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Local electric dipole strength in heavy nuclei
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We show that, within a two-group schematic random phase approximation model, a concentration of local
dipole strength in the lower tail region of the electric giant dipole resonance can show up. The model is tested
under more realistic circumstances for the isovectorstates in'1%Sn.[S0556-28188)04302-1

PACS numbseps): 21.10.Pc, 21.60.Jz, 27.660;

In atomic nuclei, most of the electric dipole strength be- A microscopic study of the excitation energy aid
comes concentrated in the giant electric dipole resonancgtrength follows in a very transparent way from schematic
(GDR) and has been well studied. Both the excitation energyfamm-Dancoff approximatiofifTDA) and RPA model§17],
and the totaE1 strength are rather well understood from aeventually taking all contributing one-particle—one-h@e-
collective as well as from a microscopic starting pdit 1h) 1° excitations as degenerate levels. When inspecting

Recent studies mainly using photon scattering offmore realistic 1p-1h 1 unperturbed energy spectra at the
medium-heavy and heavy nuclei near closed shells have r&=50 andN=82 closed shells, there is more structure to be
sulted in a number of conspicuous featuf@§ (i) A low- ob;erved, but in both thé=50 andN =82 closed shelllnu—
energy E1 bound state with rather largB(E1:0" —17) clei one observes, at the lower-energy end, particularly

~(5-10)102 €2 fm? is observed, at an energy near to theStrong unperturbed  1p-lh "1 configurations, i.e.,

sum of the energy for the first’2and 3~ stateg2-6], and 19g2 1h11r2 atZ=>50, thiylisgpatN=82. So it seems like
(i) In some nuclei £%5n, 12%Sn, 14%Ce), at the tail of the a local concentration of unperturbed strength is always

GDR and near to 6-7 MeV, a local concentration & p(esent, dl_Je in particular to the large energy gap between the
strength is observef¥,g]. The observation of a fairly large aligned spin-orbit partners near those closed shells. We study
B(EL) value. at low énér miaht be due to admixtures Ofthe E1 strength and its localization within a schematic two-
(E1) ! gy, mig group RPA mode[18]. In Fig. 1, we indicate a two-group
the GDR into these low-lying 1 stateq9,10] :
: ying - e .. RPA model(which could be extended to more grolusd
Some attention has been given to the latter pgintby,

call m,i(k) the particle and hole indices with an extra label
e.g., Van Isackeet al. [11] and lachello[12]. Van Isacker | (x—1 ) denoting the group into which the particle-hole
et al. discuss the possibility that nuclei with a reasonableg;qia belongs. It is clear that for an otherwise degenerate
neutron skin may exhibit pygmk-l resonances below the system in which we take all

giant electric dipole resonance. lachello has suggested that
with isospin as a local symmetry, discussing the examples of
(a, . ..) clustering in nuclei and of permanent octupole de-
formation effects, rather important concentrations Ef
strength might well show up at low excitation energy. He hasequal (with £,#¢,) and using a separable residual interac-
enforced this observation recenfl{3] and suggested a pos- tion, one gets the RPA secular equation
sible explanation for the observed Hipole strength in rare-
earth nuclei using the above concepts of both octupole de- 1 >

. . €1S; 2,5,
formation and local isoscald&1 modes. = + , (1)

Detailed quasiparticle studies, concentrating in particular X (e2-hw?) (e5—hw?)
on E1 transitions in heavy nuclei, have been carried out over
the years by the Dubna groyfi4—16. These calculations
reproduce fairly well the experiment&ll strength distribu-
tion over a rather large energy range8] but it is generally
difficult to disentangle the different contributions to tBé&
strength.

In the present article, we suggest that physical insight into S
the appearance of a local concentration of strength is pro-
vided by the general results of a two-group random phase
approximation(RPA) model. This idea is tested, under more
realistic circumstances and in some detail, for the concentra-
tion of local electric dipole strengttLDS) in '5Sn.

emi(l)=¢; and epi(2)=e;

<~

FIG. 1. Schematic two-group RPA model with the unperturbed
configurations at energiag and €,. Besides the collective higher
*Permanent address: National Institute of Physics and Nucleamot corresponding to the GDR, a lower root exists “trapped” be-
Engineering, P.O. Box MG-6, Bucharest, Romania. tween the two unperturbed groups.
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with S,=3,|D%¥|?, k=1,2, andD,; the p-h reduced ma-
trix elements for the corresponding electric dip&lé opera-
tor.

Such a two-group RPA model has been studied in detalil
in Ref.[18], concentrating on the isoscalar vibrational mode,
with application to the octupole 3 states in1%%Gd. This
method can be applied by a straightforward extension to the
study of isovector vibrational modes too.

Besides the strongly collective root, corresponding to the
high-lying isovector giant electric dipole resonance GDR
(when concentrating on 1 excitations, which also appears

Energy [MeV]

in the one-group RPA, we obtain a second rookt at, (see 40 .
Fig. 1) whereE1 strength is locally concentrated in between o
the energieg; ande, (LDS). One can easily shoysee Ref. E 20 * @
[18]) that theE1 transition probability from that state, at N | L o
f w4, results in the expression =0 |‘| Il
B 20r
—~ ” SZSzI 1S, [ e5—hw} o) @
|<0|D|hw2>| = ll_ 2 2 40 L
hw, 825 | e~ o] e
bl 0 2 4 6 8 10 12 14 16
e5—ho Energy [MeV
X 2+( 2 22) + gyl 1
Er—E&
2 7l FIG. 2. Single-particle energies fdt%n (upper part and cor-
S%S% sg—hwg 2 responding unperturbegh 1)1~ spectrum and distribution cEl'
2| 72 strength(lower par}. The strongest unperturbed phE1 transi-
€ €r— & tions for neutron and proton configurations are marked with an
) 2\ 2 arrow in the upper part and an asterisk in the lower part of the
«| 14 g5~ how) ) 5 figure. The energies are given in MeV and the
e @ BE1;0"—(ph Y1) reduced transition probabilities ie? fm?.

Note the position of the Fermi level on the left side of the figure,

I indicating that the neutron shdll=50-82 is half filled atN=66
where now not all contributions act coherently. The secondarlol the proton shell is closed A&t-50

solution ath w, is clearly less collective than the first root.
The larger the gap, — €5, the stronger the collectivity in the
second group becomes. So this second root “trapped” beuniversal parametel®23]. The reduced transition probabili-
tween thes; ande, groups is a clear outcome of the fact that ties B(E1;0" —(ph™')17) were calculated using harmonic
unperturbed 1p-1h states cannot be taken to form a singlescillator wave functions and the one-bodl operator
degenerate group in most cases. T,(El)=eY,,. The strongest unperturbed transitions
To illustrate these general considerations, we have studiecbrresponding tor(19g,o— 1h44/5), v(1gg,— 1h445), and
the E1 strength distribution in the nucled$®sn. The unper-  v(1h,;,,—1i15,) are marked with an asterisk in the lower
turbed(ph~ 1)1~ spectrum was constructed as shown in Fig.part of Fig. 2 and indicated by arrows in the upper part. The
2, considering proton 1p-1h excitations across the gap at reduction of the strength of the neutr@il transitions as
=50 (between the shells marked | and Il in the figuesxd  compared to the proton ones is due to pairing effects in the
neutron 1p-1h excitations across the gaplat50 as well as  half-filled shell.
the gap atN=282 (between shells I, Il and I, Ill, respec- A separable interaction of the form yD - D, with D the
tively). A larger neutron configuration space was consideredpne-bodyE1 operator andy<<O (isovector channgl was
since the shell betwee=50 andN=82 is only half filled  considered to act between the neutron and prépbn 1)1~
at N=66. states. The strengtly was determined so as to assure the
Realistic proton single-particle energies #°Sn, illus-  lowest (spurioug E1 excitation to occur at zero excitation
trated in Fig. 2, were obtained from comparison between thenergy with vanishindg1 strength, thereby removing spuri-
experimental spectra of the adjacent odd-proton nucfén ous center-of-mass effects from the excited dtates. After
and 'Sb and calculations performed in the framework ofdiagonalization, one strongly collective state is obtained, cor-
the particle-core coupling mod¢L9]. The neutron single- responding to the GDR, but some strength indeed remains
particle energies are not expected to vary much across the $rapped between the different substructures of the unper-
isotopes, besides the ® mass dependence. We have there-turbed ph'! spectrum, as was discussed in the schematic
fore used the values obtained aroufitfSn [20] with the  two-group RPA model. As shown in Fig. 3, the strength
same procedure as above and from the experimental data eéncentration(plotted with barg displays a kind of “peri-
Refs.[21] and[22], corrected for the mass scale factor. Theodic” structure and the first group lies at a rather low energy
energies of the neutron orbitals of shell | were not obtainable~6.5 MeV, corresponding well to the position of the local
from experimental data in this mass region; instead, we haveoncentration of strength observed experimentalg]. The
used the values given by the Woods-Saxon potential with theffective chargese.(v)=—0.30 andeg(7)=0.35 were
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cific residual interaction and seems to be due mainly to the
structure of the unperturbed ph spectrum, confirming the
two-group RPA interpretation. Similar concentrations of lo-
cal dipole strength are expected and have been observed in
other Sn isotopef8] as well as other mass regiofig| for

3000 I- 1 nuclei with one closed shell.

r As stated before and following from the schematic two-
2000 - 1 group RPA picture, local concentrations of strength should
appear not only for the isovector dipole mode but also for

] other A multipolarities, as soon as the unperturkigti ),
l | spectrum presents significant gaps.
b, .I“ .| B B N In conclusion, we have proposed a simple interpretation
6 8§ 10 12 14 16 18 20 2 for the appearance of local concentration of dipolel)
Energy [MeV] strength, within a two-group RPA model. This idea is illus-
trated forE1 strength in!'Sn. For theE1 mode one ob-

FIG. 3. Distribution of theE1 strength after diagonalization of a serves that, besides the coherent mode at higher ety
separable dipole-dipole interaction in the configuration space show@DR), a concentration o1 strength can appear locally
in the lower part of Fig. 2. Th&(E1)1 values in units 10° € pecause of irregularities in the 1p-1h unperturbed spectrum
fm? are plotted with bars. The distribution &1 strength convo- \which causes smaller gaps to appear. Then it is a decoher-
luted with a Gaussian distribution of width increasing linearly with ence between various groups that may result in a spectrum of
the energy is plotted as a solid line and given in units 18" peats just like what one obtains from the addition of a num-
fm?#/MeV. ber of simple, harmonic oscillating modes but with a special

) distribution of contributing frequencies. These local dipole
used for the caIcuIa_mon of th&l strength, as r}eeded 0 (LDS) states may then, in a geometric way, correspond to
reproduce the experlmgntagy observed strength in the r€dI0fhcal charge-mass oscillations in contrast to the full oscillat-
of the GDR[24] (~30e” fm"). The values for the effective j g motion in the GDR collective mode. A detailed relation
charges thus lie in between the ones obtained from correctinganyeen a geometrical and microscopical formulation needs

only for the center-of-mass motiofj(ee)|~0.5] and the 5 pe studied further, as well as the evolution of the LDS
ones where the polarization due to the GDR is fully takenyyer different mass regions.

into account |(ees)|~0.1] [10].

The calculated distribution oE1 strength(plotted with The authors are grateful to the “FWO-Flanders™ for fi-
barg convoluted with a Gauss distribution of width increas- nancial support. One of the authd@ksH.) is most grateful to
ing linearly with the energy12] is plotted as a solid line in F. lachello for a number of discussions B properties at
Fig. 3 in order to regain the more familiar image of the GDR.the FANTOM study week in Egmont-aan-Zee and for the
The higher-lying structures are now obscured, but the locatubsequent initiative to have a miniworkshop organized on
concentration of strength at the tail of the GDR remains vis-dipole (E1,M 1) properties in nuclei. They thank F. lachello,
ible. We note that the calculated strength overestimates th&. Richter, P. von Neumann-Cosel, and A. Zilges for orga-
experimental value§8] by a factor of ~5, but the model nizing such a workshop and the exchange of idea€n
used was still very schematic. We should also remark thaproperties in nuclei over the last years. They are grateful to
the existenceébut not the strengthof the local dipole con- U. Kneissl, V. Ponomarev, and A. Richter for interesting
centration remains rather insensitive to the details of the speemarks on an early version of the manuscript.
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