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Empirical correlation between two-phononE1 transition strengths in vibrational nuclei
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The correlation between tHgl transition strengths of the; 107 vy transition and the 3— 27 y transition
in heavy vibrational nuclei is investigated. For a given nucleusB{iel) values are equal within a factor of
2, although for different nuclei these values can differ by two orders of magnitude. This correlation points to
a common origin of thes&1 strengths, which supports the quadrupole-octupole coupled two-phonon inter-
pretation of the I state in vibrators. The observations can be accounted for within a factor of 2 by the simple
bosonic phonon picture in the collective mod&0556-28139)03705-X

PACS numbses): 21.10.Re, 21.60.Ev, 23.20.Js, 27:6].

Electric dipole E1) transitions could principally be the During the last years the level width of thg ktate, and
most efficient way for the electromagnetic decay of excitethence the strength of the; -0, E1 transition, has been
quantum systems, which are formed by charged particlesneasured in systematic photon scattering experiments
The best-known examp_les are_the electronic transitions iP27,28 on many vibrational, closed shell, or nearly closed
atoms. In complex atomic nuclei, hc_)wevE’_L decqy ransi- ghell nuclei. A guadrupole-octupole coupled two-phonon
tions of bound states are strongly hindef&P]. This fact is structure has been assigned to thg $tates in many

attr]buted_[3,4] to Fhe repulsive character Of. the dipole-dipole semimagic and nearly semimagic vibrational nuclei. The
residual interaction between nucleons in nuclear mattertwo_ honon character of the-1states was concluded from
which leads to a concentration &1 strength in the high- P €1

lying, unbound giant dipole resonan@DR). E1 transitions three hitherto known factgi) the experimental systematics

between low-lying states are very weak on the scale of théOr excitation energies anfi1 trz_insiti_on strengths Sh.OWS a
GDR strength: less than 18 [5]. Therefore E1 transitions smoath mass de_pendence! W.h'Ch hints at a colledtive-
between low-lying states are considered second-order effec! gmnon? nature,(ii) the excitation energy closely correlates
— ithi 0, _
due to the fermionic structure of phonof&7] or they are 307 a;}nd W|th|2n9 10 /odG;_quallllS mthehsurp ercw)eirgy of _th% ?d
attributed[8—11] to small admixtures in the wave functions, 3 Phoneng29], and finally(iii) the 1, —0, transition has
which allow for collectiveE1 transitions. Even a small frac- & relatively largeE1 strength of about a milli single-particle
tion of a collectiveE1 transition can lead to a much larger ym:}[mllh We|ssk]9pf unl'gs(mW.u.)]I,I Wh'ﬁh or;]the one r;]an;j N
transition probability than a collective transition of other IS three orders of magnitude smaller than the strength of the

multipolarities. ThereforeE1 transitions can still dominate GDR but on the other hand is one to three orders of magni-

the decay behavior of low-lying states, although the respont!d€ stronger than typical low-lying1 transitions, which

sible part of the wave function may be very small. Conse-2gdain could originate in a certain collectivity. Recently, the

quently, the theoretical prediction of absolié transition two-p_hlanon mteggretatlon of the, 1states in the semimagic
strengths between low-lying states requires a precise knowRuclei ““Nd and*#Sm has got strong support from,(’ )
edge of the wave functions, leaving the understandingiof ~coincidence experiments: The collectivity of thg 23,
decay properties of low-lying states one of the most complione-quadrupole-phonon annihilatig transition to the oc-
cated problems in nuclear structure phygit&]. Recently, tupole phonon state was measuf2d,29 to be equal to the
mean-field calculation§13,14] have questioned the impor- 27 —0; one-guadrupole-phonon annihilatifig? transition
tance of a coupling of the GDR to the low-lying states with from the quadrupole phonon state to the ground state. This
respect to theE1l transition strengths between low-lying observation agrees with the prediction expected for a two-
states. phonon structure.

Understanding the low-lyindE1 transition spectrum in However, the relatively strong 1-0; E1 transition,
heavy nuclei can gain much simplification if experimentalwhich is by far the strongest decay channel of the two-
information shows certain systematic relations between thphonon I  state, is often considered to lie outside the two-
strengths of different low-lyingel transitions. Such rela- phonon interpretation. In a purely bosonic picture, where ad-
tions are the more interesting if the strongest low-lylayy  ditionally theE1 transition operator is assumed to be a one-
transitions are concerned. In this Brief Report | report on thebody operator, the 1—0; transition vanishes if the 1
fact that in heavy even-even vibrational nuclei tagé tran-  state is a two-phonon state. Microscopic calculatiphs]
sition strength from the lowest”=1" state to the ground can trace back thE1l decay strength of the two-phonon 1
state is correlated to thEl transition strength between the state to small admixtures of the GDR to the dominant two-
J™=3] octupole phonon state and td&=2; quadrupole phonon part of the wave function. Values of the necessary
phonon state. This correlation is particularly interesting be-mixing matrix elements have been determined from data on
cause the I state in vibrational nuclei is considered a vibrational and deformed rotational nuc(éi].
guadrupole-octupole coupled two-phonon stésee, e.g., AnotherE1 transition between low-lying states in vibra-
[15-26). tional nuclei is the transition between thg ®ctupole pho-
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TABLE I. MeasuredE1 transition strengths between low-lying states in vibrational nuclei. Displayed are
the excitation energies of the two-phonon &tate and the 3 octupole phonon state and the corresponding
E1 transition strengths to the ground state and to theg@adrupole phonon state.

E(17) B(E1;1"—0]) E(3) B(E1;3"—2])
Nuclide [keV] [10°3% e?fm?] Ref. [keV] [10°3% e?fm?] Ref.
1445m 3225 6.5) [23] 1810 5.07) [31]
44Nd 2185 3.22) [24] 1511 1.82) [20]
H2Nd 3425 5.812) [29,32 2084 7.535) [33]
1ce 3643 5.63) [22] 2464 6.6 [34]
1245 3490 2.2 [21] 2614 2.02) [35]
1225 3359 2.4) [36] 2493 2.22) [35]
1205 3279 2.81) [36] 2401 2.42) [35]
1183n 3271 2.41) [36] 2325 2.34) [35]
116gn 3334 2.2 [21] 2266 1.76) [35]
106pg 2485 0.4R) [37] 2084 0.209) [38]
88gy 4744 0.2) [39] 2734 0.7644) [40]
52Cr 5544 0.72) [26] 4563 0.366) [41]

non state and the;2quadrupole phonon state. With the ex- the B(E1;3™—2;) value to theB(E1;1~—0;) value is
ception of a few doubly closed shell nuclei, such as, e.g.constant within a factor of 2. Moreover, theB& strengths
20%ph and#6Gd, the 3 state has a larger excitation energy are approximately equal. This fact is shown in Fig. 2, where
than the Z state. For many vibrational nuclei the lifetime of the ratioB(E1;1~—0;)/B(E1;3”—2;) is plotted versus
the 3~ octupole phonon sta{&0] is known. A lifetime mea- the nuclear mass numbé: From the systematic, approxi-
surement of the octupole phonon state is usually consideredraate equality of thé&1 strengths one must conclude a com-
measurement of the octupole collectivity of a nuclide. This ismon origin. This correlation oE1 strengths can be consid-
only true if a decay transition to the ground state has beegred as an additional suppdi®,31] for the quadrupole-
observed. Usually, the most intense decay channel of fhe 30ctupole coupled character of the 1states, which is
state is théE1 decay transition to the;2state. In most heavy independent from the arguments reiterated above. In turn, a
vibrators the 3 —2 transition carries more than 90% of correct qxplanat|on for one of tHel transitions must be able
the total decay intensity. Therefore, a lifetime measuremerf® €XPlain the other, as well. _ _

of the 3; state is moreover a measurement of the two- In the ideal phonon picture it is obvious what the 1

+ e + . . .
phononELl transition strength between the quadrupole pho—_>01 transition and the 3—2; transition have in common:

non and the octupole phonon. The 3" —2; transition annihilates the octupole phonon and

For those even-even vibrational nuclei, for which | havecreates the quadrupole phonon. The-20; transition an-
information about th&1 strength of the 1—0; transition ~ Nihilates both the octupole phonon and the quadrupole pho-
and the 3 —2; transition, theB(E1) values are compared NON- In both cases two phonons are changed simultaneously.
in Table I. Here 3 states tabulated by Spd&0] were con-

sidered as octupole phonon states. Moreover, the Iowest-v’fa‘ ' ' ' '

lying strong E1 excitation was regarded for the analysis. & 10! | -
This state is usually the firgf"=1; state known experimen- :’ - —t— .
tally. For some nuclei there may exist lower-lying btates '5.3 o

not yet observed. For clarity the excitation energies of the 10° b ‘f’ _
negative parity states, considered in this Brief Report, are & 3 — E
given in Table | and the numeration indices will be dropped ! &

in the following. Semimagic eveA-nuclei and even-even f ']'

nuclei with two or four nucleons outside a closed shell were & 107" | | 5
considered for the analysis. These nuclei are more or less - 101 ' 10° ' 10!

vibrational and can at least qualitatively be understood in a

harmonic phonon picture. In Fig. 1 thB(E1;3™—2;) B(EL;17-0]) (107° €*fm®)

yalue is plotted \_/ersus thB(El;li_fof)_ value o_bserved FIG. 1. Comparison of measured low-lyinB1 transition

in the same nuclide. A double-logarithmic scale is used begyrengths in vibrators. For each nuclide included in Table | the

cause thd3(E1) values vary by approximately two orders of g(g1;3-—.2}) value is plotted versus tHB(E1;1"—0;) value.

magnitude for the different nuclides and the data have relarhe scale is chosen as double logarithmic becaus®¢Ed) val-

tive errors of comparable size. Obviously, the plotB{&1)  ues cover about two orders of magnitude and their relative errors

values are closely correlated. are comparable in size. There exists a close correlation between the
Although theseéE1 transition strengths can differ by about E1 transition strengths of the 107 transition and the 3—27

two orders of magnitude for different nuclides, the ratio oftransition.
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FIG. 2. Ratio of measured low-lying1 transition strengths in
vibrators. For each nuclide included in Table | the ratio of the d
B(E1;1 —0;) value to theB(E1;3"—2;) value is plotted ver- 2"
sus the nuclear mass numi#erFor all heavy vibrational nuclei, for _
Y B(E1;1; —0])=¢2. )

which sufficient data are available, the considefddstrengths are
equal within a factor of 2. . .
In particular, theB(E1) ratio

Two-phononE1 transition operators have been considered B N

before[11,31,42—44 In the following theseE1 transitions B(E1;1,—-0,) 7 ©

will be discussed quantitatively in terms of the simple B(E1;3; —2;) -3

bosonic phonon moddil5-17 using the bosonic formula-

tion of the quadrupole-octupole couplgd transition opera- s a parameter-free prediction of this simple bosonic phonon

tor proposed by Strutinsky45] and Bohr and Mottelson model. This prediction is indicated as the upper dashed line

[46]. in Fig. 2. Within a factor of 2, Eq(9) accounts for the
The basic low-lying phonong47], considered here, are observed ratio of th&(E1) strengths, which correspond to

the quadrupole phonon and the octupole phonon. In the fokthe simultaneous change of two phonons.

malism of the second quantizatiofl5] the operators In the light of the fact that the simple phonon model can

by (b,=b, ") denote the phonon creati¢annihilation op-  describe the ratio of the two strongest low-lyifg. transi-

erators forh=2 and 3. It is assumed that the phonons areions it is worthwhile to critically reflect on the collectivity

bosons, i.e., that they fulfill the boson commutation relationsof these transitions: The;2state, the 3 state, and the two-

[b, ,b:, 1=08\\19,, - The subscripi. denotes the com-  phonon 1" state are collective states. In particular, the 1

g ' state is quadrupole collective and octupole collectiverimit

E1l collective in the sense that an electric dipole phonon

tensor of ranky, thenb, =(—)""#b, is a spherical ten- would form a large part of the wave function. From the cor-

sor of rank\, as well. To lowest order in terms of phonon relation of theE1 transitions discussed above one concludes

operators the electric quadrupole and octupole transition oghat theseE1l transitions are generated from the coupling of

s
ponent of the spherical tensdx; . If b) is a spherical
w ©

erators are defined as the low-lying, isoscalar quadrupole and octupole phonons.
Therefore, thes&1 transitions have a collective origin and
T(EN)=ey\(b) +b,) for A=23. (1)  Might be callecquadrupole-octupole collectivia contrast to

the E1 collectivity of the GDR. The quadrupole-octupole
wheree, ande; denote effective quadrupole and octupole collectivity of theE1 transition, which depopulates the two-
phonon charges. Without the assumption ofEsh phonon  phonon 1 state, is in contrast to the noncollective character
the electric dipole transition operator can be formed to low-0f E1 transitions, which depopulate some 4tates observed
est order from the basic quadrupole and octupole phonol#8,49 in vibrators near 6 MeV and which have dominantly
operators as a two-phonon tensor proddé], which reads, a one-particle—one-hole (t1h) character[48—-50Q and,

in boson formulation, hence, gain their comparable lar§& strengths mainly from
a fragmentation of the GDR. The quadrupole-octupole col-
T(EL)=ey[(b; +by)(b3 +bg)]™. (2)  lectivity makes the 2Xx3~ two-phonon states interesting

and unigue objects for the study of low-lyifgl transitions.
The square brackets denote tensor coupling. The transition To summarize, the empirical correlation between Bie
operators from Eqs(1) and (2) transform under Hermitian transition strengths of the ;1-0; transition and the 3
conjugation as usuaF[(E)\)Lz(—l)“” T(EN) ., for A — 27 transition in heavy vibrational nuclei was reported. For
=1,2,3, and they commuteT(E\), , T(EN') ./ ]=0. different nuclides the correspondif(E1) values can vary
The four states, which are involved in tB§E1) values by about two orders of magnitude. For a given nucleus, how-
discussed above, have the following simple structure in thever, thes@®(E1) values are equal within a factor of 2. From
harmonic limit: this fact one can arrive at the common origin of thé&ske
N strengths, which supports independently from hitherto used
107)=10), @3 arguments the quadrupole-octupole coupled two-phonon na-
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