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States of "'C were studied with the ' B( He, d)' C reaction at a bombarding energy of 21 MeV.
The data were found to favor the assignments J~=-+ and 2+ to the levels at 8.65 and 8.69
Me V, respectively. A distorted-wave analysis of the angular distributions for negative-parity
states in "C yielded spectroscopic factors whose relative values agreed well with the predic-
tions of Cohen and Kurath, even though the excited-state energies were found to be in better
agreement with the predictions of the unified rotational model.

I, INTRODUCTION

The mirror nuclei "Band "C have been exten-
sively studied and many of their properties are
known. ' Not so well known, however, are the sin-
gle-particle strengths of the states as observed in
the reactions 'OB(d, P)"B and 'oB('He, d)"C. These
are of considerable interest, since they may be
compared directly with the predictions of the nu-
clear shell-model calculations of Cohen and Ku-
rath ' and Goldhammer et al. ''

In previous work, the spectroscopic strengths
for (d, P) reactions, "(d, n) reactions, ' and ('He, d)
reactions"" on "Bhave generally been derived
from analyses with plane-wave Born-approxima-
tion (PWBA) stripping codes. The absolute values
of the strengths thus obtained are seldom accurate,
and even the relative strengths are uncertain.

It has been shown"" that distorted-wave Born
approximation (DWBA) analyses are reasonably
capable of fitting the angular distributions for sin-
gle-particle transfer reactions on targets in the 1P
shell and that the spectroscopic factors obtained
are in reasonable agreement with shell-model
calculations. However, for the 'OB(d, P)"B reac-
tion, such analyses have been carried out" only
for transitions to the three strongest states below
7-MeV excitation. Other DWBA analyses were
confined to the ground-state transition. "'" For
the "B('He, d)"C reaction, a DWBA analysis has
been reported" only for the ground-state transi-
tion at bombarding energies less than 10 MeV.

The reaction "B('He, d)"C was studied here at a
bombarding energy of 21 MeV. Some of these data
have been discussed in a previous report" in which
J"= 2 was assigned to the 8.11-MeV state of "C.

In the present study, we consider a DWBA analysis
of all states below the proton breakup threshold
at 8.693 MeV. Absolute spectroscopic factors
have been extracted and they are compared with
the predictions of shell-model calculations. ' '
The angula. r distribution of a broad (f'= 200 kev)
level at 10.68 MeV is presented and fitted with a
distorted-wave calculation. The ground- state
transition from the '2C('He, d)"N reaction is also
discussed.

II. EXPERIMENTAL PROCEDURE

The Argonne FN tandem accelerator produced a
beam of 'He ions with an energy of about 20.9 MeV.
The 'He beam was incident on self-supporting "C
and "Btargets placed in the center of an 18-in.
remotely controlled scattering chamber. " The
"C target was approximately 60 y.g/cm' thick and
the "Btarget, enriched to about 96% "B, was
about 100 yg/cm2 thick. Each was oriented with
its normal at about 30' to the beam direction. The
data revealed the presence of oxygen in both tar-
gets, and traces of "B, "C, and "Si in the "B
target.

A vertical beam profile on the targets was es-
tablished by two beam-defining slits whose dimen-
sions were yg+]g in. and which were spaced about
12 in. apart, with the second slit placed about 8 in.
before the target. The solid angle subtended by
the detector was also defined by a rectangular col-
limator of the same dimensions placed about 4 in.
from the target.

The detector telescope was composed of silicon
surface-barrier derectors. The bE detector was
500 p, thick, which was sufficient to stop the elas-
tically scattered 'He particles, and the E detector
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was 2000 p, thick. An anticoincidence detector,
also 2000 p, thick, was placed after the ~ and E
detectors. A fourth silicon surface-barrier detec-
tor, of 500- p. depletion depth, was placed separate-
ly at 25 to the beam direction and was used as a
monitor of the elastically scattered 'He particles.

Pulses from the detector telescope were fed to a
conventional pulse-multiplication particle- identif i-
cation circuit. The data mere stored in a 4096-
channel analyzer operated in the 1024x4 mode.
Signals for tritons, deuterons, and protons (with
the high-energy events eliminated by the antico-
incidence circuit) were stored in the fourth, third,
and second memory quadrants, respectively. Sig-
nals for 'He and 'He particles (obtained from the
nE detector only) were stored in the first quadrant.
A resolution width of about 50 keV was achieved.
After each run, the contents of the analyzer were
dumped onto magnetic tape for later analysis.

Before the data were acquired, the accuracy of
the scattering angle was measured by determining
the crossover for the reactions 'H(3He, 'He)'H and
"C('He 'He')"C(4. 43 MeV). The angle was found
to be correct to 0.1 at 15'.

Data for 'He-induced reactions on "C were ob-
tained at 14 angles between 8 and 90' in the labora-
tory system. A short repeat measurement at 15'
was taken at the end of the experiment. The data
from this spectrum could not substantiate a varia-
tion in target thickness of more than 5/o.

Data from the "Btarget were also obtained at
the same 14 angles between 8 and 90', Spectra ob-
tained at angles of 20 and 55' are shown in Fig. 1.
Pile-up effects in the electronics resulted in very
poor resolution for the data at 8 and 11', and pre-

eluded the analysis of most of these data. In addi-
tion, the ground-state group for the ('He, d) reac-
tion was absent for angles less than 42' because of
the discriminator settings of the electronics. Con-
sequently, the discriminator settings were revised
and, using shorter exposures, data were obtained
for 27 angles between 8 and 85'. Four of these an-
gles coincided with those of the previous long ex-
posures. A comparison of the data for these four
pairs of angles showed that there was no deteriora-
tion of the target during the course of the experi-
ment.

III. DATA PROCESSING

A. Data Analysis

Much of the data analysis was carried out with
the aid of the computer programs QPLOT and
AUTO&&& '8 The first program plotted the spectra,
one above another, with the Q value of the reac-
tion as the abscissa. It confirmed the identifica-
tion of the states of "C and "N, and allowed con-
taminants in the ' B and "C targets to be readil'y.
identified. The second program carried out a
sophisticated least-squares analysis of the peaks
in the spectra, utilizing a prescribed peak shape', .

to obtain the positions and areas of the peaks. .

All the levels in "C below the proton separation
energy of 8,693 MeV mere analyzed in the spectra
from the long bombardments. Because of the
small yields, the analysis of the "C spect. ra from
the shorter exposures was limited to seven states-
the four mell-separated levels below 5 MeV, the
strong state at 6.48 MeV, and the two states of
special interest'6 at 8.11 and 8.42 MeV. ParticIe
groups from the reaction "0('He, d)"F(0.50} ob-
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FIG. 1. Spectra of the 03{SHe, d) ~C reaction, obtained at angles of 20 and 55' for a beam energy of 21 MeV. The
nonlinearity of the multichannel analyzer was represented only approximately by a polynomial. This causes a slight
misplacement of some of the peaks on the excitation-energy scale.
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scured the 8.11-MeV state between 24 and 28'.
Silicon on the ' B target produced particle groups

which were superimposed on some ef the "C peaks
at some angles. In most cases in which this oc-
curred, the amount of contamination was so large
or so uncertain that only upper limits could be es-
tablished for the "C cross sections. However, for
the 8.11-MeV state of "C at 36', the contamina-
tion from the "Si('He, d)"P(3.45) reaction was es-
timated and subtracted from the total yield. This
estimate was obtained by observing the yield for
this contaminant group at 42', and extrapolating
to 36' by using the measured angular distributions
obtained" at a 'He energy of 24.5 MeV. The
amount subtracted was only one third of the total
yield.

The levels at 8.652 and 8.694 MeV in "C were
not entirely resolved in the present experiment.
The program AUTOFIT was used to separate the
two components, the positions and areas of the
peaks being unconstrained. It was noticed that the
separation of the peaks varied significantly with
the angle, the average separation being 48+ 4 keV.
However, the peaks are known' to have a separa-
tion of 42+ 6 keV. Using an average separation of
45 keV, the positions of the peaks were held fixed
and AUTOFIT was requested to obtain their areas.
Quite satisfactory results were obtained. Indeed,
the angular distribution of the 8'.65-MeV state was
not noticeably modified, while that for the 8.69-
MeV state showed slight changes.

The only identifiable levels above 9 MeV were
those at 10.09 and 10.68 MeV. The 10.09-MeV
level was too weak for an angular distribution to
be extracted. The 10.68-MeV state was present
in the spectra only for laboratory angles 8 + 30 .
This state is broad (I"=200 keV) and rests on the
three-body continuum. It also occurred near the
low-energy cutoff of the spectra. Since the back-
grounds could be only approximated, absolute
cross sections could not be reliably obtained for
this state. The angular distribution was, however,
extracted in relative units by summing the counts
above background over a prescribed energy inter-
val. Care was taken that the same excitation-en-
ergy region was included in the sum at each angle.

The only state of "N of interest in this study was
the ground state. It is the only bound state of "N.
A more detailed study of the "C('He, d)"N reac-
tion was reported earlier. "

B. Absolute Cross Sections

The elastically scattered 'He particles from the
"Band "C targets were monitored during the
course of the experimental measurements. The
absolute- cross-section scale for 'He-induced re-
actions on "C was established by comparing the

yield for 'He elastic scattering at 6&,b=30' with
the absolute cross section obtained from an earli-
er excitation function" measured at 30'. An ex-
citation function had also been measured' at 45'.
The normalization factor obtained by interpolating
the present elastic scattering yields at 42 and 48
is consistent with the value obtained for the 30
cross sections. Also, the present data on the
"C('He, d) reaction to the "N ground state were
compared with the cross sections measured" at
a beam energy of 21.64 MeV. These cross sec-
tions do not have a strong energy dependence. "
The normalization factor thus obtained agreed
with the previous value to within about 30'%%uo.

For the "Btarget, the absolute-cross-section
scale was established by comparing the yield for
'He elastic scattering with that from the "C target.
The two elastic scattering angular distributions
had identical shapes for 8, &33' and the ratio of
the yields was readily evaluated. This ratio was
then corrected for the mass dependence of the
elastic scattering cross sections by comparing the
optical-model predictions of the scattering from
' B and ' C at very forward angles. The optical
potentials were the same as those used in the dis-
torted-wave analysis of the ('He, d) reactions and
are discussed in Sec. IV. Although the computed
angular distributions did not have the same shape
for angles larger than 15', in contrast to the data,
it is believed that this results from an improper
optical potential and that a correction based on the
cross sections at very forward angles is satisfac-
tory. The absolute-cross-section scale thus ob-
tained is thought to be accurate to about 30/o. .

The angular distributions for the levels of "C,
expressed in the center-of-mass system, are
shown in Figs. 2-5. The angular distribution for
the ground state of "N is given in Fig. 6.

IV. DISTORTED-WAVE ANALYSIS

Distorted-wave calculations of the angular dis-
tributions have been carried out with the computer
code 0%'UCK. 22 Such calculations for reactions in
the 1P shell are known to be subject to many un-
certainties, and close fits to data have seldom
been achieved ' for angles larger than 60'. Nev-
ertheless, previous studies"" have shown that it
is possible to obtain useful spectroscopic informa-
tion for such nuclei.

A. Parameter Selection

The real and imaginary terms of the optical-
model potentials used in the present calculations
are volume potentials with Woods-Saxon shapes.
Coulomb potentials for uniform charge distribu-
tions are included. The parameters are listed in
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FIG. 2. Angular distributions for the negative-parity states of C which exhibit stripping patterns. The curves are
distorted-wave calculations.
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Table I. Both the 'He potential" and deuteron po-
tential" were chosen to have "average" parame-
ters, Even though such potentials will not in gen-
eral fit specific elastic scattering data, they are
expected to reproduce the systematic changes in
the data as the target and beam energy are varied.
Also, they are believed to be nearly free of reso-
nance effects so that the computed angular distri-
butions are relatively insensitive to small varia-
tions in the parameters.

A disturbing feature of the 'He potential is the
fact that it predicts quite different shapes for 'He
elastic scattering from ' 8 and ' C between 15 and
30', although, as noted in Sec. III 8, the data have
similar shapes. Nevertheless, it is instructive to
note that the optical potentials given in Table I
have been found" to give good fits to the data for
reactions on a variety of light nuclei.

The bound-state form factor was computed for a
Woods-Saxon potential. The geometrical parame-
ters (Table I) were taken from a previous study"
of the "C('He, d)"N reaction. The well depth was
adjusted in order to reproduce the experimental
binding energy of each state.

Spin-orbit terms were not included in the 'He
and deuteron potentials, since their effects were
generally negligible. A spin-orbit term having the
Thomas form and a strength X =25 was included in

FIG. 6. Angular distribution for the ground state of
3N. The curve results from a distorted-wave calcula-

tion.

TABLE I. Parameters for the bound-state and optical-
model potentials used in the distorted-wave calculations.
Well depths are in MeV and lengths in F.

Particle V a W +c V~o

He 177 1.138 0.7236 15 1.602 0.796 1.14 0
d 100 1.40 0.60 14 1.74 0.80 1.40 0

P a 1.26 0.60 1.26 A, =25

~Adjusted for each state to reproduce the experimental
binding energies.

the bound-state potential, since this had some ef-
fect on the over-all magnitudes of the angular dis-
tributions.

Some consideration was given to the selection of
the imaginary well depths, since these are poorly
known. It was found that reasonable changes in
W('He) and W(d) did not noticeably affect the
shapes of the angular distributions for angles less
than 80 and 45, respectively. The combination
W('He) =15 MeV and W(d) =14 MeV produced the
largest cross sections in the second and third
maxima of the l =1 angular distributions and was
selected for the calculations. Even though there
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may be an energy dependence for W(d), this de-
pendence is not mell known and its effects on the
relative spectroscopic factors are not expected
to be more than about 10% over the range of ex-
citation energies considered in this experiment.

The effects of finite-range and nonloeality cor-
rections mere also investigated for the ground-
state transition. The shape of the angular distri-
bution mas modified in the same manner as though
both S" parameters had been increased, and the
theoretical cross section at the first maximum
was increased by a factor of about 1.6. The ex-
tent to which finite-x'ange and nonlocality correc-
tions are required for the ('He, d) reaction is not
mell known, and the final calculations were done
without them.

B. Fitting the Data

The calculated angular distributions are shown
with the data for "C in Figs. 2-5. The same pa-
rameters mere also used in the calculation for the
"N ground state and the curve is given in Fig. 6.

The l =1 curves in Fig. 2 generally provide a
satisfactory fit to the data. Not only are the min-
ima and maxima, located in approximately the right
places, but the Q dependence of the shapes appears
to be satisfactorily reproduced. The worst fit oc-
curs for the state at 4.305 MeV, These data most
likely include contributions from / = 3 stripping or
from processes other than stripping.

Examples of angular distributions of these latter
types are shown in Fig. 4. The J' = —,

' assignment
for the 1.995-MeV state precludes its population
mith an /=1 stripping pattern. An l =3 cux've is
shown for this state. The poor fit supports the be-
lief that appreciable If», strength should not be
expected in "C. Although the selection rules
would permit the population of the J"= g state at
4.794 MeV with / =1, it cannot be fitted with either
/=1 or l =3. Indeed, its angular distribution is
nearly identical to that for the 1.995-MeV state.

The positive-parity states (Fig. 3) were general-
ly populated weakly by the ('He, d) reaction. The
states at 6.339 and 7.509 MeV cannot be populated
with /=0 transitions, and the /=2 curves approxi-
mately represent the data. The 6.906-MeV state
could be populated with both l =0 and /=2 transi-
tions. The angular distribution clearly suggests
that the l = 2 shape is dominant.

The states at 8.652 and 8.694 MeV appear to be
mell fitted with /=2 and /=0 curves, respectively.
Since the theoretical single-particle cross sec-
tions ax'e larger for / = 2 transitions, an / =0 corn-
ponent could be obscured for the 8.65-MeV state.
The data points for the 8.69-MeV state are some-
what sensitive to the method used in resolving the
doublet (Sec. III A), especially for the most for-

ward angle. Nevertheless, the angular distribu-
tion almays showed characteristics which differed
from those of the 8.65-MeV state and substantiat-
ed the presence of a larger /=0 component. As
shomn, the data are fitted with a pure / =0 curve,
although this probably overestimates the 2s]yp
strength.

The angular distribution for the 10.68-MeV state
is well fitted with an 1 =2 curve (Fig. 5). An I =0
curve is shown for comparison even though the
J' =-", assignment' for this state precludes / = 0
stripping. Since only the shape and not the abso-
lute magnitude wel e 1 eguired fol this state~ a

fict-

itiouss binding energy of 0.01 MeV mas used in the
distorted-wave calculations for this state. How-
ever, the correct outgoing deuteron energy mas
used.

C. Spectroscopic Factors

The spectroscopic factors were obtained from
the fits shown in Figs. 2-6 by use of the expression

f g2S DwlicK( ) (1)dQ
' 2J +1, ' 2j+1

where J, , Jf, and j are the angular momenta of
the "8 ground state, the "C final state, and the
transferred proton, respectively. All the final
states have isospin I' =& and C'=1. The normal-
ization factor 4.42 is due to Bassel. ' Table II
gives the final results. Where possible, spectro-
scopic factor's 3x'e given fox both 1p3/2 and lpga/2

transfers for / = 1 transitions. The l = 0, 2, and 3
transitions are assumed to involve transfers of
2s, », Id5», and lf7I, particles, respectively.

The spectroscopic strengths are expected to
obey the sum rule

(2)
5

where P,. is the number of proton holes in the sin-
gle-particle orbit j in the target nucleus. In the
present case, the sum of strengths for all l =1
transitions should be 3, regardless of how the pro-
tons are distributed among the P,~, and P„, orbits,
provided that no 1p particles in the target are ex-
cited to the s-d shell. Only the five states identi-
fied in Fig. 2 have sizeable /=1 strengths, and the
sum of their weighted spectroscopic factors is
4.7-5.0, depending on the relative amounts of P»,
and p, + components. The ratio to the sum-rule
limit is about 1.6 and mould correspond exactly to
the factor that mould be introduced by finite-range
and nonlocality effects.

The spectroscopic factor of 1.13 for the ground
state of '3N agrees mell with the value obtained"
at lower bombarding energies and with different
optical-model parameters. While the absolute val-
ues of all the spectroscopic factors may not be
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TABLE II. Summary of the experimental results for
l values and spectroscopic factors. The spectroscopic
factors have not been renormalized to the sum rule nor
have finite-range and nonlocality corrections been in-
cluded.

(MeV)

0.000

1,995

4.305

4.794

6.389

6.480

6.906

7.509

8.107

8.420

8.652

8.694

3-
2

f~
2

i+
2

7 ~
2

5+
2

5
2

( 7 )+
2

( 5)+
2

or 0

or 0

3
2

(7)
3
2

or &
i

(-,')
(-,')

5
2

3
2

or—
2

5
2

2

Y
3
2

or T
5
2

Y
i
Y

2.26

&0.83

0.85

0.40

&0.16

&0.78

0.16

1.52

0.12

«0.09

0.08

0.14

1.51

1.65

0.85

&0.70

&1.6

N

0.000

V. DISCUSSION

A. Doublet at 8.6 MeV

The levels at 8.65 and 8.69 MeV are excellent
candidates for the analogs of the levels at 9.19 and

9.2'7 MeV in the mirror nucleus "8 and would

therefore have J"=&' and-,' '. However, the rela-
tive order of these assignments in "C is not
known. Whether or not the levels cross when a
neutron is changed into a proton, it is clear that
the 9.27-MeV state moves down relative to the
9.19-MeV state.

Coulomb-energy calculations show that, relative
to a P state at a similar binding energy, an s state

correct, it appears that the relative values do not
depend significantly on the experimental conditions
or on the distorted-wave analysis and should there-
fore contain useful information.

moves downward and a d state moves upward when

a neutron is changed into a proton. Therefore, the
9.27-MeV state must have more s strength or less
d strength, or both, than the 9.19-MeV state.
Hinds and Middleton' observed nearly equal l =0
strengths to these two levels in the "B(d,p)"B re-
action, and their data are consistent with more d
strength in the 9.19-MeV state, as expected.

If the pairs of states in "BBnd "C are mirror
levels, their spectroscopic strengths in single-
particle transfer transfer reactions on "B, should
be very similar. As discussed in Sec. IV B above,
the data show that in "C the lower state contains
more i=2 strength than does the upper state. The
situation for 1=0 is less clear. The l =0 strengths
in the two states coccld be comparable, but it ap-
pears that the upper level contains more l =0
strength than does the lower state. This is entire-
ly in accord with the strengths in "Band indicates
that the levels have not crossed. Hence, the lev-
els at 8.65 and 8.69 MeV in "C msy be assigned
as having J' =-,'' and —,

' ', respectively.

B. Nuclear Models

Theoretical spectroscopic factors have been cal-
culated by Cohen and Kurath' and by Varma and
Goldhammer. ' Both models evaluate the effective
interactions in the 1p shell by fitting a number of
well-identified levels for nuclei with masses A
=6—16. Cohen and Kurath ' incorporated only
two-body interactions, whereas Goldhammer et
al."made corrections for three-body effects.
The spectroscopic factors were calculated only
for levels that could be reached by adding a 1p
particle to the target nuclei.

The experimental and theoretical spectroscopic
factors are compared in Table III. For the pur-
pose of this comparison, the experimental spec-
troscopic factors have all been normalized to the
theoretical value S=1.09 given by Cohen and Ku-
rath for the "C ground state. The renormaliza-
tion factor (about 2.1) is larger than that suggest-
ed by the sum-rule considerations or the finite-
range and nonlocality corrections, but it simpli-
fies the comparison of the relative values. The
same value is also obtained from the ratio of ex.-
perimental to theoretical' spectroscopic factors
for the "N ground state. The experimental values
are evaluated as though they arose entirely from
P„, transfers, or, if allowed, entirely from p»,
transfers. Cohen and Kurath' list separate com-
ponents for P3/2 and P, (2 transfers, but Varma and
Goldhammer' give only the sum.

The relative experimental values in Table III
agree remarkably well with the values of Cohen
and Kurath. ' The agreement with the values of
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TABLE III. Comparison of the (normalized) experimental relative spectroscopic factors for i=1 transitions with the
predictions of Cohen and Kurath and of Goldhammer et al. The experimental spectroscopic factors have been normal-
ized to a value of S = 1.09 for the ground state.

(MeV)
Expt. (norm. )

P3/2 P f/2 Sum

Relative spectroscopic factors
Cohen 5, Kurath ~

P3/2 Pf/2 Goldhammer b

0.000

4.305

4.794

6.480

8.107

8.420

3»
2

7-
2

3»
2

1.09

0.17 0.19

(0.08

0.73 0.79

0.07

0.73 0.79

iiC

1.09

0.10

0.005

0.05

0.21
or 0.08

0.17

0.04

0.82

(11.44 Me V)
(13.36 MeV)

0.65

1.09

0.14

0.005

0.87

0.21
0.08

0.82

0.31

0,11

0.01

0.57

0.79

0.000 0.55 0.61 . 0.61 0.56

~See Ref. 3.

EXP. CK G MS
FIG. 7. The experimental (EXP.) and theoretical level

schemes for odd-parity states of C. The theoretical
models are those of Cohen and Kurath (CK, Ref.2), Gold-
hammer et al. (G, Ref. 4), and Malik and Scholz (MS,
Refs. 26, 27, and present paper). The number beside
each level is 2J, i.e., twice the spin of that level.

bSee Ref. 5.

Varma and Goldhammer' is fa,ir, the principal
difference being the factor-of-3 discrepancy for
the ground state of "C. Even though Goldhammer
et al."advise caution in interpreting the theoreti-
cal values too literally, this discrepancy is prob-
ably significant.

The third J"= z level in "C, observed experi-
mentally at 8.11 MeV, is difficult to reconcile
with theoretical predictions. Its relative spectro-
scopic factor agrees much better with the value
Cohen and Kurath' computed for the fourth ~ level
(which they predict should be at 13.36 MeV) than
for the third (predicted at 11.44 MeV). However,
both theoretical levels lie much too high in ener-
gy, and neither one can be associated with the
8.11-MeV state simply on the basis of the spectro-
scopic factors.

In the weak-coupling model, it is possible to
characterize the low-lying (E,& 10 MeV) negative-
parity levels of "C as produced by coupling p3/2
and P„,holes to the 0' ground state and 2' first
excited state of "C. This results in eight states:
two with spin &, three with ~, two with ~, and one
with &.

More sophisticated calculations also suggest the
presence of this set of states in the low-lying spec-
trum of "C. The unified rotational model of Ma-
lik and Scholz, "' which includes the Coriolis-
coupling term, has been used to calculate the spec-
tra of mass-11 nuclei. Calculations with a simi-
lar model have previously been reported" for nu-
clei in the 1$ shell. The present calculations do
not differ substantially from those of Ref. 28 ex-
cept that here the deformation and moment-of-in-
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ertia parameters were kept the same for all bands.
Also, for the mass-11 nuclei, the best results in
the present calculation were obtained with an
oblate deformation P =0.30, rather than with the
lax'ge px'olate deformation used ln the previous
calculations. "

The calculated level scheme for negative-parity
states is shown in Fig. 7, along with the experi-
mental level scheme and the schemes of the effec-
tive-interaction calculations. ' ' In contrast to the
latter models, the deformed model successfully
reproduces the third J' = 2 state near 8 MeV.
However, it also introduces a second J' =

& level,
not experimentally identified, near 6 MeV. The
model of Cohen and Kurath places this level above
10 MeV.

Ground-state magnetic dipole moments have al-
so been computed with the deformed model. The
results are -1.076p, „for "C and +2,709@.„for "B.
These are in excellent agreement with the experi-
mental values' (-)1.03@.~ and +2.688p, „for "C
and "8, respectively.

The effective-interaction models were reported' '
to have unusual difficulties with the mass-11 nu-

clei, either with the level scheme or with some of
the electromagnetic properties. The deformed
model implicitly incorporates a slightly different
type of effective interaction, although its shell-
model representation is not transparent. The im-
provement exhibited by this model in some of the
properties of "C and "Bsuggests that the shell
models' ' may not include a sufficiently large ba-
sis and may not take proper account of the de-
formed core. Nevertheless, the excellent agree-
ment between the relative spectroscopic factors
from the "8('He, d)"C reaction and those calcu-
lated by Cohen and Kurath" indicates that their
model can well desex ibe the principal character-
istics of the negative-parity states of "C.
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