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Systematics in back-angle alpha-particle scattering: Sc, Ti, V, and Cr isotopes
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Elastic n-scattering cross sections from Sc, ' Ti, 5 '5 '5 Cr, and ' V have been mea-
sured between 140' and 180' at a bombarding energy of &„(lab) =25 MeV. All angular dis-
tributions are similar and show no evidence of an anomalous backward enhancement. No
evidence for a spin dependence of the cross section, within experimental uncertainties, is
found for these nuclei, where the spina range from 1=0 ( OTi, ~ocr) to 1=6 ( V). Back-angle
integrated cross sections (140'—180 ) are compared with neighboring target nuclei between
A=40 and A=60.

NUCLEAR REACTIONS 5Sc(n, n0), ~ Ti(n, n ) ' ~ Cr, ' V(n, n0), E = 25
MeV; measured cr(E, O). Enriched targets; 0 = 141'—176'; calculated 0.(0).

The scattering of n particles at backward angles
has been studied in detail over the last few years. '
Of particular interest have been the enhanced cross
sections at backward angles observed for the scat-
tering from "Ca (Refs. 1-6) and from other nearby
lighter target nuclei' and the sudden disappearance'
of this backward enhancement above Ca. The
present study focuses on target nuclei in this trans-
ition region above calcium. We have paid particu-
lar attention to (i) the strength of the backward
cross sections in this region and (ii) possible spin
effects on the cross sections at backward angles.

An n-particle beam from the Munich MP tandem
accelerator and an array of eight silicon surface-
barrier detectors were utilized to measure the
scattering of Qt particles from 'Sc, ' "Ti,""Cr, and "'"V. Table I lists the ground-state
spins of these nuclei and the thickness of each tar-
get used, as well as the corresponding energy loss
of the incident n particles. As one can see, the
spins range from I=0 to 6, enabling a sensitive
test for a possible spin dependence of the cross
sections. The thickness of each target was care-
fully determined by measuring Rutherford scat-
tering at 5 MeV, and is believed to be accurate to
within +5%. The target thickness was also checked
independently by weighing. The absolute cross
sections reported in this note are believed to be
accurate to +10%.

For ' V and the odd target nuclei a contribution
from inelastic scattering to the lowest lying states
is possible, it could not be resolved from elastic
scattering. We would like to note, however, that
possible inelastic contributions would lower the
elastic scattering cross sections presented here
and thus would not alter the conclusions drawn in

TABLE I. Targets used in the experiment.

Target
nucleus

Spin
(ground state)

Thickness Energy loss '
(p g/cm ) (keV)

4'Sc

49Ti

50Ti
50(
52 Cr

53Cr

50 V

5i V

7

2

7

2

p+

p+

p+

3
2

420

260

600
450
200

280

240

76

47

108
81
36

50

1.5
43

For 25-MeV n particles.

this paper. Also, such contributions are likely to
be small.

The experimental results obtained at a bombard-
ing energy of 25 MeV are summarized in Fig. 1.
The overall behavior of the back-angle distribu-
tions is similar for all of these target nuclei, both
with respect to the shape and magnitude of the
cross sections. No evidence for structure or spin
effects was observed within experimental uncer-
tainties. This holds also for our data at 23-MeV
bombarding energy (not shown in this note). We
would like to point out, however, that the shapes
of the angular distributions change considerably
between 23 and 25 MeV, although at either energy
the shapes are similar for all the target nuclei
investigated. The curves represent optical- model
cross sections which were calculated with a four-
parameter potential t V= 64.3 MeV, Wv„= 12.4
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FIG. 1. Elastic n-scattering cress sections between
140 and 180 for the target nuclei indicated. The bom-
barding energy is E~ (lab) = 25 MeV. The dashed curves
are optical-model calculations using the same four-
parameter potential (see text) for a11 nuclei.
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FIG. 2. Back-angle integrated cross sections oi,&
for

elastic scattering of n particles between 140' and 180
as a function of the target mass. The o&~t values are
averaged over bombarding energies as listed in Table II.
The solid lines indicate the overall behavior of the ex-
perimental cross sections; the dashed ones show pre-
dictions from the optical model (see text). Solid points
are used for targets with 21 neutrons or less, open
circles for targets with 22 or more neutrons.

Fig. 1 and from some additional data, in the A =40
and 60 mass regions mea, sured by other workers.
This is the cross section for a backward cone with

MeV, ro= 1.52 fm (It =roAr'~~), a=0.52'I fm]. It
was pointed out by Igo' in 1958 that n scattering at
energies below -50 MeV is sensitive only to the
nuclear surface and does not yield information
about the central part of the potential. So, as long
as the potential is the same at the surface region,
various kinds of potentials with different real
potential depths will fit the data equally well.
Among many examples given since then is a study
of z scattering on some Cr and Ti isotopes at E
=19.5 MeV by Bock et aE. who find four equivalent
potentials (Woods-Saxon type) with real potential
depths between 61 and 184 MeV.

In Fig. 2 the strengths of ela, stic back-angle z
cross sections for vaxious target nuclei are com-
pared. In order to xemove the uncertainty due to
fluctuations in particular backward maxima we
evaluated the angle-integrated cross sections o$
between 140 and 180' from the data presented in

Target nucleus

Bombax ding
energies

(MeV)

He scattering

32S 39K 40ca
36,40Ar 42, 44, 48CR

t

38Ar 40, 4iK

4iga
45Sc 49'50Tl 50'52'53Cr 50'5iV

S

'6Fe
58g60s 62~ 64Ni

23, 25, 27
22, 24, 26
24
24.1
23, 25
22
24.1

9
4
10
11
This work
12
6

27AI 5iy 59co
36& 38, 40Ar
39,4iK 40, 42ga
44, 48Ca

3He scattering

29.6
26.5
28.0
29.0

13
14
15
16

TABLE II. Bombarding energies over which the inte-
grated cross sections in Figs. 2 and 3 were averaged.
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FIG. 3. Back-82lgle data. for He scatterixlg. The con-
ventions used are the same as in Fig. 2.

solid angle of -1.5 sx. The sources of data are
listed in Table II. Corresponding results for the
elastic scattering of 'He particles are shown in

Fig. 3. The cross sections in Figs. 2 and 3 are
averaged over energies as listed in Table II.

The trend in back-angle integrated cross sec-
tions calculated from the above optical-model pa-

rameters are shown in Fig. 2 for comparison with
the experimental G data. Similar calculations for
'He scattering wex e carried outwith the potential
of Morsch and 3anto" with different form factors
fox the real and the imaginary part and including
a spin-orbit potential; the trend is shown in Fig.
3.

In contrast to the predictions from potential scat-
tering the experimental cross sections in Figs. 2
and 3 ale stx'ongly enhanced fol K, Ca, and a
few other nuclei in their close vicinity. It is inter-
esting to note that this effect is seen both in ~ and
in 'He scattering, although the magnitudes of the
back-angle cross sections differ significantly.
%hereas the 0„,values for cv scattering are close
to those for Rutherford scattering they are one to
two orders of magnitude smaller for 'He scatter-
ing. The effect noted by Oeschler et aE.'o that the
backward enhancement is preserved with one neu-
tron in the f», shell (' K) is also seen in the more
recent data for 4'Ca of Ref. 10. The enhancement
disappears with two neutrons in the f7&2 shell.
("Ar, "K, and "Ca). This blocking of the en-
hancement by a pair of f, &, nucleons in the new
major shell has also been noted'o at the completion
of the previous major shell: the n particle scat-
tering is enhanced at back angles for "C, '~C, '4N,

"N, and "0but not for "0or 2ONe.
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