

150 

..-1--- 

2.85 y 
k57S~d 

86.4 y 

24^360 y 

6580 
13.0 

-242 
^43.. 

242.134449 
243.138087 

U-X 10¾ 

E 
Mev 

6 -0 
7 .10 
8 . .20 

_9 _ AO 
in .60 
ll 1.00 
12 1.35 
Ü. 1.55 

.1 * _ 1.55 
15 1„30 
16 loOO 
17 .70 
lá ..55 
19 .38 
20 .25 
21 „21 

'Hÿl? 
10..85 d 

5.58; EC 
' EC¿ ¢(6.3Õ 
I EC'; <jl, 6.19 
‘EC;rf5.Ô5.. _ 
e( ; ni.046,0.110 
EC; ¢(. ; rC.C25, 
0.033,0.044,0.056, 
0.064,0.076 
oí' Vro.044,0.100, 
O.I52 
a ;rd.052,0.121, 
0.207,0.340,0.380, 
O.42O 

¡2 

III 
12, 
12, 
1.¾ 
u2, 
12, 

i2’ 

I2’ 
f2. 

9 
9 
9 ' 
9 : j 
9, 6f 
9, 6 

9, 6 

9, 6 

0Í ; «"0.047 
B-;q;rO. 100,0.145 
« sr 

2. 
; 3.79xl0^y _ 
I 4.98 h [F-.i-ryiQT's 

9, 6 
9, 6 

2,_ 
2, 

9 

:b- 
B- 55“ 

2’ 

^n) REF *tf 

£V(M 

E 
Mev cr 

4-1-(—)-(-1—I—+ 
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z CHEM. A 
SÏM. 

ATOMIC MASS 
AMU ± 

* 1 
AEUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

95 Ame ri c iujn-¿3 5 235 » 121600 270 -- 
2 

-236 256.123394 250 2 
.-23? 

-238 
237.123958 150 
238,126642- 450 

— ~lo3 h 
1.9 h 

EC; «CÓ.01 
EC; r0.58, 0.98 2 

--239- 239-127835 I® 12 h 1 E¿l¿5JÍífC.l 2 
-*240 24O.130556 I60 51 h EC; ro.92.1.02, 

1,40... .. 
2, 6 

. • 242 
-243 

241.132126 150 
' 242:155187 “110- 
243.137479 150 

458 y 
~100 j 
7.95x103 

^ jmor-s 
_K:0.5.9-. __ 
£ ;r 0.0748 

2á 6 
2 '_ 
2^6 

- 2Ã4 244.140925 170 2& m ,3-1.5__ — 2 
-245 245.142834 I9O 1,98 h B-0.91;?T 0,036, 

0.06,0.78,0.140, 
0,153,0..23^0,.25-_ 

2, 6 

-246 246.1468OO 310 25 m B- ;îT0.035, 
0.245,0.78,1.06 

2, 6 

-247 247.149299 680 nr 
-24S1 248.154051 96Ö ,/C_ . . . 

-- 249.156539 950 
250:161300 1010 

-.- .. 2 
2 
2.'..L- 
2 

"íyl 251.164776“ 1070 
-2521 “252 169860 990" 1 

E 
Mev cr 

1 I.>"■1—I » I—I 

E 
Mev <r 

H-HH—I-1-1-1-h 
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% 
Cv., 

Z CHEM. A 
SÏM. 

ATOMIC MASS 
AMU + 

% 
ABUN. 

HAIÍF 
LIFE 

DECAY 
Type k Energy (Q) 

KEF. 

96 Curium -236 236.125359 270 ! 2 

-238 j 238.127572 TßT 
-- 2,5 h EC; JC6.50 2,9 

-239 239.129756 200 2,9 h 
26,3 d '* 

EC;r0.188 .2 
-24O 240.130664 no ^ 6.25 2 

2, 6 j -241 24I.I33074 210 35 d EC; ^5.951(^0.47, 
; \ ^0.60 

-242 242.134506 110 102,5 d ; ro.044,0.101, 
0.157 

2, 6 

-243 243-137483 150 35 y «P 1 fro.210,0.223, 
0.277 

2, 6 

-244 244..139314 no 17.9 y ; fTO.043,0.100, 

0.150 
2, 6 j 

--245 245.I42O93 290 8x103 y r ¿R5.13, 0.173 2, 6 
2 -246 246,.144126 140 66OO y 1c. 5.37 

-247 247.147495 340 67IO? y ^ . ^ " . 2 

-24Ö 24Ö„1500SÖ 450 4o 7x10 V <P5.05 2 

-249 249.153586 09Ö 64 m &-O.9 2 
-250 250.156639 310 Sp_0 Fission Sp, Fission 2 
-251 251.160910 740 . . ... 2 
-252 252.164522 Ö80 2 

2 
2 
2 

■■253 253.168740 960 
t. 
. -254 

-255 
254.172179 1190 
255.177320 1250 

E 
Mev cr 

4-1-(—(-I-(—(-1- 
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li 
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5A 

2 CHEM. A 
SÏM. 

ATOMIC MASS 
AMU + 

5« 
AHJN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

97 Berkeliimi -240 240.135273 340 2 
1 - -241 241.135590 390 2 

-242 " 242.130059 4ÖO: 2 
-243 243.139048 180 4.5 h ECj¿ jr 0.74,0.84 

L 0.96 
2,9,0 

-244 244.141544 200 i 4»4 h 
L-. 

EC;<£6.67;ro,90, 
1.06, I.I6 ..2, 6 

“245 245.142920 170 4.98 d EC; ¢. 5S"~O.25I, 
0J3C.. 

2, 6 

2, 6 -246 246,145723 280 1.8 d EC;If0.81, la09 
247.147639 39Õ1 ~]_04 y ^ 5 8-0.084,0,27 2,A.-.. 

-24S 2484150677 ' 400 16 h B'Ö. 65 2 

" . -249 249.152608 I90 314 d B-0.11;<^ 5 rO.32 2j_Á.._. 
" -250 250.156639 190 3.13 h B- _; if 0,94 _ - 2> 6 

-251 ! 251.159191 590 _ 2 
2 
2 

-252 
“253 

252.163749 8Ó0 
253.166055 940 

-254 1 254.170547 91Ö1 - .. . 2 
-255 ! 255.173830 980 ... 2.- 

..2 . i -256 i 256.178710 890| _ ___ .... 

E 
Mey 0* 

.1,.,,.1, —(—j. 
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Cf 
5« 

Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU + 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

98 Caiifornium-2Al 24I.I3952O 430 2 
2" - 242:139587^230- 

-243 243.141089 2Ö0 
244.I/42349 130 

2 
-244 _2_5 m 

”44 m 
*7.17 
ËC;£ 7.11 

2,. 9 
2,9 -245 245.144576 250 

246.145757 120 ' 35.7 h < ; if O.O42, 
O.mô, O.I46 

2,9,6 

-247 247 »148470 290 2«5 h EC;{rO,295,0.417, 
O.46O 

2, 9", 6 

-248 248.150022 130 350 d ^6.26 2, 9 
-249 249.152522 3OO 3Ó0 y ^ Pfô.2T5,0.340 

3o40 
2, 9,6 

2, 9,6 ' ^250 250.154598 150 10.9 y ^ ;¿T0.0429 
-251 251.158010 370 ^800 y C iTÕ.130,. . . 2, 9,6 
-252 252,160555 450 2.2 y ^ ; TO.043,0.100 2a 9,6 
-253 253.1639^^710- ...AZA. 

Sp. "Fission 
B-0 ,27,.0,17 

Sp. Fission 
2, 9 
2, 9. ~-254 254.155756 470 

255.170323 87Õ- 2 
2 -256 250X74200"" 760' 

-257 ^57717322471050 2 
-25? ”2587131449" Ï120 2 
-2.9 259.186375 1170 2 

E 
Mev CT 
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99 Einsteinium-?44 
- 

-:%b 
-7kl 

-. ' -."13 
-249 
-250 
-251 
-252 
-253 

-254 
-255 
-256 
-257 
-258 

".~ -259 
-260 

z CHEM. A 
SYK. 

ATOMIC MASS 
AMU + 

% 
ABÜN. 

HAIiP 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

j 

244.147796 
74571478^° 

570 
6ö0 
570 
230 
410 
4IÓ 

246.150174 
247.150894 
248,153122 
2497154187 
250.156689 450 
251.158627" 530 
252.161713 ' 200 
253.163714 200 

254.167508 210 
255,169835 660 
256.174200 730 
257.176323 95C 
258.180600 810 
259.I83690 1080 

T aoo cc 1 nnn 

7«3 m 

25 m 
2 h 
8 h 

1.5 d 
^140 d’ 
20.03 d 

480 d 
37 h 

’Short 

EC; 0C7.35 

KC;o<6.87 
EC; <6.76 
EC; 
EC; ä6,48 
* 6.64 

«5C ;i 0.0419, 
0.051,0.398,0.422 
«4 6.42; f0.062 
B-1.C4; ro.66 
B- 

i E 
Mev CT 

+-H-1—f—I—I—I—Y 

V
O
 >

0 
O
 M
 

v
D
 

^
 

M
J

 



tf 
E 
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z CHEM. A 
SIM* 

ATOMIC MASS 
AMU + 

£ 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

I 100 Fermiuni -246 246,152586 540 
.fw. 

248,154818 490 

..——. — .—----- 2 
2 ."247. 

, • 240 Short *r... .2,9 
i.   -249 
! . -250 
1    -251 

249.156863 ^ 350 
250,157689 490 
25I.16OÖ27 550 

-. - 

Short 
30 m 

7 h 

Pw 

**7 7...43.. 
ECj 6.89 

2,9 
. 2,9 

2,9 
- _^2 '"252:161632 490 2207 h «*■7.04 ...2,,9 

-253 "'253.164165 390 ^4*5 ¿ 3C;<6,85 
.2,.9,6 ' -254 254.166327 I/O 3*24 h «4 ? if 0.041,0.Õ48 

~~~255" 
f 

" 255.I6963I 390 21.5 h (^7.035^0.032, 
^.0.0.55 . —2,9,6 

4.256' ”"256072052 57Õ Sp, Fission 2, 9 . 
... ^257 " ""257,17508« 790 2 

... I25S" '"'253,'r77701. 67Õ 
259,181542 99.0: 

.260.184704 890 
261,188545 1150 

-..—.-.. 2 . 
.2_. 

.-;5y.. 
_-263 

-26I 
. .—- ....—.— ...2... 

2 
-?62 262,191534 1030 2 
..•26; 263*196234 I26Ö j_ 

2 

E 
Mev cr 

4".»—4-H—I—I—I—K 



REMARKS 

Thresholds Isotope Theoretical Experimental Reference 

■4—I—h i—I—i—i 4—i—h—t—4—t 



Z CHEM. A 
SÏM, 

ATOMIC MASS 
AMU ± 

% 
ABUN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

REF. 

101 Mendeleevium-250 250,162912 730 2 
2 -251 251.163364 530 -......... .—— - -252 252.165322 620 " 2 

-?T3 " 233VI5543Ü' “ '5IÖ T 
‘254 254.168955- 540 2 

. . " 255.I70933 TOO 
”?56 = 173833 ~ 710' ^0 m EC 

~2 
2,9 -256 

-- - - - --257 -357.175543- 380' 2 
-238 258.179247 53Ö T 

*2 -259 259.181370 810 
-250 25Õ.185541 86Õ 2 
-261 2517187450 1Ö6Ö 2 

”1252 262,191534 423 2 

-263 263.194409 1170 2 
2 -26/4 264,190091 1100 

E 
Mev cr 

i-1-1—í-1-1-1—K 
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Z CHEM. A 
SÏM, 

ATOMIC MASS 
AMU + 

% 
ABÜN. 

HALF 
LIFE 

DECAY 
Type & Energy (Q) 

EEF. 

102 -252 252.167771 670 2 

-2 S3 253.169655 2 

-254 254.1?053i~W 3 s f- V 

-Z555Í —255.172926 m 
—256.174565 58(11 

-r^r 257.176903 610 ___ 2 

-=75r —756:173903-520- 
-1759- —259.182015 61Ö" 

' '2. 
- - • =760"' —2605184253^730' 

-- ■ -=761- —26T.T87095 9IO- ____ <c 

-—^767~ 287.189504 8IO- 
'2. 
2 
n- 

-^T 
" . -?64 

—263.193174 "lô'ær 
264196153 1060' 

- -.- ---- 

-265 265199779 T24Ö" ___ 
---^26?' 256.202536 H30 

-2Z7 267.207093 1330 2 

E 
Mev er 

4-1-1—I-1-1—I—H 
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Z CHEM. A 
SYM. 

ATOMIC MASS 
AMU ± 

J 
AHJN. 

half 
LIFE 

DECAT 
Type & Energy (Q) 

REF. 

103 -?64 264.197871 980 

-265 

-266 

265.199597 1160 

266.203498 ]030 

-267 267.206180 1260 ; 

“ï“ 
Mev <r E 

Mev 0* 

■I—I—1—4—i—I—I—h 
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APPENDIX A 

Bremsatr&hlung Croas Sections 

In the field of photonuclear research aL-nost everyone is forced by circum¬ 

stances to make use of bremsstrahlung gammas. Although recent application has 

been made of monoenergetic photons from high energy positron annihilation and from 

nuclear de-excitation, bremsstrahlung radiation is and will continue to be widely 

used. 

Energetic electrons stopped in a food sample interact with the nucleus as if 

they were virtual gamma rays. Thus rather than being monoenergetic, their inter¬ 

action cross section is the same as the bremsstrahlung cross section. 

The yield of a radioisotope due to photonuclear disintegration is given by: 

Y (E) = N8 J B (Eo, E) (T(E) dE 

where N is the number of nuclei of the appropriate type per cm2, 6*”(E) is the 
8 

photo cross section and B (Eo, E) is the number of photons of energy between E 

and E + dE due to bremsstrahlung of maximum energy Eo. Therefore to calculate 

the amount of activity produced under particular conditions, the bremsstrahlung 

cross section must be known. 

The most widely used approxiioations to the bremsstrahlung spectrum are due 

to Schiff and Bethe-Heitler for thin targets and to Hisdal for thick targets. 

Koch and Motz (Reference 62) give a very complete discussion of the theoretical 

and the small amount of experimental work which has been done on production of 

bremsstrahlung. 

Iricluded here for ready reference are the thin and thick target spectra for 

10, 20, and 40 Mev electrons incident on platinum. The Bethe-Heitler and the 

Schiff integrated over angle curves for thin targets are very nearly the same, 



so only the Bethe-Heitler curves are shown. Also included is a tabulation showing 

the relative number of photons at each energy for bremsstrahlung spectra due to 

electrons with energy between 9 and 30 Mev. This should simplify the numerical 

integration of the equation for the yield given above. 
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0.51 To = 40 Mev. 
Z = 78 (O.OOO5 In. Thick) 

HISDAL (r=0°) 
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40 MEV. BREMSSTRAHLUNG SPECTRA 

A-5 



RELATIVE NUMBERS OF PHOTONS OF VARIOUS ENERGIEL 

ELECTRON ENERGY, Eo, IN MEV 

X-Ray 
Photon 
Energy 
(K) 

In Mav 9.5I 10,51 

2 169 208 
3 118 147 
4 68.1 86.2 
5 51.4 66.4 
6 34.7 46.6 
7 24.0 35.9 
8 11.7 25.2 
9 1.86 13.6 

10 2.10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

11.51 12.51 I3.51 

256 304 418 
182 217 258 
108 130 157 
84.4 IO2.3 124 
60.6 74.7 91.2 
48.4 60.9 78.9 
36.1 47.1 59.2 
25.5 37.5 51.3 
15.O 28.0 38.5 
2.29 12.5 26.3 

2.47 16.6 
2.65 

14.51 15.51 16.51 

418 481 550 
300 347 397 
183 213 245 
145 169 196 
108 126 147 
89.7 105.4 123 
71.4 84.8 99.1 
60.2 72.4 85.2 
49.1 60.I 71.4 
40.0 5n.9 61.3 
31.0 41.6 52.O 
I6.9 31.7 43.0 
2.84 21.7 34.1 

3.O3 18.6 
3.22 

.7.51 18.51 19.51 

625 700 784 
452 508 570 
280 316 356 
224 253 285 
I69 191 216 
132 161 182 
115 131 149 
98.6 112 128 
83.6 95.9 109 
70.0 84.5 96.9 
62.5 73.0 84.3 
53.6 64.O 74.5 
44.7 55.3 65.4 
31.8 45.0 56.7 
20.0 37.3 48.0 
3.41 20.3 36.O 

3.58 22.1 
3.78 

Continued on next page 



(Continued) X-Kay 
Photon 
Energy 

(K) 
In Mev 20,51 21.51 

2 869 962 
3 632 6?6 
4 396 440 
5 318 354 
6 2U 269 
7 204 228 
8 167 187 
9 145 162 

10 123 138 
11 109 123 
12 95.5 108 
13 85.5 96.9 
14 7-.5 86.0 
15 '>7. ? 77.5 
16 58.8 68.7 
17 49.7 60.4 
18 40.6 51.6 
19 22.3 37.8 
20 3.97 24.O 
21 4.19 
22 
23 
24 
25 
26 
27 
28 
29 
30 

22.51 23.51 24.51 

1056 1158 1261 
720 826 932 
485 534 583 
391 431 471 
298 329 36O 
252 278 305 
207 229 251 
180 200 220 
154 171 188 
137 152 16? 
120 133 147 

108.3 121 133 
96.6 108 119 
87.6 98.2 109 
78.6 88.6 98.7 
70.6 80.5 90.4 
62.6 72.3 82.1 
53.3 64.2 74.3 
43.9 55.2 66.5 
24.O 40.5 56.9 
4.34 25.8 47.3 

4-53 26.O 
4.72 

25.51 26.51 27.51 

1370 1484 1604 
1002 1087 1153 

63 5 690 748 
514 559 606 
393 428 465 
334 364 396 
275 300 327 
240 263 287 
206 226 246 
184 201 219 
162 177 193 
147 160 175 
132 144 157 
120 132 145 
109 120 131 
100 110 121 

91.7 101 111 
84.0 93.0 103 
76.3 85.9 95.4 
67.9 78.1 87.7 
59.6 70.4 80.3 
46.8 60.5 71.3 
34.0 50.6 62.5 
4.91 27.8 46.0 

5.10 29.5 
5.28 

28.51 29.51 30.51 

1725 1854 1984 
1260 1358 1457 

806 868 931 
654 705 757 
503 543 583 
428 462 497 
354 383 442 
311 336 362 
267 289 312 
238 258 279 
210 228 246 
190 206 223 
171 186 201 
158 171 184 
143 155 168 
132 144 lié 
122 133 144 
113 123 134 
105 114 124 
97.4 106 116 
89.8 98.9 108 
82.1 91.5 101 
74.4 84.1 93.9 
64.2 75.2 86.2 
54.0 66.2 78.5 
29.6 48.7 67.9 
5.47 3I.4 57.3 

5.66 32.5 
5.85 

NOTE: ODD TERMS INTERPOLATED 

REFERENCE: NATIONAL HffiEAU OF STANDARDS1 HANDBOOK 55 (1954) 
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APPENDIX B (Hof 10‘3) 

POSSIBLE LONG-LIVED BAD10ACTIVITIES PRODUCED IN POODS 

Element 

Hydrogen 1 

Boron 5 

Carbon 6 

Nitrogen 7 

Oxygen 8 

Sodium 11 

Magnesium 12 

Aluminum 13 

1 Silicon 14 

• Phosphorus ; 15 

, Sulfur ! 16 

Chlorine 

Potassium 

Calcium 

u 

Chromium 

Atomic 
Number 

17 

19 

20 

h 

24 

lo 

3x10 -7 

Half 
Life 

I 2.58y 

! 2.58y 

14.2d 

14.2d 

14.2d 

24.4d 

87d 

8?d 

87d 

35.0d 

l64d 

l64d 

16.Od 

27d 

27 d 

27 d 

Photonuclear 
Reaction 

y*n 

r*d 

n’l( 

Tj-P 

nf-p 

l’n 

d 

^d 

t’n 

Tí*" 

"»2n 

Estimated 
Radioactivity 

(ucuries/g/5 Mrads) 

2x10-7 

2x10-10 

6xl0_® 

IxlO-7 

6x10-9 

6x10-7 

9x10-1° 

5x10-1° 

2x10-9 

1x10-7 

7x10'‘I2 

1x10-11 

1x10-12 

3X10-11 

2x10-1^ 

3X10-17 

B-l 



Appendix B (Continued) 

Element 

Kang&nese 

Iron 

Atomic 
Number 

Cobalt 

Nickel 

Copper 

Zinc 

Molybdenum 

Silver 

25 

26 

27 

29 

30 

47 

% in 
Food 

2x10-5 

4.2x10-3 

Isotope 

Mn54(«j) 

Fe55(x) 

F'-'Q 

2x10-7 

28 I 3xL0‘ 

5x10-5 

Half 
Life 

291d 

291d 

2.9y 

2.9y 
2.9y 
45. Id 

Fe55 
Fe59fy) 

Co57(^) I 2?0d 

Co58(-^) 

Co6^ 

Co56(tP 

Co57(«|) 

Co58(-jjj) 

None 

1.5x10-3 Zn65(-$ 

" Zn65(^) 

j " : Zn65(^) 

!1.5xl0"6 j Nb^Cy) 

11 I Nb92^ 

" j Nb95(t) 

" I Nl;9í(-j) 

Mo93(x) 

Mo93{x) 

1.4x10-5 Ag105(l) 

71d 

5.24y 

77.3d 

270d 

71d 

245d 

245d 

245d 

64d 

10. Id 

35d 

35d 

?2y 

>2y 

40d 

AgHOmnO; 253d 

Photonuclear 
Reaction 

K.2n 
n,/ 

1í»2n 

1>n 

n,Y 

Yp 

t>n 

n3^ 

K,P 

^d 

it’2* 

y2D 

n>^ 

Estiasted 
Radioactivity 

¿I curies/g/5Mrads 

2x10-10 

2x10 -10 

1x10 

1x10 

-8 

-12 

2id0-l2 

2xl0-12 

1x10-1^ 

1x10-11 

9xl0"l5 

4x10-1^ 

lxlO-12 

2x10-13 

4xl0"9 

5x10-1^ 

3xlO-13 

IxlO-U 

4xl0-13 

2x10-1! 

Ixl0_13 

lxlO-12 



Appendix B (Continued) 

Element 

Tin 

Iodine 

Lead 

Atomic 
Number 

50 

53 

82 

% in 
Food 

2x10-7 

Isotope 

3.5x10-6 

1x10' 

InU^CY) 

ïnll^fy) 

Sn1]-3(^ 

Sn113C^) 

Sn^-^CB) 

Sn121m(B) 

StP^(B) 

Sn123(B) 

1^,i¡ 

i126 (y) 

Tl202(^) 

ti204(b1 

Half 
Life 

50. Od 

50. Od 

119d 

119d 

119d 

XOOd 

>!(00d 

13 6d 

13 6d 

60.Od 

13.3d 

12.Od 

3-56y 

Photonuclear 
Reaction 

"y,d 

K»n 

~t>2* 

n,^ 

t‘n 

n,Ti 

n>1 

TPn 

V 

td 

+d 

Estimated | 
Radioactivity i 

^curies/g/5Mrads ) 

4xl0"1¿* 

2x10-^ 

7xl0_]-^ 

2xl0-16 

3xl0-1^ 

axio-13 

3xLO"16 

6xl0-13 

IxlO-15 

2xl0-12 

7x10-9 

7xlO-3^ 

IxlO“1^ 
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2 
2 

2 

2 

2 

2 

2 

2 

1 

1 
LO 

1 

1 

1 

1 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
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