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General formulae for the effective cross section for disintegration of light nuclei in a Cou-
lomb field are derived. The formulae obtained are applied to the cases of the Li’ and O'7 nu-
clei, where it is assumed that the former splits into an gq-particle and a triton, and the latter

into O' and a neutron.

1 IN CONNECTION WITH the development of tech-
® niques of acceleration it has proved possible
to accelerate a beam of light nuclei to high ener-
gies. In going through the Coulomb field of other
nuclei, these nuclei can split, analogously to what
happens in the case of the deuteron nucleus moving
in a Coulomb field. The analogy with deuterons is
complete for those nuclei in which the odd neutron
is weakly bound with the remaining nucleus. Such
nuclei are, for example, Be® (the binding energy of
the last neutron is ¢ = 1.67 Mev), C*? (¢ = 4.9 Mev),
0'"(e = 4.1 Mev) and others. Sawickil considered

the splitting of Be® into the residual Be® and a neu-
tron in a Coulomb field. He showed that for ener-
gies of the Be® nucleus of 170 Mev the effective
disintegration cross section of this nucleus was
equal to 4.10*° Z? cm?, where Z is the charge of

the nucleus through whose Coulomb field the beryl-
lium nucleus passes. It is clear that analogous cal-
culations can be carried out for the nuclei C**, O'7
and others. The difference will consist in the fact
that the odd neutron in these nuclei can be in states
different from the states it is in for the deuteron or
beryllium. For example, according to the shell mod-
el the unpaired neutron in the 0'” nucleus is in a
dy, state. Formulae will be given below for the cal-
culation of the disintegration of a nucleus in a Cou-
lomb field for the general case where the odd neu-
tron in these nuclei occurs in an arbitrary state of
angular momentum [.

We consider more interesting, however, the con-
sideration of those cases in which the light nucleus
splits in the Coulomb field into two charged parti-
cles. In Ref. 2, as a result of the study of stars in
photographic emulsions irradiated by 340 Mev pro-
tons, it is proposed that light nuclei have a clear
cut structure. Such nuclei, according to these au-
thors, can be considered as formed from groups of
nucleons (for example, a-particles, tritons and deu-
terons).

Anumber of authors3, 4 have obtained satisfactory
results by considering the Li® nucleus as a system
consisting of an a-particle and a deuteron. There
are grounds to believe that the Li’ nucleus can be
viewed as a system consisting of an a-particle and
a triton, in some approximation. We note, first of
all, that the binding energy of the triton in the Li’
nucleus is equal to only 2.52 Mev, whereas the in-
ternal binding energies of the a-particle and triton
are 28.2 and 8.48 Mev, respectively.

The binding energy in the Li’ nucleus is unequal-
ly distributed. The nucleons in the triton and
a-particle are bound considerably more tightly than
the triton and a-particle are bound with each other.
In this context one can speak of the triton and
a-particle as constituting the nucleus.

We indicate, further, that such a model of the
Li” nucleus leads to satisfactory agreement with
experiment in relation to the magnetic moment of
this nucleus. If the g-factor of triton is defined by
the formulae

v, = (en[2M,c) g1, p,= (en/2Mc) g s,
where M, denotes the reduced mass of the triton,
then the magnetic moment (in nuclear magnetons)

w="hsg, +&/2 =356,

is obtained, assuming that the Li " nucleus isin a
Py, state, and the experimental value of the magnet-
ic moment of the triton is taken for ps. The value
of the magnetic moment of Li” obtained agrees well
with the experimental value of 3.25.

It is interesting to note that for several other
light nuclei, also, values of the magnetic moments
which are in satisfactory agreement with experimen-
tal data are obtained if it is assumedthat in these

nuclei of the type X4k *3

ok +1 the magnetic moment is
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determined not by the odd proton, but by the triton
moving in the field of the remaining part X‘;:. For

example, the magnetic moment of the Al}] nucleus
which, as is well known, is in a ds; state, is equal
to 3.72 under this assumption. This agrees well
with the experimental value of 3.€4. More or less
acceptable values of the magnetic moments of
B:°(2.11) and F1°(2.98) are obtained on the basis
of this assumption.

It is natural to assume that those nuclei which,
with relation to asymmetry in distribution of mass
and charge, can be represented as consisting of
two particles with relatively weak binding between
them, split into two particles in going through the
Coulomb field of a heavy nucleus if the frequency
of variation of the field is such that the correspond-
ing energy quanta are larger than the energy of bind-
ing of these particles with each other.

The present work is devoted to a study of the
probability of splitting of light nuclei in a Coulomb
field.

2. We denote the masses and charges of the con-
stituents of the nucleus by M, and M, and Z, and
Z,', respectively. In the case where, in addition to
the residual X;: , there is a weakly bound neutron,

Z, =0 and M, = M, where M is the mass of the neu-
tron. We assume that a light nucleus of mass
M, =M, + M, and charge Z, = Z+ Z," goes through
the Coulomb field of a heavy nucleus of charge Z.
The Coulomb interaction, in the general case, will
have the form

V=2,Ze|r, + Z, 2% 1, 1)
where r, and r, are the distances from the center of
mass of both particles of the light nucleus to the
center of mass of the heavy nucleus. We can con-
sider the radius of the light nucleus to be signifi-
cantly less than the distance between centers of
the nuclei considered. Therefore, in Eqg. (1), we
can set approximately r, = r, =r, where r is the dis-
tance between centers of the given nuclei. In the
system of reference in which the light nucleus, as
a whole, is at rest but the heavy nucleus is moving,
the electrostatic energy of the light nucleus, viewed
as a perturbation, is equal to

V=2Ze][b? + (z — vt)2], (2)

where Z, = Z; + Z,', v is the velocity of the heavy
nucleus moving along the z-axis, z and b are the
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projections of the center of mass of the light nu-
cleus—where, in the present approximation its
charge Ze is concentrated—on the z-axis and on
the perpendicular to it.

The effective differential cross section of the
process considered can, as is well known, be writ-
ten in the form5

do = | A PL?de,dQy (L / 27)°d k,, (3)
where ¢, is the energy of relative motion of the con-
stituents of the light nucleus after disintegration,
k, is the wave vector of the center of mass of the
light nucleus after disintegration, k is the wave
vector of relative motion of the products of the
light nucleus after disintegration, L is the edge of
the cube,

A= (4)

(5)

Here r. is the radius vector of the center of mass
of the moving nucleus and r is the radius vector of
the relative motion of the products of the light nu-
cleus after splitting. The wave functions of the in-
itial and final states, which enter into Eq. (5),
have the form

¥ — L—'lzeikurd{,l (r) eiEot:'h,

13

i4 .plot
% SV,fe dt,
V= 4vigdrar..

‘Ff= L——’l:eik,rd‘) (l') giE:fih, (6)

where k, is the wave vector of the center of mass
of the light nucleus before disintegration, E,=~¢ is
the binding energy of the constituents of the light
nucleus before disintegration,

E, = ¢ + #k}/2M, + M,) is the total energy of the
light nucleus after splitting, ;(r)is the wave func-
tion of the ground state of the light nucleus before
disintegration, normalized with respect to volume,
Y(r) is the wave function of relative motion of the
products of the light nucleus after disintegration.
The wave function of the final state can be taken
as a plane wave, normalized with respect to en-
ergy, i.e.,

b(r) = (pu/ (2mh)’) ™, @
where p is the momentum of relative motion of the
products of disintegration, and p=MM,/(M,+M,).
According to the law of conservation of energy we
have
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ho=E,—E,=c¢; +e+ 8%}/ (M, + M,). (8)

As Dancoff5 has shown, the matrix element 4 can
be represented in the form

A =2L7%(Z,Ze* | hv) Jndr,
4r Sinfg,—o /v) L /2]
q* (9, —w/v) ’

9)

Jk =
5, = drexp [— i 525 (a0 |2V ©, 10

where ¢, is the projection of the vector q=p,/% on
the z-axis. It is possible to show that for suffi-
ciently high energies of the light nucleus ~ 100 Mev
the quantity k,r << 1. Therefore, it is possible to set

. .M
—lm(kl r).
(11

. M
eXp {— lm (kll‘)} = 1

Taking Eq. (11) and the orthogonality condition of
the W-functions, ]r can be written

Jo=—i

. M . .
mg (ky,T) U° (r) Oy (r) 72 sin 0d0 dp.

(12)

Here M, denotes the mass of the lighter of the prod-
ucts, freed in the breaking up of the light nucleus,
i.e., the mass of the neutron, deuteron or triton.

Denoting the angle between k, and r by & we
have

cos 9 = cos 7 cos B - sin ysin b cos (¢ — @), (13)

where y is the angle between the vectors k, and k.
The last term in Eq. (13) does not contribute to the
integral in Eq. (12). Therefore, we can write ] as

Jp=— i g kbcos (b0 v () rdr. (1)
The wave function ¥(r) is given by Eq. (7). In
order to determine the wave function of the bound
state ¥;(r), the form of the interaction between the
decay products must be chosen. We assume that
this interaction can be represented as a potential

well of depth Vj and radius R. In this case we can
take

'?l (l') = R[ (f) Ylm (Os ".")’
Ri (r) = Cifs Br) r<R,

f, (3R)
Cr %GRy k (xR)

for

(15)
Ry (r)=

ky(ar) for r >R,
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where

E3
2% Jl“'r"l: (%),

217:
X 2

fi(x) =

by (x) = K,+-,z (x)= etz HiY,

B2 =2u (Vo —e)/2%,

. (i),
a? = 2ue/n2. (16)
Here J; 4y and I 1/ are the Bessel and Hankel
functions.

The conditions of continuity at r = R and normali-
zation give

— akiy («R)/ks (xR) = Bf1—1 (BR)/f1 (BR),
C3 = — 20%/(o? + B%) R%1y (BR) fis BR).

(17)
(18)

It is easy to show that, after averaging over initial
states, we finally obtain for |7, |2

o M 2pycosty 4dmup [((I4+1)2 2
19r = () 2 Geiplar s o Dh o
+ (2z+1) Dy, "1}
R
Di, 11 = Ci\ i () fraa (kr) rdr
0 (19)

BR)

+ G kf:—((%))— S ki (ar) fip1 (kr) ridr.
R

3. We consider several special cases. We assume
that [ = 1 in the initial state. This is the case, for
example, in the Li” nucleus. We will view the lat-
ter as consisting of an a-particle and triton. Here
the orbital moment of relative motion of the triton is
=1 (pg/ state)

As a result of calculation, we obtain for the dif-
ferential cross section

1080 (Z,Ze? de o
do = m@( o ) Dy (e1) 5'111 In TR’ (20)
where
D, (s1) = {(611 + )sm Ve,
s s oy
- (5—1 +a,— VE;) cos Vpsl} ;
@ =Cy/f*, @ =h(2u)THBR o (BR) — 1B Cy,

a; = (1?/2p) 28Rfo (BR) C1,
ay = [(1 + «R)/x® BR[, (BR) Cy,
a; = hRC,/V 2u., o= 2uR?h.
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The coefficient C, is defined by Eq. (18); the
quantity ¢, which enters into Eq. (20), denotes the
binding energy of the triton in the Li” nucleus and
is equal to 2.52 Mev.

4. We consider further the case in which the light
nucleus has orbital momentum ! = 2 in the initial

1
!
B

ZIZ€2\°
to

R
V8y.

’f:
1
where

D (1 + icot®

sin? Vpe:l
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state. This case is encountered, for example, in
the O'7 nucleus, where the odd neutron is in a ds/2
state.

For the effective differential cross section of
the process we obtain

ho

(Dl (81)d"1 ln (8+5)R ’

(21)

Ve

oo - -2t
A 6a2

1—1o

+ 4 — Dl.cot]/@}z,

[

= (a® F B9 11 (BR) [s 3R) R?
B2

fo(BR)

§2

p=o(}

B 282 o

(@?+ B%) R* fs (BR) 1 (BR)’

(BR) B

T @ @+ B R (3R) 1 (8R)

L= G

All formulae for the effective differential cross
section which we introduced above contain the
quantity (BR), which is the solution of the transcen-
dental equation (17). By giving the nuclear radius R
and requiring the depth of the well representing the
interaction of particles of the light nucleus to lie in
an acceptable interval of values between 5 and 30
Mev, B can be unambiguously determined by solving
Eq. (17) for a given value of I. The formulae ob-
tained by us hold for the system in which the light
nucleus is at rest. In order to obtain expressions
for the effective cross section in the laboratory sys-
tem, in which the heavy nucleus is at rest, it is
necessary to carry out a transformation analogous
to that which is made in the theory of disintegra-
tion of the deuteron in a Coulomb fieldS.

We note, in conclusion, that the order of magni-
tude of the effective cross section for the disinte-
gration of light nuclei in a Coulomb field, at ener-

gies in the range ~ 100 Mev turns out to be equal
to 107% (ZZ,)? em?
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