
UCRL-11847 

University of California 

Ernest 0. 
Radiation 

Lawrence 
Laboratory 

TWO-WEEK LOAN COPY 

This is a Library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 

Tech. Info. Dioision, Ext. 5545 

THE CABIBBO ANGLE AND THE APPROXIMATE CONSERVATION OF 
THE AXIAL VECTOR CURRENT 

Berkeley, California 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



·t· 
~ 

l 

. 
' 

.. 

. ~ 

Submitted to Physical Review for publication. 

UCRL-11847 

. ,· 

· UNIVERSITY OF CALIFORNIA· 

I . Lawrence Radiation Laboratory 
Berkeley, California · · 

.·. 

'·. 
AEC Contract No. W -7405-en-g.!l48 

.. .. 
'· . . - .. 

. ; . 

. ·, 

.· .• 

' 

,. .... 

THE.-CABIBBO'.A.NGLE AND THE APPROX'IMATE CONSERVATION 
·.'OF THE AXIAL VECTOR CURRENT · · 

t t ..... 

'' -:·. . 

; . 
···"', . ·, 

,•; 

' : 

. ~· . . . .. . -:.. ' . :':': "·· 
Tak~s.i Oginioto 

i ........ ·,;·· 

December 16,. 1964 
.. J 

.... 

. ' . 
' I ~ ' , . ·' ... ' .. : ·.,: ·, :, 

. ·· -:1 
.... 

'. '· .. .. ' 

·, . . :'· . ·• :. : .· .. 

. . , . . . •, · . .. · ... ·. 
'.,,I ' 

... · ' 

. { . ~ . . .. . ,·· 

·. ,1· . . ·~ _ ... _ '. ' • .. ,'• ... 
' ... 

' . 
' ~ .. 

'. ~ 

·' ·, ·. 

. ' . . . 



.• 

·~· 

·~ 

• I 

.} 

' c 

·UCRL 11847 

THE CABIBBO ANGLE AND THE APPROXIMATE CONSERVATION 

* OF THE AXIAL VECTOR CURRENT 

Takesi Ogimoto + 

Lawrence Radiation Laboratory 1 

University of California 
Berkeley, California 

December 16, 1964 

ABSTRACT 

Conditions under which Cabibbo's angle association with the axial 

vector current remains unchanged even in the symmetry-violating world are 

derived. It is also found that the approximate conservation of the 

axial vector current is consistent with the dispersion theoretical approach 

to the 11'-J..l and K-11 decay amplitudes only under the condition z3 « 1, z3 

being ·~he wave function renormalization constant of the 11'- or K-meson 

field. 
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1 Recently Cabibbo has shown that the' assumption of SU(3) 
• 71: 

invariance for strong interactions2 allows a general understanding of 

weak.lep~nic processes. He assumed,that the weak current responsible 

for leptonic processes is a member.of an octet, ·and can be written as3 

= cos • (1) 

where v and a are vect.or and axial vector currents, respectively, and 
. ~ ).! 

the cos a term corresponds to the currents with ~S = 0, ~Q = 1; the 

sin .a term corresponds to the currents with liS = ~. ll.Q = 1. According 

to this proposal, the '11'-J.! decay constant F('ll') is connected with the K-J.! 

decay constant F(K) through tan a1 : 

(2) 

This relation, needless 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 sP,all try to.find the conditions under which relation (2) remains 

unchange~ even to. a symmetry-violating world. We shall. take the viewpoint 

that to the symmetry limit the axial vector current a(i) is a member of an 
).! 

octet and is exactly conserved, but in the real world this symmetrY, is 
. . 4 

not exact and therefore the current is only "partially" conserved. •5 · 

We shall also discuss whether this approximate conservation of a~i) is 

consistent with Ida's formulae 6 for F('ll') and F(K), which involve a 

dispersion theoretical approach to the '11'-\.1 and K-J.! decay processes and 

are generalizations of the Goldberger-Treiman. formula for F('11')~ 7 
. (")' (i) 

In the~ wor19-, let us define L J. (s), a form factor of a 
. . m . ~ 

in the chrumel m '(excluding 'single-particle states), by 

; I 
j I 
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t ( i) (e) ( 0 I a a ( i) lm) = 
. ll ll .· 

where t(i)(e) denotes·functions 

, 

= 1 COS' 6 
I 

·and t(l)(O) = sin e 

and C is an invariant in the channel m , e.g., 
m 

• 

cnp = u(n)iy5v(i)) i. 

The form factor L(i)(s) is normalized at s = 0 by, e.g., 
m . 

• 

(3) 

( 4) 

( 5) 

(i) where gB'B is the axial vector coupling constant in the e decay of a baryon, 

and ME denotes the baryon mass. The form factor L(i)(s) is assumed to 
m 

satisfy the once-subtracted dispersion rel~tion8 

where 

llo = pion mass, 

lll = kaon mass, 

F(i) = "i"-meson decay constant, 

p (s) = phase-space volUme, 
n 

T* (s')p (s')L(i)(s') 
mn n n . 

s'(s' - s) 

T (s) = scattering amplitude from n channel tom channel 
mn 

in the pseudoscalar sector. 

( 6) 

, . 

and G(i) is the coupling constant between the "i" meson and the m· channel, 
m 

e.g •, 

' 

·'· 
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and is the boundary value of the function G(i)(s) which satisfies the 
m 

dispersion relation 

2 

+ _s_:-\.1.-i ~J dsl 

n 

* ( i) T ( s 1 ) p ( s 1 ) G ( s'} 
mn n n 

• 
(s 1 

- l.l~}(s 1 
-· s) 

The simplest solutions of Eqs. (6) and (7) are adapted here, viz.;· 

with 

n 

and 

. , 
n 

where D(s) is the denominator :function of T ·in the usual N/D method, 

normalized to unity at s·= 0. Now,. according to the hypothesis of the 

approximate conservation of a(i), the approximate relation 
. lJ 

(7) 

(8) 

(9) 

(10) 

(11} 

should hold ·for any values of s and m in the solution . ( 8}. 9 Therefore* 

Eq. (11) reduces to the usual Goldberger-Treiman relation7 

(12) 

e.g. • 

(13) 

. ~ : 

I . 

. • 
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where g = "' ( ~) This is a generalization of Nambu 1 s method 5 to an A- 0 np • 

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

between G(O) and L(O)(O) 
m m , 

G(O) ( L(O)(O) l 
""-' (d Mv ) g~~) cos e m. 
,...._ • 

e.g., 

which reduces to 

(14) 

(15) 

in the exact symmetry limit. Here D and F are the vell-knovn .D and 

F coupling coefficients, and f is the mixing parameter in veak 

interactions [Eq. (15') implies f k ~ f t . . ] • But 'VE!''.cannot' obtain' a wea s rong 

relation like.,(14) ... ··,··· 

t (16) 

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

world. One can easily see that the relation (16) between G(l) and,L(:).)(O) 
. m · m 

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

if the symmetry .is violated in some form. 10 

tJ 

Nov let us exa.nline whether the approximate conservation of a(i) is f 
1.1 

consistent vith Ida's formula for F(i). Following Goldberger and Treiman, ' 

we also assume that the fUnction F(i)(s) satisfies ·an unsubtracted dispersion 

relation 
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Im F(i)(s'~ 
s' - s 

The imaginary part of F(i)(s) is given by 

m 

m 

where 

and 

_ F(i)(· 2) = s = ).J. 
' l. 

2 Inserting Eq_. (18) into Eq_. '(17) and putting s = l.Ji' we have 

where 

and 

(i~ p, 
( 

= J ds 

2 
s- ).J. 

l. 

s 
m 

~(i)(s) - L a~i)(~) 
m 

. . 

·' 

(17) 

.(18) 

(19) 

(20) 

• (21) 

(22) 

(23) 

if the denominator .in Eq_ •. (21), '1-rhich is eq_ua1 to t,he wave~ function .re.-

norma1izat~on constant of the "i"-meson fi~1d, [Z~~)r1 , is finite. 
,: I 
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This is Ida's formula. The approximate conservatiop of a(i) has already 

' \.I 

assured 'the validity of Eq. (11), i.e., H(i)(s) -v F(i) so that Eq. (21) 
m '-.J ' 

reduces to 

{24) 

This equation is consistently valid only in the case when the denominator 

(i) in Eq. (24) is much larger than unity, that is, z
3 

is much smaller 

than unity, but does not vanish. 

' When z;i) vanishes, Ida's formula (21) is no longer valid. In 

order that the dispersion relation for F(i)(s) need no substractions, · 

or in other words, in order that the expression 

l 

I a~i) (s)H~t) ( s) - /i) (s)F(i)J . 

m 

be meaningful, we must have 

[ m 

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

formula, H ( i) ( s) ~ F ( i ) •11 
m 

In conclusion we have shown that 

(25) 

(i) the relation (16) between the strong and.weak coupling constants 

is the condition for validity of Eq. (2) even in the symmetry-violating 

world; 

. ' 

(ii) the approximate conservation of the axial vector current is consistent· 

(") (i) 
with Ida's formula for F ~ only when z

3 
is much smaller than unity, 

<< 1. 

( ' 
\i 
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10 •. Note that the second brackets in Eqs• {14) and (16) are independent. 

of e 

Nambu, 

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

L(~)(O) is given by, form= B'Bt 
m 

t . 

andEqs. (14) and (16) reduce to 

G 
( i ) i r'13 , + ~ 
B'B ~ . G(D(l - f) + Ff)B'B ~ , 

which shows a deparature from the exact SlJ(•3) coupling scheme. P.G.O~ 

Freund andY •. Nambu, Phys. Rev. Letters 11, 221 (1964). 

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

high-energy limit. If we assume the exact relation, lim H(i)(s) = F(i), 
s+<><> m -

t~e form factor L-( i) ( s) should exactly vanish a.t the high-energy limit. 
m. 

In this case the dispersion relation for'L(.i)(s) needs no subtractions~ 
M 

and ~e have the solution 

= 
' 2 
j.li 

2 
j.l. - 2 
~ 

from which the Goldberger-Treiman relation is derived automatically. 

But inserting the above solution into Eq. (16) and putting s =·J.l~, 
l. 

we obtain· the absurd result 

1 = ~Jds "~ a(i)(s) < 0 

$ee also reference 6. 
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