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In this note

1)

matrix element for emission and reabsorption of the intermediate boson be

we shall show how an excellent determination of the

Cabibbo angle is obtained from the requirement that the second order

finite. The insistence on a single charged Cabibbo current of universal
form will lead us to a model where the non-vanishing of the angle, the

small SU2 X SU2

mass are all related to electromagnetism

violation in the Lagrang%an, and the non-vanishing pion
2

We start from the matrix element

for a transition between the hadronic states K and % by emission and
1

reabsorption of the intermediate charged boson W,

The quadratic divergent part in Eq. (1) can be separated by

coupled to the weak
current jﬁ .

two partial integrations 3 and written in the form

PN

where

Le—

(2)

with D(X) = (ZE/?f’XM)jfL(X). We assume a strong Hamiltonian H= HO + 60 u,+
: H
t €glg °
riant under chiral SU; x SU,, (1=0y1y004,8)
(353)

(for the moment neglecting electromagnetism) where ig inva-

the scalars together

and (3,3)

u.
1

with corresponding pseudoscalars v, belong to a
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representation of SU, X SUB’ and ¢ o and £ g are real parameters.
It follows that the divergences of the vector and axial-vector unitary

currents are linear combinations of the us and Vs with coefficients

proportional to & o and & g° For the weak current Jj = we assume,
i
provisionally, a general form
- ’ . “ KRN [ Fo “ - ! .- ) i
K - { \ L P L ; L NS H : 7 e
4 “ TE A o SV po LOS N, L i Tk o e v
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e ; :’« ! L iat M i \’ gL (R . + % ' m do- A =
For 4 =1 and QV = QA the current n satisfies universality
P ; +
(i.ee., the integrated fourth component of jF” j# , and of a neutral

i

j(§> satisfies an SU2 algebra 4>). We shall, for the moment, disregard
the universality requirement, but return to it in the second part of this

note. Inserting and the corresponding divergence D (as derived

J
r,
from the assumed weak current and Hamiltonian) into Eg. (2) one obtains

that the quadratic divergent term M is proportional to a linear com-~

2
bination of the following operators of our (393) and (3,3) represen-—
tation U, u3, Ugs Ug and v with coefficients depending on €

7? o’
e b

i'8’ It ev and jﬁ . However, as stressed by Bouchiat, Iliopoulos and
Prentki s Ug and v7, being proportional to divergences of unitary
currents, do not contribute between states of equal four-momentum [éuch
as our states * and 53 in Eq. (12]. We shall also ignore contributions
from the unitary singlef U, (it contributes for instance an equal mass
renormalization to each component of a unitary multiplet 6)). Thus, for
a theory effectively free of quadratic divergences 7 it is enough to
require in the expression for M2 the vanishing of the coefficient in
front of u, (no divergent £i8 = 0y S T =1 amplitudes) and of that
in front of ug (no divergent - 8 = 0, .4 T = 0, octet amplitudes).
When explicitly written, the two conditions are seen to be equivalent

to ¢
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o T Sk R O - )
KR ¥y RV B A RN - \ - \; 4 3



68/987/5

)

where we have introduced the useful parameter g = -(1+ {2 éb/ 68)'
Note the two limits : Q = 0 dmplies that H 1is invariant under chiral
SU, x 8U, ; ¢ = @ dimplies SU; invariance. From Egs. (3) ana (4)

2 3
eliminating g one gets

4¢m A

At E"
3 -2

Typically, for (= 1, one has Oy - 6, =tg” 8, = 10 ; for 6, =6

@ = 0.94. In any case the required violation of universality turns out

f)*gw ~21ﬂ16;}
A?

to be very small. However, for ﬁ =1 and @V = eA =60 one has § =0

i.€., exact SU,xS8U,, and 6 = 0. The implication of a limit with © = 0O
2 2

and exact SU2><SU2 is rather remarkable and we shall have to come back

to this point. To calculate 6, from Eq. (4), we resort to the work of
Glashow and Weinberg 8 which allows for a determlnatlon of Q from Ward
identities on two-point functions. Defining 8) Zd = (Olu (O)]l) one

can write Eq. (4) in the form

Wl 3 =5 (5)

where Fm s F are the usual meson decay constants and u_ , LéK are the

K SR 7
masses of w and K. Equation (5) already suggests one relevant feature @

the proportionality of QA to the ratio of pion to kaon mass. But we can

go further. From the work of Glashow and Weinberg 8) we can calculate g
in terms of the parameters J i i F2 (i =%, K andx, the latter

being the assumed scalar strange meson 8)) One has

2 (o -Pe-Bbetin)/ B,

where

For the plus sign, when (3) - 0, one has §{ - @ (ieee, SU3 invariant
Lagrangian) ; for the minus, when {%_— O one has Q =0 (i.e., SU2xSU2),

Choosing the sign minus and with the values of the parameters [%K, {5L and



8) one obbains 9, = 0.27. Purther-

more the solution is found to be remarkably stable against variation of

ﬁf as given by Glashow and Weinberg

» the parameters. Note also that, sincec % is very small, one can appro-
ximate Bq. (4) as tg° o, = (/5.

We have seen that the requiremcent of absence of quadratic diver-
gence leads to an excellent determination of the Cabibbo angle, provided
one is willing to add a small term violating universality in the weak
current. We have restricted our discussion to a theory with only charged
currents ; theories with neutral currents can also be studied similarly,
but they will not be discussed here (also in general they do not satisfy
the requisite of universality 9>). A theory with only a charged universal
Cabibbo current is generally considered as the most appealing possibility.
On the other hand, the smallness of the universal addition required here
suggests the conjecture that such an addition may have appeared because of
having neglected electromagnetism. In the rest of this note we shall con-
centrate on analyzing such a possibility. To this purpose let us extend

our model by including a term in the Hamiltonian. Our Hamiltonian

€3 Us

is now H = HO + ﬁo u_ + 68 ug + 63 3 By adding a breaking in the

0
direction "3" in SU space we have included the relevant geometric

3

feature brought about by electromagnetism. In terms of mathematical quarks,

€

Uy
0 0
the mass of the p and n quark different. The parameter 553 is

é8 Ugs tB u3 are mass terms and, in particular, 63 u3 makes

2 . .
clearly of the order e~ . We now assume a universal current (ieee,

6, =6, and b =1 in the expression for J, ) and derive, with the

new Hamiltonian, the coefficients in front of u and Ug in the expression

3

~ for M2 (We call them b3 and b8 respectively). From the two equations

b3 = 0 and b8 = 0 one obtains 70) :

To € - ;(*""l\*i (6)
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For small f, from Eq. (6), one has tg 62 ¢ /3, as before. We thus
obtain a good value of 6 Enore precisely from Eq. (6), e = 0.29], but
this time the current I is of universal form. In addition we have

(7). Numerically, from Eq. (7) one obtains 63/68 = 0.88(1/137),
showing that the order of magnitude involved is not in disagreement with
our conjecture. Equation (7) poses a problem of interpretation. Let us
discuss two limiting cases : small 63 and large 6—3 (small or large
as compared to €& ) For small & %9 Eq. (7) gives a small
¢ = (s ﬁe /€ )2 i.e., the Hamiltonian is in such a case almost
symmetrical Wlth respect to chiral SU2xSU2 (this does not imply of
course that also the solutions are close to SU2>< SUQ). In the limit of
large & 3 one has ingtead large ‘«;’ , 1l.e.y; a Hamiltonian which is almost
SU3 invariant. As we have seen, both the experimental value of © and
the determination of \% a la Glashow and Weinberg, suggest that the right
limit is that of small & 5 It is interesting to summarize what happens
near this limit :

11)

i) the Hamiltonian is almost SU2><SU2 invariant s the deviation

from symmetry being measured by the parameters g which takes
—

the value <@ x (6 Fé /é )‘“ (since 63% 62 one has ()30C ie ) ;
ii) +the Cabibbo angle is small and given by tg° © = (ZC /‘(3 (.8,
(therefore 6 = \r_e ) H

iii) the ratio (F }Lm Zz)/(FK}AK K x € /3.

Lull—\

A very suggestive picture has thus emerged : the deviations from

SU ><SU2 in the Hamiltonian (and consequent non-vanishing pion mass) and

2
the non-vanishing of the Cabibbo angle are both related to electromagne=- -
tism 12). The relevant equations are numerically well satisfied.

Oone of us (R.G.) is indebted for discussions and remarks to
Professors S. Glashow, T.D. Lee, Y. Nambu and S. Treiman. He would also
like to thank Professors J. Prentki, W. Thirring and L. Van Hove for kind

hospitality at CERN.
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required (at least for the lowest order) before summing the weak
perturbative expansion. In this attitude we may differ from
other authors (e.g., M. Gell-Mann, M.L. Goldberger, N.M. Kroll
and F.E. Low, tc be published). Within our attitude and with
the assumptions we make, particularly on the Hamiltonian, our
result for the Cabibbo angle 1s a necesgary condition for
finiteness. Concerning the logarithmic divergences, which may
be present in M, Eq. (1), a possibility is that the same
"dynamical mechanism which will assure finite e.m. mass dif-
ferences (e.ge, TeD. Lee,- Phys.Rev. 168, 1714, 1968 ;
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