PHYSICAL REVIEW C VOLUME 55, NUMBER 6 JUNE 1997
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The double differential cross sections &, between 0.0° and 12.3° and the polarization tranbfgy, at
0° for the °®Zr(p,n) reaction are measured at a bombarding energy of 295 MeV. A multipole decomposition
technique is applied to the cross sections to extraed, L=1, L=2, andL =3 contributions. The Gamow-
Teller (GT) strengthB(GT) in the continuum deduced from the=0 cross section is compared both with the
perturbative calculation by Bertsch and Hamamoto and with the second-order random phase approximation
calculation by Dradz et al. The sum of8(GT) values up to 50 MeV excitation becom8s- =28.0+1.6 after
subtracting the contribution of the isovector spin-monopole strength.Shisalue of 28.6- 1.6 corresponds
to about(93 = 5)% of the minimum value of the sum rule 8¢ Z)=30. The usefulness of the polarization
transfer observable in the distorted wave impulse approximation is presgf@&h6-28187)02006-2

PACS numbes): 24.30.Cz, 25.40.Kv, 27.68}

I. INTRODUCTION proton-particle neutron-hole (lLh) GT state resulting in a
part of the GT strength being moved from the low excitation
The nucleon-nucleus charge exchange reaction at intermeegion to theA excitation region10—12. This mechanism
diate energies is a powerful tool to probe the nuclear spirinvalidates the Ikeda’s sum rule which is based on the as-
response. Due to the energy dependence of the isovector paimption that a nucleus consists of structureless nucleons.
of thet matrices, the nucleon charge exchange reaction exfhe modified sum rule considering the quark degrees of free-
cites predominantly the spin-isospin excitations in nuclei adom predicts that the dominant part of the GT strength is
projectile energies above 100 MeV. As a result, spin excitacarried away by the\N~! excitation in the quark model.

tions are populated strongly in the,f) reaction, while the The other mechanism for explaining the quenched GT
isobaric analog statdAS) and other non-spin-flip states are strength is due to the ordinary nuclear configuration mixing
relatively weakly. [13-15. The energetically high-lying two-particle two-hole

The most prominent of these spin-isospin excitations ig2p2h) state mixes with the low-lying g1h GT state and
the discovery of the Gamow-Tell€iGT) giant resonance shifts the GT strength in the energy region beyond the GT
[1-6], the spin-isospin collective mode which was predictedgiant resonance. Bertsch and Hamam(dtb| have pointed
by Ikeda, Fujii, and Fujitd7] in 1963. The GT giant reso- out that roughly 50% of the total GT strength could be
nance appears energetically in the continuum region of thehifted into the region of 1845 MeV excitation. The im-
nuclear excitation spectrum. An essential model-independemortance of this effect, however, depends sensitively on the
sum rule(lkeda’s sum rulgexists for the GT transitiofi7,8]. coupling strength between thgp1h and 2p2h states. If the
Surprisingly, less than 2/3 of the minimum GT sum rule nuclear configuration mixing plays an important role, then
value has been experimentally identified from the systematithe quenched GT strength would actually be located in the
studies of the |p,n) reaction[9]. high excitation region beyond the GT giant resonance. Con-

Two physically different mechanisms have been proposegdequently the GT strength must be identified in the con-
for this so-calledquenchingof the total GT strength. One is tinuum.
the A(1232)-isobar nucleon-hole\(N 1) admixture into the A relatively simple relationship between the measured

0° (L=0) cross section and the GT transition strength
B(GT) has been derivefB,16]. This relationship has been
*Electronic address: wakasa@nucl.phys.s.u-tokyo.ac.jp successfully used to obtain tfBGT) values for the transi-
"Present address: Advanced Technology Division, O-arai Engitions which are energetically inaccessible godecay. An
neering Center, Power Reactor and Nuclear Fuel Development Coapplication of this relationship, however, requires to obtain

poration, O-arai, Ibaraki 311-13, Japan. theL=0 component of the cross section in these transitions.
*Present address: Cyclotron Laboratory, The Institute of Physicat the high excitation region, therefore, a multipole decom-
and Chemical Research, Wako, Saitama 351-01, Japan. position (MD) technique[17] should be used to obtain the
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transition strength with angular momentum transfer 0
since the contribution from the strength with angular mo-
mentum transfet.=1 is not negligible.

In the present study we report measurements of the
double differential cross sections at anglég, between
0.0° and 12.3° and polarization transfigg,y at 0° for the
%Zr(p,n) reaction afT,=295 MeV. The incident beam en-
ergy of 295 MeV is one of the best energies to study the GT
strength since the ratio of the isovector spin-flip interaction
strength to the non-spin-flip one is maximum around this
incident energy{18]. It should be noted that the effect of
distortions becomes minimum around this incident energy. FIG. 1. A schematic view of the NPOL2 system. In the polar-
This fact allows us to extract nuclear structure informationimetry mode of NPOL2, one of the five neutron detect@i$ ex-
such as the GT strength reliably by using tiper() reaction.  cept for the last oneserves as a neutron polarization analyzer, and

The MD technique is used to analyze the angular distrithe following neutron detector acts as a catcher of doubly scattered
butions of the cross sections and to obtain the0Q cross Nneutrons or recoil protons. Thin plastic scintillation detectors in
section. In order to get a reliable result from the MD analy-front of each neutron detector are used to identify charged particles.
sis, the cross section should be dominated by a single colli-
sion of the projectile nucleon with the target nucleons. Smitrheam stop(Faraday cupconnected to a current integrator.
and Wambacti19] have reported that the two-step collision The beam line polarimeter was also helpful for monitoring
contributes to the cross sections in about half of the totajhe integrated beam current.
cross sections at an excitation energy of 50 MeV in the case
of the °Zr(p,n) reaction atT,=200 MeV. Recently Wa-
tanabe and Kawai have performed the semiclassical distorted
wave (SCDW) calculation[20] for the °%Zr(p,n) reaction at Neutrons from the §,n) reaction were detected by the
T,=300 MeV which predicts the two-step contribution to be neutron polarimeter NPOLR24]. As illustrated in Fig. 1, the
less than 10% of the total cross sections at 50 MeV excitaNPOL2 system consists of six planes of two-dimensional
tion [21]. Therefore the results of the MD analysis would be position-sensitive neutron detectors. The size of each detec-
highly reliable up to around 50 MeV excitation if the mea- tor is 1x1x0.1 n?. The first four detectors are made of
surement was made &, =300 MeV. liquid scintillator BC519, and the last two detectors are made

TheL =0 cross section deduced from the MD analysis isof plastic scintillator BC408. Each scintillator is viewed from
extrapolated to q,w)=(0,0) to obtain the GT transition four corners by photo multiplier tubd®MT’s) with radii of
strengthB(GT). The distribution of the GT strength is com- 12.7 cm. The two-dimensional positions are reconstructed
pared with the perturbative calculation by Bertsch andfrom the fast timing information derived from PMT’s. The
Hamamoto[15] as well as with the second-order random position resolutions are about 6 to 10 cm and about 4 to 8 cm
phase approximatiotSRPA calculation by Dradz et al.  for liquid and plastic scintillators, respectively, depending on
[22], both of which treat the mixing of the GT strength with positions.
2p2h configurations. Neutron flight time is determined by using timing signals

from the PMT’s with an rf signal. A promineny ray from
the decay ofr° produced in the target provides a convenient

Il. EXPERIMENT time reference for establishing the absolute TOF scale. The
absolute neutron energy is determined by using the transi-
tions to discrete states with known reacti@nvalues. The

The neutron time-of-flight facility{23] at the Research mean beam energy at the target center was thus determined
Center for Nuclear PhysicRCNP) was used for the mea- to beT,=295.0+1.0 MeV. The neutron flight path was 100
surement. A polarized proton beam was accelerated up tora for the measurement of the double differential cross sec-
kinetic energy of 295 MeV by using the AVF and RING tions and was 70 m for the measurement of g\ (0°)
cyclotrons. A beam pulse selection of 1/4 was applied in thevalues. The overall energy resolution, including a target
injection line from the AVF to RING cyclotrons, which energy-loss contribution of about 0.3 MeV, is about 1.9 MeV
yields an effective beam pulse separation of about 260 ngn full width of half maximum(FWHM).
The beam polarization was measured by a beam line polar- In the polarimetry mode of NPOL2, one of the five neu-
imeter and it was typically 0.73. The polarimeter consists oftron detectorgall except for the last oneserves as a neutron
two arms of collimated pairs of conjugate-angle plastic-polarization analyzer. The neutron polarization can be ob-
scintillator telescopes that continuously monitor the beamained utilizing both thelH(ﬁ,n)lH and 1H(ﬁ,p)n reac-
polarization by using the'H(p,p)'H reaction with a CH  tions. A kinematical discrimination of the+ p events from
target. then+ C events has been made by using time, position, and

An enriched®’Zr target with a thickness of 112 mg/ém pulse-height information. This kinematical selection also
was placed in a beam-swinger dipole magnet. Neutrons frorprovides a highly efficient filter against background events
the (p,n) reaction traveled in a 100 m time-of-fligiftOF)  from cosmic rays, targey rays, or the wrap around of slow
tunnel. Protons downstream of the target were swept by theeutrons from preceding beam pulses. Neutron polarization
beam-swinger magnet into an electrically isolated graphités determined from the azimuthal distribution of the-p

B. Neutron detector/polarimeter

A. Proton beam and target



55 GAMOW-TELLER STRENGTH OF®Nb IN THE ... 2911

events. There is a fairly large contribution from the quasifree 0.4 . . . . .
scattering of the'?C(n,np) reaction because the reaction
kinematics of the quasifree scattering is very similar to that *(7,n) channel

of the n+p reaction. This contribution might modify the 03 | +(#,p) channel A
qualitative featuregeffective analyzing powers and double
scattering efficiencigof the polarimeter system modeled by
using the observables of the free nucleon-nuclédN) scat-
tering. Therefore we have calibrated the polarimeter system
empirically as described in detail below.

02 +

Ay;eff ( Tn)

o1 4

Ill. DATA REDUCTION AND RESULTS e

A. Neutron detection efficiency 00 , , \ X ,
) 150 200 250 300 350 400

neutron energy T, (MeV)

The relation between the number of measured neutrons
N,ps and the double differential cross sectiofir,,/dQdE

's given by FIG. 2. Effective analyzing powers of NPOL2 in thé,(l)
dzg'lab Nobs (filled circles and (,p) (filled diamonds reaction channels. The
— , 1 - .
dOdE  1pAQeTf, 1) dashed curves are the results of the fitting by using second order

polynomial functions.

wherel is the number of incident protong, is the target

thickness in nuclei/cfy AQ is the solid angle subtended by
the detector (98usr), € is the intrinsic detector efficiency
for neutrons;T is the transmission factor along the flight path of the performance of NPOL2.

in the air, andfy, is the detector live fraction. Figure 2 shows the effective analyzing powers as a func-

Since it is difficult to measure the values and T tion of neutron kinetic energy. Typical statistical uncertain-
independently, we obtained the product of these two values gy. 1yp

by measuring the neutron vyield from the 0° ties are about 0.010 and 0.004 for ther() and (,p) chan-
7Li(p,n)’Be(g.s+0.43 MeV) reaction, which has a con- nels, respectively. The systematic uncertainty comes mainly
stant center-of-mass cross section ofr,;(0°) from the uncertainty of the incident proton p.ola(lzat(dj%)
=27.0-0.8 mblsr over the wide bombarding energy rangeand from the uncertainty _of the polarization _transfer
from 80 to 795 MeV[25]. This reaction was used to extract Onn(0°) (1-2 9. Itis interesting to note that effective ana-
€T values at bombarding energies of 146, 296, and 39#zing powers for the if,p) channel have fairly large and
MeV, which are sufficient to estimate the efficiencies spanalmost constant values of about 0.1 over the neutron kinetic
ning the neutron energy range necessary for the present deaergy region fronT, = 200 to 400 MeV. The performance
analysis. The detection efficiencyT) is found to be almost Of a polarimeter is characterized by a figure of mgfOM)
independent of neutron energy, with a value of approxi-defined by FOM=6D5A§;eff, whereeps is a double scatter-

mately 0.15 by combing all of the six neutron detectors. Theng efficiency. The tota[(ﬁ,n) and (ﬁ,p) channel$ FOM
minor correction for the energy dependence of the detectiogalues of NPOL2 are 141074, 3.9x10°%4 and

cerning the calibration and operation of the polarimeter sys-
tem will be given in the forthcoming papdB0]. In the
following paragraph, therefore, we present a brief description

efficiency has been applied to the present data. 4.3x10°* at T,=141, 291, and 387 MeV, respectively.
These values can be compared with that of the NTOF polar-
B. Effective analyzing powers imeter at LAMPF reported as 24104 at T, = 313 MeV
[31], which is about a half of our FOM value of 330 * at

The effective analyzing powers of NPOL2 were T =291 MeV
calibrated by using polarized neutrons produced by the " '
0° 2H(p,n)pp reaction atT,=146, 296, and 392 MeV _
(T,=141, 291, and 387 Me\ The polarization transfer co- C. Cross sections
efficientsD(0°) of the 2H(5,ﬁ)pp reaction afT, = 305 The double differential cross sections as a function of
through 788 MeV were measured by McNaughtenal. scattering angle and excitation energy are shown in Fig. 3 for
[26]. At 0°, polarization transfer coefficients satisfy the fol- fap = 0.0°, 0.7°, 2.3°, 4.6°, 7.0°, 9.8°, and 12.3°. In addi-

lowing relation[27,28: tion to the statistical uncertainty, there is about 2% uncer-
tainty in the determination of the integrated current for each
DL(0°)+2Dyn(0°) +1=0. angle. The systematic uncertainty of the normalization in the

cross section also includes the uncertainties both of’thie
From this relation we can deduce thig\(0°) values at cross sectior{3%) and of the target thickned8%). These
T,=296 and 392 MeV. ATl ;=146 MeV, we have used the uncertainties, however, have little effect on the multipole
Dnn(0°) value atT,=141 MeV predicted by Bugg and decomposition analysis described below since they are com-
Wilkin [27]. It should be noted that the polarization transfermon to all angles.
Dnn(0°) of this reaction afl, = 160 MeV was measured by The main feature of the 0° spectrum is the discrete peak
Sakaiet al. [29]. The result is—0.43+0.04, which is con- atE,=2.3 MeV and the GT giant resonanceE~9 MeV,
sistent with the theoretical prediction. A detailed report con-while the dipole resonance &,~18 MeV is relatively en-
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FIG. 3. Differential cross sections for tH8Zr(p,n)*Nb reac- excitation energy (MeV)
tion atT,=295 MeV.

FIG. 4. Excitation energy spectra for the cross section and po-

0 i 90 90, i —_
hanced a,,, = 4.6°. The 0 IAS atE,=5.1 MeV does not larization transofeDNN for the *Zr(p,n)*Nb reaction aff, = 295
form any peak structure. The Fermi transition is stronglyMeV and at0°.
suppressed relative to the GT transition in this incident en-
ergy region since the ratio of the GT unit cross section to the ~ M(@)=A+ B0 17020+ C(o1n+ 02n) + Eo1q02g
Fermi unit cross section takes a value as large ast14.7 at +Fo )
_ : 1Q92Q:
Tp—3_00 MeV [18]. The present energy resolution of 1.9
MeV in FWHM does not allow us to separate the small con-or alternatively as a sum of central, spin-orbit, and tensor
tributions due to the excitations &,=1.0 and 3.0 MeV  terms:
from the excitation aE,=2.3 MeV.
1 -
D. Polarization transfer Dy (0°) M(q) :A+§(B+ E+F)oy oyt Cloytoz)-n
Figure 4 shows the double differential cross section and 1 1 R
polarization transfeD, at 0° as a function of excitation + §(E—B)Slz(q)+ §(F—B)812(Q), 3)
energy. The data of thByy(0°) values in this figure have
been sorted into an excitation energy bin of 5 MeV width towhereslz is the usual tensor operatf84] and
reduce statistical fluctuations. An interesting feature is the

large negativeDyn(0°) values up to 60 MeV excitation. ~ ki—k; . kit+k¢
This large negativ® \\(0°) value, which is not observed in q:|k DA Q:|k-+k K
the study at 160 MeV32], indicates strongly the existence b P
of spin-flip strength. and
IV. ANALYSIS n=Qxaq.
In this section we present theoretical analyses including; 5 singleL transfer is dominant, thB (0°) value for the
the results of a multipole decomposition analysis. GT transition is given by35]
—F?
A. Theoretical calculations for Dyy(0°) Duyn(0°)= F2iom2 (4)

In a plane wave impulse approximatiotPWIA), a
nucleon-nucleus scattering amplitude is described as a prod-herefore the polarization transf®ry(0°) is only sensitive
uct of the nuclear transition density and tNéN scattering to the effectiveNN interaction and could offer a convenient
amplitude which may either be represented 33 means of selecting the adequaiéN interaction used in a



55 GAMOW-TELLER STRENGTH OF®Nb IN THE ... 2913

distorted wave impulse approximatigBWIA) calculation.

It should be noted that the deviation of tbg;\(0°) value T> I ' ' '
from —1/3 is due to the contribution from the exchange ten- v BSOS MeV ]
sor S;(Q) interaction[36]. _.2 ]
We have performed DWIA calculations by using the Is-. 100 | ——— 5
computer codedbws1 [37] to obtain theDyy(0°) values g [ FL325MeV
for the GT transitions. The knock-on exchange amplitude g .5 L e N
is treated exactly in this code. Optical potential parameters ~ ]
are needed to calculate the distortions in the incident and =) y ]
outgoing channels. The optical potential parameters for inci- g 5.0 : ° ]
dent protons are taken from R¢88]. The optical potential ) e "-..
parameters for outgoing neutrons are taken from R34, N .5 L s ®tencsesed
in which the neutron relativistic optical potentials have been E .°
presented for various nuclei from C to U with neutron kinetic o2 i A | | | ]
energies oflT, = 20 ~ 1000 MeV. These neutron optical = 00 T ' A

potentials depending on the neutron kinetic energy are suit- 00 | | + f

able for the present DWIA calculation concerning the wide —~ _o1 L + + + 3
excitation region of°Nb. Therefore we can take account s + + ]
of changes of distortions in the outgoing channel as a func- % 02 e + e T + E
tion of neutron kinetic energy . The one-body density matrix QZ 03 + + + 3
elements (OBDME) for the GT transitions of the ]
%7r(p,n)*°Nb reaction were obtained from Ré#0]. This “04F E
shell-model calculation was performed in thp;£gqe,)* -05 Lo : . —
+ (P95 (G710s231:5y2) configurations by using phe- BT
nomenological effective interactions. The single particle ra- excitation energy (MeV)
dial wave functions were assumed to have a harmonic oscil-

lator (HO) shape with a range parameter= 2.12 fm[34]. It FIG. 5. Excitation energy spectra of the cross section and polar-

should be noted that DWIA calculations and associatedzation transferDy at 0° in the GT giant resonance region. The
Dnn(0°) values are relatively insensitive both to the detaileddashed and solid curves correspond to the results of DWIA calcu-
shapes of radial wave functions and to the choice of opticalations using thet-matrix parametrization of Franey and Love at
potentialg 36]. The effectiveNN interaction was taken from 270 and 325 MeV, respectively. See text for details.
the t-matrix parametrization of the freN interaction by
Franey and Lovg41]. The DWIA calculations were done for the t-matrix parametrization. An excellent agreement with
the t-matrix parametrizations at 270 and 325 MeV. the data is obtained by using the 325 MeV parametrization
The results of the DWIA calculations are shown in Fig. 5,for the GT giant resonance regigf<E,<10 MeV). We,
in which the data of thd\\(0°) values have been sorted therefore, use thematrix parametrization at 325 MeV in the
into excitation energy bins of 2 MeV width. The"Q(L=0, following DWIA calculations.
S=0) IAS transition at E,=5.1 MeV, for which the
Dyn(0°) value takes a value of 1, stands out clearly in the
spectrum ofDy\(0°). Thedashed and solid curves corre-
spond to the calculations using thenatrix parametrizations The DWIA calculations have been performed for the 1
at 270 and 325 MeV, respectively. The calculated cross sectate atE,=2.3 MeV. The purpose of these calculations is
tions and polarization transfdd,,(0°) have been folded mainly to confirm the reliability of the parameters used in
with a Gaussian distribution of 1.9 MeV FWHM to simulate DWIA calculations. The optical model parameters and the
the experimental energy resolution. It is found that the caltange parameter of the HO radial wave functions are the
culated cross section by using the 325 MeWatrix param- same as those used in the previous calculations for the po-
etrization needs a normalization factor of 0.57 to reproducdarization transfeiD\(0°). The OBDME is taken from the
the measured 0° cross section for the discrete GT state ahell-model calculation of Ref40], which predicts 14 GT
E,=2.3 MeV. This normalization factor has been applied tostates up to 4.0 MeV excitation dNb. It is interesting to
both calculated cross sections shown in Fig. 5. The origin ohote that both plane-wave impulse approximati®wIA)
this normalization factor might be due to the coupling of theand DWIA calculations give almost identical shapes of an-
GT state with high-lying p2h and/orAN"! excitations. The gular distributions in the measured angular range, clearly in-
theoretically obtained width of the GT giant resonance peaklicating low sensitivity to different sets of optical potentials.
is only about a half of the experimentally observed width,Calculations were also done in which single particle radial
which is mainly due to the limited configurations included in wave functions were generated from a Woods-Saf$)
the shell-model calculation. potential, the depth of which was adjusted to reproduce the
The cross sections in DWIA calculations are quite similarbinding energy. The binding energies of neutrons and pro-
with one another meaning the insensitivity of the cross sectons were obtained from the experimental data of the
tions to the effective interaction. The polarization transfer®Zr(p,d)®%zr [42] and °°Zr(d,n)%Nb [43] reactions, re-
Dun(0°), on thecontrary, is very sensitive to the choice of spectively. Unbound single particle states were assumed to

B. Theoretical calculations for the low-lying GT states
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FIG. 6. Measured angular distribution for the neutron group at
- in 90 ; ; 9 90, ;
E,=2.3 MeV in *Nb excited via the®Zr(p,n)*Nb reaction at sections of the indicated™ transitions for various fp1h configu-

Tp=295 MeV (f'”ed circles W't_h 1o error bar. The curves are®  rations. All calculations are presented for an energy loss of 30
DWIA calculations corresponding to the sum of 14 GT fransi- MeV

tions up to 4.0 MeV of excitation irf°Nb. The results of DWIA
calculations shown in this figure have been normalized by a factor
of 0.57 to reproduce the measured 0° cross section. See text for
details. The shapes of the empirical angular distributions are char-
acterized by the transferretl” values. The DWIA calcula-
be a shallow binding energy to simplify the calculations. Notions, however, reveal that the angular distribution of a dif-
major changes have been observed for the shapes of the dferential cross section is mainly characterized.yyand that
ferential cross sections in the calculations performed eithethe difference in shapes among the membérsi(+1,L) of
with HO or with WS single particle radial wave functions. a givenL transfer is small in the limited angular range such
The shapes of the angular distributions, therefore, are inse@s the case of the present data. Thus we carried out the MD
sitive to details of radial wave functions. analysis by grouping all™ transitions to the lowedt value.

The experimentally observed angular distribution for the We have calculated angular distributions for the following
peak atE,=2.3 MeV is shown in Fig. 6 by the filled circles, final J” states: I (L=0); 07, 17, and 2 (L=1); 3"
which has aL=0 shape at forward angles. Note that(L=2);and 4 (L=3). Because of the finite number of the
the peak contains the transitions to the stateS,at1.0 and data points in the angle, thE" states fol. =2 transfers are
3.0 MeV due to the present energy resolution. In Fig. 6, theestricted to unnatural parity states. Note that the observed
solid and dashed curves correspond to DWIA calculationsarge negativeD y\(0°) values up to around 60 MeV exci-
using HO and WS radial wave functions, respectively. Thetation indicate the presence of significant strength of unnatu-
calculated differential cross sections are normalized by a facal parity stateg44]. The difference of the shapes of the
tor of 0.57 to reproduce the experimental value ofangular distributions for severalplh configurations for a
o.m(0°)=10.1x0.4 mb/sr. A fairly good agreement with given J7 transfer has been investigated. An active neutron
the measured values is observed in the forward angle. Theole is restricted to thefk,,, 1fs5,, 2p3pn, 2Py, OF 1ggp»
experimental value starts to deviate from the calculated valushell since thé'®Ca is assumed to be a core. An active proton
for the 1" transitions at an angle greater than about 5°. Thigarticle is restricted to the B/, 1dop, 1075, 2dsp,
disagreement might arise from the contribution lot1 2ds3p, 1hy)0, Or 3s4, shell. Calculated shapes of the angular
components. The differential cross sections of the excitedlistributions for an excitation energy of 30 MeV are shown
state atE,= 1.0 MeV in Ref.[2] are indeed almost constant in Fig. 7 for all possible p1h configurations within these
with respect to the scattering angles. The reason of this disactive neutron and proton shells. The figure clearly shows
agreement in the angular distribution at large angles, therghat the shapes in the angular range considered here are al-
fore, is most likely due to the excited stateEBt=1.0 MeV.  most independent of the assumption of thellh configura-

FIG. 7. Arbitrarily normalized distorted wave differential cross

C. Multipole decomposition analysis
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tion. Some exceptions, however, can be found. For example sl Ty | e B R EARAR RN 7
(1) The 2py,,2p;5 configuration for the)™=1" transition oL R Orap=0.0° 35_ b= 7.0 E
has a fairly large second maximum at aba\dt,=8°. (2) ok EE ER E
The 2d;,1f;5 and Ag,2p;5 configurations for the . A o 4 ]
J7=2" transition have fairly large second maxima at about =™ e 0
0.m=12°.(3) The 1fg,2py3 configuration for the)™=3" '> 0" 20 40 60
transition peaks at around. ,=16° whereas other dlh é STy 0 _ 07 ] 4r
configurations peak at around}, ,=8°. These exceptions .= 6 DA I-1:
show the common characteristic feature; transitions witt 'y, 4 2f
J7=1%, 27, and 3" have large contributions from the angu- g 2 n:
lar momentum transfers with=2, 3, and 4 rather than those g o o bz 1
with L=0, 1, and 2, respectively. ~ 0 20 40 60
For each 1.0 MeV excitation energy interval, the experi- [z g 4F o _ioge |
mentally obtained angular distributioa®"(4, ., ,E,) was 3, 3p T E
fitted by means of the least square method with the sum ¢ % 3 2F =
calculated angular distributionsr$2 6 m.,Ex) Weighted ~ f ) 1F
with fitting coefficientsa;- as g o s 0 Lpnasssasis
b° 0 0 20 40 60
RO s Ex) = 2 83702 O m.oEx) (5) NE iﬂlmv '91'b|=ﬂ4f|3°_ £, (MeV)
o cmoEx)= 370 37 \Oem. Ex)- P & R
7 ab gt — B3 ar=0
The fitting procedure has been performed for all possible ?_ o rl H AL =1
80 640 combinations of the previously calculated angulal ok it V2 aL=2
distributions at each excitation energy frorb through 70 0 20 40 60 X Az =3
MeV. Note that the configurations with unusual angular E, (MeV) ® data

shapes are, of course, included in the calculations. The con.

bination of calculated angular distributions giving the mini- FIG. 8. Results of the multipole decomposition analvsis at the

mum chi-square value was chosen. Although the data ari%dicatéd 'an los P P Y

available in 0.5 MeV energy intervals, the choice of 1.0 MeV gles.

intervals provides a smoother fit and is good enough to dis- .

tinguish each_ contribution to the cross sections. oL-o(q,w)=0oeTF(q,0)B(GT), (6)
Figure 8 shows the result of the MD analysis which is in

excellent agreement with the measured cross sections for thehereo g is the GT unit cross section afidq, ) describes

whole excitation energy region of all angles. The presenthe dependence on momentum trangfeand energy loss

MD analysis clearly shows a fairly large contribution of the w. The latter factor is defined to be unity af,)=(0,0),

L=0 component up to 50 MeV excitation. Tte=0 cross and may be expressed ]

section becomes zero around an excitation energy of 70

MeV. We have also carried out the MD analysis by using the o -0(Q,w)

angular distributions obtained in DWIA calculations with F(q,0)= m

WS radial wave functions as well as by using the angular L=0

distributions obtained in PWIA calculations with HO radial _K(Tp,w) 1,

wave functions. The results for the=0 cross section at —Wex —zabjexdi(w)], (@)

0.0° are shown in Fig. 9. The MD analysis is found to be

almost independent of the parameters used in DWIA calcuyhereK is a kinematic factorb is a parameter describing
lations to generate angular distributions up to 50 MeV excithe dependence on the momentum transfer, &nad) is a

tatlon However, thde=0 cross section at -e?(Citation enerj po|yn0mia| function describing the dependence on the en-
gies larger than 50 MeV seems to be sensitive to the choicgrgy loss as

of the angular distributions used in the MD analysis, depend-

ing on either PWIA or DWIA. Therefore the GT strength ,

described below is discussed by separating the excitation en- {(w)=2 a0 ®
ergy region of®Nb into two regions(a) E,<50 MeV and =1
(b) E, > 50 MeV, to avoid the systematic uncertainty of the
B(GT) values coming from the ambiguity of the results in
the MD analysis.

For a given energy lose,, the momentum transfer de-
pendence of the cross section at small momentum transfer is
a Gaussian function af (Gaussian approximation

V. DISCUSSION 1
A. GT strength o(g,w= wg)MGX[{ - §q2b) . (9

The L=0 cross sectionr _y(q,w) at low momentum
transfer can be related to the correspond®{GT) value as At 6,,=0.0° momentum transfey is a function of energy
[16] lossw, and here we assumed that the factay?b/3 describ-
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15— =0.0°. Therefore in the extrapolation of the=0 cross sec-
tion to q=0, the contribution of higher-order terms in the
smallqg expansion not included in the Gaussian approxima-
tion is not negligible beyond 50 MeV excitation. In order to
extend our analysis beyond 50 MeV excitation, we try to
correct the contribution of higher-order terms by adopting an
appropriate order of the polynomial functiaf{w), which
can be determined by a comparison with DWIA calculations
for the L=0 transfer as described below.
The energy loss dependence of the cross sections is ex-
] pressed in Eq(7) by using the factor eXg(w)], where
LJ 1 {(w) is a polynomial function ofw. Because both momen-
DWIA, tum transfer and energy loss dependence is described by us-
H.O. radial-W.F.] ing the polynomial functions obv, the factorF(q,w) can
also be expressed by using a polynomial functiorvadis

-
o
T
|

o (mbsr™'Mev!)

e, )
K(T,, 1
DWIA, ,:(q,w):¢exp(__qzb)exqg(w)]
W.S. radial-W.F]| K(Tp,0) 3
K(Tpaw)
= mexd 7(w)], (11)

[o)]
T

gL

%

PWIA,
H.0. radial-W.F. | with

| J N(w)=é(w)+{(v). (12
oL |

P 20 40 60 The order of the polynomial functior(w) and the magni-
tude of the polynomial function coefficients can be deter-
mined by comparison with DWIA calculations. The quantity

FIG. 9. TheL =0 cross sections deduced from the MD analysis. _ o—(q0) [ KT, )

The top and middle histograms represent the results of the MD F(q,w)= T—o(0=w=0)| _ K(T,,0) exd n(w)]|,

analysis by using the harmonic oscillator and Woods-Saxon radial (13

wave functions in DWIA calculations, respectively. The bottom his-

togram is the result of the MD analysis by using the angular distri-is plotted in Fig. 10. The filled circles, open circles, filled

bution obtained by the PWIA calculation. squares, and open squares are the results of DWIA calcula-
tions for the Bopldgs. 197210e2. 2P12Pz3. and

ing the momentum transfer dependence can be expressed &s,,,2p;,» configurations, respectively. A fourth order poly-

a polynomial function ofw as nomial function

excitation energy (MeV)

1 . L
—30%=2, Bio'=¢o). (10 n()=2, ya, (14

The validity of the Gaussian approximation depends notS found sufficient to fit the calculateq erendence. The
only on the small expansion of the central interaction, but dashed curves show the results of fitting by assuming an
also on the assumption that other components of the intera€nergy loss dependence in E¢3) and (14), which repro-
tion, such as the tensor force, do not contribute to the crosguce the calculated values very well up to an energy loss of
sections at small momentum transf&6]. The range of the 70 MeV. R
momentum transfer where these assumptions are valid can The choice of the GT unit cross sectiont is very im-
be verified by comparing with DWIA calculations. We have portant since it reflects directly on the sum of the GT
performed the DWIA calculations for the GT*1transition ~ strength. In our previous study5] we used the GT unit
to obtain the cross sections as a function of momentum trangross section ofrgr=4.3+0.3 mb/sr. This value has been
fer. The calculations were done for thegglzlgg,%, derived from the GT transition &,=2.3 MeV, for which
197,199, 2P122P55, and 2,,2pys configurations and  the B(GT) value is known from the study of then) reac-
the parameters used in DWIA calculations are the same ond®n at T,=120 MeV by Bainumet al. [2]. Bainumet al.
used in the previous calculations. It is found that the Gaussdsed the IAS transition, whose Fermi strength B§F)
ian approximation works fairly well up to abow=0.45 =(N—2Z)=10, to normalize the 0° cross section. The nor-
fm~1. Note that a momentum transfer of 0.45 fincorre-  malized cross section was used to deduce the GT strength by
sponds to an excitation energy of about 50 MeVég},  using the ratioR? of the GT unit cross section relative to
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12— A Gt
o1as= 0FF (0, 0)B(F) = =5 F(,0)B(F)
Lodesy ] =0g7F(q,)(0.71£0.05). (15)
N |
\E\\ ] Therefore, the IAS transition contributes little to the GT
3 ] strength aB(GT)=0.7. The GT unit cross section can be
0.8 %, - deduced as follows:
W ]
. R 1 ~ oL-0/F(qe) 67.9+0.2 mb/sr
3 e E 1 96T""B(GT)  (18.3:3.0)+(0.71=0.05
o 06 W, ]
~ N 1 =3 6+
=, N _ 3.6+0.6 mb/sr. (16)
» 92 | The GT unit cross section can also be estimated theoreti-
04 ® 194,21g97 \2\‘:@ ] cally from the results of DWIA calculations for the GT"1
0 19,2195 - | transition. By using OBDME for the GT "L transition which
» i:\\\ﬁ\“ | corresponds to a GT transition strength BfGT)=1, the
ozl 2P1/2%P3/2 RN cross section afj=w=0 in the DWIA calculation becomes
' 0 2p, 2201k \:\\:&\4 the GT unit cross section. We have obtained the DWIA cal-
R culated values for the GT unit cross section toog = 3.7,
! > 3.4, 2.9, and 3.0 mb/sr for thegd,19q. 19721993 »
00 ———— 2'0 e '4'0' = 'slo = 2p12Ps;. and 2.,2py5 configurations, respectively.

Thus, the&GT value of 3.6+ 0.6 mb/sr chosen in the present
study agrees fairly well with that derived from DWIA calcu-
lations.

FIG. 10. The factofF(q,w) describing momentum transfer and It is interesting to n,Ot,e that the consistent; value can
energy loss dependenc(eqof)the Cross gections fodThel™ tran- be dgduced by combining t_he data for tﬁ‘&r(p,n)goNb .
sition deduced from DWIA calculations. The filled circles, open f€action at 120 MeV by Bainuret al. [2] and Taddeucci
circles, filled squares, and open squares are the DWIA calculation@t @l [16]. Bainumet al. reported the cross sections for low
of the o(qw)/o(q=w=0) values for the @golggys, Iving 17 states atE,=10, 2.3, and 3.0 MeV as
197/21923/211 2p1/22p:,:,21, and 331/22[31’/% configurations, respec- O'C_m.(0°)=0.8i0.3, 5.0t0.5, and 0.90.3 mb/sr, respec-
tively. The dashed curves show the results of fitting by assumindively. As described in Ref.2] the state aE,=1.0 MeV is
the energy loss dependence of E@dl), (12), and(14). not completely a 1 state. Here, however, we assume that

the 0° cross section &,=1.0 MeV is fully coming from the

1" component. Then the total cross section of low-lying
the Fermi unit cross section. They reported the 0° cross seéL—+ states pecomes1+(0f)=6.7tp.6 mb/sr. The f?“@? of
tion of the IAS transition to be 6:00.7 mb/sr, which dis- thetGT utnlltzgrcl\)/lssvsectlog1 rgl?jtlve (tjoaéhe Fermi unit cross
agrees with the 4%0.4 mb/sr afl ;=120 MeV reported by section & eV can be deduced(as]
Taddeucckt al.[16]. This disagreement might be due to the )
ambiguity of the background subtraction in the case of Bai- R%(T,=120 MeV)= ( 120 Me\/) —4.76 17)

, p .76.

num et al. Therefore the GT strength reported in REZ] 55 MeV
may be inadequate for the derivation of the GT unit cross
section. If we use the cross section for the IAS transition reported by

In the present study we use tB¢GT) value reported by Taddeuccekt al.[16], the B(GT) value for the low-lying GT
Gaard€9]. He systematically studied the GT unit cross sec-1"* states is found to be
tions as a function of target mass numbeiTg=160 MeV,

energy loss » (MeV)

and deduced th®&(GT) values for various nuclei. In the 01+(0°) B(F)

%Zr(p,n) case, the sum of thB(GT) values Gz-) up to B(GT)= oas(0°) RZ

the GT giant resonance region was reported to be

Sp-=18.3 £3.0. From the present MD analysis, we have =3.0=0.4. (18)

obtained thé.=0 cross section up to the GT giant resonance

region (Ex<16 MeV) to be 67.9-0.2 mb/sr after correcting In the present experiment at,=295 MeV, the 0° cross
the momentum transfer and energy loss dependence. The ofection atE,=2.3 MeV is o.,(0°)=10.1+=0.4 mb/sr,
tainedL =0 cross section includes the contribution from thewhich contains the contributions of the transitions to the
IAS transition. Because thBR? value is 14.71.1 atT,= states atE,=1.0 and 3.0 MeV due to the present energy
300 MeV [18], the cross section of IAS with the Fermi resolution. Therefore the GT unit cross sectionTgt=295
strength ofB(F)=10 can be expressed as MeV can be deduced as
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DWIA, ]
H.O. radial-W.F.
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£B(GT)

 ——— DWIA, —
H.O. radial-W.F.
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DWIA, |
W.S. radial-W.F. 0 . 20 20 o

excitation energy (MeV)

B(GT) (MeV™1)

FIG. 12. Sum of GT strength as a function of excitation energy.
The solid curve represents the sum of GT strength deduced from the
results of the MD analysis by using the angular distributions ob-
tained in the DWIA calculations with HO radial wave functions.

) i The dotted curve represents the sum of GT strength deduced from
- radial-W.F. the results of the MD analysis by using the angular distributions
obtained in the DWIA calculations with WS radial wave functions.
The dashed curve represents sum of the GT strength deduced from
the results of the MD analysis by using the angular distributions
obtained in the PWIA calculations with HO radial wave functions.

T

/IR I R L |
0 20 40 60

) . about 0.45 MeV?! up to 50 MeV excitation. We have also
excitation energy (MeV) obtained theB(GT) values derived from the results of the
MD analysis by using the angular distributions obtained in

FIG. 11. Gamow-Teller strength distribution obtained from the "€ DWIA calculations with WS radial wave functions as

0° L=0 cross section which is deduced from the MD analysis. TheWell @s by using the angular distributions of the PWIA cal-
top histogram represents the GT strength deduced from the resulf/lations with HO radial wave functions. Both of the results
of the MD analysis by using the angular distributions obtained inr€ also shown in Fig. 11 as a function of excitation energy.
the DWIA calculations with HO radial wave functions. The middle Because the results of the MD analyses are almost indepen-
histogram represents the GT strength deduced from the results gfent of the parameters used in the DWIA calculations to
the MD analysis by using the angular distributions obtained in thegenerate the angular distributions up to 50 MeV excitation,
DWIA calculations with WS radial wave functions. The bottom the B(GT) values deduced from tHe=0 cross section are
histogram represents the GT strength deduced from the results aflso insensitive to the parameters used in the DWIA calcu-
the MD analysis by using the angular distributions obtained in thgations. TheB(GT) values beyond 50 MeV excitation, how-

PWIA calculations with HO radial wave functions. ever, are very sensitive to the choice of parameters used in
the DWIA calculations. Figure 12 shows the accumulated
A oem(0°) sum of B(GT) values as a function of excitation energy to
96T B(GT) clarify the sensitivity ofB(GT) values for different param-
eter sets in the DWIA calculations. The solid, dotted, and
=3.4£0.10.4 mbl/sr, (190 dashed curves are the accumulated sunB@BT) values

] ) ~ deduced from the results of the MD analysis by using the
where the first uncertainty comes from the statisticalangular distributions of the DWIA calculations with HO ra-
uncertainty of the cross section and the second uncertaingig| wave functions, those with WS radial wave functions,
is originating from the uncertainty of th&(GT) value. and those of the PWIA calculations with HO wave functions,
In these calculations we neglect the momentum tranSfeFespectiver. It is found that the sum B{GT) values up to
and energy loss correction facts(q, ) since theF(q,0) 50 MeV excitation is insensitive to the parameters used in
value is close to unity in the low excitation region. This the calculations and its value varies only within 1.3. The sum
ogT value of 3.4 mb/sr is consistent with the adoptegr  of B(GT) values beyond 50 MeV excitation, on the contrary,

value of 3.620.6 mb/sr in the present study. is very sensitive to the choice of parameters, and its value
Now we have fixed all of the parameters which are necchanges from 2.4 to 9.8. It should be noted that these values
essary to derive thB(GT) values from ther _o(q,w) val-  are the sum oB(GT) values in the region from 50 to 70

ues. Figure 11 shows thB(GT) values obtained from the MeV excitation since thé. =0 cross section in the present
the MD analysis as a function of excitation energy. A strik-MD analysis becomes zero around 70 MeV excitation. Be-
ing feature is the fairly large and constdB¢GT) values of cause of the uncertainty involved in the MD analysis, it is
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5 [ . . ; . guity in the MD analysig1.3). The systematic uncertainty

i coming from the uncertainty of the GT unit cross section is
estimated to be 5.4. The excess of the GT strength from the
minimum sum-rule value of 3(—2Z)=30 is mainly due to
—— Drozdz et al.(smeared) the contribution of the isovector spin-monopolB/SM)
strength which is indistinguishable from the GT strength in
the MD analysis. In the following subsection, we present the
estimation of the contribution of the IVSM resonance to the
GT strength obtained from the MD analysis.

. MD analysis

4r . :‘. ”””” Drozdz et al. E

3r 7} Bertsch and Hamamoto 5

B(GT) (MeV™h)

B. Contribution from the isovector spin monopole

The L=0 cross section obtained from the MD analysis
might also include the contribution from the IVSM reso-
nance which is expected to be at about 35 MeV excitation

excitation energy (MeV) [46,47. We have performed a series of DWIA calculations
for the IVSM state to estimate the contribution to the 0

FIG. 13. Gamow-Teller strength distributidfilled circleg ob- ~ Cross section at 0°. o
tained from the 0°L=0 cross section which is deduced from the ~ The OBDME for the IVSM transition is deduced by fol-
MD analysis. The dashed curves and hatched histogram represd@wing the procedure shown by Conéeal. [48]. The cal-
the SRPA calculation by Demiz et al. [22] and the perturbative culation has been based on normal mode excitafté8,
calculation by Bertsch and Hamamofd5], respectively. The which is the response to a simple tensor oper@fy acting
SRPA calculation smeared out to reproduce the experimentally obpn the ground state:
tained width of the GT transition &,=2.3 MeV is shown by the

solid curve. |[IM)ocOl,,]0). (20

very difficult to quote the error in this region. We feel that This normal mode can be expanded in terms of particle-hole
the sum ofB(GT) values beyond 50 MeV excitation could states as
take any value between 0 and 10. In the following discus-
sion, therefore, the GT strength distribution as well as the
total GT strength are presented without regard for the GT
strength in this region.

In Fig. 13 the perturbative calculation by Bertsch andwhere the amplitudeX;} are the reduced matrix elements

Hamamotd 15], and the SRPA calculation by Drdv et al. At i

[22] are presented by the hatched histogram and dasheg attzeaﬁgifgor?ﬁwlstzre t)f(lJeMtir:r;ls;trlr%r;"tit(\jN:n the ground
curve, respectively, both of which have taken account of the A ph

mixing of the GT strength with g2h configurations. The
B(GT) values deduced from the results of MD analysis using xIM_
the angular distributions obtained in the DWIA calculations ph At 2'
with HO wave functions are also shown in Fig. 13 by the \/% [{ph;IM[O]y|0)|

filled circles. TheB(GT) values by the SRPA calculation

have been folded using a Gaussian distribution to reproduc.?he normal modes, defined by Eq@1) and (22), can be

the width of the GT transition &,=2.3 MeV, and they are . : .
shown by the solid curve in Fig, 13. The centroid energiesShown to exhaust the full strength associated with the opera

and widths both of the low-lying GT state B=2.3 MeV  ©f OJw- The multipole operator used for IVSM is

and of the GT giant resonance are reproduced fairly well by .

the SRPA calculation. However, the SRPA prediction of Ol ,=roaYM Yy 1i7_, (23

about 0.2 MeV* underestimates the GT strength in the con-

tinuum. The perturbative calculation by Bertsch and Hamaand a harmonic oscillatoph basis has been used. In the

moto, on the contrary, agrees with the experimentally ob<calculation, the®°Zr ground-state wave function is assumed

tained value in the continuum. The obtained GT strength irto have protons and neutrons filling up t@:2 and 1gq,

the continuum region of excitation energies between 20 andhells, respectively. The configuration space fpdh exci-

50 MeV is 0.45 MeV %, which is roughly consistent with the tations was restricted to thei2» excitation of °°Nb.

theoretical prediction of 0.48 MeV* [15]. The optical potential parameters are the same as used in
The total experimentally observed GT strength summedhe previous calculations, and thenatrix parametrization at

over the region up to 50 MeV excitation becon®s = 34.2 325 MeV by Franey and Love is used for the effectival

+ 1.6, or abou{114+ 5)% of the minimum value of the sum interaction. The single particle radial wave functions should

rule 3(N—2Z)=30. The uncertainty contains the uncertain-be carefully determined for the IVSM state since its radial

ties coming from the fitting uncertainties in the MD analysistransition density has a node around the surfpé@47).

originating from the statistical uncertainties in the experi-Both the amplitude and the shape of the angular distribution

mental data(0.3) as well as the previously described ambi- are rather sensitive to the choice of the single particle radial

|J M>=§ XM alan];ul0), (21)

(ph;aM|O],[0)

(22)
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wave functions. Therefore we have used the WS potential to Sp-—Sp+=(28.0-1.6)—(1.0=0.39
generate single particle radial wave functions.
The DWIA calculation predicts the 0° cross section =27.0+1.6. (24)

for the IVSM state at 35 MeV excitation as 9.9 mb/sr. If _ )

we subtract this strength from tHe=0 cross section ob- 1hiS Sg-—Sg+ value is about90+ 5)% of Ikeda’s sum rule
tained from the MD analysis, the total GT strength summed’@ué of 3N—2) = 30. The uncertainty of theSs-
over the region up to 50 MeV excitation becomes —Sg+ Value in Eq.(24) does not include the uncertainty

Sg-=27.8+ 1.6, or about93:+5)% of the minimum value of coming from the uncertainty of the (_BT unit cross section.
the sum rule 3§—Z)=30. In the calculation we assume |N€ uncertainties 08;- and Sg+ coming from the uncer-
that all of the IVSM strength is concentrated at an excitatiorfainty of the GT unit cross section are 5.4 and 0.1, respec-
energy of 35 MeV. Auerbach and Kle[d7] calculated the fiVely. As a result theSy-—Sg+ value has an uncertainty
distribution of the IVSM strength i?°Zr and found that the ~Originating from the uncertainty of the GT unit cross section
IVSM strength might be distributed over a wide excitation ©f 5-4- In the calculation of th&s-— S, value in Eq.(24),
energy region. We, therefore, estimate the contribution of th&'e used thes,- value up to 50 MeV excitation to avoid the
IVSM strength to the 0° cross section when the IVSM SyStematic uncertainty of.ttﬁ(GT) values coming from the
strength distributes monotonously as a function of excitatior@Mbiguity of the results in the MD analysis. However, the
energy. The assumption of the monotonous distribution iPresent MD analysis shows that there is a possibility of some
quite appropriate since tH&(GT) values deduced from the GT strength existing beyond 50 MeV excitation, which
present MD analysis are indeed almost constant making a flf€ans that th&,;— S+ value of 27.0 can be assumed as a

continuum. Two different distributions are tried; 25 Mey Minimum value. Therefore the quenching of the GT strength
<EVSM<45 MeV and 20 Me\=E'VSM<50 MeV. The final dueto theAN~! admixture into the p1h GT state seems to
X X "

results of the total GT strength summed up to 50 MeV exciP® very small.
tation after subtracting the contribution of the flat IVSM dis-

tribution becomeS;- = 27.9+ 1.6 and 28.% 1.6 for 25 MeV D. Model limitation
<E,"*"'<45 MeV and 20 Me\=E,>"<50 MeV, respec-  As a final remark we would like to mention some model
t|Ve|y. Thus the total GT Strength is insensitive to the deta”qimitations used in the MD ana|ysis which may affect the
of the distribution of the IVSM strength. L=0 strength extracted from the present data.

In the following we useS;-=28.0£1.6 as the total GT In the present DWIA calculations, the shallow binding

B~ strength of ®™Nb up to 50 MeV excitation. However, it energy is assumed to simulate the unbound single particle
should be noted that the amplitude of the cross section istate. Although the similar assumption is frequently used for
sensitive to the optical model parameters. Thus the amounfe analyses of high lying giant resonances, it is an open
subtracted as the contribution from the IVSM state is notguestion as to how well the DWIA calculations based on this
well determined. It should be also emphasized that thessumption are able to describe the experimental data, par-
present estimation of the contribution of the IVSM state isticularly if it is applied to the highly excited states such as 50
based on the assumption that the whole IVSM strength isev. Therefore the theoretical work for the unbound single
located below 50 MeV excitation. Obviously the final reso- particle wave functions is needed to assess the size of the
lution of the contribution of the IVSM strength to the=0 ambiguity arising from this approximation.
strength must await future studies. Recently it was reported by several authdfl-53
that the DWIA calculation has a difficulty in reproducing the
experimental L=1 angular distribution at very forward
angles where theL=0 transition, i.e., GT strength, is
The GTB™" strength of®®Y was derived from the results important. ~Based on the analysis for the
of MD analysis of the®®Zr(n,p)%°Y reaction at 198 MeV by  *°O(p,n)%F(27;0.4 MeV) transition, Merceret al. [53]
Raywood et al. [50]. Their best estimate of the total GT have proposed deepening the reactipnalue, 8 MeV more
B* strength Gg+) is Sp+=1.0+0.3. Condeet al.[48] also  negative than the prop€ value, in the DWIA calculation to
extracted theS;+ value of 9%y from the double differential get better agreement with data. Although there isiriori
cross sections of th&Zr(n,p)°% reaction at 98 MeV. The reason for this and, moreover, such a difficulty is not known
Sg+ value of 1.7+ 0.2 was obtained in their analysis. The experimentally for the medium and heavy nuclei, we have
uncertainties of theSz+ values given above do not include examined the effect of this modification in the DWIA calcu-
the uncertainty in the GB* unit cross sectiond+). The lation according to their prescription. It is found that the
effect is about-2.3 inB(GT) unit. This means a part of the
GT strength is now reassigned as the &rength and con-
sequently the totab,;- value decreases accordingly. Since
o . A this Q-value modification gives a moderate chang&jn, it
other by taking into account the uncertaintiesogf:. Here g 150 important to study experimentally whether the similar

we adopt theSg+ value of 1.0-0.3 by Raywoocet al. since  jfficulty of fitting exists or not in medium and heavy nuclei.
the ambiguity originating from the effect of distortion Bt

= 198 MeV is smaller than that at,=98 MeV.

The S;- value up to 50 MeV excitation obtained in the
present study iS;-=28.0+1.6. Therefore the total GB~ In summary, we have measured the double differential
strength minus the total GB* strength becomes cross sections at seven angles between 0.0° and 12.3° and

C. Ikeda’s sum rule

uncertainties offrB+ are about 5 and 9 % in the cases of
Raywood et al. [50] and Condeet al. [48], respectively.
Therefore these twd,+ values are consistent with each

VI. CONCLUSIONS
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polarization transfeDy at 0° for the®%Zr(p,n) reaction at  traction of the contribution from the IVSM state is ambigu-
an incident energy of 295 MeV. The MD technique is ap-OUS and further studies are needed to clarify the contribution
plied to the measured cross sections to extractth® cross ~ ©f the IVSM strength. _ .

section. The present analysis assigns a considetablé The total GT3 Stfength minus the total GB™ strength
cross section above the GT giant resonance region up to as calculated by using the present results a_n(S;-,hevalue
MeV excitation. TheL=0 cross section deduced from the reported by Raywoodat al. [50]. The reBsuIt 'SSB’,_SV

MD analysis has been extrapolated tp§) = (0,0) to obtain 27.0x 1.6 which corresponds 190+ 5)% c_)f lkeda’s sum
the GT transition strengtB(GT). Although the SRPA cal- rule value of 3N—2)=30. In the calculation of th.éﬁf
culation by Dradz et al. describes the distribution of the GT __ Sg+ value, we used thB,- value up to 50 MeV excitation

strength very well, the strength in the continuum is underest© avoid the systematic uncertainty coming from the ambi-

timated by about 0.2 MeW:. The second-order perturbative guity O.f the results in the MD analysis. _The present MD
analysis, however, shows that there might be some GT

calculation by Bertsch and Hamamoto, on the contrary, - .
agrees with the GT strength in the continuum. The obtaine trength beyond 50 MeV excitation. Thus the obtained

T strenath in th ntinuum reaion of excitation enerai - — Sp+ valu_e of 27.0 can be assumed as a minimum
Setvié:n gto andt 5% (lz\jl)e\t/ i:uo_45e|\g/|gv \(/)vh?chcztiztrgesia(ierls esvalue. From this we gcinclud.e that_the guenching of the GT
well with the prediction of 0.48 MeV! of Bertsch and strength due to thA N~ admixture into the plh GT state
Hamamoto. The sum oB(GT) values up to 50 MeV seems to be very small.
excitation is Sg-=34.2+1.6, which corresponds to about
(114+5)% of the minimum value of the GT sum rule.

We have also examined the possible contribution of the
IVSM strength to theL =0 cross section obtained from the  We are extremely grateful to Y. Watanabe and M. Kawai
MD analysis. The DWIA calculation predicte.,(0°)  for the SCDW calculation of the two-step contribution in the
=9.9 mb/sr for the IVSM state at 35 MeV excitation if the cross sections. We would like to thank K. Muto for the cal-
IVSM strength associated Witmz[(T@Y'ﬁ/l::OO]Jw:l#— 7_ is  culation of one-body transition amplitudes, and A. Okihana
fully exhausted. The total GT strength summed over the reand N. Koori for their help in the early stages of the con-
gion up to 50 MeV excitation iS;-=28.0=1.6, or about struction and development of the NPOL2 system. The ex-
(93+5)% of the minimum value of the sum rule periment was performed at RCNP under Program No. E57.
3(N—2Z) =30, after subtracting the contribution of the IVSM This work is supported in part by the Grants-in-Aid for Sci-
strength to theL =0 cross section obtained from the MD entific Research Nos. 6342007 and 04402004 of the Ministry
analysis. It is also found that the total GT strength obtainedf Education, Science and Culture of Japan. One of the au-
after subtracting the contribution of the IVSM strength isthors(T.W.) would like to also acknowledge the partial sup-
insensitive to the details of the distribution of the IVSM port by the Grant-in-Aid of the Japan Society for the Promo-
strength. However, the amplitude of the cross section is serion of SciencgJSP$ of Ministry of Education, Science and
sitive to the optical model parameters. Therefore, the subCulture of Japan.
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