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I. INTRODUCTION 

For the description of nonrotational states in deformed 
nuclei with an odd number of nucleons, one should take into 
account the quasiparticle-phonon interaction 11 •21. The energies 
and wave functions of the low-lying nonrotational states in 
deformed nuclei in the rare earth and actinide regions have 
been calculated in refs. 13·41 and other papers. The analysis 
of the experimental data and their comparison with the calcula
tions of refs./5·7/ have shown 15•71 that on the whole the theory 
describes satisfactorily the exper~mental data. There are 
indications ~f a more complex structure of the low-lying sta
tes. In ref. 81 the rotational bands have been calculated ta
king into account the Coriolis interaction, and a good agre
ement has been obtained. 

In r~cent years a good deal of attention is paid to the 
study of the two-phonon states in the doubly even nuclei and 
vibratioan states in odd-A deformed nuclei. The calculation 
of these states requires to take the Pauli principl~ into ac
count consistently. The effect of the Pauli princip~e on the 
t>vo-phonon components of the excited state wave functions hal) 
been studied in ref. 191. It has been shown in ref.1101 that if 
the Pauli principle is taken into account, the admixtures to 
the one-phonon states become less and the energy centroids 
of the two-phonon collective states shift considerably towards 
higher e~ergies. How the Pauli principle is taken into ac-' 
count i9 odd-A deformed nuclei is shown schematically in 
ref. 111 . The effect of the Pauli. principle in odd-A spherical 

, nucl~i is studied in ref. 1121 . 
Since the Pauli principle effects strongly the collective 

two-phonon states in doubly even deformed nuclei, it is ex
pedient to investigate its effect on the vibrational states ' 
in odd-A deformed nuclei. Just this problem is the goal of 
the present paper. 

2. EQUATIONS OF THE MODEL 

The Hamiltonian of the quasiparticle-phonon nuclear model 
taking into account the secular equation, which defines the 
one-phonon energies, can be written as 113/ 
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which depends explicitly on the sign a of the angular momen
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Here a~a is the quasiparticle creation operator, qa are the 
quantum numbers of the single-particle states, amid them 
there is a projection K of the angulf;r momentum into the sym
metry axis of the nucleus; g = Api, K All) is the constant of 
the isoscalar multipole forces, i is 0the root number of the 
secular equation for the one-phonon statest always K>O, 
IL>O; l(q) is the quasiparticle energy, u ±),=u v ,"±u •V, 

(~) d qql q qff. .Q q v-·=n u, +v v •; u an v are t1e coe 1c1ents 
f qq q q .- q q 1 q q g( ') . . o the canon1cal Bogo ubov transforrnat1on, f qq 1s the s1ngle-

particle matrix element, Yg =Yg (n) +Y g(P) is the normalization 
function of the one-phonon state, specifying its collectivity. 
The form of Yg and the other notation are given in ref . 113,14/ 

The wave function of the state with a fixed value Kg is 
'P (K 11 a )=!I en a+ +I I nn S a+ ct I'P·, 

n ° 0 q qo qoao a a g2q3 aaKs+<T2/l2'aoKoqtfs geal!, 0 • 
0 !\, 2 q3 3 (7) 

where W0is the ground state"wave function of a doubly even 
nucleus, Q IP 0 =0, n is the state number with givenK~,n=l;2, 
3, ... In ~der to take into account the Pauli principle in 
the quasiparticle plus phonon components (7), we use the com-
mutation relations and calculate · 

'l 3 
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In the qu1:1sidiagonal wi'th respec.t to 8 K 0approximation, we 
have 

- l o o , , , , <Q , , a+ a , , Q + > = 
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In the diagonal with respect to 8 °approximation the normali
zation condition of .the wave function (7) has the form 

l (c; )2 + l (Dgnq) 2 (1+SK
0

(g 2 q 3 [q3g 2 )) =1. 
qo o g 2q 3 2 s (12) 

We now calculate the average value of HM by 
tion (7) and in the quasidiagonal with respect 
approximation, ~e get · 
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where 
Ko 
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0
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Using the variational principle, we get, as in refs. 12 •131, the 
following equations 

g 2 g 2 Ko I )l r r , (1+8 (g2q3 qsg2 
qsqo J.?~Q_----------1=0, n I ( ( ) TJ )o , - _!_ I ---- K 2, cq~ l qo- n qoqo 4 g2q3 

q 

0 n g2 
l 0 qlqsqo 

f(q ) + w +ll o (qsg:f-YJn 
3 g2 (16) 

1 Qo -------- • Dn = - ------- Ko . 
g2q3 2 c(q 3 )+wg 2 +~ (q3g2)-ryn 

(17) 

From the condition of existence of the nontrivial solution for 
the system (16), w~ get the secular equation for determining 
the state energies ?7 11 of an odd nucleus 

g g Ko 
1 rqqrqq0C1+8 (gq[qg) 

6(1Jn) =det li(£(qQ)-?Jn)o , -- l --~-----------11=0. ( 18) 
qoqo 4 gq £(q) + w +~Ko (qg) -77 

g 11 

From eqs. (12), (16) and (17) we derive explicit expressions 
for the functions en, and on . To this end, we choose some • n qo gq 
funct1on Cq

0
and denOLe 

~ n 11 n 
Dgq = Dgq /Cq

0 
, Cn, =Cn•/Cn' 

q o qo q o 

where q 0 ~q 0 . We now rewrite eqs. (12), (16) and (17) 
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Hence, after simple transformations, we get 

- n e q 0 ( q o•71 n) 
c , 

qo eqo (7]n) 
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eq o(q(p71n) 
v , . 

qoqo 

is obtained by changing in (25) the columb qo by 

It is seen from (18) that if the Pauli principle is taken 

into account, there aJ>ises the factor (1 + S Ko (gqlqg)), and 

the pole f(q)+wg shifts by the value of ().KO (14). If the func

tion sKo(gqlqg) is taken to be equal to zero, eqs. (18)-(26) 

are reduced to formulae 11 3~ for which the Pauli principle was 

not taken into account. 

3. SHIFT OF POLES OF THE QUASIPARTICLE PLUS 
PHONON IN THE' SECULAR EQUATION 

We now calculate the shift of poles of the ~uasiparticle 

plus phonon in the secular equation, which is caused by a con

si~tent:' inclusio~ of the Pauli principle, and invest'igate the 

cases when the shifts of poles are large. The calculatio/lB; 

are performed with the same model parameters as in ref. · 

The largest two-quasiparticle components of the phonons 
. 166,168 h. h . 1 h 1' . . 1 . h 
1n Er, w 1c may v1o ate t e Pau 1 pr1nc1p e 1n t e 

quasiparticle plus phonon co~p~nent of the wave function (7), 

ar'e shown in Tabl. I. The shifts ( 14) and the values ofi the 

functions S Ko(gqlqg), entering the fitst t~rm of the sum 

(14) are given in Tabl. 2. The calculated values of sKo(gqlqg), 
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Table I 

Characteristics of the one-photon states 

Nucleus AILi Wg, M98 Yg(n) Yg(p) Phonon structure, % , 

221 0,821 9 3 nn523,521~35% nn521f 52H 16% 
16~r pp411f 41 H 14% nn512f521 ~ 5% 

222 1. 720 2050 12 nn512f521~ 94% 

221 0~786 15 3 nn523~ 521 L39% nn521f521~ 3~ 

166Er 
PP411f 411 ~ 9% 

311 1.700 8•104 160 nn6J3t 523 L99% 

321 1.458 1860 230 nn63Jf521t62% nn642f521~ 12~ 

pp523f411f 7% 

Table 2 

The function S Ko(gqlqg) and the shift of the pole 

of the secular equation ().KO (qg), arising in the equa

tions for an odd-A nucleus taking into account the 

Pauli principle 

Nucleus K" 0 q ± Ap. i S Ko(gqlqg) l'l Koc qg) ,M3B 

3/2- n521~ -221 -0.48 3.0 

5/2- n521t +221 -0,23 2.2 

169Er 
1/2- n523~ -221 0 0 

9/'?..- n523~ +221 -0.43 2.8 

3/2- n521~ -222 -0.99 0.6 

5/2- n521~ +222 -0.005 0.03 
' 

3/2+. :rl633t -221 -0.002 0.01 

11 /2:+- n633 f +221 -0.06 0.6 

167Er 
5/2+ n6331 -311 -O.OQ03 1•10-4 
' +' .. 

'. 9/2 ' n63Jt +3_11 -0.99 0,08 

3/2+. n633f -321 -0.093 0,02 

1:1/2+ n633t +321 -0.65 . h7 
-·--·-· __ _.,___ __ ...__ 

and l'lK0 (qg) inaicate· the' degree of violqtion of the Pauli 

princi'ple i1,1 the (gq) components at the given K0 • 
•I 
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The examples in the Tables clearly show the physical mea
ning of the corrections sKO(gq[qg) and ~Ko (qg). We now con
sider, for instance, for 169Er the one-quasiparticle state 
n 523• forming with the phonon AJ.ti =221 the states with K0 = 
=1/2 and 9/2. The quasiparticle n523• enters the neutron two
quasiparticle component nn523 • 521• of the phonon Alli =22 I. 
The value of K0 =I /2 is obtained as a result of the projection 

summation Ko=Kn523.1-ll=Kn523J. -(Kn523" -Kn521• ) =-} 

and the value of K0 =9/2 for Ko= Kn523 .~ +ll =Kn523 .~+(Kn 523 ,.

-Kn52H) =~.It is seen that in the first case the projections 

Kn523-l of the odd quasiparticle and of the quasiparticle in 
the phonon enter the summation with different signs, i.e., 
without violating the Pauli principle, and in the second case 
with the same signs, that is forbidden by the Pauli principle. 

1 K =% 
Therefore, for Ko= 2 the corrections S 0 ( g=211, q = n523 >I 

K ='12 9 
qg) and ~ 0 (q=n523 -1- , g =221) are equal to zero. For K0=2 , 
Ko= 9/2 

S · ··. ( g =221, q=n523 • 1 qg )=-0,43, and the pole 
£ (q=n523J·) + wg=221 is shifted by the value of ~ Ko=9/2( q = 

=n523-i- g=221)=2,8 MeV. A large shift of the pole is due to 
a high collectivity of the state Alli =221 (see Tabl.l), i.e., 
to small values of Yg(n) and Yg(P) in (14). ----

Now we analyze the case of the one-quasiparticle state n521 • 
forming with the phonon >.lli =221 the state with K0=3/2 and 
5/2 and entering two main two-quasiparticle components of the 
phonon AJLi =221. In the case of K0 =3/2 the projections are 
related by K0 = (K n523 .~--K n 521 .~) -Kn 521 • =3/2 for the component 
nn 523• 521_. and by K0 = {Kn5211 + K 621.) ' - K n521 • =3/2 for 
nn 521"" 52P For K =5/2 we have if0 = (Kn 523 .~ -Kn521 .)+Kn·521_.= 
=512 and K0 = (Kn 521t +Kn521 .~ )+KQ52 p=5/2, respectively. It is 
seen that for K0 =3/2 the Paul1 principle is violated because 
of the component nn 523;, 521 + and for K 0=5/2 because of 
nn 521 t 521• The corresponding values of S Ko and !1 Ko are shown 
in Tabl.2. For 169Er the case for the quasiparticle n521 • 
and phonon AJLi =222 is also shown in Tabl.2. The comparison 
of the values of !1Ko (qg) for AJLi=221 and 222 shows that the .. . K 
shift of the pole ~ Ois to a ~reat extent due to the phonon 
collectivity. The data for 16 Erare analysed in a similar way. 

The analysis performed shows that if in the quasiparticle 
plus phonon components of the wave function (7) the Pauli prin
ciple is not violated or is slightly violated, then the pole 
shift equals zero or is small and the corresponding vibra
tional state has an energy· close to the phonon w,\ . energy. 
This is the case with the · y -vabrational state K"ll!, 3/2+ in 

' ~ 0 
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r.If the Paul1 pr1nc1ple 1s v1olated to a greater extent 
but not strongly, the pole shift is not large as for the 
state Kg =II /2+ in lil 7Er, and it may be responsible for the 
splitting of they-vibrational states ( q +2). If the Paufi 
principle is strongly violated, the pole shift is large. Sin
ce at large energies the quasiparticle plus phonon state is 
fragmented strongly, in these cases the corresponding vibra
tional states should not be observed in odd-A deformed nucle1. 
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BacTpyKoB C.H., HecTepeHKo B.O., ConoabeB B.r. E4-82-167 
Ponb' rrpHHIJ;Hlla IlayJlH rrpH OllHCaHHH HepOTaLJ;HOHHhiX COCTO.!IHHH 
B Het:IeTHhiX geilJOpMHpOBaHilbiX stgpaX 

IlpH HCI10Jlb30BaHHH KOMMyTaLJ;HOHHbiX COOTHOlli8Hli:fl MeJK,IJ;y orrepaTopa 
MH KBa3Ht:IaCTHIJ; H tlJOHOHOB ilOJly'l:eHbl ypaBH8HHS! ,rrOSBOJlS!IO!I(He KOp
peKTHO Y'l:~CTb 11PHHLJ;HI1 IlayJlH llpH OllHCaHHH COCTO.!IHHfi He'l:eTHblX ge
tlJOpMHpOBaHHhiX .!I):(ep. IloKaSaHO, "'TO eCJlH B KOMITOHeHTe KBaSH'IaCTHIJ;a 
11J1WC tlJOHOH rrpHHIJ;Hll IlayJlH He HapymeH HJlH uapymeH cna5o, TO 
MO~eT cymeCTBOBaTb COOTBeTCTByromee BH6paLJ;HOHHOe COCTOS!HH8 
B Het:J:eTHOM geilJopMHpOBaHHOM .!I):(pe. 

PaooTa BhmonueHa B J1a6opaTOPHH TeopeTnt:~ecKOH ¢nsmm OlliiH. 
\ 

npenpHHT 06oeAHHeHHOro HHCTHTYTa RAePH~X HCCneAOBaHH~. ~y6Ha 1982 

Bastrukov S.I., Nesterenko V.O., Soloviev V.G. E4-82-167 
The Effect of the Pauli Principle on the Nonrotational 
States in Odd-A Deformed Nuclei 

The commutation relations between the quasiparticle and pho
non operators are used to obtain the equations allowing a 
correct inclusion of the Pauli principle for the description 
of the states of odd-A deformed nuclei. It is shown, that if 
in the quasiparticle plus phonon component the' Pauli principle 
is not vio~ated or is slightly violated, then a relevant vibra
tional state may exist in an odd-A deformed nucleus. 

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

·l 

Preprint of the ~oint Institute for Nuclear Research. Dubna 1982 


