


The development of the experlmental eqmpment makes it possxble to ob-w

tain detalled mformatlon on the structure of low-lying states in heavy nucle1
The (e,e ) experiments performed at NIKHEF [1] and MIT (2, 3] allowed one to
extract the transition densities of not only the first 2+ state but of ma.ny others
with different J™ from the energy range E. = 0 — 3 MeV. The comparison
of experimentally ‘extracted. transition densities of the first three 2% states in
1254 with the theoretically calculated ones (within the Quasiparticle-phonon
model (QPM) [4]) has shown a good agreement of the theory with the exper-

iment [5].

Recently, the QPM has been extended for even—even spherical nuclei in'a -

way.to take into account three-phonon terms in the excited state wave function

terms on the properties of low-lying states. To achleve t}us we will make

a comparlson bgtween the results obtained in the QPM w1th and without

three-phonon components taken into account. .
We take the QPM Hamiltonian in the form:

where H,p accounts for the average ﬁeld and is taken in the form of thery

Woods Saxon potentlal H,,,,,r accounts for the monopole pamng, .Hre: int. is

a multlpole—multlpole separable 1nteractlon The general QPM Harmltoman

can be found in Refs (4]

-H:p +Hpa1r+Hre.ltnt 9 ) . . (1)

s

[6,7]. In this paper, we aim to investigate the influence of the three-phonon”
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The excited state wave function is taken to Be

‘I’V(JM) = {Z R‘(JV)QJM: + Z A, ’(J ) [QA;A:QA’;A t]
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where Qj\' : denotes the it RPA phonon w1th momentum A and prOJectlon By

Py, 1s the wave function of the ground state treated here as a phonon va.cuum
[-..]ya denotes momentum coupling, and R, P, T are unknown coefﬁc1ents
The norma.hza.tlon conthlon for (2) reads [6]

<w,,(JM)|w,,(JM) >= Z[R o) +2 3 [P (v )] T (i X4)
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where . - \ . -

B (iNi) =14 %’KJ (N3 2i | X M)

and .
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C{ (Ari1, gz, Asiz) = 1+ EKI(f\zlz Atiy | Ardn Azia)
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' ‘ Here U(A1A2J)3; I, I') denotes the Racah coefficient. Since in our approach
the phonon operators are not ideal bosons, we have to take into account the

Pauli principle violation. The method has been developed in Ref.[8] and ap-

plied here in the diagonal approximation to the quantities KJ(\'2' i | AN )

Ta.king into account the Pauli principle leads to a renormalization of the

interaction matrix element U(Ji) = < Qu | H | [Q},,QF,;,1s > by

Aziz

the values K (AiA'i’) and to a shift of the two-phonon poles by the values

AwJ(Alzl Aziz). The exact expressxons for K7 (\i'i | AiX'i') and AwJ(Alzl Azzz)
can be found i in Ref. (8] and for Ui\‘”(.h) in Ref.[9].
The equatlons for the excxted state energy 77, and the wave functlon struc-

ture coeﬂiuents are obtamed by means of a variational procedure takmg into

account (3)
§{< W(IM)| H| ¥ (IM) > —nzp < T(IM) | T(IM) >} =0. (4)
Thesystem of eqﬁations reads (7]

(wri = ma)R(Iv) = Y PR (Jv)URS (Ji)K’ (’\1’1 ’\2’2) =0
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where :
AwI(A'zl, 212,,\'1 A;uf(,\'lii A'zi'z)+AwI(A'lzl 313)+AwI(A’ 313‘.

If we neglect the ground state correlations only one- p; I(r) a.nd two—phonon

PYiye(r) densities will contribute to the transition density of the excited state

(2): : ..
‘ pPo(r) = ZR(JV)P-J(T)‘*‘ Z '\i".'(JV)P{u'."(T)-' S »(6)
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The explicit expi'essions for p?(r) and pMM (r) can be found in Ref [10]



The calculatrons have been performed for the nonmagic isotope **Ce and
half-magic lsotope 142N d. The first 1sotope was chosen for the following rea-
sons. At first, the interaction of modes with different number of phonon oper-
ators in the wave function (2) is strong enough to believe that three-phonon
components will contribute to the structure of low—lylng states. (jn the other
hand, it is not very strong that allows 1% to cut the wave function of excited
states on the three-phonon terms. And the third reason is that there are ex-
perimental data obtained in the (e,e’) reaction [3]. The calculations in 142N d
have been performed in order to see how the results of paper'[5] would change
if we take into account three—phonon terms. We truncate the phonon space in
our calculations as follows. The first six one-phonon states for the first term
of the wave function (2), twenty two-phonon components with the largest ma-
trix elements Ui\;:; (Ji) (A7 are ta_ken tobe 1, 2%, 37,4, 57, 6%) ‘an'd fifty

" three-phonon components from the energy range E, = 0 — 6.5 MeV are taken
into account. The parameters of the residual interaction have been chosen
to reproduce the experimental position and B(EX) values of the lowest state
for each A™ in the calculatlons with the wave function (2). To see the role
of the three—phonon terms in (2) calculations without these terms have- been
performed with the same set of parameters. . .

Consider low-lying 2t states in 142Ce. The ﬁrst 2% state has the excitation
energy E. = .62 MeV and B(E2 1) = 4. 2-10° e?- fm*. The main contribution

(74%) to its structure comes from the first one—phonon term Q2+1, the other

components with a visible contribution to (3) are [Q2+1Q4+1]2+ - 11% and
: [Q3_1Q3_1]2+ —2%. If we.neglect_ the three-phonon terms in (2) the first 2t
state lies a little higher at E, = .72 MeV and the changes in the structure
are not significant: 81% comes from Qf,,, 7% — from [QF,, Q% 1.+ and 2%
— from [Q3 1Q3 1J2+- A little increase in the Q2+1 component contribution
leads to a little increase in the B(E2) value (4.5-10% &2’ fm4) and in the
amplitude of the charge transition density which we tried to plot in the left
part of Fig. by the dashed curve.
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Figure: Charge transition densities of the 2}, 2§, 17 states in 142Ce calculated

with the wavelfuncti_on (2).

The main contribution to the structure of the second 2+ state comes_from ’
— 51%, but the B(E2) =

102 €2 _fm value and the shape of the charge transition density is determined

the tWo—phonon component [Q;+1Q;+1]2+

malnly by the contnbutlon of weak one—-phonon components (25% from Qz+2
and 2% from Q2+5) To demonstrate this statement we plot by the dashed
curve 1n the central part of Fig. the contnbutlon to the full dens1ty com.lng
from p[Q2+1 ot L, (r) We have to pornt out that the two—phonon pole (w2+1 +
wy+1) lies at energy 2.8 MeV and a large contrrbutron of the two—phonon term'
[Q2+1Q2+1]2+ to the second 2+ state 1s caused by the lnteractlon with the
three-phonon components of the wave functron (2). Thrs second 2+ state has
the excrtatlon energy 1.65 MeV which is very close to the expenmental one
E = 1.54 MeV [11] If we neglect three-phonon components the contnbutxon
from the component [Q2+1Q2+1]2+ to the structure of the second 2+ state 1s

much less, only 12% (the main component becomes the one—phonon Qz+z
component — 80%). ‘

_ Another lnterestrng example of the role of the three—phonon terms is the
first 1~ state. Slnce the ﬁrst one—phonon 1“ component has the excitation

energy 7. 3 MeV, the main contrlbutlon to its structure comes from the two-



Table: Excitation energies and B(E2) values for the low-lying 2 in 142N d cal-

culated without the three-phonon terms (2ph) and with them (3ph) compared °

with the eererimental data from Ref.[5]

2ph ' 3ph v Experiment
E., | B(E2), | E;, | B(E2), E,, B(E2),

MeV | 2. fm* | MeV | e2. fmt | MeV .| €2 fmi

v

11 1.58 5220 1.58 5210 1.58 2806
2] 2.46 167 2.46 166 2.39 230
3| 2.53 62 2.53 52 2.55(7)

4] 3.05 862 3.04 836 2.85 452
5

3.73 53 | 3.53 81

phonon term [Q;'“Q;'_l]l-, as was shown in Ref.[i2]. This two—phonon com-
ponent lies too high at E; = 4.1 MeV; but due to the intera.ction with the
three-bhonon lterms the Vﬁrst 1~ state appears at E,=23M eV, close to the
experimental value [3]. Tt has B(El) = 0.034 €? - fm? and the main com-
ponents are [QF;,Q1_,];- — 65% and [[Q@F,Q7F ]--Q% - — 21% The
charge transition of this state is presented in the right part of Fig.

If we turn now to half-magic or maglc isotopes, the role of the three—
phonon terms in ferm.ing the low—lying state structure will be different. In
these isotopes the matrix elements U} i 11 (J t) are much sma]ler and practlcally

no changes in the structure of the low-lying states appear due to the three-

phonon terms. This is clearly seen from the Table where excitation energxes .

and B(E2) values in 2N d are presented. _
Concludmg, we would like to point out that the three-phonon terms in the
wave function of excited low-lying states will be important for the description

of the two—phonon multiplet splitting in nonmagic isotopes.
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