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Kaon photoproduction on the nucleon: Contributions of kaon-hyperon final states to the
magnetic moment of the nucleon

S. Sumowidagdo and T. Mart
Jurusan Fisika, FMIPA, Universitas Indonesia, Depok 16424, Indonesia

~Received 18 February 1999; published 6 July 1999!

By using the Gerasimov-Drell-Hearn~GDH! sum rule and an isobaric model of kaon photoproduction, we
calculate contributions of kaon-hyperon final states to the magnetic moment of the proton and the neutron. We
find that the contributions are small. The approximation ofsTT8 by sT clearly overestimates the value of the
GDH integral. We find a smaller upper bound for the contributions of kaon-hyperon final states to the proton’s
anomalous magnetic moment in kaon photoproduction, and a positive contribution for the square of the
neutron’s magnetic moment.@S0556-2813~99!03507-4#

PACS number~s!: 13.60.Le, 11.55.Hx, 13.40.Em, 14.20.Dh
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The internal structure of the nucleon is still an interest
topic of investigations nowadays. The existence of this str
ture is responsible for the ground state properties of
nucleon, such as hadronic and electromagnetic form fac
and the anomalous magnetic moment. At higher energies
finite internal structure yields a series of resonances in
mass region of 1–2 GeV. It was then found that the nuc
on’s ground state properties and the nucleon’s resona
spectra are not all independent phenomena; they are re
by a number of sum rules@1#.

One of these sum rules is the Gerasimov-Drell-He
~GDH! sum rule, which connects the nucleon’s magne
moments and the helicity structures in the resonance reg
Although the GDH sum rule was proposed more than
years ago, no direct experiment had been performed to
vestigate whether or not the sum rule converges. Howe
with the advent of the new high-intensity and continuou
electron-beam accelerator, accurate measurements o
contribution to the GDH integral from individual final state
are made possible.

Previously, Hammer, Drechsel, and Mart~HDM! sug-
gested that by using the Gerasimov-Drell-Hearn sum rul
is possible to estimate strange contributions to the magn
moments of the proton@2#. They used experimental data an
an isobaric model for the photoproduction ofh, f, as well as
K mesons, in order to estimate the transversely unpolar
total cross sectionsT and, therefore, to calculate the upp
bounds of strange contributions to the anomalous magn
moment of the proton. It is the purpose of this Brief Rep
to update the contributions of kaon-hyperon final states,
means of the latest isobaric model which fits all availa
experimental data, including the recent data fromSAPHIR @3#.

The GDH sum rule@4# ~for a review see Ref.@1#! relates
the anomalous magnetic moment of the nucleonkN to the
difference of its polarized total photoabsorption cross sec
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@s1/2~n!2s3/2~n!#, ~1!

wheres3/2 ands1/2 denote the cross sections for the possi
combinations of spins of the nucleon and photon~i.e., s3/2
for total spin5 3

2 and s1/2 for total spin5 1
2 ), a is the fine
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structure constant,n is the photon energy in the laborator
frame, andmN the mass of the nucleon. The derivation
GDH sum rule is based on general principles: Lorentz a
gauge invariance, crossing symmetry, causality, and un
ity. The only assumption in deriving Eq.~1! is that the scat-
tering amplitude goes to zero for the limitunu→`, thus there
is no subtraction hypothesis@5#.

In photoproduction processes, however, the sp
dependent cross section is related to the total cross sec
by

sT5
s3/21s1/2

2
, ~2!

sTT85
s3/22s1/2

2
. ~3!

The first cross section can be measured using unpolar
real photons while the second can be measured with lo
tudinally polarized electrons and polarized nucleon target
hyperon recoils. Experimentally, the latter must be done
ing electroproduction, i.e., virtual photons. Nevertheless,
momentum transfer of the electrons (Q2) can be minimized
close to the photon point. Numerically,sTT8 can be calcu-
lated by using photoproduction, since Eq.~1! needsQ250
and sTT85sTT8(F1 ,F2 ,F3 ,F4), where the Fi ’s are the
CGLN amplitudes for real photons@6#.

Unlike the calculation in the previous paper, here we u
both

kN
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sTT8 ~4!

and

kN
2 &
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2
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n
sT , ~5!

where the GDH Integral is already saturated atnmax'2 GeV
@10#, in order to measure the deviations of the approximat
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made by the previous work from the expected values. T
was not done in the previous work since experimental d
for kaon photoproduction were very scarce at that time,
pecially for the gp→K0S1 channel, thus predictions o
sTT8 were somewhat unreliable.

We use the latest and modern elementary operator@7#,
which was guided by recent coupled-channel results@8# and
includes the newest data@3#. The model consists of a tree
level amplitude that reproduces all availableK1L, K1S0,
andK0S1 photoproduction observables and thus provides
effective parametrization of these processes. The backgro
terms contain the standards-, u-, andt-channel contributions
along with a contact term that was required to restore ga
invariance after hadronic form factors had been introdu
@9#. This model includes the three nucleon resonances
have been found in the coupled-channels approach to d
into the KL channel, the S11(1650), P11(1710), and
P13(1720). ForKS production further contributions from
the S31(1900) andP31(1910) D resonances were added.

In Fig. 1 we show the total cross sectionssT and
2sTT8 as a function of the photon laboratory energyn for
the six isospin channels in kaon photoproduction. Since th
are no experimental data for productions on the neutron,

FIG. 1. Total cross sectionssT ~solid lines! and2sTT8 ~dotted
lines! for the six isospin channels plotted as a function of pho
laboratory energyn ~GeV!. The elementary model is from Ref.@7#
and experimental data are taken from Ref.@3#, and references
therein. The elementary model fits not only total cross section d
shown in this figure, but also differential cross section and po
ization data~not shown!. Total cross sections for then(g,K0)L
channel are scaled with a factor of1
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consider the three right panels in Fig. 1 as predictions. O
viously, the model can remarkably reproduce the experim
tal data for the productions on the proton. In the form
calculation, contribution from thegp→K0S1 channel could
not properly be calculated since previous elementary mo
mostly overpredictK0S1 total cross section by a factor of u
to 100 @11#. With the newSAPHIR data available in three
isospin channels, the elementary model becomes more
able to explain kaon photoproduction on the proton and
predict the production on the neutron.

The elementary model predicts negative sign forsTT8
~note that we have plotted2sTT8), except for theK0L chan-
nel, where it produces a negative sign for the GDH integ
of the neutron, thus yielding positive values fork2 of the
neutron, albeitgn→K1S2 andgn→K0S0 channels show a
different behavior.

In Table I we list the numerical values obtained both
Eqs. ~4! and ~5!, using a cutoff energy where we found th
elementary model is still reliable. It is found that the result
not sensitive to the cutoff energynmax around 2 GeV, i.e.,
there is no significant change in the integral in the ene
interval 1.8–2.2 GeV, especially in the case of photoprod
tion on the proton where the cross sections show a con
gence at higher energies. From Table I it is already obvi
that replacing Eq.~4! by Eq. ~5! would overestimate the
value of the GDH Integral, especially since we know thatsT
is positive definite, whilesTT8 is not. We find that our
present calculation yields a slightly different result forgp
→K1L channel, but not in thegp→K1S0 channel, where
previous work seems to overestimate the present calcula

Should the contributions add up coherently, our calcu
tion would yield values ofkp

2(K)520.063 and kn
2(K)

50.031, or ukp(K)u/kp<0.14 andkn(K)/kn<0.094. This
put even smaller values for the upper bound of the mag
tude of kaon-hyperon final states contributions to the p
ton’s magnetic moment, compared to the previous resul
HDM, kp

2(K)520.07 @2#. An interesting feature is that ou
calculation yields a positive value for contributions to t
kn

2(K), therefore increases the calculated value of the G
Integral for the neutron.

In conclusion, we have refined the calculation of kao
hyperon final states contributions to the anomalous magn
moment of the proton and predicted the contributions for
case of the neutron, based on the experimental data of k
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TABLE I. Numerical values for the contribution of kaon
hyperon final states to the square of proton’s and neutron’s ano
lous magnetic momentskN

2 (K). Column ~1! is obtained from Eq.
~4!, while column~2! is evaluated by using Eq.~5!.

kp
2(K) kn

2(K)

Channel ~1! ~2! Channel ~1! ~2!

gp→K1L 20.026 0.044 gn→K0L 0.075 0.110
gp→K1S0 20.024 0.030 gn→K1S2 20.025 0.050
gp→K0S1 20.013 0.031 gn→K0S0 20.019 0.031

Total 20.063 0.105 Total 0.031 0.191
1-2
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photoproduction and a modern isobaric model. Experime
data forsT in neutron’s channels andsTT8 in all six isospin
channels will strongly suppress the uncertainties in our
culation. Therefore, future experimental proposals in MAM
ELSA, TJNAF, or GRAAL should address this topic as
8
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important measurement in order to improve our understa
ing of the nucleon’s structure.

It is a pleasure to acknowledge that this work was s
ported by the University Research for Graduate Educa
~URGE! grant.
6,
er,
98;

ys.

C

@1# D. Drechsel, Prog. Part. Nucl. Phys.34, 181 ~1995!.
@2# H.-W. Hammer, D. Drechsel, and T. Mart, nucl-th/970100

1997, and references therein.
@3# SAPHIR Collaboration, M.Q. Tranet al., Phys. Lett. B445,

20 ~1998!.
@4# S.B. Gerasimov, Sov. J. Nucl. Phys.2, 430 ~1966!; S.D. Drell

and A.C. Hearn, Phys. Rev. Lett.16, 908 ~1966!.
@5# S.D. Bass, Z. Phys. A355, 77 ~1996!.
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