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Inelasticw™= differential cross-section measurements at a pion incident energy of 162 MeV were made for
12 (fwzds/z_ 1) 6~ states in®2S, including four tentative new isoscalar states. Isoscalar and isovector mag-
netic structure coefficients were determined for each state by combining the pion data with previous electron
scattering data. The trend of small isoscalar/isovector strength ratios contin#és, iwith the isovector
strength being comparable to theoretical calculations, but the isoscalar strength exhausting only about 17% of
an extreme-single-particle-hole model. However, this isoscalar strength is larger than that observed in other
sd-shell nuclei and exhausts 75% of large-basis shell-model predictions. The substantial fragmentation of the
6~ isovector strength observed S electron scattering, but not previously observed in other self-conjugate
nuclei, appears to extend to the isoscalar strength and to include substantial isospin mixing. The general
systematics of isoscalar and isovector stretched state transition strengths are reviewed.

[S0556-28187)00402-0
PACS numbg(s): 25.80.Ek, 21.60.Cs, 27.36t

I. INTRODUCTION This is inconsistent with other nuclei liké®Si, where the
lowest states in both reactions are in approximate agreement.
High-spin stretched transitions, i.e., transitions with theThe 32S nucleus is also different than other self-conjugate

highest angular momentum attainable in a single-particleuclei in that the observed strength is spread out over more
transition between adjacent major shells, have been of intestates instead of being concentrated in one or two levels as in
est because of the simplifying assumption that the one-bod$®Si [4—7], Mg [4,8—10, and °Ne [4]. Additional (p,n)
transition density is given by a simple unique particle-holereactions on*®Ca and *°Ar have been used to study the
configuration. This makes it possible to compare nucleafragmentation of these high-spin stretched stafé4].
structure models to experiment via one spectroscopic amplclearly, we should understand the differences between the
tude. This amplitude is deduced frore,€’) experiments in gtzrengths extracted from the,e’) and (p,n) reactions on
an almost model-independent way and also serves as a>:

benchmark for comparison with results from other probes, fflntsearch of ar; explanation in tetrmsfof is?tspi_n mixing
: effects, we report on measurements #of scattering on

such as 4, 7'), (p,p’), and (p,n). Several reviewg1,2] 25 and th dpt inati f the i | q 9 ‘

have summarized the importance of these studies. and the determination of the isoscalar and i1sovector

Electron-scattering measuremeri@ on %S identified structure coefficients for the bstates. Since in pion scatter-
several 6 states of the typef( dg;3) and (p,n) charge ing near theA ; ; resonance the intrinsic isoscalar amplitude
12 ' is about a factor of 2 larger than the isovector amplitude and
exchange measuremerit$] identified several 6 isovector in electron scattering the intrinsic spin isovector amplitude is
states, but the extracted strengths for the two lowest states gbout a factor of 5 larger than the isoscalar amplitude, a
(p,n) were only about half as strong as those observed ironsistent analysis of both sets of data for the same transition
(e,e"). Comparisons between the weaker higher lying statesan be used to determine the isoscalar and isovector strength
were consistent given the large errors on the measurementfer pure and mixed isospin spin excitations such as these
high-spin states. This combined electron-pion analysis can
be more reliable for determining isoscalar strength than other
*Present address: Johns Hopkins Oncology Center, Division ofmethods. This has been demonstrated in previous measure-
Radiation Oncology, 600 N. Wolfe Street, Baltimore, MD 21287. ments for stretched transitions #fC [12,13, “C [14,15,
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FIG. 1. Spectra from inelastic scattering of 162 MeV and ,
7" on 3%S at a laboratory scattering angle of 75°. The labeled states FIG. 2. Fits to the*’S(z",7*") spectrum at 75°, showing the
are 6 stretched transitions. Each energy bin is 40 keV wide. backgrounds assumed. The spectrum has a resolution of about 170
keV. For comparison, thé?S(e,e’) spectrum ag=2.0 fm~ ! is
14N (16,17, 160 [18,19, 24Mg [9,8], 26Mg [20,21, 28g; shown([3]. Its resolution is 100 keV. The 6 stretched transitions

[22,23, 54re [24,25, and 60Njj [26,27. are indicated by arrows.

The isoscalar and isovector structure coefficients exsyre that any angular distribution with a maximum at 75°
tracted from the*’S(m,7") data will be compared with re- \yas not a second maximum of a low multipolarity excitation.
sults from large-basis shell-mod¢lBSM) calculationg28] At most angles and for bothr* and 7, data were taken on
and also with other nuclei, extending the systematics fOfargets of CH and Mylar to determine the energy calibration
M6 stretched transitions with the goal of improving our un-and cross-section normalization. The resolution was en-
derstanding of the quenching, fragmentation, and iSOSpianced by the use of, among other things, a thinner vacuum
mixing of the magnetic strength. Comparisons of pure isosyindow and a reduced number of chamber planes in the
pin structure coefficients determined from a combination offont of the spectrometdB0]. The typical energy resolution
pion and electron cross section measurements will aid in unyas approximately 170 keV full width at half maximum
derstanding the normalization of the pion-nucleon interactionp\wHwm).
in nuclei and the asymmetries im~ /7" scattering to un- Representative spectra, corrected for spectrometer accep-
bound states with asymmetric nucleon binding energies.  tance and pion survival, are shown in Fig. 1. Data analysis

used the line-shape fitting programLriT [31] with an em-
Il. DATA ACQUISITION AND REDUCTION pirical linear background connecting smooth regions of the
spectra and a reference peak shape from an isolated low-

This experiment was performed at the Clinton P. Ander-ying state(see Fig. 2. The energy calibration at each angle
son Meson Physics Facilith AMPF) of the Los Alamos utilized the prominent states itfC as well as known, low-
National Laboratory using 162-Me¥% " and#7~. The target lying 32S states. Thé?S spectra included?C and %0 peaks
was enriched to 99.19%’S at the Oak Ridge National Labo- from the Mylar sheets enclosing the sulfur target. The loca-
ratory with the remainder consisting of 0.28%S and 0.7% tion and size of thesé’C and '°0 excited states were deter-
34S. The target had an areal density of 100 mgfand was  mined from a plain mylar target and then fixed before fitting
enclosed between two aluminized Mylar sheets of areal derthe 32S peaks.
sity 0.9 mg/cn? each. Inelastic pion scattering data were Excitation energies of the 6 states in the pion scattering
taken at spectrometer angles of 55°, 75°, 90°, and 105° fospectra are listed in Table | and compared with good con-
«* and 75° and 90° forr~ using the Energetic Pion Chan- cordance to those found previously with electron and proton
nel and SpectrometdEPICS facility, described elsewhere scattering and thep(n) reaction. All peaks are narrow rela-
[29]. These angles were expected to be near the maximum af/e to our resolution.
the angular distribution foM6 excitations. Spectra with The 6~ cross sections were normalized to previously
lower statistical accuracy were taken at 30° and 40° to enknown 7+ *°C and 7+ %0 elastic-scattering cross sections
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TABLE I. A comparison of excitation energies f3fS 6~ stretched states from several different reac-
tions. For the {,7') states with no uncertainties listed, the peaks were either small or part of a doublet
making an independent determination of the excitation energy impossible. A Coulomb shift of about 7.0025
MeV would be expected for thé’Cl data based on the location of the analog of i@l ground state in

%25 [38].

E, (MeV) E, (MeV) E, (MeV) E, (MeV)

(m,7") (ee)? (p.p")° %2S(p,n)*cCl®

9.65+0.03

10.88+-0.04

10.98 10.980.04 3.8:0.1

11.17£0.05

11.94 11.940.04 4.740.1

12.63+0.03

12.77£0.06 12.74-0.04 5.6:0.1

13.26 13.26:0.05 13.32 6.30.1

13.54£0.05 13.54-0.05 6.8-0.1

14.29 14.290.05 7.4:0.1
15.75 8.4-0.1

16.31+0.07 16.4%0.07 9.2:0.1

16.65+0.07

17.12+0.07 17.16-0.08 9.8:0.1

8Referencd3].

PReferencd 37].

‘Referencd4].

[32,33. In an additional check, we found good agreementwas smaller by a factor of 0.8 forr~ than for #* cross
sections, similar to results found previou$®9,26. The to-
with a 6,,,= 75° " +p center-of-mass cross section of 8.48tal systematic error was about 8%, with 6% due to uncertain-
mb/sr [35]. The normalization factor for the spectrometerties in the absolute normalization. The pion-scattering cross

with previous'?C inelastic-scattering cross sectidig] and

TABLE Il. Center-of-massr* scattering cross sections for states observetf$n Scattering angles are
given in the center-of-mass frame. The listed uncertainties include both statistical and systematic errors. An
asterisk indicates where no peak was observed for an excited state at a particular scattering angle.

E, (MeV) J7 o’ (ubl/sn

30.3° 40.4° 55.5° 75.6° 90.6° 105.6°
9.65% 6~ <5 * 6.1+1.2 7.950.8 6.051.0 3.6:1.3
9.81 72.0:9.3 60.8£5.6 * 6.4+0.7 6.2£1.0 17.3-1.6
10.31 < 40 57.0:5.9 22.2+2.2 6.4-0.6 5.4-0.7 13.5:1.2
10.74 11317 42.2£9.2 21.5-2.5 51+1.0 5.0£0.6 10.5-1.2
10.882 6~ < 50 86.3-12 3.1+2.4 9.5-1.1 2.0:0.4 3.7%+15
10.98 6 31.2+11 < 10 <2 3.6:0.9 <2 <2
11.94 6 * < 30 3.4+1.4 4.3-0.6 <2 *
12.19 91.411 95.3-9.2 36.3-3.4 15.0:1.2 11.8-1.3 5.2£1.0
12.632 6~ < 20 < 30 17.6:2.8 11.5-1.5 7.0£1.2 3.0:1.2
12.74 6 < 10 <2 3.9t25 6.1+1.7 6.0:t1.4 25511
12.98 33.457 * <2 <2 5.1+0.9 6.1+0.9
13.26 6 < 60 <3 * <2 * <2
13.54 6 * < 13 <6 6.9+0.7 5.8£0.9 3.3:t0.8
14.29 6 < 25 < 12 <8 2.8£05 <2 *
16.31 6 < 30 < 20 1.8£1.6 2.2£0.6 3.8£0.8 2.1+0.9
16.652 6~ < 40 < 35 4.4+2.2 5.5£0.7 2.9-0.8 1.8:0.9
17.12 6 < 35 < 20 3.1+1.6 5.0£0.7 3.1+0.8 2412

&Tentative new isoscalar state.
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TABLE IIl. Center-of-mass#~ scattering cross sections for

states observed i#’S. Scattering angles are given in the center-of- 28 11.94 Mev
mass frame. The listed uncertainties include both statistical and 1ok
systematic errors. An asterisk indicates where no peak was ob- i
served for an excited state at a particular scattering angle. g
E, (MeV) J™ o (ublsy ki .
75.6° 90.6° 28:
9.65% 6~ 2913 3112 "o
9.81 6.9:1.5 75514 —~ 3
10.31 5.6-0.8 5.8¢1.1 E I
10.74 5.%0.6 5.0:0.9 o E
10.88° 6 7.0+0.7 <2 2
10.98 6 2.1+0.4 2008 S|
11.94 6 3.9+1.0 1.7+1.2 E
12.19 9.1%+1.2 6.2£1.3 T  3f
12.632 6~ 28+1.1 21+1.4 12
12.74 6 10.2+1.4 7.+1.9 E .
12.98 1.9-0.8 2.8:1.5 sof 325(;’#) 1'62 Me‘\/ 16.31 MeV
13.26 6 <2 * 1of Homm ——- -
13.54 6 1.9+1.1 4.4-1.3 Een
14.29 6 3.1+11 2712 3
16.31 6 2.9+0.9 3.3t1.6 Lo : i
16.65% 6~ 48+1.0 4.0-1.4 E , ]
17.12 6 4.1+1.0 <2 20 30 40 50 60 70 80 90 100 110
8Tentative new isoscalar state. 0c.m. (deg)

sections are listed in Tables Il and IIl and plotted in Figs. 3
to 7 along with their errors that include both statistical and
systematic uncertainties.

FIG. 4. The®S 7* data from several & isovector excitations
compared to theoretical DWIA calculations which used HO wave
functions.

Ill. EXPERIMENTAL RESULTS _ . .
for the 6~ strength that is fragmented into several states.

It is useful to have data from several different reactionsgach state will be discussed and the results from pion scat-
for the self-conjugaté?S nucleus in order to compare results tering and other reactions will be compared.

381 10.98 MeV | A. Isovector excitations

TOE 3

The 10.98 and 11.94 MeV transitions were strongly ex-
cited by electron scattering, and the corresponding 3.8 and
4.7 MeV states were two of the stronger ones observed with
the (p,n) reaction; however, these two 6states were not

3L
2

E

T sof < prominent in the pion-scattering spectra. They were located
NG on the shoulders of strong states at 10.8 and 12.2 MeV, so
=1 "oF the fitting procedure had to fix the peak location for the
~ 4 expected 6 state to obtain the cross sections plotted in Figs.
S 7 3 and 4. The resulting angular distributions are consistent
} ¥ , with a 6~ assignment. The excitation energy of these two
T of L . states approximately corresponds to the states at 11.29 and

201 3§5(f’”') 162 MeV 1712 MeV 11.84 MeV predicted from LBSM calculatiorig8,36.

10 L

E o ne The 11.17 and 13.26 MeV transitions were the two weak-
i § ] est states observed by electron scattering and were not ob-
served at all in this pion-scattering experiment. No state was
reported with the (,n) reaction at 4.0 MeV which would
correspond to the 11.17 MeV state. However, a prominent
20 30 40 50 60 70 80 90 100 110  gstate was reported from thg,n) reaction at 6.3 MeV that
6c.m. (deg) could correspond to the 13.26 MeV state, but possibly to the
stronger 13.54 MeV state. A possible Gtate was also re-
FIG. 3. Results from theoretical DWIA calculations using HO ported at 13.32 MeV withg,p’) [37].
and WS wave functions are compared to each other and tdata States of intermediate strength were observed at 13.54,
for several®?S 6~ isovector excitations. 14.29, and 17.1 MeV with both electron and pion scattering,

3[
21

e
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FIG. 5. The®S 7~ data from possible new isoscalar @xci- FIG. 6. Theoretical DWIA calculations using HO wave func-

tations compared to theoretical DWIA calculations which used HOtions are shown for several multipolarities and compared with the
wave functions. %25 " data from the possible new isoscalar @xcitations.

and the pion data are plotted in Figs. 3 and 4. Pion angulat9.5 MeV complex in'’C, where similarly the lower state
distributions are consistent with a 6assignment. The pos- was protonlike and the upper state was neutrorjlid. The
sible corresponding states from the i) reaction at 6.8, 7.4, mixing in 3°S is not as complete as that #C, since both
and 9.8 MeV are some of the weaker states in that reaction asates are observed in both" and 7=~ 32S spectra. Using
well. The 13.54 MeV state corresponds to a LBSM predic-the definition in Ref. [12], the mixing coefficient
tion for a state at 13.42 MeV. |B]=0.2=0.1.

The weakest state reported from the,rf) reaction, lo- A state was observed at 16.43 MeV in electron scattering
cated at 8.4 MeV, has no corresponding state in either thand a corresponding state was observed at 9.2 MeV with the
electron or pion spectra near 15.4 MeV. However, prelimi-
nary data from af,p’) reaction found a possible 6state at

15.75 MeV[37]. 100g z:\\' . ' ' ' 1 0.31 Mey
o o 2of /‘,’ e .
B. Isospin mixed excitations o~ 10 e .
The 12.74 MeV state is one of the strongest 6tates § of
observed by electron scattering, and the corresponding state3, 't e T c
at 5.6 MeV is the strongest from the,p) reaction. This o 100F : 1 l 1 = = ; i .
experimentally located state corresponds to a LBSM stated | 2. * 10.74 Mev
predicted at 12.74 MeV. This state was strongly excited by & 20} . e
7, but less so byr™, as seen in Fig. 4. It appears to be R SN
isospin mixed with another strong state at 12.63 MeV which of
is strongly excited byr*, but much less so by, as seen 1k

in Fig. 5. Figure 6 shows that the 12.63 MeV state is reason- ; :
ably consistent with a 6 angular distribution, although a
5~ assignment cannot be ruled out. The 12.74 MeV state in 0c.m. (deg)

the electron-scattering spectra is unusually wide at the base

[3], suggesting that the 12.63 MeV state is in fact weakly FIG. 7. Theoretical DWIA calculations using HO wave func-
excited by electron scattering. Two-state isospin mixing in &ions are shown for several multipolarities to compare with the
self-conjugate nucleus has previously been observed for th&S #* data for sample lower multipolarity excitations.
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(p,n) reaction. No state was observed at 16.43 MeV in theésoscalar strength of any if*S. As would be expected, no
pion-scattering spectra; however, two other states were Icstate was reported at this excitation energy from electron
cated at 16.31 and 16.65 MeV and their angular distributionscattering, nor at the corresponding energy for than] re-

are shown in Figs. 4 and 5, respectively. This is reminiscenaction, both of which selectively excite isovector transitions.
of the three-state isospin mixing found near 16 MeV inHowever, the 6 assignment for this state is somewhat ques-
19N [16,17 and near 19 MeV int®0 [18,19: one stretched tionable, since the 40° pion-scattering spectrum shows a
state found by electron scattering with an additional state ostrong state located at 10-8@.01 MeV. This may be an
either side found by pion scattering. However, all three states =1 or L=2 state previously observed at 10.83 or 10.9
of the triplet in 2N and %0 were found with pion scattering, MeV [38,39,41, since the I theoretical distribution shown
whereas only the lower and upper states were fountf  in Fig. 6 fits the data reasonably well.

Thus we treat the 16.310.07 and 16.430.07 MeV states The states at 12.63 and 16.65 MeV discussed in the pre-
as equivalent, considering that their excitation energies argious section and the 9.65 and 10.88 MeV states discussed in
equal within uncertainties. The 16.65 MeV state is thenthis section will be included in the calculations of total isos-

treated as a possible new Gsoscalar excitation. Its angular calar 6° strength, while recognizing that some of the 6
distribution displayed in Fig. 6 is reasonably consistent withassignments are tentative.

such an assignment, although a @mssignment cannot be

ruled out. This is probably another isospin mixed pair of V. ANALYSIS
states, with the lower excited slightly more strongly by
and the upper more strongly by-*. In the electron- A. DWIA calculations

scattering spectra, the 16.43 MeV peak was correspondingly The analysis described here follows closely that reported
found to be wider than some of other Geaks. in Refs.[42] and[26] and more details can be found there.
o The distorted-wave impulse-approximati@W!IA) calcula-
C. Isoscalar excitations tions used the codes.LWRLD [43] and MSuDwPI [44] with
Based on LBSM predictions of additional isoscalarthe spin-orbit force and optical potential parameters similar
strength around 10 MeY28,36, seven additional states be- to those reported previously, and a charge radius of 3.24 fm
tween 9 and 13 MeV were analyzed in a search for othedetermined from electron scatterifg5]. The ground-state
possible 6 transitions. Any new 6 state, not observed by density distribution parameters used for both protons and
electron scattering, would be predominantly isoscalar. Theieutrons in these two codes were taken to have a Woods-
(m,7m") cross sections for these seven possible states a®axon form with radiusc=3.08 fm and diffuseness
listed in Tables Il and Ill. Five of the states, with excitation a=0.55 fm. These values were determined as in Em_l If
energies of 9.810.03, 10.3%0.03, 10.74:0.04, 12.19 jnstead, older values of=3.458 fm, z=0.6098 fm, and
+0.03, and 12.980.03 MeV, have experimental angular = —0.208 are usef#6], the theoretical pion-scattering cal-
distributions at small angles incompatible with a @ssign-  jations decrease by about 8%.
ment. As an example, data for the 10.31 and 10.74 MeV  the transition density input fonLLwRLD used pion-
states are shown in Fig. 7 and compared to ac8lculation  goqering parameters fixed at the values that best fit the
and several lower multllpolzlarlty calculat|o_n5. The 10.31 I\/Ievstretched state electron scattering data. The set with simple
stat_e may be a combination of a preylously observed 2 harmonic oscillatofHO) single nucleon wave functions used
excitation at 10.29 MeV and a"lexcitation at 10.33 MeV. b=1.80+0.04 fm [3]. The set with Woods-SaxofWs)
Similarly, the 10.74 MeV state may be a combination of a X : S . .
wave functiongwhich are especially important for unbound

1 itati 10.70 MeV 2 excitati 10.7 ) .
Me\%ggltlon at 10.70 MeV and a 2 excitation at 10.76 state$ usedry=1.26-0.03 fm and diffuseness and spin-

A state at 9.65 MeV in thé?S spectra is a possible 6 orbit parameters oa=0._65 fm and\ =25, respegtively.
excitation. It cannot be the "1 excitation observed at 9.66 "€ WS wave functions were calculated using the code
MeV by electron scatterinfB9] and proton scatteringt0] or ~ DWUCK4 [47]. The binding energyBE) for the proton and
the 2* state at 9.65 MeV found in several other reactionsn€utron wave functions used their respective separation en-
[38,41. These lower multipolarity states would be strongly ergies. The binding energy for a given excited state equaled
excited at small scattering angles, but no state was observd§ excitation energyEE) minus the nucleon separation en-
in our 30° and 40° spectra at this excitation energy. The dat&rgy (SB) for 3°S and the energy of the lowest 5/Ztate in
are compared to several theoretical calculations in Fig. 6the mass 31 nucléBE = EE - SE -Eg;). The neutron and
showing that a 6 assignment for this state is reasonable,proton separation energies &S are 15.04 and 8.86 MeV,
although a 5 assignment might be possible. Correspondingrespectively. The lowest 5/2state, taken as the hole for the
LBSM theoretical predictions are for a 6isoscalar state at stretched excitation, is located at 2.24 MeV f36 and 2.23
9.21 MeV. MeV for 3¥P. Thus, states below 11.09 MeV have both the

A %25 state at 10.88 MeV is the remaining possibility for neutron and proton bound and the remainder up to 17.28
a 6~ assignment, and appears to be the only possibility oMeV have the neutron bound and proton unbound.
fitting the LBSM theoretical prediction of a strong isoscalar The WS wave functions for thé?S electron-scattering
state at 10.36 MeV and a weaker state at 10.94 MeV. Ththeory calculations in Refl3] used a nonlocal parameter
data for the 10.88 MeV state shown in Fig. 6 have an angulafPNLOC) equal to 0.85. In that casez=1.20+0.04 fm was
distribution between 55° and 105° that would make a 6 needed for a best fit to the stretched state electron-scattering
assignment reasonable. If this is & 6tate, it has the most data and the tota'{f (independent of pion datavas 88%. In
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TABLE IV. Values used to calculate the structure coefficients?®. The experimental cross sections for
pion scattering at the top of the angular distribution are from a least-squares fit to th€Tatéisted values
are an average between HO and WS fits, with the actual values well within the uncertaintie$ Gheen.
theoretical DWIA pion cross sectionsyi()?, at the peak of the angular distribution were calculated using
ALLWRLD and msupwpl. The experimental form factorg;2, for electron scattering from Ref3] were
determined in a similar fashion and are also listed. The theoretical electron cross sddfiph,dt the peak
of the angular distribution, is 25710 ° for HO wave functions and is listed for the WS wave functions.
None of the calculations included MEC effects.

HO WS WS
Ex o o MD))? (M)? (M2 (M])? F? (M%)?
(MeV) (ublsy (ublsy  (ubisp  (ublsy  (ublsy  (ublsp X105  x10°5
9.7 40519 9.3:13 62.5 54.7 54.2 61.3
10.9 7.6:15  6.6:1.7 61.6 53.8 54.3 61.0
11.0 25:0.7  3.1-0.6 61.5 53.7 54.3 61.0 3402 244
11.2 0.8t0.1 243
11.9 4.4-02  4.4+05 60.8 53.0 54.4 605 3203 238
12.6 3.4-08 14.6:2.8  60.3 52.6 54.5 59.9
12.7 122629  8.4:2.0 60.2 52.5 54.5 59.7 3401 23.1
13.3 <2 <2 59.8 52.1 54.7 50.0 0901 @ 227
13.5 3.130 8317 59.6 51.9 54.8 58.6 2203 224
14.3 3.9-1.3  3.0:0.3 59.0 51.4 54.9 573 101 216
16.4 3513  3.1+1.3 57.5 50.0 54.1 55.6 101 19.4
16.6 58:1.6  6.2:0.6 57.3 49.8 53.3 56.8
17.1 4307 5.7:08 56.9 49.4 50.1 647 1.1 193

this paper a PNLOC of zero was used, giving a tafal ~where nucleon finite size and center-of-mass factors are con-

(independent of pion dataf 78%. tained in the isoscalar and isovector electromagnetic matrix
elementsMg and M{ . Distorted-wave Born approximation
B. Structure coefficient calculations effects are included in the standagg; approximation.

The differential cross section for pion scattering to The magnitude of the calculated DWIA pion angular dis-

stretched magnetic transitions can be written schematicall?’ibu“c’r‘z"‘_’aS varied to fit the data for eacfs 6~ state until
as a besty~ fit was obtained as shown in Figs. 3 to 5. Note that

the theoretical HO and WS curves are about the same for

7, whereas, forr* the WS curve peaks at a smaller angle
' D than the HO, resulting in a worse WS fit. The resulting

cross sections at the peak of the form factor as used in Eq.
whereN (assumed here to be equal fof” and7~) is an (1) are listed in Table IV. For electron scattering, thé
empirical normalization of the pion calculated cross sectionsised in Eq(2) were determined by a similar procedure and
to known isovector electron scattering strengis, are ma- ~ are also listed in Table IV.
trix elements calculated in the DWIA, arigl. are spectro- The M1)?[= 0 pw for Zo=0 andz,=1] cross sections
scopic structure coefficients for a pure isoscala=(Q) or  were calculated byLLWRLD and MSubwpI using both HO
isovector ¢=1) single particle-hole 6 transition. For inci- and WS wave functions, and th@y’lq)2 were calculated with
dent pion energies near thie; ; resonanceMy/M;~%2  a simple electron scattering code. Results are given in Ta-
for 7= scattering. The standard center-of-mass correctiomle V. The IMJ/M7| ratio used in Eq(1) for 162 MeV
was made by reducing the H@or the WSr derived from  pjon scattering was determined froxaLWRLD andMsUDWPI
electron scattering b A—1)/A]"?, before using it for the 5 pe 1.93 for HO wave functions. With WS wave functions,
(7,7") DWIA calculations. The final theoretical cross sec- inis ratio was approximately —1.8 far* and 2.0 form ™,
tions were theg increased p%.m.Z[A/(A.— 1)JL_ which  yarying only slightly with excitation energy. ThMg/M®
equals 1.17 for’?S, L=>5 transitions. The simplifying char- 6 sed in Eq(2) for electron scattering was —0.187 for
acteristics of stretch_ed excitations which justify the form ofHO wave functions and varied from —0.11 to —0.17 for WS
EqQ. (1). hgve been_dlscussed els_ewh[ét]a . wave functions, depending upon the excitation energy.

A similar equation can be written for electron scattering For excited states where the electron and both pion scat-
form factors in order to compare pion and electron scatteringering cross sections were known, siagio methodwas used
data: for calculating the Z coefficients. In this method, the
2 Zy/Z, ratio is relatively model independent and is deter-

, (2) ~ mined mainly by the well-knowrMg/MT ratio nearA;
resonance energies. Hd) was solved to give the ratio

+

Mo
M—ltZonLZl

2

oF =N (M2

e

Mg
FZ:(Mi)Z[WZo+Zl
1
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. ‘ pion theory calculations. Thus, tlfg andZ, coefficients are
el + affected in a similar fashion by any change md'’) calcu-
’ lations, but are mostly independent of any change 4n (
. 7') calculations.
1.0 b PO /./.,.f.'.f.' .................... The use of WS instead of HO wave functions in the elec-
+” tron scattering analysis decreases the theoretical cross sec-

e P ] tions by 5 to 33 % as seen in Table IV, which would in-
o8t +,_/_f.’_’_'_ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1 crease thez? coefficients by similar factors. If isovector
> o4 e | meson exchange currefNMEC) contributions were included
s * in the electron-scattering calculatiofid8], the theoretical
Tos 02 | | cross sections would be 15 to 17 % larger, thus reducing the
w00 ; ; ; 1 ; ; ; 1 value of each of th&? coefficients by the same amount.
5 The Z coefficients calculated in thabsolute methodre
E 4 very dependent on pion model calculations, because of un-
5 12t ws certainties in the normalizatioN. A comparison oZ coef-
£ 0 b e ] ficients using several different normalization factors is
z ] shown in Table V for the possible new isoscalar 6tates.
0.8 + ) The normalization factors ar€) a constaniN of 1.28 equal
06 b T ] to the average from the othen-shell nuclei,**Mg, Mg,
"""""""""" [0, SR B N SR and 283 [9,20,26; (ii) a constanN of unity, meaning that
oy P ]r | no adjustment was made to the DWIA pion scattering calcu-
02 f. lations; (iii) a constaniN=0.54 which is the average from

0o ‘ ‘ ‘ ‘ ‘ ‘ , the ratio methodusing HO wave functions(iv) a variable

9 10 11 12 13 14 15 16 17 18 N based on the linear least squares fit to the HO normaliza-
tion factors of the states found in electron scattering; @nd
anN from a nearby 6 stretched state observed in electron
scattering. A weighted mean of tiefrom (ii) through(v) is

FIG. 8. Normalization factors determined for each state from the | h The fficients f thi ighted
HO and WS calculations. The horizontal lines are at unity and at th&ISO shown. coetnicients from this weignted mean are

average normalizations of 0.54 for HO and 0.52 for WS. The diag-us_ed in further CalCU|at_ionS and t_hg un_certainties gi\(en _for
onal lines represent a least squares fitNo# 0.16E— 1.35 for HO il include the systematic uncertainties in the normalization

andN=0.12&-0.91 for WS.

Excitation Energy (MeV)

In addition to the variation ifN andZ shown in Table V,

7 M7 =MIVR the theoretical pion-scattering calculations were varied to
R Lt S (3)  give adifferent M7)? by using the ground-state change den-
Zi Mg*MyyR sity distribution from Ref[46]. This change decreased the

theory calculations by 8%, which would result in a corre-

whereR=¢"/o". Using thisZy/Z, ratio and Eq.(2), both  goonding increase of 8% in either the normalization or the

Zy andZ; were calculated. The normalizatidh necessary 72\ 51ues. but not both.

for the DWIA calculations was then determined from ED). The Z coefficients as calculated above are tabulated in
and these factors with their uncertainties are plotted for eac'?able VI and thez? values are compared tg{n) results
state in Flg. 8. An ideal normallzann of unity yvould signify and to theory in Table VII. The sums of the squares of the
that no adjustment of the pion DWIA calculations was nec-7 ., officients are tabulated in Table VIII. These experimen-
essary to arrive at agreement with electron-scattering data.qy| girycture coefficients can in the first approximation be

For the excited states where no electron-scattering dat@ompared to the extreme-single-particle-hole-modEs-
were available, thabsolute methodvas used instead. In this PHM) sum rules given in Ref14]. The total structure coef-

case, a normalization had to be assumed in order to calculajg.. i< for 325 should add t&22=372=1. In a more com-

;{2:“2’:’]05 \f(;)r?/ﬁrlr?:)ednetlsJ;(;Jrgniglg)érzjhIsesZ?;IrZ?f(fjepgr:nriLthPlete analysis the experime_ntal structure coefficients can be
ods for determining it were compared compared to LBSM calcula_ttlonS]. Both of these thgoretl-
: cal results are shown in Table VIIl, along with the
experiment-to-theory ratios.

C. The structure coefficients and normalization factors

The Z structure coefficients calculated in treio method V. DISCUSSION
are somewhat dependent on electron model calculations. The
Z, values are determined from electron-scattering data and
are inversely proportional to any variation M, from the Previous experiments have found that the  pion-
electron scattering theory calculations. Thgvalues are de- scattering matrix elements calculated with the DWIA model
termined from pion-scattering data, but are relatively inde-and used in Eq(1) usually require an empirical normaliza-
pendent of the pion theory calculations, because they arton factorN to reproduce the isovector spectroscopic coef-
determined relative t@, from the well-knownz" /7~ ratio  ficientsZ, calculated from electron scatterifig6,9,20. This
near resonance. Only the normalizatidris affected by the normalization factor can only be calculated for stretched

A. Pion DWIA normalization
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TABLE V. A tabulation of various HCZ coefficients for possible new isoscafs 6~ stretched states.
Normalization factors used in this table gigan averageN from othersd-shell nuclei,(ii) an N equal to
unity, (i) an averageN from the 3°S isovector stategjv) a variableN=0.16E—1.35, andv) anN from a
nearby 6 state. A weighted mean frofi)—(v) is shown and the resulting coefficients are used in further
calculations. See text for more details.

E, (MeV) N Z, Zy source forN
9.65 1.28-0.07 -0.14-0.02 0.06-0.03  2*Mg, ?’Mg, 8Si average
1.00+0.15 -0.16£0.02 0.020.04  unity

0.54+0.11 -0.22:0.03 0.13-0.05  32S average
0.15+0.45 -0.41-0.43 0.18-0.84 linear variation
no nearby 6 state
N=0.68+0.16 -0.19+0.03 0.09-0.05 mean
10.88 1.28-0.07 0.15-0.01 0.01-0.02 Mg, Mg, ?8Si average
1.00+0.15 0.16-0.02 0.02-0.03  unity
0.54+0.11 0.22-0.03 0.01:0.05  3%2S average
0.34+0.47 0.28-0.14 0.010.26 linear variation
0.32+0.08 0.2%0.04 0.01:0.07  10.98 MeV state
N=0.48+0.13 0.24+0.03 0.01:0.06  mean
12.63 1.28-0.07 -0.16-0.01 0.110.03  ?*Mg, Mg, ?8Si average
1.00+0.15 -0.18-0.02 0.13:0.03  unity
0.54+0.11 -0.24-0.03 0.17-0.05  32S average
0.62+0.50 -0.23-0.07 0.16:0.14 linear variation
1.24+0.33 -0.16-0.02 0.11-0.04  12.74 MeV stat
N=0.73+0.15 -0.21+0.02 0.15:0.05 mean
16.65 1.28-0.07 -0.14r0.01 0.01:0.02 Mg, Mg, ®Si average
1.00+0.15 -0.16-0.01 0.02-0.03  unity
0.54+0.11 -0.21-0.02 0.02-0.04 %25 average
1.24+0.59 -0.14:0.03 0.010.05 linear variation
0.87+0.38 -0.170.03 0.01:0.06  16.4 MeV state
N=0.72+0.16 -0.18+0.02 0.01-0.04 mean

states where data are available for all three of electron,  be possible, but it is not significantly different from zero.
and 7~ scattering reactions. This severely limits the number The seven states i#fS significantly increase the possibili-
of states available for comparison. ties for studying the variation in normalization between dif-
Normalization factors vary considerably from nucleus toferent states in a given nucleus. This is the first nucleus in
nucleus: 1.0 for’®Si, 1.2 to 1.4(depending on incident pion which several supposedly pure isovector stretched transitions
energy and the use of HO or WS wave functipder  have been observed in a single nucleus, and where the
242819, 2 for %¥Fe, and 5 for®Ni. A value larger than unity  stretched states should not have mixed isoscalar and isovec-
signifies that the pion cross sections are larger than expectédr components. Theoretically, the relative sizes of the is-
from the electron-scattering data. In contrast to these, thevector *’S peaks should be the same in pion and electron-
average normalizatioN for 32S stretched states is less than scattering spectra, independent of uncertainties in pion
unity—0.54 when using HO wave functions and 0.52 withDWIA theory. This was definitely not the case experimen-
WS. The pion-scattering cross sections were in generdhlly, where the normalization factor for the several isovector
smaller than expected from the electron-scattering data, arstates varied from 0.4 to 1.4, as seen in the upper part of Fig.
the necessary normalization was smaller than for any of th8. The three strongest states observed in electron scattering
other nuclei studied previously. were located at 11.0, 11.9, and 12.7 MeV and were approxi-
Normalization factors also vary significantly betweenmately equal in size. In contrast, the pion spectra in Fig. 1
states within a given nucleus: 1 to 2 f8fMg, 1 to 4 for  show a strong state at 12.7 MeV, with much weaker states at
S4Fe, and 4 to 8 for’Ni [26,20. The variation could per- 11.0 and 11.9 Me\Msee also Table 1)/ Although the two
haps be explained by the fact that these nuclei are not selfveaker states could not be separated from nearby strong
conjugate and these states have mixed isoscalar and isovestates of lower multipolarity, there are obviously no states at
tor components. In looking for a trend in the variation, theexcitation energies of 11.0 and 11.9 MeV as strong as the
correlation between normalization and excitation endigy state at 12.7 MeV. For these states, the+#') data are in
MeV) was calculated as 0.670.08 for 2°Mg, 0.210.23 for  better agreement with thep(n) data and the LBSM predic-
%Fe, and —0.15%0.24 for ®°Ni. A slight positive trend may tions than with the €,e’) data. The resulting normalization
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TABLE VI. A tabulation of Z coefficients for®?S 6~ stretched states extracted from a combined analysis
of electron- and pion-scattering data. Both HO and WS wave functions were used and no MEC effects have
been included. Th&, coefficients have arbitrarily been chosen to be the positive solutionrafieemethod
was used to calculatg coefficients except for those marked with an asterisk, in which casalibelute
methodwas used. Th&l used in the calculations is shown. The snZalioefficients compatible with zero are
not included in the Table VII tabulation.

E HO WS

X

(MeV) N Z Z N Z Z,
*9.7 0.68-0.16  -0.19-0.03  0.08-0.05 0.64-0.16  -0.26-0.03  0.09-0.05
*10.9 0.48-0.13  0.24-0.03  0.0%-0.06  0.4%0.14  -0.24-0.03  0.00-0.06
11.0 0.32-0.08  -0.02:0.02  0.36:0.01  0.38:0.09  -0.0-0.02  0.3%0.01
11.2 0.00:0.00  0.17-0.01 0.06:0.00  0.170.01
11.9 0.52-0.06  -0.0t-0.01  0.35-0.01  0.52-0.05  0.06-:0.01  0.36-0.02
*12.6 0.73-0.15  -0.2t-0.02  0.15-0.05 0670.15 -0.22-0.02  0.16-0.05
12.7 1.24-0.33  0.01*0.01  0.35-0.01 1.150.33  0.02:0.02  0.370.01
13.3 <08 0.06-0.02  0.19-0.01 <08 0.06:0.02  0.26-0.01
135 1.08-0.55  -0.04-0.05  0.29-0.02  0.9%-0.51  -0.04-0.05  0.36-0.02
14.3 0.88-0.19  0.0%-0.01  0.24:0.01  0.78:0.15  0.01*0.01  0.26:0.01
16.4 0.87:0.38  0.06:0.02  0.24-0.01  0.7:0.33  0.06:0.02  0.270.01
*16.6 0.72-0.16  0.18-0.02  0.0t-0.04  0.66:0.15  -0.26:0.02  0.02:0.04
17.1 1.3%-0.19  -0.02-0.01  0.24-0.01  1.020.23  0.00:0.01  0.270.02
372 = 0.17+0.02  0.73-0.03 0.19-0.02  0.82-0.03

of the DWIA calculations as shown in Fig. 8 requires identified as part of isospin pairs were ignored. If the
N=1.2 for the 12.7 MeV state, billi=0.3 and 0.5 for the strengths of the pion-scattering transitions are instead com-
two weak states. This figure shows a general trend of inpared to those extracted from thp,() data, the trend of
creasing normalization with excitation energy giving a posi-increasing normalization with excitation energy is less pro-
tive correlation of 0.16:0.03. The correlation would be al- nounced, but still present. However, if we ignore the 11.0
most perfect if the states at 12.74 and 16.4 MeV that wer@and 11.9 MeV states that are comparatively weak in the

TABLE VII. Structure coefficients are listed for th#?S 6~ transitions derived from our combined
electron-pion analysis, where HO wave functions were used and no MEC effects were included. For com-
parison, spectroscopic strengths from #38(p,n)32Cl reaction[4] and theoretical predictions from LBSM
calculationd 28,36 are listed.

(e,e') + (m,7") %23(p,n) %23 theory
E, (MeV) z2 z2  E,(Mev) S E,(Mev) Z2 z2
8.54 0.011
9.7 0.037 0.008 9.21 0.028
10.36 0.152
10.9 0.056 10.94 0.039
11.0 0.132 3.8 0.068 11.29 0.042
11.2 0.030
11.9 0.124 4.7 0.077 11.84 0.007
12.6 0.043 0.022
12.7 0.122 5.6 0.119 12.74 0.302
13.3 0.036 6.3 0.102
13.5 0.082 6.8 0.034 13.42 0.033
14.3 0.058 7.4 0.047
8.4 0.013
16.4 0.060 9.2 0.038
16.6 0.034
17.1 0.058 9.8 0.051

7% = 0.172 0.732 0.549 0.230 0.374

T
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TABLE VIII. Listed here are the sums of the experimenZAl coefficients derived from a combined
electron-pion analysis for the Bstates in®?S, compared to results from a similar analysis on other self-
conjugatesd-shell nuclei28]. Harmonic oscillator wave functions were used with no MEC effects included.
The theoreticak coefficients are from the ESPHM sum rules of Ré&#] and from the LBSM calculations
of Ref.[28]. The 1A are the sum over discrete theoretical isovector states and tieetlie sum of predicted
isovector strength over the 6—8 MeV region of excitation energy where the experimental strength has been
observed. The ratio between experiment and theory is definéa:aE(Zf)exp/E(Zf)m.

T ESPHM T LBSM
3(Z%) exp (2% s? (2% s
20Ne
0 1/3 0 0.16
1 0.03 1/3 0.10 A 0.18 0.19
1f 0.18 0.19
24Mg
0 0.05 2/3 0.07 0 0.20 0.25
1 0.19 2/3 0.29 A 0.32 0.59
1f 0.37 0.51
288i
0 0.13 1 0.13 0 0.20 0.65
1 0.29 1 0.29 A 0.37 0.78
1f 0.70 0.41
325
0 0.17 1 0.17 0 0.23 0.75
1 0.73 1 0.73 A 0.38 1.92
1f 0.77 0.95

(p,n) reaction as they are in thist(x’) reaction, the nor- for unbound states must be done with cgs8]. Theoretical

malization would be approximately constant at unity. predictions for the structure and isospin mixing, and there-
One explanation for the variation N is a varying frag-  fore the pion cross sections, of the unbound stretched states

mentation of strength due to isospin mixing. Another possiin !2C are significantly affected when recoil-corrected con-

bility is that N increases with excitation energy due to thetinuum shell-model calculations are dojred].

unbound nature of the nucleons. This effect is included inthe  For the previously studiedMg and 28Si self-conjugate

theoretical calculations by the use of unbound WS wavesd shell nuclei, 29% of the isovect6 ESPHM strength is
functions. The resulting WS normalization factors are shownsynausted by the electron-scattering détee Table VII).
in the lower part of Fig. 8 and the correlation betwééand \5re realistic RPA calculations including ground state cor-
excitation energy Is calculaj[ed as 04a.03. Th's correla—. relations predict a summed strength about half that of ES-
t'r?n |shcloser t? zero than with HO V\f/ave funct!ons, .Show'ngPHM calculationg[55], but still the experimental strengths
tmg':]tt ir? tt;]seetr?egrr;bound WS wave functions is an IMPIOVe3or these two nuclei are only about half the RPA predictions
: [8,23]. More recently, the use of LBSM calculations have
found that the experimental isovector strengths exhaust 59%
and 78% of theory fo*Mg and 28Si respectively{ 28], and
It has been generally observed that the total spectroscopit9% for the ®Mg nucleus[20,56].
strength for known stretched transitions is significantly less The total isovector strength for 6 stretched states in
than the maximum allowed by the ESPHM 2,48, with the  *°S, as determined from electron-scattering d&tais found
isoscalar component affected a factor of 2 or 3 more stronglyo exhaust 71% of the ESPHM isovector strength. This large
than the isovectof1,24,2§. Attempts have been made to fraction in 3%S is related to the fact that th, orbit has a
reproduce this experimental quenching, e.g., by using @reater ground state occupancy in this nucleus than in the
larger basis moddHK9] and by using a deformed modélQ]. lower masssd-shell nuclei[57]. With LBSM calculations,
The even greater quenching of isoscalar strength with respetiie data exhaust 95% of the sum of the predicted isovector
to isovector has been attributed to differences in the structurstrength over the 6—8 MeV region where states have been
of the two types of transition densiti€s1,52. The inclusion experimentally observef68,28. These observations about
of MEC effects increases the disagreement between theotie isovector states are from electron scattering and are little
and experimenft48], although the use of unbound WS wave affected by the pion data.
functions instead of the usual HO wave functions offsets this The total isoscalar strength fo¥S is only 17% of that
increase in some cas@4$2]. Proper inclusion of these con- predicted by the ESPHM sum rule when using the mean
tinuum effects is an important open probl¢28] and the use normalization shown in Table V. This changes to 8% when
of cross-section ratios to determine spectroscopic amplitudeke average normalization dd=1.28 from the other self-

B. Quenching
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conjugatesd-shell nuclei is used for all states, to 11% when
a normalization of unity is used, to 20% when the average
323 normalization oN=0.54 is used, and to 31% when a
linearly varying normalizatioqwith large uncertaintigsfor 03 | M6 T=0 1
each state is used. If the ground-state charge distribution
from Ref.[46] is used this changes to 19%, and if WS wave
functions are used it becomes 19%. We conclude that the 02 1
isoscalar strength exhausts approximately 6% of the ES-
PHM sum rule, if the four tentative new isoscalar states are
in fact 6~ states. This fraction of isoscalar strength observed
in 32S is greater than the 7 to 13 % for the ottsak-shell ; b
nuclei, although not as great as that for tH€ and %0 - I
p-shell nuclei[26]. NI } ‘

The use of LBSM calculations better reproduces the
quenching of the isoscalar strength I8, with the experi-
mental datdincluding the questionable cagehausting 75 03 | M6 T=1
+26% of the calculations. This is a significant improvement W
over the 65% for?®Si, 25% for 2Mg, and 23% for?°Mg
[20]. 02 |

0.4

0.4

C. Fragmentation L

Previously, only asymmetri€,# 0 nuclei were found to > } § %i e
exhibit much fragmentation of the stretched transitions, viz., ﬁ ﬁ
14C and ?®Mg for isoscalar transitiongl5,20 and *Ni and 0.0 i, ﬂn ‘
0Nii for isovector transitions as well69,27]. Coherent mix- 5 10 15 20 25
tures of isoscalar and isovector strengths are allowed be- Ex (MeV)
tween the states in these nuclei due to their neutron excess
and the stretched strength is fragmented among a number of FIG. 9. The HOZ? coefficients from Table VIl for3S 6~
states. The non-self-conjugatgSi nucleus is a similar case, stretched states are plotted as solid circles. The error bars show the
but the incomplete electron-scattering data for §iretched — experimental uncertainties, but do not include the variety of theo-
states have only partially been analyZé6@]. retical uncertainties. For comparison, t8& coefficients from the

In self-conjugate nuclei, any ® stretched excitation is (P.n) reaction[4] are plotted as open rectangles. The histograms
expected to be either purely isoscalar or purely isovector‘.ji§p|ay the predicteq strength for these stretched states as obtained
The RPA calculations predict only one strokts isovector ~ With the npa,=8 basis[28,38.
excitation in self-conjugatesd-shell nuclei from ?°Ne to
40%Ca[55]. Similarly, LBSM calculations predict one strong
isovector state and one strong isoscalar state for each seff®0. Apparently, the four &, spectator nucleons if°S
conjugatesd-shell nucleus fron?Ne to 2S, although sev- (beyond?8Si) play a different role than the foy;, specta-
eral are expected for®Ar [28]. Experimental work on tor nucleons in'®O (beyond'C). The fragmentation of &

%4Mg and ?8Si has found one such strong isovector §tate  strength in3S may be due to having the stretched transitions
by electron scattering on each nucl¢8s], and one isosca- built on severalds, hole states other than the ground state.
lar 6~ state each by pion scatterii§,22]. In the p-shell  Using nucleon pick-up reactions, several stramg, hole
nuclei, one strong isovector state each has been observed byates were found fof?S, but only one stronds, hole state
electron scattering in thé’C and *°O self-conjugate nuclei was found for 24Mg and 2Si [65], and only one strong
[13,19. These can be compared to calculations done fop,, hole state was found fot®0 [66]. The LBSM calcula-
M4 excitations inp-shell nuclei[61]. tions show fragmentation among several states of approxi-

It should be noted in passing that a second weak isovectanately equal strength if°Ar, but apparently this expectation
6~ state has recently been reported fré#8i(e,e’) [62] and s first realized in the lower mas&S nucleus.
several additional weak 6 candidates have been identified  This experiment extends the data &t 6~ fragmenta-
using polarized proton scatterifi§3]. Also, in the final state tion to isoscalar states. From LBSM calculations, the isosca-
nuclei corresponding to ?Ne(p,n), #Mg(p,n), and lar strength was expected to be concentrated in one state;
28Sj(p,n) the 6~ strength was fragmented between severahowever, both isoscalar and isovector strength was expected
stateq4]. near 11 MeV of excitation, suggesting that the strength

The 32S nucleus is unique in being the first self-conjugatewould actually be isospin mixefb8]. Experimentally, the
nucleus where the isovector strength is not concentrated inigoscalar strength is fragmented between several tentative
single 6 state[3]. Increased fragmentation in passing from new isoscalar states in this energy region. They are close
83j to 32S has similarly been found for thBl1 strength in excitation energy to previously observed isovector states
[64]. The fragmentation oM 6 strength in®2S is in contrast and in at least one case at 12.6/12.7 MeV are isospin mixed
with the systematics for isovectdvi4 transitions in thep  with them. In addition, there is probably isospin mixing
shell, where the 4 strength is concentrated in one state forin the 16.4 MeV region. The upper part of Fig. 9 summarizes
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the experimental and predictetfS 6~ isoscalar strength possible new 6 isoscalar states first observed in these pion-
in the energy range between 9 and 18 MEX8,3G, and  scattering data.

the lower part of Fig. 9 shows the distributions of isovector ~The normalization of the pion theory calculations needed
strength. to reproduce the isovector spectroscopic coefficients from

electron scattering was less than unity and significantly
smaller than for previoussd-shell nuclei, with a trend
of increasing normalization with larger excitation energy.
Pion-scattering to pure isoscalar or isovector states, ashe trend is less pronounced, but still present, when
found in self-conjugate nuclei, would normally expect to findthe strengths of the pion-scattering transitions are compared
equal cross sections far™ and 7, except for the fact that to those extracted from thep(n) data. Model dependence
neutrons and protons generally have different binding eneref the normalization factor results in large uncertainties
gies. The ability of the pion to probe neutrons and protongvhen calculating the structure coefficients for the isoscalar
separately should demonstrate the asymmetryz6f and  states.
7 results when exciting stretched transitions where the pro- The summed strengths fof'S isovector transitiongde-
ton is bound and the neutron is unbound. In addition to thdermined primarily from electron scatteringire stronger
usual HO wave functions, more realistic WS wave functionsthan in othersd-shell nuclei and are approximately equal to
with unbound states treated as resonances are useful in afeoretical calculations, if all our assignments are valid. The
lyzing these case@?2]. strength of isoscalar transitions shows the same pattern as

Experimentally, pion-scattering to stretched states tha?Oted in other nuclei of being quenched below theoretical

were expected to be purely isovector or purely isoscalar ha%alues; however, the isoscalar strength is larger than the frac-

often foundo /o™ ratios unequal to unity. For the stretched tion founq for any athesd-shell nupleus f’:md comes.close to
) Z n . that predicted by LBSM calculations, if the possible new
states in'?C, enhancement of ~ over " scattering due to

| bindi tries has b dipe, but i isoscalar states are included and if a normalization of less
nucleon binding asymmetries has been predi » OULIS  4han unity is used. This pion-scattering experimenté® is
not sufficient to explain the datfl2]. The cross-section

16 ) -7~ ' an important complement to electron scattering in studying
asymmetry in™°O apparently cannot be explained by binding ihe trend of small isoscalarfisovector strength ratios. An im-

energy _asymmetries either, even though the excitation enefroved 32S(p,p’) experiment with better energy resolution
gies of its stretched states are close to where the proton bgaeds yet to be done on this nucleus to confirm theas-
comes unbound18]. For these two nuclei, the unequal’  sjgnments.
and 7+ cross sections for most of the stretched transitions The fragmentation of the isovector strength®i$ as ob-
have instead been explained by isospin mixing. For theerved in electron scattering was found to extend to the isos-
T=1 state in?®Si, theo /o ratio is smaller than unity and calar strength as well. This nucleus is unique in being the
difficult to understand, but ther™ data are spars68]. first self-conjugate nucleus where neither the isovector nor
The larger than unityr /o™ ratio for the 13.9 MeVT=3  the isoscalar stretched strength is concentrated in a single
stretched state in®™Ni can be attributed to having the state.
proton unbound for this state and the neutron bound. Un- The use of unbound Woods-Saxon wave functions, in-
bound WS wave functions were partly able to reproduce thigtead of those from an harmonic oscillator potential, resulted
effect[26]. in slightly better agreement between data and theory for
In 325 the proton separation energy of 9 MeV is muchseveral features(i) The WS wave functio_ns were p_artly
less than the neutron separation energy of 15 MeV. ThigPle to reproduce the trend of increasing normalization
difference is greater than that in previously studied self-\’y'th larger exc!tat!on energjn) The inclusion of asymmet-
conjugate nuclei, making it a good case to study binding#'C n_ucleon b'”d'r?g energies by the use of WS wave
energy asymmetry. Overall, the total cross section of 55 unctions resulted in better agreement with the general fea-

oD o
+6 wb/sr is significantly less than the total” cross section ;ﬂ;iticgn(; <a(\je ;r(;fg dztregtttla?n(;Ir:():rzgsegsae(\)fn\é\g: V;’f:\é?] "
of 73x5 ub/sr. More specifically, Table IV shows four 9 y g gth.

individual states that have unequal cross sectionsafor There is some question about the proper inclusion of un-

¥ . . . bound effects, so we have emphasized the use of HO wave
and 7" that are at or beyond their experimental uncertain- . )
. . T ; - . functions throughout this paper as a better standard for com-
ties, with ¢~ <o™ in each case. Isospin mixing explains

the asymmetry of the 12.6/12.7 MeV pair, but there areﬁaﬂson with previous work; however, the results reported

. : here suggest that more study on the use of unbound wave
three additional _statfs at' 9.7, 135, and 17'.1 MeV. This Y€ nctions would be beneficial in explaining the experimental
eral trend of as™ /o™ ratio smaller than unity corresponds

. . . data.
to the (M;)?/(M;)? ratio smaller than unity obtained from
the use of unbound WS wave functions shown in the same
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