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SUMMARY 

The p r e sen t chapter has been formulated "with the a im of making 

it useful in va r ious fields of nuclear applications with emphasis on 

charged pa r t i c l e activation ana lys is . 

Activation ana lys i s of light e lements using charged pa r t i c l e s 

has proved to be an impor tant tool in solving var ious p rob lems in 

analyt ical chemis t ry , e g those assoc ia ted with meta l su r faces . Scien

t i s ts des i r ing to evaluate the dis t r ibut ion of light e lements in the s u r 

face of va r ious m a t r i c e s using charged pa r t i c l e reac t ions r equ i r e a c 

cura te data on c r o s s sect ions in the MeV-reg ion . 

A knowledge of c r o s s section data and yield-functions is of j j r e a t 

i n t e r e s t in many applied fields involving work with charged p a r t i c l e s , 

such a s radiological protect ion and health phys ics , m a t e r i a l r e s e a r c h , 

semiconductor m a t e r i a l investigations and cor ros ion chemis t ry . The 

au thors there fore decided to col lect a l imi ted number of data which 

find u s e in these f ields. Although the compilation is far from being 

complete , it is expected to be of a s s i s t a nc e in devising m e a s u r e m e n t s 

of charged pa r t i c l e reac t ions in Van de Graaff or o ther low energy a c 

c e l e r a t o r s . 

To be included in a handbook of c r o s s section data for act ivation 
analys is purposes published by L A . E. A. 
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INTRODUCTION 

Nuclear reac t ions with charged pa r t i c l e s a r e , as is well-known, 

hindered by the repuls ive Coulomb interact ion with the nucleus . Thus 

charged pa r t i c l e reac t ions with acceptable yields occur only where 

low- or medium-weight nucle i a r e involved. E lements heavier than 

Z > 12 have therefore been omitted from this compilation. The cen t ra l 

p roblem in activation analys is is the identification of a given nucl ide, 

and a quantitative determinat ion of its concentrat ion in a m o r e or l e s s 

complex m a t r i x . In this connection it is n e c e s s a r y to s ea rch for s p e 

cial r eac t ions which exclude competi t ive p r o c e s s e s . This can be 

done, for example, by using selected bombarding energ ies which 

lead to as few .competitive react ions as poss ib le : Use is thus made 

of r e sonances in the excitation function in o rde r to obtain a dominant 

yield from the se lec ted nuclide, or of coincidence m e a s u r e m e n t s with 

reac t ions products . Consequently, inclusion has been made of diffe

ren t ia l c r o s s sect ions wherever they a r e available as well as in tegra l 

cu rves . F u r t h e r m o r e , the compilation contains var ious yield cu rves . 

In some cases the emerging pa r t i c l e is specified with an index i. 

This denotes whether the light product is produced in the ground s ta te 

(o) or in the i:th excited s ta te of the product nucleus . The excited 

s ta tes and the corresponding gamma ray energies can be obtained for 

ins tance in: 

Nuclear Data Sheets , National Academy of Science, National 

R e s e a r c h Council , Washington D C, 1962 

Where the va lues for angular dis t r ibut ion a r e re la ted to the c e n t r e -

o f - m a s s - s y s tern this is denoted by the index c m . for the units of 

the c r o s s section in the f igures. Otherwise the f igures show values 

in the l abora tory sys tem. 

The au thors suggest that a d iagram showing the shape of c r o s s 

sect ions or excitation functions provides a m o r e rapid and useful 

sou rce of information than do data from tab les . F o r this r e a s o n 

only d i ag rams of absolute , normal ized exper imenta l values have been 

presen ted , even in those ins tances where tables were provided by the 

exper imenta l i s t s . Unified symbols and uni ts (see conventions and 

symbols) have been used , abbrevia ted r e fe rences and comments have 

been included on the s ame page as the f igures . The absolute e r r o r s 

as de te rmined by the exper imenta l i s t s a r e shown in the d i a g r a m s . 

A re fe rence l i s t will be found at the end of this compilation 
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a r ranged in P (number) for proton, D (number) for deuteron, A (number) 
3 

for alpha and H (number) for He-par t i c le - induced reac t ions . 

In some cases we found severa l publications concerned with 

the same reac t ion . Where the c r o s s section was m e a s u r e d in diffe

ren t energy regions an a t tempt v/as made to fit and n o r m a l i z e the 

different r esu l t s to a mean value at the point of in te rsec t ion . Where 

identical information was p resen ted by seve ra l authors the choice was 

r e s t r i c t e d to that of the mos t recent origin. 

In m o s t cases the c r o s s sect ions collected for this compilation will 

be found up to 20 MeV. In o rde r to opt imize i r rad ia t ion conditions 

it m a y be n e c e s s a r y to know whether the c ro s s section i n c r e a s e s at 

higher energies or whether the resonance for the react ion concerned 

is a l ready exceeded at low bombarding ene rg ies . Unfortunately the re 

a r e only ve ry few m e a s u r e m e n t s for reac t ions induced by charged p a r 

t icles at higher ene rg ies . Therefore a reques t was a d d r e s s e d to 

H Mttnzel at Kernforschungszen t rum K a r l s r u h e to include the sys t e 

mat ic study made by him and his coworker on calculated and e x p e r i 

menta l c r o s s - s e c t i o n s for charged par t i c le induced reac t ions at higher 

energ ies . The original work is to be found in KFK 767, May 1968 

(I Lange, H Miinzel). A condensed par t of this work is given in Appen

dix I. A m o r e comprehens ive compilation of this kind will be published 

in Lando l t -Berns te in Vol III in the nea r future. 

(p,y) reac t ions exhibit s eve ra l r e sonances in the MeV region. 

These resonances a r e of special in te res t in charged pa r t i c l e ac t iva 

tion ana lys i s . F o r cal ibrat ion purposes and depth dis t r ibut ion studies 

of l ight e lements in heavy m a t r i c e s use can favourably be made of 

these sharp r e sonances . In mos t of the cases the shape of the r e s o n 

ances is not so impor tant as the cha rac t e r i s t i c data l ike position ( r e 

sonance energy in keV), resonance width (FWHM in keV) and height 

( c ro s s section in mb).. Therefore a reques t was add res sed to I W But ler , 

U S Naval R e s e a r c h Labora to ry , Washington D C, to include the s y s 

temat ic collection made by him on (p,y) r e sonances (see Appendix II). 

The original r epor t will be found in NRL-5282 from Apri l 1959. 

The c r o s s section given is the total c r o s s section in mi l l iba rns 

at the resonance peak. Where m o r e than one p r i m a r y gamma r ay is 

emitted, the tabulated value of the c r o s s section is . the sum of all such 

individual p r i m a r y g a m m a - r a y c r o s s sec t ions . F o r those resonances 
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which a r e too n a r r o w for s u c h c r o s s s e c t i o n m e a s u r e m e n t s , the inte

g r a t e d c r o s s s e c t i o n , J a d E , h a s been t a b u l a t e d w h e r e t h i s m e a s u r e 

m e n t h a s been m a d e . In t h e s e i n s t a n c e s , the a b b r e v i a t i o n " evb" for 

" e l e c t r o n - v o l t b a r n " h a s been i n s e r t e d in the c r o s s - s e c t i o n c o l u m n . 

As fa r a s the g a m m a e n e r g i e s a r e c o n c e r n e d only the m o s t 

p r e d o m i n a n t h a v e been c o m p i l e d h e r e . A q u e s t i o n m a r k m e a n s doubt 

abou t the n u m b e r . 

In Append ix III, f ina l ly , a c o l l e c t i o n of r e f e r e n c e s c o n c e r n i n g 

v a r i o u s da ta about c h a r g e d p a r t i c l e i nduced r e a c t i o n s is g iven . 

The a u t h o r s w i s h to e x p r e s s t h e i r g r a t i t u d e to the v a r i o u s c o n 

t r i b u t o r s to th i s c o m p i l a t i o n , e s p e c i a l l y to D r M c G o w a n of the D a t a 

C e n t r e a t O a k R i d g e , T e n n e s s e e , 

CONVENTIONS AND SYMBOLS 

C t o ta l c r o s s s e c t i o n 

a e x c i t a t i o n funct ion 
.exc 

dn a n g u l a r d i s t r i b u t i o n 

-T—(0 ) diff c r o s s s e c t i o n for 0 

c m , C e n t r e - o f - M a s s s y s t e m 

6 l a b a n g l e of m e a s u r e m e n t in a n g u l a r d i s t r i b u t i o n s 

E e n e r g y in l a b s y s t e m 

p s u b s c r i p t s r e f e r to p r o t o n 

d s u b s c r i p t s r e f e r to d e u t e r o n 
3 

H e s u b s c r i p t s r e f e r to h e l i u m - 3 

a s u b s c r i p t s r e f e r to a l p h a p a r t i c l e 

g r . s t . g r o u n d s t a t e 
e x c . s t . e x c i t e d s t a t e 

(P,P*) i n e l a s t i c p ro ton s c a t t e r i n g 
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PROTON 

c t ion 

L i ( p , n ) B e 

Li(p,Q') H e 
7 B e ( p ) Y ) 8 B 
9 B e ( p , a ) 6 L i 
9 B e ( p , d ) 8 B e 

Be(p ,Y) B 

B ( p , Y ) C 

' V Y ) 1 2 0 

1 2 C ( p , Y ) 1 3 N 
1 3 C ( p , n ) 1 3 N 
I 4 N ( P , Y ) 1 5 0 
1 5 N ( p , n ) i 5 0 
1 8 „ , v l 8 ^ 0 ( p , p) O 
1 8 „ , X 15, T 0 ( p , a ) N 
1 9 _ , >16„ 

F ( p , a ) O 

F(p,QfY) O 

C r o s s s e c t i o n s 
and ang d i s t r 

a (0°) 

a ( 9 0 ° , 120°) 

0" 

da 
dQ 

a ( 0 ° , 90°) 

a(90°) 
d a / r\r>°\ 

o, ^ ( 9 0 ) 

a av a ( 5 ° , 40°) 

a{90°) 

a; a ( 5 ° , 40°) 

a(0°) 

a(0°) 
d a 

a ; dS 
a(7 0 ° , 165°) ; 

r e l a t i v e y ie ld 

da 
dn 

Energy-
r a n g e (MeV) 

3 - 1 3 

0. 5 -2 . 3 

1-3 . 5 

6-8 

5-11 

0 - 6 

3-17 

1-14 

0-2'. 2 

3-14 

2 - 1 9 

4 - 1 4 

3. 2 - 5 . 4 

3. 2 - 5 . 4 

4 - 1 2 

9 - 1 2 

0 - 5 . 6 

P a 

11 

12 

12 

13 

13 

16 

16 

17 

19 

19 

21 

22 

23 

24 

24 

25 

29 
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DEUTERON 

Reaction C r o s s sect ions Energy Page 
and ang d i s t r range (MeV) 

v Be(d, Y ) B 

B(d,n) C 

1 1 B ( d , n ) 1 2 C 
U B ( d , 2 n ) U C 
1 2 C ( d , p ) i 3 C 

i 2 C ( d , n ) 1 3 N 

1 2 „ , , .10,, 
C(d,o') B 

• 1 4 N ( d , p ) 1 5 N 
1 4 N ( d , n ) 1 5 0 
1 6 0 ( d . n ) i 7 F 
1 6 0 ( d , « ) i 4 N 

2 0 N e ( d , p ) 2 1 N e 

a 

a; a(6); 

a 

a(0°) 

a 

a(9) 

a(30°) 

a 
da 
dn 

a(e) 
a 

o; a(9); 

a; a(9) 

is ^ 
o(e) 
da 

da 
do 

da 
dn 

dn 
a{30o, 150°) 
da 
dn 

0. 5-3. 5 

3-9 

5-12 

0. 6-3 

8-18 

5-10 

1-9 

1-4. 5; 1-12; 4-19 

7-12 

5-10 

1. 0 -3 . 5 

1-5. 5 

2. 5-4. 5 

4 - 5 . 3; 3-15 

3-5; 9-15 

5 .7-11 

0 . 8 - 2 . 6 

1 .4 -2 .4 

30 

31 

33 

33 

34 

35 

39 

39 

41 

42 

44 

44 

47 

49 

52 

54 

56 

57 
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R e a c t i o n C r o s s s e c t i o n 
and ang d i s t r 

E n e r g y 
r a n g e (MeV) 

10; 12. 5 

4 - 8 

4 . 8 - 7 . 8 

1. 6 - 6 . 4 

0 . 3 4 - 0 . 7 

3 . 2 - 6 . 4 

2 4 - 3 8 

2 - 5 . 3 

6 - 1 7 . 5 

11-28 

P a 

60 

61 

62 

63 

64 

65 

69 

69 

70 

70 

Li+Q-
7 T •/ \ i 0 n Li(cv,n) B 

9 B e ( a , n ) 1 2 C 

9 B e ( a , 2 n ) U C 
1 3 C ( a , n ) l 6 0 
1 6 0 ( f f , n ) 1 9 N e 
20,T , v 2 3 . , Ne(cr,n) Mg 

da 

dn 
a; a(0°) da 
dn 
a; a(0°) 
— (0°) 
dn ^u ' da 
dn 
a 
a 

a 

a 
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HELIUM 3 

ction 

3 H ( 3 H e , n ) 5 L i 
7 L i ( 3 H e , t ) 7 B e 

Li( He, a) L i 
9 B c ( 3 H e , n ) i l C 
9 B e ( 3 H e , t ) 9 B 

C r o s s - sect ion 
and ang d i s t r 

d£? o(0 , 40 ) 

a(30°) 
da 
dn 
a(40°) 
a 

a(40°) 
da 

1 0 B e ( 3 H e , p ) i 2 C a(90°, 150°) 
1 0 B e ( 3 H e , d ) 1 1 C 
1 0 Be( 3 He ( f f )

9 B 

1 0 B e ( 3 H e , n ) 1 2 N 
i 0 B ( 3 H e , a ) 9 B 

1 2 C ( 3 H e , p ) 1 4 N 
1 2 C ( 3 H e , d ) 1 3 N 
1 2 C ( 3 H e , d ) 1 3 N + 

+ 1 2 C ( 3 H e , p n ) 1 3 ] 

^ C f ^ e , , ) 1 ^ 
12„ ,3„ ,14„ C( He,n) O 

1 4 N ( 3 H e , p ) 1 6 0 
1 4 N ( 3 H e ( f f )

1 3 N 
16^,3-j. , 1 8 _ 0( He,p) F 
1 6 0 ( 3 H e , a ) 1 5 0 
l 9 F ( 3 H e , a ) 1 8 F 
l 9 F ( 3 H e | t y n ) 1 7 F 

a(150°) 

a(9) 

a(9) 

a 

o(e) 
da 
dn 
da 
dÖ : ° 
a 

a 

s ex 
a 

a 

a e x 
a 

a 

a 

a 

a 

a 

Energy 
range (MeV) 

1-4 

2-4 

3; 3. 5; 4 

2-4 

3-10 

Z. 5-4 

3-3 . 8 

11-18 

11-19 

2-19 

9-19 

1-7 

2-10 

3 . 4 - 9 . 8 

3-11 

6-10 

6-30 

1-6 

i . 6-6; 1. 6-11 
2-32 

3-12 

4-10 

2 - 9 

2 - 9 

3 -9 

3 -9 

P a j 

71 

72 

72 

73 

73 

73 

74 

75 

75 

76 

77 

78 

78 

79 

8 1 * 

101 

101 

102 

102 

103 

104 

104 

108 

108 

109 

109 

* e = 172° 
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YIELD CURVES 

React ion Energy range (MeV) P a g e 

9 B e ( 3 H e , n ) U C 6-18 110 

l ( y ^ Y ) 1 i ? + 6-i8 no 
+ 11BC5He,n)1 ' :5N 

^(W)1 1^ 6_18 110 
+ U B ( J H e , t ) U C 
1 4 N ( 3 H e , d ) i 5 0 
1 4 N ( 3 H e , a ) 1 3 N 
2 3 N a ( 3 H e , 2 p ) 2 4 N a 

a) 9 B e ( 3 H e , n ) l i C 
1 0 B ( 3 H e , d ) 1 1 C + 1 I B ( 3 H e , t ) 
1 2 C ( 3 H e , a ) 1 1 C 

b) U B ( 3 H e , n ) 1 3 N 
1 2 C ( 3 H e , d ) 1 3 N 
1 4 N ( 3 H e , a ) 1 3 N 

a) 1 4 N ( 3 H e , d ) 1 5 0 
l 6 0 ( 3 H e , a ) 1 5 0 

b) 1 9 F ( 3 H e , cm) 1 7 F 0-18 

c) l 6 0 ( 3 H e , p ) 1 8 F 0-18 
1 9 F ( 3 H e , a ) i 8 F 0-18 

u c 

6-18 
; 6-18 

9-18 

0-18 

Ö-18 

0-18 

0-18 

0-18 

0-18 

0-18 

0-18 

111 

111 

111 

112 

113 
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70 

7 7 
Li ( p,n) Be 

in 
JQ 

E 

o 

o 
XJIXJ 20 

10 

0 

0. 43 MeV ex, st^ 
t-Jfc-** *^x—v—«—»-

I 

Ref P l 

E 0 
o 
o 

\ 
B. 

7Li (p,n) 7Be 

sj» g r . s t . + 0 . 4 3 MeV ex. s t . 
N i 

-A-
* - — * . 

4. 53 MeV ex. s t . 

J_ 
10 11 

Ep (MeV) 

12 13 

Ref P l 
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10 

-£J 

£ 

3..0 

2.0 

1.0 

-

-

-

i 1 

• 120° 
* 90° 

' i 

Li (p, «•) He 
t i 

/ 

' ' 
0.5 1.0 

Ep (MeV 

1.5 2.0 2.5 

Ref P2 

0.5 1.0 1.5 2.0 

Ep (MeV) 

7 Be(p ; Y) 8 B 

3.5 

Ref P3 
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10 V 

J3 
E io' 

X3I-CI 

10 

' I I I I I I I I I 

lo"1! i I i I i I i I i I i 11 I i I l 
0 20 40 60 80 100 120 140 160 180 

6 cm 

, Be + p 
103 

1 0 £ -

JO 

S 

oia 
T3IXJ 

10' 

10" r 

: ' 1 

-

Ill 1.11 1 1 

'3 " 

: d o -

5 

-

i 1 

! < 1 I 1 i 1 I M 1 i 1 M 

Ep=6.00MeV 

2 

\(xio"1) 

- ^ f Q = -2.43 M e ; 

I 
i 

11
 II

I 

\ ^ A ^ — - ^ -
1 1 1 1 1 1 1 1 1 1 1 1 1 1 

£>') 

Ref P4 

0 20 40 60 00 100 120 U0 160 180 

6cm. 

Ref P4 

10" 

2 
10 

B e + p 
M M I i I i I i I i I I I I I 

Ep=8.00MeV ; 

• ° 1 

JE io1 

D i a 
"D11D 

10 

w 1 ! • i . l t i . i . i i i i l i 1 i 
0 20 40 60 80 100 120 140 160 180 

6 cm 

Ref P4 

9 B e ( p , d 0 ) 8 B e 
F i — i — i — i — i — i — i — i — i — i — i — i — i — i — r 

E 

•o|-o 

J I I—I I I I I I I I I L_J L 
20 40 60 80 100 120 U0 160 

6 c m . 
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in 
JQ 

b|C! 

JBe+p 

5.00 6.00 

Ep (MeV) 

7.00 8.00 

Ref P4 

k . 

tf) 
•» •« . 

J3 
E 

b|G 
XJITJ 

10.0 

5.0 

1.0 

0.5 

i i 

— 

. J. . _ l . 

i i i 

• **—•—•—| 
* i 

• •V» 

«o 

— J 1 ,. I . 

9Be (p, 
i i i 

e =90° 

<hf%^^^ ^ » 

• ^ V 

1 1 1 

cc) Li 
1 

"" 

-

-

~ 
-

„ , 

" 
• 

1 
3.0 40 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 

Ref P4 Ep(MeV) 
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' B e t p A o r U 
~l 1 T 
Ep = 6MeV 

60 90 120 150 

6 c m . 

E 

oic: 
•öl-o 

9 D I I 6 

B e ( p , a 0 ) 
i r — | r~ 

Li 

Ep = 10MeV 

Ref P 4 
30 60 90 120 150 

9 cm. 

Ref P 4 

V) 

si 
E 

oic; 
T3|"0 

9Be(p.a,)6Li*[2.18) 
T 1 1 1 r 

J I L i i 
30 60 90 120 150 180 

6 c m . 

Ref P 4 
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" B e l p ^ ^ B 

V) 

.Q 

Ep (MeV) 

Ref P5 

, 0Blp,V0)"C 

1.0 

0.8 

: o.6 
JLi 

i 0.4 
b IG 

0.2 

I I i 1 I 

• A\ 
7 
/ 

i i i i 1 

i i i i i i i i i 

/ TM/ *> 

1 1 I 1 1 1 1 1 1 

1 1 1 I 1 1 1 1 1 1 1 

V K , e = 90° 

1 1 1 1 1 1 1 • 1 1 1 

1 1 1 

; . 

l 1 l 
7 8 9 10 11 12 13 U 15 16 17 

Ep(MeV) 

Ref P6 
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1 0 0 -

x> 

b soL-
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Ref P7 
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-
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-
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" B ( p , y 0 l ^ 
T I I ( ! |-

4.0 6.0 8.0 10.0 12.0 U.O 

Ep(MeV) 

Ref P7 

15 

10 — 

in 

jQ 

0 

11 , ,12 * 
B(p,Y,) C 

1 1 1 

. 1 

1 1 ' 

Oo 

° of 

. 1 

1 

$£ 

I 

e = 

u vi 

1 

90° 

© 

1 1 

T 

^Ä. te. 

d Ä 

1 

1 

l*> 

i 
4.0 6.0 &D 10.0 

Ep (MeV) 

12.0 U.O 

Ref P 7 



- 19 -

200 

100 
80 
60 

40 

~ 20 
XJ 

6-

12C(p,Y)13N 
i i i I i i i I i i i i i i—i i i i i i i i i i i i i i i i i i i i | i i i i i i i p~ 

ER =0.456 MeV 

= 35keV 
ER = 1.698 MeV 

T = 70 keV -

y i i i I i i i /I i i i I i i i I i i i I i r i I i i i I i i # I i i i I i \i i I i i i I i i 

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 

Ref P8 Ep(MeV) 

13C(p,n)13N gr. st. 
T 1—| 1—| 1—|—r i—i—r 

E 

b 

240 

220 

200 

180' 

160 

140 

120 

100 

80 

60 

40 

20 

L * * 

-

-

7HRESHO 

— 

M 

1 I J 
4 6 8 10 12 14 

Ep(MeV) 

Ref P9 



- 20 -

C(p,n) N 
1 T 

60 

50 -

40 
vi 

i : 30 
b la 

20 

10 

~ 

~ ENERGY 
SPREAD 

THRESHOLD 
J I 

10 11 12 13 U 

Ep (MeV) 

Ref P9 

13C(p,n)13N 

30 

~ 20 
tn 

6 

t > i a 
XJlTJ 

10 

T r i r I ' 1 

e=A0° 

THRESHOLD J — * * 
J L 

3 A 10 11 12 13 U 

Ep(MeV) 

Ref P9 



J O 

£ 

fcic; 

1 3 C ( p , n ) 1 3 N 

Ref P10 
Ep ( MeV) 

V) 

-SP 
TJI-O 

3.2 

2.4 

1.6 

0.8 

I* 
| 

/ 

i — I — l — I — i — I — i — I — I — l — i — l — i — I — i — l — r 

V^wW* 

1AN(P/Y0)150 
i • i • i • I ' I ' i ' l ' l ' l ' I • | ' I 

0=90° 

• i • l • i • i • I • i • 

3.0 4.0 4.4 
• I , I , I ,, I , 

Ref P6 

6 8 10 

Ep (MeV) 

12 14 -16 18 

! 



- 22 -

30 

20 

10 

T i r 

ENERGY 

. SPREAD ^"^ 

THRESHOLD 

3N(p,n)150 

J i I l L 
3 4 5 6 7 8 9 10 11 12 13 14 15 

Ep(MeV) 
Ref P9 

15N(p,n)150 gr. st. 
t 1 r 

8 10 12 14 

Ref P9 

Ep (MeV) 



- 23 -

30 

-5 2° 
E 

b la 
xi l -o 10 

THRESHOLD 
I I »I L _ L 

1 1 T 

15,., ,15-N(p,n) 0 
i r 

e = A O ° 

J I 
3 4 5 6 7 8 9 10 11 12 13 

Ep (MeV) 

14 

Ref P9 

3 i 

Ref P H 

" O f p . p ^ O 

3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 

Ep(MeV) 



- 24 -

18 15, 0(p,a1 2) ,:>N 

3.2 3.4 3.6 3 

Ref P 1 2 

4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 

Ep (MeV) 

1 60(p,£t3) 15N 
i — r 

Ref P12 

Flp.ttol 'o 

Ref P12 
MeV) 



25 

2.0 

1.8 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

Ffp-oio) 0 

165° lab. -

J t 

70° lab. 

10.0 11.0 12.0 
Ep (MeV) 

F ( P,GL0) 0 

2.0 

E 

c; 1.0 

XI 

XI 

0.5 

st nd 
1 & 2 EXCITED ,' 
STATE GROUPS 

*• 3 r d ^ t h EXCITED 
/ X^STATE GROUPS 

GROUND-STATE G R Ö t F ^ 
J i I i_ 

iao io.5 11.0 

Ep (MeV) 

11.5 12.0 

Ref P 1 2 Ref P 1 2 

XI 

E 

0.7 

0.6 

0.5 

0.4 

« 03 
X) 
fe 
x> 

0.2 

0.1 

, 9 F(p,« 0 ) , 6 0 
1 — i — i — i — i — i — i — r 

Ep = 5.000 MeV 

J I L J I I L 
0 20 40 60 80 100 120 U0 160 180 

1.4 

1.2 

1.0 

^ | OB 

a 
5 0.6 
t> XI 

0.4 

0.2 

,9F(p,«o)1SD 
1 T V 1 | | | ! | | 

\ Ep= 4.258 MeV 

\ 
* _ 

\ 

i 

• \ A • 
— i — i i i i i i . ...t_ 

e c m . 

0 20 40 60 80 100 120 140 160 180 

9 c m . 

Ref P 1 2 Ref P 1 2 



- 26 -

1.2 

1.0 

0.8 

</> 
•-» 
_Q 

E 0.6 

a 

£ 0.4 

0.2 

19 ,16 
F(p,ct0) 0 

1 1 1 i 1 1 i 1 1 

Ep= 5.080 MeV 

f 

1 \ 
\ 

-•<>\. r 
\ 

\ 

J 1 1 ! I i ' ' 
0 20 40 60 80 100 120 140 160 180 

e cm. 

Ref P 1 2 

1 9 c , ,16_ 
F ( p , t t 0 ) 0 

X ) 

J 
a, 

•a 

2.5 

2.0 

1.5 

1.0 

0.5 

-I 1 1 1 1 1 1 r 

Ep = 5.960 MeV 

i i i i i i i i 
0 20 40 60 80 100 120 140 160 180 

e 

1.8 -

1.6 -

1.4 

1.2 

a ]-° 
.§. 0.8 
Ct! 
• o 

0.6 

0.4 

0.2 

1 9 - , 1 6 

F ( p , « 0 ) 0 
T 1 1 1 1 i 1 r~ 

4 

Ep= 5.520 MeV 

\ / V 
J I I I L 

j4J 

J I 
0 20 40 60 80 100 120 140 160 180 

e c m . 
Re£ P i 2 

3.0 

2.5 

zo 

10 

E 1.5 

c! 
• o 

"b 1.0 

i—r 

i g _ , , lb,-, 

Flp,K0 ) 0 
1 1 1 1~ 

Eps 6.500 MeV 

0.5 — 

I I I I UZJ 1 L 
0 20 40 60 80 100 120 140 160 180 

c m . e cm. 

Ref P 1 2 Ref P 1 2 



- 27 -

1 9 - , ,16_. 
F(p,u0) 0 

0 20 40 60 80 100 120 140 160 180 

e 

F l p , ^ ) 0 
T 1 r 1 1 r 

7.400 MeV 

1.4 -

1.2 

l.o 

•e 0.8 

a 
b 

0.6 

0.4 

02 

\ 

v 

** 

i, i i , v 
c m . 

0 20 40 60 60 100 120 UO 160 180 

6 c m . 

Ref P I2 Ref P12 

"Ftp^oJ^O 

10 
-•% 
JQ 

E 

x> 

•o 

1.8 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

02 

J I I » I 
0 20 40 60 »0 100 120 140 160 180 

e c m . 

do
7d

J2
 

(m
b

/s
rl

 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0. 1 

19F( p,*0)
160 

1 I I I I I 1 T™ 

Ep =8.500 MeV 

Hv 

" ^ 
- \ 

- V " \ / _ 

; V ; 
. i . i i i i i i i 

0 20 40 60 80 100 120 140 160 180 

e c m . 

Ref P I 2 Ref P12 



- 28 -

19c-, , 16_ 
F(p ,a 0 ) 0 

0 20 40 60 80 100 120 140 160 180 

e c m . 

0.8 

0.7 

0.6 

0.5 

!c 0.4 

a 03 

b 
0.2 

01 

ni 
1 9 F ( p i a o ) ^ 

"I 1 1 1 1—3 

E p = 10.000 MeV 

J I I I L J I 
0 20 40 60 80 100 120 140 160 180 

e cm. 

Ref P 1 2 Ref P 1 2 

1.5 

1.0 -

E 

5 o.sl-
" \ 

I V , ,16,. 
F(p ,a 0 ) O 

1 i T T 1 T 

E p= 11-000 MeV 

I I I l M l i i 
0 20 40 60 80 100 120 140 160 180 

e c m . 
P 1 2 

^ { p . a ^ O 

0.5-

0.4 

^Q 0.3 -
£ 

a 
"° 0.2 
b 

T» 

0.1 -

- f 

i — i — i — i — i — i — r 

i EP =12.000 MeV 

l 

v 
" / \ 

\i V 
J l i i r . . 

0 20 40 60 CO 100 120 140 160 180 

O cm. 
Ref P 1 2 



19F(p,<*Y)160 

v> 
« 

I 
n> 
E 
E 
a 
O 
t-o 

.1 
n 
"Z 

0.4 0.8 1.2 16 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 

Ep (MeV) 

Ref P13 

19F(p,ocy)160 

"O 

r iE 
i 

<D 
.C 

A
lp

 

•9 
in 
>. « 01 • 
« 
E 
E 
•• 
O 

o 

el
d

 

>-

• > 
it 

« K 

100 

90 

80 

70 

60 

50 

40 

30 

?0 

10 

• GAMMA-RAY YIELD 

+ ALPHA -PARTICLE YIELD 

0 = 138° 

860 920 930 940 950 960 970 

Ref P14 Ep (keV) 



- 30 

U 

12 

10 

— 8 
j a 
a. 

0.5 

Ref D l 

7 

6 

5 

^ 4 

— 3 
b 

2 

1 

9Be(d,Yo)"B 

— 

—-

1 

~ 7 

1 \ 

1 1 

I I 

1 I 

\ k^^X. 

1 1 

1 1 

— 

1 1 
1.0 1.5 2.0 2.5 

Ed (MeV) 

3.0 3.5 

^ e f d . Y , ) 1 ^ 
1 1 1 1 

/ 

" / T I I I 

i i 

»i Li 

1 1 

1 

flj -

1 
0.5 1.0 1.5 2.0 2.5 3.0 3.5 

Ed (MeV) 

Ref D l 



- 31 -

9Be(d ;Y2+3
) 1 l B 

Ref D i 

0.5 1.0 1.5 2.0 2.5 

Ed (MeV) 

3.0 3.5 

V) 

E 

biG 15 
T» ro 

10 D , . , 1 1 . B(d,n) C 

Ed (MeV) 

Ref D2 



- 32 -

B[d,n) C 

in 

£ 

bics 
T3IT3 

0 40 80 120 0 40 80 120 0 40 80 120 160 

0 c . m . 

Ref D2 



33 

250 

200 

£ 

Ref D3 

l 0B(d,n)1 lC 

Ed {MeV) 

6.0 

5.0 

1 _ 

<n 
• - « . 
XI 

£ 
s»•» 
* > — • * 

o 
o 
'—' 

b | « 
•ulxi 

4.0 

3.0 

2.0 

1.0 

T—i—i—i—r 

11B(d;n)12C 
I ' M ! 

- "o 

r I • I I 1 I . I I I I 1 
0.6 10 1.4 18 2.2 2.6 3.0 

Ed (MeV) 

Ref D2 



- 34 -

11B(d,2n)11C 

Ed (MeV) 

Ref D3 



35 -

^CtcipoJ^C 

Ref D4 



- 36 

in 
~-̂  
JQ 

E 

i 
u 

bia 
XI TO 

1 2 C(d / P l )
1 3 C 

Ed (MeV) 

Ref D4 



37 -

1 2C(d,p2)1 3C 

Ed (MeV) 

Ref D4 



38 

1 2C(d / P 3 )1 3C 

in 

.o 
£ 

b i d 
•CJITJ 

E d (MeV) 

Ref D4 



39 

to 

JQ 

bic; 
-O|T> 

12 , . .13„ 
Cld ;p0) o 

2,0 

Ref D5 

4.0 6.0 8.0 

E d (MeV) 

10.0 12.0 

250 

225 

200 

175 

150 

l 2 C ( d , n ) 1 3 N 

E 

to 

125 

100 

75 

50 

25 

0 
1.0 

Ref D6 



- 40 -

12C(d,n0)13N 

l _ 

b/
s 

E 
—̂* 

h 
blCi 

T>|-D 

50 

45 

40 

35 

30 

25 

20 

15 

10 

5 

T l I ' I I I I I I I I I I | I I I I | I I I I | I I I I | I I I I | I I I I | 1 [ I I | I I I I J I I I I | I I I I , 

Q h • i i I i i i i I i i i i I i i t i 1 t M i I i l n 1 i i i i 1 i i l i 1 i i i i 1 i i i i t i i i i I i i i r 

0 2.0 4.0 6.0 8.0 10.0 12.0 

Ref D5 E d (MeV) 

, 2 Cld,n> , 3 N 

E d (MeV ) 



- 4i -

, 2 C ( d , n 0 ) , 3 N 

bic; 
•OIT3 

0 30 60 90 120 150 0 20 40 

e. c. m . 

Ref D5 



- 42 ~ 

12 10r C(d,a 0 ) ' uB 

12 

1 4 0 a l a b . 

Ed (MeV) 

Ref D4 



- 43 -

1 2C(d,a/°B 

12 

8 

U 

I 

-

_— 

I ' I i 

f *v* 

• < 

l 

» * 
p ••' 

1 I 

140 ° 

" r 

1 ab . 

1 

-

• — 

-
—: 

— \ t 

- ^ 

1 

^ ' \ 

, ! 

Vrffc* 

1.. 

J^v\ 

1 

^ 

1 

A 30° 

/ « 

1 . 1 

l a b . 

• 

i 
10 

Ed (MeV) 

Ref D4 



200 

u N ( d . p ) l 5 N 

1.0 

Ref D7 
40 

35 

30 

25 

2.0 2.5 

Ed(MeV) ' 
3.0 3.5 

,4N(d,n) ,50 

•o 20 

b 15 

10 

5 

0 
0 

Ref D8 

1 1 1 

: /v* 
/ 

n 

: / 

1 1 1 

1 1 

i i 

Erf (MeV) 

uN(d,n)150 

in *»» 
ja 

•OITJ 

Ref D8 
Erf (MeV] 

44. 



- 45 •• 

uN(d,n)150 

H f-

e=^5° 

e =60° 

e = 75° 

_i h 

1 2 3 
Ed (MeV) 

E 

tolG 
T3IT3 

uN(d,n)1 50 

9 =90° 

e =105° 

6=120° 

e = 135° 

e= 150° 

e =164° 

Ref D8 



- 4 6 -

Vi N(u,nrO 

t i 

b i d 
-ol-o 

120° 180° 

Ref D8 
tab 



- 47 -

1 6 n t A n \ 1 7 P v 

0 (d,n} F-

300 

200 

Ref D9 

3.0 3.5 

Ed (MeV) 

160(d,n)17F 

40 

30 

20] 

10 

0 

i ] 1 1 11 11 n I [ ' i i 11 i i i i | i i i i f 

40c 

4 0 -

w 30 
JO 20 

10 

0 
25 

20 

15 

10 

5 

0 

20c 

ywv 
i i I I I kJL 

J I I L 

I I I I 11 I I I I I I I I 11 11 I I I I I I l-.l I 

2.0 2.5 3.0 3.5 4.0 4.5 

Ref D9 Ej (MeV) 

160(d,n)17F 

15-

10-

5 -

0 

20 

I | 1 ! I l | I I | I 1 I I I I J I I I I | I I I I | T 

100 

J I J L 

w 15 

1 1° 
b 5 

0 

30 

20 

10 

0 

80 

J i 1 I L 

60 

I I I I I I I I I I I I M 1 I I M I I I [ 1 J 'HJ-

2.0 2.5 3.0 3.5 4.0 4.5 

Ed (MeV) 

Ref D9 



- 48 -

1 6 - , , .17,-0 (d,n) F 
2 5 m- r r r rp -TTT j n n JT iTrpnr-rrpn: 

Ed(MeV) 

in 1*7 

30 

20 

10 

0 

T'l |"i i~ r rp T i i '|"~rrr"r~f rn r ( T 

- 40° 

•"* ^ 

x *•>. 
J L 

75 

.? 50 
X I 

•= 20 
b 

n 

20° / 

/ 
rJ 

- / 
... 1 1 ... 

\A 
V 

^ \ 

\ -

_., f 1 . V. ! .. 

2.5 3.0 3.5 4.0 4.5 

Ref D9 
Ed(MeV) 

160(d,n,)17F 
15 i n ] i i i i j i i i" i | i i i i | i i i i j i . 

160(d/V17F 

Ref D9 

2.5 3.0 3.5 4.0 4.5 

Ed(MeV) 
Ref D9 

2.5 3.0 3.5 4.0 4.5 

. Ed ( MeV} 



- 49 -

"bfd,*)uN 

70 

n 50 
XI 

E 

•oPo 30 

10 

i r i r 

E d = U 0 5 MeV 

V a i w 
J I I L 

0 30 

Ref D10 

60 90 120 150 180 

e 

~ 50 

£ S 30 

b i d 
•oho 

160(d,ot)MN 

3.9 4.0 4.1 

Ref D10 

30 

» 20 -

£ 
- 10 

X) 

160(d,«)UN 

PS 

1 

1 

1 

Ed 

1 

1 1 i 
= 4.578 MeV 

i i i 

0 30 60 90 120 150 180 

Ref D10 e 

1 B 0 { d l R ) M N 



- 50 -

160(d,oc/*N 

10 II 12 13 14 15 

Ref D11 
Ed (MeV) 

. 0 -

0 .5 

0 .0 

1 60(d,a,)UN 

v.~v\ 
3.0 

Ref Dl i Ed { MeV) 

5.0 



- 51 -

1 6 0 ( d / a i )
U N 

' I ' l-TTT 

ec.m
a 1 ^ ° 

I I I > 
4.5 5.0 

Ref D11 

16, U , 0(d,ct r*N 

168.51°-168.56° 

9.0 95 100 10.5 11.0 115 120 125 130 13.5 14.0 14.5 15.0 

Ed (MeV) 
Ref D11 



52 

O l d , et,) N 

1000 

500 

"i^aatOcaii -.' V y » -

.V 

f Vn 

r \ « 

* /i 

•^HL 

500 

1000 

500 

0 

•J~-Å 
W v 

V ve — v 

V \ 

ec.m. = 168.5o 

EtMtfi^ 

* 7 

-1000 

500 

ec.m. = 150o 

A 
- = » — j j . , , . t > * 

^^5' 1: 

u s«\ 

4 i ^ 

V 

*-* 

A/ * • *? 

K 

VI 

9 cm. = 13p° 
i 

«2L| n ^ ' V 

500 

sK 

^ 

\Ä 

i - * 

'"V 

.•*c^T 

©cm. 
J 

90.3C 

- ^ » ,. ••"-. 'V 

0 r m = 47.4< ?c.m. 
> v w r ^ T w * * * ^ . ~-><~v<^*~i Q 

e c m . = 30 

\«/ 
. « • * 

VV 

500 

_ i _ — : * Ä J 

5.0 5.5 6D 6.5 7.0 7.5 8.0 85 9.0 

E d ( MeV) 
Ref D11 



- 53 -

^Old.c^N 

Ref D l l cm. 



- 54 -

160(d,«,)MN 

3000 

2000 

1000 

1000 

500 

' c m 
Ref D l l 



55 -

1 60(d,oc,)uN 1 6 0(d,a , ) u N 
3 0 6 0 9 0 120 150 180 

£ 
bic; 
T3ITJ 

cm. 

30 6 0 9 0 120 150 180 

e cm. 

Ref D i l 



- 56 -

20KI , , i 21M Ne(d,p) He 

0.8 1-0 1.2 

Ref D12 

8.0 

6.0 

in 

£ 4.0 

b 
2.0 

e =150° 

4—^444444 
- i 1—i i ' i 

0.8 1.0 

Ref D12 

1.2 1.4 

Ed (MeV) 

20., , , ,21K, 
Ne(d , p) Ne 

2.6 



57 

2.0 

1.0 

0 

BD 

8.0 

4.0 

2.0 

0 

8.0; 

6.o| 

4.0 

2.0 

O 

• v * , «-

X 
1.92MeV 

_L 
3 0 60 90 120 150 180 

20Ne(d,po)21Ne 

30 

e 
Ref D12 

c m . 

6 0 90 120 150 180 

6 cm. 



- 58 -

10.0 
Ne(d,p) No 

to 

x3 

x 
o 

2.4 2.6 

Ref D12 



- 59 -

o 

4.0 

3.0 

2.0| 

1.0 

140 MeV _ 

J I I L 

1.50 MeV -

J l_ 

8.0 

6.0 

4.0 

2.0 

_ 

- * 

1 

*G» 

1 

1 

• * 

1 

1 

• " * * - • - . 

. 1 

1 1 

1.60 MeV -

i i 

8.0 

60 

4-0 

2.0 

n i 

• «• 

1 

^ i 

1 

l 1 

1.81 MeV _ 

i i 

90 120 150 ISO 

20,, / . 2 1 , Ne ( ö, p,} No 

e.o 

6.0 

4.0 

2.0 

r -i -

/ \ 
•/• , »v 

1 1 

i ! 1 
--

* • 
^^JP ~"^~' c • 

2.02 MeV ~ 
1 1 1 

O 30 60 20 120 ISO 180 

e cm. G cm. 

Ref D12 



- 60 -

io ; 

10' 

in 

| 101 

T31T3 

10° 

6 L i + « 

-1 
10 

1 > I ' I i I ' I ' I i M I \é 

Ea=10.00MeV 

• I • I ' 1 i i t I t I . I . 
0 20 40 60 SO 100 120 140 160 180 

6c.m. 
Ref A i 

10-

6. . Li + a 

10 

:' I ' I I I 1 | I I I I " I I I i i 

Ea = 12.54 MeV 

'l i I i I i I l I l I I I 1 I l I I 
0 20 40 60 80 100 120 140 160 180 

6 cm. 
Ref A l 



- 61 -

7 L i ( a , n ) 1 0 B 
V i I I I 1 I M ] I I I I | I ! I I | ! | | I | I I | I | I I I I I I I I I 

200 

150 

X3 

£ 
"b 100 

50 -

Ea (MeV) 

Ref A2 

o 

20 

15 

10 

5 

• V ' i i i . " - P I i 

-

— 

ji i i i l i - i - i -J . 

P T " T . - i | i . i i | i i t i " | r ' i -

7 L J ( a , n ) 1 0 B 
I j l . i i | i . t i 

,00-<XX0 

1 * 
1 / 1 J 

M 
? / 

</ / " o 
d A 

°-a0'
0' / 

J i.,i.-i,j.,J-i i i i I i i i i 1 i i 

V % 

* \ » \ * \ 

A * 
\ k 1 \ 

•*• 
* * -

, 1 , , , ,*7*7*T«TM 

Ea (MeV) 
8.0 

Ref A2 



- 62 -

7 L i ( a , n )10B 

in 

-Q 

1 I ' i | ' ' 
7 85MeV(-l4) 

* 1 i~ 

^\MW\--d)^ 6.96 MeV 
i: 

/ ' 

I wiX;_i 
6 71 MeV 

, ^ -:6.23MeV" 
'• 1 H) 

i. •• 

2 ! — . 

* - — _ , ; » _ ^ ' * ' ^ . t - ^ 5 . 9 8 MeV(-l) _ 

J i I i _i I I i i 

•5.73 MeV 

I I I I 
30 60 90 

Ref A2 0 
120 150 180 

c m . 

in 

E 

TJl-O 

7Li(a,no)1 0B 

30 

Ref A2 

4.78 MeV 

60 90 120 150 18C 

© c m . 

For c l a r i t y some curves have been r a i s e d 
by the number in mb/sr in b r a c k e t s . 



- 63 -

T" 
en 
lo 
S 

b|G 
TOl-O 

20 

18 

16 

' * ! 

12L r 

i 

10 

8 

6 -

U -

2 -

Lila,^) B 
-i—1—i—1—r I I ' I I ' I I I I I 

•7.85MeV(- l4)_ 

'- 7.53 MeV(-9) 

7.2IMeV{-6) 

-t £ -
j6.96MeV(-2) 

J I I I U 

"i-̂  j . i 1 6.71 MeV 

I I [ 1 I I I I I I 1 
0 30 60 90 120 150 180 

RefA2 6 c m -
Por clarity some curves have been raised 
by the number in mb/sr in brackets. 

20 

9Be(cc,n)12C 

T—1—1—1—m—1—1—n—1—i—p 

3.0 4.0 5.0 

Ea(MeV) 



64 
9Be(ctyn)12C 

Ref A4 

X I 

£ 

tola 
•ol-o 

22 

20 

18 

16 

U 

12 

10 

8 

6 

4 

2f-

9Be(a,n} 1 2C 
! 

h e = o' 

c Ground state 
* First excited 

s ta te 

n n iA 

340 400 

Ref A5 

500 600 

E a (KeV) 



- 65 -

J B e ( a , n 0 ) "-C 

Ref A3 6 | Q b 



- 66 -

9 D , , 12^-K 

120 180 

Ref A3 



- 67 -

Be ( a,n ) Cy GG 

60 120 180 



- 68 -

9 B 0 ( a , „ 3 ) 1 2 c * 6 4 

in 

!o 0 
E 

•Sig o r 

E a = 6 . 4 4 MoV 

J- x i rsL 

0 

EQ = 6 .24 MeV 

J L 

lab 

0 15 30 45 60 75 90 

e 
Ref A3 



- 69 -

É 

20 

9BeU,2n) 1 1C 

25 30 35 

Ea (MeV) 

Ref A6 

3.6 

E a (MeV) 



70 -

1 6 O U , n)19Ne 

E 

Ref A8 

2 0 1 , / l 2 3 w 

Ne!<x, n) Mg 

JO 

E 

Ref A8 
Ea (MeV) 



- 71 -

3 H ( 3 H e , n ) 5 L i 
2.80 

2.. 40 

2.00-

w 1.60 
J3 

E 

bic; 
•D|TD 

1.20 

0.80 

0.40 

1.6 2.2 2.8 3.4 4.0 

E 3 u (MeV) 
•'He 

Ref Hi 

t)ic; 

2.40 

2.00 

1.60 

1.20 

0.80 

0.40 

3H(3He /n)5Li 
T — r T 

o EjH ,= 3.55 MeV 

• É3„e = 2.70 MoV 

J 1 ' ' » ' L 
40 80 120 160 

©cm. 
Ref HI 



- 72 -

7Li(3He,t0)7Be 

10 

ja 

£ 

tola 

Ref H2 

w 

~ 30 

X> 

F J ; 20 
Ct 
• o 

to .„ x> 10 

7 3 7 

Li t He,t0) Be 
i i i i i i i 

E 3 l l =3.0 MeV 
^i He 

X 
- \ 

\ 
* \ 

*\* , i 
^ . j - 1 -

i i i i i i i 

E 3 H e ( MeVI 

7 3 7 
Li( He,t0) Be 

4 0 -

30 

ja 

E 20 

b ,o 

i i > i > r 

E3He=3.5MeV 

\ 

V,K 

40 

30 

\ i 

x> 
£ 

»•—» 

<x 
X f 
" • • * 

b 
XJ 

20 

10 

er 

Ref H2 

tm
b

/s
r)

 

X) 

XJ 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

'Li^He.g'Be 
i I ! I i I 

E3U =3.0 MeV 
He 

-

i I 

P 
/ -

J -
-

i > i 1 

_l I 1 1 I I I 
0 40 80 120 

6cm 

'Little,t,} 7Be 

7 3 7 
Lit He,t0) Be 

- i — l — i — i — i — r — > — r 

E3He=^.0MeV 

X 

f 

i i i i . i . i 

k -

w 
j a 

E 
— 
OJ 
X I 
^ • * » 

b 
X I 

15 

10 

b 

1 1 ' 

"Nv - \ 
\ 

s^ 
~ 

1 1 1 

1 I 1 

= 3.5 MeV 

_ 

1 
Ål 

J 
• / 

• / 

-

i i 1 

0 40 80 120 160 

©cm. 

' L i ^He^ 'Be 
-i i — i — | — i — r 

Ref H2 

0 40 80 120 

6 c . m . 

0 40 80 120 

cm. 



73 -

7Li{3He,a)6Li 

30 

20 -

10-

e = 40° 

.*-*-+ 
^S~*-<H> 

iSr-i-U< 

tt2 K< 
/ 

M r* »-• < - ^ 

-L 
, - > ' 

X X J_ 
2.0 2.5 3.0 3.5 4.0 

Ref H2 

200 
180 
160 
U0 

_ 120 
-o 100 
£ 80 

E 3 H e (MeV) 

9Be(3He,n)"C 
c — T — i — i — i — \ — i — i — | — i — i — r - = 

60 

40 J—J I I I I I I I I L 
0 2 4 6 8 10 12 

E 3 l i (MeV) 
9 Be( 3 He, t 0 ) 9 B 

b|C! 0.5 

Ref H2 



- 74 -

9 Be( 3 He, t 0 ) 9 B 

•v. 

E 

-a|-a 0.5 

0 30 60 90 120 

0c. m. 

9Bo(3He,t0)9B 

I T 

E3LJ =3.2 MeV 

/ A 

J L 
0 30 60 90 120 150 

e cm. 
Ref H2 

9Be(3He,to)9B 
9Be( 3He / t 0 ) 9B 

.a 

bt« 

0 30 60 90 120 150 

9cm. Ref H2 

60 90 120 150 

©cm. 



- 75 -

1 0 D , 3 U ,12 -
B( He,p) C 

0.2 

£ 
b|C! 
TJIT3 

11 12 13 

Ref H4 
E3 H e(MeV 

18 19 

10B(3He,d)11C 

Ref H4 



X 

2-0 

j a 
B 

b i d 
•ora 

1-0 

0 

10 
CD 
H l 

2 - 0 -

j Q 

o l d 

1-0-

0 

10 B PHe.a,) 9 B 
1 1 1 1 1 r — T 1 1 1 1 r 1 r 

/ \ 
i ^ ^ 

/ / \ \ O--' 
Ii \ V / •-—•-.. 

- — 30°ao 

90°a0 
150°an 

/i / — _ S "" — « . 

- . , . ' • - — . . 

/ / / 
/ 

J i L L J L J i L J L 
8 

J L 
10 12 14 16 18 20 

10B(3He,aä) 9 B 

— 

1 

1 

1 1 1 1 I 1 I • l 1 i 

,—s X "v-

/ ,-» y 

—;/ y x-.- \ 

• 

1 , 1 i ! . 1 i I i 1 

T 

^» «»• 

.., 1 

| t | 1 j 1 

30° a, 
90° a, 

-•—-150° a. 

\ H _ 

I 1 I 1 I 1 .. 

8 10 12 
E 3 H 9 (MeV) 

14 16 18 o n 



- 77 -

en 

-Q 

£ 

b IG 
-ol-a 

01 

X) 

E 
b |CJ 

•OIT3 

1 0 B ( 3 H e , t t , ) 9 B 

2.6 

2.4 

2.2 

2.0 

i.e 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

-
-

^ 

-

1 1 

1 1 

1 1 1 

>4 ar***1 

1 I I 

T " 

å.A 

1 

•V» 

1 

V 

o 

t 

-_V*^v- , 

i 

i 

30° K, 

60° a, 

90° K, 

150° K, 

-

0-B^3 • " * " * 

i 
9 10 

Ref H4 

11 12 13 

He 

14 15 16 17 18 19 

(MeV) 



78 -

7 

6 

5 

J5 
£ 4 
b 

3 

2 

1 

i 1 

-

-

L X 1 

10D , 3 U 12.. 
Bl He,n) N 

i i i i 

*Y 

J 

J 

f 

-

i i t i 

E3|He(MeV) 

Ref H5 

10B(3He,cco)9B 
T - f 

bicj 1.0 
T3ITJ 

Ref H6 
E3 H e(MeV) 



- 79 -

10B(3He,oc0)9B 

| I I I I I I I I I I 1 I I I I I I • I I I I I ! I • I • I 1 I I • l ' 

20 60 100 UO 20 60 100 U0 

6 c m . 
Ref H6 

6 

b|Ci 
•DIXJ 

2.6 

22 — 

1.8-

U 

1.0 

^ E X ^ C X / B * 

0.6 

0.2 

_ T 
— 

— 

— 

— 

f° 

i 

i 

O 

o 

ooSr 

I 

' I 

30° <x, 
90' a, 

ISO" «, 

A t ^ 

1 I 

I I 

0
 ^ " Ä 

^ O - 0 ^ 
o 

I I 

I 

5&: 

i 

A . 

1 

OS, 

• | 

<? 

A / 

1 I 

1 1 I 
^ 

A3 

09 

I 1 1 

o 

1 1 -

J^T 
* \ 

— 

a= 

1 1 
2 3 

Ref H6 

i 5 6 7 8 9 10 

E 3 H e ( M e V 



- 80 -

10B(3He,a,)9B 

E 
d 
I— 
(ft 

T3IT> 

2.0 

1.0 

2.0 

1.0 

2.0 

1.0 

2.0 

1.0 

2.0 

1.0 

F,..- 6 6 Hev 

£ 3 .=5 0 W 

£", =4 2 KeV 

I ! ! I ! i !! i ! ! 

' f j . - i iem 1 

/T, =9 O K H 

! I I ' ' ' I I •—• ' I ' • 

£, = 8 2 MeV 

! 11 i ; i i ; ; : 1 1 ! : 
£ ^ 7 4MeV 

2.0 

1.0 

2.0 

1.0 

2.0 

1.0 

2.0 

-41.0 

l . . . i , , . J . • i • • . i • • . i . • - H 

20 60 100 HO 20 60 100 HO 

9 cm. 

Ref H6 



- 81 -

i 2 r / 3 C( 3 He,p 0 ) K N 

in 

E 
O l d 

-oro 

E3 He 
Ref H7 



- 82 -

1 2C(3He,pJuN i 

.Q 

E 

-ol-o 

Ref H7 

3'. He 



- 83 -

1 2 ^ /3 U C ( J H e , p 2 ) , 4 N 

E 
biCJ 

He 

Ref H7 



- 84 

nn(2 C( J He.p 3 rN 
r 

(4.91 MeV STATE) 

Ref H7 



85 -

12 rx #3 U C( J He,pJ"N 

Ref H7 



- 86 -

12C(3He lP ,)uN' 

Ref H7 
He 



- 87 

1 2 C ( 3 H e , p 6 } K N ' 

He 

Rsf H7 



- 88 -

12rM3 K M * CPHe.p/ 'N 

I — C > — I 

Ref H7 



- 89 -

I 2 r ,3 Cr*He,p8)uN 

£ 

Ref H7 



90 

12r /3 U C( J He,p 9 ) 14N 

E3 He 
Ref H7 



- 91 -

o 
Q. 
Q) 

O 
OJ 

O 

CD 

CD 
CO 
CD 

CM 
C75 
00 

O 
CM 

i r i i 1 1 1 1-
CD CO CM 

i i i i 1 i 1 i 

CD 

o o 
CO 

O) 

*fe 
CD CD CM 

(-»s/quj)^p 

Ref H7 



- 92 

9.20 8.92 

x" 
/ 

x 
1 
/ 

- - * x t 
• * 

X K * .' 

—'—>—1—i—i—i—'—1—'—i—1—'—1 *f ) — i l 1 -

8.60 

\ 

X 

i—1—i—l—l—l—l—l • t l i t, . 
X 

/ 

i 
t 

* ' . i i i 

1 2 C ( 3 H e , p , } U N * 

8.35 

k u 

8.23 8.10 

* W 

7.90 

—*—i—v—*—\—i i . i f • t • 

7.50 

V1^ 
•+•• ' •* • * — > « > > * < — f . » . - « • • - » • • • - « . . f . . . 

7.00 

\ 

V ' * x-x~*-

- H — I — I t t * — > t t I—> • ! • * • * • • * 
\ 

6.70 6.50 

x>x 

—f—I—f—t •••••« •<—h 4~H—i—i—i—t—f-H—I—I • ! ' • • • • 4 1 " * -t—«—!• I J i ) t t i—t—f—4- L « •<' * * — t - * - ~ * - i 

0° 90° 180° 90° 180° 

| 6.05 

^ 

5.10 

* X 

- * *• 

3.00 

S* x x 
X x 

', f x * * * , , | * * • < . x . I 

90u 180" 90° 180v 

8 c m . 

Ref H7 



- 93 -

1 2 r i 3 Uk C(JHe ;p2PN 

12 

8 

11.00 

« —K—X-*-X > 

10.50 

• - * . ) e x_K-X' ' 

9.90 

'v 
^ K j f ~ X ^ ,, * ^ ^ X 

9.70 

K 

X 
,—*C - * x x 

«-* ^ - * * %< 
..it *•• • « t i i i i 

12 
8.35 8.23 

\ / ^ ' 

yrf-

'« I I I •• < t * * * • • > • » . I | I I i j ,i « t 

8.10 

***"-. 

7.90 

X * T C * -

2 

8 

i 

7.50 

-x^^W^v 

7.00 

X 

12 

8 

L 

( f 

6 05 

* X 

/ 
>< 

x- * 

90° 
I 

18( 

5 46 

* 
» - * x 

, , I I 
1° 90° 18C 

510 

* \ i 
--X 

• , I 

)° 90° 

\ 
\ 
•* 

• , , , I 
18C 

300 
\ 
\ 

\ 

* 

* * 
X 

90° 

X 

180* 

8 c m . 

Ref H7 



- 94 -

12 
11.00 

\ 

isst. 

10.50 

i i i r*.T*.W—1 

9.90 

12C(3He, p 3 ^ N * 

• • «•••# •• t " I — I — ¥ — t — t — » - « !?&—*• 

9.70 

12 

• A 

9.50 

ZSl 

~^V 

9 20 

\ 

8.92 

m 

8.60 

12 

i 

8.35 

r * " * * ^ 

8.23 

x*-x^ 

I å i I I I t I t I I I -.»..»..»..-ti.^. 

8.10 7.90 

12 
7.50 

S' 

: V 

7.00 

. \ f 
& : 

6.70 

y~^ T ^ * * X -

6.50 

\ 

xo*' 

l i i t .* • * • • • • . . t »— » • X 

12 
6.05 

U 
' J C x 

X •* X 

x x x » ^ 

5.A6 

/ % 

5.10 

r \ / ' 

Y 
x 

3.00 

90" 180" 90 180" 

8 cm. 

90" 180° 90u 180" 

Ref H7 



- 95 -

\ 

\ 

11.00 
\ 
\ 
\ 

\ 
\ 

10.50 

V^—*^_ 

9.90 

• \ \ 

\ 

- / >v ,x 

9.70 

. . X * X 
, , * . - - * x. 

8.35 

I « t •! I I * I I > I . . > • • • • • < I > 4 * * >• 

8.23 8.10 7.90 

7.50 7.00 6.50 

X 
"*, 

121 
6.05 

, X * " * 
* X 

* * " * »»SK 

5.46 

*-A 
\ 

, * \ 
5.10 3.00 

. V 

90" 180" 90" 180" 

6 c m 

90" 180" 90" 180" 

Ref H7 



- 96 -

1 2 C( 3 He,p 5 ) U N* 

16 

12 

8 

k 

11.00 10.50 

• ! ' • •—4-4 -< .>••.«•.4 fc 4 <4 I t 4 • 

\ 

9.90 

i i i i i i i i i i t i i i t • 

9.70 

— * — < — t 1 1 1 1 1 1 1 1 — ' — * • 

16 

12| 

. 8 

9.50 9.20 8.92 

- f -4-+-+-4- 4 | !-+-t-^-t—«—« < . t .+ 

8.60 

t t 4 I •>"» 4 ' I ' ' » - « ' • • • « "t t1 •« t ' 

Ref H7 



97 -

1 2 ^ . 3 , , AU'--
C( He,p6) N 

-O 

bpi 
"DlTJ 

16 

8 

8.35 

t 

8.23 

X 

_ ^ — - Ä - ^ - K - K - K ^ ^ 

8.10 

X 

7.90 

* 

^ • * ^ C 1 t ) { 1 r ) ' l C l t # -

16 
6.05 

?--* * X - * ~ * " * - * - > » « < * -

!&*"*" 

5.46 

90u 1 8 ™ 

5.10 

- X T ^ -

o»b ' ' \Lfi 90' 180" 

Ref H7 



98 

12 

8 

U 
*K 

' " ' •' I-

11X10 

~ T T i i t-é-t-t. 

10.50 9.90 

X K * 
' ' * ' — ' I I I I « I — i l l ) 

12C(3He, p 7 )UN* 

9.70 

X-X-^KH* 

t (..t- | t -t | | t i | i | • + .,«, «, 4 ( . -4 , 

12 aso 

\ 

< * • * -
K - X X W -

-»--4-.t •-» —»•• «•• t t I t t t | ) . . , t - » . + . . + 

9.20 

' • / * \ ^ » M , 

8.92 

, < t > - - f r - * • • « • t t 

8.60 

" * - » - 4 - - * - * « . » - » - t « « t I • » 4 4- • ••* 

12 { 

8 

4 

8.35 8.23 

* « * * • • 

8.10 7.90 

i t t t t i i t—«— » . . 4 H " t - I t t t t 4 ' « ' 4 • • • • ' • • » • < • 4 * ' fr • 4 " 4 " - f r ^ " H " 4 " + - » * 

12 

8 

i 
: 

7.50 
•3 

^ 

i i t i i i i < t i—t »• t i—i » * < 

7.00 

S"~ 
s 

6.70 

.**~*<^ 

6.50 

S 
* * * • 

* * -

r t - » • « • i -t i «_'*• • • ' » ' * ' • • * « * — 

90" 180° 

12 

8 

L. 

\ 
\ 

•f> 

X 

6.05 

x * • • * 

I , , , • • ! 

on° 1R 

5.46 5.10 

90° 180° 

G c m 

90° 180" 

Ref H7 



- 99 -
1 2C(3He,pJ1V 

16 
11,00 

X * 

- X X X X K ^ X * * 

/ 
•' x 

X 

1050 

"Xx-xx i -
1 1 1 1 1 1 1 1 1 1 1 1 1 • 

/"*. 
• 

9.90 

X 

*** 

9.70 

X 

• • - ! — * - • # — t * > • " < • ' ! • • » - « » 1 > t f t ' * • ' • ! • 

16 

8 

• 

9.50 

/v. 
^ * * ^ . 

9.20 

A -
A\ 

8.92 

* 

A 
8.60 

V y^ 

16 

8 

8.35 a23 

-"-x-x-* 
,«*-

8.10 

\ 
^ . JH**^ . 

7.90 

. , 4 - * - « . . « • * *"*.* . «• <••».,+ •• 

16 
^ 7.50 

\ t 

8 

/ 

W 

>••>. i I i i t i t * t t i i i i i * 

7.00 

f 

****. 

6.70 

< - * • * • • * " t i l I t I > '*' »•'»'•»••» -f « i« t I t I t . . * ^ . t . - > t I t I t ( *"t • -.4—4-

6.50 

\ « 
> 

\ 
V 

90 A 180° 

16 

8 

6.05 

**** 

5.46 5.10 

0° 90" 180" 90° 180° 

8 cm. 

90° 180° 

Ref H7 



- T O O -

12C(3He, p9)1V 

u 

6.05 

-r - ^ 

5.46 

- 4 ^ * " x^ 

<*<* 

5.10 

90" 180u 90° 180° 

9 c m 

90" 180° 

Ref H7 



- 101 -

1 2 r / 3 14. 

2.8 

2.4 
i— 
in 

^ 2.0 
E 

o~ 1-6 
o 
in 

C I ^ H e ^ p ) ' ^ 

bic j 
1.2 

0.8-

0.4-

- i 1 i 1 1 1 

o 3.945 MeV (p2 ) 

i r 

\ 
\ 

\ 
\ 

\ 
\ 

V - ' 
2.31. MeV (p, J 

\ 
\ 

\ 

gs(p0) v 
" N 0 

-+--+-. > — + — + 

I I I I 

10 12 14 16 18 20 22 24 26 28 30 32 

R e f H 8 E 3 H e
( M e V ) 

12C(3He (d)13N 
-I 1 — i — | — r -

JQ 

£ 

100 

50 

I I » 

201—i—I—'—L 
0 2 / ; 

Ref H3 

140 

1 I > I I 1 I I 

6 8 10 12 U 

E3H« (MeV) 
12C(3He,d)13N AND12C(3He,pn)13N 

£ 
o 
X 

120 

100 

30 

60 

40 

20 

Ref H8 E3 He 

18 20 22 24 26 28 30 < 

[MeV) 



- 102 -

200 

.o 
£ 
b 100 -

12C(3He,oc)11C 
TT- I—I I I I I I I M M | l l M J M U | 

i i i l l l I t i l i 1 i i i i I t . . 

Ref H9 

E 3 u (MeV) 

ja 

e 

20 

15 

10 

,2C(3He,n)^) 
| i i i t | i i t I | i l l i | l i t i | i i i I 

THRESHOLD / 

» I 1>T I I I I I I t I I I I I l I I 1 • I I • I I 1 
3 

E3 

Ref H9 
He 

!MeV) 



- 103 . 

60 

30 

3 
£ 20 
b 

10 

1 ' 

— 

— 

— ^^ 

*»Ä . 

' 1 1 

1 I 1 

' 1 1 

i 1 

\ 1 1 

1 .1 

1 1 

1 2C(3He,n0 )uO 
1 I ' I ' I 

-

-

v^. ~ 

^-w*-

1 1 1 1 1 1 

Ref H10 

E3 (MeV) 3He 

10 11 

E 3 u (MeV) 
•'He 

12C(3He,n0)uO 

Ref H8 



- 104 -

UN(.3He (p)160 

10 

J O 

£ 10 

i 1—r I ' I ' -1 1 r 

x0.05) 

I . I . I . 
4 6 8 10 12 

E3He(MeV) 

Ref H11 

U N( 3 He.a) 1 3 N 

20 

J3 

E 
b 1 0 

> I 1 I 

- Ay fj W / 

I 1 1 1 

1 1 ' 1 ' 1 

^ * V a0 

1 , 1 , 1 

-

-

— 

1 . 
6 8 10 12 

E , (MeV) 

Ref H11 



- 105 -

3.0 

2.5 

2 .0 -

V) 

X) 1.5 

ro i.o •o 

UN(3He(«0)13N 

0 . 5 -

1 1 

~~~ 

— 

— 

— 

^ 

P 
/ 

— / 
t 

>'-*<*~~^~ 
y*^\ 

1 1 ' 1 ' 1 ' i 

A / \ 
/ 

165° / 

V 
/ 
/ 

/ 
./ 
/ / 1 t 

k^J 

Siy^ 
y 

Sj 
s * ,^i^ 

i 1 i i 

• \ 

> ' \/ V 
V - . 90° / X / 

^\ \ V'/ 

1 i 
1 1 1 I 1 ... 

' 1 

t . (̂  

•""S 
N 

I 

...i 1 

T 

— 

— 

£ 

— 

— 

1-

Ref H12 

E3l (MeV) 

*N(3He,a,)13N 
" » — r i r 1 T 

E3 (MeV) 

Ref H l 2 



- 106 -

U N( He,a2+3)13N 

Ref H l 2 
E, (MeV) 

3He 



- 107 -

wN(3He7a)1 3N 
T 1 1 1 1 1 1 1 r 

10 

-2 

10 J I 

25" (2:11 
35° (2.3)" 

40° (2.6) 
50° (2.7) 

57°(4.5)_ 

65° (11.67 

70° (19) 

77.5° (68£ 

85°(0.22) 

90° (0.36)_ 

95°(0.51) 

100°(0.70£ 

112.5°(0.90)-

132°(6.7h 

—1 1 1 I I I ' 

5 7 9 11 . 

E 3 H e ( M e V ) 

indicates data from: KNUDSON; 
YOUNG. 

Nucl Phys A 149, 323 (1970) 

The plot ted cross-sect ion must 
be multiplied by the number in 
brackets to obtain the t rue 
cross-sect ion. 

Ref H11 



- 108 -

E 

1000 p-T—[-

500 

200 

100 

50 

160 (3 He, p W 
7—i—j—f—p-1—j—p—p-~ 

1 i ) i I i 
0 8 10 12 

Ref H3 

E 3 u (MeV) 
l ie 

xs 
£ 
XD 

200 

100 

50 

20 

in 

1 ! 

— 

. . i l l 

1 1 1 

1 1 

160(3He,od15o 
i ' i ' i • i 

Is. — 

1 
1 

1
.

1 

— 

1 1 1 1 1 . 1 
0 2 4 6 8 10 12 

E 3 H e (MeV) 

Ref H3 



- 109 -

»Ft'He.ctfr 

E3He(MeV) 

Ref H3 

100, 

50 

2 20 

6 
b 10 

5 

. 1 

-

i 

1 » 

1 1 

1 ' 

1 1 

1 

| 

1 

- J _ 

1 

1 

19F(3 
1 r 

, 

i i. 

He,cm)17F 
1 l : 

— 

-

i 
i 

n
i 

-

1 1 
8 10 12 

Ref H3 
E 3 u (MeV) 

He 



- 110 -

£ 10" 

9Be(3He,n) l1C 

c 
o 

a» 
X 

r I ' 

5 : 

i I t I > t r 

E 2 
Q . *• 

3 10 
UJ 

Ref Yl 

s 
I • I I I I l I I 
8 10 12 14 16 18 

E , (MeV) 
3 He 

1 0 n / 3 u i1 3 n H o i 3 , , ,13.. 
B( He,y) N+ B( He.n) N c 2 

1 - B 
.2 10 

? 5 
t . o 
Q. 

£ 
IO i 

Q 
—' - c 
w 10 >-

I ' M 

• M l . 
6 8 

Ref "i r2 

T • M l 

i i i i i 
10 12 14 

E 3 u J M e V ) 
1 I C 

MM 

. l i l 
16 18 

c 
E 

•i ,o< 
X 

CO 

5 o o. 
E 
Q. 

•o 2 
Q" 

iy IÖ5 

B( He,d) C* B { He , t ) C 

I ' I i I I I I I 1 

T - * 

I 
/ 

M • I 1 l i l i M I 

Ref Y3 

6 8 10 12 14 15 18 

E3 | H e (MeV) 



- 1 1 1 -

U N ( 3 H e . d ) 1 5 0 
2 1 — \ — r — i — i — r — T — r — T — r — i — | ' i | 

- X 
10 — 

c 

1 5 
w 
0) 
a. 
c 
•2 2 
a 
X 

m -5 
% 1 0 

Q. 

t 5 
•a 
Q 
_/ 
111 „ 
> 2 

10 

, / ! 
^ I 

. / ' 
3 

/ 

/ 

- : / 
- i 

i 1 i I i I 

R e f Y 4 

8 10 12 U 16 18 
E3H e {MeV> 

U N ( 3 H e , « ) 1 3 N 
c 5 
£ 
1 . 
O 
a 2 c o 

•~ - 5 
_• 10 

a. 5 
£ 
OL 

2 -
UJ 

^ 10 

i i M i i i i i i i r 
*j -

</s 

x'l 
T>? 

I > I I I I t I I • I • I 

Ref Y5 

8 10 12 U 16 18 

E 3 H e { M e V ) 

c 

c 
£ 
w 2 
a. 
c -S 
o 10 
<u 
X 

^ 5 

o 
Q. 

£ 
°- •> T3 2 

-J - 6 
UJ 10 
>-

_ 1 ' 

— 

-

-

-

" 1 

2 3 N d ( 3 H e , 2 p ) 2 4 N a 

1 > 1 ' 1 ' 1 ' 1 ' 1 _ 

* '~ 
^ S -

X z 

/ I 
/ 

I 

/ 
JL -

-
1 1 I 1 1 . 1 1 1 1 1 " 

" 6 8 10 12 U 16 18 
Ref Y 6 E 3 H e iMeV) 



- 112 -

p 
•j r~i i i i i i i i i i i i i i n i i i 

10 

E 
— 2 

10 

12C(3He,a)11C 

12C(3He,d)13N 
14N(3He,afN-

M, BrHe,d)"C_ 

+ 11B(3He,t)11C 

9Be(3He,n)11C 

C(°He,n) ,Cf0 

- b 

a 
\ 

\ 
/? 

1U/3 B( He,n)13N 

M I I I I I I M I I I 1 I 

0 8 12 16 20 

E3He (MeV) 

Ref Y7 



- 113 -

E 

b 

,d)1 o0. 

1 9F( 3He,a) 1 8F 

I I I 1 1 I J 1 I I 
0 

Ref Y8 

8 
E3 He 

12 
(MeV) 

16 

- i 

20 



- 1 1 4 -

R E F E R E N C E LIST 

P r o t o n 

P I R R B O R C H E R S and C H P O P P E 
P h y s Rev 129 (1963) p 2679. 

P 2 W E SWEENY and I B MARION 
P h y s Rev 182 (1969) p 1007. 

P 3 F T VAUGHN et al 
P h y s Rev 2 (1970) p 1657. 

P 4 H R B L I E D E N , G M T E M M E R and K L WARSH 
Nucl P h y s 49 (1963) p 209. 

P 5 D R GOOSMAN, E G A D E L B E R G E R and K A SNOVE1 
P h y s Rev 1 (1970) p 123. 

P 6 H M KUAN et al 
Nucl P h y s A151 (1970) p 129. 

P 7 R G A L L A S et al 
Nucl P h y s 58 (1964) p 122. 

P 8 N TARMIE and J D S E A G R A V E 
L A - 2 0 1 4 (1957) . 

P 9 C WONG et al 
P h y s Rev 123 (1961) p 598. 

P 1 0 P D A G L E Y , W H A E B E R L I and J X SALADIN 
Nucl P h y s 24 (1961) p 353 . 

P H G B E R G D O L T and G G U I L L A U M E 
T P h y s 30 (1969) p 145. 

P 1 2 K L WARSH, G M T E M M E R and H R B L I E D E N 
P h y s Rev 131 (1963) p 1690. 

P 1 3 H B WILLARD et al 
P h y s Rev 85 (1952) p 849 . 

P 1 4 C Y CHAO et a l 
P h y s Rev 79 (1950) p 108. 

D e u t e r o n 

Dl K B A T T L E S O N and D K M c D A N I E L S 
P h y s Rev 4 (1971) p 1601 . 

D2 G U DIN, M A NAGARATAN and R P O L L A R D 
Nucl P h y s A93 (1967) p 190. 

D3 O D B R I L L and L V SUMIN 
At E n e r g 7 (1959) p 377. 



- 115 -

D4 H CORDS, G U DIN and B A ROBSON 
Nucl P h y s A127 (1969) p 95. 

D5 J R DAVIS and G U DIN 
Nuc l P h y s A179 (1972) p 101. 

D6 R T TASZCZAK, R L MACKLIN and J H GIBBONS 
P h y s Rev 181 (1969) p 1428. 

D7 V G P O R T O et al 
Nuc l P h y s A136 (1969) p 385. 

D8 T R E T Z - S C H M I D T and J L WEIL 
P h y s Rev 119 ( I960) p 1079. 

D9 R M BAHNSEN, W R WYLIE and H W L E F E V R E 
P h y s Rev 2 (1970) p 859 . 

D10 S T THORNTON et a l 
P h y s Rev 3 (1971) p 1065. 

D l l J JOBST, S M E S S E L T and H T RICHARDS 
P h y s Rev 178 (1969) p 1663. 

D12 M N H COMSAN 
A t o m k e r n e n e r g i e 18 (1971) p 317. 

Alpha 

Al H R B L I E D E N , G M T E M M E R and K L WARSH 
Nuc l P h y s 49 (1963) p 209 . 

A2 L VAN D E R ZWAN and K W G E I G E R 
Nucl P h y s A180 (1972) p 615. 

A3 A W O B S T , T B GRAND Y and J L W E I L 
P h y s Rev C 5 (1972) p 738 . 

A4 T R E T Z - S C H M I D T et al 
Bul l A m P h y s Soc 5 ( i960) p 110 

A5 C N DAVIDS 
N u c l P h y s A110 (1968) p 619. 

A6 O D B R I L L and L V SUMIN 
At E n e r g i 7 (1959) p 377. 

A7 K K SEKHARAN et a l 
P h y s Rev 156 (1967) p 1187. 

A8 W G R U H L E , W SCHMIDT and W BURGMER 
Nuc l P h y s A186 (1972) p 257. 

H e l i u m 

H l J T K L O P C I C and S E D A R D E N 
P h y s R e v C 3 (1971) p 217 1. 



- 116 -

H2 H ORIHARA et al 
Nuc l P h y s A139 (1969) p 226. 

H3 R L HAHN and E RICCI 
P h y s Rev 146 (1966) p 650. 

H4 R A I B E L L et al 
A N U - P / 5 5 0 (1972) . 

H5 R W P E T E R S O N and N W GLASS 
P h y s Rev 130 (1963) p 292. 

H6 J R P A T T E R S O N , J M P O A T E and E W T I T T E R T O N 
P r o c P h y s Soc 85 (1965) p 1085. 

H7 F HAAS et al 
P h y s Rev 188 (1969) p 1625. 

H8 T SINGH 
Nucl P h y s A155 (1970) p 443 . 

H9 S D CIRILOV, J O N E W T O N and J P SCHAPIRA 
Nucl P h y s 77 (1966) p 472. 

HiO D R OSGOOD, J R P A T T E R S O N and E W T I T T E R T O N 
Nucl P h y s 60 (1964) p 503. 

HI 1 P GUAZZONI , S M I C H E L E T T I and M P I G N A N E L L I 
P h y s Rev C 4 (1971) p 1086. 

H I 2 A R KNUDSON and R C YOUNG 
Nucl P h y s A149 (1970) p 323. 

Yie ld c u r v e s 

Y l - 6 R L HAHN and E RICCI 
Nuc l P h y s , A101 (1967) p 353 . 

Y7-8 E RICCI and R L HAHN 
Anal C h e m 40 (1968) p 54. 



APPENDIX I 

C h a r a c t e r i s t i c data for excitation functions of charged par t i c le 

induced reac t ions at higher energ ies . 

Sys temat ics 

Table of the c h a r a c t e r i s t i c data for the exictation functions A l - i 

Pos i t ion of the max ima for the excitation functions dependent 
on the a tomic number s Z of the t a rge t nucleus AI-10 

Ful l width a t half m a x i m u m for the excitation functions 
dependent on the a tomic number Z of the ta rge t nucleus A l - i i 

Heights of max ima for the excitation functions dependent 
on the a tomic number Z of the ta rge t nucleus AI-12 

C h a r a c t e r i s t i c data of the excitation functions dependent 

on the a tomic number Z of the t a rge t nucleus AI-13 

Calculated and exper imenta l excitation functions AI-14 

Yield from thick t a rge t s AI-22 





A l - i 

TABLE OF THE CHARACTERISTIC DATA FOR 

THE EXCITATION FUNCTIONS 

The. five columns below l i s t the following p a r a m e t e r s : 

1. No of excitation function in fig AI-14 to AI-21 

2. Targe t nuc leus , a tomic number , chem symbol, m a s s number 

3. Q-value of the react ion (MeV) 

4. Pos i t ion of the max imum with r e spec t to the energy sca le E-lQ (ivlcV) 

5. Height of the maximum (mb) 

No Targe t Q- Posi t ion of Height of 
nucleus value max imum max imum 

(a,n) 

1 

2a 

2b 

3 

4 

5 

6 

7 

8a 

8b 

9a 

9b 

10 

11 

12 

13a 

13b 

14 

15 

16a 

16b 

17 

18 

21 Sc-45 

25 Mn-55 

25 Mn-55 

26 F e - 5 4 

27 Co-59 

28 Ni-60 

Ni-62 

29 Cu-63 

Cu-65 

Cu-65 

30 Zn-64 

30 Zn-64 

Zn-68 

37 Rb-85 

Rb-87 

41 Nb-93 

41 Nb-93 

42 Mo-92 

Mo-100 

47 Ag-107 

47 Ag-107 

Ag-109 
48 Cd-106 

-2 . 2 

- 3 . 5 

- 3 . 5 

- 5 . 8 

- 5 . 1 

-7 . 9 

- 6 . 5 

-7 . 5 

- 5 . 8 

-5 .8 

- 9 . 2 

- 9 . 2 

- 5 . 7 

- 3 . 5 

-3 .8 

-7 .0 

-7 .0 

- 8 . 4 

- 4 . 6 

-7 . 6 

- 7 . 6 

- 6 . 4 

-10. 1 

12.7 

8 . 7 

10.9 

10. 5 

-

11. 1 

9 . 7 

8 . 9 

-

11. 8 

10.9 

10. 2 

-

12. 0 

10. 0 

9 . 4 

-

11. 6 

9 . 6 

9 . 2 

10. 8 

10. 0 

10. 9 

630 

680 

520 

190 

-

550 

950 

700 

-

820 

770 

320 

-

250 

240 

470 

-

370 

760 

420 

340 

360 

670 



A I - 2 

No 

( a . n ) 

19 

20 

21 

22 

23a 

23b 

24a 

24b 

24c 

25a 

25b 

26 

27 

28 

29 

30 

31 

(a, 2n) 

1 

2a 

2b 

3 

4 

5 

6 

7a 

7b 

8 

9 

10 

11 

12 

T a r g e t 
n u c l e u s 

49 I n - 1 1 5 

50 S n - 1 1 2 

S n - 1 1 4 

S n - 1 2 4 

56 B a - 1 3 8 

56 B a - 1 3 8 

57 L a - 1 3 9 

57 L a - 1 3 9 

57 L a - 1 3 9 

67 H o - 1 6 5 

•67 H o - 1 6 5 

68 E r - 1 6 4 

79 A u - 1 9 7 

82 P b - 2 0 7 

P b - 2 0 8 

92 U - 2 3 5 

94 P u - 2 3 8 

21 S c - 4 5 

25 M n - 5 5 

25 M n - 5 5 

26 F e - 5 4 

27 C o - 5 9 

28 N i - 6 0 

29 C u - 6 3 

C u - 6 5 

C u - 6 5 

30 Z n - 6 4 

32 G e - 7 0 

35 B r - 7 9 

37 R b - 8 5 

47 A g - 1 0 7 

Q -
v a h i e 

- 7 . 2 

- 1 3 . 0 

- 1 1 . 1 

- 5 . 6 

- 8 . 6 

- 8 . 6 

- 9 . 2 

- 9 . 2 

- 9 . 2 

- 9 . 2 

- 9 . 2 

- 1 1 . 1 

- 9 . 8 

- 1 2 . 1 

- 1 5 . 0 

- 1 0 . 9 

- 1 3 . 1 

- 1 2 . 8 

- 1 2 . 1 

- 1 2 . 1 

- 1 6 . 0 

- 1 4 . 0 

- 1 7 . 1 

- 1 6 . 6 

- 1 4 . 1 

- 1 4 . 1 

- 1 9 . 0 

- 1 6 . 1 

- 1 4 . 4 

- 1 2 . 7 

- 1 5 . 6 

P o s i t i o n of 
m a x i m u m 

12. 1 

6 . 4 

7. 0 

1 3 . 4 

7 . 4 

17. 2 

9 . 1 

8 . 4 

8. 3 

11 . 8 

8 . 8 

6 . 9 

-

10. 3 

6 . 4 

-

-

13. 3 

-

-

16. 3 

1 4 . 4 

1 4 . 9 

1 4 . 4 

1 3 . 4 

-

1 3 . 5 

1 6 . 9 

-

12. 3 

1 1 . 4 

H e i g h t of 
m a x i m u m 

300 

550 

290 

160 

130 

900 

115 

110 

110 

79 

30 

260 

-

110 

90 

-

-

200 

640 

67 0 

10 

390 

180 

260 

650 

1000 

86 

320 

2300 

810 

1000 



A I - 3 

No 

(a, 2n) 

13 

14 

15 

16 

17 

18a 

18b 

18c 

19 

20 

21a 

21b 

22 

23 

24 

25 

26 

27 

28 

(a, 3n) 

1 

2 

3 

4 

5 

6a 

6b 

7 

8 

9 

10 

11 

T a r g e t 
n u c l e u s 

A g - 1 0 9 

48 C d - 1 0 6 

52 T e - 1 3 0 

67 H o - 1 6 5 

68 E r - 1 6 4 

79 A u - 1 9 7 

79 A u - 1 9 7 

79 A u - 1 9 7 

82 P b - 2 0 6 

P b - 2 0 8 

83 B i - 2 0 9 

83 B i - 2 0 9 

92 U - 2 3 3 

U - 2 3 5 

93 N p - 2 3 7 

94 P u - 2 3 8 

P u - 2 3 9 

P u - 2 4 2 

98 C f - 2 5 2 

25 M n - 5 5 

26 F e - 5 6 

30 Z n - 6 4 

37 R b - 8 5 

47 A g - 1 0 7 

A g - 1 0 9 

A g - 1 0 9 

49 I n - 1 1 5 

50 S n - 1 2 4 

57 L a - 1 3 9 

67 H o - 1 6 5 

68 E r - 1 6 4 

Q -
v a l u e 

- 1 4 . 3 

- 1 9 . 2 

- 1 1 . 8 

- 1 6 . 2 

- 1 8 . 0 

- 1 6 . 4 

- 1 6 . 4 

- 1 6 . 4 

- 2 0 . 0 

- 1 9 . 5 

- 2 0 . 3 

- 2 0 . 3 

- 1 9 . 1 

- 1 7 . 9 

- 1 8 . 3 

- 1 7 . 8 

- 1 8 . 2 

- 1 7 . 2 

- 1 8 . 2 

- 2 3 . 5 

- 2 6 . 3 

- 3 1 . 5 

- 2 4 . 7 

- 2 6 . 1 

- 2 4 . 1 

- 2 4 . 1 

- 2 4 . 4 

- 2 1 . 0 

- 2 4 . 5 

- 2 4 . 7 

- 2 7 . 5 

P o s i t i o n of 
m a x i m u m . 

10. 2 

12. 3 

13 .7 

7. 3 

1 1 . 0 

12. 6 

1 3 . 6 

1 2 . 4 

11 . 0 

10. 5 

9 . 9 

10. 5 

8 . 9 

8. 3 

9 . 7 

8. 2 

10. 8 

7 . 8 

1 0 . 4 

-

17. 3 

-

15. 1 

13. 1 

1 1 . 9 

1 3 . 9 

-

1 5 . 0 

1 1 . 7 

10. 1 

12. 9 

He igh t of 
m a x i m u m 

1050 

430 

66 

7 50 

820 

640 

800 

650 

1050 

1000 

900 

910 

6 . 5 

16 

16 

15. 5 

13 

1 0 . 5 

9. 5 

-

16 

-

600 

550 

1000 

950 

-

1400 

1400 

840 

1180 



A I - 4 

No 

(or, 3n) 

12a 

12b 

13 

14 

15 

16 

17 

18 

19 

20 

21 

(<*, p) 

1 

2 

3 

4 

5 

6 

{a, pn) 

l a 

l b 

2a 

2b 

2c 

3 

4 

5 

6a 

6b 

7 

8 

9 

T a r g e t 
n u c l e u s 

79 A u - 1 9 7 

79 A u - 1 9 7 

82 P b - 2 0 6 

P b - 2 0 7 

83 B i - 2 0 9 

83 B i - 2 0 9 

92 U - 2 3 3 

U - 2 3 5 

93 N p - 2 3 7 

94 P u - 2 3 9 

98 C f - 2 5 2 

26 F e - 5 4 

28 N i - 5 8 

30 Z n - 6 4 

42 M o - 9 2 

48 C d - 1 0 6 

50 S n - 1 2 4 

26 F e - 5 4 

26 F e - 5 4 

F e - 5 6 

F e - 5 6 

F e - 5 6 

28 N i - 6 0 

N i - 6 2 

29 C u - 6 3 

30 Z n - 6 4 

30 Z n - 6 4 

Z n - 6 6 

Z n - 7 0 

32 G e - 7 0 

Q -
v a l u e 

- 2 5 . 4 

- 2 5 . 4 

- 2 8 . 5 

- 2 6 . 8 

- 2 8 . 0 

- 2 8 . 0 

- 2 5 . 3 

- 2 3 . 8 

- 2 5 . 4 

- 2 3 . 8 

- 2 5 . 0 

- 1 . 8 

- 3 . 1 

- 4 . 0 

- 5 . 6 

- 5 . 6 

- 6 . 4 

- 1 3 . 2 

- 1 3 . 2 

- 1 3 . 7 

- 1 3 . 7 

- 1 3 . 7 

- 1 4 . 6 

- 1 4 . 3 

- 1 2 . 6 

- 1 6 . 0 

- 1 6 . 0 

- 1 5 . 5 

- 1 3 . 9 

- 1 5 . 3 

P o s i t i o n of 
m a x i m u m 

13 . 6 

12, 8 

-

12 8 

-

1 1 . 5 

9. 1 

9 . 8 

1 3 . 4 

13. 2 

1 2 . 4 

16. 2 

-

15. 0 

1 4 . 4 

17. 3 

2 3 . 0 

14. 8 

14. 6 

13. 7 

1 4 . 7 

16. 3 

1 6 . 4 

17. 2 

1 7 . 4 

-

1 6 . 6 

-

1 7 . 1 

1 5 . 7 

He igh t of 
m a x i m u m 

1100 

1400 

-

1400 

-

1200 

1 

8 

14 

4 . 5 

3. 3 

600 

-

520 

185 

245 

18 

750 

470 

840 

790 

630 

890 

495 

870 

-

790 

-

88 

575 



A I - 5 

No 

(a , pn) 

10 

11 

12 

13 

14 

( d , n ) 

1 

2 

3 

4 

5 

6a 

6b 

7a 

7b 

8 

9 

10a 

10b 

l i a 

l i b 

12 

13 

(d, 2n) 

1 

2 

3a 

3b 

4 

5 

6a 

6b 

7a 

T a r g e t 
n u c l e u s 

47 A g - 1 0 7 

48 C d - 1 0 6 

50 S n - 1 2 4 

57 L a - 1 3 9 

94 P u - 2 3 8 

. 22 T i - 4 7 

24 C r - 5 0 

26 F e - 5 4 

30 Z n - 6 6 

32 G e - 7 0 

40 Z r - 9 4 

40 Z r - 9 4 

Z r - 9 6 

Z r - 9 6 

42 M o - 9 2 

52 T e - 1 3 0 

58 C e - 1 4 2 

58 C e - 1 4 2 

83 B i - 2 0 9 

83 B i - 2 0 9 

92 U - 2 3 5 

94 P u - 2 3 9 

22 T i - 4 7 

T i - 4 8 

24 C r - 5 2 

24 C r - 5 2 

26 F e - 5 6 

29 C u - 6 3 

C u - 6 5 

C u - 6 5 

30 Z n - 6 6 

De
v a l u e 

- 1 3 . 6 

- 1 6 . 7 

- 1 4 . 8 

- 1 5 , 6 

- 1 8 . 3 

4 . 6 

2 . 9 

2 . 8 

3. 1 

2. 4 

4 . 6 

4 . 6 

5. 2 

5, 2 

1.9 

5. 2 

3. 5 

3. 5 

2 . 8 

2 . 8 

2. 6 

2. 2 

- 5 . 9 

- 7 . 0 

- 7 . 7 

- 7 . 7 

- 7 . 6 

- 6 . 4 

- 4 . 4 . 

- 4 . 4 

- 8 . 2 

P o s i t i o n of 
m a x i m u m 

1 7 . 4 

18. 6 

24. 2 

-

2 0 . 7 

1 2 . 4 

8. 3 

10. 5 

1 1 . 4 

10. 4 

1 3 . 8 

12. 3 

12 .7 

13. 0 

10. 9 

16. 2 

-

15. 9 

2 0 . 8 

-

22. 2 

24. 2 

9. 5 

1 0 . 0 

-

14. 3 

10. 0 

-

11 . 3 

9 . 6 

— 

H e i g h t of 
roaxirm i a 

91 

225 

46 

-

15 

200 

265 

155 

450 

270 

120 

130 

8 5 

85 

190 

75 

-

60 

34 

32 

10 

14 

400 

38 

-

200 

310 

-

920 

820 
_ 



AI-6 

No 

(d, 2n) 

7b 

8 

9 

10 

11a 

l i b 

12 

13 

14a 

14b 

15 

16 

17a 

17b 

18 

19 

20 

21 

22 

23 

24a 

24b 

25 

26a 

26b 

27 

(d, 3n) 

1 

2 

3 

4a 

4b 

5 

T a r g e t 
n u c l e u s 

30 Z n - 6 6 

Z n - 6 8 

32 G e - 7 0 

34 S e - 8 2 

40 Z r - 9 6 

40 Z r - 9 6 

52 T e - 1 2 6 

T e - 1 2 8 

T e - 1 3 0 

T e - 1 3 0 

53 J - 1 2 7 

55 C s - 1 3 3 

58 C e - 1 4 2 

58 C e - 1 4 2 

7 3 T a - 1 8 1 

74 W-184 

W-186 

79 A u - 1 9 7 

83 B i - 2 0 9 

92 U - 2 3 4 

U - 2 3 5 

U - 2 3 5 

U - 2 3 6 

U - 2 3 8 

U - 2 3 8 

94 P u - 2 3 9 

40 Z r - 9 6 

53 J - 1 2 7 

59 P r - 1 4 1 

83 B i - 2 0 9 

83 B i - 2 0 9 

92 U - 2 3 4 

Q -
v a l u e 

- 8 . 2 

- 5 . 9 

- 9 . 2 

- 3 . i 

- 2 . 8 

- 2 . 8 

- 5 . 2 

- 4 . 3 

- 3 . 4 

- 3 . 4 

- 3 . 7 

- 3 . 5 

- 3 . 8 

- 3 . 8 

- 3 . 2 

- 4 . 7 

- 3 . 6 

- 3 . 8 

- 4 . 9 

- 4 . 8 

- 3 . 1 

- 3 . i 

- 3 . 9 

- 3 . 1 

- 3 . i 

- 3 . 8 

- 1 0 . 0 

- 1 0 . 9 

- 1 2 . 7 

- 1 1 . 9 

- 1 1 . 9 

- 1 0 . 9 

P o s i t i o n of 
m a x i m u m 

-

-

-

-

-

8. 2 

7 . 3 

9 . 0 

8 . 8 

8. 5 

10. 9 

10. 3 

-

7 . 8 

8 . 4 

-

9 . 2 

1 0 . 8 

9 . 9 

9 . 2 

8 6 

1 0 . 8 

8 . 4 

8 . 9 

1 0 . 5 

1 0 . 6 

-

-

1 2 . 9 

-

-

7 . 9 

H e i g h t of 
m a x i m u m 

-

-

-

-

-

1050 

750 

800 

700 

750 

700 

600 

-

7 50 

660 

-

380 

600 

540 

32 

19 

25 

43 

48 

70 

28 

-

-

1200 

-

-

19 



AI-7 

No 

(d, 3n) 

6a 

6b 

7 

8 

( d , p ) 

1 

2 

3 

4 

5 

6 

7 

8 

9a 

9b 

10 

11 

12 

13 

14 

15a 

15b 

16 

17 

18 

19 

20 

21 

22a 

22b 

23 

24 

25 

26 

T a r g e t 
n u c l e u s 

92 U - 2 3 5 

92 U - 2 3 5 

U - 2 3 6 

94 P u - 2 3 9 

27 C o - 5 9 

29 C u - 6 3 

30 Z n - 6 8 

32 G e - 7 0 

33 A s - 7 5 

35 B r - 8 1 

39 Y-89 

40 Z r - 9 4 

Z r - 9 6 

Z r - 9 6 

45 R h - 1 0 3 

46 P d - 1 1 0 

48 C d - 1 1 4 

52 T e - 1 3 0 

55 C s - 1 3 3 

58 C e - 1 4 2 

58 C e - 1 4 2 

59 P r - 1 4 1 

73 T a - 1 8 1 

74 W - 1 8 4 

W-186 

75 R e - 1 8 7 

78 P t - 1 9 6 

79 A u - 1 9 7 

79 A u - 1 9 7 

82 P b - 2 0 8 

83 B i - 2 0 9 

B i - 2 0 9 

92 U - 2 3 8 

Q -
v a l u e 

- 1 0 . 1 

- 1 0 . 1 

- 9 . 6 

- 1 0 . 9 

5 . 3 

5 .7 

4. 3 

5. 2 

5 .1 

5 . 4 

4. 6 

4 . 2 

3 . 4 

3 . 4 

4 . 8 

3. 5 

3 . 9 

3 .7 

3 . 9 

2 . 9 

2 . 9 

3 . 6 

3 . 8 

3 . 5 

3. 3 

3 .0 

3 . 1 

4. 3 

4 . 3 

1.7 

2 . 4 

2 . 4 

2 . 6 

P o s i t i o n of 
m a x i m u m 

10. 1 

8 . 9 

9 . 4 

-

13. 1 

1 4 . 7 

12. 5 

1 3 . 4 

13. 6 

1 3 . 9 

13. 6 

1 3 . 4 

1 2 . 8 

12. 6 

14. 5 

1 2 . 8 

13. 3 

13. 5 

13. 5 

-

1 2 . 9 

1 5 . 8 

1 5 . 8 

1 5 . 8 

1 5 . 7 

1 7 . 0 

-

1 8 . 8 

19. 3 

15. 1 

1 5 . 4 

15. 6 

18. 6 

H e i g h t of 
m a x i m u m 

26 

24 

57 

-

300 

275 

450 

450 

250 

370 

205 

280 

220 

300 

200 

?85 

265 

200 

175 

-

230 

260 

230 

280 

310 

210 

-

280 

160 

20 5 

115 

110 

2?0 



AI-8 

No 

(P.n) 

1 

2 

3a 

3b 

4a 

4b 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19a 

19b 

20 

21 

22 

23 

24 

25 

26a 

26b 

26c 

26d 

27 

Targe t 
nucleus 

22 Ti-47 

Ti-48 

23 V-51 

23 V-51 

24 C r - 5 2 

24 C r - 5 2 

25 Mn-55 

26 Fe -56 

Fe-57 

27 Co-59 

28 Ni -6 l 

Ni-62 

Ni-64 

29 Cu-63 

Cu-65 

31 Ga-69 

39 Y-89 

47 Ag-107 

Ag-109 

48 C d - i i O 

Cd-111 

Cd-111 

Cd-112 

Cd-114 

50 Sn-124 

57 La-139 

58 Ce-142 

59 P r - 1 4 1 

73 Ta-181 

73 Ta-181 

73 Ta-181 

73 Ta-181 

79 Au-197 

Q -
value 

- 3 . 7 

-4 .8 

- 1 . 5 

- 1 . 5 

-5 . 5 

-5 . 5 

-1 .0 

- 5 . 4 

- 1 . 6 

- 1 . 9 

- 3 . 0 

- 4 . 7 

-2 . 5 

-4 . 2 

-2 . 1 

-2 . 2 

- 3 . 6 

-2 . 2 

-1 .0 

-4 .7 

- 1 . 9 

- 1 . 9 

- 3 . 4 

-2 . 2 

- 1 . 4 

- i . i 

- 1 . 6 

-2 . 6 

-1 .0 

-1 .0 

-1 .0 

-1 .0 

- 1 . 6 

Posi t ion of 
max imum 

6. 5 

7 . 2 

-

11. 5 

7. 1 

-

-

6 .6 

7 . 4 

8. i 

6. 6 

-

7 . 9 

8. 2 

-

-

9 . 4 

-

8. 2 

8. 3 

11. 1 

-

-

-

-

-

7 . 4 

-

8, 5 

9 . 0 

9 . 0 

12 

9 . 2 

Height of 
maximum 

300 

510 

-

700 

600 

-

-

450 

400 

500 

700 

-

850 

500 

-

-

730 

-

360 

870 

530 

-

-

-

-

-

120 

-

100 

100 

105 

100 

95 



AI-9 

No 

(p, ?.n) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

i i 

12a 

12b 

i 3a 

13b 

14 

Targe t 
nucleus 

?3 

27 

28 

V-51 

Co-59 

Ni-62 

29 Cu-63 

31 

39 

41 

47 

48 

73 

73 

79 

79 

Ga-69 

Y-89 

Nb-93 

Ag-107 

Cd-110 

C d - i i l 

C d - i i 2 

Ta-18 i 

Ta-181 

Au-197 

A u - i 9 " 

82 Fb -206 

Q -

valu e 

-10 .8 

-10 .9 

-13 . 6 

-13 . 3 

- 1 1 . 6 

-12 .8 

- 9 . 3 

-10. 1 

-12 .7 

-11 .7 

- 1 1 . 3 

- 7 . 9 

- 7 . 9 

-8 . 2 

-8 , 2 

- 1 1 . 6 

Posi t ion of 
maximum 

4. 2 

-

9 . 9 

i i . 7 

7 . 4 

13. 2 

-

-

-

-

9 . 7 

-

6 .8 

-

-

9 4 

Height of 
maximv.m 

240 

-

?10 

180 

500 

1300 

-

-

-

-

1050 

-

900 

-

-

1050 

(p, 3n) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

23 V-51 

27 Co-59 

29 Cu-65 

31 Ga-69 

G a - 7 i 

39 Y-89 

48 Cd-112 

73 T a - i 8 i 

82 Pb-206 

83 Bi-209 

-23 .7 

-23 . i 

-22. 0 

-23 .8 

-20. 0 

-20 .8 

- 2 1 . i 

-15. 5 

-20 .0 

-18 .0 

16. 3 

17.9 

16.0 

13. 2 

10.0 

20. 2 

9 . 9 

9. 5 

9 . 0 

12.0 

100 

11 

160 

65 

550 

390 

780 

1200 

900 

850 
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APPENDIX II 

(p, y) - r e sonances l is ted in r e s p e c t to resonance energies from 

163 keV to 3.0 MeV. 

The different columns show 

1. The proton energy in keV 

2. The (p, Y) - reac t ion concerned 

3. The energ ies of emit ted gamma rays 

4 . The c r o s s section in m b 

5. FWHM of the resonance in keV 

6. Half life and (3 - ene rgy in {3 -decay (from "Cha r t of the nuc l ides" 

3rd edition 1968, Bonn). 





AII-1 

Pro ton 
energy 
(keV) 

163 

224 

226 

226 

251 

261 

278 

294 

295 

308 

317 

326 

326 

330 

339 

340 

355 

356 

360 

360 

374 

392 

405 

414 

418 

429 

429 

437 

439 

440 

441 

Reaction 

B 1 1 ( p , Y ) C 1 2 

F 1 9 ( p , c Y ) O l 6 

M g 2 4 ( p , Y ) A l 2 5 

A l 2 7 ( p ) Y ) S i 2 8 

Na (p,Y)Mg 

C i 4 ( p , Y ) N 1 5 

N 1 4 (P ,Y)O 1 5 

A l 2 7 ( P > y ) S i 2 8 

M g 2 6 ( P ( Y ) A l 2 7 

N a 2 3 ( P > Y ) M g 2 4 

M g 2 5 ( p , Y ) A l 2 6 

A l 2 7 ( P , Y ) S i 2 8 

c . 29 / X-D30 

S I (P»Y/P 

B e 9 ( p ) Y ) B 1 0 

M g 2 6 ( p , Y ) A l 2 7 

F 1 9 ( p , c Y ) O l 6 

P 3 1 ( p , Y ) S 3 2 

C i 4 ( p , Y ) N 1 5 

N 1 5 ( p , Y ) 0 1 6 

N 1 5 ( p , Ö Y ) C 1 2 

N a 2 3 ( P > Y ) M g 2 4 

M g 2 5 ( p , Y ) A l 2 6 

A l 2 7 ( p . Y ) S i 2 8 

Q .29, x o 30 
S i (P.Y)P 

. M g 2 4 ( p , Y ) A l 2 5 

N 1 5 ( p , a Y ) C 1 2 

N 1 5 ( P > Y ) O l 6 

M g 2 5 ( p ) Y ) A l 2 6 

A l 2 7 ( P , Y ) S i 2 8 

P 3 1 ( P , Y ) S 3 2 

Li (p, Y)Be 

G a m m a - r a y 
energy 
(MeV) 

16. 11, 11. 68, 4 .43 

7. 12, 6. 92, 6. 13 

2 .06 , 1. 56, 0. 95 

6 .82, 6. 14, 1.47 

10. 6, 7 . 8 , 6. 7 

6. 19, 4 .86 , 0.82 

7. 6, 7 . 2 , 6. 2 

5 .88, 5. 17 

6 .9 , 6 .2 , 5.2 

7 .74 , 5 .85 , 5. 61 

7. 12, 6 .92, 6. 13 

10. 5, 7. 1, 5.4 

12 .43 , 6. 37 

4 .43 

6.26 

6 .26, 4. 6 ? , 3. 5? 

7 . 3 , 5. i . 2 .8 

5. 25, 0.70 

2 .70, 2. 25, 0.89 

4 .43 

6.46 

6 .72, 6. 30, 4. 66? 

17.64, 14.74, 12. 24 

C r o s s 
section 
(mb) 

0. 157 

>0. 2 

160 

0. 007 

0 .03 

2 

4 

300 

0.001 

6 

Width 
(keV) 

7 

1 

1? 

0. 3 

1. 6 

<1 

0 .8 

12 

<1 

160 

3 

94 

94 

8 

1 

0 .9 

0.9 

34 

12 

Half life anc 
p + energy 
(MeV) 

7. 2 s; 3. 3 

2. 03 m ; 1.7 

6. 4 s; 3. 2 

2. 50 m ; 3. 2 

6. 4 s ; 3. 2 

2. 5 m ; 3. 2 

7 .2 s; 3. 3 

6. 4 s; 3. 2 



AII-2 

P r o t o n 
energy 
(keV) 

444 

448 

454 

457 

473 

484 

496 

500 

504 

506 

511 

513 

530 

532 

540 

550 

580 

594 

594 

597 

607 

612 

625 

630 

632 

636 

640 

648 

650 

654 

660? 

661 

667 

Reaction 

N a 2 3 ( p , Y ) M g 2 4 

C 1 3 ( P > Y ) N i 4 

M g 2 6 ( p , Y ) A l 2 7 

C 1 2 ( P ) Y ) N i 3 

M g 2 5 ( p > Y ) A l 2 6 

F (p , a Y )0 

M g 2 5 ( p , Y ) A l 2 6 

„.30 / , „ 3 1 
Si ( p , Y ) p 

A l 2 7 ( P ( Y ) S i 2 8 

A l 2 7 ( p , Y ) S i 2 8 

Na (p,Y )Mg 

M g 2 5 ( p , Y ) A l 2 6 

M g 2 5 ( p , Y ) A l 2 6 

C 1 4 ( P f Y ) N 1 5 

p 3 1 ( P , Y ) s 3 2 

C l 3 ( P , Y ) N i 4 

M g 2 5 ( p , Y ) A l 2 6 

Na (p,Y)Mg 

S 3 2 ( P J Y ) C I 3 3 

F 1 9 ( P , * Y ) 0 1 6 

M g 2 5 ( P > Y ) A l 2 6 

A l 2 7 ( p , Y ) S i 2 8 

c . 30 , v„31 S l (P. Y ) P 

O (p , Y )F 

A l 2 7 ( p , Y ) S i 2 8 

N e 2 2 ( p , Y ) N a 2 3 

C (p,Y)N 

P (p,y)S 
- 4 0 , >c 41 Ca (p, Y )DC 

A l 2 7 ( P > Y ) S i 2 8 

N e 2 2 ( p , Y ) N a 2 3 

M g 2 6 ( p , Y ) A l 2 7 

Mg (p,Y)Al 

G a m m a - r a y 
energy 
(MeV) 

7 .85 , 7. 68, 5.71 

2. 36 

7. 12, 6. 92, 6. 13 

6. 36, 4. 24, 4. 21? 

7 .75 , 6. 48, 4. 62 

12.07 

10. 29 

10 .8 , 8. 0, 6. 9 

10 .7 , 5. 3 

8.06, 4. 11 

6 . 8 5 ? , 6 .43 , 4. 28 

10. 9, 8. 0, 7 .0 

2 .86, 2 .05 , 0.806 

7. 12, 6. 92, 6. 13 

6 . 8 8 ? , 6.46, 4. 34 

7.87 

8 .5 

10 .41 , 7. 59, 1.77 

9.40 

10 .8 , 5. 3 

10 .43 , 7. 61 

7 .88 , 6. 68, 5. 9 

C r o s s 
section 
(mb) 

0. 127 

>32 

1.44 

7. 1 

Width 
(keV) 

0 . 8 

39.5 

0 .9 

5 

<0. 20 

<0. 17 

0 .8 

3 

3 

32. 5 

2 

30 

<1 

2. 6 

<0. 06 

17 

<0. 06 

Half life and 
P energy 
(MeV) 

9.96 m; i . 2 

6.4 s ; 3. 2 

6 . 4 s ; 3. 2 

6.4 s ; 3. 2 

6.4 s ; 3. 2 

6.4 s; 3. 2 

2. 53 s; 4. 5 

6. 4 s; 3. 2 

0. 596 s; 5. 6 

• 

6. 4 s; 3. 2 



A l l - 3 

P r o t o n 
e n e r g y 
(keV) 

67 2 

672 

675 

67 5 

675 

67 5 

678 

693 

700 

7 0 3 ? 

710 

7 1 7 ? 

720 

720 

725 

730 

731 

736 

740 

741 

744 

759 

760 

765 

766 

773 

775 

777 

780 

8 0 0 ? 

813 

816 

820 

825 

825 

8 28 

R e a c t i o n 

F 1 9 ( p , Y ) N e 2 0 

F (p ,or Y )0 

Bil(v,y)CiZ 

N a 2 3 ( p , Y ) M g 2 4 

M g 2 5 ( p , Y ) A l 2 6 

„ .30 , x „ 3 1 
Si ( P » Y ) P 

A l 2 7 ( P ( Y ) S i 2 8 

29/ x-p30 

AT14, , ^ 1 5 
N ( p , Y ) 0 

S i ( p , Y ) P 

N 1 5 ( P > Y ) O i 6 

S i ( p , Y ) P 

M g 2 5 ( p , Y ) A l 2 6 

M g 2 6 ( p , Y ) A l 2 7 

Ni ( p , Y ) C u 
„.29/ ^ 3 0 Si ( p , Y ) P 

A l 2 7 ( P , Y ) S i 2 8 

A l 2 7 ( p , Y ) S i 2 8 

N a 2 3 ( p , Y ) M g 2 4 

A l 2 7 ( p , Y ) S i 2 8 

N a 2 3 ( p > Y ) M g 2 4 

A l 2 7 ( p , Y ) S i 2 8 

Q . 3 0 , XTD31 
S I ( P , Y ) P 

N e 2 i ( p , Y ) N a 2 2 

A l 2 7 ( p , Y ) S i 2 8 

A l 2 7 ( p , Y ) S i 2 8 

„ .30, *_31 
Si ( p , Y ) P 

M g 2 5 ( p , Y ) A l 2 6 

F 1 9 (p ,« Y )o 1 6 

S i ( p > Y ) P 

M g 2 6 ( p > Y ) A l 2 7 

P 3 i ( p , Y ) S 3 2 

M g 2 5 ( p , Y ) A l 2 6 

M g 2 4 ( p , Y ) A l 2 5 

P 3 1 ( p , Y ) S 3 2 

N e 2 2 ( p , Y ) N a 2 3 

G a m m a - r a y 
e n e r g y 
(MeV) 

1 1 . 8 8 , 1 .63 

7. 12, 6. 92, 6. 13 

12. 15, 4 . 4 3 

1 1 . 0 , 8. 1, 7 . i 

6. 55 , 5. 2 1 , 3. 30 

7. 92, 6. 65 , 1. 27 

1 0 . 4 5 , 7 63 

6. 26, 4. 29, 3. 51 

8 . 0 

6 . 7 2 

6. 59, 4 . 9 3 , 2 . 4 6 

6. 74 , 5. 96, 5. 28 

< 5 . 52 

3. 33 

11 

8 

6 . 7 1 , 4. 57, 1. 27 

12. 33 

8 . 0 0 , 6 . 7 3 , 1. 27 

6 . 6 5 ? , 4 . 9 9 , 3 . 9 0 

7 . 3 9 

7. 69, 5. 04 , 4 . 56 

3 . 0 9 , 2. 64, 2. 14 

9. 64 

C r o s s 
s e c t i o n 
(mb) 

0. 5 

57 

0. 050 

0 . 0 1 evb 

Width 
(keV) 

6 .0 

6 .0 

322 

<1 

< i 

100 

40 

<1 

<0 . 16 

< 0 . 0 9 

< 3 

<1 

< 3 

< 0 . 06 

< 0 . 08 

0 . 0 0 9 

7 . 6 

1.5 

Hal f l i fe and 
(3 e n e r g y 
(MeV) 

6. 4 s ; 3. 2 

2 . 5 m ; 3. 2 

2. 03 m ; i . 7 

6 . 4 s ; 3. 2 

3. 3 h ; 1. 2 

2, 5 m ; 3. 2 

2. 62 y ; 0 . 5, 1..S 

6 . 4 s; 3 . 2 

6 . 4 s ; 3. 2 

7. 2 s ; 3. 3 

t 



AII-4 

P r o t o n 
e n e r g y 
(keV) 

835 

840 

840 

849 

854 

855 

855 

872 

877 

8 8 3 ? 

884 

888 

890 

892 

8 9 5 ? 

895 

898 

900 

901 

902 

916 

922 

925? 

933 

935 

936 

940 

943? 

944? 

947 

954 

955 

956 

960 

9 8 0 ? 

R e a c t i o n 

F 1 9 ( p , « Y ) 0 1 6 

M g 2 6 ( p , Y ) A 1 2 7 

s i 3 0 ( p , Y ) P 3 1 

0 1 8 ( p , Y ) F « 

N e 2 2 ( p , Y ) N a 2 3 

C l 3 5 ( p , Y ) A 3 6 

N i 5 8 ( p , Y ) C u 5 9 

F 1 9 ( p f * Y ) 0 1 6 

N a 2 3 ( p , Y ) M g 2 4 

^ 3 9 / \,~ 40 
K (p,Y)Ca 

A l 2 7 ( p , Y ) S i 2 8 

C l 3 5 ( p , Y ) A 3 6 

M g 2 5 ( p , Y ) A l 2 6 

T D 3 1 / \ Q 3 2 

P ( p , Y ) S 
S i ( p , Y ) P 
, T . 60 / ,.„ 61 N i (p, Y )Cu 

N ( p , a Y ) C 

A (p , Y )K 

N e 2 2 ( p , Y ) N a 2 3 

TT 1 ?/ X ^ 1 6 
F ( p , a Y ) 0 

29/ ^ 3 0 
Si ( p , Y ) P 
A l 2 7 ( p , Y ) S i 2 8 

„ 3 9 / \-~ 40 K ( p , Y ) C a 

N e 2 2 ( p f Y ) N a 2 3 

F l 9 ( p , a Y ) 0 1 6 

A l 2 7 ( p l Y ) S i 2 8 

M g 2 5 ( p , Y ) A l 2 6 

N e 2 2 ( p , Y ) N a 2 3 

S i ( p , Y ) P 

N i 5 8 ( P ) Y ) C u 5 9 

M g 2 6 ( p , Y ) A l 2 7 

c . 3 0 , >T331 

e.29/ x ^ O 
S i ( P » Y ) P 

Mg ( p , Y ) A l 
_ 1 9 / wT 20 F ( p , Y ) N e 

G a m m a - r a y 
e n e r g y 
(MeV) 

7. 12, 6 . 9 2 , 6. 13 

6 . 8 2 , 4 . 8 0 , 1. 27 

8 . 8 

9. 61 , 9. 17, 5 . 7 0 

7. 2, 5. 1, 4. 3 

<-4. 26 

7. 12, 6. 92, 6. 13 

11 

9 ? 

<L5. 69 

4 . 4 3 

9. 6 6 ? , 9. 22? 

7. 12, 6 . 9 2 , 6. 13 

5 . 7 4 , 4 . 4 8 

9 ? 

9 . 6 9 ? , 9 . 2 5 ? 

7. 12, 6 . 9 2 , 6. 13 

6 . 9 9 , 5 . 1 5 

£ 4 . 35 

8. 19, 6 . 9 2 , 1 .27 

6 . 4 9 , 5. 04 , 4. 52 

5. 17, 4 . 7 0 , 3 . 5 7 ? 

i 

C r o s s 
s e c t i o n 
(mb) 

19 

0 . 0 0 7 evb 

540 

0. 01 evb 

800 

23 

180 

0. 14 evb 

. 

Width 
(keV) 

6 . 5 

40 

<.$ 

<1 

4 . 5 

8 

<1 

9 

<1 

2. 2 

5 . 1 

< 0 . 19 

8 . 6 

0 . 3 4 

<1 

Half l i fe and 
(3+ e n e r g y 
(MeV) 

81 s; 3 .7 

3. 3 h; 1. 2 

2. 5 m ; 3. 2 

6. 4 s; 3. 2 

81 s; 3 . 7 

2. 5 m ; 3. 2 

6. 4 s; 3. 2 



AII-5 

Reaction 

Q .30, x„31 

^ 3 9 / ^ 4 0 K (p , Y )Ca 

N e 2 2 ( p , Y ) N a 2 3 

N a 2 3 ( P > Y ) M g 2 4 

M g 2 5 ( p , Y ) A l 2 6 

B e 9 ( P , Y ) B 1 0 

M g 2 6 ( p , Y ) A l 2 7 

A l 2 7 ( P , Y ) S i 2 8 

Q.30/ w,3i 
Si ( p , Y ) P 
„.30, , „ 3 1 Si (p , Y )P 
A l 2 7 ( p ) Y ) S i 2 8 

N e 2 2 ( p , Y ) N a 2 3 

Ge (p,Y )As 

N i 5 8 ( p , Y ) C u 5 9 

N a 2 3 ( p , Y ) M g 2 4 

M g 2 6 ( P ) Y ) A l 2 7 

Na (p,Y)Mg 

A l 2 7 ( p , Y ) S i 2 8 

-T .60, . r 61 Ni (p ,Y )Cu 

L i (p , Y )Be 

N (p,Y )0 

N i 5 ( P ) « Y ) C 1 2 

M g 2 5 ( p , Y ) A l 2 6 

P (p,Y)S 
.40/ x„4i A (p,Y)K 

M g 2 6 ( P ) Y ) A l 2 7 

N 1 4 ( P l Y ) 0 1 5 

Ni 6 0 ( - 6 61 .60/ x~ i (p ,Y )Cu 
31/ vc32 

( P » Y ) S 

N e 2 2 ( p , Y ) N a 2 3 

C l 3 7 ( p , Y ) A r 3 8 

N i 6 0 ( p , Y ) C u 6 1 

.40/ v„41 ' A (p,Y)K 

B e 9 ( p , Y ) B 1 0 

M g
2 5 ( p ) Y ) A l ? 6 

G a m m a - r a y 
energy 
(MeV) 

4 .96 , 4 .84 , 1. 27 

9? 

7. 5, 6 .8 , 5.8 

10.78, 7 . 9 3 , 1. 77 

6. 98, 6. 02, 1. 27 

8. 25, 6. 98, 5. 12 

<14.41 

C r o s s 
section 
(mb) 

0.007 evb 

<5. 82 

18. 15, 15. 25, 0.478 

13. 09 

4 .43 

8. 34, 5. 27, 3.04 

<5. 86 

9. 1, 7 . 5 , 6 .3 

<5. 87 

6.9 , 5 .4 , 0.7 

0. 02 evb 

1 

15 

0. 05 evb 

0. 03 evb 

Width 
(keV) 

<i. 

89 

0. 05 

< i 

<2. 5 

<1 

Half life and 
(3+ energy 

' (MeV) 

6. 4 s; 3. 2 

81 s; 3. 7 

<L0. 5 

6. 6 

<0. 24 

<1 

168 

130 

130 

<5 

4 

< i 

6 

<5 

<1 

3.8 

3. 3 h; 1. 2 

6. 4 s; 3. 2 

2. 03 m ; 1.7 

3. 3 h ; 3. 2 

6. 4 s; 3. 2 



AII-6 

P r o t o n 
e n e r g y 
(keV) 

1087 

1088 

1089 

1090 

1090 

1090 

1096 

1094 

1100 

1100 

1101 

1102 

1105 

1106 

1117 

1117 

1120 

1123? 

1132 

1135 

1140 

1146 

1146 

1160 

1163 

1165 

1166 

1167 

1167 

1169 

1171 

1172 

1176 

1180 

1182 

R e a c t i o n 

Na ( p , Y ) M g 

N e 2 2 ( p , Y ) N a 2 3 

A l 2 7 ( P ) Y ) S i 2 8 

- 1 9 , l w 20 F ( p , Y ) N e 

T 1 ^ N o 1 6 

C l 3 7 ( p , Y ) A r 3 8 

A l 2 7 ( p ) Y ) S i 3 8 

Ge (p, Y )As 
A 4 C V ^ 4 1 
A (p , Y )K 
, T . 58 , ' ,.„ 59 Ni (p , Y )Gu 

P 3 i ( p . Y ) s 3 2 . 
C l 3 5 ( p , Y ) A r 3 6 

M g 2 5 ( P , Y ) A l 2 6 

N e 2 2 ( p , Y ) N a 2 3 

A l 2 7 ( p , Y ) S i 2 8 

P 3 1 ( p , Y ) S 3 2 

K 3 9 ( p , Y ) C a 4 0 

IT1 9/ > ^ 1 6 

F (P.Q-YJO , , . 6 0 , s - 61 N i (p , Y )Cu 

C l 3 7 ( p ) Y ) A r 3 8 

F 1 9 ( P > a Y ) O i 6 

„ 1 0 , » r l l B ( p , Y ) C 

P 3 1 ( p , Y ) S 3 2 

C 1 3 ( p , Y ) N i 4 

C 1 4 ( P , Y ) N 1 5 

N e 2 0 ( p , Y ) N a 2 1 

N a 2 3 ( P ) Y ) M g 2 4 

- T .60 , x „ 61 Ni ( p , Y ) C u 
r* 74f w 75 Ge ( p , Y ; A s 

O i 8 ( P l Y ) F 1 9 

A l 2 7 ( P ? Y ) S i 2 8 

M g 2 6 ( p , Y ) A l 2 7 

N a 2 3 ( p ) Y ) M g 2 4 

B ^ p . ^ C 1 1 

A l 2 7 ( p , Y ) S i 2 8 

G a m m a - r a y 
energy 
(MeV) 

12. 28, 8 . 8 4 , 1. 63 

7. 12, 6. 92, 6. 13 

<L4. 50 

9 . 9 2 

9 . 5 , 6. 1, 3 . 8 

<5 . 92 

9. 1, 7 . 5 , 6 . 3 

7. 12, 6. 92, 6. 13 

9 . 7 , 5 . 5 ? , 4 . 2 ? 

7 . 7 1 

8. 62, 4. 67, 2. 39 

11. 30 

<4 

£.5. 96 

6 . 3 

9 . 4 

C r o s s 
s e c t i o n 
(rab) 

>0. 05 

>13 

0. 05 evb 

-

0. 04 evb 

15 

0 . 0 0 5 5 

0. 56 

0 . 1 5 evb 

0. 0075 

Width 
(keV) 

1.1 

<0 . 11 

0 . 7 

0 . 7 

<1 

9 . 5 

<1 

0 . 8 0 

5 

<5 

22 

< i 

<5 

2 . 5 

450 

6 

12 

1 .2 

< i 

4 . 5 

1 

0. 25 

2 . 5 

570 

0 .71 

Half l i fe and 
6 + e n e r g y 
(MeV) 

81 s; 3. 7 

6 . 4 s; 3. 2 

3. 3 h; 1. 2 

2 0 . 3 m ; 1.0 

22. 8 s; 2. 5 

3. 3 h; 1. 2 

20. 3 m ; 1.0 



AII -7 

R e a c t i o n 
G a m m a - r a y 
e n e r g y 
(MeV) 

C r o s s 
s e c t ion 
(mb) 

Half l i i e a;^; 
Width i 3 •'" en or [j,. 
(kcV) i (MeV) 

M g 2 5 ( p l Y ) A l 2 6 

F i 9 ( p , a Y ) O l 6 

N i 6 0 ( p , Y ) C u 6 1 

A l ? 7 ( p , Y ) S i 2 8 

Mg ( p , Y ) A l 
, T . 6 0 , -,- 61 N i ( p , Y ) C u 

N 1 5 ( p , c Y ) C i 2 

A l 2 7 ( p , Y ) S i 2 8 

N a 2 3 ( P , Y ) M g 2 4 

r- 7 4 / sA 75 Ge ( p , Y ) A s 
. . . 5 8 , v_ 59 

iMi ( p , v ) C u 

A ( p , Y ) K 

N i ( p , Y ) C u 

N i 6 0 ( P ( Y ) C u 6 1 

P 3 i ( P , Y ) S 3 2 

C i 3 ( p , Y ) N U 

M g
2 6 ( P ) Y ) A l 2 7 

Ge ( p , Y ) A s 

C l 3 5 ( p , Y ) A 3 6 

A l 2 7 ( p , Y ) S i 2 8 

N e 2 3 ( p , Y ) N a 2 3 

N a 2 3 ( p , Y ) M g
2 4 

A l 2 7 ( P l Y ) S i 2 8 

N e 2 2 ( p , Y ) N a 2 3 

F 1 9 ( p , a Y ) 0 1 6 

M g 2 6 ( p , Y ) A l 2 7 

„ 3 9 / sn 40 K (p ,Y)Ca 
M . 5 8 , x,, 59 N i ( p , y ) C u 
r i 4 , w i 5 
C ( p , Y ) N 
. T . 6 o , N „ 61 
N i ( p , Y ) C u 

A l 2 7 ( p , Y ) S i 2 8 

N i 5 8 ( p , Y ) C u 5 9 

N i 6 0 ( p , Y ) C u 6 i 

N a 2 3 ( p , Y ) M g 2 4 

F 1 9 ( P , Y ) N e 2 0 

7. 12, 6. 92, 6. 13 

<5. 99 

3. 44, 1 . 8 3 , 1. 61 

<6 . 00 

4. 43 

£ 4 . 63 

<:6. 03 

<6 . 04 

10. 05 , 7 . 8 0 

8. 71 

7. 12, 6. 92, 6. 13 

9 . 6 , 6 . 3 , 3 . 8 

< 4 . 71 

1 1 . 4 3 

< 6 . 10 

<4 . 71 

<6 . 11 

11 

1 2 . 5 0 , 1. 63 

19 

0 . 1 3 evb 

0. 14 evb 

425 

0 045 evb 

0. 13 evb 

0. 1 evb <1 

I 9 

0 . 0 62 1500 

29 

110 

< i 

6. 3 

<10 

<1 

22 . 5 

<0 . 21 

0 . 4 

<2 . 5 

<1 

< 2 . 5 

<0. 20 

<1 

19 

<5 

6. 4 s; 3. 2 

3. 3 h; 1. 2 

7. 2 s; 3. 3 

3. 3 h; i . 2 

81 s; 3-7 

3. 3 h; 1.2 

3 . 3 h; 1. 2 

0. 11 evb 

0. 21 evb 

0. 08 evb 

0. 25 evb 

0.081 

<1 

43 

<i 

<0. 16 

<1 

<i 

2. 1 

4.0 

3. 3 h; i. 2 

81 s; 3.7 

3. 3 h; 1.2 



AII-8 

Pro ton 
energy 
(keV) 

Reaction 
G a m m a - r a y 
energy 
(MeV) 

\ C r o s s 
section 
(mb) 

Width 
(keV) 

Half life and 
p'1" energy 
(MeV) 

1322 Ne 2 2(p, Y)Na
2 3 

1232 Ni 6°(p, Y)Cu
6 i 

1327 Al 2 7(p, Y)Si
2 8 

1331 Ni 6°(p ) Y)Cu
6 1 

1332 Ge 7 4(p, Y)As
7 5 

1338 K 3 9(p, Y)Ca
4 0 

1343 Ni 6 0(p, Y)Cu
6 1 

1347 Ni 6 0(p, Y)Cu
6 i 

1348 F l 9(p, Y)Ne
2 0 

1348 F l 9(p,a Y)O
i 6 

1350 Ne 2 2(p, Y)Na
2 3 

1362 Al 2 7(p, Y)Si
2 8 

1370? S 3 4(p, Y)Cl
3 5 

1371 Ni 6 0(p, Y)Cu
6 1 

1375 F l 9 ( p , a Y ) O
i 6 

1375 N e 2 2 ( p , Y ) N a 2 3 

1376 N i 5 8 ( p , Y ) C u 5 9 

1380 A l 2 7 ( p , Y ) S i 2 8 

1387 A l 2 7 ( p , Y ) S i 2 8 

1381 N i 6 0 ( p , Y ) C u 6 i 

1386 N e 2 2 ( p , Y ) N a 2 3 

1388 B 1 1 ( p > Y ) C 1 2 

1395 P 3 1 ( P ) Y ) S 3 2 

1398 N a 2 3 ( P ) Y ) M g 2 4 

1399 0 1 8 ( P ) Y ) F
1 9 

1408 P 3 1(p, Y)S
3 2 

1415 Ni 6°(p, Y)Cu
6 1 

1419 N a 2 3 ( p , Y ) M g
2 4 

74. 7R 

1422 Ge (p)Y)As'
D 

1424 Ni 5 8(p, Y)Cu
5 9 

1425 Mg26(p,Y)Al
27 

1431? Fl9(p,Y)Ne
20 

1431 Ni60(p,Y)Cu
61 

1433 Ne22(PfY)Na
23 

1443 P31(p,Y)S
32 

<6. 11 

<l6. 12 

5.91, 5. 74, 3.8 

<6. 13 

<6. 14 

7. 12, 6. 92, 6. 13 

<L6. 16 

7. 12, 6.92, 6. 13 

4.77, 4. 28, 3.86 

<6. 17 

17. 23, 12.80 

8 

9.3 

<6. 20 

9 

4.82, 4. 33 

12. 60, 1. 63 

<6. 22 

0. 29 evb 

0. 06 evb 

0.45 evb 

0.40 evb 

0. 1 

59 

0. 15 evb 

300 

0 19 evb 

0. 2 evb 

0 053 

0. 35 evb 

1. 7 evb 

0. 19 

0. 18 evb 

<1 

<0. 16 

<1 

5. 0 

<3 

<1 

<1 

5. 6 

5. 6 

<0. 12 

<1 

11 

<1 

0. 70 

0. 29 

<1 

1270 

15 

0. 5 

<15 

15 

<1 

£0. 3 

<2. 5 

<L0. 05 

15.7 

<1 

12 

3. 3 h; 1.2 

3. 3 h; 1.2 

3. 3 h; 1. 2 

3. 3 h; 1. 2 

3. 3 h; 1. 2 

3.3 h- 1.2 

3. 3 h; 1.2 

3. 3 h; 1.2 



A l l - 9 

P r o t o n 
e n e r g y 
(keV) ' 

R e a c t i o n 
| G a m m a - r a y 

e n e r g y 
I (MeV) 

^T .60, v„ 61 H i ( p , Y ) C u 
60, %~ 61 Ki ( p , Y ) C u 
26/ \ , . 27 

Mg (p , y W 
. . . 6 0 / x r 61 m ( p , y ) C u 

1 3 , W T 1 4 

C ( p , y ) N 
P 3 1 ( P , Y ) S 3 Z 

N i 6 0 ( p , Y ) C u 6 1 

C l 3 5 ( p , Y ) A r 3 6 

M g 2 4 ( P ) Y ) A l E 5 

60, Xr, 61 JNi (p , y)Gu 

N e 2 2 ( p , Y ) N a 2 3 

C l 4 ( p , Y ) N 1 5 

A l 2 7 ( p , Y ) S i 2 8 

22, 23 Ne ( p . y ) N a 

C 3 3 5 ( p , Y ) A r 3 6 

. . . 6 0 , - 61 
j l \ l ( p , y ) O u 

T .60 , Xr. 61 N i i p ) Y ) C u 

S i ( p f y ) P 

N i 5 8 ( p ) Y ) C u 5 9 

p 3 i ( P , Y ) s 3 2 

. T . 6 0 , >„ 61 

Ge ( p , Y ) A s 

C l 3 7 ( p , Y ) A r 3 8 

N i (p ,Y )Ct i 
A T .58, ^„ 59 
N i ( p , Y ) C u 

N 1 4 ( P , Y ) O 1 5 

C 1 3 ( p , Y ) N 1 4 

<~ 7 4 f \A 75 Ge ( p , Y ) A s 
x r 3 9 , v~ 40 K ( p , Y ) C a 

N i ( p , Y ) C u 

A l 2 7 ( p , Y ) S i 2 8 

P 3 1 ( P ) Y ) S 3 2 

, T . 6 o , > r 61 Ni ( p , Y ) C u 

C l 3 5 ( p , Y ) A r 3 6 

6. 24 

<6. 25 

< 6 . 25 

5 . 8 3 , 5. 10, 3. 07 

<6. 27 

9.9 

3 . 7 2 , 1. 91 

£ 6 . 28 

1 1 . 61 

9. 9 

<6. 30 

<6. 30 

<4. 92 

<£>. 31 

9 .5 

6. 32 

<4. 93 

8 .8? 

8.99 

9 .9 , 6 .6 , 6. 1 

<6. 35 

<6. 36 

10 

C r o s s 
s e c t i o n 
(mb) 

Hal f ] m . iind 

0. 11 evb 

0. 074 

0. 14 evb 

0. 14 evb 

0. 4 evb 

0. 7 evb 

0 . 0 1 2 evb 

0. 06 evb 

0. 35 evb 

0. 020 evb 

0.037 

0. 22 evb 

Width 
(keV) 

I P-I- c n e r r 

0. 75 evb : < i 

0. 14 evb <1 

<1 

20 

6 

< i 

<5 

0. 3 

< i 

520 

<5 

<1 

< i 

9 . 0 

<1 

14 

<1 

9 . 0 

<L5 

<1 

<1 

34 

7 

6.5 

<5 

<1 

0. 35 evb I <1 

! & 

(VcY) 

3. 3 h; 1. 2 

3. 3 h; 1.2 

3. 3 h; 1. 2 

3. 3 h; 1. 2 

7. 2 s; 3. 3 

3. J h; 1. 2 

3. 3 h; i . 2 

3 . 3 h; 1. 2 

81 s; 3 .7 

3 . 3 b; 1.2 

3. 3 h; 1, 2 

S i s ; 3 .7 

2 . 0 3 m ; 1. 

3, 3 h; 1.2 

3 . 3 h; 1. 



AII-10 

P r o t o n 
e n e r g y 
(keV) 

1582 

1588 

1598 

1599 

1605 

1607 

1610? 

1618? 

1620 

1620 

1635? 

1635 

1639 

1640 

1640 

1643 

1643 

1645 

1649 

1650 

1653 

1656 

1659 

1660 

1660 

1663? 

1663 

1665 

1669 

1670 

1674 

167 9 

1680? 

1680 

1685 

i 
i 

'• R e a c t i o n 
1 

M . 5 8 , , r 59 Ni ( p , Y ) O u 
•M-.60/ \ ^ 61 

P 3 i ( p , Y ) S 3 2 

N i ( p , Y ) C u 
XT.60/ x~ 61 
Nl ( p , Y ) C u 19/ ^ n 1 6 F (p,Q'y)0 

S 3 4 ( P , Y ) C I 3 5 

S i ( p , Y ) P ~ 

M g 2 4 ( p , Y ) A l 2 5 

, T . 60 / ^ 61 N l ( p , y ) C u 

S i ( p , Y ) P 

C l ( p , Y ) A r 
. , . 6 0 / x~ 61 N i ( p , Y ) C u 

N (p,o?Y)C 

A l 2 7 ( p , y ) S i 2 8 

, T . 6 0 , x^ 61 Ni ( p , Y ) C u 
r- 14/ u "75 Ge ( p , Y ) A s 

C l ( p , Y ) A r 

Ni ( p , Y ) C u 
c . 2 8 , ^ 2 9 
Si ( p , Y ) P 
A T .58, v„ 59 Ni ( p , Y ) C u 
, T . 6 0 , v„ 61 Ni ( p , Y ) C u 

A l 2 7 ( P ) Y ) S i 2 8 

M g 2 4 ( p , Y ) A l 2 5 

C l ( p , Y ) A r 

S i ( p , Y ) P 

N i 5 8 ( p , Y ) C u 5 9 

Ge (p , Y )As 
, T . 6 0 , sn 61 Ni (p , Y )Cu 

Cl (p > Y )Ar 
^ . 6 0 , >.„ 61 
Ni (p , Y )Cu 
Ni ( p , Y ) C u 

S i ( p , Y ) P 

C l ( p , Y ) A r 
„ 1 8 , , „ 1 9 O ( p , Y ) F 

G a m m a - r a y 
e n e r g y 
(MeV) 

£ 4 . 9 8 

6 . 3 7 , 5. 90 

6. 38 , 5. 00 

6. 39, 5. 01 

3. 40 , 2. 90 , 1. 34 

6 . 4 0 , 5. 02 

<6 . 42 

4 . 4 3 

<6. 43 

<L6.43 

4. 30 

< 5 . 05 

6 . 4 4 , 5. 97 

3 . 8 8 , 3 . 4 3 , 2. 93 

5 . 0 6 , 4. 15, 3. 28 

S6 . 45 

5. 50, 5. 08 

<6 . 46 

9 . 6 

C r o s s 
s e c t i o n 
(mb) 

0 . 0 6 6 evb 

0. 9 evb 

2. 3 evb 

2. 0 evb 

1. 8 evb 

0. 14 evb 

340 

0. 35 evb 

0. 29 evb 

0. 045 evb 

1. 0 evb 

0. 16 evb 

0. 4 evb 

1.0 evb 

0. 5 evb 

Width 
(keV) 

< 1 

< i 

5 

<1 

<1 

6 . 0 

36 

<1 

< 1 

68 

<1 

~ 1 5 

< i 

50 

<1 

<1 

0. 1 

<1 

~ 1 5 

< 1 

<1 

<1 

15 

Half ] if c and 
g e n e r g y 
(MeV) 

81 s; 3. 7 

3. 3 h ; 1. 2 

3. 3 h ; 1.2 

3 . 3 h ; 1.2 

7. 2 s ; 3. 3 

3. 3 h ; 1.2 

3 . 3 h ; 1.2 

3. 3 h; 1.2 

3 . 3 h; 1.2 

4. 20 s; 4. 0 

81 s; 3 .7 

3 . 3 h ; 1.2 

7 . 2 s ; 3 . 3 

81 s; 3 .7 

3. 3 h ; 1.2 

3. 3 h; 1.2 

3 . 3 h ; 1.2 



A l l - 1 1 

P r o t o n 
e n e r g y 
( k e V ) ' 

1690 

1690 

1691 

1 6 9 4 

1698 

1698 

1 6 9 9 ? 

1700 

1710 

1711 

1 7 1 6 

1 7 2 1 

1 7 2 5 

1 7 2 6 

1 7 3 4 

1 7 3 9 

1 7 4 2 

1748 

1 7 5 5 

1757 

1 7 6 4 

1 7 6 5 

1 7 6 9 

1770 

1 7 7 4 ? 

1781 

1 7 8 3 

17 97 

1 8 0 0 ? 

1 8 0 5 

1 8 1 0 ? 

1807 

1 8 3 3 

1 8 3 3 

1 8 4 4 

1 8 4 9 ? 

! 
' R e a c t i o n 
i 

S 3 4 ( P , Y ) C I 3 5 

~ 74 / w 7 5 G e ( p , Y ) A s 

F ( p , a Y ) 0 

N i 6 0 ( p , Y ) C u 6 1 

C 1 2 ( p , Y ) N 1 3 

^ . 6 0 , s.n 61 
N i ( p , Y ) C u 

S i ( P t Y ) P 

A l 2 7 ( p ! Y ) S i 2 8 

C l ( p , Y ) A r 

T> T .60/ <.„ 61 
N i ( p , Y ) C u 
M . 5 8 , sn 59 
N i ( p , Y ) C u 

N i ( p , Y ) C u 

C 1 3 7 ( P ) Y ) A 3 8 

A l 2 7 ( p > Y ) S i 2 8 

N i ( p , Y ) C u 

N i ( p , Y ) C u 

N 1 4 ( P l Y ) O i 5 

C i 3 ( P , Y ) N i 4 

C l ( p , Y ) A r 

N i 6 0 ( p ) Y ) C u 6 i 

N i ( p , Y ) C u 

C l ( p , Y ) A r 

O ( p , Y ) F 

N i ( p , Y ) C u 

S i ( p , Y ) P 

A l 2 7 ( p , Y ) S i 2 8 

N i 6 0 ( P ) Y ) C u 6 1 

N i ( p , Y ) C u 
Q 3 4 , ^ , 3 5 
S ( P , Y ) C 1 

G e ( p , Y ) A s 

S i ( P , Y ) P 

N l 4 ( P > Y ) O i 5 

M g 2 4 ( P , Y ) A l 2 5 

T . T . 5 8 / . n 5 9 
N i ( p , Y ) C u 

N i 5 8 ( p , Y ) C u 5 9 

S i ( P f Y ) P 

G a m m a 
e n e r g y 
( M e V ) 

7 . 1 2 , 6. 

6 . 4 8 , 5. 

3 . 5 i , 2 . 

< 6 . 4 8 

< 6 . 4 9 

5. 1 1 , 4 . 

<l6. 50 

5. 2 , 3 

6. 52 

< 6 . 52 

9. 0 ? 

9. 1 7 , 6. 

< 6 . 54 

< 6 . 55 

9 . 6 

< 6 . 55 

< 6 . 56 

< 6 . 57 

9.0"? 

4 . 0 5 , 2 . 

< 5 . 22 

5. 2 3 

- r a y 

9 2 , 6. 13 

52 

3 7 , 1 . 1 4 

20 

4 3 , 2 . 7 4 

4 3 , 1. 62 

C r o s s 
s e c t i o n 
( m b ) 

1 .0 e v b 

0 . 0 3 5 

0 . 3 e v b 

0 . 2 3 e v b 

0 . 35 e v b 

0 . 11 e v b 

0 . 7 e v b 

0 . 3 e v b 

3 4 0 

0. 5 e v b 

0. 6 e v b 

0. 7 5 e v b 

0 . 55 e v b 

0 . 4 5 e v b 

0 . 0 6 3 e v b 

2 . 1 e v b 

• 

1 W i d t h 
| ( keV) 

- 3 0 

35 

< 1 

i 70 

< i 

i 
! 
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