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Measurement and microscopic analysis of the“B(|5,|5) reaction at E,=150 MeV.
l. Inelastic scattering
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Cross sections and analyzing powers for fﬁB(ﬁ,p’) reaction have been measured using a 150-MeV
polarized proton beam from the AGOR cyclotron at KVI. For the stronger inelastic transitions, also spin-flip
probabilities have been extracted. To predict cross sections and spin observables a micfoscogicate
space model of elastic scattering has been used, whereas for inelastic scattering calculations were performed
in the distorted-wave approximation. In the model calculations a medium-modified two-nucleon effective
interaction was used and nuclear structure information was obtained from shell-model calculations in a com-
plete (0+2)%  model space for parity-conserving transitions andha Ishell-model description in the case
of parity-changing transitions. With the help of these model calculations, spin-isovector parts dflthe
strengths for the negative-parity states at excitation energies of 2.125 NEV1(2"), 4.445 MeV (7
=5/27), 5.020 MeV (7=3/27), and 8.920 MeV J"=5/2") have been extracted and compared to known
Gamow-Teller strengths for the analog transitions-6.

DOI: 10.1103/PhysRevC.67.054320 PACS nunier25.40.Cm, 24.76:s, 25.40.Ep, 27.26:n

[. INTRODUCTION v rays emitted by the deexciting nucleus or via charged-
current(CC) scattering of electron neutrinos to states in its
Over the last decades, medium-energy proton scatteringpirror nucleus'’C which are then detected by a coincidence
has been established as a valuable tool for the study aff the electron produced in the reaction apdays emitted
nuclear structure in general and the study of spin-isospiluring deexcitation:
excitations in nuclei in particuldd—4]. The latter makes use

of the energy and momentum-transfer dependence of the dif- NC,v+ "'B—v'+ 1B* -1+ y+ 1B, ()
ferent spin-flip and non-spin-flip parts of the effective inter- " oy - .
action between the incoming proton and the target nucleus CCet M'B—e™ +1Cr—e +y+ 1'C. 2

[5], which, especially in the energy range between 140 and _
400 MeV and under forward scattering angles, results in ar his detection scheme allows one to measure the (ftaabor
enhanced sensitivity to spin-isospin transitions. This selectivindependentneutrino flux and the electron-neutrino flux si-

ity for a certain mode of excitation has also been exploited ifnultaneously and in the same experimental setup. _
this work to study the spin-isovector parts of thél The extraction of neutrino fluxes from count rates requires

strengths for transitions to low-lying states in the odd- @ knowledge of the NC excitation strengthge and the CC

nucleus!!B. excitation strengthshcc. The charged-current excitation
As described by Raghavaet al. [6—8], the 1B isotope  Strength is given by7.9]

can be used as target material in experiments aiming at the )

determination of the flux of high-enerdiB decay neutrinos Nec=B(F)+ %) B(GT)= 61477 3)

that are produced during the proton-proton fusion chain in ce Ov ft

the center of the sun. In the proposed setup, neutrinos can
simultaneously be observed via neutral-curfM€) excita-  whereg,/gy=1.264+0.002[10] is the axial-vector to vec-
tion of nuclear levels in'B and the subsequent detection of tor coupling ratio,B(F) is the Fermi transition strength and
B(GT) the Gamow-Teller transition strength. For the
ground-state transitioh'B — *'C the logft value is known:
*Present address: SRON, Sorbonnelaan 2, 3584 CA Utrecht, THa ft=3.6 [11], and the resulting CC excitation strength is

Netherlands. Electronic address: v.m.hannen@sron.nl Acc=1.54. The transitions to excited states'iC are domi-
"Present address: Universit&oin, Koln, Germany. nantly of Gamow-Teller type anB(GT) strengths for these
*Present address: DESY, Zeuthen, Germany. states have been measured by Taddewtdl. [12] and
Spresent address: EC, JRC, IRMM, Geel, Belgium. Grimeset al. [13]. In standard electroweak theory, at low
'Present address: ASF Thomas Industries GmbH & Co. KG, Wupmomentum transfers, NC excitations proceed only by the

pertal, Germany. isovector axial-vector curren{l14] and the excitation
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strengths can be derived from measured spin-isovector partgher one downstream of the last MWPC.
of the M1 strengthdB(o7,)T using The in-beam polarimetefiBP), described in Ref[20],
) was used to determine the polarization of the proton beams
ga\24m coming from the AGOR cyclotron. It is located in the high-
Anc= (a) ?( gs_gs) Blor)T, 4) energy beam line leading to the experimental area. The data
po=n of this experiment were taken over a period of five days
whereg;=5.586 andg®= —3.826 are the proton and neu- during_which the beam polarization was measu_red roughly
tron sping factors, respectively. According to RdE], the three times a da}y. Each IBP measurement conS|sted_ of arun
NC and CC excitation strengths are connected by a Simp@here the transition units and hexapolgs of the po_lanzed ion
proportionality 4 =\ cc. Effects such as meson-exchangesource were turned off to ensure a strlctly unpolarized beam
currents(MECS) [15,16 might, however, modify this rela- _[21]_ and a second run where the three different beam polar-
tion. izations produced by the ion source were measured. The val-
Raghavan and Pakva§@] used input from shell-model U€S for the polarization were (26)% for spin up, 74
calculations to extradd(or,)| values for the levels in ques- = 2)% for spin down. For the situation where the hexapoles
tion from measured radiative widtH41]. The systematic Were on, but the transition units were switched off, the re-
uncertainties inherent to this approach and the discrepanci&@aining polarization in this mode was £8l)%, which we,
that arise when thB(o'7,)1 strengths extracted this way are Nevertheless, will denote as “spin off(cf. Ref. [20], for
compared to measured Gamow-Teller strengths, make it d&hore details see Ref17]). _
sirable to obtain information on the spin-isovector parts of Data were taken at a number of spectrometer angles in
the M1 strengths from another, independent experimentaptePS Of about 2° between 5° land 28° alternately on a
technique. Because of its selectivity for spin-isospin excita20-1 mg/crf thick self-supporting"'B target with an enrich-
tions, medium-energy inelastic proton scattering offers suckfent of 99.5%22] and on a 9.0 mg/cnthick natural car-
an opportunity. bon target. Data from _théZC measurements were used to
In this paper we present results of a study of inelasticC'0Ss check our experimental results against measurements
excitation of !B using a polarized proton beam at an inci- from groups at other laboratorig23-2§ and, therefore,
dent energy of 150 MeV. In Sec. I, the experimental proce_prOVIde a possibility to verify the correct functlomng_ of f[he _
dure will be described and the obtained results will be comdetector systems and of the analysis procedure applied in this
pared to other available data. The calculations used t¥/OrK. Although no information from the FPP is required to
describe the data will be presented in Sec. Il and an interdetérmine cross sections and analyzing powers, the polarim-
pretation of our data will be discussed in Sec. IV. A summaryBter was kept running during most of the measurements. The
and conclusion is given in Sec. V. In addition to the study of2dditional data were useolllto determine spin-flip probabilities
inelastic transitions, the data also reveal effects of depolafOr elastic scattering off"B and for some of the more
ization for elastic scattering. These data and their interpretsStrongly excited inelastic transitions. The beam from the cy-

tion will be given in a forthcoming papéd.7]. clotron was stopped in a Faraday cup, positioned inside the
magnet chambers of the spectrometer at small scattering

angles and inside the scattering chamber for large scattering
angles Pges>9°). Thecurrent from the Faraday cup was
integrated and, together with the dead time of the data-
The experiment was performed at the AGOR facility of acquisition system, monitored throughout the experiment.
the KVI using a 150-MeV polarized proton beam. Scattered Using calibration data obtained during a measurement
particles were momentum analyzed in the Big-Bite Specwith a sieve slit mounted at the entrance of the spectrometer,
trometer(BBS) [18] and detected in the focal-plane detectorthe target coordinate$ ., ande, were calculated from the
and focal-plane polarimeter systems built by Humosuper-  focal-plane coordinates of the particles. The angleand ¢,
NovA Collaboration[19]. This detection system consists of are the horizontal and vertical scattering angles of the par-
three major building blocks: a focal-plane detection systeniicle relative to the central ray through the BBS afs the
(FPDS, a focal-plane polarimete=PP, and a scintillator relative magnetic rigidityd=(Bp—Bpg)/(Bpy), whereBpq
system. The FPDS consists of two vertical drift chambergs the rigidity of the central ray. Using this information, the
(VDC'’s) mounted parallel to the focal plane of the BBS andkinetic energy and the full scattering angle in the laboratory
separated by 23 cm along the central ray with which theysystem have been reconstructed. The upper left panel in Fig.
form an angle of 39°. Each chamber hasXaplane and dJ 1 shows the horizontal angk, plotted against the resulting
plane with the wires of thdJ plane tilted by 32.9° with kinetic energy for 150-MeV protons scattered frdfB at a
respect to the vertical direction. The focal-plane polarimetespectrometer angl®ggs=10°. Vertical lines observed in the
is located downstream of the FPDS and consists of four mulplot correspond to states itB with the ground state at the
tiwire proportional chamber€MWPC's) and a carbon ana- highest energy. Events outside the area enclosed between the
lyzer with a thickness of 5 cm. Each MWPC consists ofXan horizontal dashed lines are rejected to reduce instrumental
and aY plane with a wire spacing of 2.5 mm. Event triggers background. The energy spectrum of the scattered protons is
are provided by the scintillator system that consists of twashown in the upper right panel of Fig. 1. The elastic-
planes with five scintillator paddles in each plane. One ofscattering line, which at this angle is located at an ejectile
these planes is located before the carbon analyzer and tlemergy of 149.55 MeV, has been scaled down by a factor 40.

Il. EXPERIMENTAL PROCEDURE AND DATA
REDUCTION
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measured dead time of the syste@, is the integrated
charge from the beam dump, andis the VDC efficiency
that was typically 96%.

A problem that surfaced during data analysis is that the hit
density for a fixed scattering anglg decreases when going
in the nondispersive plane from the central region of the
BBS opening to the upper or lower edge of the acceptance.
Quantitatively, the hit density in the central region of the
Bl LN angular acceptance differed by up to 15% from the overall
140 1425 145 1475 150 . . . f . .

E (MeV) density observed inside a solid-angle strip belonging to a

certain scattering anglg . For a proton beam of polarization

f)K:(O,p;,O), the variation of the cross section due to the
analyzing power of a particular nuclear reaction is given by
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whereda/dQ(Bj)|0 is the cross section for an unpolarized
beam. The resulting variation in the hit density at a spec-
8, (mrad) 8 (deg) trometer angléd ggs=5° can be estimated, assuming values
py=0.7, A,(5°)=0.36 (corresponding to the analyzing
FIG. 1. Plots produced from a measurement in which 150-M6Vpower of elastic scattering fror}?c, see F|g 3, r|ght pan)3|
protons have been scattered frohB at a spectrometer angle and an azimuthal coverage faf| <40°, to be about 4%. At
©pggs=10°. The states observed in the upper right panel have beepyrger spectrometer angles the effect due to the analyzing
identified using Ref[11]. power becomes smaller because of the decreasing azimuthal
. i coverage of the BBS. For instance @ggs=21°, where the
The full width at half maximum of the peak &,=2.125  gpalyzing power of the elastic scattering reaches its maxi-
MeV, which corresponds to the first excitdd=1/2" state,  um value ofA,~0.9 and ¢|<11°, the effect is only about
is about 100 keV. By plotting the vertical target an@le 205, The experimentally observed variations can, therefore,
versus the horizontal anglé,, one obtains an image of the ot he explained by the reaction mechanism, but must have
opening of the spectrometésee Fig. 1, lower left panel g instrumental origin, most likely caused by an inefficiency
For the determination of the solid angle, however, thesgf some of the scintillator paddles, during this particular ex-
angles have bee_n converted in_to spherical coordinates: ”b:eriment. To correct for the effect, an additional fadiphas
polar and the azimuthal scattering angtesnd ¢, respec-  peen introduced, defined by the ratio of the central to the
tively. By plotting the azimuthal versus the polar angle, onegyerall hit density inside a certain solid angle strip, such that

obtains a spherical representation of the BBS opening age corrected number of counts per unit charge becomes
shown in the lower right panel of Fig. 1. In this representa-

tion the angular acceptance of the spectrometer can be di- N €;

vided easily into strips with a well-defined scattering angle CK”:W' 7
¢; and solid angleA();=sing,A0A¢;, as indicated in the KK

figure.

Because the factof; is averaged between the spin-up and
_ _ spin-down phases of the beam polarization, which have
A. Polarized-beam cross section roughly the same magnitudg,| but opposite signs, it is

To extract cross sections from the accumulated data, th@nsured that only the instrumental effect is corrected for and
counts collected in a certain solid angle @if); and energy  Not the real physical variation due to the analyzing power
bin AE; have to be corrected for the measured dead times dhn(6)-
the setup, for the reconstruction efficiency of the VDC's and  Figure 2 shows the kinetic-energy spectrum of the double-
for the integrated charge. In case of a polarized-beam medlifferential cross section for 150-MeV polarized protons
surement this must be done separately for each of the polagcattered from"'B at ®ggs=10°. To extract angular distri-
ization states of the beam. For a certain polarization state butions of cross sections and analyzing powers of the ob-
inside theith energy bin and thgth solid-angle strip, the Served states, the energy spectra at each afgiad polar-
corrected number of counts per unit chai@g; then be- izationp, were fitted using the codaT [27]. The line shape
comes is approximated by a Gaussian with an exponential tail to-
wards lower energies. The area underltthepeak in a spec-
trum corresponds to the differential cross section of a certain
excited state at the scattering angle and beam polarization at
which the spectrum was taken and will be referred to as
whereN,;; is the uncorrected number of count3, is the do/dQ(aj)l'K.

N, 5)

MANEERERY
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. - P N ¢ . C. Results and comparison with existing data
1418 1416 1414 1412 141 1408 1406 1404 1402 Angular distributions of cross sections and analyzing
EsMev] powers with center-of-mass angles in the range of 4°

<6.m=31° in the 1'B case and 4% 6,,,<29° in the 1’C
case have been extracted from the data.®8r all positive-
and negative-parity stat¢s1] up to theJ™=5/2" state at an

FIG. 2. Double-differential cross section of the reaction
1B(p,p’) !B at @ges=10° as a function of the kinetic energy of

the ejectiles. At the top of each panel, the scale for the excnatioréxcitation energy ofE,=9.274 MeV have been analyzed
X_ .

energy in''B is given. Experimental data are represented by histo-~". ] )
grams while the solid lines result from a fitting procedure as de-W'th the exception of the 1/2state at 6.792 MeV. As will be

scribed in the text. The spin assignments of the states have beéﬂentioned in Sec. Il B, thB(E2) s’grength for the transition
taken from Ref[11]. to the 7/2 state at 6.743 MeV is much larger than the

B(E1) strength for the transition to this 172state. This is
also consistent with the results from Hasselgeenl.[28] in
their analysis of p,p’) scattering from'!B at a bombarding

The analyzing poweA,(6) of a particular nuclear reac- energy of 185 MeV and with the measured and calculated
tion can be determined by performing measurements witlingular distributions for this peak as presented for this work
different beam polarizationp; andp;. Dividing the cross in Sec. Il C. The peak at 6.7 MeV will therefore be treated
sections given by Eq6) for the two polarization states, one as the 7/2 state located aE,=6.743 MeV. In case of the
obtains negative-parity states, the BBS acceptance has been divided
into four 1° bins, while for the weaker positive-parity states

B. Analyzing power and unpolarized-beam cross section

[
do the angular bins of a setting were joined to form one 4° bin
aq %9 1 in ord in sufficiently high statistics. Th Il sys-
do . 1+pl cospAL(6)) in order to gain sufficiently high statistics. The overall sys

- = Y , (8)  tematic uncertainty of the measured cross sections, which
do 1+ p§ Cos@An(0)) accounts for errors in dead-time corrections, in the calcula-
E(GJ 'P) tion of inefficiencies and acceptances, and in the integrated

2 charges and target thicknesses, is assumed to be about 10%.

A comparison of elastic cross-section and analyzing-
which, when averaging over the azimuthal interxap; , re-  power data extracted from théC measurements to existing
sults in datasets measured in Ord&4] and at IUCF[26] is shown
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FIG. 4. Differential cross sections for inelastic scattering of pro-
tons from*%C to theJ”=2" state aiE,=4.439 MeV(upper panél
and the J™=1" state atE,=15.11 MeV (lower panel. The
Orsay-68 and Orsay-76 datasets have been taken from [R&s.
and[25], respectively.

FIG. 3. Differential cross sectiofupper panegland analyzing
power (lower panel for elastic scattering of protons frodfC. The
Orsay-74 and IUCF-83 datasets have been taken from [R&f6.
and[26], respectively.

in Fig. 3. While there is excellent agreement between theyja measurements for some of the states and momentum
cross sections observed at the different laboratories, the angznsfers. the older measurements generally vyield higher
lyzing power measured at IUCF at an incoming proton enrgss sections for the analyzed states. Two experimental cir-
ergy of 160 MeV lies slightly above the data measured at 156, mstances may play a role in this respect. First, the older
and 150 MeV at Orsay and KVI, respectively. This can bemeasurements suffered from a poor energy resolution, which
explained by the energy dependence of the elastic-scatterings peen 350 to 450 keV in the Uppsala case and 700 to 800
analyzing power in this angular region, which reaches it§ev during the Orsay experiments. This makes it difficult to
maximum at about 200 MeY29]. Figure 4 shows two ex- gseparate some of the states, for instance in the case of the
amples for cross sections of inelastic transitiond3@. Data 5/2” state at 8.920 MeV and the two nearby positive-parity
taken at KVI are compared to datasets measured in Orsayiates at 9.185 and 9.274 MeV, which are observed as one
one in the late 1960E23] and one in the mid 19705].  peak. Second, in contrast to the KVI experiment where a
While there is good agreement between thg KVI data and thgelf-supporting boron target was used, the older measure-
latter measurement, the older Orsay data indicate a substagents were performed using pressed powder targets enclosed
tially higher cross section. . _ between aluminum or mylar foils. Protons scattered from the
Figure 5 shows the results for elastic scattering™®  5qditional material cause an instrumental background in the

compared to the only other availgble elastic—sca}tteringanergy spectra, which may not always be easy to separate
dataset obtained near our bombarding energy, which ha$ym the relevant excited states #B.

been measured at Ors§y0]. There is good agreement be-
tween the analyzing powers of the measurements, while the
cross sections at smaller angles differ substantially.

For the inelastic transitions there are two more datasets at We will now describe the results of model calculations
an incoming proton energy of 185 MeV, both measured athat have been performed to reproduce the measured differ-
Uppsala[28,31], which can be used to compare with our ential cross sections, analyzing powers, and spin-flip prob-
data. Figure 6 shows measured cross sections for a numbebilities. The main ingredients of the calculations, namely,
of negative-parity states if'B as a function of the trans- the effective nucleon-nucleon interaction and the shell-model
ferred momentumg. This representation allows an easier wave functions, were tested by comparing calculated results
comparison of datasets at different incoming proton energieso measured elastic cross sections and electromagnetic tran-
While there is agreement between the KVI data and the Uppsition strengthgsee Secs. Ill A and Ill B, respectively

Ill. CALCULATIONS
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FIG. 6. Differential cross sections for inelastic scattering of pro-
tons from B to several low-lying states. The Orsay-68, Uppsala-
64, and Uppsala-69 datasets have been taken from [B€{28,31,
respectively. Excitation energies and spin assignments have been

A. Choice of the effective nucleon-nucleon interaction taken from Ref[11].

FIG. 5. Differential cross sectiofupper pangland analyzing
power (lower panel for elastic scattering of protons frofB. The
Orsay-68 dataset has been taken from Raf].

Several effective nucleon-nucleon interactions have been , )
tested by comparing elastic scattering cross sections and anz2" *C aradius of 2.47 fm has been assurf@f] leading to
lyzing powers calculated using a microscopic folding opticalb: 1.68 fm. o . )
potential to experimental results. TR&C(p,p) reaction at a Fo_ur different effective interactions were used in the cal-
proton energy of 150 MeV has been chosen as a test Cagéllatlons.. As_ an example of a fréenatrix interaction, the
because, contrary to theB(p,p) reaction, no higher multi- Parametrization of Franey and Loy86], which has been
poles contribute to the elastic scattering cross section. In thigXtensively used in the analysis of proton-scattering experi-
case the necessary input from nuclear shell-model calculdP€Nts, has been chosen. Another approach is based on
tions is limited to the specification of the ground-state dend-Malrix type interactions, which include medium effects in
sity matrix of the target nucleus. The optical potential hagh® description of the nucleon-nucleon scattering. These
been generated by folding the effective interaction with the’@V€; among others, been provided by Von Gerd8in,
ground-state density matrifor details see, e.g., Ref32)).  Nakayama and LovEs8], and by the Melbourne group; see,

Occupation numbers of the single-particle states can be caf9- Dortmans and Amog39]. The most recent of these
culated in a @ w model space using thexsasH shell-model medium-modified interactions is the one provided by the

code[33]. The resulting average number of particles in eacri\/lelbourne group. It has been shown to perform well on a
orbit is: 1,,=2, 1ps,=3.267, and p;,=0.733 and it is |a9€ r_1umber of target_nucléﬂO] and over a.W|de range of
equal for protons and neutrons. Occupation numbers oHCOMING proton energie29]. As shown in Fig. 7, the Mel-
tained in a complete (82)%» model space have also been ourne interaction yields a very close description of the

tested, but did not produce a significant difference in th hape of the differential cross section while overestimating

results obtained using a microscopic folding optical poten—'iS rr:agmtude by about 20% for scattering anglsn.
tial. The single-particle wave functions were calculated using= 30 - N contrast, the other interactions overestimate the

a harmonic oscillator potential. The range parambtei this measured cross section by up to a factor Of, 2, especially
potential can be estimated from the root-mean-square char%%wards smaller angles. In case of the analyzing power the
radius (r2))Y2 of the nucleus usin34] est agreement is obtained using Von Geramb’s interaction.

Generally speaking, the medium-modified interactions result

in a closer description of the data than the ftamatrix pa-
(1) 2= [52-4 (13  rametrization of Franey and Love.
22 - Because the use of the Melbourne interaction results in

054320-6



MEASUREMENT AND MICROSCOPIC ... . I. ... PHYSICAL REVIEW @7, 054320(2003

16° ——— TABLE 1. Experimental B(O\) values for parity-conserving
5 Jos transitions in B [J7(g.s.)=3/2"] from Ref. [11] compared to
L q06 OxBASH results. Units ar@?fm?* for B(E\) values andu3fm? 2
= ° 104 for B(M\) values.
?é Oi —10.2
E10F 400 £
% ° —— Melbourne 402 B(O)\)TSM
Sk =, von Geramb N 04 E, CKIl  MK3W
o KVI-99, 150 MeV ’
: N\ ¢ Orsay.74, 156 Mev 11os (MeV) 3™  ON  B(ON)Texpt Ofiw  (0+2)hw
2 N
1 -1-0.8
10 N ; P R 2.125 1/Z M1 0.54+0.04 0.94 1.10
s go&i?{\/ I Jos E2 2604 0.88 1.50
- AT \ Ao 4445 52 M1  0.80:0.03 0.78 0.67
7 2 NN L E2 213530 891 16.0
2.0 L O 5020 32 M1 115004  1.38 1.18
E, : Jo.
g ° ‘ — Franey-Love s 6.743 7/2 E2 3709  1.08 3.68
3ok IR e oy 104 8920 52 M1 0.749:0.004 0.49 0.361
: N, ST e ey 106 E2  16:12 00003 0042
1071 3 1 1 1 1 1 .\}\\‘ ; 1 1 1 1 1 1 1°°
10 20 30 40 50 60 10 20 30 40 50 60 . . . . . .
0c.mldeg] 0c.m[deg] interaction from Ref[42] while the MK3W interaction is

constructed from a number of different parametrizations of
FIG. 7. Microscopic calculations of the differential cross sectionthe residual interaction for each of the participating sub-
?nd analyzing power for elastic scattering of 150-MeV protons fromshel|s. The latter interaction has been applied successfully to
.ZC compared to the experimental results. The “Orsay-74" datasefp o analysis of inelastic proton scattering frotfC [43].
is taken from Ref[24]. Table | gives an overview of measur&O\) values[11]

. i versus results of the two different shell-model calculations.
the closest reproduction of the shape and magnitude of thBareq factors and free charges were used in the calculations.
differential cross section, which is important when trying to The radial matrix elements were computed using harmonic-
extract transition strengths from the data, it will be used forgggillator wave functions wittb=1.69 fm (obtained from
all distorted-wave Born approximation DWBAalculations  Ref. [35]). Generally, there is a poor agreement between

presented in the following sections. measured and calculated transition strengths. FoB{ih1)
values both calculations yield similar results, while the
B. Choice of the model space B(E2) strengths are better reproduced in the larger model

space. The one-body transition densities used for the DWBA
calculations of parity-conserving transitions are therefore
8alculated using the MK3W interaction.

Microscopic distorted-wave calculations of inelastic tran-
sitions or of higher multipole contributions to elastic scatter-
ing require one-body transition densities that can be obtaine
from the nuclear shell model. The shell-model calculations
presented here were performed using dxa@AsH code[33],
which comes with a wide variety of parametrizations of the ~ Transitions to positive-parity states B require calcu-
residual nucleon-nucleon interaction for different configura-lations in at least aflw model space, allowing for the exci-
tion spaces. To find out which of these parametrizations retation of nucleons from theslto the 1p and from the b to
sult in a suitable description of the transitions in questionthe 2s and 1d shells. A suitable parametrization of the re-
electromagnetic transition strengths calculated from théidual interaction in this model space is the SPSDMWK in-
model wave functions are compared to results frene() or ~ teraction, which, like the MK3W interaction, is constructed
y-decay measurements available in the literaffe41]. Be- ~ from a number of other parametrizations. The MK3W inter-
cause of the different configuration spaces required for th@ction itself may also be used and allows, in a restricted way,
description of transitions to negative- or positive-parity lso for 3i w-type excitations. The results of the two types of

states, these two cases will be investigated separately. ~ shell-model calculations are compared to experimental
B(OM) values from Ref[41] in Table Il. As for the parity-

1. Parity-conserving transitions conserving transitions, the matrix elements were calculated
Igvith bareg factors and free charges. Except for the positive-
arity states atE,=9.185 MeV andE,=9.274 MeV the

2. Parity-changing transitions

Parity-conserving transitions can be described in a simp

07 model space using the parametrizations of the residu PSDMWAK interaction produces better results and is, there-

interaction provided by Cohen and Kurdi2]. A more re- : ; . .
alistic description, especially of electric quadrupole transi-ore: Used in the DWBA calculations of parity-changing tran-

tions, can be obtained by extending the model space to sdmons in Sec. Il C 2.
(0+2)h w configuration.

The different parametrizations are referred to by labels
CKIl for the 0w and MK3W for the (O+2)%Zw model Because of its nonzero ground state spi=3/2" and
space. The CKIl interaction is identical to the{86)2BME  isospinT=1/2, inelastic transitions to states withiB al-

C. Inelastic scattering from B
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TABLE II. Experimental B(O\) values for parity-changing TABLE Ill. Examples of allowedJLST combinations for
transitions in''B from Ref.[41] compared tamxBAsH results. Units  parity-conserving transitions and parity-changing transition'Sfn
aree’fm® for B(E\) values andu?fm? ~2 for B(M\) values.

JT=3/2"—=J)f=1/2"

E, J™ O\ B(ON) Texpt B(ON)Tsm Type Al AL AS AT

(MeV) SPSDMWK  MK3W
ltw (1+3)hw

M1

o

6.792 1/2 E1 (3.96-0.48)x10 % 3.51x10 % 1.27x10° 3
7.286 5/2 E1 (3.71+x0.29)x10° % 6.52<10 % 1.20x10 2
7.978 3/2 E1 (1.00+0.13)x10° % 4.12x10°° 8.16x10 3 E2
9.185 7/Z2 M2 9.3+4.1 3.32 10.61
9.274 5/2 E1 (9.6£1.9)x10°* 1.55x1072 3.05x10°°3

ways consist of at least two different multipole contributions
AJ which, in turn, are made up of a number of possible
combinations of orbital momentum transf&t., spin trans-
fer AS, and isospin transfekT. The allowedJL ST combi-
nations follow the usual selection rules for angular momen-
tum coupling with the additional restriction that the orbital
momentum transfeAL has to be even for parity-conserving
transitions and odd for parity-changing transitions. Table 1lI
gives an overview of the allowedLST combinations for
transitions to the first excited negative- and positive-parity o
states in''B. S\ = do S (S (d_‘f) (16)
The calculated contribution of a particulditransfer to a "l dO X A3\ dQ AJ'
certain transition depends on the shell-model wave functions

of the initial and final states and on the relevant parts of thgsg 5, ise of the poor reproduction of experimentally observed
effective nucleon-nucleon interaction. The total cross sectiony o - «ition strengths by the shell-model calculatiofsee
is given by an incoherent sum over the cross sections of th?ables | and Il the magnitudes of the different multipole

different multipole contributions contributions to the measured cross sections may not be pre-
do do dicted correctly by the DWBA calculations. If the multipole
—=> (—) (14)  parts of a certain transition are renormalized to fit the ob-
dQ d€ served cross section, the resulting scaling factors can be used

M2

NNNNRPRPEPRNMNNMNNNDRRRERE
WWkRrRRPRPEPRLRNNMNNDDNMNNO

PRPRPRPRPPOORFRPPFPROORPRPRERR
POPFrPOFRPOFRPROPFRPROFROFR OFPFR O

. - . . to estimate corrections to the calculated transition strengths
and the analyzing power and spin-flip probability are 9iVeNsee Sec. Iy,

by Table IV gives an overview of allowed multipole contri-
do)\ L do butions to the observed transitions and the scaling factors
An:(m) > (A”)“(m) , (15)  extracted in the analysis. The experimental data and the fits

AJ AJ obtained from microscopic DWBA calculations of negative-

TABLE IV. Scaling factors obtained by fitting calculated multipole contributions to measured differential
cross sections. The systematic error of the quoted numbers is about 20% unless a range of values is given for
a certain scaling factor. The abbreviation “n.c.” means that the particlifmansfer gives no significant
contribution to the observed cross sections.

Ex
(MeV) J7 AJ=0 AJ=1 AJ=2 AJ=3 AJ=4 AJ=5
2.125 1/Z 0.3 0.7
4.445 512 0.5 0.75 n.c. n.c.
5.020 3/2 n.c. 0.47 0.3 0.6
6.743 va 0.7 n.c. n.c. n.c.
8.920 5/2 1.2 0.5 n.c. n.c.
7.286 5/2 0.1-1 0.2-0.3 0.7 <0.3
7.978 312 <1 <0.5 n.c. <0.8
9.185 712 0.5 0.5 n.c. n.c.
9.274 5/2 <0.4 n.c. 3-4 n.c.
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FIG. 9. Same as Fig. 8, but in this case for transitions to the
negative-parity states &,=28.560 andE,=8.920 MeV in B,

N

05t LN N

ambiguity in the fit of the cross section data. We estimate the
uncertainty of the fitting procedure to be about 10%. To-
gether with the systematic uncertainty of the measured cross
sections(see Sec. Il € the error on the resulting scaling
factors displayed in Table 1V is about 20%.

2| J'=7/2°,E,=6.743M

——— -t 3 102 Over the observed angular region, the cross sections of
el el o e S ive- i i
Lot Lo T e most of the negative-parity states are governed exclusively
Oc.m [deg] fe.m.[deg] Oc.m.[deg] by the M1 andE2 parts of the transitions. In case of the
[— =1 — A=2  — AJ=3__— sA) | J7=3/2" state atE,=5.02 MeV it was possible to fix also

. _ ) _ . the AJ=3 part which gives a significant contribution to the
FIG. 8. Transitions to the first four negative-parity states'®. spin-flip probability at larger angles. It is seen from Fig. 8
Only J transfers that give a significant contribution to the observedthat indeed the state &, =7.6 MeV shows an angular dis-
angular distributions are plotted. Excitation energies and spin 3ibution that can be described by a pusd=2 transition
signments have been taken from RefL. supporting the assumption that this peak is ffe=7/2"

and positive-parity states, using tbeeags code[44] and state located at 6.743 MeV.

) . ; . . A special case is the state Bi=8.56 MeV for which
the microscopic wave functions mentioned above, will beA'zenber _Selove aives a tentative assianmend Bk 3/2-
discussed in the following paragraphs. J 9 9 9

[11]. The steep rise of the cross section towards small angles
indicates that the transition is predominantly B0 type.
Because the shell-model calculations presented here do not
Figures 8 and 9 display the measured angular distributiongroduce a theoretical candidate for this stéatee also Ref.
of cross sections, analyzing powers, and spin-flip probabilif45)), one-body-transition densities that have been calculated
ties for the negative-parity states together with fits obtainedor a 0" — 0" transition in 1C have been used to produce
from the calculated multipole contributions to each state. Theingular distributions of a purg0 transition. As can be seen
experimental values for the spin-flip probabili§, have in the upper part of Fig. 9, the shapes of the resulting curves
been corrected for a small systematic offset, as discussed Hte in good agreement both with the experimentally observed
Ref. [17]. cross section and the analyzing power. The assumption that
The magnitudes of the muItipoIe contributions to a certainthe transition is governed by thel=0 contribution and the

State Were_fixed by a “fit-by—eye” procedure to the Observedassignment of a™=3/2~ Spin and parity to the state is
cross section. There were two reasons not to use an autgherefore confirmed.

matic leasty?-fit routine for the fit. First, the focus of the
analysis is on the extraction & 1 strengths from the data
and it is therefore necessary to get a good description of the
data points at the most forward scattering angles, while an The good energy resolution and high statistics of the data
automatic fit weighs the data points by their statistical errorgpresented in this work made it possible to observe for the
only. Second, the manual procedure allows us to take intdirst time positive-parity states iA'B using inelastic proton
account the additional information provided by analyzingscattering. Because the parity-changing transitions are much
powers and spin-flip probabilities in cases where there is aweaker than those excitations that conserve parity, the ex-

1. Negative-parity states

2. Positive-parity states
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do/dQ[mb/sr] A, Sy TABLE V. M1 transition strengths calculated from shell-model
=57 E 7286 Mev I T T LA wave functions of selected negative-parity states'® using dif-
2 — 08 _ ferent parts of thévl1 operator.
10"
s Ex B(M1)yy B(ot+or) B(o) B(or)
: Mev)  J7 (%) (1) (8) (1)
-2
. 2125 12 1.10 1.65 0042 117
10" 4.445 5/1Z 0.67 1.05 0.022 0.77
5 5.020 3/1Z 1.18 1.35 0.032 0.97
8.920 5/1Z 0.36 0.26 0.008 0.36

each transition in''B (see Table I}, the extraction of tran-
sition strengths from measured differential cross sections re-
quires additional knowledge of the structure of the transition
operators and of the strengths of the terms of the effective
nucleon-nucleon interaction corresponding to the different
parts of these operators. In the following sectiovig¢ and

E2 type transitions to negative-parity states’B will be
investigated and arguments will be given as to which parts of
the respective operators dominate these transitions. In Sec.
IV B, extracted spin-isovector parts of thd1 transition
strengths will be compared to Gamow-Teller strengths ob-
i 1°¢  tained from'B(p,n)'C measurementd2,13.

oladi vt

J =5/2", E,=9.274 MeV

’ \ RN -\, .
102 .y/r_q\ el ENO {02 A. Extraction of M1 strengths
i ‘{;’;0 ’{5\’2’3“233535 It is possible to express the operator for magnetic dipole
cm.1deg] fem [deg] fe.m.[deg] transitions in terms of isospin-dependent and isospin-
[—av=1 -—aAJ=2  — - AJ=3 ----AJ=4  — A independent contributior{gl6], using
FIG. 10. Same as Fig. 8, but in this case for transitions to N A
positive-parity states irt'B. O(M1)= o> > (- 7209+ (1+ 7209518 (17)
k=1

traction of the spin-flip probability was only feasible for the -
strongest of the four observed positive-parity states, i.e., the +[(1= 709p+ (1+ 70 gp 11k (18
state atE,=7.286 MeV.

Figure 10 displays results of the analysis together with fitdnserting numerical valueg,=5.586, gy = — 3.826, g'p= 1,
from the DWBA calculations. Compared to the parity- andg'n=0 for theg factors, transitions strengths for the dif-
conserving transitions, more of the possibl&ansfers to a ferent components of thé11 operator can be calculated
certain state play a role in the observed angular region. Thifom shell-model wave functionésee Sec. Il B. Table V
makes it impossible to obtain an unambiguous determinatiogives an overview of transition strengths of selected
of the magnitudes of the multipole contributions for a tran-negative-parity states ittB calculated by applying either the
sition. Therefore, most of the scaling factors listed in Tablecomplete M1 operator [B(M1);,,], the spin-dependent
IV are given as a range or a limit on the contribution of aparts only[B(c+o7,)], or specifically the spin-isoscalar
certain multipolarity to a state and the fits displayed in Fig.[B(o)] and spin-isovectofB(o7,)] parts of the operator.

10 have to be regarded as examples for possible descriptions To get an insight into the influence of the effective
of the measured angular distributions. For a clear determinayucleon-nucleon interaction on the nature of the observed
tion of the multipole contributions to transitions to positive- M1 transitions, the momentum-transfer dependence of the
parity states in''B, experimental data over a wider angular different parts of the interaction has to be known. For this
range than covered in this experiment are required. and for further discussion we consider the Love-Franey ef-
fective two-nucleon interactior{5], since the medium-
modified Melbourne interaction used heretofore is quite
complex to display. The Love-Franey components are quite

The main interest in the present work lies in the extractionsimilar though to the zero density elements of the Melbourne
of the spin-isovector parts of thd1 strengths for transitions force.
to low-lying negative-parity states if'B. Because of the The orbital parts of thé11 transition density couple only
number of possible combinations of orbital momentum transto the spin-orbit parts of the effective interactip#i7], de-
fer, spin transfer, and isospin transfer, which contribute tanoted astS andt-S, respectively. As both of these forces

T

IV. DISCUSSION
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C+ils+T _—¢ s —T TABLE VI. Results to determine the spin-isovector parts of the
10— ARRE R 10° M1 strengths.
E J' =1/, E,=2.125 MeV | J' =5/Z7, E = 4.445 MeV
Ex B(o7)sm da'/dQ(oo)expt B(UTz)expt
(Mev) J7 () Texpt! Towsa (mb/sp (#R)

2125 1/2 117 0.30:0.06 0.46:0.09 0.35-0.07
4.445 5/2  0.77 0.50:0.10 0.55-0.11 0.38:0.08
5.020 3/2  0.97 0.470.09 0.58-0.12  0.46:0.09
8.920 5/2 0.36 1.26:0.24 0.76:0.15 0.43:0.09

do/dQ[mb/sr]
do/dQ2[mb/sr]

tained with the MK3W interactiorisee Fig. 11 At forward

scattering angles all of the observed transitions are domi-
nated by the central part of the nucleon-nucleon interaction.
Contributions of the tensor force are about an order of mag-
nitude weaker for scattering angles below 5°. For the extrac-
tion of B(M1) values from the present measurements at for-

do/dQ2[mb/sr]

) N 107 ward angles, it will therefore be assumed that the observed
246 08 1[%(915] 141618 2 4 6 98 1[%6151 14 16 18 magnetic-dipole transitions are of purely spin-isovector na-
c.m.l c.m.
ture.
FIG. 11. Contributions of the centraCj, spin-orbit (S), and To deduce théM 1 transition strengths from the measured

tensor (T) parts of the effective nucleon-nucleon interaction, asCross sections, we multiply the spin-isovecMd strengths
given by Franey and Lovg36], to the total calculatedM1 cross calculated from shell-model wave functions with appropriate
sections of selected negative-parity states'i. scaling factorsoeypi/ opwea (Se€ Table 1Y obtained from
the analysis of experimental angular distributions giving
rapidly drop to zero at small momentum transfigthe con-
tribution of orbital excitations to the observétil transitions
can safely be neglected at forward scattering an¢isa B(0 7)) exp=B(o7)smX
proton energy of 150 MeV and for excitation energies below
10 MeV a momentum transfer af=0.5 fm ! corresponds
roughly to a scattering angle of 10°). This has been con
firmed by Petrovichet al. [47], who compared results ob-
tained from inelastic electron scattering to results from
(p,n)-type measurements. These authors explain that tran
tions that proceed mainly by the orbital part of thiel op-
erator were observed with the,g’) reaction but the corre-
sponding transitions to analog states in the mirror nucle
have not been observed with thp, ) reaction.

Oexpt

O0pwBA

Table VI gives an overview of the results. A comparison of
the results obtained in this work to spin-isovector parts of the
M1 strengths, which have been calculated from radiative
level widths by Raghavan and Pakv4g4 is given in Table

NIl and exhibits a very poor agreement between the two.
There are several possible reasons for this disagreement. The
extraction ofM1 strengths from measured level widths re-
buires theM 1/E2 mixing ratios to be known. These are sub-

. L . ject to rather large experimental uncertaintid8,50 or, in

_The_ most important parts of the effective interaction for,[he case of thd™=1/2" state atE,=2.125 MeV, are not
spin-flip excitations at forward angles are the central isovecy o\ at all[the B(E2) value for the transition to this state
tor force and the_isoscalar tensor part of the interaction deﬁas not been determined from radiative widths, but has been
noted ast,, andt', respectively, see Ref5]. The experi- deduced from the?®8Pb(B, 1B") reaction[51]]. Further-
mentally observed cross sections are proportional to thghore, the calculation of the spin-isovector contributions to
squares of the relevant parts of the effective interaction. IRne total ofM1 strengths from radiative widths is hindered
the limit of zero momentum transfer, the ratio of isovector tOpy the contributions of the orbital parts of the transition op-
isoscalar contributions to the transition strengths due to th@rator, which cannot be neglected in these kinds of measure-
nature of the interaction therefore becomés,,/t'|>  ments. The ratio of spin and orbital contributions to the ob-
=|160/105°=2.3. However, the excitation of low-lying

isoscalar magnetic dipole strength through theerm of the TABLE VII. Spin-isovectorM 1 strengths obtained in this work
effective nucleon-nucleon interaction is usually hindered bycompared to results deduced from radiative widths.
nuclear-structure effects, as has been observed in the excita=

tion of the J;T=1%*:0 state relative to thd™;T=1";1  Ex ) B(‘”é)expt B(UZTZ)
state in 12C at excitation energies of 12.7 and 15.1 MeV, (MeV) J (k) (k)
respectively[48]. To check this for t.he”B case, the contri- 155 1 0.35:0.07 0.63-0.05
butlonsf o; theff central Q),l spln-ortl)lt a__S), and_ tensorﬁT) 4.445 5/ 0.38-0.08 1.03-010
parts of the effective nucleon-nucleon interaction to the total, . 37 0.46+0.09 102-0.04

M1 cross sections of some of the observed transitions have
been calculated with the one-body transition densities ob%rom Ref.[7].
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TABLE VIII. Spin-isovector parts of theM 1 strengths in*'B _ —
compared to experimental analog Gamow-Teller strengths for tran- 1.8| B(GT) - Taddeuccet al. 7
sitions to excited states iHC. _ 16 3 + E

N r s 1

] L4r > 2 7
E, in 1c B(072) expt o 1.2+ % @ __‘ §
(MeV) Jr B(GT)? B(GT)®  x0.76/ug ~ S ]
N z 10 ; ui | -

2.000 1/Z 0.40+0.03 0.28:0.06 0.220.05 f: 08l - ! -

4.319 5/2~ 0.68+0.15 0.29+0.06 ™~ o6l | _

agos 320 09008 537.008 0.35:0.07 Sl @ = this work ]

8.105 3/2~ i ¢ Raghavan

8.420 5/2- 0.44+0.01 0.33:0.07 0.2} L -20mev :

LI

3From Ref.[12]. 0.9| B(GT) - Grimeset al. i

PFrom Ref.[13]. _osf ; ]

iy . . . 507 i 3 ]

served transitions is estimated using shell-model wave @ osl Li L3 ]

functions. As the total of thél1 strengths extracted from osh Do L § 1
those wave functions is for most of the states not in good \Z N aal P

agreement with the measuremefase Table)lit cannot be © 24 2 ! ]

. . . . M~ ]

expected that this ratio is predicted correctly. S 03 + 7

0.2+ -

B. Comparison to measured Gamow-Teller strengths 0.1f .

PR I T T Y T I S N

In a simple picture, where effects such as MECS| are 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

neglected, there is a direct relation between the spin- B(GT

isovector parts of thev1 strength of a transition and the
Gamow-Teller strength of the analog transition to the mirror
nucleus[16]

FIG. 12. Spin-isovector parts of thd1 strengths compared to
amow-Teller strengths. The plots are produced usi(@T) val-
ues from Ref[12] (upper paneland from Ref[13] (lower panel.
In the upper panel the data are summed for the stateg-a#.3 and
(19) 4.8 MeV and att,=8.1 and 8.4 MeV to allow a comparison with
Ref.[12]. See Table VIl for details.

B(GT) 8w (TT,1*1|T(T,p)?
Blom)/uf  3(g})? (TiT,10T,T,p2

with g}, =(gp—gp)/2. Inserting the proper initial and final  Using relation(4) and the value ofj,/gy=1.26, the ex-

isospins for the states in question, this ratio becomes citation strength\ yc was calculated on basis of the values of
B(o7)expt @s listed in Table VII. The values faryc are
B(GT) 87 (3 3—1|3 —3)? 0.76. (20 0.11+0.02, 0.11+0.02, and 0.140.03, for the transitions
= ~V.fo. to the states at 2.12, 4.45, and 5.02 MeV, respectively. Espe-
Blor)/ud 3(0h)° (3 1103 1) e mieh

cially, for the last two transitions the value fagc is much
Table VIII shows a comparison of Gamow-Teller strengths tosr?ﬁ"':llk':‘r lthgr;dthat Ilstgdhby fnghav?Tﬂ, \r']Vh'.Ch means that.
the values obtained from the above-mentioned proportionalt-. € total yield per weight of boron for t e Important transi-
ity. The states aE,=4.319 and 4.804 MeV as well as at tions to the states at 4.45 and 5.02 will be a factor of 2
E,=8.105 and 8.420 MeV irlC have been observed as a SMaller than that mentioned by Raghavan.

doublet in the experiments of Refl2] and combined
Gamow-Teller strengths are therefore given for these states.
In case of the second doublet, the complete quoted Gamow-

Teller strength is attributed to th&”=5/2" state. This is E2 transition d by electromaanetic prob ; q
confirmed by the observation that the transition to #fe ansitions caused by €lectromagnetic probes procee

=3/2" state atE,=8.560 MeV in 1B, which is the analog via the electric operath(ELML). When using free nucleon
of theJ"=3/2" state of the doublet, is predominantly B0 chargese, ande, the transition strengths for these excita-
nature(see Sec. [lIC L tions depend on single-particle matrix elements between pro-
Figure 12 gives a graphical representation of the compariton states only. Hadronic probes, however, induce transitions
son between spin-isovector parts of tid strengths and the both between proton states and between neutron states and
Gamow-Teller strengths, including the results obtained bydifferent operators have to be used to evaluate the wave
Raghavan and Pakvagd]. Judging from the figure, the re- functions of initial and final states. Following R¢&2], the
sults of the analysis of inelastic proton scattering are in betteoperatorsO(LST) for the four possible combinations of
agreement with the measured Gamow-Teller strengths thaworbital-momentum transfer, spin transfer, and isospin transfer
the data points extracted from radiative widths. This finding(see Table I}, which contribute to the observeR transi-
may, however, be modified by the inclusion of MEC effects.tions, are given by

C. Extraction of E2 strengths
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TABLE IX. Matrix elementsM(LST) of the observed?2 tran- TABLE X. E2 transition strengths calculated from shell-model
sitions calculated from shell-model wave functions. wave functions.
Ex (MeV)  J™  M(200) M(201) M(210) M(211)  Ey B(E2q0) B(E200+ 11)
(MeV) Jm (fm%) (fm*)
2.125 1/2 —-2394 -0.692 —1.377 1.006
4.445 5/2 —5.150 0.413 —1.130 0.674 2.125 1/z 11.83 3.97
5.020 312 2.538 0.826 0.219 0.027 4.445 5/2 54.73 41.34
6.743 712 —4.216 —1.547 0.209 —1.442 5.020 3/2 13.29 13.57
8.920 5/2 0.374 0.103 0.259 0.002 6.743 i 36.67 66.05
8.920 5/2 0.29 0.29
A
0(200) = 2 rﬁym(Fk), with b being the harmonic-oscillator parameter. Calculated
k=1 values for theE2 transition strengths are displayed in Table
X, where the colummB(E2,,) refers to isoscalar non-spin-
A . flip strengths and columB(E2y,,,1) gives the combined
0(200)= > r2Yom(Ti) 7ok, transition strengths, which are obtained when also taking the
k=1 spin-isovector matrix element into account.
A (21 To deduce experimental values of tHe2 transition
—_— - strengths, the calculated results are multiplied with scaling
0(210)221 rilov@Yom(rla, factorsoeyy/ rpwea found in the analysis of the experimen-

tal angular distributiongsee Table IV. Again, values in
Table Xl are given either assuming that the obsertzx

A
B o = - transitions are of purely isoscalar non-spin-flip nature or tak-
0(211)_21 rklow® Yam(ri)Jo7zk. ing into account the spin-isovector contribution also.
To get an insight into the importance of the different spin and V. SUMMARY AND CONCLUSION

isospin parts of the transitions, Table IX gives an overview of | o |astic transitions to all knowr{11] positive- and

the E2 matrix elementsM(LST)=(f||O(LST)||i) of the  oqative parity states iA'B up to thed™=5/2" state at an
observed states calculated from appropriate shell-mod xcitation energy ofE,=9.274 MeV have been analyzed
«=9.

wave functions(see Sec. Il B. From a comparison of the ith the exception of the 1/2 state at 6.792 MeV. The ex-

matn?(.elementz It pecon&es a;?]pa_rent thlat all of the oﬂt_;serv action of parity-changing transitions has been possible due
transitions are dominated by the isoscalar non-spin-flip cong, e good energy resolution and high statistics of the ex-
tribution M(200). This dominance of the isoscalar non-spin-

fi . £ th ¢ th o erimental data and makes this the first observation of
Ip part Is a consequence of the nature of the resi uagositive—parity states if'B using inelastic proton scattering.
nucleon-nucleon interaction inside the nucleus. In a collec-

i icture i tor t it ol i f orot Measured angular distributions were compared to the re-
IVe picture ISovector transitions Invoive a motion Of ProtonSg 5 o fully microscopic DWBA calculations. AS'B has a

against neutrons whereas for isoscalar transitions they mov nzero ground-state spin, each transition contains at least

n phase. The energy needed for isovector excitations thato different multipole contributions. Calculated angular dis-
require a separation of protons and neutrons is therefor;

; ) N - fributions for the different multipolarities of a certain transi-
higher than that needed fo_r isoscalar excitatic ) S|m|la_r tion were fitted to the experimental data, providing a set of
arguments hold for the spin part of the obser& transi-

. scale factorgsee Table IV that were subsequently used to
tions. ; - : -
A » —0.9 fr hich obtain experimental estimates of the corresponding electro-
t a momentum transfer 0§=0.9 fm*, which corre- o hetic transition strengths. Unlike the transitions to

sponds roughly to the position of the maxima of B2 Cross g ative-parity states, which are mostly dominated by the
sections, the largest contributions to the effective nucleon-

nucleon interaction are given by the central isoscalar non- tag| g xi. E2 transition strengths extracted from calculated

spin-ﬂip_ part and _by the spin-isovector tensor componentg(e2. ) values and experimental scaling factors.
both being approximately equally strong. Those components

1

coupling to the isoscalar spin-flip matrix element are sup¢, Texpt B(E200expt  B(E200+ 10 expt
pressed by a factor of 4 relative to the above-mentioned parts TowEA y .
of the interaction and the isovector non-spin-flip contribu-(MeV) J7 (fm?) (fm%)
tions are more than a factor 30 weaker. 2195 12 07+0.1 8317 28-0.6
The actual transition strengths are related to the matri>§l'445 5/ 0.8: 0'2 41' Oré 5 31' Oté 5
elements by 5020 32 03t01  4.0:08 4108
M(LST)Z 6.743 712 0.7=£0.1 25.7#5.1 46.2-9.2
B(E2g7) = szl (22) 8.920 5/Z 0.5x0.1 0.15£0.03 0.15-0.03
i
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M1 andE2 contributions, the transitions to positive-parity the 4.45- and 5.02-MeV states #B will be a factor of 2
states usually contain three relevant multipole contributiongmaller as calculated by Raghavat.
over the observed angular range. This hinders an unambigu- For an independent measure of the quality of the extracted
ous determination of the individual multipole contributions p 1 strengths a comparison has been made to Gamow-Teller
to these transitions and the corresponding scaling factors aggrengths that have been determined frgom{-type experi-
therefore given in the form of ranges or upper limits. A spe-ments[12,13. In a simple picture, where effects such as
cial case is given by the transition to the negative-parity statgneson-exchange currents are neglected, there is a direct re-
at E,=8.560 MeV for which Ajzenberg-SeloVd 1] gives a |ation between the spin-isovector parts of Md strength of
tentative assignment df'=3/2". The steep rise of the cross a transition and the Gamow-Teller strength of the analog
section towards small angles indicates that the transition igansition to the mirror nucleusee Eq(20)]. Judging from
predominantly ofEQ type, which would confirm this spin Fig. 12, the results of the analysis presented in this work are
and parity assignment. The observed transitions are pre- in better agreement with the measured Gamow-Teller
dominantly of isoscalar non-spin-flip type, although the pref-strengths than the values estimated by Raghavan and Pa-
erence for one particular mode of excitation is not as clear agvasa[7].
in the case oM 1 transitions.

There is a marked discrepancy when spin-isovector parts
of the M1 strengths from the analysis presented in this work
are compared to results that were obtained by Raghavan and We acknowledge H. Sakai for providing the enrichés
Pakvasa[7] from an analysis of radiative-width dat@ee target and A. Brown for helpful discussions on the shell-
Table VII). The reasons for this discrepancy are related to thenodel calculations. The support of the cyclotron crew of
model dependences inherent to the extraction of transitioAGOR throughout the experiment is greatly appreciated.
strengths from the different types of experimental data. Th& his work was performed as part of the research program of
extraction ofM1 strengths from measured level widths re-the Stichting voor Fundamenteel Onderzoek der Materie
quires the knowledge d11/E2 mixing ratios that are sub- (FOM) with financial support from the Nederlandse Organi-
ject to rather large experimental uncertain{ié9,50. Also,  satie voor Wetenschappelijk Onderzo¢hWO) and the
the orbital part of theM1 operator cannot be neglected in Fund for Scientific ResearctFSR Flanders. It was sup-
measurements with electromagnetic probes. The ratio of spiported by the European  Community through
and orbital contributions to the observétll strengths has the Human Capital and Mobility Program under Contract
therefore been estimated by Raghavan and Pakvdseom No. ERBCHRX-CT94-0562 and the Land Nordrhein-
shell-model calculations. Taking the isovecMil strengths Westfalen. Two of ugK.A. and P.K.D) gratefully acknowl-
from the present analysis, we find that the yield for theedge the support provided by a grant from the Australian
flavor-independent detection of neutrinos using transitions t&kesearch Council.
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