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ABSTRACT 

New elastic and inelastic neutron scattering data for Li [GS (1 +), 
2.184 HeV (3 +) levels] and 7Li [GS (3/2"), 0.478 HeV (1/2"). 4.63 HeV 
(7/2~)] taken at 24.0 HeV, have been analyzed in conjunction with the 
existing proton scattering data for these levels at 24.4 HeV. DWBA 
calculations and Coupled Channel (CCh) calculations are compared with these 
measurements. The new data allows us to infer that p = p in Li 

n p 
and Li, in contrast with the result p = (N/Z)/> deduced from the 
earlier proton work. 

*Work performed under the auspices of the U. S. DOE by the LLNL under contract 
number W-7405-ENG-48. 
"•Supported by the National Science Foundation. 
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EXPERIHENTAL APPARATUS AND PROCEDURE 

The elastic and inelastic differential cross sections for 24.0 HeV 
neutrons.scattered from Li and Li have been measured at the Ohio 
University Tandem Van de Graaff accelerator laboratory. The measurements were 
done in the angular range of 15-140 deg using a beam swinger time-of-flight 

4 spectrometer. The 24.0 HeV neutron source was the T(d,n) He reaction using 
a 7 HeV deuteron beam, pulsed and bunched into subnanosecond bursts at 2.5 MHz 
repetition rate. The beam was focused into the tritium target using the beam 
swinger magnet. The T-target was a 3 cm long, gas cell filled to 2 atm 
pressure and sealed with a 5|im tungsten entrance window. The Li targets 
were cylinders, 2.54 cm diameter and height, encased in 0.025cm thick 
stainless steel(SS). Background measurements were done using an identical 
empty SS cylinder. The targets were mounted 1n an automatic sample changer at 
14 cm from the gas cell. 

The scattered neutrons were detected in an array (60.96 cm diam) of seven 
NE213 liquid scintillators (2.851 liters) coupled to RCA-4522 photo-multiplier 
*jbes. The flight path from the Li targets to the detectors was 12 m. This 
flight path allowed only a marginal separation of the 0.478 HeV level from the 
GS in Li at 24 HeV. A monitor counter (2.5cm diam x 1 cm thick stilbene 
detector) positioned at 1 m from the T-target measured the neutron flux from 
the gas cell and the Ne213 measurements were normalized to the counting rate 
in the monitor. The monitor was rigidly attached to the beam swinger such that 
its flight path and angle were kept fixed as the swinger magnet rotated. The 
absolute values of the differential cross sections were obtained by measuring 
the 0 deg flux from the T(d,n) He reaction with the target samples removed 
and normalizing the counts in the NE213 array to the monitor counts. 
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Hultiple scattering corrections, flux attenuation in the scattering 
sample and finite angular resolution corrections were calculated with the 
Monte Carlo code MULCAT . The errors in the differential cross sections are 
about 5% at the forward angles. Increasing to 10-20% for some of the backward 
angles. 

OPTICAL MODEL ANALYSIS OF THE ELASTIC DATA 

I. Microscopic Optical Model Potentials 

The elastic differential cross sections for the GS(1+) in Li and 
GS(3/2 ) in Li were calculated using the Jeukenne, Lejeune and Mahaux 

2 3 4 5 
(JLM), and Brieva and Rook (BR) ' microscopic optical model potentials 
(MOMP). The central potentials were calculated by folding the effective 
interactions as given by JLM and BR with the nuclear densities. The 
spin-orbit potential, taken from the work of Bertsch et al_. was assumed to 
be real and independent of density. Details of these calculations can be 
found in Ref. 7. The proton densities were calculated from electron 

8 Q scattering measurements. •" The real and imaginary components of the 
central potential and the spin orbit potential were multiplied by normalizing 
constants X.., X^, and \ respectively and their values were 
adjusted by least squares for an optimal fit to the data. In Fig. 1 are shown 
the best fits to the measured differential cross sections obtained with the 
JI.M (solid line) and the 8R (dashed-dotted line) MOMP. The values of the 
x's parameters are given in Table I. The fits are reasonably good, with the 
JLM potential giving slightly better agreement with the measurements at the 
backward angles. 
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II. Deformed Phenomenological Optical Model Potentials 

Li and Li are both characterized by large quadrupole deformations. 
The quadrupole deformation parameters, p. were extracted from the values 
of B(E_) obtained from electron scattering. For Li, p. = 1.37 
for the coupling of the GS(l4-) to the first excited state 2.184 MeV (3+) 
level. For Li, the value of the p. were 0.76 and 1.11 for the coupling 
of the GS(3/2-) to the 0.478 HeV (1/2-) and for the GS to the 4.63 H " (7/2-) 

ii 

level respectively. Couple channel calculations were done with the coiIi 
ECIS79 using the phenomenological OHP. The optical parameters were those 
obtained by Bray et aj_. from the best , fit to the proton elastic scattering 
data from 6Li at 25.9 MeV. As in the case of the calculations with the MOMP, 
a search of the parameters V„, W Q and V was done in order to optimize 
the fits to the present neutron measurements at 24 MeV. In Fig 1, the elastic 
differential cross sections obtained from the CCh calculations are compared 
with those calculated with the JLM and BR potentials. The fit to the Li 
elastic angular distribution is better than the one obtained for the Li; 
the latter could have been improved with a search that also included the 

12 
geometrical optical parameters, since the initial set of optical 
parameters had been optimized only for Li. However, the intent of this 
comparison was to study the quality fits to the neutron data by searching only 
on the values of the central and isospin potentials, as was done with the 
MOMP. In Table I are listed the ratios of the final values of V R, W. and 
V for the fits shown 1n Fig. 1, to their Initial values as prescribed by 12 the Bray et al_. OMP. These ratios can be compared with the values of the 
x-parameters obtained with the MOMP. 
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DISTORTED WAVE BORN APPROXIMATION CALCULATIONS 

The neutron Inelastic transitions, to the 2.184 (3+,0) MeV level in 
6Li, and to the 0.478 (1/2-.1/2) and 4.63 (7/2-,1/2) MeV levels in 7Li 
were calculated using the distorted wave Born approximation (OMBA). The main 
features of the present calculations have been described in detail by 

1 3 
Petrovich et al_. in their analysis of (p.p 1) and (e,e') data. They are as 
follows: 

a) the transition densities were calculated using pure LS-coupling 
restricted to the valence nucleons of the Ip shell (it assumes an inert 
a-core). b) A quadrupole enhancement of the wave functions for the L = 2 

13 
transitions was required in order to reproduce the measured values of 
B(E2) from electron scattering measurements, c) The enhancement factors, 
A and & , for the proton and neutron transition densities p n 
respectively were about 2 (in Li fl < & ). d) Harmonic oscillator 
radial wave functions were used in the calculations of the transition 
densities, with the oscillator constants obtained from fits to (e,e') data in 
Li and Li. e) The distorted waves used in the calculations of the 

transition amplitudes were generated using the phenomenological OMP of Bray et 
al_12 (this OMP obtained for 6Li, was also used for the 7Li 
calculation), f) The effective interaction was obtained from the local 
version of the complete G-matrix interaction of Bertsch et al_. (see Ref. 13 
for details on the interaction components included in the calculations). The 
calculations were done with the code 0WBA79 , while in Ref. 13 they were 
done with an earlier version, DWBA70. 
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The measured neutron differential cross sections at 24 HeV for the 2.184 

level in Li and the 4.63 level in Li are compared in Fig. 2 with the 
13 respective proton differential cross sections at 24.4 HeV (the 

measurements for the 0.478 level are not included because it was barely 

resolved from the GS). With the exception of a few angles, the neutron and 

proton measurements agree quite well with each other for both, Li (expected 

since N = Z) and Li. The DWBA calculations on the other hand, agree with 

each other and with the data only for Li. For Li, the calculated 

neutron differential cross sections for both levels (0.478 and 4.63 HeV) are 

lower than the the respective proton calculations by about 30X. The value of 

the ratio of the proton/neutron cross sections is -1.31 instead of 1 as 

indicated by the measurements. The calculated ratio results from the 
13 assumption made in the early analysis [based on (p.p 1) and (e,e') data] 

that in Li o = (N/Z)p . This assumption is not confirmed by the 

comparison between the present (n.n 1) data and the (p,p') measurements (Fig. 

2). The equality of the magnitudes of the differential cross sections for 

these two measurements allows us to conclude that p = p in Li 
n p 

as in Li. 

A comparison of the inelastic differential cross sections discussed above 

with those obtained from the CCh calculations discussed earlier are shown in 

Fig. 3. The agreement with the data is good and overall much better than the 

one obtained with the OWBA calculations. This is not surprising since in the 

ECIS calculations the fits to the data were optimized by a least squares 

search of the strengths of the potential (see TABLE I). 
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CONCLUSIONS 

From the analysis of the elastic and inelastic neutron differential cross 
sections from 6Li (2.184 HeV level) and 7L1 (0.478 and 4.63 HeV levels) 
measured at 24 HeV, we conclude: 1) the JLH MOHP fits the elastic angular 
distributions slightly better than the BR potential. 2) Coupled channel 
calculations using distorted OHP do a reasonably good job in fitting both the 
elastic and inelastic data. The phenomenological OHP parameters used in these 
calculations were obtained from best fit to the elastic proton data in Li 
at a similar energy. 3) The main conclusion extracted from the present work 
results from the comparisons of these (n,n') measurements with the (p,p') data 
ax 24.4 HeV. The equality of the experimental cross sections indicates that 
P = p in both Li and Li. The comparison of these measurements n p 
with DWBA calculations shows that the assumption p = (N/Z)p is not 
supported by the experimental results. Calculations of the inelastic cross 
sections will be repeated with the microscopic optical model potentials that 
were used for the elastic calculations. 
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TABLE I 

Nucleus Potential \ v Hi *-so X 2/N 

*Li JLH 0.90 1.19 4.79 1.23 

BR 0.78 1.15 4.57 2.33 

CCh* 0.95 0.56 0.53 1.14 

7Li JLM 0.71 1.23 4.90 3.07 

BR 0.86 0.29 0.91 11.4 
CCh* 0.71 0.53 0.65 11.4 

*The values given for the lambda coefficients correspond to the 
ratios between the values obtained for the best fits with the 
deformed phenomenological OMP and the initial values given in 
Ref. 12 (TABLE I). 

FIGURE CAPTIONS 

Fig. 1 The measured elastic neutron differential cross sections 
from 6Li and 7Li at 24 HeV are compared with calculations done 
with the microscopic optical model potentials of JLH ( ), 
BR ( ), and with deformed phenomenological OMP ( ). 
Fig. 2 The measured inelastic neutron and proton differential 
cross sections for the first excited level in 6Li (2.184 MeV) 
and the second excited level in 7Li (4.63 MeV) are compared 
with DWBA calculations for these reactions. 
Fig. 3 The measured neutron inelastic differential cross sections 
for the first excited level in 6Li and the second level in 7Li 
are compared with the DWBA (— ) and coupled channel calculations 
(— - ) . See text for details. 
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