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We study the effect of isospin impurity on the superallowed Fe8rdiecay using the microscopic Hartree-
Fock and random phase approximati@m Tamm-Dancoff approximatiormodel taking into account charge
symmetry and independence breaking interactions. It is found that the isospin impuNty Dfnuclei gives
enhancement of the sum rule of Fermi transition probabilities. On the other hand, the superallowed transitions
between odd-odd=0 nuclei and even-eved=0 nuclei are quenched because of the cancellation of the
isospin impurity effects of mother and daughter nuclei. An implication of the calculated Fermi transition rate
on the unitarity of the Cabibbo-Kobayashi-Maskawa mixing matrix is also discussed.

PACS numbses): 23.40.Bw, 12.15.Hh, 21.10.Hw, 21.60.Jz

I. INTRODUCTION mixing effects inB decay, namely, the isospin impurity of
the core, which is not considered in shell model calculations,
Nuclei near the proton drip line are particularly interestingand the effect of the charge symmetry breaki@$B) and
in the study of isospin impurity because of favorable isospincharge independence breakii@B) forces on the mean field
geometrical factor§l]. The question of isospin impurity in potentialg5,6]. It will be interesting to see the predictions of
nuclear ground states is especially important because of ithe random phase approximatidRPA) model for this uni-
direct bearing on the experimental determination of the vectarity problem since there are these two essential differences
tor coupling constan®,, of nucleong decay. Indeed, super- petween our model and the previous studies. In particular,
allowed Fermig decays have been studied intensively forwe study the Fermp decay in 1°C, 40, 2%Al, 34Cl, 3,
several decades in relation to this vector coupling constart?sc, and%“Co nuclei for which the most accurate experi-
under the conserved vector curré@VvC) hypothesis. Com- mentalft values are availablgZ,8]. We also report results of
bining the vector coupling constant of nuclggdecay with  the heavier nuclef’Ga, ®As, and 7Rb for further study of
that of muon g decay, it is possible to determine the the CVC, hypothesis, and to clarify the differences between
Cabibbo-Kobayashi-Maskaw@&KM) mixing amplitude be-  our model and previous calculations with other models. This
tweenu andd quarks[2]. This amplitude, together with the paper is organized in the following way. The effect of the
mixing amplitudes ofu ands quarks andu andb quarks, isospin impurity on the sum rule of Fermi decay is discussed
provides an opportunity to test experimentally the standargh Sec. Il. The Fermi transitions between)”E0"—
three-generation quark model for the electroweak interactiony7=0+) states are studied by using the Hartree-F@gK)
Two nuclear medium corrections have been studied forr RPA model in Sec. Ill. Since the RPA model cannot be
obtaining thenucleus-independent ftalue [3,4]. The first  applied for 1°C and O because of the negative final state
one is the “outer” radiative correction and the second one isenergy, the Tamm-Dancoff approximati¢fiDA) is adopted
the effect of isospin nonconserving forces in nuclei. Thesgor these nuclei, correcting for the spurious component of the
two corrections have been studied intensively during the laskospin impurity. Section IV is devoted to a perturbation
two decades and found to be important to obtain the nucleusheory discussion of the isospin impurity effect on the Fermi
independentft value. However, there is still a substantial decay in order to clarify the numerical results of Sec. Ill. The
deviation from unitarity in the empirical CKM matrix ele- relation of the nuclear Fermi decays to the CKM mixing

ments. It has been claimed that the empirical data of Ferminatrix is discussed in Sec. V. A summary is given in Sec.
decay after subtracting the nuclear structure effects give g.

somewhat smaller value than that required by the unitarity
condition (three times more than the standard devigtidm
this study, we will examine two new effects which have not IIl. SUM RULE OF FERMI S8 DECAY
been thoroughly discussed in the previous studies of isospin
There is a model-independent sum rule on the difference
S, —S_=Z-—N between the Fermi-typ&, andT_ transi-
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independently if the parent nucleus has pure isospin 40
(T, T):

S, =T(T+1)-T/T,+1). (1) a0l sal o ]

&--o HF w/o CSB CIB
&—= HF full

For the nuclei in which we are now interested, the isospin is

T=1 andT,=0 or —1. When the ground state has isospin

impurity, the sum ruleS, may change proportionally to the

mixing probabilities since the transition operators are the

isospin raising and lowering ones. Most of the relevant nu-

clei for superallowed3 decay are odd-odd ones with=0

and T,=0, for example,?%Al, 34Cl, ¥K, 4’Sc, and%*Co.

The dominant isospin component of these nuclei is [ ° ~ -

T=|T,/+1 because of the spin-isospin symmetry of the 0.0 5 10 20 30 20

ground state wave function. On the other hand, two lighter z

nuclei 1°C and 1“0 haveT,=—1 and the dominant isospin

is T=|T,/]=1. The sum rule for the Ferm decay of all FIG. 1. Calculated enhancement factof the Fermig decay

these nuclei is expressed in terms of a deviation faétor sum rule. The Skyrme interaction SGIl is used as the HF interac-

from the value for conserved isosgiBl]. This factors can be  tion. The dashed line with black circles is obtained without the CSB

further separated into valence and core particle contributionsind CIB interactions, while the solid line with triangles is calcu-
lated with those interactions.

20 |

enhancement factor & (%)

1.0

S.=(¢|T_T,|$)=2(1+6)
_ method. First, the spurious isospin mixing amplitude is
=2(1+ ¢ 51',)’0_ 6jn < 5jp 'jn)’ 2) evaluated by a HF calculation without Coulomb interaction.

where the factor§ contains contributions from core-core,  TABLE I. Calculated values of the enhancement faddor the
valence-proton—core, valence-neutron—core, and valenc@um rule in Eq.(2) and the quenching factad, for 0*—0" tran-
valence particles. All four factors are defined to be positivesitions in Eq.(5). E, is the energy difference between the mother
If the core-core contribution is ignored, the fac®is nega-  and the daughter nuclei. A Skyrme interaction SGIl is used for the
tive and it gives a reduction of the sum rule. It is found thatcalculations with/without CSB and CIB interactions. For each case,
the core contribution is much larger than the other contributhe first line shows the results without CSB and CIB interactions,
tions from valence particles. while the second line corresponds to those with CSB and CIB in-
It has been pointed oli®] that the CSB and CIB forces teractions. The values are calculated using the HF wave func-
are important to solve the Coulomi§Nolen-Schiffey tions, while &, are obtained by self-consistent HRPA calcula-
anomaly problem. The effects of isospin nonconserving intions except for*®C and *%O, for which only TDA results are
teractions on the Fermi transitionS, however‘7 have been di§Vai|ab|e because of the negatiVe energies of daughter nuclei. The
cussed only in shell model calculatiofs0], but not in HF ~ HF+TDA results are marked by asterisks.
calculations. We take them into account in the HF calcula-

tions by parametrizing them as short-range interactions irpCl! HF RPA (TDA)
order to evaluate thesé factors. We use the following A (%) Ex (MeV) 5c(%)
Skyrme-type parametrizations: 100,108 0.02 30+ 0.01*

*

Vese= Hrl D)+ D HSo(1+YoP )+ 3811HY1P) 14y say oo e o
X (k2+k'?)+s,(1+y,P, )k’ -k} (3 0.11 —3.56* 0.29*
26A1 —25Mg 0.16 4.93 0.18
and 0.25 5.18 0.27
o . s 3cl-3¥s 0.46 5.84 0.24
Veig=327A1) 7(2){ug(1+2oP,) + U (1+2;P,) (k*+K'?) 0.65 6.04 0.33
, 38K — 38ar 0.51 6.43 0.24
U1+ 2P K-k, @ 0.71 6.64 0.33
whereP,, is the spin-exchange operator. The parameters “Sc—*Ca 0.63 7.00 0.33
and u; are given in Ref[6]. All exchange parameters are 0.85 7.25 0.44
yi=2z=— 1 because of the singlet-even character of the isos2'Co—>‘Fe 1.04 8.71 0.37
pin breaking forces. 1.37 9.00 0.49
The calculated enhancement factérare shown in Fig. 1 %Ga—%Zn 1.22 9.68 1.15
and Tables | and Il where the commonly used parameters 1.60 9.93 1.42
sets SGIl and SlII are adopted for the HF calculations. The®As—56Ge 2.42 9.89 0.61
HF equations are solved in coordinate space by using the 3.05 10.11 0.78
Numerov algorithm. In the cases 8fC and O, the mean  7/Rb— Kr 2.56 10.83 0.59
field calculations have a problem of spurious isospin mixing. 3.15 11.06 0.74

These spurious components are subtracted by the following
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TABLE II. Calculated values of the enhancement facofor spurious isospin symmetry breaking is present in kheZ
the sum rule in Eq(2) and the quenching factaf, for 0"—0"  RPA ground state. This point is particularly important for
transitions in Eq(5). Skyrme interactions SGIl and SlII are used gyr purpose and therefore we have checked it numerically.
for the calculations together with CSB and CIB interactions. TheWhen all isospin breaking interactions are switched off in the
guantitiess and &, are calcul;_ited as explained in Table I. The TDA Hamjltonian, the calculated isospin impurity of the RPA
results are marked by asterisks. ground state is indeed less than £0 The lowest states in
the RPA spectra are identified as the isobaric analogue state
SGll Stil (IAS) of the 8 decay. We adopt the filling approximation for
A o(%) Ex(MeV) 5:(%) & (%) Ex(MeV) & (%) the HF state in which the particles occupy the single-particle
10c_,108* 004 -—261 0.00 003 -—214 —o0.01 oOrbitalsfrom the bottom of the HF potential in order and the
140 ,14* 011 -356 029 009 —3.46 0.22 lastorbitis partially occupied according to the mass number.
2671 2\g  0.25 518 027 021 5.19 0.27 The_HHRPA calcu_lat|ons are performed by using a har-
¥CIL3%s  0.65 6.04 033 058 6.00 0.34 |1r(1)on|c osizlllator basis. The model space adoptediie® Sor
B/, 0.71 6.64 033 058 6.61 032 Cand'O and 1@ for other nuclei. We checked the
4250,42C,  0.85 795 044 068 795 0.43 convergence of the results by extending the model space up
S4C05Fe  1.37 900 049 1.07 8.95 046 O 124w and found that the adopted model space gives a
d convergence. For example, the HF method in the har-
“Ga*Zn 1.60 9.93 14z 124 9.81 1.6 ?nooonic oscillator basis gives the same results as those of the
66 66
74':):74%3 3?1055 1110'0161 (?‘775 22'673? 1110'(?15 (?'77(? coordinate space calculations in Sec. Il up to four-digit ac-
) ) ) ) ) ) curacy as far as the single-particle energies are concerned.
The quenching factof, for the superallowed transition is
The spurious mixing amplitude is then subtracted from tha1deflned as
of the full HF caIcuIat_ion._ The calculate_d values &fwith |(37=0"T=1:daughtdT , |J7=0"T=1:mothe}|?
SGll force are shown in Fig. 1 as a functiona&f The values
are also listed in Table I. They are always positive due to the =2(1-6,). (5)
dominant termé,. which leads to an enhancement of the
sum rule. The core contribution is one order of magnitudeThe results with SGII are shown in Fig. 2 with and without
larger than the other contributions because of the large nunthe CSB and CIB interactions. The calculated values are also
ber of particles in the core. In general, the CSB and ClIBgiven in Tables | and Il including those with SlII. Contrary
forces increase the enhancement factors by 30—40 % as cono- the results of the sum rule in Fig. 1, the*(©:0") tran-
pared to the Coulomb interaction alone. Thedependence sitions are quenched substantially except¥&. This is due
of & is found to beZ?, on average, which is somewhat to the fact that the isospin mixing of the mother state en-
smaller than that of the isospin impurity calculated in thehances the sum rule, but that of the daughter state cancels
hydrodynamical model by Bohr and Mottels¢l]. We this enhancement in the transition. While there is no en-
have used also the Skyrme interaction Slll and obtainethancement due to the couplings to the isovector giant mono-
somewhat smalle$ values to those obtained with the SGII pole states, the coupling to neighboridd=0" states de-
force as is shown in Table Il. This might be due to the lowercreases the decay strength. This is the same mechanism as
incompressibility of SGII interaction compared with that of found in the previous shell model calculatiof3,4]. The
SlIl. CSB and CIB interactions give 20—30 % larger quenching
factors in all nuclei as shown in Fig. 2. The quenching fac-
IIl. RPA CALCULATIONS FOR FERMI TRANSITIONS tors &, calculated with SlII are given in Table Il. It is inter-

esting to notice that the factoi, are almost the same as

_ The enhancement of the sum rule is expected to have gse of SGII, although there is substantial difference in the
significant effect on the analysis to extract the nucleusyegits of the factors.

independentt value, especially in the largé-nuclei. We In Fig. 3 we compare our full results with the HF shell
have performed HIFRPA self-consistent calculations of ,44el and the Woods-SaxdivsS) + shell model calcula-

0"—0" transitions for the above mentioned nuclei. Theyjong |n general, our results are surprisingly close to those of
CSB and CIB interactions are taken into account only in thgpe previous studies except for a few cases, although the

HF mean field since both interactions have no contribution$,qdels are quite different from each other. The valsiesf

to the p-h matrix elements except the exchangé matrix o calculations are smoothly increasing as a functiod,of
element of the CIB interaction. First, a spherical HF calcu-pjle the two other models show rather strong variation at
lation is performed for the 4 N=Z+2) nucleus (or  {he middie of the shells. A large increase &f in ®Ga is

_ H 0, 14, . T .
N=Z-2 in the case of°C and*“O) using a filling approxi-  inqyced by the last occupiedng,, orbit for the RPA calcu-
mation for the last partially occupied orbital. Note the differ- lations, since single-particle wave functions with more nodes

ence from the calculations of the previous section where thg,y,ce a worse overlap between proton and neutron states.
HF approximation was done for the odd-odd parent nuclei.

Next, we take the ground state of the even-even nuckbes
daughter nucleus of thg decay except fotC and '40) as

the RPA vacuum and calculate the excited states with
J7=0" in the neighboring odd-odd nucleus. The appropriate Let us discuss the relation between the enhancement of
scheme is charge-exchange RP&], which insures that no the sum rulg(2) and the quenching of the Fermi transitions.

IV. PERTURBATIVE DISCUSSION
OF ISOSPIN MIXING EFFECTS
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FIG. 2. Calculated quenching factég of the
superallowed FermB decay of seved=0 odd-
odd nuclei. the Skyrme interaction SGII is used
in the HF and RPA(or TDA) calculations. The
dashed line with black circles is obtained without
the CSB and CIB interactions, while the solid
line with triangles is calculated with those inter-
actions.
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We will adopt a perturbative method to study the effect of
isospin mixing on the Fermi transition betwegh=0" and
J7=0" states. The total Hamiltonian can be divided into
two parts,

H=Hy+V,

(6)

whereH, is the isospin invariant Hamiltonian and =1 is

Hol TT,)=EYTT,). (8)

Let us consider the parent state to bd™a=0" state of an
odd-odd nucleus so that the dominant isospif is1 with
T,=0. The coupling to the isovector monopole giant reso-
nance is taken into account in the calculation since the

the isospin nonconserving part due to the Coulomb, CSBmonopole state induces the isospin mixing as a first-order
and CIB interactions. The parent state is an eigenstate of thgerturbation, while other multipoles give higher-order effects

full Hamiltonian,

than the first order. The predominant role of the isovector
monopole state in Coulomb mixing effects has been exten-
sively studied in the pagtl3]. The parent state is now ex-
pressed in first-order perturbation as

FIG. 3. Calculated quenching factég of the
superallowed FermB decay of seved=0 odd-
odd nuclei. The solid line with triangles is calcu-
lated using the HF and RPfor TDA) with the
Skyrme interaction SGII plus the CSB and CIB
interactions. The results of H&WVoods-Saxon+
shell model denoted by the dashé@tbtted line
with circles (squaresare taken from Ref.10].

H|m)y=E,|m), (7)
while the isospin projected state is an eigenstatkl gf

2.0 T T T

B8] WS+Shell Model 62

- -© HF+Shell Model Ga
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15 .
1.0 -

S
05F O A/, T — 7
1OC
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|my={|T,T-1)+e_1M;T=1T—1)+&¢|M;T,T—1) wherefiw andt(=1) are the excitation energy and isospin
of the isovector monopole state, respectivdly,is the isos-

) 1 pin of the core, an/, is the symmetry potential coefficient.
te g MIT+LT- 1>}\/_ﬁ’ ©  The amplitudeg; can be related to each other by calculating
the isospin Clebsch-Gordan coefficients:
where the perturbed state coupled to the isovector monopole T-1 h o+ V.T/IA
state is defined as S i S
0= o V2T 15 =y A o1
IM;T+i,T)={IT.T-1)x(ph)""11"), (10 (17)
S 1 T 3T 1 ho+V TIA
and the normalizatioiN is €177 57 )(2T- )ﬁw—vl(T+ 1)/A L
l . . . .
N=1+ 2 8i2- (11) The relationg17) give for the factors a positive value:
i=—1
' S [ETHLTH)  @T-1(T+D) Vi |,
The coefficientss; of the perturbed statgdl;T+i,T,) are N 472 T Alw|ot
calculated to be (18
(M;T+i, T-1|V3[T, T-1) Equation (18) is valid up to orderO(s{V,/Akw) since
&= AR V, /A% o will be around 0.1 foA=50. Certainly, the sign of
M 6 agrees with that obtained by the microscopic evaluations in
(TT-110T+iT—-1) Fig. 1. One can show that the Fermi transition rate between
= : ((ph)T=1|VY|0), (12  the parent and the “ideal” IAS state exhausts the sum rule
AEM\/§ value S,

whereA Ei,\,I is the energy difference between the parent state 1

and theT+i component of the isovector monopole state in |<A|T+|7T>|2:§|<7T|T—T+|7T>|2:S- (19
the daughter nucleus. One can define an “ideal” IAS state

from the parent by operating with the isospin raising operator We should notice that the total Hamiltoni4h does not

T commute withT , so that the statpA) is not an eigenstate of
the full Hamiltonian. We construct a “physical” analog state
B T.|m) by the same perturbative method as for the parent state in Eq.
|A)= Js ),
. - - 1
_ T T+ eoMiTD}V2T + 64 TH1T) V2(2T+1) AT+ RIMITD+E M T+ 1T
SVN
VSYN 20
(13

where the coefficientss; of the perturbed states
where the facto6 in the denominator is identical to the sum |M;T+i,T,) are given by

rule of Fermi transitions and is expressed as
— (M;TH+i,TIVRIT,T)

2T+1 1 & =
S=<7T|T_T+|7T>=2T(l+s(2,+ sf)ﬁ AE
(TT1OT+iT) _
, T+1, =——=—=—((pN T Y|VY|0), (21
~2T|1-e2 1+ ——¢i]. (19 AE },\3
) ) and the normalizatioM’ is
The terms of higher order thar? are neglected in the above
formula. The facto® of the sum rulg1) is now given by the 1
coefficientss; , N' =1+ z2. (22)
1=0
T+1 ) =i
o=—g2+ T 3. (15 It is reasonable to take the energy denominatér, in Eq.

(21) to be the same as that of the parent stelfg, since the
ariation ofzZw and of the isovector potential is very small

We express the isospin dependence of the energy denomin Ctween mother and daughter nuclei,

tor AE}, by using an isovector potential,
AE |, ~AEl, . (23)

i,y V1
AEL=hot 1t-T,, (16)

A The coefficientE; are then related te, as
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_ 1 ho+V,T/IA izationN’ is the same ahl by using these coefficients within
g0=5V2T+1 hrw—V, A o1 orderO((V,/Af w)?),
(24) L @TED(THL] 2viT]
1/2T+1\12 N=N'=1+ aT Ao €L (25
8155\ 77 £1.

The transition probability between the stafes and|“A” )
It is a straightforward calculation to show that the normal-is also calculated as

1
W{Jﬁ(1+soso)+ V2(2T+1)e,8,}?

2T
T+ (T+1)(2T+1)(1+ 2V, T/Ah ) e 24T]?

[ A T mP=

L (T—1)(2T+1) L 2vl N 2T+1 ,)?
X +T + K( +1) 81+T81
(T+1)(2T+1) V; )2
—2T(1— 5T YRR (26)

Thus the quenching factaf, is shown to be positive and top of the CVC problem, the CKM mixing matrix element
proportional to§, but the magnitude is smaller because ofbetweenu andd quarks ¢,q) can be determined by com-
the factorV,;/Asw. This result is due to a strong cancella- paring the decay rates for muon and nuclear Fegrdiecay.
tion of the isospin impurity effect in the parent state with thatA test of the unitarity of the matrix, made possible by the
of the daughter state as far as the superallowed Fermi trammpirical valuev 4, is an important measure of accuracy for

sition is concerned. the three-generation standard model.
For these purposes, nucleus-dependent corrections should
V. CVC HYPOTHESIS AND be subtracted from the experimenfalvalues. The first one
CABIBBO-KOBAYASHI-MASKAWA MIXING MATRIX is the radiative correction to the statistical rate functfon

denoted conventionallyég. There are also nucleus-

Precise measurements of superalloygedecay between nqapendent radiative corrections. The factordy is called
nuclei with (J”=0", T_.l) proy|de the most stringent the “outer” radiative correction anay, is the “inner” ra-
probe of the electroweak interaction and have been the su%-

act of intensive study for several decades. Since the axi lative correction including axial-vector interference terms.
J y o A he second correction is the nuclear structure factor due to
current does not contribute to transitions in the lowest order,

the experimentaft value is directly related to the vector the isospin impurity as is discussed in Secs. Ill and IV. In-
€ experimenta alue Is directly related to he vecto cluding all these corrections, the nucleus-independent
coupling constanGy, :

value is defined as

K
ft= ——0, (27 Ft=ft(1+ g+ AR (1—5,), (30)
Gy|ME|

and it is this nucleus-independert which must be used on

6 .
where the constarit/(#.¢)" and the matrix elemeri. are the left-hand side of Eq27). Then the matrix element,q is

defined as

given by
K/(#c)®=2m3In(2)%/(mec?)%=(8120.271-0.012 2o AT 2984.386)
X 10" %GeV 4 sec, (29 lvud®= Ft GZmac? = Ft ’ (31)
IMe[?=[37=0"T=1: daughtdT [J7=0"T=1:mothe}|* | rere the Fermi couplinG is obtained from muorB de-
=2(1-4c). (29 Caﬁ/ﬁ Table 1ll, we list the experimentaft values, the

Up to now, nineft values of 0 —0" transitions have been Nucleus-dependent radiative correctig, the nuclear struc-
reported experimentally with enough accuracy of less thafure factordc, and thert values. The inner radiative correc-
0.2% error to test the CVC hypothesis, from the lightesttion Ag is taken from Ref[8],

10C, to the heaviest>*Co. The constancy of these values is v

the key issue of the prediction of the CVC hypothesis. On AR=(2.46+0.09%, (32)
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TABLE Ill. Empirical ft values of superallowed Fermi transi- while Ormand and Browhl10] give
tions and nucleus-dependent correctidipsand 6.. The nucleus-
independent radiative correctioz‘;%=(2.46t 0.09)% are included Ft=3150.0-3.1 sec. (35
in the Ft values in Eq.(30). The error ofA‘Fﬁ, however, is not
included in those of thet's. The data forft, 55, andA}, are taken ~ The average value of our model is surprisingly close to pre-

from Ref.[8]. vious calculations in which the models are essentially differ-
ent in two respects, namely, the configuration space and the
SGlI effect of CSB and CIB interactions on the mean field. The
A ft (seg Or (%) 3¢ (%) Ft (seg matrix element 4 is now calculated from Eq31) to be
123 3040.1(50  1.30(4) 0.00 3154.453) v,q=0.97355). (36)
3038.1(18) 1.26(5) 0.29 3142.0124)
i\ 3035.8(17) 1.45(2) 0.27 3146.0(19 The other two matrix elements,s andv,, are determined
34| 3048.4(19) 1.33(3) 0.33 3153.522) from independent experimental information on weak decays
8K 3047.9(26)  1.33(4) 0.33 3153.030) [14],
“25C 3045.1(14) 1.47(5) 0.44 3150.821)
54Co 3045.8(11)  1.39(7) 049  3147.625 vys=0.220818),
av. 3148.8(9) (37)

vyp=0.00329).

and added to obtain thet values. The statistical factdr  Finally, the sum of all three matrix elements squared be-
adopted is slightly different from the values in RE3], but  comes
this does not make any significant change for the final re-
sults. _ [vudl®+vug*+ vyl *=0.996318), (38)
The average valuEt of the seven data in Table Il is
which deviates two times more than the standard deviation
Ft=3148.8-3.0 sec. (33) 0=0.0018 from the unitarity cqndmon. This deviation is
certainly more than the ambiguity of the nuclear structure
Vv . effect since our RPA model prediction differs at only the
Here, the error oA is also taken into account. The standardo_OS% level from that of the shell model on average and
deviationa is 3.0, which could be small enough to justify corresponds to less than one standard deviation. We calcu-
the CVC hypothegs. There is no sign toadependence of _lated also thes, and Ft values by using another Skyrme

Nnteraction, SlIl. The averagéet value obtained with Slll is
3149.3+ 3.0 sec, which is essentially identical to that of SGII
in Table lll. It should be noticed that the final result in Eq.

Ref. [5] to solve the deviation of the unitarity condition of
the CKM matrix. In Ref[8], the calculatedrt of the seven

data is (33) relies on many small effects of the radiative corrections
o and the nuclear structure. The final conclusion could be eas-
Ft=3148.3-3.0 sec, (39 ily changed by one unknown effect since the values dis-
3170 . T . .
» Chalk River
A present
3160 1
T FIG. 4. Nucleus-independeFht values in Eq.
= 3150 5 . (300 of superallowed Fermi transitions. The
present results are plotted by triangles, while
those of Ref[8] are given by black squares.
3140 | io .
3130 . L . L .
0 10 20 30
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cussed are always at the 1% level, which would certainly bevhich is properly taken into account in the shell model but
discarded in most nuclear physics studies. For example, amot in the HF-RPA calculations. We can notice in Fig. 3
empirical approach has been proposed by Wilkifggro fit  that the quenching factaf, of the shell model is somewhat
the Ft values by a smoot-dependent function. Extrapola- larger than those of our results in nuclei at the middle of the
tion of this function taZz=0 provides the value which should shells because of strong correlations in open-shell nuclei.
be used to extract the,q matrix element. This approach We estimate the so-called nucleus-independentalue
gives anFt value which satisfies the unitarity condition taking into account both the nuclear structure and the
within the statistical errors, although the physical reason foradiative effects. The averagd&t value is obtained
this Z dependence is not at all clear as either a nuclear strugs Ft= 3148.8(30) sec, which is very close to the averaged

ture or a radiative correction effect. value of those reported by the Towner and Ha8lyand by
Ormand and Browri10] recently. It is shown that th&t
VI. SUMMARY values are ratheZ independent and show no sign of the

quadraticZ dependence which is suggested by RE&f. Our

result shows that the average value is still larger than the

superallowed Fermj3 decay using the HF and RPfor ) . . o .
: value required to satisfy strictly the unitarity condition of the
TDA) model. The Skyrme force SGI is adopted for both HFCabibbo-Kobayashi—Maskawa matrix within the 0.1% level,

and RPA calculations. The CSB and CIB interactions are

also taken into account in the HF calculations for the firstalthough two new effects, the core polarization effects and

time. The superallowed Fermi transition probabilities of thet.he C.SB gnd CIB interactions, are taken into account for the
light nuclei 1°C, 140, and?®Al are shown to be quenched by first time in our study.

less than 0.3%, while those sfd-shell andpf-shell nuclei

are quenched by up to 1%. These calculated values are close ACKNOWLEDGMENTS

to those obtained in the literature with HF and shell model

calculations. It is interesting to notice that the shell model We would like to thank N. Auerbach for enlightening
configuration space isfilw while, in our RPA calculations, discussions and correspondence related to Sec. IV. We ac-
we took into account up to %2v configurations in the har- knowledge also B. A. Brown, T. Shinozuka, I. Towner, and
monic oscillator basis. Another difference is the pairing,D. H. Wilkinson for fruitful discussions.

We have studied the effect of isospin impurity on the
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