06bEeAKHEHHbI
NHCTHTYT
 AREPHBIX
HCCABAOBANNA

AYOHA

E4-89-55

D Karadjov, V.G.Soloviev, A.V.Sushkov

ON THE INFLUENCE

OF THE QUADRUPOLE PAIRING

ON THE ENERGIES

OF THE TWO-QUASIPARTICLE STATES
IN DEFORMED NUCLEI

Submitted to XXXIX Meeting on Nuclear
Spectroscopy and Atomic Nucleus Structure,
Tashkent, 1989,

1989



The effect of the quadrupole palring on the energies and other
characteriatics of 0% _ states in deformed nuclei was studied in a
number of papers, e.g. /1’2/. The monopole and quadrupole paliring
affects also the two-quasipartlcle energles ovf the states with

M.# 0% . The energies of the two-quasipartlcle states in even-even
deformed nuclel were calculated in many works by taking into account
the monopole pairing. The two-guasiparticle energles are strongly
affected by the blocking effect 3/, Due to the latter the energles
of a number of two—quasiparticle states go bellow the gap, which has
been demonstrated for the first time in ref./4{1t is of interesat to
study the effect of the quadrupole palrirg on the two-guasipart-
icle states in deformed nuclel and to find the upper limit for the
quadrupole pairing constant C}?,from the experimental energies of
the two—quasiparticle states with K> 3 . The present paper is
devoted to the solution of this problem.

Let us take the Hamiltonian of the proton (or neutron) system
in the form:

ZJE(?} ﬂr}ag,,-a$<r _'{ *G~‘ffih((‘j,)f Ct. Q. agf(l)

20
where E(?,} E@}* i[G +G: (‘3)]\/7, are the single—pa.rticle
energles and ge’ y =24 are the corresponding quantum numbers;
a:_and a,.are the nucleon creation and annihilation operators;

$@q) = <giRate) Yo (0,028 > .
First; we make the Bogolubov canonical transformatlon

+-

Qgy = % Lgs +0 Vg ol s
and then find the mean value of .H, with respect to the quasiparticle
vacuum. By using the variatiomal primciple we derive the equations

2 [Eq-21 (42502 {66 sty fag vy =,
2 2
u% + \/$ =4,

The monopole C‘r and quadrupole C;;- pairing correlatlorn functions
are defined in the followling way:

Co= G‘-ugu_?,‘/?, ; Cap= G—Z,;og J(fi)uz Vi’ . (3
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Further, we introcduce the state-depending functions

A(}: Cr + $(g) Coz »
: Etg)-A 2 Etg)-A (4
soafg, B pelafy ERSA
“g 72 Z[i" g, } 4 2 &g
and using eq. (2) we fird the wvalue for the quasiparticle energy

&, <[ ag+(Eg-2)* 1%

(s
After some simple transformations we obtain the following
system of egquations )
i _ G}_- Z Cr + J'{i) CJ.Z' 5
2cr g &g (6)
20 s
G = Cr + -}fZ)Cat I
= ( = (67
1 2 Ca % $ 2 E ’
Egr-A 11
M- j - =T 0, (™)
7 3

where N 1s the number of nucleons. Equations (6)—(67%) are identi-
cal to the equations derived in ref. 1 . The ground-state energy
of the system consisting of an even number of nucleons and its

wave—-function has the form: 2

Cr  Ca
é:}:Z,ZE(?)V;—"":— = = (N
¥ ¢ v

2 - zo A‘}A‘?/
=2 2890V ~ 5 2 [ Gor @ity | =5 2

L:Ejoo: g(u,}-f- V?’ C(,‘;_ a’1'+ ) %/o 5 (71)

a
where Qoo o = 0.
The values of Cn and C2» (for the neutron system of 168g.4)

given in table 1 are caloulated by the values of the constants G-n
20
and G—n obtained from the experimental pairing energles.



Table I
The influence of the quadrupole palring on the energles
of the two—quasiparticle states of ®Er nucieus

Configu- Energy, MeV
. ration Expe- | without blocking with blooking

K riment G.-a?o= 0.5 xﬁo 85%9 3£

20 with—- with o [ 0

G’,,,:O out non- <! 55 S

* nondiag.| diag.| & = 3% | g*

terms terms| b =b s

LW | an 633%+ 5214 [ 1,09 | L.71 | 1.72 1.79 | L,I0{1.06 | I,04
%~ ton 633+ 5124 | 1,77 | 1.990 | 1.90 1,72} 1.63 |1.53 | 1.40
5+ nn 513+ 512% ) 2.27 2.36 2.16 2,20 2.14 | 2.02 1.89
W~ | pp 5234+ 4114 | 1.91 | 2.23 | 2.18 2.22 [ 1.51 [ 1.47 | 1.45
Gn y MeV Q.,1221 0.113 0.113 0.122 0,113| 0,102

n ? MeV Q.85 0.71 Q.71 0.85 | 0.71 0.53

n? MeV ~5.21 [~5.14 -5.12 | =5.21 |-5,14 }-5,05

Czn’ Me¥V/barn 0 3.2 3.7 0 3.2 6.7

It is seen from table 1 that when the constant Gv, increases,
parameter C'.-m increases too, Cn, decreases and the chemical potential
' Aw Temains almost unchanged. 4 similar tendency is observed in
cther nuclel under investigation.

The description of the 0% - states in defoxmed nuclei is given
in ref. & s where the quadrupole particle-particle interaction with
both the diagonal ;s-(‘f,) and nondiagonal -E-(Cf,c(,) matrix elements
is taken inte eccount. The conditiorn for elimination of the spurious
solutions of the RFA-eguations leads to two esquations determinlng
the functions Cv: and sz « The first one coincides with eq. (&)
and the second one 1s:

(=0 { $(¢) Ce +Z[a((i‘£)(“$“3”/‘iv$ )] f
gty gy &7 Sy

If one neglects the nondiagonal matrix elemants :f—(‘}‘i,’) s 8Q.
(8) transforms into_eq. _SB'). Cur calculations of the two—quasi-
particle energies €$+ Ez{:’ are given 1n table 1. As can be 8een
from the table, the presence of the nondiagonal matrix _elements
leads to unsignificant changes in the quantities 87,*‘ Eg’ t even
for the greatest values of G?- the change is of an order of




I00 keV, Thus, the nondiagonal matrix elements should be neglected
and one should solve the system (6}, (65 and (6%1 .

In palculating the palring and twowguasiparticle energles one
should take into account the blocking effect. 8o let us write down
equations for the two—quasiparticle state energles with blocking.
For this, we first calculate the mean value of 4{0 with respect to

+

the state +
o{?"a;. OJ?ITL H_Iao (9)

and then use the variational principle. In this way, for the quanti-
ties

C’:(ifgz)zé"zz- U‘Z V?« F CZ?{E’?‘) Z— f(g}&c Vs (10)

4,4

By 009:)=Colg19) +3(9) Con (524 ), & Guge)=[05 59 4(Ery) A%

we obtain the following equationsi

‘- G~ s Col§eqe) + ffi)wcar(ff%) , (11 )
2 S0 Col9ige) €4(409:)

1- r 5 D‘fif Colg16:)+ $05) Con (ifﬁz) (1h)
7,#3,,7,_ CZ(,(fffl)‘ 52(?4?1)

Ne2 45 {1-_ _Ecg)- A f (1:*h)
7909 & (319 ")

The two—quasiparticle energles take now the form

é(ff%z)_ éo 2 (12)

where
Cels ‘fz) Cz'c(‘?f?z)
1301 72;—5(7,)+£($1)+2Zfr51 §5i92) - g =g= -
747492 (13)
Obviously, if Céz--o, eqs. (11)—(1111) transform into the monopole
palring equations with bloocking, see e.g. 6/.
The energies of some two-gquasipartlcle states of lssEr 172!h

d 178,180 Hf shown in tables 1 and 2 have been caloulated with the
monopole and quadrupole palring taking account of the blocking
effect.



Tadble 2
The influence of the guadrupole pairing on the energles
of the two-quasiparticle states

Energy, MeV
Configura—
Kﬂ tion Experi-- Calculation with blocking
ment
24 20 2¢
5220 | Grnt.25 2, |(rno.5 22°
3% | on 5214+ 5124 1,17 {1.32 1.27 1.22
L72%y | 6= {an 5120+ 633  1.55 | 1.36 1.32 - 1,26
47 | nn 633t+ 5214| 1.64 | 1.69 1.69 1.68
L78mr | 8~ | pp 4044+ 514t 1.15 |1.19 1,25 1.38
.80 _
Ht | 8 |pp 4044+ 514t 1,14 | 1.17 1.22 1.35

For the monopole and quadrupole paliring the blocking effect turned
out te be as large for the states having one quasiparticle on the
Fermi level and the other on the following level as for the mon%;
pole pairing. Since the oconstants of the guadrupole palring =
or quadrupole particle-—particle interaction and the constants of the
quadzrupole particlb—hole interaotion have the same dimersion, the
quantities G:;P can be expressed through the isoscalar constant aeio
of the partiole-hole interaction with Am= 20, It is seen from the
tables that with increasing G--:-o and deoreasing &z (in order to
conserve the palring energy) the discrepancy between the calculated
and experimentel values of the enexgies of two-quasiparticle statea
increases, The same occurs for the snergies of two-quasiparticle
states in other nuolel. - - -

Aggording to ref. 71/ the states K= qi. and 4& in nucleus
1683: with energles 1.094 MeV and 1.905 MeV, resjeetivelr, are not
purely two-quasiparticle ones. It is observed that to the leading
neutron compenent nn 633"+ 5214 of the state #;' the proton
34 523+ 411y component is admixed; in the same way, a neutron oom—
ponent is mixed to the leading proten component of the state H; .
The RPA-calculations with multipole-multipole forca of the type
A = 54 -give for the state /7 the following results:
for e, = 0,015 Fu?/MeV - Ey; = 1,05 MeV and its structure is
nn 6331+ 5214 93%, pp 5230+ 421¢ 6 %; for Ky = 0.018 Fn2/MeV -
By, = 1.0 MaV and the structure 1s nn 6331+ 5214 86%,



pp 5231+ 411} 12%; for 285¥= 0,021 Fu?/MeV - E,.= 0.9 MeV and the
structure 1s mn 6331+ 521v 75%, pp 523%+ 411l 22%,

In the second state HE' the situation is just opposite! here the
leading component is the proton one pp 523t 411% ; the neutron
compoment iz slightly admixed to it. About 97-98% from the

strength of these configurations is concentrated in the 4, 9} levels.
The energy of the Q; state is considerably bellow the experimental
value because of the rough description of t}e single-particle states.
As follows from the experimental data and numerical caleula-—
tions the multipole-multipole interaction with A=2 affects the
structure of the KF?IJ—states, if the neutron end the proton poles
are near to each other. Such a 4 -state has a dominating two-quasi-
particle component and its energy lies vellow the pole not more

than 0.1 MeV. #45 a rule the energles of such states can be calculated
within the independent quasiparticle model with monopole pairing
force.

The comparison of the energies of two—quasiparticle states with
the corresponding experimental data allows one to conclude that the
constant of the guadrupole pailring or that of the parti¢cle-partiole
interaction with Am=20 should not excaad the following values

20
Gr<0.5 o0l (14)

Since the quadrupole pairing with G;~<O 5 Seao does not affect
essentially the energles of twoaquasiparticle states, the poles of
the secular equation in the RPA for K™% 0" _states oan be calculated
disregarding the quadrupole pairing. The values of the constant é;
in the interval from zero to 0.5 SE, can be established more exactly
in the process of description of the ot - states in deformed nuclel
within the quasiparticle-phonon nuclear mod al /849

Based on the above investigatlions we can oonclude that in
caloulatione within the guasiparticle-phonon nuclear model with
inclusion of particle-hole and particle-particle interactions of the
energies and wave functions of nonrotational states with K #‘0 in
even-even deformed nuclei one can neglect the quadrupole palring
and take into acoount only the monopole pairing in the proten and
neutron systems.
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