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Abstract
The process K- vg. 1s calculated using the electroweak

axlal-vector anomaly with the quark color factor of 3, to-

gether with standard current~algebra techniques, The result,

which generalizes that of Das, Mathur, and Okubo for the

axlatl~-vector part, is In good agreement with experiment,

“Work supported in part by the National Science Foundation,

+Address 1980~81: Depaxrtment of Physics, The Ohio State University,
Columbus, Ohio 43210,

T+Work supported in part by the Department of Energy under contract
DE~AC02-76ERC1545,

DISCLAMER

i Ry o g seRHMENT 1S Um.m"fu

ot
11

S il




Tn the context of the development of what presumably is the theory of
strong interactions, quantum chromodynamics, current algebra and associated
questions are receiving something of a renailssance, One of the Key advances
in ﬁhat earlicr develobment was the understanding of the two-photon decay of

(1]

which precluded the zero predicted

[2]

the plon, It was the axial-vector anomaly
in the soft-plon limit by Sutherlaud's theorem, and which 4n fact predicts a
rate for no~+yy completely congistent with experiment.1

The synthesis of electromagnetic and weak interactions[S} provides an arena
for testing extensions of this anomaly-mediated process. 7The electroweak
anomaly, for example, should underly the vector form factor of the decay K—~vyiv.
This and the attendant axial-vector form factor resulting from current algebra
are particularly ripe for study on both theoretical and experimental grounds,

(4]

For although there is an extensive literature on the theory of thesc and re-
lated amplitudes, the models are principally of a phenomenological character,
Beyond the inclusion of the anomaly, what we attempt here is e generalization

(5]

of the treatment by Das, Mathur, and Okubo of the axial-vector form factor
for the analogous decay m—vev., Thus, we are testing the sufficlency of
anomaly-mediation, PCAC for the kaon, currént algebra, and the concomitant soft
kaon limit, Experimentally, K-vevy, which proceeds at aimost the same rate as
K-~ey, has now been measured over a significant portion of 1its phase space,[6]
so. that one knows more than simply the magnitude of the amplitude, Perhaps
surprisingly, agreement with experiment ic excellent,

The essential matrix element of the weak vector current governing the

structure~radiation2 amplitude for the decay K+(p)-«y(k)-kg+-+v in the soft-

kaon limit (p-0) 1is given by
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where v:(zvd— 1vi) 18 the weak vector current coupled to the W vector

boson. The PCAGC relation with the anomaly term for the interpolating

field of the X~ has been incorporated in (1), It 1s given by
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3] Equation (5) includes the

in the Weinberg-Salam theory of weak interaction,
color factor of 3,

The anomaly term3 in (2) has been obtained from the quark diagrams in
Fig. 1 in analogy to that for no-ﬁyy.[ll The divergence of the axial vect?r

term SdA& in (1) leads to zero in the matrix element (1), by Sutherland's



theorem.[z] Introducing the coupling of the W with the leptonic current,{B]

it can easily be shown that the vector decay amplitude 1s given by

' G, esing
SR, + + o F < o BN .
My (K=yg4 v) =4 N VeuapX P e uv\/“(l Y5V, (6)

wvhere the vector form rfactor ¥ is

Vo= M‘L""I}L s (7)
™ "X
. | (9]
or numerically (PK==148 MeV' " ")
|%<W‘r 0.084 . ' (8)

The matrix element analogous to (1) for the weak axial-vector current 1s
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M (ot = [ dhxe o eoat ) [y (10)
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The calculation of (10) has been carried out following the method developed

with v= (kp) and V the electromagnetic current,

for the axlal-vector decay amplitude for w+-»vz+v within the chiral SU(2) xSU(2)
symmetry.[S] A generalization to the chiral SU(3) x 8U(3) 1s straightforward, and
we simply state the result:

2
qu(v,o) Fngu *'G(vgk "pkku) + O(v) (D

N



where the axial vector form factor ¢ 1s given by

o, (n2) - O(m)
Ga—-»jdm A m4V +EE ey (12)

Here, (r2>K is the mean squared charge radius of the charged kaon, and pr By
are the axial-vector and vector two-point spectral functlons, respectively,

In the process of calculatlon, terms proportional to mi have been dropped.

The uncertainties introduced thereby in the axial~vector amplitude are expected
to be of the order of mi/mgfuo.ls. This 1s to be compared with the uncertainties

2,72 + +
of the order of‘mn/m ~0,02 for m —-vye v (see Ref.[5]).

Ay

As 1s expected, the amplitude that results from the constant term, FKgAu’
in (11) is the same as that which follows from the modification of the PCAC

relation in the presence of the electromagnetic potential (see Filg. 2(a)), i.e.
+ +
Au(x) -FK(au -ie Au (XNK (x) (13)

It can be shown Lhat this amplitude cancels with a term in the inner bremsstrahlung
amplitude corrcsponding to the emission of the photon by the outgoing z+ (see
Fig. 2(c)).

The axial~vector decay amplitude for the étructure radiation, analogous to (6),

is now glven by

R GF e sine \
MS (K -v4 v) = “*“73”"““ G(pl ﬁx' vgxu)e a Y (1- Y5)V . (14)

We evaluate (12) in the vector-dominance approximation, wharé4
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and with pA(mz) saturated witb the stangeness-carrying axial-vector meson Q:

2, . .2, .2 2
pA(m ) = GQ & (m mO) (16)
with[12]
2 2,22
(,Q GK* : 2ITIK~;=1 K . (1 7 )

This makes use of the (approximately experimentally satlsfied) relation

mQ "/2 ﬂ\,Ku‘: 5 (]8)

and leads to (mK*= 892 MeV)

a l%‘i— 0.046 my . (19)
g
Combining (8) and (19) we find
mK(W~PG) = 0,13, (20)
gl 0.5 . 21)
These compare quite favorably with the experimental reSultsgé}
mKI?/+(1| = 0.153 40,011 , (22)

as well as exclusion of the region

~1,8 <y < 0,5 (23)



Thus we see that kaon PCAC, current algebra, and the axial-vector anomaly
seem to provide an adequate description of the decay K-vyey, perhaps at

(5]

least as good as for the analogous decay 1 -‘Yey, where theoretically

Y, = 0.58 (24)

(13}

ag compared to the experlimental value
Y,y = 0.44 £0,12 or ~2,2340.,12 ., (25)

Note that because Ref.[5] used CVC they could not predict the sign of Yyp while
the axial-vector anomaly ylelds an unambiguous sign.
Finally, for the sake of completeness we write down the inner bremsstrahlung

amplltude (see Flg. 2(b) and (c)):

Cﬁ,esine
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This is manifestly gauge invariant, as are MsR and MiR Individually., The total

decay amplitude is the sum MgR-+M§R-+MIB. Because of the appearance of mz in

B

(26), M'B 15 negligible for K-—yey but dominant for K- yuv.
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Footnotes

See Ref,[1]. Itwas only with the advent of the concept of color that
the coincidence between nucleon and quark models in this regard was
recognized,

"Structure radiation' is distingulshed from "inner bremgstrahlung' in
which the photon is radiated from the external kaon or electron,

The non~renormallzation of the anomaly in quantum electrodynamics was
shown in Ref.[7]. The same for non-Abelian gauge theories was proved
in Ref.{8].

Relation (15) is consistent with recent determinations of the charged

kaon charge radius. Sec Refs.[10] and {11},
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Figure Captions

Feynman diagrams for the anomaly,

Feymman diagrams for the inner bremsstrahlung.
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