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Reflection asymmetric shell model for octupole-deformed nuclei
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The reflection asymmetric shell model has been established by means of the variational procedure and the
projection method to describe the high spin states of octupole deformed nucl€.-Thérces of quadrupole,
octupole, and hexadecapole as well as the monopole and quadrupole pairings are included in the Hamiltonian.
The shell model space is spanned by a selected set of the simultaneous angular momentum- and parity-
projected BCS multiquasiparticle states which are intrinsically deformed. The general features of rotational
octupole bands in even-even nuclei can be interpreted and reproduced by the present model, and the calculated
results for the Ra isotopes are in good agreement with the experimental data.
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[. INTRODUCTION reflection asymmetric shell modédRASM), in order to de-
scribe the high spin states in octupole deformed nuclei. The
With the first observation of low-lying negative-parity basic assumption of the CSM, clearly a key advantage, is
states by the Berkeley group in the 19501s2], the possi- that the picture of quasiparticles moving in the deformed
bility arose that some nuclei might have a shape asymmetrimtating mean field can provide a good basis to describe the
under reflection. The sequence of rotational states with alteproperties of rotational bands. This advantage has been taken
nating parityl *, (1+1)~, (I+2)", ..., herel is even in- in the new model by introducing a selected set of the intrin-
teger number, was first observed ifRa[3] and ??’Th [4]  sically deformed multiquasiparticle states to form the basis
in the 1980’s. These rotational bands provide the evidencto achieve a good and sufficient truncation of the shell model
for the strong octupole correlation or even the static octupolspace. The disadvantages of the CSM mentioned above,
deformation. In the last decade, a flurry of experimental anchamely, no good parity, no good angular momentum, and no
theoretical discoveriegreviewed, e.g., in Refd5,6]) have residual interaction between quasiparticle configurations, are
provided new indications of the reflection-asymmetric octu-removed in the RASM by carrying out the projection proce-
pole deformation. The rotational bands of states with alterdure and introducing th&-Q forces. In the RASM, the
nating parity have been observed up to very high §pi], basis on which the spherical Hamiltonian will be diagonal-
particularly in nuclei arouncf?’Ra. These band structures ized are the eigenstates of angular momentum and parity
are analogous to those of asymmetric molecules such as H@Obtained by projecting the intrinsic reflection asymmetric,
and may be expected for nuclei with octupole deformationoctupole deformed, multiquasiparticle states onto good angu-
For many of these nuclei there exist intrinsic electric dipolelar momentum and good parity. We will see that the shell
moments giving rise to strong electric-dipole transitions conimodel space spanned by the states of only three major shells
necting states of opposite parity. The striking behavior of thefor protons and neutrons is large enough for the RASM cal-
octupole bands highlights the nuclear reflection asymmetrgulation of the low-lying octupole bands in heavy octupole
and has attracted much interest over the years. deformed nuclei, and that all the general features of octupole
A diversified models have been developed for the study obands can be reproduced and the calculated results for the Ra
the properties of octupole bands, refer to R6f, and refer-  isotopes are in good agreement with the experimental data.
ences therein. Among those microscopic approaches the Elliott was the first to point out the advantage of a de-
cranked shell moddICSM) is one of the most useful models formed (intrinsic) many-body basis and develop the SU
to describe the properties of high spin states in octupole deshell model[11] for sd-shell nuclei by using the group
formed nuclei[10]. Despite the success of the CSM in the theory. The projected shell mod@®SM) [12,13, of which
description of high spin states, its disadvantage is clear fothe basis is a selected set of the quadrupole deformed Nilsson
the fact that angular momentum is not a good quantum num+ BCS multiquasiparticle states, can be considered to be a
ber, but instead a classical term, the rotational frequency igatural extension of the SB8) shell model to heavier sys-
employed. Also the parity is not a good quantum numbetems. The basis of both models violates the symmetry of
when the octupole deformation onsets. Therefore the CSMotation but it can be recovered by angular momentum pro-
calculations cannot be directly compared with the measurejection. For an intrinsic octupole and simultaneously quadru-
energy levels of rotational bands as well as the transitiorpole deformed system, the case that the present model deals
rates between band states. Moreover, the residual interawth, not only the rotation but also the reflection symmetries
tions between the quasiparticle configurations are not propare violated and thus the parity projection is required in ad-
erly considered in the CSM and thus the detailed descriptiouition to angular momentum projection to recover the sym-
of the wave functions of rotational states by the CSM be-metries. The model is an extension of the projected shell
comes somewhat in question. The purpose of the presemiodel[12,13 by including the parity projection in addition
work is to establish a new microscopic model, called theto angular momentum projection and the octupole and hexa-
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decapole interactions in the Hamiltonian. with p=+1, andP), is the angular momentum projection
A brief description and derivation of the theory is pre- operator,

sented in Sec. Il. In Sec. lll the general features of rotational

octupole bands are discussed and interpreted by the model. 21+1 ~

In Sec. IV the calculated results of the octupole yrast bands PIMK:—zf dQD},(Q)R(Q). (7)

for 222:224.226.228285 are shown and compared with the ex- 8w

erimental data. A summary is in Sec. V. . . oo
P y To obtain the second identity in E¢5) we have used the

definition
Il. THE MODEL

Ip ! I
A. The eigenvalue equation Fuk= FimktPFavk - ®

withet uts colnS|der gp mtTlnsmngerf]o;mgd St@?’ gric'rfneh{i nThe coefficientsF}\ﬁK play the role of the variational param-
whicr?ﬁsu%cc))te ’agusi ;ﬁsiaet’eaof thg :neﬁgeorﬁonfe%turi gn%ters taking the place of the variational functidghg()) and

. 9 - ang : »(Q) in Eq. (3). Then the variational procedure can be
parity operators. Because of the invariance of rotation and

. . Lo carried out by using the trial wave function of . For
reflection of the spherical shell model Hamiltonian one has’that some ust)—:-/ful prgperties of the parity and angEL(j?;r momen-
the identical equations

tum projection operators are
H=RT(Q)HR(Q)=PTHP=RT(Q)PTHPR(Q), (1)

PPT=pP,
whereR((2) is the rotation operator which has the explicit .
form, e 'ze~'Alye 'z () represents a set of Euler angles PP PP=6p/pPP,
(a,y=[0,2] and B=[0,7]), andP is the parity operator, P
and it is obvious that there is the commutation relation Pumk=Pku
[P,R(Q)]=0. ) Pl Phik= 811 Sum P - (9)

Using the generator coordinate we may construct a wider |t is straightforward to obtain the expressions of the expec-
class of states by forming a trial wave function tation value of the Hamiltonian and the normal product
(V|H|¥) and(¥|W¥) by using Eq.(9).

|xp>=f dQFl(Q)ﬁe(Q)|cI>>+f dQF,(Q)PR(Q)[D),

3 (VW)= 2 Pk Pl PIHPPP @),
p
whereF1(Q) andF,(Q) are functions to be determined by
minimizing the energy expectation value,(}) andF,({) V) = EP* Elo i pIpPP B 10
can be expanded in terms of tBefunction (i) |KKZPM wic P (PIPPPic @), (10

According to the variational equation

21+1 |
Fl(Q)zlgk WFl,MKDMK(Q)a

SV|H|P)—-EX¥|¥)=0, (11
_ | | we obtain the eigenvalue equation which the wave function,
FZ(Q)_%\{( 872 FamiDuk(). “) more precisely the coefficien&|l, fulfill

Eg.p(lz)cicv%:%(é%a)“gndﬁ(ﬂ) in Eq. (3) by the expressions of ; FWK(<®|HPPP:«K|‘D>—E<‘1’|Ppp:<rK|‘1’>):0-

(12
- | | I »pl
|q’>_l%( {FimkPukl®) + Fa kPP @)} It is easy to see that for each value Bfin Eq. (12) there
exist a definite set of values &M andp for which F\?, is
\p’ 3 .
= > FPPPPPL, | D), (5)  honzero and thg othd#,,", vanishes. Thus the summathn
IMKp overl, M, andp in Eq. (5) actually drops away, as seen in

_ . o Eq. (12). In other words, this means thg¥') becomes an
wherePP is the parity projection operator, eigenstate of angular momentum and parity. Both the rota-
1 tion and reflection symmetries violated in the original intrin-
PP=> (14 pP), © SiC state|®) are thus recovered in the new st&fé) in the
2 laboratory frame.
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B. The configuration mixing

1
t_ = Tl
However, so far only one single intrinsic std®) has Poo ; CaCo (18

been considered in the above discussion. It is necessary to

consider the configuration mixing in order to deal with the 1 .

interaction between various unperturbed bands. We consider P;,L:E > (alp®Y,,lB)cley, (19
a set of deformed multiquasiparticle staf¢®,)} instead of “p
the single statéd) , wherex denotes the quasiparticle con-
figurations, and then the trial superpositi®h) becomes in a
more generalized form

Wherecl andc, are the single particle creation and annihi-

lation operator, respectively, apd= \mwq/Air. This Hamil-

tonian includes quadrupole-quadrupol® <2), octupole-

octupole {=3), and hexadecapole-hexadecapoke=@)

(W)= > FikPPPk,]P.). (13)  interactions which leads to the quadrupole, octupole, and
IMK«p hexadecapole deformations, respectively. The coupling con-

. . stants of theQ, - Q, forces, x, in Eq. (16), may be deter-

The {Pppl\"K|q)'<>} IS .the s_et of S|mul_taneo_usly. angular mined inconsistent to the nuclear deformatiepgsimilar to

momentum- and parity-projected multiquasiparticle statesqo¢ [13]), and can be calculated by the expressions

which forms the shell model space and allows the configu-

ration mixing. By performing the similar variational proce- 2 [4xn

dure one obtains the final eigenvalue equation 5\/?6271&)7%(»7,

X277 = ’

' hon(Qao)nthwy(Qop
S {(® o [HPPPL, | @)~ EP(® . |PPPL, | D IR, neEn R
Kk

A
=0, (14) - \/763ﬁw7ﬁa)71

X3ar ™= hwn(Qspnthwp(Qszo)p’

and the normalization condition

4
> OFPE (@, |PPPL, D OFR =1 (15 -\ gehoho,
Kx'Kk = ,
X4, hwn(Qaodnt+hwp(Qao)p

According to Eq.(14), |¥) in Eqg. (13) is still an eigenstate . :
of both angular momentum and parity and thus the summa\é\’here<' -+) means the, expectation value with respect to the
CS vacuum stater(7") refers to neutron or proton. The

tion overl, M, andp contains only one term, but the sum- . - .
mation overk leads to the configuration mixing. Also from present multipole plus pairing force model works surpris-

Eq. (14), we can see that the coefficidﬁm is independent mgly \.Ne||.f0|’ thupole and quadrupole deformed nuqlel de-
. « spite its simplicity. Nevertheless, the neutron-proton interac-
of magic quantum number, so the subscrit can be

omitted. It is noted that Eq(14) is valid for any nuclear tion presents only in thlép_artlcle-hole type Q-Q force,
shape, but in the present study we only consider the casvt\a/h'Ch might be too restrictive.

' | The Hamiltonian(16) is then diagonalized within the shell
of axial symmetry. Once (@ |HPPP,,[®,) and o4 space spanned by a selected set of the simultaneously
(®,|PPPy,|®,) are available, the eigenvalugP of H  parity- and angular momentum-projected BCS multiquasi-
together with the wave functions can be calculated from Eqparticle states. The quasiparticle configurations employed in
(14). the present calculations for even-even nuclei include the

vacuum, two neutrons, two protons, and four quasiparticle

C. The Hamiltonian states, ||0), allaLzHO% al,al,l|o), allalzahaizl\ox

where u’s (7r's) denote the neutrofproton) Nilsson quan-
tum numbers which run over properly selected low-lying
N quasiparticle states.

4

1

H=Ho—5 > x» 2 Ql,Q1.—GoPiPoo
2520 7

(20

The Hamiltonian is

D. Parameters

2 The monopole pairing strength parameter may be ob-

_GZMZZ PL,P2y. (16)  tained by the expression
N—Z
A

IA, (22)

whereH,, is the spherical single particle Nilsson Hamiltonian Go= ( 91+02
and

where g;=17.52 andg,=10.83 was taken in the present

_ 2y cle,, 1 calculation of the Ra region, and the mir(psus) sign stands
Qun az,;’z (alp M‘"B> -k (A7 for neutron(proton. The strength of the quadrupole pairing
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TABLE I. The deformation parameters used for the calculations (H ppp:)0>
of the Ra isotopes. =2 _— (22
(PPPog)
Nucleus € €3 €4
where(- - -) stands for the expectation value with respect to
*Ra 0.07 0.071 -0.12 the BCS vacuum. For the case of axial symmetry, the inte-
“Ra 0.08 0.071 —0.12 gration in Eq.(7) becomes one dimensional, precisely the
zﬁRa 0.08 0.071 —0.12 angle 8, and R(Q) becomesr(B)=e'#ly, and then one
Ra 0.10 0.061 -0.10 obtains
20Ra 0.12 0.055 -0.10

(+p(-1)) | "B singdsy B)(H (8)
may be calculated fror®,=fG,, usuallyf=0~0.2. In the £l 0 29
present calculations we skt 0, namely no quadrupole pair- N ) | - '
ing, since it is not important for the case of rather small (1+p(-1) )fo dg sinBdo B)(r(B))
guadrupole deformation, as in the Ra region. The three major

shells ofN=5,6,7 for neutrons anM=4,5,6 for protons are | £q. (23) the factor[ 1+ p(—1)'] should not be zero oth-
included to calculate the Nilsson single particle states. Theyise the equation is meaningless, namely, the expression
Nilsson potential parameters used arg ) =(0.058,0.44)  of the energy becomes uncertain and thereforaust be

for neutron and0.048,0.69 for proton shells. The spherical gyen integer number fop=1 and odd integer number for
single particle energies of the present Nilsson potential arg— —1. Thus the allowable values bfandp are even-spin,

similar to those of the Woods-Saxon potentiaef.[14], and positive parity and odd-spin, negative parity, and then Eq.
references therein The level spectra become quite similar (23) is deduced to be

for the two potentials in the presence of both quadrupole and

octupole deformations, especially the pronounced energy w _ | .

gaps appearing at neutron numbisirs 138 and 132 and pro- J’o d sinBdoo( B)(Hr (B))

ton numberZ=88 which characterize the mass region. The E'P= ) (24)
deformation parameters including the quadrupslethe oc- f”d inad! -

tupole e5 and the hexadecapolg, are chosen to have rea- 0 BsinBdog AT (A))

sonable values, and these values for Ra isotopes as listed in
Table | are similar to those given in Ref$,14], and refer- It is interesting to note that in the case of reflection symmetry
ences therein, except a rather larggras discussed in Sec. (Or(B))=(Or(7—pB)) and dy(B)=(—1)'dby(7—B),

V. whereO=1 or H, theE'~ states with odd no longer exist
since both the numerator and the denominator in 2¢)
vanishes, and only possible are the states 6f2+, . . .,

the sequence of the yrast rotational states observed in even-

By examining the behavior of all of the yrast octupole €ve€n nonoctupole but quadrupole deformed nuclei.
bands observed in the Ra region a number of interesting
common features clearly stand out, which are different from B. The parity splitting at low spins
those of the normal rotational bands observed in nonoctupole
but quadrupole deformed nuclei: the specific sequence O&e
states 0,17,2",37, ... ; thesignificant parity splitting at
low spins; the quenching of the parity splitting by rotation;
the absence of the sharp band crossing. All these gener
features characteristic of octupole deformed nuclear system
may be interpreted based on the framework of the RASM.

IIl. GENERAL FEATURES OF ROTATIONAL OCTUPOLE
BANDS

The parity splitting observed in almost all the octupole
formed nuclei measures to the extent to which the odd-
spin, negative parity level of spinhas an excitation energy
cated higher than the average of those of the two neighbor-
g even-spin, positive parity states with respective spins

1 andl +1. This quantity is one of the unique features of
the presence of octupole modes and has attracted much in
terest over the years, and it was called “the energy displace-
ment” in Ref.[10] and is similar to the quantity “signature

The sequence of states with even-spin, positive parity andplitting index” defined in Ref[17] and the quantity “stag-

odd-spin, negative parity, namely, 17,(1+1)7,(I gering” defined in Ref[18]. The parity splitting character-
+2)*, ..., wasfound in all the observed rotational yrast istic of the octupole deformation can be reproduced by the
octupole bands in the even-even octupole deformed nuclei iRASM. Figure 1 presents the parity splittings for the yrast
the A=140, 220, and 240 mass regions. The sequence waxtupole bands calculated as a function of the octupole de-
accepted in the literature as an observed general feature dermation e; with fixed quadrupole and hexadecopole defor-
sociated with the rotational motion of the octupole deformedmationse,=0.08 ande,= —0.12. The Nilsson potential and
system, but has not been well studied. The mathematic logithe pairing parameters given in Sec. Il are used to calculate
of the RASM provides the insight into the origin of the se- Fig. 1, and these parameters are suitable for the calculations
guence. If the band mixing is neglected, the energies of thef the Ra isotopes, as will be seen below. Therefore the
g.s. band can be evaluated by tendency of the parity splittings presented in Fig. 1 reflects in

A. The specific sequence of states
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207 band crossing up to very high spins, while the band crossing
18 is expected to present at a much lower spin in nonoctupole
164 /'=1 deformed nuclei. Calculations based on the cranked reflec-
14 tion asymmetric WS model reproduce the absence of the
124 sharp band crossing.0]. When the mean field is cranked in
2 1ol order to describe high spin states, the angular momentum is
=" =257 i
= o8] much more homogeneously distributed, namely, fragmented,
g over the rotational quasiparticles with and without octupole
0.6 1 . .. .. . .
04 ] deformation. The sufficient mixing of the intruder shells with
] the valence orbitals can be induced by even a small octupole
027 deformation, and is responsible for the fragmentation of an-
00 R — . gular momentum. It is obvious that such an effect of the
0.00 0.02 0.04 0.0 0.08 0.10 octupole deformation on the fragmentation of angular mo-

e, mentum of the quasiparticles is fully included in the RASM,
and thus the smooth behavior of the yrast octupole bands can

FIG. 1. The parity splitting in the yrast bands versus the octu-pq reproduced by the RASM calculation, as shown in Fig. 2.
pole deformatione; calculated for each odd spin from 1~ to

257. The parity splitting is defined as the quantityE(l™)
=E(I7)—{E[(I-1)T]+E[(I1+1)"]}/2. The parameters used in
the calculation refer to the text. The yrast octupole bands, the energy versus spin, for

222,224,226,228,2 H
somewhat extent the situation in the Ra region. It can be seen Ra calculated up to spin 26 are shown and

from Fig. 1 that the parity spliting decreases with the in-cOmpared with the experimental dd@] in Fig. 2. The de-
creasinge; at a given spin. At low odd spins, 13-, and formation parametersqg, €3, €4) u'sed for the cglculapons
5-, the parity spliting decreases from1000 keV ate; ~ Of the deformed quasiparticle basis states are listed in Table
=0.04 to~200 keV ate;=0.07 which is typical value of |- The other Nilsson potential and the pairing force param-
the octupole deformation for the Ra isotopes. The parityeters are the same for all the calculations in this work and as
splitting at low spins is sensitive to the change of the octugiven in Sec. lll. It is seen that for the overall behavior of the
pole deformation. In fact, whene; becomes large the rotational octupole bands the agreement between the experi-
strength of the octupole-octupole force in the Hamitonjgn ment and theory is remarkable. It is noticed that with the
becomes stronger so that the negative parity band lies loweshell model space of three major shells for protons and neu-
in energy, closer to the positive parity yrast band. Thus thérons and only small changes of the deformation parameters
parity splitting may reduce to zero for a large enough octuthe present calculations are able to reproduce the experi-
pole deformation. It is interesting to note from Fig. 1 that atments for all the yrast rotational octupole bands observed in
the typical value of the octupole deformation,~0.07, for  the even-evert??2-23%Ra nuclei. It is well known that the
the light Ra isotopes the parity splitting is about 200 keV athexadecapole deformation is large in the light actinides. In
spin 1~ which accounts for the observed parity splitting.  the present calculations a largg value is employed for
better reproducing the experimental data of the yrast bands.
C. The quenching of the parity splitting It is instructive to notice that the deformation parameters
Another striking feature shown in Fig. 1 is that the parity ;ﬁg@ggﬁ gliitL?eech:rtlﬁgoggboﬁgp;fsslﬁgﬁﬁ(ethv?,}tf ; I%ster 0
splitting decreases with increasing spin at a given value 0neck. A detailed discussion of this point is beyond the scope

€3, Which is so-called the quenching of the parity splitting. . o )
Indeed, although the parity splitting exists at low spins ing;;he? present paper and will be studied in the forthcoming

almost 61” thle obs?r\_/eg rtoyslt(ijonal octupolizhbt;?]ndg in eVe™ The parity splittings at low spins for all these nuclei are
even octupole nuclei, but it decreases wi e increasin . =S
spin and vanishes after a critical spin. This means that th%.’:(! re(grlgslljaigg by;?i? prseslirt'}tr]czzlcgftlgni? _af sAe EF{Q)F'Q' 2.
parity splitting can be significantly quenched by the fast ro-_ E(lf)—(E(O*)EE(EI*)]?Z fogr the Ra I?soto es are plot-
tation. There exists a critical spin where the splitting van- d versus the mass numbﬁeénd compared witﬁ the experi-
ishes and the negative and the positive parity states becorrt|n§ental data in Fig. 3. It is seen thatpthe arity s Iittinp has
interleaved. It is seen from Fig. 1 that the critical spirmay almost a constan?.\/allue 56200 keV forA:pZZZy 224 a?1d
be quite large~25", for a rather small octupole deforma- 226, but increases suddenly 1500 keV atA;228,and
tion e3=0.06, and small~3", for a rather large octupole ther; resents a further lump 6700 keV atA = 230. Within
deformatione;=0.09. And it will be seen in Sec. IV that this the frgmework of the RJASIE)/I the parity splitting i.s strongly
ﬁ;t;gnpaetlson Is qualitatively valid for the case of the Ra related to the octupole deformation, even a small change of
’ the octupole deformation will lead to a significant variation

of the parity splitting. It is seen from Table | that the octu-
pole deformations for?>2242?Ra have a similar values;

The majority of octupole rotational bands observed in the=0.071, and this is eventually responsible for the similarity
light actinides exhibit smooth behavior, showing no sharpof the parity splittings for these three nuclei. There exists a

IV. CALCULATIONS FOR THE Ra ISOTOPES

D. The absence of the sharp band crossing
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5+ 4 4
S | (a)*Ra /] 0)%Ra () “*Ra
g 4r ! / i /o/‘
~ / V Y
& / A b
- L A 4
g ° /6/ //( //
& . S A &
3 v T T A ]
5 yd < ya FIG. 2. The calculated yrast
® T o T a T {‘/"’ . rotational bandgsolid lineg, the
&£ e Vf’ A energy versus spin, with the defor-
°r T D | T mation parameters listed in Table
. t t t t t u t t u t t t t t u t 0 4 s 12 16 20 24 28 | for (a) 222Ra, (b) 224Ra, (C)
= T T . 22 22 23
s (d *Ra ’ (0)*Ra Spin Ra, (d) sRa,_ and(e) ORa,
= 4l S o are compared with the experimen-
g / e tal data(open circles for negative
§ s} /’ 1 J/ - and solid circles for positive pari-
o P v ties) taken from Ref[9].
T af o + ~ 1
S - I
"g 1 h/J 1 N /\/N
i VAl A N vV
AN /\/\1
of ¢ v 1 i

L L L L L
4 8 12 18 20 24 28

Spin Spin

sudden decrease in the octupole deformation ffiéfRa to ~ gap of neutron numbeM =138 at around;=0.08[14]. The
228Ra, €5 changing from 0.071 to 0.061, this is the origin of gap feature of the single particle spectra ensures that the shell
the big jump of the parity splitting aA=228 shown in Fig.  effects favor a larger octupole deformation féf°Ra (N

3. A further decrease of the octupole deformationetp = 138) than for*®Ra (N=140) and**Ra (N=142).

=0.055 for 2°°Ra seems to be the reason for the second The parity splitting of rotational octupole bands may be
rising of the parity splitting aA=230. It is noteworthy from quenched due to fast rotation and there exists an approximate
the present calculations that the parity splitting is a sensitivé&ritical spinl. where the splitting vanishes and the negative
measure of the extent to which the system has the reflectioand positive states become perfectly interleaved according to
asymmetry. The decrease of the octupole deformation frorthe energy formuld&,~I(1+1). By viewing the experimen-
226R4 to 22%Ra is actually implied by the measurements oftal data of the yrast octupole bands one finds thatl this

the intrinsicEL momentsD, of these two nuclei, which are about 16 for 2#22422Ra and 18 for **Ra. It is shown in
larger, 0.06-0.1efm, for *Ra[15] and smaller, 0.012  Fig. 2 that these experimental critical spin values are repro-
fm, for 2*°Ra[16] at low spins. The change of the octupole duced by the calculations. Again the large increase of the
deformation is also transparent by examining the level struccritical spinl, from ?*Ra to ?*Ra is attributed to the de-
ture of the single particle states calculated with an octupolé€rease of the octupole deformation when the neutron number
deformed WS potential, which shows the pronounced energyaries fromN= 138 to 140. The present calculation f6fRa
predicts a very large critical spin>26#4, but unfortunately

for this nucleus the negative-parity band has been measured

1 T T T T T
° only up to spin 7 and the positive parity band only up to
a0 L . Exp 1 18%. It would be ir)teresting to extend the measurements of
— Theo. the bands up to higher spins féf°Ra to examine the pos-
s sible disappearing of the interleaved structure of the alternat-
e oor T ing parity states which were observed in all the lighter Ra
- I T isotopes.
W 400 g
. V. SUMMARY
200 | = - L
: . In summary, the reflection asymmetric shell model has
0 - - - ! - been formulated to describe the high spin states of octupole

222 224 226 228 230

R deformed nuclei. The long-range separable forces of quadru-

pole, octupole, and hexadecapole as well as monopole and
FIG. 3. The calculated parity splittingtine) at spin 1~ for the ~ quadrupole pairing are included in the Hamiltonian. The
Ra isotopes are plotted versus the mass number and compared wihell model space is spanned by the eigenstates of angular
the experimental datésolid squarg Both the calculated and the momentum and parity obtained by projecting the intrinsic
experimental splittings are taken from Fig. 2. octupole deformed BCS multiquasiparticle states onto both
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good angular momentum and good parity. The observetias been demonstrated by the calculations that the RASM is
yrast octupole bands have the common features which diffea useful model to explore into the nuclear reflection asym-
from those of normal rotational bands observed in nonoctumetry.

pole but deformed nuclei. All these general striking features

characteristic of an octupole deformed nuclear system can be

interpreted and reproduced by the RASM. The present cal- ACKNOWLEDGMENTS
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