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We examine a broad resonance in the?®Pb(p,n)?°%Bi and °°Zr(p,n)°*Nb cross section spectra obtained
at 795 MeV incident energy that appears at 32 MeV excitation enerd$&i and °**Nb. Earlier data taken at
200 MeV incident energy using the same reactions show no evidence for this resonance. We present theoretical
results indicating that the spin isovector monopole predicted at this excitation energy is barely excited at 200
MeV while it is strongly excited at the higher energy. To further investigate this structure we have measured
the first complete set of polarization-transfer observable$¥8b at 0° using the{,n) reaction at 795 MeV.
The data show this resonance is predominantly a spiml\fBg- 1 excitation giving strong supporting evidence
for assigning this resonance as the spin isovector monopole.
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I. INTRODUCTION monopole excitations as opposed to reactions such,a$)(
(p,p’), and (p,n) which at intermediate energies sample the
The study of giant resonances with hadronic probes hasuclear interior as well.
been important for understanding collective phenomena in The isoscalar nonspin monopole resonafk&MV) (AT
nuclei. In particular, the,n) reaction provides a very se- =0, AJ"=0", AS= 0) has been observed earlier using the
lective probe of isovectorAT=1) transitions in nuclei and (*He*He’) reaction [6] and has provided a fundamental
led to the discovery of the giant Gamow-Tell@T) reso-  nuclear parameter: the nuclear matter compressibility. Reac-
nance which dominates th@,() spectra at proton energies tions involving charge exchange can be used to search for
above 100 MeV[1-3]. Other collective resonances such asisovector resonances. The isovector nonspin monopole reso-
the isovector dipole AL =1, AS=0) and spin dipole AL nance(IVM) can be related to the nuclear polarizability de-
=1, AS=1) have been observed and studied through multitermined from the symmetry energy in the nuclear mass
pole decompositions ofp(n) spectrg4]. equation [7]. The IVM has been sought for using the
One of the most elusive of the predicted collective modeg ", 7% reaction and its observation reported by Bowman
in nuclei has been the isovector giant monopol®T( et al.[8]; however, extraction of the IVM resonance param-
=1,AL=0) or “breathing mode” resonance. Monopole eters, relied heavily on a careful determination of a large
resonances ar&L =0 excitations of the nucleus connected background. Recently, confirmation of the existence of
with the expansion and compression of the nucleus as the IVM was provided in Ref.[9] by use of the
whole and occur with the neutrons and protons oscillating®Ni(’Li, "Be)®°Co reaction.
either in phase AT=0, isoscalaror out of phase4T=1, Evidence for excitation of the spin isovector monopole
isovectoy and can involve spin transfeA@=1) or nonspin  (SIVM) using the 2°%Pb(n,p)2°Ti has been reportefil0].
transfer AS=0) excitations. These excitations are driven by The signal for the SIVM was extracted in a multipole de-
operatorsQ(,l:Eirizcriri and Q00=Eiri27i and result in a composition and sits on a large model dependent back-
radial transition density that has a node at the nuclear suground. The signal-to-noise ratio in this experiment was not
face. As discussed in Rdf5], this characteristic of the tran- suitable to make an unambiguous identification of the reso-
sition density results in the monopole being most stronglynance. Recently, the Phfe,tp) reaction at 177 MeV has
excited by reactions that probe just the surface of the nucleuseen measured and provided evidence for the existence of
and not the interior. Therefore, reactions involving pions andhe IVM and SIVM[11]. The strongest evidence for SIVM
light ions at forward angles have been favored in searches fdras been from forward angléHet) data taken or?°Zr at
900 MeV which show a large cross section at the excitation
energy expected for the SIVM resonarnde]. This excess
*Present address: DOE Remote Sensing Laboratory, Las Vega®[0SS section is not observed in data taken on the same target

NV 89115. with the nominally similar p,n) reaction at 200 MeV. A
TPresent address: MIT/Lincoln Laboratory, Lexington, MA recent explanation for this phenomenon has been reported by

02173. Auerbach[13]. The (p,n) reaction at this energy probes fur-
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excitation was assumed from the fact that the drivingmg/cn?), °°Zr (25.5 mg/cm), CD,, C (358 mg/cm), and
nucleon-nucleon NN) interaction is predominanthAS=1 ’Li (534 mg/cm). The proton beam energy was 795 MeV
at these energies; however, no empirical evidence has prevjith a beam current between 20 and 40 na and a typical
ously been reported to determine the spin character of thigeam polarization of 0.65. This quantity was monitored con-
excitation. . tinuously by two beamline polarimeters. Absolute neutron
In 1983 Auerbactet al. [14] singled out the §,n) and  .osq sections were determined by normalizing to the 0°

(n,p) reactions at 800 MeV beam energy as likely candidat_eCrOSS section for thé/Li(p,n)’Be(g.s+0.43 reaction (27

reactions for exciting the isovector monopole resonance iMb/sr in center of maskL7]). The scattering angle was 0°

heavy nuclei. As the incident proton or neutron energy IS3nd the neutron flight path was 200 m. Because of the long

raised from 200 to 800 MeV the charge exchange reaction iﬁight path, the angular acceptance of the detector was only

known to become much more surface peaked in nuclei. Evin 50 * gy stematic uncertainties resulting from beam current

dence for this comes from nucleon-nucleus elastic scatteringnd target thickness are estimated to be less than 8%. A 3%

which |nd|cate§ alarge Increase in the dgpth of the Imag'r?"’“)('mcertainty has been associated with the absolute normaliza-
part of the optical potential is required in order to descrlbetion to the 7Li(p,n)’Be reaction[16]. The detector effi-

the data at higher energi¢800-800 MeV. The results of . ciency over the energy range of neutrons detected in the

detailed calculations for the nonspin isovector monopole ';léxperiment was constant. A discussion concerning the NTOF

Pb and Zrindicate a factor of two inCrease in cross section g e oo efficiency and extraction of differential cross sec-
the higher energy due to the opacity of the nuclear med'umt‘ions from NTOF data can be found in REL8]

While calculations for the spin monopole were not done, The 200-MeV cross section data for the Pp()Bi and

Sml]:atL;r%L:triT:Ie; tvsveaFr)S I)grt on resonances observed at abodi(P:M)ND reactions are from neutron time-of-flight mea-
P surements made at the Indiana University Cyclotron Facility

t3h2 MeV of extt:'itatio? ;a;Serhg/ly\i/r?olr\l?gzand c?ipebxc_ilfﬁq using (IUCF). Details concerning these measurements may be
N (p,r_1) reaction at - ev onzr an - TNIS T€SO- t5nd in the specific references cited. All 200-MeV data
nance is consistent with the features of the spin |sovecto\;vere normalized to théLi( p,n)’Be(g.s-+0.43 reaction as
monopole resonance as predicted .by Auertm.drl. [14] and well for which a constant center-of-ma&sm) cross section
Boucher and Cast¢lL5]. To determine the spin character of of 27 mb/sr has been assumed based on arguments set forth
the resonance we report on the firsbmplete set of

polarization-transfe(PT) measurements taken over the giantIn Ref.[17].

resonance region using thé,ﬁ) reaction at 795 MeV. We
also report the first nonspin, spin-transverse, and spin-
longitudinal decomposition of the cross sections which can In Fig. 1, we present double differential cross section
be used to ascertain the magnitude of the contribution ofpectra versus excitation energy for the then| reaction on

B. Discussion of cross section

noncentral components to the cross section. Pb, %Zr, and C targets at 795 MeV and at 0° scattering
angle. Superimposed on these spectra are 200-MzY) (
Il. CROSS SECTION MEASUREMENTS reaction spectra taken on the same targets at 0° scattering

angle and normalized to the present data over the first 20
MeV of excitation. The 200-MeV data have been spread
The data were taken with the Neutron Time-of-Flight with a Gaussian to smear the data and simulate the lower
(NTOF) Facility at the Los Alamos Meson Physics Facility. energy resolution of the 795-MeV data. The 200-MeV car-
The facility has been described in detail in Rgf6] and the  bon data were taken from R¢f19] and the Pb and®Zr data
major components consisted of a beam swinger for directinfrom Ref.[21].
the proton beam at various angles onto the target, a(20@ The reason for comparing the data in this way is because
m) open-air neutron flight path at the end of which is a neuthe 200-MeV data have been extensively studied and are
tron polarimeter composed of bars of organic scintillationknown to be dominated by Gamow-Tell6BT) strength at
detectors. The neutron polarimeter contained four paralled° at intermediate energi¢s,21—24. Furthermore, studies
planes perpendicular to the neutron flight path. The first threef the light targets indicate that the empirical 0° GT differ-
planes contained liquid scintillator in ten optically isolated ential cross sections remain relatively constant from 120 to
cells with dimensions of 110X 107 cn?. The last plane 800 MeV[17,25,26. This is because the strength of the un-
was composed of ten bars of plastic scintillator. A thin planederlying nucleon-nucleonNN) amplitude corresponding to
of plastic scintillation detectors was placed in front of thethe o7 operator does not change much over this energy
larger neutron plane detectors to veto charged particles. Airange. Collected in Table | are center-of-m&ssn) cross
other thin plane of plastic scintillator was placed between theection data for theg,n) reaction taken at 160, 200, and 795
front and back planes to tag charged particles created in thgleV for assorted targets indicating the relative constancy of
front planes. The neutron polarization was determined byhe 0° GT cross section with energy. The similarity of the
measuring the asymmetry in the scattering of neutrons beshape of p,n) spectra for several energies was particularly
tween the front and back planes of the polarimeter. The PThoted for the case of th&'B(p,n) reaction in Ref[27].
observable® andD,, were measured for thep(n) re- At zero degrees, the contribution of th®S=0, AL
action on natural Pb, natural@8.9% '%C) and CI). Differ- =0, AJ"=0" strength is concentrated in a single state, the
ential cross section spectra were measured for(BE®  isobaric analog resonan¢BAS) or Fermi transition. In this

A. Experimental method
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15 UL e e e e e e B TABLE I. Integral over the Gamow-TellgiGT) and high exci-
i Pb(p,n)Bi (a) te_ltio.n region for our F_’b and Zr data_ are shown _along_ with a com-

pilation of GT excitation cross sections for various light targets.

The light targets show relatively small changes in the center-of-

mass(c.m,) cross section over a large energy range. Also, shown

are cross sections for FerffAS) and mixed transitions for a num-

ber of targets. The 795-MeV*C(p,n) and **C(p,n) data are from

Ref.[29]. The data from Ref.29] were multiplied by 1.8 to account

for an incorrect normalization used in that referefeee Ref[18]

— for details concerning the two normalization methods used here and

1 in Ref.[29]). The 795-MeV“C(p,n) data are from Ref[26]. All

the data reported on the discrete state transitions at lower energies

are from Ref[1] except for the’*C(p,n) GT transition cross sec-

tion which came from Refd.19,20. The discrete state transitions

were studied at a beam energy of 160 MeV.

10
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[ ] minimum value of the GT sum rule, BItZ) =30, is located
5T 7] in the first 20 MeV of excitation and that approximately
[ ] another 30% of the GT strength is in the next 30 MeV of
4r 7 excitation. We do not attempt a detailed discussion of the
[ ] Fermi and GT transitions as was done in Héfl but point
out that the Fermi makes up a small portion of the cross
[ ] section across the entire energy range we study.
R r 7 We show the carbon data in Fig. 1 to demonstrate that for
[ this light target the cross section shape is identical at the two
energies. Only a small rescaling of the 200-MeV date was
required to overlay the spectra; the 200-MeV data were mul-
tiplied by a factor of 1.17. For the heavier targets the shapes
of the spectra at the two energies are very similar up to 20
E_ (MeV) MeV excitation where after they deviate quite significantly
over the next 40 MeV of excitation. Th&’Zr data in the
FIG. 1. Shown are spectra as a function of excitation energy fokegion from 0 to 20 MeV consists of two large states of GT
the (&) Pb(p.n), (b) *Zr(p.n), and(c) *C(p.n) reactions at 795  strength between which is the IAS. In the present data the
MeV. Also shown as a dotted curve are spectra for the same reagtates are unresolved. Similarly, in the Pb data there is the
tions taken at a beam energy of 200 MeV. The 200-MeV data havgye||-known IAS which lies just under the GT resonance that
been normalized to the first 20 MeV of the 795-MeV spectra anddominates the spectrum. In Table | we report the integrated
spread with a Gaussian function to simulate the poorer resolution Oéiouble differential cross section for both Pb aar targets
the 795-MeV data. over the low “GT” region and over the higher excitation
region.
energy range the Fermi 0° cross section is much smaller than The heavy targets differ from the carbon and the other
the GT transition, with values 15) times smaller than the light nuclei in that the cross sections at 795 MeV in the
GT at 2008000 MeV [26]. The results of calculations by “GT” regions are approximately of the corresponding re-
Klein and Love[28] describe the 200-Me\V?%Zr(p,n) data  gion at 200 MeV. The 200-MeV Pb data had to be multiplied
very well and indicate that 95% of the cross section up to 2y 0.57 and the®Zr data by 0.71 in order to match the
MeV excitation is GT. A similar result has been obtained by795-MeV data over this region. A decrease in the cross sec-
Wakaseet al.[30], indicating that approximately 67% of the tion for the GT excitations might be expected for these heavy

(mb/sr MeV)

I
u

0 25 50 75 100 125
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5 ,,,,,,( I1l. POLARIZATION OBSERVABLES
i a)
[ Pb (p,n)Bi ] A. Experiment and overview
4 ] In order to ascertain the spin character of the broad reso-

nance observed iR%Bi at 32 MeV excitation we have mea-

- 1 sured a complete set of polarization trangf&f) observables
3 B 7] that allow a decomposition of the cross section iats=1
and AS=0 partial cross sections. In addition, tReS=1
cross section can be separated into spin-transverse and spin-
longitudinal partial cross sections which pertain to the
strength of the tensor force in the reaction.

The incident proton beam was focused on target after be-
ing prepared successively in each of the two spin states, nor-

i | mal (N), and longitudinal {). The average proton polariza-
e ———— tion was about 0.65. The PT observabBgy and D,

AL B L L LU LN BB BB N BN
20 E (b) were measured at 0° for th&Pb(p,n), C(p,n), and
[ Zr(pn)Nb ] 2H(p,n) reactions. TheH observables were determined by

1 subtracting results obtained from the carbon target from
those taken on our Ctarget. Details concerning the extrac-
tion of polarization transfer observables as well as the differ-
ential cross section at NTOF may be found in Héb].

A formal definition of the expressions we use to extract
the partial polarization cross sections from our data is set
forth in Refs[16,31]. These partial cross sections are defined
with respect to a set of center-of-mass unit vectors and rep-

(mb/sr MeV)

Iu
I

15 [ §

(mb/sr MeV)
o
|

=" 05 7] resent the cross section for flipping the nucleon spin along
each of these vectors. The veciois normal to the scattering
N S T T T i T plane,q is in the direction of momentum transfer, ape q

10 20 S0 40 50 60 70 80 Xn. At 0° these partial cross sections may be obtained from
the PT observables and the unpolarized cross sectign (
E, (MeV) according to

FIG. 2. In the top panel is shown the difference between the 795
MeV excitation spectrum and the scaled 200-MeV spectrum for the IO:ZI uW(1+2Dyn+Dyy), (U]
"app(p,n) reaction. In the bottom panel the same procedure was
carried out for the®%Zr(p,n) reaction. These spectra provide a
rough view of the the position and shape of the excess cross section 1
observed at 795 MeV in these two reactions. Iq:ZI u(1=2Dnn+Dyy), @
targets due to the depth of the imaginary part of the optical
potential. Distorted-waves-impulse-approximatioRWIA)
calculations do show a 25% decrease in the cross section of lp=1 n:Z|u(1_ Do), &)
the GT excitation strength for the 4r(n) reaction at 795
MeV compared to 200 MeV but for the Riph) reaction the
DWIA results show a similar cross section at 200 and 79

MeV. We do not understand the reasons for the dlscrepanct)(ansverse partial cross sections, respectiviijiese rela-

between the DWIA calculation and the Ph) data. : . B ;
In Fig. 2, we subtract the 200-MeV differential cross sec_'gg?{;sngzn_b;gtjtalned from Eqel2)—(15) in Ref. [16] by
p_ .

tion spectrum from the 800 MeV spectrum where the 200- . icl . b bl . h
MeV spectrum has been normalized to the low excitation *Pjewous' articles concernmg F.’T 0 serv'a es using the
energy region of the 795-MeV data. This has been done t6P,n) reaction at 0° have been Ilml_ted to a single observable
demonstrate how this excess cross section varies with exciPnn OF Di) [32,33. In these articles, the PT observable
tation energy as it may reveal the shape of the SIVM. For thévas examined in the context of the plane-wave-impulse-
Pb(p,n)Bi reaction, the residual cross section is centered agPProximation(PWIA) in order to investigate the strength of
about 32 MeV and is a broad distribution of roughly 25 MeV the exchange tensor part of the effective nucleon-nucleon
width (FWHM). The result for Zr is similar to the Pb results (NN) interaction. The PT observableyy has been used,
but with much poorer statistics. The integral of the differen-8/S0, to identify regions of naturalg=AL) or unnatural

tial cross section may be derived from Table | and is abouparity (AJ=AL=*1) in the continuum of the€®Zr(p,n) re-

58 mb/sr for the Pb data and about 30 mb/sr for the Zr dataaction at 160 Me\[34].

é/vherelo, lq, 15, and 1, correspond to theAS=0 spin-
independent, AS=1 spin-longitudinal, and two spin-
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B T o e S LA B e o o s s s e s e e TABLE Il. Shown are the values of the polarization observables
- 3 for all the targets studied in this experiment. These observables
- T were used to calculate the fraction of the cross section that is ex-
pected to be spin and nonspin.

Target Dnn D, % AS=1 %AS=0

2H —0.119+0.016 —0.760=0.028 100
C(g.s) —0.091+0.029 —0.877+0.039 100
Ph(0-20 0.020=0.019 —0.673+0.019 91
Pb(20-55  0.014+0.013 —0.637+0.012 90 10
NN(795) 0.034 —0.564 88 12
NN(200) —0.297 —0.207 95 5

(mb/sr MeV)
© O o

upol

T T T T T T T [ T T T T [ T T T T [ T T T

1.0 - _ sions. In the top panel, the areas represented with vertical
i DNN . i and horizontal lines correspond to the spin-transverse contri-
D . butions to the differential cross section and the area with
E LL o B | . . . . . . .
05 L - slanted lines is the spin-longitudinal,, contributions. The
i i AS=0 strength, is shown in white. BotH, and | por-
L ¢ { i 1 tions make relatively small contributions to the cross section.
00 L& :l!§§§§§§§§ i ¢ §§ $¢ 1 A check that our polarization-transfer measurements are
A I LTI IREY: ] reliable is provided by our data for thidH(p,n)2p reaction
i i at 0°. The large cross section for this reaction at low excita-
—05 . tion energies leads to 5, two proton final stat¢32,35,38.

F §n§§§§§§§§§§§§§ §§§§§§§§§§ ] This purely AL =0, AS=1) transition results since the non-
L § 4
¥

g ] spinflip part of the interaction is Pauli blocked at 0°. Thus,
-1.0 1 | | | - this transition also provides a nominal GT benchmark

0 25 50 75 100 125 again_st which we can compare the data from theﬁEﬁ(
reaction. The polarization transfer observables measured for
E_ (MeV) °H are Dyy=—0.119+0.016 andD,, =—0.760+0.036.
Within uncertainties the value of is zero, as expected. Our
FIG. 3. The top panel shows our 0° cross section data for thd, | data are consistent with an independent measurement
Ph(p,n) reaction. The data for the two spin-transvetkerizontal  reported by Merceet al. [32]. The measuremen{82] for

and_ vertica_l lines spin-angitudinaI(diagonaI lineg and AS=0 the 2H(5,ﬁ) reaction at 0° and several beam energies pro-
(white) partl_al cross sections are shown. The bottom panel Show§ide empirical evidence that the valuedf, agrees with the
theDyy (solid) andD | (open results that were used to decompose nergy dependence of theS=1 part of the freeNN ampli-

the cross section. This shows that the strength in the bump at 30— Uides. A summary of the values of the polarization observ-
MeV energy loss is predominantly from & spin-flip transition. ables for all the targets studied in this experiment is pre-

B h q | ¢ PT ob sented in Table Il. In addition, we indicate the fraction of the
ecause we have measured a complete set of PT 0bSerVz,qq section that is expected to A&=1 andAS=0 as

ables we are able for the first time to separate unambiguous etermined from this complete set of polarization observ-

the non-spin-flip from the spin-flip portions of the cross S€C-aples. These observables are also given forNhecharge

tion. The strength of the exchange tensor part of the nUCIeorExchange reaction as determined from ##ep NN phase

nucleus interaction is indicated by the difference in the mag:Ehift amplitudeg37] at 200 and 795 MeV. We do not have

nitude of the spin-longitudinal and spin-transverse parts o olarization data for the Pp(n) reaction at 200 MeV; how-

the cross section obtained from the decomposition of th ver,Dyy, for this reaction at 135 MeV have been reported
spinflip portion of the cross section. If the exchange tenso 38] PN

strength vanishes the spin-longitudinal and spin-transver

partial cross sections will be identicga2]. The GT excitation is anL =0, AS=1) unnatural parity

excitation and the spin decomposition analysis confirms that
unnatural parity strength dominates the region which is
R known to be at 0°, predominantly GT. The region of the
The results for the Plp;n) reaction are shown in Fig. 3. broad resonanc@xcess cross sectipis also spin flip and if

The bottom panel shows the measured polarization transfehis region is dominated byAL=0 strength, this region is
observableD N and D ; while the top panel shows the also of spin-unnatural parity character. We assume this re-
decomposition of the 0° differential cross section into thegion is dominated byAL=0 because at 800 MeV the mo-
two transverse and longitudinal spin components as well asientum transfefq) is relatively small even at high excita-
the nonspin component deduced using the above expresen energy () in contrast to data taken at lower energies.

B. Results and discussion of polarization observables
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TABLE Ill. In this table are the values for the fractional contri- R B B
bution of each partial cross for theS= 1 part of the cross section. I
The symboll ,5_; denotes the sum of the two transverse and spin- p(r) SIVM
longitudinal cross sections that make up th8=1 cross section. 0.00
The fraction of the cross section thatA$S=0 is provided in Table

(a)

Target

Ip”AS:l

InllAS:l

Iq/IAS:l

’H
C(g-s)
Ph(0-20
PK(20-55
NN(795)

0.440=0.019
0.471+0.014
0.462+0.013
0.453+0.009
0.447
0.317

0.446:0.019
0.471%#0.014
0.4620.013
0.453:0.009
0.447
0.317

0.119-0.011
0.07%0.017
0.0750.018
0.094:0.008
0.105
0.366

-0.02

-0.04

p (arb. units)

NN(200)

(b)
For example, for the 795 MeV data, near the center of the I ]
resonance ¢=36 MeV) the momentum transfer is quite 0.015 | -
small (q=0.21 fm™%). In addition, the angular acceptance of I ]
the detector is very small (0.29°) and we do not expect =
strength from higheAL transitions to contribute. g

The dominance of the spin-transverse part of the cross .
section compared to the spin-longitudinal part in the Pb data 2
is indicative of a strong exchange tensor component in the & s ]
reaction[32]. This is also evident in théH polarization q 0005 I ]
transfer data which are representative of the ¢ inter-
action. In Table I, the decomposition of the spin part of the
cross section is presented integrated over the low and ovel  ggoo Moo v o o v v L L
the high excitation regions. The fractional contribution of the 0 2 4 6 8 10
spin-longitudinal and spin-transverse parts are shown along

with the decomposition for the frégN interaction. We note

that the spin-transverse part is slightly larger for thefPb) FIG. 4. In the top panel is shown the radial transition density for
and C@,n) reaction data than for théH(p,n) data. The the SIVM resonance for Pb formed by folding harmonic oscillator
spin-longitudinal part of the cross section is correspondinglyvave functions assuming simple shell model configurations. In the
smaller for the data taken on the Pb and C targets compardi®ttom panel the transition density for the GT transition is shown.
to 2H. It is possible that the differences observed betweer Ne node at the nuclear surface for the SIVM can be seen. When
these channels for data taken &H compared to the data the transition density is weighted by and integrated the contribu-
taken on the heavier targets is a result of the medium modiions from the two lobes cancel. This represents what will occur

fication of the spin-dependent interaction that was observewith a probe that samples the full nuclear volume. This cancellation
will not occur with a surface probe, resulting in a larger cross sec-

r (fermi)

in Ref.[32]. : . ;
(32] tion compared to the cross section from a volume probe. This phe-
IV. THEORY nomenon is absent in the case of the GT transition since there is no
) node in the transition density.
A. Overview

We summarize the argument advanced by Auerbaclyreater the nuclear attenuation of the incident probe, the less
[13,14 regarding the excitation of the isovector monopolecontribution from the inner lobe which leads to a greater
using the p,n) reaction. The IVM and SIVM resonances are cross section for the monopole excitation. The degree of at-
excited by the operator@ooinrizri and QOleir?oifri. tenuation of protons in nuclei is energy dependent and is
These operators connect, without a change in angular m@ommonly represented in terms of a distortion factor. At 795
mentum, AL=0), states that differ by 2o. The radial MeV the distortions for the {,n) reaction become quite
transition density formed by folding these states together hasirge compared to those at 200 MeV. Therefore, the cross
a single node near the surface of the nuclgl@]. If the  section due to the monopole is expected to be greater at the
nuclear excitation is done with a probe that penetrates thbigher energy.
nuclear interior, the inner and outer lobes of the transition Shown in the top panel of Fig. 4 is the radial transition
density contribute coherently and will essentially cancel eacldensity for the spin-isovector-monopole resonance. It was
other resulting in a very small differential cross section.obtained from folding together harmonic oscillator wave
However, if the nuclear probe is attenuated in the nucleafunctions assuming particle-hole states from a simple shell
medium the contribution of the innerlobe will be diminished model for Zi w transitions[39] and shows the node close to
with respect to the outer one preventing the cancellation. Thtéhe nuclear surface. This is in contrast with the radial transi-
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FIG. 5. Shown is the imaginary part of the optical potential for i 200 MeV ‘_
200 (dotted, 500 (dash-dotte] and 800(solid) MeV. The strength L
of the optical potential at 800 MeV causes inelastic nucleon-nucleus  10% Lot o v w8 v 0 10 0 0100
reactions to become very surface peaked. 0 2 4 8 8 10
tion density for the GT transition density shown for compari- @c.m. (deg)

son in the bottom panel of Fig. 4.

The degree of attenuation of the incoming probe is deter- FIG. 6. Shown are the results of DWIA calculations of the an-
mined by the distortion factor which can be observedgular distribution of the center-of-mass differential cross section for
through the imaginary part of the optical model potential.the SIVM resonance in thé®Pb(p,n) reaction, assumed to be
The deeper this potential is, the larger the absorption will pdocated at 32 MeV excitation. The solid line is the result for an
resulting in attenuation of the incoming probe. In Fig. 5 welncident proton energy of 800 MeV and the dashed line is for 200
plot the imaginary part of the optical model potentials thatMeV-
will be used in the DWIA calculations below. The 800 MeV
potential is almost twice as deep as that of the 200-MeVI2c 5 S1vM strength of 16.3 fthis evaluated, for%Zr 983
potential indicating we should expect greater attenuation ofm# and for 2°%Pb 6688 fri. This explains the results shown
the probe at 795 MeV. The energy dependence of the distof, £ig 1, where essentially there is no excess of cross section

tion factor and the effect on the attenuation of protons ha§n the resonance region fdfC while the excess is larger for
been noted previousljy0]. 208pp than for%°Zr

) In Fig. 6 we present the forward angle angular distribution
B. DWIA calculations calculated for the?®b(p,n)2°®Bi (32 MeV) SIVM transi-

We have performed detailed distorted-wave-impulsedion at 200 and 800 MeV. In Fig. 7, we present zero degree
approximationDWIA) calculations for the SIVM resonance differential cross sections as a function of bombarding en-
at incident energies of 200, 500, and 800 MeV, using theergy calculated for the same reaction but for different tran-
distorted wave codewsi [41]. Three main ingredients are sitions. The SIVM at 32 MeV of excitation is presented with
needed for these calculations, the first being the optica® solid line, the giant GT resonance at 15.6 MeV excitation
model potential(OMP) parameters. We have incorporated with a dot-dashed line and the Fermi transition at an excita-
the relativistic optical model potentials in the Schrodingertion energy of 15.3 MeV with a dashed line. The calculations
equivalent form fron{42] at all energies. This method gives indicate an increase by a factor of 13 for the SIVM zero
us a consistent energy dependence for the OMP. The secodégree cross section at 800 MeV compared with that at 200
ingredient is the interaction between the incident and strucieV which we attribute to the arguments presented in the
nucleon. The free nucleon-nucleon interaction as paramprevious section. The zero degree differential cross section
etrized by Franey and Lovi@3], was used in these calcula- calculations for the GT transition indicate a rather constant
tions. In a few cases and where available a comparison of théalue with incident proton energy. The Fermi transition in-
results was done with calculations using a new ver§ibfj  dicates an increase in the zero degree cross section by a
of these interactions. No major differences between the twdactor of about 3 at 800 MeV compared with the calculation
calculations were observed. The third ingredient needed idone at 200 MeV. We also have calculated Xie=2, AS
the DWIA calculations is a one-body density transition ma-=1, AJ=1 contribution to the SIVM. At lower energies the
trix element. We used particle-hole transition strengths frontontribution is rather small, 1-2% of thAL=0, AS
a simple collective modeNormoD [39], which includes =1, AJ=1 main contribution, but at 800 MeV and due to
particle-hole Zw transitions for the corresponding sub the tensor interaction both in the direct and exchange terms,
shells. The code predicts that the SIVM strength increasethe AL=2 contribution increases to about 40% of thé
dramatically with increasing atomic numbek) due to the =0 contribution. However, thdL=2, AS=1 calculation
increase in the number of particle-holes available. Thus foindicates a large and negatildg,y and a large positiv®,  ,
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3 the response function is presented in R46] and indicates
10" e e the strength for the resonance i d ion of
[ o Pb(p,n)Bi 0° ) streng is spread over a region o
excitation from 20 to 60 MeV similar to the shape of our

i data in Fig. 2. Recent detailed calculations for the SIVM
have shown the resonance peaked at a lower energy, 36.9
MeV, in closer agreement to our ddi6,47.

Full detailed calculations of cross sections and PT observ-
ables for the excitation spectrum of these reactions are

needed. In addition, experimental cross section data and PT

observables for the Pﬁ(ﬁ) reaction at 795 MeV at several
- angles would allow a multipole decomposition of spin and
| e ] nonspin components of the excitation spectrum for this reac-
’ tion. Such data are needed to provide a solid indication of the
multipolarity of the excess cross section in the high excita-
tion region of the spectrum.

—
o

I (mb/sr)

L o Fermi -

0 V. SUMMARY

200 300 400 500 600 700 800 We have presented the first complete polarization decom-
E (MeV) position of the giant resonance region at 0° using the
beam

Pb(ﬁ,ﬁ) reaction at 795 MeV. We have compared our cross

FIG. 7. The figure shows results for calculations of the energys€ction results to the same reaction at 200 MeV and found an
dependence of the 0° center-of-mass differential cross section f&@XCess cross section in the 795-MeV data that is broadly
the 2°Pb(p,n) reaction. The SIVM resonance is shown as a soliddistributed about an excitation energy of 32 MeV. Results of
line, the GT transition as a dot-dashed line, and the Fermi transitio®WIA calculations for the spin isovector monopole reso-
as a dashed line. nance are also presented. We surmise that the large cross

section observed at around 32 MeV in the(f?h) reaction
values which are not in agreement with the empirical resultstesults from excitation of the spin isovector monopole reso-
In the region of the SIVMsee Table I), the present results nance(SIVM). This is based on three observatio(®: The
are Dyn=0.014-0.013 and D, =—0.637-0.012. The ratio of the cross section in this high excitation region with
AL=0, AS=1 SIVM calculated values arByy,=—0.265 that in the low excitation “GT" region is dramatically in-
and D =—0.47, in better agreement with data. Since thecreased when compared to this ratio for the same reaction at
AL=2, AS=1 calculations depend strongly on the tensor200 MeV, consistent with expectations based on the decrease
interaction, it would be important to recalculate these value$ the nuclear transparency at the higher energy compared to
when a new 800-MeV interaction becomes availddi. that at 200 MeV. This trend is also borne out from results of

In all the above DWIA calculations, the SIVM resonance DWIA cross section calculations done for this resonance at
was assumed to be at an excitation energy of 32 MeV whicZ00 and 800 MeV(2) The polarization transfer observables
is where the data from the experiment appear to peak. In facét 795 MeV may be used to project out the spin part of the
this resonance is quite broad, about 25 MeV FWHM, and th&ross section. The projection indicates this region is almost
NN interaction could change over this excitation range af€ntirely spinflip AS=1) similar to the low excitation GT
fecting the magnitude of the cross section of the resonancéegion of the spectrum. The DWIA results for the PT observ-
To include this effect, we have performed a “folding” cal- ables are also consistent with the data. Results of calcula-
culation. The DWIA calculation for the SIVM was per- tions of a possibldL =2, AS=1 resonance that could con-
formed at each excitation energy bin spanning the width ofribute at 0° are in disagreement with the PT observable
the resonance. The calculations were done for each 4 Mevata.(3) At 795 MeV this extra cross section is only seen in
bin between 22 and 62 MeV. Each bin represents a fractioneactions on heavier targets such as Zr and Pb and is absent
of the SIVM cross section. This fraction was determined forin light targets such as*C. This observation is consistent
each bin from the empirical cross section shown in Fig. 2with the DWIA calculations that indicate many more
since we assume this gives a good indication of the shape ¢¥article-hole configurations contribute to the SIVM reso-
the resonance. The DWIA calculations were then weightediance in reactions on the heavy nuclei then on light nuclei.
by this fraction and the result summed to obtained alhe present results are in complete agreement with the ob-
weighted average of the SIVM cross section. The result observations by Auerbacfi3] about the nature of the excita-
tained was 260 mb/sr and is about 11% lower than the crogéon of this SIVM resonance.
section obtained assuming the SIVM resonance is located at
32 MeV of excitation energy as shown in Figs. 6 and 7.

The response function for the SIVM has been calculated
by Auerbach and Klein in the random phase approximation We would like to thank S.Y. van der Werf and Nils Olsen
(RPA) [45]. They report the peak of the resonance at 42.5or providing us the cod&orRmoD. This work was supported
MeV with a nominal width of 12.5 MeV FWHM. A plot of in part by the U.S. DOE and NSF.
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