
is continuing on the 13c(;,n) and 14c($,n) asymmetries 

and the results will be compared to the predictions of 

the distorted-wave impulse approximation. 

1) W.G. Love, private communication. 

2) A. Pickesimer and G. Walker, Phys. Rev. C g ,  
237 (1978). 

Figure 1. The 12c($,n) asymmetry at Ep = 160 MeV as a 
function of momentum transfer. The curve labeled L-F 
is the prediction of the ~ove-~rane~l) 140 MeV 
t-matrix. The curve labeled PW is the prediction of 
the ~icklesimer-walker2) t-matrix. 
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Neutron energy spectra were measured and angular subtraction (channel-by-channel in the time-of-flight 

distributions extracted for various final states for spectra). Angular distributions for eleven states in 

the 160(p,n)16~ reaction at 99.1 MeV and for the 1 6 ~  were extracted and compared with DWBA calculations 

l6 , l7 * 180(p,n)16 * l7 ,18p and g~e(p,n)9~ reactions at 135 in order to determine the R-transfers for the 

MeV. The neutron energy spectra at four angles are transitions. In Table 1, we compare our results to 

shown in Fig. 1 for the 160(p,n)16~ reaction at 99.1 levels known from the compilation of ~jzenber~-selovel) 

and 135 MeV (plotted as excitation energy in the and also to shell-model predictions of Picklesimer and 

residual nucleus). The measurements were performed with ~alker.~) The shell model predictions were used in a 

a Be0 target; the 135 MeV results include a g~e(p,n)g~ PWIA calculation2) with an effective interaction based 



99.1 M e V  135.2 M e V  

EXCITATION ENERGY, E,(MeV) E X C I  T A T 1  O N  ENERGY,  E , ( M ~ V )  

Figure 1. Neutron energy spectra from the 160(p,n)16~ reaction at (a) 99.1 MeV and (b) 135.2 MeV. 

on free nucleon-nucleon scattering parameters in order 

to predict the angular distributions and relative 

strengths of the various states. Picklesimer and 

Walker predict that five states (2', 3', 3+, 4', 2') 

are strongly excited. We observe each of these states. 

Note that these states include the 4' "stretched" state 

at Ex = 6.37 MeV. ~reviousl~,~) we presented the 

angular distribution for this state as obtained from 

the 99.1 MeV experiment. 

We note that the 2' states predicted by 

Picklesimer and Walker include the giant magnetic 

quadrupole (M2) strength. The excitation energy of 7.6 

MeV for the strongly excited state with a AR = 1 

angular distribution agrees with the shell-model 

prediction of 7.4 MeV and with the observation by Sick 

et a ~ . ~ )  of 20.4 MeV for the giant M2 resonance in 

16 
O(e,e' ). (Excitation energies in 1 6 ~  are about 

12.6 MeV lower than in 160 as seen by the known 

excitation energies of the T = 1, 4- stretched state of 

16 
18.98 and 6.37 MeV in 160 and F, respectively.) 

In addition to the strongly excited states 

predicted by Picklesimer and Walker, we see also 



Table 1. Energy Levels of 1 6 ~  

Picklesimer lbO(p,n)lb~ 
compilat ion1) & walker2) KSU-IUCF Tentative 

%I J" Ex ..P Ex At Assignment 

three states with AR = 0 at Ex = 3.76, 4.65, and 6.23 

MeV. These states are identified to be the analogs of 

the three M1 (I+) states seen in 160(e,e') at Ex = 

16.22, 17.14, and 18.80 MeV by Friebel et a ~ . ~ )  Since 

M1 transitions would not be possible for a perfect 

closed-shell 0 nucleus, the obsehrations of the MI 

s t a t e s  provide  d i r e c t  e v i d e n c e  of ground-state cor- 

relations. 

We identify also states at Ex = 9.4 and 11.5 MeV 

to be analogs of the known1) giant dipole resonance 

(GDR) in 160 seen with two major components at 22 and 

16 
24 MeV. Because the 160(p,n) F energy spectre agree 

well in shape with photonuclear cross section 

excitation functions of the GDR in 160, we identify 

these states to be predominatly El with P = 1'. 

Finally, we note that we see a weakly-excited 

state at Ex = 5.93 MeV with an angular distribution 

similar to that observed for the strong 4' state at 

6.37 MeV. This state is likely the analog of the state 

recently seen6) st Ex = 18.6 MeV in 160 by (e,et ) 

scattering and tentatively identified to have fl = 4' 

also. Since this state is excited with only about 8% 

of the strength of the 4' &etched state, this' state 

likely has a small lp-lh component. 

The fact that comparisons between results seen in 

16 160(e,e')160 and 160(p,n) F are remarkably good is 

evidence that the (p,n) reaction at intermediate 

energies predominantly excites states with a one-step 

reaction mechanism. Additional evidence comes from the 

fact that all of the states seen in 1 6 ~  via the (p,n) 

reaction are either predicted by a simple shell-model 

calculation or are the analogs of known giant 

resonances (Ml, M2, or El states) in 160. 

17 The measurements performed for the 170(p,n) F and 

18 
180(p,n) F reactions at 135 MeV are being analyzed. 

17 Preliminary (on-line) results show that the ~ ( ~ , n )  l7 F 

(g.s) reaction, which is the analog-state transition, 

can be followed out to about 60'. The angular distri- 

bution reveals regions characterized by the AJ = 

18 
1, 3 and 5 parts of the transition. The O(~,~)"F 

spectra reveal considerable M1 strength at forward 

angles and a 5+ stretched state of the 0 %a type7) at 

wide angles. 

1) F. Ajzenberg-Selove, NucP. Phys. AM1, 1 (1977). 

2) A. Picklesimer and G.E. Walker, Phys. Rev. w, 237 
(1978). 
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4) I. Sick, E.B. Hughes, T.W. Donnelly, J.D. Walecka, 
and G.E. Walker, Phys. Rev. Lett. 23, 1117 (1969). 

5 )  A. Friebel, H.-D. Graf, W. Gross, W. Knupfer, G. 
Kuchler, G. Kuhner, D. Meuer, S. Muller, A. Richter, 
E. Spamer, W. Steffin,, W. Stock, and 0. Titze, Int. 
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The first measurements of neutron analyzing powers 

+ 
analyzing powers from the (p,n) reaction at inter- 

were performed in November 1980 with 135 MeV polarized PRELIMINARY ON-LINE DATA (1 111 7/80) 
1.0 - I I I I 

protons incident on a 9~e160 target. These measurements 
0.8 

are part of a planned series of experiments to study 

facility. The neutron flight-paths were 90.9, 90.8, 

and 74.4 m, respectively. The energy resolution for 115 

MeV neutrons was about 320 keV for the detectors in the 

0" and 24" stations and about 415 keV for the detector 

in the 45" station. 

On-line (preliminary) results for the l6 0(c,n) l6 F 

(4';6.37 MeV) reaction are presented in Fig. 1. 

This (T = 1)4- state is the analog of the known1) 

4' state at Ex = 18.98 MeV in 160. The final state is 

a so-called "stretched" state believed2) to be 

dominated by the simple one-particle, one-hole 

configuration (nd5j2, vd-13j2) . The analyzing power 

I I I 

160(6,n)16~ (4-; 6.37 MeV) 135 MeV - 
- - - -  DWBA70 T T 

- 
mediate energies. The neutron detectors in the 0°, 0 . 4 -  

24O, and 45" stations each consisted of two neutron 
rr 0 . 2 ,  
W 

counters with combined frontal areas of 0.5, 1.0, and 3 

0 0 
1.5 m2, respectively. Intermediate angles and angles LZ 

out to 69" were obtained by deflecting the incident '9 -0.2 
Z 

H 

proton beam at the target with the beam-swinger N -0.4 
> 

Fi ure 1 Angular distribution of the anaiyzing power 
*60($,n)16P (4-; 6.37 MeV) reaction at 135 MeV. 
The dashed line is a DWBA70 calculation with the 
effective interaction of Love (1980). 

for such an unnatural-parity, stretched-state trans- 

+i,J,lT - 
- - - *++, /  ' \ \ 

sition is sensitive to the interference between 

\ 
\ I' 

- \  ' \ I  

three terms in the nucleon-nucleon effective inter- 

action, viz., the isovector tensor term, the isovector 

\J - \ 
\.//' - 
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