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The differential cross section for the Si 30 ( d, p) Si 31 reaction is calculated taking into 
account Coulomb and nuclear interactions. Including these interactions has little effect 
on the ratio of the cross sections at the maxima of the angular distributions for different 
states of the final nucleus ( l = 0 and l = 2 ) . 

IT is known that the absolute value of the cross 
section for a stripping reaction of the type ( d, p) 
and ( d, n) is much more sensitive to the Cou
lomb and nuclear interactions of the particles 
participating in the reaction than are their angu
lar distributions. To study the influence of these 
interactions we have computed the differential 
cross section for stripping with distorted deuteron 
and proton waves, for the reaction Si 30 ( d, p) Si 31 

which was investigated in [1]. The interactions 
in the initial and final states were accounted for 
using the formula found in the paper of Tobocman 
and Kalos .C2J The values of the radial Coulomb 
functions were taken from tables computed on the 
"Strela" digital computer of Moscow State Uni
versity. [3] 

The computation was carried out for the 
Si 30 ( d, p) Si 31 reaction with formation of the 
final nucleus in the ground state (ln = 2, Q = 4.36 
Mev) and the first excited state <Zn = 0, Q = 3.61 
Mev) for deuterons with an energy of 4.25 Mev. 
The radial integrals entering into the computa
tional formulas were found by numerical integra
tion. The maximum values of the orbital angular 
momenta of the deuteron and proton were taken 
to be 6 and 8, respectively. The integration was 
carried out to the value kr = 8 (where k is the 
wave number of the captured neutron). The errors 
due to the neglect of higher orbital angular mo
menta and large values of kr did not exceed a 
few percent. 

The computed angular distributions are shown 
in the figure for three cases: 1) Coulomb and nu
clear interaction not included; the angular distri
bution coincides with Butler's results (R = 
6.5 x 10-13 em); 2) only the Coulomb interaction 
is included; 3) includes the Coulomb interaction 
plus the nuclear scattering of the protons by a 

hard sphere of radius 5.5 x 10-13 em and scatter
ing of the deuterons by a hard sphere of radius 
6.5 x 10-13 em. 

As expected, for the case of l = 2, including 
the Coulomb interaction shifts the principal max
imum, which was at 45° for the Born approxima
tion, toward larger angles. This shift is about 
15°. Putting in the nuclear interaction gives a 
shift of the maximum in the opposite direction by 
20°. Just as in the work of Tobocman and 
Kalos,[ 2J the characteristic features of the com
puted distributions are: a) only a slight difference 
from the Butler theory at small angles and b) non
zero cross section at the minima. 

Inclusion of Coulomb and nuclear corrections 
results in a considerable reduction in the absolute 
cross section for the reaction. Although the com
putations of the absolute cross section are quali
tative, they nevertheless give much more reliable 
values for the cross sections than do the plane
wave computations of the Butler theory. For easy 
visualization, the differential cross sections for 
all three variants of the interaction are shown on 
the figure with the same value at the principal 
maximum; their actual relative amplitudes are 
given by the normalization factor N, using the 
relation 

o(it) = No0 (it), (1) 

where u0/ ( 9 ) is the differential cross section com
puted from the Butler theory. The computed 
values of N are presented in the table, in which 
we also give the results of Tobocman and Kalos [2] 

for the F19( d, p) F 20 reaction with formation of 
the final nucleus in the ground (l = 2, Q = 4.37 
Mev) and excited (l = 0, Q = 0.88 Mev) states. 

The main conclusion from the results given 
in the table is that when one includes Coulomb 
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1=0 1=2 

Reaction Ed, Mev Ed/B I Nc+n,s,l Nc+n.a. Nc I Nc+n.s.l (lab) (ems) Nc Nc+n.a. 

fl9(d, p)F20 14.3 5.3 0.74 0.16 0.38 0.47 0.21 0.23 
fl9(d, p)f20 3,6 1.3 0.16 0.13 0.08 0.20 0.07 0.15 
Si30(d, p)Si31 4.25 1.1 0.27 0.008 - 0.03 0.004 -
Nc is the correction for Coulomb interaction, Nc+n. the correction for Coulomb and 

nuclear interaction; n. s. denotes hard-sphere scattering of protons for the fluorine reac
tion and hard-sphere scattering of protons and deuterons for the silicon interaction; n. a. 
means absorption of protons with l ~ 11, where 11 = 11-• r[2111p (Ed + Q- Ze2(r)] 'h; Ed is 
the deuteron energy and B is the height of the Coulomb. barrier. 
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Angular distribution of protons, computed for three inter
action variants, for the reaction Si'0 (d, p) Si" with formation 
of the Si31 nucleus a) in the ground state, l = 2; b) in the first 
excited state (0.76 Mev), l = 0. The experimental points are 
from data of[•], the solid line is the Butler theory; the dashed 
line includes Coulomb interaction; the dot-dashed curve in
cludes both Coulomb and nuclear interactions. 

and nuclear interactions the ratio of the correc
tions N l = o I N l = 2 for formation of the final nu
cleus in different states is relatively close to 
unity and varies from 0.5 to 2, depending on the 
value of the parameter Ed/B and the character 
of the nuclear interaction which is included. 

The fact that the ratio of the corrections for 
different values of the orbital angular momentum 
transfer l is close to unity is important, since 
it allows us in analyzing the structure of different 
states of the final nucleus to use the reduced 
widths computed from the Butler theory. 

Because of the incompleteness of the theory, 
the absolute values of the corrections N and, 
consequently, the absolute values of the re-

duced widths are correct only to order of mag
nitude. One can give a convenient criterion for 
the applicability of such corrections to the strip
ping cross section. Since the value of the di
mensionless reduced width 8 2 in stripping reac
tions must not exceed unity, the value of 82 

computed including the corrections must satisfy 
the relation 

62 = 6~/N <I, 

where 8~ is the dimensionless reduced width 
computed from the simple Butler theory. Then 
we must satisfy the condition 

N >6~. 

(2) 

(3) 

This simple criterion shows that the correction 
N for Coulomb and nuclear interaction which ap
pears in the relation (1) must not be less than 
the dimensionless reduced width 8if computed 
from the Butler theory omitting the perturbing 
interactions. 
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