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For nucleon inelastic scattering, i.e. (p,pf) , (p,n) , (n,p) or (n,nf) reactions, spin modes 
of nuclear exictation play an important role at medium-energies. Because of the special 
character of purely isovector transitions, we are interested in measuring spin-observables for 
(p ,n) reactions at medium energies. These measurements include analyzing powers, A (0) , 
reaction polarizations, P (6) , and transverse polarization-transfer coefficients, D ,, (0) , as 
well as differential cross sections, a(0). These four observables are sensitive to different 
aspects of the reaction: o(6) is sensitive to AL; Ay(6) is sensitive to whether the transition 
involves j = I f 112 -, j = I f 112 or j = 1 f 112 -+ j = I 112; Dnn(0) is sensitive to 
A J and An; P - Ay is sensitive to non-localities. Previously, we reported measurements 
of Ay (0) 'p2 and Dnn (0)3j4 for the 40948~a(p,n)40948~~ reactions at 135 MeV. In this paper, 
we report on measurements of Dnn(6) for the 208~b(p ' , i i )208~i  reaction at 135 MeV. 

We developed a high-efficiency neutron polarimeter that utilizes the analyzing power 
of n-p scattering from hydrogen nuclei in BC-517L mineral-oil scintillator; BC-517L has 
an H:C ratio of 2:l. The physical layout of this polarimeter is shown in Fig. 1: the 
operation and performance are described in Ref. 5. We obtained calibration data from 
the 129'4C(p',ii)'29'4N reactions at 65, 100 and 135 MeV. In Figs. 2 and 3, we show data 
for the effective analyzing power, A, and for the efficiency, E, of the polarimeter as a 
function of the neutron kinetic energy En. At 130 MeV, the effective analyzing power, . 
Ay is +0.375 f 0.014 and the efficiency E is 0.17%; thus, the figure-of-merit, r )  = A; . E, 

is nearly 50% higher that for our earlier polarimeter design which used NE-102 plastic 
scintillators. 

We studied the 208~b(p ' , i i )208~i  reaction at 135 MeV with this new polarimeter. For 
angles of 0°, 3", 6", and QO,  we measured the polarization-transfer coefficient Dnn (0); the 
spin-flip probability S = (1 - ~, ,(6)) /2.  Figure 4 shows S spectra for the 208~b(p',ii)208Bi 
reaction at O0 along with data from the 48Ca(p',Ti)48S~ and 40Ca(p',ii)40Sc  reaction^.^ The 
Gamow Teller Giant Resonances (GTGR), O+ isobaric-analog states, 1- (non-spin-flip) 
components of the dipole resonance, and other known I+, 2+, and 2- states are indicated. 
For Q-values larger than 20 MeV (En < 115 MeV), the isovector spin-response is essen- 
tially identical for all three nuclei, suggesting a common mechanism for production of the 
continuum at large Q-values. The solid and dashed lines in Fig. 4 are spin-flip probabilities 
for free p-n scattering calculated from phase shifts and from the Bonn potential, respec- 
tively, with the computer code SAID.* These free p-n spin-flip probabilities were obtained 
from the observable Dt as S = (1 - Dt/2). Dt, the polarization transfer from the projec- 
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Figure 1. The configuration of the neutron polarimeter (a) as seen from above and (b) 
in perspective. AO, AL and AR are anti-coincidence detectors. 
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Figure 2. The analyzing power of A, of the neutron polarimeter with mineral-oil scatterers 
as a function of the incident neutron kinetic energy En. Shown are on-line results, off-line 
results for the final software cuts, and results from a Monte-Carlo simulation assuming n-p 
scattering alone. 
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Figure 3. The efficiency of the polarimeter with (BC-517L) mineral-oil scatterers as a 
function of the incident neutron kinetic energy En. These efficiencies were determined 
from the 1 2 ~ ( p , n ) 1 2 ~  (g.s.) and 14C(p,n)14N (3.95 MeV) reactions with the final choice 
of software cuts. The weighted average of the four highest energy points = 0.17%. 
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Figure 4. Spin-flip probabilities for the 208Pb($,ii) 2 0 8 ~ i ,  4 8 ~ a ( c , i i ) 4 8 ~ ~  and 40~a(p ' , i i )40~c 
reactions at 135 MeV and 0'. The solid and dashed lines are for free p-n scattering 
calculated from phase shifts, and the Bonn potential, respectively. 



tile to the target, is the free p-n observable corresponding to Dnn(6) for a (p,n) reaction. 
These calculations assume that the (p,n) reaction can be described as p-n scattering from 
stationary, bound neutrons. For a series of binding energies, two-body kinematics were 
used to determine the final-state laboratory neutron kinetic energy En, the momentum 
transfer q, and the final state p-n c.m. energy; Dt was then calculated for these latter 
two kinematic variables. The spin-flip probabilities calculated in this simple model agree 
remarkably well with the data for Q-values < -30 MeV; for neutron energies as small 
as half the beam energy, the continuum clearly carries the spin-flip signature of free p-n 
scattering. This simple model is equally successful in describing data for Q < - 30 MeV 
for the 208~b(p ' ,Z)208~i  reaction at 3", 6", go, and (6,s) data for other targets at other 
energies reported by other groups.8 Similar calculations do not seem to do a good job of 
fitting medium-energy (p',pt) data,g apparently10 due to the presence of strong, collective, 
isoscaler, ASGO resonances which deplete non-spin-flip strength in the continuum. 

Figure 5 shows spin-flip spectra [S x a(B)] for the 208~b(6,ii)  2 0 8 ~ i  reaction at 0°, 3", 
and 6". In the non-spin-flip spectra, the 0+ IAS and the 1- natural-parity component 
of the spin-dipole resonance are separated clearly from the GTGR and the unnatural 
parity components of the spin-dipole resonance which dominate the spin-flip spectra. This 
ability of spin-flip measurements to identify and separate the various components of the 

-+ 40 spin-dipole resonance was noted also for the 40Ca(p', n) Sc 
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Figure 5. Spin-flip and non-spin-flip spectra for the 135 MeV 208~b(p ' , i i )208~i  reaction 
at (a) 0°, (b) 3", and (c) 6". 
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Differential cross sections for the (p,n) reaction on 52954~r  and 57958~e have been 
measured for angles up to Blab  = 10.5" and 14.6", respectively, using 120 MeV protons. 
The observed angular distributions has been used to evaluate the location and strength 
of Gamow-Teller resonances. A shell-model calculation of this strength distribution has 


