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ABSTRACT

. Conditions under which Cabibbo's angle association with the axial

- vector Currénﬁ remains unchanged even in the symmetry-violating world are
 derived. It is also found that the approximate conservation of the

‘ akialvvectbr current is consistent with the dispersion theoretical approach

to the m=u andeuu decay amplitudes only uﬁder the condition 23'€< 1, 24

" being ‘the wave function renormalization constant of the 7= or K-meson

field. - _ S E



-)l-

RS '-<. ' " Recently Cabibbo has shownl that the;assumptign of SU(3)
o _ invariance for strong interaction52 allows & general‘undérstanding of

o weak.leptonic processes. He assumed. that the weak current responsible

for leptonic processes is a member .of an octet, and can be writtenvas3

Ju = cos b [yﬁo) + aio)]-+ sin G‘Fvil).¥ ail)] : ’ ' .' (1)

‘where vu and au are vector and axial vector currents, respectively, and
the cos 6 term corresponds to the currenté with AS = 0, AQ = 1; the

sin 0 ierm corresponds to the currenfs with 48 = 1, 4Q = 1. According

()

to this proposal the 7w~y decay constant F

(K)

is connected with the K-p

decay constant F through tan 61:

(™ o iane . (2)

This relation, neodless to say is true only in the exact symmetry limit,
and so its validity in the real world is unclear. In this note,-therefore,
we shall try to find the conditions under which relation (2) remains

iUnchanged even to. a symmetry-violating world. We shall take the viewpoint
(1)

that to the symmetry limit the axial vector current au is a member of an

octet and is exactly conserved, but in the real world this symmetry is

not exact and therefore the current is only "partially" conserved. b5

(1)

' We shall alsé discuss whether this approxlmate conservation of a,

(w)

consistent with Ida's formulae for F .and F( ), which involve a

e ‘ . dispersion theoretical approach to the m-n and‘K-u decay processes‘and :

(). T
(i)

‘In the real WOrl@,‘let us define L;l)(s), & form factor of a,

are generallzatlons of the Goldberger-Trelman formula for F

P —

in the channel m (excludingrsingle—particle states), by



. o
(1)(9) (ola a(l)ln1> = C L(i)(S) , "',, i o (3) _
where t( )(e) denotes functnons

Cel(0) = icose ma te) = sme L, ()

a.rid_Cm is an invariant in the channel m , e.g.,
: C- = Gn)iyv(3 .
= (n)ivgv(p)

The form factor Lil)(s) is normalized at s = 0 by, €efey

1

R O T NN CO T E » | -
where gé %. is the axial vector coupling constant in the B8 decay of a ba;yon,

. and MB denotes the baryon mass. The form factor L(

)(s) is assumed. to

satisfy the once-subtreeted dispersxon relatlon8

| | (5)
(l)( ) = L(l)(o) s plidg (1) s jds' (s Yo (81)L ' (s )
1.5 -

$ (sl - s) I
i_
. - (6)
where !
Mg = 'pioo mass,
By = Kaoo mass,
F(l) = "1"-meson decay constant
pn(s) = phase-space volume, -
Tmn(s) = scattering amplitude from n chennel to m channel £
_ in the pseudoscalar.sector. L
and Gél) is the coupllng constant between the "i" meson and the m channel,
€ufey C (o) / S N R : : A
0 1l/2 . o i
Gn§ 2(G) '  . S ; .
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. =3

and is the boundary value of the function Gél)(s)'which satisfies the .

 dispersion relation

T (st (s1)a{t) (s

» 2 o B ] o
. . , S = - | ) . o
Gii)(s), = G;l) ¥ —-;-;l EZLj'ds' Tn I 73 Sm

= .s' - ui)(s' -'8)

.

The simplest solutions of Eqs. (6) and (7) are adapted here, Vviz.,

<1)(s) '= W () + g <z>(s)F<1) @

Mg =S A |

with | :j o | 5
Méi)(s) - EZ:,Dfl(S)anii)(o) S 'f‘ | _(9) ;

‘and f
(1) Z s G,(Ii)(o) o (10) -

where D(s) is the denominator function of T -in the usuél N/D nethod,

normalized to unity at s-= 0. wa; aécording to-the Hypothesis'of the

o ()

approxlmate conservation of a '» the approximate relation

Ffi)b W e) 6 sy o

should hold -for any values of s and m in the solution (8).9 Therefore,

Eq. (11) reduces to the usual Goldberger-Treiman rglation?
(1) (1), 0 (8 my o (8, (1)

e'gl »

R
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(0)

vhere g, =g'='., This is & generalization of Nambu's method’ to an
A np . .

arbitrary channel m. Relations (12) and (13) also give a relation

between G;o) and Léo)(O)’ ¥ o . : SR "
: . !
o (0) S L
6'0) ~ S () s (14)
B Y2 M g(g cos 8] v ;
e.8ey
. , (0) o . . 3 ‘ .
(0) . wol88 | M M) 5
G ¥ V26 ;s T } T - (15)
vhich reduces to = - ’ i
O e R A - ‘iz,;‘(is')

in the exact symmeiry limit. Here D and. F are the well~known D and
F cbup;ing coeffiéients, and f is the mixing parameter in weak -

interactioné [Eq. (15') implies foreak T

ak strong]‘ lButfwe:cannot:oﬁtgin‘a

relatién like¢(lh):ifww.
= | (1) |
{ L (0) : o
Gxgl)fb’ [ G m , ' . : (16)

{ s
iﬁ; ‘ gA sin ©
T A

unless Eq. (2) is assumed still to be true even in the symmetry-violating

world. One can easily see that the relation (16) between Gil) and]Lil)(O)

is a necessary and sufficient condition for the validity of Eq. (2), even

if the s&mmetry }s violated in some form.lo ,

Now let ﬁs’examine whgther the &pprokimate conservaﬁién of Aﬁi) is S
consistent with Ida's formula foer(i), Following Goldberger and ireiman, ‘é
we aléo aésume that the func£ion F(i)(s) ;atisfies'an uﬁsﬁbtracte@ dispersiqn

relation -
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“5a
(1)(5) = --f ds? M . . - (17)
" . The imaglnary part of F )(s) is given by
\_.'; . ‘,' . | | -
< In F(l)(S)_ =) g eeege
. m ; )
o= ). w61+ 157062 - 91516l (00 (830{H ()
‘where ‘ ; - v '
ey 2 re VP10 (e
and ' ,
Inserting Eq.'(18) into Eq.l(lT) and pﬁtting s = ﬁ?, we have
@ [ s o R,
F‘ly - J ds 1 2 )(l)( (s)/[l +fdsc(l)(s)]5 . (21)
m : ' : »
where . : / P
os) = 16l e ()6l ) 1its - D2 T (e2)
. and - : o - ) T
| ey 2 Yole (23)
A _ | ‘, _ ' - : ) m | | ,
. if the denominator in ﬁq (21), which ismequal to'the wave—fuhct;on_re- .

normallzat?on constant of the "i"wmeson field, [Zéx)]~l

;_is\finite. S
o / '
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(1)

This is Ida's formula.6 The approximate conservation of a has élrea&y

assured the validity of Eq. {11), i.e., H;l)(s):g F(i), so that Eq. (21)

reduces to

!

;z]ds . o' (e)/11 + as c(l)(s)] .« - (2v)

¢

S

This equétion is consistently valid iny in the case when the denocminator

in Eq. (24) is much larger than unity, that is, zél) is much smaller

than unity, but does not vénish.v

' When zél) vanishes, Ida's formula (21) is no longer'vélid. In
order that the dispersion relation for F(l)(s) need no substréctions,"

or in other words, in order that the expression

. ; 7 :
o S 2 o | R
pld) =] e -[--——-s LY o) o(?)(s)p(l)J | (25)

m

be meaningful, we must have

us (ol - r ey = 0 L e
. g+ o .

"This is also Ida's relation, and is consistent with our -approximate

formula, Hii)(s)Q:F(i).ll

In conclusion Qe have shown that
_ (i) fhe relation (16) between the strong andlﬁeak coupling.constanfs
is the'condiﬁion‘for velidity of Eq., (2) evgﬁ in.thélsymmetry-vioiating
world; | |

(1i) the approximate conservation of the axial vector current 'is consistent.

(1)

with Ida's formula for F éi)
(1)
“3

_only when 2z is much smaller than unity,

<< 1,

D
<
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11,

(1) ..~ i
| GB,B ~ G{D(1 - £) + Ff]B,B

9=

Note that the second brackets in Eqs< (14) and (16) are independent.v 

of 6 by definition (3). If we take a viewpoint of Freund and

Nambu, L;Q)(O) is given by, for m = B'B, j'

Léi%(O) = gAt(i)(e)(MB' + MB)[D(l - f) + Ffj;,B/q[E ,‘ 

and Eqs. (14) and (16) reduce to

MB' + MB ,
_fﬁﬁg___ .
which shows a deparature from the exact SU(3) coupling scheme. P.G.O.

Freund and Y. Nambu, Phys. Rev. Letters 13, 221 (196k4).

This approximate relation will never tend to the exact relation at the

high-energy limit. If we assume the exact relation, lim H;l)(s) = F(;),
oo . .

—— (i) s

tne form factor Lm (s) should exactly vanish at the high-energy limit.

(1)

In this case the dispersion relation for!LM (8) needs no subtractionsg

fand we have the solution

i ] 2 , . . }
L(i)(sv) = ui F(i)G(l)(S) ,
n U, = 2 o . ‘
’ 1

- from which the Goldberger—Treimah relation is derived automatically;

- But inserting the above solution into Eq. (16) and putting s =“uf, '

we obtain the absurd result
' : uz —

See also reference 6.
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