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Opposite deformations between protons and neutrons in proton-rich C isotopes
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Structures of C isotopes from the proton drip line to the neutron drip line are investigated in the framework
of the antisymmetrized molecular dynamics~AMD !. In particular, opposite deformations between protons and
neutrons near the proton drip line are discussed in detail. We make certain of this new phenomenon suggested
in the AMD results by analyzing the ratios of electric moments or transitions@Q or B(E2)# in 10C and11C to
those in the mirror nuclei10Be and11B. @S0556-2813~97!02206-1#

PACS number~s!: 21.60.2n, 02.70.Ns, 21.10.Ky, 27.20.1n
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I. INTRODUCTION

Unstable nuclei are expected to exhibit new phenom
which are not familiar in the stable nucleus region. So
properties of unstable nuclei are concerned with differen
between proton and neutron densities, for instance the
tron halo and the neutron skin structure. Another problem
great interest is the difference between proton and neu
deformations. In this paper we suggest an opposite defor
tion between protons and neutrons in proton-rich C isoto
based on calculations within the framework of the antisy
metrized molecular dynamics~AMD ! @1–4#. While we usu-
ally know proton densities by the data of electric properti
there are few data that tell us about neutron densities. Th
fore we get the information on neutron densities from
data of electric properties of the mirror nuclei assuming m
ror symmetry.

AMD has been already proved to be a very useful th
retical approach for investigations on nuclear structures
the light unstable nucleus region as well as the stable nuc
region. In the previous works on Li, Be, and B isotopes@2,3#,
it has been found that the intrinsic deformations of pro
and neutron density distributions change rapidly as a fu
tion of the neutron and proton numbers. The experime
data of electric and magnetic properties of these unst
nuclei have been well reproduced without effective char
andg factors, but using only bare charges andg factors. This
success is due to the flexible nature of the AMD wave fu
tion which can describe drastic changes of proton and n
tron structures without any model assumptions such as
existence of clusters and axial symmetry.

The purpose of this paper is to investigate structures o
isotopes focusing on the deformations of protons and n
rons with the AMD method. We try to confirm a suggest
problem of the opposite deformations between protons
neutrons by the help of the experimental data of electric m
ments and transitions in C and those in the mirror nuclei

In Sec. II, the formulation of the AMD is briefly ex

*Present address: Institute of Particle and Nuclear Studies, 3
Midori-cho, Tanashi, Tokyo 188, Japan.
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plained. In Sec. III, results of calculations with the AMD fo
C isotopes are displayed and compared to the experime
data. Discussions of the intrinsic deformations are presen
in Sec. IV. The proton deformations and the neutron def
mations of the isotopes are analyzed as a function of
neutron numberN. Opposite deformations between the pr
tons and the neutrons are found in the proton-rich C isotop
A detailed discussion of deformations in11C and 10C is pre-
sented by analyzing the electric quadrupole moments
E2 transitions, respectively. Finally, in Sec. V, a summary
given.

II. FORMULATION OF AMD AND ADOPTED FORCE

Here we give a brief explanation of the AMD framewor
For a more detailed explanation the reader is referred
Refs.@1,2#.

In the AMD the wave function of theA-nucleon system is
written by a parity-projected Slater determinant:

uF6~Z!&5~16P!
1

AA!
det@w i~ j !#, w i5fZi

xa i
, ~1!

wherexa i
is a spin isospin function andfZi

is a spatial wave
function with Gaussian form:

^r ufZi&5S 2n

p D 3/4expF2nS r2 Z i

An
D 21 1

2
Z i
2G . ~2!

In order to construct the ground state, we make an ene
variational calculation for the trial functionF6(Z) by intro-
ducing the frictional cooling equations to the complex p
rameters$Z% as follows:

Ż j5~l1 im!
1

i\

]

]Z j*
^F6~Z!uHuF6~Z!&

^F6~Z!uF6~Z!&
, c.c., ~3!

with arbitrary real numbersl andm,0. It is easily proved
that the energy of the system decreases with time:
-1
2860 © 1997 The American Physical Society
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55 2861OPPOSITE DEFORMATIONS BETWEEN PROTONS AND . . .
d

dt

^F6~Z!uHuF6~Z!&

^F6~Z!uF6~Z!&
,0. ~4!

We regard the energy minimumuF6(Z)& obtained after a
long enough cooling time as the intrinsic state. Then
intrinsic state is projected on total angular momentum eig
states uPMK

J F6(Z)& with numerical integration. For eac
spin J, a K quantum number is chosen so as to make
projected energy minimum. Only in calculations of ener
levels do we perform diagonalization of the Hamiltonian m
trix with respect to theK quantum number, which shows th
in the usual caseK mixing is small and energies of the low
est levels hardly change withK mixing. The optimum width
parametern of the Gaussian wave packets is determined
each parity state of each nucleus so as to get the minim
energy.

The adopted interaction in the present calculations o
isotopes is almost the same as that in Ref.@3# on B isotopes.
The interaction is composed of the Volkov No. 1 force@5# as
the two-body central force, the G3RS force wi
u5uI52uII5900 MeV as the two-body LS force@7#, the
density-dependent force@6#, and the Coulomb force. Th
strength of the repulsive part of the Volkov No. 1 force
weakened because of the use of the repulsive den
dependent force@6#. The modified Volkov No. 1 force to-
gether with the density-dependent force of Ref.@6# is called
the MV1 force@6#.

III. BINDING ENERGIES AND ELECTRIC PROPERTIES

Before treating our main subject, the study of the def
mation of C isotopes, we first give some results which de
onstrate the reliability of obtained AMD wave functions of
isotopes. Namely we show that the AMD can reproduce w
the data of binding energies and electric properties of C
topes. In Fig. 1 we compare the experimental binding en
gies with theoretical values calculated with MV1 force wi
the Majorana exchange mixturem50.576 andm50.63 and
also with those calculated with Volkov No. 1 force wit
m50.60. We see that the MV1 force withm50.576 gives us
a good fitting to the data over the whole C isotope. T
theoretical energy for15C is the one for the 5/21 state which
is the lowest level in the present calculation. Electric qu
rupole moments andE2 transition strengths are compare

FIG. 1. Binding energies of C isotopes. The lines are AM
calculations with the MV1 force and the Volkov No. 1 force.
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between theory and experiments in Figs. 2 and 3, resp
tively. Here the comparisons are made for C isotopes
their mirror nuclei and also for a neighboring nucleus9Be.
The experimental data are seen to be well reproduced w
out any effective charges, but with bare charges.

IV. DEFORMATIONS OF PROTON AND NEUTRON
DISTRIBUTIONS

A. Intrinsic deformations

In order to discuss intrinsic deformations of the prot
and the neutron density distributions in C isotopes, we d
play in Fig. 4 the deformation parameters (b,g) defined by
the momentŝx2&, ^y2&, and^z2& of the intrinsic AMD states
as

^x2&1/2

~^x2&^y2&^z2&!1/6
[exp~d1!5expFA 5

4p
bcosS g1

2p

3 D G ,
^y2&1/2

~^x2&^y2&^z2&!1/6
[exp~d2!5expFA 5

4p
bcosS g2

2p

3 D G ,
~5!

FIG. 2. Electric quadrupole moments of ground states of li
nuclei. Only the12C, Q moment of the first 21 state is displayed.
Results with MV1 force (m50.576) are compared with the exper
mental data.

FIG. 3. E2 transition strength calculated with MV1
(m50.576) are displayed with the experimental data.
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2862 55Y. KANADA-EN’YO AND H. HORIUCHI
^z2&1/2

~^x2&^y2&^z2&!1/6
[exp~d3!5expFA 5

4p
bcosgG .

Here thex, y, andz directions are chosen so as to satis
^x2&<^y2&<^z2&. Results shown in Fig. 4 are those calc
lated with Majorana parameterm50.576 for C nuclei. In
case of Majorana parametersm50.60 and 0.63, the behavio
of the deformation parameters is very similar to the res
with m50.576. We also display deformation parameters
B isotopes of AMD calculations with mass-dependent Ma
rana parameters which were already found to reproduce
radii andQ moments of B isotopes in the previous paper@3#.
We see in Fig. 4 the drastic change of the neutron defor
tion parameters (b5bn , g5gn) as a function of the neutron
numberN. Neutron deformations vary as prolate, obla
spherical, prolate, and oblate asN increases from 4 to 16. On
the other hand, the deformation parameters (bp ,gp) for the
proton density remain in a compact region near the ob
line for all C isotopes in spite of the variety of neutron d
formation as a function of neutron numberN. The stability of
the proton deformation is a unique point of C isotopes
contrast to the situation in Li, Be, and B isotopes whic
according to AMD calculations, haveb or g soft proton
densities. In the case of B isotopes withZ55 the proton
shape changes asN increases by the influence of the me
field given by the deformed neutron density@3#. On the other
hand, the proton deformation in C isotopes is oblate a
invariable for any neutron numbers.

It is notable that in proton-rich C nuclei neutrons who
number is less than 6 (3<N<5) prefer prolate or triaxial
deformations rather than oblate shape. As a result, a
agreement between the proton and the neutron deforma
is found in proton-rich C isotopes. The detailed behavior
deformation parameters of proton-rich C isotopes is ill
trated in Fig. 5. Squares and triangles correspond to (b,g)
for proton and neutron deformations, respectively. In the

FIG. 4. Deformation parameters (b,g) of the intrinsic states of
AMD for B and C isotopes. Squares and triangles indicate (b,g)
for proton and neutron densities, respectively. Calculations are
the MV1 force. The neutron numberN is written beside each poin
in the figures.
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lowing subsections we study in detail the opposite sha
between the protons and the neutrons in11C and 10C.

B. Deformations in 11C

Our purpose here is to confirm the disagreement of
proton and the neutron deformations in proton-rich C is
topes by the help of the electric quadrupole moments
transitions in C and in the mirror nuclei. First we discu
Q moments of 11C and the mirror nucleus11B. From the
data of the electricQ moment of11C we get information on
the intrinsic deformation of the proton density of11C while
we can get information on the neutron deformation of11C
from the data of the electricQ moment of the mirror nuclei
11B under the assumption of mirror symmetry. According
the experimental data,Q moment of11B with Z55 is larger
than that of11C with Z56, which seems to be inconsiste
with the charges of these nuclei. The seeming inconsiste
in theQ moments of11C and 11B can be explained with the
difference between proton and neutron deformations
11C. In other words, the opposite deformations of proto
and neutrons are reflected by the electric moments of
mirror nuclei 11C and11B and are consistent with the exper
mental data.

Based on mirror symmetry for proton and neutron def
mations, we compare below quantitatively the proton a
neutron deformations by analyzing the ratio of the elec
quadrupole momentQ in 11C to that in the mirror nucleus
11B. We introduce the well-known approximate relation b
tween the electric quadrupole momentQ in the laboratory
frame and the intrinsic quadrupole momentQ0:

Q5Q0

3K22J~J11!

~2J13!~J11!
. ~6!

By using Eq.~5! we can express the intrinsic electric qua
rupole momentQ0 as follows in the first order of the defor
mation parameterbp :

Q05A16p

5

3

4p
ZebpcosgpRe

2 , ~7!

where bp and gp are the deformation parameters for th
proton density, andZ andRe are the proton number and th

th

FIG. 5. Deformation parameters (b,g) for proton and neutron
densities in the intrinsic states of proton-rich C isotopes w
A59–11 are given by triangles and squares, respectively.
mass numberA is indicated beside each point in the figure.
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55 2863OPPOSITE DEFORMATIONS BETWEEN PROTONS AND . . .
charge radius, respectively. Equation~7! has a form which is
obtained by replacing the deformation parameterbp in the
usual equationQ05A16p/5(3/4p)ZebpRe

2 with an effec-
tive deformation parameterbpcosgp for protons. We need to
explain the appropriate principal axes in the nucleus wh
there coexist different proton and neutron shapes as show
Fig. 6. For example in the nucleus with oblate proton a
prolate neutron deformations, the approximate symme
axisx for protons usually differs from the approximate sym
metry axisz for neutrons so as to make the proton dens
overlap largely with the neutron density. In many cases
symmetry axisz for the prolate neutron density is better
choose as the principal axisZ in the total intrinsic system for
the total-angular momentum projection. In such cases,
usual formula forQ0 is modified by using the effective de
formation to thez axis bpcosgp instead ofbp . In other
words, an oblate deformation gives a smaller contribution
the intrinsic quadrupole moment with the principal axis ch
sen so as to have the minimum moment of inertia.

Assuming these simple approximations the ratio of
Q moment in11C to that in11B is represented by the produ
of three terms, the ratios of proton numbers, proton defor
tion parameters, and charge radii. When we assume the
ror symmetry for the deformation parameters and replace
deformation parameterbpcosgp(

11B! for the proton density
in 11B by bncosgn(

11C! for the neutron density in11C, the
ratio ofQ is written as

Q~11C!

Q~11B!
5S Z56

Z55D3S bpcosgp~
11C!

bncosgn~
11C! D3SRe~

11C!

Re~
11B! D

2

. ~8!

We take the third term of charge radii to be unity sin
11C and 11B are the nuclei close to the stability line. If th
neutron deformation agrees with the proton deformation
11C as has been often considered, the second term give
contribution to the ratio ofQ moments and the ratio can b
explained only by the charge ratio 1.2. However, the exp
mental data ofQ(11C! is smaller thanQ(11B!; Q(11C! is 34.8
emb andQ(11B! is 40.7emb. The ratio 0.88 deduced from
the experimental data is less than a unity and is inconsis
with theZ ratio. According to AMD calculations, this prob
lem can be resolved by taking into account the differen
between the intrinsic deformations of proton and neut
densities in 11C. Through the second term in Eq.~8!, the
ratio ofQ moments reflects the difference of intrinsic shap
between proton and neutron densities. As shown abov
Fig. 5 the proton deformation is oblate while the neutr

FIG. 6. Schematic figures of the nucleus with oblate proton
prolate neutron deformations. In the body-fixed flamex,y,z is cho-
sen so that moments of inertia obey the relationIzz<Iyy<Ixx .
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density becomes triaxial in shape in11C. Since
bpcosgp(

11C! is smaller thanbncosgn(
11C!, the second term

in Eq. ~8! becomes less than unity, which cancels the eff
of the first term of theZ ratio.

It should be pointed out that if the third term of charg
radii in Eq. ~8! is taken into account our argument is ev
more strongly supported. It is natural to expect that the ra
of charge radiiRe

2(11C)/Re
2(11B) is larger than unity. Then

the experimental ratio 0.88 ofQ moments is inconsisten
with not only the first term of charge ratio but also the thi
term of squared charge radius ratio in Eq.~8! both of which
are larger than unity. This inconsistency should be resol
by the second term. Namely a difference between proton
neutron shapes should be existent in11C in such a way that
bpcosgp,bncosgn .

We proceed with further quantitative discussion of t
theoretical values of deformation parameters in the intrin
states obtained with AMD. In the present results, the grou
state of 11C with J53/2 is obtained by a total-angular
momentum projection on a stateuJ53/2,K53/2& with re-
spects to the principalz axis chosen so as to make the m
ment of inertia minimum. Using the theoretical values
bcosg shown in Fig. 5 we can estimate the ratio ofQ mo-
ments with the first and the second terms in Eq.~8!. The
estimated ratio is found to be 0.87 which is as small as
value of 0.88 deduced from the experimental data. In fact
theoretical results of electricQ moments for total-angula
momentum projected states are 20emb for 11C and 34
emb for 11B, which are consistent with the data o
Q(11C),Q(11B) ~Table I!.

It is concluded that the difference in the intrinsic defo
mation of the proton density in11C from that in 11B ~an
oblate shape in11C and a triaxial shape in11B! significantly
effects the ratio of aQ moment in 11C to that in 11B. With
the help of mirror symmetry, the theoretical suggestion o
disagreement between proton and neutron deformation
11C is supported by the experimental fact that the ratio
electricQ moments of11C to 11B is less than unity.

C. Deformations in 10C

We make a similar analysis of deformations for10C. We
find that the difference between proton and neutron defor
tions in 10C is important in order to understand the ratio
the electric quadrupole transition strengthB(E2;21→01)
in 10C to that in the mirror nucleus10Be. Assuming a mirror
symmetry similar to Eq.~8!, the ratio ofB(E2) is approxi-
mated as

B~E2;10C!

B~E2;10Be!
5S Z56

Z54D
2

3S bpcosgp~
10C!

bncosgn~
10C! D

2

3S Re~
10C!

Re~
10Be! D

4

.

~9!

The first term of charge ratio (6/4)252.25 is much larger
than the ratio of experimental values 12.3~2.0!
e2 fm4/10.5~1.0! e2 fm451.2(0.3). The reason why th
square of the charge ratio fails to reproduce the ratio
B(E2) in the mirror nuclei10C and 10Be is because of the
disagreement between proton and neutron deformation
10C.
In the intrinsic state of10C, the proton density deform

oblately withbpcosgp50.28 while the neutron deformatio

d
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TABLE I. Electric quadrupole moments and transitions of proton-rich C isotopes and the mirror n
Calculations are with MV1 force (m50.576) and the experimental data are taken from@8#.

ElectricQ moments
Nucleus Level exp. theory

11C 3/22 34.3emb 20emb
11B 3/22 40.7~3! emb 34emb

10C 21 238 emb
10Be 21 265 emb

9C 3/22 228 emb
9Li 3/22 227.8emb 227 emb

E2 transition strength
nucleus level exp. theory

11C 5/22→3/22 6.8 e2 fm4

11B 5/22→3/22 13.9~3.4! e2 fm4 11.3e2 fm4

10C 21→01 12.3~2.0! e2 fm4 5.3 e2 fm4

10Be 21→01 10.5~1.0! e2 fm4 9.5 e2 fm4

9C 1/22→3/22 5.7 e2 fm4

9Li 1/22→3/22 7.2 e2 fm4
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is prolate with a larger value of the effective deformati
parameterbncosgn50.49 ~Fig. 5!, which makes the secon
term in Eq. ~9! less than unity. Thus the ratio is rough
estimated as

B~E2;10C!

B~E2;10Be!
52.253~0.28/0.49!2;0.75. ~10!

The reason for a smaller theoretical value of the ra
than the experimental one is considered to be due to
omission of the third term from the charge radius ratio in E
~9!. Since10C is a nucleus near the proton dripline, effects
the charge radii are expected to be also significant
should be taken into consideration as well as the ratio
deformation parameters. It is to be noted that though
density tail of the proton is suppressed by the Coulomb b
rier, the charge radii may give effects sinceB(E2) is af-
fected by charge radii to the forth power. We think it natu
to consider that the third term in Eq.~9! may become large
than unity because the charge radius in proton-rich10C can
be expected to be larger than that in10Be. We should point
out that the consideration of the charge radius ratio@the third
term of Eq.~9!# strongly supports our argument that a diffe
ence between proton and neutron shapes should be
cluded in 10C in order to explain the observed reduced va
of the ratioB(E2;10C!/B(E2;10Be!.

The theoretical results with AMD calculations are show
in Table I and are compared with the experimental data.
calculations underestimate the value ofB(E2;10C!, there-
fore, the ratioB(E2;10C!/B(E2;10Be! is underestimated
This is probably because the AMD wave function does
describe the precise behavior of long tails of valence nu
ons as mentioned in our previous paper@2# regarding halo
structures of neutron-rich nuclei. A detailed analysis of
wave functions for valence protons is required.

In the above arguments we analyzed quadrupole mom
of the protons and the neutrons in the ground state of10C
o
he
.
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ts

by investigating deformation parametersb andg. We ana-
lyze below quadrupole moments from another viewpo
by studying the angular momentum components of p
tons and neutrons contained in the intrinsic wave funct
of the AMD. Roughly speaking the AMD tells us tha
the 10C nucleus consists of twoa and two valence protons
~Fig. 7!. In order to analyze this AMD wave function w
consider the shell model limit of the AMD wave functio
which is constructed by making thea-a anda-p distances
small. In this shell model limit, the intrinsic state is rough
represented by a simple configuration with four neutrons
~0,0,0! 2~0,0,1! 2 and six protons in~0,0,0! 2~0,0,1! 2~0,1,0! 2

in terms of harmonic-oscillator orbits (nx ,ny ,nz), where we
choose thez axis as the axis with the minimum moment
inertia and thex axis as the axis with the maximum mome
of inertia. It is to be noted that since the intrinsic spins o
pair of two nucleons in the same orbit almost couple off
the singlet 0, only the orbital angular momenta of the fo
protons and two neutrons in the outer major shell should
taken into consideration in the discussion ofQ moments.
The lowest state with spinJ52 in 10C is found to be a state
uJK&5u2,0& projected on a total angular momentum eige

FIG. 7. A schematic figure for the intrinsic structure of10C
calculated with AMD. 10C approximately consists of 2a sur-
rounded by 2p in a ~0,1,0! orbit.
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55 2865OPPOSITE DEFORMATIONS BETWEEN PROTONS AND . . .
state with respect to the principalz axis. In the projected
stateu2,0& from the intrinsic state, the total spinJ52 mainly
consists of the angular momentum of the relative coo
nate R between a clusters ~Fig. 7!, while the angular
momenta of the two protons in~0,1,0! 2 orbits which are
equivalent to the linear combination ofu l ,m&5u1,61& con-
tribute touJK&5u2,62&. Hereu l ,m& is a state in terms of the
lm scheme with respect to thez axis in Fig. 7. It means
that the two valence protons give no sizable contribut
to the quadrupole moment of protons.Q moments are no
as what is simply expected with the proton number. Mo
strictly speaking, because of the occupation of~0,1,0! p↑p↓

2 in
the intrinsic system theQ moment of protons decrease
in the total angular momentum projected stateuJK&5u2,0&. A
reduction mechanism ofQ moment by protons in
(0,1,0)2 can be easily described by just the composition
the orbital angular momenta of four protons and two proto
in thep shell. We consider a configuration in the shell mod
limit (0,0,1)p↑p↓

2 (0,1,0)p↑p↓
2 and (0,0,1)n↑n↓

2 . As to the or-
bital angular momenta of neutrons, two neutrons in orb
(0,0,1)n↑n↓

2 construct total orbital angular momentum eige
states for neutronsuLn ,Kn&5u0,0& and u2,0& with the ratio
1:2 of amplitudes. In the case of the angular momenta
protons, an antisymmetrized state of (0,0,1)p↑p↓

2 (0,1,0)p↑p↓
2

which is the two-hole state~1,0,0! p↑p↓
22 constructs total

orbital angular momentum eigenstates of proto
uLp ,Kp&5u0,0&, u2,0&, u2,12&, u2,22& with the ratio2:1:32:

3
2.

Here one should note that the~1,0,0! state can be rewritten a
(1/A2)(u1,1&1u1,21&) by using the stateu l p ,mp& in the
lm scheme. As far as states withK50, the state
uLp ,Kp&5u0,0& is found to have a larger amplitude tha
the stateu2,0& in the case of (0,0,1)p↑p↓

2 (0,1,0)p↑p↓
2 . The

reason is that the protons in single particle statesu l p ,mp&
5u1,11& and u1,21& which originate in (0,1,0)p↑p↓

2 tend
to couple their angular momenta so as to be totallyLp50
rather thanLp52 under a constraint ofK quantumKp50.
The point is that the neutrons in (0,0,1)n↑n↓

2 construct the
total orbital angular momentumuLnMn&5u0,0& and u2,0&
with the ratio 1:2, while in the case of the protons
(0,0,1)2(0,1,0)2 the amplitude of the state with
uLpKp&5u0,0& is larger than that ofu2,0& with the ratio of 2:1.
As a result, in the total system of protons and neutrons
total angular momentum projected state ofuJK&5u2,0&
which consists mainly ofuLn ,Mn52,0&uLp ,Mp50,0& and
uLn ,Mn50,0&uLp ,Mp52,0& contains less components of th
state withLp52 than the state withLn52. In fact, in the
stateu2,0& of 10C obtained by AMD, the total orbital angula
i-
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momentum of the protons is found to be rather smaller co
pared to that of the neutrons. Therefore we can say that
last two protons in a~0,1,0! orbital reduce the componen
with LpÞ0 in u2,0& which results in a decrease of theQ
moment of the proton density. This is quite consistent w
the situation that̂y2& reducesQ moments in a system with
an oblate deformation because we know that protons in
~0,1,0! orbital enlarge the expectation value of^y2& of the
proton density and make an oblate shape of the total pro
density, that is to say decreasedQ moments of protons.

Of course we should remind the reader that the reali
wave function of10C is not explained by such a simple co
figuration in terms of the shell model limit but it must con
tain a rich variety of more complex configurations and co
ponents with higher angular momentum due to the existe
of a clusters and valence protons, and also due to the s
orbit force.

V. SUMMARY

In summary, C isotopes up to the proton drip line we
studied with AMD. The intrinsic deformation of the proton
in C isotopes is usually oblate while the neutron struct
changes rapidly as a function of neutron numberN. Thus,
one of the interesting results is the opposite deformati
between protons and neutrons in proton-rich C isotop
These unfamiliar results suggested with AMD were co
firmed by analyzing the ratios of electric quadrupole m
ments and transitions@Q and B(E2)# in 10C and 11C to
those in the mirror nuclei10Be and 11B. The significant ef-
fect of the difference of the proton and the neutron shape
the ratios of electric quadrupole moments and transitions
the mirror nuclei was disclosed with the help of deformati
parameters in the intrinsic states. Oblate proton deformat
in proton-rich C isotopes were shown to decrease elec
quadrupole moments and transitions@Q and B(E2)# com-
pared with those of the mirror nuclei.
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