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The absolute differential scattering cross sections have been measured
from the (¢,t) experiments on the ?*Nb at E; = 12 MeV using a tandem
accelerator and a multichannel magnetic spectrograph. Optical model pa-
rameters have been obtained from an analysis of the data with an optical-
model search programme.

PACS numbers: 25.55.Ci

1. Introduction

Study of nuclei in the region around mass A = 100 has been of significant
interest due to the occurrence of shape transition from spherical to deformed
as a function of increasing neutron number [1-5]. A broad programme has
been made to study the level structures of Nb and Mo nuclei with the (¢, p)
reaction. Accurate measurements of absolute elastic scattering cross sections
are essential to obtain the optical model parameters which are necessary to
carry out the distorted-wave Born approximation (DWBA) calculations to
analyze the double stripping (¢, p) experimental data from these nuclei. Tri-
ton elastic scattering data from ?3Nb are not so far available in the literature.
The present work describes the results of the (¢,t) elastic experiments on the
9BNDb at Fy = 12 MeV and the angular distributions are measured for a wide
range of angles up to 180°.

2. Experimental detalils

12 MeV triton elastic scattering experiments were carried out using the
tandem Van de Graaff accelerator at the Atomic Weapon Research Estab-
lishment (AWRE), Aldermaston with emulsion plates in the 24 angles of
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the multiple gap magnetic spectrograph [6]. The spectrograph consists of
24 broad range magnetic spectrographs of Browne—Buechner [7]| type and
is arranged to have a common magnetic circuit. The 24 channels provide
scattering angles at 7.5° intervals in the angular range 5° to 87.5° and 92.5°
to 175°. In the present experiments, the triton beams were focused as a rect-
angular spot 1.55 mm wide and 1.0 mm high on the target. The scattering
products were detected by Ilford K2 emulsion plates 50 pm thick mounted in
the focal plane of each channel. The target was approximately 100 pgem 2
thick. The measurements were made at 24 angles between 5° and 175°. The
target was self-supporting, isotopically 100% enriched and was obtained from
the Oak Ridge National Laboratory. The exposed zones of the (¢,t) plates
were scanned in strips 0.24 mm wide at intervals of 0.25 mm. The triton
tracks in the emulsion plates were identified easily as they were clean and
distinct.

3. Optical model analysis

The calculations for the optical parameters were carried out using the
optical model search programme. The potential was of the form

Ulr) = Va(r) = V(1 + )" + 40— (1 4 7)1

dxz/
+ h 27’_1(V + W, )i(1+ezs)—1 L
mﬂ-c SO SO dT o Y

where © = (1 — rgAY3) Jag, 21 = (r — r AY3)Jay, z = (r — rsAY3) /ag
and o is the Pauli spin operator for nucleons. The Coulomb potential V()
is due to a uniformly charged spherical nucleus of radius R. = r.A'/3 and
charge Z. The Coulomb radius was 1.34Y3 fm. V and W are the depths
of the real and imaginary potential wells, Vi, and Wy, are the real and
imaginary depths of the spin—orbit potential. The r9A/3 and r1 A1/3 are the
mean radius of the real and imaginary wells, and rsA'/3 is the mean radius
of the spin—orbit potential well and a is a measure of surface diffuseness.
Some molybdenum optical starting parameters were inserted to initiate the
search and the starting values for the search were those from Ref. [1|. The
search programme was then allowed to adjust these parameters iteratively
so as to minimize the quantity

N
X* = 1/N Y {oum(8i) — oexp(80)}/ Aexp (00)]

in which oy, and oep, are, respectively, the calculated and experimental
values of the differential cross sections at centre of mass angle 6;, Aoeyp, is
taken as the experimental error and N is the number of experimental angles.
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4. Results and discussions

The ?Nb (¢,t) ?>Nb experiments were carried out at £; = 12 MeV and
the multi-gap spectrograph enabled to measure the full angular distribution
simultaneously over 24 angles ranging from 5° to 180°. In the (¢,t) experi-
ments on “3Nb, each emulsion plate was exposed to two triton bursts. One
was of 101 uC and the other was 1001 pC. The longest exposure is required
to give reasonable scanning statistics at backword angles, while the shorter
exposure enables groups to be countable on channels 5 to 7 (35° to 50°).
On scanning the emulsion plates, groups of tracks of tritons corresponding
to two bursts were distinctly observed for the forward channels (35° to 50°)
and the number of tracks in two different groups on the same channel agreed
well in proportion to their exposure strengths. Groups of tracks on the plates
in the first four forward channels (5° to 27.5°) were too dense to scan even
for the shorter burst 101 uC.

The theoretical differential scattering cross section was calculated using
the formula

dath> 1.2958 72
—_— = -7 mb Sr 1
< ds? E,L E% SiIl4 g / ( )

where Z is the target atomic number, F is the triton energy in MeV and
0 is the scattering angle. The experimental cross sections at different angles
were equated with the theoretical cross sections at the corresponding angles
and a factor K was obtained by using the equation [§]

do/dS2
(do/d2e0) _ o)
(do‘tth E, L)
which converts the observed cts/uC into mb/sr. The mean value of K was
found to be 0.046 mbx uC/srxcts. The absolute differential scattering cross
sections at 12 MeV were obtained using the relation

(da/dQE,L)H,L =K x (CtS/,u,C)lg . (3)

The ratio 0(0)c.m./oRuth 1S actually of greater signifficance than the dif-
ferential scattering cross sections itself and so this ratio is found at different
angles. The peak value of the experimental cross section at 36.10° was nor-
malized with the peak value of the differential cross section predicted by
optical model at the same angle and a normalization is obtained.

Adjustment of optical-model parameters was done automatically by the
programme in order to minimize the value of x2. The absolute values of the
differential cross sections obtained by minimizing x? are shown in Table I.
The results are plotted in Fig. 1. Figure 1 shows the variation of the absolute
values of differential cross section with the center mass angles. The circles
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with error bars represent differential cross section and the smooth curve gives
the best fit to the data points obtained from optical model calculation. The
triton optical-model parameters obtained from an analysis of the absolute
differential cross sections are shown in Table II. The values of the parameters
obtained in the present work could not be compared with previous data as
any other (t,t) work on “*Nb was not available. However, the parameters
obtained from the (t,t) scattering at 20 MeV on Zr are in reasonable
agreement [9] with the present values.

TABLE 1

Absolute differential cross sections from the ?Nb(¢,¢) 93Nb experiment.

do/dS2 c.m.
No. jgngle m

36.10 0.596 +0.002
43.70  0.455+£0.003
51.40 0.334+0.005
59.00 0.286 &+ 0.007
66.70 0.232+0.010
74.20 0.202£0.013
81.80 0.141£0.018
89.30 0.111+0.024
94.30 0.108 £ 0.026
101.80 0.104 +£0.030
109.30  0.082 £ 0.038
116.70  0.067 £ 0.047
124.00 0.057 £ 0.055
131.40 0.057 £ 0.058
138.70  0.052 4+ 0.064
146.00 0.040 £ 0.077
153.30 0.041£0.078
160.60 0.038 +0.084
167.90 0.033 £ 0.092
175.10 0.031+£0.095
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Fig. 1. Elastic scattering of triton from “3Nb.

TABLE II

Triton optical model parameters.

Vv Irg a w 1‘6 a’ Vo Weo Is ag
(MeV)  (fm)  (fm) (MeV) (fm) (fm) (MeV) (MeV) (fm)  (fm)

157.10 1.241 0.667 16.50 1.530 0.798 8.340 1.018 1.588 0.334

5. Conclusion

The absolute differential cross sections are measured from the (¢,t) ex-
periment on “3Nb at E; = 12 MeV and the optical model parameters were
obtained from an analysis of the data using an optical-model search pro-
gramme. The triton parameters would be useful in carrying out distorted-
wave Born approximation calculations in the double stripping (¢, p) reaction
on Nb nuclei.
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