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Isospin violation in J/g~ baryon + antibaryon

Mark Claudson, Sheldon L. Glashow, and Mark B. Wise
Lyman Laboratory of Physics, Haruard University, Cambridge, Massachusetts 02138

(Received 13 October 1981)

Isospin-violating electromagnetic contributions to the decays J/ti ~ baryon + anti-
baryon are examined. We find that these isospin-violating effects may be large, and that
they depend sensitively on the magnetic form factors of the baryons.

The measured branching fractions' for the ex-
clusive decays of the J/P into members of the
baryon octet and their antiparticles are consistent
with SU(3) violations that are less than 30% in the
amplitudes. If these SU(3) violations are predom-
inantly due to the strange-quark mass, then isospin
violations due to quark masses are less than 1% in
the amplitudes since these are suppressed by

(m„—md)/m, relative to the SU(3) violations. 2 In
this paper we estimate the isospin violations pro-
duced by electromagnetic corrections. Our results
indicate that these isospin violations may be quite
large and are sensitive to the baryon magnetic
form factors.

The amplitude for J/P~BB may be written in
terms of two form factors, i.e.,

A(J/P~BB)= ie~u(p—z) E y +I' U(p-),AT tttT(»
2m~

where e& is the polarization vector of the J/f. To the extent that the J/lb mass M~ is large, this amplitude
is dominated by the form factor E . This form factor is the convolution

1

E =f [dx][dy]P*(x;,M~ )TH (x;,y;;M~ )P(y;,M& )

of a collinear hard-scattering amplitude TH with the amplitudes P(x;, M& ) for a baryon to consist of three
quarks collinear up to scale M~ and carrying fractions x; of the baryon s loi][gitudinal momentum

([dx]=dx&dxzdx35(1 —xt —x2 —xs) and is[ 1,2,3 ] ). Isospin-violating electromagnetic corrections to the
hard-scattering amplitude are suppressed by only a factor of a, /a, (M~ ) and are expected to dominate over
the electromagnetic corrections to the quark distribution amplitudes. We assume that P is symmetric in the
x; so that the baryons have their familiar SU(6) flavor-spin structure. '

The leading contribution to TH arises from the strong interactions through the graphs of Fig. 1. This
contribution to T& was evaluated in Ref. 6 with the result

gP [4vas(Mp )] & iP3+&33'&
strong (3)9W6 M& x,xzxs [x t(1—y, )+y t (1—x

& )][x&(1—y3)+y3(1 x3)]yty—2y 3

Here p(0) is the nonrelativistic J/lb wave function
evaluated at the origin. The SU(3)-symmetric
strong-interaction contribution to the J/$~BB
form factor, Ez&zpzgy is the convolution of"Tp&mpg

with the quark distribution amplitudes [cf. Eq. (2)].
Isospin-violating electromagnetic corrections to

the hard-scattering amplitude arise from two
sources. One source consists of graphs similar to
those of Fig. 1, but with one of the gluons replaced

by a photon. The contribution of these graphs to
T~ 1s

4&,gtt ~g
strong ~T (4)

where Qs is the charge of the final-state baryon.
The second source of electromagnetic corrections is
the diagram in Fig. 2 which yields a contribution
to T& proportional to the hard-scattering ampli-
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FIG. 1. SU{3)-invariant strong-interaction contribu-
tion to the hard-scattering amplitude.

(6)

give jEst,»s ~

=5.0X10 (GeV) ', provided that
E is dominated by the strong-interaction contri-
bution. In evaluating E, we use the values
a, ( M~ ) =0 2a. nd ~P(0)

~

=0.19 GeV3~2 deter-
mined by comparing expressions for the total ha-
dronic width of the J/1(t,

I'(J/1( ~hadrons)

t6o 2 a(Mg )=—„(tr'—9),
~
t(}(0)

~

', (7)

tude for the baryon magnetic form factor Gxr(Q )

at timelike Q =M~ . Convoluting these correc-
tions to the hard-scattering amplitude with the
quark distribution amplitudes gives the electromag-
netic correction to the J!Q~BBform factor

gg 4 ~~ aS
Ecto =

p QBEstrong
5 a, (Mp )

4 417(Xr,

GM(Mp )$(0) .
6 Mp

The measured branching fraction 8(JIQ~PP)
=(l.g+0.2) X 10 and the following expression

for the rate,

X~ Xp Xp

FIG. 2. Electromagnetic contribution to TH that is
proportional to the hard-scattering amplitude for baryon
magnetic form factors. The black box encompasses the
strong-interaction effects.

and the rate for J/l(t~p+tu
2

with their measured values. Although the hard-

scattering amplitude for the baryon magnetic form
factor has been computed, use of this result re-

quires knowledge of the quark distribution ampli-
tudes. Instead, we use the measured value

GM( —M& ) =1.2X 10 for the proton magnetic
form factor at spacelike Q = —M~ . To leading

order in a, (M~ ), this value may be continued to
timelike Q =M~ . The magnetic form factors of
the other baryons are not measured at such large

Q . However, we can get some idea of their values

by examining their asymptotic behavior. For ex-
ample, at very large Q, the neutron magnetic
form factor GM(Q ) is negative and much greater
in magnitude than GQ(Q ). At Q =0, the nu-
cleon magnetic moments give GM(0)/GQ(0)
= —0.68. In Fig. 3, the ratio of rates
I (J!glenn)/ I (J/g~pp) is plotted as a function
of R = GM(M~ )/GQ(—M~ ) for 0 & R & 4. If
R y 1, the isospin violations are very large. The
measured branching ratio' 8 (J/glenn}
=(1.8+0.9) X10 indicates that R &3.5. Similar
results hold for isospin violations in decays of the
J/P into hyperon-antihyperon pairs.

We have seen that isospin violations in
J/Q~BB may be substantial and depend sensitive-
ly on the baryon magnetic form factors. In es-
timating these effects, we have used a formalism
which rigorously produces the leading-order contri-
butions in a, (Q ) and A /Q as Q ~ ao (A is a
scale set by quark masses, transverse momenta, and
nonperturbative effects). At the moderate momen-
tum transfers involved in J/g decays, the correc-
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baryon magnetic form factors. Similar results will
hold in any quark-model-type estimate. An experi-
mental indication that E dominates the ampli-
tude is present in the angular distribution.
Neglecting F

d f'(J/P Bg) My —4m'
cc 1+ cos 8 . (9)

d (cos8) Mg +4m'

For J/ tt~pp the predicted coefficient of cos 8 is
0.46, while the observed value is 0.48+0.24. A fi-
nal caveat concerns the continuation of G~(Q )

into the timelike region. Although nominally of
order a, (Q ), the corrections may be substantial.
In this regard, we note that the current experimen-
tal limit' on Gsr(M~ ) in the timelike region is

GQ(Mg )(10
iVote added. Work related to that in this paper

"an be found in Ref. 11.

&lo«f I'(J/g +nn )—/I (J/p~pp) versus
GM(M, ')/Gf',—(M, ').
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