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Using the algebra of currents, modified Weinberg sum rules, and the tadpole model of
Coleman, Qlashow, and Schnitzer, we calculate the kaon electromagnetic mass differ-
ence in the soft-kaon limit to be —3.9+ 0.6 MeV, in excellent agreement with experiment.

In the course of a recent calculation' of the electromagnetic mass difference of pions using chiral
SU(2) Igi SU(2) current-algebra and soft-pion techniques, we introduced a modification of Weinberg's
second sum rule' which rendered the result finite and in good agreement with experiment. In this
note, we extend these considerations to the chiral SU(3) 8 SU(3) current algebra in order to calculate
the second-order electromagnetic mass difference of kaons. We find that this method enables us
to compute the "nontadpole" contribution' &' to the mass difference, and we find a considerably small-
er value than that obtained by the authors of Ref. 4. When our result is combined with their phenom-
enological value for the tadpole contribution, the total mass difference thus calculated is in excel-
lent agreement with experiment.

To order e', the kaon electromagnetic mass difference h(mfa') =m'(R+)-m'(R') is given by

where
a(m ) =-[2(2v) ] fd q(q ) (g +aq q /q )T (p, q),

T (p, q) =(2w) e fdxe [(I'f (p) iT(V (x)V (0)) iE (p))

-(K (p) i T(V ™(x)V™(0))iR (p))]+contact term.

We now take the soft-kaon limit (p& - 0) and use the chiral SU(3) IgI SU(3) current algebra and partial
conservation of axial-vector currents in the form

to obtain

(0, q) =e + [& (q)+& (q)-2& (q)+g C(q)+~ (q)],
2 -2 V(3) V(8) A (5)

)tp ' & )P
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where where

(&)"2PVA '
d&l 2 2 . p

PE -Q' -ZE

= fdxe (T(V (x) V (0))), (5a)

VA
"'=-(f)

(7a)" ' = fdxe (T(A (x)A (0))), (5b)
(I)

() 2
G (q )=-i~ dmV, m'(m'-q'-i~)

C(q) is the contribution of the contact term,
and M&p(q) is the tadpole contribution. The
tadpole contribution arises from the presence
of equal-time commutators of the axial current
with its divergence which appear in the reduc-
tion and which, in contrast to the pion case,
lead to a term dependent on (T(S(3)V+m Vpem))0,
with S"' an isovector scalar density. '

Next, we write spectral representations for

(7b)

(5)(q2)
A

p„"&(m')

m'(m'-q' —2'6) m'-q'-lE

~~p
V(» a d ~~p

A(~): (We omit Schwinger terms since they cancel
in the final result. ) Since the tadpole term is

v, A(i) (i) 2 (i) 2 gauge invariant by itself, gauge invariance
Ap Ap U, A A. p U, A ' (q T& =qpT& -—0) determines the contact term

to be

C(q ) =q (G '+G @' -2G ")-(E ''+E @'-2E '&).
V V A U V

The integrand of (1) then becomes

(g +aq q /q )T (0, q) =e E [3q (G + G -2G )+M (q)].
~P y P 2 2 -2 2 (3) (8) (5)

yp
' R V V A

(8)

(9)

We now assume that the nontadpole contribu-
tion taken separately should yield a finite re-
sult (this point will be discussed further below).
The finiteness condition is

and we get for the nontadpole part of the kaon
electromagnetic mass difference

lim (q')'[G "'+G "'-2G "']=0,
V V A

Q' ~ QO

which implies

f dm2( p ~@+p
~~ 2p ~~~) = 2M

V V A E E'
and

(10)
(m ')

=-3o(SEE ') '[g 2ln(m '/m )R p p A'

+g 'ln(m '/m . ')+g 'ln(m '/m ')
K y p K'

—2g ' in(m '/m ')]. (l3)
A KA

J dm (m ) (p ~ ~+p e~-2p '~ ~) =2E 2. (12)
0 V V A K

The sum rule (12) is a generalization to SU(3)
S SU(3) of Weinberg's first sum rule, where-
as (11) is the generalization of the modified
sum rule introduced in Ref. 1. Assuming dom-
inance of pt/"' by the p meson, of p V"' by ~
and y, and of pA'"' by &A(1320), the sum rules
become g '/g '=1.40+0.95,

p
(14a)

To proceed further, we must appeal to exper-
iment. The branching ratios' I (p- p, + p, +)/
I'(p - all) = (5.1 ~ 1.2) x10 ' and I (&u -e +e+)/
I'(~-all) =(1.2+0.3) x10 ' yield (g '/g ') =0.70

p+ 0.35. Combining this result with the empir-
ical relation I« =1.28E~, ' we find from the
sum rules (11') and (12') that
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g 2+g 2+g ~ 2g ~ —2m
p ~ y KA K K'

p (p EAm'~'m' m
p (g) y KA

(12')
and hence

g 2/g '=1.20+0.65,
KA p

[m(K+)-m(Ko)] =0.74*0.6 MeV.n.t.

(14b)

(i5)



VOLUME 20, NUMBER 6 PHYSICAL REVIEW LETTERS 5 I'EBRUARY 1968

We take the tadpole contribution to be that com-
puted in Ref. 4 by a phenomenological fit to
the baryon mass differences'.

[m(K+)-m(K')]„= -4.7 MeV,
tadpole

(l6)

and thus our final result is'

FIG. 1. Tadpole diagram describing the term pro-
portional to (T($( )p)„Vp ))0.

m(K+)-m(Ro) = -3.96+ 0.6 Me&,

in excellent agreement with the experimental
value of -3.9 + 0.6 MeV.

It remains only to discuss our requirement
that tadpole and nontadpole terms are separate-
ly finite. The tadpole term contributes to any
AT =1 mass difference, its numerical contri-
bution changing from one mass splitting to an-
other only because of the coupling constant at
at the lower vergex in Fig. 1. Cancellation
between this t-channel pole term and the non-
tadpole part, which represents the contribu-
tion of s- and u-channel intermediate states
in T&p(P, q), thus seems unlikely to occur in
all mass differences. In addition, the tadpole
term is nearly pure octet, the nontadpole term
nearly pure 27-piet. It therefore seems rea-
sonable to assume that these terms must be
handled separately. The value of the tadpole
term can then be obtained, as was done by Cole-
man and Schnitzer, 4 by analysis of the baryon
mass splittings. '

We differ from Coleman and Schnitzer' on-
ly in the treatment (and numerical value) of
the nontadpole contribution. In their paper,
they were successful in fitting all the mass
differences in the baryon and pseudoscalar
meson octets, with the sole exception of the

E+-E' case, in which they obtained too large
a value for the nontadpole part. Our smaller
value for this term brings the entire scheme
into good agreement with experiment.
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