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Gamow-Teller transitions to 32P studied through the 32S(d,?He) reaction at E4=170 MeV
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The 32S(d, 2He)3%P charge-exchange reaction has been studied at forward angles and at an incident energy
of E4=170 MeV. The two protons in th&,(pp) state(indicated agHe) were both momentum analyzed and
detected by the same spectrometer and detector. High resofifrspectra have been obtained allowing
identification of many levels in the residual nucleus with high precision. (théHe) reaction selectively
excites spin-isospin-flip transitions, and at vanishing momentum transfer these are largely governed by the
Gamow-Teller transition operator for the" direction. In the case of the self-conjugate nuclées, the
(d,?He) probe is calibrated against the elementgryn) probe going into the mirro8™ direction. The deduced
results are compared with those obtained fi@yp’) and(e,e’) reactions, which excite the same levels in the
isospin multiplet. Angular distributions of cross sections for (tig?He) reaction are presented and compared
with DWBA calculations. A level-by-level comparison with shell-model calculations using the USD interaction
has been performed, and the structure oflth@rbidden ground state transition is discussed. From the com-
parison with(p,p’), (e,e’), and(p,n) data the isospin-analatf’=1* levels in the triplet of theA=32 nuclei
are deduced.
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I. INTRODUCTION complicates the reaction. Two aspects may summarize the

2 : ; ituation:
The (d,“He) charge-exchange reaction has recently beer? (i) The incident deuteron is a rather pd® (T=0) state

used as a viable alternative to tkie,p) reaction because 5 T . N

) ) . and the(d,“He) reaction is therefore of isovector spin-flip
energy resolutions of about 140 keV in the final nucleust e Eurther the limited acceptance of the spectrometer
could readily be achievell—]. This resolution is to be v%/lrr:ic'h in turn fimits the relative erF:er of the detch):?eté to '
compared with a typical 1.3 MeV resolution obtained in the gy

) . ) ) : <1.0 MeV, usually ensures that partial waves for thke
ioneering TRIUMF experiments with the,p) reactions . ' e
F5]- As (g D)-type char%e-exchange rea(i?tigr)ls at forWarddl-proton system other thal$, do not play a significant role.

. - This selectivity, however, is counterbalanced by the fact that,
scattering angles probe the Gamow-Tell&T) transition Y y

SO S for the same reason, one cannot exhaust all of the t&gal
-+ 1
strenbgth ]Eils_trltq?tlonts fo: thﬁh d|'re(it!on n tthe nufclelth, theé’ phase space and consequently the available GT strength.
can be of signiticant astrophysical importance 1or tn€ under (i) At finite momentum transfers it remains unclear if the

stan_ding of supernova explosio_n dynamics and element fort'ransferred momentum is being carried away by3He sys-
mation[6,7]. However, when using charge—exc_hange probe§em as a whole, or if it is unevenly transferred to its constitu-
other than the elementarin,p)-type, compositeness be- ents, in which case théHe di-proton system may break

comes a rather significant shortcoming. Furthermore, ity,a Some additional momentum dependence in the cross
heavy-ion reactions liké*Li, ®'Be) [8] or (*C,"™N) [9,10  section beyond what one would expect from the elementary
at several hundred MeV per nucleon are used, resolutmmm reaction is thus expected.
becomes an issue again, leaving presenztly only a narmow o nately, the momentum dependence does not seem to
ww;dow for light ons, like for instancetd,“He) but also e 1o significant, as has recently been shown when compar-
(t,°He) [11,13. For(d,"He) reactions, compositeness in the jng GT strength parameters for the ground and excited states
traditional sense may not be such an important issue, as thg 12c gn(g 24\ig [1]. This finding is corroborated by the
neutron in the incoming deuteron can safely be regarded gsesent analysis o#S. The limited phase-space acceptance
quasifree. Here, it is the outgoing two-proton system thaag; the 'S, pp-system, however, requires the introduction of
an additional scaling parameter to relate the reaction
strengths ofd,?He) to (n,p). In order to evaluate this scal-
*Present address: TRIUMF, 4004 Wesbrook Mall, Vancouvering parameter, which we assume to be mass and momentum

B.C., Canada. independent, one can employ the isospin symmetry between
"Present address: ATOMKI, Debrecan, Hungary. (p,n) and(n, p) reactions on self-conjugate nuclei. However,
*Permanent address: NIPNE, Bucharest, Romania. one should be cognizant of the fact that this symmetry might
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FIG. 1. Isospin ofJ™=1* states excited from the ground state of 0 _;“h”%"“ Y S T
825 with T=0 andT,=0. Isobaric analog states are connected by E, [MeV]

dashed lines.
FIG. 2. Excitation energy spectrum &P at®ggs=0° showing

: ) .
be broken at some level when comparing individual stated® '€Vels excited by the presetat, “He), reaction.

[13,14.

Charge-exchange reactions in {ge direction have been o\ ents including the tracking efficiency of the analysis soft-
studied extensively througip,n) [15-17 and more recently \yare has been evaluated to be 90%. Measurements were
through (*He.t) reactions[18,19. Also (p,p’) and (e,8')  made at three different spectrometer angle settings covering
reactions can be used, which, under appropriate kinematign angular range in the laboratory system from 0° to 8°. For
conditions, will excite theT+1) isospin analog states in the each angle setting the data set was divided into two angular
target nucleus. Figure 1 summarizes the excitation modes @fins of equal size.
the I' states with isospilT=1 starting from aT=0 ground The 32P spectrum was energy calibrated by matching the
state. In the present case 85 we have the fortuitous situ- excitation energy of the strongest peaks to the known states
ation that high resolution data for each of these probes, i.eat 1.15, 4.20, and 4.71 Me}27]. We estimate the error in
(p,n), (p,p’) and(e,e’), are available together with the re- the excitation energy of genuinely identified peaks to be less
spective strength parametds5,20,2]. than 25 keV, which, of course, depends on counting statis-
tics. The hydrogen line fromH(d,?He)n, which almost al-
ways appears in the spectra, further aids in calibrating the
energy.

The present experiment was performed at the KVI Figure 2 shows the excitation-energy spectrum of e
Groningen using the ESN detectf#2-24, which consists nucleus aB®ggs=0°. The measured data have been treated as
of a focal-plane detection system with two vertical drift described in Ref{3]. We note that the spectra are free of any
chambers and another tracking detector, which is a set dfignificant instrumental background or background due to
four multi-wire proportional chambers. The detector is lo-random correlations. The energy resolution is 150 kM
cated near the focal plane of the Big-Bite Spectrometewidth at half maximunh In the present case, the resolution
(BBS) [25]. A full account of how the(d,?He) experiments was not only determined by the intrinsic resolutions of the
are performed and analyzed can be found in R&t. beam, the spectrometer and the detector, but also to a signifi-

A beam of 170 MeV deuterons was delivered by thecant part by the target thickness. Unfortunately, it was not
AGOR cyclotron. The spectrometer and the beam line werg@ossible to produce a thinner target, because the pellet would
setup in dispersion-matched mode to ensure good momeiave been too fragile and inhomogeneous.
tum resolution[26]. The resolution still allows identification of a series of ex-

The target consisted of natural sulphur pressed to an ovaited states in thé?P daughter nucleus. Spectra have been
pellet of 8.8 mg/crA thickness. This is equivalent to analyzed up to an excitation energy of 7 MeV, where the
8.4 mg/cnd of 32S. The pellet, whose size was about 4 density of states is still low enough to analyze clearly re-
X 10 mn?, was embedded into a carbon frame and coveregolved peaks.
on both sides with thin carbon foils each of about The (d,?He) cross sectionsl’o/dQdE have been inte-
0.1 mg/cnd. We decided to use carbon as a target carriegrated over theHe internal energy distributiof(g) from
material, as theQ-value of the!?C(d,?He)'?B reaction is 0 to 1 MeV as described in RefL]. Therefore, the process
-14.9 MeV, and the”B ground state peak would be found of the acceptance correction introduces a model-dependent
in the 3P spectrum at an equivalent excitation energy ofscale into the determination of absolute cross sections. The
11.8 MeV. However, contributions fromt°C originating  analysis technique is well established fa@t,?He) experi-
from the frame and the foil were hardly recognizable. ments, and we will use the term “absolute” for the

Beam currents were measured by a Faraday cup. They-integrated cross sections.
ranged from about 0.2 to 2.0 nA, depending on the spec- The various yields in the spectra were determined by peak
trometer angle. The detector efficiency for two-particleintegration, where peak fitting, if necessary, was performed

Il. EXPERIMENT
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with the computer program FI[28] in manual fitting mode. Ve e T
E, = 3.26 MeV

=2

The quoted errors in cross sections reflect the counting
statistics and systematic uncertainties arising from the accep-
tance correction procedure. Within a single angular setting,
this uncertainty is about 5%, while among different angular
settings, it adds to 10%.

An additional systematic error in the absolute cross sec-
tions is due to target thickness, detection efficiency, current
integration, etc. It is estimated to be 10% at most.

e
—h

do/ dQ [mb/sr]

o

(1) | R
5

Ill. DETAILED ANALYSIS

Gamow-Teller transitions from an even-even parent
nucleus all lead td™=1" final states. The distinct forward-
peaked shape of theL =0 angular distribution is a signature
of a 1" excitation and is usually taken as a basis for the
spin-parity assignment. For up to about 6 MeV, the presently
extracted excitation energies MP for J7=1* states have
been compared with data from RgR7], whereas above
6 MeV they have been determined from the present data
only. To further corroborate the angular momentum assign-
ments, we performed DWBAdistorted-wave Born approxi-
mation) model calculations. Such calculations are also em-
ployed for the estimate of distortion factors, which are
needed to extract @T") values from the cross sectio(see FIG. 3. Experimentaf?S(d,?He)3?P, differential cross sections
below). for the prominent 1 states ata) 1.15 MeV, (c) 4.20 MeV and(d)

For the model calculations we used the specialized”l MeV and the Zstate_at(b) 3.26 MeV. The solid lines repre-
DWBA code ACCBA by Okamura[29], which treats the sent the_ fullaccea _calculatlons(AL=0 andAL=2); the dashed a_nd
three-body problem in the exit channel in the adiabatic apgotted lines describe the central part and tensor part, repectively.
proximation, i.e., it uses deuteron and proton optical-model
parametersOMPS9 in the entrance and exit channels, respec-
tively. OMPs have been taken from Korét al. [30] and  mentally. To describe the 2ransition in the shell-model, we
from Koning et al. [31] for deuterons and protons, respec- assume the shell to be closed so that the observede¥el
tively. must be a % transition into thepf shell. The most prob-

ACCBA is a semi-microscopic code that uses an effectiveable mode is a simplén*1ds,~v1f,,) configuration. At
nucleon-nucleon(NN) interaction and shell-model wave the lowest momentum transfer, the calculation underesti-
functions. We took the effectivAlN interaction from Love mates the cross section. However overall, the calculation fits
and Franey[32], for which a parameter set at 85 MeV per the experimental data reasonably well, indicating that the
nucleon has been interpolated earlig}. We are aware that model gives a good description of the reaction.
using an effectiveNN interaction for the presem=2 sys- For the T states, we performed a cross-check using the
tems may be too simplistic as mentioned earlier, but it seemsemi-microscopic DWBA codews1 [35], which has no spe-
to be justifiable by the overall success in describing the dategial treatment of the outgoingHe. The exit channel distor-

Nuclear wave functions have been generated by the sheltion is described by deuteron OMPs. The calculated angular
model codeoxBAsH [33] with the USD residual interaction distributions show, besides a scaling difference, no signifi-
of Wildenthal and Browr{34]. For the implementation into cant deviations from thaccsa results.
the AccBa calculations, we took those spectroscopic ampli-  Further I states are known from Ref27] to be at 0.0,
tudes that showed the best correspondence in excitation ed-23, 2.74, 3.79, 4.55, and 5.67 MeV. These states are also
ergy and strength to those of the respective experimentallgxcited by the(d,?He), reaction, although weakly, and it is
identified states, although we note that in most cases thiherefore difficult to separate them from neighboring states
shape of the angular distributions at forward angles does ndtf. the labeling in Fig. 2 For instance, the state at
strongly depend on the details of the wave function. 4.55 MeV disappears under the two states at 4.20 and

Figure 3 shows measured and calculated angular distrib.71 MeV, and the 1 state at 2.74 MeV may be accompa-
tions of the three most strongly excited &tates, together nied by the weaker‘3state at 3.03 MeV.
with the lowest and isolated &tate. The latter illustrates the ~ Above 5 MeV, three distinct levels can be resolved. The
difference in the angular distribution for differeAL trans-  states found at 5.67 and 7.01 MeV are well described by a
fers. A general feature of all*Istates seems to be that the AL=0 angular distribution, while the angular distribution of
ACCBA calculations overestimate the experimental data athe 6.51 MeV level indicates the presence of contaminations
large angles, where the “diffraction” structure of the calcu-from higher multipoles, i.e(1,2)~ and(2,3)" contributions
lated angular distributions is much less pronounced experifrom neighboring unresolved states. For weakly excited

do /dQ [mb/sr]

o
-
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states, especially those which do not show a pite=0
angular shape, the extractedd@) strength parameters have
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TABLE I. GT strength from32S(p,n) [15], cross sections from
(d,?He), and individual scaling factor§; from the present experi-

usually been marked with an additional 30% error in Tablement. The quoted errors are statistical. Only the most strongly ex-

.
The transition to the *Lground state ir¥?P is|-forbidden
and will be subject of a separate discussion below.

IV. B(GT) STRENGTH ANALYSIS
A. Calibration of B (GT™*) strength

In this section we aim at calibrating tiie, >?He) probe for
the extraction of Gamow-Teller strength in tjgé direction.
In order to relate the cross sections t¢CH) values, we
exploit isospin symmetry and compare tf&sS(d,?He)3?P
cross sections to analog(8T") values which are known
with good precision fron??S(p,n)3°Cl measurementgl5].

Cross sections fron{d,?He) experiments can be con-
nected to BGT*) values through a simple relationship in
close analogy to thén,p) case[1,36,37

of

(da(Q:O)) =C{(L>2k
dQ (d,ZHe) Tl'ﬁz

NpJ2
ko ©

oT

B(GT*)}. (1)

The scaling factorC is inserted, because th@,?He) re-

sponse additionally scales with the distribution of the

GT~

cited states(B(GT)=0.07 are taken into account for the
calibration.

Reference datfl5] Present data

E, E, do(g=0)/dQ
[MeV] B(GT) [MeV] [mb/si Ci

1.15 0.344+£0.004 1.15 0.659+0.038 0.343
4.06 1.005%0.006 4.20 1.877+0.100 0.337
4.58 0.310+0.004 4.71 1.050+0.059 0.813
5.41 0.087+0.002 5.67 0.181+0.013 0.378
6.65 0.068+0.023 7.01 0.164+0.013 0.440

3State not taken into account for calibration; see the text.

taken into account, because of the larger uncertainties in-
volved for weak states. For this, we chose the limit to be
B(GT)=0.070. The various levels are listed in Table I. The
scaling factors for each of the considered levels give rather
consistent values, except for the state Egt=4.71 MeV,
where there is surprisingly almost a factor of 2 difference
Once the individual scaling factors have been determined,
they are combined to an overall calibration factor by cross

d——— 2He transition strength, whose detection is limited section weighted averaging. However, we exclude the afore-

by the experimental setu}3,38].

mentioned state aE,=4.71 MeV, as this state requires a

The cross sections are first extrapolated to zero momerseparate discussion, which will be performed in the follow-

tum transfer(q=0) using the DWBA calculations:
do(q=0) _ (cr(q= 0)) (da(®.q)) @
dQ a(0,q) /pwea\ dQ exp.

Then, distortion factorsNp are computed(using the
ACCBA code by the ratio between distorted-wa@@W) and
plane-wavg PW) cross sections:

_opw(g=0)

Np = .
P opw(q=0)

3

The PW cross sections are obtained by setting all potenti

strengths to zerdFor the32S(d,2He)32P reaction the calcu-
lation yieldedNp=0.099+0.006. The volume integral of the
effective centralor interaction ate/ A=85 MeV is taken as
[3,./=165 MeV fn? [40].

Following this, individual scaling factors, ;Cfor each

ing section in the light of the results from the,p’), and
(e,€’) probes. Combined with the previous measurements on
12C and 2*Mg from Ref.[1], together with further dafaon

12C, the value obtained is:

C=0.320+£0.027.

In Table Il, this factor is applied to all transitions in order
to determine their individual GT strengths and the total
summed strength.

To give an overview of alp andsd shell nuclei we sur-
veyed so far, we plotted in Fig. 4 the reduded?He) cross

action for each strong transition C, 2Mg (both taken

from from Ref.[1]) and *’S versus the reference(8T")
values from Refs[15,1§.

B. Comparison with (p,n), (e,e’) and (p,p’) reactions and a
shell-model calculation

level are being determined from the experimental cross sec-

tions and from the reference(8T") values of the’’S(p,n)

In this section we compare transitions from tRés

reaction[15]. Here, only strongly excited states have beenground state to the variol=1 isobaric analog states P,

“We note that for calculatindlp in Ref. [1], the PW calculations

325, and®2Cl which are excited throughd,?He), (p,p’) or
(e,€’), and(p,n) reactions, respectively.

were performed without the Coulomb potential being turned off.

After a modification of thexccBa code, it has now become possible 2We note that in each experiment, a measurement on a carbon
to switch off the Coulomb potential for the purpose of calculatingtarget is taken as a reference. Over many of these measurements the
the projectile/ejectile distortion. For the nuclei considered so farexperimental zero-degree cross section has scattered between 1.7
(*2C,?*Mg), the effect is a slight decrease Nf, (-2% for1°C and  and 2.1 mb/sr giving a mean value of 1.9+0.2 mb/sr, which is the
-13% for2*Mg), requiring an increased value for the scaling factor value adopted in the present analysis. This variance is also a good
C. measure of the systematic error.
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TABLE Il. Comparison of BGT"), B(GT"), B(M1), and Bo) strengths extracted from thel,’He)
(present data (p,n), (e,e), and(p,n) reactions orf?S, respectivelyfrom Refs.[15,20,21,39. Excitation
energies in®?S are taken from thép,p’) measurement. Energy deviations betwéprp’) and (e,e’) are
smaller than 40 keV. BM1) and Bo) have been transformed to(®T) units (see the text The given
uncertainties are sums of statistical and systematic errors.

E, [MeV] B(GTY E, [MeV] B(GT) E, [MeV] B(M1) B(o)

0 (3.8+1.910°4 0 0.014+0.010 6.98  0.002+0.001 0.008+0.004
1.15 0.369+0.052 1.15 0.344+0.045 8.13 0.329+0.034  0.552+0.073
2.2% 0.039+0.016 9.78 0.019:+0.004
2.74 0.066+0.027 2.79 0.071+0.011 9.66 0.140+0.023  0.064+0.024
3.7 0.121+0.046 3.73 0.025+0.009
4.20 1.060+0.145 4.06 1.005+£0.127  11.13  0.795%0.057 1.544+0.295
471 0.594+0.083 4.58 0.310£0.041  11.63  0.393+0.035 0.900+0.132
5.67 0.103+0.039 5.41 0.087+0.012  12.56 0.124+0.011
6.31 0.040+0.016 6.06 0.033+0.006  13%23 0.015+0.004
6.51° 0.124+0.048 6.29 0.021+0.009  13%77 0.011+0.004
7.01 0.093+0.015 6.65 0.068+0.031  13.90 0.091+0.011

¥Deduced from calculations, systematical error cannot be estimated.

®Denotes states which have been given an isopi@ assignment by Crawlest al. [21] but have also been

seen in(e,e’).

“Denotes peaks which carry additional strength from higher multipole contributions and which have been
given an extra 30% error as described in the text.

Figure 5 visualizes the similarity of thel,?He) spectrum
to the spectra of each considered reaction. Further, we plot-
ted the present &T") values versus &T), By, (o), and
B.e(M1) in parts(a), (b), and(c).

Table 1l gives, apart from the @&T") strength values, 1. The case ofp,n)
also the strength parameters deduced from each of the other
reactions. For a more convenient comparison, tidB and
B(o) values may be transformed ta/®T) units using the

_ 2
B(o) = 3(—"‘3877&3(@) =2.6432B(GT).  (4)

As already mentioned, the comparison of tfeg?He)
with the (p,n) data is the basis of the(BT") extraction in
the present case and yields a single scaling factor between

relation the normalizedd, ?He) cross section and the(BT") values.
- — A marked exception from this simple relationship is the
L 209 @ ) rather strongly excited *1state at 4.71 MeV, which, in the
125¢ 2mg? m 4.20 Mev (p,n) case, seems to be suppressed by as muck 4/
L a2sb) O \ : [see the lower panel of Fig(&]. Since an error in thép,n)
- 1o time-of-flight measuremerjtl5] is highly unlikely, one may
& - speculate if this suppression could be an indication for a
g 0.75r 1-15Mev . mirror symmetry breaking in the nuclear structure. Although
& I \ 3 of interest in the context of isospin symmetry breaking stud-
051 e BETMRY 4] ies[14], such a large value is, however, rather unexpected. It
[ i -;'"'o . o 1 may therefore be instructive to further investigate the struc-
0251 S o A imev 11 ture of this state by examining its behavior when excited by
----- 4.71 MeV
0‘ I LA the other probes.
0 0.1 0.2 0.3 0.4
del4=0) [(#)”—[N[)th]'1 2. The case ofp,p’)

FIG. 4. The inverse of the slope of the linear fit represents theB( F)lgl:re 33)] ?how;sh;he c,())mparlsfon bteENeCerﬁCBll'*) tanld
calibration factor(see the text Numerical excitation energy values o) strength from P.p’) experiment by Lrawlept al.

are given only for the levels 6P from the present analysis. In the [21]- Here, we observe that the state at 4.71 MeV has the
inset, the region of small @&T) values is plotted separately. The Same rel<2';1t|ve strength as all the other states when compared
errors bars correspond to a 20% error of tHe?He) cross sections 10 the(q, He) .re.actlon(cf. also Table ). However, the slope

and a 12% error of the &T") based on(p,n) data[15,16. The  Of the linear fit is about 55% higher than the expected value

error of the reference @&T) value from thel?B B-decay is too  Of 2.643u,2\,, which may be due to an erroneous evaluation of
small to be displayed. the (p,p’) unit cross section used for the conversion of ex-
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a) b) c)
_ (d2He)¢>(p,n) _  (d2He)€> (p,p) _ (d,2He)€>(e.e)
= gqprT— T - z Q4T = = Q4 -
v - 325(d,2He)*?P - o L 32g(d,2He)*?P 4 = L 32G(d,2He)*2P -
£ 03[ E,=170 MeV 4 £ 03} E4=170 MeV 1 £ 03} Es=170Mev ]
£ - Ocm. =04 . E - Ocm.=0.4° - E - Ocm, = 0.4° .
> L . *x 02 - > i
w [1T]) w
o L o o L . ° o .
% [ ] % o1l ] % ] FIG. 5. Comparison of
5 I 5 s 5 (d,’He) spectra with those from
© ° 0 e various mirror reactions. The
%‘ ] (e,e’) and(p,p’) spectra are off-
= N = set by 7.0 MeV. In the graphs at
k22 > 500 4 >
g 2 2 1100} 1 the bottom are plotted the(8T)
< 12} 32s(p,nyEcl o [ 325(p,p) 1 5 325(e,e') values vs the corresponding
w - Nn° S~ » _a° _ = = °
g o oor £ " Caouy T [ fuowmema |  B(CT).Blo) and BML) values.
s | 3 I~ P The dashed line shown in the bot-
% 20— S 500 g 0 1 z;s 3.4 ?vaf tom panel of partc) indicates the
Ex [MeV] (Ex-7.0) [MeV] Ex-7.0) expected proportionality with a
1 420 ;“ev ' ol ' 77 , 4.20lMeV/\ ' slope of 2.6432 (see the teyt
o=} <2 T
L Z 3} 115mev ] S, 5[ 115 Mev /
%} 1.15 MeV e } 4.20 MeV ] § ’ /
Eos| \ 4.71 MeV | T2t \ \ ] g1 /
o o
Y e | 471 MeV; @ sl Nan MeV]
/274 Mev L/ -2.74 MeV Tl p7amev
o) 0.5 % % ' i

1
B(d,zﬂe)(GT*‘)

05 1
By 21e)(GT*)

0.5 1
B(d’zﬂe)(GT*‘)

perimental cross sections to transition strengths. Such a dis- Combining all results, one can now link the analog states
crepancy has already been noted in RE?S,417].

3. The case ofe,e’)

The comparison witHe,e’) data from Ref[20] as dis-
played in part(c) of Fig. 5 shows again a linear relation
between BGT') and BML1) transition strengths with no

marked exception. However, the extracted slope of the re-
gression line appears to be about 20% below the expected

value of 2.64%. On the other hand, a line with a slope at
the correct value of 2.644’:%1 places the two strongest states
at 4.20 and 4.71 MeV significantly below the line, leading to

the interpretation that both of these states contain significant
orbital contributions and/or meson-exchange currents, which

in (e,e’) scattering interfere with the spin excitation part
[41,42.

From the previous discussions we conclude that apart
from the 4.71 MeV state, whose discrepancy with the other

4., Conclusion

probes cannot be resolved, alf btates observed in the

(d,?He) reaction show the expected behavior when excited

by the other probes. With the extraction of absolut&B")

in the A=32, T=1 isospin triplet. Figure 7 shows the level
schemes of the three isoba?®, 32S, and®2Cl. Note that for
(e,e') and(p,p’) data, excitation energies in tiéS nucleus
are offset by 7.0 MeV. All strong, and even most of the weak
1" states can be identified in the isospin triplet up to 7 MeV

1.0} i

08 [ experiment

0.6 | i

B(GT)

041} 4

0.2

0.0

0.2
0.4

0.6

038

B(GT)

10 .

1.2

values, a direct comparison with the results of the shell-
model calculations can now be performed. Such a compari-
son is shown in Fig. 6, where the USD residual interaction

[34] was employed. Apart from the usual quenching factor,

FIG. 6. Comparison of experimental and theoreticdlGB")

there is good correspondence between the experimental astlengths in®2P. The shell-model calculation was performed using
theoretical strength distributions.

the USD interaction of Wildenthal and BrowB4].
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] 10'1»" EARRLRARAE AR LA 10'1""|""|""|""|""
_ . 858 g —_
54 464 465 4.58 £
D, |40 a4 a5 a0 =102F
S 4379 376 ... 373 g ;
X a ®
3 —27a 268 268 .. 2.79 k-l
— _223 LT 2.30
2 a)
1 1 _1.15 1.13 1.15 1.156 10-30é‘iéé10
_ O¢.m. [deg] B¢ m.[deg]
0— 2 o ... ) 0
@HYY  e)D  (p)O  (pm)® FIG. 8. Experimentaf?S(d,?He)3%P differenti_al cross sections
32p 328 32¢) for the two states near 0 MeV. Thd =0 calculation is represented
by the dotted line, thé\L=2 calculation by the dashed line. The
FIG. 7. AnalogJ™=1" states in theA=32 triad. curves have been scaled and added so that theésalid line) gives

a fit to the datdleft pane). TheAL=0 contribution is separated into
the centralV,,, part and tensovI part(right pane).

excitation energy. The systematically appearing slight differ-
ences in excitation energies along the isobars are attributed

to Coulomb displacement effeci43]. o -
to recall that a 0— 1" spin-flip transition atq=0 usually

occurs through a strongL=0 component governed by the
C. I-forbidden ground state transition V,, part of the effective interaction, and a generally weak

In the simple shell-model, the transition frofS(0*) to ~ AL=2 component governed by the tensor paft The ratio
the 3%P or 32C|(_’]_+) ground state involves a Change from an of the contributions a®=0° is Usua”y about ZOG.Cf Flg 3
S/» t0 adyy, Orbit. Such a transition cannot be mediated byand Ref.[1]). For the present analysis, we performed sepa-
the GT operator and is therefore referred toldisrbidden rateAL=0 andAL =2 calculations and assumed that the tran-
[44,45. Ground state correlations, however, weaken this arsition to the 0.079 Me\(2") state proceeds through AL
gument and any sizable excitation of tH&(1*) ground state =2 transition of the same angular shape asAhe 2 transi-
through the(d,?He) reaction could be referred to as an indi- tion to the ground state. The two curves are then added to fit
cator for such correlationgWe note that another possible the experimental data.
cause for such a transition has been discussed in terms of For the DWBA calculation of the ground state transition,
“pseudospin symmetry,T46] which describes the quasi- a ground state shell-model wave function was generated us-
degeneracy of thesg;, and 1d;/, shells in deformed nuclei; ing the USD residual interaction of Wildenthal and Brown
however, a discussion along these lines cannot be entertaingg4]. The reaction calculation then reveals that the transition
in the present case ofS) On the other hand, the Id§  to the 3%P ground state is not governed by the cenvgl
value of the decay of% to the ground state oFS(BR  term, but rather dominated by the tensor force, as was al-
=100%) is known to be sizablé¢log ft=7.9), which would  ready noticed in Ref45]. The zero-degree charge-exchange
point to a rather reduced GT transition strength. Yet, Andercross section for a transition from tfi&s ground state to the
sonet al. [15] deduced from theifp,n) data the mirror GT  ground state of its isobar is, thus, one of the rare cases where
transition strength to the’’CI(1*) ground state to be aAL=0,0'— 1* transition is not governed by the GT opera-
B(GT)=0.014+0.01. This value would transform into &n  tor! To illustrate this situation, the right-hand side of Fig. 8
value (log ft=5.9), which is more than a factor of 6 smaller shows the two contributions to th&L=0 transition sepa-
than presently accepted for t&CI decay(log ft=6.7). rately together with the sum of both. At zero degree, the

The (d,2He) spectrum for®?S shows in the region of the tensor component is about 2 orders of magnitude enhanced
32p ground state a clear indication for the presence of a weagver its centraV,,, counterpart. One may also note that the
transition(cf. Fig. 2). Unfortunately, the difficulty in analyz- shape of the angular distribution for such a case is much less
ing this transition is not only governed by low counting sta-steep than what one would usually expect for a pure GT
tistics, but rather due to the fact that P there is a low- transition.
lying 2* state located only 79 MeV above the ground state. As already indicated, thAL=0 andAL=2 contributions
Disentangling both transitions was not possible with thewere then adjusted to fit the experimental angular distribu-
present resolution and therefore both peaks had to be treatéidn in Fig. §a). The extracted GT ground state transition
together. strength resulted in @T*)=(3.8+1.9 X 104, which trans-

Figure 8 shows the angular distribution of the g.s.forms to a8~ decay logft value of logft=7.532 in agree-
+0.079 MeV structure together with a detailed model analy-ment with the presently accepted value of fog7.9 for the
sis for both states. In describing the analysis, it is instructivedecay of*?P.
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V. CONCLUSIONS governed by the tensor part of the effective interaction. A
small contribution from the GT transition operator is in ac-

Differential cross sections for transitions froffS in the cordance with the beta decay léigvalue.

B direction have been measured by tfig?He) reaction.
The energy resolution of 150 keV and the angular distribu-
tions allowed identification of various"ktates in the daugh-
ter nucleus’?P. Due to the nature of the reaction, these tran-  We wish to thank S. Brandenburg and the KVI accelerator
sitions are of Gamow-Teller type. Angular distributions of staff. We thank H. Okamura for providing thecBA code.
cross sections have been analyzed using phenomenologidake are particularly grateful to B. D. Anderson and F. Hof-
and semi-microscopic DW model calculations. mann, who have provided us with tf&S(p,n) and®?S(e,e’)

The zero-degree cross sections have been compared ¢@ata sets, and C. Djalali for granting us permission to show
known Gamow-Teller mirror transition strengths by exploit- the 32S(p, p’) data. We thank H. BaumeistéiKP Miinstej
ing isospin symmetry, and an overall scaling factor, whichfor making the target. This work was performed with support
relates the zero-degree cross sections (G B) values, has  from the Land Nordrhein-Westfalen and the EU under Con-
been extracted. tract No. TMR-LSF ERBIMGECT980125. It was further

A further comparison with(p,p’) and (e,e’) data have performed as part of the research program of the Stichting
lead to a level scheme containing thgT=1) levels of the FOM with financial support from the Nederlandse Organi-
A=32 isospin triad. satie voor Wetenschappelijk Onderzoek and as part of the

The issue of thd-forbidden ground state transition has research program of the Fund for Scientific Research-
been addressed. It was found that the transition is largel¥landres.
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