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Джолос Р.В., Молвна Х.Л., Соловьев В.Г. £ 4 • 12250 
Влияние принципа Паули на свойства двухфононных 
состояний 

Показано» что в рамках квазичастично-фононной модели ядра 
можно корректно учесть перестановочные соотношения между квеаи-
частнаами, образующими фоионы. Исследован случай четно-четных 
деформированных ядер. Получены точные и приближенные секулярные 
уравнения. Показано, что поправки, связанные с учетом принципа 
Паули велики для двухфоконных компонент волновых функции, состав
ленных из одинаковых фононои. 

Работа выполнена в Лаборатории теоретической физики ОМ ЯМ, 
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Influence of the P&uli Principle on tho Two-Phonon 
States 

It is shown that the commutation relations between quas i -
particles forming phonons can correctly be taken into account 
within the quasiparticle-phonon nuclear model. The c a s e of the 
even-even deformed nuclei is studied. Exact and approximate 
secular equations are obtained. The corrections arising due 
to the F, ilt principle a re shown to be large for the two-phnnon 
components of the wave functions, when the phonons a r e identical. 

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

Preprint of the Joint Institute for Nuclear Research. Dybna 1979 



1. Introduction 
The generalization of the Hartree-Pocic Variational Principle 

suggested by H.H.Bogolubov' ' (then called the Hartree-Fock-Bogo-
lubov Variational Principle2-*')and his method of time-dependent 
eelfconsistent field''' made the baels for the modern microscopic 
nuclear theory' *". 

These methods resulting in the recent quasiparticle-phonon 
nuclear model allow one to correctly describe the properties of 
the one-quaslparticle and one-phonon excited states> the distribu
tion of one-quaslparticle' ' and one-phonon' ' components over 
more complex states at Intermediate excitation energies and to 
calculate the photoabsorptlon'"' and one-nucleon transfer reaction 
strength functions. The properties of the highly excited states 
hare been well deacribed without free parameters since the interac
tion constants were fixed while analyzing the properties of the 
low-lying states. 

The consideration of the two-phonon states, the wave functions 
of which contain the components with four quasiparticles, should 
Include the effects of antlsymmetrization of the wave functions 
with respect to permutation of quasiparticles of different phonons. 
Many papers were devoted to the influence of the Pauli principle 
ой the many-phonon states. Usually the boson representations for 
the fermion operators were used' 1*» 1 5' and mainly the purely 
collective atateB were considered. 
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fhis paper considers the influence of the Pauli principle on 
the two-phonon states. Besides purely oollectiTe states we shall 
discuss all two-phonon states. In ̂ Ъе framework of the quasiparticle-
phonon nuclear model we obtain the equations for the excited state 
wave functions containing one- and two-phonon ooaponente, the 
commutation relations being strictly taken into account. 

2. The Model Hamlltonian and Commutation Relations 

Let us consider doubly even deformed nuclei. In this oase the 
model Hamlltonian expressed through the pbonon operators Q » Q« , 
is 

H„= H , + H r ) (.) 

^--wh^^hw^e ,>r<",) «» 

where 

{ U j% Qj) В И ?') + В ( m ( Q,+* <?p} 

A+ (11')- i I ' W , - zZpfcb-• 
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<Г ^ л (г 

We use tbe following notation:! (ff) are tbe matrix elements of 
tbe operator of tbe multipole moment Д. with projection t* , 

О^ад- is the quasiparticle creation operator, £($)-^Cz-f 1е'}'-Д)г 

i ^(3) i B t n e single-particle energy, С is tbe 
correlation function, Д is the chemical potential] Z/jyi-

U%VV + UVV$ . ^ J . - W J W , , - ^ ^ . * h e r e U% a n d ^ a r e 

tbe Bogolubov transformation coefficients, and (,$0~) a r e the quan
tum numbers of tbe single-particle state, <T-• ± \ 

Using tbe secular equation defining the energies £Ou of 
tbe one-рлопоп states in the RPA 

and the relation 

^ г » с х , ^ . Л • . - . . . T . . « " ( 4 > 

4 X I la l i i 
(5) 

where 

then H v and H ^ , can be rewritten as follow* t 

(5») 
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4 юре ' ' 

lote that tbeae reaulta are obtained under the aaauaptlon of a aaall 
number of quaalparticlea In the ground nuclear atate 

<"4M BC»,)l"*e> 'О-

If tbe laDTector part of the multlpole-multlpole interaction will 
be taken into account, formula (4) and other» will be of a more 
complex form (aea ref. >. 

the phonon operators aatlafy the following commutation rela-
turn"" 

%<& •S..' - *£I№&• <*u>»"•»• 

Vow we calculate the double ooaamtator 

where 

ХЧ1ЛО=-гЬС\Лч VW k V.V, fy,V * 

) . (Ю) 
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Then 

The raluea of tbe coefficients XC3,313ili) specify tbe degree of 
influence of tbe Paul! principle on the two-pbonon atatee. 

3. Ktact Equation» of the Modal 

•ow we write tbe excited atate ware function of a doubly етеп 
deformed nucleus aa a auperposition of tba one- and two-pbonon com-
ponanta 

Ita normalisation condition baa tbe form 

(12) 

г 
n .. . -,,,.'*•<. a ч _ л (13) + 1 L P/,i>r>P,V>r>X<...;.,J.) = 1 

г 1,8, , л ''' 
Jjai 

Caleulate the arerag* value of H v + 4 V , отег tbe atate (12) 

i. Ji't 

+i2L u», •«..Ж(.;.,'.Л)РД <>r)R.".<>'0 -
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-^[/^ж;^у;»г)- { 1 4 ) 

0 ДГ СЗз. 1/,..,„,ч. Л«1»4 

where 

H. -%fV) 

and L/w ^ P ^ i a « i v e n ** (9.75) in ref. / 7 /. 
Tbe energies of the excited states y n and the functions 

and Рц uC^f) can Ъе determined using the variational prin-
ciple 

^{<Уп*1Нм1*,.>-7п<*.*1^>} = 0. 

Ae a reeult of calculations we get the following system of equations: 

\t nn^KClWA^ (inWto-tjJA)^ ' ( « ' ^ ^ п М ^ О 

J,jj 
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(16) 

•{I Mrt,*»«.w>/' ,i')i').1K»r'iU4-/'''Hn>>K«fi»A)j=(i-

Aaeuming X ( 3,3^3.3*) a n d ^ H.?.^) t o b e e 4 u a l t o 

/7/ zero, we arrive at the ayatem of equations obtained in ref.'" 
within the quaaiboaon approximation. Obtaining R j. ( > fO from (15) 
and substituting it into (16), we get > homogeneous eyetem of equa
tions with reapeot to P. , (>|t) . To determine the energies 

^ , one should diagonal!» the matrix In the apace of the 
two-phonon atatea Jj, Зг - ?or the deformed nuclei the matrix 
is obtained of a very high order, thua necessitating the transition 
to the approximate equations, 

4. Approximate liquations 

Among the matrix elements of the Hamiltonian connecting the 
two-phonon states we shall preserve only those which do not change 
the quantum numbers of the two-phonon stats*. Then equation (16) 
will be 
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where 

w. 

(17) 

here 

Substituting Pa . (Xt<) from (17) into (15) we get 

, v (ц.. >>*>+w.i »^^i. tof i>4Ik^iJ ( 1 9 ) 

Thue, tba coBButation relatione being exactly taken into account re-
eult in the abift of tbe two-pbonon polee in tbe secular equation 

в I W = d*t if l-V ?J £i'- Ufy II = 0. < 2 0 ) 

and in the interaction V C a (XPO . Aa it follows from (19) 
the eorrectlona to tbe two-phoson atate energies, arlaing due to tbe 
Paull principle, are apecified by tbe ralues of tbe coeffioienta 

X<MtM«) ' Z t l e ••*" t r o * ( 1 3 ) t h a t XlbMtU) enter 
into the noramllsatioi.: ox ene wave function. Tbe diagonal coeffi
cients X(l,ixli1t) are negative and laaa than unity in tbe absolute 
ralue. 
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The values of Л(}лЪг1 ji*) for the low quadrupole with К » 2 and 
octupole with K«0 etates of Er are given In the Table. Similar 

17ft 228 
results are obtained for Hf and Th . It is seen from the 
Table that the coefficients К(ЦИ ) and Kijj'j}' ) are nega
tive and less than unity in the absolute value, they exceed consi
derably all tbe rest coefficients. The fact tbat the coefficient 

K(?2*> 22i 22&,22i)i-a close to (-1 ) is caused by that tbe corresponding 
one-phonon etettQ |f,) Is similar to the two-quasiparticle one. 
Therefore the norm of the two-pbonon state ф й г г Л т | / # > deviates 
strongly from the value obtained within tbe harmonic approximation, 
this being indicated by a large value of the coefficient 
Т$гъ,ггъ,ггъ .гяъ h 

Thus, the commutation relatione between quasiparticles forming 
phonons can correctly be taken into account within the quasiparticle-
phonon nuclear model. The influence of the Fauli prinaiple on the 
energies of the two-pbonon states and radiative strength functions 
requires further Investigation. 

Table 
Values of the coefficients 
for 1 6 6 Е Г 

*1рЛ Шг ДзР»й ЛЛи Жим„) 
221 221 221 221 -0,617 
222 222 222 222 -0,849 
223 223 223 223 -0,996 
301 301 301 301 -0,358 

221 Зг1 221 301 -0,151 
221 221 221 222 0,094 
221 221 221 223 0,001 
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