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'Li+2C: Complete sets of analyzing powers for inelastic scattering
and single-nucleon stripping
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Complete sets of analyzing powers have been obtained for a large number of inelastic scattering and
single-nucleon stripping channels for 34-MeV polariZad+%C. We present data for inelastic excitation to
the 0.478-MeV 1/2 state of ’Li, the 4.44-MeV 2", 7.65-MeV 0', and 9.64-MeV 3 states of'’C and for
mutual excitation of the 1/2and 2" states, single-neutron stripping to the 0.0-MeV 1/2.09-MeV 1/2', and
3.85-MeV 5/2" states and an unresolved multiplet centered at 7.6 Me¥?®f and single-proton stripping to
the 0.0-MeV 1/2 state and an unresolved doublet of the 3.51-MeV 3#2d 3.55-MeV 5/2 states of*N.
These data are analyzed with the continuum-discretized-coupled-channels approach using cluster-folding
model form factors in a calculation that includes all the known physics for these systems.

DOI: 10.1103/PhysRevC.65.044613 PACS nunier25.70.Bc, 21.60.Gx, 24.10.Eq

. INTRODUCTION MeV of 3C, and single-proton stripping to the 0.0-MeV
1/2” state and an unresolved doublet of the 3.51-MeV 3/2
One of the major goals of nuclear reaction studies is to beynd 3.55-MeV 5/2 states of'3N. However, for some chan-
able to describe a wide range of different reactions within &hels, namely, inelastic excitation of the 7.65-MeV 6tate of
single coherent theoretical framework. Reactions involvingl2c single-neutron stripping to the unresolved multiplet cen-
weakly bound projectiles, such &sLi and °Be provide a tred at 7.6 MeV of'3C, and single-proton stripping to both
severe test of reaction theories, as for these systems inelastye 1/2- ground state and the unresolved doublet of the 3.51-
excitation of the projectile is important, in addition to inelas- Mev 3/2- and 3.55-MeV 5/2 states of 13N, the statistics
tic excitation of the target and rearrangement reactions. Th@ere such that meaningful values could not be obtained for
availability of polarization observables fd’Li projectiles  the complete set of analyzing powers. In this work we
provides a further stringent test of our understanding of thegresent a complete analysis of the reaction data using a
interaction between two colliding nuclei, particularly if a full single coupled-discretized-continuum-chann&@®CC) cal-
set of analyzing powers is obtained. Furthermore, if data areulation with cluster-foldingdCF) model form factors. To our
obtained in the Fraunhofer scattering regime, where the Colknowledge, this is the first time that such an extensive analy-
lomb interaction is no longer dominant, we are able to tessis, including couplings to target inelastic excitations and
rigorously our understanding of the nuclear interaction. In dransfer channels, has been attempted while using the CDCC
review paper summarizing the achievements of polarizednethod to describe théLi breakup couplings. Turkiewicz
heavy-ion studies published almost a decade ago, &tick.  ©t al. [3] carried out a coupled-channel Born approximation
[1] commented that to further advance our knowledge, comanalysis of 2Mg(’Li,%Li) and 12°Sn(’Li,°Li) data with a
plete sets of analyzing powers for as many reaction channeklimilar aim to the present work, although the data described
as possible were required, which should then be analyzedere not so extensive as those presented here and the
within a single theoretical framework. CDCC/CF model was not used to describe thé excita-
To this end, complete sets of analyzing powers have beetions.
obtained for a wide range of reactions induced by a polarized The final CDCC calculation carried out included cou-
’Li beam incident on &°C target at a bombarding energy of plings to the 1/2 first excited state, the 7/2and 5/2 reso-
34 MeV. In addition to the elastic scattering data that havenances and the=0,1,3 nonresonant-t continuum of 'Li,
been published recent]], we present here data for inelastic the 2" and 3~ states of*?C, single-neutron stripping to the
excitation to the 0.478-MeV 1/2state of‘Li, the 4.44-MeV ~ 1/2-, 1/2", and 5/Z states of*3C and single-proton strip-
2%, 7.65-MeV 0', and 9.64-MeV 3 states of'?C and for  ping to the 1/2 state of **N. Couplings to mutual excita-
mutual excitation of the 1/2 and 2" states, single-neutron tions are not possible within our CF model, and couplings to
stripping to the 0.0-MeV 1/2, 3.09-MeV 1/2, and 3.85- the multiplet of unbound states i*C centred at 7.6 MeV
MeV 5/2* states and an unresolved multiplet centred at 7.@nd the unbound 372 5/2" doublet in**N were omitted due
to the difficulty of treating transfer to unbound states in a
realistic way. We also omitted coupling to the" Gexcited

*Present address: CyTerra Corporation, Orlando, FL. state of2C due to the uncertain structure of this state. This
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F-67037 Strasbourg, Cedex 2, France. adjusted to fit data is two, the CF model imaginary potential

0556-2813/2002/68)/04461314)/$20.00 65 044613-1 ©2002 The American Physical Society



N. KEELEY et al. PHYSICAL REVIEW C 65 044613

(LJ)
(0,1/2) (1,1/2) (1,3/2) (3,5/2) (3,7/2)
0.75
* A N/ * A FIG. 1. "Li channels included in the calcula-
0.50 >< tion. The open boxes indicate nonresonant
* * O continuum bins, while the shaded boxes denote
'/ \ the resonant bins. A sample set of couplings be-
0.25 A A tween theL =1 states are indicated. All possible
’ couplings up to multipolaritj. =2 were included
in the calculation.
0.00
1/2-
Yy Yy
3/2-
10° 1.0 1.0
°
@]
= —1
D10
=
5
s
e
e .
=10
s
102 + ' ¥ ' -1.0 + + + + -1.0
1.0 1.0 1.0

"o 2.0 4'o 6.0 s.o 0 2'0 4.0 elo s.o "o 2'0 A:o 6.0 slo
8;m. (deg) 8, (deg) 6, m (deg)

FIG. 2. Elastic scattering data for 34 MW + 2C. The solid curves denote the result of the full calculation described in the text while
the dotted curves denote the result of a calculation omitting couplings t&@(éLi,°Li) 13C and *2C("Li,®He)™N transfers.
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strength and the radius of th&C+n binding potential for ~ description of ‘Li similar to that of Bartoszet al. [2]. We

the 3.09-MeV 1/2 state in*C. have employed the CF model rather than the fully micro-
The experimental procedure was described in Bartoszcopic double-folding method as it provides a consistent

et al. [2] and Catherst al. [4] and thus will not be further treatment of both diagonal and coupling potentials and also

detailed here. The steps taken to determine the input for thgenerates the imaginary parts of these potentials, which the

final calculation are described in Sec. Il and the results ar@ouble-folding procedure does not. All partial waves up to

compared with the data in Sec. lll. Data for channels no{=45# were included and the coupled equations were inte-
analyzed is also presented in Sec. lll, and in Sec. IV weyrated out to a radius of 30 fm. Couplings to the 0.478-MeV
discuss our results. 1/2- bound state, the 4.63-MeV 7/2 and 6.68 MeV 5/2

resonances and the=0,1,3 a-t continuum in’Li were in-
cluded. The continuum binning scheme was as used by Bar-
toszet al.[2], the a-t relative momentunk being limited to
This section describes test calculations carried out to ex9.0<k<0.75 fm ! with a bin width of Ak=0.25 fm %,
plore the applicability of the CDCC method to the presentThe lowest 0.8<k<0.25 fm ! bins were omitted from all
large data set and the ingredients of the final calculation, thbut theL=0 continuum as these bins were found to have
results of which are compared with the data in Sec. Ill. Alllittle influence on the elastic scattering and do not contribute
calculations were carried out using the ceaeEsco[5], ver-  significantly to the totak-t breakup cross section. The bin-
sion FRXP14 ning scheme was suitably modified for the=3 continuum
The basis for the calculations was a CDCC/CF modeto avoid double counting in the presence of the 3 reso-

Il. CALCULATIONS
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FIG. 3. Inelastic scattering data for excitation of the 0.478-MeV I¢fate of’Li. The solid curves denote the result of the calculation

described in the text while the dotted curves denote the result of a calculation omitting couplings {8CtAE,°Li) *3C and
12C(7Li,®He)®N transfers.
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FIG. 4. Inelastic scattering data for excitation of the 4.44-MeV Qate of 1°C. The solid curves denote the result of the calculation

described in the text while the dotted curves denote the result of a calculation omitting couplings $8CtAE,°Li) *3C and
12C(7Li,®He)®N transfers.

nances, which were also treated as momentum bins, of widtsf double folding. While’Li real potentials obtained in this
sufficient to accommodate their main strength. These widthgray must be renormalized by factors of0.6 in order to
were equivalent to energy spreads of 0.2 and 2.0 MeV for thelescribe the data in optical model calculations, it has been
7/12° and 5/2 resonances, respectively. All possible cou-shown that including the ground-state reorientation’bf
plings, including reorientation where appropriate, up to mul{8] and couplings to ther-t resonances and continuui@]
tipolarity A=2 were included in the calculation. Figure 1 removes the need for this renormalization. Thus, it is reason-
shows all the’Li channels included and a sample set ofable to assume that the double-folding method provides a
couplings, between the=1 states, is indicated. realistic “bare” real potential. Consequently, it was decided
The a-1%C andt-'2C potentials required as input to the to first explore the differences between the CF and double-
CF model were based on those of Ober and Johf8pband folded real potentials. A comparison of the CF model real
Schmelzbacret al. [7], respectively. To obtain a good de- potential calculated using the unrenormalized*?C and
scription of the elastic scattering data the CF model potent-'°C potentials with a DF potential obtained by foldirigi
tials calculated using these-'°C andt-'’C potentials must [10] and 2C [11] densities with the M3Y effective nucleon-
be renormalized. However, previous calculations with renornucleon interactio12] revealed that the cluster-folded po-
malized CF potentialf2] did not describe théLi+1°C elas-  tential had a similar depth and shape as that of the double-
tic scattering data in the angular range 6. ,,<80°, so  folded one, but a larger effective radius. Thus, instead of
the first part of this work was to develop a new approach taenormalizing the real part of the CF model potential, as is
obtaining the CF potential. One successful approach to daisually done, the radius and diffuseness parameters of the
veloping semimicroscopic heavy-ion potentials has been thatal parts of the componeat-1“C andt-12C potentials were
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FIG. 5. Inelastic scattering data for mutual excitation of the 0.478-MeV Htate of‘Li and the 4.44-MeV 2 state of*’C.

tuned to produce a CF model real potential that closelyconsidered to be the first two members dk & O rotational
matched the double-folded one. The imaginary part of the Cland, while the 9.64-MeV 3 state was treated as an octo-
mod_el_ potential was rer_lor_malized b_y a factor of 0.9, foundpole vibrational state, again following Coek al.[13]. Cou-

by giving the best description of théti +*C elastic scatter- plings between the 2 and 3~ states were not included. The
ing cross section. This procedure produced considerably beform factors were obtained by deforming the bare CF model
ter agreement with the elastic scattering cross section angulgptential, with deformation lengths,=—1.4 fm and &,
distribution, particularly in the angular range 69%.m.  —111 fm for coupling to the 2 and 3~ states, respec-
=<80°, than the usual method of renormalizing both the rea{ively taken from Cooket al. [13]. The Coulomb coupling

and im.aginary CF mo.del poter)tials. . . strengths were obtained from measui(E?2) andB(E3)
Having thus established a firm basis for our analysis WQ/alues[14 15

then proceeded to include couplings to all the important ob- All transfer couplings were treated using the post form of

served reaction channels for the 34-Mé&Vi+°C system. - . .
the finite-range coupled-reactions-channels method, incorpo-
In order to reduce the number of free parameters to the ab-

. 6 . _
solute minimum the input for these couplings was taken fronf"t'ngh"’lefu_II Cf;mp'e“_‘ reimnant _telrm. Forkthé_f(, Li) trglns f
the literature, either in the form of theoretical calculations or ers the”Li+~°C optical potential was taken from Table | o

experimental measurements. In this way we hoped to obtaigchumacheet al. [16]. Single-neutron stripping from both
insight into which reaction processes are important for thdh€ 3/2 ground state and 172first excited state ofLi was
various experimental quantities by a rigorous test of currentncluded, the neutron being considered to be bound in a mix-
reaction theory. ture of 1pg, and 1p4, States in each case, with spectroscopic
Couplings to the!?C 2" and 3~ states were implemented amplitudes taken from Cohen and Kur4tv]. The neutron
using the rotation-vibration model, following Coo#t al. was bound to the®Li core with a standard Woods-Saxon
[13]. The 0" ground state and the 4.44-MeV' Xtate were  potential of radius 1.286% fm and diffuseness 0.65 fm,
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the well depth being adjusted to obtain the correct binding 10°
energy.

Following the 2C(d,p)'3C analysis of Tanifujiet al.
[18], neutron transfer via the'2excited state as well as the
ground state of'’C was included for the 1/2 and 5/2
states of'3C, while the 1/2 ground state of-3C was treated
as a pure p,,, single particle state. The spectroscopic am-
plitude for the 1/2 state was taken from Cohen and Kurath
[17], while the spectroscopic amplitudes for the "1/and i
5/2" states were taken from Tanifwgt al.[18]. For the 1/2 lll HI
and 5/2° states the neutron was bound to tH€ core with a ll[l t
Woods-Saxon potential of radius 1:282Y° fm and dif-

do/dQ (mb/sr)

fuseness 0.65 fm. For the 17&tate the radius was increased 1 10'(; t t —1
to 2.0x 122 fm, due to the halo nature of this stdt9]. In : I
all cases the well depth was adjusted to obtain the correct i

binding energy. i
For the Y2C("Li, ®He)'N transfer we again used tHd.i 057 ! i i
+13C potential of Schumachaest al.[16] for the SHe+ N I ! I
optical potential, there being no suitabRHe potentials
available in the literature. Single-proton stripping from both
the 3/2 ground state and 172first excited state of Li was } l
included, with the proton considered to be bound inpg,1 !
state only. The spectroscopic amplitudes were taken from
Cohen and Kurathl7]. As this reference does not give the
spectroscopic amplitude for thé&i(1/27)/®He overlap we
used the same value as for thki(3/27)/%He overlap. The
1/2" state of 1°N was treated as a purgj, single particle
state, with the spectroscopic amplitude taken from Cohen
and Kurath[17]. The proton was bound to both tif&i and 054+
12C cores by standard Woods-Saxon potentials with a radius !}
of 1.25AY3_ fm and diffuseness 0.65 fm in both cases, with
the well depth again being adjusted to give the correct bind- — 00+ i i
ing energy.
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Ill. RESULTS -057

The data are presented in Figs. 2—13, together with the
theoretical predictions for those channels that were included 1.0 : : : :
in our calculation. While the overall description of the data is 0 20 40 60 80
remarkably good, certain details are poorly described. In par- 0, (deg)
ticular, while the agreement between the measured and cal- ) . o
culated cross sections for inelastic scattering to the 0.478- FIG. 6. Ilnelastlc scattering data for excitation of the 7.65-MeV
MeV 1/2° state is very good, the analyzing powers are0" state of 2C. No second rank tensor analyzm_g powers are pre-
poorly described, and for inelastic scattering to e 9.64- sented_ as the data for these observables contain no meaningful in-
MeV 3~ state the description of both cross section and analo'™mation due to their large error bars. The same comments apply to
lyzing power data by the calculation is poor. Another prob- he third rank analyzing powerS s, Iz, andiTss.
lem is the poor description of the first rank analyzing poweranalyzing powers. For the elastic scattering, the good agree-
iTq; in all channels, with the exception of single-neutron ment between calculation and data for the second rank ana-
stripping to the 1/2 and 1/2 states of 3C and single- lyzing powers is not surprising, as it was shown previously
proton stripping to the 1/2 state of *N. The third rank [2] that these analyzing powers are largely generated by the
analyzing powers are also, in general, poorly described byLi ground-state reorientation coupling.
the calculation. We also show, as the dotted curves in Figs. 2—4 and 7, the

On the plus side, both the cross sectignith the excep-  result of a calculation that omits the transfer couplings, to
tions noted aboveand the second rank analyzing powers,illustrate their effect on the elastic and inelastic scattering.
To0, To1, @andT,,, are rather well described. Exceptions to The effect of the transfer couplings on the elastic scattering
this observation for the second rank analyzing powers are thay be seen by comparing the solid and dotted curves in Fig.
1/2" state of ’Li, for which none of the analyzing powers 2. It is readily apparent that the largest effect is on the first
are well described, and the 3state of °C, where our cal- rank analyzing poweiT ;. The effect of these couplings on
culation is unable to describe either the cross section or ththe second rank analyzing powers, while not as dramatic as
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FIG. 7. Inelastic scattering data for excitation of the 9.64-MeV Sate of 12C. The solid curves denote the result of the calculation
described in the text while the dotted curves denote the result of a calculation omitting couplings f8Cthei,%Li)**C and
12C(7Li,®He)®N transfers.

that oniT,;, is to significantly improve the agreement be- ing large oscillations in the calculated analyzing powers that
tween the measured and calculated values. While the effeetre not present in the data.
on the third rank analyzing powers is significant, the agree-
ment between calculation and data cannot be said to be im-
proved by the addition of the transfer couplings. It will also
be noticed that the transfer couplings have a significant effect The main goal of the present work was to attempt the
on the elastic scattering cross section, acting to deepen ttanalysis of a comprehensive set of data, including a full set
interference minima for angle$. ,,<50°, improving the of analyzing powers, within a single theoretical framework.
agreement between the calculation and the data. The aim was to determine whether a calculation including
As Figs. 4 and 7 show, the influence of the transfer couthe most important observed reaction processes as accurately
plings on inelastic scattering to theC 4.44-MeV 2" and as possible could provide a satisfactory simultaneous de-
9.64-MeV 3 states is negligibléwith the exception of the scription of the complete body of data. This aim has been
first rank analyzing powsdiT ;, where the transfer couplings largely realized, as the overall agreement between the calcu-
have a small effegt In contrast, Fig. 3 shows that the trans- lation and the data is rather good. However, there are a num-
fer couplings have a profound effect on inelastic scattering tder of aspects that are poorly described: the third rank ana-
the 7Li 0.478-MeV 1/2° state. While the addition of the lyzing powers in all channels, the first rank analyzing power
transfer couplings significantly improves the agreement beiT 15 for channels in the entrance partition, all analyzing pow-
tween the calculated and measured cross sections it destroges for inelastic excitation of the 0.478-MeV I/Xtate in
any trace of agreement with the analyzing powers, introduc-Li and all observableécross section and analyzing powers

IV. DISCUSSION
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FIG. 8. Data for the'?C("Li,%Li) 13C,),_ transfer. The solid curves denote the result of the calculation described in the text.

for inelastic excitation of the 9.64-MeV 3state in?C. In  distribution, and coupling to the stripping channels destroys
the following discussion each channel will be considered irthe good agreement between the calculated and measured
turn, beginning with the elastic scattering, with particulariT11 obtained without these couplingsompare the dotted
consideration being given to possible causes for these faiand full curves in Fig. 2 Thus, it would appear that the
ings in the calculation. couplings that we have not included in our calculation, act to
The elastic scattering is, in general, well described, withdamp out these forward angle oscillationgTn,. On a posi-
the addition of the single-nucleon stripping couplings havingtive note, our calculation does suggest that the large peak in
significant effects on all observables. The most noticeabléhe measured angular distribution iaf,; at an anglef.
effects are oriT,4 and the cross section. The effect on the~70° is at least partly due to coupling to single-nucleon
cross section, a deepening of the interference minima fostripping, as a comparison between the dotted and full curves
anglesé. ,<50°, may be explained as due to the attractivein Fig. 2 shows that these couplings generate a large peak in
real dynamic polarization potential produced by couplings tathe calculatedT ;; angular distribution at approximately this
the single-nucleon stripping channels. This leads to an inangle. The effect of the single-nucleon stripping couplings on
crease in the surface strength of the effective real potentidhe second and third rank analyzing powers is much smaller
that accentuates the interference minima in the elastic scathan that on the cross section and first rank analyzing power,
tering. The most striking effect of the single-nucleon strip-and may be ascribed to the modification of the effective op-
ping couplings is, however, aif 1;. Coupling to these chan- tical potential produced by the DPP due to these couplings.
nels produces large oscillations in the calculated angular For inelastic scattering to the 0.478-MeV 1/&tate of
distribution foriT;. For angled.. ,<40° these oscillations ’Li the calculation describes the cross section very well, but
are considerably larger than those in the measured anguléails to describe the analyzing powers. The calculated ana-
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FIG. 9. Data for the'?C("Li,5Li) 13C,),, transfer. The solid curves denote the result of the calculation described in the text.

lyzing powers show large oscillations that are not present in The data for inelastic scattering leading to the 4.44-MeV
the data. This may be traced to the effect of the single2" state of°C are reasonably well described by our calcu-
nucleon stripping couplings. A comparison of the dotted andation (see Fig. 4 The calculated cross section exhibits os-
full curves in Fig. 3 shows that while these couplings pro-cillations in phase with those of the measured one, although
duce a considerable improvement in the agreement betwedhe interference minima are rather too deep compared to the
the calculated and measured cross sections they destroy widta. This could be due to the underlying potential this
was a reasonable agreement between calculated and mease the bare CF potentiar be due to missing couplings.
sured analyzing powers, producing the large oscillations irhe poor description ofT44 in this channel suggests the
the calculated angular distributions referred to above. Théatter: while the measured angular distribution for this ana-
improvement in the agreement between the calculated arnlgizing power shows large oscillations, the calculated one is
measured cross sections produced by including the singlessentially equal to zero at all angles. It is doubtful whether
nucleon stripping couplings suggests that these couplings aey modification of the potential could produce such oscilla-
both necessary and, at least on average, correctly included fions iniTq;, and their absence from the calculated angular
our calculation. The large oscillations induced in the analyzdistribution is a strong indication of missing couplings im-
ing powers by the single-nucleon stripping couplings furtherportant to this channel. A possible candidate is coupling be-
suggest an interference effect between these couplings amaeen the 4.44-MeV 2 and the 14.1-MeV 4 state, consid-
the inelastic excitation of th€Li 0.478-MeV 1/2° state. ered to be part of a ground state rotational band'i@.
This could indicate a relatively small error in the way the However, as this statéhe 14.1-MeV 4 state is unbound
stripping channels are included in our calculation, such thadnd we have no data for inelastic scattering to it we have not
the cross section is not affected, or that there are couplingfcluded this coupling in our calculation. The third rank ana-
important for this channel, that we have not included. lyzing powers for this channel are poorly described, with the
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FIG. 10. Data for the®®C("Li,%Li) 3Cy,, transfer. The solid curves denote the result of the calculation described in the text.

exception ofi T 43 for angles, ,<60°. By contrast, the sec-  The C(’Li, °Li) 1°C transfers are, in general, fairly well
ond rank analyzing powers are well described. A test calcudescribed by the calculatiofsee Figs. 810 although the
lation that omitted the'?C 4.44-MeV 2" reorientation cou- third rank analyzing powers are, in general, poorly described.
pling found that, unlike the elastic scattering second rankThe first rank analyzing poweiT ;; is very well described
analyzing powers, the 2 inelastic scattering second rank for single neutron stripping to the 0.0-MeV 1/2state of
analyzing powers are not due to reorientation: omission of-3C. For single-neutron stripping leading to the 3.09-MeV
the 2" reorientation coupling did not affect the calculated 1/2° and 3.85-MeV 5/2 states the description dfTq;,
second rank analyzing powers for this channel. while not as good as for that leading to the 71/8round
The poor description of the data for excitation of the 9.64-state, is still considerably better than for any of the entrance
MeV 3~ state of 2C, shown in Fig. 7, is probably merely partition channels. We shall now deal with each of the single-
indicative of the inadequacy of treating this state as purely ameutron stripping channels in detail, commencing with the
octopole vibration. The good description of the data for ex-*C 0.0-MeV 1/2° channel.
citation of the 4.44-MeV 2 state(see Fig. 4 suggests that For single-neutron stripping to the 0.0-MeV 1/3tate the
the basic potential is reasonable and that the problem liesscillations atf. ,,~25° and 40° in the calculated cross sec-
with the description of the excitation mechanism. Cetkal.  tion are slightly out of phase with the data, and the magni-
[13] found that a better description of the cross section couldude of the calculated cross section is too small, which could
be obtained by assuming that the 9.64-MeV &ate is &K be rectified by an increase in either the spectroscopic ampli-
=3 state, rather thakk=0 as we have assumed. However, attude or then+2C binding potential radius. Another possi-
presentFREScocannot couple between states of differ&nt  bility is that this state may also have a component built on
so we were unable to test the effect of this assumption on ththe 12C 4.44-MeV 2" state, as was considered to be the case
analyzing powers. for the 1/2" and 5/2 states. The addition of such a compo-
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FIG. 11. Data for the”*C("Li,°Li) 13C transfer to the unresolved multiplet iiC centred aE,=7.6 MeV. No data are presented for the
third rank analyzing powersT 3; andiT 33 as they contain no meaningful information due to their large error bars.

nent may also increase the magnitude of the cross section, For single-neutron stripping leading to the 3.09-MeV
although we did not include one in our calculation as wel/2" state of *C the cross section is rather well described.
were unable to find any suggested values for spectroscopithe magnitude is correct and the position of the small peak
amplitudes in the literature. The first rank analyzing powerat 6., ~20° is reasonably well reproduced. As discussed
iT ¢ is very well described for this channel and is by far theelsewherd 19], the best description of the cross section for
best described out of any of those considered in this workthis channel is obtained with a considerably increased radius
Why iT,; should be so well described for this particular for the n+*%C binding potential for this state. This has been
channel is unclear. The third rank analyzing powers are agailinked to the halolike nature of the 172state and has its
rather poorly described, except fdif 55, where the agree- origin in the deformed shape of théC core. The interfer-
ment between the calculated and measured angular distribence minimum at, ,,~70° seen in the calculated cross sec-
tions is excellent. However, this excellent agreement must b#on, but not found in the data, was found to be associated
regarded as purely accidental, 8B, is a composite analyz- with the relatively poor description of a corresponding fea-
ing power, being a linear combination idf3; andiTs3, nei-  ture in the measured elastic scattering cross section. The first
ther of which is particularly well described by the calcula- rank analyzing poweiT 4, is reasonably well described for
tion. The second rank analyzing powers are well describedhis channel, the main problem being a phase error in the
and tests have shown that these analyzing powers are equadlgiculated angular distribution compared to the measured
well described by DWBA calculations, suggesting that theyone. The third rank analyzing powers are again rather poorly
are mostly due to direct, single step transfers. This observadescribed. The second rank analyzing powers are well de-
tion applies equally to the second rank analyzing powers foscribed, which may be attributed to the single step transfer
single-neutron stripping to the 172and 5/2 states. nature of their origin, as discussed above.
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FIG. 12. Data for the?’C("Li,®He)!3N,,_ transfer. The solid curves denote the result of the calculation described in the text. No data are
presented foiT 3, as they contain no meaningful information due to large error bars.

For single-neutron stripping to the 3.85-MeV 5/3tate  our calculation—as discussed previously, the second ranks
of 13C the magnitude of the calculated cross section is @eem to arise mainly due to direct, single step processes that
good match to the data at forward angles, although it falls ofappear to be well described in our calculations.
too quickly with angle compared to the measured values. Finally, for the Y2C(’Li, ®He)'*N single-proton stripping
This could be due to the choice of optical potential in thisreaction to the 0.0-MeV 1/2 state of *N the magnitude of
channel, or may indicate that couplings between statéddn the calculated cross section is slightly smaller than the mea-
are important for this channel. In a CCBA study of the sured one. The agreement could be improved by a slight
12C(*N,*N)*3C reaction Nage[20] has shown that such increase in either the spectroscopic amplitude or tf@
couplings can have important effects. For anglgs, <60°,  +p binding potential radius. The difference in shape be-
the first rank analyzing power is reasonably well describedtween the calculated and measured measured cross sections
The poor description for angles greater than this may beould be due to the use of%.i +**C optical model potential
linked with the failure to describe the cross section ad-n this channel, due to the lack of%de+ 13N potential, or it
equately at these angles. As usual, the third rank analyzingnay indicate the omission of multistep processes. The de-
powers are poorly described while the description of the secscription of the first rank analyzing powgr 4 is very good,
ond ranks is good. This seems to indicate quite clearly thaihdicating that for this reactionT ;; is mainly produced by
the third rank analyzing powers give us information aboutthe single step proton stripping process. The description of
multistep processes, which the second ranks do not. The potite second rank analyzing powers is reasonable, though not
description of the third rank analyzing powers suggests thats good as for the single-neutron stripping reaction channels
there are important multistep effects that are missing fronor the inelastic excitations. The data are, however, rather
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sparse for these observables in this channel, thus making atlye various models used in direct reaction analysis. Some
conclusions rather weaker. The same observations apply meneral comments may be made: we still do not fully under-
the third rank analyzing powers, with the exception'dk,. stand by what mechanism or mechanisms the third rank ana-
The description of T4 is good, although the lack of data for lyzing powers are produced, other than that it appears to be
iTsz is such that we are unable to say definitively whethersome sort of multistep process or processes. On the other
this good agreement is purely accidental, like that for singlehand, the second rank analyzing powers seems to be mainly
neutron stripping to the 1/2state of °C, or more signifi-  produced by single step processes. We are also unable to
cant. The data fofT3;, while rather sparse, appear to indi- explain the first rank analyzing powers in the entrance parti-
cate the former, whileT 3, is poorly described. tion, although we may again speculate that they are caused
In summary, we have carried out a large calculation thaby couplings omitted from our calculation rather than by
simultaneously analyses a large number of reaction channelsoblems with the underlying CF model potential. Finally,
for the 34-MeV "Li+'C system. This calculation may be we have two very good illustrations of the value of analyzing
regarded as the current “state of the art” for this type ofpowers, in general, and a full set of analyzing powers in
analysis. Although the overall description is good, a numbeparticular. As remarked above, the calculation described here
of details are poorly described and these were discussed ptoduces a good description of the cross section for inelastic
length. There are still some limitations on this type of calcu-scattering leading to the 0.478-MeV 1/&tate of ‘Li while
lation due to constraints on available computing power thafailing to describe the analyzing powers. Without the mea-
prevent us from including further couplings that may be im-surement of the analyzing powers we would have assumed
portant. Nevertheless, we are approaching the stage wheretltat our calculation produced a good description of the reac-
is possible to identify and hopefully rectify shortcomings in tion processes important for this excitation. The single neu-
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tron stripping reaction to the 0.0-MeV I/tate of1°C pro-  have the necessary data available and are at least well on the

vides an example of the value of a complete set of analyziny/ay towards a thorough understanding of it.

powers: the excellent description &T 5, was revealed to be
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