
reliable extraction of the peak sums. We have also carried out the same calculations 
mentioned above for this transition and found that the I 1P$2, Idsl2 > component in the 
wave function is necessary to achieve good agreement with the data. 
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This experiment searched for possible 6- particle-hole states of 20Ne using 135 MeV 
proton inelastic scattering with the K600 spectrometer. In previous work1 no definite 
identification of either T=O or T = l  states was possible, due mainly to the poor (160 keV) 
resolution obtained. 

By using the angular dependences of the differential cross section and analyzing power 
found2 for the 6- states of 28Si as a guide, it is possible to find likely candidates. The 
most promising of these are found at 13.37 f 0.05 MeV and 13.80 f 0.05 MeV. These are 
shown in Fig. 1. Here there are factors which must cast some uncertainty on the tentative 
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Figure 1. Differential cross sections and analyzing powers for the inelastic proton excitation 
of states at 13.37 and 13.80 MeV in 2 0 ~ e .  The open circles are the 28Si(p,p') data of 
Olmer et a1.2 shown for comparison. Shown also are DWIA calculations using the density- 
dependent Paris effective interaction scaled to fit the 2 0 ~ e  data. 

I 
1 identifications made. These are: 

(i) Both differential cross sections peak at c.m. angles greater than 40"' in contrast to 
theory and the data for 28Si, where the cross sections identified with the two 6- states 
peak at angles slightly less than 40". 

(ii) The analyzing power measurement for the state identified as 6-; T=l  is flat to 50° and 
then falls rapidly, becoming negative for 0 > 55O. This is again in contrast to theory 
and the data of Olmer et aL2 where, for 28Si, the analyzing power remains positive 
for angles up to 70". It should be noted here that similar theoretical calculations for 
2 8 ~ i  also do not reproduce the analyzing power data. 

(iii) The analyzing power for the state identified as 6-; T=O is monotonically decreas- 
ing with increasing angle, as is the data of Olmer et a1.2 for 28Si. However in this 
measurement the analyzing power passes through zero at 40" compared with Olmer's 
data which crosses zero at 52". The magnitudes of the analyzing power values at the 
extreme angles are also larger than those found by Olmer et a1.l 



Further experimental data are needed to establish the existence of one or the other of the 
6- states. A complementary search performed by the 2 0 ~ e ( n , p )  reaction at 300 MeV has 
been proposed3 and approved to seek the related 2 0 ~  6-; T = l  state using the CHARGEX 
facility4 at TRIUMF. Further analysis of the (p,pf) data is pending the results obtained 
from this complementary search. 

Due to the large momentum bite of the K600 spectrometer, data for the low lying 
states of 20Ne were also obtained in this experiment. Angular distributions for most of the 
known states up to 10.0 MeV have been extracted. The extracted angular distributions 
include the 0+ ground state and the (1.63 MeV, 2+), (4.25, 4+), (4.97, 2-), (5.62, 3-), 
(5.79, I-), and (8.78, 6+) states. 

These states have been analyzed in the coupled channels (CC) formalism with the 
CC code E C I S ~  using a deformed optical model which included a deformed full-Thomas 
spin-orbit term and employed relativistic kinematics. The nuclear potential was assumed 
to have the standard Woods-Saxon shape with the deformations parameters introduced 
in the usual way. Other rotational bands which are built on intrinsic vibrational states can 
be calculated by including the appropriate vibrational terms which couple the ground-state 
band to the "vibrational" bands. 

Multivariable searches on well depth, diffuseness, and deformation parameters were 
made. All nonzero couplings between the 0+ through 6+ states involving p2, PI, and P6 
deformations were included in the final calculations. In all calculations the deformations of 
the real and imaginary potential terms were constrained to be equal. It is found that when 
the spin-orbit deformations are allowed to vary independent of the central deformations, 
significantly better fits are found. The spin-orbit deformations in general are larger than 
those of the central term. The final Woods-Saxon potential parameters (V, W, V,,, W,,, 
r = Ti, a = ai, r,,, a,,, and r,) are (16.28, 8.60, 3.36, and -1.45 MeV, and 1.29, 0.67, 
0.92, 0.57 and 1.05 fm), while the deformation parameters (Pi, Pi0, Pi, Pi0, pg and PlO) 
are ($0.38, +0.51, +0.08, +0.32, +0.01, and +0.04). 

A coupled channels calculation in which the 0+, 2+, 4+, and 6+ states of the ground 
state rotational band (GSRB) were coupled together is shown in Figs. 2 and 3 along with 
the measured angular distributions. The quality of the fits when the P i  = Pi0 constraint 
is imposed is poor for all but the of state. This has also been reported in similar CC 
calculations performed on 1 7 6 ~ b  and w 134 MeV data,6 thus lending support to the 
proposition that Pi  and Pi0 must be varied independently to reproduce experimental data 
at this energy. 

The calculations performed when Pi $ Pi0 showed that the observed data were re- 
produced quite well. The O+ cross section is reproduced well over the range of data taken, 
while the analyzing power is in phase with the data though the minima are too deep. The 
2+ state is poorly explained past 45'. The cross section is too low compared to the data, 
while the analyzing power data becomes out of phase past the second maximum. The 4+ 
state is reproduced remarkably well while the 6+ calculation is in reasonable agreement 
with the data. The main discrepancies are that the cross section appears to drop off faster 
than the data past the maximum, while the analyzing power is in phase with the data to 
about 50°, beyond which it is out of phase and also cannot reproduce the large negative 
value at 53O. It should be noted that the P6 deformation parameter is sensitive at this 



Figure 2. Differential cross sections for 
20Ne(p,p') at 135.4 MeV. The of ,  2+, 4+, 
and 6+ members of the ground state rota- 
tional band are shown with curves result- 
ing from the coupled channels calculation 
discussed in the text. The solid circles are 
data taken with the K600 spectrometer, 
while the solid triangles are data taken 
with the QDDM spectrometer. The solid 
lines represent calculations when Pf; # 
Pi0, and the dashed lines when = Pi0. 

Figure 9. Analyzing powers for 20Ne(p,p') 
at 135.4 MeV. The 0+, 2+, 4+, and 6+ 
members of the ground state rotational 
band are shown with curves resulting from 
the coupled channels calculation discussed 
in the text. The solid circles are data 
taken with the K600 spectrometer, while 
the solid triangles are data taken with the 
QDDM spectrometer. The solid lines rep- 
resent calculations when # Pi0, and 
the dashed lines when Pi = Pi0. 



bombarding energy to the magnitude of the 6+ cross section maximum. The data tends to 
suggest that P6 is positive, though only marginally (see Fig. 4). Varying ,& between k0.03 
has no observable effect on the predictions for the 0+, 2+, and 4+, angular distributions 
and analyzing powers. 

A CC calculation in which the o f ,  2+, 4+, and 6+ states of the GSRB were coupled 
to an octupole vibrational band with K" = 2- is shown in Fig. 5 along with the measured 
angular distributions for excitation of the (4.97 MeV,2-), and (5.62,3-) states. The only 
term in the CC calculations providing the coupling between the K" = O+ and KT = 2- 
bands has the structure [a(32(Y32 + Y3-2)]. Thus in these calculations the 2- state is 
excited only by transitions which involve at least two steps, and not from the ground state 
directly. A calculation using ai2 R = 0.80 and a;; R = 1.57 fm is shown. 

The results of a CC calculation in which the first four states of the GSRB are coupled to 
a band with K" = 0- are shown in Fig. 6, along with measurements for the (5.79 MeV,lm) 
state. Here agoR = 1.16 and agO,R = 1.89 fm. Once again the fit is remarkably good. The 

Figure 4. Differential cross sections and 
analyzing powers for the inelastic proton 
excitation of the 6+ state at 8.78 MeV in 
2 0 ~ e .  The solid lines result from p6 = 
+0.03, the dashed lines from P6 = 0, and 
the dot-dashed lines from = -0.03. 



Figure 5. Differential cross sections and analyzing powers for the inelastic proton excitation 
of the (4.97 MeV,2-) and (5.62 MeV,3-) states in 2oNe. The curves result from coupled 
channels calculations discussed in the text. 

cross section is well reproduced, including the shoulder at 50°, while the analyzing power 
is in phase out to 45". At larger angles it is out of phase and cannot reproduce the large 
negative value at 62O. 

Analysis of data for other excited states in 2 0 ~ e  is in progress. 
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Figure 6. Differential cross sections and 
analyzing powers for the inelastic pro- 
ton excitation of the (5.79 MeV,l-) state 
in 2 0 ~ e .  The curves result from cou- 
pled channels calculations discussed in the 
text. 


