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ABSTRACT

The results of a literature survey that was made of radio

chemical cross sections below 425 MeV are given in tabular form.

The cross-section data are tabulated for reactions involving

incident protons, neutrons, and jt mesons in the energy range

from about 20 to 400 MeV interacting with nuclei ranging from

lithium to the heaviest weight elements.





The results of a literature search for the experimental

reaction cross sections usually measured by radiochemical tech

niques are presented in this report. Cross sections are tabu

lated for reactions involving incident protons, neutrons, and

it mesons in the energy range from about 20 to 400 MeV inter

acting with nuclei ranging from lithium to the heaviest weight

elements.

The earliest data included here are those tabulated in a

8 29*
comprehensive survey made by Bruninx ' for reactions below

about 400 MeV, and the latest data include those published be

fore July 1965 in the Physical Review or in articles abstracted

in the May 1965 issue of Science Abstracts, Physics.

The experimental data were taken from tables and graphs in

the references cited, with no attempt being made to evaluate

the experiments. The errors listed are the published errors,

and may reflect statistical errors or systematic errors or

both. In a few cases the same data are tabulated under two

different references: the original publication and another

publication which cited the original material. We made no

attempt to eliminate this overlap.

The bulk of the data that are tabulated pertain to re

actions involving incident protons; the remaining few cases

consist of neutron data and pion data. For each type of in

cident particle the data are listed according to increasing

target mass number, and for each target the data are tabulated

according to decreasing atomic number of the residual nucleus,

decreasing mass number of the residual nucleus, and increasing

incident-particle energy.

Target and residual nuclei are listed with the element

symbol followed by the mass and atomic numbers in parentheses.

See list of references preceding tables.



Omission of the mass number in the target nucleus reflects a

similar omission in the published data, and we assumed that the

element used in the experiment was in its naturally occurring

state. In the combinations of isotopes in the residual nucleus

for which the mass number was also omitted, the combinations

are as follows: 3^ci, ^Sc, 8l+82^ 83+S^ ^7^
120+121^ l71+172Lu^ 176+l80Ta^ I9i+I93m^ 198+199^ and

192+193+194
o,Tl. Parentheses around a cross-section value indi

cate that the actual value of the cross section is less than

that number. The designation E-2 or E-3 following a set of

parentheses indicates that the value within the parentheses
-2 -3

should be multiplied by 10 or 10 .

This literature search is a direct outgrowth of our at

tempts to evaluate the accuracy of our cascade-evaporation
54

model in predicting radiochemical cross sections. A report

on the evaluation is in progress.
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INC. TARGET RES IOUAL ENERGY

PART NUCLEUS NUCLEUS (MEV)

P LI ( 7 » 3) BE( 7, 4) 155.0

P LI ( 7 r 3) BE( 7, 4) 155.0
P 8E( 9 f 4) BE< 7, 4) 155.0

P BE( 9 r 4) BE( 7, 4) 352.0

P 8( 10 r 5} C( 10, 6) 155.0

P B( 10 r 5) BE( 7, 4) 50.0

P 3{ 10 , 5) BE( 7, 4) 100.0

P B< 10 r 5) BE< 7, 4) 150.0

P 8( 10 , 5) BEt 7, 4) 155.0

P B( 11 , 5) C! lit 6) 40.0

P 3( 11 5) C( 11» 6) 53.0
P B{ 11 5) C( lit 6) 90.0

P 8{ 11 5) C( lit 6) 103.0

P 8( 11, 5) C< lit 6) 153.0
P B( 11 5) C( Ut 6) 155.0

P Hi 11, 5) C{ 10t 6) 155.0

P B{ 11, 5) BE{ 7, 4) 50.0

P B< 11 5) BE( 7, 4) 100.0

P B( 11, 5) 6E( 7, 4) 150.0

P B( 11, 5} BEt 7, 4) 155.0

P C( 12, 6) C( lit 6) 20.7

P CI 12, 6) C( Ut 6) 21.1

P C( 12, 6) C( Ut 6) 30.1

P C( 12, 6) C( Ut 6) 33.3
P C( 12, 6) CI Ut 6) 37.7

P C( 12, 6) C( U t 6) 42.0
P C( 12, 6) C( Ut 6) 42.8

P C( 12, 6) c< Ut 6) 44.2

P C( 12, 6) C( Ut 6) 50.0
P C{ 12, 6) C( u, 6} 50.5

P C( 12, 6) C( Ut 6) 80.0

P C( 12, 6) C( ill 6) 90.0

P C( L2, 6) C( 111 6) 93.0

P C( 12, 6) C( Hi 6) 98.1

P C( 12, 6) C( lit 6) 100.0
P C( 12, 6) C( lit 6) 100.0
P C( 12, 6) C( Ut 6) 120.0
P C( 12, 6) C( 111 6) 144.0
P C( 12, 6) C( lit 6) 150.0
P C( 12, 6) C( Ut 6) 150.0

P C( 12, 6) C( 111 6) 150.0
P C( 12, 6) C( 111 6) 155.0

P C( 12, 6) C( Ut 6) 170.0

P C{ 12, 6) CI Ut 6) 194.0
P C( 12, 6) C( Ut 6) 202.0

P C( 12, 6) C( Ut 6) 204.0

P C( 12, 6) C( Ut 6) 238.0
P C( 12, 6) CI Ut 6) 240.0

P C( 12, 6) C( Ut 6) 245.0

P C( 12, 6) C< 111 6) 252.0
P C( 12, 6) C( 111 6) 259.0

P C( 12, 6) C( 111 6) 260.0

P C( 12, 6) C( lit 6) 263.0
P C( 12, 6) C( Ut 6) 270.0

P C( 12, 6) C( 111 6) 288.0

SIGMA (MB)

EXPERIMENT

3. 5 + 0.2

3. 8 + 0.2

8. 8 + 0.5

2. 0 + 0.48

.65 + 0.1

13.0

11.5

8.0

7. 5 + 0.5

31 .0 + 2.0

24 .0 + 3.0

7. 9 + 0.2

9. 0 + 2.0

5. 0 + 1.0

3. 5 +• 0.2

.55 +0.1

15.0

8.0

7.0

14 .0 + 1.0

38 .0 + 1.3

32 .9 + 1.1

89 .1 ♦ 3.0

92 .5 + 3.1

90 .0 + 3.0

89 .4 + 3.0

91 . 0 *• 3.0

88 .8 + 3.0

80 .0 + 5.0

86 .4 + 2.6

70.0

66.0

70 .5 *• 3.6

63 .3 + 0.3

61.0

62.0

53.0

56 .5 + 1.5

45.0

43.0

46 .2 + 1.4

42.0

39 .7 + 0.9

52 .0 + 1.5

38.3

37 .0 + 2.0

35 .8 + 2.4

37 .2 + 1.8

49 .8 + 1.2

36.3

36.3

38 .2 *• 0.5

50 .5 + 2.6

35 .9 + 1.0

33 .7 + 1.2
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INC. TARGET RESIDUAL ENERGY

PART NUCLEUS NUCLEUS (MFV)

P F( 19, 9) Ft 18 t 9) 20.0

P F ( 19, 9) Ft 18 , 9) 21.0

P Ft 19, 9) Ft 18 r 9) 2 3.0

P F{ 19, 9) Ft 18 r 9) 27.0

P F( 19, 9) Ft 18 , 9) 34.0

P F( 19, 9) Ft 18 r 9) 37.0

P F( 19, 9) Ft 18 r 9) 43.0

P F( 19, 9) Ft 18 , 9) 45.0

P F( 19, 9) F{ 18 r 9) 48.0

P F( 19, 9) FI 18 r 9) 50.0

P F( 19, 9) Ft 18 9) 50.0

P FJ 19, 9) Ft 18 , 9) 60.0

P FI 19, 9) Ft 18 r 9) 64.0

P F{ 19, 9) Ft 18 r 9) 70.0

P F( 19, 9) Ft 18 r 9) 74.0

P F( 19, 9) Ft 18 r 9) 79.5

P F( 19, 9) Ft 18 r 9) 82.0

P F ( 19, 9) Ft 18 r 9) 89.0

P F( 19, 9) Ft 18 r 9) 99.0

P F( 19, 9) Ft 18 r 9) 100.0

P F( 19, 9) Ft 18 r 9) 110.0

P F( 19, 9) Ft 18 , 9) 113.0

P FI 19, 9) Ft 18 9) 141.0

P F( 19, 9) Ft 18 r 9) 144.0

P F( 19, 9) Ft 18 r 9) 150.0

P Ft 19, 9) Ft 18 9) 154.0

P F( 19, 9) F{ 18 r 9) 155.0

P Ft 19, 9) Ft 18 r 9) 176.0

P F( 19, 9) Ft 18 r 9) 196.0

P F( 19, 9) Ft 18 , 9) 225.0

P F( 19, 9) Ft 18 9) 263.0

P F( 19, 9) Ft 18 , 9) 280.0
P F! 19, 9) F( 18 , 9) 330.0

P F{ 19, 9) Ft 18 9) 362.0

P F( 19, 9) Ft 18 r 9) 380.0

P F( 19, 9) Ft 18 9) 400.0

P F( 19, 9) Ft 18 , 9) 420.0

P F( 19, 9) Ft 18 , 9) 420.0

P F( 19, 9) Ft 18 9) 426.0

P F( 19, 9) Ft 17 9) 155.0

P F( 19, 9) CM 15, 8) 155.0

P F( 19, 9) Ot 15, 8) 362.0

P Ft 19, 9) 0( 15 8) 420.0

P Ft 19, 9) Ot 14 8) 155.0

P F( 19, 9) N( 13 7) 155.0

P Ft 19, 9) N( 13 7) 362.0

P Ft 19, 9) Nt 13 7> 42 0.0

P Ft 19, 9) C( 11, 6) 155.0

P Ft 19, 9) Ct 11, 6) 362.0

P Ft 19, 9) Ct 11 6) 420.0

P Ft 19, 9) ct 10, 6) 155.0

P Ft 19, 9) C( 10 6) 420.0

P Ft 19, 9) BEt 7, 4) 155.0

P NEC 20, 10) Lit "8 3) 340.0

P NAt 23, 11) NAt 22, 11 ) 15.0

SIGMA (MB)

EXPERIMENT

20.0

+ 25.0

27.0

28.0

30.0

16.0

15.0

15.0

10.0

10.0

.0

+ 8.0

7.0

7.0

8.0

6.0

1.5

6.0

6.0

6 6.0 +

105.0

182.0

200.0

230.0

146.0

126.0

124.0

90.0 +

84.0 +

88

67.0

55.0

56.0

64.0

50.0

46.0

47.0

46.0

43

38.5

40.0

32.0

30.3

30

27.0

28.0

25.8

24.7

24.3

24.6

28

23.9

14.2 +

27

26

22.0

22

23. 1

6.5 +

10.5

4.2 +

10

( 0.

3.0 +

1.1 +

( 0.

5.5 +

4.2 -»-

9.

( 0.

4.

4.0 +

0.20 +

72.0

+

+

+

+

+

+

.0

+ 1.3

+ 5.0

+ 5.0

+ 1.0

.0

+ 4.0

3.0

0.3

0.8

0.8

0.8

+

+

+

+

.0

+ 0.8

1.562

.0

.0

+ 5.5

.9

+ 0.8

1.0

+ 2.0

0.504

.3

05 )

1.0

.154

65 )

1.0

.504

7

1 )

8

1.0

0.06

+ 15.0

REF

18

18

18

18

13

18

18

13

18

18

4

18

18

18

18

18

1^

18

18

4

19

18

18

19

4

18

1

19

19

19

19

8

19

3

8

8

8

19

1

1

3

8

1

1

3

8

1

3

8

1

8

1

8

18
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INC. TARGET RESIDUAL ENERGY

PART NUCLEUS NUCLEUS tMEy)

P NAI 23, 11) NAt 22i 11) 20.0

P NAI 23, 11) NAt 22, 11) 32.0

P NAt 23, 11) NAt 22, 11) 45.0

P NAt 231 11) NAt 22, 11) 51.5

P NAt 23, 11) NAI 22, 11) 56.5

P NAI 23, 11) NAI 22, 11) 66.5

P NAt 2 3, 11) NAt 22, 11) 77.0

P NA! 23, 11) NAt 22, 11) 80.0

P NAt 23, 11) NAI 22, 11) 88.0

P NAt 23, 11) NAt 22, 11) 103.0

P NAt 23, 11) NAt 22, 11) 110.0

P NAt 23, 11) NAt 22, 11) 117.0

P NAt 23, 11) NAt 22, 11) 134.0

P NAI 23, 11) NAt 22, 11) 152.0

P NAt 23, 11) NAI 22, 11) 155.0

P MG( 12) NAt 24, 11) 130.0

P MGt 12) NAI 24, 11) 208.0

P MG< 12) NAI 24, 11) 297.0

P MGt 12) NAI 24, 11) 396.0

P MGt 12) NAt 22, 11) 130.0

P MGt 12) NAt 22, 11) 208.0

P MGt 12) NAt 22, 11) 297.0

P MGt 12) NAt 22, 11) 396.0

P MGI 12) BE( 7, 4) 130.0

P MGt 12) BEt 7, 4) 208.0

P MGt r 12) BE! 7, 4) 297.0

P MGI r 12) BEt 7, 4) 396.0

P MGt 24 12) H( 3, 1) 300.0

P MGt 25 , 12) NAt 22, 11) 25.0

P MGt 25 r 12) NAt 22, 11) 50.0

P MGt 25 r 12) NAt 22, 11) 100.0

P ALI 27 r 13) MGt 27, 12) 130.0

P ALt 27,. 13) MGt 27, 12) 200.0

P AL( 27 13) MGt 27, 12) 240.0

P ALt 27 , 13) MGt 27, 12) 280.0

P ALt 27 r 13) MGt 27, 12) 320.0

P ALt 27 , 13) MGt 27, 12) 380.0

P ALt 27 r 13) NAt 24, 1 1) 37.4

P ALt 2 7 r 13) NAt 24, U) 44.1

P ALt 27 , 13) NAt 24, 11) 50.0

P AH 27 r 13) NAt 24, 11) 50.1

P ALt 27 t 13) NAt 24, 11) 50.6

P AH 27 r 13) NAt 24, 113 60.0

P ALt 27 r 13) NAt 24, 11) 70.0

P ALt 27 , 13) NAt 24, 11) 80.0

P ALt 27 , 13) NAt 24, 11) 80.0

P ALt 27 r 13) NAt 24, 11) 82.0

P ALt 27 , 13) NAt 24, 11) 90.0

P ALt 27 t 13) NAt 24, 11) 100.0

P ALI 27 t 13) NAt 24, 11) 110.0

P ALt 27 , 13) NAt 24, 11) 110.0

P ALt 27 , 13) NAt 24, 11) 120.0

P ALt 27 , 13) NAt 24, 11) 120.0

P ALt 27 t 13) NAt 24, 11) 125.0

P ALt 27 t 13) NAt 24, 11) 134.0

SIGMA {MB)

EXPERIMENT

113.0 + 12.0

115.0 + 12.0

112.0 + 12.0

94.0 + 10.0

90.0 + 9.0

90.0

67.0

80.0

64.0

65.0

63.7

44.0

47.5

47.0

45.0

28.2

25.2

29.0

30.5

28.3

21.6

23.8

22.2

2.66

2.31

2.48

3.25

19.0 +

9.0

7.0

8.0

7.0

7.0

7.0

5.0

5.0

5.0

5.0

4.2

3.76

4.30

4.55

4.20

3.2 2

3.55

3.31

0.66

0.58

0.62

0.88

6.0

15.0

33.5

43.0

0.086 + 0.004

0.081 + .040

0.094 + .00 3

0.143 + 0.007

0.155 + .0012

0.164 +.016

0.8 + 0.2

2.8 + 0.2

1.52

6.I + 0.2

6.5 + 0.2

5.4

8.2

10.3

10.4

11.7 + 0.4

10.7

10.8

10.9 + 0.4

10.6

10.1

10.2

10.2

10.9 + 0.4

REF

18

18

18

18

18

18

18

18

18

18

18

18

18

18

2

13

13

13

13

13

13

13

13

13

13

13

13

8

4

4

4

20

20

20

?0

20

20

6

6

8

6

6

g

8

7

8

19

8

7

19

3

7

21

8

19
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INC. TARGET RESIDUAL ENERGY

PART NUCLEUS NUCLEUS (MEV)

P ALt 27, 13) NAt 24, ) 135.0

P ALt 27, 13) NAt 24, ) 150.0

P ALt 27, 13) NAt 24, ) 150.0

P ALt 27, 13) NAt 24, ) 168.0

P ALt 27, 13) NAt 24, > 175.0

P ALt 27, 13) NAt 24, ) 196.0

P AH 27, 13) NAt 24, ) 200.0

P ALt 27, 13) NAt 24, ) 200.0

P ALt 27, 13) NAt 24, ) 202.0

P ALt 27, 13) NAt 24, ) 225.0

P ALt 27, 13) NAt 24, ) 225.0

P ALt 27, 13) NAt 24, ) 250.0

P ALt 27, 13) NAt 24, ) 259.0

P ALt 27, 13) NAt 24, ) 263.0

P ALt 27, 13) NAt 24, ) 275.0

P ALt 27, 13) NAt 24, ) 294.0

P ALt 27, 13) NAt 24, ) 300.0

P ALt 27, 13) NAt 24, I 300.0

P ALt 27, 13) NAt 24, ) 325.0

P ALt 27, 13) NAt 24, ) 330.0

P ALt 27, 13) NAt 24, ) 335.0

P ALt 27, 13) NAt 24, 340.0

P ALt 27, 13) NAt 24, ) 342.0

P ALt 27, 13) NAt 24, 342.0

P ALt 27, 13) NAt 24, 350.0

P ALt 27, 13) NAt 24, ) 350.0

P ALt 27, 13) NAt 24, ) 400.0

P ALt 27, 13) NAt 24, 1 426.0

P ALt 27, 13) NAt 23, ) 155.0

P ALt 27, 13) NAt 22, 29.7

P ALt 27, 13) NAt 22, 37.4

P ALt 27, 13) NAt 22, 44.1

P ALt 27, 13) NAt 22, 50.1

P ALt 27, 13) NAt 22, 50.6

P ALt 27, 13) NAt 22, 80.0

P ALt 27, 13) NAt 22, 100.0

P ALt 27, 13) NAt 22, 150.0

P ALt 27, 13) NAt 22, 155.0

P ALt 27, 13) NAt 22, 335.0

P ALt 27, 13) Ft 18, 9 202.0

P ALt 27, 13) Ft 18, 9 259.0

P ALt 27, 13) Ft 18, 9 294.0

P ALt 27, 13) Ft 18, 9 335.0

P ALt 2 7, 13) Ft 18, 9 342.0

P ALt 27, 13) Ft 18, 9 342.0

P ALt 27, 13) Ft 18, 9 410.0

P ALt 27, 13) Ft 18, 9 42 0.0

P ALt 27, 13) Ft 18, 9 420.0

P ALt 27, 13) N( 13, 7 410.0

P ALt 27, 13) N( 13, 7 420.0
p ALt 27, 13) Ct u, 63 335.0

P ALt 27, 13) Ct 11. 61 410.0

P ALt 27, 13) Ct u, 61 420.0

P ALt 27, 13) BEt 7, 4 335.0

P ALt 27, 13) H( 3, 1 120.0

SIGMA (MB)

EXPERIMENT

9.7

9.2

9.6

10.1 + 0.3

8.9

9. 92 + 0.3

9.1

9.2

9.6

9.3

10.1 + 0.3

9.9

9.75

11.2 + 0.4

10.4

9.97

11.0

11.2

11.3

11 .7 + 0.4

11.3

11.5

10.10

10. 1 + .3838

11.2

11 .1 + 0.2

11.3

11 .9 + 0.4

23.0

2. 4 + 0.2

34.2 + 0.9

46.8 + 1.2

3 8 .4 + 1.0

36.4 + 3.6

24.0

21.5

18.0

17.5 + 0.6

13.6

5.3 8

5.8 5

6. 13

6.2

6.46

6. 8 + 0.68

7. 2 + .72

7. 6 + 0.21

8.4

0.78

1. 07 + .11

2. 1

3.0

2.25 + 0.11

1.6

16 .0 + 5.0

REF

8

8

7

19

8

19

21

8

10

8

19

8

10

19

8

10

21
p

8

19

8

8

10

3

21

19

22

6

6

6

6

6

7

7

7

23

3

10

10

10

3

10

3

8

24

3

3

24

8

3

24

8

8
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INC. TARGET RESIDUAL ENERGY

PART NUCLEUS NUCLEUS (MEV)

P ALt 27 , 13) Ht 3, 1) 200.0

P ALt 27 , 13) H( 3, 1) 300.0

P Sit , 14) NAt 24, 11) 130.0

P SI ( , 14) NA( 24, 11) 208.0

P SIC r 14) NAt 24, 11) 297.0

P Sit , 14) NAt 24, 11) 396.0

P SH » 14) NAt 22, 11) 130.0

P SK t 14) NAt 22, 11) 208.0

P SI ( r 14) NAt 22, 11) 297.0

P Sit , 14) NAt 22, 11) 396.0

P Sit r 14) BE! 7, 4) 130.0

P SK r 14) BEt 7, 4) 208.0

P SK r 14) BEt 7, 4) 297.0

P SI t , 14) 8Et 7, 4) 396.0

P SK 30 r 14) ALt 29, 13) 130.0

P SK 30 r 14) ALt 29, 13) 210.0

P SK 30 , 14) ALt 29, 13) 300.0

P SK 30, 14) ALt 29, 13) 400.0

P SK 30, 14) MGt 28, 12) 130.0

P SK 30 14) MGI 28, 12) 210.0

P SK 30, 14) MGt 28, 12) 300.0

P SI ( 30, 14) MGt 28, 12) 400.0

P P( 31, 15) ALt 29, 13) 130.0

P P( 31, 15) ALt 29, 13) 210.0

P P( 31, 15) ALt 29, 13) 300.0

P P( 31, 15) ALt 29, 13) 400.0

P P( 31, 15) MGt 28, 12) 130.0

P P( 31, 15) MGt 28, 12) 210.0

P P( 31, 15) MGt 28, 12) 300.0

P P( 31, 15) MGt 28, 12) 400.0

P St 16) ALt 29, 13) 130.0

P St 16) ALt 29, 13) 210.0

P St 16) ALt 29, 13) 300.0

P St 16) ALt 29, 13) 400.0

P S( 16) MGt 28, 12) 130.0

P St 16) MGt 28, 12) 210.0

P St 16) MGt 28, 12) 300.0

P St 16) MGt 28, 12) 400.0

P S( 32, 16) ALt 29, 13) 130.0

P St 32, 16) ALt 29, 13) 400.0

P St 32, 16) MGt 28, 12) 130.0

P St 32, 16) MGt 28, 12) 400.0

P CL< 17) P< 32, 15) 192.0

P CLt 17) Pt 32, 15) 240.0

P CL< 17) P( 32, 15) 288.0

P CLt 17) Pt 32, 15) 330.0

P CLt 17) Pt 32, 15) 378.0

P CLt 17) MGt 28, 12) 192.0

P CLt 17) MGt 28, 12) 237.0

P CLt 17) MGt 28, 12) 240.0

P CL( 17) MGt 28, 12) 288.0

P CLt 17) MGt 28, 12) 330.0

P CLt 17) MGI 28, 12) 378.0

P CLt 17) NAt 24, 11) 192.0

P CLt 17) NAt 24, 11) 237.0

SIGMA (MB) RE

EXPERIMENT

18.0 + 6.0 8

25.0 + 7.0 8

3.378 + .660 13

3.662 + 0.366 13

4.740 + 0.474 13

4.78 + 0.478 13

10.41 + 1.06 13

10.28 + 1.03 13

13.09 + 1.3 13

12.46 + 1.3 13

1.07 + 0.27 13

0.76 + 0.19 13

1.69 + 0.34 13

2.02 + 0.40 13

10.7 + 2.8 25

10.2 + 1.7 25

20.8 + 4.6 25

18.6 + 3.7 25

2.05 + 0.46 25

1.71 + 0.35 25

2.15 + 0.35 25

2.80 + 0.35 25

4.33 + 0.72 25

6.70 + 1.10 25

4.35 + 0.80 25

8.13 + 1.59 25

0.189 + 0.022 2 5

0.207 + 0.034 25

0.328 + 0.065 25

0.277 + 0.062 25

0.565 + 0.141 25

0.414 + 0.091 25

0.603 + 0.070 2 5

0.529 + 0.144 25

(4.31 + 2.06JE-3 25

(5.48 + 0.82)E-3 25

(9.05 + 0.0DE-3 25

(4.60 + 1.04JE-3 25

0.590 25

0.578 25

.00471 25

.00410 25

45.4 8

46.8 8

44.0 8

48.1 8

39.8 8

0.103 8

0.149 8

0.170 8

0.200 8

0.205 8

0.205 8

4.7 8

5.0 3



INC. TARGET

PART NUCLEUS

P CLI 17)

P CLt 17)

P CLt 17)

P CLt 37, 17)

P CLt 37, 17)

P CLt 37, 17)

P CLt 37 , 17)

P CL( 37 17)

P CL( 37, 17)

P CL( 37, 17)

P CL( 37,, 17)

P CL( 3 7 , 17)
P CL( 37 r 17)

P CL( 3 7,r 17)
P CLt 37 r 17)

P CLt 37,r 17)

P CLt 37 , 17)

P CLt 37 , 17)

P CLt 37 17)

P CLt 37,r 17)

P CLt 37 , 17)

P CLt 37 , 17)

P CLt 37 r 17)
P CLt 37 r 17)

P At 18)

P CA( 48 , 20)

P CAt 48 , 20)

P CAt 48 , 20)

P CAt 48 , 20)

P CA( 48 , 20)

P CAt 48 r 20)

P CAt 48 , 20)

P CA( 48 r 20)

P CAt 48,, 20)

P CAt 48 , 20)

P CAt 48 , 20)

P CAt 48 , 20)

P SCI 45 r 21)

P set 45 r 21)

P set 45 , 21)

P set 45 r 21)

P SCI 45 , 21)

P set 45 r 21)

P set 45 r 21)
P set 45 r 21)

P set 45,, 21)

P TI ! 48 , 22)
P V( 51 , 23)
P VI 51 , 233

P Vt 51 r 23)
P VI 51 , 23)

P vt 51 , 23)

P V( 51 , 23)

P vt 51 , 23)

P vt 51 , 23)

RESIDUAL

NUCLEUS

NA( 24,

NA( 24,

NA( 24,

St 35,

St 35,

St 35,

St 35,

St 35,

St 35,

S( 35,

St 35,

St 35,

St 35,

Pt 32,

p( 32,

Pt 32,

P{ 32,

MGt 28,

MG( 28,

MGt 28,

MGt 28,

NAt 24,

NAt 24,

NA( 24,

LI ( 8,

set 48,

set 48,

set 48,

set 48,

set 47,

set 47,

set 47,

set 47,

CAt 47,

CAt 47,

CAt 47,

CAt 47,

ri( 45,

Tli 45,

Til 45,

TK 45,

set 44,

set 44,

set 44,

SC( 44,

set 44,

VI 48,

CRt 51,

CR( 51,

CRt 51,

CRt 51,

CRt 51,

CRt 49,

CRt 49,

CRt 49,

11)

11)

11)

16)

16)

16)

16)

16)

16)

16)

16)

16)

16)

15)

15)

15)

15)

12)

12)

12)

12)

11)

11)

11)

3)

21)

21)

21)

21)

21)

21)

21)

21 )

20)

20)

20)

20)

22)

22)

22)

22)

21)

21)

21)

21)

21)

23)

24)

24)

24)

24)

24)

24)

24)

24)

16

ENERGY

(MEV)

288.0

330.0

378.0

67.0

92.0

142.0

162.0

192.0

237.0

240.0

288.0

330.0

378.0

67.0

92.0

142.0

162.0

67.0

92.0

142.0

162.0

92.0

142.0

162.0

340.0

120.0

200.0

300.0

400.0

120.0

200.0

300.0

400.0

120.0

200.0

300.0

400.0

120.0

200.0

300.0

400.0

120.0

200.0

300.0

370.0

400.0

155.0

30.0

55.0

95.0

150.0

155.0

60.0

100.0

170.0

SIGMA (MB)

EXPERIMENT

5. 9

6. 6

7. 4

11.0 + 2.75

6.37 + 1.5925

7. 11

8. 41

6. 8 2

6. 9 3

5. 95

7. 79

8. 44

6. 65

52.1 + 13.025

48.2 + 12.05

33 .7

33 .5

0.0068 + .0017

0.020 + .005

0.046

0.07 3

0.7 + .175

1. 3

2. 3

0.22 + 0.07

7.8+ 0.3

4.7 + 1.2

4.1 + 0.3

3.6 + 0. 1

20.3 + 1.6

18.6 + 0.6

11.0 + 0.1

8'. 7 + 0.3

1 18.0 + 2.0

106.0 + 10.0

106.0 + 4.0

101.0 + 4.0

3.80 + 0.07

2.29 + 0.03

1.82 + 0.04

1.40 + 0.07

70. 1 + 1.8

50.4 + 1.2

48.5 + 1.2

34.5 + 1.6

47.7 + 1.0

3.2 + 0.5

78.0 + 12.0

33.0 + 6.0

16.0 + 3.0

14.0 + 2.0

4.8 + 0.7

31.3 + 7.3

12.0 + 2. 1

1.7 + 0.4

REF

8

8

8

8

8

S

8

8
n

8

8

8

8

8

8

8

8

8

8

8

8

8

R

3

8

19

1^

19

19

19

19

19

19

19

19

19

19

21

21

21

21

2 1

21

21

26

21

2

5

5

5

5

2

3

8

8



INC.

PART

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

P

TARGET

NUCLEUS

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

. 23)
23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

23)

VI 51,

vt 51,

vt 51,

vt 51,

vt 51,

vt 51,

vt 51,

vt 51,

vt 51,

vt 51,

V( 51,

V( 51,

V( 51,

vt 51,

vt 51,

vt 51,

vt 51,

vt 51,

vt 51,

vt 51,

vt 51,

vt 51,

vt 51,

vt 51,

vt 51,

vt 51,

vt 51,

V( 51,

V( 51,

VI 51,

V( 51,

V( 51,

vt 51,

vt 51,

vt 51,

vt 51,

vt 51,

vt 51,

vt 51,

vt 51,

V( 51,

V( 51,

V( 51,

vt 51,

V( 51,

V( 51,

V( 51,

V( 51,

V( 51,

V( 51,

V( 51,

V( 51,

V( 51,

v< 51,

V( 51,

RESIDUAL

NUCLEUS

CR( 49,

CR( 49,

CR( 48,

CRt 48,

CRt 48,

CRI 48,

CRt 48,

V( 48,

Vt 48,

V( 48,

Vt 48,

Vt 48,

Vt 47,

TK 45,

TI ( 45,

TI ( 45,

TK 45,

TK 45,

set 49,

set 49,

set 49,

set 49,

set 48,

set 47,

set 47,

set 47,

SC( 47,

SC( 47,

SCI 46,

SC( 46,

SC( 46,

SCI 46,

SC( 46,

set 46,

set 46,

set 46,

set 44,

SC( 44,

SC( 44,

set 44,

set

SC(

SCI

SCI

SC(

CA( 47,

CA( 47,

CAt 47,

CA( 47,

CAI w.

CAt 45,

CAt 45,

CA( 45,

CAI 45,

CAI 45,

24)

24)

24)

24)

24)

24)

24)

23)

23)

23)

23)

23)

23)

22)

22)

22)

22)

22)

21)

21)

21)

21)

21)

21)

21)

21)

21)

21)

21)

21)

21)

21)

21)

21)

21)

21)

21)

21)

21)

21)

21)

21)

21)

21)

21)

20)

20)

20)

20)

20)

20)

20)

20)

20)

20)

IT

ENERGY

(MEV)

175.0

240.0

60.0

100.0

170.0

175.0

240.0

60.0

100.0

170.0

170.0

240.0

170.0

60.0

100.0

170.0

175.0

240.0

130.0

210.0

300.0

400.0

170.0

60.0

100.0

170.0

175.0

240.0

50.0

60.0

95.0

100.0

142.0

170.0

175.0

240.0

100.0

170.0

175.0

240.0

60.0

100.0

170.0

175.0

240.0

60.0

100.0

170.0

175.0

240.0

60.0

100.0

170.0

175.0

240.0

SIGMA (MB)

EXPERIMENT

4.8

2 + 0.4

2 + 0.4

5 + 0.6

2 + 0.07

0.18

4 + 0.04

2.

1.

1.

0.2

0.2

32

26

23

11

12

4.

0.

4.

4.

4.

8.

0. 15

0.22

0.47

0.39

4.

1.

7.

7.

3.

6.

18

4.

12

7.

16

12

4.

7.

7.

6.

3.

6.

14

9.

5.

10

0.0

0.08

0.0

0.1

0.

2.

0.

1.

.0

.0

.0

.5

.6

6

9

1

8

2

4

1.5

5.0

4.0

3.4

4.2

0.9

0.2

1.0

1.2

1.2

3.3

0.035

7 + 0.037

2 + 0.076

1 + 0.048

1 + 1.1

2 + 0.7

7 + 1.4

6 + 1.5

3 + 1.4

3 + 2.0

.0 + 3.0

2+2.3

.0 + 2.0

0 + 1.4

.8 + 2.5

.0 + 4.0

3 + 2.0

1.9

2.8

1.7

1.8

2.1

0.03

.0 + 4.2

4 + 2.2

0 + 2.7

.0 + 3.3

0.004

6 + 0.01

7 + 0.019

5 + 0.03

2 + 0.04

0.12

7 + 0.4

5 + 0.6

7 + 0.3

4 + 0.6

REF

8

8

8

8

8

8

8

8

8

8

Q

8

8

8

8

8

3

8

25

2 5

25

25

8

8

8

8

8

8

15

8

15

8

15

8

8

8

8

8

8

8

8

8

S

8

8

8

8

8

8
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INC. TARGET RESIDUAL ENERGY SI GMA (MB) RE

PART NUCLEUS NUCL fUS (MEV) FXPERIME*JT

P LA 139 , 57) PI 32 , 15) 340.0 0.00 73 2 9

P LA 139 t 57) NA! 24 , 11) 340.0 0.005 29

P LA 139 , 57) iNAI 24 , U) 2000.0 0 .00099 2^

P LA 139 t 57) NAt 24 , 11) 2000.0 0.003 2^

P CE 142 , 58) CE<141 , 58) 60.0 114.0 + 12.0 39

P CE 142 , 58) CE(141 , 58) 12 0.0 98. 2 + 17 .0 39

P CE 142 , 58) CEI141 , 5 8) 180.0 73 .7 + 8 .0 3 9

P CE 142 , 58) CEU41 , 58) 2 00.0 68 .9 + 3 .4 39

P CE 142 , 58) CEI141 , 58) 233.0 65 .5 + 3,.8 39

P CE 142 , 58) Cfc(141 , 58) 370.0 79.0 + 7, 9 40

P CE 142 , 58) CEI141 , 58) 400.0 86 .2 + 1..6 29

P CE 142 , 58) CEI141 , 58) 420.0 62 .1 + 3,.7 41
p CE 142 , 58) LAt141 , 57) 60. 0 9. 2 + 2.0 39

P CE 142 , 58) LA(141 , 57) 120.0 11 .8 + 4. 0 3Q

P Ct 142 , 58) LAI 141 , 57) 180.0 15 .5 + 6, 9 39

P CE 142 , 58) LAt141 , 57) 2 00.0 15 .5 + 6, 0 39

P CE 142 , 58) L A { 1 41 , 57) 233.0 19.6 + 7, 0 .3 9

P CE 142 , 58) LAI141 t 57) .370.0 20.0 + 2. 3 40

P CE 142 , 58) LAI 141 * 57) 400.0 54.4 + 4, 6 29

P CEI 142 , 58) LAI 141 , 57) 420.0 16 .1 + 1..0 41

P ER , 68) TM(167 , 69) 22.0 680.0 42

P ER , 68) TM(167 , 69) 28.0 380.0 42

P ERI , 68) TMt167 , 69) 34.0 430.0 42
P ER< , 68) TMI167 , 69) 40.0 510.0 42
p ERt , 68) TM(167 , 69) 47.0 160.0 4 2

P ERI r 68) TM{ 167 , 69) 5 7.0 110.0 42

P ERt 68) TMt 167 , 69) 67.0 94.0 42

P ERt , 63 ) TM<167 , 69) 77.0 59.0 42

P ERt r 68) TMt167 , 69) 87.0 48.0 42
P ER! , 68) TM{166 , 69) 22.0 99.0 42

P ERI r 68) TMI166 , 69) 2 8.0 98.0 42

P ERt , 68) TMt166 69) 34.0 54.0 42
P ERI , 68) TMt166 r 69) 40.0 36.0 42
P ERI 68) TMI166 , 69) 47.0 47.0 42
P ERt , 68 ) TMt166 , 69) 5 7.0 21.0 42

P ERt 68) TMt166 , 69) 6 7.0 22.0 42

P ERI 68) TM(166 , 69) 77.0 13.0 42
P ERt , 68) TMt166,r 69) 87.0 13.0 4?
P ERt 68) TMI165 , 69) 22.0 1.2 42

P ERI 68) TMI165 , 69) 28.0 8.4 4 2
P ERt 68 ) TMt165, 69) 34.0 3.0 42
P ERt 68) TMt165 69) 40.0 9.7 42

P ERt 68) TMt165 69) 47.0 6.0 42
P ERt 68) TMt165, 69) 57.0 3.3 42

P ERt 68) TMt163, 69) 34.0 1.6 42
P CRt 68) TMI163 69) 40.0 23.0 42

P ERt 68) TMI163 69) 47.0 29.0 42
P ERt 68) TMI163, 69) 57.0 41.0 42
P ERt 68) TMI163 69) 67.0 34.0 42

P ERt 68) TMI16 3, 69) 77.0 17.0 42
P ERt 68) TM{163, 69) 87.0 0.4 4?
P ERI 68) ERt165, 68) 22.0 1.5 42
P ERt 68 ) ERt165, 68) 34.0 50.0 42
P ERI 68) ERt165, 68) 40.0 41.0 42

P ERI 68) ER(165, 68) 47.0 120.0 42
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INC. TAR!;et RESIDUAL ENERGY SIGMA (MR) RE

PART NUCLEUS NUCLEUS (MEV) EXPERIMENT

P TAI181 , 73) HF (1 73 , 72) 84.0 24.0 43

P TAI181 , 73) HFI173 , 72) 340.0 150.0 29

P TAI181 r 73) HF(172 , 72) 74.0 22.0 43

P TAU81 r 73) HF(171 » 72) 74.0 3.5 43

P TA(181 . 73) HFI171 , 72) 84.0 21.0 43

P TA(181 , 73) HF(171 , 72) 340.0 77.0 29

P TAI181 r 73) LU(177,t 71) 42.0 0.05 43

P TA(181 r 73) LUU76 r 71) 42.0 0.008 43

P TA(181 r 73) LU(176 » 71) 54.0 0.08 43

P TAU8 1 , 73) LU(176 r 71) 64.0 0.2 43

P TAI181 73) LU(172 r 71) 64.0 0.07 43

P TAI181 , 73) LUI172 r 71) 74.0 1.2 43

P TAI181 73) LUt172 r 71) 84.0 3.7 43

P TAt 181, 73) LUt171 r 71) 74.0 0.3 43

P TAI181 73) LUt171 r 71) 84.0 2.6 43

P TAI181 r 73) LU(170 r 71) 340.0 26.2 29

P TAt181 73) LUt 71) 340.0 73.2 29

P TAt181 73) YBt169 70) 340.0 37.5 29

P TAI181 73) YB(166 70) 340.0 87.0 29

P TAt181, 73) TMI167 69) 340.0 53.3 29

P TAt181 73) TMt165, 69) 340.0 55.9 29

P TAt 181, 73) ERI160 68) 340.0 35.9 29

P TAU81 73) CE(135 58) 340.0 0.25 29

P TAI181 73) C£(134, 58) 340.0 0.022 29

P TAI181, 73) BA(131 56) 340.0 0.015 29

P TAI181, 73) BAt129, 56) 340.0 0.0029 29

P TAI181, 73) BA(128, 56) 340.0 0.0047 29

P TAI18 1, 73) CSt129, 55) 340.0 0.0025 29

P TAI181 73) CSt127, 55) 340.0 0.0054 29

P TAt181 73) TEI121, 52) 340.0 0.032 29

P TAU81, 73) TEIU9 52) 340.0 0.013 2^

P TAt181 73) TEt117, 52) 340.0 0.0052 29

P TAt181 73) INt114, 49) 340.0 0.024 2 9

P TAt181, 73) INtlll, 49) 340.0 0.015 29

P TAt181 73) IN(110, 49) 340.0 0.022 2^

P TAt181 73) IN(109, 49) 340.0 0.0071 29

P TAt181 73) CDI115, 48) 340.0 0.0031 29

P TAt181, 73) CD(115, 48) 340.0 0.0018 2Q

P TAt181 73) CDI107, 48) 340.0 0.014 ?Q

P TAI181 73) AG(113, 47) 340.0 0.0033 29

P TAI 131 73) AG(112, 47) 340.0 0.0074 2 9

P TAI181, 73) AG! Ul, 47) 340.0 0.020 2^

P TAt181 73) AGt110, 47) 340.0 0.033 29

P TAI181, 73) AGt105, 47) 340.0 0.031 29

P TAt181 73) PD(109, 46) 340.0 0.0059 2^

P TAI181, 73) RH(107, 45) 340.0 0.010 29

P TAI181, 73) RH(105, 45) 340.0 0.025 2°

P TAI 18 1, 73) RHtlOl, 45) 340.0 0.0026 29

P TAt181 73) RUI105, 44) 340.0 0.003 7 29

P TAt181, 73) RUt103, 44) 340.0 0.032 29

P TAI181, 73) RU( 97, 44) 340.0 0.0017 29

P TAI 18 1, 73) M0( 99, 42) 340.0 0.053 2 9

P TAI181 73) ZR( 97, 40) 340.0 0.0048 29

P TAt 181, 73) ZRI 95, 40) 340.0 0.031 29

P TAI181 73) SR( 91 38) 340.0 0.018 70
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k3

INC. TARGET RESIDUAL ENERGY

PART NUCLEUS NUCLEUS (MEV)

P AUt 197, 79) AUt196, 79) 31.0

P AUt197, 79) AUI196, 79) 31.0

P AUI19 7, 79) AUI196, 79) 32.4

P AUI197, 79) AUI196, 79) 32.5

P AUI197, 79) AUI196, 79) 33.2

P AUI197, 79) AUt196, 79) 34.0

P AUI197, 79) AUU96, 79) 34.0

P AUt197, 79) AUI196, 79) 34.0

P AUI197, 79) AUI196, 79) 37.0

P AUI197, 79) AUI196, 79) 37.0

P AUI197, 79) AUI196, 79) 37.0

P AUU97, 79) AUI196, 79) 37.3

P AUI197, 79) AUI196, 79) 37.9

P AUI197, 79) AUI196, 79) 37.9

P AUI197, 79) AUI196, 79) 40.0

P AUI19 7, 79) AUI196, 79) 40.0

P AUI197, 79) AUI196, 79) 40.0

P AUI197, 79) AUU96, 79) 42.2

P AUt197, 79) AUt196, 79) 42.8

P AUI197, 79) AUt196, 79) 42.8

P AUU97, 79) AUU96, 79) 44.0

P AUt197, 79) AUt196, 79) 46.0

P AUI197, 79) AUt196, 79) 46.0

P AUt197, 79) AUt196, 79) 46.0

P AUt197, 79) AUt196, 79) 47.2

P AUt197, 79) AUI196, 79) 47.4

p AUI 19 7, 79) AUI196 79) 51.9

P AUt197, 79) AUI196 79) 52.0

P AUI197, 79) AUt196, 79) 52.0

P AUI197, 79) AUt196 79) 52.0

P AUt197, 79) AUt196, 79) 52.5

P AUU97 r 79) AU(196 79) 54.5

P AUt197 r 79) AU!196 r 79) 56.8

P AUU97 r 79) AUt196 79) 57.4

P AUI197 r 79) AUt196 79) 60.0

P AU(197 , 79) AUt196 , 79) 60.0

P AUI197 , 79) AUt196 r 79) 60.0

P AU(197 , 79) AUI196 , 79) 61.7

P AU(197 , 79) AUI196 , 79) 62.5

? AUU97 , 79) AUt196 , 79) 67. 1

P AUI197 , 79) AUI196 , 79) 67.1

P AUt19 7 r 79) AUt196 i 79) 72.0

P AUI19 7 r 79) AUI196 , 79) 72.0

P AUI197 , 79) AU(196 , 79) 76.9

P AUI197 , 79) AUI196 , 79) 81.8

P AUU97 , 79) AUI196 , 79) 82.0

P AU(197 , 79) AUI196 , 79) 86.0

P AU(197 , 79) AUI196 , 79) 8 8.0

P AU(197 , 79) AUt 196 , 79) 99.0

P AU(197 , 79) AUU96 , 79) 127.0

P AUI19 7 , 79) AUJ196 , 79) 139.0

P AUI197 , 79) AUt196 , 79) 139.0

P AUI197 , 79) AUt196 , 79) 154.0

P AUU97 , 79) AUI196 , 79) 210.0

P AU(197 , 79) AU(196 , 79) 426.0

SIGMA (MB)

EXPERIMENT

124.0

133.0

169.0

146.0 + 30.0

178.0

21.0

149.0

170.0

37.0

154.0

191.0

163.0

182.0

185.0

44.0

147.0

191.0

170.0

174.0

177.0

175.0 + 30.0

40.0

140.0

180.0

175.0

194.0

164.0

25.0

145.0

170.0

186.0

177.0 + 30.0

174.0

179.0

23.0

136.0

159.0

165.0

163.0

153.0

165.0

153.0

173.0 + 30.0

157.0

146.0

121.6 + 9.8

155.0

189.0 + 30.0

127.0 + 25.0

30.0 + 15.0

68.0 + 12.0

91.2 + 7.4

76.0 + 15.0

73.6 + 6.0

70.5 + 5.7

REF
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