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Description of chiral doublets in A~130 nuclei and the possible chiral doublets irA~100 nuclei
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The chiral doublets for nuclei ilh~100 and 130 regions have been studied with the particle-rotor model.
The experimental spectra of chiral partner bands for fdai75 isotones inA~130 region have been well
reproduced by the calculation with the configuratishy ;,® vhﬁ,2 The possible chiral doublets iA~100
region have been predicted by the particle-rotor model with the configuratipp® Vgg,l2 based on the
analysis of the spectra, the-1 relation, theB(M1) andB(E2) transition probabilities, and the structure of the
wave functions. The possible chiral doublets for nuclei with asymmetric particle and hole configurations are
also discussed.
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I. INTRODUCTION triaxially deformed doubly odd nuclei. Furthermore, the first

. . . . . chiral bands in the even-even nucleus have been observed in
Static chiral symmetries exist commonly in nature. We 5
Nd recently[13].

cnail shells and the microscopic handedness of certain mol; O e theoretial side, such chiral bands ave been pre-
P dicted by the particle-rotor modgPRM) and tilted axis

Guishing beween the paralel and anparalel ofentations of/2KINd(TAC) model based on the mean field approxima:
9 9 P P ion for triaxial deformed casgl]. The breaking of the chiral

the intrinsic spin with respect to the momentum of the par'symmetry is due to the fact that the axis of the uniform

tilde' In nuclear ph%sifcsﬁ trigxic?lly gefo;]mﬁd cijo%bly odd nu- nation lies outside any of the principal plane of the density
clei can rotate in a left-handed and right-handed geometricgligyi tion. The semiclassical mean field description for
configuration, which is the manifestation of chiral symmetry uitad nuclear rotation can be traced back to 19RD6-16.

breaking predicted recentfil]. The angular momenta of the ¢ ¢ jities of the TAC approximation have been discussed

core and of the odd particles can form either a left-handed OLnd tested in Ref17] with the PRM model. A detailed dis-
a right-handed combination. These two possibilities ar . X

approach is that it can be easily extended to the multiquasi-
. . . _ article case. However, the mean field approach violates the
equivalent chiral arrangements are independent with ea

h q d bands with th tational invariance and the total angular momentum is not
other, and we can get two degenerate bands with the same 4 quantum number. The chiral doublet bands are the
quasiparticle configuration.

: _ 13 _ results of the TAC in the triaxial case and can be observed

, In Ref. [1], a paltlofAI—l_ ba”‘i's found int*PrN=75), experimentally due to the breaking of the chiral symmetry by
with the mhy;,,® vy, configuration [2], has been Sug- guantum tunneling effect, as demonstrated in PRM. Al-
gested as a candidate for the chiral doubling. Recentlyy,q qh much effort has been devoted to study the TAC phe-
the possible experimental evidences are reported for §omena; the more microscopic relativistic mean field model

series of chiral twin bands in odd- N=75 ;

, , and Skyrme—Hartree-Fock calculations have been reported
13OC 13 134P 136P —

isotones (**%Cs ¥4 a,"3Pr,1¥%Pm) [3] and N=73 isotones only in the contex{19,2Q of planar rotation, i.e., magnetic

12 13 13 H

(**CsMa, 2Ffr)3 [4]. Hartley et al. [5] reported the chiral qati0n due to their sophisticated codes and time consuming
doublet bands ift*%m, and compared the calculated transi-numerical procedures. In Ref21], using hybrid Woods-
tion strength ratioB(M1)/B(E2) of the chiral bands with the 54550 and Nilsson model to replace the single-particle ener-
experimental values for the first time. Using a phenomeno-gies in the triaxial TAC model of Refi1] and combining

logical core-particle-hole coupling model similar to that in it shell correction method, the existence of chiral charac-
Ref. [1], the chirality in odd-odd nuclei has been studiedqristic for 13%Pr and®8ir has been demonstrated.

. . _1 .
based on the configuratiosh,,® vhy;,, and compared with In this paper, the chiral doublet structures for nuclei in

the experimental data, more details can be found in Refsy 100 and 130 regions will be studied with the particle-
[6-8 and the references therein. In the mass reghon qior model. The rotational leveB(M1) and B(E2) and the
~130, there are many other experimental evideri€ed? (45| angular momentum as a function of the rotational fre-
which support the existence of the chiral doublet bands ifuency will be presented to analyze the properties of the
chiral doublet bands. The chiral doublet bands observed in
A~ 130 region will be described and ki~ 100 region will
*Email address: mengj@pku.edu.cn be predicted.

stead of any other simple rotation. In the ideal case, the tw
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Il. FORMULATION 3 (i —i )2
To describe the interplay between the motion of particles Hoon = 21 27,
and the collective motion, Bohr and Mottelson proposed to "
take into account only a few so-called valence particles,-l-he total Hamiltoniar(1) is invariant unden80°
which move more or less independently in the deformed wel
of the core, and to couple them to a collective rotor which
stands for the rest of the particlgZ2]. The division into core
and valence particles is not always unique. Generally, one I
divides the Hamiltonian into two parts: an intrinsic pllgt, - IKa
which describes microscopically a valence particle or a M) 2(1+5K0){K§kn Ckpkn[“MKkpk”a>
whole subgroup of particles near Fermi level; and a phenom- o °
enological part,, which describes the inert core. + (= 1T nIM - K -k, - kna>]}, (9)
The total PRM Hamiltonian is written as

(8

rotations
bbout the intrinsic axe¢D, symmetry group So the
eigenvectors of PRM Hamiltonian can be writtE?4] as

H=Hipy + Heoll- (1)  where|IMK) is the WignerD function, |k, is the prod-
uct of the proton and neutron statgk), C\¢ is the ex-
Here, we consider the case of a proton partiplend a pansion coefficient, and the summationis restricted to
neutron holen in the intrinsic channel, i.e., K|<I, [k|<ji, (i=n,p), (K-k,~k,) even, k,+k,>0,
whenk,+k,=0, k,=0. The angular momentum projections
onto the quantization axi€3-) in the intrinsic frame and
the z axis in the laboratory frame are denotedbwndM,
respectively, and the other quantum numbers are denoted
by «.
The reduced transition probabilities are defined as

Hintr = hp + hn- (2)

The formalism can be extended to the multiproton or
multineutron cases.

For a singlef model, the quadrupole deformation poten-
tial which results in the energy level splitting is

206 sin y B(oh, I'a’ — la) = £ AMaT, [i, 1I'M’a’)?
Vp:'A\T/sﬁ{COSYYzo*'T(Yzz*'Yz—z)}- ® (A 1'a 10 = 2 K IMalTy, i ')

The corresponding single-particle energy for a single- (10

model can be obtained as whereo=E or M indicates electric or magnetic transition,

1 iG+1) 1 respgc_tively, and\ is th(_e _rgnk of eleqtric or magnetic
hom = £ -C (j%— )0057+ 7[jf+j§]sin Y transition operator from initial stateto final statef.
2 3 2\3 The quadrupole moments in the intrinsic system and the
(4)  laboratory frame are connected by the relation

where the plus sign refers to a particle, the minus to a N e n, o o A
hole, and the coupling consta6tis Q2 =D}oQ 20+ (Diyz + D)2 Q' 22, (11

- 195 A5 Mev 5) where ézﬂ and é'zu are the transition, operators of the
j(j+1) : core in the laboratory frame and the intrinsic frame, re-
spectively. For the stretchef? transitions we have

The angular momentum operators of the c® and of

the valence particleg) form the total angular momentum B(E2,la—1"a’)

f, Kookn

E ClKacl'K'a' IK20l1'K'
Kokn “Kok cosy(IK20/I'K")

K,K'

= Qg—
S A, P > 167
I=R+jp+jn. (6)

2
For the case of the triaxial rotation, the moments of inertia

for irrotational flow are

sin
- %((IKZZH 'Ky +(IK2 = 2l ’K’))]
\V

. 2T (12)
j,,=jsm2(y—?v>(v=l, 2,3, (7)
in which the contribution from the single particles is ne-
where 7 depends on the quadrupole deformatjpand the glected as th&, value is much larger than that from the
mass parametd23]. Usually, the moment of inertia in- single particlesQy=(3/\5m)R8Z4 is the intrinsic charge
creases with the angular momentum. For simplicity, aquadrupole momentun®, the nuclear radius, and the
constant moment of inertia is assumed in the calculationcharge number.

The Hamiltonian of the core is The B(M1) values are the following:
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TABLE I. The parameters in the triaxial PRM calculation. Com- ' T ' ' ' ' ' '
pared with Ref[3], the samey value is taken and the paramer I
is comparable witte. (£~0.950). 1 b
Res  #ta  #h BPm o
C(MeV) 0.175 0.19 0.19 0.21 ? |
3 0.16 0.175 0.175 0.195 |
8[3] -39 -32 -27 -27 é’.- 05T |
A3 os _
S~
5
B(M1,la—1"a’) 3 |
3 s 1 1 ol ]
16’77 ,u,kp,kn,k;),kr’] (1 + 5K’0) (1 + 5K0) I ‘ I I I I I I
"K' 0 —20 —40 —-60 -80
XCIKeEC, . TIK Ll 'K
kpkn kpkn [< ,lL| > Y [deg]

X<kpk”|(_gp__ OR)]ps + (G = Rl Kpkn) FIG. 1. The moments of inertia for irrotational flow as functions
+ (= D)ol = KLl K Wkokel (9p = OR) i pe of y deformation.
2
(13) function of y-deformation is presented in Fig. 1. When
vy=-30°, one ha$7|=‘75=%1ji, i.e., the collective angular mo-

erpentum vectoR tends to align along the intermediate axis,
which minimizes the rotational energj22]. The single-
particle and -hole angular momentum vectors will tend to
align along the short and long nuclear axes, respectively.
These three angular momenta are mutually perpendicular to
each other. These orientations maximize the overlap of the

+ (gn - gR)Jn,u|_ kp - kn>] + Sign

where sign represents the contribution due to the symm
try of state|IM ) in Eq. (9), which is the same as the first
two terms in Eq.(13) by the replacemenK’ —-K’, k',

— -k, and k',—-k’,,. The spherical tensor of rank-1

julis

e P Y particle densities with the triaxial potential, and result in
Ju={lo=la a1 = — 5 ) (14)  minimizing the interaction energyl].
v

The four pairs of chiral doublet bands have been observed
in A~130 region[3]. The observed and the calculated en-
Il RESULTS AND DISCUSSIONS ergy spectra fot*®Cs, 132_a, 134Pr, and*3Pm are presented

) ) in Fig. 2. The configuratioarh;1,® vhﬁ,2 and the moment of
For the numerical calculation, we follow the procedures

in Ref. [1] to study the chiral doublet structures An~100 —
and 130 nuclei using the particle-rotor model. First, the ro- I

6 | ©--OThe Yrast State (Cal.)

tational spectra of these four isotonesAn-130 nuclei in L -0 The Yrare State (Cal.)
H . | @—@ The Yrast State (Exp.)
Ref. [3] are .calculated a}nd cqmpared with th_e1 experimental [ The Yrare State (Expn
data. We fix the configuration asrhy;,® vhy;, and J 4t _

=25 MeV'L. The parameters in our calculation are listed
in Table I. Second, the proton and neutron configurations’ I
Qg2 ® vg;,l2 is adopted in the calculation @&~ 100 nuclei § o ™
with 7=30 MeV?%, y=-30°, andC=0.1 MeV, 0.20 MeV, = I
0.25 MeV corresponding to the deformatig=0.06, 0.12, I
0.15, respectively. In the calculation BfM1) andB(E2), the o
quadrupole moment®’,; andQ’,_; are zero in the intrinsic [
frame by definition. Since we are only interested in the
trends of theB(M1) andB(E2) instead of the absolute values -2 r -
of B(M1) andB(E2), theg factorsg,,—gr are setas 1 or -1 I R ST
for the proton or neutron, respectively, and the intrinsic 5 10 15 20
quadrupole moments are chosen &8,,=cosy, Q'»» 1

=Q'2-p=—sin y/\2. Finally, the chiral doublet structures with g1, 2. calculated and experimental energies for yrast band
asymmetric particle-hole conflguranmg;,lz@ vhy1pin 19Rh (circles and yrare bandsquares with the configuration ofrh,/,
are also discussed. ® vhy 1, in four N=75 isotones®Cs, %4 a, 13%r, and'3%Pm. The

For y=-30°, we have the axial length relation open symbols correspond to the calculated values. The filled sym-
R, <R,<R; and denote the intrinsic axes 1, 2, and 3 assthe hols correspond to the experimental values. For the details, see the
i, and| axes, respectively22]. The moment of inertia as a text.

130
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FIG. 3. Rotational inergies vs total angular moTentum for the  FiG. 4. The total angular momentum as a function of the rota-
conf|g_urat|on7rgg,2® ojo ca_lculated with7=30 MeV™, y=-30°,  jonal frequency for the configurationge,® vy, calculated with
and differentC values. Full lines correspond to even and dashed t0)=-30° and7=30 MeVL. The filled and open circles represent the
odd spin. yrast and the yrare band, respectively.

inertia of the rotor,7=25 MeV 1, have been chosen in the There are two degenerate solutigpkanar solutiopobtained
calculation. The available data and also the recommendeoly the rotationRs(7)[or Ry(7r)] that can be combined into
bandhead spil=9%4) are taken from Ref{3]. According to  degenerate states of opposite signature, similar to that in Ref.
the ¢ deformation of three-dimensional TAC calculatifs], [1]. In all the panels of Fig. 3, the characteristic &f=1

the corresponding paramete€sare chosen as in Table |I. bands appears in low lying states befdrells. With the

Similar as in Ref[3], the calculated spectra are separated byin increasingR becomes comparable to the single-particle

1.5 MeV for display. The data of*®Cs, %3 a, 13%Pr, and | - aradually t ¢ ds thieaxis and
138 are shifted by —2.47 MeV, —0.96 MeV, +0.45 Mey, anguiar momentur, gradually turns towards theaxis an
éioes not lie in any of the principal plane. This is demon-

and +1.80 MeV, respectively. In such a way, the calculate ; . .
; - trated in all of the three panels of Fig. 3 with the two lowest
nergi r | he experimental S .
energies are set to be equal to the experimental data a;%ands becoming nearly degenerate arountl. In the left

. : anel, the yrast band and the yrare band are close to each
be compared easily. In Fig. 2, the calculated and observeather nearl=124 despite the fact that the overall energy

energy levels are coincident with each other and both show. . X
the energy degeneracy arouhall5h for 23Pr. For the other displacement bgtween the two lowest bands is relatively
N=75 isotones, the sidebands are displaced modestly in eh"’—‘rgﬁ' Ig the mu;idle pant(;I, th?i tV.V‘t’ lo‘gﬁitl gzalngt;iis ?ﬁcome
ergy from the yrast bands. F&i°Cs, this displacement stays nearly degenerate near the spin interv : - e
roughly constant at=0.22 MeV in the data and at interval Of energy degeneracy. iIsAL1 <15 in the right
~0.25 MeV in the calculated data, respectively, in the spinpf.inel' This shows t_hat the chiral symmetry favors the case
interval 1% <1 <15%. There is a relatively large energy dis- with Iarg(_ar Qeformatlon. After_:15ﬁ, the degenerate energy
placement between chiral bands ¥#.a and ¥Pm. It is band splits into four bands withl=2. The near degeneracy

shown that the chiral doublet bands observedin130 nu- for the pairs ofAl =1 bands give the signal that chiral doublet

clei can be well understood from the PRM, similar to that inban(i? exist inA~100 nuclei with the configurationrgy,

Refs. [6,7]. The mutual orientation of angular momentum ®Vg9/2' he PRM ies in Fig. 3. the f b
components has also been studied and the same conclusionI rcl)m hi enec;gl:as_lré |J|rgl' —iEtI fl r(/aguincy_rchan ©
as Refs[6,7] has been drawn, namely, the spontaneous chigd'cu ated by means ()'[. ( . )-E(I-1)}/2 [17]. yhe
ral symmetry breaking leads to the doubling of states. functionsl(w) are presented in Fig. 4. The deformation pa-
After the discussion forA~130 nuclei. we wonder rameterC in the left, middle, and right panels is taken as
whether the chiral doublets exist &~100 nuclei with the -1 MeV, 0.2 MeV, and 0.25 MeV, respectively, as in Fig. 3.
configurationsg,® Vgé/lz- In Fig. 4, whenl <8#, the frequencyw is negative be_cause_
For theA~100 nuclei, the rotational bands obtained from (N€ fotal angular momentum near the bandhead is mainly
the PRM Hamiltonian with7=30 MeV-* and y=—30° are prowded by the orientation of 'Fhe particle gnd the ho[e. Th|s
presented in Fig. 3. The left, middle, and right panels correlS the region where the classical mean field approximation
spond to the case @=0.1 I\/ieV 0 2,MeV and 0.25 MeV does not work. The negative rotational frequency means that
respectively. The combiﬁation o,f tﬁe prot(')n parti.cle with t’hethe rotation is not the collective rotation usually assumed in

. cranking approximation but intrinsic excitations. Whef 8
neutron hole favors the-l plane. At the beginning of the <1=12h(0=#hw=0.3 MeV), the total angular momentum is

bands, the collective angular momentiitis small and the  rovided by the single particle and the hole together with the
total angular momenturhlies in a principal plane defined by core. The rotation is aplanar. The bands in this spin region
the short and long principal axes of the deformed nucleusshow up as a nearly straight line in all three panels of Fig. 4.
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FIG. 5. B(M1) andB(E2) values as functions of the total angular

momentum for agg/, particle and agg, hole coupled to a triaxial
rotor with y=-30°.B*(M1)(I1=3) andB*(E2)(1=3) are, respectively,
the intrabandB(M1) and B(E2) transitions of the yrast band &t
=3h. The filled symbols correspond to the even spin, while the open FIG. 6. Rotational bands of gy, proton particle and &g,
ones to the odd spin. The symbols, circles, squares, triangle ups ameéutron hole coupled to a triaxial rotor with=0.2 MeV and.7
triangle downs represent, respectively, the intraband transitions 630 MeV.. Different values ofy(-5°,-10°, ...,-50f are taken in

the yrast band, the intraband transitions of the yrare band, the irthe calculation. Full lines correspond to even and dashed to odd
terband transitions from the yrast band to the yrare band, and thgpin.

interband transitions from the yrare band to the yrast band.

For higher spins, the core becomes dominant to contribute targer than the intrabanB(E2) transition. Afterl=15, the

the total angular momentum and the angular momentum wiltotation rapidly aligns towards the principalaxis. There

align along thd axis, leading to the kink of the second kind appears the spin-dependent splitting in the level energies.

of the moment of inertia7’®=dl(w)/dw (see Fig. 4, whichis  TheB(E2) transition is not affected by this splitting. This is a

the slope of the curvi{w). This kink represents a reorienta- regular electric transition betweeki=2 bands as shown in

tion of the total angular momentum from the aplanar towardghe upper panel of the Fig. 5. Moreover, it is observed that

thei axis. After the kink, the angular momenta of the corethe inter bandB(E2) transitions disappear. Aftd=15z, the

and the single particles will align along the intermediate axiscalculatedB(M1) transition in the lower panel of the Fig. 5

which is the direction of the total angular momentum, andshows odd-even staggering. The dominB(¥1) transition

the signature splitting appears. It should be noted that thappears for the intraband of the yrast band with odd spin and

stability of chiral geometry depends on the competition befor the interbandyrast band to yrare banavith even spin.

tween strength of the single-particle Hamiltonian and the CoThe above conclusions are consistent wigtM1)/B(E2)

riolis force whose strength is related to the moment of inerstaggering discussed for the partner bands in R8f&25).

tia. The signature splitting should not appear if chiral To find out the range of deformation for the appearance

geometry is always stable. of chiral doublet bands, the calculated level energies for a
In order to study chiral doublet structures, the reduceddarticle and a hole coupled to the triaxial rotor with different

B(M1) and B(E2) transition probabilities are presented in y values are shown in Fig. 6, similar to that in Refs6] but

Fig. 5 for the case 0€=0.2 MeV and.7=30 MeV™. Since for different configuration. We find that the chiral doublet

we are only interested in the trends of th@1) andB(E2),  bands appear in the interval —38§°%<-25°. It should be

the transition values in Fig. 5 are given in the units of thenoted that the difference between yrast bands and yrare

B(M1) andB(E2) yrast intraband transitions bt 3%, respec- bands has been amplified by subtracting a rotor energy

tively. The upper panel shows tiB&E?) transition probabili- 1%/60 MeV. In most cases, the energy difference is within

ties, and the lower panel corresponds to Bi#1) values. 0.7 MeV. It indicates that there is a certain margin of the

The filled symbols and the open symbols represent the tran=deformation, where the energy degeneracy is expected. The

sition probabilities of the bands with even spin and odd spinbest condition for the appearance of the chiral doublet bands

respectively. The interband transition probabilities reflect thds 7——30° in A~100 region with the configuration afgg,

change from the planar to the aplanar rotatjah At low  ® vggp, Similar to that in Refs[1,6].

spins, it is the case of planar rotation, and there are weak To further investigate the microscopic reasons of chiral

interband transitions but strong intraband transitions in Figdoublet bands, the structure of the wave functions for the

5. Nearl =124, where the two bands come very close and theyrast bands and the yrare bands for the configuratigs),

rotation becomes aplanar, the interband transitions in bott® vg{,,l2 are presented in Fig. 7. They are taken from the tri-

directions are observed. At the crossing point, the two intrin-axial PRM calculation withC=0.25 MeV, J=30 MeV?,

sic structures are mixed, and the interb&¢H2) transition is  andy=-30°. Here, only the first term in E() is adopted to
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FIG. 7. The main structure of the triaxial PRM eigenstates as a =2 7

function of the total projectiorK for C=0.25 MeV, y=-30°, and

1=124. The probabilities of the yrast band, the yrare band, the sec-

ond excited band and the third excited band, are given by filled

circles, filled squares, filled triangles up, and filled triangles down FIG. 8. Rotational Spectra for the yrast and yrare bands with the

symbols, respectively. The quantum numbers for corresponding b%onfigurationsmg,lzéa vhyy, €=0.2 MeV, and.7=30 MeVL. The

sis states are indicated in the upper left corner of each panel.  ypper and lower panels shows the casego£25° andy=-30°,
respectively. The filled circles indicate the yrast band, and the open

calculate the probability distribution as the functionkofWe  circles indicate the yrare band.

choose the top ten basis stat@@MKk;k,) with the largest ) ) ) o

contribution to the yrast band states. The probability distri-ShOWs that the chiral doublets exist also in nuclei with asym-

butions are far more complicated than we have expectedn€lric particle-hole configurations.

This complexity indicates that the composition of the total

angular momentum is not as simple as in the picture of the IV. CONCLUSIONS

classical mean field approximation and the quantum effects ¢ chiral doublets for nuclei iA~100 and 130 regions

are very important. Moreover, this 'complexn.y may be sig-paye heen studied with the particle-rotor model. The experi-

mﬂcantly reduced with 'd|fferent choice of ba5|§ s'teﬂ@}s In mental spectra of chiral partner bands fd=75 isotones

F|g._7, the yrare banc(_stllled squareghave t_he S'”_“'ar pr_ob- 130Cs, 132 a, 3%r, 13%Pm in A~130 region[3] have been

ability distributions with the yrast banddilled circles in well reproduced by the calculation with the configuration

many panels. It partly provides the reason why there is en;Thn/z@ Vhﬁxz- The possible chiral doublets &~ 100 region

ergy degeneracy between these two bands. Meanwhile, tl?:%rresponding to ay deformation in the interval
quantum effect is so important that the chiral symmetry is_35°<y<_25° have been predicted by the PRM model
Ergkgn as can be seen also in Bi&11) andB(E2) values in \tﬁith the fonftigur?tiomg9’2®i[ﬁgg%\?%seddog(g;)e tanaly?s of
. . . e spectra, the-| relation, the an ransition
Recently, Koikeet al. [25] reported the chiral doublets in probabilities, and the structure of the wave functions. The

10 . . . . _1
:]Rr;] W'ﬂt]. trt1e d atlﬁym;ntcajtrlc?l thconfrllgu:atlom-gg,zto@ Vgllfz’k. possible chiral doublets for nuclei with asymmetric particle
which motivated the study ot tn€ chiral Symmetry breaking,,q g configurations are also discussed.

in 1%9Rh here. The energy spectra for yrast and yrare bands

with the configurations:rgg,l2® vhyy, J=30 MeV?, andC ACKNOWLEDGMENT
=0.2 MeV are presented in Fig. 8. The corresponding nuclei CKNO G S
with such configuration can be found easily An-100 re- This work was partly supported by the Major State Basic

gion, e.g.,!®Rh. The upper and lower panels of Fig. 8 showResearch Development Program under Contract No.
the calculated energies as a function of spinfer-25° and  G2000077407 and the National Natural Science Foundation
y==30°, respectively. In both panels, the two lowest band®f China under Grant Nos. 10025522, 10047001, and
are near degenerate in the spin intervah £1<<16A. It 19935030.
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