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D4 Possibility of Finding the ca-Clustering Probability from
(», a) and (p, a) Studies
M. L. CHATTERIJEE®* .and M. JURCEVIC, Institute “Ruder Boskovié”, Zagreb

Knock-on and heavy particle stripping processes have been observed in
(n, @) and (p, a) reactions. This necessarily implies a transfer of an a-cluster
from the target in the initial state and the capture of a neutron or a proton
in the final state by the core, which is usually not perturbed. As a consequence
one can expect the single neutron or single proton states to be predominantly
excited in such a process as in the corresponding (d, p) or (3He, d) reactions.
A test of these conjectures has been provided by the comparison of (d, p)
and (n, @) reaction spectra leading to the same final nucleus.

Such comparisons have recently been made in the studies of
124,125, 126, 128Te (n, a) (ref.V) and 93Nb (n, a) (ref.?) reactions. The energy spectra
both in (d, p) and in (n, @) processes showed considerable single neutron
features. In the case of 103Rh (n, @) and 115In (n, @) reactions3) the measured alpha
energy spectra were compared with the calculated single neutron levels from
the Nilsson model. Since the experimental energy resolution was not very
good, the Niisson neutron levels were smeared out to obtain a 'level density
appropriate to that region. The agreement was fairly good. It was further
observed that the best fit between the experimental spectra and the calculated
neutron level sequence was obtained for only those values of the deformation
parameter 8 (which determines the Nilsson model sequence) which were expected
from other experimental data and the systematics of the neighbouring nuclei.

The measured energy spectra were also compared with the statistical
model calculation!-3), It was found that except in the case of 193Rh(n, a), the
energy distributions of alpha particles were far from being statistical. This
probably shows that compound nuclear contributions are relatively small.

Very recently Kulii¢ et al.4) also studied the (p, @) reaction on 115In,
16sHo and 209Bi at 40 MeV. The results are at preliminary stage at present,
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Still the energy spectra show considerable single proton features indicating the
importance of the knock-on mechanism.

These facts led us to a more detailed investigation towards the possibility
of finding the a-clustering probability in even-even target nuclei by a study of
(n, @) and (p, @) reactions and their comparisons with the corresponding (d, p)
and (3He, d) reaction data, which would lead to the same residual nucleus.
We attempt here to derive an expression from the DWBA theory which would
enable us to find the alpha clustering probability.

All expressions used below have been incorporated from Bassel et al.s
(ORNL—3240). A short synopsis of the whole DWBA scheme pertaining to
stripping and knock-on processes is given below. The symbols bear the same
meaning as in ORNL—3240.

For any direct process of the form
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For (d, p) stripping (zero range) the form factor="U, (r) and

Ag=r 2L /1) /506 Do @

where y/va(s)=overlap of n and p in forming the initial deuteron, and is
approximately equal to one.

An identical approach holds for (3He, d) as well.
3.
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In knock-on (p,a) or (n,a) a+4A—B+b; a+(C+b)—>(@+C)+b
with zero range approximation
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The constant in Eq. (3) involves Clebsch-Gordan, Racah and 9-j coefficients,
complicated by the following coupling scheme

Ja=Jc+jss Jo=Up+Sss
Jp=Joc+Jjas Ja=lag+Sa-
The angular momentum transfers are
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Examining Eq. (3) and looking at the angular momenta couplings we see that
only when the core and the target both have O+ spin the transfers /, s,j in
(n, a) or (p, @) knock-on processes correspond to those of the captured neutron
or proton in the final state, and thus the final state is definitely a single
neutron or a single proton state. When, however, the core and the target
have non-zero spins, the transfers /, s, j may not always correspond to pure
single neutron or single proton states in the final nucleus, as evident from
the complicated coupling schemes. So for simplicity we consider only a 0+
target and a 0* core.

When such single particle states are excited by a (p,a) or an (n, a)
knock-on process on an even-even target, we concentrate on such an isolated
single particle state. From the DWBA fit of the angular distribution we can
extract A, using Eq. (1) and consequently from Eq. (3) va,-SA Sa, i.e. the pro-
duct of the spectroscopic factors for the (core+alpha) configuration of the
target, the (core+n or p) configuration of the residual nucleus, and the square
of the interaction strength G=. As evident, the final state configuration is
identical to that obtained from the (d, p) or (3He, d) stripping reaction on
the core for the (n, @) or (p,a) knock-on process. Thus from (d, p) and
(3He, d) data on appropriate targets and looking at the same single particle
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state correspondingly excited in (p,a) or (n,a), we can extract the single
neutron or the single proton reduced width Spz. Gz can in principle be
determined from the two nucleon scattering data; in the case of (n, a) and
(p, @) knock-on processes Gy could be obtained from the scattering of a neutron
or a proton on 4He nuclei. Thus Sz and G: being known, S, can be obtained
from Eq. (3). S, stands for the alpha clustering reduced width of the target,
ie. the probability of finding the even-even 0+ target ground state as an
even-even 0* core plus an alpha in the S state of relative motion.*)

However, the possibility of extracting the a-clustering probability from
Eq. (3) is subject to the assumption of zero-range approximation being valid.
The use of this approximation in (n, @) or (p, @) knock-on processes is still
questionable.
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*) This scheme can be further clarified by the example of the following reactions
proposed to test our conjecture: )
1) Reaction pair (n, @) and (d, p) for single neutron final state:
Knock-on 2°Ne(n, a)!’0: n+ ('%0 +“He) = (%0 +n) + “He
Stripping 1¢0(d, p)'’0: d+1%0=(*O+n)+p
2) Reaction pair (p, @) and (*He, d) for single proton final state:
Knock-on 2°Ne(p, a)'’F: p + (*°O +“He) = (2¢O + p) + ‘He
Stripping 1°O(*He, d)"’F: *He+ !0 = (10 +p)+d.
It may be noted that in the (n, @) and (d, p) reaction pair the final nucleus 170 has the

same single neutron parentage in both processes for identical states excited by (n,a) and
(d, p). Similarly for (p, @) and (*He, d) pair the final nucleus !’F has single proton parentage.





