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Deformations and electromagnetic moments in carbon and neon isotopes
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Static and dynamic quadrupole moments of C and Ne isotopes are investigated by using the deformed
Skyrme Hartree-Fock model and also shell model wave functions with isospin-dependent core polarization
charges. We point out that the deformations of C and Ne isotopes have a strong isotope dependence as a
manifestation of spontaneous symmetry breaking effect in nuclear physics. The effect of spontaneous symme-
try breaking is a general phenomenon known in many fields of physics. It is shown at the same time that the
guadrupole moment® and the magnetic momenjs of the odd C and odd Ne isotopes depend clearly on
assigned configurations, and their experimental data will be useful to determine the deformations of the ground
states of nuclei near the neutron drip line. Electric quadruf®® transitions in even C and Ne isotopes are
also studied using the polarization charges obtained by the particle vibration coupling model with shell model
wave functions. Although the observed isotope dependence &2heansition strength is reproduced properly
in both C and Ne isotopes, the calculated strength overestimates an extremely small observed™¥@lue in
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I. INTRODUCTION festation of the spontaneous symmetry breaking effect from
, o the beginning of one closed shell to the next closed shell. To
Nuclei far from the stability lines open a new test groundtnis end, carbon and neon might be promising in future ex-
for nuclear models. Recently, many experimental and theoperiments within the next few years. The effect of spontane-
retical efforts have been paid to study structure and reactioBus symmetry breaking effect is a general phenomenon
mechanism in nuclei near drip lines. Modern radioactiveknown in many fields of physics. In molecular physics, spon-
nuclear beams and experimental detectors reveal several ugmneous symmetry breaking was discovered by Jahn and
expected structure of light nuclei with the mass numBer Teller in 1937 [6]. There is a very similar fundamental
~10-24 such as the existence of halo and skifsmodi-  mechanism in nuclear physics and molecular physics, which
fications of shell closureg], and Pigmy resonances in elec- is responsible for causing deformations in the ground state.
tric dipole transitiong3]. One of the current topics is a large The coupling to the quadrupole vibration is the main origin
quenching of the electric quadrupdlg2) transition between of the static deformation in atomic nuclgf]. On the other
the first excited 2 state and the ground state ifC [4,5.  hand, the pairing correlations in nuclei work to stabilize the
The physical mechanism of these phenomena might Origispherlcal symmetry. A unique and essential feature of the

nated from a large asymmetry of mean fields between proJahn—TeIIer effect in atomic nuclei will manifest itself in the

tons and neutrons as well as the large extension of the waJg?MPetiton between the deformations derived from particle-
vibration coupling and the pairing correlatiof.

functions. ) ) .
Electromagnetic observables will provide useful informa- Until now, the isotope dependence of the deformation has
been discussed mainly in rare earth nuclei. However, it is

tion to study_the structure of nuclei, not only ground Sta'[esrather difficult in heavy nuclei to study the deformation
but also eX_C'ted states._Na_mer, th_ese observable_s are € anges systematically between two closed shells. Thus the-
pected to pin down precise information of deformations an retical and experimental studies of the isotope dependence

u.nknown spin par|t_|es .Of _bqth stable and unstable nUCIbe deformations in light nuclei is quite an interesting subject
since the deformation is intimately related to observablesm the context of the nuclear Jahn-Teller effect. Thus. we

SUCht as(%l rr:omepts ancFTZ_ trla'n?ltlonst.' Thef g1afgnet|<; MO~ perform deformed Skyrme Hartree-Fo¢kF) calculations
ments will also give empirical information ot detormationin ;i density-dependent pairing interactions in light nuclei

comparison with the single-particle valggchmidt valugin with A~10-30. We will study deformations of C and Ne

t_he gpheri;al Iimit_. The is_otope dependence (?f the deform.ai'sotopes as typical light open shell nuclei. Calculafedo-
tion is an interesting subject to study in relation to a mani-<nts and magnetic moments are compared with empirical
data to establish the isotope dependence of deformations in

these nuclei.
*Electronic address: sagawa@u-aizu.ac.jp In light and medium mass nuclei, the shell model has
Ton leave from Department of Physics, Tsinghua University,been known as one of the most successful models in describ-
Beijing, China. ing the nuclear structure in both the ground state and the

*On leave from China Institute of Atomic Energy, Beijing, China. excited statd9]. From a theoretical point of view, it is inter-
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esting to see how many differences and similarities will ap- AR
pear between the results of standard shell model calculations 5 ]
and those of the mean field theories. Thus we perform shell
model calculations of electromagnetic moments in order to 90| 1
compare with those of deformed HF calculations. %

The effective charges have been used commonly in the = 95 .
shell model calculations to study moments ande2 transi- w
tions. The microscopic origin has been traced back to the “100f -
coupling between single-particle states and collective giant
resonance$10]. This physical mechanism gives rise to the Y- A T S S S T S S S
core polarization charges, which are predicted to have a 06-05-04-03-02-0.10001 0203 04 0506 07
strong isospin dependence in light nucjéil,12. Namely, B,

the core polarization charges are larger in proton-rich nuclei G ¢ d CS calculations f9C with the SG
and smaller in neutron-rich nuclei. A strong isospin depen-  IC: 1. Deformed HF+BCS calculations fofC with the SGII
dence of the core polarization charges is confirmed experi'—meracuon‘ The density-dependent pairing interac(iris adopted
mentally in the study of) moments of B isotopefL3]. In in the calculations. The strength of spin-orbit force is modified mul-
this pager shell mo?j/el calculations are perforpmed With tWOtipIying a factor(0.5-1.3 by the original one in the HF calculations

. . . . in C isotopes. See text for details.
effective interactions: Millener-Kurath(MK) [14] and P
Warburton-Brown(WBP) [15] interactions. Then, we apply

the isospin-dependent core polarization charges with Hlﬂepeqdence of_the results..Both interactions are commonly
wave functions to stud®) moments of odd C and Ne iso- used in mean field calculations and also random phase ap-
topes andE2 transitions in even C and Ne isotopes. Thesdroximations for the excited states. Essential differences of
results are compared with those obtained by a standard shdf]e two interactions are nuclear incompressibility and spin
model calculation with harmonic oscillatoHO) wave func- ~ Properties. We expect some differences in the results of the
tions and constant effective charges. For C isotofesyo- two interactions in the magnitude and sign of deformations,
ments and magnetic moments mainly for the ground states &SPecially, in odd nuclei. However, we found that the two
well as the electric dipole transition strength were studied"t€ractions give essentially the same results as far as the
[16] by shell model calculations with the use of the WBP deformations are concerned._Theref_ore we will mainly dlg-
interaction. Here, we extend our investigation to both C andUSS the results of the SGII interaction hereafter. The axial
Ne isotopes including excited states also, and compare withyMmetry is assumed for the HF deformed potential. The
the deformed HE calculations. The effects @JLV in the Pairing interaction is taken to be a density-dependent pairing
magnetic momemts due to the meson-exchange currents dfieraction in the BCS approximation:
also investigated. p(r)
This paper is organized as follows. The deformed HF cal- V(ry,rp) = Vé(l - —)5(r1 —ra), (1)
culations of C and Ne isotopes with Skyrme and density- Po
dependent pai_ring interacti(_ms are pr(_asented ip Sec_. Il Th\ﬁherep(r) is the HF density at =(r;+r,)/2 andpg is cho-
HF wave functions are applied to predict the spin parity of Csen to be 0.16 . The pairing strength is taken to b&
isotopes far from the ;tabll|ty I|ne_W|th study of i@ mo-  =-410 MeV fn? for both neutrons and protongl7]. A
ments and the magnetic momentsn Sec. Ill. The electro-  smooth energy cutoff is employed in the BCS calculations
magnetic moments are also studied by using the shell modei g,

wave functions with the isospin-dependent effective charges |p Fig. 1, the energy surfaces HiC are shown multiply-
and compared with the results with deformed HF wave funcing a factor(0.5-1.3 by the original spin-orbit interaction.
tions in Sec. Ill. TheE2 transitions are calculated by using sjnce an interplay between the single-particle energy differ-
shell model wave functions with effective charges in Sec. IV.ence around the Fermi surface and the quadrupole vibration
We adopt two different models with shell model wave func-energy plays an essential role for driving the deformation,
tions in the calculations o moments ande2 transitions.  the smaller spin-orbit splitting gives a clear deformation
The first one is commonly used constant effective chargeninimum on the oblate side. The original spin-orbit interac-
with the HO wave functions. The second one is a model withjons of SGII and SlII give the energy minima at a spherical
HF wave functions with core polarization charges obtainetshape for'?C. In the case of Ne isotopes, the original spin-
by the particle-vibratioriPV) coupling model. Asummary is  orbit interaction works to predict well the isotope depen-

given in Sec. V. dence of the deformation in comparison with emirical data.
This is due to the fact that thedd,, and %,,, states are rather
Il. DEFORMED HE CALCULATIONS WITH SKYRME close in energy in the spherical HF results in Ne isotopes,

while 1py,, and Ip;, States are not close enough to drive the
deformation in*2C for the HF results of C isotopes. In order
We investigate the neutron number dependence of defoto make a realistic deforamation minima in C isotopes, we
mation properties along the chain of C and Ne isotopes. Toeduce the spin-orbit interaction of SGIl to be 60% of the
this end, we perform deformed HF+BCS calculations withoriginal strength, while the original one is used in Ne iso-
two Skyrme interactions SGIlI and SllI to see the interactiontopes. Since our main aim of this study is the isotope depen-

INTERACTIONS
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L L B A A A oblate energy minima are almost degenerate in energy in
’Zg F (3) \_”_EG"_/"C ] %Ne. The energy minimum dNe is very flat and depends
bt} ] on the adopted interaction. Namely the SGIl interaction
gives a prolate minimum, while the SllI interaction gives an

-100 | J

05 “c ] oblate minimum. The nucleuf®Ne is found to show a

a10l \_/_\/ ] spherical shape due to another shell closurd=aR0. Then,
A

E (MeV)

15} 32Ne becomes prolate again as a typical nucleus next to the

o]
120} \\_/——\/wg' closed shell nucleus.
,C

125¢ ch A deformed Skyrme HF+ blocked BCS calculation are
:;’g N s C ] performed for odd C and Ne isotopes and the results are
0.6-0.5-0.4-0.3-0.2-0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 shown in Fig. 3 for C isotopes and Fig. 4 for Ne isotope. The
B, deformation and the intrinsiQ, moments are tabulated in

Table | for C isotopes and in Table Il for Ne isotopes with the

-130 SGll interaction. In°C, having one extra neutron outside of

':40 - (b) SaGli Ne | the neutron closed sheN=8, the spin parity of the ground

:122: x_\/ﬂ, ] state is given to bd™=1/2" with a prolate deformation by

7ok Ne_ the deformed HF calculation, while a simple shell model
< 8ol 22, ] configuration isJ”=5/2" and theQ moment has a negative
> Ne . e .
§ RIS - ] value (an oblate shape in the intrinsic momerithe experi-
W 200f X__“_/ Ne | mental assignment of the spin parity 8&§=1/2" in the

210} \_—/—;Ne . ground state of°C. This is also a typical example of the

220 \_\-)”Ne' deformation effect in the nuclear system.

'zig TS "Ng The results shows that the ground state''af is prolate

" 0.60.50.40.30.20.10.00.10.20.3040.50.60.7 0.8 with J7=3* while that of *°C is oblate withJ"=2*. In *°C,

B, the energy minimum cndl”zé+ is almost degenerate with that

) ) ] of J”:§+ with almost the same oblate deformatigi ~
_ FIG. 2. Deformed HF+BCS calculations with the SGIl interac- _q 36 These spin parities of the ground states are consistent
tion (a) for C isotopes andb) for Ne isotopes. The density- i the shell model calculation§l7]. The spin of the
dependent pair 'n_g interactiqg) is ad.o.pted in the Cflcmat'ons'.me ground state of’C has been assigned as 3/ the mag-
strength of spin-orbit force is modified to be 60% of the original netic moment measuremefit9] as will be discussed later
one in the HF calculations in C isotopes. See the text for details. . 19~ . ’
The spin of °C is assigned as 172n the Coulomb breakup

dence of the deformation, the HF results should give a propeieactions[20], while there is still controversy about the ex-
deformation in a known case liKéC, while the smaller spin- perimental assignment in R¢21]. The HF results of odd Ne
orbit interaction may give poorer results than the original ongsotopes are shown in Fig. 4. fiNe, with one neutron out-
for the total binding energies. This is the reason why weside of theN=8 neutron core, one can see again a prolate
adopt the smaller spin-orbit force in C isotopes. deformation in the ground state wim:§+ as a clear sign of
Figure 2 shows the binding energy surfaces for even-madke isotope dependence of the deformation expected from the
C and Ne isotopes as a function of the quadrupole deformaauclear Jahn-Teller effect. The prolate deformation becomes
tion parametep3, with SGI! interaction. The deformations at larger in?Ne having three neutrons outside of tie 8 neu-
the energy minima are tabulated in Table | for C isotopes antron core than that ofNe. The spin parities of the ground
Table 1l for Ne isotopes with SGII interaction. states in>~*Ne agree with the experimental data, while the
The energy minimum it?C appears at an oblate defor- spin parity of the ground state fiNe is not yet determined
mation with 8,=-0.32 in Fig. 2a). The energy minimum experimentally.
becomes spherical ifC because of the neutron closed shell  The isotope dependence of the energy minima is shown in
effect. For heavier C isotoped®C shows a large prolate Fig. 5 as a function of neutron numbir The oblate defor-
minimum, while in*8C, two minima appear both in the pro- mation is obtained if°C as is expected from the two hole
late and oblate sides having almost the same energiesonfigurations to the closed shéll=Z2=8. The shape be-
Namely, the ground state has a minimum with a large prolateomes spherical ilN=8 isotones'“C and *®Ne due to the
deformation at3,=0.36, while a local minimum appears at neutron closed shell effect. Then two isotopes show large
the oblate side aB,~-0.3 within an energy difference of prolate deformations in nuclei with ZEAN>8. While a na-
0.1 MeV. The deformation becomes oblate’lc and®C.  ive shell model gives)™=3* with negativeQ moments for
The HF calculations with the original spin-orbit strength N=9 isotones°C and**Ne, the deformed HF gives the pro-
gives a spherical shape f&C and®“C. late shape, i.e., positive intrins@, moments and also posi-
The deformation of Ne isotopes are shown in Figh)2 tive Q moments at the band head wili=1/2. There is a
and Table II. In general, the energy surface is shallow in evesharp change of the deformation minima from prolate to ob-
Ne isotopes. The energy minimum BNe is very close to late betweerN=12 and 14 for both C and Ne isotopes. The
spherical shape as is expected dudlte3 shell closure. The shape becomes close to spherical in very heavier Ne isotopes
prolate deformations are found #iNe and®Ne and then the nearN=20. In this way, the two isotopes show a clear mani-
deformation minimum is oblate iA*Ne. The spherical and festation of the the nuclear deformation effect in the de-

054316-3



SAGAWA et al. PHYSICAL REVIEW C 70, 054316(2004)

TABLE I. Energies, deformations, and intringgz moments in Eqg4) and(5) in carbon isotopes with the Skyrme interaction SGII. The
intrinsic gk factor in Eq.(10), the decoupling parametbrin Eq. (12), and the magnetic momenjisin Egs.(8) and(11) are also listed. The
spin-orbit interaction is multiplied by a factor 0.6 to induce clear deformation minima in C isotopes.

Energy Qop Qon
Nucleus K™ (MeV) Bap Bon Bz (fm?) (fm?) K b ,U«
°c 1/2- 0.0 0.273 0.251 0.269 16.260 10.148 -3.619 1.039 1.103
3/2° 0.98 -0.293 -0.196 -0.279 -17.181 -5.743 -1.273 0.0 -0.746
10c 0* 0.0 -0.277 -0.283 -0.279 -13.830 -7.923
o 0.04 0.285 0.476 0.355 14.839 14.262
e 1/2- 0.0 -0.360 -0.358 -0.359 -18.777 -14.233 3.375 -0.117 0.855
3/2° 0.58 0.210 0.395 0.277 8.913 7.521 -1.273 0.0 -0.818
3/2° 1.09 -0.332 -0.318 -0.327 -17.170 -13.311 -1.273 0.0 -0.818
2c 0* 0.0 -0.319 -0.317 -0.318 -15.630 -15.316
o* 0.99 0.090 0.089 0.090 4.107 4.019
B¢ 1/2- 0.0 0.058 0.057 0.057 2.630 1.919 1.973 -0.589 0.779
5/2* 5.97 -0.420 -0.419 -0.420 -22.492 -30.642 -0.764 0.0 -1.035
1/2* 6.15 0.378 0.376 0.377 19.001 35.287 -3.456 1.070 0.975
1/2* 6.95 -0.405 -0.404 -0.405 -21.399 -27.791 -3.518 1.033 0.938
e 0" 0.0 0.013 0.005 0.008 0.591 0.333
5c 1/2* 0.0 0.247 0.166 0.199 11.938 27.246 -3.221 -1.107 -1.739
5/2* 1.35 -0.217 -0.117 -0.158 -10.381 -15.732 -0.764 0.0 -1.079
1/2* 2.26 -0.153 -0.08 -0.11 -7.2 -13.580 -3.114 -1.087 -1.659
3/2* 2.38 0.079 0.043 0.058 3.684 5.997 -0.989 0.0 -0.650
16c 0" 0.0 0.279 0.371 0.341 13.822 38.805
o* 0.61 -0.240 -0.207 -0.217 -11.822 -21.473
e 3/2* 0.0 0.330 0.422 0.392 16.751 50.712 -1.187 0.0 -0.856
1/2* 0.46 -0.326 -0.264 -0.285 -16.708 -36.162 -3.425 -1.046 -1.770
1/2* 0.75 0.303 0.258 0.273 15.415 43.283 -3.340 -1.085 -1.775
3/2* 1.19 -0.327 -0.267 -0.287 -16.674 -35.161 0.841 0.0 0.969
5/2% 1.23 -0.316 -0.262 -0.279 -16.209 -36.810 -0.764 0.0 -1.112
5/2% 2.3 0.161 0.233 0.210 7.802 16.942 -0.764 0.0 -1.112
8¢ 0* 0.0 0.315 0.372 0.356 16.203 51.637
o* 0.1 -0.316 -0.286 -0.294 -16.444 -40.669
¢ 3/2* 0.0 -0.385 -0.353 -0.362 -21.012 -59.909 0.980 0.0 1.071
1/2* 0.35 -0.387 -0.337 -0.351 -21.255 -57.435 -3.493 -1.038 -1.795
5/2* 1.56 -0.376 -0.337 -0.348 -20.484 -59.018 -0.764 0.0 -1.138
1/2* 2.05 0.353 0.409 0.394 18.482 65.388 2.630 0.235 0.362
5/2* 2.28 0.243 0.310 0.292 12.211 35.644  -0.764 0.0 -1.138
1/2* 3.17 -0.229 -0.219 -0.222 -11.501 -22.367 0.106 -10.282 -0.597
3/2* 3.56 0.222 0.203 0.208 11.211 34.580 -1.116 0.0 -0.815
20c o* 0.0 -0.371 -0.342 -0.349 -20.373 -61.980
o* 3.45 0.250 0.238 0.241 12.980 42.915
2c 0" 0.0 -0.330 -0.241 -0.258 -18.265 -54.249
o* 0.84 0.060 0.031 0.037 3.088 6.679

formed HF calculations as a spontaneous spherical symmettion in C isotopes was studied by using the antisymmetrized
breaking of the spherical shape induced by the driving forcenolecular dynamic$AMD ) model in Ref.[22]. The AMD

in the mean field potentidB]. The deformation effect in the model predicts an isotope dependence of neutron deforma-
C and Ne isotopes is unique compared with that in rare-earttions very similar to the present results, while the proton
nuclei in the sense that both prolate and oblate deformationshapes stay always at the oblate side in the AMD model. It
appear clearly in the beginning of the closed shell and at thehould be noticed that the triaxiality is discarded in the
end of the closed shell. The isotope dependence of deform@resent deformed HF model. However, the present model has
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TABLE Il. Energies, deformations, and intringig moments in Eqs(4) and(5) in neon isotopes with the Skyrme interaction SGII. The
intrinsic gk factor in Eq.(10), the decoupling parameterin Eq. (12), and the magnetic momenjisin Egs.(8) and(11) are also listed. The
original spin-orbit interaction is used.

Energy Qop Qon
Nucleus K™ (MeV) Bap Bon Bo (fm?) (fm?) K b ,U«
BNe ot 0.0 -0.011 -0.007 -0.009 -1.084 -0.479
Ne 1/2* 0.0 0.403 0.238 0.336 42.712 32.888 -3.063 -1.141 -1.700
5/2* 1.74 -0.167 -0.1 -0.14 -16.845 -13.844 -0.764 0.0 -0.988
3/2* 2.67 0.06 0.029 0.047 5.944 3.971 -0.870 0.0 -0.467
2ONe ot 0.0 0.405 0.403 0.404 42.512 41.350
o* 2.70 -0.157 -0.156 -0.157 -15.692 -15.206
2INe 3/2* 0.0 0.432 0.428 0.430 45.876 50.126 -1.140 0.0 -0.741
1/2* 1.84 0.377 0.273 0.325 39.399 42.450 -2.923 -1.168 -1.652
5/2* 3.29 0.334 0.332 0.333 34.162 27.898 -0.764 0.0 -1.024
3/2* 3.68 -0.169 -0.180 -0.174 -16.823 -18.527 -0.405 0.0 -0.079
1/2* 3.76 -0.222 -0.225 -0.223 -22.419 -27.835 -2.355 -1.234 -1.398
5/2* 3.99 -0.144 -0.102 -0.123 -14.318 -16.742 -0.764 0.0 -1.024
2Ne 0 0.0 0.410 0.403 0.406 43.098 53.259
ot 3.61 -0.183 -0.185 -0.184 -18.378 -23.482
2Ne 5/2* 0.0 0.344 0.340 0.342 35.311 38.561 -0.764 0.0 -1.053
1/2* 1.66 -0.227 -0.222 -0.224 -23.041 -34.039 -2.393 -1.230 -1.414
3/2* 2.0 -0.220 -0.236 -0.229 -22.282 -32.548 -0.193 0.0 0.088
3/2* 2.67 0.223 0.146 0.180 22.497 21.959 -1.018 0.0 -0.655
5/2* 3.19 -0.160 -0.129 -0.143 -16.012 -23.350 -0.764 0.0 -1.054
2Ne ot 0.0 -0.212 -0.214 -0.213 -21.511 -33.62
o* 0.32 0.267 0.194 0.223 27.23 30.27
>Ne 5/2* 0.0 0.314 0.286 0.297 32.823 42.450 -0.764 0.0 -1.078
1/2* 1.38 -0.104 -0.082 -0.091 -10.568 -12.990 -1.001 -1.97 -0.954
3/2* 1.62 -0.055 -0.042 -0.047 -5.579 -5.995 -0.708 0.0 -0.398
26Ne ot 0.0 0.178 0.113 0.135 18.232 21.741
0* 0.03 0.001 -0.001 -0.001 0.111 -0.253
28Ne ot 0.0 0.201 0.121 0.146 21.357 28.565
0* 0.1 -0.158 -0.132 -0.140 -16.706 -31.012

a reasonable predicting power for such observabl€d m®-  especially forp-shell nuclei including states with™sd con-
ments and magnetic moments, which will be discussed ifigurations within thep-sd space.

Sec. lll. Two kinds of effective charges are compared in the cal-
culations. The first one is the standard constant effective
ll. Q MOMENTS AND MAGNETIC MOMENTS IN C chargesgf;=1.3 andef;=0.5, with the harmonic oscillator
AND Ne ISOTOPES wave functions. This prescription has been known to explain
successfullyQ moments andB(E2) transitions in many
A. Q moments stable p- and sd-shell nuclei[9]. The second one is the

We study in this sectiol@ moments and magnetic mo- iS0spin-dependent polarization chargeg, [10,11, derived
ments in C and Ne isotopes using the deformed HF wav&0m the microscopic PV coupling model based the on the
functions and the shell model calculatiofi$]. We first dis- HF+random phase approximation. The calculated polariza-
cuss theQ moments. In the shell model calculations, two tion chargee,,(PV) is parametrized as

effective interactions, WBP and MK interactions, are 7 N-7Z IN-7

adopted within the @w configurations inp-sd model space ep(PV)/e=a—+b + <c + d——) T

as they have been among those commonly and often used A A A

and well studied. The WBP Hamiltonian is designed to re- 7,=1 (- 1) for v(m), 2)

produce systematically the energies of the ground and ex-
cited states of stablp- andsd-shell nuclei. The MK Hamil-  with a=0.82,b=-0.25,¢=0.12, andd=-0.36 to reproduce
tonian is also constructed for stalgpe and sd-shell nuclei, the calculated values of,, for C and '°C by the HF
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8] F £eliQsp(dsyp) for 3/2" and + 7€l:{Qsp(ds)2) for 5/2" in the

05 4 92 00 02 04 08 <5 04 02 ‘:° 0z oa os case of thendi%,(J=2)1s,, configuration. HereQg(ds/,) de-
, : notes the single particle value of tligmoment for theds,

H H 7 19
FIG. 3. Deformed HF+blocked BCS calculations with SGII in- orbit. Note that the signs of th@ moments for''C and™*C

teraction for odd C isotopes. See the caption to Fig. 2 and text foftr® QppOSIIe. The shell model values of tbemc')ment's are
details. obtained by the admixture among these configurations, and

their magnitudes are enhanced a few times larger than those
of the simple configurations. Nevertheless, the difference of
the signs betweeh'C and*°C can be understood from those
®he simple configurations.
Let us now discuss th® moments of C and Ne isotopes
with the deformed HF calculations. In Tables | and Il the
2 (PV)/e=1+eb,(PV)/e, deformations and the intrinsiQ, moments at the energy
minima of deformed HF calculations are summarized both
N (PV)je=e" (PV)/e. for C and Ne isotopes. The intrins@q, _and Qon moments
Cer(PV)/e=eny(PV)/e ® are calculated by using HF wave functitify,
The Q moments obtained by using the polarization
QOp - <K K> ’ (4)

+PV model[12]. Both the neutrorfv) and proton(r) polar-

ization charges decrease as the neutron excess increases.
effective charges are defined by using the polarization
chargeg?2) as

chargeg3) are shown in Fig. 6 and Table Ill. In Table I, the
proton and the neutron compone@sandQ, are also tabu-
lated. The single particle and shell mo@@imoments of odd

C isotopes are shown in Fig(d@ together with deformed HF
ones. Open circles denote results of the shell model calcula-
tions with the use o€l(PV). Single-particle or -hole values
with the use ofl(PV) are given by open triangles. Namely,
the configurations fofC and*'C arevps, andvps, respec-
tively. The single-particle configurations f&fC and*°C are

vds 5187 ,(J=0) and vdz),, respectively, for the 5/2state. A
single-particle configuratiomds, is taken as the 3/2state

of 1'C. Filled triangles denote the configurations of the se-
niority 3 states with two particlegholeg in vdg, orbit,
namely, vdi5(J=2)1s,, configuration for J7=3/2" and 2 4 6 8 10 12 14 16 18 20 22

5/2%. The vd:,,(J=2)1s,/, and vdz5(J=2)1s,,, are possible Neutron Number

simple configurations fot’C and'°C, respectively, to give FIG. 5. (Color onling Isotope dependence of deformations of C
nonzero values 0@ moments, since theds,, or vd¥,1s5,,  and Ne isotopes with SGII interaction. The points with error bars
configuration corresponding to the middle of ttg, shell  show the cases in which two deformation minima are found within
results in the vanishing of th® moments. the energy difference of 0.1 MeV.

f Po(x,y,2)(22* = = y?ydr
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TABLE lll. Q moments in C and Ne isotopes. The shell model calculations are performed by using the isospin-dependent effective
chargegq3), while the HF results are obtained by using Skyrme interactions SGII and SlIl. W&takén odd isotopes and the valuks0
andJ=2 are used if%Ne and?Ne. The experimental data are taken from R2#]. The data sandwiched by bars are known only in the
absolute magnitudes. The numbers in parentheses show experimental uncertainties.

WBP MK SGlI sl
b n P n Q Q (exph
Nucleus Jm (fm?) (fm?) (efm?) (fm?) (fm?) (efm?) (efm?) (efm?) (efm?
°c 3/2° -1.32 -2.40 -3.88 -1.94 -2.24 -4.63 -3.44 -3.40 —
e 3/2” 2.76 0.983 4.27 2.90 1.47 4.76 1.79 1.94  |3.426
e 3/2* 0.57 5.84 2.39 0.94 6.10 2.89 3.35 3.27 —
c 3/2* -1.29 -6.50 -3.00 -1.51 -6.40 -3.21 -4.20 -4.00 —
c 5/2* 1.37 6.67 3.13 0.083 -0.578 -0.051 -7.31 -6.65 —
20Ne 2 -8.43 -8.43 -15.34 -8.62 -8.62 -15.69 -12.3 -11.3 (323
ZINe 3/2* 5.62 6.75 10.43 5.83 7.02 10.82 9.18 8.64 +18).3
22Ne 2 -7.57 -9.88 -13.92 -8.25 -10.44 -15.02 -12.61 -11.33 (419
BNe 5/2* 8.02 10.04 14.07 -6.55 -7.96 -11.51 12.31 10.87 —
BNe 3/2* -4.86 -4.94 -7.59 -4.96 -7.47 -8.65 -1.12 -1.02 —
BNe 5/2* -3.37 1.49 -3.45 7.21 9.26 11.98 11.72 9.91 —

site signs. In these cases, the second;5tates near the
Qon=\K , (5)  ground 5/2 states in one interaction correspond to the}5/2
states in the other interaction. Calculat@dnoments of the
wherep, and p, are the proton and the neutron density op-5/2; states in°C, *Ne, and®Ne areQ=-0.19, -11.81, and
erators, respectively. The quadrupole deformatiBgs Ban 8.73efm? (Q=3.07, 13.63, and -6.1&fm?), respectively,
are proton and neutron deformations at the minimum pointéor the WBP(MK) case. In th& moments of°Ne and®Ne,
of neutron and proton energy surfaces, while the vayes  the contribution from thesd mixing part is comparable or
obtained at the minimum point of total energy surface. Thdarger than that from thd-orbit part, and in particular for the
sign of deformation is always the same for protons and neuQ moment of*Ne (5/2;) obtained by the WBP they have
trons, while the magnitude is largely different in several con-opposite signs and the net sign is determined bysthenix-
figurations, for example, thg,, of the ground state dfCis ing part.
much larger than thg,,,, while the 3,, values are larger than The MK interaction has been modified by enhancing the

f Pn(X,Y,2)(222 = x* = y?)dr | K

those of thegy, in 7. spin-isospin part of the interaction and shell gap between the
The Q moment in the laboratory system can be expressefPyz and s, orbits [23]. These modifications were found
as to be important for shell evolution and can affect the observ-
ables near the drip-line nuclei. We comment on the depen-
3K?-JJ+1) dence of the calculate@ moments of the C isotopes on the
Q=eQn5y 30+ 1) (6)  shell model Hamiltonians. Using the modified Mienoted

as OFlj) Hamiltonian[23], which is to be applied within the

We always consider the state wik=J in Eq. (6) for the  Ohw space,Q, and Q, are calculated and compared with
states in odd nuclei. Calculate@ moments by using the the values obtained by the MK Hamiltonian. Calculated
deformed HF wave functions are tabulated in Table Il to-Q moments are found to be modified by 0.480.9%,
gether with the shell model results. For C isotopes, the de=0.08(-1.8%), —0.10(-3.3%), and —0.23(-7.2% for the
formed HF results with SGII interaction are shown in Fig. 3/2" stat§ efm? in °C (3/2), *'C (3/2°), *'C (3/2"), and
6(a) by the open boxes. In C isotopes, it is remarkable that®C (3/2",5/2") states, respectively. The effects are rather
the HF results are very close to the shell model ones in mosimall except forC.
of the cases except 57&tate in'°C. Although the two re-
sults are surprisingly consistent quantitatively in several _
cases, the shell model wave functions with the isospin- B. Magnetic moments
dependent effective charges give somewhat better agreement Magnetic moments are useful observables to find out the
with available experimental data {@ moments. spin parities and the deformations of the ground state of nu-

In Table Ill, we see that th€ moments of*°C (5/2%),  clei and also those of the excited states. We study the mag-
ZNe (5/2%), and **Ne (5/2") obtained by the shell model netic moments of the ground and excited states of C and Ne
calculations with the WBP and MK interactions have oppo-isotopes performing the deformed HF and the shell model
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80 L} L} L} L} L} L} L} L} —
= .l @) O SM VSs.p. (T'h') | Ok = <K|gll3 + 9533|K> (10)
E ol o ® o 'u(ii"ﬁ:éﬁ) i For aK:% state, the magnetic moment contains an additional
4 " hd Ig—‘—o— contribution from theAK=1 term in the intrinsic moment,
A i
' g pK=112.9) = ged+ 1 R IL+ 20+ (- 1%,
20F ¢ . 4J+1)
(o]
40 © o (12)
S0 r o T whereb is the magnetic decoupling parameter defined as
ol .
‘,",,;2_31/‘2, ;/72+;/72+ 31./92+;?2+ b(gk — gr) = (K =1/2(g, — gR)I+ + (gs — GR)S:|K = 1/2).
' (12
O SM Vs.p. (sh.) The calculated valuegx andb are tabulated in Tables | and
> 2r (b) @ exp O HF (SGID Il
£ .
= T : v g ] The calculated magnetic moments of C and Ne isotopes
0 Q are tabulated in Table 1V together with available experimen-
a1t g g °ed 9. tal data. Results of the shell model calculations with an ef-
2l | fective orbitalg factor in the isovector parﬁg'evzo.lo, due
o o to the meson-exchange current contributig@8] are also
B ey v I shown. The inclusion ofg}’ improves the agreement of the
4r ] calculated values with the experimental ones for the MK
-sA ; 1-1 1-3 1-5 1'7 1'7 1'7 1'9 1'9 1'9 interaction. The root mean squafems) deviations of the

calculated magnetic moments from the experimental ones for

T3t 2 12intaptsptst apts et

FIG. 6. Q moments and magnetic moments for the odd C iso-
topes.(a) Open triangles denot® moments of single-particle or
-hole values, while filled triangles give results of thdéfglsl,z
configuration. These values include the effects of the polarization
chargesgq¢(PV) in Eq. (3). (b) Open circles denote the results of
the magnetig factors of shell model calculations obtained with the
use of WBP interaction angiff=0.ggs, while the HF results are
obtained by using Eq$8) and(11) and shown by open boxes. The
filed circles are the experimental values taken from Refs.
[19,25,27,3D

calculations. Slightly quenched spii' factors

9s"= 0.9y (7)

are used in the shell model calculations wif+-3.82 and
g<=5.58 in unit of the nuclear magneten,=eh/2myc. The
quenching factor 0.9 is somewhat different to the commonly
adopted value$0.7-0.8g.. This difference might be due to
smaller second-order core polarization effects in light
neutron-rich nucle[26].

For deformed HF wave function&), the magnetic mo-
ment can be written, for a band wit{]>%, as

K2
u=gRJ+(gK—gR)JTl, (8

wheregg is the effectiveg factor for the rotational motion,

OrR=

10

(a)
C isotopes
8r s o---o Exp.
6 L
s
[}
2
w o,
2 -
0 . . . y .
8 10 12 14 16 18 20
A
3.0 T
® Ne Isotopes
25 J=2"
2.0
3
s 15
o
10
05 |
0.0

A

7 FIG. 7. (Color onling The excitation energies of the first 2
= (9) statesi(a) C isotopes angb) Ne isotopes. Shell model calculations
A are performed in .o model space in thép-sd) configurations

with Warburton-Brown WBP interaction and Millener-KuraifiK)

andg is the intrinsicg factor,
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TABLE IV. Magnetic momentsu (in unit of nuclear magnetoefi/2myc) in C and Ne isotopes. The shell model calculations are
performed by using the effective spig(eff) factor gs(eff)=0.9g¢(bare). The shell model values with the inclusion ﬁj')’ are given with
in the brackets. The HF results are obtained by using E)sand (11) with Skyrme interactions SGIl and Slll. We take=J in all
configurations in the table. The experimental data are taken from[B&ffor °C, from Ref.[24] for 1'C, °C, and Ne isotopes, from Ref.
[27] for *°C, and from Ref[19] for °C. The data sandwiched by bars are known only in the absolute magnitudes. The numbers in parentheses

show experimental uncertainties.

Nucleus Jm WBP(+4g} MK (+ég} SGlI sl Experiment
°c 3/2" -1.483(-1.553 -1.404(-1.472 -0.746 -0.746 |1.39145)|
e 3/2" -0.991(-1.069 -0.691(-0.759 -0.818 -0.818 -0.962)
3¢ 1/2- 0.554(0.482 0.634(0.592 0.779 0.780 +0.7024
3¢ 5/2* -1.277(1.457) -1.394(-1.579 -1.035 -1.035 |1.39538)|
5¢ 1/2* -1.721(1.724 -1.627(1.63)) -1.739 -1.587 [1.72Q9)|
15¢ 5/2* -1.633(-1.829 -1.546(-1.736 -1.079 -1.079 -1.7580)
e 1/2* -1.408(-1.419 -1.394(-1.574 -1.770 -1.743 S
e 3/2* -0.767(-0.88) -0.623(-0.735 -0.856 -0.843 |0.758138)|
e 5/2* -1.257(-1.459 -1.302(-1.499 -1.112 -1.112
8¢ 1/2* -1.305(-1.323 -1.374(-1.387 -1.795 -1.780 S
¢ 3/2* 0.284(0.137 0.421(0.273 1.071 0.975 —
8¢ 5/2% -1.126(-1.319 -0.831(-1.029 -1.138 -1.138 S
%Ne 1/2* -1.870(-1.911) -1.828(-1.865 -1.700 -1.605 -1.88548)

5/2* -0.618(-0.639 -0.476(-0.479 -0.988 -0.988 -0.748)
2INe 3/2* -0.718(-0.791) -0.775(-0.847 -0.741 -0.726 -0.66179%)
5/2* -0.522(-0.621) -0.527(-0.611) -1.024 -1.024 |0.4935)|, |0.708)|
BNe 5/2* -0.996(-1.166 -0.360(-0.429 -1.053 -1.053 -1.08)
BNe 1/2* -0.680(-0.712 -0.556(~0.605 -0.954 -0.954 —
3/2* 1.334(1.313 0.692(0.629 -0.398 -0.398 —
5/2% 0.678(0.680 -0.384(-0.553 -1.078 -1.078 —

C isotopes are 0.093, (0.147uy) and 0.12%my (0.121uy)

served data, an&Ne (5/2%) is excluded from the account

for the WBP(MK) interaction with and without the inclusion for the MK case because of the reason mentioned above.

of &g}, respectively. When the OFHamiltonian is used,

The two HF interactions give always similar results in the

the difference of the calculated magnetic moments fronsign and also in the magnitude of the magnetic moments. In

those of the MK Hamiltonian amounts to béu=
-0.07 to —0.01uy,
, 1’c, and '°C, respectively, which is
rather minor as the rms deviation changes from OuU}p5
(MK) to 0.058uy (OFU) for these neutron-rich isotopes.

-0.01 to 0.0J,uﬁ_:
to 0.04uy for C

and -0.08

For *Ne (5/2;), the two shell model interactions, WBP 15 19\ and?Ne.
and MK, give rather different results since, as was stated in  The calculatedy factors defined by=/J are shown in

Sec. Il A, the second 5/2state atE,=0.249 MeV for the
MK case corresponds to the ground 5/ate of the WBP

general, the two models, the shell model and the HF model,
give close results each other in most of the cases listed in
Table IV and give good account of experimental data, espe-
cially in case of the shell model. Substantial differences are
found only in a few cases, 37&tate in°C and 5/2 states in

Fig. 6b) for C isotopes together with experimental data. In
17C, there has been controversial argument on the spin parity

case. The calculated magnetic moment for the WBP case isf the ground state. The calculated magnetitactors are
consistent with the experimental data, which supports thagssentially the same for the two configurations *3&hd
the Q moment should be positive, which is consistent with5/2* poth in the shell model and the deformed HF model.
the HF result. The difference of the sign of the calculatedThese calculated factors of the two states are both close to
magnetic moment of the 5] Ztate of**Ne between the two  the experimental value. The calcula®dnoments, however,
shell model interactions also originates from the same reaare very different in the two configurations in magnitude and
even in sign, reflecting the different deformation of the two
The rms deviations of the calculated values from the obconfigurations. The neutron and the proton contributions for

son.

served ones for the Ne isotopes are 00y80.15u,) and
0.085uy (0.16uy) for the WBP(MK) case with and without

the Q moment by the shell model with WBP are 17.4 mb and
6.5 mb, respectively, in the 312state, while they are

the effects ofsg)’, respectively. Here, the experimental value -5.0 mb and -3.8 mb, respectively, in the %/&tate. It
for °Ne (5/2") is taken to be the average of the two ob- should be noticed that the magnetic moment @homent
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) . FIG. 9. (Color online Energy weightedB(E2) values of the
FIG. 8. (Color onling B(E2) values of the 2— 0 transitions 21— 04, transitions for(a) C isotopes andb) Ne isotopes. The

for (& C isotopes andb) Ne isotopes. Filled and open squares tqrmyas of Grodzins and Raman systematics are given in(&ds.
show the results of the shell model calculation with the use of theand(lS) respectively. See caption to Fig. 8 for details.
constant effective chargﬁ”zl.s, e*"=0.5 and the harmonic os- ’

cillator wave functions withb=1.64 fm for C isotopes and . . .

=1.83 fm for Ne isotopes. The WBP and MK interactions are use&hefp'n and the parity of the ground state'¥ is 1/2" or

to calculate the shell model wave functions for the filled and oper?/2" [20]. According to the shell model and the deformed

squares, respectively. Filles@VBP) and open(MK) diamonds are HF calculations, the lowest 37Xstate is also close to the

obtained with the use of HF wave functions and the isotope depedowest 1/Z and 5/2 states in energy. The neutron and the

dent polarization charges,,(PV) given by Eq.(2). Filled circles ~ proton contributions to th€ moments are -15.9 mb and

show experimental valug4,30,31. —-14.0 mb in the 3/2state, while they are 16.3 mb for neu-
17 o trons and 14.9 mb for protons in the 5/&ate of*°C. Notice

of the 3/2 state in*'C show large deviations from the {hat the proton and neutron contributions are very different

single-particle (s.p) values, g (Schmidy and, Q(S.P)= fom the single-particle value of the purelD, state. These

—37.T;(n) mb for the pure @, state, i.e., even the signs eqits suggest the large configuration mixing in the lowest

of the moments between the two calculations are differents; >+ state of%C. Since the magnetic moment a@dnoment
The S'Eg'gépgt'deQ rl?on;]gnrt] for thi Ipure (%/]2 stt%te 'ﬁ | are very different for the three configurations ¥, mea-
Q(s.p)= Ser(n) mb, which is much larger than the she surements of these moments will give decisive information

model_p(;eSdicti%er; 8.9 mb({\lloticg thte jtan?ard f\i?(l:ue for on the spin assignment of the ground staté%f.
€ern)=0. and the presently adopted value 1S For >Ne, the spin and the parity of the ground state are
€f(nN)=0.33 with the interaction WBP. It is interesting 10 githar 1/7 or 3/2° [29] and are not determined yet. As the

mention that the shell mod€ moments suggest the prolate magnetic moment for 1/2and 3/2 are quite different, the
deformation for the 3/2state and the oblate deformation for measurement of the magnetic moment as well asfmeo-

the 5/2 state, which are consistent with the deformed HFyan js useful for the spin assignment of the ground state of
results in Table I. The measurement of @enoment will be 25y
the most decisive experiment to assign the spin and the par-
ity of the ground state of’C and will provide experimental
justification of the shell model and the deformed HF predic-
tions.

The magnetic moments and tif@ moment of °C are We discuss in this section the excitation energies Bad
given in Tables IV and IlI. It is still under dispute whether transitions of the first 2 states in the even C and Ne iso-

IV. E2 TRANSITIONS IN C AND Ne ISOTOPES
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TABLE V. Transition strengttB(E2) from the Z states to the ground states in C isotopes. Shell model
calculations are performed in af» model space iipsd shell configuration with the Millener-KurattMK)
interaction. The harmonic oscillator parameter is taken tb$#.64 fm to calculate the transition matrix in
the HO model. The HF wave functions for the HF+PV model are obtained by the using a Skyrme Sl
interaction. TheB(E2) value of the shell model is calculated by using ELB), while that with the deformed
HF wave function is calculated from E¢L6). ExperimentaB(E2) values are taken from Reff4,30].

Shell model Deformed HF
(HO) (HF+PV) SGlI Expt.
10c M, (fm?) -4.28 -4.43
M, (fm?) -3.33 -3.58
B(E2) (e? fm?) 8.36 13.0 3.81 12.4+2.0
2c M, (fm?) -4.31 -4.70
M, (fm?) -4.31 -4.70
B(E2) (e? fm?) 12.1 14.7 4.86 8.2+1.0
e M, (fm2) 0.167 0.207
M, (fm?) 4.68 5.12
B(E2) (e?fm?) 7.61 7.99 0.0 3.74+0.50
¢ M, (fm?) 8.20 9.82
M, (fm?) 1.35 1.72
B(E2) (€?fm?) 6.85 491 3.80 0.63+0.27
8¢ M, (fm?) 9.85 12.02
M, (fm?) 1.71 1.86
B(E2) (¢?fm?) 10.2 5.63 5.22 —
2c M, (fm?) 10.32 15.74
M, (fm?) 2.97 3.38
B(E2) (¢?fm?) 16.3 10.1 8.25 —

topes. The excitation energies of the firsteXcited states are standard values. Additionally, the protprshell wave func-
given in Fig. T{a) for C isotopes and in Fig.(B) for Ne tions are extended because of a shallower proton mean field
isotopes. The shell model calculations are performed by ugeotential than that of neutrons. Combining the two effects,
ing two effective interactions WBP and MK. The calcula- the B(E2) value by HF+PV model is enhanced by about
tions with WBP and MK give good account of the observed50% compared with that of HO+constant effective charges
excitation energies quantitatively in both C and Ne isotopesand shows a good account of the experimental value. A simi-
The higher energy of 2state in*4C is due to the shell clo- !ar enhancement of the effective charges |% also pointed out
sure effect aN=8. In general, the WBP interaction predicts in the experimental result 0@ moment of "B [13]. The
slightly higher excitation energies than the experimentaftandard shell model and the present HF+PV model give

H 14,
ones, while the MK interaction gives somewhat lower exci-2/MOst the same results in nuci‘é(:lgand C. On the other
tation energies. hand, in neutron-rich nucléfC and*®C, the HF +PV model

Calculated and experiment®(E2) values for the 2 gives much smalleB(E2) values than those of the standard

" - . .~ HO calculations because of the quenching of effective
— 0 stransitions are shown in Fig(& for C isotopes and in : . )
Fig. 8b) for Ne isotopes. The proton and neutron transitionChargeig’)' The experimental data of C isotopes are decreas

) X ; ing constantly as a function of mass numbBerThis trend is
matrix elements are tabulated in Table V for C Isotopes an ualitatively reproduced by the HF+PV model, although the
in Table VI for Ne isotopes. We adopt two models with dif- ;5\cjated values are abougafm? larger than the observed
ferent kinds of effective charges and single-particle wave,nes in nuclef? 1. In particular, the observeB(E2) value

functions to calculate the transition strength. The first one igg quite smaller int®C [4] than theoretical predictions. Re-
the constant effective charges=1.3 ande,=0.% with HO cently, the2%8Pb+C inelastic scattering was performed to

wave functions. The second one is the isospin-dependent &fjatermine the ratio of neutron to proton matrix element of
fective chargeg¢3) with HF wave functions. The transition e transition from the ground state td gtate[5]. The ob-

strengthB(E2) is calculated by using a formula served value(M,/M,)/(N/Z)=4.6+1.0 can be compared
1 . 5 with the calculated valuéM,,/Mp)/(N/Z)=3.423.62 by the
B(E2:l; — 1) = 2|_—+1|eefan+ eBrMpl”. (13} HF (HO) wave functions. Both experimental and theoretical
' values show an unusually large contribution from neutron
In a proton rich-nucleus’C, Eq. (3) gives e2(PV)=1.38  excitations for the 2state in'C compared to the ratiti/Z.
and e}(PV)=0.71, which are substantially larger than the In Ref.[33], it was pointed out that a proton transition matrix
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TABLE VI. Transition strength from the ;2states to the ground states in Ne isotopes. The harmonic
oscillator parameter is taken to e=1.83 fm to calculate the transition matrix in the HO model. Experi-
mentalB(E2) values are taken from Ref30]. See the captions of Table V for details.

Shell model Deformed HF
(HO) (HF+PV) SGl Expt.
18Ne M, (fm?) 0.0 0.0
M, (fm?) 9.79 10.04
B(E2) (€?fm?) 32.4 36.3 0.02 51.6+4.4
20Ne M, (fm?) -9.38 -10.49
M, (fm?) -9.38 -10.49
B(E2) (€ fm?) 57.0 73.0 35.9 66.8+3.8
22Ne M, (fm?) -11.45 -11.59
M, (fm?) -9.02 -9.17
B(E2) (e?fm?) 60.9 56.4 37.0 46.4%0.6
2Ne M, (fm?) 11.41 12.06
M, (fm?) 7.93 8.19
B(E2) (e?fm?) 51.3 43.4 9.20 28.2+6.4
2Ne M, (fm?) -5.66 -6.63
M, (fm?) -9.62 -10.0
B(E2) (¢ fm?) 47.1 39.3 6.60 45.6+8.2
2Ne M, (fm?) -5.18 -6.14
M, (fm?) -9.16 -9.66
B(E2) (¢ fm?) 42.0 335 11.4 53.8+27.2

element is strongly suppressed compared to the neutron one Z?

by a shell model calculation. The AMD modgd2] predicts EB(E2) = 6-53Ao_.69 (19

also a large ratidvl,/ M, but quantitatively fails to repro-

duce the abnormally quench&(E2) value in'®C. A consis-  in Ref.[30]. It is interesting to see in C isotopes that the two

tent understanding of the two experimental dat¥@is still  shell model results with the HF+PV model and HO model

an interesting open question. It would be also interesting tshow a peak at’C due to the neutron shell effect bit=8,

find out experimentally whether thB(E2) value increases Wwhile the empirical data and the systematics formulas show a

for 8C, as the calculation predicts since this increase come&onotonic decrease of the prodigB(E2). In Ne isotopes,

from a larger neutron contribution than that'fiC. the calculated values with HF+PV model show a peak at
The calculated3(E2) values of Ne isotopes are compared 2ONe which is consistent with the empirical results. On the

with experimental data in Fig.(B) and Table VI. In Ne other hand, the formulad4) and(15) show a slow smooth

isotopes, we can see again that the enhal¢&®) value in  decrease as a function of ma&s

a proton-rich nucleu¥Ne and the quenche®(E2) values in B(E2) in the laboratory system can be expressed as

neutron-rich nucle?>*Ne in the HF+PV model compared 5

with the standard HO model. The values calculated in HF B(E2;Kl; — KIf):E(eQOp)Z“iKZO“fw (16)
T

+PV model reproduce the experimental ones better than
g;f;sreevs".'th HO wave functions with the constant effective,; the intrinsicQg, moment of deformed HF results. The
ge . B(E2;K=0,l;=2—K=0,l;=0) values are tabulated in Table
. _In Figs. 9a) and Qb),_the observed energy weighted tran- V for C isotopes and in Table VI for Ne isotopes. In general,
sition strengthE,B(E2) is compared with the present'shell the deformed HF wave functions give smal®(E2) values
model results and the empirical systematics, Grodzins forE:ompared with those of shell model calculations, especially,
mula [32], in the neutron closed shell nucfic and!®Ne. On the other
hand, for the well-deformed nucléfNe and?’Ne, the HF
2 results are comparable with both the shell model and experi-
E,B(E2)=(25+8— (14) men_tal data. _
A Finally, we comment that considerable enhancements of
the B(E2) values as well as reductions of the energies of the
2] states compared to thegkshell model calculations were
and the formula based on the liquid drop model, found for very neutron-rich isotope&=3Ne, by the Monte
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Carlo shell model method with a modified USD-KB-MK HF and the shell model wave functions. This dependence can
Hamiltonian within the sd-0f,;,1p;, configuration space be used to determine unknown spin parities as well as the
[34]. deformation properties of the ground states of neutron-rich C
and Ne isotopes. The isotope dependence oBie2) val-
ues in even C and Ne isotopes are reproduced well by the
) i shell model calculations with the isospin-dependent polariza-
We pointed out the strong isotope dependence of defor;g, charges, while the standard shell model calculations
mation of C and Ne isotopes as a clear manifestation ofith HO wave functions and the constant effective charges
deformation-driving mechanism in atomic nuclei, the so-g4 1o reproduce the isotope dependenceBSE2) values.
called nuclear Jahn-Teller effect by using the deformed HFrhore is still an open question whether the extremely
calculations. The effect in light nuclei is unique compared uenched experiment®(E2) value in *°C is attributed to
with that in rare-earth nuclei in the sense that the prolate an rther quenching of neutron polarization charge or exotic

the oblate deformations appear clearly in the ground states Q O
. . . apes of proton and neutron density distributions.
the two isotopes. We have studied the isotope dependence 0 b P y

Q moments andB(E2) values of C and Ne isotopes using the

deformed HF wave functions and also the shell model wave
functions with polarization charges obtained by the HF
+PV coupling model. It is shown that the HF model is We thank K. Hagino, W. Nazarewicz, T. Nakatsukasa, and
equally successful to describe observ@dmoments and M. Kawai for stimulating and enlightening discussions. This

magnetic moments of the two isotopes as the shell modekork is supported in part by the Japanese Ministry of Edu-
with the effective operators. The configuration dependenceation, Culture, Sports, Science and Technology by a Grant-
of the Q moments in the odd C isotopes, which can be atin-Aid for Scientific Research under Program N& (2))
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