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Introduction

At present it is well established that the nuclear force is
charge independent with a great accuracy, and that the isobaric
symmetry is violated by the electromegnetic force. The isoepin
mixing of nuclear states is mostly due to the Coulomb effective
potential, to be exact, due to the vector part of it which varies
in the nuelear volume, For that reason the isotopic gpin is a
good quantum nuwber in the low-energy states of nearly all
nuclei/1/.

Neverthelemss, the correct description of igospin mixing is
important for the iscapin forbldden proceases/2'4/. it is impor-
tant to tske into account the isoapin mixing when evaluating
the effective vector coupling constant from the superallowed
Fermi transitions/2’3'9'12/, The imospin mixing leads to correc-—
tione to the isobaric mass formulalz_sl. The spreading widths of
analog states .are closely connected with the isospin impuriti-
ea’415/,

The isospin impurities in the low-lying nuclear states

were calculated in different models, The two-fluid hydrodynamic



mbdeljs/ has been introduced to estimate the energy of the
jmsovector monopole state (IMS) with the isecapin 7o+ 1,

where o is the isospin of the ground etate. The admixiure
of TMS in the ground state which arises due to the Coulomb
potential cccured to be small { == 0.1-0,3%) for stable nuclei
with A > 40, .

The shell model eatimatealT_g/ are by an order of magnitude
larger than those obtained from & hydrodynamic model, The
difference of two models may be due to a number of reamons. The
ghell model calculations were performed in a particle-hole
approximation with a restricted number of configurations, The
residual interactlions were either neglected or taken into acco-
unt in the Tamm-Dancoff approximation, i.e., the ground state
correlations were ignored, The residual interactions used were
not consiptent with the shell model potentiml, that is of impor-
tance when the latter contains the isovector term, The isovec-
tor potential does not commute with T+ , what leads to an
additional isospin mixing. The lack of consimtency ia elways in
cslculations when one usas the "experimental® one-particle
energies or the ieotoplc invariant residumsl interactions and
the particle-hole basis with broken isctopic aymetry, or the
atatic pairing correlations, etc,

In order to remove those difficultieé, it is important to
uge the isotopic invariant nuclear Hamiltonian (without the
electromagnetic force) and to treat the Coulomb mixing effects

selfconsistently.

The properties of the isobaric analog states were inveatl-

gated 1n the theory of finite Femmi ayatema/10_13/. The self-

consistent equations for those states were derived in ref./13/,

but no numerical calculatlons wers performed.

In the preaent paper we use a more simple method/14/to de-
rive the reaidual interactions which are consistent with a
glven form of the shell model potentiasl, A more complete account
of the methed is given in refs./15’16/, and its application to
the case of the broken isotopic gymmetry wag made -in ref./17/.

In the subsequent sections the model Hamiltonian ia intro-
duced, and the random phase approximation (HPA) tremtment of
the isobaric states is given, In so doing we use the effaective
one-body Coulomb potential inatead of the actual two-~body force.
Then the theory is utilized to caloulate the isoapin impurities
in the ground and isobaric analog states and the matrix elements

for the superallowed and iscapin forbidden Fermi trensitions.

Hamiltonian,

We suppose that the shell model potential is given by

U == U oD+ U ) E, 4 V) ()

where f;(z) and #;(z) are the radial functions of tha
isoscalar and isovector potentiala, respectively, [/, and 1]1

are the well depth parameters,and 7%;(%) is the Coulomb
potential

Ve (r) = V(e) (7 - t2). )
2

¥e use the following definition for the components of the

isoepin operator

f L{ Z #:O (3)
e *%(fx’L"/’Ltﬂ);/“:ii;



the eilgenvaluea of £~  being +1/2 for reutron and -1/2 for
_ proton, - )

The isotopic symmetry of 1) ia broken by both the isovector
and Coulomb térms, If we aspume that the original nuclear two-
body force, which generates the isovector potential, ie charge
independent, then the broken symmetry should be restored by

the residual force fu

. Ll)r(,z)_.vc(r(’)jkhr t/-‘-] =0 (4)-

In the general case the force b cannot be found uniguely from
eq.{4). Oné needs some assumpiione concerning the structure of
h . In refs;/14_16/ it was suggested to seek the residual
force in the separable form by expanding it over the ®llinear
combinations of commutators of the isovector potentiaml and ’&% .
The algebra of these commutators ie closed therefore the expan-

sion of Fu takes a gimple form

o= Ue B (Fu 2 6u0) (Fum X o),
Zx et (5)

where the operstors f?L are defined by

_ 4 ARG
Ff*uz% %'(Z()t/“ ‘ (6)

By subatituting (5) into eq.{4) , it is eamily verified that
the latter is fulfilled with any arbitrary X# ¢ . The mean

value of this parameter is found from the consistency condition
X <O F 10>

=4 (<5;§f¥1('«!;)J5) - <6’J(éye,(”t;)/5)), )

The average here is taken over the noncorrelated Hartree-Fock
ground state. Tt is seen that the quantity X  depende on the
neutron-proton difference of the density distribution.

The redial form of the force (5) coincides with that of the
igovector potential. In the case of spherieal symmetry /. con-
taina only the monopole term of the residual isovector force.

The isoscalar and isovector terme of the spin-orbital po-
tential may be included inte the functions %; and f, , res-
pectively, which become then momentum dependent, Alternatively,
one can derive the residual ieovector spin-orbitsl force.

It ie more convenlent to use /. in tewms of the commuta-
tors of the shell model Hamiltonian with the components of the
total isospin opersmtor ?: » If we neglect the neutron-proton
mass difference in the kinetic energy, then the operators f-

f.»b

¢an be written ans
T R Ty
Foy= 212 (H-Vew), 7, 7 )

. A
- 1 - ! a_
g 20 (M- (g
Fo G L e Lo (12-Veted) ) T20 ) (9)
where H is the aingle-particle Hamiltonian, Next, we define
te quantity

£= U, <olF, 10> (10)
which coincides (except for the sign) with the one-particle

aymmetry energy. Then eq,(5) takes the form

1 A 0 .
ho=z7p 7=, [ 2 (HI-Vite)), T )t
< [ £ (M2 -Vee), T

[A



1T, [z (H=Ve)) , T-]] - ¢}*

7 :
Te 12 (HI-Vowd), T_j] -
x{[ [L:f( ) 1 dﬂ} an

Thia form allows one to teke into account the Coulomb mixing
effects selfconaistently, The epin-orbital potential ia assumed
to be included in H® . We should like to emphasize that in the
derivation of eq.(5) we have used the only assumption, concer-

ning the separability of the residuasl force,
Isobaric states,

Ap the basis one-pérticle states we chocse the eigenfuncti-
ons of the Hamiltonian /{° which includes the potential (1)
and the spin-orbital potentiaml. This choice allows one to take
into account the isovector and Coulomb potentials selfconais-
tently.

Let ua consider the isobaric 0V states of an odd-odd nuc-
leua generated from the correlated ground state of an even-even
nucleus {parent nucleus) by means of the charge exchange force.

The basis set of the particle-hole operators is

o P at oL
AJpJn [/—Jff e dpm T

+ . ‘
/\JHJF B A\JPJ”_ b fd{"= ’Jrlf
{12)

Here, Cli;”LJ Cﬂﬂ1fﬂ. are the proton creation and the
neutron annihilation operators, respectively, The angular momen-
ta JP and Jh‘ are coupled to form the total particle-hole
angular momentum J=C, The total igospin of a pair is equal to 1
and itas third component T =-1 for the operators Al#ﬂjm
and T, = 1 for the operators /\JH.JF . Additional
quantum numbera are omitted, but it is supposed that the nucle-
ong way occupy the states in different shella., In what follows
we use the simplified notation /\Pnrf /@
n,u_ A S

for the commutator of these operators is

JPJ“‘ and

+
F"" The Hartree-Fock ground state avarage

G A, A 18> = S & (1 12,) (1)
{1

where {1, and FlF are the neutron and proton occupation
numbers, reapectively,

From the operators (12) we construct a met of Hermitian

operatora
D - L (x)
. _ i uo
=5 2. (Apn * Anp) (+5)

I ry

where the particle-hole amplitudes ¢f and ?? are suppoged

to be real., From the commutation relation

U, G0 l> = S0

wa get the orthonormality equation

()
2 ‘fj—_)ﬂ_ l)jj(K) (IVL ‘*l/{,/)) == }<K

{16}

{17)



and the completenese condition

- (&) («r A ’ _
ZK—- pire’ %,on - éFF' &mz’ (1o "’LP). (18)
For the operators \_@ and d’aK , one can write the usual

RPA equations of motion
- . 2
(Ho% h, 1= cwlde,
[H%h, L] =-¢T% (19)
where (S  are the energies of the imcbaric states, counted

off the correlated ground state of a parent nucleus.

Substituting (14) and {15} into eqs. (19) one gets the

following equations for Wi . ‘)e)(:)and tll’,-:f:) H
. ¢ . B 2 (K
( EV—- é‘ft) Y F’P’LK) - EF!’L 72 (K)/ 2 d/" - wK (P‘p s
- F PRy ogs = (K2 _ (#}

Here, EP and En, are the one-particle proton and neutron
energies, respectively (the eigenvalues of the Hamiltonian H)

and the quantities 7?(K) and © (K} gre defined by:

(K) e f (K2 _
’?? = f2’_r’_! Elcln, ’!pn (’pzﬂ QP) J (21)
(K) . () B
$- o Eor T pn (Mn=1p), (22)
Eon = (&7 Ead(elin) — (PN jin), (23)
where {pJr) are the reduced overlap integrels of the

proton and neutron wave functions, and (et il ) the reduced

1o

proton-neutron matrix elements of the Coulomb potential4).
Omitting the details of solving egs. (20), we give the

final dispersion equation for (& :

Fwe) Plwe) =0,

(24)
where
G we) = 23 10 () — (1)
Epn (Nnmlp) (@3
Ep- B, - W
P () = Fl=awn) (26)

It 18 clear from ega, (24)-(26) that there exist two branches

of isobaric states, corresponding to solutions of eqa:

——
j_(wh‘):()) (2413
c =g
P () : (2417)
For the particle-hole amplitudes we get
- x)
b e
y; - 1
I o &, 7 Wy
W . 4 [t
PR oo W, SI/P’L H (27)

where the aings ¥  corresponds to solutions of eqs. (24') and
(2411), respectively, The quantity 77 {7 can be found from

the normalization condition

4)Note, that when the iscvector potential U/, — © all

Eppn—=0 .



' + A (%) (2 _
‘1:_(7)';,32,1/%?”](““ n‘P).

(28)
The eigenstates of the total Hamiltonian A °+A.  are
constructed as one-phonon excitations on the correlated ground

gtate (phonon vacuum @K o> =0 ) of the parent
Gl = (- 2= § + VY L. )i
K Voo, K Z ~

4 AL 1D, W€ Fg-o,

AN
- 45 () . _
& Vo Aup 103, @€ Pla)=0, )

<ot L., Q:;,] 10> = Sy’ {30}
Let us discuas the results obtained. From eq. (29) it follows
that TZ is strictly conserved in the isobaric states. The
states, which correspond to sclutions of eq. (24'), have
T2 = T,~1 and they are located in the nucleus (nv-1, 2+1)
while those correaponding to solutions of eq., (24'!) have
T,=Tet+t1 and they belong to the nucleus (M+1f, Z-1)
The same conclusions can be drown from egs. (25} and (26),
Solutions to eq. (24') are found between the poles & £,°0
(Fp-Fp>0)

proton particle states, Solutions to eq. (247') are found

which correspond to the neutron hole and

between the poles 6',; Ep <0 (M=t <0)  which correspond
to the neutron particle and proton hole states. Both types of
particle~hole configurationa contribute to the functions 3?‘(“)“)
and (P(wx) due to correlations in the ground state ID) .
The latter was not taken into account in woat of the previous
ghell model caleulationa,

The analog state (for nuclei with &~ Z ) can be found

only mmong the molutions to eq, {(24'), In the gpscigl case

(PHU Yy = aE,. {(piin) L, A E.=conat (31)

2g, (24') contains the molution Wi~ A Fo which corresponds
to the average one-particle Coulomb shift energy for nuclei
(M, Z2) end (N7, Z+4) | ¥rom eqs.(23), (27) and (28),
it follows then

+ 4
@K w)w,(rz\gc - I/% rre>, (32)
i,e.,,we have obtained the analog atate, According to eq. (30}
in this case the isotopic apin iz a good quantum number for
all the isgobaric atates, The lattsr ia,of course, & trivial
tonssguence of the imotopic invariance of the totsl nuclear

Hamiltonian,
Fermi beta-transitions.

For future reference we aeparate the set {GJ« § into

the set {(.4_7? §  of solutions of eq. (24') and the remainder

set { (AJK¢ {
complete set of operators Q,‘;J @Kg- R C?,\,; and C?K?«, which

of golutions of =q. (241''), Now we have a

can be used to expand over it the components of the total

isoapin operator

- o +
r_ o T+ = !:C;T—' ‘{f_—;t (IOHH) /JPf’a_
B . + -
= % JJ._K; @K? -+ %; L,J,LK?, (QK(P _ (33)



-

The expansion amplitudes are none other than the matrix elements

of the Fermi decay of the isobaric states f{o the parent

‘iLK§‘: <0][:QK?,'T;]JQ>

1 (Kg) ‘
= 2 (PH"L) ‘// * (nh)n,
26 P Fe e, (34)

Mug = COf [T, Q1103

(Kep) .
=1 5 (pun) Vi 2 (- 1) 559
Ry P - 3
For the case {31) the only nonvanishing matrix element corres-

perds to the Fermi decay of the snelog atate

-./(/{kgc (W= 2 Ec) =T, (36)

This result can easily be obtaind if one substituteas (27) into
eqa,{34) and (35), and compares them with the Tunctions . he
and QI)(HJK ) v

In the case of arbitrary Coulomb potential, one can use

the comnutator

r, = [TL,T}] (37)

to obtaine the sum rule for the Ferml decay of the isobaric

states to the parent

T = 1‘2;% - £ f,g% (PR )* (1)
= 2 My, |* - Z [ dlpg [* o
ﬁ(gf * Kep

13
The same sum rule was obtained earlier in ref./ /.

The important consequence of the gum rule (38) is that the
Coulomb mixing may result not only in decrease of the matrix
element for the Buperallowed Permi decay as is ugually belleved
/3’9'12/. In principle the matrix slement for the decay of the

analog state may exceed the mean value (36),
Igospin structure of the ot states,

Up to now we did not introduced explieitly the isotopic spin
of the states considered. The microscopic theory allows one to
calculate the energies of the isobaric etates and the COTTeRPON~
ding Fermi decay matrix élements. Now we show that those quan-
tities allow one to analyze the isotopic structure of the
states,

The expansior (33) can be used to calculate the mean equare

of the total isospin in the ground state

ofT21oy - COIT 0y 4+ O[T |0y

FRL0IT-T 0 = T, -2 5 2
<} -") /0(T0+i)"z‘§;)"‘x’(—.‘<¢/, (39)

The isospin mixing in the case coneidered is caused by the
vector part of the Coulomb potential, Therefore, the ground
atate of the parent nucleus contains only the admixture of the
isespin 'T;'+.i . Let ua expand the ground state over the

pure isospin states /T, 7;3;> z
10) = o iTy, To> + & [T,+1,T,> s

a?+ 4% 4
(40)



‘For the mean square of the total isospin we have then

7
COITRIO> = To (To+1) + 2 6%(To+1) | (41
Comparing eqs, (41) and (39), one can see that the admixture
of the isaspin T,+ 1  in the ground state of the parent ia
determined through the gum of Permi decays of all the isobaric

etates in the nucleus (W + 7, Z—i) :

(42)
Thia is the new definition (and it is, in fact, model independent)

6% = (To+ 1)"@ [ Mg |?

of the isospin impurity, because usually one considers the
Coulomb mixing of states in the same nucleus/1/. The latter is
alwaya model dependent, However, the two definltions are not
different in principle, bécause the isobaric atates (?,{; IU)
belong to the ssme isospin multiplet as the isovector momopols
state in the parent. Indeed, using eq.{33) we comstruct in the
nucleus (N+1, Zﬁi) the pure lmospin state of the multiplet

mentioned

[Totd, Tot 1> = — (Lol TL mo>/-f/27+ [0>

L 7 My, QF
=t ke Gy 10D . (43)
SVigrt ke T
This state is not the eigenastate for our Hamiltonilan H %+ h o,
Revertheless, we may estimate its energy with respect to the
ground state of the parent

Ereg agey = STt LT ILH S RTord, ot £)

T g 2,

e {Tor1) K¢ (44)

Now we may estimate the energy of the isovector monopole state
in the parent

Erpet, 7, = Erprtroes * MES — BT, (45)
where O Ec’ ie the Coulomb shift energy and Amnf, the
protoo-neutron wmass difference, The remainder term cof the isospin
miltiplet 7= T,+1 with o = T~ 1 {the double analog
state) lies in the nucleus (A-7, Z+‘f) and the admixtures
of this state may be found in all the isobaric states Q,Q; [O)
(see text below),

. From eq. (43) it follows, that the amplitude of the isospin

To+1 in any state QK; 7)) is equal to
A — i[:{.’i‘?“,_r
oo bV TL+ 1 (46)

i,e.yit is defined by the matrix slelement of the Fermi tranai-

tion to the parent. The sum rule for those amplitudes reads

Z
7 1Bupl® -

This result is easily understocd, because from the ground state

47

of the parent ons can generate by means of operatcrs Ti the

only collective mtete (43) with the isoapin 7.+ 4 ., This

state is distributed among the isobaric states @K; fox
Using the [_ —-operator one can conatruct the collective

analog atate /4 5 the nueleus (AN-1, Z+ 1}

FA> = 01T =103 7% T (0>

= aﬁ“ ITo, T 1) + = AR fTort, Tot ) (48)

VTo Ez(TH) V7ot 82(T,4 1)



‘which is not the eigenstate for the Hamiltonian H % i  (except
for the case (31)). This state is distributed among the isobaric

+
states QH? IO)
defined through the FPermi decay matrix elements

Mg = <O/ Gus , T-1185 = S <AIT 0>

. The corresponding admixtures (S\'Kg-s.re

= S VTo+ 82T )
from where it follows;
Ouy = My [ VTo+ B7(T,r 1)

The amplitudes (SVK?__ are subject to the sum rule (see egs,
(38) and (42)):

Z ld\:‘{?’z-':i
Ky

(49)

(50)

(51)

Now we can estimate the impurities of the isospina TO and

To+1 in any isobarie astate C?;;, /0)
O(*K; (T,;,) = <0 QK?ITDJT0~ 4}

= My Vi1- 62T, /i To+ 62 (1 1],

(52)
Buy (To+1) = SOl Gy [ Tort, Tt
= Mug 8VeTord / LTor 65(Tow 1)7. (53)

Tt ip seen that the largest impurities are expected for the

astate with the largest value of ./MK;_ v i.8.,for the analog

astate. Thim fact emphasizes the importance of the impurity of the

isompin To+ 1 when considering the superallowed Fermi

trangition, because this impurity may compensate the decrease
of the Fermi matrix element due to the admixture of the isospin
To— 41 . The admixture of the iscspin 7,+ 7 ie most

noticeable in the analog state of odd-odd nuclei with T.=0
(To =1 ) :

Py (T=2) ~ V37, (54)
i.e.,the mean value of this impurity exceeds the corresponding
impurity in the ground state of the parent,

However  the total impurity of the isespin 7y~ 1 in
all iscbaric states QK;_ [a> ig relatively small (52<< j)

2
p IﬁK;(E“U Iz = ?jééin+i << 1
Ky : et 6 (Tg¥t) (55)
and it decreases with increasing s «
The admixture of the. isaepin 7, ig estimated from
the following equation:
. 2 2 2
tﬂ«; (T1) = 1~ oCKf(Tc) = P, Tot 1) se)

Here we have neglected the small admixtures of the isospin

-+
To+2Z in the lgobaric statea QK;: le>
Calculations and discussion of the results.

/1
The Woods-Saxon petential in the form has been used

in our celculations. For the isovector potential, one supposes

f,(0 = f(x), U= X Zy, 57)



The Coulomb potential was teken in the form which corresponds

to the uniform distribution of the charge in the aphere of the
i3

radius RC‘—"?.'CA/ :
(Z'*UEZ[ 3 1%z .
S Lz (e )R

Veld) = (Z-1)e?
z e

e R, . (58)
In ref./18/ the following mean values of the parameters were
found from the calculation of the separtion energies UU:
= 53.3 Mev, 77 = 0.6] ané Ce= 7y =1.24 fm.
In nuclei with small neutron excess the separation energies
depend weakly on ’fz . Therefore, in our calculations we have
determined ﬁz from the ohserved energies of splitting of the
analog and antianalog states in 64Ga and 6663. A reaponable
agreement of calculations with experiment was obtained for

?2 =~ OF . The Coulomb radiue %, , which is very impor-
tant for all the characteristice of the isobaric states, wag

not fixed strictly, Below we give the results of calculation

ag functions of <, . Note, at last, that we have ueed a

little bit esmaller values for the diffusiness parameterel =74 fr7 %

and for the spin-orbital constant € = 0.25_,(—nn1ﬂ than in ref.
118/

The one~particle basie was calculated according to the
method givern in ref,/19/. The computing code is given in ref,
/20/. The basis includes all the bound and quasistationary
states, i.e.,the continuum was approximated by the quasistatio-
nary states., The left-hand side of the sum rule (38), which inc-
ludes all the overlap integrals (pj,rn_) with Af2= 0, £ and 2
was fulfilled with an accuracy up to (0.1-0.3)%.

20

sof 10 |l

- \\ 64Gq %7
30\ N z7nr s 777 Z
20!
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EBGQ ___552 n
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Fig.1., The dependence. of the imompin forbidden Permi decay uwatrix
element on 7. . Calculations are performed with ’7:0.5}'
and the diffuseness parsmeter ol = 7% fre? (solid curves)
and 7.5 fr T(dotted curvesj. The dashed areas represent

the experimental values of [Alg/ /3/.
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R Due to the AfL =1 and 2 transitions the isobaric spectra
congidered include not only the analog and antianalog atates
but also the high-lying states which form the imovector morno-
pole resonance, Below we discuss the results of calculations,
a) Isospin forbidden 07— 0" transitions,
We consider as a key problem the degeription of the
isospin forbidden Fermi transitions which are strongly dependent

on both the Coulomb mixing and the nucleon correlations (1),

The calculations were performed for the Fermi decay of the

antianalog states (ground states) of 64Ga and 66(}& to the

ground states of the parent nuclei E""Zn and 66211, respectively,

In both cases the residual interactions (11) mix gtrongly MeV
the (7 *p) configuratione [ (2 Pare) " (2 P32 )] o+ and
[ (1 #5/2 )g:! (1,){5_/2 )J’ ot which dominate in the structure 8
of the ground states of "4Ga and ®©ga, The contributions of
these configurations to the matrix element (34) are of different
signs, so that the latter depends strongly on the Coulomb radius b
T {fig.1). The Bmall variation of T, reaults in the strong I
change of [Ad, | . The latter mey serve as an explanation of the 4 e
obaerved large difference of log f{ in the nuclei conaidered/B/. 0.2 0.4 06 08 ?
The veriation of both n and the diffuseness parameter of
of the potential results in the shift of the curves shown in
fig.1, but it does not affect the strong dependence of /MF/ . o »
on T¢ . We mhould like to emphasize, however,that the strong ' Fig.,2, The €ogft of the isospin forbidden iramsition Ga="Zn
dependence of [dlp[ on . is not caused mostly by the ’ versue the isovector parameter 7} (above; the dotted line
Coulomb potential itself but it is due to the nucleon correla-~ corresponda to experimental value of legft /3/)' The lower
tions, For that reason we believe that the selfconsistency is part shows the dependence on 77 of Aafe, Wisg
of great importance in such calculations., and (awT in the nucleua 6‘[6"1 (see text),
The earlier calculations/21'22/ suffer from the lack of Calculations are performed with .=/ 2fm and o = {-l/f”?—i .
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selfconsistency in the configuration mixing, Yoreover, in ref,
r21/ the static pairing correlations with broken isotopic symmet-
ry were taken into amccount, The lattsr serves as an additiopal
source of the isospin mixing and distort the true role of the
Coulomb mixing,

Pig.? shows the dependence on 72 of the log f{ value for
the isospin forbidden Fermi transition 64Ga — 64Zn. The lower
part of fig. 2 shows also the energy of the analog ( Whrpas )

and antianalog (OJAAJT) states as well as the average one-

particle Coulomb shift energy, defined as

ABe =<0 [Te, IV, TN /OIT T 110>
{Z (PHVEIIR) (Pl (Re—11p)

= e (i)
P

(59)

As it was expected in a self-corsistent approach there is s
very weak deﬁendence of (kITAS on the isovector parameter
4? asgociated with the nucleon correlationa. The location

of the analog state with rempect to the ground state of the
parent i3 defined mainly by the Coulomb potential.

The splitting of the analog and antianalcg atates, on the cont-
rary, 18 proportional to the iBovector parameter, When 027a-0
thoge states are strongly mixed by the Coulomb potential (we
mean the isospin mixing), what leads to the sharp decrease of
the 1ﬂ%};ft- value for the Fermi decay of the antianalog
atate shown in fig.2, The asnalogous results were obtained

660 — 664y,

for the decay
The energy of the analog state (Jy,q in different

medium weight nuclei calculated with the parameters '? = O F
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Fig.3, The impurity of the isospin 7o+ 1 in the ground state

of a number of even-even nuclei versus T . Calculations

-1
are performed with 7 = O ¥ and ol = 7.4 Fr7 ",

and Te®™ 1.2 fm 1is usually by about C.5 NeV smaller than the
experimental Coulomb ahift energy, This difference may to some
extent be assoclated with our choice of the model imovector
potential, Some contributions are expected to come from the

tengor part of the Coulomb potential as well as from the spin-

. 2
orbital correction, ete. {see, eatimates in refs.’ 1445/ ).



b} Isospin impurities and superallowed Fermi transitions.

We heve caleculated the impurity of the isospin Te+ 4
irr the ground state of spherical everi~even nuclei with A = ¢2 ,

Fig., 3 shows the caleculaied &= valuee {eq.(42}) for & number

of nuclei ms fumctions of the Coulomb redius Zr . The value of

é’z decreases 8lighily with irncreasing 7 s dlekuy
with increasing correlstions +the lsospin impurity in the ground
state decresses. The pehaviour of #° as & funstion of 7,
and of charge number 2 corresponds to the predictions of the
hydrodynamie modelfG/. However, the calculated impurities are
much larger than those estimated by Bohr and Mottelson. The
reason fox puch a difference is that the calculated energies
EETL+1, T (eq.(45)) of the isovector mcnopole state
are of an order of 26-30 keV, i.e,;noticeably smaller than
thege predicted by the hydrodynamical model (= 704 7 mev) |,
Our estimats of ET16+J} 7o . 8grces well with that in the
theory of final Ferui aystems r23/ a8 well as with the estiumate
cbtained by means of the sum rule method/sf. Due to the self-
conaistency of our wodel the mean value of EH&*L To depends
rather wealkly on ﬁ} and T, (when selfconsistency is
broken the energy of the isovector mencpole state increases with
increasing the strength of the 1scvector force).

On the other hand the calculated values of £7% are much
zmaller than the shell model estimates/T’S/, in which the nucle-
on correlatione were ignored. This result agrees well with that

75/

obtained in ref. Thus, the selfconsistency and the nucleon
correlationg are important when estimating the isospin impuri-

ties.

2€

The results shown in fig,3 are obtaind when only the quasia-

tationary states with the width [ % 0.5 MeV and the energy
£ were included in calculations. The value of &2

may increase when the quasistationary states with the larger

wildth are included, but the physical meaning of those atates

is doubtfull, Therefore, a more reliable estimate of éﬁz requires

a more correct inclusion of the continuum into calculations,

The imospin impurities are much larger in the isocbaric
states.Of special interestis the isotopic structure of the analog
stetes which may contain an admixturs of the 1sospin T, +1 .
The calculated Coulomb mixing amplitudes X, . . and Pras
in enalog states of a number of nuclei with A= 7 are shown
in fig.4, It ie seen that the isospin purity of the analog state
as well as of the ground state of the parent depends on the
Coulomb radius ¢, , With deoremsing € the depending on

¢ part of the Coulomb potential im more locelized in the
nuclear volume that results in the increase of the iscampin
impurities. The impurities of the isospin 7,+ 1 in =2
nuclel are of the same order as those of the isospin 7, 1
(the latter afe not shown in fig., 4 but may be estimated from
eq. (56)). The remson for that is that the analog state ise

constructed on the correlated ground state of the parent which

conteins already a noticeable admixtures of the imospin 7o+ 1 .
With inereasing 7T, and the mass number, the admixtures of
the 1sospin 7o+ 7 decreases alightly while the admixtures

of the isespin T, 1 increase, To illustrate thie we give
below the isospin mixing amplitudes in analog states of some

nuclei, calculated with 77 =0 F and T = 7.2 frrv
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Fig.4. The Coulomb mixing amplitudea for the imospine T = 1 (sbove)
and 7= 2 (below) in the analog states of some nuclei
with ¥ =7 as functions of 7, . Caleulations are

performed with % = 0. F and ol =14 fm L,

2 — _ aF 4 - = (=7
A (T=4) = 989% 5 Bl (T=5)=04%;
Izﬂs (1=3) = O+ % ir j_:’CL(_ ;

2 . os . o
oy (T=8) = 984% i Pl (T-6)=06% ;

2 Y _ o R Q6
IAS.('P v)=1% N wa s
o2, (T=22)~88.3% ; Pra (T=23)= 0%%;

2 o . 208 o
IAS(EZU“ 1% (n 3384. o)

The values of cigis listed agree qualitatively with the estima-
tes obtained in raf./S/, but differ noticeably from the results
given 1in ref./24/. In the latter paper the calculations were
performed in the model with broken isotopilc symme try, what may
bs the reason for such a difference. '

Ag to the j}f;svaluea we did net know any other calcula-
tiongs to compare with,

We have mentioned above that the admixture of the isosplin

To+ 1 1in the mnalog state may affect the value of the correc~

tion to the superallowed Fermi transition matrix element. Usu-

ally this matrix element ie presented in the form/2'5'6'9’12/

MME = To(1—-6¢) , (61)

where <5E is the correction amssociated with the isospin mixing,

In terms of the isospin mixing amplitudes the correction is

S =1 (/1-8"yps + 6 Pras /é‘%—ﬂrjg- (62)
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Fig.5. The dependence on %of the Coulomb mixing correction to the
auperallowed 'ermi decay of the =nalog states. The negative
sign corrections are shown with dotted curves, CTalculatlons
are performed with 7] = U % and ol =1 dfmd

When the impurity of the isospin /,+ 1 in the analog state

im neglected (ﬁIAS =¢) , the correction 5; A0 a8 is

usually believed. The admixture of the imcapin 7o+ 1 may

result in the negative aign of JC .

e e et i

02 o0t 06 08 4

Pig.6, The Coulomb mixing correction é\C veraus ’? .

Calculations are performed with 7.=72fmand o=74fm 7,

Numerical calculations have shown that cj; depends esaen-
tinlly on both the Coulomb radius 7, (fig.5) and the isovector
parameter ’?2 (fig.6). Por two cases(50Mn and 5400) the nega-
tive corrections were obtained, The sign of (5:: may change with
changing 77+ ae 1s shown in fig, 6. In 64Ga and 66(}& nuclei the
fast change of (5‘; when ’72 % 0 Z 1is related to the atrong
mixing of the analog and antianalog states (see also fig,2).

The other nuclei shown in figs, 5,56 have no antianalog states,

3!



The calculated values of idz | are in qualitative agreement
with the eatimates/9’12/. The new quality consiats in the posai-
bility of the negative correction .é; .

We should like ?e mention that the value (and even the
sign) of é; may change when the quasigtationary states with
large width { = {4 Mel and the energy &£~ [7 are inclu-
ded into calculations, Therefure, a more reliable estimate of

é; may be given when the continuum is ircluded explicitly,
For that reason in the. present paper we emphasize only the
fact that the correction 6; may be negative and did not per-
form the analysis of the effective T+ values for the super—

allowed Fermi transitiens,

Conclusiona,

The theory of the isobaric states derived in the present
paper ie based on the assumption that the residual interactions
which restore the broken isotopic symmetry of a given nuclear
potential may be sought in & separable form, Then the model
considered does not involve any additional parsmetsr. In our
conglderation of the isospin mixing the two-body Coulomb
force was replaced by the effective Coulomb potential., The ten-
sor part of the Coulomb force and the spin-orbital correction
were not taken into account, .

The RFA treatment of the isobaric states allowa one to take
into account the ground state correlations and to reveal the
new qualitative effects in the isotopic atructure of the oF
states, In particular, it is shown that the analog states in
nuclei with A/= # contain a noticeable admixture of the

isospin T+ 1 » What may affect both the Coulomb mixing

32

correction in the superallowed Fermi transition metrix element
and the gpreading width of the analog state.

We have given here the new definition of the isospin impu-
rities in the ground state of (A, Z ) nucleus in terms of the
metrix elemente of the Fermi decay of the iscobaric states in
the nucleua {(N+14, Z-7) . Thia definition as well as the
analyais of the isospin structure of the lasobaric etates may
be conzidered, to a large extent, as model independent, because,
it involves only the Ferml decay matrix slements.

Application of the theory to the isospin forbidden Fermi
decay have shown a ressonable agreement of calculations with
experiment,

Tn eonclusion we would like to thank B.L.Blrbrair and
P.A.Gareev for many helpful diescussions, snd R,M.Jamaleev and

V,V.Palchik for help in numerical calculationsa.
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