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The elastic scattering of 'Li+' 0 has been measured at EL;——50 MeV and fitted with an optical

model potential. The ' 0( Li, Be)' N reaction has been investigated at EL; ——50 MeV. States and

groups of states were observed up to 6.3 MeV excitation in the ' N+ Be system. Angular distribu-

tions for ' N in 2 0.0 MeV, 3 0.297 MeV, and 4 6.17 MeV states with 'Be in its ground state

( Beo), and for ' N in the 3 0.297 MeV state with Be in its first excited state ( Be~), have been com-

pared with distorted-wave Born approximation calculations. The distorted-wave Born approxima-

tion form factors were calculated microscopically using central and tensor forces and realistic transi-

tion densities. The calculations fail to reproduce the cross sections.

I. INTRODUCTION

The question as to whether charge exchange reactions
involving composite particles proceed by a simple one-step
process, or by complicated multistep routes, is still un-
resolved. The difficulty in interpreting the analysis of the
experiments is that there is no clear signature of success
or failure. In general, the interaction strengths are treated
as free parameters and adjusted to describe the data. Pre-
vious studies' of the ( Li, Be) reaction leading to states
in Al and K seemed to be consistent with a one-step
interpretation because the interaction strengths were
reasonable. However, one important test of these interac-
tions that could not be made, because of the limited ener-

gy resolution, was a determination of the relative
strengths of the central and tensor components. It is
necessary to experimentally resolve the natural and un-
natural parity states to be able to do this because the
former is dominated by the central force and the latter by
the tensor force. These states were not resolved in the
previously published ( Li, Be) studies.

In the present work, the ' 0( Li, Be}' N reaction is
studied. The states in ' N are sufficiently well separated
that the natural and unnatural parity states can be experi-
mentally resolved. The low-lying four states in ' N are
well described by the ds&2p&&z or zsp2, zz configura-
tions. The lack of any other states below 3 MeV in ' N
decreases the amount of configuration mixing in these
states. The ' O(d, He)' N reaction has spectroscopic fac-
tors of about unity for the 2 0.0 MeV and 3 0.297 MeV
states, thus confirming their dominant one-particle —one-
hole (lplh) character. In addition, the pickup reaction
suggests a stretched d5&zpq~2 configuration for the 4
6.17 MeV state. The (d, He) transfer data were measured
simultaneously with that for ' O(d, t) so that clear analog
assignments could be made to the 2 12.969 MeV, 3
13.254 MeV, and 4 18.97 MeV T=l states in ' O.
These states are predicted to have less than 9% 3p3h ad-

mixtures. The assignment of 4 and a relatively pure
lplh excitation to the 18.97 MeV state in ' Q has been
confirmed by medium energy inelastic proton, pion, and
electron scattering measurements in addition to ' C( Li,t)
results. The previously discussed 1plh states in ' N
should then be good candidates for charge exchange reac-
tion studies.

In the present work, angular distributions at
E ( Li) =50 MeV were taken for the ' 0( Li, Be)' N reac-
tion as well as Li + ' 0 elastic scattering. The heavy-ion
detection system used was able to resolve the low-lying
states populated in ' N. A microscopic interaction was
used in distorted wave calculations which were compared
with the data.

II. EXPERIMENTAL METHOD

Beams of Li at 50 MeV were obtained from the Aus-
tralian National University (ANU) 14 UD Pelletron tan-
dem accelerator. The targets were natural Si02 on an Au
backing and contained about 70 p, gcm of oxygen. The
target thicknesses were found by scattering 1.8 MeV pro-
tons into a detector of known solid angle at a laboratory
angle of 150' and then comparing the elastic yields to pre-
viously reported' cross sections. The low energy protons
were obtained from an auxiliary ANU Van de Graaff ac-
celerator. The error in the absolute cross section is +15%
and arises from uncertainties in the target thickness mea-
surements and in the beam integration. As a further
check on the absolute cross sections, elastic scattering
cross sections were measured at 36 MeV and compared
with previously published data. " The cross sections
agreed to within the accuracy (+20%) that the earlier
data could be extracted from the published figures.

The Li and Be ejectiles were momentum analyzed and
identified by an Enge spectrometer containing a heavy-ion
gas counter in its focal plane. The total energy, differen-
tial energy loss, and position signals from the detector
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made it possible to determine the mass and charge of the
ejectiles. The solid angle subtended by the spectrometer
was 0.75 msr and its angular acceptance was 1' in the re-
action plane, except for the largest two angles where it
was 2'. A solid state detector was used to monitor the tar-
get condition and beam integration during the angular dis-
tribution runs.

A typical energy spectrum for the ' 0( Li, Be)' N reac-
tion is shown in Fig. 1. The experimental energy resolu-
tion was about 70 keV. The method of determining the
energy of the labeled peaks is presented in detail in an ear-
lier work' that determined the ' N ground state mass by
the ' 0( Li, Be)' N reaction. The first excited state of
Be at 0.43 MeV is also observed in the present study and

the location of the peaks arising from this state are indi-
cated in the spectrum. As can be seen from Fig. 1, the
( Li, Be) reaction on ' 0 selectively excites states in ' N.
It might be expected, because of the large angular momen-
tum mismatch (-4A') of this reaction, that the selectivity
is merely a result of the low density of high spin states.
However, a known 3+ state at 5.52 MeV and a proposed
5+ state at 5.73 MeV are only weakly excited relative to
the proposed 4 6.17 MeV state. The selectivity observed
in the quadruplet of ground and first three excited states
is the same as that for the ' 0(t, He) reaction' with the
2 0.0 MeV and 3 0.297 MeV states strongly populated,
and the 0 0.121 MeV and 1 0.397 MeV states weakly
populated.

400-

~300-

o 200

' 0( Li,7Be)6N

Glob =lO

50 MeV

l00

200 600 800
CHANNEL

l000

III. MICROSCOPIC THEORY OF
CHARGE EXCHANGE REACTIONS

In this section the microscopic theory of direct charge
exchange reactions is briefly reviewed. The charge ex-
change process is treated as inelastic scattering, involving
changes in the spin and isospin of both the projectile and
target nuclei, but not in their mass number. The form
factor required for DWBA calculations may be written as

FIG. I. A typical ' 0( Li, Be)' N spectrum. Groups corre-
sponding to the excitation of the 0.429 MeV level in 'Be are
marked +, and the excitation energy of states in ' N are marked
in MeV.

(bB
~

U ~aA )=(JbM~TbM~ J&MBTBM& g v, J M T M~ JM&T&bl~ ),
p, t

where J„,M, T„, and MT are the spin, magnetic quantum number, isospin, and isospin projection for nucleus x. The
X

interaction potential V is assumed to be the sum of an effective two-body nucleon-nucleon interaction vp t over the nu-
cleons in the projectile and target. The important parts of the interaction for the charge exchange reaction are the cen-
tral and tensor components; in general, the spin-orbit part of the interaction produces a negligible contribution to the
cross sections. The nucleon-nucleon interaction may be written in the form

v~, ( s ) =voo(s)+vo&(s)r(p) r(t)+v&0(s)o (p) o (t}+v»(s)cr(p) o(t)r(p) r(t)+[v~o(s)+v»(s)r(p) 7(t)]Spy (2)

where s is the separation vector of the two interacting nucleons, o. and 7. are Pauli spin and isospin operators, and Spt is
the tensor operator. This may also be written in the following more compact form:

v~, (s}= g vs'(s)Cs YK(s) [o (p)o. (t)] r (p) r (t), .
K =0, 2

ST

(3)

where E=O corresponds to the central force, K=2 to the tensor force, and S,T to the spin and isospin labels of the
force. The constants Cs have the values Co ——(4m. )'~, C& ———(12m.)'~, CO=0, and Cf =(24'/5)'~. When S=O, o is
the unit operator, and when S= 1, it becomes the Pauli spin operator o. Likewise for the isospin operator r .

Using the techniques of Ref. 14, the matrix element of Eq. (1) may be readily evaluated as

(bB lu laA)= g i "(—)
' 'Jb(J„JM„M,

~
JttMtt)(J, Jt,M„M„~JpMp)(J„Jp—MJtMp l

JM, )
J~M
J M

JtM

JRJ J,XF~ '(R) YJ„~„(R), (4)

where the radial form factor is
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Lp S Jp

(4~) 'i
( —)

' " p ' LpL, SLRJR(LpL, OOILRO)(JRLROOIKO) L, S J,
LRLpL) LR E JR
STMT

K

K L SJ, TMT LrSJr, TM&
XCK 2 vsT kFba kF~q ' ' k jJ kR k dk.

2m R

In this expression Jp, J„and JR represent the total angular momentum transfer to the projectile, target, and relative
motion. They are equivalent to s, j, and I in the notation of Satchler. ' Similarly, Lz, L„and LR represent the orbital
angular momentum transfer to the projectile, target, and relative motion. The constant Cir has the values Co= 1 and
C2 ——2' . The Fourier transform of the interaction is given by

&sT(k)=4m. f &sT(s)Jr(ks)s ds (6)

and of the densities by

LSJ, TMT LSJ, TMT
Ff; (k)=4m Ff;

'

(rj)L(kr)r dr .

The radial densities have the form

LSJ ™T J ' LSJ
Ffi (") g STM (JfJi)(ifJfl IT Ili(Ji)tin i j (r)tin. lj (r) ~.

JfJt.

where the tensor TM is formed from coupling YLbt (r ) with o.s,

TM, = g (LSMLMS
I
JMi)i YLM, (r)o M

ML M~

with single-particle matrix elements tabulated by Bell and Satchler. ' The spectroscopic amplitudes STi)t (jfj;) are de-

fined by

1/2 ~

STMT(JfJi ) = (f
I I 4TMT I

li )
jf

(10)

where

JM~ j, —m,-+ I /2 —t,
ilTM j(fJI )= g ( —) '(Jfj';mf, —m;

I JMi)( —,
'

, t, , —t,
I
TM—T)aj~, ai

mf m,.

t
Zf Z.

The matrix elements in Eqs. (8) and (10) are reduced with respect to spin in the convention of Brink and Satchler. ' The
spectroscopic amplitudes have the value of unity for pure single-particle transitions and 2' jf/J for pure particle-hole
transitions.

In the absence of spin-orbit potentials, the DWBA transition amplitude is

T = f Xf (kb, r)(bB
I

U
I

aA )X,'+'(k„r)dr .

The distorted waves are expanded in partial wave series

(12)

X,'+'(k„r)= g i 'XL (k„r)YL bt (r)YL bt (k, ),
a L.M,

(13a)

' (kb, r)= g i XL (kb, r)YL I (r)YL„M (kb) .
b LbMb

(13b)

Using the multipole decomposition of Eq. (4) and some angular momentum algebra, the transition amplitude becomes

T= ( —)
' Jb g JR(J„J,Mg, MR —Mg

I JttMjt)
kb k~

M~

X ( JR JpMR Ma ™bI JrMB ™A) (Ja JbMa~ ™b
I Jp Ma ™b)Sii(i i, (~) (14)
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where

1/2

SJ I J (8)= g i ' (2Lb+1)(4n) ' (LbJ~OO
I
L,O)(LbJ~MR, M—R I L,O) PL (8)

L0L& (Lb+My )! b

JRJ J,
X dr Xq, (kb, r)FM"„'(r)XI (k„r) . (15)

The differentia1 cross section is

d~ ab "b 1

dQ (2~')2 k, (2J, +1)(2J„+1}I M

M Mb

kb (2Jb+1)(2Ja+1)
E~Eb k~ (2J, +1)(2J„+1)

(16a)

(16b)

IV. DATA ANALYSIS

and is thus an incoherent sum of partial cross sections
corresponding to the allowed Jz J&J, values.

B. Charge exchange

The charge exchange data were analyzed in the DWBA
using a microscopic form factor as described in Sec. III.
The optical potential of Table I was used to generate the
distorted waves in both the Li entrance and Be exit
channels. The T= 1 components of the nucleon-nucleon
interaction are required for charge exchange reactions,
and for these the effective interaction of Bertsch et al. '

was employed. Single-nucleon knockout exchange was
approximated for the central force by inclusion of a zero-
range pseudointeraction. ' Exchange was neglected for
the tensor force since it is expected to be unimportant be-
cause of the relatively long range nature of the force. The
explicit forms used for the interaction were

e —4s e —2. Ss

voi(s) = —4886 + 1175
4s 2.5s

A. Elastic scattering
+3105( s ), (17a)

In order to obtain optical potential parameters to gen-
erate distorted waves for the DWBA analysis, the elastic
scattering of Li+ ' 0 was measured at 50 MeV con-
currently with the charge exchange data. The elastic
scattering data is shown in Fig. 2 and was analyzed with
the optical model using Woods-Saxon potentials. Starting
parameters were taken from Schumacher et al. " for
Li + ' 0 at 36 MeV, and were varied to obtain the best

fit to the 50 MeV data. The resulting potential parame-
ters are given in Table I and the fit to the data is shown in
Fig. 2. The main difference between the 50 MeV parame-
ters obtained here and the 36 MeV parameters of Ref. 11
is a reduction in the strength of the imaginary potential
by almost a factor of 2.

0 e
—4s e

—2.Ss

vii(s) = —421 +480
4s 2.5s

e
—0.7s

+3.5 —1455( s ),0.7s
—2.Ss —l.429s

vf &(s) =386s + 10.5s
2.5s 1.429s

(17b}

(17c)

The transition density for Li~ Be was taken from
Ref. 14 where an LS coupling model was assumed. The
spectroscopic amplitudes are tabulated in Table II for
transitions to the —, ground state and —, 0.43 MeV first
excited state of Be. These spectroscopic amplitudes were
calculated from the proton-neutron Z coefficients of
Ref. 20, which are related by

lO
S& |(jfj;)= Jfi J[Z„(jfj;)—Z (JfJ;)] .

Jf
(18)

IO

(1'lG
R

l0

200 4O 60
ecm~deg )

FIG. 2. Li+ ' 0 elastic scattering data at 50 MeV fitted
with the optical potential of Table I.

Harmonic oscillator radial wave functions were used with
a=0.578 fm ' on the basis of Refs. 15 and 20.

Transitions to three states in ' N are considered here:
the 2 ground state, the 3 0.297 MeV state, and the 4
6.17 MeV state. The 2 and 3 states have almost pure
1ds&21p&&z configurations, while the 4 state is the so-
called "stretched" state with a ld&/21p3/2 configuration.
The shell model calculations of Picklesirner and Walker,
as described in Ref. 21, were used for these states. The
spectroscopic amplitudes are given in Table III. Again
harmonic oscillator radial wave functions were used with
a=0.580 fm ' to obtain an rms charge radius of 2.71 fm
in agreement with measured values.

For each transition three DWBA calculations were
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TABLE I. Optical potential parameters for Li+ ' 0 at 50 MeV.

V
(MeV)

yR

(fm)
aR

(fm)
8

(MeV)
y 8

I
(fm)

al
(frn)

yc

(fm)

170.3

'R„=r„A z

1.21 0.777 11~ 38 2. 101 0.951 1.3

made: with the total interaction (C+T), with only the
central part of the interaction ( C), and with only the ten-
sor part ( T). The results of the calculations are shown as
the full, dot-dashed, and dashed curves in Fig. 3. The ex-
citation of the 2 ground state of ' N is an unnatural par-
ity transition and thus proceeds only through the S=1
part of the interaction. The central force alone produces
an angular distribution which has too much oscillatory
structure compared with the data, whereas the angular
distribution from the tensor force is much more structure-
less and larger in magnitude. The total calculation repro-
duces the shape of the data reasonably, although the cal-
culated cross sections must be multiplied by 2.2 to obtain
the correct magnitude. There are two experimental angu-
lar distributions for excitation of the 3 0.297 MeV state
where the Be is either in its ground state ( Beo) or first
excited state ( Bei). This is a natural parity transition and
for Ben has a contribution from the S=O central force in
addition to the S=1 central and tensor forces. For both
the Beo and Be~ cases, the shape of the data is repro-
duced reasonably and is dominated by the central force,
the tensor contributions being an order of magnitude or
more smaller. However, the calculations must be multi-
plied by 8.5 and 5.1, respectively. Excitation of the 4
6.17 MeV stretched state is again an unnatural parity
transition with the tensor force dominating. Both the an-
gular distributions calculated with the central and tensor
forces only have a similar shape to the data, with the
cross sections from the tensor force alone being about six
times larger than with the central force alone. The total
calculated cross section needs to be multiplied by 6.5 to
obtain the correct magnitude.

V. DISCUSSION AND CONCLUSIONS

In the previous section we have found that our micro-
scopic analysis of the ( Li, Be} reaction resulted in cross
sections which underestimated the measured cross sec-
tions by factors of 2.2 to 8.5. This is now discussed, for
the cases where the Be nucleus is emitted in its ground
state, with reference to inelastic electron, proton, and pion

scattering and other charge exchange measurements.
Inelastic electron scattering to the analogs of the ' N

2 ground and 3 0.297 MeV states in ' 0 has been mea-
sured by Sick et al. The two states were unresolved and
the data also contained an unresolved 1 2s&/& 1p ~~z con-—1

tribution. When particle-hole wave functions were as-
sumed, the calculated electron scattering form factors had
to be multiplied by 0.59 to fit the measurements. Fazely
et al. ' have made microscopic distorted-wave impulse
approximation (DWIA) calculations of the ' O(p, n)' F re-
action to the 2 0.4 MeV and 3 0.7 MeV states in ' F.
These are the analogs in ' F of the 2 and 3 states we
have observed in ' N. Their calculations made use of the
Love and Franey effective interaction and the same shell
model wave functions we have used. The two states were
unresolved, but the shapes of the data and the calculations
showed that the forward angles were dominated by the 2
state and the larger angles by the 3 state. Their calcula-
tions needed to be multiplied by 0.47 and 0.23 for the 2
and 3 contributions, respectively, to obtain the correct
magnitude. These normalizations are consistent with the
(e,e') normalization, within the errors of the nucleon-
nucleon interaction, and indicate that since the (e,e') reac-
tion only populates, in a single step, lp lh states based on
the ' 0 ground state, the (p,n) reaction also populates
1plh configurations with relatively small multistep con-
tributions. The ' O(n, p)' N reaction has been measured
at 60 MeV and a proton group was observed for an excita-
tion of 0.2 MeV in ' N. The data were consistent with a
2 state having a JR ——1 character. In the
' 0( Li, Be)' N measurements reported here we were able
to resolve the 2 and 3 states in ' N. For the 2 state
the JR JzJ, = 112 and 312 contributions have similar mag-
nitudes near 0' and 30'—60', but the 312 contribution fol-
lows the shape of the data well, whereas the 112 contribu-
tion has a deep minimum near 12 which is not present in
the data. The J&J~J, =303 and 313 contributions for the
3 state have very similar shapes and magnitudes. In
contrast to the (e,e') and (p, n) results which need a reduc
tion in the calculated cross sections, our calculated cross
sections for ( Li, Be) need to be increased by 2.2 or 8.5.

TABLE II. Spectroscopic amplitudes S1 1(jIj;) for 'Li 'Be.

Transition

3 3
2 2

1p3/2—1lp ~a~

0.786
—0.325
—0.031
—0.849

0.629
0.373

0
0

1 p3n—1

1P 1/a

0
0.515
0.438
0

1J 1/2

113/z

—0.363
—0.310

0

3 1

2 2 0.728

0.619
0.147 —0.295

0.892

0.680
0.221
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TABLE III. Spectroscopic amplitudes SII(jfj;) for ' O~' N.

Transition

0+ 2-
0+ 3-
0+~4

1dgg2

. 1p3r2

0.087
0.007

0

1 dgg2

lp &gz

1.515
1.294

0

0.286
—0.199

1 ~ 155

1 dgg2

1p 1/2

—0.028
0
0

2s
lp~rz

0.057
0
0

IQ

IO

I

IO

I

0( '
L i, Beo) f~J

I 1 I

0( L(, B ) N

(3,O. 297MeV)
~ 50 MeV

N=8. 5

C+1 XX ~

c
T

IQ

Q l05
0( Li, Beo) N

7 . 7 (6

(4,6.I7 Me V)

2
IQ

I I I I I

I I

0( L(, Be) N

(3,0.297 MeV )

~

~

50 MeV
N=5 I

(

IO

10
0

I I

IO 20 30 0 IO 20 30
8 (deq )

FIG. 3. ' 0('Li, 'Be)' N charge exchange data at 50 MeV
compared with microscopic DWBA calculations. 'Beo and 'Bel
correspond to the ejectile in the —, ground and —, 0.43 MeV3 I

first excited states. The full curve corresponds to a central and
tensor ( C + T) interaction, while the dot-dashed and dashed
curves are the angular distributions obtained from a central ( C)
and tensor ( T) interaction alone. The calculated cross sections
have been multiplied by the factor N.

This indicates, if we assume that the lplh wave function
of these states has been determined by the (e,e') and (p,n)
measurements, that either the effective interaction or reac-
tion mechanism (or both) that we have used is incorrect.

The analog of the 4 stretched state in ' 0 has been in-
vestigated by the inelastic scattering of protons, ' ' pions,
and electrons. Assuming a pure d5/~3/2 configuration
and harmonic oscillator single particle wave functions,
only 44% of the one-body T=1 strength was observed in
the (e,e') results. The (p,p') and (n, m. ') measurements
were reproduced with only a small additional normaliza-
tion compared to the (e,e') results. The measured ' cross
sections for ' 0(p,n)' F(4 ) have a J„=3character and
are described well by microscopic DWIA calculations if
these are multiplied by 0.31. This normalization is con-
sistent with the inelastic scattering measurements and
supports the single-step nature of the (p,n) reaction. A
JR ——3 transition for an excitation energy of 6.2 MeV in
' N is observed in the ' 0(n,p)' N reaction. Our calcula-
tions for ' 0( Li, Be)' N(4 ) indicate that the

JRJ~J, =314 and 514 contributions have very similar
shapes, with the 314 contribution being about twice as
large in magnitude. The calculated cross section for
( Li, Be) needs to be increased by a factor of 6.5 to fit the
data, and again indicates a deficiency in our model.

Williams-Norton et al. have made microscopic calcu-
lations of the Ca( Li, Be) K reaction employing the
same central interaction we have used here, but omitting
the tensor part. We have repeated their calculations and
found that their results are 4m. times too large. The calcu-
lated cross sections then need to be multiplied by factors
of 2S—75 to fit the experimental data. These results, to-
gether with those for ' 0( Li, Be}' N reported here, show
that there is a wide discrepancy between simple single-step
microscopic calculations and measured cross sections,
which may include some mass dependence.

There are three aspects to be considered in the micro-
scopic treatment of heavy-ion reactions: (1) the structure
of the projectile and target, (2) the effective interaction,
and (3) the reaction mechanism. These three are inextri-
cably interwoven and thus it may not be possible to deter-
mine one without knowledge of the other two, which also
depend on the first aspect considered. In our treatment of
the ' 0( Li, Be)' N reaction we have used transition den-
sities which are consistent with (e,e'), (p,p'), and (p,n)
measurements. These, of course, make assumptions about
the underlying interactions and reaction mechanisms.
However, since the interaction is known in the case of
(e,e') and the transitions here are of a single-step nature,
the consistency of the results from all three processes indi-
cates that the wave functions are reasonably well deter-
mined. Any deficiencies in the wave functions, such as
the omission of the —25% 2p2h component of the ' 0
ground state, would be present in these measurements as
well as in the ( Li, Be) reaction, and thus are unlikely to
be the cause of the discrepancy in normalizations.

The calculations presented here have used a purely real
form factor. An imaginary part could arise from cou-
pling to other reaction channels or due to an imaginary
part of the underlying nucleon-nucleon interaction. The
elastic and inelastic scattering of Li is often dominated
by the imaginary part of the optical potential or transition
form factor, which are treated phenomenologically.
Two-step contributions, particularly the ( Li, Li)( Li, Be)
mechanism, could be important for the ( Li, Be} charge
exchange reaction and could possibly be accounted for by
an imaginary form factor. These processes may also have
a real part. The effective nucleon-nucleon interaction is
expected to be complex, and the contribution of the
imaginary part for natural parity transitions has been
simulated by an imaginary collective model. The imagi-
nary part of Uo&(s) could alter our conclusions about the

0
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3 0.297 MeV state in ' N, but would not change our
overall conclusions since it does not contribute to excita-
tion of the 2 and 4 states. The relevant S=1 T=1
components of the nucleon-nucleon force for excitation of
these states are known to be nearly real and thus the
omission of an imaginary part here is not considered to be
significant.

Finally, we come to the problem of the reaction mecha-
nism. We had assumed throughout this paper a single-
step mechanism for the ( Li, Be) reaction. Multistep con-
tributions may also be important, particularly the
( Li, Li)( Li, Be) path. Inclusion of this path [in a two-
step DWBA or coupled-reaction channel (CRC) calcula-
tion] would require knowledge of the ' 0( Li, Li)' 0 and
' 0( Li, Be)' N reactions. However, to make microscopic
calculations of these we would also have the difficulty of
determining the correct wave functions, interaction, and
reaction mechanism. The problem is therefore not solved

by adopting this hypothesis, particularly since there is no
experimental signature in the cross sections as to whether
a reaction is one-step or multistep.

In conclusion, we report measurements of the
'60(7Li, Be)'sN reaction at 50 MeV to selectively popu-
lated T=1 states in ' N. Microscopic DWBA calcula-
tions, including the tensor part of the interaction which is
important for the unnatural parity states, are able to
reproduce the shapes of the angular distributions, but un-
derestimate the magnitudes of the cross sections by fac-
tors of 1.6—8.5.
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