


1 Introduction

A large body’ of precision exper1mental data on decay propertles of mu-
clear states up to exc1tatlon energles 3 4 MeV has been collected durlng
the last years "due to the’ great progress in the’ 'y- ray detectlon tech-
n1ques Obv1ous1y, the' structure of nuclear excited states ‘at these ener-
gles is more comphcated than that of the lowest ones Wl]JCh are ma.mly
of two- qua51part1cle or one-phonon cha.racter Thus the propertles of the
mu1t1 quas1part1cle and mult1—phonon states appear to be the ma.ln goal
of many exper1ments Among them the main ach1evements concern the
lowest El states in some spherical ‘nuclei [1] These states are members
of a two- phonon [2+ ® 31] qumtet 1 Their distinctive feature is the un-
expectedly high ‘excitation trans1t10n probab111ty (~3 mW- u ) Accordlng
to some theoretical studies [2, 3], at least one of the reasons for the large
B(E1,0f; = 17)values:is. the-coupling of a: two—phonon state with:the
giant dipole resonance or, in.other. words, the dipole eléctric. polar1zat1on
of the nucleus. In:the present paper,we would.like to focus our. attention -
on the J7. = = 27 member.of the ‘two-phonon quintet with unnatural pa.nt‘y 4
“We argue _that some: propertles of the two-phonon 27 state are also..
strongly affected by the core polarization (of magnetic type in'this case):
The reason is analogous to the electric dipole two-phonon state.~ the cou-;
phng with h1gh -lying sp1n-d1pole resonances. Due to the latter a strong
reduct1on of: M2 trans1t1on* rates between low-lylng states 1n some odd
mass’ spher1ca1 nuclei has been estabhshed [4-6]. Here we study the role
of this effect on the two-phonon 2~ state in the even-even nuclei 142Ce and
144Gm Spec1a1 1nterest in the present case is that the two—phonon unnat-
ural parity states are “combined” by natural pa.rlty ‘excitations - isoscalar
quadrupole and octupole’ v1brat1onal quanta’ (phonons) -So:we’ deal’ w1th ‘
the: magnetw polar1zat1on> effect for predommantly electr1c states ‘
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2 E Theory

Energies and - decay properties of the two-phonon states are calculated
in the framework of the extended version of the qu351part1cle phonon
model (QPM) [7]. This version in its most complete form has a.lrea.dyj
~ been used to .analyze the two—phonon sta.tes 1n spherlcal nucle1 of the;’

cha.ms of 1sotones w1th N-— 82, 84 in [2, 8]

The QPM Hamﬂtoman 1ncludes neutron a.nd proton mean ﬁelds the )
BCS pa.lnng mteractlons and partlcle—hole sepa.ra.ble mu]tlpole a.nd spln-
multlpole mteractlons Moreover multlpole palrlng 1ntera.ct10ns 1n the
partlcle—pa.rtlcle channel w1th mult1pola.r1t1es A= 2, 3 are ta.ken 1nt0 a.c-k?

count as well

Bmldmg blocks to construct the model conﬁguratlon ba31s are the 4,

quampartlcle RPA (QRPA) phonons deﬁned as follows

Nir N e N
QA;:.‘I’O (d’J:Jz erx szz]Apfl( 1) g 1112 [%mﬂjl‘m’,],\p_ﬂ)_:l{o‘

; JlJz ; .

+

phonons only

‘HQPM Z wA:QAplQAI" 2 Z I‘Alz:lz(,\z) I:[Ql\llllil

A ces pED T AdaA
: 11121‘ T

ST

A A=pysAai g v y ne

+( 1) ‘/Al: 2(/\,L) [[Qlllllllngﬂzlz] A Q,\—;u] + h c. .

We: denote by Wi, the energies: of the: QRPA- phonons.
QPM Hamiltonian parameters:one can calculate wy; and the amplitudes

Y ;md ¢ from the QRPA equatlons and then the couphng rna.tru(elements
U,\l’,'f(/\z) and V;":’(A:) Expressions for the latter can be found in [7].

‘ where Xm and' aJ,,, are the Bogoliubov: quampartlcle creation-and’ a.nm(h:
latlon operators Yo is the QRPA vacuum: state which'is supposed ‘to be"

a ground state of an even-even nucleus and 4 and ¢ are the RPA forward”
and ‘backward amplitudes, respectlvely “The notation [...]y, stands for: -
angular momentum coupling.’ “After a series of transformations the QPM E
Hamiltonian for an even-even' nucleus is! expressed in terms of the QRPA
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Knowmg the

. To describe two- phonon sta.tes of an even-even nucleus the followmg
model wa.ve functlon was used in [2 8] ;
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The system of equations. for the unk.nown coefﬁcrents R P T and. the v
energy. of the state (3) was evaluated by a. variational prmcrple The
violation of the Pauli principle in-the multlphonon components of (3)
was minimized with the procedure given in [9,.10]. Note that for the trial
wave function (3) the last term of the QPM Hamiltonian (2) (the term
~V') vanishes.. o ,

3 Results and dlscussmn f" BN
Here we' d1scuss the lowest 2"=states in the nucle1 144.S'm and 142Ce Ex-
penmenta.l da.ta on’ low-lymg 2 ‘ '
moreover 7y - decay propertles ‘of the two-phonon sta.tes 1n these nuclei ,
ha.ve been studled w1th1n the QPM [2 8] We use mamly the results of the' '

,,,,,,

states ex1st in- refs.’ [12 11],

(except consta.nts of the spln-dlpole 1ntera.ct1on whlch w111 be dlscussed
below) » gD BT pasind S0 B il

“The magnetlc core pola.rlza.tlon effect mamfests 1tself through the
B(M2, 2= 0+ ) valte. Within the’ current approxunatlon ‘scheme the
two terms of the magnetlc quadrupole opera.tor, which is supposed to be
a one-body opera.tor contrlbute to the transition ma.tnx ‘element. The
first one is proportional to the product of the one-phonon amplitude

R;(Jv) multiplied by the sum of 3 and ¢ a.mphtudes of the 2] phonon.
The second term is proportional to the two-phonon a.mplltude ,{\;:z‘ (27v)
multlplled by 1,b’\“1 ¢’\7'7 Of course, the summation ‘over the correspond-
ing phonon and single - pa.rtlcle quantum numbers is mehed in both the



cases For the state of predomJnantly two phonon structure _]ust the first
term describes the core polarization. It vanishes in the harmoni¢ photon
picture when the 2 state is pure [2f ® 37]. The 1mportance of the last
' item for a. .two-phonon state was. ﬁrst pointed out in ref. [13]. -

Energles wave function compos1t10ns reduced probabllltles of M2-

decay of the first 2 -states in *2Ce and *4Sm are shown in Table 1. At . -

- a chosen values of model parameters the wave functlons of the 2~ -states
are dom1nated by the two phonon [21 ® 3 ] component _The overall
contr1but10n of the 2~ one-phonon components to every wave function is
only of few per cent 2, N evertheless; the one- -phonon components give the
- main contribution’ to the calculated B(M2 27 = 0+ . The direct decay
. through two- phonon components makes uponly a few percents of- B(M2)1
(see Table: 2) Let us Temember that” the decay through two- phonon
components makes up 20-50% of the total trans1t10n rate to the ground
 state of the 17 member of the two- phonon quintet [2 ® 3“] 2,3, 8]. We
attribute this difference to that spin-flip two-quasiparticle components,

which play a neghglble role in the structure of the 1soscalar electr1c 2+'

and 37 phonons, but contribute. strongly to the B(M2)

It seems 1nstruct1ve to analyze what kind of the numerous' QRPA 2~
phonons aﬂect B(M2 2—.'—+ 0+ ) stronger The QRPA calculat1ons of
: two maxima of the M 2- strength ina spectrum of a spherlcal nucleus The
‘]ﬁrst (lower) peak is at E ~T7—-11 MeV while the second (h1gher) one is at
E; ~ 17 MeV The structures of the 2~ phonons in these two. Tegions are
quite different. The lower M2-resonance is formed by several strong M2-
phonons. A sizable contribution to their ehc1tat10n probab111t1es is given

by the orb1tal part of the nuclear electromagnetlc current Moreover the

proton and the neutron wave functlon components of these states are in

~~~~~

. *The minor dlﬂ'erences w1th the results of refs. [2, 8] a.re due to the other va.lues of spm dlpole
couphng constants T : : : o i :

I

Energres wave: functxons an B(MZ 2‘ :
of the ﬁrst 7‘ states m H7Ce a.nd l‘”Sm for K=

m)

) values

Nuclets | Energy, MeV |* Wave functién (3) | B(M2;2] 0F. ), uhfm? -
R | P % | T % | gt =g | gstt = g |
2o - 967 | 11 | 7151200 62 9.7
1445 354 | 36 |964|<10] 253 12.1,
" Table 2

- Contributions of dxfferent parts of 21 state wave functlon to B(M2; 27 20 = 0+ ) -ttt

142Ce and *!Sm for different values of isovector spin- dlpole constant: n“ ) and -~
e{/ —_ gbare -
' ' . v , o Y i o
Components of wave function (3) © B(M2;2 - 0%,): #N;nl, i
'il2‘ce ll-l'lSlT‘l‘

& = &Y ’ni‘?’; 0.5 | &' = &0 | &{1D = O.5k§”
one+two phonon components 6.2 o 8T =25, 130 :
one:-phonon components only - 7.0 9.7 A8.0. | 116 -
two-phonon components only. - 1. ~:0.02 - 0.02 0.6 . . 04

5




The high-lying maximum is due to a single strongly collective one-
phonon state. Its wave function is composed by-the spin-flip two - quam-
part1cle (practically, partlcle-hole) components w1th opposite signs of pro-
ton and neutron amphtudes (i.e. this is an 1sovector state) Our calcu-
lations show that the largest part of the core polar1zat1on effect for the

2--states is due to the coupling with the lower: M2 -fesonance. The main -

reason for this is a relatively strong interaction of the [2] & 37] config-
uration with these one—phonon 2~-states. The correspondmg interaction
matrix element (2 i) is of an' order of ~0. 2-0.5 MeV, whereas for
the high- ly1ng M2 -resonance it appears to be 5-10 times smaller. More-
over, the excitation energy of the latter is much higher. ~As a result,
the high-lying M2 Tesonance contr1butes less than 5% to the total B(M2,

2= — 0F ) value. The difference in the couphng strength of the [2+ @37
conﬁgurat1on with low-energy and h1gh-energy M2- resonances can be ex-

plained by the difference of one-phonon wave: function composmons dis-

cussed above. It seems reasonable that the isovector spin-flip state weakly ‘

couples with the two-phonon state composed of the two electric isoscalar -

phonons. . Note_that the effect. of the high-lying, M2 -resonance, on. M2-
transition rates “between low-lying’ states in odd -mass spherlcal nuclel is
much more promment [5 6] PR e ’ ‘

on the model’ parameters

‘strongly An exceptlon are the constants of sp1n multlpole 1nteract10nsi o
‘and eﬂ'ectxve gyromagnetlc factors ‘gef f ,gef f because data on spm ﬂ1p‘ij '

states are scarce K ~
" Let us first dlscuss the role of the couphng constants K
of 1soscalar and isovector spm-dlpole 1nteractlon :
discussed ‘in more detail in ref. [15] (see also 5, 6]):

that for schematic separable forces the followmg estlmatlons were ‘valid:
; 5(12) ~ 0. l.li(m) 3. The 1sovector dlpole constant n( Yis fixed

(12) (1)

to reproduce the experlmental energy of the El giant resonance. J ust: the

3Radial form factors.of dipole and spm-d;pole interactions supposed to be the same’

Of course B(M2) values ‘showed in Tables 1 and 2 are’ dependent:
~They have been fixed i in each nucleus to fit ' -
experimental data on the. excited states ‘of the srmplest structures (the‘ :
lowest v1brat1onal states glant resonances etc) and cannot be varied’

(12).- »(12)
B

h ir: values were i
-1t was shown_i; "

above values of .'401 are used in the present calculations. (in- refs [2 8]
the isovector spln-dlpole interaction ‘was ta.ken notlceably stronger) We
study the dependence of B(M2, 2~ ‘—-> 0t,) on ngll) .The isoscalar spm—
d1pole interaction’ mﬂuences B(M2) values ‘weakly. A role of the i lsovec- :
tor spln dlpole term is more 1mporta.nt espec1a.lly in 144Sm In' Table 2,"
one finds’ the values of B(M2)l calculated at li(n) = 0. 5n(1) These values '
are notlceably la.rger than those calculated at’ n( = n . This’ result
can be explalned in the following way. When the absolute valuev of n(lz)r
decreases the B(M2) strength shared between numerous 2“’phonons 1sv :
pushed down to lower exc1tatlon energles and its” 1ncreasmg pa.rt con-
centrates’in the region of the lower pea.k Slnce these 2- phonons are
coupled with the [2f ® 31] conﬁguratlon stronger than ‘the’ h1gher ones,
the one phonon pa.rt of B(M2 2" ’";» 0+3) 1ncreases The eﬂ'ect ta.kes

i

ThlS lowest 2‘ one pho
state [lgml_h

11/2

-~ really. reﬂects the eﬂ'ect of the magnetlc polarlzatlon of a nucleus asa
) whole whereas in 144Sm a partlcular structure of the, Jowest 2“ excitation

plays a role of equal 1mportance Bid one excludes the couphnur w1*h thef"?



ﬁrst one—phonon 2‘ state 1n 144Sm the B(M2 21 — 0+ ) value decreases .

twlce.

Wrthm the current approach gs,¢ are free parameters We have already
‘ mentloned the 1nvest1gat10ns of B(M2) probab111t1es between low—ly ing
: states in odd-Z nuclei Eu, Pm, Pr [6]. It was. shown that to describe

. these M2 tran31t10n rates taklng into account magnetlc core polar1zatlon :

: one needs to use g¢ff <0. ng“" We th1nk 1t 1s reasonable to use the same

values of the effectlve gyromagnetlc factors in the present study though_

they are notlcea,bly smaller than those derlved from the magnetlc mo-

ments of odd—mass nuclei [16]. The B(M2 21 —.07;) values calculated,
w1th gl =o0. Gg"“'“ are given in Table 1. They. are of the same order of

magmtude as B(M2, 11 /21 — 7/2+) in the ne1ghbour1ng odd-Z. nuclei.
~It would be interesting to measure M2-transition rates for 27 states

‘ because one Would get new 1nformat1on about nuclear magnet1zat10n and :

: subtle features of low lylng exc1tat1ons of unnatural parity. Ev1dently

~ it is a drfﬁcult task since the correspondlng values are very, srnall The.

B (M 2% 2- - 0)s) tran31t10ns were not detected in (n,n ’y) experlments on
12Ce. and 144an [11, 12], where the 2~ levels were 1dent1ﬁed by the1r decay
to 2+ and/or 31 levels. A good tool to measure exc1tat10n probabllltles
of the states seems to be the backward inelastic electron scatterlng since
spln-fhp nuclear states are preferably exc1ted in thls reactlon ‘The (e e’)
scatterlng at large angles has already been used in studymg hlgh-lymg

M2-levels [17]. We think that the nuclei of N= 84 isotones, where the

27 state is well separated from other 2~ states are better candldates for

such an e‘(perlment In nucle1 with N=82 like l4agm the two- phononv

fquadrupole - octupole 2~ state is too close to the lowest one phonon
state of the same spin and parity: So one cannot exclude a strong ml'ﬂng

of these two levels; moreover, the one- phonon state has much stronger

excrtatron probablhty from the g'round state

The d1$cussed B(M2)l probab111t1es were calculated w1th bare gs.¢ fac—
tors and most llkely are-the. .upper. lmnts to. the1r expernnental values

4 Summary SR Ay

The influence of the J\I 2 ‘core polar1zat1on on the - decav probab111tv
of the two- phonon quadrupole—octupole 2~ state was' stud1ed \nthm the
QPM. A strong increase in the B(M2,27 — 0f,.) value due to the. couphng
of the two- -phonon; component vuth the. M2 -resonance at the. excrtatmn
energy E, ~ 7-11 MeV was found The magnetlc core polarlzatmn gives
overwhelming contribution to B(M2) values. Th1s effect is proposed to
be 1neasured in the bacl\ward 1nelast1c scatterlng on: e\en - e\ en’ nucle1
W1t11 N= 84 sl R
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