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Measurements of cross section, vector analyzing p@werand tensor analyzing powefs , andA,, over
the angular range 1626,,,<40° have been performed &(°Li) =34 MeV for the %Ni(°Li,d)%2zn and
49CalLi,d)*Ti reactions leading to the ground state and first excited state of both residual nuclei. The
reactions are described by distorted-wave Born approximation calculations, assuming a-ghaetitle trans-
fer mechanism. The asymptofit/S state ratioz for thed+ o relative wave function irfLi is determined. In
this one-step analysis, the best fit to the tensor observables leads to a vajee+dd.0003+0.0009. This
value is in disagreement with most of the previous theoretical and empirical determinatign#\ofinvesti-
gation of two-step reaction mechanisms is performed, allowingJfie3*, 2%, and 1" states inSLi to
contribute to the transfer reaction channel. Reasonable agreement is achieved with the cross section and vector
analyzing power data for several possible two-step amplitudes. It is found that the fitted magnityde of
increases with increasing two-step amplitude, giviprg —0.0030+0.0022 for unit amplitude, therefore not
changing significantly from our one-step res{i§0556-28189)00812-3

PACS numbes): 21.45+v, 24.70+s, 25.70.Hi, 24.50tg

. INTRODUCTION the a particle, which has)™=0", has aD-state component
) ) _in its wave function[9,10]. Though generally parametrized
One manifestation of the nucleon-nucleon tensor force ig, terms of the DWBA parametéd, and noty(*He), theD
the presence of nonspherical or deformed components in thgate in thed+ d configuration has been established to within
ground-state wave functions of light nuclei. A measure ofanout 20%. Reviews of the status of the studieB states in
these nuclear deformations is the ratio of ieandSstate  |ight nuclei (through 1990 are given in Refsf1,3,11.
asymptotic normalization constants[1]. A D-state cOmpo- | pringiple, bLi can also contain & state in its ground-
nent in the wave function of a nucleus is manifested directlysiate wave function. Cluster configurations @ « or t
by a nonzerd- to S-state ratio and/or by a nonzero quadru- | 3a can have eithef=0 or 2 units of relative orbital
pole moment. In the case of the deuterol astate is pre-

dicted directly on the basis of the nonzero quadrupole Moy ng state. The+ a configuration is expected to be much
ment. The value ofy for the deuterony(d) has been |5.4er hased on the large binding energy of dhearticle and
measured by sub-Coulombd,p) reactions[2] to be the small separation energy between thearticle and the
+0.0256=0.0004 and is in very good agreement with theo-deuteron(1.47 Me\). This is further supported by breakup
retical calculationg3]. For theA=3 systems @ state can and knockout reactions ofiLi [12,13, where thed+ «
also exist between the deuteron and the neutpwaton) in  probability in the ground state offLi obtained from
the triton (GHe). Values of 7(t)=—0.0411+0.0013 bLi(e,e’d)*He knockout reactions is 0.73. Therefore, most
+0.0012[4] and 5(*He)= —0.0386+ 0.0045-0.0011 [5], of the theoretical and experimental investigations into the

for example, have been measured ﬁytI and (a,3He) re- SLi D state have focused on thie+ configuration. How-
actions near or below the Coulomb barrier, where the firsgver, contrary to the lighter nuclei, the asymptdieto S
error reported is statistical and the second is systematistate ratio for thel+ a relative motion in°Li, denoted here
These values agree well with theoretical predictions based asimply as#, is not well determined.
solutions of Faddeev-type equatiof7] and with recent Knowledge of theD-state properties irfLi is important
variational calculation$8]. Even thed+d configuration of  for probing the tensor force between the deuteron and
cluster as well as providing information about the wave func-
tions of the valenc@-shell nucleons. A practical application
*Present adddress: Los Alamos National Laboratory, Los Alamospf this information is the determination of the neutron polar-
NM 87545. ization when®Li is used as a polarized neutron targj&#].
"Present address: University of lllinois, Urbana, IL 61800. The presence of B state in the ground-state wave function

angular momentum and still maintaif=1" for the SLi
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of ®Li would tend to dilute the neutron polarization since, in ~ Three-body models {+n+p) have generated predic-

this state, the deuteron spin would be antiparallel to the spitions of » ranging from+0.0055 to+0.0194[3] depending

of the ®Li, an orientation opposite to that for the particles in on the form of theNN and «N potential assumed in the

the predominan§ state. calculation. Predictions from these models are in excellent
In the present paper we report on a determinationyof agreement with properties dfLi such as the charge form

from the analysis of tensor analyzing pow&TAPs) from  factors, the charge and matter radii, and the magnetic mo-

(°Li,d) transfer reactions. This analysis is based on the fadihent but, in each case, fail to reproduce the negative quad-
that the magnitude and sign of the calculated TAPs are proupole moment. There seems to be a systematic difficulty in
portional to ». In Sec. Il we present an overview of the the three-body models in that they all predi@>0
previous determinations of highlighting the theoretical and [3,14,2]. Furthermore, though a numerical value was not
experimental discrepancies. In Sec. Ill we describe the exreported, the three-body model of RE21] predicteds>0.
perimental procedure. In Sec. IV thetransfer analysis is An alternative method for modelinflLi is the “no-core
performed, including direct one-steptransfer DWBA cal-  shell model” [22] that has recently been used with a large
culations in Sec. IV A, and the determination gffrom the  basis, and with different renormalized effective interactions
TAP data, with a discussion of uncertainties involved, is inpased on the Reid 93 nucleon-nucleon potential. This calcu-
Sec. IV B. Furthermore, in Sec. V we investigate the eﬁethation reproduces well the level Spectrums(h_ﬁ, and predicts

of two-step mechanisms ifl(i, d) reactions on our determi- 5 quadrupole moment for the ground state 6f
nation of ». Finally, in Sec. VI we compare our results with = —0.052 fn?, the closest to the experimental value of any
previous analyses and discuss the resulting implicationgheoretical prediction that we are aware of.

Many of these results have been reported in a recent Letter perhaps the most sophisticated microscopic calculations
[15] and additional information may be obtained in H&6].  to date are those of the Illinois group using the Green’s func-
tion Monte Carlo technique to calculate properties of the
ground and excited states <7 nuclei[23,24. Using a
variational Monte CarldVMC) technique, this group calcu-

In the ®Li nucleus the radiad+ « wave functionu,(r) lated wave functions and binding energies for nuclei through
with relative orbital angular momentuhbehaves asymptoti- A=6 [25]. They calculated thel+ « configuration in the
cally as[1] 8Li wave function, leading to density distributions and nor-

malization constants that in th&wave case are close to
experimental values. However, tilewave component does

IIl. BACKGROUND

N
limb, u|(r)—>—;W,§,|+(1,2)(2/3r). (1) not reproduce th®-state observables, predicting a value for
r—o B the quadrupole moment = —0.8+0.2 fn?, one order of

magnitude larger than the experimental valu8], and a

Herer is the separation distance between thand the deu- Vvalue ofp=—0.07+0.02 for the(da|°Li) bound-state over-
teron,W_ . (112 is @ Whittaker function involving the Cou- lap. It has been pointed o{24,2 that the long-range part
lomb parameteg, N, is an asymptotic normalization con- of the wave functions are not well determined by the Monte
stant, andB is the wave number at th&Li —d+ « vertex. ~ Carlo technique so their estimates fprare perhaps not very
The asymptotidD- to S-state ratio is defined ag=N,/N,. reliable. However, their estimates of the asympt@icS ra-
The by’s are the spectroscopic amplitudes of itk partial ~ tios for the lighter nuclei are in good agreement with experi-
wave functions and are normalized such thét b2=1. We  Ment. A more recent calculatidi26] of the same type that
note that although the spectroscopic factor fordhex con-  should be closer to convergence # =6 nuclei results in
figuration is smaller than (see, for example, Ref17]), this ~ smaller values oQ=—0.33+0.18 fnf and »=—0.03.
quantity will cancel in the ratid\, /Ny and therefore will not Experimentally the situation is similar, in that there is no
affect the determination of. consensus as to the magnitude or signyofOne of the first

At present, the only unambiguous evidence for the exisinvestigations was a forward dispersion relation analysis of
tence of aD state in®Li is the nonzero electric quadrupole d— « scattering[27]. In that analysis, the residues of the
momentQ=—0.083 fn? [18], implying the Li nucleus has scattering pole, which correspond to the virtual formation

a slightly oblate shape. Nishiolet al.[19] suggested that in and decay of &Li nucleus, can be related to tf&and D
a d+ a cluster modelQ could originate from a subtle can- @Symptotic normalization constants. Three residues were de-

cellation of the deuteron quadrupole momenQuE termined via _extrapolat!on _to the pole energy, from Which
+0.2859 fnf) and a term which arises from tii state in the asymptonc normalization constants were depermmed.
thed+ « relative wave function. By admixing an appropriate 1h€ ratio of theD- and Sstate constants results in=
amount ofD state into the wave function, they were able to +0.005+0.014. o ]
reproduce the®Li quadrupole moment. This resulted in The two-body model of Nishiokat al. [19] was applied
=-0.0112 (not the »=—0.014 quoted in Ref[1]). It  to °Li+5%Ni scattering atE.,,=18.1 MeV. They assumed
should be pointed out that the work of Nishiokhal. used that aD state in thed+ « wave function withnp=—0.0112

an older slightly smaller value f& than that of Ref{18]. In was responsible for generating the observed positive
the d+ « cluster model of Ref[19], the value ofy corre-  TT,, (=Ayy/\/§) data. In this analysis, the ground state of
sponding toQ of Ref.[18] is —0.0127[20]. the °Li was also assumed to be coupled to e 0 excited

064003-2



DETERMINATION OF THE ASYMPTOTICD-TO S ... PHYSICAL REVIEW C60 064003

states (3 2.19 MeV, 2" 4.31 MeV, 1" 5.65 Me\) and the 88 g5 8 R o g o 8 3

polarization observable was approximately reproduced. é £3 8 % 2 :‘é 23 % £5%8
The same elastic scattering process was measured by De < é 5 § g § § E § é é (?Da §

etal. [20] at E(°Li)=70.5 MeV and analyzed using " i "" I

coupled channel calculations with potentials generated by ¢ 02| g _

cluster folding method. Anv+d configuration ofSLi was 8 1

assumed to be represented by a Woods-Saxon geontetry ( 0 T T L =

=1.9 fm, a=0.65 fm) and was used to describe three ex- ) I o ° o

cited D-wave resonances, within the weak binding approxi-, -0.02 | .

mation. The'T,, data were generally well described when }

the strength of theD-state component of the bound-state -0.04 | 7

wave function used led to a value gF= —0.0127. However

the results for the other observables Iikg, (=A,,/\2) —0.06 r l l

andiTq; (= \/§Ay/2), for which the agreement was not so 0,08 L C e

good, were much less conclusive about either the sign or the
magnitude ofy. The data of Ref[20] were reanalyzed by FIG. 1. Summary of previous theoretical and experimental de-
Ruseket al.[28] assuming a larger channel coupling mecha-terminations ofy for ®Li. See the text for a detailed discussion of
nism including nonresonant continuum breakqu effects oreach result.
Itth 3\/:??:;322296;?2 a;j;ag'om%: naggﬁiyﬁ;”o{g%oiag ce results that a!most certainly_overpredict the magnitude _of the
et al, or »~—0.0064, but ther,, predictions did not show D'St‘?te as d|s<_:ussed by Eiend Thompsor_[33], there is .
much sensitivity to the magnitude or sign gf Again, as qon&derablg disagreement between the cpfferent detgrmlna—
with the previous analysis, the vector analyzing powert'ons’ showing the need for further investigations. It is im-
(VAP) data were not well described by the calculations. portant to _no;e that some of these results were reported with-
Punjabi et al. [29] detected deuterons and particles out establ_lshmg errors or reported only t_he signydbut not
from the breakup of polarizefLi on *H at 4.5 GeV. Viewed the magnltL_Jde, vyh|le others were obtained from many .Ob'
within the plane-wave impulse approximatiofy, is sensi- servables involving a systematic study of uncertainties.
tive to interference effects between tBeand D-state com- Therefore these resqlts are not egually important and should
ponents of the®Li wave function. A plot of T, versus the not be considered with equal We'.ght]; hed lati
transferred momentung showed that for the three-body In the present work we determingfor the ia relative
models of Ref[3] with >0, T,, should be positive for Motion in °Li by an analysis of the TAPs fronf(i,d) trans-
|argeq and negative for Smat. with the Sign Change occur- fer reactions. We use the fact that DWBA Calcu_lations of the
ring at aboutq=0.12 GeVE. Data from the detected deu- TAPS from these reactions scale with the magnitude and sign
terons anda particles qualitatively resembled this trend, Of 7. as discussed in Sec. IV. This method has been applied
from which it was concluded thag should be positive. successfully in studies of the state in theA=2—-4 nuclel_
Santos etal. [30] analyzed the TAPs from the for the TAPs from deuteron-induced transfer reactions

6Li(d,a)4He. reaction at 10 MeV. Assuming the reaction [2’€A'/5e’3f1].ave measured the TAPA,, and A, for the

proceeded via a direct transfer mechanism, it was argued that =~ " > O T o ae _

the best agreement with the TAP data was achieved when theNi(°Li,d)®Zn and the “%Ca(’Li,d)**Ti reactions at

D state of5Li and “He had the same sign. Thus since theE(°Li) =34 MeV leading to the 0 ground and 2 first-

D/S ratio for “He is negative, it was concluded thatfor ~ excited state for each reaction. We measured the XARr

SLi should also be negative, with a magnitude in the rangeeach transition to assist in modeling the reaction mechanism.

—0.015< »< —0.010. Furthermore, we have also measured cross section and VAP
Kukulin et al.[31] have calculated the+“He tensor in-  for SLi+58Ni scattering, also at 34 MeV, in order to opti-

teraction from an inversion af— « phase shifts. Fitting the mize the optical potential parameters. The particutai, @)

3S, and 3D, low-energy phase shifts, the binding energy, reactions measured here were chosen to satisfy a number of

andQ, they determine twal+“He tensor interactions, from criteria. The®®Ni and “°Ca targets were chosen because they

which 7 is calculated to be-0.0115 or—0.0120. have a reasonablél(i, d) cross section£10 ub/sr) for the
Recently, George and Knutsdi32] have performed a g.s. transitions, can be made fairly thick-{ mg/cn?) to

phase shift analysis ofLi +4He scattering atE. maximize the count rate, they Iegd to a daughter nucleus with

=2.2 MeV. In their analysis, the lower partial waves wereWell-separated £ 1 MeV) low-lying states, and they pro-

fitted whereas the higher partial wavels=@4) were deter- Cceed through unique angular momentum transfers.

mined from Coulomb-wave Born approximation calculations ~\We use the dlstprted-wave Born apprOXIm_at(ﬁ)WBA)

for deuteron exchange. With several phase shift and mixing® model the reactions assuming a direeparticle transfer

parameters being sensitive to the asymptotic constants, théjechanism. As will be discussed in Sec. IVA, we have

found 5= — 0.026+ 0.006+ 0.010. achleved good agreement Wlth_ the data in de_scnl_)mg the re-
The results fory obtained by the various groups are pre-actions by a one-step mechanism. However, in view of evi-

sented in Fig. 1. We see that, even neglecting the VMGlence that the analyzing powers frorﬁ,E(Li) reactions at
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Channel FIG. 3. Sample spectrum for th®Ca@Li,d)*Ti reaction at

_ 6 o ) JE
FIG. 2. Sample spectrum for th&Ni(°Li,d)®2Zn reaction at E(°Li) =34 MeV. Excitation energies are given in MeV.

E(5Li) =34 MeV. Excitation energies are given in MeV. ) )
The S58Ni targets (>99.76% enriched were self-

lower interaction energie§35] proceed via a two-step Supporting roIIed4goiIs ranging in thickness from 0.8 to
mechanism through excited states®i, we also include an 2.0 mg/cni. The “™Ca targets consisted of 0.9 mg/rmf

investigation of two-step mechanisms in the analysis of thdatural Ca sandwiched between 0.3-mgfdayers of Au.
present ?ﬁ,d) reactions(Sec. V. After passing through the target the beam entered a sec-

ondary scattering chamber where the polarization was moni-

tored via “He(®Li,*He)5Li scattering, as described in Refs.

[37,38. Typical beam polarizations on target wepg~
The experiments were performed at Florida State Univer— 0.6 andp,~ —1.1.

sity using the optically pumped polarized lithium ion source  The analyzing powers were determined by forming the

[36]. The polarization state of the beam was changed in thasymmetry relations

source every two to three minutes between an unpolarized

IIl. DESCRIPTION OF THE EXPERIMENTS

state and a state with either large vector or large tensor po- L+R-2
larization. The orientation of spin direction of the beam par- Azz= Py | @
ticles for measuring the different analyzing powers was con-
trolled by the use of a Wien filter. L—R
The 6Li ions were accelerated to 34 MeV with the Super A= 0 (€
zz

FN Tandem accelerator into an 85-cm-diameter scattering
chamber. Two pairs of SAE-E detector telescopes sepa- 4,4
rated by 15° were placed on rotating platforms on each side
of the beam. The telescopes, consisting of between 4 to 6 L—R
mm of Si with 1- or 2-mm SAE detectors, were positioned Ay= T
14.6 cm from the target. Thé\, and A,, data for the Pz

**Ni(°Li,d)*?Zn reaction were taken with telescopes havingyhereL (R) is the ratio of the counts collected in the left
an angular acceptance 6f2.2° and subtending a solid angle (right) detector in the polarized state divided by the counts
of 4.7 msr while theA,, data for the®®Ni(°Li,d)®%Zn reac-  collected in the unpolarized state normalized by the charge
tion and all of the data for théOCa(GET,d)““Ti reaction were  collected and computer dead t_ime during data taking in _each
taken with telescopes having an angular acceptance2op® ~ State. The TAR;, was determined when the spin quantiza-
and solid angle of 6.2 msr. A 0.08-mm thick Ta foil was 10N axis was pointed along the incident beam directiy,
placed in front of each telescope to stop the elastically scat/aS determined when the axis was pointed 45° from the
tered ®Li ions. The ground- and first-excited state transitionsincident beam direction, but in the scattering plane, Apd

for both reactions were well resolved, except for a few in-Was measured when the spin axis was perpendicular to the
stances where the presence 8€ build up on the target Scattéring plane. _ _ _ _
prevented the extraction of the yields. Sample deuteron spec- In order to assist us in O_L)JI’ direct transfer calculations, it
tra are shown in Figs. 2 and 3. Furthermore, a small Si dewas necessary to measufei+°®Ni scattering also at 34
tector was placed at 135° with respect to the incident beariVleV. These data were measured with a 2@@/cn? i
direction to monitor the target and to normalize yields fortarget using techniques similar to those described in Ref.
relative cross-section measurements. [39]. The ratios of the observed cross section to the Ruther-

4
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10° © i
10"
o/o; E
10° ;
10° i
0.10 ]
10“6 1 L 1 1 -
[ 0 30 60 90 120 150 180
0.05 |- { 1 0., (deg)
i { L,} L FIG. 5. Angular distribution of the cross secti¢as ratio to
iT,. 000 IR H Rutherford scattering for °Li+“°Ca scattering at E(°Li)
0T ! 11 I I =34 MeV. The data are from Ref40]. The solid curve is the
result of an OM calculation using the parametrization of Cp&#
as given in Table I.
-0.05 - 1
The cross section, VAP, and TAPs for the theej(d)
transfer reaction data are shown in Figs. 6—10. The cross
00 T s 75 %0 sections are smalbf the order~10 ub/sr for the 0 tran-

0. (deg) sitions and~30 wb/sr for the 2 transitions and oscilla-
e tory. The VAPs are generally large and oscillatory while the
FIG. 4. Angular distributions of the cross sectitas ratio to

Rutherford scatteringand VAP for 6Li + 5N elastic scattering at 10” v . .
E(°Li) =34 MeV. The solid curve is an OM calculation using the
global parametrization of Codk3] while the dashed curve uses the

OM parameters given in Table I. % 107

ford cross sectiow/ o and the VAPIT ;4 are shown in Fig. %

4. The cross section drops by3 orders of magnitude below ® 5
10

that for Rutherford scattering by, ,~90°. The VAP is
small (typically <0.02) and positive. These data, though 10 ¢ : , : . : : :

smaller in magnitude, resemble VAP data taken at lower )
energies[19]. For completeness, in Fig. 5 we show previ- 05 L j
ously measured elastic scattering data for+“°Ca, also at

34 MeV [40]. A 00

Relative cross sections were measured for the 7

58Ni(6Li,d)®%Zn reaction by taking the ratio of the counts -0
during the unpolarized-beam runs in the chamber detector:

with the counts in a gate set in the breakup spectrum in the -1.0 ' . ' ' . :
fixed-angle monitor detector. The relative yields were nor- 0

malized at forward angles to the cross section data of Ref. 6;.m. (deg) 0;.m. (deg)

[41]. Cross sections were not extracted for the ¢ g anguiar distributions oflo/d (32 MeV) andA, (34
40Ca(Li,d)*“Ti reaction because the Au backings of the Caytev) for the “°Ca®Li,d)*Ti reaction leading to the 0 g.s. and
targets contributed to the breakup spectrum in the monitofhe 2+ first excited state. The open squares)(are from Ref[42]
detector. Since the exact ratio of Ca to Au for each targejyhiie the closed circles®) are the present data. The solid curves
was not known we have used 32 MeV cross section[d#h  are the results of finite-range DWBA calculations using the initial
for the “%Ca(Li, d)**Ti reaction in addition to the present 34 global parameters. The dashed curves correspond to calculations
MeV analyzing power data to assist in establishing the reacwith the deuteron OM radius parametgrdecreased by 12%. The
tion mechanism. calculations ofda/dQ) are normalized to the data.
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1.0 ‘ . ; . . 1
05 f 1t ] 0 1t exd (r—r,AY)/a,]
Az 00- andV, is taken to be the Coulomb potential of a uniformly
charged sphere with radii,=r, A",
0.5 N Cook[43] performed a global parametrization &fi scat-
\ tering by making simultaneous fits to 44i scattering data

1.0 : : ‘ : : — sets covering a wide range of targets and energies assuming

o R that the OM potential had only real and volume imaginary
05t Il o terms. From the upper panel of Fig. 4 it can been seen that

OM calculations using the global parameters of C048|,
shown as the solid curve, underpredict the cross section for

SNl s 5Li -+ 58Ni scattering. To improve the agreement between the
- - 1 data and the calculations, we performed a search on the OM
potential parameters with the computer caeleRMES [44]
0 T 0 a0 6 s using the parameters of R¢ﬂ3] as the starting values. The
‘ results of this search are given in Table | and the OM calcu-
0. m, (deg) ec,m_ (deg)

lation using these parameters are shown as the dashed curves
FIG. 7. Angular distributions ofA,, and A, for the N Fig. 4. The largest changes in the parameters with respect
40Ca(Li,d)*Ti reaction atE(°Li) =34 MeV. The solid curves as- to (Ehose of Ref[.43] are in the Imagma(r)y potential Where a
sume a value of; that results in the best fit to that analyzing power 10% decrease in the depth_ and a 16A)_decrease in the dif-
(see Table M. The dasheddotted curves correspond to calcula- fuseness were needed to fit th_e scatterlng_da}gl. The agree-
tions with 7= +0.015 (~0.015). ment bgtwe_en th_e oM ca[culatmns and thid + Cg data
shown in Fig. 5 is not quite as good as for tA®i data
. mostly due to the large angle data which does not fall off as
TAPs are much smalleftypically =0.1) and mostly nega- reicted by the OM. Attempts to fit these data within the
tive. The error bars shown are statistical only. framework of the OM have generally been unsuccessful
[43,40. As the more forward angle datas@0°) are still
well described, no changes were made in the parameters of
the central part from that of Codk3]. These parameters are
A. DWBA calculations also summarized in Table I.
A spin-orbit potential was added in order to fit the elastic
transitions are populated with a unique angular momentunY.AP d'ata. The parameters Wh.'Ch re§ulted in the best fit are
transfer:1 =0 to the O' ground states ant=2 to the 2 given in Table | and a calcul_atlon using these parameters is
first-excited states. To perform the direct-transfer calculaSnoWn as the dashed curve In the lower panel of Fig. 4. The
tions we must first describe entrance and exit channel dis(f\ak:u'"’lt'o_n agrees well with the more forwarc_l angle data
torted waves and the wave functions for the two bound state hereas it appears to becpme QUt of p'hase with the da}ta at
m~55°. Including the spin-orbit term in the OM potential

in the reaction. The distorted waves are determined ffaim oot ch th dicted elast tteri "
and deuteron scattering calculations. The bound-state wa\ﬂi not change e predicted elastic scattering cross section,
In agreement with the conclusion of Chanal. [45]. These

functions describe the overlaps 8ti with d+a for the ; . ; S0
entrance channel anfZn with 58Ni+ a or “Ti with 4°Ca spin-orbit parameters were also used in fe+4°Ca cal-
culations.

+ « for the exit channel. . _
a for the exit channe The exit channel parameters describing the deuteron scat-

The first step in the DWBA calculations of théL{, d) . . :
: . : : tering distorted waves were taken from the potentialset
reactions was the selection of suitable optical md@\) aehnick, Childs, and Vrce[46], which we will denote as

arameters to calculate the distorted waves. The optic . o ) . .
P P CV. This parametrization contains a real volume, imagi-

model potential is assumed to have the form ; . ; ) :

nary surface, imaginary volume, and spin-orbit potential. Of
Uomp(r)=—Vof (r,ro,a0) course, there is no data describidg 6Zn or d+4*Ti scat-
tering as these nuclei are radioactive. However, the DCV
potential included 34.4-MeV deuteron scattering data from
Newmanet al. [47] for deuteron scattering off a number of
neighboring nuclei.

IV. DIRECT TRANSFER ANALYSIS

Since the targets used here hal/e=0", the observed

d
_Il:WIf(rvrl rai)_4aDWDaf(r1rD !aD)

A\Z .. 1d The bound-state wave functions were calculated using a
Vs m_wc) (L9 g HsadtVell,  \yg effective potential to bind the particle to the deuteron
() in the entrance channel and to the target nucleus in the exit
channel. Then + target bound-state geometry was param-
etrized byR=1.25A¥° fm anda=0.65 fm, with the depth
wheref(r,ry,a,) has the usual Woods-Saxon form of the potential wells independently adjusted to reproduce
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TABLE I. Optical model parameters used in the DWBA calcu- teron OM radius parameteg decreased to 1.03 fm. All fur-
lations for °Li scattering from®®Ni and *°Ca atE(°Li) =34 MeV.  ther DWBA calculations were performed with this change.
The parameters are defined in E§) with Wp=0 MeV and the Many factors affect the overall normalization of the cal-
radius conventiorR,=r, A® fm. The spin-orbit potential i¥/, s culated cross section, therefore we consider this quantity to
=3.0 MeV,r s=1.26 fm, anda s=0.65 fm, while the Coulomb  haye only limited usefulness. However, in light of the dis-
radius isrc=1.3 fm. cussion in Sec. V we choose to report these normalizations.
We define the normalizationS to be @do/dQ)ey,
=9(do/dQ)pw, Where the DWBA cross section uses unit

Depth(MeV) r (fm) a(fm)

Bl + 58N spectroscopic factor. Therefore, information on the spectro-
Real volume Vo) 112.49 1324 0.825 Scopic factors for both the target and projectile are contained
Imaginary volume YV,) 37.453 1.622 0735  multiplied in S For the %®Ni(®Li,d)%2Zn reaction,Sis equal
6L + “°Ca to 2.5 and 0.75 for the g.s. and" 2ransition, respectively,
Real volume Vo) 109.5 1326 0811  while for the “°CaLi,d)**Ti reaction,Sis equal to 1.5 and
Imaginary volume \V;) 46.24 1.534  0.884 0.7 for the g.s. and 2 transition, respectively. In all the

figures, the one-step DWBA calculations dtr/d() have
been normalized by these factors.

During the analysis we found that it was necessary to
the correct binding energy. The + target wave functions have a deuteron spin-orbit potential in the exit channel in
were assumed to have six nodes f8Zn (*“Ti) in the 0" order to describe the transfer VAP data. We performed cal-
ground state and five nodes f6fZn (*Ti) in the 2* first  culations with and without both the deuteron afid spin-
excited state. To describe therd bound state, we used the orbit potentials and found that the deuteron spin-orbit poten-
parametrization first suggested by Kubo and Hifd®l with  tial is necessary for generatindy, in the (Li,d) reactions.
R=1.9 fm anda=0.65 fm for both theS-state andD-state  This observation is in agreement with the work of Drummer
wave functions with the potential depth independently ad-et al.[39].
justed for each. Th&state wave function included a single  The overall very good agreement between the cross sec-
node while no nodes were included in thestate. Addition-  tion and VAP data for the’°Ca and®®Ni reactions and the
ally, a Coulomb potential with radius;=1.3 fm was in-  direct-transfer DWBA calculations is a strong indication that
cluded in each bound state. multistep processes are either weak for these transitions, or

The DWBA calculations were performed using the com-that they have the same overall form as the one-step process.
puter coderRESCO[49]. The solid curves shown in Fig. 6 are Therefore, we proceed first with the one-step analysis of the
the results of finite-range DWBA calculations including the TAP data for the determination of, and then consider mul-
parameters discussed above. It was found that the DWBAistep processes in Sec. V.
predictions for the cross section aAg had the same shape
as the data but were out of phase k6° for both the

58Ni(GE'd)GZZn and 4°Ca(eﬁ,d)44Ti reactions. B. Determination of »

To improve the agreement between the DWBA calcula- The S and D-state wave functions were included in the
tions and the data, we made small changes in the OM angalculations normalized by, and b,, respectively. The
bound-state parameters to find the parameters which moguantity  is determined by taking the ratio of E€{L) for |
affect the DWBA calculations. Small changes to the entrance=2 andl=0 and solving folN, /N, as
channel®Li OM parameters did not greatly affect the struc-
ture of the cross section andl, calculations, leaving the ~ Na byuy(r) W_gq(2pr) .
pattern of the angular distribution unchanged and producing n= N_o_ bo Ug(r) W_52(28r) @
only small variations in the amplitudes. The calculations
were most sensitive to the radius parametgrandr;, how-

ever changes of up ta-30% did not greatly improve the Forr=5 fm, which is when the approximation of E¢L)
agreement between the calculations and the data. becomes Va”d’ Eq?) becomes constant anﬂ can be reli-
In the case of the exit channel deuteron OM parametersaply determined.

the DWBA calculations were only sensitive to the real vol- | determining the best fits to the TAP data, the value of
ume potential. It was found that a decrease of 12% in the,7, as calculated by Eq7), was the only quantity allowed to
radius parameter, from 1.17 fm to 1.03 fm resulted in yary, and the effects on the TAP were calculated with the
excellent agreement with the cross section &jddata for first-order DWBA. As can be seen in Fig.(@nd in Fig. 2 of
both the *&Ni(°Li,d)®%Zn and *°CalLi,d)*Ti reactions. A  Ref.[15]) the magnitude and sign of the TARs, andA,,
similar effect was noticed for a 16% decrease in the deptlare sensitive to the magnitude and signmoincluded in the
V,. These decreases did alter the predictions of deuterogalculation. That is, the larger the value gfincluded in the
elastic scattering but were consistent at angles forward ofalculations, the larger the magnitude of the predicted TAP.
30° with the predictions without the changiee., using the  Similarly, the signs of the predicted TA®hen not strongly
unmodified DCV parametexsThe dashed curves shown in oscillatory tend to be opposite that of. Therefore, a clear
Fig. 6 are the results of calculations performed with the deusignature forzy is present in the predicted analyzing powers.
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We have measured two TAPs for two differer‘?ﬁ( d) TABLE II. Values of 7 extracted for the pure one-step DWBA
transfer reactions leading to two states in the final nuclei¢alculations from the TAP measurements #ifi(d) reactions. The
giving us a total of eight TAP angular distributions. We de-uncertainties have been multiplied by~10
termined the best value fay for each of the eight TAPs by

2

separately minimizingc?, defined as Target  State  TAP 7 X» Ans  Amn
) 58N o+ A, —0.0020 3.39 3.7 4.5
, AP 9) — A 9) A, +0.0021 220 15 1.7
X =i21 ARG 8 2+ A,, +0.0063 163 26 90
- i A,, —00007 083 12 1.3
40ca 0" A +0.0024 144 4.4 6.3
for each TAP angular distribution. HeA&™” and AAT*® are AZ —0.0017 280 5.4 7.9
the experimental TAP data and associated em@}“sis the 2+ A, +0.0114 0.73 1.7 13.1
corresponding predicted TAP from the DWBA calculations, A —0.0003 5.53 2.6 2.9

X
N

and the sum is over the number of data poiNt$or each
TAP angular distribution.
The solid curves shown in Fig. 7 correspond to the best-fit
7 values for each TAP. The eight values pfdetermined in ) ) .
this way are summarized in Table II. The dashed and dotte@" increase of-60% in R from 1.90 fm to 3.02 fm, which
curves correspond to calculations with=+0.015 and Wwas the radius used in an analysis of thte(d,y)°Li reac-
—0.015, respectively. tion [51], produced a change in the best-fit valuepfor
The uncertainty in each of the eight determinationsyof €ach TAP which was less than the statistical uncertaingy
results from a combination of statistical uncertainties andor each TAP. This effect was deemed minimal considering
uncertainties in the DWBA parameters. The statistical uncerthe large change iR. From this calculation, we find that the

tainty depends on the errors of the data points as well as theaps for ¢Li,d) reactions are, as expected, sensitive only to

sensitivity of the calculation to changes in the valuezpf  the tail of the bound-statélLi— d+ « wave function.
This uncertainty was taken to be the difference between the Until now we have assumed that the TAPs f@ﬁ(d)

- 2 2

\;'alue of ntrf]or 2the mdmlmum)(f fan((dj th%l/alg/eNfo_er +f1' reactions are generated primarily by thestate component
lowever, thex” per degree of freedong, = x/( ) O in thed+  wave function. However. it has been shown that
six of the eight individual results was 1. Atthe same time, 4o teron OM tensor potentials can affect the TAPs for
several of the calculations, particularly those for,, were deuteron-induced transfer reactions; see RgfsS,53, for

very sensi_tive to changes_ i, resulting in sm:_:lller stgtistical example. Therefore, we investigated whether deuterdi.ior
uncertainties. Therefore, in order to more fairly weight those

with poorer fits in the final analysis, we chose to multiply the OM tensor potentials would affect the TAPs for tHe.i(d)

statistical uncertainties of the six TAPs for whigﬁ>1, by reactions. This was done by separately including deuteron

6 j ials i i -
the factor\/;f. The resulting uncertainties are denoted aSand Li tensor potentials in the calculations and then deter

A d ized al th ﬁ Table Il mining if the best-fit value foryp changed. We used a
7s and are summarized along with eagfiin Table I. deuteron-nucleus tensor potential adopted from the results of

The uncertainties in the DWBA parameters are more dif-30 MeV deuteron scattering from neighboring nu¢is]. It

ficult to estimate. A systematic investigation of changes in a5 found that the TAPs were almost entirely insensitive to
the OM parameters showed that very few significantly af,e geyteron tensor potential. The extracted valuesyof
fected the description of the cross section and VAPs for th hanged by=0.0006, with five of them by=0.0001.

6 . .
g. L'(’jd) reﬁctg)ns. Thglregcl)re, the OM pararr;eters_bwirg hgl Very little systematic work has been done to establish the
Ixed to the best available parameters as described In S€6y i cleys tensor potential. To estimate its role in the

IV A. . . .
o resent calculations we included the potential of Ketral.
Next we checked the sensitivity of the DWBA calcula- P P

tions to the bound-state wave functions. The potential bindl38. Which was derived fronfu scattermg Pnlzc at 30

ing the « particle to the target nucleus has previously beer/€V. The maximum change ipy due to the®Li OM tensor

set by a variety of criterigsee, for example, Ref§42,50). p_otent|al was 0.0017 for one of the TAPs whlle six of the
The calculated TAPs were influenced by the geometry of thi€ght TAPs changed by=0.0010. Therefore, it appears that
potential. To reflect this sensitivity and to account for thene€ither a deuteron nofLi OM tensor potential affects the
differences in the geometry parameters found in the literav@lue of  extracted in this work.

ture, we assigned them an overall uncertainty#0£5%. The uncertainty in each determination pfwas found by
Changes in the bound-state geometry by more thds% adding in quadratur.e _the contributions from the statistical
began to destroy the agreement between the calculations aHfcertainty, uncertainties due to tae+ target bound state
the cross section and VAP data. The difference between theotential, and the deuteron arfili OM tensor potentials.
best-fit value ofy for the geometry parameters given above This value is summarized in Table Il &sy, . The final value
and the best-fit value of when each parameter was changedof 7 determined from an analysis of the TAPs frof.i( d)

by +15% was added in quadrature. The TAPs were found t@eactions was found by taking the average value of all eight
be rather insensitive to thie+ « bound-state geometry. Even determinations, weighted by the inverse square of the overall
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6Li->d+a

6275 > S8Ni +a

FIG. 8. Schematic of one- and two-step DWBA calculations.
The dashed arrow represents a one-gtetpansfer while the solid
arrows represent a two-steptransfer through the 3 first-excited
state in®Li. For the case shown here, the transfers form the g.s. of
82zn.

Xz

uncertaintyA 7, for each determination, with the result being 6 15 30 4 0 15 30 45 60
7= +0.0003* 0.0009. O m, (deg) O, m, (deg)

FIG. 10. Angular distributions ofA,, and A,, for the

SeNi(6Li,d)®%Zn reaction atE(°Li) =34 MeV leading to the 0
g.s. and the 2 first excited state. The curves are the same as in Fig.

In the analysis we have presented so far the procedure f& For all calculations;=0.

the determination ofy from a study of ?[)i,d) reactions
assumes a direak-particle transfer mechanism. The ques- . . . . .
tion can be raised as to the possible effects of more complf€ached in the previous section and in Ré. In the dis-

cated transfer reaction mechanisms, such as higher—ord&'ISSions in this sgction.ourgoal Is tq identify thg influ'ence of
wo-step mechanisms in the analysis, and to investigate the

couplings via other intermediate states, on the conclusion ; S
role the two-step processes play in the current determination
of the » parameter.

There are many kinds of couplings that should be distin-
guished. The first are the coupled channels processes which
affect elastic scattering. These are, or should be, included
effectively in the optical model potentials, regardless of the
complicated mechanism of excitations that may cause them.
As discussed in Sec IV A, we obtained good agreement be-
tween the elastic scattering data and the OMP calculations
(see Fig. 4. It is therefore reasonable to assume that channel
] couplings between the ground and excited states are implic-
N itly accounted for in the OMP. The second kind of couplings
that may be present are the two-step or multistep reaction

V. HIGHER-ORDER PROCESSES

do/dQ (mb/sr)

Y
(=4
&

—
o

FIG. 9. Angular distributions ofdo/d(Q} and A, for the

S8Ni(6Li,d)®%Zn reaction atE(°Li) =34 MeV leading to the 0
g.s. and the 2 first excited state. The open squaré&s)(are from
Ref. [41] while the closed circles®) are the present data. The

0 15 30 45
0, 1 (deg)

mechanisms that affect specific reaction channels, and cannot
be taken into account by the optical potentials. We will
therefore focus in this section on two-step processes which,
due to the cluster structure of the projectile, are most likely
to affect the analysis of transfer reaction observables. We
neglect however excitations of the target and of the final
nucleus, as well as all types of multistep processes involving
the target and the projectile simultaneously.

A. Two-step couplings

To investigate the effects of thlLi excited states we
describe them in a combined first- and second-order DWBA

solid curves are the results of one-step DWBA calculations. Thé@lculation, where we supplement the direct process with
dotted (dashegj curves are combined one- and tWO-Step Ca|cu|a_tW0'Step transitions in which th@_| is first eXC|ted to one of

tions, where the two-step calculation goes only through tie 3 the three low-lying T=0 excited states J'=3", E,

state, with the two-step amplitude equal to 10®7. The calcula-

tions of do/d() are normalized to the data.

=2.19 MeV; J"=2%, E,=4.31 MeV; J"=1", E,
=5.65 MeV) followed by thex particle transfer to the tar-
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FIG. 11. Angular distributions ofdo/dQ and A, for the  5Ni(°Li,d)%Zn reaction atE(®Li) =34 MeV leading to the 0
58Ni(6[7,d)622n reaction atE(°Li) =34 MeV leading to the 0O g.s. and the 2 first gxcited state. The curves are the same as in Fig.
g.s. and the 2 first excited state. The solid curves are the purell. For all calculations;=0.
one-step DWBA calculations as in Fig. 9. The dott@hsheg

curves correspond to combined one- and two-step DWBA CalCU|ahot'n that forA=0.27 the cross fi lization f
tions, where the two-step goes through all three excited states (3 Ing e -section normalization fac-

2%, and 1), with the two-step amplitudes equal to 1M27). The tor Sis gqual to _3.0 and 0.85 fo_r the g.s. antl Ransitions,
calculations ofda/dQ are normalized to the data. respectively, while foA=1.0 Sis equal to 1.0 and 0.2 for

the same transitions since the two-step routes enhance the
predicted magnitudes of the cross sections.
get nucleus. For the purposes of this discussion we confine Itis interesting to note that the magnitude of the predicted
ourselves to an analysis of tﬁéNi(GE,d)”Zn reaction. VAP is larger whenA=1.0, and that similar enhancements

In the first two-step DWBA calculations we assume thatVere found by Bowsheetal. [35] for the VAP in the
the reaction proceeds via the lowest excited stafe=3*),  ®Zn(d,°Li) ®™Ni reaction. From a simple model they pre-
as shown schematically in Fig. 8. We neglect the explicitdicted that the 3 state would generate negative VAPS, simi-
couplings back to the elastic channel, since the elastic opticédr to their VAP data. Thus they concluded that the Sate
potential is assumed to be accurate. This state played a crplays an important role in the reaction Bf=16.4 MeV.
cial role in the analysis of thed(®Li) reaction investigated Our calculations indicate that at the reaction energy of the
in Ref.[35]. The wave function for the unbound 3state in  present study the 3 state might be relatively less important.
6Li was assumed to have=2 and was obtained using the  In Fig. 10 we show the same calculations for the TAPs
same potential geometry as that used to generate the g&,,andA,,. At this stage the calculations do not includBa
wave functions. The potential depth was adjusted using thetate in the®Li g.s. wave function, i.e.7=0. We see that
weak binding energy approximatidr20], in order to de- the calculations withA=1.0 predict relatively large TAPs
scribe thed+ « wave function by that of a slightly bound compared to both the data and one-step calculations while
state. The free parameter in the two-step calculations is ththe calculations witiA=0.27 resemble quite closely the one-
spectroscopic amplituda, which initially is expected to be step calculations for both TAPs.
equal to unity on the basis of a pude- « cluster model for In order to improve the two-step description, we per-
the excited states diLi. formed calculations which, in addition to the" 3tate, also

Comparison of one-step DWBA calculations with com- include the 2 and the 1" states. We assume that these three
bined one- and two-step calculations is shown in Fig. 9. Calstates form a spin multiplet and we describe them by similar
culations withA=1.0 are out of phase with the cross-sectionspatial wave functions and in the DWBA calculations we use
data and the calculated VAPs are negative whereas the ddiae same amplitudé for each state. In Fig. 11 we show a
are oscillatory about zero. Furthermore, the shape of the arsomparison of the one-step calculations with combined cal-
gular dependence of these two observables is substantialulations allowing transfer through the three excited states.
different from the data. We obtained however a good agreewhen A=1.0 (dotted curves we see that the agreement
ment between the combined calculations and the data whewith the cross section and VAP data is worse than that for
A was decreased from 1.0 to 0.27. These results are close the one-step calculations. In this case the normalization fac-
the one-step calculations and provide better agreement witlor Sis equal to 0.25 and 0.08 for the g.s. and 2ansitions,
the forward angle VAP data for the g.s. transition. It is worthrespectively. IfA=0.27 (dashed curvgs we find that the
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FIG. 13. Angular distributions ofA, and A,, for the

S8Nii(SLi,d)®2Zn reaction atE(°Li) =34 MeV leading to the 0 e
and 2" states. The dotted, dashed, and dot-dashed curves corréx, for the *®Ni(°Li,d)®?Zn reaction atE(°Li) =34 MeV leading

spond to pure two-step DWBA calculations, through only the 3 to the 0" and the 2 states, from combined one- and two-step
state, only the 2 state, and only the 1 state, respectively, with DWBA calculations through all excited states, with two-step ampli-
unit amplitude andy=0. The solid line represents the one-step tudes of(a) 0.27 and(b) 1.0. The solid, dotted, short-dashed, long-
DWBA prediction. dashed, and dot-dashed curves correspond to calculationspwith

=-0.0112,-0.0056, 0,+0.0056, and+0.0112, respectively.

FIG. 14. Effects of variation ofy on the angular distributions of

agreement with the data is very good, with almost no change
in the predictions from the one-step calculations. We foun - . ot
that calculations with either amplitude resulted in very smal(lj[:’?] when+ tr:msnmns of ther partlcle to D-wayeJ =37
predicted TAPs, as shown in Fig. 12. We have used othef »and I" °Li states were considered. If we interpret these
intermediate am’plitudes 0<4A<0.8 and we found that. al- States asl+ «a clusters with angular momentuhand assume
though there was some change in the predicted cross sectiffgt the spin of the deuteraproduces the spin of théLL
and VAP, the predicted TAPs were always nearly zero.  nucleus, the 3 state acts as a spin filter as it tends to align

It is important to emphasize that no matter what ampli-ands. On the contrary, when we include all three states this

tude we choose for the two-step component, provided thajreference is lost by the mixing of a nonaligned staté)(2
we include all three excited states with equal amplitudes, thgq an antialigned state {}.

TAPs are not significantly changed from the predictions of
the one-step calculation. The fact that the three excited states
are part of a spin multiplet justifies the use of a common
value, which is predicted to be unity in a pute- « model of If we allow all three excited states each with=0.27 to
SLi. However there are no strong theoretical reasons to usgontribute to the reaction, we find that the combined calcu-
any specific value foA. Fixing these individual amplitudes lations (dashed curves in Figs. 11 and)l2semble quite
experimentally would require measuring the breakup proclosely the one-step calculations for all observables. Further-
cesses which populate tho§ki resonant states or perform- Mmore, when the sensitivity of the TAPs tpwas investigated
ing an experiment in inverse kinematics which measured th#e found that the TAPs behaved the same way as for one-
BLi( ®8Ni, °8Ni) Li* cross sections. step calculations. Larger values gf generated larger pre-
To understand the mechanism of the cancellation in thalicted TAPs, particularly foA,,, as shown in Fig. 14).
TAPs that arises when we include all three states, we perfhe best-fit value for, weighted by the uncertainty 7, is
formed calculations where we turned off the one-step mechay = 0.0003.
nism and considered pure two-step transfers via each of the When we investigated the sensitivity gpwhen A= 1.0,
individual states. Figure 13 shows the predicted analyzingve found an interesting feature. The calculations showed
powers for the different pure two-step transfers. The calcumuch less sensitivity to changes inthan before, as we can
lated analyzing powers behave quite differently for the threesee in theA,, results of Fig. 14b). Furthermore, the sign of
cases. The predicted analyzing powers are large and of ophe predicted TAPs tended to have the same sign,asp-
posite sign for the 3 and 1" transfers, and are generally posite to the findings of our previous one-step analysis. For
much smaller for the 2 transfer. It is interesting to note that changes iny of between—0.011 to+0.011 the predicted
this feature has already been observed in the work of Refnagnitudes foA,, were typically=<0.2 while the predicted

B. Determination of »
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0.002 . ; . . . tive cross section for th&®Ni(bLi, d)®?Zn reaction and the

cross section and VAP fofLi+ °®Ni scattering, also at 34
MeV.

The reaction data have been included in a direct
a-transfer DWBA analysis. Very good agreement is
achieved with the cross section and VAP data. We deter-
mined the asymptotiD/S ratio 7 for thed + « relative wave
s -0.002 | 1 function in ®Li from an analysis of the TAP data. It was
found that the TAPs were sensitive to the details of dhe
target bound-state geometry and insensitive to shed
bound-state geometry. Furthermore, OM tensor potentials

0.004 had very little effect on the calculatefiL(,d) TAPs. Fitting
the eight TAP angular distributions individually, and taking
into account uncertainties in the data and input model param-
-0.006 L L L : y eters, we find a value ofi= +0.0003t 0.0009.
~0.1 0.1 0.3 05 0.7 0.9 1.1

We performed an investigation of the effects of two-step
reaction mechanisms on the present data. Allowing only the
FIG. 15. Effects on the extracteg value of various amplitudes J7=3" state to contribute to the two-step mechanism, we
of two-step mechanisms, from analysis Af, and A, for the =~ Must reduce the amplitude of the two-step component to 0.27
saNi(5L7,d)%Zn reaction atE(°Li) =34 MeV leading to the 0 in order to mam_tam agreement with the cross section and
g.s.l(ancli tr)1e 5 firrst exlcirt]ed st(atel.) ading VAP data. Allowing theJ™=3", 2", and 1" states to con-
tribute with the same amplitude to the two-step mechanism
magnitudes foA,, were typically<0.1. We determined in We achieve a reasonable agreement with the cross section
this case, which has slightly poorer agreement with the cros3"d VAP data, even when the amplitude of the two-step
section andh, data, the best-fit value of=—0.0030. with ~ COmponent is not reduced and the reaction is dominated by
A=1.0 the reaction is more likely to proceed through thethe two-step component. For the reduced amplitude of the
two-step channel as evidenced by the cross-section normdl¥0-Step component, the results for the cross section and
izations S, and therefore the sensitivity to the details of the VAP observables are almost unchanged compared with the
ground-state wave function is diminished since dhparticle ~ ©Ne-Step results. The predictions for the TAP, however, are

is more likely transferred from the excited states and nof'ot Significantly changed for any reasonable amplitude we
from the D state in the ground state. choose for the two-step mechanism. For unit two-step ampli-

If we average the best values fgrweighted only by their  tUdes, a bestit value ofy=—0.0030-0.0022 was deter-
uncertainties 7, from our results of the combined calcula- Mined. Though this is slightly larger in magnitude than our

tions with A=1.0, we find»= —0.0030Q+ 0.0022, while for previous one-step result, it strengthens our conclusionsthat
the combined éalculations WitlA=0.27. we ' find 7= is very small, much smaller than most theoretical and experi-

+0.0003+ 0.0006. In order to more fairly compare our com- Mental studies. _ _

bined one- and two-step results with our previous pure one- 1€ cumulative results obtained both by theoretical and
step result, we must reduce the data set used to calculate tR¥P€rimental methods point predominantly to a negative
pure one-step result. If we average similarly the best valu¥@lue of 7 (see Fig. 1, but the magnitude is still not clearly
for 5 from the one-step calculations using only the determined. The publishd@5] and improved26] VMC re-

6T . . sults are likely to be overestimated, as they lead to a quad-
58, 6 62 ’
Ni(°Li,d)**Zn data weighted by the uncertaintyns and 501 moment far too large if compared with the experimen-

compare this result with the results from the combined calyy| y4jye(about a factor of 10 for the first one and a factor of
culations, we find that the magnitude of the extracids 4 for the seconyg and they also predict tensor observables far
increasing with increasing, as shown in Fig. 15. The value 4 |arge[33] compared to the data. In order to reproduce the
of » becomes increasingly more negative as more tWO'SteBxperimental value o), if we accept some kind of correla-
processes are included, with an increased error bar When qn petweeny andQ similar to what has been found in the
=1.0. However even with a large contribution from the two-,arjous theoretical models, we would have to obtain an ex-
step mechanisms, as long as the amplitllese equal, the  erimental determination fop about four times smaller in

Two-step amplitude

extractedr value remains very close to zero. magnitude than the Wiringa val(ig6]. This further suggests
that the recenf32] experimental determination af, com-
V1. DISCUSSION AND CONCLUSIONS patible with the latest VMC theoretical prediction, may also

; be overestimated.

We have mfaaijred the analyzmg_pfoweg,s. Azzs famd Our present determination provides evidence thatDhe
A, for the S8Ni(OLi,d)%%zn and 40Ca(e_Ll,d)M-'—' reactions  gtate in ®Li associated with thed+a component of the
'e%d'_”g to the ground and first excited state for each afyaye function is extremely small and indicates a need for
E(°Li) =34 MeV. These data represent the first analyzinggther theoretical investigation. Hopefully this will enable
power measurements fofl(i,d) reactions on any target us to understand the connections between the different
heavier than'?C. Additionally, we have measured the rela- D-state observables ifiLi, probably through some more
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