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A calculation of diffraction splitting is carried out for deuterons of energies of order
100 mev interacting with nuclei whose dimensions are large compared with those of
the deuteron. It is shown that the total cross section for the process has the behavior
of the stripping cross section. The angular distributions of the outgoing proton and
neutron in correlated pairs and their energy distribution have the same behavior as in
deuteron stripping when either a neutron or a proton is scattered out. Because of the
indeterminacy of the structure of the nuclear surface (and its transparency for fast nu-
cleons) and the lack of knowledge about the behavior of the deuteron wave function
for small neutron-proton separations, the formulae obtained are good only for some of
the processes; namely, the processes in which a small amount of momentum is trans-
ferred to the nucleus. The total cross section is only estimated. The angles and the

energy SFectrum for diffraction splittin
lomb) splitting.
and increases with the atomic number as 4

are different from those of the electric (cou-
The cross section of the diffraction splitting is independent of energy

1. INTRODUCTION
A S was shown by one of us previously?, fast deu-

terons should undergo in collisions with nuclei
a chaacteristic process of diffraction splitting due
to the action of nuclear forces. This process
would not, as arule, be accompanied by a nuclear
reaction and would take place outside the nucleus .
In this work we calculate the cross section for
diffraction splitting of deuterons of energies of
the order 100 mev by sufficiently heavy nuclei.
It will become evident that an exact calculation
cannot be made for all conditions uniquely, be-
cause: a) the quantitative result is determined by
the nature of the deuteron wave function that is
known only for large separations between the par-
ticles; b) the result depends also on the trans-
parency of the nucleus for a nucleon passing at
various distances from its center. This depen-
dence causes complications due to the lack of
knowledge of the outer regions of the nucleus.

For the above reasons the differential cross
section will be strictly obtained only for a group
of the processes, namely, the cases in which the
momentum ¢ transferred to the nucleus is smaller
than the reciprocal of the radius of nuclear forces
1/p (p is the 7-meson mass and we shall set &
=c=1.

This range of processes is the most important
one for the following reasons. From physical
considerationsit is clear that for effective split-
ting the impor tant ¢ are those up to near the re-
ciprocal dimensions of deuteron, i.e., g ~ 2\/Me
~0.6 u (M is the mass of a nucleon and e the bind-

1E. L. Feinberg, J. Ex

er. Theoret. Phys. USSR 29,
115 (1955); Soviet Phys. 3 ).
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ing energy of the deuteron). For ¢ X 0.6 pthe
cross section for the process should vanish rap-
idly (the corresponding matr ix elements will con--
tain rapidly oscillating multipliers; this conclu-
sion follows also from purely optical wave analo-
gies). Considering the boundary of the nucleus
sharp we shall not make any error by limiting our-
selves to that part of the effect due to small g,

g << . For the full effect we shall obtain an or-
der of magnitude estimate by extrapolation to ¢
~ u In accord with this incompleteness of the
resultwe can allow other approximations in the cal-
culations. Howe ver, the result seems to us to de-
serve attention even with such approximations.
It turns out that the estimate results in a substan-
tial value of the cross section — of the order of
magnitude of the stripping cross section. The proc-
ess has its peculiar characteristics which allow
us to separate it from, for example, the process of
electric splitting. Furthermore, even though the
diffraction splitting of deuterons is only a small
part of the total (for smallg), it may be considered
as a model for processes involving the diffraction
splitting in other systems (for example, of other
nuclei or, in particular, in cosmic rays ). There-
fore it has a methodological importance.

The cross section of the process in question, to-

gether with the process of electric splitting can
be computed for sufficiently heavy nuclei from the
Born approximation formula

do =27€]<X£)‘")I U (1.1
+ W | boa + 250 > |28 (Eq — Eb).

Here U is the interaction potential of the proton-
neutron system, which we shall consider depen-
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dent on the separation r=r_ — r. between the pro-
ton and the neutron; U = UG); W is the electrosta-
tic interaction potential of the proton with the nu-
cleus: W = Zez/rp; ¢0a is the wave function of the
incident deuteron which may be considered non-
relativistic for the region of the deuteron momenta
of interest and ) is the normalization volume:

bos= Q" exp {ip, (r,+r,)/2e(r,—r,], (1.9

where @is the wave function of a stationary deu-
teron written similarly for the potential U(r). l/,gif.
is the wave function for the deuteron scattered as
a whole as a result of the diffraction on the nu-
cleus; x5 is the product of wave functions of mu-
tually noninteracting outgoing neutron and proton,
of momenta p, and p . It should be noted thatX7
takes into account the interaction of these par-
ticles with the field of the nuclear forces of the
nucleus. The wave function of the deuteron ¢ is
also needed for the calculations. Outside of the
radius of action of the nuclear forces which is of
the order 1/p,

¢=Ne—'[r, a=1V M. (L.3)
Since we shall consider only transferred momen-
tum not exceeding p, i.e., distances between deu-
teron and nucleus greater than 1/, then we may

use just this function . As is well known”> with
the proper normalization we obtain

Voo (1.4)
Furthermore, we introduce the average radius of
the deuteron
Ri=12a=12VMe~1.6/p. (L5
In the present we shall compute the cross sec-
tion for pure diffraction splitting, neglecting the
influence of the electrostatic field of the nucleus
since, as we shall see, the diffraction process
takes place mainly in a definite energy range.
Therfeore we set W = 0 and in gbglf‘ we shall in-
clude only diffraction by the nuclear forces of
the nucleus. This latter approximation is possible
only for deuterons of sufficiently high energies.
(Ze%/hv <1). In particular, for medium heavy
nuclei the deuteron energy should be greater than
several tens of mev. In such a case the criterion
of the external character of the process (cf.
reference 1, Eq. (2.5)] is known to be satisfied.

2 A. 1. Akhiezer and I. Ia. Pomeranchuk, Some Problems

in Nuclear Theory, 2nd ed., 1950, Sec. 2.

Furthermore, the wavelength of all particles is
much smaller than the radius of the nucleus. The
wave functions of the particles diffracte d by the
field V of the nuclear forces will be found with the
assumption that the nucleus is completely opaque to
neutrons and protons. This assumption is not de-
sirable, of course, for nucleon energies greater than
70 mev, i.e., for deuterons whose energy E ; ex-
ceeds ~ 150 mev. However, the generalization does
not encounter any fundamental difficulties and we
shall not yet discard it. Finally, in the range of
energies E ; under consideration (40-150 mev), it
is possible to neglect the exchange of the nucleons
of the deuteron with the nucleons of the nucleus.
We shall see that under the described conditions
diffraction splitting actually does take place and
that the total cross section is of the order RR
(R is the radius of the nucleus), and that the par-
ticles ae scattered within angles of the order
Ve p,» just as in deuteron stripping, and that
the energies of the particles are equal to each
other with accuracy of the order of \/E je. The nu-
cleus receives a small recoil (the recoil momen-
tum is of the order \/4¥e. The energy transferred
is smaller than the binding energy of the nucleon
in the nucleus (even on recalculation for one nu-
cleon); in reality, the momentum is absorbed by
the surfece layer of the nucleus — the “‘skin layer”
— and the excitation energy is still smaller. There-
fore, as arule, the nucleus should remain undis-
turbed.

2. WAVE FUNCTIONS AND MATRIX ELEMENTS

The function y ;! describes the noninteracting
nucleons with momenta p  and p,, which leaves
the interaction region of a nucleus R (which is
considered to be absolutely opaque). In this
casexi)lhas the form (cf, for example, reference 3).

(2.1)
Xg—)= Q‘l”(ei?nrn Pn Sexp {— ipn lrn — S, |} dsn)

2ni lrn'—snl

X Q_llz (ei;lprp_l_flgexp {_ipplrp—"sp l} dsp)

2mi IrP-—-sp|

= 5 08 (0) + P () (8 (5) + 87 (r)),

Here S, S are two-dimensional vectors in the
plane passing through the cross section of the nu-
cleus over which the integration is carried out.
The section is chosen perpendicular to the vectors

3 L. L. Landau and 1. Ia. Pomeranchuk, J. Exper.

Theoret. Phys. USSR 24, 505 (1953).
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Pp and p, (i.e., the region of integration is s, < R,
S, Lp,is, <R, s, Lp,),

izing volume.

The wave function of the deuteron turns out to
be somewhat more complicated since it is neces-
sary to take into account the final (larger) dimen-
sions of the deuteron (it appears that they have a
limiting value). Fundamentally, it is necessary
to take into account the different effective radii of

and 2 is the normal-
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the nucleus in respect to the nucleon and to the
deuteron. This can be done in the following man-
ner. ‘ “Absorption’’ of the deuteron (i.e., its disap
pearance from the incident beam) will take place
when the center of gravity of the deuteron passes
outside of the nucleus (S; > R) and if at the same
time even only one nucleon of the deuteron falls
within the limits of the section of the nucleus. As
soon as S; — R >> R, this effect can be neglected.
In this way we obtain for the general case:

b, e O [ pirata_ P1
e = Q (e i

sq4.1Pgq

where the ““function of transparency’’ f is some
function dependent on the structure of the deu-
teron and the opacity of the nucleus for nucleons
at various distances from its center. For a com-
pletely opaque nucleus f is equal to unity for S,
<R and it vanishes for S; — R >> R ;-

Let us assume that the center of mass of the
deuteron moves along the z axis and passes at
distance S; (S; > R) from the center of the nu-
cleus. Since the distance of one nucleon, say the
neutron, from the center of mass is a half of its
distance from the second nucleon (the proton) then
the probability density that the nucleon is at a

e

distance v/ p? + z2 from the center of mass (p,
are the cylindrical coordinates in a plane perpen-
dicular to 2) is . The total
probability that one nucleon is absorbed by the
nucleus when the center of mass of the deuteron
is at a distance S, (in the section plane of the
nucleus) is

(2.3)
Sd-—-R
+CD o arc ccs o
{az | pap i arle@VE+ DR
—c0 s4—R 0

(We consider the surface of the nucleus to be
flat at R >> R ;. The probability of absorption of
the second nucleon is the same. The function f
is then equal to the square of Eq. (2.3)for S

> R. Inserting ¢ from Eq. (1.3) changing the va-
riables p = (s, — R) x, p? + 2% = (22,

and Fq. (2.3) xc'ssults in

37 N2 (84— R)g arc cos%dx
1
% eXp {—dn (s, — R) x03

X \ ==
4 (g2 — 1)‘12

'-‘L/}g

S f(s,;R

d

)exp {iplry;—s, I}
[r;—s,]

dSa)@(lrp— gD, (29

In this manner the characteristic parameter which
determines the exponential vanishing of f for Sy
—~R>R;is a=1/40~0.8/p.

The following calculations will be carried out
with the assumption that all distances are large
compared with 1/u. Therefore we simply set

f34—‘R)__ 1 for sa<R,
- Td' T e $a—Ra

for s, >R,
a=R;/2=08/p.

(2.4)

Now, omitting W in Eq. (1.1) and substituting
Eq. (2.1) into Eq. (2.2), we obtain:

LI NUN9a> = Q7 dry dr, (37" (1) (25)
+ 917 () (57 ()

+ 0 ) Ul rp — 1 (467 <1J§*>

r,+4r,
— (27 oy —ral,

where

*

U6 (1) = exp { — ipaTa},

07" (rp) = exp {—ippr,},

E)d) <2_i;_l.-_f.) = exp {{pa (l'p + rn)/2}’

b U are the complex conjugates of the

second terms in the brackets of Eq. (2.9 taken
with a plus sign. Multiplying out the quantities
in parenthesis of Eq. (2.5) we obtain eight inte-
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grals, of which only some are different from zero.
We denote the integrals by symbols Yijk’ i, J, k
=0 or 1, the indices 0 and 1 denoting which one
of the terms is taken from the given parenthesis,
the indices being written in the same order as the
functions for 7, p and d in Eq. (2.5). First of all
o containing the product of plane waves, is
different from zero only if the momentum of the
center of mass is observed. This condition cannot
be reconciled with the law of conservation of
energy. Thersfore Y o, vanishes. Furthermore,

1 p,

YIOO =

X exp {i (Pa—Pp) (/2 + 8u)} TIT=(v/2) —s

Integrating first over r  (introducing the variables r|,
—r1/2—s ), and then over s_(with limits s <R, where
R is the radius of the nucleus), we obtain

anip, RJi(q,R) 1

Py —Pp)—ps 4 Q)
YIOO =

l/100 =

(2.6)

X gexp {—;(pd —2pp, 1) \U(r) o (r) dr. (2.6)

|
J

Similarly
4ri J
Yo10 = pf’ R, (qT’R)___1 (2.7)
(Pg —p,) — 25 ip Q'
Yo10=

x Jexp =7 0u —2p0 0} V)2

At this point the momentum transferred to the
nucleus appears for the first time

qA=Pp—Pr—Pp. (2.8)
and its projections q_and g, on the plane are per-
pendicular to p_ and p_, respectively.

The integral Y, is somewhat more complicated
but it belongs to the type of integrals obtained by
Pomeranchuk®. First we notice that according to
the law of conservation of energy,

BB
4 T 2M 2M

—on Z_ngro g dr S ds, exp

the diffraction cone of deuterons is distributed in
the direction of the shadow formed by the nucleus,
i.e., if deuterons are moving along the z axis from
the region z <0, then l/Jld is different from zero
only for z > 0. Conversely, ¢ and Y are dif-
ferent from zero only for z <0. Therefore, the in-
tegrals ¥, ), ¥, and Y, are vanishingly
small. The remaining four integrals will be com-
puted.

Intr oducing the coordinates of the center of
mass: ry =(r, + r,)/2,r= r, =TI, We have:

{l (pd — ppvro +pn l ry— l./2 — Sn I)}

U (r)e(r

Ill.

Tntroducing the quantity p =p, — Pp and taking
into account that p < p,» Py, Pgas is verified by
the last equation, and that it has in the important
region a value of the order of \/4Me, we obtain the
following approximate relations:

Pa=2ps— p+ (P> +4Mz) [ 4p, (2.9)

(pa— pa)* — P =5 PP
+ 2Mz = (pa— pp)i— pi.

Because of the small angles Op and 60, (rela-
tive to the direction of the primary deuteron beam)
at which the proton and neutron emerge, and also
the smallness of the angle 6, between the proton
and the neutron (see below), we can also write:

(Pa— pp)* — pa (2.10).
=15 (P> + 4Ms + 2p, ps92),

2 2.1
(Ps — Pn)® — Py 2.1

= Yo (P2 +4M: 4+ 2p, ps 92),

(P2 + p,)* — Pl (2.12)

= —(p? + 4M=+1/, pf; 90).

Expanding expressions of the type e'Pt/t in
Fourier integrals, using the above formulae and
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the method of integration due to Pomeranchuk*

P, P
yno: L

oo

we can reduce the integral Y, to the form

mgdsﬂ ,Sds,, Sa’rU(r) ¢ (r)exp {-— lz— (Pdg + pu gd)}

P
X n \ exp {— b3 ,ch 0} g6,

—00

where o4 and 0 are he projections of the vectors
s — s, —r along and perpendicular to the direc--
tion of P ;. The variable r is limited by the value
of the interaction of p and n, and 5 and s vary
within the limits of O to R with the effective value
lue ‘sp — s, | ~ R much larger than r, s accord-
ing to our assumptions. Therefore 1t is possible
to disregard r in the integral over 6 in o, and
then the integrals over s, and s_ separate from the
integral over r and we obtain:
. 4rei paR
Vi =

SR (2.13)

Q' (p, +p)— py 4a

[ i(L_Pn LU o (r
x Yoo [ (3 =52 e Uz () ar
(g, is the projection of qon a plane perpendicular
to pd)’ Finally, we have in a similar way for Yool

4mi Paq

Q' (p,+ p— pd

(2.14)

001 =

X S exp [— ;- (P —Pp, r)}

X U(r) o (r) drgf(s"a

)exp {—iqsa} dsq4

We separate ‘the integral over s, into two parts:
from O to R, where f =1, and from R to o where,
from Eq. (2.4), f = e (sa = R)/a, The first integral

is carried out in the same way as the previous one.

In the second we note that those ¢ are important
that are close to 1/R; and R >> R ;, and conse-
quently gR >> 1. Therefore gs; >> 1.

Performing the angular part of the integration
over s; We obtain the function T gs ) which we
replace by its asymptotic value. In the expression
preceeding the exponential in the integral over Sq
instead of R. The result is

* I. la. Pomeranchuk, Dokl. Akad. Nauk SSSR 96, 265
(1954).

RJi (9, R)
4q

&R e o ((]d R— ;)

—R. .
) e s, — 9 (2.14a)

4g 1+ a%3 \

. ™
—qaa sm(qdR -,;)}.

The integrals that remain in Egs. (2.6), (2.7), (2.13)
and (2.14) have the meaning of form factors. Their
exact value depends on the form of the wave func-
tion. Indeed, if the deuteron equation

— (/M e+ U(r)g=—¢

is multiplied by ei)“rand integrated over all space,
we obtain, by integrating the first term by parts:

Seﬁr U(r) o (r) dr (2.15)

=— (= + 220 \exp (1) ¢ () dr.

If we take for ¢ the functionof Eq. (1.3), then

o ) U0 18— . 10

Of course, the independence of A is obtained
only for this special choice of . Since the Fq.
(1.3) is not correct at distances smaller than the
range of the nuclear forces, the Eq. (2.16) is not
correct for A >> p (there should be present an addi
tional decay with increasing A). However, in all
cases considered by us, A has the magnitude g <p.
One can convince himself of that fact by noticing
that, according to the Eq. (2.8), Ais equal in ¥,

Yoio0 Yoou and Y110 respectively to —1/2 (p, —

P Q), + Y2 (Pn —Pp—qQ),—"/2(Pr —pp) and
Pa(Pn— Pp)/2P,, and also the following relation is

valid (see below):



90 A. 1. ALIEV AND E. L. FEINBERG

Do — Pp<"2 VMe=0.6 p. = q (because of the small scattering angles), and
using the approximate relations (2.9)-(2.12), we
obtain [in several cases we shall set P, =P
~1/2p,, forseeing the formula of Fq. @G.01F

Collecting the formulae of Egs. (2.5)-(2.7),
(2.13), (2.14) and (2.16), setting g, = 9 = 44

- (= - 4mi / 4N RJy (qR) Py
<A U | von + 030> = 22 ———){ :
. M q (Py— Pp) — P}

p 2p P R a
+ £ + z d k_Z
(Pg— P, — pi P+ Pp)— P‘fi + (P, + pp)-z _ p;.’i g 1 + a‘q*

i . )\ 16m2N Pa
co —_—)— — b=
X [ > (qR 4) gasi (qR 4 )]} - MQ' (pp—p,) + 4t

% {fo(qR) 1 " 1 9
¢ [1+49 14 A0 _1+1/4A:a§p]
1 /IR a [ ( b . b
_— i cos R——)— asm( ——)]},
tran, | mivegl o \INTL) T IR =1

ry 3
A2 = d , N:= =V M-.
(pp—pn):'f' 4pie 4m V

(2.17)

It is understood that / (¢R) may be replaced

the matrix element, dividing by the current of the
everywhere by its asymptotic function.

incident deuterons p;/2MQ and multiplyin~ by the
density of the final states

3. THE LATERAL CROSS SECTION padp,de, p’de, Q> dE  p,
' (Znf(dEdp,) * dp, M’

According to Egs. (1.1) and (2.17), squaring we obtain

12 JR— pd 2
°= T-CEVMS [(pp —P,) + 41»;5]‘-’{ } Pn p121 dpp dwp doy,, (3.1)

where the quantity in pa‘enthesw is the same as
in Eq. (2.17). In squaring we, following Landau®
shall replace J (‘IR) by the average value of its sin ((]R—' 1_5_) P ( R_"f_)

asymptotic expres sion:

and the product

S (gR) = . cos? (QR ) 1 will also be replaced by its average value, i.e.,

7R’ zero, etc. Therefore

2 R n‘zq2 1 2L
= — L2 —
{ } "“3{ +1+“'4“{ TRV E R Y ]}

“p (3.2)

L=(14A297)" 4 (1 +A4295)1— 2 (1 +1/,A29%,)L

The denominator of the Eq. (3.1) shows that the tually have very similar energies. The difference
neutron and proton produced by the splitting ac- of the momenta is of the order
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P=P11_Pp€21//7’=:-

The difference of energies is

|Ep—Enl (3.3)

2p,
=

2

— 5 pr—pal <2V Eae,

P
=z

where Ed = p2d/4M is the kinetic energy of the in-
cident deuteron. The scattering angles are of the
order (p% — 4Me)/p? ice.,

9y~ 8, ~8,,~8Me | pi ~¢/ Ea. (3.4)
Consedquently, neutrons and protons emerge with
practically the same energies (a few with somewhat
greater difference in energy) and at the same angles

as for the stripping process. However, the main
difference rests in the fact that for each deuteron
stripped by the nucleus, either a neutron or a proton
emerges and the nucleus absorbs the remaining nu-
cleon, undergoing a transmutation. In the diffraction
splitting for each process both a neutron and a pro-
ton emerge from the interacting region. The nucleus
meanwhile, experiences only arecoil by absorbing
a small momentum ¢ ~ Ve

The total cross section is obtained by integra-
tion over p_and the angles. We shall introduce
two-dimensional vectors in place of the angles,

;p =A §p, ‘;n = Agn, ;np = 1/2 ‘45'117 ’ (3‘5)

Sup = 9n — .

We also take into account that the component of g,
the.momentum transferred to the nucleus, relative
p, is equal [cf. Feinberg?!, Eq. (2.4a)]:

g1 ~2M=/ pa,

and the perpendicular component 9, has the order

of magnitude

91

prl {}/1’\’ MS

’

i.e., much larger than the component along p ;-
Therefore, setting ¢ = qL, we have, according to

Fgq. (2.8), any one of the forms:
a= (pa Sa+ Po%) = (pa] 2) (B +9,)

= (Y2 §np + g}11) Pa (3.6)

= (99— 2 %np) Pa.
If we introduce new variables to facilitate inte-
gration,

q =1/ (;n + ‘;p) = q/c,

(3.7)
q: =1/, (;‘n — ‘;p) = &npy
a%,d%, =44 dq,dq,, (3.8)

q=ps ;AT =cq,, = (pp— pa)* + 4Ms,

then the total cross section is:

6V MR
0= —

- (3.9)
X'S arp 4q:4q, 2 B%7
[(pp— pa) + 4tve]'* g3 1+ Bt
1 2
X[ ey ]} ,
1+ 1+
1 1 2
L= —
1-f—(lh‘f“lz)’“’—}_i—i"(‘h_Clz)2 1—}-qg’

B=ac=al(pp— p.)? + 4 Mz

carrying out the integration over q and the
angles of the vector q, we obtain

91ma T, 2
=2y AER e | el AR
T W(pp,— P,) + 4Me)’l2 9%\ 211 2 / 2
1 ‘*“h ‘1+91—‘(11
— Vit +
_'——:ln(l 2_____’_i 3.10
o Vé+d TaVetal V4+qf—q1> o
1 B [ 4 ( r— Vit @+
5 in (1444 2__"'_‘7‘_>__
214 gl ‘111/4+QE ~ T Vitgi—aq -
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The integration over g, is carried out up to
some maximum value where the momentum trans-
ferred to the nucleus g = g (less than p), the
reciprocal of the magnitude of the smeared surface
layer of the nucleus, i.e., up to

q1 max = [(pp——pn)2 + 4M=]—"- Go- (3.11)

Since V4Me =~ 0.6 p, it means that q; . <1

Therefore the function inside the integral can be
expanded in powers of q;- In doing so an impor-
tant problem becomes clear. We write the cross
section in the form of a sum of a part indepen-
dent of the deuteron dimensions, and a part, de-
termined by the difference in the radii of the nu-
cleus due to the interaction with the nucleon and
the deuteron: 0 = 0"+ 0" (so that, for example,
for o= =0 in Eq. (3.9) do =do”). Then the
mentioned expansion yields (if the integral over

Pp — Py is taken from —oo to +e0):

9 +oo dp,,
'~ “*Y/7e 3
o'~ ZVIER \ (G, =+ ammern

(3.12)

71 max 9
\ dnza

0

3 Rey 3 (9 \?
=%ZM_€0)—2=_5RR‘1(R‘”L)3\“} ’

where ¢, is the maximum allowed value of the mo-
mentum absorbed by the nucleus, and R ; = 1/2Me
is the average deuteron radius.

The second term dependent on 3 gives, after ex-
pansion in powers of ¢; (agq, << D):

(3.13)

dp, a%q,
n
= 6Ra2q0.

(P, — 2, T 4Me]?

12—
= V MeR S
Setting a ~ 1/2R; according to Eq. (2.4), we obtain

0" =3[, RRa (9o Ra) =2/3 RRaRap (qo/1). (3.14)
and then

o' /0" =2[5(qo Ra)® = *[5 (Ra 1) (qofr)* &K 1.(3.15)

Consequently, the main part of the spectrum for
small ¢ is given by 0"/, which is due to the dif-
ference in the effective cross sections of absorp-

tion of the nucleon and the deuteron by the nucleus.

The absolute magnitude of the cross section is
not well determined. Because we have always

neglected the smearing of the nuclear surface, g,
should be much smaller than p (as was already
mentioned, it is clear from physical arguments that
the differential cross-section becomes smaller at
q P 0.6 [l.).

Furthermore, in computation of the main term ¢”
the form of Eq. (2.4) was used for the transparency
function. Because of the insufficient knowledge
of the deuteron wave function this calculation can-
not be trusted at r ~ 1/u. Therefore the result
obtained for the integrated cross section can be
good only within an order of magnitude. If we set

qo/ll ~ 1/3/1/2, we obtain

o~ o" ~RRy. (3.16)

If we attempt to extend the above calculations
to all values of g, i.e., if we use the deuteron wave
function of Eq. (1.3) for all separations, in which
case we also have to change correspondingly the
normalization constant /N2 y a factor of 2/3, then,
integrating numerically Eq. (3.10) over g from 0 to

%, we obtain an extremely large value for the cross
section.

The energy distribution for the principal term is

Ve,
Ep —E,)*+ 4eE,

’

(3.17)

ds = const 0

_ VEeE,
(Ep —*12Eq)* + ¢4

For stripping (transparent model) the formula has
the same character (however, it should be remem-
bered that Eq. (3.17) is strictly correct only for
that part of the effect with g << p).

DISCUSSION OF RESULTS

The Fgs. (3.13)-(3.16) show that diffraction splitting is a
real effect. Since the cross sections for production of new
trons and for production of protons by stripping are equalto
1/27RR, (foran opaque nucleus), the number of
neutrons and protons emerging in correlated pairs
due to diffraction splitting should be comparable
with the number emerging singly due to stripping.
The scattering angles and the energy distribution
should be similar to those observed for stripping.
Thanks to these circumstances these neutrons and
protons can be separated from those produced by
Coulomb stripping: the cross section of the Coulomb
stripping is not only smaller than the cross section
of the diffraction splitting, but it also has a dif-
ferent energy spectrum (two maxima).

We are not aware of any experiments in which
correlated neutron-proton pairs were observed after
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bombardment of nuclei by deuterons with energies
of the order of 100-150 mev. However, Gol’danskii
L’ubimov and Medvedev® have pointed out that the new
tron yield for these processes (at energy ~ 200 mev)
is about 1-% — 2 times greater than the predictions
of the stripping theory and that this discrepency can
be only partially removed by the inclusion of the
Coulomb stripping. Recent experiments®have de-
termined the proton yield from deuterons of energy
190 mev bombarding both the light elements (Be,

C) and the heavy ones (U). The results showed a
considerably larger cross section than one compu-
ted for stripping by an opaque nucleus: for Be and
Co, =035 %0.03 barns, for Uo, = 1.4 £0.2
barns?, while the formula ooni = 1/27RR

gives 0.12 and 0.43 barns, respectively. The cross
section for the electric stripping is 0.1 barn for U.
Various authors bring up for consideration an ad-
ditional stripping process which is due to the trans-
parency of the U nucleus. In this process the deu-
teron is wholly absorbed by the nucleus — the cross

5v.1. Gol’danskii, A. L. L’ubimov and B. V. Medve-
dev, Usp. Fiz. Nauk 48, 531 (1952),

6
L. Schecter, W E. Crandall. G. P. Millburn, D. A.
Hicks and A. V. Shelton, Phys. Rev. 90, 633 (1953).

7 ,
(195125.Schecter and W. Heckrotte, Phys. Rev, 94, 1086

section for this absorption is 7R2 ~ 2.5 barns -
undergoes stripping inside the nucleus and the pro-
ton can escape from the nucleus due to the small
but still present transparency of the U nucleus
~0.12. The exact theoretical calculation of this
last effect is very difficult since small changes in
the transparency factor and variations in the de-
scription of the details of the process cause sharp
changes of its contribution to the total cross sec-
tion.

It is not impossible that diffraction splitting
takes place in this case. More definite results
could be obtained only from experiments at some-
what smaller energies, at which the transparency
of the nuclei does not come into effect, particu-
larly because for a semitransparent nucleus the
yield of correlated pairs may be due to stripping
inside the nucleus (it is true that a simultaneous
emergence of both particles is comparatively im-
probable.

An interesting facet of the discussed process is
its independence of energy. That fact allows us to
expect that it should have still a measurable mag-
nitude even in the relativistic energy range.

Translated by M. J. Stevenson
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