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Within the quasiparticle~phonon nuclear model the fragmenta-
tion of one-quasiparticle and one-phonon states over many nuc—
lear levels is described and the characteristics of atomic nuc-
lei which are due to the fragmentation of these states are cal-
culated /1'%, In the case of doubly-even nuclei the wave functions
contain one- and two-phonon components. In the two-phonon compo-
nents of the wave functions one should take into account anti-
symmetrization with respect to the quasiparticle indices of dif-
ferent phonons. This fact necessitates summing of additional and
more complex diagrams. The corresponding equatsgys for doubly-
even deformed nuclei have been derived in ref. ™ . The effect
of the Pauli principle on the energy and structure of one- and
two-phonon states has been studied in refs.’58/, In refs./®7/
the centroid energies of two-phonon states have been calculated,
and it was concluded that the collective two-phonon states can-
not exist in deformed nuclei. The analysis of the experimental
data has shown that the reliable data on these states are
lacking. As the effect of antisymmetrization in the two-phonon
components of the wave functions of deformed nuclei is very
strong, it is expedient to study the influence of the Pauli prin-
ciple on the two-phonon states in spherical nuclei. :

A 1ar§e number of two-phonon states is known for spherical
nuclei ’8”, The general picture of the low-lying state spectra of
doubly-even spherical nuclei turned out “#1%/  ¢5 be more compli-
cated in comparison with that resulting from the simple vibra- .
tional model with a weak anharmonicity’/!3/, The simple vibra-
tional model has been expanded in several papers. The mixing of
the two-quasiparticle and phonon components in the waﬁﬁ4fﬁ§gtions

of several spherical nuclei has been studied in refs. s Tt
was shown that the fragmentation of the lowest one- and two-
phonon states is not strong. In ref. the spectra and EQ and

E2 -transition probabilities in doubly-even Sn and Cd isotopes
-ave been described within a model allowing for the coupling of
the quadrupole vibrations with the 2p-2h excitations. It was also
shown that the simple vibrational model with a weak anharmonicity
is violated.

Within the quasiparticle~phonon nuclear model a system of
equations for doubly-even spherical nuclei is derived in the ge-
neral form taking into account the summation of a wide set of
diagrams. The transition has been made to an approximate system
of equations, which will be used in the present paper to elucida-
te the influence of the Pauli principle and complex diagrams on
the two-phonon states in doubly-even spherical nuclei.
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1. APPROXIMATE EQUATIONS OF THE MODEL

The Hamiltonian of the quasiparticle-phonon nuclear model in-
cludes an average field as the Saxon-Woods potential, the pa—
iring interactions and the multxpole-multlpole, spin-multipole -
spin-multipole isoscalar and isovector mcludmg charge exchange
interactions. The one-phonon states calculated in the RPA are
used as a basis. The mult].pole forces are used to generate pho~
nons with J" = 17 2+’, A7 00y 775 and the sp1n—mu1t1pole to ge-
nerate phonons w1th.T = IJ", 2 3"’,..., 15

The Pauli principle and complex diagrams have been taken in-
to account, by means of exact commutation relations for the
phonon operators 18/ and the following expressions are obtained:
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where ;/,’“ and ¢}, are the phonon amplitudes.

The exc1ted séate wave function of the doubly-even spherical
nucleus is
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where ¥, is the ground state wave function, and Q),; ¥o =0. The
normalization condition of the wave function (3) in the case of
a diagonal approximation of the function X7 has the form:
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As in refs./}+2. 18/ the average value of the model Hamilto~
nian is calculated by the state (3), and using the variational
principle a secular equation is derived for finding the sxc1ted
state energies
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In this case we take into account the diagrams a), b) and c)
in fig.l. Here w); are the one-phonon energies, and the functions

'\lll (Ji) are given in refs.’!!%  and
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The functions X)‘? (*) and Y¢ can be found in ref. .

Ji Ji
{ ' - My Agi
Agpigd ‘> A ig etz
4’ )
Ay Agip
® : Ji
. Ji’
Ji : ;
j 111 1 Agig
Agigd CAgls Aflg
Mil é Az ig
Ji’ A Aglp

Fig.1

‘Table 1. Functions K J(hgig Ady IAgigAnlg) for J7=2%, 4% states
Jr=2 V=47
A T ry —
. . - J
MM R MM M
21 21 ~0.12 21 21 -0.22
M5, 29 22 -0.17 21 22 -0.13
21 23 -0.17 21 23 ~0.16
21 21 -0.14 21 21 -0.22
1165, 29 22 -0.18 21 41 -0.16
21 23 -0.11 21 24 -0.30
21 21 -0.13 21 21 -0.13
21 22 -0.09 21 22 -0.370
21 23 -0.013 21 23 -0.20
22 22 -0.014 22 22 1.7
21 21 -0.26 21 21 -0.30
21 22 -0.27 21 22 -0.30
44gy 24 23 -0.12 21 23 -0.21
21 24 =0.13 22 22 -0.11
21 21 -0.32 21 21 © =0.30
146 21 22 -0, 32 21 22 ~0.26
S 523 ~0.06 21 23 -0.13
22 22 -0.53 22 22 -0.45
21 21 ~0.24 21 21 -0.29
21 22 -0.32 21 22 -0.25
1485, 24 23 ~0.19 21 23 ~0.13
21 24 -0.13 21 24 -0.13
Table 2. Functions K"()szig:\l-i1 A lil)‘z iz) for J"=3" states
& kLA A AN 1 By
14g, 21 31 ~0.05
21 32 -0.005
116 21 31 -0,10
Sn 21 32 -0.01
21 RN -0.14
142
Sm 21 32 -0.005
21 3 -0.24
g, 21 32 -0.008
21 3 -0.14
146
Su 21 32 -0.51
21 N -0.16
148
. 21 32 ~0.006




Consider equation (5). The rank of the determinant is equal
to the number of one-phonon states in the first term of the wave
function (3). We assume it to be equal to 5, as we consider on-

ly the low-lying states. The factor (1 +-;—KJ()&zig.a\lixl)\li1, Agly)

is caused by the influence of the Pauli principle on the two-
phonon terms of the wave function (3). In the case of maximal
violation of the Pauli principle K7 = -2 and the corresponding
term is excluded from the sum over A,i,, Agi,. The two-phonon
pole Aw(yi,Ap1p) is shifted allowing i;or the diagrams of the
type of fig. 1d). Using the equations and normalization condi-
tion (4) we get
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where A - is jhe minor to the determinant (5).

2. DETAILS OF THE CALCULATION AND RESULTS

The parameters of the Saxon-Woods potential and the pairing
constants have been taken the same as in refs./loﬂo/_ The ener-
, amplitudes l[l;j\; 5 ¢j‘;.

Agi
Aé‘;(JD have been calculated by the GIRES 2!, The
constants of the isoscalar kg and isovector Xy multipole inter-
actions with A = 2 and 3 have been chosen so as to obtain the
first 2 and 3 state energies close to the experimental values.
The rest constants have been chosen as in refs.“g”z :

The results of calculation of the functions K (Adi pA1i1]A1i4A010)
for 14118g,  nq 142,144,148,148g

gies @, of the one-phonon states and the

i
functions U

in the case of J".2%

and 4" are given in tablel; and in the case of I"= 37,in tabl.2.
It is seen from the tables that for two collective phonons the
absolute values of KJ are in the interval 0.1-0.3. For the
states with one collective and one noncollective phonon the
absolute values of vary in a wide interval and get the values
somewhat less than 2. The shifts of the two-phonon poles for

any two collective phonons vary in the interval (0.01-0.6) MeV,
that is much less than in the deformed nuclei.
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Energy and structure of states with J =2

Table 3.

»

Without the Pauli principle

With the Pauli principle

Energy

m.

P4
K

0
Ak
1.3

58.2
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LA

”

Ay

21 21

Riavrg

g nere ¢
MeV

M4
P Ay

X

i
21 21
21 24
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Al

Energy
theor.,
MeV

21 21
21 29

90.4
21.4
21 21

21
22

1.2
2.53

53

95.4
26.6
92.3

21
22

1.3
2.63

1. 1,300
2. 2.170
1. 1.294
2. 2.112
1. 0,768
2. 1.658
1. 1.660
2. 2.423

Mdgy

2
63

90.1
15

21
22
21

0.94
2.24

1.3
61

21 21

21 21
21 21

21 21
21 41

21 21
16.8

21
22

1.00

2.38

16,

34
4
2

21 21
21 21

79.3
39.4
94
66

22
21

0.64
.5

3.3
29.1

81.6
15.4

21
22

0.68
1.64

1429,

21 21
22 21 41
23 33

21

1.57
.58

2
3

95.5
64.6
29.5

21
22
23

1.60
2.57

4gy

1

T.5
28

70 . 21 41
22 57 21 21

0.
1.99

3
15
6

21 41
21 21

81.5
71.8

21
22

1. 0.747 0.72
.1

2. 1.648

1465,

9.4
36

21 21
21 21

21 76

0.41
2.23

21 21
21 21

21

0.51
2.33

1. 0.550
2. 1.454

35

22

18

62.3

22
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31 71
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90.8
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81
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9
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Without the Pauli principle
3

Al

42
44
41,
42
4
4
4
M
31

31
31
31
31
31

Without the Pauli principle

theor,
u'v‘
2.60
2.31
1.60
2.38
1.48
1.84
Energy
theor.
eV
2.22
2.03
1.76
1.82
1.37
0.95
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6
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With the Pauli principle

*

b Mhu
21 21
21 21
21 21
31T
21 21
21 21

)f
Gy
91.7
90.7
93.5
95

L
34.5
80.3

Energy and structure of states with J7 =4%
29

15

32

28

96.5

76

66

(
(

4

Al

’

With the Pauli principle
Al
44
41
42
41
41
ar
31
31
31
3
31
31

42
Table 5. Energy and structure of states with J”

Table 4.

Energy
theor.,
eV
2.71
2.60
1.77
2.39
1.60
2.00
Energy
theor.
MeV
2.23
2.05
1.80

" 1.86
1.44
1.08

Energy
exXpe.
MeV
20189
2.392
1.791
2.190
1.381
1.180
Energy
eV
2.275
2.266
1.174
1.810
1.380
1.116

114,
116Sn
1425,
144q,
146Sm
1485,
14,
1423m
1445,
1468m
148

The energles and structure of th igrat 2% and first 4% and
3~ states in 1185, anq 142.144.148,148g, . ,71culated with

and without taking into account the Pauli principle, are presen-—
ted in tables 3, 4 and 5. The calculated energies and B(EA) -~
values for the first 2% and 3~ states are in good agreement with
the experimental data.

Consider the 2% states given in table 3. The first 2} states
are the one-phonon states,*pnd they are slightly influenced by
the Pauli principle. The 2 states with small two—phonon compo-
nents are also slightly influenced by the Pauli principle. When
the two-phonon components in the second 2% states are large, the
Pauli principle does not lead to radical changes. For instance,
in 1188p the second 2} state has a large two-phonon component
{21, 21}, that is confirmed by the experimental data 9/ The
Pau11 principle led to an increase in the 25 state energy by
0.14 MeV and to a decrease in the contribution of the two—phonon
component from 637 to 61%. Thus, in the cases we have investi-
gated, the influence of the Pauli principle on the first four
2* states is 1ns1gn1f1cant.

Consider the f1rft nestates. It is seen from table 4 that the
first 4 states in ‘188  nave large two-phonon COﬁ?onents,
that is in agreement w1th the experimental data for 116sn/%/

In comparison with the 2 states they are somewhat stronger in-
fluenced by the Pauli principle, though considerably less than
in the deformed nuclei. For the Sm isotopes the calculated 41
states hav; qy large two—pHonon components, that contradicts the
" experiment for Sm. They are not strongly influenced by the
Pauli principle. As is seen from table 5 the first 37 states are
also slightly influenced by the Pauli principle.

Based on the above results we can conclude that in some sphe-
rical nuclei the effect of the Pauli principle on the two-
phonon components of the wave functions does not lead to a sig-
nificant energy shift and to a change in the structure of the
first 2%, 3% and 4% states. A crucial difference is observed for
deformed nuclei, the centroid energies of the collective two-
phonon states of which are always strongly shifted towards the
high energies.
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ComnosreB B.I'., CrosnoB Y., Hukomnaema P. E4-83-166

BiusuHe yuera npuHuuna llaymu Ha OBYX$OHOHHHE COCTOSHHA
B chepHUecKHX #AOPaxX

HeccenegoBaHo BAHAHHE ydeTa NpHHUMNA llaynu B OBYXbOHOHHBIX
KOMIIOHEHTaX BOJIHOBHIX GYHKIHI Ha HH3KOJIexXampe KOJUIeKTHBHbe CO—
CTOAHHA 4YeTHO-4YeTHhX chepHuecKHX snep. PacueThl BbITOJIHEHH 1A
114,1168,  ; 142,144,146, 1488y, 4, poxasano, uTo yuer mMpHHUMNA
Maymu okaseiBaeT cnaboe BIHAHHE Ha COCTOAHHA C GONBHMMH OIHO—
GoHOHHBIMH HIIH OBYXDOHOHHEIMH KOMIOHeHTaMH. CmenaH BBBOL, 4TO
B HEKOTODHX chepHUYeCKHX AApaX MOI'YT CYNMEeCTBOBATh HOCTATOYHO
yycThie ABYXDOHOHHHE COCTOSHHUA.

Pa6ora BmmonHeHa B JlabopaTopHu TeopeTHuecKoil dusuku OUAH.

NpenpuHT 06veAUHEHHOrO WHCTUTYTa AREPHMX McchegoBawwii, flybHa 1983

Soloviev V.G., Stoyanov Ch., Nikolaeva R. E4-83-166
Effect of the Pauli Principle on the Two-Phonon States
in Spherical Nuclei

The effect of the Pauli principle in the two—phonon compo-
nents of the wave functions on the low-lying collective states
in spherical nuclei is investigated. The calculations are
performed for 1141188y anq 142,144,146,1488y, 1t is shown
that the Pauli principle slightly influences the states with
large one- and two-phonon components. A conclusion is made
about the existence of pure enough two-phonon states in some

spherical nuclei.

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