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1. INTRODUCTION 

The backward emission of protons with energies 
higher than about 30 MeV in interactions of high­
energy particles with nuclei is widely discussed at 
present (see, e.g., ref. /11). However, the experimen­
tal data about such particle emission are still very 
scarce, especially at intermediate energies. There­
fore, the inclusive proton spectra have been mea­
sured with a carbon target at several angles 0 
to the 640 MeV proton beam. Moreover, the proton 
spectra have been measured at an angle of 140° 
using different target nuclei. A part of these data 
and comparison with other known proton spectra 
have been published earlier in ref. / 2/. ff;, f. l 

2tM 
The measure,nents have been carried out by 

using a (~'I. T) scintillation spectrometer with an 
energy resolution of about 10o/o and an angular 
resolution of + 9°· ;;;::::::;--
2. EXPERIMENT.NJ RESULTS 

Table Al (see Appendixk contains the inclusive 
differential cross sections d a/dOdT for protons 
with energies from about 50 MeV up to 145 MeV at 
seven angles from 105° to 160° using a carbon 
target. These data, represented in a relativistic in-

variant form 

function 

E d 2C:,. 
--. have been fitted by the 
dDdp a p2 

t 
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f = A 0 -exp(--:A 1p 2), (1) 

where p, E are the momentum and the total energy 
of the emitted protons and at is the total cross 
section of proton-nucleus interactions. The angular 
dependences of the parameters A0 (0) , A 1 (0) as 
well as the differential cross section I (0) are shown 
in figs. _1__ and 2. The results of a cos 0 polyno-
mial fit of the A O , A 1 and I values are given 
in table 1. . 

The proton spectra measured at 140 ° with 
Be, Al, . Cu and Pb targets, are listed in table A21 

a·nd fig.· 3 shows the dependences of A0 , A 
1 

and 
I values on the target mass number. In the fits , 
the following values of at (in barns) were used / 31: 

Be - (0.273±0.003), 

Cu - (l.29 ±0.03), 

C - (0.331 ±0.010) , 

Pb - (2.97±0.06). 

Al - (0.640 ±0.006) , 

The parameters :A0 , .A 
1 

of function ( 1) were 
obtained with a somewhat larger energy interval 
compared to that used in ref. 12/. Moreover, in the 
cross section fits the correlations between the sys­
tematical errors of the experimental points have been 
taken into account. The • A O , A 1 . values found in 
this work agree within the obtained accuracy with 
those published in ref. 12/ 

3. DISCUSSION 

The angular dependence of the function ( 1) 
at certain energies. T can be compared with cal­
culations using the model proposed by Weber and 
Miller /4/.This model considers· the emission of ener­
getic protons in the process shown by the Feynman 
graph (a) of _Qg. 4. 
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Table 1 

Angular dependence of the parameters AO , :A 
1 

of 
function (1) and the differential cross section 1(0) 
fitted by a polynomial expansion a+bcos0+ ccos20, 

No a b C ~ 
1 2. 54±.0.12 0 0 2.6 

Ao ( 8 ) 
2 3.65±.0.26 1.60±_0.36 0 o.a 

3 ~2.24±.0-46 -(6.41±.0-70} 0 0.9 

4 
A1 ( 8 ) 

10. B ±.1.0 -(11.7±.3.6 ) -(4.5±.3-0) 0.1 

5 I( 0) 5.69±.0-37 B.4±.1.1 4.0J±.0.82 1.75 
-

According to this exchange process the differen­
tial cross section is equal to 

• 2 2 2 
da mt>rn A (pQ) -m Q 

E-3-= . 
3 

[ 
2 

~ 
2 

],n(p')a/p,A-1,T) 
dp (2JA +1)(211) # (pP) -m Pm A (

2
) 

with the following quantities: m P , m A .are the nucleon 
and target masses; J A is the spin of the target 
nucleus; p , p' , Q , P are the four-momentum of 
the incident proton, the backward emitted proton, the 
CA-1) intermediate state and the (p+:A) total system, 
respectively; n (p '} is the nuclear one-particle mo­
mentum distribution and at is the total cross sec­
tion for protons with the energy T interacting with 
a nucleus of mass (A-1). 

Weber and Miller have shown that a reasonable 
n(p ') distribution can be found describing the energy 
spectra of inclusive protons at an angle of 180°. 
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Fig. 3. The differential cross section 1(140 °) 
divided by the target mass number, and the para­
meters 1A0, iA 1 of function (1) with respect to the 
target mass number A. The curves are drawn to 
guide the eye. 

In· the present work· only the relative angular de­
p3'1dence is considered and the calculations due 
to eq. (2) have been arbitrarily normalized· to the 
experimental cross sedfon at the maximal angle, 
where the measurements had been performed. The 
calculated angular d!stributions differ greatly from the 
experimental data as shown by the curve (a) in 
fig. 4. . 
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Fig. 4. Angular dependence of function ( 1) for 
three energles of backward scattered protons. The 
curves are calcWated according to an exchange 
mechanism of ref/ 4/ and normalized to the experi­
mental values at 160°. In the calculations accord­
ing to eq. (2) the masses of A nucleons, 3N and 2N 
clusters are taken into account. 

However, if the proton production in backward 
direction is assumed to result from the interaction 
with clusters and not with .the (A-1) nucleus and 
if the Weber-Miller model is able to describe these 
ihteraction processes, the angular dependence can 
be calculated by formula (2) replacing m A by the 
cluster ma.ss (see diagrams b,c of fig. 4). In this 
way fairly good agreement is obtained between the 
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calculations for the process 

p + [2N] ➔ p + X (3) 

and the data in kinematical regions ( 0 ::: 160 ° to 
120°, T ::: 100 Mev), where an essential contribu­
tion of process (3) to the observed spectra is ex­
pected (see the curve (c) fig, 4), A more conse­
quent utilization of the moclel proposed in ref, 14/ 
seems to require the summation of contributions 
from clusters with different nucleon numbers k , 
the consideration of the nucleon momentum distribu­
tions nk (p') inside the clusters and of the cluster 
motion in nuclei, 

It should be noted that by this approach the 
nuclear wave function at momentum values far above 
the Fermi momentum is determined by the high-mo-

. mentum components of the wave functions of intra­
nuclear few-nucleon systems (clusters), 

Recently K.K,Gudima et al,/5/ have interpre- -
ted our data in the frame of the cascade moclel with 
preequilibrium particle emission, They are able to 
explain both the spectra of energetic protons 
( T > 60 JVJeV) and the angular dependence above 
120° - to a large extent by the pion production in 
one of the few NN scatterings together with following 
pion absorption by a quasideuteron pair in the same 
nucleus, 
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APPENDIX. 
Table Al 

Differential cross sections of inclusive proton 
emission with the energy T from 50 MeV up to 
145 MeV at 7 angles 0 from 105° to 160 °,~ 
target being 12 C. In the second column the \RMS 
deviations /lT of the energy values T are gi~.­
The fourth column contains the statistical error of 
the cross section and the last one the systemati­
cal error arising from the energy calibration and 
the determination of the spectrometer efficiency. 
The absolute error of the cross section amounts 
to about 15o/o and is not included in the error 
values listed in the table, 

0:160° 

T d 10 
~T dildT ~~ ~w 

MeV 
f'l _, lf./J•_, 1:/--, 

Mev Nev.sr' Nds,7 /.leVs,' 
5!,38 0,39 50,IO 2,78 I,28 
53,58 0,35 37,00 2,2I I,36 
55,26 0,32 39,17 2,II I,22 
57,40 0,28 3I,44 I,67 I,20 
59,43 0,27 29,05 I,67 I,09 
62,II 0,27 25,77 I,47 r,ro 
64,27 0,25 29,93 I,54 0,96 
67,04 0,25 25.36 I,38 I,C4 
69,6! 0,24 20,C'l I•g 0,85 
72,82 0,23 20,!9 0,80 
75,5! 0,2! I?,39 r:I9 0,78 
78,69 # 0,22 !8,27 I,II 0,70 
81,70 0.2I !4,05 I,IO 0,65 
84,65 0,22 !6,89 r,r5 0,65 
88 30 0,22 !2,74 0,96 o,5r 
91:08 0,22 14,32 0 95 0,47 
94,40 0,22 II,78 o'84 0,42 
97 44 0,20 I0,42 0'77 0,40 

1or:42 0,20 9,83 0'74 0 29 
104,40 0,20 8,08 o:66 o:3r 
1CY7,7I 0,18 7,65 0,69 0,2I 
109,44 0,20 7,42 0,76 O,I9 
108,66 0,35 8,IO 3,24 0,2! 
109 7I 0,24 4 93 2,42 0,20 
no:12 0,24 rr:c2 2,53 0,20 
II2,7I 0,34 5,C4 2,49 o,ra 
Il3,77 0,28 8,58 2,4! o,ra 
Il5,69 0,27 5,C8 2,II O,I6 
II? 23 0,20 8,5! 2,0I O,I6 
ns:2r O,I9 4,42 r,so 0,I4 
121,33 0,27 7,80 l,9I 0,15 
123,02 0,22 6,16 l,36 O,I3 
125,0I 0,18 4,35 I,02 0,13 
127,52 O,I9 4,05 0,94 0,!2 
129 62 0,20 3,66 0,77 0,!2 
!32:16 0,!7 2,46 0,72 O,II 
!34 32 0,!8 3,!2 0,7I O,II 
137:I? 0,2! 3,55 0:65 0,II 
139,90 0,20 I 59 0,56 0,08 
!42,52 0,20 2:34 0,59 0,12 
144,43 0,17 l,35 0,50 0,05 
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Table Al 

8=!50° Table Al 

0=140° 
d2tf r· AT 

AT dtfi~i- . Llst Ll s.r d.ll. dT .1st Llsy .T 
ff/>· -, ~~--, /!_/·-, 

MeV 14BV 'l ji!J· '• f!.6• f/· !l1elliF' MeVii' 1'yfeV..sF' _ MeV · MeV · MeV~t' _ Meiit' !WeV..s~' 
52,86 0,40 41,38 3,69 1,28 l 50 20 0,16 53,88 2,7I I,64 54,46 0,35 39,67 3,I9 I,21 
56,03 0,31 35,54 2,77 I,21 52:45 0,16 48,92 2,58 I,53 
58,32 0,31 30,42 2,55 I,I7 54,93 0,16 37,lI 2,I6 1,43 
60,89 0,29 32,36 2,38 I,06 57,18 0;16 38,25 2,I2 I,37 
62,83 0,30 26,80 2,33 I,06 60,I9 0,I8 35,17 I,87 I,26 
65,42 0,29 33,08 2,45 0,99 63,06 0,I6 36,67 2,03 I,22 
67,84 0,25 26,64 2,03 0,95 65,49 0,I6 35,75 I,98 l,I2 
70,5I 0,27 23,21 I,89 0,92 68 45 0,16 29,49 .l,65 I,05 
72,94 0,24 2l,I2 l,9I 0,84 7r:s5 0,18 25~8I l,44 0,96 
76,02 0,23 21,68 I,87 0,82 74,76 0,15 22,42 I,40 0,9I 
78,83 0,22 19,83 l,86 0,76 78,03 0,15 20,I7 I,23 0,82 · 
82,76 0,23 I7,87 l,95 0,72 8I,20 0,18 20,99 I,26 0,75 
85,23 0,2I 16,94 1,83 0,69 84 35 0,I6 I3,89 I,08 0,69 
88,77 0,22 I2,59 I,74 0,58 87'65 0,I6 15,41 I,I4 0,62 
9I,59 0,23 I3,54 1,52 0,64 9I:06 0,17 16,73 1,15 0,54 
94,73 0,22 14,82 1,46 0,53 94,12 0,I8 · 15,29 1,08 0,49 
98 46 0,21 11,43 l 19 0,43 98,18 0,17 12,57 0,97 0,48 

ror:96 0,21 9,75 1'04 0,49 I0l,72 0,16 lI,39 0,89 0,34 
105,ll 0,21 9,75 1'02 0,34 I04,I9 0,15 9,75 0,91 0,30 
107,75 0,20 8,46 0:99 0,25 I06,06 • 0,!4 8,59 0,99 0,3! 
!09,26 0,36 14,60 3,89 0,21 I08,49 0,22 II,07 I,6I 0,36 
I09,8I 0,26 I0,!4 3,32 0,25 IO? 66 0,!6 I0,0I 2,08 0,22 
III,37 0,27 !4,46 3,43 0,!9 ro9:r7 0,I4 8,49 I,64 0,20 
lI2,I5 0,25 9,2I 3,45 0,IB IIl,I5 0,24 9,57 I,38 0,20 
II4,08 0,25 6,04 2,84 0,I6 II2,75 0,2I 8,I9 I,20 0,I9 
II5,97 0,24 . I ,50 3,00 0,I4 II4,I2 0,I5 5,39 0,93 0,IB 
117,69 0,22 !2,98 3,45 0,14 116.l9 0,16 6,46 0,.91 0,17 
119,50 0,25 1,86 3,13 0 I3 lI8,5I 0,22 8,30 0,88 0,!8 
12!,52 0,23 8,95 2 87 0'13 120,28 0,18 7,93 0,78 0,I? 
123,53 0,2I 4,60 1'94 0'12 l22,7I 0,23 5,I3 0,58 0,I8 
125,47 0,19 4,37 r:rs 0'12 124-,98 0,20 5,77 0,60 0,18 
127,97 0,23 4,98 0,97 0'13 ' I27;24 0,I8 6,32 0,65 0,I7 ._ 
I30,66 ,0,25 2,07 0,85 0'13 

,! 

I29,5l 0,I4 4,72 0,55 0,I6 
132,25 - · 0;19 3,30 0,73 0'12 131,88 0,I6 3,40 0,47 0,I? 
135,60 0,23 3,I0 0,72 o'rr I34;53 0,I6 3~39 0,43: 0,!5 · 
137,44 0,20 2,I7 0,58 0'12 137,32 0,18 3,16 0,43_ 0,14· 
139,88 0,20 2,60 0,64 0'12 139,92. 0,15· 2,52 0,39 0,09 
142,89 0,I9 2 31 0,57 o'ro i 142,10 0,!5 2,76 · 0,4I 0,08 
144,77_ 0,20 3:01 0,64 0'11 I ~4~,3I 0,I4 ~,77 __ 0,52: _Q,07 , 

·-· ,. ·- . . - -
12, 13· 
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r 
MeV 

5I,29 
53,30 
55,67 
58,2I 
6I,I2 
64,I4 
66,43 
69,40 
72,28 
75,36 
78,74 
8I,96 
85,I5 
88,28 
9I,63 
94 64 
98:84 

102,34 
I04,88 
I06,03 
I06,92 
IOB,33 
IIO,lI 
III,66 
II3,37 · 
II4,67 
II6,83 
II9,00 
!20,87 
I23,23 
!25,45 

· I27 ,94 
I29,92 
I32,5S 
!35,09 
!37,60 
I40,56 
I42 78 
I43:9I 

LJT 

MeV 

O,I7 
O,I7 
O,I8 
O,I7 
O,I6 
0,22 
O,I8 
O,I6 
O,I6 
0,15 
O,I7 
0 0 I? 
O,I8 
0,17 
O,I7 
O,I7 
0,18 
0,17 
0,15 
0,23 
0,22 
0,2I 
0,26 
0,23 
0 22 
0'13 . 
0'16 
0'25 
o'rs 
0'22 
0:22 
O,I6 
O,I4 
OsI9 
O,I5 
O,I8 
O,I5 
O,I4 
O,I5 

Table Al 

0=13D 0 

d 20 
d.12 ct T Li st L1 Sfl 

lllf>• -I f!/J., -I U~• -I 
r MBV-Jr1 Mef/.s11 I Mel/.sF1 

53,77 T,99 2,02 
52,IO I,86 I,92 
46,09 I,7I I,80 
42,97 I,58 I,75 
42,36 I,54 I,57 
44,29 I,65 I,5I 
37,56 I,44 I,37 
33,75 I,31 I,29 
29,46 I,I8 I,2I 
26,44 1,15 I,08 
24,47 I,04 I,00 
22,90 I,07 0,92 
23,75 I,OI 0,80 
22,I7 I,04 0,75 
20,7I 0,98 0,65 
I5,I5 0,83 0,69 
I6,33 0,8I 0,55 
I5,77 0,83 0,49 
I4,54 0,8I 0,43 
I2,05 1,08 0,30 
I0,35 0,90 0,35 
9,62 0,84 0,27 

I0,81 0,83 0,26 
9,I3 0,72 0,29 
8,89 0,7I 0,26 

IO,I3 0,69 0,26 
I0,72 0,74 0,25 
9,I7 0,64 0,33 
7,80 0,58 0,30 
6,2I 0,52 0,29 
7,44 Oj57 0,29 
7,38 -0,56 0,28 
5,94 0,47 0,27 
5,85 0,47 0,25 
5,05 0,45 0,22 
4.49 0,40 O,I9 
3,88 0,35 O,I4 
4,30 0,38 0,14 
4,98 0,49 O,I3 

T 

MeV 
50,65 
52,90 
54,4I 
56 68 
59:66 
62,I6 
64,64 
67,05 
70,26 
73,49 
76,27 
79,39 
82,66 
85 58 
a0:99 
92,55 
95,79 
99 37 

103:09 
!05,49 
I05,66 
106~47 
!07,59 
!09,03 
II0,65 
lI2,55 
II3,9I 
II5,33 
II7,59 
II9,53 
I2I 57 
I23'63. 
r2s:20 
I28,I6 
I30,34 
I33,G4 
135,64 
I38,44 

..-t40,85 
I43,I5 

.IJT 

MoV 
0,21 
0,20 
O,I9 
0,19 
0,19 
O,I9 
0,19 
0,19 
O,I8 
O,I8 
0,17 
0,16 
0,17 
0,17 
O,I8 
0,18 
0,18 
0,!7 
0,!'7 

• O,I5 
0 -27 
0'17 
0'22 
o'ra 
0'2r 
0'27 
o:2r 
0,20 
O,IB 
0,22 
0,20 
0,2I 
0,2I 
0,19 
O,I5 
O,I6 
O,I6 
O,I8 
O,I6 
O,I4 

Table Al 

0=122° 
dtf 

cl.JlaT Llst Ll.ry 
J.I /J • -I I.) /J-_, I!, /J:_, 
I Me Vdi' 1 I /VleiJ.sF1 'M0l/. .Sr1 

65,73 
58,62 
60,24 
47,52 
45,69 
5I,72 
44 34 
43:25 
35,0I 
29,I5 
3I,85 
30,06 

·26,30 
25,05 
23,05 
22,IO 
20,84 
I5,66 
I6,88 
I6,I8 
I?,95 
I6,27 
13,56 
I5,53 
I2,7I 
12,70 
Il,88 
12,0I 
II,80 
8,98 
9 43 

ro:58 
9 92 
9'03 
5'97 
7'53 
7:04 
5,76 
5,45 
5,51 

3 44 
3:14 
2,97 
2,38 
2,38 
2,54 
2,3I 
2,I7 
I,84 
l,7I 
I,75 
I,74 
1,54 
I,54 
I 48 
1'44 
1'39 
' I,17 

I,2I 
1,23 
I,35 
I,3I 
1,04 
I 04 
o'a9 
0'84 
o:ar 
0,8I 
0,76 
0,67 
0,63 
0,68 
0,64 
0,66 
0,53 
0,54 
0,52 
0,46 
0,4I 
0,43 

2,09 
2,03 
2,24 
I,83 
I,89 
I,74 
I,66 
I,53 
I,40 
l,3I 
I,22 
I,09 
0,97 
0,98 
0,86 
0,76 
0,66 
0,60 
0,56 
0,52 
0,39 
0,34 
0,39 
0,37 
0,33 
0,33 
0,36 
0,34 
0,37 
0,36 
0,39 
0,34 
0,36 
0,36 
0,35 
0,31 
0,29 
0,24 
0,2I 
0,20 

15 



16 

T 

MeV· 
50,50 
52,57 · 
54,20 
56,05 
58 46 
60:90 
63,75 
66,20 
68,BI 
71,69 
74,65 
77,62 
80,52 
83,85 
86,73 
90,18 
93,65 
96,85 

I00,60 
!03,80 
106,27 
107,98 
108,82 
Il0,lI 
111,50 
113,00 
!14,80 
II6,I6 
118,33 
120,40 
!22,33 
!24,54 
I27,20 
!29,42 
I3I,52 
!33,8! 
!36,92 

·I39,I4 
I4I,62 
143,72 

A7 

MeV 
0,30 
0,26 
0,25 
0,24 
0,23 
0,22 
0,23 
0,21 
0,20 
0,I8 
0,20 
0,I9 
0,I8 
0,I7 
0,I9 
0,I9 
0,!9 
0,I8 
0,I8 
0,!8 
0,20 
0,24 
0,20 
0,!8 
0,24 
0,27 
0,23 
0,2! 
0,22 
0,22 
0,22 
0,19 
0,25 
0,20 
0 !9 
0'18 
0'21 
0'18 
0'19 
o'r7 
' 

Table Al 

-0=115°. 
d~ 

ciJ1.dT L1 st LJ sy 
ll/'J· ll6· LifJ• 

{ J, -/ { A, -J fa~ -/ · MeV.sF' Mel/..sF1 MeV.sr1 . 

82,44 
71,90 
79,65 
63 56 
53:11 
60,I0 
59,33 
48,05 
5I,86 
38,27 
36,87 
31,8! 
33,53 
32,97 
29,43 
30,43 
25,37 
25,05 
!9,9! 
2I,24 
!8,28 
21,42 
20,01 
!6,37 
15,80 
!6,23 
15,67 
16,09 
II,48 
14,82 
II,27 
·II,03 
II,08 
I0,73 
8 76 ro:57 
9,06 
8,3! 
6,73 
7,15 

4,45 
3,76 
3,96 
3,06 
2,63 
2,89 
2,93 
2,40 
2,5! 
2,03 
2,02 
I,80 
1,86 
I,82 
1,76 
1,82 
1,62 
1,55 
1,36 
1,42 
1,54 
1,48 
1,36 
I,07 
l,lI 
1,05 
0,97 
1,01 
0,80 
0,92 
0,75 
0,74 
0,73 
0,71 
0,6! 
0,70 
0,61 
0,58 
0,51 
0,55 

2,49 
2,43 
2,40 
2,29 
2,20 
2,06 
I,99 
1,88 
1,78 
1,59 
1,56 
1,43 
1,38 
I,18 
I,!7 
1,07 
0,94 
0,84 
0,88 
0,65 
0,47 
0,48 
0,49 
0,45 
0,45 
0,49 
0,46 
0,46 
0,48 
0,48 
0,49 
0,47 
0,46 
0,43 
0,42 
0,4! 
0,33 
0,29 
0,24 
0,25 

T L1T 

/.1..e V 
58,90 
61,04 
62,74 
65,79 
68 17 · · 
70:34 · 
72,77 
76,48 
78,83 
8!,04 
84,74 
88,07 
90,79 
94,29 
96 BI 

MeV 
0,40 
0 43 

-0'42 
0:39 
0,37 
0,35 

100:22 
!03,92 
106,92 
109,23 
!09,30 
109,88 
111,07 
112,25 · 
II2,5O. 
!14,80 
115,66 
117,40 
119, 7I. 
l2I,69 
!23 65 
125:21 
127,32 
129,94 
!3!,92 
134,02 
136,29 
139,10 
141,44 
144,72 

0,30 
0,34 
0,30 
0,27 
0 29 
0'30 
o:2s 
0,30 
0,27 
0,27 
0,27 
0,24 

• 0 2" 
0';50 
0'47 
0'44 
0:43 
0,34 
0 4! 
0'31 
0'33 
0:32 
0,30 
0,3! 
0,3! 
0,30 
0,27 
0,27 
0,27 
0,26 
0,25 
0,25 
0,24 

Table Al 

0=105° 
d20: 

ctlldT - Llst Llsy 

f l;• 11J- ""!J. 
-I~ I.-~ -I I I. . -I 

.fr/eV..sr '.Mel/.sF '.MeV:s71 

78 25 4 25 
34'52 4'10 
83:62 3:87 
72,24 3,56 
70,04 3,45 

.63,78· 3,17 
. 55,97 2, 77 
52,9! 2,77 
50;64 . 2,60 · 
47,68 2,49. 
45, 70 2·,45 
44,36 2,36 
40,04 2,24 · 
41,22 2,31 
35,76 2,15 
33,06 .2,04· 
31,56 1,94 
26,48 1,74 
25,40 l,BI 
29,28 2,49 
28,22 2,29 

· 25,96 2,06 
25,24 I,90 
22,84 I,64 
24,27 1,65 
23,!8 I,55 
25,16 I,62 
23,27 1,53 
20,40 I,35 
20,66 · I,32 
16,96 1,14 
17,31 I,I7 
15,35 1,08 . 
17 , 70 . 1 , 15 ., · 
12 , 95 · 0, 98 . 
14,95 1,02 
II ,38 0,86 
!2,63 0,85 
I0,75 0,80 

2,68 
2,99 
2,60 
2,52 
2,40 
2,31 
2,23 
2,11 
I,92 
I,88 
1,66 
I,59 
1,40 
1,27 
I,30 
1,24 
l,00 
0,87 
0,92 
I,09 
0,6! 
0,63 
0,70 
0,71 
0,57 
0,69 
0,63 
0,65 
0,69 
0,65 
0,67 
0,66 
0,67 
0,60 
0,60 
0,59 
0 44 
0:41 
0,26 

RM1 = C-- 17 



Table A2 

Differential cross sections for inclusive proton 
emission measured at an angle of 140° using 
:Al, , Cu and Pb targets. For the notations see 
table Al. 

16 

T 

MeV 
52,32 
54,36 
56,E:8 
59,25 
61,68 
64 50 
6?:48 
?0,49 
73,43 
76,42 
78,98 
82,66 
86,IZ 
89,30 
92,65 
95,90 
99 52 

103:26 
105,58 
107,56 
109,38 
II0,84 
II2,3l 
II4,l3 
II5,?0 
II?,61 
Il9,62 
121,68 
124,04 
126,28 
128,33 
130,36 
133,17 
135,94 
138,58 
141,27 
143,23 
144,84 

Pt 
d16 

/J.T a.JlliT 
t,8• -I MeV M2V.5r' 

0,16 882,63 
0,14 871,17 
0,15 ?OI,12 
0 l? 700 96 
0°15 659°37 
o:15 549:02 
0,14 47I,I8 
0,16 479,I2 
0,16 448,18 
0,15 4C4,84 
0,16 374,IO 
0,17· 353,27 
0,I6 3C4,82 
0,17 278,97 
0,16 267,27 
0,I6 23C,36 
0 17 206 51 
o:rn 223:39 
0,14 156,45 
0,15 157,69 
0,17 171,25 
0,20 162,21 
0,15 154,65 
0,22 13,1, 'J6 
0,15 I3£,C7 
0,20 135,29 
0,18 IOG,85 
0,20 139,63 
0,20 no,m 
0 I8 99 96 
0:15 ros:as 
0,15 84,91 
O,I8 89,12 
0,15 72,22 
O,I8 60,30 
0,15 63,26 
0,14 64,12 
0,14 47,62 

.:1st Lisy 
11&· _,_, J(,{$.._,_ 
MeVsr .'MeV.sr' 
45,63 
42,95 
37,39 
38,31 
35,II 
30,89 
28,47 
28,82 
26,88 
24,91 
24,32 
22,92 
21,76 
20,31 
20,26 
18,24 
16,67 
17,17 
15,19 
:!:8,81 
23,96 
20,60 
17,68 
14,20 
14,77 
12,62 
I0,56 
I2,02 
10,46 
9,52 
9,47 
8,23 
8,33 
7,06 
6,79 
6,51 
6,70 
7,12 

28,39 
26,61 
26,24 
23,81 
22,30 
21,49 
19,21 
17,82 
16,57 
15,38 
14,32 
12,84 
II,57 
I0,81 
8 90 
7'74 
7'47 
6'60-
5004 
5'27 
3'87 
3:68 
3,60 
3,45 
3,37 
3 82 
3:51 
3,67 
3,72 
3,66 
3 76 
3:51 
3,42 
2,88 
2,48 
1,93 
1,77 
2,4! 

Be, 

T 

MaV 
53,00 
55,06 
57,30 
59,7I 
62,43 
65,IO 
67,73 
70,78 
73,80 · 
76,65 
?9,45 
83,02 
86,25 
89,53 
92,82 
96,07 
99,83 

I03,47 
I05,?7 • 
I07,73 
II0,87 
II2,72 
II4,23 
II6,I7 
II?,82 
II9,98 
I2I,?I 
I24,05 
125,99 
I28,70 
130,88 
133,62 
l35,64-
I39 00 
141:39 
I43,36 

LIT 

/vleV 

Cu 
d 2tf 

dQaT 
ufl• _, 
I MeV.sr' 

O,I6 3I5,09 
0 15 239,99 
0:16 237,52 
0,16 250,29 
O,I6 207,08 
O,I5 I69,94 
0,14 .172,15 
0,16 170,12 
O,I5 149,86 
0,16 128,78 
0,16 133,48 
O,I6 1I4,8G 
0,1? IC6,C8 
O,I7 92,49 
O,I6 9I,41 
O,I7 9I,4I 
O,I6 74,32 
0,17 60,50 
O,I4 55,50 
0,15 56,76 
0,23 44,29 
0,29 36,28 
0,I? 37,05 
O,I5 53,05 
0 I4 44 ?I 
o'rs 38'09 
o;fs 4r:rr 
0,16 29,91 
O,I4 34,17 
0,20 29,59 
O,I4 25,I6 
,0,17 22,86 
0,I5 25,59 
O,I6 I9,32 
0,16 20,7'Z 
0,13 20,60 

Table A2 

Llst 
u.i--,_, 1MeY.s, 
16,96 
I4,23 
13,60 
I4,09 
II,98 
I0,68 
I0,58 
I0,33 
9,55 
8,79 
8,90 
7,96-
7,75 
7,24 
7,45 
6,97 
6,II 
5,54 
5-,55 
6,75 
7,29 
6,08 
s,:a 
5, 78. 
4,73 
4,45 
4,07 
3,34 
3,38 
3 25 
2'95 
2

1
68 

' 2,84 
2,39 
2,46 
2,5I 

.dsy 
Pd·_,_, 
t MeV.s11 
9,79 
9,91 
8,63 
8 08 
7:68 
7,07 
6,77 
6 I7 
5'77 
5'2r 
4'90 
4:44 
3,94 
3,70 
3,IO 
2,'70 
2,42 
2,3I 
I,56 
I,56 
I,I4 
1,07 
I,II 
I 05 
1'04 
r'o7 
1'08 
r;r3 
I,15 
I,I3 
I,09 
0,99 
0,97 
0,72 
0 64 
0'55 , 

19 
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Table A2 

Ill 
d215 ... .. 

T · AT,_ dn.dT ·_ -"1st \ Ll.si 

/tleV ' :' Ma~ f/4~v.f;:1 -~V.ir' /'J~v.it 
53 ·'g4· · 0 I7 · I2C 37 . 6 9I 4 12 , '-r 'T . , , , . 56,C8 0,i8 II2,~5- 6,55: 3,70 . 
58, 30, . 0, I6 . 92, 78 5, 67 3, 70- · 
60,93 0,17 102,47 6,00 3,35 
63,82 0,I6 82,66 5,3G 3,16. 
66, 76 .· 0, 17 77, 30 4, 9I. 2, 94 • 
69, 69, . 0, 17 76, 64. 4, 92 . 2, 72 
72 , 66 . · 0 , I 6 68 , 98 4 , 37. 2 , 6! 
75,65 · 0,16 7I,36 4,48 2,36, 
78, 33, · 0, I7 53 , 70 3, 75 2, 28 · 
82,29 0,IB 53,86 .. 3,74 I,92 
85 ,28 o,,::;:0. 47 ,85, 3 ,67 r ,84 .. 
88,49 0,17 47,84 3,53 I,71 
9I,83. 0,17 40,95 3,37 I,39. 
95,I0 0,I7 4I,80 3,3I I,40 
98,76 0,18 32,63 __ 2,84 · 1,16 

102,40 O,J7- .. · 34,49. 2,88- I,0C­
I05,04 0,io, 29,21. 2,74 0,88-
106,85 .. 0,I5 _ 27,33 3,11 0,81 
!07,lI _ 0,16 24,02 4,97 C,65 
!08,36. 0,I6 · 27,03. 4,72. 0,59 .. 
1I0,C3. 0,15 26,43 3,80 0,64- '' 
III,72 0,19. 23,60 .. 3,04 0,55 -
II3,37. 0,I8 2I ,37 · 2,84 C,70 . 
II5,30. 0,~3: I5,30 2,32 0,54 .. 
II7,08, 0,-.,_6 21,33. _·2,34_ 0,57-. 
II9,39 · 0,25. - 17 ,92 , 2,08 , 0,58 
120,80 ... 0,I8. I8,7I. 1,95 .. 0,59 
I23,I8 0,I9 · 17,61. · 1,84 •. 0,60 
125,56. 0,IS 14,Ia 1,66 0,56 
127 ,55. 0 ,16. ·. I7, 74. I ,69 0, 60 
!29,94 0,18 · I4,0I ,1,57 0,5I · 
!32,33.· 0,17 .. · .. Il,20 -I,35:. 0,5I 
I35,T7. 0,16 C II,32 .. I,27' 0,43, 
I38i22 0,18.; 9,38, I,20 C,32. 
140,43 0,I6 ... 9,48 .. I,!9., 0,-25 .. 
142,59. 0,I4. : 6,32. :I,03... 0,33, 

T 

MeV 
54,38 
57,I8 
59,20 
62,I0 
65,24 
68,36 
7!,00 
74,37 
77,28 
80,68 
84,I0 
87,!3 
90,61 
94,09 _ 
97,66 

101,26 
103,94 
105,83 
107,68· 
I08,94 
!10,26 
!12,38 
114,01 
116,24 
II8,40 
II9,92 
122,lI 
124,47 
126,72 
I29,I5 
13I,63 
I34,07 
!37,03 
139,80 
141,49 
143,32 
!44,96 

AT 

MeV 
0,I5 
0,16 
0,I5 
0,14 
0,15 
0,16 
0,14 
0,16 
0,I5 
0,19 
0,18 
0,15 
0,16 
0,16 
0,17 
0,17 
0,15 
0,14 
0 23 
o·:15 

. 0,12 
0 ·22 
o:r4 
0,20 
0,23 
0,13 
0,16 
0,17 
0,17 
0,17 
0,16 
0·15 
0'16 
0'15 
' 0,14 

0,15 
0,26 

Table A2 

Be 
d 20 

d..QdT 
nb,. rA -I /vleV.s,.' 

Llst 
u!J,_, -, 

'M~V.sr 
25,13 2,19 
20,89 1,94 
27,20 2,29 
23,69 2,05 
18,38 I,72 
18,99 1,71 
16,50 1,46 
12,71 I,32 
13,70 I,36 
14,33 1,33 
I3,76 1,35 
10,0I I,13 
I0,27 1,16 
8, 77 . 1,03 
7,77 0,96 
7,79 0,93 
5, 78 · 0,89 
5,36 0,99 
5,28 2,00 
5,44 I,72 
4,29 -. 1 ,28 
3 ,68 · 1,10 
3,23 0,97 

·s,41 o,g9 
4,72 0,82 
3,54 0,70 
2,53 0,58 
2,24 0,52 
2,73 0,51 
2~51 0,54 
2,25 0,50 
1,16 0,38 
1,81 0,44 
I,57 0,39 
2,2I ·0,43 
1,03 0,46 
1,42 0,66 

Llsy 
IJ. l -, I MeV-st 

I,03 
0,91 
0,85 
0,78 
0,73 
0 68 
0'62 
0'55 
0'53 
0:49 
0,42 
0,40 
0,36 
0,31 
0,31 
0,23 
0,20 
0,16 
0,13 
0,I2 
0,11 
0,10 
0,10 
0,09 
0,09 
0,09 
0,10 
0,10 
O,IO 
0,09 
0,09 
0,08 
0,06 
0,06 
0,07 
0,09 
0,12 

2'1 
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