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Measurement of the angular distributions at energies E, = Ep + ¥, 'y and Ej = Ey, where
E, and I'y are the isolated resonance energy and width, respectively, permits one to sepa-
rate the contribution of the direct mechanism to the reaction cross section.

IN the (dp), (dn), (pn) and other reactions in-
volving light nuclei and incident particles of med-
ium energy, isolated resonances corresponding to
quasi-discrete levels of a compound nucleus are
observed in a number of cases.! However, the
angular distributions of the reaction products are
not usually symmetric with respect to 90°, and
have maxima which are characteristic for direct
interaction processes. This gives a basis for the
assumption that direct and resonance mechanisms
for the reaction are both present simultaneously.
Then, owing to the interference between the two
mechanisms, an analysis of experimental data on
the angular distributions is extremely difficult. In
the present article, it is shown that if the energy of
the incident particles is sufficiently large in com-
parison with the height of the Coulomb barrier,
then the measurement of the angular distribution at
energies E, and Er + ¥,y (where Ep and I'y
are the energy and width of the isolated resonance)
permits us to separate the contribution of the direct
mechanism to the differential cross section for the
reaction,

The reaction amplitude in the vicinity of an iso-
lated resonance of a compound nucleus can be
written in the form
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where @; and &f are the wave functions of the
initial and final states of the system, Vd is the
direct-interaction operator, V1 and Vf are the in-
teractions in the initial and final states, X, is the
wave function of the compound nucleus, and E; and
T’y are the energy and width of the resonance.

For incident particle energies greater than the
Coulomb barrier (in the region of carbon Eg

= Ze¥R ~ 3 Mev), the angular distributions of the
direct reactions are satisfactorily described in the
plane-wave appr(')ximation.2 In this approximation,
in the simpler case of inelastic scattering of spin-
zero particles, the direct mechanism amplitude is
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where ji and jf are the spins of the initial and
final nuclei, L is the transferred orbital angular
momentum, and ¢ is the c.m.s. scattering angle.
The nuclear matrix elements FI; (Kjf) of Vd
between ®¢ and ®; determine the differential

cross section for the direct mechanism of the re-
action:
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The resonance mechamsm amplitude is equal to
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where I and A are the orbital angular momenta of

the partial waves in the incoming and outgoing

channels, I is the spin of the resonance level of

the compound nucleus. The nuclear matrix elements
51 and VJfI of V and Vf between ®; and &y,

and Xp determine the partial widths of the incom-
ing and outgoing channels:
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The direct and resonance mechanism amplitudes
in stripping reactions are of similar form (see,
for example, reference 3).

The interference term in the differential cross
section, as seen from (2) and (3), contains the fac-
tor
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Owing to the law of conservation of parity, the sum
L +1+ A is always even, regardless of the spin of
the particles taking part in the reaction. There-
fore the interference term close to E; has the
form
ds
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Lin
where we have introduced the notation

L [ I8 .
Fjl.jfvjl.,vjﬂ = A+ iB,

and glli (0) are real functions of the scattering
angle. The term J, containing A, vanishes for
E = Ey, its absolute value attains a maximum at
|E — Er| = %Iy, and changes sign upon passing
through resonance. The term Jj, containing B,
depends on the energy in the same way as the res-
onance cross section
ds, G, (B)

TQ:W(E—E,)"’+P$/4 , G, (8) =G, (m—0). (5)
For incident particles of medium energy, the ex-
perimentally observed resonance widths in light
nuclei are of the order 10 — 100 kev. In the region
far from the reaction threshold, the direct mech-
anism cross section doq/dQ varies appreciably
over intervals of the order of 1 —2 Mev and is
practically constant within the limits of the reso-
nance width. Denoting

J (E; 8) =doy/dQ 4 do,/dQ 4-dosns | dQ,
we readily obtain from formulas (4) and (5)
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doy/dQ = J(E, + Ty 0+ J (E-— - T 6) — J(E,;( g;.
Hence the proposed method of measurement of the
angular distributions makes it possible to separate
the contribution of the direct mechanism to the re-
action cross section from the compound nucleus
formation mechanism.

It is also of interest to determine the sum
dop/dQ + J% = HAr(6), characterizing the contribu-
tion from the compound nucleus formation mechan-
ism to the angular distribution. According to (4)
and (5),

Hr(9) = 2J (Er; 8) — J(Er+ —;—I‘,; 8) —J (E,—%I’,; B).

Since part of the interference term Jiz occurs in
Hr(0), then &y (0) is not symmetric with respect
to 90°if B= 0. If B=0, then HKp(0)=Hp (T —0),
since in this case #p(0) = (dor/dQ)|E = Ep. I
this condition is fulfilled, analysis of the angular
distribution permits one to determine the spin of
the resonance level of the compound nucleus.
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