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COLLECTIVE QUADRUPOLE EXCITED STATES INACTINIDE AND TRANSURANIC NUCLEI� ��K. Zaj¡
, L. Pró
hniak, K. PomorskiInstitut of Physi
s, Maria Curie-Skªodowska UniversityPl. M. Curie-Skªodowskiej 1, 20-031 Lublin, PolandS.G. Rohozi«ski and J. SrebrnyInstitut of Physi
s, Warsaw UniversityHo»a 69, 00-681 Warsaw, Poland(Re
eived November 2, 2000)The quadrupole ex
itations of transurani
 nu
lei are des
ribed dynam-i
ally in the frame of the mi
ros
opi
 
olle
tive Bohr Hamiltonian modi-�ed by adding the 
oupling with the pairing vibrations. The ground-statebands in No and Fm even�even isotopes are reprodu
ed within the model
ontaining no adjustable parameters.PACS numbers: 21.60.Ev, 23.20.�g, 27.60.+jThe re
ent progress of experimental te
hniques has signi�
antly enri
hedthe eviden
e of ex
ited states of transurani
, or even transfermium Z > 100nu
lei whi
h are espe
ially interesting with regard for their 
loseness to thesuper-heavy mass region. For instan
e, the re�ned spe
tros
opi
 measure-ments performed for 252No and 254No [1,2℄ gave us an insight into the stru
-ture of Z = 102 isotopes. These nu
lei are axially deformed and they havealmost perfe
t rotational ground state bands what was also 
on�rmed by theHFB 
al
ulations [3℄. However, in order to get the dynami
al des
ription ofan ex
ited heavy nu
leus, one should take into a

ount at least the 
ouplingof the rotational motion with the quadrupole shape vibrations. Also thein�uen
e of the pairing 
orrelations 
ould be estimated through the 
orre-sponding 
olle
tive mode [4℄.Re
ently we have developed [5℄ a mi
ros
opi
 approa
h to the low-lyingnu
lear ex
itations. This model bases on the �quadrupole plus pairing� 
ol-le
tive Hamiltonian. Our approa
h was su

essfully applied in the wide� Presented at the XXXV Zakopane S
hool of Physi
s �Trends in Nu
lear Physi
s�,Zakopane, Poland, September 5�13, 2000.�� The work was supported in part by the Polish State Committee for S
ienti�
 Resear
h(KBN) grant No. 2 P03B 04119 and 2 P03B 04014.(681)



682 K. Zaj�a
 et al.range of transitional nu
lei from neutron-ri
h Ru isotopes up to rare earthnu
lei [6�8℄. The aim of the present study is to test if our 
al
ulations
an be reliable when unstable and heavy or maybe super-heavy isotopes are
onsidered.Following the idea of the generalized Bohr Hamiltonian we would liketo des
ribe the motion of a given even�even nu
leus in a 
olle
tive spa
espanned by the intrinsi
 Bohr variables � and 
 parameterizing the nu
learshape and three Euler angles (
) giving the orientation of the main axis ofnu
leus in spa
e. Independently of these quadrupole degrees of freedom weadd to our 
olle
tive spa
e the pairing gap parameters �p and �n whi
hdes
ribe the proton and neutron pairing vibrations, respe
tively.The total 
olle
tive nu
lear HamiltonianĤCQP = ĤCQ(�; 
;
;�p;�n) + ĤCP(�p;�n;�; 
) + Ĥint (1)
ontains two known terms responsible for the quadrupole and pairing 
ol-le
tive movements and the mixing operator Ĥint whi
h will be omitted infurther 
al
ulations. The �rst term in (1) is simply the generalized BohrHamiltonian [5, 9℄ and it depends on the set of mi
ros
opi
ally determinedinertial fun
tions of �, 
, �p and �n. Assuming a nu
leus as a system of nu-
leons moving in the mean-�eld potential and intera
ting through monopolepairing for
es we determine all inertial fun
tions (at ea
h point of the 
ol-le
tive spa
e) using the 
ranking method. The 
olle
tive potential is eval-uated within the Strutinsky ma
ros
opi
�mi
ros
opi
 method. The pairingterm ĤCP des
ribes the 
olle
tive pairing vibrations of protons and neu-trons [4℄. Solving the eigenproblem of ĤCP we obtain the 
olle
tive pairingground-state energy E 0CP and the 
orresponding ground-state wave fun
tion.The maximum of this fun
tion is usually shifted from the equilibrium point(determined by the BCS equations) towards smaller values of the proton andneutron gap parameters [5℄. As far as the low-lying ex
itations are 
onsid-ered we 
an assume that in fa
t only the ground state of the 
olle
tive pairinghamiltonian ĤCP is involved and that the main e�e
t of the 
oupling of thequadrupole and pairing vibrations 
omes into a

ount by the modi�
ationof the inertial fun
tions determining the 
olle
tive Hamiltonian. Thus wederive the 
olle
tive quadrupole states by solving the eigenproblem of theHamiltonian ĤCQP = ĤCP(�; 
;�pvib;�nvib) + E 0CP : (2)The inertial fun
tions appearing in (2) as well as the 
olle
tive potential are
al
ulated at ea
h (�,
) deformation point using the most probable values ofthe proton and neutron gap parameters �pvib;�nvib. The pro
edure sket
hedabove signi�
antly [6℄ improves the predi
tive power of the generalized BohrHamiltonian and, to advantage, introdu
es no additional parameters intothe des
ription.



Colle
tive Quadrupole Ex
ited States in : : : 683In applying our model to fermium and nobelium isotopes we have usedthe standard set of parameters of the Nilsson single-parti
le potential andthe pairing strength value adjusted to the mass di�eren
es of a
tinide nu
lei.The results presented here are rather preliminary but nevertheless, the the-oreti
al energies of the ground-state bands for Fm and No isotopes (Fig. 1)
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Fig. 1. The 
omparison of the experimental [1, 2, 10, 11℄ and theoreti
al (opensymbols) energies of the ground state band of even�even Fm and No isotopes.are 
lose to the experimental data. As it is exempli�ed in the left hand sidepart of Fig. 2 the quadrupole 
olle
tive modes are well separated. It is in
onsisten
y with the shape of the 
olle
tive potential for 254No whi
h hasa deep minimum at � � 0:265 
 � 0o. The 2+2 and 0+2 bands of 254No aresituated of about 1.5 to 2 MeV above the ground band energies and theyseem to 
orrespond to so 
alled �
� and ��� ex
itations.
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256Fm254NoFig. 2. The low-lying ex
ited levels of 254No (l.h.s. part of the �gure), the exper-imental data [1, 2℄ are marked with bla
k points. The theoreti
al redu
ed proba-bilities of the E2 transitions within the ground-state band of 254No and 256Fm areplotted in the r.h.s. part of the �gure.



684 K. Zaj�a
 et al.We have obtained in fa
t a very similar dynami
al stru
ture for Fm andNo isotopes what 
ould be visible in the right hand side part of Fig. 2, wherethe 
al
ulated probabilities of E2 transitions between neighboring membersof 254No and 256Fm ground-state bands are drawn.Summarizing we would like to point out that the rotational 
hara
terof the ground-state bands in Fm and No isotopes was manifested in ourmodel. In spite of some simpli
ity of the Nilsson single-parti
le potentialour approximation works good in this rather extreme mass region and areasonable agreement with the experimental data, obtained without anyadjustment of the parameters, 
on�rms that our model takes into a

ountthe main features of the 
olle
tive nu
lear ex
itations of the transurani
nu
lei. Moreover, we have shown that the 
oupling between quadrupole andpairing 
olle
tive degrees of freedom plays also a non-negligible role in thismass region. REFERENCES[1℄ P. Reiter et al., Phys. Rev. Lett. 82, 509 (1999).[2℄ M. Leino et al., Eur. Phys. J. A6, 63 (1999).[3℄ T. Duguet, P. Bon
he, P.H. Heenen, nu
l-th/0005040.[4℄ A. Gó¹d¹, K. Pomorski, M. Bra
k, E. Werner, Nu
l. Phys. A442, 50(1985).[5℄ L. Pró
hniak, K. Zaj�a
, K. Pomorski, S.G Rohozi«ski, J. Srebrny, Nu
l.Phys. A648, 181 (1999).[6℄ K. Zaj�a
, L. Pró
hniak, K. Pomorski, S.G Rohozi«ski, J. Srebrny, Nu
l.Phys. A653, 71 (1999).[7℄ K. Zaj�a
, L. Pró
hniak, K. Pomorski, S.G Rohozi«ski, J. Srebrny, A
taPhys. Pol. B31, 459 (2000).[8℄ K. Pomorski, L. Pró
hniak, K. Zaj�a
, S.G Rohozi«ski, J. Srebrny, Phys.S
r. T88, 111 (2000).[9℄ S.G. Rohozi«ski, J. Doba
zewski, B. Nerlo-Pomorska, K. Pomorski, J. Sre-brny, Nu
l. Phys. A292, 66 (1977).[10℄ R.B. Firestone et al., �Table of Isotopes� 8-th edition, John Wiley & SonsIn
., 1996.[11℄ P. Butler, R. Herzberg, private 
ommuni
ation


