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Distribution of the Gamow-Teller strength in *Nb and 2°%Bi
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The @He,t) charge-exchange reaction has been studi& #e)=450 MeV and angles near 0° on targets
of %9Zr and 2°%b. Fragmentation of the Gamow-Tell@T) strength into separate components of the particle-
hole type has been observed. The distribution of the GT streng®iNh and in 2°%i has been calculated
within the continuum quasiparticle random phase approximation and continuum-random-phase approximation
approaches, respectively. These components, especialffftb, could be related with the direct, core polar-
ization, and back-spin-flip Gamow-Teller strength.
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The Gamow-Teller(spin-flip, isospin-flip transition has based on core-polarization spin-flig (—j. or j-—j)
played an important role in nuclear physics. It was first rec-and back-spin-flip .—j-) are expected. The latter type of
ognized as a component of the weak interaction in allo®ed excitation is present only in neutron-rich nuclei when the
decay. Later, it was found that the initial step of the hydrogerproton orbits for a lower-lying spin-orbit partner are not
fusion reaction leading to nucleosynthesis, the electroneompletely filled[9].
capture reactions leading to stellar collapse and supernova The GT strength distribution of°Nb has been investi-
formation [1] were mediated by this Gamow-TelleGT)  gated by Bainunet al. [3] using °°Zr(p,n) reaction atE,
transition. Basic understanding for all these processes re= 120 MeV, but their energy resolution full width at half
quires t'he reliable knovyledge on_the GT strength diSt”bUtio%aximum[(FWHM):660 keV] was not sufficient to resolve
at relatively low excitation energies. the transitions to the low-lying excited states¥iNb.

From the systematic retardation of the allowgdlecays The GT strength distribution of°®88i was investigated by

in nuclei, the presenhce of the”GT redson%qces at high ﬁXCitqflanderset al.[10] using again p,n) reaction with a some-
tion energies was theoretically predictg?l. In 1980, the ' g '
what better energy resolution of FWHMI30 keV.

giant GT resonance was actually found to be preferentially The aim of the present work was to study the fragmenta-

excited in the p,n) reactions at high bombarding energies _. . . )
[3]. Detailed experimental investigations of GT resonanced©n Of the GT strengths into low-lying excited states’iib

have already been started in the early 19p0s6]. A GT  andin 208p; using better energy resolution and higher statis-
resonance consisting of1states of maximum collectivity t!cs than previously used_. Fur_thermore, thfaoretlcal calcula-
should appear at high excitation energies. Those states afi@ns were performed to identify the low-lying parts of the
mainly associated with charge-exchange excitations of nedST strength including the contributions of the core polariza-
trons from orbits withj— =1+ 1/2 into protons in the spin- tion and back-spin-flip. As applied t&"Bi, the calculation
orbit partner orbits withj . =1—1/2. Considerations involy- results were described in Ré¢fl1].

ing the Wigner supermultiplet coupling scheifi§ and the The experiment was carried out at the Research Center
spin-isospin characteristics place these GT excitations at efier Nuclear Physics(RCNP, Osaka University. A 450
ergies near the respective isobaric analog states. If theleV *He?" beam extracted from the RCNP ring cyclotron
Wigner SU4) symmetry is assumed to be exact, the energiesvas achromatically transported to tA%r and 2°%b targets

of isobaric analog states and the Gamow-Teller resonancesith a thickness of<5 mg/cn? and isotopic enrichments of
would be equal, and these resonances would exhaust entireédg% and 99.9%, respectively. The typical beam intensity was
the corresponding sum rules. Under this assumption, frag2—5 e nA. The beam spot size on the target was about 1
mentation of the Gamow-Teller resonance into states of thenmx1 mm. The emittance of the beam was2 mrad
particle-hole type would not exist. Within the framework of (FWHM). The halo of the beam was monitored by measuring
the shell model, the Wigner S symmetry is broken the counting rates in plastic scintillators arranged at several
mainly by the spin-orbit term of the nuclear mean field. points along the beam transport line.

The possible existence of low-lying less collective The momentum and energy of the ejectile tritons were
Gamow-Teller fragments was predicted on the basis of aneasured with the magnetic spectrometer “Grand Raiden”
quasiclassical treatment within the framework of the[12]. The spectrometer was set at0.3° with opening
random-phase approximatiofRPA) [8,9]. Two fragments angles, which were defined by a slit at the entrance of the
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(®*He,*He’) measurements performed independently. The in-

5 3 L. *7r(*He,t)®Nb cident®He?* beam was stopped by a Faraday cup positioned
6t E = 450 MeV inside of theD1 magnet.

4 3 % 0=0° The ejectile tritons were detected with two multiwire drift
3 A chambergMWDC's) [13] placed along the focal plane with
2 I M e ] a tilting angle of 45° with respect to the central ray of the
A fie T spectrometer. The MWDC's were 1150 mm long and 45 mm
0o 5 10 15 20 25 high. One MWDC was placed at the focal plane of the spec-

trograph and the other MWDC was placed at a distance of
250 mm downstream from the first one. Each MWDC con-
sisted of two planes to measure the horizontal and vertical

o
T
S
0
I

E + <{
6E "= positions of the incident charged particles. The position and
3 s angular resolutions of the MWDC’s were 0.3 mm and 1.2
4 © SDR mrad, respectively.
2 i S The_ MWD_C’s were backed by twaE plasti_c _scintilla-
o 2 - vffy tors with a thickness of 5 mm each. These scintillators were
o OOL‘ T T T T used for particle identification. The resulting triton spectra
-’ E' (MeV) for ®Nb and2%%i are shown in Fig. 1. The achieved energy
Z resolution was 300 keV.
§ All spectra measured at 0° show a strong peak corre-
8 o 3 — — sponding to singly ionizedHe" ions at 450 MeV produced
: ) “Pb("He t)*"Bi by atomic charge-exchange reactions in the tafiyét This

8 E = 450 MeV peak has been used, together with the kn@walue of the

6L 0=0 ground state and the excitation energy of the isobaric analog
4L stateqIAS) relative to the ground state, for calibration of the
2

0

F g GTR YT energy scale and the angle of incidence, since the energy and
C e angular distribution o e" particles are identical to

C LAy gular distribut f the®He™ particl dentical t
S T N TS Y S—— those of the incidenfHe?* beam. '
The spectra measured at 0° with respect to the beam di-
8¢ rection contain almost exclusively the=0 strengths. A
=1° small admixture mostly frorh =1 components is eliminated

(%3]
< C]
6 3 (wa by subtracting the strengths measured at 1°, wherelLthe
3 T
4k SDR "
GTR

=1 strengths have their maximum, from the strengths mea-
sured at 0°.

2 The decomposition of the spectra into resonances and

: 1j\ e nonresonant components, as shown in Fig. 2, makes use of a
P A T A I I fitting procedure invoking analytical equations. The reso-
0 5 10 15 20 E%s M V3)’0 nances are described by assuming Breit-Wigner and also
e

Gaussian shapes for the energy distributions involving
FIG. 1. (Heyt) energy spectra fof°Zr and 2%8Pb. The positions three free parameters each: the_ centroid energies, the_ widths,

of the 1* states, IAS, the GTR, and the spin-flip dipole resonance@d the heights. The uncertainty caused by the different

(SDR) are indicated. line shapes in the determination of the intensities is

taken into account in the error bars. For the quasi-free con-

spectrometer, of=20 mrad horizontally, and=20 mrad tinuum (QFC) background, the following relationship is

vertically. The spectrometer covered an angular range fromused[15]:

—1.45° to 0.85°. The 0° and 1° spectra were generated

offline, using equal solid angles 6¥=0.28 msr, defined by a

horizontal opening angla 6,= +0.40°, and a vertical open-

ing angle,A#,=*+0.57° centered at 0° and 1°. Using this

solid angle, the contribution of the dipole strength in the “0°

spectra” did not increase to an extent that would harm theDnly Nor and Eqr are used as free parameters. The other

separation of monopole and dipole strength. This can be easariables were fixed to the recommended values in [R&.

ily assessed from comparing the “0° and 1° spectra” in Fig. The spectra measured at 0° and 1° were fitted simulta-

1, where the difference ih=1 contributions in both spectra neously using the same shape parameters for the resonances

is prominent. Furthermore, as mentioned later1 contri- and for the background and only the amplitudes were con-

butions to the “0° spectra” could be removed by subtractingsidered to be independent in the two spectra. The energy and

a properly weighted 1° spectrum. The transmission of scatwidth of the spin-flip dipole resonance obtained from the

tered particles passing through the spectrometer with thipresent analysis are in good agreement with the previous

solid angle was confirmed to be 100% in other{’) and experimental datd16,17. Although the resonance peaks

d’oqe  1—exd(E—Eg)/T]
dEdQ "% 1 4 [(E—Eqel/W]?

@
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FIG. 2. Zero-degree®He,t) energy spectra foP°Zr and 2°Pb 3 -
isotopes. The positions of thé Etates, IAS, the GTR, and SDR are 1 _H , H B H H 4 Bk
indicated together with the QFC background. The solid lines = 2 L ‘1‘1—! 6 8 10 : 12 : '1‘4' : ]‘1|6
through the data are results of fits with Lorentzian line shapes for E' (MeV)
9Nb and Gaussian line shapes f9fBi as described in the text. S 102
a3 oh(*He,t) Present data i
around 1°, its contribution was necessary to take into account > 10 k ™
also at 0° in order to get a good fit. L i /‘
The level scheme of°Nb has been compiled recently S I R
[18]. The assignment of the proton-neutron multiplet states L E‘MM \})6
was mostly based of-branching ratios following thep|n) . (Me
reaction using a very small (1C+) AnGeLi) detector[19]. 107 ¢ b1, CRPA results
Below E,=2.5 MeV, six J7=1" levels were found that w10 E

are nearly equivalent to the seven states all expected g ]

from the possible 1 states of d 7(P1,2)2(do2)> 2v(P1)° 1ZN |T‘1rﬂ . H R |
(gg,z)“‘b]ogagzylgbgz configuratior[19]. From theB decay 2 4 6 S 10 12 14 16
of Mo, there are four levels for which the Idgvalues £ (MeV)
are smaller than 5.120]. A J7=1" level in *Nb with a

large %°Zr(3He,t)*™Nb cross section should coincide with a . FIG- 3. Relative GT strengtf5=1q1/lg1r (%)] deduced from
, ' ! : . (3He,t) energy spectra fof’Zr and 2°%Pb isotopes, compared with
level with a small logt value when there is no configuration ’ . . NS
the results calculated in continuum quasiparticle random phase ap-

proximation(CQRPA and in continuum-random-phase approxima-
tion (CRPA), respectively.

TABLE |. Relative GT strengths of the low-lying levels fiNb
and ?%®Bi compared to the strengths of the main Gamov-Teller re-

soanceGITR) (*) complex peak. o o " ] ]
(seniority mixing for a 1" state. Taking into account the

90N 208g; (®He,t) results obtained at low bombarding enefgy], this

is clearly not the case. There is considerable configuration
Ex (MeV) let/letr (%)  Ex(MeV)  lgr/lgTr (%) mixing as is also indicated by thé&Mo B* decay and
0.365) 2.95) electron-capture data. Only one level at the excitation energy
1.825) 1.96) 1.8033) 2.75) of 2125.6 keV has a larg€'fle t) cross section and a small
2.139) 18.915) 3.20) 0.74) log ft value. Hence, this state is considered to be dominantly
2.675) 1.46) 4.1(1) 3.005) (719g) (v1ggr) ~ 1 configuration. The GT strengths deter-
2.955) 1.8(6) 4.7(2) 1.8(5) mined in this work are summarized in Table I. The uncertain-
3.4(2) 0.22) 5.92) 3.2(8) ties of the energies and strengths are also indicated in paren-
3.92) 0.33) 8.012) 7 ) theses.
4.6(1) 0.95) 9.82) 12(4) The GT strengths determined in this work may be com-
8.812) 100.0GTR) 15.62) 100.0GTR) pared to the previous results of Bainwehal. [3] in Fig. 3.

Taking into account their worse energy resolution and a
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small miscalibration of the spectra at low excitation energyelsewhere. A larger number of the low-energy weakly collec-
the agreement of the data is acceptable. However, with théve GT statedas compared with just one low-energy GT
factor 2 better energy resolution and seven times higher statate  within  continuum-random-phase  approximation
tistics achieved in the present experiment and we were abl@RPA)] appears in the continuum quasiparticle random
to map the strength distribution in a more detailed way.  phase approximatiofCQRPA calculations as a result of the
2%%8j is one of the best nuclei to study the proton-neutronproton paring in®®zr. The distribution of the GT strengths in
residual interaction. The low-lying states #8i have been  2083i has been calculated within the continuum-RPA ap-
s_tudied using many different transfer and compound reacproach described in Ref11]. The choice of model param-
tions and many proton-neutron multiplet states have beefe s parameters of the phenomenological mean field, di-
assigned22]. However, only a few 1 states could be ten-  onionjess strengths of the isovector part of the Landau-
tatively identified. The_ﬂrst.(_i) state has been found at Migdal particle-hole interactionand partial self-consistency
1802.5 keV and was identified as the Imember of the conditions are also described in Rgf1]. The GT strength

_1 . . _
gtfé 7\’/2;( Vi{%ﬂ | m%gg);qite[tz)zlé;(gliznsft;e— B%S(sbeielgi €X" functions have been calculated upEd=9 and 16 MeV for
ry gly In ’ RN 9. 9Nb and2°%i, respectively, and are compared to the experi-
1 and Fig. 2 confirming the above identification. Above this -
mental ones in Fig. 3.

state we observed six smaller peaks that may belong mainly The most interesting result concerning the distribution of

71 71 .
to the (773_p13,2)(v3p1,2) ’ (773p1,2_)1(v3p3,2) » (mliug e g7 strengths irf°Bi might be the identification of two
gg’l’“l'lgt’g) ac’c?):](;jin(wfcz 5t/r21)e( Vzr(f)Zé)Z)n_ ér?itc%é?gégnr;gi?rtéﬁ? rather collective states &* =8.0 and 9.8 MeV. These states
hol pt te$24] 0b 9 di 2‘?98' oFI) 207y tivel are related to the two GT states, named core polarization and
ole state$24] observed in™"Bi and in  TESPECUVELY. hack spin flip, found by a schematic analysis of the corre-

Th?_'rr] re(lgflvf stretrr:gthgogaBr_edSI:mm_arlzdeq |tr;]TabIe . i K sponding RPA equations rather long a@. The total GT
€ strengins ot bi determined in the present wor strength of the above states calculated in the present work is

can be compared with the strengths determined by Flande R sati : -

X B satisfactory agreement with our experimental data.
etal. [10] and Jaeckeet 6."' [25]. As shown in Fig. 3, the The energy and strength of weakly collective GT states
agreement of the data with the ones measured by Flander ith energiesE* <7 MeV are described rather poorly due to

et al. below 6 MeV is acceptable, but there is a disagreeme e schematic shell modéhuclear mean field and particle-

at higher energies. They assumed five different peaks be- | = . .
tween 6 and 12 MeV, but with our better resolution andenole interactionused in the present work. However, the total

statistics we could get a good fit by assuming only tWOrelative strength of these states can be reasonably compared
broader ones. However, the total intensity in the whole 6—1 ith the corresponding experimental value. Such a compari-

. on seems satisfactory.
MeV energy region agrees well. The agreement of the rela-
tive strengths with the data of dackeet al. [25] is good This work was supported in part by the Ministry of Edu-
below 5.6 MeV. Above 5.6 MeV they did not publish any GT cation, Science, Sports, and Culture of Jagstonbushg,

strengths.

by the U.S. National Science FoundatigiSF), by the Ja-
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