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Study of 1' States in V
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15 states in V have been studied by means of the 46Ti(3He, p)4 V reaction induced by a 17-
MeV He++ beam from the Argonne tandem Van de Graaff. The proton angular distributions
led to the identification of one 0+ state (the isobaric analog of the Ti ground state) and 7
1+ states. The excitation energies of the 1+ states are compared with those predicted by a
shell-model calculation which assumed a (&f7f2) (&f7~2) configuration. The differential cross
sections for populating states in 4 V by transferring ann-P pair with 0 or 0 + 2 units of angu-
lar momenta are compared with similar cross sections in neighboring nuclei to investigate
possible regula 'ties in this mass region. The y decay of the 0+ and 1+ states was determined
b studying P-p coincidences associated with the Ti(GHe, Py)+V reaction. The p decay of the
1+ states shows a definite pattern which is compared with one based on a selection rule involv-
ing the signatures of the wave functions describing the 1+ states.

I. INTRODUCTION

A recent theoretical investigation' has shown
that M1 transitions between certain states that
are describable by the configuration (sf7/2)'(vf7/2)
are forbidden in the odd-odd cross-conjugate nu-
cleus 'V. This selection rule should influence
the y-decay pattern for the 1' states of the f7/2
nucleon configuration. To test this expectation
experimentally, we identified seven 1' states by
studying the measured angular distributions of
protons from the "Ti('He, P)"V reaction and have
established their y-decay patterns by obtaining
coincidences between protons and y rays from
this reaction. The measured energies of these
states are in good agreement with the energies
calculated on the assumption of a pure f», nu-
cleon configuration. One therefore hopes that the
theoretical calculation will be equally successful
in reproducing the measured y-decay scheme.
The theoretical and experimental results will be
discussed and compared in the following sections.

II. MAGNETIC SPECTROGRAPH MEASUREMENTS

A. Energy Levels

The nucleus 'V was studied by use of the 'Ti-
('He, j) 'V reaction. The target was prepared by
rolling Ti metal, enriched to 83.6/g in ~'Ti, to a
thickness of 210 pg/cm2. Proton groups produced
when a 17-MeV 'He beam from the Argonne tan-
dem Van de Graaff struck the target were analyzed
in a split-pole magnetic spectrograph2 and detected
by 50-pm-thick Kodak NTB emulsions covered
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FIG. 1. Spectrum of protons from the 4~Ti(3He, P)+V
reaction. The measurements were made with split-po eI
magnetic spectrograph at an angle of 7 to the incoming
17-MeV beam. The target was a rolled ~Ti foil 210
pg/cm2 thick. The energies of the labeled proton groups
are given in Table I, col. 2.

with acetate foils to stop unwanted particles. After
exposure, the plates were developed and then scan-
ned automatically. ' A spectrum of protons emitted
at an angle of '7' to the incoming 'He beam is shown
in Fig. 1. The energy resolution is about 40 keV
full width at half maximum (FWHM). (Proton
groups are labeled if they are of importance in the
discussion, are well isolated, or could be ana-
lyzed at most angles by a curve-fitting procedure. )
Since the target contains 9.6% 4'Ti, weak proton
groups are excluded if their Q values are close to
those associated with states that are expected4 to
be strongly populated by the ('He, P) reaction on

2232



STUDY OF 1+ STATES IN 'V 2233

Ti. The excitation energies of the states in ~'V

populated by these proton groups are given in
Table I, column 2. The energies quoted are de-
rived, when possible, from the y-decay studies
with the "Ti('He, Py)4'V reaction, the energies' '
of the first and second excited states being taken
as 0.308 and 0.421 MeV, respectively. These en-
ergies agree well with those of earlier studies' "
of the ('He, P) reaction, as seen in columns 6 and
9 of Table I. In addition, the results from the
4"Ti('He, d)48V reaction" are given (last four col-
umns) for those states that can be reliably identi-
fied with those seen with the ('He, P) reaction.
The proton group with an excitation energy slightly
less than that of state 14 shown in Fig. 1 is the
result of two closely spaced levels. Both compo-
nents have small cross sections and could be ana-
lyzed with reasonable accuracy only at a few an-
gles (see Sec. HB).

B. Angular Distributions

Angular distributions, with data points taken at
fifteen angles in the range from 7 to 64', have been
obtained for the proton groups from the 4'Ti('He, P)-
4'V reaction. The shapes of many of these angular
distributions match those predicted by distorted-

wave Born-approximation (DWBA) calculations,
and from this correspondence the orbital angular
momentum L„~ transferred to the target nucleus
by the n-P pair can be inferred. The angular dis-
tribution of the proton group populating the iso-
baric analog (J' =O', T =2) at 3.019 MeV is seen
at the top in Fig. 2. The solid curve represents
the angular distribution calculated" for an L„~=0
transfer. The parameters employed in the calcu-
lations are given in Table II. They are only
slightly different from those used" in the calcu-
lations of the angular distributions resulting from
the 4'Sc('He, p)4'Ti reaction. The two lower distri-
butions in Fig. 2 have shapes characteristic of
L„~=2. The solid curve is the angular distribution
calculated for the first excited state (E„=0.308
MeV) on the assumption that I„~=2.

Seven angular distributions, all very similar,
are shown in Fig. 3. At small angles they fall off
rather steeply with increasing angle. However,
in contrast to the deep minimum in a pure L„&=0
distribution (solid curve at the bottom of the fig-
ure), the minima in these angular distributions
are "filled-in. " This "filling-in" results from a
mixture of I=0 and L~=2 transfers. Such dis-
tributions from ('He,P) reactions on 4 =0' targets
indicate' final states with J=1+. In all but two

TABLE I. Comparison among the present magnetic-spectrograph results, earlier (3He,p) studies (Refs. 7-10), and
the (8He, d) studies of Ref. 11.

Level
No.

6Ti( He,p)4 V (present work)
d 0./dQ

(MeV) J" L „& (pb/sr)

8Ti( He, P)4 V 46Ti( He,P) V

(MeV) J" L „& (MeV) J~ (MeV)

~Ti(3He, d)48V c

[(2Jy+1)/(2 J]+1)]C~S
Lp =3 LI, =1

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

0.0
0.308
0.421
0.620
1.254
2.101
2.289
2.408
2.456
2.611 f

3.019 ~

3.702
3.819
3.866
4.698
4.798

2

1 0+2

1 0+2
1+ 0+2

2

0+ 0
1' 0+2

1' 0+2
1 0+2
1+ 0+2

&2.5
16+3
67+8
43+5
14+3
23+ 6

163+30
87+ 15
48+6
30+6

350+ 50
290+ 30
50+25

380+ 40
180+25
97+20

0.0
0.312
0.424
0.622
1.252

4+
2+
1+

3.018 ~ 0+

3.701 0+, 1

2.296 0+, 1+ 0
2.410
2.464

0.42 1

2.29 1+

2.41 1

3.71 1+

3.87 1
4.69 1+

4.79 1+

0.0 4
0.310 2+

0.428 1
0.616

2.411
2.455
2.605
3.043 h

0.26
0.70
0.04

0,06
0.02

0,33 0.02
0.23 (0.004)
0.87
0.83

~ Reference 7.
b References 8-10.
~ Reference 11.

The energies for the levels 1 and 2 are taken from Refs. 5 and 6, those for levels 6, 7, 10, 11 and 13 are deduced
from the present y work.

The value is given at 0&,b
= 7' for L„& =0 and 0+2, at 8~» =18.5' for L „& =2 and for L„& undetermined.

Two closely spaced levels.
~ Isobaric analog state corresponding to the 0+ ground state in 4 Ti.
"The angular distribution of the isobaric analog state does not have the shape characteristic of stripping.
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reported eases (both in sd-shell nuclei), "the pop-
ulation of 1' states has been found to take place
by L„~=0+2 transfer. In the two atypical cases,
the 1' final states may represent (1d,~,2s„,) or
(2s,f,)' configurations, both J'=1', formed by the
n-P pairbeingcaptured by a 0'targetnucleus. The
first configuration will be formed only by an L„~
=2 transfer, while the second configuration will
be formed only by an L,„~=0 transfer. Conse-
quently, since similar configurations are not ex-

FIG. 2. Angular distribution of protons from the
Ti( He, p) V reaction. The top curve represents DWBA

calculations for the 3.019-MeV state with angular mo-
mentum transfer L„&= 0. Circles indicate the measured
results. The lower curve shows a DWBA calculation for
the 0.308-MeV state with&„& = 2, Circles represent the
experimental results.

pected in the present case, the population of J'
= 1' final states by the ('He, P) reaction on our J"
= 0+ target nucleus can safely be expected to take
place by L~=O+2 transfers. We therefore assign
4' =1' for the seven 'V states whose proton angu-
lar distributions are shown in Fig. 3.

We would like to point out that one of the com-
ponents (E,=4.588 MeV) of the composite proton
group mentioned in Sec. II A could be analyzed
only at the three most forward angles. At the
other angles this component is just barely above
the background. This permitted us to determine
an L„~= 0 component for this state, but was not
sufficient to distinguish between an L~ = 0 and
L„~=0+2 transfer. Hence this state has either
J"=0+ or 1' with a cross section at 7' of 43+20
]tb/sr, smaller than any of the 0' or 1' states
listed in Table I. The other component of the com-
posite group has an angular distribution charac-
teristic of L„&~ 2. Hansen and Nathan' report J'
=1+ for a state at 4.58 MeV with a cross section
not inconsistent with the one given above for the
state at 4.583 MeV.

C. Particle-y Coincidence Measurements

The y decay of most of the levels shown in Figs.
2 and 3 have been studied by use of the 'Ti-
('He, jy)4sV reaction. The experimental arrange-
ment was the same as that used in earlier investi-
gations. " A rolled Ti target about 1 mg/cm
thick was bombarded by a 17-MeV 'He beam. A

0.0075-cm gold foil placed directly behind the tar-
get stopped the beam so that a surface-barrier
particle detector could be placed at 0' to the in-
coming beam. This placement is advantageous
for the study of 0' and 1' states because it pre-
ferentially selects states populated with an L„~
=0 contribution. The y rays were measured with

TABLE II. The optical potentials and parameters used in the DNA calculations, in which
the potential for the unbound proton or 3He is

V(r) =-Vf„(x) -i Wf (~) + 4ia, W f', (r),
where

f = (1+exp[(x —t„At+)/a„])

and f' = Bf/&. The parameters of the potential in which the bound neutron and proton move
are a„=0.65 fm and x„=1.2 fm. The program adjusts the real potential well until the binding
energy is X„=a[~ S„& ~

-X„], where R„ is the excitation energy in the final nucleus and S„& is
the separation energy of the n-P pair. The values used were 8„& ———15.70 MeV for the T =1
transfer and S„&=-13.48 MeV for the T =0. The potential contains a spin-orbit term.

Unbound V a„
particle (MeV) (fm) (fm) (Mev) (fm) (fm)

W

(MeV) (fm) (fm)

p
3He

53.6
165.0

0.61 1.217
0.734 l.14

0.
16.21

0.61 1.217
0.734 1.13

1.71
0

0.31
0.753

1.26
1.604
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a 30-cm' Ge(Li) detector placed at l00' to the 'He
beam.

A spectrum of particles in coincidence with all
y rays is shown in Fig. 4. The gold foil in front
of the particle detector results in poor resolution
(a few hundred keV, FWHM) for the proton groups
but, of course, the good energy resolution in these
coincidence measurements is provided by the y
detector. Most of the coincidences recorded are
due to the 4'Ti('He, d y)4'V and "Ti('He, nPy)"V
reactions, both of which have 1.arge cross sections
but fortunately rather small Q values, so that the
('He, py) reaction for «'V levels up to about 5-MeV
excitation energy is free from y rays resulting
from the deexcitation of levels in 4'V. Some y-
ray spectra resulting from the decay of the iso-
baric analog state at 3.019 MeV and from the 1+

states at 3.702 and 3.866 MeV are shown in Fig. 5.
Each spectrum was measured in coincidence with
the protons populating the level. The top spec-
trum in Fig. 5 is from the analog at 3.019 MeV,
while the bottom one is from both the 3.'702- and
3.866-MeV levels since the proton groups popu-
lating these states greatly overlap.

The y rays emitted from the 1' states which we

could identify are listed in Table III and shown in
Fig. 6(a). The y-ray energies were determined to
within+6 keV. The y decays of the states at
2.289 and 2.408 MeV, which are also observed
with the (p, n y) and (d, n y) reactions, ' agree with
the results reported in this paper. The dotted
line from the 2.408-MeV state indicates a very
weak transition. The lines from the two highest-
energy states are boxed because of our inability
to distinguish between the two y decays since, to
within the uncertainty in the energies of the two
states, the primary y rays have the same energy.
We could not associate any y rays with the weakly-
populated state at 4.583 MeV.

III. DISCUSSION

A. Level Scheme

The experimentally determined properties of
states in "V, and the deduced spins and parities,
are given in Tables I and IV. In Table V these
results are compared with those obtained by shell-
model calculations in which the valence neutrons
and protons were assumed to occupy only the f»,
shell. The calculations shown in columns 3 and 4
in Table V were performed by Gloeckner and
I.awson. " The energies shown in column 3 of
Table V were calculated with two-body interac-
tions deduced' from recent experimental results
on "Sc„ those in column 4 were calculated with
the interactions derived from a number of experi-
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FIG. 3. Angular distributions of protons from the
tTi( He, P)+V reaction which show the characteristic of

L„&= 0 + 2 transfers. The solid curve at the bottom of
the figure was calculated for &» ——0. Circles and crosses
represent the measured points; the dashed curves are
guides for the eye.
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FIG. 4. ~Ti(~He, P)4 V spectrum of protons in coinci-
dence with all y rays. The peaks are labeled with level
numbers from the list in TRble I.
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mentally well established "V levels and their
spin assignments (those marked by daggers in
column 2). The differences between the energies
given in columns 3 and 4 are relatively small.
This remains true if the calculations of column 4
are based on slightly different sets of levels.

The good agreement between the positions of the
experimentally determined 1' levels and the cal-
culated ones is of some interest since such agree-
ment is not found in the case of "Sc, as Fleming
et aE."have pointed out. In the latter nucleus, the
measured and calculated positions of the 1'
states disagree strongly, even though all the con-
figuration space of the 1f -2p shell is included in
the calculation. The authors of Ref. 19 have taken
this disagreement as an indication that some im-
portant degrees of freedom are not included in the
calculations. However, the inclusion of these ad-
ditional degrees of freedom are not necessary to
secure good agreement between the calculated and
measured energies for 1' states in 4'V.

B. y Decays

A recent theoretical investigation' of states de-
scribable by the configuration (sf,&,

)"(vf», ) "
makes an interesting prediction regarding M1
transitions among such states. The author intro-

' duces an operator called the signature operator
which changes neutrons to protons and protons to
neutrons. %hen the number of neutrons or neu-
tron holes equals the number of protons the wave
functions will be eigenfunctions of this operator
and have eigenvalues +1 (positive signature) or
-1 (negative signature). The matrix element for
an M1 transition between states with opposite sig-
natures is proportional to the difference between
the magnetic moments of the proton and neutron
while such transitions between states with the
same signature is proportional to the sum of these
magnetic moments. Hence one might expect M1
transitions between (sf,~,)"(vf»2) " states with
the same signatures to be weak. In fact the more
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FIG. 5. Spectrum of y rays in oincidence with the proton group populating the isobaric analog at 3.019 MeV (top
curve) and in coincidence with the proton groups leading to the 3866- and 3702-MeV levels. The inserts represent the
observed decay schemes.
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TABLE III. The energies of the y rays emitted from
1+ and 0+ states in 4'V.

Einitial

(MeV) ~

2,289

2.408

3.019
3,702

4.693'
4 797

(MeV)

1.981
1.989
2.098
2.598
3.394
3.445
3.558
4.368
4,368

8final

(Mev)

0.308
0.421
0.306
0.421
0,308
0.421
0.308
0.325
0.428

detailed analysis' has shown that they are for-
bidden. In particular this selection rule should
hold for the 1+ states of configuration (wf», ) (vf,&,)
in the odd-odd cross-conjugate nucleus 4'V. Since
the signature of neighboring 1' states changes

E„(Mev)
4.798~
4.698

J
~l+
~I+

3.866
3.702

3.0 l9

2.408
2.289

0.42 I~ ir

0.508-

T

I
I

I

I

I
I

I

I

I

I

I

I

I

I

l

il

I+

I+

"The energies of all but the last two are deduced from
the known energies of the first 1+ and 2+ states at 0.421
and 0.308 MeV, respectively, and the measured y-ray
energies.

The energy is taken from the spectrograph measure-
ment. The error is about +15 keV.

C. Differential Cross Sections

In the ('He, p) reaction, the total angular momen-
tum transfer J'=1' indicated by the I„~=0+2
angula. r distribution of the emerging protons (Fig.
3) is of interest since these j"= 1' transfers
seem to have especially large cross sections. "
In the present work, the sum of the 7 cross sec-
tions of all "Ti('He, p)"V reactions populating 1+

states at excitation energies up to about 5 MeV
(Table I) is

1(1,„=0+2)= Q —(Z'=1+) =1.3 mb/sr.

This disagrees only slightly with the value 2.2
mb/sr measured" at e = 3.75', since the cross
section for an L, „~=0+2 transfer is smaller at 7'

than at 3.75', as seen in Fig. 3. It is shown in
Ref. 10 that I(I.~ =0+2) is roughly the same for

TABLE IV. Recent spin assignment of levels in V.

Reference 5

(MeV)

Reference 17

(MeV) J~

Reference 6

(MeV)

sign the expected y decay of the 1+ states in V "
is as shown in Fig. 6 (b). Only the strongest
transitions to the known 1' and 2+ states are in-
dicated. They are all M1 transitions. The ob-
served y decay is shown in Fig. 6(a). The sec-
ond, fourth, and possibly the sixth 1' state decays
to the first 2' State at 0.308 MeV; within the ex-
perimental error (which might lead to missing a,

10-20% branch), we observe no other branch —in
particular, none to the first 1 state at 0.421 MeV.
The third, fifth, and possibly the seventh 1'
states, however, decay strongly to the first 1'
state at 0.421 MeV, with at most a small branch
to the first 2' state at 0.308 MeV. The regularity
described is similar to that expected from the
Lawson calculation, ' but the signature of the first
1' state seems to be wrong. This situation is un-
satisfactory because changes in the two-body in-
teractions have never resulted in a change of the
signature of the first 1' state. Hence a theoreti-
cal explanation for this pattern remains to be
found.

FIG. 6. The y-ray decay of the 1 and 0' states in
V. (a) Decay scheme inferred from the present mea-

surements. The dashed line represents a very weak
transition. The box around the starting points of the
transitions from the two top states indicates that the
observed y rays may come from either or both of these
transitions; inaccuracy of the energies of the two top
states does not allow a distinction between the two tran-
sitions. (b) Calculated decay scheme (Ref. 18). Only
the strongest M1 transitions from the 1+ states are in-
dicated. E2 transitions are weaker and are not shown.

0 4+

0.308 2

0.421 1
0.428 5~

0.614 4('&

0.627 6
0.765 3 +~

1.265 5(

0.428 5+

0.614 4
0.627 6+

0, 765 3+

1.267 5+

0.309
0.421
0.428

0.628
0.775
1.100
1.255

2+
1+
5+

6
3+ 5+
3+ 5+

7+



2238 J. W. SMITH et a, l.

TABLE V. Comparison of measured and calculated
energies of some 4 V levels.

Excitation energy (MeV)
Exper. ' Calc. I Ca].c. II

0+ 3.019t 3.022 3.020

1+

1
1+
1+
1+
1+
1+

2+

2+

3+
4+
4+

0.4211
2.289~
2.408t
3.7021
3.866~
4.698~
4.7981

0.765~
0.0
0.614~

0.428~
1.267

0.493
2.057
2.592
3.705
3.993
4.583
5.652

-0.132
1.647

0.967
0.0
0.168

0.705
1.085

0.551
2.093
2.406
3.540
3.936
4.607
5.070

-0.131
1.826

0.923'

0.0
0.311

0.683
l.004

all even-even target nuclei with neutron numbers
in the range 20 & N ~ 28.

Moreover, in the "Ca('He, p)"Sc reaction Flem-
ing et a/. ' measured the cross sections for the
J „&=1' transfers populating all the 1' states in
"Sc and the cross section for the J"„p=5' trans-
fer populating the 5' ground state and compared
these with the cross sections obtained from DWBA
calculations. They find that the experimental
ratio of the sum of the cross sections for trans-
fer to 1' states to the cross section for transfer
to the 5+ ground state is about 3 times as large
as the corresponding theoretical ratio. They sug-
gest that the reason the experimental value of

p (do/dQ ) ( J "~= 1') is larger than the calculated
value may be that configurations from higher
shells (probably Ss and 2d shells) participate in
the 1' states. This admixture is expected to occur
for all even-even target nuclei with 20&& ~ 28
since they all show about equally large cross sec-
tions for the ('He, p) reaction populating 1' states

One should note the contrast between these re-
sults for even-even target nuclei and that for an
odd-even target with a neutron number in the
range 20&N ~ 28. With the 1.~=0+2 transfers
again recognized by the characteristic shapes of

the angular distributions of the emerging protons, '
the summed differential cross section for the
"Sc('He, p)4'Ti reaction is I(L„~=0+2)
= g(do/dg) (g' =1')= 0.25 mb/sr —only about a
fifth of the value we measured for the 4'Ti('He, P)-
'V reaction. This cross section includes all
'Ti states with —,', —,', or —,' and energies up to

7.5 MeV.
Another striking difference between the ('He, P)

reactions on ~'Sc and on the few measured even-
even target nuclei is observed when the cross
section for the J'=0+ transfer indicated by the

L„~= 0 angula. r distribution (upper curve in Fig. 2)
is compared with those of the J"=1' transfers
indicated by L„~ =0+2 distributions (Fig. 2). The
J =0+ transfers populate analog and antianalog
states" '~ that lead to 0' states in the case of
even-even target nuclei and to —,' states in the
case of the 45 Sc target. The values of I(L =0)
= g (der/dQ)(J '„&——0+), I(L„&—-0+ 2), and the ratio
I(I„~

= 0)/I (L„~= 0+ 2)—all measured at 6 = 7'—a,re
listed in Table VI, which also includes the bom-
barding energies. For the few selected nuclei
tabulated here, the L„~ = 0 strength is seen to vary
only slightly, but the L„~=0+2 strength is much
smaller for the odd-even target nucleus 4'Sc than
for the even-even targets.

This difference between the odd-even "Sc and
the even-even target nuclei is even better demon-
strated by the ratio I(L~ = 0)/I(L„~ =0+2), which
has the advantage of being independent of the
measurements of absolute cross sections. This
advantage is particularly important because re-
cent studies4 ""'"of the ('He, p) reaction have
yielded differences between the cross sections—
differences that are too large to be attributed to
differences in bombarding energies and angles.
As seen in Table VI, the ratio I(I „~

= 0)
/I(L~=0+2) is about 5 times larger for "Sc
than for the even-even target nuclei "Ti, 4'Ti,
and "Fe.

As mentioned earlier Hansen and Nathan" pro-
posed that the large cross sections for J' =1'
transfers (L~=O+2) to even-even ta.rget nuclei

TABLE VI. The (~He, p) transition strength for L„&——0
and L„&= 0+ 2 orbital-angular-momentum transfers for
some 1f2P-shell nuclei,

0.6271

1.255

0.453

1.19

0.341

1.046
Final nucleus 4~Tj ci 48V & MV c 58Co d

Results of present woek and of Refs. 5, 6, and 17.
~ Calculations by Gloeckner and Lawson (Ref. 18). In

Calc. I, the two-body interactions were deduced (Ref. 1)
from recent measurements on 42Sc; in Calc. II, they
were obtained from the well-established level energies
ans spins marked by g in column 2.

17.0 22.0 22.0
0.35 0.24
1.30 0.95
0.27 0.23 0.25

' Reference 13.
~ Present work.

c Reference 16.
d Reference 20.

E(3He) (MeV) 17.0
np =0) (mb/sr)c, m.

I(L„&= 0+2) (mb/sr),
I(L„p = 0)/I (L„p = 0+ 2)
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result from admixtures of higher-shell configura-
tions. One would expect similar admixtures when

using odd-even target nuclei. However, the rela-
tively small strength of the 4'~= l' transfers to
'Sc disagrees with this expectation. It is interest-

ing to note that the strength for J'„~=0+ trans-
fers to 'Sc is about the same as for the even-even
target nuclei. Before firm conclusions can be
drawn, more ('He, p) reactions with odd-even tar-
get nuclei must be performed. Unfortunately only
a few such nuclei are stable. The measurements
are also complicated in that the analogs populated
by the J' =0+ transfer in the ('He, p) rea.ction on
odd-even target nuclei have high excitation ener-
gies —sometimes above the particle threshold. In
contrast, those reached from even-even target, nu-

clei are at considerably lower energies —an ener-
gy range in which the angular distributions of the
observed levels can be measured with much great-
er accuracy.
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