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Bnusnue npunuHna flaysm ua cpoficTna ABYXGOHOHHHX
cocToRHK i
loradann, 4TO b paMKaX XRA3HYACTHYHO~POHOHHON AoAeNH sapa

MOMHO KOPPEeKTHO y4YeCTk NepeCTAHOBOYHBIE COOTHOWEHWH MEeXOY KBE3IH—
yacTuuamu, ob6pasylomnmMiH PosoHn. HcocrenosaH cayval weTHO=YeTHHX
nehopMuUpOBAHHLIX snep, [TonyyeHw Tovume u MPHOGIWXKEHHhe CeKyadpHble
ypaBtekrs, [lokadaio, YTO MUAPABKH, CBH3aRHLIe C y4eToM MPRHUANA
Mayny pellMkH a8 ABYXPOHOHHLIX KOMNOHCHT BOJMHOBLIX GYHKINHI, CocTap-
JeHHLIX H3 OOdHHAKOBLIX ¢0HOHOI‘.

PaGora sumonwena b Juficparcpue TeopeTwweckoit gHaukH OHAM,

Mpenprar O6belHHEHHOrD KHCTHTYTa sdepHbIX kcChenosalrit. Qy6uHa 1078

E4 - 12250

Influence of the Pauli Principle on the Two-Phonon
States

It is shown that the commutation relalions between quasi-
particles forming phonons can correctly be taken into account
within the quasiparticle-phonon nuclear model The case of the
even-even deformed nuclei is studied. Exact and approximate
secular equations are obtained, The correcticns arising due
to the P.-ili principle are shown to be large [or the two-phnnon
components of the wave functions, when the phonons are identical.

Djolos R,V., Molina J.L,, Soloviev V.G.

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1979




1. Introduction

The generﬁlization of ‘he Hartree-Fock Variational Principle
suggested by !.!.Bogolubov"’ {then called the Hartree~Fock-Bogo-
lubov Variational Princip1‘2'4!)and his method of time-dependent
selfconsistent field/5/ made the basis for the modern microscopic
nuclear theoryls-g/.

These methods resulting in the recent quasiparticle-phonon
nuclear lodel/1°/ allow one to correctly describe the properties of
the one—quasiparticle and one-phonon excited atates, the distribu-
/11/

tion of one~quasiparticle and one-phenon/12/ components over
more complex states at intermediate excitation envrgies and to
calculate the pbotoabaorption"” and one-nucleon tranefer reaction
strength functions, The proporties of the highly excited states
have bsen well described without fres parameters eince the interac-
tion constants were fixed while snalyzing 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 effe:ts of antisymmetrization of the wave functions
with reepect to permutation of quasiparticles of different phononsa.
Many papers were devoted to the influence of the Pauli principle
oa the many~-phonon states., Ususlly the boson representations for
the fermjon operators were used/14'15/ and mainly the purely

cellective states were considered.



This paper considers the influence of the Paull principle on
the iwo-phonon states. Besides purely collective states we shall
discuss all two-phonon states, In ‘he framework of the quasiparticle-
phonon nnclear model we obtain the equationa for the excited state
wave functions containing one- and two-phonon components, the

commutation relations being strictly taken into account.

2. The Model Hamiltonisn and Commutation Relations

Let us consider doubly ever deformed nuclei., In this oase the

. +
model Hamiltonian expressed through the phonon operators Q: ’ Q‘.
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B(‘l‘i')=§_-°‘;0'°(‘3'0' , or LO'QL? 0_0(76. .

We use the following notation:f)l‘(ﬂ') are the matrix elements of

the operator of the multipole moment A with projection /"
0(;3- is the guasiparticle creation operator, & (§)=)C2(Ecgpa)?

, E(?) is the single-particle energy, C is the

correlation function, A ip tle chemical potential; l(”l'—'

= - where & and Uy are
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the Bogolubov transformation coefficients, and (90‘) are the quan-
tum numbers of the eingle-particle state, ¢ -+ .
Using the secular equation defining the energies (JJ, of

the one-paonon atates in the RPA
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then .. and H.,.’ can be rewritten as follows:



Hw= ZG(")B(")—-L:M.—I?—‘YJ-_'?— Q’Q‘ N (6)
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Note that these results are obtained under the assumption of a smsll

number of quasiparticles in thes ground nuclear state
<1Po‘ B8 (1l Y,? =0.

If the ispvector part of the multipole-multipole intersction will
be taken into eccount, formula (4) and others will be of & wore
complex form (see rof./m/).

The phonon opsrators satisfy the following commutation rela~

tions’ 168/

[QvQ;'] : 8,,- - 3L Wa:l_“’:‘: ‘P’ B,

Now we calculate the double commutator
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Then
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The values of the coefficients K(ﬂ: 3,3.3,) specify the degree of
influence of the Pauli principle on the two-phonon states.

3. Exact Equations of the Model
Fow we write the axcited state wave function of a doubly even
deformed nucleus as a superposition of the one- and two-phonon com-

ponente

{ZR (AF)QS f—— ," (M‘)Q, Q’ }w (12)

Its normalisation condition has the form
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The energies of the excited states 7n and the functions

"

R( (Ap) and P;‘hﬂn can be determined uming the variational prin-
1

ciple
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Aa a result of calculations we get the following system of equations:
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Assuming K(j,j1jbﬁ4) and f":( 3.1.9,) to be equal to
zero, we arrive at the system of equations obtained in raf./T/
within the gquasiboson approximation. Obtaining R:.U‘F‘) from (15)
and substituting 1t into (16), we get a homogeneocus system of equa-
tions with respect to p;:s‘(‘}.p) . To determine the energies
2a , one should diagonalise the matrix in the spece of the
two-phonon states J, 3, . Por the deformed nuclei the wmatrix
is obtained of a very high order, thus necessitating the trameition

to the approximate equations,

4. Approximate Equations

Among the matrix elements of the Hamiltonian connecting the
two-phonon states we shall preserve only those which do not change
the quavtum numbers of the iwo-phonon states, Then equation (16)
will be
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Thus, the commutation relations being exactly taken into account re-

sult in the shift of the two-~phonon poles in the secular equation

0(7,) = detll =208~ W ll = 0. (203
and in the interaction L ¢ (A[) . As 1t follows from (19)

the correctioms to the two-phonon state energies, arising due to the
Pauli principle, are specified by the values of the coefficients
(439, 44) - It 16 seen from (13) that H(33:3y§y)  enter
into the normalisatior: or :ae wave funotion. The diagonal coeffi-
cients J{(l,’ai,ii] are negative and less than unity in the absolute
value.



The values of }{(3,4,4;3,) for the low quadrupole with K = 2 and
octupole with K«0 states of 16631- are given in the Tabdle, Similar

228, « It ie secen from the

results are obtained for 1765! and

Table that the coefficients H{{3333) and H(33'33') are nega-

tive and less than unity in the absclute value, they exceed consi-

derably all the rest coefficients, The fact that the coefficient
]{{225’23;’225'225}13 close to (~1) is caused by that the corresponding

one-phonon state Q:”ly.) is similar to the two-quasipariicle one.

Therefore the norm of the two-phonon state Q:“ :23\‘1}) deviates
strongly from the value obtained within the harmonic approximation,
this being indicated by a large value of the coefficient
¥g23,223,223,223 ).

Thua, the commutation relations between quasiparticles forming
phonons can correctly be taken into account within the quasiparticle~
phonon nuclear model, The influerce of the Pauli prineiple on the
energies of the two-phonon states and radiative strength funciions
requires further investigation.

Table

Values of the coefficienta
for 1 6Er

Al“1£« lzrz‘;z A;r;i; A.Pqél K(aosns:isv)

221 221 221 221 -0,617
222 2221 222 222 ~0,849
223 223 223 223 -0,996
301 301 301 301 -0,358
221 . 311 221 301 ~-0,1£1
221 221 221 222 0,094

221 221 221 223 0,001
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