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INCREASING COUPLING B E T W E E N T H E MODES OF 
M O T I O N IN A S Y M M E T R I C DINUCLEAR SYSTEM 

G.G.Adamian. N.V.Antonenko. R.V.Joins 
Joint Instituti for Suclear ft (search. Hl'JXQ Dubna. Russia 

\ fn!ir.at.ion of 1 lit" long living dinuclear system in heavy ion collisions is well known 
!'. Kxperiinetilai data allow us to assume the retaining of individuality of the dinuclear 

• ysteni nuclei. ,\ simple microscopical method has been proposed to derive the diagonal 
ind ni ' idiagonal components of the inertia tensor for a :!inuclear system. The components 
.f inw-vM' inertia tensor for radial (It) and mass-asymmetry (</) modes of motion are: 

(/J l/l/t = 
Til Л | . ' Ь V -1 .-l i .-12 

(irx) - I _ i b . ' i * _ 

, . _ [ 1 A„rrk M ~ Л\ 
\i> )Rr, = — -.-7=7—гт—Г" m 2\/тгЬ AA\A-2 

Hid 

'«.,1 («-"to,! _ / i л п г Л 
- ( / l l - Лг). / « / « я В „ / ( И - ' )ня( Я " ' ) „ V >/Т* МЛ,Л-2 - ЛЛппк/4 

Неге . 1 , > А2 and Лпсск is the number of particles in the neck between two fragments. 
Пи wilne of Anr.-k is calculated microscopically. As it is seen from the last expression 
t in- uondiagonal component of inertia tensor Нцп is very small for almost symmetric 
• .iufiu,nrations hut increases significantly if the mass asymmetry parameter r; increases. 
The obtained results confirmed the previous ones [2] that the nondiagonal component, of 
1 he ma>s tensor which connects the relative motion and mass asymmetry mode increases 
slromjh with the increasing mass asymmetry parameter . 
1. Volkov V.V.: Proc. of the 6th Intern. Conf. on Nuclear Reaction Mechanisms. Kd. 
tiy K.Cladioli, Varenna. June 10 15, 1991. Hicerca Scientifica ed ICducazione Permanente 
Supplement» n. 81. 1991, p.39 
•J. Antonenko N.V., J o b s K.V.: Z. Phys. A -Madron.-, and Nuclei 3 3 9 , 453 (1991) 
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Nonperturbative Shift of Atomic Energy Levels 
Induced by the Coulomb Self-Interaction 

G.N. Afanasiev. V.G. Kartavenko. A.B. Pestov 
Bogolubor Theoretical laboratory. ,]ISH, Dubna. Russia 

In the method suggested recently by Л.О. Barut [1] the interaction of electrons with radia­
tion is described by the coupled system of differential equations for an electron wave function 
and electromagnetic potentials. The arising self-interaction (SI) terms lead inevitably to non­
linear Schrodinger equation for an electron wave function. These terms are responsible (or such 
well-known effects as the Lamb shift, anomalous magnetic moment of an electron, radiative 
corrections to the Coulomb scattering etc. Usually, the Sl - te rms are taken into account using 
the second quantization formalism and the perturbation theory. The latter is not free of diver­
gences [2j. The special subtraction and cut-off procedures are used to get rid off them. Using 
the method mentioned above we have succeeded in obtaining the non-perturbat ive shifts of the 
energy levels and the wave functions for the hydrogen-like one-electron atoms. The positions 
of the lowest levels with zero angular momentum (/ = 0) are shown in the Table. 

n\7. 2 1 fi к 10 82 
1 

3 

0.2:12 
0.0.77 
0.026 

0.35-1 
0.0S!) 
0.030 

0.100 0.121 
0.101 0.107 
0.011 J 0.017 

0.43!) 
0.110 
0.04X 

0.102 
0.123 

0.05475 

0.500 
0.125 
0.055 

I In- energies an ' expressed in the units of ZJim^jh1. In these units the energies of the 
H-like atoms without the Sl-terms are the same ( ir

n = -\/'2n2 ) for any charge Z. They are 
presented in the last column of the Table. In these units the influence of the SI terms on the 
spec t in in of the H-like atoms is rather small for a medium and large charges. In liiis case t he 
SI- terms <an be taken into account using the small number of iterations. However, for Z < Ь 
the number of iteration steps increases. The Table does not cotita'ii the energy levels of the 
hydrogen atom (Z — \). The reason is that the self- interaction turns out to be so strong that 
the iteration procedure is not convergent in this case. Hut such an atom exists in Nature with 
its energies not very far from those of the H - atom without the self interaction. Obviously, for 
the H atom the iteration pro<edure should be modified. Such investigations are in progress. 

It is believed generally [3] thai a static self-interact ion ( onsidered here does not lead to the 
observable effects lit just renonnalizes atomic levels and does not contribute to the ladiative 
i orrei lions I. Nevertheless, t he large values of the evaluated energy levels shifts suggests that 
t h e e x a r t calculations of the physical effects (such as l.amb shift) should differ considerably 
from t he pert urbalion theory ones. Recently an importance of I he nonperturbal ive с ale nhit ions 
was poinlecl out in Kefs. [4.5j. 

[I] Hani! Л.О. . Kraus J.. Salamin V.. I'nal N.. I'hys Hi v.. A45 (1042; 7740. 
[2] Hjorken .1.1).. Drell S.I).. HiiaUvishr quantum fields. t.\fc Craw -Hill, ХЛ' . . I965|. vol.2. 

cli.15. 
[3] lauch J .M.. Kohrlich F. The theory of photons and rlrrtrori*. (Addison-Wesley. .N.Y., 

1 !)55) 
[4] Vla.sov Л.1).. Ispekln Fi:. A'nut, 163, No.2 (101)3) 07. 
[5] I'ersson 1!.. I.indgreti I.. Salomonson S., Physirn Smpta. T 4 6 (1003) 125. 
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MICROSCOPIC STRUCTURE OF HIGH-SPIN SPECTRA OF NUCLEI IN THE 
Z-42-45 AND N-46-49 REGION. 

A.V.Afanasjev 1>2, I.Ragnarsson 1 

department of Mathematical Physics. Lund Institute of 
Technology. Box 118, S-22100, Lund, Sweden 

2 Nuclear Research Center. Latvian Academy of Sciences, 
LV-2169, Salaspils. Miera str.31, Latvia 

During the last few years, a lot of experimental data on medium-spin spectra 
(l<20 h) of nuclei with Z~ 42-45 and N ~ 46-49 have been obtained (see e.g. [1}), 
These nuclei belong to a region in which superdeformed shapes were predicted at high-
spin 1-40 h [2]. Considering the fast development of experimental devices, a detailed 
theoretical investigation of th9 high-spin spectra of nuclei in the above-mentioned 
region has been performed within the configuration dependent shell correction method 
[3] using the cranked Nilsson potential. Pairing correlations were neglected so the 
calculations can be considered fully realistic first for high spin, say I > 15-20 h. 

Due to the small single-particle level density, the shell structure effects manifest 
themselves in the A-90 mass region in a comparatively dramatic way than e.g. in 
the A-160 mass region. The shell effects give rise to strong shape variation as a 
function of both particle numbers and spin and lead to pronounced shape-
coexistence effects. We concentrate mainly in the nucleus a 9 Tc (Z=43,N=46) as a 
representative example while other nuclei are treated in a more schematic way. All yrast 
configurations of 8 9 Tc nucleus in the spin region up to 50 h are determined. 

In the nuclei ^nder study the states contributing to yrast line can conveniently be 
divided into three groups, each one corresponding to a particular spin region and 
a well defined location in deformation plane: 
1. Aligned or near-aligned spherical or near-spherical states (spin region up to appro­
ximately 35-40 л); 
2. Near-prolate superdeformed (£2 > 0.5, 7 < I10°I) rotational bands in the spin region 
above approximately 50 n; 
3. Transitional region in which triaxial superdeformed bands as well as band termina­
ting configurations with large quadrupole deformation (0.25 < e < 0.5) contribute. 
These configurations are connected with the filling of intruder h u / 2 proton and 
neutron orbitals. 

One should note, however, that each specific combination of Ы and Z leads to 
specific properties, e.g. well-defined maximum spins within the valence space or with 
one particle excited etc. It is also evident that the collectivity at low spins increases when 
going away from the N=50 closed shell. 

REFERENCES. 
1. S.E.Arnell et al., Nucl.Phys. A557 (1993) 477c 
2. S.Aberg, Nucl.Phys.A520 (1990) 35c 
3. T.Bengtson and I.Ragnarsson, Nucl.Phys. A436 (1985) 14 
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OCTUPOLE SHAPES IN HEAVY NUCLEI* 

Irshad Ahmad 

Physics Division, Argonne National Laboratory, 9700 South Cass Avenue, 
Argonne. IL 60439, USA 

ABSTRACT 

Octupole vibrations were discovered1 thirty years ago in the alpha decay studies of even-
even Th and Ra nuclei and were well characterized as К*=0" rotational bands. These octupole 
bands have very low excitation energies (below 300 keV) and have enhanced alpha decay rates. 
The octupole vibrations were later understood as arising from octupole-octupole correlations in 
nuclei. Just as quadrupole correlations in some nuclei give rise to permanent quadrupole shape, 
it was anticipated that certain nuclei will develop stable octupole deformation. The signature of 
octupole shape in even-even nuclei is the presence of interleaved positive and negative parity 
levels in the ground state band connected by large E3 matrix elements and usually by fast El 
transitions. In odd-mass and odd-odd nuclei, parity doublets provide the signature of octupole 
deformation. A parity doublet is defined as a pair of states with the same spin but opposite 
parities, again connected by transitions with enhanced El and E3 rates. In the limit of stable 
octupole shape the wave functions of the two members of the parity doublet are expected to be 
identical. More detailed calculations2»3 predicted parity doublets in some odd-mass Ra, Th, Ac 
and Pa nuclei. 

No even-even nucleus is known which has а Г level below its rotational 2+ level, 
indicating that octupole shape does not exist in the ground states of even-even nuclei. At 
moderate rotation, between ~8h and -20A, many nuclei in the mass 220 and mass 144 regions 
display characteristics of octupole deformations.4 These include alternating even and odd parity 
levels and enhanced El transition rates. More convincing evidence for octupole deformation has 
been found in odd-mass Ac and Pa nuclei which exhibit parity doublets and fast El transitions 
between opposite parity levels. Another strong evidence of octupole shape in odd-proton nuclei 
is the enhanced alpha transition rates. In 227pa and 229pa alpha decays to 223Ac and 225Ac, 
alpha rates to the negative parity levels are comparable to alpha rates to the favored positive 
parity bands. Recently we have studied5 alpha decay of 228pa to the daughter nucleus 224Ac and 
find the enhancement in the alpha-decay rates even larger. All these data provide a picture of 
soft octupole deformation in 223дСг 224дс ю^ 225 д с 

Work supported by the U.S. Department of Energy, Nuclear Physics Division, under contract 
No. W-31-109-ENG-38. 

l F. S. Stephens, F. Asaro, and I. Perlman, Phys. Rev. 96,1568 (1954). 
2R. R. Chasman, Phys. Lett. B96,7 (1980). 
*G. A. Leander and R. K. Sheline, Nucl. Phys. A413,375 (1984). 
4 I . Ahmad and P. A. Butler, Annu. Rev. Nucl. Part Sci. 43,71 (1993). 
5 I . Ahmad, J. E. Gindler, M. P. Carpenter, D. J. Henderson, E. F. Moore, R. V. F. Janssens, 
I. G. Bearden and С. С Foster, submitted to Nucl. Phys. A 
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Nuclear Resonance Fluorescence at the Injector 
for the Moscow Race Track Microtron 

A.S.AIimov.B.S.Ishkhanov, I.M.Kapitonov, D.A.Rodionov, 
V. I. Shvedunov, E. V. Shirokov and A. Yu. Ugaste 

Institute of Nuclear Physics, Moscow State University, Russia 

The continuous-wave racetrack microtron (RTM) injector have been 
recently brought into operation at the Institute of Nuclear Physics of Moscow 
State University. The injector is a room temperature accelerator and consists 
of 100 keV electron gun, line for formation of beam emittance, 7 linear 
accelerator sections and a system 'or beam output. The main parameters of the 
injector are summarized: duty cycle 100%, maximum beam energy 6 6 MeV, 
energy spread 20 keV, maximum average current 1 mA. In future the maximum 
beam energy of the injector will be increased up to 10 MeV with the help of a 
magnetic mirror system. This machine is well-suited for nuclear resonance 
fluorescence (NRF) experiments. The electron beam from the injector is bent 
through 180° and focused on a bremsstrahlung convenor consisting of a 
0 ' 7 g/cm2 tantal plate followed by a 11 g/cm2 carbon electron beam 
stop. After collimation bremsstrahlung photons fall on a NRF target. At the 
point of NRF target th flux of 3 MeV photons is equal 10 1 2 

photons/MeV sec if electron current is about 30 pA. 
In the first experiments NRF photons were observed vim 60 cm 3 Ge(Li) 

detector at scattering angle 110° relative to the incident' .am The background 
conditions allow us to observe easily the states with decay widths of 0.1 eV. 
The experiments demonstrated high quality of the RTM injector beam and 
showed that this machine is very useful one for NRF experiments In the Table 
we compare the excitation strengths B(M1)T | j j n

2 J for pair of well-known M1 
excitations of 4 e Ti received in our experiment and by Giessen- Stuttgart 
NRF collaboration and also using e,e'-method at the S-DALINAC (Darmstadt). 

Ti level [MeVJ Giessen-Stuttgart Darmstadt Moscow 

3739 0.45*0.06 0.50±0.08 042±0.05 
5 640 0.59t0.20 0.50±0.08 0.76±0 07 
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Spin- and orbital-current contributions to lftw excitations in lp-shell nuclei. 
E.R.Arakelyan, N.G.Goncharova 

Institute of Nuclear Physics, Moscow State University, 
119899, Moscow. Russia 

Investigation of the interplay between orbital and spin currents in electroexcitation of £ 1 , Л/2, 
£3 and Л/4 resonances in lp-shell nuclei has been performed using the particle-core coupling 
version of the shell model which takes into account the fragmentation of hole configurations 
among the states of residual nuclei. The microscopic studies of excited states in open-shell 
nuclei (A = 7-15) have shown that this fragmentation is responsible for the energy distribution 
of multipolc strengths. 

The transverse form factors Fj for Ip-shell nuclei involve 3 types of multipole operators: 
Jj{4r)[bj • V^]J. jj-i(lr)[yj-i <AJ &U& JJ+ii4r)\Yj+\ -<AJ* which correspond to orbital and spin 
components of nuc'eon current. £1-transitions are generated by the orbital mode at momentum 
transfers q < 0.8 fm - 1 . In A/2, £3 , and A/4 excitations spin modes dominate not only at high 
q, but also in low-g region. 

A/2 form factors are produced by the interplay of spin-dipole and spin-octupole modes. The 
spin-dipolc component is responsible for the first maximum in ^ ^мг (summed over all excited 
states) near q = 1 fm" 1, whereas the second one (approximately at q — 1.7-1.8 fm _ I is formed 
by both spin-dipolc and spin-octupole modes (1). 

The microscopic calculations predict that the weighted mean energies of £1 and A/2 reso­
nances grow as q is raised. The energy shift of £1 excitations is due to the increasing role of 
the spin-dipole mode [2]. The same tendency for Л/2 transitions may partly be explained by 
growing contribution of the spin-octupole component at higher q. 

All multipole excitations are strongly fragmented among a number of states. Many of them 
carry only a small part of total multipole strengths, but the resultant effect is notable enough 
to be one possible source of the observed quenching of multipole resonances. 

REFERENCES 

1. Arakelyan E.R., Goncharova N.G. / / Z.Phys. A 345 (1994), in print. 
2. Arakelyan E.R., Goncharova N.G. / / Yad.Fiz. 56 (1993) 26. 
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COMPRESSIONAL AND TOROIDAL DIPOLE EXCITATIONS 
OF ATOMIC NUCLEI 

E.B. Balbutsev, I.V. Molodtsova, 
Laboratory of Theoretical Physics, 

Joint Institute for Nuclear Research, Ц1980 Dubna, Russia 

A.V. Unzhakova 
St Petersburg State University, 198904 St Petersburg, Russia 

The method of Wigner function moments [1] is applied to the study of 1" collective excita­
tions of atomic nuclei with Skyrrne forces. The system of dynamical equations for the irreducible 
dipole tensors is derived. We go beyond the long wave approximation taking into account the 
octupole Fermi surface deformation. The center of mass movement is excluded exactly. Theory 
gives seven 1" resonances in the interval 7-40 MeV. Analyses of their excitation probabilities 
shows that: 

1. Two excitations represent splitted GDR. Their centroid coincides practically with the 
corresponding experimental value. 

2. Two other excitations are the isoscalar and isovertor compressional GDR. The energy and 
contribution to the sum rule of the isoscalar excitation are rather close to the experimental 
data. There are no experimental data on the isovector resonance yet. 

3. The lowest two resonances have the compressional isoscalar nature. Their joint contribu­
tion to the electromagnetic (Coulomb) and isoscalar sum rules agrees very well with the 
recent experimental results [2]. 

4. ОПР excitation can be interpreted as the toroidal mode. 

The energies of these resonances and probabilities of their excitations by the dipole compres­
sional and toroidal operators are represented in the table (contributions to the EWSR are shown 
in compressional case). 

E, compressional toroidal 
MeV em (%) iv {%) is (%) em (fiN) iv ( / Ы is (fiN) 

8.1 4.7 0.1 ;o.o ~ 0 ~ 0 ~ 0 
8.6 2.8 

(9.8 exp) 
0 4.2 

(14.7 exp) 
2.1 52.5 30.9 

10.0 0.1 0.7 ~ 0 233.6 40.7 31.4 
11.3 1.8 1.9 0.1 - - -
17.3 0 ~ 0 0.3 - - -
24.8 21.7 7.1 74.2 ~ 0 ~o ~ 0 
37.4 68.7 102.6 0.2 ~ 0 ~ 0 ~ 0 

REFERENCES 
(I) Balbutsev E.B. Part, and Nuci 22 (1991) 333. 
[2] Poelhekken T.D. et al., Phys. Lett. В 278 (1992) 423. 
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FLUID DYNAMICAL MODEL FOR ISOSCALAR 
COLLECTIVE MAGNETIC EXCITATIONS IN SPHERICAL 

NUCLEI 
Bastrukov S.I., Molodtsova I.V. and Shilov V . M . 

Laboratory of Theoretical Physics, 
Joint Institute for Nuclear Research, Ц1980 Dubna, Russia 

The nuclear fluid dynamics describes the isoscalar magnetic twist resonances of orbital na­
ture in terns of torsional vibrations of a spherical nucleus [1-4]. The predictions of the fluid 
dynamical model for centroids of energies and total excitation probabilities and the DALINAC 
data [5] are pictured in Fig.l. The basic conclusion of our analysis is that the nucleus may 
accommodate considerable values of magnetic strength by means of collective rotational oscil­
lations of nucleon.". 

10 • 

"8 io* 
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Fig. 1. Centroid of energy and total excitation probability for M2 collective states. 
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D E C A Y M O D E S O F H I G H - L Y I N G S I N G L E - P A R T I C L E S T A T E S 

D.Hoaumel ' , S.Fort ier 1 . S .Gales 1 , J .Gui l lo t ' , H.Langevin-JoIiot 1 ,H.Laurent ' , 
J .M.Maison ' . J .Vcrnot te ' . J .Bordewi jck 2 , S .Brandenburg 2 , A.Krasznahorkay 2 , 

( J .M.Crawley 3 , C P - M a s s o l o 4 and M.Renter ia 1 

1 Inshtut de Physique Nucleaire, INSP3-CNRS, 9Ц06 Orsay Cedex, Fravcr 
2 A'< rnfysisch Versneller fnstituut, 9Ц1 Groningen, The Netherlands 
''SSCL, Michigan State University, East Lansing, Michigan 4882J, USA 
J I'mversitad Nacional dr. La Plata, 1900 La Plata, Argentina 

In order to get insight into the microscopic s t ruc ture and damping mechanisms 
of high lying single-particle s ta tes , the (a , 3 FIe-n) reaction on ' J"Zr, 1 2 " S n and 2 " s P b 
nuclei has been investigated at 120 MeV incident energy. Neutrons in coincidence 
*-\\\\ ' ' l ie particles emit ted at 0° were detected by the multidctector array KDEN in 
the '»8 168" angular range. Da ta about the neutron decay of single-particle states 
in the cont inuum were obtained up to about 25 MeV excitation energy, including 
lir.iiirhing ratios to discrete final levels in the target nuclei and total multiplicity. 
The high spin values of these high-lying giant s ta tes , inferred from previous inclusive 
exper iments , are confirmed by the angular correlation analysis. 

Vt high excitation energy, neutron spect ra are fairly well reproduced by the 
predictions of the statistical model, with only a very weak contribution of elastic 
b r e a k u p phenomena. Neutron decay propert ies of the broad giant resonance-like 
s t ructures observed in the 3 H e spectra display large depar tures from a pure statistical 
di-cnv. allowing extraction of direct branching ratios which can be compared to the 
predictions of microscopic calculations 
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(7 ,n) CROSS SECTION IN HEAVY NUCLEI IN THE REGION OF THE 
GIANT QUADRUPOLE RESONANCE 

Belyaev S.N.', Vasiliev O.V.1, Voronov V.V.2, Nechkin A.A.1, 
Ponomarev V.Yu.a, SemenovV.A.1 

'Research Institute for Mechanics and Physics of Saratov State University 
7 Laboratory of Theoretical Physics, Joint Institute for Nuclear Research, Dubna, 

Head Post Office, P.O. Box 79, Moscow, Russia 

The yield of photoneutrons was measured in 3 M P b and 3 M B i by means of the bremsstrahlung 
radiation with the endpoint energy in the range 7-26 MeV. The energy step was 50-80 keV for 
'"•Pb and 100 keV for *°*Bi. The cross sections were calculated by the method of statistical 
regularization, baaed on use of the probabilistic character of the experimental value. The shape 
of the cross section was approximated by sets of resonance Gaussian or Lorentz lines, which 
allows one to estimate the contribution of different states to the total cross section (see for 
details ref. [1]). 

The strength functions of photo-excitation of 1~ and 2 + states in a o*Pb were calculated 
within the quasiparticle-phonon model. They were used for a detailed comparison with the 
experimental cross sections which had a rather complex behaviour in the whole energy range. 

The data from the energy range 20-26 MeV were analyzed to obtain an information on 
the structure and parameters of the isovector GQR. Approximation of the experimental cross 
section in this energy region for 3 M P b by Gaussian lines is presented in the left figure. The 
width of lines vary from ~ 1 . to 3.25 MeV. The calculated contribution of 1" and 2 states to 
the photo cross section versus experimental findings is presented in the right figure. 

200-

E T. MeV 

[1] S.N. Belyaev, et al. Sov. J. Part. Nud. 23 (1992) 667 
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PARTICLE-HOLE STATES IN 138ва 

V.A.Bondarenko1,I.L.Kuvaga1, P.T.Prokofjev1, A.M.Sukhovoj2 , 
V.A.Khitrov2, Yu.P.Popov2, V.Paar3, S.Brant3, Lj.Simicic3 

1- Nuclear Research Center, LV-2169 Salaspils, Latvia 
2- Joint Institute of Nuclear Research, 141980 Dubna, Russia 

3- Department of Physics.University of Zagreb.41000 Zagreb.Croatia 

Experimental results were obtained at the former Physics Institute in geometry 
and other conditions similar to that of our parallel contribution. The previous level 
scheme of , 3 f l Ba has been verified using 77-coincidence relationships. New levels 
were found by means of two-step cascades from capture state leading to the ground 
and first excited state. Among of 63 levels in 1 3 8 B a our attention is concentrated on 
negative-parity states lying above 3.5 MeV. These states arise from the coupling of 
neutrons across the closed N=82 shell forming particle-hole multiplets. In zeroth order 
approximation the lowest multiplet is (' 7,-г -^ш 1 ) - 2" .3" A' ,5 . The 4 (3561 keV). 
3 (3647 keV) and 5 (3857 keV) levels are in a qualitative agreement with the 
parabolic rule 1 ', while the 2 strength is sphtted over several states. The next higher 
lying multiplet is the (f7,?. s 1 / 2 " 1 )=3 . 4 doublet which can be assigned to the 3 (3922 
keV)and4 (4l65keV) levels It is followed by the multiplet (рз/2 . d a / 2

 1)=0 . 1 . 2 . 
3 which could be assigned to the 1 (4323 keV}.2 (4279 keV) and 3 (4564 keV) levels 
respectively, although it appears that the (Рз#, d&?~4 strength is splitted again 
among several levels. We have performed calculations by using the code IBFFM2). 
The effective collective field in the single closed she!) core nucleus was simulated by 
an effective harmonic SU(5) limit with h t=1.2 MeV. To make a more detailed 
comparison with available data we have also calculated spectroscopic factors for the 
(d.p) reaction using the IBFFM wave functions for 1 i , 8 Ba and corresponding IBFM wave 
function for the 1 3 e B a target nucleus. The IBFFM provides a reasonable agreement 
with the experimental energy levels and the (d,p) transfer properties and , therefore. 
gives a good basis for understanding of high-lying states in 1 3 8 B a (N=82) nuclide. 

References 
1) V.Paar.Nucl. Phys. A331 (1979) 16 
2) S.Brant, V.Paar, D.Vretenar. Z.Physik A319 (1984) 351 

V.Paar. D.K.Sunko, D.Vretenar. Z.Physik A327 (1987) 291 
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LEVELS OF 13?Ba STUDIED WITH NEUTRON INDUCED REACTIONS 

V.A.Bondarenko1 .I.L.Kuvaga1 ,P.T.Prokofiev1 ,A.M.Sukhovoj2 , 
V.A.Khitrov* .Yu.P.Popov2 .V.Paar3 .S.Brant3 

1- Nuclear Research Center, LV-2169 Salaspils, Latvia 
2- Joint Institute of Nuclear Research, 141980 Dubna, Russia 

3- Department of Physics, University of Zagreb,41000 Zagreb.Croatia 

As a continuation of our systematic study of Ba isotopes we make an attempt to 
describe 1 3 7 Ba having a single hole in the N=82 closeo shell in terms of IBFM. 

The measurements were carried out at the 5 MW light-water reactor of the former 
Physics Institute at Riga. Singles (n,7) and (n,n'7) spectra as well as 77-coincidences 
were measured with HPGe detectors. 

In contrast to the our previous study1) of 1 3 5 Ba in a framework of 0(6) limit the 
next heavier 1 3 6 Ba nuclide does not belong to the 0(6) pattern. Therefore,we describe 
the boson core in the SU(5) limit. Values of the IBM parameters for SU(5) are N=4, 
h1=0.8185 MeV, h2=h3=0, h40=-0.029 MeV, h42=-0.09615 MeV, h44=0.00445 MeV. 
The boson-fermion interaction strengths are adjusted to the experimental position of 
the low-lying positive-parity levels of 137Ba.For positive-parity, above the lowest doublet 
3/2+, (g.s), 1/2+! (283 keV) there appears a quadruplet 7/2+^1252 keV), 5/2+! (294 
keV), 3/2+2 (1464 keV), 5/2+2 (1482 keV). In the next group of positive-parity states, 
the two lowest states are 1/2+2 (1838 keV) and З/2+3 (189© keV). Several states, 
namely (3/2+). 5/2+ (2041.2 keV), 7/2+(2228.8 keV), (3/2+), 5/2+(2270.8 keV), 
7/2+ (2530.2 keV) and 5/2" (2874.4 keV) may be connected to the £=2,3,4 states 
previously known from neutron transfer reactions (p.d) and (d,p). Higher 2 MeV, we 
have observed 21 levels with spins 1/2 or 3/2 which are populated by primary 
transitions. 

The calculated family of negative-parity states are included both the hole-type 
h 1 1 / 2 state and the particle-type f7/2 , Р3/2 . Р1/2 • "ft^ • *5/2 and Цд^ states. In 
calculations we have obtained 12 low-spin 1/2- , 3/2' states below 5 MeV which are 
seen in experiment. The IBFM wave functions and calculated on this basis the 
cummulative (d,p) cross sections are in a good agreement with measured values. 

Reference 
1) V.A.Bondarenko et.al. Nud. Phys. A551 (1993) 54 
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Measurements of Charge Radii and Nuclei Momenta for Hafnium Isotof.-s and 
High Spin Isomer , 7 8 m Hf Using Laser Spectroscopy Methods 

N Boos 1 . F. Le Blanc-. Ch. Bnancon 3 . О Constantinescu 4. J F. C rawfo rd 5 . H T Duom:. Yu P 
Gangrskv 4 . M Hussonnois. 2 , G Huber 1 . S A Xaramian 4 . В k i m : . M K n e g ' . T K u h f . D 1 e D u \ П 
Lunnev- , К M a n n o v a 4 . B. N M a r k o v ' . R Meumer-*. Yu Ts Oganessian 4 . J Pmard*'. P Ouen t in ' . В 
Roussiere-. J Sauvage-and S G Z e m h a n o i 4 

I Instiiut f i i r Phvsik der Universital Mainz. Gennanv, 2. Insitui de Ph\sique Nudeaire. Orsa>. Fr in с • 
CSNSM. Orsav. France. 4. J INR. FLNR. Dubna, Russia. 5 McGi l l Univers i tv Montreal. Canada 
6 l.aboratoire A Canon. Orsay. France, 7. GSI . Darmstadt. German) 

tsotopic and isomeric shifts (IS) as well as hvperfine splitting (HFS) in optical 
transitions of Hf atoms have been measured using high resolution laser spectroscopy Ihe 
charge radii differences of Hf nuclei in the range of Л - 1 74 - 182 were determined Л 
smooth dependence of the charge radius on the neutron number was observed No break 
at the .maximum quadrupole deformation was detected.(see figi 

We report the first results on the A<r:>.».ys v a | u e s for s l a F , | c щ- b o , o p t . . s l l n d ; l i ; l ' f 
( Г , : WO")) deduced from the IS and HFS measured on the II NR laser spectrometer 
fables 1 and 2 summarize the obtained results! 1]. 

Table 1Л i u n ^ in the nuclear chaige radii fnr Ml' isoiopes 
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The difference in the charge radius between the isomeric staie of " s"Hl il ift) 
and the ground state was evaluated as -0 059(9)fm: To obtain these data we osed the 
method of collinea: spectroscopy at P A R IS. mass separator in Orsav A decrease of 
charge radius for the isomeric state in comparison with the ground state was observed 
from л hvperfine splitting the values of the magnetic dipole and electric quadrupolc 
momenta for odd Hf nuclei and high spin isomer r 8 m f i f were obtained The parameter o( 
the quadrupole deformation for the isomeric state is 3°o larger than for the ground state ol 
'""Hf. The reasons foi the increase of the static quadrupole deformation for the iso,.<cnc 
state and the decrease of the charge radius are discussed |2..i] 

1 A Anastasov. Yu P Gangrskv. В N Markov et al Proc International School-Seminar on Hivnv Ion 
Phvsics. vol I. pp. 404-4 t l . I993 
2 Yu Ts Oganessian. S A Karamian. Yu P Gangrskv et al. Proc International School-Seminar on 
Heavv Ion Phvsics. vol I. pp 365-376. 1993 
3 Boos. M Kr ieg. G Hubert et al.Proc International School-Seminar on Heav) Ion Phvsics. \ o l l . p p 
392-394. 1993 
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Angular Distribution of the Giant Dipole Resonance Photons from hot 
nuclei 

A. Bracco, F. Camera, M. Mattiuzzi, B. Million, M. Pignanelli 
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J.J. Gaardhaje, Z.Zelazny, T. Tveter 
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Nttwoinicztnkt Institute of Pkpstcs, Kracow, Poland 

The study of nuclei at high excitation energy and angular momentum by the 
7 decay of the giant dipole resonance (GDR) has so far been based mostly on 
rather inclusive measurements of the 7 ray spectra. Only recently, after the con­
struction of more efficient experimental apparatus (as for example the HECTOR 
detector array), angular distribution measurements associated to selected intervale 
of angular momentum of the compound nucleus were made. 

The angular distribution provides complementary information to the spectral 
distribution and its interpretation does not require a statistical model analysis. 
In addition, contrary to the strength function that can probe only thermal shape 
fluctuations, it allows to probe also orientation fluctuations. 

Detailed experimental investigations of the angular distribution and 7-ray 
spectral shape in the temperature region T= 1- 2 MeV for the mass number A = 
110 (characterized by spherical ground states) and A= 160-170 (characterized by 
prolate ground states) have been made. The goal has been to follow the gradual 
decline of the nuclear shell structure dominated by quanta! features to hot nuclei 
described by macroscopic concepts as the liquid drop model. 

Because of orientation fluctuations the effective deformations that one extracts 
directly from the spectra and angular distribution data can be very different, 
in particular at low angular momenta where the effects of thermal orientation 
fluctuations are found to be very large. This last finding suggests that it is no', 
possible to interprete the data without model calculations of thermal fluctuations. 

It will be demontrated that the spectra and angular distribution data so 
far obtained constitute a good testing ground of the current models of thermal 
fluctuations and in general a good agreement is found between the data and the 
predictions in the adiabatic regime. 
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T H E 1 7 8 , n 2 H f H I G H - S P I N I S O M E R 

Oh. Brian^on 

for the Hafnium Collaboration 

Centre <ie Spectromitru .Vw< Icmri tt <ii Sptctromttnt </f Mass» 
I.\2P:i-C\KS. Orsay. Franc, 

The nucleus 1 7 8 m 2 H f . with its long-lived {7\/г = il.i/l high-spin isomeric s tate / " = 1(> + 

at a relatively low excitation energy (2.-15 Me\ ' j is a unique piohe to study nuclear phe­
nomena in a new way [1]. However, the un.i t difln uliies encountered in the production 
of the isomer in appreciable quantities prevented, up lu ,1 few years ago. to start any 
important physics program using this isomer as a lai«et 

Due to the joint efforts of Dubna (Fl.N'R) and О ь а у (CSN'vM and IPX) Laboratories 
in the field of high-intensity beam acceleiatioii. high-puiity • iieiiiistry. high-yield isotopic 
separation of the isomer, it is now possible to piudm e regularly U.5 10 ' 1 to 1 10 1 5 a toms of 
1 7 8 m 2 H f each year and to provide targels with muroweight quantit ies suitable for various 
experiments. 

A wide research program [2] using ''""'-'III as targets has started involving 15 Institutes 
from 6 countries : J INR-Duhna . CS'.VSM Orsay. Il'X-Or.say. ( К.VHC Bordeaux. GSI-
Darmstad t , LMU and ТГ-Munich , Jagellouiau ('iiiv.-Ciacuw. Sussex I'niv.. Main/. Univ.. 
Lab. Л. Cot ton-Orsa \ , Knrtchatov [nstitutc-Moxi on . СЕЛ IVaiice I Brineics-le Chatel) . 
Princeton Univ., Dallas Univ. 

The properties o( the isomer itself h a w been studied by Coulomb excitation with 
2 U 8 P b . inelastic scattering with light particles, laser spectroscopy and nuclear orientation. 
Nuclear reactions using ->'s. thermal and resonant neutrons, charged particles have been 
performed or are in progress. 

The first e x p e r i m e n t led to the knowledge of the basic nuclear parameters of the 
isomeric s ta te as the q ^.drupole and magnetic moments, the moment of inertia of the 
rotational band built on it, the difference ol the mean square charge radius between the 
isomeric and the ground states. Tiansfer icaclion expi iiments have given information 
on pairing properties for this state. I hernial neiiltoii capture с ross-section and neutron 
resonance integral have been measured 

The experimental results support the theoretical interpretations of '.he isomeric s tate 
as an almost pure four aligned quasjparticle s ta te j i.l). 

Prospective ideas will be given for future studies of a large scope of nuclear properties 
with this new possibility opened by the use ol such an "exotic" target. . 

References 

[1) Yu. Ts. Oganessian et al., J. of Phys. Ci: Nucl. Part. Ph.v.v IS (1992) :Ш 

[2] Ch. Briancon et al., Proc. «"' Int. Synip. on Neutron Capture v r a y Spectroscopy and 
related topics, Fribourg (Sept. 1993) 
[3] V.G. Soloviev, Theory of Complex Nuclei (Pergamon Oxford,l97(>)p.U9 

V.G. Soloviev and A.V. Sushkov. J. Phys. G : Nurl. Part. Phys. 16 (1990) L57 
[4] P. Quentin et al. Proc. Int. Conf. on "Nuclear Shapes and Nuclear Structure at Low 
Excitation Energy", Cargese, Ed. M. Vergnes et al.. Plenum Press, New-York, 1992 
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NUCLEAR AND CLASSICAL CHAOS 
V.E. Bunakov 

Petersburg Nuclear Physics Institute 
188350, Gatchina, Russia 

Presently there is a good understanding of classically chaotic systems. Those are the non-
integrable ones with exponential trajectory instability to the initial condition variation which 
is characterized numerically by the Lyapunov exponent A or by the stability exponent x of the 
monodromy matrix. However the only presently accepted definition of the quantum chaotic 
system is "the quantum analogue of the classically chaotic one", which even causes widespread 
doubts whether quantum chaos really exists. 

A brief review is given of the existing attempts to recognize the symptoms of classical chaos 
in quantum systems, which shows a necessity for a purely quantum definitions of regularity 
and chaos as well as for a numerical criterion of chaoticity in quantum systems. It is essential 
that such a criterion should lead to the above criterions A and x ш the classical limit. In 
order to solve this problem we analyze our experience in nuclear physics where we intuitively 
use to associate chaoticity with "statistical properties" of compound-nucleus wave functions. 
This analysis allows to suggest that quantum chaoticity means a lack of symmetry (i.e lack of 
constants of motion or quantum numbers which arise from the symmetries of the system). 

The numerical criterion of purely quantum chaoticity for any regular mode is given by the 
corresponding spreading width Г for this mode. It is shown that in the classic .1 limit 

and 
* = 2 ^ ' 

where D0 is the level spacing for this regular mode. 

Possible implications of these definitions are analyzed. 
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Hexadecapole vibrat ions in deformed ra re e a r t h nuclei 

D.G. Burke 
De.pt. of Physics and Astronomy, McMaster University, 

Hamilton, Ontario, L8S jMl, Canada 

There has been much controversy concerning which types of collective vibrational motions 
are observed in deformed nuclei, beyond the well-known quadrupole and octupole vibrations. 
.Soloviev and coworkers have s h o w n 1 - 3 ' that the considerable amount of evidence for a predom­
inant hexadecapole character of a number of A'" = 3 + and K* = 4 + bands in the deformed rare 
earth region is well described by the QPNM. In a survey paper which demonstrates overwhelm­
ingly the need for including g bosons, Devi and Kota have given 4 ' a corresponding description 
in t r rms of the IBM. After the B(E2) value connecting the lowest K" = 4 + band with the 
A" - 2* 7-band in 1 6 8 E r was measured, and used to argue for a double-7-pbonon interpreta­
tion for the A'" = 4 + s t a t e 5 ' , several recent papers have a t tempted to extend this description to 
other nuclei. For example, it has been applied by Oshima et a l 6 ' to , 9 2 0 s , and by Aprahamian 
<-i a t 7 ' to 1 5 , 1 5 6 G d and a number of other nuclei. The main argument for the doublc-7-phonon 
niliTprclation is tha t the B(E2) values conneit ing the A ' r = l + states with the 7-bands are 
M'Y^MI Weisskopf units, much larger than would be expected if the A'* = 4 + bands were 
pine two-quasiparticle states. However, this description is contradicted by results from single-
niK'leoii-lrausfcr reactions, which can populate two-quasiparticle and single-phonon states, but 
cannot in first order populate multiphonon states. In this paper it will be shown that for many 
1 if the ii" <"i considered (but not l e " E r ) single-nucleon-transfer strengths for the A'* = 4 + bands 
are very large, and can bo reliably assigned to specific two-quasiparticle configurations. This 
indicates that the predominant components of these states are not double-7-phonons. These 
(irtla are consistent with the Q P N M , in which the bands are d e s c r i b e d 1 - ' ' as single phonons 
with A-_t. having microscopic structures which include the large two-quasiparticle components 
observed. Devi and Kota have shown 8 ' that in the SU(3) limit of the sdg IBM the A'* = 4 + 

gboson bands, which they call hexadecapole vibrations, arc coupled to the 7-bands with large 
M(E'J) values similar to those observed 8 ' . Thus, the measured B(E2) values do not distin­
guish well between the double-7-piionon and the hexadecapole descriptions in this limit. As 
the double-7-phonon description is in serious conflict with single-nucleon-transfer data , the 
best explanation of all the experimental results is that the A'* = 4 4 bands have a dominant 
hexadecapole vibrational character. 

1) V.C. Soloviev and N.Yu. Shirikova Z. Phys. A 3 3 4 149 (1989) 
2) V.O. Nestercnko et al. Sov. J. Nucl. Phys. 44 938 (1986) 
3) V'.Ci'. Soloviev et al. Nucl. Phys. A In press. 
1) Y.I). Devi and V.K.B. Kota Pramana - J. Phys. 39 413 (1992) 
5) II.G. Bonier et al. Phys. Rev. Lett . C 6 6 691 (1991) 
(i) M. Oshima et al. Nucl. Phys. A 5 5 7 635c (1993) 
7) A. Aprahamian et al. Proc. 8th ISCGRSART, Fribourg, Switzerland, Sept., 1993. 

Phys. Rev. C , In press. 
8) Y.D. Devi and V.K.B. Kota J. Phys. G 17 465 (1991) 
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P A R T I A L W I D T H F O R T H E I S O S C A L A R M O N O P O L E 
G I A N T R E S O N A N C E D E C A Y I N T O T H E G R O U N D 

S T A T E V I A T H E e+e~ P A I R P R O D U C T I O N 

G.A.Chekomazov and M.H.Urin 

Moscow Engineering Physics Institute. 115409 Moscow. Russia 

The1 systematic experimental study of integral characteristics of the 
isoscalar monopole giant resonance (IMGR) has been performed during recent 
years [1]. These chara< teristics are the energy £\ the total width and fraction 
of the energy weighted monopole sum rule x exhausted by IMGR. There 
appear also the first experimental data on certain IMGR decay modes (on the 
IMGR partial neutron escape widths) [2.3]. One of the possible IMGR decay 
modes is the <r+e~ pair production accompanying the IMGR decay into the 
ground state. The partial width for this process Г ,,„,,. can be easily evaluated, 
since the relevant nuclear matrix element for £"()-transition is expressed via 
the mentioned sum rule. Starting from the known formula for the probability 
of the EO-transition accompanied by t +c~ pair production [4] we obtain the 
following expression for Г р „„. (in e\'): 

r p n i r = 0.63- Urttf/shtfZAWxiE/lMrV)* 

where £ = 7rZ/137. Z and .4 are the numbers of protons and nucleons 
respectively. Examples of applying this formula are: Г,,,,,, = 0.24. 0.22 and 
0.20 cY for ™Zr. 1 4 2.Vrf and 20bPb respectively. 

[1] S.Shlomo. D.H.Voungblood. P h y s . R e v . C 4 7 ( 1993)529 
[2] A.Bracco et.al. P h y s . R e v . L e t t 6 0 ( 1988)2603 
[3] S.Brandenburg et.al. P h y s . R e v . C 3 9 ( 1989)2448 
[4] A.I.Akhiezer. V.B.Bcrestetskii Quantum electrodynamics. 

N.Y.Interscience. 1965 
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ON THE SEMIDIRECT PHOTONUCLEON REACTIONS A N D 
DIRECT N E U T R O N DECAY OF DIPOLE GIANT R E S O N A N C E 

G.A.Chekomazov and M.H.L'rin 

Moscow Engineering Physics Institute. 115-409 Moscow, Russia 

A method for the calculation of the semidirect part of the partial photonucleon reaction 
cross sections as well as for the evaluation of the relative intensities for the direct nucloon 
decay of the dipole giant resonance in medium-heavy nuclei is proposed. 

The method is based on calculating within continuum-RPA the energy and decay pa­
rameters of the 1 _ doorway states (dws) which exhaust the greater part of the relevant sum 
rule. The dws decay parameters are the partial radiative and nucleon escape widths. The 
doorway states corresponding to the DGR are found to be nonoverlapped on their total (nu­
cleon) widths. This part of the method is the direct generalization of the approaches given 
in refs [1.2]. 

The formation of the DGR as a single bump in the relevant reaction cross sections 
is due to the dws coupling to manyparticle configurations. A phenomenological way for 
the description of this coupling is used basing (i) on the absence of the common channels 
for direct decay of dws and manyparticle configurations; (ii) on the reasonable statistical 
assumption: after energy averaging the spread (and shift) of each dws resonance in the 
semidirect reaction amplitudes takes place independent of one another (see e.g. ref.[2]). Two 
relevant phenomenological parameters can be found for each nucleus by the comparison of the 
calculated photoabsorbtion cross section with the experimental one. After performing this 
procedure there are no free parameters in the calculation of the energy-averaged semidirect 
photonucleon reaction amplitudes. 

Using the nuclear mean field of the Saxon-Woods type and Landau-Migdal particle-
hole interaction we have calculated the semidirect part of the lwCc(n-f0) and 2 0 ePb(n~ia) 
reaction cross sections. The results are in satisfactory agreement with the relevant rather old 
experimental data. 

Bearing in mind the recent data on the relative intensities of the direct neutron decay 
of the DGR and region above obtained from the ЫЙРЬ{'' О . 1 7 О'и) reaction cross sections [3] 
we have evaluated these intensities. Main disagreement concerns with the decay to the t | j / 2 

state. Similar disagreement takes place in the description of the neutron decay of the isoscalar 
monopole resonance to this state [2]. The origin of these disagreements is not understood 
yet. 

[1] F.A.Gareev et.al. Sov.J.Nucl.Phys.33 (1981)337 
[2] S.E.Muraviev, M.H.Urin. Nucl.Phys.A572(1994) no 2 
[3] A.van der Woude. Abstracts of the Gull Lake Nucl.Phys.Conf. 

on Giant Resonancesf Aug. 1993,Michigan); private communication 
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ON THE DIRECT DECAY OF HIGH SPIN 
SUBBARRIER SINGLE-PARTICLE STATES 

G.A.Chekomazov and M.H.Urin 

Moscow Engineering Physics Institute, 115409 Moscow, Russia 

After intensive experimental [1] and theoretical [1,2] studies on the high 
energy single-quasiparticle state spread in medium-heavy spherical nuclei, 
the main interest is now shifted to the investigation of direct decays of these 
states. The experimental data on direct nucleon decays of high spin sub-
barrier single-particle states in 9lNb and 109Pb populated in (' Li,6He) and 
(a,3He) reactions respectively have been reported recently [3]. 

In the presented work we try to describe certain of these data: the relative 
intensities (branching ratios) for the neutron decays of the I&17/2 single-
neutron state in 2 0 9 P 6 into the ground (0 + ) and first excited (3") states of 
гояРЬ. Respectively the simple optical model and the simplest (one-phonon) 
version of the coupled channel approach (see e.g. ref.(4j) have been used for 
the evaluation of the mentioned branching ratios. The experimental data 
concerned with the direct neutron decay of the 209Pb excitation region (8.5 -
12MeV) to the mentioned final states can be qualitatively described using 
the realistic optical-model parameters. 

[1] S.Gales, Ch.Stoyanov, A.I.Vdovin Phys.Rep. 166 (1988) 125. 
[2] S.E.Muraviev, B.A.Tulupov, M.G.Urin Z.Phys. A341 (1992) 383. 
[3] S.Gales preprint IPNO-DRE 93-23. 
[4] V.V.Samoilov, M.H.Urin Nucl.Phys. A567 (1994) 237. 
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Pairing and Coriolis Attenuation in Detormed Nuclei 

A. Covello, A. Gargano. and N. Itaco 
IHparlimenlo di Scienze Fisiche, Universita di Napoli Fe.derir.o II, and INFN, Napoli, Italy 

The many-part ic les plus rotor ( M P R ) model provides a part icularly appropr ia te frame­
work for s tndying the interplay between single-particle and collective degrees of freedom in 
strongly deformed nuclei. The main problem with this model is the t rea tment of the pairing 
correlation of the valence nucleons in the intrinsic deformed field. On the one hand the model 
space dimensionalit ies generally preclude a s tandard diagonalization procedure, on the other 
hand the use of the BCS approximat ion may well result in a poor description of the intrinsic 
s t ruc tu re . 1 

We have succeeded in overcoming this difficulty by developing a new method, ' ' the chain-
calculation me thod (CCM) , which provides a highly effective way for cut t ing down the size of 
the energy matrices while yielding extremely accurate results. This opens up the possibility 
of assessing the real scope of the M P R model. 

As a first application we have carried out a s tudy of the odd-.4 erbium isotopes , 3 with 
.4 ranging from 1G1 to 167. After having t reated the pairing Hamil tonian by the CCM, we 
have diagoualiz -d the recoil te rm within the set of seniority-one s ta tes and then taken into 
account the Coriolis interaction. We have considered nineteen valence neutrons dis t r ibuted 
over eighteen single-particle levels. The intrinsic deformed field has been described by a 
tions])heroidal axial and reflection symmetric Woods-Saxon potential . 

We shall discuss the results of these calculations focusing a t ten t ion on the decoupled 
11 i/.. band. The s tudy of this band, whose s t ruc ture changes significantly when going from 
" ' ' Er to " " Er provides the oppor tuni ty of unders tanding the role of the various terms of the 
model Hainil touian. In this context, of part icular interest is the mechanism that leads to the 
a t tenuat ion of the Coriolis interaction. 

We are currently carrying out a similar s tudy in the actinide region. We shall also present 
son»' results of this s tudy and emphasize once again that a proper t rea tment of the intrinsic 
s t ruc ture is of the utmost importance. 

I T. !'!ii|>rlaiii{. f'hysira Srnpta 25 (19.S2) 167: A. ("ovello. A. Gargano. and N. Ifac», in Proceed­
ing* uf the Predeal International Summer School, Pre.de.al, Romania, 1993, edited by \V. Sclieid 
and A Sandulesrii (Plenum Press, W!M). 

1 Л. Ciivello. K. Andreozzi, A. Gargano, and A. Porrino, in Proceeding* of the Fourth Interna­
tional Spring Seminar on Nuclear Physics, Amalfi, 1992, edited hy A. Covello (World Scientific, 
Singapore. 199.4). [>. 301. 

.1 !•'. Andrcozzi, A. Ccivcllo. A. Gargano, N. Itaco, and A. Porrino, io be published. 
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Transition Probabilities in Superdeformed Bands 

A. Dewald" . R. Krucken" . P. Sa la" , С Meier" , H. Tiesler 1». J. A l t m a n n " , D. Weil1» 
K. 0 . Zel l" , P. von Bren tano 1 1 , D. Bazzacco 2 ' ,C. Rossi-AWarez 2 ' , 

G. Maron 2 ' , R. Burch 2 ' , R Menegazzo 2 1 . G. de Angelis 3 ' , M. de Poli3» 
J. Rico 3 ' , G. Vedovato 3», W. Cast 4 », R.M. Lieder 4 ' , N. Blasi5», G. LoBianco5> 

' ' Ih'P Universitdt h'oln, h'oln, Germany 
2 1 Universita and INFN Sezione di Padova, Italy 

3 , / W 7 V , Laboratori Nationali di Legnaro, Italy 
*4h'F Jiilich, Crrmany 

*4'nivtrsita and I.XFS Si:wnr di Milano, Italy 

Superdeformation is one of todays most interesting subjects in nuclear s t ructure physics. 
Much experimental and theoretical effort was devoted to it up to now and many superdeformed 
(SI)) bands were found in the A = 150 and A = HK) mass regions. Lifetime information mainly 
obtained from mean Doppler shift data proved that one deals with deformations about /3 = 
0 5 - O.fi . One of the still open questions in this field is addressed to the sudden decay out of 
the SI) bands. Lifetimes of the lowest SI) states where this decay takes place are well suited to 
obtain a bel ter understanding of the decay mechanism involved. 

Due to the relatively low transition energies inside the SD bands in the A=190 mass region 
it is possible to employ the recoil distance Doppler shift (HDDS) technique to measure the 
lifetimes. With this method transition probabilities can be measured without any assumption 
on the actual nuclear s tructure and without problems connected to Doppler shift at tenuation 
(DSA) measurements arising from uncertainties in the used stopping power. 

We want to report on two RDDS measurements performed in 7- -y coincidence mode for 1 9 2 H g 
(1) and т | ' п using the GASP spectrometer (2) al the LNL Legnaro. In both experiments tin 1 

Cologne plunger WHS used which was especially constructed for •)••) coincidence measurements. 
It was possible to determine the lifetimes of two and three levels al the bot tom of the observed 
SD bands in l 9 ' H g and , ! M P b . respectively. These results are used to discuss the decay out of 
the SD bands in terms of mixing of normal deformed (ND) states 1o the SD ones. 

In addition we want to report on a DSA measurement for the two SD bands in ' '"'(!d. It was 
possible to determine for both bands the intrinsic quadrupole moments Q„ which an 1 consistent 
with those calculated by Ragnarsson (3). 

References: 
1. A. Dewald el al. , J .Phys.G 19, LI77, 1993 
2. D. Bazzacco, Int. Conf. Nuclear Structure at High AngularMomentum (Ottawa, 1992) 

Chalk River Report AECL 10613, p 386 

3. I. Ragnarsson . Nucl. Phys. , A557, 167c. 1993 
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C L U S T E R C H A R A C T E R O F I N T E R M E D I A T E S T A T E I N , 1 5 I n m 

W I T H E N E R G Y 4 .15 M e V 

A.P. Dubenskiy" , V.P. Dubenskiy" . E.A. Boikova" and V.Yu. Ponomarev 2 ' 

' ' I n s t i tu te of Physics, St .Petersburg Sta te University 

' 'Labora to ry of Theoretical Physics. Joint Insti tute for Nuclear Research. Dubna 

Photoactivation of the isomer states of nuclei proceeds through excitation of intermediate 
stales (IS). A central problem for these IS below the particle threshold is whether the IS is a 
single nuclei level or a group of closely lying levels within an energy range of 0.1-0.2 MeV, de­
pending on the experimental resolution. Complementary nuclear resonance fluorescence (NRF) 
studies with a high energy resolution may settle this ipiestion to some degree [1,2]. 

Photoactivation of the £ isomer in " s l n " ' via IS from the energy range of 3.0-5.0 MeV 
was measured at the pulsed betat ron at Insti tute of Physics, St .Petersburg State University. In 
addition to the IS at the energy about ."J MeV [I] we found out only one strong IS at the energy 
•1.15 MeV with the integrated isomer production cross section 20±7 e V b (we made use of the 
IS cross section value around 3 MeV [1]). The interesting result is that no g.s. transitions with 
the integrated cross section above 5 eV-b (experimental limit) were identified in the energy 
range 3.8-5.0 MeV in the NRF studies [I]. 

The n s I n ( 7 , 7 ' ) reaction was analyzed in the framework of quasiparticle-phonon model [3]. 
The 'quasipart icle®two-phonons' configurations were included in determination of the s t ructure 
of excited s ta tes . Distribution of the Ml- . K2- and F.I- radiation strength are consistent with 
N R F da t a (I) for the strong g.s. transit ions. Furthermore, the calculations manifested the 
concentration of the radiation strength of the Ml- . F.2—<g.s. transitions ( the overall cross 
section is about 40 eV-b) and the Fl—>g.s. transitions ('20 e\ '-b) in the range 3.9-4.3 MeV 
as the result of a great number of the transitions with moderate radiation strength below 
experimental limit in the NRK studies. 

To some degree, the calculated radiation strength would suffice to describe the activation 
da t a in the energy range around 4 MeV with reasonable values of the isomeric ratio of order of 
0.1-0.3. The unexpected result, that the strong IS with the energy 4.15 MeV is not identified 
in NRF spec t rum, may be ascribed to a cluster character of this s ta te . 

(I) P. von Neumanti-Cosel el al., Phys. Lett. B 2 6 6 ( MM I) <> 

J2J M. Huber et al., Nucl. Phys. A 5 5 9 (1993) 253 

(3) P. von Ncumann-Cosel et al., to be published 
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THE IBM1 DISCRIPTION OF BAND CROSSING IN 102-Ru 

A.li.Efimov.M.F.Kudojarov, A.S.Li. A.A Pasternak (PT1. 194021. Sl.-Petersburg. Russia) 

We have measured lifetimes of yrasl line levels for >a2Ru. For interpretation of energy 
and B(E2) values in the band-crossing region the modification of the IBM1 model is 
proposed. Apart from usual quadrupolc type (d- and j-bosons) states, the additional phonon 

stales- />.' !f)) with X= 6 ' and 8 ' have been considered. The total number of bosons and 

phonons is Sl=Hj + n,+n,. Let's lake into account only states with n6 •+ n„ =0 and 1. 

Therefore the model space includes the usual IBM I space - |fi) with ft bosons and 

b\ f2 - l) slates, were collective part is formed from £2 -I bosons. Corresponding 

Hamilionian that ensures the bound of stales with different phonon number bx can be 
represented as a following: 

H - Hmn - t„nb * fs/JH + (ui'£btus's'(ddd)* + u^b^s's's'ldddd)'*' + h.c). 
U U 

where //,„„, - IBM1 Hamiltonian. пА = £ b'^b^ , ek - phonon energy, uA - interaction 

constants. The calculation of matrix elements of H has been performed in iwo steps. Firstly 
ihe boson part of Hamiltonian with £2=9 and 8 has been diagonali/.cd. For £2=9 the 
parameters of W, a M 1 have been found by fitting energies of collective slates in nx2Ru up to 
/*=o' and up to /*=6' and for О =8 (he collective slates in >02Mo have been taken into 
account. Secondly low energy states have been bound with ft, phonon: after that full 
Hamiltonian has been diagonali/.cd for total system. In first versions of calculation only 
phonon with ^.=6 has been considered, in the second - phonon with k=8. In both cases' the 

parameters Е Л and \>K have been fitted under the condition of best reproducing of yrasl state 
energies from 8 to 16. The calculation of B(E2) has been performed with operator used in 
IBM1, when parameters have been found from mRu and mMo. Theoretical and experimental 
energies and B(E2) along yrast bandarc in a good agreement each о1цег. 

/* E(MeV) B(E2) /* 
thl th2 exp. thl th2 exp. 

2' 0.476 0.476 0.475 1.0 1.0 1.0 
A4 1.108 1.108 1.106 1.54 1.54 1.48 
6 - 1.877 1.885 1.873 1.77 1.80 1-7'E 
8' 2.706 2.705 2.704 1.23 1.64 1 .3^ 
10* 3.379 3.414 3.431 1.14 1.27 i .3$ : 
12' 4.099 4.064 4.052 1.98 1.46 2 0*°' 
И ' 4.885 4.821 4.803 2.30 1.81 2 2*0» 

16' 5.639 5.708 5.713 2.32 2.04 
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A NEW SORT OF "IDENTICAL BANDS" PHENOMENA IN THE CASE 
OF 2p-2h PROTON EXCITATION IN Sn ISOTOPES 

A.n.Efimov, M.F.Kudojarov, A.A.Pasternak (PTI.19402J. Sl.Petcrsburg. Russia) 
Ju.N.Lobach (NRI. 252028, Kiev. Ukraina) 

It's well known, that "identical rotational bands" phenomena firstly was discovered for 
supcrdeformation states of even-even and odd nuclei. Later it was been appeared, that this 
effect was not limited of stable delormation region, but may be develop in such pair of even-
even nuk.!».i, that belong to areas of fast structure and phase reconstruction (for example l 4 l/)v 
and '""Ox /1/). We have found arguments on existent of new sort of "identical band" 
phenomena, connected with 2p-2h excitation in semimagicai nuclei. In particular, this effect 

is take place in the ease of bands, building on Oj states in Sn isotopes and ground stated-

bands in corresponding Xe nuclei. The first evidence based on analysis of band energy 

structure, i.e. Rr(l) (defined in /1/) for different pairs of Sn and Xf isotopes with the same 

number of neutrons: " 2 ""Sn, ,^" 0 n2Xeb7. In particular for transitions 8' —>6' and 10' —>X' 

for each pair under consideration the condition |ЯД/) £ 1 is fulfilled. Another, independed 

criteria based on the analysis of experimental B(E2) values inside bands, built on intruder 0, 
states ( recently wc have measured the lifetimes of """'Sn 111 and before that - IOI" :" 4.S'H ). 
In a result of comparison of B(E2) in Sn and 
Xf bands it is possible to conclude, that 
corresponding values are close each other, as it 
is illustrated at the picture for the case 
'"Sffw""^ pair. These values are significat 
increase the B(E2) for yrasl states 2 ' , 4 ' of 
"".Vfi. That is evidence on strong increasing of 
collectivity in semi-magic Sn nuclei after 
lumping over a proton pair (bound in /его 
moment) in upper shell. From point of view of 
IBM I this type of "independent band" 
phenomena may be connected wilh the change of boson configuration of Sn nuclei stales 
with neutron number N=62-68 from Np=0, Nn=6,7,8.7 to Np=2, Nn=o.7.8,7. The last one 
are the same characteristics as for corresponding Xe isotopes. The B(E2) values, calculated in 
the frame of IBM I are given in the picture (full line). 

1. CaMen K.F. el al. - Phys. Rev., 1992. V.C45, p.R1413. 
2. Kudojarov M.F. el al. - Proc. Int. Conf. on Nucl. Spectr. and Atomic Nucl. Slruciure.992. 
Alma-ata, p.63. 
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Electromagnetic Dissiociation of Relativistic and Radioactive Beams 

Hans Emling 

Gesellschaft fur Schwerionenforschung. 64220 Darmstadt, Germany 

The process of dissociatron of nuclei in peripheral heavy-ion coll isions at high energies 

has developed into a new field of nuclear structure investigations. The underlying 

mechanisms are that of electromagnetic excitations or diffractive scattering, but also 

rv~ro cc!v.p!s v. rs3cticns ma*' be ccr*s lder 0 d. At OS!, a method w?s ^eve 'ope^ wh'ch 

allows for kmematically complete measurements of dissociation products emerging af­

ter p r o / c l i l e excitation. This concept is particularly useful it applied to secondary ra­

dioactive beams. The method involves a measurement of momenta of coincident heavy 

fragments and of emitted neutrons, thus al lowing to determine cross sections, fragment 

and neutron distr ibutions, fragment-neutron гпб neutron-neutron correlations for spe­

cific reaction channels This technique was applied at GSI in a study of light neutron-

r ich isotopes al or near the neutron-drip line. Secondary beams of 6 , 8 H e , " L i , , 0 ' " - 1 4 B e 

(240-400 A MeV) were produced by means of the Fragment Recoil Separator and few 

neutron-removal reactions, e.g. ' 'L i <*Li + 2n. were studied using light and heavy tar­

gets. Emphasis was paid to isotopes (e.g. " L i . " B e ) , for which a neutron halo structure 

has been claimed in a number of earlier experiments. Results such as cross sections, 

fragment and neutron momentum distributions and fragment-neutron (-neutron) corre­

lations wil l be discussed in th"? context of neutron-halos. The experiments were per­

formed in a collaboration of institutes at Arhus . Cracow, TH Darmstadt, Frankfurt. 

Goteborg. Madr id. Mainz, CERN, KIAE Moscow. IPN Orsay and GSI Darmstadt 
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PARTICLE DECAY OF THE PHOTONUCLEAR GIANT 
RESONANCE 
R.A.Eramzhyan 

Institute for Nuclear Research Russian .Academy of Sciences, 
117312 Moscow Russia 

The Giant Dipole Resonance decay characteristics, part i "ularly if the states 
of the final nucleus are fixed, contain detailed information г bout the micro­
scopic structure of the giant, resonance. Data on the partial photodisintegra-
tion channels are obtained in two types of experiments. One measures either 
the spectra of the emitted particles x or the spectra of the gamma quanta 
reducing the excitation of the final nuclear states populating as a result of 
emission of the particle x. Both methods were compared to each other in 
Ref.[l]. 

The simultaneous application of both methods to 15 2s-Id shell nuclei 
allowed to obtain the detailed quantitative information about the integrated 
partial photouucleon cross sections and correlate them to the spectroscopic 
factors of the ground state of the target nucleus. 

For some lf-2p-nuclei the fast neutron spectra were measured [2]. This 
allowed to get the partial cross sections to the low-laying states of the resid­
ual nucleus. It appears that the decay of the high energy part of the giant 
resonance in this region of nuclei leads preferentially to the population of the 
excited rather then the ground state. Moreover their parity is opposite to 
that of the ground state. It could be the indication that the configurational 
splitting of the giant dipole resonance occurs in this region of nuclei too. 

This work was supported in part by the RFR Foundation. 

REFERENCES 
[1] B.S. Ishkhanov, I.M. Kapitonov, R.A. Eramzhyan. Sov.J.Part.Xucl. 23(6) 1993, p.774-798. 

[2] I.M. Glatky et.al. Abstract to this Conference. 
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T H E O R E T I C A L I N V E S T I G A T I O N S OF N E U T R O N E X C E S S 
N U C L E I O F T H E M A G I C I T Y R E G I O N C L O S E T O 1 3 2 S n . 

K.I.Erokhina (PTI, 194021, St.-Petersburg, Russia) 
V.I.Isakov (PNPI, 188350, Gatchina, Russia) 

By the present time there appeared a noticeable experimental activity 
concerning investigations of neutron excess nuclei close to the region of 
double magicity near ш 5 и (Z=50, N=82) / 1 , 2 / . We carried out com­
prehensive theoretical investigation of even A nuclei nearest to l,iiSn the 
nuclides ,MSti. 1MTc, ,MSb (with the structure core plus two nucleons), 
UMSI>. | Ю С 7 / . | , ш / н (core minus two nucleons) and nuclei i32Sb, li'2In (core 
±7г ^ //) were considered parallel with the core nuclei. The computation 
scheme is based on the random phase type approximation. The correspon­
ding equations are deduced as equations for poles of the two particle Green 
function (pairs of nuclei VMSn - m S n , mTe -mCd, mSb -mIn) or for 
poles of particle hole Green function (mSb — n2In and the core nucleus). 
The approximation consists in substitution of irreduceable blocks by the 
effective finite range effective interaction the same in particle particle and 
particle hole channels. Antisymmetrization and exchange effects are prop­
erly taken into account. The results of calculation of the energy spectra and 
the electromagnetic and weak transition probabilities reveal a good agree­
ment with the experiment / 3 , 4 / . 

1. Fogelberg B. et al. Phys. Rev., 1990, v.C41, p.R1890. 
2. Fogelberg B. et al. Inst. Phys. Conf. Ser.Nol32: Section 5, p.569. 
3. Erokhina K.I.. Isakov V.I. Izvestia RAN, ser. fiz., 1992, v.56. p.78. 
4. Erokhina KM., Isakov V.I. Yad. Fiz., 1994, v.57, No2, p.78. 
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O N T H E E F F I C I E N C Y O F T H E S O L A R N E U T R I N O 
D E T E C T I O N B Y T H E *Mo N U C L E I 

K.I.Erokhina (PTI . 194021. St .-Petersburg. Russia) 
V.I.Isakov (PNPI . 188350. Gatchina. Russia) 

The experiments on the detection of solar neutrino (R.Davis. GALLEX. 
SAGE. Kainiokande) revealed the lack of the observed neutrino Mux as 
compared to the predictions of the standard solar model (SSM). This fact 
offers the essence of the solar neutrino problem. A geocheinical experiment 
based on the /', + ''"Mo —• ! ' T c + с" reaction was prorosed in the work 
/ 1 / for the <letermination of the solar neutrino Mux with the counting rate 
evaluated as ^2;Я,Ф, — -j SNU (SNl*. solar neutrino unit equals to 10"'"' 
events/atom.s) . In work / 2 / one can find an estimate £V гг,Ф, = 1~ Vi SNl.'. 
based m a i n l y on t h e e x p e r i m e n t a l d a t a for t h e WM<> \]>. li )'""!'<• r eac t ion . We 
performed counting rate computations based on the predictions of SSM / 2 / 
and on our calculations of the strength functions of weak Fermi and Gamow 
Teller transitions. The last calculations were based on the RPA method 
for odd odd nuclei considering BCS correlations, the universal finite range 
interaction and the large basis including all quasistationarv states. The 
counting rate is given by the formula 

5 3 гт.Ф, = H)3""-^ £ ФкС\ J S\(E) ,IE x 

r 
k.X 

• ±m..'J-I:' - Г/ I 

in,<- v \ ' " Л " 
J - l -F{Z.-:) ft(:-±m„<•- + [-:) ih 

where Л = .4.1": Ф/ and /i-(.*.') the total flux and the neutrino s[)ectrum 
from the к th reaction in the Sun. S\(E) strength function. F(Z.e) 
screening function. Our result is ]Г,-т,Ф, = 2 8 ^ ' SNL' / 3 / . It specifies 
the findings / 2 / and contradicts the predictions / 1 / which appear to 1»' 
underestimated. 

1. Cowan G.A.. Haxton W.C. Science. 1982. V.21G. p..jl . 
2. Bahcail .I.N. Neutrino Astrophysics Cambridge University Press. 1989. 
3. Erokhina K.I.. Isakov V.I. Preprint PNPI 1943. Gatchina. 1994. 20 p. 
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Full - Folding Model for Nucleon Quasielastic Reactions at 
Intermediate Energies 

S.N. Ershov 

Joint Institute for Nuclear Research 

Dubna, Moscow region Ц1980, Russia 

Nucleon-nucleus reactions at intermediate energy are important , often unique, source of 
information about nuclear s tructure, effective interactions, reaction mechanisms. Spin observ-
ables, which are sensitive to relative phases, play a crucial role in such studies. Quality of 
da ta from new generation of experimental facilities claim a more rigid requirements to the­
oretical description if you want to keep a microscopic approach. The important issues such 
as off-shell behavior and medium modifications of the effective interaction, relativistic effects, 
other nonlocalities are in process of wide discussions. Impulse approximation and distorted 
wave impulse approximation are the basic approach to s tudy elastic scattering and quasielastic 
nucleon-nucletis reactions at intermediate energies. This approaches follow from a single scat­
tering approximation to multiple scattering theory and demand convolutions of a fully-off-shell 
two nucleon scattering ampli tude and the nuclear (transition) density matr ix. Such forms for 
optical potential and reaction ampli tude one can call as the full-folding models. In a case of 
elastic nucleon-nucleus scattering at intermediate energy the full-folding model for optical po­
tential were developed / l " " 3 ' and rather good description of experimental da ta were obtained, 
especially in the momentum-transfer range where the target wave functions arc most reliable. 

The full-folding model for inelastic and charge-exchange nucleon-nucleus reactions at inter­
mediate energies are evolved. The effective interaction between projectile nucleon and struck 
nucleon in nucleus is a nucleon-nucleon t-matr ix which describe a free NN-scattering. The t-
matrix is obtained by solving the Lippmann-Scwinger equation with one-boson exchange Bonn 
potential . The distorted waves are calculated from a full-folding model for an optical potential. 
For self-consistency between elastic and inelastic calculations the same realistic NN-interaction 
which induce an inelastic transition are used for calculation an optical potential . ЛИ calcula­
tions are carried out in impulse space. The model are applied for description of polarization 
observablcs for nucleon charge-exchange reactions on light nuclei. 

1. H.F. Arellano, F.A. Brieva and W.G. Love, Phys. Rev. Lett., 6 3 (1989) 605; 
Phys. Rev., C 4 1 (1990)2188. 

2. R. Crespo, R.C. Johnson and J.A. Tostevin, Phys. Rev., C41 (1990) 2257. 

3. Ch. Elster et al., Phys. Rev., C41 (1990) 814. 
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Inelast ic scat ter ing of heavy ions 
in the high-energy approx imat ion 

S.I. Fedotov, V.K. Lukyanov, V.P. Pennyakov 
#,->р,п!и6. v Laboratory of Theoretical f'hysir.e, Jnini lusiiiuie for /VunVcr lieseiirch 

Л method is developed for calculating the inelastic scattering cross sections 
of light and heavy ions with excitation of the collective nuclear states.For 
this purpose the DWBA is used with relative-motion quasiclassical functions 
whose phases are calculated within the high-energy approximation developed 
in :i,2!: 

Ф l - exp{ ikr * г [or, ± j (fcr) -r '— (kf)2 ± ~ i (erf}}, (1 I 

where «.., are the known functions of г and parameters of potentials. The 
DWBA-amplitude is transformed to the form, where the integrand include 
terms with the Woods-Saxon potential and the Fermi charge density distri­
bution. Thus, the integrand function becomes to be proportional to 

V,nt = ct^Y^—; 1' = (\ + <^Г\ (2) 

where «»„ are the collective nuclear variables. So, the final DWBA-amplitude 
consists of the structure factor < !jh4f\a\ti\llMi >, leading to the transition 
probability in the cross section, and the dynamical factor 

Tfl~-?=[c-"«-e<>F(6,ee,R)}. (3) 
UK 

Thus, we have obtained the final result in an analytical form which gives an 
exponential slope of the angular distribution on the right hand side of the 
critical deflection angle вс, and oscillations determined by the known function 
F(ff,<9C, /?). It is shown how one can make calculations in the case of large 
energy transfers, when high-lying nuclear levels are excited and the corre­
sponding classical trajectories are different in the initial and final channels. 
Also, the method is generalized when one uses transition matrix elements with 
the г-dependence obtained by the microscopical nuclear models. Examples of 
numerical calculations and comparison with experimental data are done, and 
the mechanism of this kind of processes is discussed. 

1. Lukyanov V.K., Izv.RAN, ser.fiz., v.58, n.l , p.8, 1994. 

2. Lukyanov V.K., Proc. Int. School-Seminar on HI Physics, v.2, p.129, 
Dubna, E7-93-274, 1993. 
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INVESTIGATION OF THE INTERACTIONS A N D 
SELF-INTERACTIONS OF MESONIC FIELDS 

IN THE RELATIVISTIC HARTREE-FOCK APPROXIMATION 
FOR NUCLEAR S T R U C T ' ЯЕ 

V.N. Fomenko, 
University for Railway Engineering, St-Petersburg, Russia 

S. Marcos, 
University of Cantabria, Faculty of Sciences, 39005, Santander, Spain 

L.N. Savushkin 
University for Telecommunications, 191065, St-Pcte.rsburg, Russia 

Many qualitative nuclear ground state pronerties have been reproduced within 
the linear relativistic model suggested by J.D. Walecka. The original version 
of the model included only Yukawa type mesonic fields coupled directly to the 
corresponding nucleon currents. However, to obtain a detailed quantitative 
description of the nuclear ground state properties, it appeared to be essential 
to extend the Walecka model by introducing into the theory some kind of 
density dependence. In the present paper we consider a model including 
not only purely Yukawa type mesonic forces but also self-interactions of the 
scalar meson field, self-interactions of the vector meson field and interactions 
of the scalar and vector fields. This model is based on the following effective 
Lagrangian 

С = С0(ф,гг,и,р,п)+ J2 4У-пшюп + b°* + ™* + d°"2 + e ^ 2 + / w \ (1) 
mesons 

where ф is the nucleon field; а, и, р, ж - scalar, vector, vector-isovector, pion 
meson fields; b, c, d, e, f - coefficients. 

We have applied model (1) to investigation of the nuclear structure (nuclear 
matter and finite nuclei) in the framework of the relativistic Hartree-. .̂ck 
(RHF) approach. 

One of the manifestations of the a3-, <r4-, <TUJ2-, <т2и>2-, and u>A- terms in Eq. 
(1) is the effect of "dressing" of the scalar and vector mesons in the nuclear 
medium: the values of m£ and m*u are different from the corresponding bare 
masses and become density dependent. The other effect of these terms is the 
modification of the expression for the total binding energy. 

To obtain the ground state properties of finite nuclei, we have solved nu­
merically the Lagrange-Euler equations for model (1) in the RHF approach. 
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CHANGES IN NUCLEAR CHARGE RADII OF Ti ISOTOPES 
DETERMINED BY LASER RESONANCE FLUORESCENCE 

Yu.P.Gangrsky, K. P. Marinova, B.N.Markov, 
and S.G.Zemlyanoi ( JINR, Dubna ) 

Isotope shifts (IS) and hyperfine structure (hfs) in optical 
transitions of Til have been investigated by using high resolution laser 
spectroscopy.. From the isotope shifts data, changes of the mean square 
charge radii of Ti isotopes have been extracted for the first time. 
The nuclei investigated H e within the very interesting shell 20 i 2,N ^ 28 
This is just in that 2 region with a large lack of optical information on 
nuc lear properties. The experinental techniques used is laser excited 
rcsonani e fluorescence on a collimated orthogonal atomic beam with laser 
.itemization of the samples 11 i. Measurements of the IS and hfs were made in 
• iiit ii.il transitions 4s a I' -3d 4p y'D and 4s' a 1' -4s4p z P .in 7 

J r ' J J y J 
spectral lines between 586.6nm and 594.?.nm. 
_. - _ _ 

rtl 
4». 1 
•;/ o,i6(io) 
is 
44 -1,31(38) 
SO -1,53(41) 

I he root-mean square charge radii changes were deduced from IS by 
ir-.in»>. the well known procedure; (2) and model independent (ombined analysis 
•if muonli X-ray and electronic scattering data [31. Model independent r ms 
radii of the odd-even isotopes were predicted by combined analysis of mode) 

2 1/? 
independent radii absolute values <r > of even isotopes from 13] and 

2 model independent 6<r > changes from our measurements The results are 
listed in the table. As can see from the table nuclear charge radii values 
detreascs with adding of neutrons like in the case of Ca isotopes with the 
same neutron numbers. Taking into account the data on nuclear deformations 
It can not explain the value of this decreasing but the tendency only. 

1 Gangrsky Yu P.,Zemlyanoi S.G.et al. Pribory i technika eksperimenta, 
199U, JH , c. 168 
;>.. Aufmuth P. .Heilig K. .Steudel A. ADNDT, 1987, v. 37, p. 455 
3 Wohlfahrt H.D. .Shear E.B.et al. Phys. Rev. C, 19^1, v. 23, p. 533 
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. . 2 A.48 . г 
6<.r > , fm 

2 1/2 
<: > , fm 

0, 108(6) 3 . 6 1 3 9 ( 2 6 ) 

0 , 0 1 7 ( 2 7 ) 3 . 6 0 1 9 ( 2 / ' ) 

- 3 . 5 9 9 0 ( 2 6 ) 

- 0 , 1 4 2 ( 4 2 ) 3. 5809(36 ) 

- 0 . 1 6 5 ( 4 4 ) 3 . 5 7 6 0 ( 3 0 ) 



E V I D E N C E FOR T H E ISOSCALAR G I A N T DIPOLE R E S O N A N C E 
IN *"ЯРЬ USING INELASTIC о S C A T T E R I N G AT A N D N E A R 0" 

I'. Gai£* 
/'/IJ/MC.S Ut part wi nt. I'ntrt rsity of Xoln Danu . Xotn Dumt. I.\ 46556. i'SA. 

The Isoscalar Giant Dipole Resonance (LS'GDR) is best described as a "hydrodynamical 
density oscillation" in which a compression wave oscillates hack and forth through the constant 
volume of the nucleus (the "squeezing mode") [1]. Since the energy of ISGDR is related to 
the nuclear compressibility, a detailed and systematic investigation of the ISGDR is expected 
to provide aildition.il information, contributing to a more precise determination of the inroin-
prcssihility of nuclear mat ter . 

The ISGDR lies very close in energy to the high-energy octupole resonance (1IKOR) and 
unambiguous identification of the ISGDR is possible only at angles near 0'1 because of its 
< liaracteiistic angular distribution at these angles. Qui measurements employed a '200 McV о 
beam from H'C'K incident on an enriched Л М1*Ь target. Inclastically scattered particles were 
detected in the focal plane of the KfiOl) magnetic spectrometer operating in the transmission 
(0") mode; the available excitation -energy bile in this mode was 1-1-2!) Y, appropriate for 
the aforementioned resonances which are expected to lie at excitation energies of 20-22 MeV in 
" ) 8 l ' b . 

A broad " b u m p " , comprising the two resonances, is clearly visible above background in 
our spectra. Ну using software cuts, it has been possible to split the 2" angular acceptance of 
I he К GOO into energy spectra from the (O'-O.V). ((!."> II) ). ( I . IV-1.5) and (1 ..V -2.0") angular 
bins, thus providing an angular distribution for the two components of the " b u m p " . Indeed, 
the angular distributions for the iwo components are strikingly different and in qualitative 
agreement with the expected angular distributions for the ISGDR and HKOR. In addition, the 
"ditfercncc-of-spectra" technique has been employed to extract the parameters of the ISGDR. 
This technique, previously used to great etlccl in the investigation of the giant niouopole reso­
nance Щ. takes advantage of the roughly Hat aiigulai distribution of the 11 FOR over the (0 1 2 ' ) 
range as compared to that of the ISGDR which has a monotonously increasing cross section 
over the «nine angular range: The sped rum coi responding to the (O'-l ') scattering angle range. 
when subtracted from I lie normalized spei l ruin < orrespondiug to (I" 2 ') scattering angle range 
results in an energy spectrum made up almost entirely of contribution from the ISGDR. Our 
measurements have confirmed the ellicacy of this technique in the study of the ISGDR and 
provided a clear evidence for this resonance in ' " T b . 

"In collaboration with U.K. Davis. \Y. Reviol (I 'niversily of Notre Dame); Л. Bacher, (!. I'. 
A. Berg. C.C. Foster, K. .1. Stephenson. Y. Wang ( П Ч Т . Hloomington. I 'SA); .1. .lanecke. K. 
Chain, I). Roberts (I 'niversity of Michigan. Ann Athor. I 'SA); M. N. llarakeh (KYI. Gronin-
gen, The Netherlands); H. Akimune. M. l-'ujiwaia (K( 'NI \ Osaka. Japan) ; and. ,J. Lisantli 
(Centenary College. Shreveport, I 'SA). 

[1] M. N. Harakeh and A.E.b. Dieperink. Pliys. Rev. С 23. 2 :Ш (MINI). 
[1] S. Brandenburg et al., Nucl. IMiys. AUG. 2<l I MIST). 
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THE INVESTIGATION OF THE GIANT DIPOLE RESONANCE DECAY IN ( 7,n) 
REACTION FOR /p-SHELL NUCLEI. 

I.M.Glatky, A.M.Lapik, B.S.Ratner, A.V.Rusakov, and S.S.Verbitsky 
Institute for Nuclear Research RAN 

The energy spectra and the cross sections for photoneutrons with energy > 3.7 MeV have 
been obtained for the /p-shell nuclei tlV, *'Cr, MFey "Fe, "Ж, M Zn, using a scintiUation 
neutron spectrometer [1]. In contrast with total cross sections the cross section for selected 
neutrons consists of separate resonances and have no smooth part. The resonances are located 
in the same places as in the total cross sections (see fig.l аь 4 references [1,2]). 

The photoneutron spectra, obtained by using continuous bremsstrahlung, have considerable 
structure [1,2]. The energy resolution of the spectrometer was sufficient to separate transitions 
to the different low laying states of the daughter nuclei. The decay of the resonances to these 
states tarns out to have a selective character. The existence of the intruder states is one of the 
possible reasons for such a selectivity [2]. 

The upper estimation for individual resonances widths in uNi turns out to be about 80 
keV (see fig.2 and reference [1]). This estimation agrees with doorway state Hfetirae calculation 
( **Cu with three exdtons) in preequilibhum decay model [3]. 

Photon energy. MeV Photon energy, MeV 

Fig.l Fig.2 
There are no transitions to ground state and low laying daughter nuclei states with excitation 

energies lower than 3.0 MeV for M V and 3.5 MeV for **Ni if photon energy is higher than DGR 
maximum. Perhaps it can be explained by the well studied in «<£shell nuclei configuration 
splitting effect [4]. 

This work was partially supported by the Russian Fundamental Resesrch Foundation and 
the International Science Foundation. 

1. I.M.GIatky.A.M.Lapik.B.S.Ratner.S.S.Verbitsky, and A.V.Veselovsky, 
Nnci Phys. A5I2(1990)167 

2. B.S.Ratner. Isv. RAN 57,N7( 1993) 196 

3. K.K.Gudima,e.A.Ososkov,V.D.Toneev. JINR,P4-7821,Dnbna,1974 

4. R.A.Eramshyan.B.S.bhlmaBov.I.M.Kapitonov.V.G.Neudatcmn. 
Physics Report* 136(1986)230 

5. B.I.Qoryactov «t aH Isv. AN SSSR, ser.ns. ,33(1969) 1736 

6. J.Weiee.M N.Thompson(K.Sboda,and H.Teubota.Auet.J.Phys. 30(1977)401 
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Investigation of the decay of 1 9 4 P b and 1 9 2 Hg superdeformed bands 
using EUROGAM 

F.Hannachi1.1.Deloncle1, B.Gall1, A.Kaci1, M.G.Porquet1, C.Schuck1, F.Azaiez2, 
C.Bourgeois2, J.Duprat2, A.Korichi2, N.Perrin2, N.Poffe2'3, H.Sergolle2, 
Y.Le Coz*, M.Meyer*, N.Redon4, J.Simpson5, C.W.Beausang6, M.J.Joyce6, 
E.S.Paul7, J.F.Sharpey-Schafer6, R.M.Clark7, R.Wadsworth7, I.Ahmad8, 
M.Carpenter8, R.Henry8, R.V.F.Janssens8, T.L.Khoo8, T.Lauritsen8, H.Hubel9, 
I'.Willsau9. AGSmith 1 0 

1 С S N S M IN2P3-CNRS, bat 104-108, 91405 Oreay Campus, France 
•1 I P N. bat . 91406 Oreay Cedex, France 
t I'nivmuty of Oxford, Depl of Phyeics, Keble Road, Oxford. UK 
I I P N Xniversile Lyon-1, 69622 Villeurbanne Cedex, France 
5 SKRr. Daresbury Laboratory, Warrington WA4 4AD, UK 
fi Oliver Lodge Laboratory, University of Liverpool, PO Box 147, L69 3BX, UK 
7 Imwraity of York, Dept of Physics, Helsington, York, YOl 5DD, UK 
К Argonne National Laboratory, Argonne, IL 60439, USA 
9 Institut fur Strahlen und Kernpbyaik, Universitat Bonn, Germany 

10 I'niversity of Manchester, Schuster Laboratory, Manchester M13 9PL, UK 

The high efficiency EUROGAM multidetector array has been used to investigate the 
superdeformed (SD) bands in the l 9 2 Hg and l 9 4 P b nuclei. A wealth of new exciting 
sportrosropic information on these two nuclei concerning their SD and normally deformed 
(NO) bands has been gathered. In particular, for the first time, using high fold data, it 
has been possible not only to caracterize more precisely the SD structures (7-ray energies, 
intensities, nuclear level lifetimes) but also to extract the spectra of 7 rays emitted in the 
doray of these SD nuc'ei. The main results of these experiments and the perspectives will 
be discussed. 
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Octupole Deformation and Chaos 
W.D.Heiss* , R.G.Nazmitdinov "* and S.Radii * 

* 1'niversity of t he Witwatersrand, PO Wits 2050, Johannesburg. South Africa 
** Universidad Autonoma de Madrid. E-280-19, Madrid. Spain 

and J INR, Dubna. Russia 

Recent experimental da ta of superdeformed К isomers in nuclei and electronic shell struc­
ture effects in metallic clusters clearly underline the importance of octupole deformation. In 
order to understand the physical reason why nuclei or metallic clusters tend to break the re­
flection symmetry we investigate a simplified model [1] classically and «plant urn mechanically. 
The single particle motion is considered in the axial harmonic oscillator model with an octupole 

term 
, . , я м 1 / 2 - 2 Л - 3 - : * - 2 \ 

where "' = r* + уг and an octupole term, written in the cylindrical coordinates (.;.Q). Гиг 
/ - 0 and ft > 1 (ft < 1 ) we have the mean field potential of a prolate (oblate) nucleus. Note, 
that choosing another set of parameters , we could deal with a metallic cluster. 

If |/| < / , r l l we are dealing with a proper hound stale problem. Here /,,„ is defined to he the 
value for which the potential no longer hinds, for |/| > /,,;, the potential tends to — cc along one 
or two directions. The direction and the value of /, ,.„ depend on the epiadrtipole deformation ft. 

I he results of the numerical integration of the equations of motion show that for the supcrde-
furmed prolate nucleus (ft = 2) there is hardly any chaotic behaviour discernible in the classical 
motion for all / < / , ,„ . For decreasing value of ft the motion becomes increasingly chaotic up 
to tin- maximally chaotic case at ft =s 0.">X. We have compared results for / = .'У/,.г„(Л) with ,1 = 
(I J. (1.1. (Mi and 0.9. 

I he statistical analyses shows that the cpiantum mechanical results arc- in line with the 
classical cases. The level repulsions in the superdeformed prolate case- are very weak thus 
ци ing ri-e to a nearest neighbor distribution (.\ ' .\D) which appears closer to an integrable case 
than to the typical Wigncr distribution. Of physical interest arc- the pronounced new shell 
sl im lures that emerge for instance near to / = 0..г)/,,ц and / - (l.(i. r>/ i r l l. Since- we have left out 
terms like- spin-orbit coupling and / we cannot claim thai such structures arise exactly where 
we find them. However, the essential point is the fact that such structures will always emerge. 
I l i i-e findings nicely contrast with the oblate case where the spectrum and in particular the 
\NI> have- all signatures of chaos. |-'or sufficiently large values of the- octupole strength / all 
periodic s tructure is deslroved and there is no scope for new magic numbers. 

In summary, for the prolate and in particular the- snperdefot niecl prolate- case, there- is a 
icinarkalile stability against chaos when octupole deformation is switched on. 

References 
[1| \V. I). Heiss. R. (J. Nazmitdinov and S. Radii. I'liys.Kev.l.cf t.lin press)(l«!M) 
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On the Nature of New Excitation Modes in Nuclei 

R.R. Hilton 
Physics Department, Technical University Munich, 

85747 Garching, Germany 

We present here the results of an extensive investigation of A' = 1 + states using 
both collective model and microscopic descriptions within the framework of a 
Quasi Particle Random Phase Approximation employing Skyrme forces. This 
elaborate study represents the 01.ly fully self-consistent QRPA investigation us­
ing realistic forces yet undertaken and is directed at establishing the underlying 
physical character of states recently observed and those currently under exami­
nation in both rare earth and light nuclei. In particular we attempt answers to 
the following questions: 

a) To what extent do the experimental observations obtained for the group of 
states in the 2-1 MeV t'gion in rare earth nuclei support any given pic­
ture? Are such states indeed of collective origin? Can a collective state be 
compatible w 1 a small B(M1) value? 

b) What mechanism ,s responsible for the splitting of the B(M1) strength ob­
served for the 1 + states found in the 5-10 MeV region in rare earths? What 
is the nature of these states? Do they represent new giant resonances? 

с Have l + slates in light nuclei a collective character or are they of a different 
nature? 

d) What is the high energy counterpart to the low energy 1 + states? 
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T H E n - p I N T E R A C T I O N I N O D D - O D D D E F O R M E D N U C L E I 

Richard \V. Hoff 

Lawrence Livcrmorc National Laboratory 
Livermore. California 94JJO. USA 

Experimental data and configuration assignments for quasiparticle excita­
tions in these nuclei have been critically surveyed. Included are data from new 
averaged-resonance neutron- capture measurements on IGOTb made in collab­
oration with colleagues at the Broohhaven National Laboratory. A set of most 
reliable vab- >s for Gallagher-Moszkowski matrix elements have been compared 
with calculated values. After many years of study and with the inclusion of 
many forms for the nucleon-niu Icon force, the n-p interaction, as manifested 
in the nuclear structure of odd-odd nut lei. still has not been characterized 
with sufficient precision to allow satisfactory predictions of unmeasured ma­
trix elements. We find that the empirical matrix elements, when compared 
with central force calculations, show potentially useful correlations with the 
degree of difference in the Nilsson orbital quantum numbers of the unpaired 
nurleons. It appears that these correlations also extend to the Newby shift, 
matrix elements. 
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Experiment for the 3 5- 3 7CI(y,xy>Reaction 

B.S.Ishkhanov, I.M.Kapitonov, andI.A.Tutyn 
Institute of Nuclear Physics, Moscow State University, Russia 

We present the results of the first (y.xy") experiment for the 3 5 3 7 C I 
nuclei (a photon y' is recorded and its energy measured, and x is an 
unobserved particle emitted from the nucleus). A 390 g LiCI-target was 
bombarded with 32 MeV bremsstrahlung beam. The decay photons were 
detected at angle 140° relative to the incident bremsstrahlung radiation by 
means of a Ge(Li) detector with a sensitive volume of 100 cm 3 . The 
experimental spectrum contains information about partial 3 5 ' 3 7С1(у,р (), 
3 5 3 7С1(у,П| ). and 35'37CI(y,cij ) reactions in the region of the giant dipole 
resonance (i labels the level of the final nucleus). The integrated cross 
sections for individual partial channels were obtained by means of the relative 
method in which a comparison is made with the yeild of photons from the well 
studied reaction 1 6 0(y,p 3 y') measured under the same experimental conditions 

as the 3 5' 3 7CI(y,xy') reaction. The integrated partial cross sections (in 
MeVmb/sr) are piesented in the Table 

S level cross 
section 

2.13 MeV, 2 
3.30 
3.92 
4.07 
4 62 
4.69 
4.89 
5.76 
7 22 

2 + 

0 + 

1 + 
3 ~ 
4 + 

2 + 

1 ~ 
1 — 

1.4 
4.3 

.9 

.7 
9 
.5 
.3 
.3 
.6 

level 

3.29 1.7 

8 4 C I level cross 
sect ion 

0.67 
2 .38 
4 .45 
4 .46 

MeV, 1 o.a 
4 T 0.8 
4" 0.1 

(2.3j"0.1 

"CI level 

0 . 7 Э 
1.96 
2.66 
2.86 
2.99 
4.03 

3 т О.Л 
2 t 2.1 
1 О.б 
3 + О.б 

(1.2)~2.3 
(0-2>-0.1 

l e v e l c r o s s 
s e c t i o n 

1.27 MeV, 
2.23 
5.56 

P level 

3/2 1.8 
5/2 0.8 
3/2 + 0.2 

1.43 
2.54 
5.97 

3 / 2 + 

3 / 2 + 
0 . 7 
О.З 
0 . 4 

These data will be used to extract information about the role of nucleons 
from various shells in production of the giant dipole resonance in the 3 5 . 3 7 CI 
nuclei, and also about the relation between the ^midirect and statistical 
mechanisms of the photonuclear reaction. 
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Giant Dipole Resonance in 4 5 Sc through De-Excitation Gamma Rays 

B.S.Ishkhanov, I.M.Kapitonov, andI.A.Tutyn 
Institute of Nuclear Physics. Moscow State University, Russia 

New data on 21 partial photonucleon channels (y,n, ) and (y,p, ) for the 
4 5 Sc nucleus (i numbers the levels of the final nucleus) received in (y.xy ) 
experiment 1) become possible to gain greater understanding of the 
mechanism for the formation and decay of the giant dipole resonance (GDR) of 
the light fp-shell nuclei. We used a method of analysis developed in ? 3).The 
method isolates the semidirect (SD) decay contribution in experimental 
photonuclear cross sections. The remainder of the cross sections is due to the 
statistical decay (pre-equilibrium and equilibrium ). The realization of the 
method requires information about the partial photonucleon cross sections for 
population of individual levels of the final nuclei and the spectroscopic 
characteristics of the populated states taken from single-nucleon pick-up 
reactions. The results of our analysis are as follows. Outer shell (1f2p) of 4 5 Sc 
are populated by 5 nucleons (1 proton and 4 neutrons) They form 10% 
photoproton and 10-20% photoneutron cross sections. Decay of this GDR 
branch v1f2p ;>1g2d3s) proceeds mainly through the nucleon escaping to the 
continuum and the forming of the final nucleus in a hole state,i.e. for this GDR 
branch SD decay is predominant. However in the main the GDR of 4 5 Sc is 
formed by nucleons of the inner 1d2s shell.As this GDR branch (1d2s >M2p) 
decays mainly by means of the statistical mechanism the statistical decay 
prevails for the GDR of 4 5 Sc on the whole. The statistical mechanism is 
responsible for 70-90% of the integrated photoabsorption cross section. It is 
necessary to note that for the nearest nuclei investigated such a method ( 
4 0 Ca and 5 8Ni) the probability of the statistical decay is lower (about 40% and 
20-80% respectively). 

1. B.S.Ishkhanov, I.M.Kapitonov, I.ATutyn. Yad. Fiz. (Journ. of 
Nucl Phys.)55(1993)263. 
2 R A Eramzhyan, B.S.Ishkhanov, I.M.Kapitonov, V.G.Neudatchin, Phys. 
Rep. 136(1986)229. 
3. В S.lshkhanov, I.M.Kapitonov, R.A. Eramzhyan, Sov. J. Part. Nucl. 
23(6)(1993)774. 
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Study of Low-Lying Dipole Excitations in 4 8 Ti by Photon 
Scattering 

B. S. Ishkhanov, I. M. Kapitonov, E. V. Shirokov and A. Yu. Ugaste 
Institute of Nuclear Physics, Moscow State University, Russia 

The experiment was carried out with the cw bremsstrahlung photon 
beam from the newly constructed electron injector for the 175 MeV Moscow 
racetrack microtron Continuous wave electron beam of energy 6.6 MeV and 30-
50 цА intensity was used to produce photon beam. The experimental details 
may be found elsewhere 1 2 ) . Photons scattered by a 2.5 g/cm 3 target of 
natural titanium (a disc of 4 cm diameter) were detected with a 60 cm 3 

Ge(Li)-spectrometer at an angle of 110° relative to the incident beam. The 
radiation dose was 4.7 С 

The nuclear resonance fluorescence spectrum shows seven levels. 
The results are summarized in the Table. All observed transitions are of 
dipole character. The transition strengths reported earlier 3 ) by Giessen-
Stuttgart collaboration agree well with the results of the present experiment. 

Level energy Г 0

2 /Г [meV] B(M1)t B(EI)t 
[MeV] J " Giessen-Stuttgart Moscow [„ 2] [ 1 0 " 3 e 2 f m 2 ] 

3.700 1<-) 12±2 10±3 (0.14) 
3 739 r 58j:7 54±5 0.42±0.05 
4.310 V 70±20 34±10 0.19±0.05 
5.526 1 70±30 <50i10 (<0.07)* 
5.640 r 200±70 208120 0.7610.07 
6.126 1 160±60 173±10 (0.19) 
6.138 !<•> 90±40 65±10 0.0710.01 

• Values were extracted assuming Г у Г ^ 

LASAIimov et al., Nucl.lnstr. and Meth. A326(1993)391 
2. AS.AIimov et al.Vestnik Mosk. Univ., ser.fiz.astr.. 34(1993)N5. p.33 
3. A Degener et al.. Nucl.Phys. A513(1990)29 
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Low-Lying Excitations i n ^ e 
Studied by Nuclear Resonance Fluorescence 

В S Ishkhanov IM Kapitonov. E V Shirokov and A YuUgaste 
Institute ot Nuclear Physics. Moscow State University. Russia 

The nuclear resonance fluorescence experirr ,nt have been performed using 

unpolanzed bremsstrahlung produced by 6 6 MeV cw electron beam fiom the iniector for 

the Moscow racetrack miciotron Photons scattered by a natural 2 4 g/cm 2 :ron target were 

observed with a 60 c m 3 Ge(Li) detector at 110° relative to the incident beam The data 

were accumulated with an average current of about 30 nA The radiation dose was 4 32 С 

Values of Г 0

2 /Г. В(М1)? and B(E2) + for seven levels were extracted They are summarized in 

the Table We assumed J=1, rr=+1 and Г 0/Г=1 where not measured For each transition, the 

effects of Doppler broadening and of atomic and nuclear resonant absorption in the target 

were taken into account numerically For 5 6 F e in the energy region 0-6 5 MeV we obtained 

1 B(M1)*=(0 99-1 21)Мг>г The magnetic dipole excitation of energy 3 449 MeV and 

В(М1|%1и„ г is the strongest M1-transition below 6 5 MeV This distinctive low-lying M1-

transition is the best candidate to be a scissors mode 

level energy | MeV] J " Г 0

г /Г [meV] B(M1)* [ | i n

2 ] B(E2)" [e 2 fm"I 

3 449 1* 79-8 0 994 

3 602 2 ' 5±2 78 7 

4 647 9+3 0020 

5 227 1 35*4 0063 

5 257 2 24«3 37 1 

5 404 >0 <29t6 «0 047 

5 853 23«8 0 030 

6 250 1 5 3 1 3 0.056 

I B(M1)T = (0.99-1.21) M n

? 
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Nuclear Deformation Parameters for 4 8 T i and 5 6 Fe 
from Scissors-Type Excitations 

В S.lshkhanov, I.M Kapitonov, E.V.Shirokov and A.Yu.Ugaste 
Institute of Nuclear Physics, Moscow State University, Russia 

There are some reasons to regard strong low-lying M1 
excitations in even-even Ti isotopes as a manifestation of orbital isovector ones, 

commonly called "scissors mode" 1 ) . Such low-lying scissors-type excitations 
may be a more general phenomenon in fp- shell nuclei In nuclear resonance 
fluorescence (NRF) experiments on 4 8 Ti 2 3 ) two significant M1 excitations 
were observed below 6 MeV. Their energies are 3.739 nd 5.640 MeV, excitation 
strengths B(M1)T=0.42 and 0.76 u 2

n respectively 3 ) . In recent NRF 
experiment on 5 6 Fe 3 ) we observed the only strong low-lying M1 excitation for 
the same energy region. It lies at 3.449 MeV and its B(M1)t=0.994 u 2

n . If one 
considers three above mentioned M1 excitations as scissors-type levels one 
may extract easily deformation parameters 5 and у for 4 8 T i and 5 6 Fe 
(parameter у describes the deviation from axial symmetry). Really, in a 
symmetric rotator the only strong scissors-type excitation must exist. In an 
symmetric rotator the scissors excitation must split into two basic 
branches. Using two-rotor model 4 ) and RPA 5 ) formulas we extracted 
deformation parameters for 4 8 T i and 5 6 Fe. They are presented in the 
Table together with the deformation parameters received for 4 8 T i from 
inelastic a-scattering 6 ) 

4 8 Ti 6 =0.23 у =21° our values 
б = 0.27 у = 24° (a.a) 

5 6 Fe 5=0.18-0.20 Y = O 0 

1. A.Richter, Nucl.Phys. A507(1990)99c 
2. A Degener et al., Nucl.Phys. A513(1990)29 
3. B.S.lshkhanov et al.. The abstracts to this conference 
4. F.Palumbo. A.Richter, Phys.Lett. B158(1985)101 
5. D.R.Bes, R.A.Broglia, Phys.Lett. 8137(1984)141 
6. H.Rebel et al., Nucl.Phys. A218(1974)13. 
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FRAGMENTATION A N D SPLITTING OF oAMOW-TELLER RESONANCES 
IN Sn( 3 He,t)Sb CHARGE-EXCHANGE REACTIONS, A=112 to 124 

J. Janecke,*"» H. Akimune,'5» G. P. A. Berg,''' S. Change» B. Davis,' d ' M. Fujiwara,*'' 
M. N. Harakeh,"> J. Liu,'c> K. Pham,'a> D. A. Roberts,' 4 ' E. J. Stephenson'''» 

( a ) Department of Physics, Ann Arbor, Michigan 48)09, U.S.A. 
,b* Kyoto University, Kyoto 606, Japan 
, c ' Indiana University Cyclotron Facility, Bloomington, Indiana 47408, U.S.A. 
w University of Notre Dame, Notre Dame, Indiana 46556, U.S.A. 
( ' ' , Research Center for Nuclear Physics, Osaka University, Osaka 567, Japan 
'•" Kernfysisch Versneller Instituut, 9747AA Groningen, The Netherlands 

Fragmentation and splitting of Gamow-Teller (GT) strength has been observed in a system­
atic study over the entire range of stable Sn isotopes. The experiment was carried out at the 
Indiana University Cyclotron Facility with the K=600 high-resolution magnetic spectrometer 
at K(3He) = 200 MeV near 0 = 0°. Triton spectra centered near 0° and 2° were measured 
simultaneously. This provides a powerful signature for both non-spin-flip and spin-flip L=0 
transitions because of the sharp decrease of the cross section with increasing angle. 

Fragmentation of the Gamow-Teller (GT) strength in the Sn isotopes into three (or more) 
fragments has been predicted theoretically [I|. In addition to the most collective main GT 
resonance located a few MeV above the isobaric analog state (IAS), two fragments (pygmy 
resonances) were predicted at lower excitation energies. The three GT components are usually 
referred to iti the literature as direct-, core-polarization-, and back-spin-flip components. The 
pygmy resonances were observed for all targets. The excitation er>?rgies are about —2 to —6 
and —5 to - 8 MeV below the IAS, and the widths are 1-3 MeV. bssentially all resonances are 
further fragmented into typically ten components each which are interpreted as doorway states. 

The main GT resonances were observed above the IAS with lorentzian line shapes of widths 
Г = 5 McV. A theoretically predicted splitting [2j of this resonance into two components could 
not be confirmed (see also [3], possibly due to the fact that the predicted splitting is smaller 
than the observed width. However, the systematics of the measured centroid energies may 
neverl heless reflect upon the predicted effect. The splitting is due to the proximity of the 
energies of the main collective configuration of the GT resonance (mostly lgg/j —» lg7/2 and 
l'ls/2 —* l'lj/г) and the lhn/2 —»lhg/2 configuration. The transition of the strength from the 
energetically lower to the upper component is related to the fullness and emptyness of the 
respective shell-model orbits and the destructive and constructive interference between the two 
components, and it should occur near the onset of the lh|,/2 neutron orbitals in the Sn ground 
states configurations. The characteristics of the observed decrease of E r(GT)-E x(IAS) from 3 
to I MeV may be related to such an effect. 

[1] Yu. V. Gaponov and Yu. S. Lyutostanskii, Yad. Fiz. 19, 62 (1974); Yad. Elem. Chastits 
Yadra 12, 1324 (1981). 
(2) V. G. Guba, M. A. Nikolaev, and M. G. Urin, Phys. Lett. 218, 283 (1989). 
(3| J. Janecke et ai, Phys. Rev. С 48, 2828 (1993). 
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Ground state correlations and charge transition densities 

D.Karadjov*, V.V.Voronov* and F.Catara' 
"'Institute for Nuclear Research and Nuclear Energy, 
boul. Tzarigradsko Chausaee 72, 1784 Sofia, Bulgaria 

b)Bogolubov Laboratory of Theoretical Physice, ЛЬ Я, 
141980 Dubna. Moscow Region, Russian Federation 

c > Dipartimento di Fisica dell' Universita' and INFN, Sezione di Catania, 
57, Coreo Italia - I 95129 Catania, Italy 

It is well known that many basic features of the nuclear vibrational states can be described 
within the Random Phase Approximation (RPA), which enables one to treat some correlations 
'ii the ground state. Being the spatial overlap between the ground state wave function and 
the excited state wave function the charge transition density provides a good test for nuclear 
models. Recent experimental and theoretical (based on the RPA) studies [l] of the charge 
transition densities to investigate the interplay between single-particle and collective degrees 
of freedom in the excitation of the low-lying states in some spherical nuclei are in reasonable 
agreement, but the theory gives fluctuations of the transition densities in the interior region. In 
RPA, as in the Hartree-Fock approach, the theoretical fluctuations are too large in the nuclear 
interior, which indicates a systematic problem of a more fundamental nature. 

The effect of ground state correlations on 
the charge transition densities of vibrational 
states in spherical nuclei is studied. The prob­
lem for the ground state correlations (GSC) 
beyond RPA leads to a non -linear system 
of equations [2], which is solved numerically. 
The influence of the correlations on the pair­
ing is taken into account too. As one can see 
from a figure the inclusion of ground state cor­
relations beyond RPA (dotted curve) results 
in an essential suppression of the charge tran­
sition density in the nuclear interior in com­
parison with the RPA calculations (dashed 
curve) and enables one to reproduce the ex­
perimental data (dashed area). 

[1] R.J K. Sandor et al., Nucl. Phys. Л635 (1991) 669 
[2] D. Karadjov, V.V. Voronov and F. Catara, Phys. Lett. B306 (1993) 197 
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Vortex Waves in Nuclear Systems 
V.G. Kartavcnko 

Bogolubov Theoretical Laboratory, JI.XR, Dubnn, Russia 

Experimental studies of heavy ion reaction have aroused the great interest in analyzing 
the large ampl i tude collective motion (high excited stales, large s|>in excitations, super- and 
hyper-deformed states) and exotic modes of motion (soliluns. bubbles, rings etc.) in nuclear 
systems (for instance, see Refs. in the recent review [1]). Special at tention has been paid to 
describing stable or long lived vortical nuclear excitations. 

In this report , we discuss the pure vol .1 motion in nuclear systems excluding the usual 
approximation on smallness of the excitation ampli tude and the additional assumptions oil 
the shape of a nuclear system. The semiclassical nuclear hydrodynamics based on the current 
j and density p algebra and the solilon concept are used. Gradient terms of the "pressure" 
drop out of the equations of motion on separating the curl component of the velocity field 
i> = j/p and the equation of motion for a vorticity С — ' ' " ' " ' s formally reduced to the pure 
kinematic Euler-like form, at least, for the Skyrme type forces. 

We consider here two-dimensional analog of a nuclear disk [2]. a plane nuclear vortex, a 
new type of a pure vortical s ta le of incompressible p(x.t) = pa nuclear mat te r . It is the finite 
area of the constant vorticity on a plane (,"(r, o . / ) = <,"«. within the uniform-rotating contour 
Г(г.о) = г - И{Ф) = 0. These states can be considered as the generalization of the elliptic 
Kirchhoff vortex [3]. 

The following nonlinear inlcgro-diiTereutial equation for the vortex boundary has been 
derived (ШН/,1ф + iv - V ? i » = 0. S{o) = /Г],Ш/<10.) [J] 

— - — = / c t o ' / f - ( 0 ' ) l n ( | r - r ' | ) | ( l + . s , ( d ) . 4 ( o ' ) ) s : n ( o ' - O ) + ( . s , ( 0 ) - y ( 0 ' ) ) c o s ( < > ' - 0 ) ] , 
Co ЛФ Jo 

where $1 is the angular velocity of the uniform - rotation of a contour. This equation to­
gether with the definition of the velocity fields will describe the motion of the contour as the 
propagation of a nonlinear dispersion wave on a plane. 

The contour velocity depends on the symmetry of a contour. Recently [4] we have proved 
that the solutions having the symmetry relative to the turn by the angle 2ж/1 with integer 
parameter / = 2 , 3 , 4 . . . can exist. These vortexes may be two-dimensional analogs of rotat­
ing nuclear systems which have stable quadrupole, oclupole, hcxadecupole . . .de format ion , 
respectively. 

As we have found recently, equivalent solutions have been derived first by Deem and 
Zabusky [5]. They have found a class of uniformly rotating and uniformly translat ing solu­
tions to the Euler equations in two dimensions. Such stable vortical states have been called the 
"V s ta tes" or "vortons". The special contour-dynamics algorithm has been developed. Com­
putat ions have been demonstrated the existence of l ' ( / , T) states, the stable vortex waves, 
having /-fold symmetry and period 7'. So we have an interesting task in trying to find analogs 
of the V states , nonlinear vortex waves in nuclear systems. 

|1J Kartavenko V.G. Particles and Such, 24 (1993) I Hi9. 
(2] Kartavenko V.G. Journ. of Phxjs. (! 19 (1993) L83. 
[3] H. Lamb Hydrodynamics (6th Ed., Dover Publications, New York, 1932). 
[4J V.G. Kartavenko, V.V. Pupyshev, P.Quentin J1NR Rapid Comm. l ( 6 4 ) - 9 4 (1994) 
Щ G.S. Deem, N.J. Zabusky Phys. Rev. Lett. 40 (1978) 859. 
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Use and Misuse of the "Completeness" Concept in 
Nuclear Spectroscopy 

Jean Kern 
Physics Department, University, СН-П00 Fribourg, Switzerland 

Completeness is a concept which was introduced following the development of the Average 
Resonance Capture (ARC) technique in neutron capture gamma-ray spectroscopy. It has en­
joyed a great popularity since the availability of complete level schemes is of high relevance for 
testing nuclear models. It was claimed that other non-selective reactions also have this prop­
erty. When a subject becomes "fashionable", it can be used inevitably in some more criticizable 
or unprecise way. This will be the subject of the paper. 

Starling from the ARC method, the ranges of validity of completeness claims will be dis­
cussed, examples will be given illustrating their reliability and how conclusions have sometimes 
been proposed which are beyond their range of validity or relevance. Then the question of com­
pleteness in fusion reactions will be addressed. 
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Low Energy Photon Scattering: 
E l and M l Strength Distributions in Deformed Nuclei 

Ulrich Kaeissl 
Institut far Strahlenphysik 

Universitat Stuttgart 

Systematic nuclear resonance fluorescence (NRF) experiments have been performed at the 
bremsstrahlung facility of the Stuttgart Dynamitron to investigate the distribution of mag­
netic and electric dipole strengths in deformed nuclei. Precise excitation energies, transition 
strengths, spins and decay branching ratios were deduced for numerous low lying dipole exci­
tations in deformed nuclei. Measurement s of the linear polarization of resonantly scattered 
photons using a Compton polarimeter enabled model independent parity assignments. 

The experir. ents during the last years revealed the following new spectroscopic informations: 

• The systematics and strength fragmentation of the orbital Ml mode, the socalled "Scis­
sors Mode", in deformed rare earth and actinide nuclei could be established. The lin­
ear increase of the total Ml strength with the square of the deformation parameter 
( "62-1агв") for the transition from spherical to deformed SU(3) nuclei as shown by the 
Darmstadt group for even Sm-Nuclei could be confirmed by polarization measurements 
in Nd-isotopes. The transition from spherical nuclei to 7-soft rotors (0(6)-nuclei ) has 
been studied recently in even Ba-isotopes ( | 3 8 Л з в ' 1 3 4 В а ) . 

• For the first time the "Scissors Mode " excitation could be detected in an odd mass nucleus 
( i e : , Dy). Tluse results together with new data for , e 'Dy and l s 7 Gd will be discussed by 
H.H. Pitz. 

• Low lying electric ДА' = 0~-transitions of remarkable strengths have been observed in 
all investigated even-even, deformed nuclei near 1.5 MeV. These 1" states are discussed 
in terms of а К = 0 rotational band based on an oclupole vibration. 

• Enhanced electric dipole excitations in deformed nuclei cou' ' be systematically observed 
at excitation energies near 2.5 MeV. As a common feature these states show systematically 
decay branching ratios which hint at Л'-mixing. These strong E\ excitations can be 
interpreted as two phonon excitations due to the coupling of octupole {J = 3", A' = 1) 
and quadrupole-7-vibrations (J = 2 + ,A' = 2). 

• In the spherical even N=82 isotones strong E\ excitations are known which can be in­
terpreted as transitions to the J* = 1" members of 2 + ® 3" multiplets. The coupling of 
an additional neutron to these two-phonon excitations has been studied in 1 4 3 Nd. In this 
nucleus recent experiments succeeded in the first identification of dipole excitations to a 
2* ® 3"® particle multiplet. 
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1ЛСМ1Т NKUTKON-RICII NUCLIOI PROFFRTIKS 
AND ISOSPIN-ISOSPIN INTERACTION. 

O.M.Knyazkov, A.A.Kolojvari 
Sl.IVtoriibaii; State University, Russia 

I.N.Kuchtina 
l.atmral.Ty <.f Coiiipiilini; Torhniqui'S and Automation, JINR, Hulma, Russia 

'I lie semimicroscopic approach (SMA) [1,2] to low energy heavy ion 
interaction is applied to investigate isospin-isospin interaction of the light, 
neutron-rich nuclei with stable nuclei. The real optical potentials and 
formfactors of the inelastic transition are constructed on the hasis of the 
effective nut leon-nui leon force. The single-exchange eirects are taken into 
account in the local approximation of density matrix formalism. The 
density matrix is taken in the modified Slater approximation with the 
account of the surface effects. 

The SMA is generalized to take into account the isospin elTects and the 
difference in proton and neutron matter distributions for lioth nucleus-
projectile and nucleus-target. For all the light neutron-rich projectiles, 
the ground state density is calculated within the self-consistent, theory of 
finite Fermi systems [3]. For all the nuclei-target, the densities are taken 
as two or three parameters Fermi disl.rihul ions. 

The direct and exchange potentials have been calculated in the SMA 
for the systems x!,i -f7" .s'i, ЧЛ t - 'VVj, ./• - (i, 7,4,9,11 and for the 
systems * / , | + и М , * / л Ч : , , Л / « , ' / . « Ч ""*/>,.г = « ,9 ,11 , liy using the full 
finite-range effective M.4Y interaction. Moth the iso.scalar arid isovector 
channels are under consideration. The calculations have liecn performed 
with projectiles energies ratiping from I a MeV/n to 90 MeV/n. In the 
case of the systems ' / / l 1 ч ( \i the lainet nucleus neutron skin effect is 
also investigated. 

If ha> lieen shown in fhe f'r.imewoik of lite SMA (hat (lie tole of flic 
((ЯГем'псе in proton and neiiiroit mailer di->ltiluilions is most important 
in I lie des< ript ion of the isospin isospin inletatt ion properties. 

I O M Кпуа/k..v / / I'aili.l. « an.l N11. H IMM!, v 17, |>.I |S. 

.' I>*> 11. II К1...л, О М К| ,у л /1 . .у / / l'..M,. I. s .III.I NIM t. i. liMKl.v J I. p HM. 

.1 s byan^ / / l'tiy> l>U , ИМ I, * IIVi.;, |. I l l 
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Quantum and Thermal Fluctuations in Nuclear Fermi 
Liquid 

V.M.Kolomietz 
Institute for Nuclear Research, 252028 Kiev, Ukraine 

The traditional one-body transport models that exploit the phase-space 
distribution of nucleons situated in a self-consistent mean field with some 
form of a collision term provide a good description for the average values 
of the oservables. They cannot b jwever describe the fluctuation properties 
which arise whenever one deals with a reduced description. 

We are starting with an extended Landau-Vlasov-Langevin (ELVL) equa­
tion where the retardation effects in the collision integral and the random 
force for the quadrupole deformation of the Fermi-surface are taking into 
account. The ELVL equation is reduced to the stochastic fluid-dynamical 
equations where the pressure tensor UVft(f, t) includes the Fermi-surface dis­
tortion effects and random pressure tensor SVfi{r,t). The hydrodynamic-like 
correlation properties of the random pressure tensor SVfl(r, t) is established 
and the correlations of fluctuations of the local density, displacement field 
and Fermi-surface distortion are investigated. 

The stochastic fluid-dynamical equations are transformed into Langeven 
equation for the shape deformation parameters of Fermi-liquid drop. This 
equation includes the retarded friction and macroscopic random force T{t) 
that are connected with a pressure tensor Uvlt(f,t). In the quantum limit 
ftw > Г, (Г is the temperature of nucleus) the spectral correlation function 
Г£ of random force T(t) depends on the collisional regime in the Fermi-liquid. 
In the first-sound regime (wr > > 1, where т is the relaxation time) we obtain 
Г* = (h/2n)u}T (blue noise), whereas the zero-sound regime (шт > > 1) leads 
to Г* = (A/2TT)(1/U>T) (red noise). These both regimes produce the quantum 
fluctuations of the observables. In particular, the including of the random 
force into classical equation of motion recoveries in our case the quantum 
uncertainty principle for the shape deformation parameter q and conjugate 
momentum p. 
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The TFD extension of the quasiparticle - phonon nuclear model to finite 
temperature 

D.S.Kosov. A.I.Vdovin 

Bogoliubov Laboratory of Theoretical Physics 
Joint Ins t i tu te for Nuclear Research. 1419S0 Dubna . Russia 

The description of the propert ies of collective excitations in hot nuclei and their changes 
with increasing t empera tu re T is still an actual theoretical prohlemjl-3]. We propose an 
approach to the problem based on the extension of the quasipart icle phonon nuclear mode] 
I the QPM / [4] to T ф 0 by using the formalism of the thermo field dynamics ( the T F D ) j2,o]. 
Accoraling to the prescriptions of the T F D one has firstly to double formally the number of 
nuclear degrees of freedom by introducing the so-called tilde states in addit ion to the ordi 
naiy Fork slates . The doubling is necessary to express the stat ist ical ensemble average of .4 
as an expectat ion value «: .4 3>= (Q(A||.4|0f A)) over appropriately defined thermal vacuum 
'()(.<!. \o] The t ime t ransla t ion opera tor of the system in the space spanned by usual and 
tilde s ta tes |ч now the thermal Hamiltouiau fi — 11 - H, and the propert ies of the system 
excitat ions are obta ined by the diagonal i /a t iou of H. The s ta te |0(.^)) is the vacuum for 
tin- thermal quasipart icle annihilation opera tors A. A that are connected with the creation 
and annihilat ion npi-r tors of iiueleons through two с oiiseipiiMit canonical t ransformations, 
namely, tha' s t andard Dogoliubov transformation to the ipiasipartieles and <hr thermal Do-
gohuhov transformation The coefficients of these trausfoi mat ions are found by min imi /mg 
tha' graml thctiiioflynainic potential of the system <>l nucleons only with pair ing interaction 
,3.fi]. Tin ' a-ivfficients of the thermal Bogoliubov transformation coincide with the thermal 
Fen.ii occupat ion numbers a>f Baigoliubaiv (jiiasiparticles. Knowing the coefficients one gets 
an a-xpn»ion of tIn- whole Hainiltoninn H (including particle hole interact ion) through 
tha opera to r - A*. A' The s t ruc ture of W in t e ims of A* . A+ is the same as that of H in 
ta-rm» of (he usual Bogoliubov quas ipa i t ides . The mam difference is redefinition of vertices 
corresponding to terms of the same operator s t ructure . So it is ea.sy to ext rac t , from Ti. the 
thermal r andom phase approximation part Hjnr.A- After introducing the thermal phonon 
aiperator 

there A. A4 stand for bo th usual and tilde operators) the НТПРА is diagonalized within the 
space spanned by the thermal one-phonon s ta tes , and fine gets the equat ion for the phonon 
energies and expressions for the ampl i tudes Ф Ф [6]. These equat ion and expressions are of 
the same form as those alerived before by other methods [1]. 

1 Bunatyar: G G.. Vid.Fiz.. 1977. 26 . 518 : 
Sommermann H.M.. Ann. Phys.. 19S3, 1 5 1 . 103 : 
V W h e r i n D , Vinh Mau N.. Nurl.Phys.. 1984. A 4 2 2 . 140 

2 Tanabe K.. Phys Rev. С 1988,37, 2802; Hatsuda Т. . Nucl .Phys. , 1989, A 4 9 2 , 187 
3 Civitarese 0 . . DePaoli A.I., Z.Phys., 1993. A 3 4 4 . 243 
4. Soloviev V.G. "Theory of a tomir nuclei: quasiparticles and phonons" ( Ins t i tu te of 

Physics Publishing, Bristol and Philadelphia. 1992) 
5. Umezawa H., Matsumoto H., Tacliiki M.. The rmo field dynamics and condensed states 

(North Holland, Amsterdam, 1982) 
6. Vdovin A.I.. Kosov D.S.. JINR, Preprint E4-93-417. Dubna , 1993. 
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P h o n o n i n t e r a c t i o n in h o t n u c l e i 

D.S.Kosov. A.I.Vdovin 

Bogoliubov Laboratory of Theoretical Physics 
Joint Ins t i tu te for Nuclear Research, 141980 Dubna, Russia 

It is «II proved for cold heavy nuclei tha t the main part of a width of collective giant 
resonance s ta tes is due t o coupling of t he RPA-sta tcs with more complex ones like 2p —2Л [1,2]. 
The same idea can be explored in s tudying of the formation and dependence on t empera tu re 
of a width of a giant dipole resonance in a hot nucleus (see, e.g.[3]). 

We formulate here an approach to the problem based on the extension of the quasipar-
ticle phonon nuclear modi • ( the QPM) [2] to T ф 0 using the formalism of the the rmo 
field dynamics [4,5). S tar t ing with the Q P M Hamil tonian at T = 0 we derive the thermal 
Hatniltonian H of the Q P M expressed in te rms of thermal quasipartielcs ^ +

m . J * „ . ^ j m i 4 ™ 
and thermal RPA-phonons Qt^.Qy,,, which consist of forward goi.ig and backward going 
thermal quasi particle components like :i*m^ym>. .ijmdj',ni etc. 

2 V 2 хм. <• j , - х/Л , v ' 

- « - ) W < ? : „ , + Q\-u.)Bjj/:\ - / i ) + Л.г.} 
Hen- »•», is the energy of the thermal phonon s ta te (}*„,№ц( J)) and | * 0 ( / i ) ) is the thermal 

phonon vacuum, D,t{jj ; A — /*) is a linear combination of products of creation ami annihilat ion 
opera tors of thermal quasiparticles (.^*„Л/В 1<. •^m-\,'m' etc.) . The second te rm of H mixes 
s ta tes with different numbers of phonous . and to diagonalizc H. one has to include bo th one-
aud two thermal plionou components in the trial wave function. Then using the variational 
principle one can derive the following equal ion for the energies I/J„ of these complex states 

i Г ч " ( Ii)L'yt'4 li') 

The quant i ty I'x'^iJi} s t ands for the coupling matr ix element of one- and two- thermal 
phonon s ta tes . T h e above equal ion is very similai to that for 7' = 0 [2]. This is the main 
difference of the present approach to damping of nuclear excitat ions at a finite t empera tu re 
from that of [3]. It follows from the above consideration that the phonoii interact ion in hot 
nuclei depends only on the phonon s t ruc ture and Bose thermal occupation numbers can not 
appear in this formalism naturally. In other words, i l though our thermal phonons are built 
from " the rma l " qua-siparticlcs. the system of interacting phonons isn't l n a t e d itself. 

1 Bertsrli G F. . Bortignon P.F. . Broglia R.A. Rev. Mod. Pliys.. 1983. 5 5 , 287. 
2. Soloviev V.G. "Theory of atomic nuclei: quasiparticles and phonons" ( Ins t i tu te of 

Physics Publishing, Bristol and Philadelphia 1992) 
3 Bortignon R.A. et al. . Nucl .Phys. . 1986. A 4 6 0 . 149 
4 Tanabe K.. Phys.Rcv. C . 1988. 3 7 , 2802: Hatsuda Т. . Nucl.Phys. , 1989. A 4 9 2 . 187 
5 Vdovin A.I.. Kosm D.S.. .1INR, Preprint E4-93-417, Dubna , 1993; 

Kosov D.S., Vdovin A.I., this volume 
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Excitation of the isovector GDR by inelastic о scattering 
and the reutron skin of nuclei 

A. k r a s / i i a h o r k a y . , M M.N'. H a r a k e h / 1 Л. van tier W o u d e . "' 
M. C s a t l o s . M Zs. Dombrad i . M A T . Kruppa. *•> Z. M a l e . ''' an<i I). Sohler f , ) 

•' htnifysixh Wrsiulhr Instiluut. (ironingftt. Th< .\(thrrlati<is 
4 In.-titutt nf XucUar lit.siarch. Dfbrtn i. P.O. Hoi 5 / . H-jOOl. Hungary 

D e t e r m i n i n g 'In* s h a p e of the nuclear m a t t e r dens i ty d i s tr ibut ion has received 
cont inued interest throughout the history i'f nuclear phys ics [ | ] . In our previous work 
\'l\ we have d e m o n s t r a t e d lliat the de terminat ion of the ( !DR e x c i t a t i o n cross sect ion 
in inelast ic о si at Icririg liv ei' - -.,, co inc ide i ice measurements provides a novel m e t h o d 
tip d e t e r m i n e the difference of the ladii <if the p i o t o n and n e u t i o n d i s t r ibut ions in 
St/, nu. lei D i e expet miental data presented loi " " S n . '"'Sii. , s " N d and '""I'll [2..Ч] 
w i l e ana lyzed a s s u m i n g a m i x t u i c of the collect ive ( i o l d h a h e i le l le i and Ste inwedcl -
. lensen v ibrat ional m o d e s of t he ( l l ) l< . In case of t lie deformed ' "Nil. th is t echn ique 
p m v i d e s values fui the neutron-skin th ickness separate ly a long and perpendicu lar to 
the s y m m e t r y ax i s , y ie ld ing .i'J/.ij' = II.!'- ± COS for the ratio of the nuclear and 
charge q u a d r u p o l e deformat ion parameters . 

In order In s tudy the a hove ratio In an independent m e t h o d . ' s "N<i(n. ci") exci­
tat ion funi t io i i л1\<\ angular d is tr ibut ion m e a s u r e m e n t s were performed in the energy 
range where the ( onlomli uu< leal intei Terence lakes place. T h e measured i lo s s sec 
l ions were MiMipated to the ca lcu lated ones . I he coupled channel i a lc i i la l io l is were 
pei formei l as a Timet Kin oT the .*V using the measured H(l'"-.0"' —• J + I and .i, values . 
I he opt и al mode l potent ia l s wete checked hv ч и п pa ring the measured and < ah ulated 

e lastn < ross sec t ions . , \ s a result oT a prel iminary analys i s , the ratio oT the nuclear 
and charge q u a d i u p o l e deformat ion parameters was found to h e .i'l/.i'l -~ 0.S0 ± OKI 
in c o o d agreement with our previous results . 

'In descr ibe the intrinsic strut tlire of ''"N-i a self-consistent ш е а п - f H d m e t h o d 
was used In the l l ar l ree Fork + H( S ca lcu la t ions we appl ied a quadrat ic constraint 
to the mass quadrupo le m o m e n t . At the m i n i m u m til the potent ia l energy surface I lie 
ptotofi an I n e n t i o n dens i t i es as well as t h e » de format ion parameters were deduced , 
l o t the ratio ,Уу ,<J - 0 ! l | was obta ined in the model in a g o o d agreement with out 
exper imenta l values 

This work was supported partly liy the Nat ional Scientific Uesearch Foundat ion 
(OI'KA No. Tisti and :Ш10) 
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sdg BOSON MODEL CALCULATIONS OF 
E2/M1 MULTIPOLE MIXING RATIOS IN '"Nd 

Atalay KUCi'KRURSA 
Dcpirtmenl of Physics, Faculty of Arts and Sciences, Celal Bayar University, 45040 Manisa, Turkey 

Abstract : The E2/M1 multipole mixing ratios of the electromagnetic transitions of '"Nd are 
obtained by the use of the sdg boson model. The calculated values show that the transitions which 
connect the levels of the same parity are prodominantly E2 and the ones which connect the levels of 
the opposite panty are prodominantly EI. The results are compared with the experimental ones and 
previous calculations. Its is shown that there is a good agreement between the results and 
experiments. 
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The Half-life of Two-neutrino Doable Beta Dec*; 

A Kulicv H Erbil . S Ozcren . V Tirnakli 

Fee i шчегч|у (-acuity of Science Physics Department . l/jnir.TURKJ£Y 

Duruii: the last tcu years measurement of the half-life for rwo-iieutnno double beta decays C | i i v i has 
-culicd i 4ij«e ,n which they .an proMde significant contribution ю our knowledge of the correspoiidine: nuclear 
rtum» .'lenient* R'i' i is «ell known lhat precise calculation of the 2|<2V"dcca> rate presents difficulties to uct 
iM.il\'i>. cxpiesci.in tiit the T| 2 because of the energy denominators of the transition amplitude depends on the 
.-ncriies 'l 'he inlermediale nuclear states !'..„). electrons(e) and neutnnosiv) Therefore, in order to pennii 
III.IMU .". iiu.itiiMi .il 'he Г | / j traditionally in decay rate it is assumed that each electron-neutini,) p ir 
;i.iiiu;p.iiiiiL' n the Jc^.n take-- iwa\ the half energy of the decay (С^У^ЛЛ 2) 

The iK.yc *;mplc description .it 11-2 certainly fails when strong cancellation among terms in I:_J occurs 
-n*ti HI ipp:.i\iiiMiii>n piodiK'-'s in < 'kPЛ with charge exchange spin-spin interactions in ihe ph- and pp-chatmcls 
in MI . . .и . . ' tm- I"/ Jc.iy rate T|,j -••-.• around gpn^gph bince the main terms in Г1/2 are canceled :lr. 
1 ШМЧ1.11 .- -iipiicsscd Ло wonder 'he contribution ol further t.rtns in the expansion ot ihe transition amplitude 
и 1*.-.4 iv .1 ' - ) , ; , '-'|<2>'% l" t t -'* ^'ciuse of и ^cj -c'2- *'|* v j linear terms arc 1101 nsrn In present work with 

'In ...ii4dcr нищ tlie li.iitlile lor -Ib^-decay can be expressed as 

Г е Г - e E Г ' £ - Г '" 
w h e r e 

С : S J ;.• i - . n t ' - : : i -r22-)t :-'>wt + i980) McV- >T 

}• : : u !u F . t <;' * 2 d i ' - s\2r + ] 4 3 0 t + 2 8 0 0 ) M e V 4 yr 

}' - I •-•> I" F. .1 n ' + i n t ! * 4 2 0 r + IW4i + 4298) MeV' yr 

'• • ~ . . . . . - - : f 
uitl, mi,, yy-2 111J f pj- is Pnmakoff-Rosen expression for non relalivistic Coulomb coirccuon Mic first term 111 
.<! 1 I 1 corresponds in emission of the electron-neutrino pair with sum energy equal w/2 if r..^> 

The pp- interaction suppresses i:_| around Snn-Sph ^cr'v 

-,, :'• rapidly \\.2\ while g__ dependence of .;.j is expected 
weaker because of the sum in c.| and K.J contains different 
energy dependence Therefore numerical calculations of 
T]/j for '*• Те were performed with the fixed 
cj^HI'lMcV" 3 Ihe figure shows the dependence of the 
Tj/2 on ie_| i for E.IE.JX» (solid lint) and >'.|>"-j'" 
tdashed line) with w=4 555 MeV The long- dashed line exp •if indicates the lower limit T | / 2 The contribution from last 

Г term in eq (1) is much smaller than first txvo terms for 
{ е.|=Е_з and gives finite value for Tj/2=1" yr ifE.i^-u 

The interference term in the case E . | E i '() gives strong 
suppression for decay rate Т\ц> 10** yr. We see that 
the expenmenl is described quite satisfactorily but direct 
comparison of the calculated and observed T j ^ values 
might be achieved by using a large shell model basis 
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Probability of l T $ H f ( i e + ) ( p , t ) 1 T e H f (1в +) transition 

in the framework of the pairing correlation theory 

with exact particle number 

N.K. KuzmenkoV and V.M.Mikhajlo^ 
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2) Institute of Physics, St.-Petersburg State University 198904, Russia 

Recently the unique experiment on the measurement of 17aHf*(16+) (p,t) 
, 7 eHf*(16+) cross section has been performed [1] where I*=K'=16+ states in 
Hf are four quasiparticle states (JT[404]7/2, JT[514]9/2, I/[514]7/2, t/[624]9/2). 
The reduction of the cross section in this transition in comparison with the 
one between ground states of the same nuclei R = a(16*—«•16+)[<r(0+-+0+)]~1 

=0.27(5) or 0.39(8) is connected with the blocking effect caused by two neu­
tron quasiparticles. 

We have carried out an estimation of R in the framework of the pairing cor­
relation theory taking into account the exact conservation of particle number 
by the method described in [2]. We have calculated nuclear structure factors 

S(i-f) = <Ф/(ЛГ - 2)1 £(ца* |» ( (Л0) 
к 

(aj being an annihilation operator of a particle in state k) and supposed 
that R ~ |S(16 + ->16 + )/S(0 + ->0 + ) | 2 . As [Ф»(ЛГ)>, |Ф/(ЛГ)) we use quasi­
particle functions projected onto states with fixed particle numbers. Bogol-
ubov parameters are found for each state involved by variation after projec­
tion (FBCS) taking into account the blocking effect. Computations include 
Woods-Saxon potential single-particle energies for each nucleus and pairing 
strengths determined on pairing energies. Energies (u in MeV) isomer states 
16+ in Hf calculated by our method are in a good agreement with experiment 
<*k(16+, , 7eHf)=3.32 (wexp=3.27); w t b(16 +, 178Hf)=2.41 (o?exp=2.45). It should 
be mentioned that w in 17*Hf can not be calculated by using BCS-theory with 
blocking as in this case the pairing strength is less than ite critical value. Our 
calculations give for R the value equal to 0.38 that corresponds to the exper­
iment and a qualitative estimation given in [1]. Besides we have calculated 
nuclear structure factors and (RA)& for the (p,t) reactions in neighbour odd 
hafnium isotopes (Ял)%к—\^{А—*A - 2, ground states)/ 5(178—^176, ground 
8tates)|2; №л)ехр=а(А-*А - 2, ground states)/ (j(178-*176, ground states): 
(Am)tk=0.50; (Rm)ap <0.73; (Яш)*=0.37; (Я1 7 в) ехР=0.49. Thus, our cal­
culations give values that are a little less than experimental rates. 
1. G. Rotbard et al. — Phye.Rev. 1993, C48, R2148. 
2. N.K. Kuzmenko, V.M. Mikhajlov — Sov. J. Part. Nucl. 1989, 20, 357. 
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HIGH-LYING GAMOW-TELLER STATES 
IN THE SPHERICAL NUCLEI 

Y.A. Kuz'min 
Hogoliubov Hiioritiral Laboratory. Joint Institute for Xurltar Rtstarch 

Dubna. Mosrow itgwn. l^l'JSO. liussia 

Tin- results of calculation of tlie (iainow Teller (CiT) < T I < - ' - s trength distribution in the 
HI'.A ar<' presented. I'nlikc previous < ah ulalions [ l- l ] we use the slrungly non-local separable 
residual interaction: _ _ * 

//„, = -'V,"£Oi.,.. 
Qi.»= ^2 < JP."h.\r(r)aut[-,\jn,rnn >aJpmpaJn,mn, 

Ip.mp.l» .".„ 

here л" 1 is I he effective constant of the residual interaction. l"(r) is the radial form factor chosen 
to tie equal to trie derivative with respect 1o the radii of the central part of the shell potential. 
I'll is interaction le.iils to the excitation of I wo «piasiparticlc states in which the proton- and 
neutron rpiasiparticlcs occupy the single-part it le states with the.same angular momentum and 
the different iiiuiiliei of nodes in the radial part of the wave function. As a result, additional 
«olleitive ( IT states pl.ved considerably higher than the usual giant (JT resonance can be 
formed These states can absorb a considerable part of the strength of the irf''"' transitions. 

On the pictures the summed ( IT strength functions >'(/:) x.v-zj *i £ . * • . < * я <«";/•..) 
for ' / ' and ml'b are shown. The calculations performed for different values of K°t 

experimental results are taken from Tallies I of j'l] and Tables I and II of [fi]. 
The 

# » | - . 4 ar.i '- . ] 
• i ' : 

i* Г 
p1 

l 

1 

г - - | 

l . 4 <'i ] 
I '-'F"5; A ' 
1 i- Q г 

' ! 

All energies are reckoned from the ground state of the parent nuclei. 
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EXPLORING NUCLEAR STABILITY NEAR N=162 AND Z=108 

Yu.A.LAZARKV 

Joint Institute for Nuclear Research, Ц1980 Dubna, Russia 

Recent experiments [1] performed in the framework of the Dubna-Livermore collaboration have 
led us to the discovery of the three new heaviest nuclides. 2 , i 6106, 2 6 5 106, and 2 t i 2lU4, that were 
produced in the M 8 C m + w N e reaction by employing the Dubna gas-filled recoil separator [2]. 
The identification of the new species was ha-sed on establishing genetic links between a decays of 
the mother nuclides and subsequent л or spontaneous-fission (SF) decays of (heir descendants. 

Nuclide Principal decay mode Alpha-particle energy Half-life 
MiV s 

2 e 6 l 0 6 о 8.63±0.05 10 :$0 
2 6 S 106 о 8.71 Ю8.91 2-30 
2 e 2104 SF j . ,+ l.U 

The ground state decay properties that we established for the new nuclides (see the Table 
and Ref.(l)) indicate a large enhancement in their SF stability and thus confirm the existence 
of the predicted deformed shells N = 162 and Z=108 [3.1]. Our data clearly show that the SF 
stability at Z=106 and N=160 is not reduced by the destabilizing effect of the new fission valley 
which was predicted by theory to develop dose to the fragment magic numbers N='2x82 and 
Z=2x50. to present up to Z=110. and to lead, with a low collective inertia, to very compact 
scission shapes and very short SF half-lives in the sub- ms range [5]. The discovery of the 
significant nuclear stability near N = 162 and Z=108 creates new opportunities for many further 
explorations at the edge of the nuclear domain. 

During February, March, and April of 1994 we are performing further experiments to explore 
properties of unusually stable nuclei near N = 162 and Z=108. In this series of experiments, 
targets of 2 T are bombarded with high-intensity beams of 3 4 S accelerated by the Dubna IJ400 
cyclotron. The aim of these long-term bombardments is to produce M T 108 and 2 6 8 108. The 
experiments will be finished by April 30 with an expected total beam dose of about 2 x l 0 1 9 

particles M S . Findings of these experiments will be presented. 
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T H E S T A T U S OF T H E O R E T I C A L M A S S V A L U E S O F 
N U C L E I W I T H Z > N 

I.Kh.Leinberg. M.P.Avotina, N.A.Voronova, K.I.Erokhina 
(PTI , 194021, St.-Petersburg, Russia) 

Then 1 are large discrepancies between mass values of nuclei with Z > Л г 

calculated in different approaches / 1 / . An analysis of these discrepancies in 
the ca.se of nuclei whose masses are known from experiment and in the case 
of nuclei far from stability makes possible to select the group of approaches 
best suited to predict M(Z.N) values. The common property of these se­
lected approaches is that they employ one or another relation linking masses 
of mirror nuclei. 

Further decrease in the scatter of mass predictions given by different 
approaches was attained by substitution of theoretical mass values for initial 
nuclei by more accurate experimental ones in relations linking masses of 
mirror nuclei. 

There are different ways to paranieterise Coulomb displacement energies 
(CDE) in approaches which take into cosideration nuclear shell structure. 
Nevertheless for 18C nuclei with Z > N and 18 < A < GO, whose masses 
are presented in / 1 / the mean square deviations between mass predictions 
given in various approaches do not exceed 0.26 MeV. 

Another situation holds for nuclei with A > 60. Reported in / 2 / diagonal 
and global systems of parameters defining CDE lead to drastic difference 
between calculated mass values. We get the conclusion that the diagonal 
system of parameters is more preferable. Its use diminish significantly the 
scatter in mass values calculated in various works. Of special note is a good 
agreement of M(Z,.\") values calculated in our approach / 3 / and in other 
selected approaches. In our approach contrary to remaining ones Coulomb 
energy and various corrections to it are calculated diiectly without any 
additional parameters and the parameterisation of CDE is not employed. 

Mean square deviations (<̂ ) between mass predictions given in our ap­
proach and in other selected ones were calculated over 266 nuclei with 
Z > Л* and A > 60. Values of 6 lie in the range 0.13 -r- 0.29 MeV. 

1. Atomic Data and Nuclear Data Tables, 1988, v.39, No.2. 
2. Comay E., Janecke J. Nucl. Phys., 1983, V.A410, p. 103. 
3. Avotina M.P. et al. Preprint Р Т Ы 6 0 2 , 1993. J. of Nucl. Phys. . in 
print. 
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SCISSORS MODKS: FROM SEMICXASSICAI. TO MICROSCOPIC DESCRIPTION'S 

N. Lo Iudice 
Diparlimento di Scienze Kisiche. I 'nivcrsita di Napoli "Federico II" 

and INFN, sezionc di Napoli. Napoli (Italy) 

ABSTRACT 

'Пи- semiclassical description of the scissors mode 1 ' based on the two-rotor model ( T R M ) " is 
shown to lead to a quantum mechanical definition of the mode. It represents also the common 
classical limit of many unrelated phenomcnological as well as microscopic models. This can be 
shown once the TRM Hamiltonian is expressed in terms of the quadnipole shape variable о 
rather than the angle variable i/ as in the original formulation. 

I h<- shape variable can he indeed related by the use of coherent states to the qiiadnipole 
bosons adopted in (he proton-neutron interacting boson approximation (IBA-2). In this limit 
ilii- general 1ВЛ-2 Ml scissors summed s t r eng th" assumes the TRM form. 

If mi the other hand the strength of n is equated to that of the feriliionic quadrupole oper­
ator in llie particle hole or two quasi-parlicle space" a complete quanti tat ive equivalence wild 
si hematic КРЛ is reached. Like schematic RI'A, the semiclassical approach predicts a low and 
a high energy scissors mode in deformed as well as siipcrdcforined nuclei. 

\ n ailecjiiale and complete description of the low lying mode can he made however only in 
realistic rather than schematic RI'A. This approach being formulated in the intrinsic frame, 
sutlers from some limitations which can he overcome only by t he use of sophisticated techniques. 
Л QUI'A approach formulated in the laboratory frame is proposed as a way of avoiding the 
mentioned difficulties*'. This is achieved by adopting a projected spherical single particle basis 
which reproduces the Nilsson level scheme'' 1. The approach describes satisfactorily the observed 
deformation proper t ies ' ' and distribution of the scissors Ml strength. It is also successful in 
desi t ihine the fragmentation of the Ml spin strength induced b\ deformation as observed in 
' • • ' N , , , » ' 

1 I ) Hnhleel al . . I'hvs. Lett B 1 3 7 (19К.Ц 27. 
*' N. I... lud i rean . l V. I 'alumbo. I'hys. Rev. Lett. 41 (l!)7S) l'i42. 
1 . IN Cino . rh io . I'hys. Lett. B 2 6 5 |H)!I|) (i. 
' A Bohr, and B.H Mottelson. Nuclear Theory (Benjamin. N.Y. l!)7.r)) Vol. II.. ch. <>. 
' A A Raduta. N. Lo Iiulice and I. I I 'rsu. \ i i c l . I'hys. (submitted to). 
' \ A Ha.lula and N. Sandulescu. Nucl. I'hys. А5зГ(1!>!)1) 2!»!t: A. A. Raduta . I). S. Delion 
an.l N l.o lu.lice. NIK I. I'hys. A551 (M1<W) 7:t. 
' \V. Zi.-gler et al.. I'hys. Rev Lett. 65 (IWO) 2">15: ('. Raiigacharyulu et al., I'hys. Rev. 
C 3 4 ( I W I ) U!M4. 
" I) Krekerset al.. I'hys. Lett. B 2 4 4 |1!ID0| ITS. 
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ON THE STRUCTURE OF EXCITED STATES AT 
INTERMEDIATE ENERGIES 

OF DEFORMED NUCLEI 

L.A. Malov, 

Joint Institute for Nuclear Research. Duhna. Russia 

Detailed information on the internal quasipartirle structure of excited states of atomic nu-
• lei . I IKI its complication with increasing excitation energy can be gained from comparison 
..f t ln i iK' t i i и1 and experimental nuclear spectra, transition probabilities and nuclear reaction 
• i<».>. sections I"ntit recentIj this information was mainly restricted by data on simplest few 
• |iM<>i|Miti< le components of the wave functions of low-lying states. Studies of states at in-
leiniei l ialr excitation energies ( of an order of t in ' nucleoli binding energy and lower) are of 
EH'.t1 ititetrsl since I hey allow one to determine the role of more complex many-quasiparticle 
I o t l l p o l i c l l t s . 

I'oi tin- deformed nuclei, similar researches encouutei additional difficulties caused, essen-
l i .dk. by the high density of slates and mixing of different multipolarities. In recent years, 
u i t l i the development of new experimental methods very interesting and important experimen­
tal results have been obtained in studying the above mentioned energy region of spectra of 
defi/niied mi» lei j l 4]. The authors of these papers observed isomeric»! states and structural 
spec ifii ptopeitics in the spectra of some nurlei which cannot be explained theoretically within 
the limits of a statistical approach. 

The Quasiparticle Photiou Nuclear Model, developed in Hogoliuhov Laboratory of Theoret­
ical Physic s. .MXК |5]. provides a qualitative description of similar structures. This model with 
the use of the strength function method suggests describing fragmentation of many-quasiparticle 
components and probabilities of electromagnetic transitions between nuclear states at interme­
diate energies. The approach proposed enables one to simplify the calculation of probabilities 
of electromagnelic transitions between complex stales of the deformed nuclei and the analysis 
of their structure. 

REFERENCES 
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Anharmonic Vibrations and Cranking Model 
K.ll. Marshalek * and R.G. Nazinitdinov ** 

* Department of Physics, University of Notn ' Dame. Notre Dame. IN -10556. I'SA 
"* I'nivcrsidad Autonoma de Madrid. K-28U19. Matlrid. Spain 

and JINK. Duhna. Russia 

The self consistent cranking model (SCCM) is the main theoretical approach which has 
been applied successfully to the analysis of the properties of the yrast line states as well as the 
excited t wo-quasiparticle s tates of even-even deformed nuclei and one qiia.sipar.ticle states of 
odd mass nuclei at nonzero value of the angular momentum. In this model the collective states 
are formed due to the change of the angular frequency when the angular momentum vector 
lies along the direction of an axis which is perpendicular to the symmetry axis. Combining 
the SC'CM with a random-phase approximation (RPA) it becomes possible to investigate the 
propeities of one-phonon vibrational slates at different value of the angular momenta. However, 
it is a well known that RI'A is a good approximation for the description of motion with small 
ampl i tude . Thus , one could not expect to obtain a good description of anharmonic effects which 
show up. for example, in direct experimental measurement of the electromagnetic transitions 
for the de< ay of two or one- phonon states of the deformed nuclei. 

In [1. 2]. the fruitfulness of the idea of using the SCCM in describing vibrational slates was 
demonstrated for two simple models: a phenomenological IBM and the anisotropic harmonic 
os<illator model (AHO). Our analysis allows to formulate the following s ta tement : 

/ / a system has on equilibrium atis of symmetry, then self consistent cmnking about this 
axis yields families of solutions that bifurcate from the trivial solution at the critical rotational 
frequencies ft, = *jull\„. wheir kj„ I* the Rf'A frequency of each mode uith nonzero spin l\u. 

References 
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COLLECTIVE DYNAMICS OF NUCLEAR FUSION 
I.N. Mikhailov, T.I. Nikitenko 

Joint Institute for Nuclear Research, Dubna, Russia 
Ch. Brianc.on 

Ctntrr d< Spectrometry Nucle'aire et de Spectrome'trie de Masse, IN2P3-CNRS, Orsay, France 

J. Piperova 
Institute for Nuclear Research and Nuclear Energy, 1784 Sofia, Bulgaria 

Starting with the kinetic equation for the distribution function, a closed set of equations is 
obtained describing in a classical way the process of fusion [1],[2]. This is achieved by making 
the following simplifying assumptions : 

• restrictions arc imposed on the shapes of composite systems; their surfaces are approxi­
mated by the equation [3] 

R(0) = R{a)J\ + a \j cos 20 - 1 J 

• tin- nuclear mean field is approximated by the sum of the Coulomb and surface potentials; 

• the energy dissipation is described through a collision term issuing from a nican-relaxa 
Hon time approximation. 

The numerual analysis is performed for the head-on collisions of identical nuclei. The mutual 
••xi it at ions of approaching ions before the contact is ignored. 

The shape evolution of colliding ions shows a quite particular behaviour during the reaction. 
I hey resemble elastic bodies at the beginning of the process. The sudden shock produced by 
the (OIIIMOM is either followed by a quick rebound or by fusion. The fusion takes place when 
tin- projei tile energy lies in a certain interval, the fusion window being strongly dependent on 
the value of the mean relaxation time parameter r = 2.97 • \Q'13Ay^i~x sec. (see upper part 
of the figure) 

In the case of fusion the shock creates dampened oscillations with a frequency typical for 
the <;yll excitations. In the next phase of the fusion, the nuclei behave as droplets of a liquid 
with a great viscosity. During this phase, the deformation of the composite system with Л 
nucleons and Z protons decreases exponentially with the characteristic time 

2.5 • l Q - ' M 2 ' 3 

The typical evolution pattern is shown in the middle part of the figure for the central 
collision of two , 0 0 Mo nuclei . Here the dimensionless quadrupole moment Q(t), representing 
the shape, is shown as a function of time. The quantity Q(t) is defined as follows : Q = 1.26 for 
two touching spheres (beginning of the fusion); Q = 0 for one sphere (the fusion accomplished). 
The theory describes qualitatively the new experimental findings concerning fusion in symmetric 
systems [4] and confirms the "long" duration of fusion in heavy symmetrical systems. 

The non trivial shape evolution leads to a characteristic distribution of gamma-rays emitted 
during the fusion. In the bottom part of the figure the prompt quadrupole radiation from the 
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fusing system (solid line) is shown in comparison with bremsstrahlung of two pointlike nuclei 
with the same charges (dashed line). 

The restrictions used when performing the calculations hinder much the quantitative com­
parison of the theory with the experimental data. However, the theoretical approach chosen 
for studying the fusion process seems to be adequate for the necessary generalizations. More 
work «HI the subject is in progress. 

E(ifeV) 

Kig I /«чип in tin n ntrnl collision of two '""Л/л nulla as pridirlid by Ihi modi I 
\li.ni fusion window ел a funrtwn of paranntir •) (tin mvi rst of tin nluxation 

limi -i llroknilini marks tin bamrr rntrgy. 
Uiddli part i volution of tin quadrupotr viomint Q{t). titm is givi n in 1C)" *'" sir. 
IK i» tivd bilow projirttli tmrgy /•,' - 7,W<\'/.Y, -> =. I. 
Hiliuc in/r ristri/ of quadrupnlt radiation »i,(/'.\) from tin fusing systim in com pa-
n-on iritli brinisstmliliiny; tin gamma-ray tin ray is ginn in Mi \ 
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TOROIDAL QUADRUPOLE TRANSITIONS 
IN ELECTRO-EXCITATION OF ATOMIC NUCLEI 

5. Milieu 
Ctnttr for Earth Physics. Institute of Atomic Physics. Bucharest 

Longtime before. Dubovik et al showed the transverse electric multipole <ЕЛ(?) can be 
splitted as lollows 

<fi»(9) = - - y ^ - ' c x ( O ) + q2tTX(q) (1) 

where <rv(0) is the Coulomb multipole in the low-g limit and <тл(?) is the toroidal multipole. 
In the first approxima'ion beyond the long-wavelength limit f£*(g) can be expressed in terms 
of the charge Q\ and toroidal 7\ multipole moments 

' E l ( <^(2 l^V^ ( 9 x + , ' r 0 ( 2 ) 

We consider the case of exciting the ground-state rotational band of an even-even nucleus 
(0*. 2*. 4 *,...) by real-photon electron scattering, in the framework of oscillating incompressible 
liquid-drop model. For transition to the one-surfon 2* state, the transverse electric quadrupole 
h:i(q) •* related to tcAq) through the relation 

tEl(4) = - — Jllniq) (3) 

with w, = |Г а /Й1]" а . the energy of the X" = 2* one-surfon state. Since tc7(q) can be expanded 
in terms of the 2-n power mean-square charge quadrupole radii fg we have in the second order 
in 4 

' r , ( , ) = ( 2 А Т Г ) ! ! ( ( ? Х + Г « П ) ( 4 ) 

Comparing term by term (2) and (4) we arrive at 

L - 2 n 

10c 
Therefore, in order to measure the toroidal quadrupole transitions in spherical vibrational nuclei 
it is necessary to know the 2-n power mean-square charge quadrupole radius, a quantity which 
can be measured in (e.r') and (o.o') reactions. This will hold also for the higher terms in the 
expansion of tct(q) and of tgtiq) i.e. the 2-n power charge quadrupole and toroidal quadrupole 
mean-square radii. 

This very special result is obtained only for the collective vibrational model when the ve­
locity of the nuclear fluid is supposed to be irrotational for any value of the excitation energy. 
Obviously this hypothesis is not satisfactory since the inelastically scattered electrons induce 
vortical components in the field velocity, and the Coulomb and electric transverse multipoles 
are no longer proportional to each other, except in the low-g limit when the Siegcrt theorem 
recovered. The vortical components of the fluid velocity will enter only in the high-17 terms 
of the electric transverse multipoles, i.e. the toroidal multipoles. We finally conclude by sub­
stantiating the relative importance of toroidal transitions at high momentum transfer and the 
possibility of investigating the nuclear dynamics for various nuclear structure models by making 
use of the inelastic electron scattering. 

Ъ=—_'9 (5) 

77 



PARTIAL P R O T O N ESCAPE W I D T H S A N D CONFIGURATIONAL SPLITTING 

OF T H E GAMOW-TELLER R E S O N A N C E IN SN ISOTOPES 

S.E.Muraviev and M.H.Urin 

Moscow Engineering Physics Institute, 115409, Moscow, Russia 

The theoretical prediction that the main component of the Gamow-Teller resonance 

in the ' " S n parent nucleus is splitted into two components with comparable strengths [I] 

(the ronfigurational splitting of the GTR) and the lack of an uniquely interpretation of 

experimental data [2,3), which could be evidence in favour of existence of the configurational 

splitting effect, induce us to perform a quantitative analysis of partial proton escape widths 

of the GTR in a number of Sn isotopes near ""Sri . In this analysis we used a metl od [4] 

based on the continuum-RPA. 

In this work a satisfactory quantitative interpretation of the * .perimental data on the 

resonance " T 5 n ( p , n ) " 7 S b reaction [2] was given under assumption that the GTR built on the 

{2rfJ,2, |3 .ч", 2 ] - '} excited state of the parent nucleus l l 8 5 « is excited together with "normal" 

GTR by means of this reaction (both these resonances are splitted). This fact is a certain 

experimental corrouoration of the configurational splitting effect. 

Calculations of partial proton escape widths of the GTR in the " 2 ' ' l 4 , , 2 2 ' 1 2 4 5 n isotopes 

show that because of nonmonotonic dependence of the GTR energy on N — Z (due to the 

configurational splitting effect), these widths in the X22,,2*Sn isotopes are several times larger 

than those in , l 2 , , u S n . Thus, experimental investigations of the direct proton decay of the 

GTR in Sn isotopes could clarify the question of existence of the configurational splitting 

effect. 

1. V.G.Guba, M.A.Nikolaev, and M.H.Urin, Phys.Lett , B218 (1989) 283. 

2. B.Ya.Gouzhovskii, B.M.Dzyuba, and V.N.Protopopov, JETP Lett., 40 (1984) 1322. 

3. J.Janecke et.al., Phys.Rev., C48 (1993) 2828. 

4. S.E.Muraviev and M.H. Urin, Nucl.Phys., A572 (1994) no 2. 
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GENERALIZED VIBRATING POTENTIAL MODEL FOR 
COLLECTIVE EXCITATIONS IN DEFORMED AND 

SUPERDEFORMED NUCLEI 

V.O.Nesterenko.W.Kleinig 
Laboratory of Theortttcal Physics. Joint Instituti for .Xuclear Research 

Ц1980 Dubna, Moscow region, Russia 

1 he vibrating potential model (VPM) , - 3 ' has recently been generalized *,b^ to the 
description of /-.'Л collective excitations in atomic nuclei with practically any kind of de­
formation (spherical, deformed and superdeformed forms). Nuclei with two and more 
deformations, e.g.. quadrupole together with hexadecapole or octupole, are also cov­
ered. The model provides the It PA accuracy of numerical calculations (the dispersion 
equation of the model is of the same form as in the case of the RPA with •••chematic 
separable forces). Expressions for the residual interaction and strength cunstanl are 
derived in a self-consistent way. Any single-particle potentials and ground state den­
sities, for which the coefficients of the tnilltipole expansion are known, ran be used 
within this model. As a result, the model has a much wider range of applicability as 
compared to the (double) "stretched" Coordinate method (see. for example. "') deriv -d 
only for oscillator potential with quadrupole deformation. 

In the contribution the main points of the model as well as the results of numerical 
calculations for collective states with Л = 2 .3 .4 in deformed (.1 ~ 0.2 - 0 .3 | and 
superdeformed [3 ~ 0.6) nuclei are presented. The self-consistent V PM , 1 ' J | turns out 
to be quite useful for studying superdefonned nuclei (where the common schematic 
It PA cannot be used because of the absence of any experimental da ta for fitting the 
strength constant) since it provides both the form of the residual interaction and the 
value of the strength constant. Our calculations confirm the conclusion 7 | that the 
deformation mixing of nuclear shells in superdeformed nuclei can lead to noticeable 
enhancement of collectivity of low-frequency octtipole states . 
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Test for the '"/// "(y .n) P Hf" reaction yield. 
Yu. I s . Oganessian. S. A. Karamian. A. G. Belov, R. Binder. O. Constantinescu. Din Thi l.ien. 
Vu P. Ciangrski. B. N. Markov, Z. Szeglowski. P. Zuzaan.FLNR. JINR. 141980 Dubna. Kussia 

V. M. Gorozhankin, J. Sereter, V.l.Stegailov.LNP. JINR, i41980 Dubna. Russia 
Ch. Briancon, M Hussonnois.CSNSM and IPN. 91405 Orsa>. I ranee 

Photonuclear reactions with a high-spin isomeric nucleus is a real challenge in the study of giant 

resonances built on hig'i-K slates as well as o f K-mixing at high excitations. The ' * / / / (y.n)' / / / 

reaction is o f special interest because it is a unique case when the reaction on the four-quasiparticle к 7 1 

I 6 J isomeric target leading to another exotic five-quasiparticle K 7 1 = 37 2" isomer could be detected 
experimentally 

The ' * / / / : material was produced in extensive irradiations of the ' ' h ) ' r> target b> the ^//c- ion 
beam on the ('-200 cyclotron o f FI.NR JINR. In the framework o f the international Hafnium Collaboration 

a nucroweight quantity o f the Hf •' was produced ind isolated within the last few years I sing 
precision radiochemical methods a special target for bremsstrahlung irradiations was prepared from this 
material Л lot o f care was taken to find the purest Be foil for the target backing and to purify the hafnium 
traction from both ballast activities and weight contaminants. A l l contaminants generate the background 
alter a bremsstrahlung induced activation 

In order to detect ые ' / / / (y.n) reaction the induced 51.4-minutc-livcd activity of the / / / 

isomer was searched for The / / / sample o f 3 I 0 ' - 1 atoms on a Be substrate was exposed to the 
brernsslrahlung with maximum energy o f 24 MeV on the electron beam of the M I -25 microlron at I I NR 

Before the irradiation the target was covered with a Be catcher to collect the ' / / / atoms recoiled 
eventually Irom the thin target layer. After the irradiation the activities o f both the target and the catcher 
were measured on high-resolution "Ortec" and "Canberra" HP (ie detectors as well as on a Si spectrometer 
ot conversion electrons with a magnetic guide line at I.NP JINR I'he experimental conditions such as the 
geometrx and lime intervals o f the irradiation and measurement were optimised in order to achieve 
iii.ivimum sensitivity 

•\tter a series ol experiments the upper limit for the / / / (y.n) - reaction weld was determined 

lobe s tunes lower than that o f the onitoring reaction Taiy.n) 7<<* measured simultaneous!}. It is 

.i some»hat unexpectedly low } ield for the population ol the / / / isomeric slate in the evaporation 

le-iduc ol the (y.n)-rcaction Proceeding from the earlier observed 1,2 high probability of the 

V/ / [n.y ) / / / and ""Ta"[y.2n) Tum reactions, one can predict for the ' / / / in the (y.n) 

reaction on ' * / / / feeding intensity no lower than 50°o of the total reaction yield I he experimental 

result lot the / / / can be interpreted by efficient trapping of the deexcitation cascade intensity bv some 
special levels placed at higher excitation and connected with the ground state band by enhanced .ransitions 
Another approach is to assume the total K-mixmg at energies higher than 3 MeV and random statistical 
character of the decxcitaiion y-cascade. How ever, the feeding intensity for the 37 2 trap again w i l l not be 
low when the mean initial spin is as high as 33'2 So the studies should be :ontinued both by experimental 
and theoretical methods 

1 Vu Is Oganessian. S. A. Karamim, V. M Na/arov / S/eglowski.JINR Rapid I 'oinni . N ' (s4)-9"!. 
Dubna. 1942 
2 S A karamian. A G Bclov. l/vestiya Academii Nauk. Scr F i / . 1494. v 58. p 54 
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CALCULATIONS OF E2/M1 MULTIPOLE MIXING RATIOS IN SOME 
EVEN-EVEN NUCLEI ON THE 150£A£190 DEFORMED REGION 

S.Orak. A.Kiicukbursa, M.D.D- !kar, I.Mara; and I.UIuer 
Cetai Bayar University. Faculty •>! Arts and Sciences.Department of Physics.45040 Manisa.Turkey 

Abstract : The E2/M1 multipole mixing ratios that the electromagnetic 
transitions between the levels of even-even Sm, Gd, Dy, Vb, Hf, W, Os 
and Pt nuclei are calculated by the use of the interacting Boson Model. 
B(E2.L+2—»L) transition probabilities between the members of ground 
state band and the B(E2)t values and the Q(2+) quadrupole moment are 
also calculated.The calculated mixing ratios show that,the transitions 
that connect the levels of the same parity are predominantly E2 and the 
ones that connect the levels of opposite parity are predominantly E1. 
The our results are compared with the experimental data and the former 
values of the theoretical works.It's found that there is a good 
agreement with the results found and the others. 
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Deuteron and nuclei structure 
A. B. Pestov 

Joint Institute for Nuclear Research, Dubna, 141980 
RUSSIA 

From the experimental data it follows that the deuteron in many 
respects can be considered as a simple object. That is why it is 
possible to describe this nucleus as a whole by the wave function and 
corresponding wave equation. This equation was proposed in [1]. In 
particular, from this equation it follows that the deuteron cannot 
exist in the singlet state. Besides, one can show that considered 
equation is invariant with respect to the gauge group SU(2) x U(l). 
Thus, there should be additional interactions between the deuterons. 
In principles, such interactions can explain the existence of the region 
of stability of nuclei on the plane (p,n) which goes along the straight 
line defined by the nuclei with equal numbers of the protons and 
neutrons. Really, the existence of the deuteron clusters in nuclei 
means that there are new forces in nuclei in accord with the model 
represented above. The existence of a new type of interactions can 
be verified from the experiments on scattering of deuterons by nuclei. 
In the first series of experiments one should investigate the elastic 
scattering of deuterons on the nuclei with equal numbers of protons 
and neutrons; and in the second one, do this for stable nuclei which 
are taken away as far as possible from the line of stability. 

References 
[1] A.B.Pestov. Sov. Journ. Nucl. Phys. 30 ,2(8), (1979) 336 
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Search for the Orbital M l Mode 
in Deformed Odd Mass Nuclei 

Heinz-Hermann Pitz 
Institut fur Strahleuphysik 

Universitat Stuttgart 

Numerous electron and photon scattering experiments provided detailed information on the 
distribution of low-lying magnetic dipole strength in heavy deformed even-even nuclei ( "'.b'rissori 
\Uxlr"). On the other hand, up to now there is no evidence for a concentrated Ml strength in 
odd deformed nuclei. 

For first nuclear resonance fluorescence experiment (NRF) , performed at the Stuttgart labil­
ity, the isotope 1 6 3 D y was chosen as a first candidate for an odd nucleus, since the neighbouring 
even-even nuclei l 6 2 D y and "*4Dy are well investigated. In both isotopes the orbital Ml strength 
is concent rated within two or three strong transitions In | ы 0 у the largest Ml strength in all 
rare earth nuclei was observed. Furthermore, detailed spectroscopic information from (" . ' • ) . 
Ir t .n ' - , ) . Itl.p). and (d,t) reaction studies is available for the isotope ""'IJy. In addition, or­
bital Ml excitations should be more pronounced in neutron-odd isotopes following theoretical 
lonsiderations. 

The observed concentration of dipole strength in "'^Dy around 3 MeV fits vei v well in the 
\vtematics of the scissors mode in the even I)y isotpes. Both, the excitation energy as well 
a> the summed strength follow the trends expected for the orbital M\ mode. The strength 
distribution is in good agreement with recent calculations performed in the framework of t in 
IHFM approach (Intcractin-Boson-Fermion-Model). The different decay branchings predicted 
bv the IBF.M-calculations for several states can be used for tentat ive spin rvsignmeni 1 '.. lo 
establish a systematics the isotopes 1 6 1 D y and 1 5 7 G d were investigated recently .it the Stuttgart 
photon scattering facility. Preliminary results are presented and discussed. 
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LOOKING INSIDE GIANT RESONANCE FINE STRUCTURE 

V.Yu. Ponomarev and V.V. Voronov 

Laboratory of Theoretical Physics, Joint Institute for Nuclear Research, Dubna, 
Head Post Office, P.O. Box 79, Moscow, Russia 

Microscopic calculations of the fine structure of giant resonances for spherical nuclei will be 
presented. Excited states are treated by wave function which takes into account coupling of 
simple one-phonon configurations with more complex ones [l]. Nuclear structure calculations 
are applied to description of the 7-decay of resonances into low-lying states and relativietic 
excitation of the double resonances. 

As an example, we consider 7-decay properties of the High Energy Octupole Resonance 
(HEOR) in *°Zr [2]. In our calculation, the HEOR has the energy centroid E z = 22.4 MeV and 
the total width Г = 4.4 MeV. The total width Г д в о я _ 2 + 4+ is equal to 3 keV or about 10% 
of the GDR 7-decay width into the ground state. It opens a new possibility to investigate the 
HEOR. 

For the first time the relativietic excitation of the double giant resonance in 1 M X e is calcu­
lated based on the microscopic structure of the GDR [3]. Second order perturbation theory is 
used to describe the excitation process. It is found that the two-phonon cross section is essen­
tially equal to that of the non-interacting phonon model and that the associated width is 1.5 
times the width of the one-phonon resonance. Calculated and experimental [4] cross section (in 
mb) for the excitation of the tingle GDR, GQR,. and GQR,, and the double [GDR®GDR]o+i2+ 
resonances are presented in table. The results of calculations are strongly dependent on the 
minimal value of the impact parameter R^n = r„(At' + A, ) used and the ones in table 
are obtained with r„ = 1.5/m. While the predictions associated with the one-phonon states 
provide an overall account of the experimental findings, the calculated cross section for the 
lwo-phonon states is much smaller than that extracted by the involved analysis of the data. 

GDR GQR,. GQR,. GDR+GQR..+GQR,. [GDR®GDR]o+.,.j4 

1480 

1024 ± 100 

110 60 1650 

1485 ± 100 

50 

215 ± 50 

[1] V.V. Voronov and V.G. Soloviev, Sov. J. Part. Nud., 14 (1983) 583 
[2] V.Yu. Ponomarev and V.V.Voronov, JINR E4-93-334, Dubna, 1993 
[3] V.Yu. Ponomarev et al., Phys. Rev. Lett. 72 (1994) 1168 
(4) R. Schmidt et al., Phyt. Rev. Lett. 70 (1993) 1767 
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SEMICLASSICAL METHODS IN THE STRUCTURE OF HOT NUCLEI 

Joao da Providencia Jr. 

Dcpartamento de Fi'sica, Universidade de Coimbra, 

P 3000 Coimbra, Portugal 

A semiclassical formalism which is based on an energy functional and generalizes the 

fluid dynamical model Hirst sound I of Eekart r.t al has recently been developed and extended 

to a finite temperature. The model accounts for important transverse components in the 

current of low lying modes with i > 1. It is shown that new eigenmodes appear when the 

temperature docs not vanish. In the limit of T -> 0 the strength of the new eigenmodes goes 

to 0 proportionally to T' and the currents and transition densities are proportional to T. 

The inclusion of tensor fields in the action integral of the model leads to important changes 

as compared with the tcsults of the simpler mode] based on first sound dynamics. 
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CURRENTS AND GENERALIZED INERTIA PARAMETERS IN LARGE 
AMPLITUDE COLLECTIVE MOTIONS» '> 

Ph. Quentin 1' 2' and I.N. Mikhailov 2-» 

I > CENBO (1N2P3/CNRS and Univ Bordeaux I). Gradignan. France 
2) Itogolyubov l.ab. of Theor. Phys.. JINR. Dubna. Russia 

3) CSNSM (IN2P3/CNRS). Orsay. France; 

Л microscopic description of large-scale collective motions in finite quanta! many-body 
systems (as in atomic nuclei) is approached upon incorpo' ng into the quanta! theory. 
classical concepts concerning matter and current distributions in liquid droplets as well 
as using analogies between the formalisms of canonical transformations in classical 
mechanics and of unitary transformations in quantum mechanics. We then derive a 
generalization to a large class of collective modes of the scmi-quantal routhian approach 
currrently used for rotations. The stationary solutions so obtained satisfy cranking-like 
equations with a time-odd (cranking) constraint of the form a.p where a is a vector 
field (function of the position r) unequivocally associated to the corresponding classical 
motion velocity field and p is the momentum operator. 
The solutions of such generalized cranking equations are then searched within the 
Hartree-Fock approximation using a Skyrme effective nucleon-nucleon interaction. Wc 
will present here the corresponding results within a semiclassical approximation 
(specifically in the Extended Thomas-Fermi framework'' up to h1 terms) similar to the 
one used recently for the routhian case''. Explicit expressions are obtained for the 
current density whose Thomas-Fermi approximation is exactly found to be the classical 
one whereas the semiclassical corrections are surface-peaked and similar to Landau 
diamagneiic corrections for a confined electron gas (at least for rotational modes). Upon 
extracting the collective velocity-dependent part of the lab energy wc have also obtained 
generalized inertia parameters and the corresponding coupling terms whenever more 
than a mode is present. 
ITie domain of applications of the present formalism is rather extended: from giant 
resonances and high spin modes (together with their coupling) to genuine large 
amplitude collective motions like fission or fusion (under the lines for instance of a 
recent microscopic description"). Explicit results will be presented for the coupling 
between a rigid body rotation and a specific vortical motion (namely the motion of an 
ellipsoid having a finite uniform vorticity in the body-fixed frame4') together with its 
possible consequence on the yrasl line relation between energy and angular momentum. 

I * (This work has been made possible by a granl received through a collaboration agreement between 
JINR (Russia) and IN2P3 (France) 

' M Brack. С Guet and H В Hikansson. Phys Rep 123(1985)275 
7 К Bencheikh. P. Quenlin and J Bartel, Nucl Phys A, in print. 

I N Mikhailov. E Kh Yuldashbaeva. J Piperova and J Libert, Nucl. Phys A. in print 
4 see e g S Chandraseckhar. "Ellipsoidal Figures of Equilibrium" (Dover, New York, 1987). 
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2 c i . i d e c a y a n d SI'(A) s y m m e t r y v i o l a t i o n in nuc le i 

O.A.Runiyavfsrv. M.H. Urin 
Moscow EjHfttin ring Physics Institute. 115409 Moscow. Hussia 

To the- present time the calculations <>f ~i'i i decay rates have been per­
formed by different authors for a great many of nuclei [1]. The main short­
comings "f mentioned calculations art-: (i) essential dependence <.f cak ulati d 
vainer on mode] parameters and. as the consequence, significant distinction 
<>f results obtained h\ different authors [l]: (ii) the use in calculations a !aig.' 
basis (i) states and complex residual interaction, that needlessly hinders the 
' al< iil.itions and limits the area of application of the method only by rather 
llfjit nuclei [2] 

III 1 his . on lie. ! i in t h e app roaches based nil the use of a p p r o x i m a t e с оп.-.т 
•аМоц o| I he spin lsu.spiii s\ inu ie t ry .it .Hi ana lys i s Ciainow Telle: e\ i ital м:,-, 
;-V illd !ree floln t h e 1i|e],1 lolled slmrt co lumns a l e of interest ' l l . . - Work j !| 
si-ems to }"• mo).- realist ii as compared with rt f. J.5]. In this woik th" 2' i.< 
"ii>a; i a i . ot t h e l*('u agree ing wi th e\[iei imeuta l d a t a and coin hi ,i- lis .:j" 
ot liei Works is eva lua t ed 

In p resen ted Work I lie a p p r o a c h is ex t ended to tile case of nai lei hav ing 
s t rong IIU< l«i,|| p a r i n g . The p i e c o m p u t a t i o l i s per formed for the ' ' " . \ '/ nui lens 
lead to vabie of half live -4 x 10-'" years, that on опЬт exceeds the relevant 
e\peiime|i tal value. Besides, for the check of the method the J' decay rates 
for some nu< lei w< re calculated. The results qualitatively agreeing with known 
experimental data are obtained 

The analysis performed within the framework ot the presented approach 
allows us to make the conclusion that the degree of till' Sl*( 4 I symmetry 
violation and. heiie e. nuclear part of 2i>.1 f decay amplitude are approximately 
identical for medium and heavy nuclei. Therefore, the difference of Mje dec av 
rale for different nuclei is mainly determined by the volume of the lelevant 
leploli plia.se space . 

References . 
1. Haxton W.C. Talk presented at XV International Conference on Neutrino 

Physics and Astrophysics (NEl*TRIN'()'92) Granada. Andalucia, Spain. 
June 1992. Preprint CERN 40427-21-N92. 

2. Brown B.A.. Zhao L. Phys.Rev. C42( 1990)1120. 
3. Bernabeu J. et.al. Z.Phys. C46(1990)323. 
4. Rumvantsev O.A.. Urin M.H. Izv.RAN(scr.fiz)57(1993)no 5.39 
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B A N D CROSSINGS WITHIN THE FRAMEWORK 
OF THE PHENOMENOLOGICAL MODEL 

R.Kh.Safarov , R.R.Safarov 
Kazan State Pedagogical Institute 

Kazan, P.O.Box 21,Mezhlauk St.l, 420021 Russia 

We developed a variance of the rotation model / 1 / to describe energy levele of rotation 
states from lower spins to the highest obaerved one*. It is baaed on the high «pin approximation 
of Coriolis mixing of positive parity states. The basis of eigenfunctions ie restricted by low-
lying rotational bands, and connate of ground (jr), vibrational ( fi,y) and a certain number of 
aligned (»(n)) bands required for the description of experimentally observed cases of alignment. 
Calculations for energy levels of I M E r have been clone within the framework of this model / 1 / . 
Its spectrum has been obaerved experimentally up to spin I*=46+.To describe all alignment 
processes in this nuclei spectrum it is necessary to include 3 aligned bands. But to describe 
successive alignments we should as well consider anomalous a(n) — bands of antialigned nature, 
which are considered as a continuation of the *(n)— band. Thus its crossing with the following 
s(n+1) — band is provided. A good agreement has been reached for calculated and experimental 
energy values (the average deviation from experiment is less than 20 KeV at the energy level 
E**p£ 10 17 MeV ). The alignment process of the angular momentum is demonstrated clearly, 
if the energy of rotational bauds E|. is presented as a diagram Ej,(wn t) = Ej, - Ej o t(w, 0,), where 
w,.i and Ejotfuta) - is the angular velocity and level energy of Harris parametrixation. Here 
the angular velocity of rotational core u>m is the independent variable quantity, characterized 
by a monotonous change with a spin unlike the effective angular velocity of nuclei rotation 
u ,̂ = ( E' * l—E' " ' ) / 2. This diagram shows the dynamics of alignment processes of ai^utar 
momentum in rotational bands. With the increase of nuclei rotation velocity the f 1 - band at 
first crosses vibrational bands, and then — the ground band. According to it the alignment of 
angular momentum begins in the energetically high lying states of vibrational nature. After 
the alignment reaches its maximum value, it decreases in vibrational slates and increases in the 
ground band That proves that one and the same pair of nuclcons takes part in the formation 
of the alignment in different bands. 

1 R Kb Safarov, R.R Safarov. Yadernaya Fizika , 1993, v.53, pp 30-36 
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Self-Consistent Description of the 
Elastic Magnetic Electron Scattering by Nuclei 

E.E.SaiHT.stoin 

h'urchatov Institute, Moscow 

M.igtic(i< si .il i i i inj , of electrons by odd nuclei is known as a tool for 
iiictMitement of the single-particle orbit radius for the odd nucleoli. More 
pre<i-e|\. the looidiualc form of the single-particle wave function is tested 
by tins ptube. Usually calculations with the Saxon-Woods potential well 
with p.ii . i i i i i l i is lilted lo the magnetic scattering data are used. It is much 
nioi«- iiifoiiiiative to use wave functions generated by a self-consistent nuclear 
pod nii.il well f ;•!< ul.ilcd within a self-consistent approach which contains no 
p.ii.iineti is adjusted for the nucleus under coi .deration. We have carried 
su< h .in analysis within the framewoik of the self-consistent Finite Fermi 
System l l l ' S j theory for *lCa, l 7 0 . , , T S » and e 9 V nuclei for which high 
pie« ision measurements of elastic magnetic form factors were recently made. 
I he single patli< le model for the magnetic elastic form-factor provides a rea­

sonable <l<'s< liptiou of positions of tin' minima and maxima but in many cases 
o\«'iestimates the absolute values. 

The main ica-soii is the core polarization effects which an 1 governed by 
the spin dependent components of the effective A'iV-interaction in nuclei. It 
pto\ed out that the use of the usual FFS inteiaclioii with the (/-independent 
hu al spin-isospin amplitude g' (Migdal force) leads to a dramatic suppression 
of the single particle form factors whi< h contradicts lo the experimental data. 
In order to save the .situation, one should suppose that the y' - amplitude is a 
«I dependent (unction falling at high 4. There is some interplay between this 
1/ independence and the strength </ 'he p - meson exchange term Tp of the 
elfective inter.* I ion, but some diminishing of the </' strength in this region 
should exist in «111V сале. 

We have used I he simplest form for it a,s follows: 

1 + rtf 

considering r„ as a new FFS theory parameter. It was estimated from the 
analysis as r 0 = 0.40 fm. It should be mentioned that in the case of the 
" T nucleus the accuracy of measurements as well as the interval of the 
momentum transfer q proved to be sufficient for the first model-independent 
extracting of the magnetization current density distribution from the data. It 
is concentrated in the inner region of the nucleus showing that we deal with a 
volume effect and really examine involume properties of the g' -interaction. 
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IV INTERNATIONAL CONFERENCE on SELECTED TOPICS in NUCLEAR 
STRUCTURE,DUBNA 5-9 July,1994 
NUCLEAR FUSION FOR ТИЕ REACTION 3He+3Be AT VERY LOW ENERGY 

A.SCALIA 
dpai timento di Fisica dell'Universita' di Catania and Istituto 
Nazienale di Fisice Nocleare.Corso Italia,57.I 95129 

Th< iusion process betveen charged particles vas investigated 
bv using the shadov nodel l).In this ewdel the fusion process 
is considered as the shadov of the Rutherford scattering so that 
t'e pa. tides which fuse are those that in Rutherford scattering 
are detected in the shadov region.By using this point of viev 
a regularity vas found by analysing fusion data relative to systems 
with 24<A1*A2<194 and a nev expression for the fusion cross section 
vas suggested 1)-The shadov Model is based on this observed 
regularity and it is able to reproduce the experimental values of 
fusion cross section for about 100 reactions at energies belov the 
Coulonb barrier.For light systees 3$A1+A2<8 and at energies not far 
belov the Coulonb barrier the observed regularity is found,but 
at very lov energy this regularity disappears and the shadov point 
of viev is not able to describe the fusion process.Hovever it is 
possible to generalize the shadov aodel so that it is able to 
i«produce the fusion process for light systems at very lov energy2). 
T" iu4ge the success of the shadov Model approach in reproducing 
th« (4«ta ve used 1,2) a logarithmic scale to plot the rapidly 
-.«tying cross sections,but it is more easily to judge the success 
of the node] if ve trensforn the fusion cross section as calculated 
ltoiK the shadov model equations into the astrophysical S factor 

1>A Scalla.Nuovo Ciaento A,104,1467 (1991);105,233(1992). 
:>A Italia.Flguera.Fhys.Rev.С 46,2610 (1992);A.Scalia,Nuovo 
Ctnento A,106.855(1993). 

3)A t tauts,B.W.Becker,H.P.Trautvett«r,C.Rolf,Nucl.Phys.A467, 
273 (1987). 
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C O M P L E T E F U S I O N A N D B I N A R Y R E A C T I O N S I N H E A V Y - I O N 

C O L L I S I O N S A T T H E C O U L O M B B A R R I E R 

V.M. Shilov 
Laboratory of Thtonttcal Fhystcs. Joint Institute for Nucltar Research 

IJI9H0 Dubita. Ru.^ta 

Complete fusion, deep inelastic. <pia.sicla.stic and total cross sertiuns[l] in the reactions 
4*.V< •» " 4 > 'n at near.harrier energies are coinpareil with the results of the quasi-classical critical 
d i s t a m e riiodcl[2j. The nuclear ion ion potential is taken in the form. 

I ' ( f | = l i < | r ) r ' l r ) + r ' 1 ( r ) | l - F(r)) 

Here l ' ,^(r) is the "adiahal ic" potential . \',(r) is the potential , obtained in the "sadden 
approximat ion ' and the form factor F ( r | is the Fermi-type function. For heavy nuclei there 
are two harriers in the potential: the Coulomb harrier l<, and the inner harrier U , si tuated at 
r„ = I U fm 

Following Stelvuiji] we take a flat distribution of the Coulomb harriers The width of tiie 
distribution is 2<li - \,\ Cross stations of fusion. <|<ч>р inelastic and quasielastic collisions 
h a w Ixi-n defined hy th« uiRi'iiiR wave boundary conditions at different parts of the potential: 
r •_ H . r = Hj, and r - H,. r>"-pe< lively. 

The result of the I,Ming procedure is shown in Figure 1 and Table 1. 

lable I Parameters of the potential. 

I,. MeV ! /О^ТГМ^ГГ/ГЛиГ j React loll 

' *V» • ' " . • . n j lf>* I J H S _ | IVU f- N.S 
»;. MPV 

152.0 
A^. M O V T A ^ . MeV 

6.1 j _ UA 

10 ' 

10* 

10 

» 
145 

* f u n o n 
л DIC 
о QE 
• total 

165 195 
E . / MeV 

205 

Fig I. Fusion, ditji inilastu. 
quasielastir and total cross sec-
lions vs bombarding rnirgy. 
Experimental data are takm 
from R'f.\l\. 

ji; Walf$FLH Phy. Re* I9K7 v CM» p 11T<» 
|2] ТягткаптA \ . Shihv V M . Schmidt R Yad Fiz IWI vЛЧ. p.1285. 

|.l] Stelmtn PH Phy» Lett 19ЯЯ v B205 p 190 
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The Isoscalar Giant Monopole Resonance 
and Nuclear Matter Incompressibility 

S. Shlomo and D H. Youngblood 

Texas A i : M University, College Station. Texas 77843, USA 

The nuclear matter incompressibility coefficient, K. is an important quan­
tity characterizing the nuclear matter equation of state. An accurate determi­
nation of К is very important for the study of properties of nuclei, supernova 
collapses, neutron stars and heavy ion collisions. We will review the current 
status of the experimental and theoretical methods used to determine the 
value of K. We will discuss, in particular, the most sensitive method which 
is based on experimental data on the strength function distribution of the 
isoscalar giant monopole resonance in nuclei. We will review the present sta­
tus of the entire data set, accumulated from measurements carried out in 
several laboratories, and the theoretical methods used to determine K, which 
are based on microscopic self-consistent Hartree-Fock with random phase ap­
proximation and semi-classical approaches. 
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What is the dominant mechanism of two neutrino double beta 
decay? 

K. SIMKOVIC and P. STRIZENEC 2 

iabnmlory of Thtorrtical Physics. JI\R Dubna. И.О. Box79, 101000 Moscow, Russia 

TV two neutrino mode of nuclear double beta decay ( 2/?2i/-decay ) has two electrons 
and two aiitineulrinos in the final state and occurs in the standard theory in the second 
order. This mod- being independent of neutrino properties offers a sensitive test of nuclear 
structure lalculatious. 

The results obtained in the framework of Quasiparticle Random Phase Approxima­
tion approach ( QRPA ) have been found extremely sensitive to the residual interaction 
of nuclear llaniilloniari. It is the difficulty of making definite rate predictions. A pos­
sible strong suppression of two neutrino double beta decay half time indicates that the 
«onsidered mechanism has not to he the dominant one for 2J2//-decay. 

We have performed a detailed analysis of 2.<2j'-decay amplitude in the framework of 
S matrix approach We have shown that the diagram in Fig. la. which is supposed to 
IK- (he main mechanism, does not contribute to Jifji'-deray process. VV? explain that in 
QUI'A tabulations including the const ruction of the intermediate nucleus it is effectively 
чип the contribution from a delinile class of strung interaction exchange diagrams. It 
<l«rifies lh sensitivity of QRPA results to the residual interaction. 

We first consider the electrons gamma exchange mechanism for 2J2i/-decay in Fig. 
Ili Пи* diagram is favored in comparison with strong exchange diagrams, because the 
em halige electron* and gamma are < losed oil shell The calculated half times foi 'iu'i.i 
decay of "* ""'le. ""Nd and гмУ have been found «lose to experimental half times. 
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Vibrational states in doubly even well-deformed nuclei 

V.G. Soloviev. A.V. Sushkov and X.Yu. Shirikova 

Laboratory of Theoretical Physics, Joint Institute for Nuclear Research 
Ц1980 Dubna, Russia 

The energies and wave functions of non-rotational states below 2.3 MeV in doubly even 
well-deformed nuclei of the rare earth region have been calculated within the Quasiparticle-
Phonon Nuclear Model [1]. General properties of vibrational states are formulated. The 
wave function of excited states below 2.3 MeV is dominated by the one-phonon term. The 
contributions of the two-phonon configurations to the wave functions of the А'" ф 0 + and 
4 + states are smaller than 10%. The K' = 4j" state in 1 6 8 Er contains the double-gamma 
vibrational term equal to 30%. The existence of the double-gamma vibrational state with 
K' = 4+ at (2.1-2.3) MeV in 1 6 6 E r is predicted. The A'J = 4f and 4f states in i56.is8.i«>Gd 

and 1 6 2 Dy are hexadecapole ones. High intensities of the one-nucleon transfer reactions are 
explained by the relevant large two-quasiparticle components of the one-phonon terms of the 
wave functions. The origin of the El strength in the low-energy region is explained as an 
effect of the quadrupole equilibrium deformation and isoscalar octupole and isovector dipole 
particle-hole interactions. The calculated B(El;0 + 0 ? . , —» 1"A'„)values for the A'" = 0" and 
1" states are 3-5 times larger than the experimental ones. The fragmentation of the one-
phonon K* = 0~ and 1~ states in the energy range 2.3-4.0 MeV is not so strong. The 
concentration of the El strength in A"' = 0" states at energies 2.6-3.5 MeV in I 6 8 E r and 
3.6 3.9 MeV in 1 6 4 Dy and in A'" = 1" states at energies 3.2-3.4 MeV in 1 6 0 Gd is predicted. 

1. V.G. Soloviev, A.V. Sushkov and X.Yu. Shirikova. Part.Xucl. 25. p. 377, Dubna, 1994 

94 



Nonstatistical effects in nuclei with Z up to 20-28 

S.l.Sukhoruchkin 
Petersburg Nuclear Physics Institute, Gatchina, Hussia 

I lie presence of distinguished neolear excitation* with multiple values of t'le p&rajri 
t i e r very close to the rest mass of electron mr as well as ргенепсе of intervals multiple 
io '.hit. -- 1 Г, MeV in the binding energies of nuclei (Fu) wan considered earlier a> th. 
iiiiinireslHtion of the coinnion properties of mass/energy spec t rum of hadron sy-'leni in 
ihir> work the parameters of the residual interactions in light nuclei were analysed by 
the s tandard procedure of subtrac t ing Ец in nuclei differing by one or iwc nucl чне- I 
'.,. or '.,.,;, -_ Л Sif, Д iV -- 2 ). Figure shows the dependence of ZzTiv. on ,'. and .lis-
i rete character of it ;is well as proximity of the values for valence nuclooiis t two р а т * 
of nucleoiis above well known shells 4 / / r and ]3() ) 2*Г>00!Ь) keV and I W O r J i kev' 
to 2*r •--•isr.ir. fceV and 16r„= 16352 keV where p a r a m o u r c,. -102) ,*(2) l-'A - 2m, ..-
taken from real spin-Dip spli t t ing of v ) И levels 
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Distinguished intervals in spacings of highly 
excited nuclear levels (4) 

S.I.Sukhoruchkin 
Peterburg Nuclear Physics Institute,Gatchina,Russia 

In PNPI Data Center analysis of nonstatistical effects in neutron level spacing dis­
tribution was continued and Figure ehow the discret character of this distribution for 
nuclei with Z=26,28,30. Marked regions are located at rational values of single interval 
with the value 1,18 keV found independetly in proton resonances of light nuclei and in 
neutron resonances of more heavy isotopes. 
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FROM T H E "ORDER" OF LOW-LYING LEVELS TO T H E "CHAOS" 
OF N E U T R O N RESONANCES: E X P E R I M E N T 

A.M. Sukhovoj 

Joint Institute for Nuclear Research 
Frank Laboratory of Neutron Physics 

Dubna, Russia Ц1980 

The main results of an analysis of the average parameters for 7-decay cascades of 
compound states in complex nuclei are presented. The experimental data of nuclear 
level densities, for certain J", at excitation energies above 2 MeV are compared with 
that predicted by two different theoretical models. Cascade intensities measured over 
the entire excitation energy range, from the ground state up to the neutron bind­
ing energy, are compared vith different model predictions. Conclusions about the 
radiative partial width enhancements for transitions between the compound state 
and high-lying excited states are given. The problems of estimating the actual tem­
perature of excited nuclei, and of the experimental possibilities to observe phase 
transitions, their influence on 7-decay modes, and possible equidistance between in­
termediate levels of intense cascades are discussed. 
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New Method for the Fragment Mass Measurements 
on the Storage Ring 

N.I.Tarantin 
JINR, Dubna, Russia 

Abstract 

Nuclear mass measurements are the fundamental base for the construction of different, 
nuclear models. The mass measurements of nuclear reaction fragments far from the valley of 
beta-stability where the divergence of the results of the different nuclear-models takes place 
are of great importance. 

The mass measurements of short-lived recoil fragments are carried out on the storage 
rings. In these cases the storage ring is used as a multi-turn time of flight mass spectrometer 
or as a high frequency mass spectrometer [1]. 

In the last case the response function of the storage ring is 

A / A/ _ _\_ Д т I ' 7 

" If 

bv ЫЗ 

where f is the revolution frequency of the ions circulating in the storage ring. m.v,"> are 
the rest mass, the velocity and the relativistic factor of the ions, -y(r is the transition 7-value 
of the ring, В is the magnetic induction of the ring. The symbol A means the chaostic 
spreadings of the reference values, the symbol Д denotes (he systematic differences of the 
reference ones. 

One known method to achieve small value Af/f is the minimization of Av/v by means 
of the electron cooling up to the Av/v »10" 5 . The other method is the realization of the 
7 t r-value equal to the 7-value of the ions (isochronous ion revolution). 

The third method to improve the mass resolution which is proposed here is the momentum 
selection of the circulating ions by means of the superconducting solenoid located along the 
rectilinear optical axis of the storage ring. With special parameters of the solenoid the ions 
of determined momentum continue to circulate in the storage ring. At the same time all 
other the ions are lost due to increasing the amplitude of the betatron oscillations. 

In this case the response function of the storage ring is 

/ / У т у \ \it, P И 

where p is the ion momentum selected by the superconducting solenoid, Ap/p я; Ю - 8 . 
From the formula (2) mass resolution Am/m is more better than from the formula (1) 

because Ap/p<C Av/v and 7<7< r-
The final result of the solenoid action in the storage ring is the splitting of the wide 

unresolved peak in the spectrum of the frequences of the Schottky noise in two narrow peaks 
corresponding to small difference masses of the ion doublet. From the known practice of the 
using superconducting magnetic field and ion cyclotron resonance (Penning trap) it follows 
that the mass resolution of about 10~8 may be obtained by the proposed method. 

Reference 
[1] Geissel H.Beckert K., Bosch F. et all. 1992, Phys. Rev.Lett. 68, pp 3412-15 

98 



Study of the Giant Dipolc Resonance Built on Highly-Excited 
States via Inelastic Alpha-Scattering 

M. Thoennessen 

National Superconducting Cyclotron Laboratory and 
Department of Physics k: Astronomy, 

Michigan State I'nivcrsity*. East Lansing, Ml. I'SA--18У21 

I he high energy region beyond the giant resonances in inelastic scattering is not fully 
understood. This continuum may correspond to high energy target excitations, or could be 
predominantly due to other kinematic processes. If the target is indeed highly excited by 
inelastic scattering, the high energy ">-ray spectrum from a coincidence measurement should 
exhibit the -.-ray decay of the giant dipole resonance (GDR) built on these excited stales. 

In order to belter understand the continuum and to search for high target excitations, we 
measured iiielaslh <i scattering at Ш MeV/A and ">f) MeV/Л on 2 I J 8 P b and I J U S n targets. The 
inela.st icallv scattered «-particles and other light charged particles were detected usin^ the 
I hear} Hall' Wall \~ ('si array. High energy •% rays were measured in coincidence' using •).") l ial ' j 
detectors arranged ill live close packed arrays. 

Л simple analysis of the v r a y multiplicity as a function of the energy of the о particles 
-.hows clear evidence for multi-neutron evaporation thresholds in the target up to fit) MrY. The 
high energy •> spectra are enhanced in the region of the (iDR (l ' i . ri MeY in ""'"I'b and I"j.-I 
MeV in 1 2 0 S n ) . These enhancements due to the GDR become more pronounced with increasing 
apparent excitation energy, thus indicating target excitations to even higher energies. 

Since in inelastic a scattering only small angular momenta are transferred to ihe target, it 
is possible to study the evolution of the GDR as a function of excitation energy only. This is an 
. : . . 'antage compared to heavy-ion fusion evaporation reactions where the angular momentum 
increases with excitation energy. 

A preliminary analysis with the statistical model code CASCADE shows an increa.se of the 
GDR width with excitation energy similar to the increase observed in fusion evaporation reac­
tions. This seems to indicate that the broadening of the GDR is dominated by the energy and 
not the angular momentum increase. However, detailed potential energy surface calculations 
of the two measured systems have to be performed in order to explain the effect. 

"Supported by the NSF under grant PHY92-14992. 
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SEARCH FOR TOROIDAL CONTRIBUTIONS TO THE 
DIPOLE ELECTRIC TRANSITIONS 

Ph.lM.Usmanov, I.N. Mikhailov 
Joint Institute, for Nuclear Research, Dubna, Russia 

Ch. Briancon 
Cent if dc Sprctrome'trie Nucleaire. et de Spectrome'trie rfe Masse, IS'2P3-CSRS, Orsay, Franc/ 

Recent experimental results [lj on the spectrum and matr ix elements of Kl. V.2 and КЗ 
transitions in 2 2 < i R a are analysed within a model taking into account the Coriolis coupling of 
bands and the interference of the dipole (d) and toroidal (t) moments in the matr ix elements 
of KI transitions. T I I P intrinsic part of the operator responsible for VA transitions is taken 
as in к -- (/л + /v, • <A-. The theoretical description of all measured quanti t ies is quite 
reasonable. The introduction into the matr ix elements of РЛ-transit ions of the toroidal ("-ray 
energy dependent) contribution improves the description of these transit ions. The figure shows 
the comparison of the "effective" dipole moments 

found in the experiment and calculated within the model. In the figure the solid line represents 
the call illation in which the toroidal contribution is admit ted (rf0=-0.(M9 fm: rfi=0.3l3 fm; 
/о--0.lil-1 fm/MeV; / i=0 .063 fm/MeV ), the broken line corresponds to the usual description 
in terms of dipole electric moments ( do=0.003 fm: di=-0.1T> fm; / 0 = ( i = 0 ). These values of 
the toroidal moment matr ix elements correspond to the exhaustion of about I0l/f of the energy 
weighted sum rule. 'The latter was calculated in a usual way as a double commuta tor involving 
the toroidal moment operator and the shell-model Hamiltonian. 

0 . 6 

ty;' <«*» 
0 .4 

0 . 3 

Q^GnO 

F ig . 1 Comparison of the experimental and calculated "effective" dipole moments Qy' 
solid line with toroidal moment contribution, 
dashed line without such contribution 

R e f e r e n c e s 
[1] H.J.Wollersheim, H.Emling, H.Grein et al. Nucl.Phys. A 556 (1993) 261. 

100 



Collective s ta tes in even Sn isotopes 

Vishnevsky I.N., Mitroshin V.E. 
Institute for Xuclear Research, -35202S Kiev, Ukraine 

Even isotopes of tin are of a special interest <luo to the filled proton shell Z=50. One can 

expect different simple pictures of quasi-particle and vibration states at these nuclei excitation. 

For low excitations energies this is really observed. However, at higher excitation energies the 

form of a nucleus core may change because of refilling proton and neutron quasi-particle level 

and this may lead to appearance of characteristic bands. For the first t ime such bands were 

discovered in 1 .̂1 M.i i6 .ne S n [,] a n c i i w S n [ 2] 

No bands were observed in , 0 6 S n [2]. and no data are available for more neutron-deficieni tin 

isotopes [3]. Classification of excited states of Sn nuclei based only on their energy [1,2] makes 

difficult the interpretation of these states nature. More complete data including probabilities 

of transition between the level appeared recently [-1.5]. I lie totality of available da ta permits 

to outline a comprehensive interpretation of even tin nuclei excited states. 

Firstly, states of vibration nature can be indicated: one-plioiion. two-phonon and some non-

collective ones. However, we concentrate attention on the bands of slates connected by strong 

E2-transitions. In frames of traditional ideas about the co-existence of spherical and deformed 

forms, these bands of stales could be interpreted as a fragment of normal rotat ing bands based 

on a 4-quasi-particle (2p-2h) or on S-quasi-particle ( l p - lh ) U + -excitations in Sn isotopes should 

be located in more high energy region, and not neai 2 MeV. as it is observed experimentally. 

This circumstance give us a chance to consider another hypothesis, namely to suggest that 

the observable bands of states are standard vibration bands, but distorted by the connection 

of collective and no-collective degrees of freedom. Such an idea is used in this work in frames 

of dynamic collective model [6]. it was shown that the experimental •speci.rum of excited states 

can be explained without using the "inculcated states" hypothesis. 

[1] S. Bron, W.H.A. Hesselinn. A.Van Poclgest et.al. Nucl. Phys. A 3 1 8 (1979) 335. 

[2] P. Azaiez, S. Andriamonse. J .P. Chemin et.al. Nucl. Phys. A 5 0 1 (1989) 401. 

[3] T. Engeland, M. Hjorth-Jensen, A. Holt, E. Osnes. Phys. Rev. C 4 8 (1993) R535. 

[4] I.N. Vishnevsky, G.B. Krygin, M.F. Kudoyarov et.al. Ukr. Phys. Journ. 39 (1991) 982. 

[5] I.N. Vishnevsky, G.B. Krygin, Yu.N. Lobach et.al. Ukr. Phys. Journ. 39 (1991) 1132. 

[6] G.B. Krygin, V.E. Mitroshin / / Thes.rep. of 41 Meeting on nucl.spectr. and atomic nucleus 

structure. Leningrad, Nauka. 1991, p.125. 
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Excitation and Decay of Giant Resonances 
in the 4 0 Ca(e,e'x) and 4 0 Ca(p,p'x) Reactions* 

P. von Neumann-Cose! 

insiitui fiir Kemphysik, Technische Hochschule Darmstadt, 
Schlossgartenstr. 9, D-64289 Darmstadt, Germany 

The population and decay of electric multipole strength in *°Ca for excitation energies 
Ex = 8 — 25 MeV was investigated in (e,e'x) and (p,p'x) reactions with x = p, a. The (e,e'x) 
data measured at the MAMI-A accelerator in Mainz and at the S-DALINAXC accelerator in 
Darmstadt were taken at four different momentum transfers in the range q = 0.26 — 0.66 fm _ 1 . 
First results are presented in ref. [1]. A decomposition of isoscalar E2/E0 (GQR/GMR) and 
isoveclor El (GDR) contributions following the method of ref. [2] was performed. The resulting 
GDR strength distribution is in good correspondence with photonuclear data. The GQR shows 
strong fragmentation over the whole investigated excitation energy range with maxima at 12, 14 
and 18 MeV. The fine structure shows very good agreement with RPA calculations including the 
continuum and more complex lplh®phonon configurations [3] which relate the unexpectedly 
large amount of E2 strength at lower excitation energies to 2p2h ground state correlations. 

The (p,p'x) experiment [4] was performed at the National Accelerator Centre in Faure, 
South Africa using a recently installed К — 600 magnetic spectrometer. Scattered protons 
were measured at angles Qp = 17°, 23" and 27° and excitation energies 10 — 25 MeV. Angular 
correlations were detected in plane for angles Qx = 0° — 200° relative to the recoil axis. A 
multipole decomposition using DWBA angular distributions is presented. Good agreement with 
the (e,e'x) results is found for the GQR strength distribution. A fine structure decomposition is 
possible for the decays to the 3 9 K and M A r ground states by comparison of the two experiments. 

Decay branching ratios and spectra of both experiments are compared to statistical and 
direct decay model calculations. A predominantly statistical decay of the GQR strength is 
indicated. A fluctuation analysis demonstrates the direct character of proton decay from the 
GDR excitation region into low-lying states of 3 9 K. 

(1) H. Dieseneret al., Phys. Rev. Lett. 72, 1994 (1994) 
[2] T. Kihm et al., Phys. Rev. Lett. 56, 2789 (1986) 
[3] S. Kamerdzhiev, S. Tertychny and J. Speth, Nucl. Phys. A569, 313c (1994) 

[4] P. von Neumann-Cosel et al., Nucl. Phys. A569, 373c (1994) 
' Supported by Bundesministerium fur Forschung und Technologie under contract 06 DA 641 I. 
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THE ROLE OF DIPOLE TRANSITIONS IN DETERMINING 
THE COLLECTIVITY OF N U C L E A R EXCITATIONS 

Steven W. Yates 
University of Kentucky, Lexington, Kentucky 40506-0055 USA 

While the degree of nuclear collectivity is frequently assessed by examining the 
quadrupole characteristics of nuclei, the use of dipole transitions in determining collectivity 
is considerably more ambiguous. However, a wealth of new information about El and Ml 
transition rates has become available in recent years, and with these data has come new 
information about collective structures. At the University of Kentucky, we have employed 
the inelastic neutron scattering (INS) or (n.n'y) reaction with accelerator-produced 
monoenergetic neutrons, coupled with the Doppler-shift attenuation method (DSAM), to 
measure a large number of nuclear lifetimes.1 

Low-eiergy. collective excitations in nuclei have been predicted by a variety of 
models when the effects of separate proton and neutron degrees of freedom are included. 
The geometrical interpretation of these isovector excitations as out-of-phase angular 
oscillations of the protons against the neutrons about the common rotation axis has led to 
the designation of these levels as "scissors mode" states. Scissors mode states have been 
observed in nuclei ranging from 4 6 Ti to 2 3 8 U, and theoretical approaches have included 
various collective models as well as a variety of microscopic techniques. In well-deformed 
nuclei, these states appear with J* = 1 + at E x - 3 MeV and have a B(M1) strength of ~ 2-3 
|i£; considerable amounts of data has been collected on nuclei in the rare earth region, 
primarily through (e,e') and (7,7') measurements.2 A particularly interesting case is Dy, 
since this nucleus exhibits substantially more fragmentation and possibly a larger total 
B(M1) than that seen in similar nuclei or predicted by model calculations.3 In DSAM-INS 
measurements, the lifetimes of these states in 1 6 2 l 6 4 D y have been measured, and the Ml 
strengths have been determined. Measurements of similar excitations in transitional nuclei 
have also been performed. 

The interesting behavior of electric dipole transition rates observed in the N = 82 
nuclei has been reported by Gatenby et al. who observed a large number of fast El 
transitions and suggested candidates for two-phonon octupoie and quadrupole-octupole 
vibrational multiplets. These measurements have inspired additional measurements in this 
mass region to understand the possible source of these enhancements. Specifically, we have 
chosen to study 1 4 6 Nd and thus move away from the closed shell, where shell effects may 
be important, but not into a region of large quadrupole deformation. 

This work was supported by the U. S. National Science Foundation. 

1 T. Belgya, G. Molnar, B. Fazekas, A. Veres, R. A. Gatenby, and S. W. Yates, Nucl. Phys. 
A500 (1989) 77. 

2 A. Richter, Interactions and Structures in Nuclei, Adam Hilger, Bristol, 1988. 
3 С Wesselborg et al., Phys. Lett. B207 (1988) 22. 
4 R. A. Gatenby, et al., Phys. Rev. C41 (1990> R414. 
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A test QPM and IBM models by inelastic excitations and transfer reactions 

N. Blasi, R. De Leo, S. Micheletti, M. Pignanelli. V. Yu. Ponomarev 

Dipartimento di Ftsica dell'Universitd and INFN. I-201SS Milano, Italy 

The stable neodymium isotopes provide a sensitive testing ground for nuclear 
models since many properties are expected to change at the onset of their de­
formation. Inelastic cross sections have been measured for proton and deuteron 
scattering on 1 4 2 1 4 4 - 1 4 6 1 4 8 1 5 0 N , ' c l . The phenomenological information obtained has 
been compared to the predictions of different theories, with a special emphasis on 
the IBM and Quasipartile-Phonon Model (QPM). This latter model gives a very 
satisfactory description, in terms of one and two-phonon configurations to the E2. 
E3. E4. E5 and E6 excitations. 

The collective states are strongly excited by inelastic scattering processes and 
give information on particie-hole (p-h) correlations. To implement this information 
with that on quasi-particle excitations, the 1 4 2 1 4 4 ' 1 4 6 I 4 8 N d ( p . t ) reactions have 
been studied. About 360 transitions have been measured and several final levels, 
not reported in literature, have been detected. It can be stressed here that with 
the ip.t) reaction, studied with a high resolving power, complete sets of levels in 
certain spin and excitation-energy regions can be populated. 

The (p.t) reaction should give information on the other effect which deter­
mines the nuclear structure: the particle-particle (p-pj correlations. In a superfluid 
(lesciiption p-h and p-p correlations should affect the same states. In this case it is 
necessary to analyze simultaneously inelastic scattering and two-neutron transfer 
reactions. The data from the above experiments have been comparated with QPM 
predictions. Calculations have been done with a p-h interaction fixed by inelastic 
scattering data and using different values of the quadrupole pairing force (Сг). 
The B(E2) value and the (p.t) cross section for the excitation of the first 2 + state 
give a Gi value of about 0.009. However the ratio between (p,p') and (p.t) cross 
sections for higher lying 2 + states seem to indicate a lower G2 value. 1 4 4 1 4 6 N d 
data are reasonably reproduced. The calculated cross sections in the I 4 2 Nd(p , t ) 
reaction are much larger than in other Nd targets. Unfortunately QPM in the 
present form seems to overestimate the contribution of levels near the Fermi sur­
face to the lowest phonons. The resulting effect is particularly evident in nuclei 
filling hole levels. Further calculations are in progess. 
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INVESTIGATION OF THE , 2 4 T e (n,27)-REACTION DECAY 

V.A. Khitrov, Yu.V. Kholnov, O.D. Kiostarova, Yu.P. Popov, A.M. Sukhovoj. E.V. 
Vasilieva, A.V. Vojnov 

Frank Laboratory of Neutron Physics, JINR 

The coincidence pulse amplitude sum method is applied to investigate the nuclear struc­
ture characteristics of the spherical 1 2 4 Te compound- nucleus. Its 52 protons and 72 neutrons 
make it interesting for investigation. The main ^-transition features between the compcind-
state and the low lying рге-compound and simple states aie available for investigation with 
this simple technique [1]. 

The two 7-transition decays •.vere measured with the help of the Ge(Li)-detectors «luring 
400 hours. The resolution of the detectors was about 5 keV at the v r ay energy of 1332 keV 
and the efficiency was =al0%. Three summarized peaks from the sum amplitude spectrum 
with E = E\ + E2 were available for examination, namely: 9424.9 keV, 8820.9 keV and 
6676.3 keV. They present decays from the compound-state to the low excited state levels 
with energies of: 0 keV. 558 keV and 2747.3 k e \ , and with J" = 0 + . 2 + . l ~ respectively. 
Ninety-four two-quanta cascades were obtained and 17 of them were placed in the decay 
scheme. 

The cascade intensities were measured and their absolute values calculated, usinjr the 
literature values [2] of the absolute intensities of some primary transitions. The experimental 
absolute intensity sum for each final Wei was calculated and compared with the model 
calculations [3, 4, 5, 6]. A comparison of the sum intensity values, as well as their dependence 
on the prime transition energy, with the model calculations shows a great discrepency A 
deviation from the statistical model in the attitude of the function of cascade intensity from 
the primary 7-ray intensity for the cascade, ending at the firs» rxcited level 2 + is observed. 
No model exactly describes the experimental situation, but one can see that the model [3] 
which assumes a giant resonance temperature dependance [6] gives the best fit. A further 
theoretical explanation is necessary. 

References 
[lj Popov Yu.P. et al. / / Izv.AN SSSR, ser. fiz., 1984, v.48, p.891. 

[2] Nuclear Data T-ible, 1981, v 2o(6) 

[3] Dilg W. et al. / / Nucl. Phys., 1973, v. A217., p.269. 

[4] Ignatjuk A.V. et -J. / / , 1975, v. 21, p. 485. 

[5] Axel P.// Phyj. Rev. ,1962, 126, p 671 

[6] Kzdmenskii S.G. et al.// Yad.F, 1983, v.37, p. 165 
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T H E T W O - G A M M A QUANTA CASCADE OF T H E "*Cd 
COMPOUND-STATE DECAY 

V.A. Khitrov, Yu.V. Kholnov, O.D. Kiostarova, Yu.P. Popov, A.M. Sukhovoj, E.V. 
Vasilieva, A. V. Vojnov 

Frank Laboratory Neutron Physics, JINR 

The coincidence pulse amplitude sum method is applied for the investigation of the spher­
ical u*Cd nucleus. The u3Cd (n,2y),i3Cd thermal neutron capture reaction was used. The 
high a s: 20000 barn cross section of this reaction makes this nucleus convenient for mea­
surements. Ц4С«/бб is interesting to examine, with its almost full proton shell (the number of 
protons is 48). 

The measurements were carried out by twoGe(Li) 7-detectors with a resolution ~ 5 keV 
at the 1332 keV line of mCo and an efficiency about 10%. The data processing is described 
in (1. 2]. 

The u*Cd compound-state has a spin and pairity of J ' = 1 + . The five two-quanta 
cascades with energy sums of: 9040.8 keV, 8482.3 keV, 7831.1 keV, 7735.8 keV and 7676.4 
k-V, going to: 0 keV, 558 keV, 1209 keV, 1305 keV, 1364 keV levels respectively with their 
respective spins and pairity: 0 + , 2 + , 2 + , 0 + and 2 + were measured. We obtained 192 7-
cascades, 43 of them were placed in the decay scheme according to the criteria, described in 
[21. No literature data are known for the other 25 excited levels with an energy above 3500 
keV . 

The relative 7-transition cascade intensities were measured and their absolute values were 
calculated, using the literature data in [3]. A comparison of the former with the model 
calculations shows a presence of nonstatistical effects in the case of the 1 + —» J+ —» 2+ 

cascade. The attitude of the 1^.(1,) function is like the fragmentation pecularities of the one 
quasiparticle state, descrii>ed detail in [4] for the case of deformed nuclei. Final conclusions 
of the mentioned effect may be made after a detailed theoretical analysis of the 1,4Cd level 
structure at the excited energies above 4 MeV. 

References 
[1] Boneva S.T.I I Phys of Elem. Part, and At. Nucl., 1991, v.22, p. 479. 

[2] Popov Yu.P. et al // Izv.AN SSSR. ser. йг., 1984, v.48, p.891. 

(3] Mhrnneed A. et al.// Nucl.Phys., v.A412, N1, p 319 
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