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Abstract: The C(d,p) C reaction has been studied at S, =

20 MeV. All the known positive-parity states of C below

10 MeV in excitation energy, including the 7/2 and 9/2* states,

are observed in this reaction. The angular distributions for

these positive-parity bound and unbound states are analyzed

in CCBA frame work. The C wave functions, which reproduce

the resonant and non-resonant scattering of neutrons from C,

also give good accounts of the experimentally observed angular

distributions and energy spectra of outgoing protons in the

C(d,pl C reaction. In most cases the cross section magnitude

and the angular distribution shape are primarily determined

by the 0 Sj component, even if it is only a small fraction

of the total wave function. An exception is the 7/2 state,

where the main contribution comes from the 2+8d5.. component.

The inclusion of the 4 + state in C and the gQ/2
 a n d g7/2

neutron components in the n+ C system has very small effects

on the low-spin states, but is indispensable for a good fit

to the 7/2 and 9/2 angular distributions. The transitions

to the negative-parity states, 1/2 ~, 3/2 ~, 5/2", 7/2" and

1/2 , are also observed experimentally, and analyzed by DWBA.

NUCLEAR REACTIONS 12C(d,p), E = 30 MeV; measured 0(8).

C levels deduced T and spectroscopic factors. CCBA and

DWBA analysis.
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1. Introduction

In a recent, paper of Tanifuji, Mikoshiba and Terasawa ,

the C(d,p) C reaction at E. = ) and 15 MeV was investigated

in coupled-channel Born approximation (CCBA) frame work.

Particular attention was paid to core-excitation effects in

transitions leading to positive-parity unbound states in C,

for which protons associated with resonant as well as

non-resonant neutrons were considered. Their results are in

good overall agreement with the data" , although there remain

problems that require further investigation. For example,

the width for the 3/2^ state deduced from the analysis of

the 15-MeV (d,p) data ', r(d,p), is about seven times larger

than that obtained from the (n,n) data, f(n,nl. On the other

hand the width Hd.p) for the 3/22
 + state is about a half of

P(n,n), although the calculated proton energy spectrum in the

3/2? region is in good agreement with the experimental

spectrum . The (d,p) cross section, and T(d,p) accordingly,

for the 3/2 state largely depends on the background subtraction

in the (d,p) spectra, and the empiricaJ background used in

ref. 3 to obtain the 3/2 cross section was higher than the

theoretical one. It was desirable to make a direct comparison

between experimental and calculated energy spectra to remove

ambiguities due to the background and resonance shapes.

We have measured the C(d,p) C angular distributions

at a higher incident energy than previous work, and also with

a better energy resolution. This allows us to study the energy

dependence of the core-excitation effects and to further check

the applicability of the theory. Furthermore the 7/2 state
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at 7.492-MeV and the 9/2 state at 9.5 MeV have been observed

in our experiment. The angular distributions for these states

were not reported in the previous low-energy work. The

observation of the 7/2 and 9/2 states has made it possible

to investigate effects of the 4 -state excitation in the C

core, which are too small to be seen in low-spin state

excitation, and also effects of a possible admixture of the

g .. and 9-r/-, neutron components in the n+ C system expected

from a large deformation of the C cere.

2. Experimental procedure

The experiment was performed using a 30-MeV deuteron beam

from the variable-energy sector-focusing cyclotron at the

Institute for Nuclear Study, University of Tokyo. The beam

current was -20 nA at small angles, and -200 nA at large angles.

The target was 500 gg/cm" thick self-supporting foil of natural

carbon. Outgoing protons were momentum analyzed by a QDD

magnetic spectrometer , and detected by a focal plane detector

system , which consisted of a single-wire position-sensitive

proportional counter, two AE proportional counters, and a plastic

scmtillator E counter. Overall energy resolution was 25 keV

at forward angles, but somewhat worse at large angles because

of the kinematic effect and target angle. Typical momentum

spectra at two different magnetic field settings are shown

in fig. 1. The threshold for n+ C is 4.946 MeV, and only

the lowest four states in C are stable against neutron

emission.



Angular distributions were measured from 7.5 to 75 in

2.5 steps at small angles and in 5 steps at large angles.

The errors in the overall normalization or the cross sections

are estimated to be £10 % except for a broad 3/2-, state (see

subsection 4.6). In figs. 3 - 1 0 below, error bars indicate

relative errors including statistical errors and errors due

to background subtraction.

3. Analysis

Details of the CCBA analysis are given in ref. 1. Here

we describe only particulars that are relevant to the present

work.

The optical potential parameters used in the present

calculation are given in table 1. The parameters for deuteron

are basically set G3 given in ref. 7, except that the surface

imaginary potential depth W has been reduced from 9.2 MeV

to 6.0 MeV to simultaneously reproduce both the deuteron elastic

scattering data and the inelastic scattering data for the 2.

state of C by explicitly including the inelastic-scattering

channel in coupled-channel calculation. We have taken proton

parameters from ref. 8. A few other sets of potentials have

been tested both for deuterons and protons without

significant difference in final results.

In the present CCBA calculation, two sets of n+ C wave

functions are employed. One (CASE I) is the same as that in

ref. 1, i.e. the 0^ and 2^* states are considered for C

core. The other (CASE II) is obtained by taking into account

the additional 4^ state. The parameter;; of n- C interaction
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used are in table 1, where those for CASE I are the same as

set S of ref. 9. This set of parameters reproduces the phase

9 1shifts of s and d partial waves very well , but gives an anoaaly

for the 9/2 partial-wave phase shift, instead of a resonance,

the position of which is higher than the experimental resonance

energy of the 9/2 + level by about 350 keV. This anomaly becomes

a real resonance by decreasing its energy, which can be realized

by taking into account the 4,+ state of the C core under

rotational model assumption. More specifically, if we stick

to CASE I, a potential V Q n (see foot note of table 1 and ref. 9)

as deep as 100.2 MeV for the 9q/2 neutron is required to bring

down the 9/2* resonance to the experimental energy. This

potential is unusually deep compared with 54.37 MeV (set 5

of ref. 9) used for the other states. On the other hand the

CASE II calculation reproduces the resonance energy with sore

reasonable potential parameters. For example, keeping the

other parameters same as before, we need to adjust only the

potential depth for a neutron moving in the C(4 ) core.

The correct resonance energy is obtained for VQn(4 ) = 44.40 MeV.

Finally other potential parameters are readjusted slightly

to reproduce the positions of the low-lying 1/2 , 3/2 and

5/2 + levels as well as the 9/2.+ level at the same time.

Resultant potential parameters and wave functions for CASE II

are given in tables 1 and 2, respectively. Except for the

9/2 and 7/2+ states the effects of including the 4 core

of C are rather small in the n+ C wave functions and thus

the essential features of the (d,p) cross sections are quite

similar to those in CASE I. Therefore all the CCBA calculations

- 6 -



quoted in the following sections are those for CASE II unless

otherwise stated. The width r(d,p) for an unbound state is

obtained from the normalization of the CCBA cross section using

(TJT) = —-— ^ ^jlT^cCBA' u h e r e W ancl k a r e t n e reduced mass

and the wave number, respectively, of the neutron in the n+ C

system (see ref. 1 for details).

The coupling of channels is considered only for the initial

state, because the coupling in the final state channel has

been found less important than in the initial cnannel . The

(d,p) transitions through the 4,+ state of C are neglected

because they have only small effects on the results. Thus

the effects of the 4 core of C on (d,p) cross sections are

reflected only through those in the amplitudes of the C wave

functions (see subsection 4.8 below).

Finite-range and non-local corrections, which become more

important as the incident energy increases , are included

in the local-energy approximation. The finite-range parameter

of 0.695 fm and the non-locality parameters of 0.54 fm for

deuteron and 0.85 fm for proton are used throughout uhe analysis.

Standard distorted-wave Born approximation (DWBA)

calculations are also made by using the code NDWUCK . The

distorting potential parameters used in these calculations

are the same as in CCBA except that w for the deuteron is

9.2 MeV. The wave function of a transferred neutron is generated

in a spherical potential with geometrical parameters r. = 1.25 fm

and a = 0.65 fm and the Thomas factor * = 25. The depth of

the potential is adjusted to give binding equal to the separation

energy for a bound state, or the resonance energy for an unbound
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state. The DWBA angular distributions for the positive-parity

states are not shown in the following figures, since they are

almost identical to those from the 0+«j components in the CCBA

calculations.

4. Results

4.1. Proton energy spectrum in the resonance region

The experimental energy spectrum in the E = 21-26 MeV

region obtained at 9. . » 12.5° is compared with the CCBA

calculation in fig. 2. A spike at E • 24.4 MeV seen in the

data and missing in the calculation is due to the 7.547-HeV

(5/2 ) state. Negative-parity resonance states are not

considered in the CCBA calculation. A broad peak at the

high-energy end of the experimental spectrum is due to the

hydrogen contamination in the target. Except for those, the

agreement between the data and the calculation is remarkably

good, considering that the sharp peaks in the calculation

corresponding to the 6.86-MeV, 7.49-MeV and 9.50-MeV states

are smeared out by finite resolution in the experimental

spectrum. It is especially worth noting that the correct

position of the 7/2 resonance is obtained with the parameter

set prefixed to reproduce the position of the other

positive-parity states. The theoretical backgrounds are also

shown by the long-dashed line in the figure, where non-resonant

breakup of the deuteron is considered for both even and

odd-parity neutrons up to i. = 4 . The dotted line indicates

contributions from the processes in which the C core is left

in the 2 state. Comparing the slope of the experimental and
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calculated spectra in the E = 23-24 MeV region, we could not

obtain conclusive evidence for the excitation of the

B.86-MeV(l/22~) state at E d = 30 MeV.

4.2. Widths

The widths r(a,pl of the positive-parity unbound states

obtained from the CCBA analysis are summerized and compared

with previous results in table 3. The agreement between P(d,p)

and P(n,n) is better than at lower incident energies. In

particular a large discrepancy (a factor of 7) for the 3/2.

state noted in the 15-Mev data analysis is not observed at

30 MeV.

1.3. 3.09-Mevq/3*) state and 3.854~MeV(5/2L*i state

The measured and calculated angular distributions for

these bound states are shown in figs. 3 and 4. The CCBA cross

sections, dominated by the 0 (»j components, reproduce the

experimental cross section magnitudes very well without any

adjustment. The CCBA calculations somewhat overestimate the

cross sections, and also give somewhat slower fall-off of the

angular distributions, but overall agreement with the data

is reasonable considering there is no adjustable parameters

for these states.

4.4. 6.36<t-KeV(5/22
+) state

It was shown in ref. 1 that the (d,p) cross section at

E d = 9 MeV came almost entirely from the core-excitation

mechanism, and that at E , = 15 MeV the effects of the cored

excitation were still significant, reducing small-angle cross

sections to two thirds while increasin7 considerably the cross

sections at large angles. Major core-excitation contributions
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came from the 2+8s. ,, and 2+8u ,, components of the n- C wave

function, the former amounted to about 25 % of the 0 a&^.^

contribution at 0°.

The present CCBA analysis at E^ = 30 Mev (fig. 5) shows

that the 2+Sj contributions at small angles are constructive

and much smaller than those at lower energies. Both the 2 8si/2

and 2 8d_ ., contributions are less than 5 » of the 0 (id,. .̂

contribution at 0°, although the 0+ad5,j component is only

0.17 % of the total 5/22* wave function. The 2+B3j „ and 2+«d5-2

components are 67.5 % and 31.4 %, respectively. At larger

angles, 8 = 15° to 40°, however, the core excitation effects

are large, and reduces the cross section to give better overall

agreement with the data.

4.5. 7.492-HeV(7/2+) state

Fig. 6 shows the comparison of the data ard the CCBA

calculation. Contrary to the other states studied here, the

calculated cross section for this state is dominated by the

2+8d, ., core-excitation component. The direct 0 Otj^.^ component

and another core-excitation component 2 fid., .~ interfere

destructively with the 2 8d, . component, and give a

forward-angle fall-off o£ the cross section resulting in good

agreement with the data.

4.6. 7.686-MeV(3/2.'f) state

This state contains 29.7 » (20.4 S) of the 0+8d3^2 component

in CASE tr (CASE I), which dominates the calculated cross section

as shown in fig. 7. The other components give a destructive

contribucion and improve the agreement with the data, although

further reduction is needed at large angles.
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4.7. 8.2-MeV(3/2.,'t') state

The asymmetric resonance shape of this state due to the

interference with the 3/2^ state is reasonably well reproduced

by the CCBA calculation as shown in fig. 2. The experimental

angular distribution shaL.« of this state has been obtained

by integrating the number of counts between the cusp at

E = 8 MeV and the edge of the 9/2 peak. Another integration

has been also tried in order to check a possible contribution

Erom-the 8.86-MeV(l/2j ) state excitation. In the latter case

counts from the cusp to the channel just below the 8.86 MeV

(about half way up the higher excitation energy tail of the

broad peak) are summed. Ii. both cases we obtain almost identical

angular distribution shapes as shown in fig. 8. The yield

at I. » 17.5°-20° could n<".t be obtained because a broad
lab

hydrogen contamination peak swept through this region at these

angles. The differential cross section for the 8.86-HeV(1/2, )

ar

less than 0.1 mb/sr at angles greater than 30°.

The uncertainties of the experimental cross sections for

the 8.2-MeV state are hard to estimate. We could not exclude

non-;:esonant contributions experimentally on one hand, and

the tail region above E =9.5 MeV has been omitted on the

other hand by stopping the integration th«.re. According to

the CCBA calculation a process in which C is left in the

2 core starts contributing to the non-resonant background

at E =9.3 MeV (see 4.1 and fig. 2), and it makes the estimate

of the tail component even harder. Therefore a conservative

estimace of 30 % has been tentatively assigned to the
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uncertainty in the overall normalization of the 3/2^ cross

sections.

The CCBA calculation for this state (fig. 8) shows the

same features as for the other states. It is dominated by

the 08d, ,, component which determines the general angular

distribution shape and the cross section magnitude, while the

destructive interference with the other components reduces

tiiO cross sections at large angles. The calculation, although

it tends to overestimate large-angle cross sections, gives

a reasonable account of the data.

4.8. 9.50-1*^(9/2*) state

The CCBA results are compared with the data in fig. 9.

The CASE I calculation (with V. - 100.2 MeV, see section 3)

is less satisfactory as shown in fig. 9(a). Because of the

relatively large 0agq ,? component, forward-angle cross section

does not fall off as rapidly as the data. On the other hand

the CCBA angular distribution for CASE II (fig. 9(bt) is in

good agreement with the data. Although the 4 aj components

sum up to 10.4 % of the total wave function, they have negligible

contributions to the cross section; their important effects

are to reproduce the resonance energy with reasonable parameters

and to reduce the 0 89q/2 component relative to the 2 ad,. „

component. The 0+ag , component is only 0.55 % of the wave

function in CASE II. It nevertheless gives the largest

contribution to the cross section.

The dominance of the 2 ad,,, component in our 9/2 wave

function is consistent with a picture of this state being a

stretched state built on the ground state of C, since the

- 12 -



transformation-coefficient for the recoupling

4.9. Negative-parity states

Although the (d,p) transitions to the negative-parity

states are outside the scope of the resent CCBA analysis,

the experimental angular distributions for these states are

shown in fig. 10 along with DWBA results. For the 11.08-MeV

(1/2.~) state, a resonance was not found that was consistent

with the assignment of u P w 2 or lp. ,2 neutron coupled to the

ground state of C. It has been suggested that the structure

of this state is predominantly a Op. ,2 neutron coupled to the

7.66-MeV <0+) state of C. They also suggest that the 8.86-MeV

(l/2_~) state of C contains such a component.

5. Discussion

In general, the CCBA calculations give very good account

of the 30-MeV (d.p) data. Especially remarkable is the success

of the CCBA calculations in reproducing the experimental 7/2

and 9/2 + angular distributions and the spectrum shape around

the 3/22 region.

In most cases studied here, forward-angle (d.p) cross

sections at 30 MeV are dominated by the 0 fflj part of the wave

function as most clearly demonstrated in figs. 5 and 9. There

one can see that a large contribution to the cros:i section

still comes from the 0 fld_ .- or 0 flg^ ,2 component, which is

less than 1 % of the total wave function, while the other

components bring about improvement of the calculated results

mainly at large angles. An exception is the 7/2 state, where
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the main contribution comes from the 2 Sdr/? component. The

inclusion of the 4 + state in C and the la/2 a n d 97/2 c o m P ° n e n t s

in the n+ C system has very small effects on the low-spin

states, but is indispensable for a good fit to the 9/2 and

7/2 angular distributions. The most important role of the

4 core excitation is to reproduce the resonance energy with

reasonable parameters and also to reduce the O+aj component.

For a low-lying bound state, in which the 0 8j component

is dominant, core excitation effects give even much smaller

contribution to the final results. This implies that reliable

spectroscopic factors can be obtained from (d,p) reactions

around 30 MeV rather independently of the details of the reaction

mechanism and wave functions, except for very weakly excited

states for which care must be taken in extracting meaningful

spectroscopic information.

Spectroscopic factors deduced from the DWBA calculations

are given in table 4. Those for the 1/2 and 5/2. states

are somewhat smaller than the percentage fraction of the 0 dj

component (94 % for l/2+ and 78 % for 5/2*) of the wave

functions given in table 2, because the spectroscopic factors

deduced from- the DWBA calculations are obtained by visually

fitting the calculated curves in forward angle region. The

spectrosci-pic factors for the ground state (1/2^ ) and the

3.68 5-MeV state (3/2 ~) are in good agreement with the

14)shell-model calculation of Cohen and Kurath . They predict

that there are 1.24 holes in the p w ? orbit and 0.76 holes

in the p, .- orbit in C and that most of the Op strength is

exhausted by the lowest 1/2" and 3/2" states. The (2J+DS



values obtained here are 1.54 and 0.56 for the ground state

and the 3.685-MeV state, respectively, the sum of which is

close enough to 2, the sum rule limit. This suggests that

only a small fraction of the Op strength is left for higher-lying

1/2" and 3/2" states. Indeed we did not see the 8.86-MeV (l/22~)

and 9.90-MeV (3/22") states at all. We did see the 11.08-MeV

(1/2, ) state, but a reasonable description of the measured

angular distribution could not be obtained by DWBA as stated

in subsection 4.9.

The present (d,p) data for the low-lying bound states

in C are reasonably well described by the wave functions

dominated by 0+«j components, or Cohen-Kurath type shell-model

wave functions. On the other hand it has been found that the

shell-model wave functions fail to explain C(p,p') and f ir, ir *)

data for the 0(1/2^) * 3.09(l/2 + ) transition13'i5'. Inelastic

scattering cross sections are sensitive to the interference

of various j -•• j• amplitudes. On the contrary (d,p) cross

section magnitudes and angular distribution shapes are primarily

determined by the 0 »j component of the wave function. Therefore

these two reactions are complementary and, combined together,

would give useful information on nuclear structure.
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Table 1. Optical potential parameters used in the CCBA

calculation. Energies are in MeV, and radius and diffuseness

parameters are in fm.

d +
1 2C p+13C n+

12C

vo
ro
a

wD
rD

aD

Vso

rso

aso

rc

110.7

0.9

0.801

6.0/9.2a)

1.42

0.794

9.32

0.9

0.551

1.3

63

1

0

10

1

0

5

1

0

1

.1-0.3

.15-0.

.57

.37-0.

.15-0.

.5

.5

.15-0.

.57

.15-0.

0 0 1 Ecm

°6Ecm

0 0 1 E=m

0 0 1 Ecm

0 0 1 Ecm

b)

1.

0.

6.

1.

0.

25

65

5

25

65

adjusted

1.25

0.65

U-25)

1.25

0.65

a) W • 6.0 MeV in CCBA calculations, and 9.2 MeV in DWBA

calculations. See text.

3 ? S 4- 3 7 M e V'

a « 0.26 and V a r * 0.3 7 MeV in CASE I, and V Q 0 - 54.1 MeV for

n+12C(0+ or 2 + ) and 44.4 MeV for n+12C(4'1'), a£ - 0.26 for

E > 0 and 0 for E < 0, V-. * 0.47 MeV in CASE II.cm ~ cm — ol

V » -0.44 Hev in both cases. See refs. 1 and 9 for details.
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Table 2. Mixing ratios (in %) of the configurations of the C

states calculated for CASE II.

08j

2 a s 1 / 2

2 f t d5/2
2 8 d 3 / 2
2 f l g 9/2
2 » g 7 / 2

4 B S l / 2
4Bd5 / 2

4 B d 3/2
4Otf

4 act

i

94

4

1

0

0

.02

.80

. 1 2

.114

.01

5

78

2

17

1

0

0

0

0

0

0

i/2/

. 13

. 9 0

.40

.06

. 3 2

.03

.08

.03

.04

. 0 1

5/2/

0.

67.

3 1 .

0.

0.

0.

0 .

0 .

0 .

0 .

17

SI

44

46

06

001

03

21

11

02

7/2 +

0.

9 5 .

2 .

0 .

0.

0.

1 .

0 .

0 .

0 .

01

11

17

26

003

42

62

29

10

02

3/2/

29

68

0

0

0

0

0

0

.70

.31

.56

.35

.18

.90

.001

.00

3/2/

39

9

37

12

0

0

0

0

.97

.10

.77

.81

.10

.02

.20

.02

9/2*

0

88

0.

0,

6.

3.

0.

0.

0.

.55

.71

.28

.01

.46

.28

.68

.01

.004
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Table 3. Comparison of level widths obtained from the analysis

of the (d,p) and (n,n) reactions.

T(d,p) (MeV) r(n,n) (MeV)

Ed=15MeV
a) Ed=30MeV

b) expc' theorydl

Ae> B f ) CASE I CASE II CASE I CASE II

5/2- 0.007 0.011 0.011 0.009 0.009

7 / 2 + 2 . 3x lO 6 1.75*10~6

3 / 2 x
+ 0.086 0.50 0.14 0.13

3/22
+ 1.01 0 .53 1 . 1.

9 / 2 1
+ 0 . 0 0 3 9 ' 0 .011 0.005 0 . 0 0 3 9 ' 0.002

aj Ref. 1

b) Present work

c) Ref. 12

d) Defined as r =2/(di5/dE), where <5 is the phase shift.

e) Obtained from the analysis of the data in ref. 2

f) Obtained from the analysis of the data in ref. 3.

0.

0 .

0 .

1.

006

00 5

07

0

2

0

.-i

.013

« 1 0 ' 6

. 25

.04

0

1

0

0

.007

XIO'6

.39

.79
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Table 4. Spectroscopic factors obtained from the DWBA analysis.

exc
(MeV)

spectroscopic factors

Ed=30MeVa ) Ed=15MeVb)

HD MB

=9MeVc> Cohen-Kurathd)

0

3.089

3.68 5

3.854

6.864

7.492

7.54 7

7.686

8.2

8.86

9.50

9.897

10.753

11.08

1/2,

3/2,

5/2,

7/2 +

5/2'

3/2,

3/22

l/22

9/2 +

3/22

7/2"

1/2,

0

0

0

0

0

0

0

0

.77

.65

.14

.58

.017

e)

.009

. 1 1

f)

g)

e )

g)

.026

e l

1 .

1 .

0.

1.

1

1

10

1

1 .

1 .

0.

1.

4

2

20

4

1 .

1.

0.

0.

3

0

26

8

0.61

0.19

0.0012

0.0014

a) Present work.

b) Ref. 3.

c) Ref.4.

d) Ref. 14.

e) No reasonable fit in DWBA.

f J A broad peak.

g) Not observed.
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Figure captions

Fig. 1 Momentum spectrum for the C(d.p) C reaction at

8. ._ » 10°. Peaks corresponding to the C states
LjJ\O

are labeled by their excitation energies in MeV.

Fig. 2 Energy spectrum of outgoing protons obtained ac S^AB

=« 12.5°. The thin line represents the CCBA calculation

for CASE II. The long-dashed line shows the theoretical

background, while the dotted line shows contributions

from the processes in which C is left in the 2*

excited state.

Fig. 3 Experimental and calculated angular distributions

for the 3.089-MeV (l/2+) state. Contributions from

various components to the total CCBA (CASE III cross

sections are also shown separately.

Fig. 4 Experimental and calculated angular distributions

for the 3.854-MeV (5/2^) state. See caption for

fig. 3.

Fig. 5 Experimental and calculated angular distributions

for the 6.a64-MeV (5/2*1 state. See caption for

fig. 3.

Fig. 6 Experimental and calculated angular distributions

for the 7.492-MeV (7/2+) state. See caption for fig. 3.

Fig. 7 Experimental and calculated angular distributions

for the 7.686-MeV (3/2^) state. See caption for

fig. 3.

Fig. 8 Experimental and calculated angular distributions

for the 8.2-HeV (3/22
+) state. The dotts are

experimental cross sections obtained by integrating

- 22 -



the counts between the cusp at 8 MeV and the edge

of the 9.5-MeV (9/2+) peak, and the circles between

the cusp and the 8.86-MeV. See text for details.

Fig. 9 Experimental and calculated angular distributions

for the 9.50-MeV (9/2*) state. CCBA calculations

for CASE I are shown in (a), and those for CASE II

in (b).

Fig. 10 experimental and OWBA angular distributions for the

negative-parity bound (a) and unbound (b) states.
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