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During the last yearp, a large runount of eXl)erimental infor· 

mation on the low-lying octupole viul'ational states was accumu

lated, in particular in the actinide: nuclei (see for exa.!ilple 

ref .[1 J ). 'rhe properties of neGat 1ve parity band differ much 

from what could be expectlld on the uasis of adialJatically slow 

rotation superimposed OIl the vi [)ra tional exci tation. Iiith incre

asing rotation the vibrational [l.[1[(U1Er momentum tends to ali[,",11 

in the direction of the rotational Ulwular momentum, giving rise 
to distortions in the spectra of roi.ational states alJd to 

the new regularities in the transitiolls fron the aligned states 

to the ground bUlld states. 

'l'hese new features of the l"otoLiollal Galld have been under

stooi! in the framework of a phenomeLolol3ical model including the 

pUTe ooson (octupole)operators coupled. to a rotor by the Coriolis 
1'orce/2 , J/, It was shaWl! that the (;01'io11s i"teraction aligns the 

octupole allG'Ular momelltwn and mB.rl:es nuclei softer with reSpfjct 

to the octupole deformation with illcreasillg spin. 

'rhe conclusions of papers /2 • JI mus: ie cnecked wi thin the 

microscopic; approach taking' in to UCCOUi, t tHe many-body structure 

of the pbonons that rna.! change with rotu1;ion. :I'he convenient way 

to do thifJ is provided by the model includ1ng cranKing plua ran.
6/dom phase approximatioll (CHl'Al 4- , 1 this note we report the 

results of calculations of the ali{'Jlmellt of octupole phonona in 

the states of ,he KT ~ 0- OlliJd in three nuclei :UO" lIlT" and 

,tU U ,'l'he calculations of this one was also reported in/7 I 
for tNTI, arld .2.S~.JJ' V . Our calculations differ in the treat

ment of the a.lipned angula.r momem,urn and in parametrization of 

the Hamiltonian. Some preliminary results were announced in/8/, 

We also .calCUlate the [)ranching ratio R1 -" I!> (EA,'I;'.CI-n;)/ 
&lE4,I otrt"(I.H;,J for the reduced probaoilities of the 



electric dipole trruillitions ~~om the one-phonon states to the 

gro~~d band states. 

rrhe Hamiltonia.n ('h;s-:~iul.~J.L~ o~tupole p~{.cita1;:;"vl .. .3 in tile ro

tatinG nuclei maJ pe '''il~i t. 

H =Hn'" H' (1a) 

H.n- HMC(el'~)'" f-.dt(l~+"~)-t-JtNl-.Q5" (10) 

H~:. - ~ fr, ~'tt,~(-1)"'" Q3W,(T) Q,_'(r1('t'), (1c) 

where HMO is tlle :Hlsson Hamiltonian us deflr.ed in rrd.l'J/. 
P+ is the monopole pair' cpoI'uLor and N is th,' pU':'Licle num

ber operator. :J!he SCf)[U'uule oc:;upole-octupole interac t iOll con

tains both an isoElcaiul' e.nd isovec tor COlllpolH.;nts wi til L.(: cor

responding strength constants: 2'f1f',,= 'Xpp+::Jt",p (Clt I1",=;i/r'fP), 

22, :: acpp- ':K"p (1:' P (pr("ons) 01' h (neutrons». lie 'l.i]Bume 

that the parity is a good qUo.lltwn llumber and restrict the calcu

lation to the states of the 1("= 0- band only (negative signa

ture states). 

As the Hamil ton!an (1 c) ma./ ue d_ivided into two parts dif


fering in s:rmmetry wi ,11 respuct GO rotation by rut wigle 11 

around x- axit. ,its KPA diat-;onalizatioll ucparutes into two in

dependent parts/4-6/. :':;0. tile neiSutive signature states are for

med by the negative signature part of Hamiltonian (1) 

4,.. .. 

H(-l:. Hst - 1 L :!IC't:r' L F... ('t) r::. (t') , en 
til I't:, 


where 


('" ~ ( Ql .... - HY' Q&_".) 0.:) i. .... ·,/JI,...d!o) 
" -/2 N~ ,If,''''l~j,," ..J'd 
Q;... IT\:. ~ L 'a l Y,. (a IC ) (3)1(.' .. ..'(r1 T 

and ..,., is the magnetic qUe;), tum number (the X -axis is tne 


quantization axis).I'hen. reprenenting Hamiltonian (2) in the 


rotating frame by bosons/ 4 ,5/. we obtain 


H(-J ~ A~ E/TJ f.,;IT)b,.frJ -jlr!'-t&'fJ;J1t)~(ft'l.' 4) 

Index .1'1 denotes eumInation oy~r the two-quasiparticJ,' ::>tat"s: 

ik(positive signature+) and ik(negative signature-). 
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Er ... fill. or f r; (Ei./c""E,.,.EI(, E ille) is the quusip£l.rticle 

energy obtained from solving the Harlree--"o,1;olut;ov equations ill 

the crank;ing mOdeI/4-(JI). 1=.. (h'I is lineal' boson part of the 
corresponding operator: 

1="/,'5 :. i fJ";"!("/-b,-) i Glt T:. f ~.z.It("".-+ hI' J , (5) 

where b; (b/,) is two-quasipurticle :Joson und F; is a quasi

particle matrix element. Solving the iU'A equations of motioll far 
the negative signaturQ phonona 

[ X~_, H'-'j ;:; t'w)Ji j [!~~_, H'-'}: -iw;..X,._ j [X>,,, t;.]:i~~5 6) 

with operators X,,_ alld ~_ 

XJ_" LX;(I}{t)+b,.(-rJ); 13.T:.il.PJfI/(tJ-b/ifrJ) (7) 

one of conditionoutainsa ~~nogeneous system Cq~ftions" with the 

of nolvaiJili ty in the fOl'm of a Recular equution for the eigen
values w)._ 

d~t I ;t'U,S.tf' tTl ~ ar.T, ~N,e I :. 0 , (8) 

where ciet I is the eighth order du LermilHll1t. 

.su ",of' F; ~A f (S/)L EZ ,. S =fw I. f:;' F,.!
/' I" - w.t let - I" f 2: _ ..... .12 

(K-l. = even) ( I< -7 odd) 

A solution of secula.r equatioll (u) allown us to define the cor
respondinG neCb.tive Si{:;ll!lture PllOllOil operuLor 

't>;_ =it (XA.-i ~.) =h~ (XtP;;' b;{?-J+(X-pJ;hrtr). (10) 

'1:he illve~'se transi'ormn1.iOll 

&; ~ E.{Cb.t [br,cfJ; ] l' 2)" ['4)/~JJ (11) 
A 

repl ese,;ts the cOIllplete:less conrii tioL for the phonon and boson 

stutes. Let us flofille tile enc!'G-' of the nta1.e J. of some rota
tional GWld in the rot a Ling fr!1l;,(] 
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R__ (Q) ., E.,(JQ) -Q I;-rn.), ( 12) 

where the averai~e ro~ational frequency ,Q is obtained from 

the measured transition eUH',;ieB oy the recipe giy<m in ref. [10] 
and r:::: y(I__+JJt-k!' . '1'he difference Wo({Q) :' R",(Sl)
A1fJ(f2.l (Rifl{Q) being the same quantity defined for the yrast 
line) is the experimental excita~ion energy of the intrinsic 

deg~oee of' freedom respo[,si ole for the formation of the st/?te rI.. 
rel~.tive to the yrast line in tIle rotating f,~ame 

W.,eJ.Q); EIi.,(Q)-t'J'c(.n) -J2i,.«(J2) ( 13) 

Here 

i.... (.s2) ::: I: (Sl) - I ",'J'l ( .52) (14) 

is the corresponding experime!lta.l aligned vitJrational angular 

momentum [11] • 

We shall compare the quantity w.cJS2) with the solution 

~A- of the secular equu1;ion (8) for given values of the ro

tational frequency .Sl • In conformity with eq. (14) the theo

retical aligned vibrational angular momentum in the one-phonon 

state of the K"II' = 0- band is 

A .. 

L(Q) =<'1J 0 _I ':1" I'1J ,,_) - <'I'd .!J.. Iy'l 'J ( 15 ) 

at given value of .Q • 

Boson representation of the 3.. component of the angular mo

mentum has the form 

d" =(Q/'J.IQ) +3,JI) +:1.. (2.). (16) 

A .... 

Here (S2I!:J.ln:> is the expectation value of the operator ::J". 
in the cranking solution 1S2.:> that is the vacuum state for 

quaaiparticles and for br bosolls ( a(..'.Q) = l.n" = 0).br 
The linear part of the operator a" is defined by iCC itive sig':' 

" 

.'l.icure oosons and moreover !J. (1)IO>~ '" 0 \ 10>'1) is the phonon 

vacuum). Therefore, ~'" (1) does not give a 0011Lri uutiOll to the 

expe'::1;ation value in che one-phunon negative signul,ure state .... 

'rile se00nd order term of the ooson expansion of the operator ':I.. 

':1,. (2) '" ~ { J,) (r...b;,.,+bt;;. ~;;.) ~Jri (J;", 0I'" +b;;;, ~n.U (1'() 

.. 
with the qUEllltity <Qf:J",/Q) defil1es the expectation value :j,n 

the one-phol1on state for the given rotational frequency S~ 

.. ..
<'tl..._1 J" I<bA~> ,:. <,QI ::1.. /Q) + <!i),.-' 1x(2)/~>.- >. (18) 

.. 
'fhe expectation value of the operator ':1" in the yrast statE! 

us a function of .Q may De found directl" fl'om lhe experimental 

data. In fact, the parameters of the Hamiltonian H~ (eq.(lb» 

( t,2' E" ' '" , ).. ) are usually chosen so as to reproduce these 
experimental data within the cranking model ansatz 

JI (I+!}' =<'jl ta"I~1' >=- (S, d .. 1 Q) 

'rherefore, it is reasonable to take 

d Q H==( l/)".1 3" ICll",.) - <51 f:7.. 152 > . (19) 

'fhen, using eqs. (11),(rl),{18) we obtain 

,,(,Q)= 2?;.. { ~4{(X+P)i",fX+P)j .... +2(X-PJ;,.. (X-P),,.,.}t 
'/'" J (20) 

+ :1;1 [(XiP)r;;;(xtPJj ;;. +Z(X-PJ;:;;.(X-P)rF:.]j 
the theoretical aligned vibrational angular momentum that will 

De compared with the quantity i ( J2 J from eq. (14). 

Another experimental quantity is the oranching ratio RI -. 
Using the results from!4,12! in the frwnework of the model, we 

nave 

R1- ;;;, IVi*'"r~1rf;I(fI+M~Pri: t1,1TJ,.e
.: (21) 

1MIF Py Pj. trt..fttJ - ffl;. fr X; ~'trJ' a 

where ml-'_ 4 .. _") '" i ..... • _tr y. (e") are , - -= (QII Qr-I ,1YI c ,r.;. (Q." +Q... ) , Q~".IrJ -L 'Z1l"Ift ...Vl. .'2, IIh' 
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•• 

the components of the dipole operator, ep=!VelA, "/1,,-Ze/A 
are the standard effective dipole charges, I,.. I ;k.t . 

In our calculation the spherical oscillator snells N = 4, 
5,6 for protons and AI = 5,6,7 for neutrons were taken into 
account. The parameters of deformation ( 6z • £... ). gap (A ) 

and chemical potential ( A ) taken from/ 1), 14/ are kept constant. 
This approximation provides an excellent description of some pro
perties of the yrast levels in the entire deformed actinide re
gion/ 1.3-15/. The isoscalar strength constant ~" was fixed to 
reproduce the 1'" = 1: level of KT " 0- ban4~. According to the 
estimate of ref./ 18/ ~f/aPo " -.3.6. The variation of this ratio 
gives an average value of ~~/~" -.3. that permits one to repro
duce simllltaneously an alignment pattern IIDd the branching ratio 

R1- in three nuclei. The results of calculation for ""0· are 
not so critical to the choice of the ratio value but the quanti 
tative description of the aligned octupole angular momentum be
comes worse for r:,hr.= -) (see fig.1a). 

- -1 "f--c

------I 
'lOr. ~2r'1 l'-~"'''',

05[_'__'4 05 --.--~ 

--1
I . --------J 

(loll:! ........ 
 l ".", .... "" :
..6OIl ""aU>! 

i"t:CIO'I ",.,...u :::; ~::: 	 1 
1 ! 

!!: 	 ~ ~, g-<""\
~/. '"i,,;::c£<:] 

o tl05 01 Ol$. 02.. 	 ... 
A) .. , Co) 

1 i g. 1. 'rhe excitation energy of the vibrational states of 
the KT .. 0- band W" -(MeV) and the aligned octupole

angular momentum i. (-'2.) at different rotational freqaency 
~ Sl (MeV). The solid line corresponds to the experimental va


lues calculated with eqs.(i3).(!4); the thin line,to theoretical 

calculation for ••f.It... OJ and the dashed line ,to the case 'Il,""'."-3. 

Proton and neutron contributions are given respectively by the 

points and point-dashed lines. The parameters ( A • A ) are gi

vlln in 'lic,.). units. The eoXperimental data are taken frQm ref .[191 

tor nOTi. , ref.l)1 for .l3.ZTh and ref .(201 for :.tu U • \ 


f~he strength constant may be obtained from the condition 

tor restoration of translational symmetry of trie Baa11tonian (2).

But in the last case early RPA calc-o.l.lation in this region of nuc

lei without rotatjon have shown little change of the value ~o 

(only ~ 4%) and the energy of the states of 1(7 = 0- band practi 


In spite of the very schematic residual interaction in our 
model we still observe a good qualitative agreement of We>. (n) 
a.nd i (Jl) with experimental data ctp to 0.1 7 MeV. The worl\le 
agreement in the case 2"OT/, ma;! be due to the Coriolis antipair
in, effect that des creases the gap (~t large rotational frequen
cy 18/, Another source of the dlscrepancy is the possible change 
in the deformation of the mean field. 

It is easy to understand the structure of oGtupole align
ment frem the point of view of the behaviour of the maxi.mal two
quasiparticle components of the phonon (see fig.2).Their weight 
is defined from the normalization condition of the phonons 

[q,,,, llJt 1::d =';l f?( X1"Pr; ~~ (X -pr; ~ :: ( (g2) 

at each value of the rotational fre
0.4 quency changing with step 0.05 1iw. 
D3! 230Th ,Pi in the region from 0 to 0.2 MeV. 

In :u.2TJ, up to the value 1. 0, 
~O.15 MeV the aligned octupole angular 
momentum forms due to the collective~~b~-~ octupole vibrations (see fig. 1b and 
2 ). This is because the weight of

0.5 
the maximal component is lower than 

0..4 15%. The octupole phonon blocks themTh~ two-quasiparticle alignment, At i;.Q>~,,0.3 
a.. 0.15 MeV the proton component (P+).
• 0.2 
x the structure of which is defined by 

the octupole interaution of the quasi0..1 
-----:.~~ protons from "II/. -shell with the quao /t-. 

n- siprotons from '1).4- shell carrying 
0.5 large aligned quasiparticle angular 

momentum, begins to dominate in the0.4 23\J alignment.
0.3 

0.2 

o..l~ 
Fig. 2. 	 The maximal two-quas:1,pari. 

ticle components l X-+P),t:
0. of the ectupole phonon at different 

rotational frequency 1; Q. (MeV). 

cally do not change[16]. Moreover. ;,-. depends very little on the 
rotation at low spinsLJ71· 6 7 



Consequently, the qUUlltitJ L (.Ql increases sharply with angular 

frequency. The collecti':e nac,He of The octupole pholion defines 

the alignment in 2.sJ (j up to t.5:;l. ~ 0.18 MeV. IVith increasing ro

tational frequency the corupe;'iLion Detween two-quasiparticle neu

tron components (n -) aud (n +). in which the quasineutrons of 

the i 11/" -shel.l interact oy Lpe octupole forces with quasineu

trons of the J I~ -shell, influences the aligmnent behaviour. 
But the aligned quasiparticle angular momentum corresponding to 

the maximal components (,., -) i13 small, and therefore, the full oc

tupole alignment is uictated oJ lll,ore "collective" (with small 

weight) proton aud neutron two·-quusiparticle components. The oc

tupole phonon Dlocks ~he two-qllasiparticle alignment in 23BU. 

The alignment of the octupoie phonon of the negative signatu
re influences the oranchillg ratio RZ_(see eq.(21) and the table). 

In li01/, R1- is Been to chull,,;e slightly with incl'easing angu

lar momentum as there are the proton and neutron two-quasiparticle 

components with the ,3ame weight in the transition operator. 

Tab 1 e 'l'he bru,llcninr: ratio R:t_(eQ.(21» as a function 

of the spin 01' tHe octupole state at the K"II"" 0

band. The experimental data are taken from ref.l 19! for (a), from 
reL!3! for (b) and froll! rei'!20! for (c). 

til' 230Th 
expo La) calc. 

U'TJ, 
expo 

ll:> > calc. 
2. 3iV 

expo (C) calc. 

1 
3 
7 
9 

11

0.41 0.2 

0.51 0.23 

0.31 0.24 

0.33 0.242 

0.24:>-
- U.254 

(J. 1~ 0.71 
~u.oe 0.79 
~U.U4 0.78 
'V\).02 0.7) 

0.6-
- 0.53 

1.4 

,. 1 4 
'( 
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The predomination of the proton LlVo-quasiparticle component in 
the octupole state of .e.s.l Tit leads to a decrease of the quanti 

ty RZ" witn increasing angular momentum. In spite of the collec

tive nature of the aligned octupole angular momentu::l, the neu

tron two-quasiparticle component determines the br8.J1Cfling ratio 

8 

in 	:n.·U by increasing the dipole transtion probaOili ty of 

I;~t -.0 (I-·O+.,. compared to I-....(r.,.1)'t, . 'rhe qualitative cor
responcience 01 the qU!;Ulti ty Rr to e:x;perimental data shows the 

importance of the isovector part of the octupole-octupole inte

raction in a low-spih region. However, it is necessary to inves

tigate this question more carefully because the additional para

meter <JC., in fact inQreases the collectivi ty of the interaction. 

The calculation shows that the rotation decreases the collectivity 

of the octupole phonon in 23.2Th , that is conserved in .2.;S°Th 
and .2.3& V up to *$2 " 0.2 MeV. Therefore, the microscopic 

rulalysis allows one to determine in wpich case the condition (col

lectivi ty or noncollectivi ty of the Phonon) for s tallilizatioll of 

the octupole deformation of the quadrupole-deformed rotating nuc

lei is fulfilld. 
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06 OKTynonbHOM BMCTpaHBaHHH B aKTHHHAaX 

E4-86-557 

B paMKax MHKpOCKOnH~eCKOH MOAenH npoaHaiTH3HPOBaHO BMCTpaH
BaHHe OKTynonbHOro yrnosoro MOMeHTa B pOTa~HOHHMX COCTOHHHHX 
nonocM Kn=o-. MoAenb Ka~eCTBeHHO onHCMBaeT seTsneHHe El-nepe
XOAOB H3 3THX COCTOHHHH B COCTOHHHH HpaCT nonOCM. 

Pa6oTa BMnonHeHa B na6opaTOPHH TeopeTH~eCKOH ~H3HKH OHRH. 
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Nazmitdinov R.G., Mikhailov I.N., Brian~on Sh. E4-86-557 
On Octupole Alignment in Actinides 

The analysis of the alignment of the octupole angular momen 
tum in the rotational states of the Kn=o- band is carried out 
in the microscopic model. The model qualitatively describes 
the branching ratio for the El-transitions from these states 
to the ground band states. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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