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INTRODUCTTON

Many two-phonon collective states have been observed in
the spherical doubly even nuclei. In 1966-1970 there appeared
experimental indications to the two—phonon states in 194 Gd,
168 and 40Py, It was mentioned in ref.’4/ that the lowest
two—-phonon states in deformed nuclei are difficult to obser-
ve in comparison with the spherical ones since they lie in
the energy region with many rotational bands on the two-
quasiparticle and one-phonon states.

In recent years the situation with the two~phonon collec—
tive states in deformed nuclei became morec complicated. New
experiments have not confirmed the existence of the two-—
phonon states in !°4Gd and !88Er Based on the analys1q of the
experimental data it has been concluded in ref. 57 that the
two-phonon states are absent in the deformed nuclei.

Accordlng to the generally accepted treatment (see
refs. 87’ )the one-,two~ and three—-phonon states should exist
in the doubly cven spherlcal and deformed nuclei. The influ-
ence of the Pauli principle on the excited states in the
two— phonon components of the wave functions has been studied
in refs.’8:9, 10/ In ref.’% it has been concluded that
the collective two—phonon states should not exist in the de-
formed doubly even nuclei. It should be noted that A.Bohr
and B.Mottelson ‘11’ try to uphold the existence of the two-
phonon states in deformed nuclei.

The problem of two-phonon collective states became more
acute in two cases. The first one concerns the two-phonon
octupole states in the Ra, Th and U 1isotopes. In doubly
even Ra, Th and U isotopes there are low-lying states with
I"K = 1 0. Starting from paper /18 these states are treated
as the octupole vibrational states (Aui =301!). Based on
the experimental study of spectra the authors of papers/1314/
state that in 224:2%6Ra and %228:228 Th there are no OF
states with energies close to the twice energies of the
7K =170 states and containing large octupole two-phonon
components {301, 301}, Due to non-observation of the two-
phonon octupole states the authors of paper/14/ have doubts
about the interpretation of the first K7 =0~ states as
one-phonon states. In ref.”!® a modified macroscopic-micro-
scopic method has been used to calculate the potential energy
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of nuclei in the Ra region. A stable octupole deformation
has been obtained for a number of nuclei. The lowest K7 =0—
states are interpreted as being associated with this defor—
mation. In ref.’1® the levels K7=0=,1 =1,3,5 in doubly
even isotopes of Rn, Ra, Th and U have been analysed.
These levels demonstrate features of strong Coriolis coupling.
The existence of strong Coriolis coupling effects is typical
only for rotational bands based on the one-phonon octupole
states ,but not for bands based onI"K =170 states with stable
octupole deformation. The e-, B~ and y-transitions to or
from these ITR =10 states have been analysed in ref./16/,
It was shown that there is no additional retardation of these
transitions; this indicates that there is no significant dif-
ference in the shape of the ground and 170 states. It was
also concluded that the I 7K =170 states have no stable octu—
pole deformation and are usual octupole vibrational states

in the Ra, Th and U isotopes. Thus the experimental non-
observation of the two-phonon octupole OV states is in agree—
ment with the conclusions of paper 79/,

The second case concerns !88EFr 'This nucleus is studied
most thoroughly experimentally/17/ and therefore it is used
to test the description of the low-lying states in different
models. A further study of the levels of 168E: may turn to
be deciding for elucidating the situation with the two—phonon
collective states in deformed nuclei.

The interacting boson model has‘been used /18’ to describe
the states with positive parity in !®8Er. It was shown that
the model reproduces correctly the K"=0%and 2% rotational
bands below the gap and their decaying properties. It has
been stated /1 that an attempt to fit the spectrum of 188Er
on the basis of the interacting boson model leads to major
disagreements at almost every point at which it is possible
to confront the model with experiment. It was pointed out /1!/
that this nucleus is important for the analysis of y -vibra-
tions, ( Agi =221). The two-phonon O% states of the type

{221, 2211 in !%8Er with an energy below 2 MeV are non-
observed experimentally. The level with K'=47% and energy
of 2.03 MeV is the lowest candidate for the two-phonon state
of type {221, 221}. If so, there is a strong anharmonicity
of y-vibrations. According to ref. a strong anharmonici-
ty of y-vibrations may imply a potential surface with a mi-
nimum for y #0. The y —vibrations in 188Er are analysed in
ref.”/19/ in a macroscopic and in a microscopic model with
special emphasis on anharmonicities of the two—phonon states.
It should be noted, it is necessary to prove experimentally
that the K7=4%2.03 MeV state in !88Fr is the two-phonon
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one. This can be achieved by the Coulomb excitation by heavy
ions. At present the experimental data an 88Er do not con-

tradict the conclusion of paper /9’ about the absence of the

two-phonon collective states in deformed nuclei.

In view of the contradictions: concerning the two-—phonon
states in doubly even deformed nuclei, a further theore-
tical investigation is needed. .In the present paper the
two-?ggpon states are studied by using the introduced in
ref. phonon operators depending on the sign of the angu-
lar momentum projection into the nuclear symmetry axis. A
secular equation to determine the energies of nonrotational
states is obtained, in which the Pauli principle is taken
into account in the ttvo-phonon components of the wave functi-
ons. The centroid energies of the two—phonon states are cal-
culated. for many deformed nuclei. The, position of the three-
phonon poles is calculated to elucidate the fragmentation of
two~phonon states. The -situation with ®8Er and doubly even
Th and U isotopes is analysed.

(A

|. THE MODEL, BASIC EQUATIONS ! '

The formulae of the quasiparticle-phonon nuclear model
(see refs,/21.22/ ) for doubly even deformed nuclei taking
into account the Pauli principle have been obtained in ref.s.
A case for the isoscalar and isovector multipole-multipole
forces was considered in this paper. It has been shown in
ref.’® ~ that the isovector part of the multipole-multipole
forces slightly influences the excited states of doubly even
nuclei with an energy less than 3 MeV. Therefore, we take
into account only the isoscalar part of the multipole-multi-
pole forces.

Taking into account the RPA secular equations, the Hamil-
tonian of the quasiparticle-phonon nuclear model is
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We use a new definition of the phonon cperator 720/
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Here ‘1+a is the quasiparticle creation operator, g are the
quantum numbers of the single-particle states; g=Aui, KO)‘I‘

is the constant of isoscalar multipole forces, i 1is the root
number of the secular equation for ome-phonon states, always
K20, pu>0; .¢(@ is the quasiparticle energy, =
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the ‘canonical %ogolubov trandformation coefficients; fg(qq’g
and T % (qq). are the single-particle matrix elements. The
explicit form of Y, and the other notation are given in
refs /20.21/_
The excited nonrotational state wave function of a doubly
even deformed nucleus is -
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where ¥; is the ground state wave funcﬁtion, n=1,2,3,... are
the numbers of the states with given K,. We use the exact com—
mutation relations for phonons, given in ref.”2% and calcula-
te
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The form.of the function KKO(g’gg’|gg2)
in ref. It somewhat differs from that given in refs/810/
It has been shown in ref.”® ‘that K %%e’leg ) are
smallKif 828" # 8Bp. Therefore, we shall retain the diago~
nal K*0(g,g] BB o) and quasidiagonal KKo(g 287 1885)

with g° = Aui”* functions. Below we give the formula fgr the

is presented
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In the cases Ky=p-py, Ko=0, p =py , 04 == and Kg#0,

=0 the functions  X'° (g,8"|885) differ from (9) by

the Kronecket symbols. For the case Ky=0, u =ug =0 the furc-
tion K °(g2g [8ggy) coincides 'with that 1n ref/%. The
normalization condltlon in the diagonal for K Ko (gzglggg)
approximation is 4 y

bed w
L=<V Koog) ¥ (Kyop)>= (10)
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If the Pauli principle is violated maximally, then
K °( |g g2) =2, thus the component g;gz is ex—
cludef from the wave function (7).

Now we calculate the average value Hy over the state (7),
the variational pr1n01ple is used to determine the equatlons

for the excitation energies 75, and functiouns R and Pglgz
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Here wg are the one-phonon energies
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A consistent inclusion of t%e Pauli principle leads to the ap-
pearance of the factor (1+ -—K °(8584 lglgz)) in

(11) and the shift of the two—phonon poles Amg g in (i12).

1f the Pauli principle is violated maximally, then owing to

the factor (1+ = K(gzgllglgzn the corresponding
terms are excludéd automatlcally in (11). The shift of the

poles has been investigated in refs.’89/. It is the larger,

the larger is {K(&gllg1g2)l and the less are ¢
Ye Y” and Yg, Vg5, The stronger:is. collectivization of the

one- phonon states gy and 8y, the larger is the shift A(uggz. :
The inclusion of the Pauli principle leads to corrections Ed t
the RPA and they turn out to be the larger, th% stronger is
collectivization of the one-phonon state. At X (gwg ‘| g, gy)=0

=0 all the formulae become those from refs.’/7:21/
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2. CENTROID ENERGIES OF THE TWO-PHONON STATES

The single-particle energies and wave functions of the
Saxon-Woods potential with the parameters of ref./22/ have
been used in the calculation. The single—particle levels
with principal quantum numbers N=4 +9 for neutrons and
N =3+9 for protons in the energy interval from -30 to
+5 MeV have been taken into account. The pairing constants
Gy and Gy are determined from the experimental data on pair-—
ing energies. We calculate the states with energies less than
4 MeV; therefore, the phonon space is restricted. Ten one-
phonon roots have been used for each multipolarity with Au =
=20, 22, 30, 31, 32 and 44. The energies and wave functions
of one-phonon states have been calculated by the RPA method
and the blocking effect has been taken lnto account for the
first two—quasiparticle poles (see ref. /77y, The constants
of the multipole-multipole isoscalar interaction K%) have
been defined by the energies of the first states with K~ =
=0t , 2%, 07,17, 27. The calculated B(E2)-~ and B(E3) -
values turned out to be close to the experimental ones (see
ref. /10/)

It should he noted that the RPA calculations with an ef-
fective charge of 0,2 MeV give B(E2) —values which are in
agreement with experiment (see refs.’?%25/ ), There is no
such a large difference between the calculated B(E2) values
and the experimental data as in ref.”19/. In 1965 it has been
pointed out 28/ that the bloking effect should be taken into
account for -the first neutron and proton poles. It is im-
portant for the calculation of the B(EA)-values. The cal-
culated B(EA)-values ‘and energies also become close to the
experimental ones if anharmonicity is taken into account.

So, in solving equatlons (11) and (12), in order to obtain
for the first K7=2% state in Br the experimental energy
value equal to 0,821 MeV, the constant Ké should be taken
such that the energy of the one-phonon state w221=1.04 MeV
and B(E2)8 =4 .6,

As a result of the inclusion of the Pauli principle in the
two—phonon components of the wave function (7), the energies
of collective two-phonon states in doubly even deformed nuclei
increased by 1-3 MeV and reached the excitation region of
3-5 MeV. At 3-5 MeV the two-phonon collective states in defor-
med nuclei are fragmented over many levels. Thus, the calcula-
tions with phonons depending on the sign of the projection
K confirm the conclusions of paper

The results of calculation for the centroid energies of
the two-phonon states of type {Au,i 1 Agug i ol with
and without the Pauli principle are given in table 1: It is



Table 1 H seen from the table that the inclusion of the Pauli princip-

. . . ' le increases the energies of the collective two-phonon states
Centr(?ld energies of the two-phonon states in deformed & by 1-3 MeV, and they are, as a rule, above 3 MeV. If both the
nuclel phonons forming the two-phonon state are weakly collectivized,
the effect of the Pauli principle is smdll and the energies

of these two-phonon states are close to the sum of energies

Nucleus K7 32"%?5233"" E:ié‘gi:%édmev of phonons. Thus, the centroid enr::r;.g,ies of the two—ph(?non
r‘.a ion . with the Pauli without the Paull " states coml?osed of weakly collectivized phonons, for instance,
Meqly Aguols principle principle \h corresponding to the second roots of the secular equations
158 " { 202, 2021 turn out to be less than those composed of the
Gd 0 201 200 6.0 3.0 first roots of the secular equation {201, 201}. This is ex-
;é: ig: :2 :g emplified in table 1 for the K" =0" state in 188034,
gg; :g; ::g ;3 ' The results of calculations w::Lth Phonor.xs depending on the
R . sign of the angular momentum projection differ from the cal-
20 200 2= 3.7 2.8 culations of refs.”’?19/ by that the shift of the two—phonon
221 441 3.8 3.3 ; pole for the configuration {Ayu,iq, Agugiol depends on
301 321 3.8 3.0 ) the value of Kg=ypy*u,. In most cases this difference is not
& 201 441 3.4 3.3 N large, though for some weakly collectivized phonons it turns
221 221 4.5 2.7 "", out to be considerable. This is shown in table 1. The compa~
- 201 301 3.5 2.7 y rison of the centroid.energies for 180Dy, given in table 1,
221 321 4.7 3.4 i with the results obtained in/9/ shows that the centroid ener-
gies of the two-phonon states calculated taking into account
160p, ot 201 201 5.0 2.6 { the Pauli principle are similar in both the cases.
221 221 - 4.0 2.2 : X
. sor 2o 78 20 ! Our basic result about the shift of the centroid energies
2 201 221 4.0 2.5 H of the lowest collective two-phonon states to the energy
301 321 3.0 2.8 A region of 3-5 MeV concerns all doubly even deformed nuclei
4t 221 22v 4.5 1.3 and is independent of the choice of the model parameter. The
232 + ! shift of the centroid energies of the two-phonon states is
v o 201 201 6.0 2.3 the larger, the stronger the collectivization of their pho-
221 221 4.0 2.1 nons. The stronger is collectivized a phonon, the larger
301 301 3.7 1.3 Ct the corrections to the RPA due to the ground state correla-
a1 321 2.3 2.2 , tions/27/, the stron{%er the shifts of the two—phonon poles.
441 4n 2.0 2.0 . In 162.184py and 104:166.168p, the y-vibrational sta-
2" 201 221 4.4 1.8 ) tes are strongly collectivized and are close to the region
221 44 2.1 2.0 , of applicability of the RPA. Therefore, the shifts of the
301 32 2.4 Y , two—-phonon poles of type i2212, 221} turned out to be somewhat
4t 201 441 5.2 2.0 overestimated. In the case of *3%U, which is in the vicinity
221 221 4.1 2.0 W of the deformed nuclei region, a certain overestimation of
321 321 3.9 2.2 \) the shifts of two-phonon states also occurs, especially for
W the configuration {301, 301}. If the shifts of two-phonon
1[ poles or centroid energies are comsiderably larger than

2 MeV, the RPA cannot be used for the description of the
corresponding one-phonon states.




3. ON THE FRAGMENTATION OF COLLECTIVE TWO-PHONON STATES

Now we turn to the fragmentation of collective two-phonon
states in doubly even deformed nuclei. We do not calculate
the fragmentation of two—phonon states. To calculate it one
should, first, include three-phonon components into the
wave function (7), and second, take into account a large
number of one-phonon states up to 102 —IOS.In our calcula-
tions the two-phonon states turned out to be fragmented when
one-phonon poles occur near their energies. For instance, in
158G4 the two-phonon state with K7 =07 {201, 301} is frag-
mented over the following levels: 1.11 MeV - 0.67%, 1.73 MeV -
2.9%, 3.53 MeV - 66.4%, 3.7 MeV - 17.3%, 3.72 MeV - 2.27%.
The state with  K7=2*201, 2211 is fragmented analogously.
It should be noted that we have used a small phonon space.
With increasing number of one-phonon states the fragmentation
of two—phonon states should become stronger.

The contribution of two-phonon components to the low-lying
states with.the dominating one-phonon component will be
(5-20)%. The components consisting of one collective and the
other noncollective phonons have, as a rule,the largest value.
For instance, in 1%8Gd the contribution of {201, 205} to the
first K7=0% state with an energy of 1.1 MeV is 8.57, of
{ 201, 4431} to the first state with an energy of 1.2 MeV is
11.6% and so on. The contribution of the components with two
collective phonons is not large. For instance, in 58Gd4 the
contribution of {221, 221} to the third K"=0"% state with an
energy of 1.9 MeV is 2.8%;0f {201, 201}, 2.0%; of {201, 221}
to. the third K"=2% state with an energy of 2.1 MeV is 7.4%,
the contribution of {221, 221} to the first K7=4%* state is
1.1%Z, to the second one with  an energy of 1.6 MeV
is 1.3% and so on. The contribution of the compomnents, con-
sisting of two collective phonons, to the states with the
excitation energy up to 2 MeV does not exceed 107.

For a strong fragmentation of two—phonon states a sufficient
number of three-phonon poles is needed at the energies of 4-
6 MeV. The inclusion of the Pauli principle in the three-pho-
non components of the wave function will shift the three-pho-
non poles. To calculate the energies of the three-phonon po-
les, the wave function {7) is added by the following terms:

1 pX (1+8

+ 8 + 5 +28
6 83849, 85%5

2
838 838 B, g8l X
384 385 atp B384 83
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As in ref/28/, using the variational principle we get the se=
cular equation
s Pl Ao YUY e Teysf0)e ey o)
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-3 g1g2 D1g2 :E:O,
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838485 Ygga T8y g5 84848, 10
EaB,8 . . .
where Ug3,4°® are given in refs./?®/. It is seen from eq.

(16) tha 2the fragmentation of two-phonon states is defined
by the one—~phonon and three-phonon poles and the correspon-
ding functions Ug gz(go) and Ug?gg% The shift of three-
phonon poles due to the Pauli principle in the components

of (15) is

: Ko*us Koty
= — __1._: 2 { K (g4A3u3i’!g3g4)+K (g5}‘3113i,'lg3g5) n
838485 ‘i i Pk )\/Ygs T
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. K 4 \/Yg4 Y>\4U- 1’
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The signs Koty are defined in each case by the signs gg.,04.0¢
entering in gyKy =oqug + ogu, + ggug-

The shifts of three-phonon poles are calculated for the
K7 =0* 2% and 4% states in 1°8Qd and!%®Er. The shifts vary
from 0.1 to 5 MeV and comprise, on the average, ! MeV. If
shifts Amg 4685 are taken into account, the number of
three—phonon poles decreases in the interval 4-5 MeV by an.
order of magnitude and in the interval 5-6 MeV twice, The re-
maining three-phonon poles with the one—-phonon poles are suf-
ficient for the fragmentation of collective two-phonon states,
the centroid enmergies of which are in the region of 3 +35 MeV,

4. ANALYSIS OF THE TWO-PHONON STATES IN '®%Er anp 2287Tn

Collective two-phonon states with the given K" or Au
and the configuration {Auqiy.Agip il are specified by
enhancement of the EXy transitions to the hand of one-phonon
state fAgpgisl, EAy transitions to the band of one-
phonon state {Aquqiq} and E) hindrance of the transiti-
ons to the ground state rotational band of a doubly even nuc-

11



leus. As a rule, the collective two—-phonon states are formed
by the first collective phonons with i; =1, ip =1.

The possible existence of the two-phonon states in defor-
med nuclei has been analysed in ref.”’?/. The contlusion of R
ref.’% about the non-observation of two-phonon states in de-
formed nuclei was confirmed in ref.’?/ Since the two—-phonon
states in 168gr and in the region of the Ra,Th and U isoto-
pes are lively discussed, we shall consider in detail the si-

tuation with the two-phonon collective states in 168Er and 228Th.

Our calculations have been made with a small one-phonon
basis without three—phonon components of the wave functions.
Such calculations pretend to a correct description of the
nonrotational states (besides O states) up to the excitation
energy of 2 MeV. As was expected, we obtained the states with
very overestlmated two- phonon components. The results of cal-
culations of 1®®Er are given in table 2. It is seen from
the table that the first quadrupole and octupole one-phonon
states are described .fairly well. The centroid energies of
all collective two-phonon states are above 3 MeV. The con-
tribution of two-phonon components to the states with an ener-
gy less than 2 MeV is not large. The ana1351s of y -vibratio-
nal states in ®8Er performed in refs. /11,1 assumes that the
K" =4% state with an energy of 2.03 MeV is the two-phonon
vibrational state. According to our calculations the main
part of the 4% {221, 2211 strength is at the energy of
4.3 MeV. The contribution of the {221, 221! component to the
first 4* state is 1%, it is not large in the 4% state with
an energy less than 2.5 MeV. A more accurate calculation of
the fragmentation may increase the contribution of the com~

ponent {221, 221} to the first 4% state; however, one can
hardly expect it to be higher than ]07

To discuss the situation with the i301 3011 two-
phonon states in the region of the Ra, Th and U 1sotopes,

we have chosen 2%8Th, the calculations of which are given in
table 3. According to our calculations the centroid energy
of the 0% {301, 301} state is 8.5 MeV. Such a large shift of
8 MeV cannot be treated seriously. However, it is clear that
the centroid energies of this state are larger than 4 MeV,
and the state {301, 301}l 1is strongly fragmented. Therefore,
the 0% states with large components 1301, 301} should not
exist. The centr01d energies of the two- phonon y=-vibrational
states in >*®Th are equal to 3.5 MeV. It should be noted that
the centroid energy of the states composed of one collective
and one weakly collective phonon like {201, 223} and {203,
221} are less and their contribution to the first two K7 =2
states is larger in comparison with the state composed of two
collective phonons, for instance {201, 2214
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Nonrotational collective states in

Table 2

168 Er

K7 M— Configurations, %
exXpe. calce.
0" 1.217 1.2 201 B4; 202 1; 1221,221% 1;
1.422 1.6 202 93; 201 2; {221,221} 1;
1.9 203 96; 201 1;
3.5 {221,221 79; {221,222y 2; (221,223} 2;
3.6 {221,222} 88; {221,221} 2;
4.2 {201,201} 51; {221,225} 1;
2t o.821 0.9 221 873 {201,221} 2; 4221,441) 13
1.848 1.7 222 98;
1.930 1.9 223 96;
2.3 224 92; {201,221} 2;
2.7 225 82; {201,221 8; 1202,221% 1;
3.3 {201,221 82, 225 7T; 224 1;
4t 2.03 1.8 441 83; 443 4; (201,441} 65 1221,221) 1;
2.4 443 49; 442 43; 441 2; 1221,222] 1
2.5 442 55; 443 39; 441 3;
4.2 1202,4413 89; (202,442) 2; 1221,221} 1;
4.3 1221,221% 66; 1202,441} 1;
4.6 {321,321} 78;
0" 1.786 1.74 301 98;
17 1.358 1.3 311 99;
1.936 1.9 312 99;
27 1.569 1.7 321 95; {201,321} 2;
2.0 322 943 §201,3221 2;
3.3 {221,301} 92;




Table 3
228

Nobrotational collective states in Th

Enérgy, MeV

K" Configurations, %
exp. calc.

o 0.830 0.8 201 85; 204 4; 1201,204} 4;
1.41 202 38; 203 28; |201,204} 4; | 221,221} 3;
1.43 202 59; 204 173 {201,204) 3; 1221,221] 0.3;
1.9 1311,311) '85; 303 8; 204 43
3.4 (221,221 37; {201,204} 19; 1203,204} 20;
7.0  1201,201] 50;
8.5 301,301} 60;

2 0.977 1.0 221 '88; 1201,223) 4; 1203,221} 2;
1.9 222 64; 223 123 1201,223) 1; 1201,221, 0.5;
1.94 222 29; 223 46; {201,222} 1; 1221,4411 2;
4.3 1201,221% 85; 223 1; {301,324 1;
4.6 {301,321} 88; 1201,225! 1;

Iy 1.3 A41 985
1.4 442 79; 1201,442} 17; ‘
2.0 443 93; 1201,443} 1; 1203,443} 3;
3.0 {201,442} T8; 442 13; 1203,442} 2; 1221,221 1;
3.5 {221,221) 63; 1203,442} 20; 442 2;
4.0 321,321} 88;

0" 0.328  0.35 301 98;
1.3 302 77; 303 4; {201,302} 9; 4201,303! 4;
3.8 {221,321} 76; {221,324} 8; 203 2;
7.8 {201,301} 70;

1~ 0.952 0.95 311 100;

27 1.123  1.14 321 96;
1.8 322 86; {201,323} 10}
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The results of calculation for '88Er and 228Th, given in
tables 2 and 3, are characteristic in may respects of the
well deformed nuclei and those lying on the boundary of the
region of deformed nuclei. These data indicate the absence
of the low-lying collective two-phonon states.

CONCLUSTION

Based on the study of the two-phonon states in doubly even
deformed nuclei within the quasiparticle—phonon nuclear model
taking into account the Pauli principle in the two—phonon
components of the excited state wave functions, we can make
the following conclusions;

1. The conclusion of re about the shift of centroid
energies of the collective two—phonon states in doubly even
deformed nuclei by 1-3 MeV towards higher anergies is confir-
med.

2. The results of calculation with the phonons depending
on the sign of the angular momentum projection into the sym—
metry axis/20/ differ slightly from the results obtained in
refs/?19/ The largest difference implies that one and the
same configuration of {Aguqiy, Agugiy] the function
KEo (8,8518,8,) and the pole shifts turn out to be dif-
ferent for Ky=up+ uy and Kgslug-ps| . For both collective
phonons this difference is not large.

3. The shifts of three-phonon poles due to the Pauli prin-
ciple in the three-phonon components of the wave functions
are calculated. It is shown that the shifts take different
values from 0.1 to 5 MeV. Inspite of a considerable decrease
in the number of three-phonon poles up to the excitation
energy of 5 MeV, one may expect a strong fragmentation of
two-phonon states, the centroid energies of which are at 3-

5 MeV.

4. The conclusion of paper is confirmed, that the col-
lective two-phonon states cannot exist in the deformed nuclei.
This conclusion is universal. It concerns all the ‘deformed
nuclei and is independent of the choice of the model parame-
ter. This is just the difference from the explanations made
in papers/11,19/, in which nonobservation of the two—phonon
states in a certain energy interval is related to the speci-
fic properties of the nuclei considered.

f./9/

/97

5. To elucidate the situation with the two-phonon states,
it is necessary to search for the collective two—phonon
states in many deformed nuclei.
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ComnosreB B.I'., lllupukosa H.D. Mostoxenue E4-82-300
C KOIIIeKTHUBHBIMH OBYXDOHOHHBIMH COCTOSIHHSIMH B JedOpMHPOBAHHLIX
anpax

B paMkax KBasM4acTHYHO-QOHOHHON MOMAENH AApa € OlepaTopaMH
$GOHOHOB, 3aBHCANHMH OT 3HAKa IIPOEKIHH YIJIOBOT'O MOMEHTAa, YUYTeH
npuniun Ilaynu 8 ABYXOOHOHHBIX KOMIOHEHTAX BOJIHOBHIX byHKHIHUI.
PaccuuTane L eHTPOUAH 3HEePTHH KOJUIEKTHBHBIX OBYX(GOHOHHBIX COCTOS—
HHH B YeTHO—-YeTHbX HebOPMHPOBAHHBIX SAOPAX M [MOKA3aHO, YTO yuyer
npuHouna Ilayny nopuBogouT K UX caBury Ha 1-3 MaB B cropony 6onb—
WHX sHepruit, PaccudTaHbl COBUIH TDPEeX(POHOHHHIX MOJIOCOB H3—3a yuye—
Ta npuHnuna llaynmy B TpexbOHOHHBIX KOMNOHEHTAX BOJIHOBHX GYHKIHH.
CnegyeT OXHMOATH CHIIBHOH GparMeHTAallMH KOINICKTHBHLIX ABYX(DOHOHHBIX
COCTOAHHHN, LEHTPOHIb 9HEepPrHil KOTOpHX paBHel 3-5 MasB. llogrsepxned
BbIBOJ], YTO KOJNNEKTHBHble OBYXOOHOHHBIE COCTOSHHS HEe HOJDKHBI Cy—
wecTBOBaTb B AedbOpMHPOBAHHBIX AOpax. lpoaHamM3HPOBAHO TOJIOXKEHHE
B 168Br y msoronmax Th u U.

PaBora Bemonuena B JlaBopaTopuH TeopeTHYecKol dusukn OUSH.

Mpenpunt 06veAUMHEHHOrO MHCTUTYTa AfepHHX uccneposanui, fly6ua 1982

Soloviev V.G., Shirikova N.Yu. Situation E4-82-300

with Collective Two-Phonon States in Deformed Nuclei

Within the quasiparticle-phonon nuclear model with the
operators of phonons depending on the sign of the angular
momentum projection, the Pauli principle is taken into account
in the two-phonon components of the wave functions. The cen-
troid energies of the collective two-phonon states in doubly
even deformed nuclei are calculated. It is shown that the in-
clusion of the Pauli principle leads to their shift by I-

3 MeV towards high energies. The shifts of three-phonon poles
due to the Pauli principle are calculated in the three—phonon
components of the wave functions. The collective two—phonon
states, the centroid energies of which are 3-5 MeV, are expec-
ted to be strongly fragmented. The conclusion is confirmed that
the collective two-phonon states should not exist in deformed
nuclei. The situation in !88Er and in the Th and U isotopes
is analysed.
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