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Calculation of anomalous magnetic moments of strange baryons
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Sidewise dispersion relations are used to calculate the anomalous magnetic moments of strange
baryons. The absorptive parts of the relevant form factors are related to the real parts of the
photoproduction amplitudes. Assuming that the absorptive part is given correctly by the lowest
intermediate meson-baryon state, the low-lying resonances below inelastic threshold, and a high-energy
fall-off calculated by Reggeizing the photoproduction amplitude, we obtain the imaginary parts for all
energies by extrapolation using a suitable conformally mapped variable. Values for the anomalous magnetic
moments are obtained which are significantly different from the SU(3) predictions. In nuclear
magnetons, the results are g~ = —0.545, v&e ——0.4, x&A ——0.97, &&- ———0.493, &&+ ——1.293,
v-- = —0.297, e-e = —0.214, in fair agreement with recent experimental values for these moments.

I. INTRODUCTION

Experimental. values for the magnetic moments
of the strange baryons A, Z, and " have been
reported recently. ' Even though the results are
not very accurate for the Z and particles, the
values of the moments are many standard de-
viations away from the SU(3) predictions. In

SU(3) one predicts the magnetic moments of these
strange baryons from the more accurately known
magnetic moments of the neutron and the proton. '
Therefore, theoretical attempts had centered
heavily on explaining the anomalous values of the
nucleons. Since recent experimental values dif-
fer appreciably from the SU(3) predictions, theo-
retical. models have to be reexamined.

The anomalous parts of the magnetic moments
are assumed to be due to the s trong- interaction
corrections to the baryon electromagnetic current.
Since Feynman-Dyson-type perturbation theory
fails in the case of strong interactions, pertur-
bation calculations always yield values which are
quite different from experimental values. In one
of the earl. iest perturbation cal.cul.ations of ano-
malous magnetic moments of baryons Katsumori, '
faced with the lack of knowledge of various baryon-
baryon-meson coupling constants, took al. l the
coupling strengths to be unity. He considered
contributions of all possible baryon-meson inter-
&mediate states. The values of magnetic moments
one gets from his equations after correcting his
results by using SU(3) coupling strengths with
D'/(D+E) =0.67 are shown in Table I. These values
dl'.ffer widely from the experimental one. Drell.
arid Pagels4 were the first to use sidewise disper-
sion relations and to point out that the low-energy
statutes contribute predominantly to the static mag-
netic moments of the nucleons. They also cor-
rectly stressed the importance of incorporating
the exact threshold behavior of the rel.evant am-

plitudes. However, they were constrained to use
a high-energy cutoff. Continuing their ideas,
Page ls' calculated anomalous magnetic moments
of all the baryons. He was able to reproduce the
SU(3) relations by including only the contributions
of charged meson states to the absorptive ampli-
tudes. In the limit of degenerate baryon masses
and vanishing meson masses his results, even
for nucleon anomalous moments, differed from
the experimental values. This difference was
attributed to the assumed mass degeneracy. But
calculation with physical baryon and meson masses
using SU(3)-symmetric coupling constants with
E/D = 0.6 led to deviations from SU(3) predictions
and in most cases from the experimental. results
as well (see Table I). The major contribution to
symmetry breaking came from the nondegeneracy
of the thresholds of the competing processes. The
reasons for deviations from experiment were,
however, thought to be twofold. Firstly, the pole
terms need not approximate the exact amplitude
away from the threshold. Secondly, a realistic
calculation should include effects of symmetry
breaking on the baryon-meson coupling constants.
The inclusion of rescattering terms by Pagels is
the main source of the difference between his and
Katsumori's perturbation resul. ts. In a recent
cal.eulation of anomalous magnetic moments of
nucleons' based on sidewise dispersion relations'
and the concepts of analytic approximation and
extrapolation, we supplemented the idea of the
exact threshold behavior with a possible Regge
falloff at high energies. The Regge decrease
made the dispersion integral finite. The Regge
falloff is calculable since the absorptive part is
related to the photoproduction amplitude. The
conformal mapping technique was utilized to in-
corporate the exact threshold behavior and the
Regge high-energy constraints into the absorptive
amplitudes. The absorptive amplitudes for all
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energies were obtained as extrapolations of the
contributions from the lowest-mass intermediate
state (the one-pion-one-nucleon state) and the
low-lying resonances to the related photoproduc-
tion amplitudes up to the inelastic threshold. The
results were in excellent agreement with the ex-
perimental values. The present work is an ex-
tension of our model of calculating anomalous
magnetic moments to the cases of the strange
bar yons.

In Sec. VI we discuss the salient features of our
calculation for the strange baryons and the reasons
our results differ significantly from the SU(3)
values. In Sec. II we indicate the extrapolation
procedure for the absorptive amplitudes. Section
III contains calculations of A, Z, and ZA moments.
In Sec. IV we report the results of calculations of
Z" magnetic moments, and calculations of = '
magnetic moments are given in Sec. V.

II. EXTRAPOLATION PROCEDURE FOR

ABSORPTIVE AMPLITUDES

The general form of the electromagnetic vertex
of a baryon with the incoming baryon and the
photon on their mass shells and the outgoing bary-
on off its mass shell (see Fig. I) consistent with
Lorentz invariance, parity, time reversal, and
the generalized Ward identity is

ei'&u(p~) = e(y&+ [(-to'»k„/2m„)E2(W )+ k&F~(W )]

x [(m, +p, + p)/2m, ]

+ [(- i(xq „k„/2m, )F,(W ) + kqF, (W')]

x[(m, —p, —p)/2m, ]}u(p, ). (I)

F,(W') is easily recognized as yielding the value
of the anomalous magnetic moment in the limit
W =nz, '. The form factor F2(W ), as a function
of S'3, is analytic in the entire complex W2 plane
with a cut extending from 8~ to ~, where
W,„'=(m, +m„)', the threshold for the lightest
intermediate two-particl. e state contributing to the
absorptive amplitude. Assuming F2(W )- 0 as

W'-~, we take the dispersion relation for F,(W )
to be an unsubtracted one,

ImE, (W")dW"
W'2 W

E,(W') =—1 (2)
7T Qf 2

Note that z =F,(m, ') is the anomalous magnetic
moment. Below the inelastic threshold we assume
the absorptive amplitudes are given exactly in
terms of the Chew-Goldberger-Low-Nambu'
(CGLN) invariant photoproduction amplitude A,

g2 +72 m 2
ImE2(W2) =-

4m, '
In the specified limit this corresponds to the exact
amplitudes at threshold by the Kroll-Ruderman
theorem. '0

To obtain the high-energy contribution the photo-
production amplitudes are Reggeized by the re-
placements

1 4Q 77

t —M' dt sinn(n —J)
1+Te ' "

&n(t) -z

1 dn m 1+Ye'" () ~
u -M' du sinn(o. -J) 2

(5b)

for meson and baryon pole terms, respectively.
n =J at the pole t or u =M2 and 7 is the signature

+1
x d(cos6) (mP, ' k —m,P,' k)ReA,

(3)
where m„P, and m2, P2 are masses and four-
momenta of the incoming and intermediate baryons,
respectively, m„ is the nucleon mass, and Wand
q are the center-of-mass energy and meson mo-
mentum as shown in Fig. 2. g is the baryon-baryon-
meson coupling strength and 0 is the scattering
angle.

Using the pole terms of the meson photoproduc-
tion amplitudes, we find that in the limit m„/m, - 0
the absorptive parts behave as

p

k2= 0
pn (p~k)2 g)R

p'=rn'
I

p2 =e
2 2

= fA

Ic =02

p2 =V/2

p
I P2

FIG. 1. Fermion-photon vertex.
FIG. 2. Pseudoscalar-meson-baryon intermediate-

state contribution to the absorptive part.
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factor. An absorption factor e ' with b= 1.5 (see
Ref. 12) was inserted for the t-channel pole terms
to account for a rapid falloff of photoproduction
amplitudes at forward angles. Equation (8) was
then integrated with these replacements and a
graph of absorptive parts against ln(W') was
plotted. The absorptive amplitudes were found
to vanish as (W') " for large W'. The values of
v were determined separately for each of the
baryons.

Armed with the threshold behavior from per-
turbation theor y and the high- energy behavior
from Regge theory, one can extrapolate to the
inelastic region most effec tive ly by mapping the
cut plane of analyticity onto the interior of a
circle of unit radius. The mapping is

F,(W') = 4'„(Z)ga„g„(Z), (7)

where the Q„(Z)'s are a set of orthonormal poly-
nomials in Z given by

and satisfy

m=0

+ Z „ZdZ=5
r

where I' is the elastic contour. The Regge factor
4's(Z) is given by

VP —ty.2

[(W W )(W W 2)]~+ [(W2 —W )(W —W,.„2)j /

(6a)

Z= —[1-(1-y')~j1
(6b)

with W,
' = W,„a —4m, '/m„, so that Im Z-(W' —m,')

at threshold W' = W,„' in the limit m&/m, W. The
sketch of the mapped plane is shown in Ref. (6).
We then write

e„(zl=(& z, ) [(s —zN —z )I'. (10)

For a given n the coefficients a„are calculated by
inverting an n &n matrix, obtained by equating Im
F,(W') of Eq. (7) at n equally spaced W' points in
the elastic region with perturbation values of
Im F,(W') as given by Eq. (3) with A consisting
of Born and low-lying resonance terms. High-
energy phase factors P are obtained by doing a
best-fit calculation over the entire elastic region.

The absorptive amplitudes as given by Eq. (7)
are now assumed to extrapolate correctly into the
inelastic region. This method is now applied to
individual baryons as detailed below.

III. ANOMALOUS MAGNETIC MOMENTS OF A,Z

AND ZA TRANSITION MOMENT

Consideration of the interaction of photons with
charged particles selects out NK and "K as the
only two possible intermediate states which make
contributions to the anomalous magnetic moments
of A and Z' and the transition moment of Z' to A.
However, the threshold for the "E state lies much
higher than that for the NE state. In fact "E opens
only after the inelastic threshold in the NE channel,
namely, the threshold for NKn production. One
of our important observations in our previous
work (Ref. 6) was that soon after the inelastic
threshold, the multiparticle production effects
strongly damp the amplitude. Hence the contri-
bution of the ~ state to the absorptive amplitude
can be omitted. It may be noted that Zm is allowed
by various quantum-number conservation prin-
ciples. But contributions to the absorptive part
due to states Z'm and Z m' sum up to zero. So
the contributions from the NE channel to the ab-
sorptive amplitude will be the dominating two-
body intermediate-state contribution below in-
elastic threshold.

TABLE I. Comparison of the experimental. values (in nuclear magnetons) of the anomalous
magnetic moments of strange baryons with the calcul. ated values (perturbation-theory calcula-
tion, Pagels's results, and the present authors' results).

Anomalous
magnetic

moments of
strange
baryons

KA

K p+

Kp

Kg
Kg
K~ o

Katsumori's
results

with SU(3)
coupl. ing
strength

-1.185
0.952
0.880
0.916
1.073

-1.990

Pagels's results I
r. SU (3) predictions]

1
2K~

Kp

-(K& + tC„)
1—2K n-( + „)

K~

Pagels's
results

II

-0.66
1.2

-0.7
0.2

—0.1
-0.8

Present
calculation

-0.545
1.293

-0.493
0 4

-0.297
-0.214

Experimental
val.ues

-0.67+ 0.06
1.59+ 0.45

-0.48+ 0.37

-0.9+ 0.75
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For the photoproduction processes y +A -P +K
and y+Z -P+K the s channel is closed and A is
given by the u-channel processes y+P-A+K' and
y+P- Zo+E+. Use of these Born terms in Eq. (3)

reproduces the perturbation-theory result. In-
clusion of low-lying resonances such as K* in the
t -channel and N«(1460) in the U channel for A and
H«(1460) and b. (1236) for Zo and ZA modifies the

amplitudes to

e&~x &viz«&r wo (mi™) g vx&X're+A« t
+ & nn«g nr+~z'

u —m, ' m(t —mx«') m(m, +m, )(t —m~') u —mN«' '

g Zo&E g'V KE Plf*Z (m + ) AKz gr'«r t g «E+gN*ZK
zA, zo =. 2 +u-m, m(t-m~ ) m(m, +m, )(t-mx«) u —m„*2 + + 2

+ ' " ~3 f + ' (u —2m, '+m, '+2m„')+ '~'(u-m, '+m„')+~(m, '-m, ') ~ . (12)

1 i ig I
)

1+cos7f(cR~(u) —z}
u —m~ 2

x "&( (13a)

1+cos( o.~(u) ——,
' }w

2 + & & ~sr+'luu m~y 2

(13b)

We assume that the absorptive amplitudes are
given exactly by Eqs. (11) and (12) for an energy
range given by 8" lying between the elastic thres-
hold W,„'=(m~+mz)' and the inelastic threshold

2=W;„=(m~+mx+m„)'. The coupling constants are
assumed to be given by their on-shell values. The
absorptive parts of F, ' ' A(W') are obtained by
integrating Eq. (3) with A given by Eqs. (11) and
(12). The expressions for Im F, ' ' A are given
in the Appendix.

The high-energy behaviors of the amplitudes
are obtained by integrating Eq. (3) with the photo-
production amplitude A Reggeized by the replace-
ments

1 . . . , I-cosw(u~(u)-~z}
z
- o.'I" —, —n&(u)}u-mg 2

x ag(u) -3P (13c)1, 1 —cos w( ux«(t)}
a -o' -~r

f —m„« 2

x "~'" ' (13d)

A plot of absorptive parts against ln (W') shows
that the absorptive amplitudes vanish for large
W' as (W') 0' for A and as (W') "' for Z' and
ZA (see Fig. 3).

Extrapolation to the inelastic region is done by
matching the perturbative ImF, '~ '~~ [Eqs. (Al),
(A2), and (A3)J with ImF, (W') given by Eq. (I)
with y =0.5 and 0.35 in the expression for 4s(z)
[Eq. (10)]. Four terms of the series are found
to be enough; they are given in Table II. Vat.ues
of p, obtained by actual y' plot, are 1.0, 1.6, and
1.6 for A, Z', and ZA, respectively (see Fig. 4).
The results of fits below the inelastic threshold
and the subsequent extrapolation are shown in

TABLE II. Values for the coefficients of the polynom-
ial.

el

CP
IA

cv
LL Cr.

I-
lS

l50 ~00
w' (Gev'3

I IOO 5000

Baryo

A
ZO

ZA
A7t'

Zvt'

6.9748
-1.3523
-3.2280

1.7350
10.5080
6.2347
4.3226

0.8294
0.1434

-0.4429
-0.1760
-3.2043
-1.9661
-1.5170

-0,1871
0.1104
0.2537

-0.1067
—0.6982
-0.2951
-0.1692

Coefficient

0.1002
-0.0281
-0.0358

0.0034
-0.1885
-0.1882
-0.1612

FIG. 3. Asymptotic behavior of absorptive amplitudes.
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TABLE III. Estimated contributions to the baryon anomalous magnetic moments (in nuclear
magnetons) from Born and resonance terms. The intermediate states are indicated in paren-
theses below the values listed.

Baryon Born term

Born term
+t-channel
resonance

Born term
+t-channel resonance
+u -channel resonance

Experimental
values

HM

—.0 ~ 32
(p)

0.202
CP)
-'0.069
(p)
-'0.245
(a)
-0.052
(~)

-0.033
(:-)

0.05
(=)

-0.498
(p ++ g)

0.34
(p +X*)

0.037
(p, ++ g)
—0.283
(A+p}
-0,199
(z +p)

2KQ—
-0.297
("-+p)
-0.214
( +p)

-0.545
[P ++ g ++ g (1460)]

0.97
[P +E *+6(1236)+N *(1460)]

0 4
[P +E *+4 (1236) +N +(1460)]

—0.493—0.21
(g +pg+ )

w p-= 1.293

-0.67+ 0.06

-0.48 + 0.37

1.59+ 0.46
-0.93 + 0.75

IV. ANOMALOUS MAGNETIC MOMENTS OF Z+'

The electromagnetic current behaves as
V»+(1/v3 )V» under SU(3) transformations.
Assuming SU(2) invariance one can write

and

&&'I&„I&') =&&I&„',I &) +&&I&'„I&),

& z'Izq
I
z ) =&K IJqI z),

Figs. 5-7. Dispersion integrals are then evalu-
a,ted and the results are shown in Tabl. e III.

in the previous section. We encounter a difficulty
in calculating the K~+ which will be explained
later. So we choose to calculate Kg-.

The possible meson-baryon intermediate states
are Z~, Ar, NE, and "E. The thresholds for

"---- P E RTUR BATl VE

EXTRAPOLAT E 0
r r

where superscripts V and 8 refer to isovector and
isoscalar parts of J&. Thus the anomalous mag-
netic moments of Z ' ' are related as fol.lows":
K~+ +K~- = 2Kga. K» has already been calculated

—l. O 0.5

0.5

—0.5 0.5

0.5 I.O 2.0

0.0
l

X =(W-mN )/mK

I

l. 4

FIG. 4. g plot to determine phase factors.
FIG. 5. Behavior of perturbative and extrapolated

Im&2 (W ) with X, where W = (mz+ ~~@) .
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NK and "Kproduction lie much above the inelastic
threshold, namely, the Amm production threshold.
We consider both the Z m and A n intermediate
states which lie below this inelastic threshold.

The photoproduction amplitudes for processes
y+Z -A+@ and y+E -Z'+m, Z +m'with Born
terms and the I;- and u-channel resonances are
given by

(,+ .)„
s-m22 m(t m&

-)2 m(m, +m5)(t -mz') '

z 2 1 gvmÃozz(mi ™2)+ gvnmg'ozzt

s -m55 u —m, ' m(t —m &') m(m~+ m, )(t —m &5)

Integrating Eq. (3) with these A's one calculates
the absorptive amplitudes Im F,A, and Im F,~„
the expressions for these are given in the Appen-
dlX.

In the photoproduction amplitude for an incident
Z+ baryon, there is the complication of a direct-
channel Y* resonance. This makes the amplitudes
change sign, and the absorption changes drastic-
ally. Since matching procedure is best for smooth
functions there will be uncertainties in the calcu-
lation of z&+ if this low-lying resonance is in-
cluded. Hence we calculate ~z- and obtain xz+
from the relation ~z+ =2xzo- Kz-.

XS A(") (16a)
1 . .. , , 1+coen(az(u) ——,')

5 + & 5 o'z&u&u —mz 2

XSag(u) -~ (16b)1,~(3 ( ))
1 —cosm(o. r+(u) —5)

Q —PE yg" 2

X fxy 4(g) (16c)

To obtain the high-energy behavior we integrate
Eq. (3) with the pole terms of A Reggeized by the
replacements

1 . .. , 1+cnew(o.'~(u) ——,')
F( g

—Qp(uu-m, ' 2

I.O- ------ PKRTURBATlVF
FXTRAPOLATK 0

2.4-

P E RTUR BAT I VE
EXTRAPOLAT E 0

2.l-

0.6
0.35

0.4 0.5S
0.3S

0.2.

C
W~OI

s 0.9

0.35

0.6

0.0

-0.2-
X=(W-m„)/m

l.4

(W5)-0.35
0.3.

0.0
I I.2

X=(W-mN )/mK

l.4

)-0.3S

5)-0.55

FIG. 6. Behavior of perturbative and extrapolated
Z;0 (+' ) with X, where W =(m&+X') .

FIG. 7. Behavior of perturbative and extrapolated
Im&2 (W ) withe, where W =(mN+g~&) .
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1 1 —costa, (t)--a'I' 1 —n tt-m '
P

Xs %~~ t) 1 (16d)
and plot lm F,(W') against ln(W'). The imaginary
part is seen to vanish as (W2) 0'" at high energies
(see Fig. 3). This fixes the vai'ne of y in the ex-
pression for 4'z(Z) [Eq. (10)].

We then match the polynomial [Eq. (7)] with
Im E,z, and Im E,z, separately as given by Eqs.
(A4) and (A5) in the energy intervals Wa = (m~+m„)2
to W' =(mA+2m, )' and W' =(mz'+m, )' to
W'=(m&+2m„), respectively. Four terms of the
series were found to be good enough for extra-
polation (see Table II). The values of P obtained
for minimum y' fits are 1.4 and 1.6 (see Fig. 4).
We have shown the fits in the specified energy
ranges and the extrapolations beyond these ranges
in Figs. 8(a) and 8(b). Dispersion integrals evalu-
ated with these extrapolated absorptive amplitudes
yield zz ——0.493. Using the SU(2) relation
quoted above we get z~+ =1.293.

V. ANOMALOUS MAGNETIC MOMENTS OF "

The two-body intermediate states which con-
tribute to the absorptive ampliNdes are "n, ZE,
and AE for and "w and ZKfor . Of these

g„pg, =-. (m, +m, )
m(t -m p2)

g'y~ oC'0 z ~
N

m(m, +m, )(t-m p') ' (17)

2 1
A-. o = —28 g-. —. 2 + )s-rn u —m2 2

gY1F0 AD Z4( 1 ™2)+ m(t-m ')

m(m, +m, )(t-m ') ' (18)

The absorptive parts of F,(W~) are obtained by
integrating Eq. (3) with A's given by Eqs. (17) and

we concentrate on "~, which has the l.owest
threshoM. For the photoproduction process
y+™0-'"+n' the s channel is closed and A is
given by the u-channel. process y+ " - =o+ w .
For ", the physical photoproduction amplitudes
are given by the processes y+ " - = + m', = + m .
Inclusion of the p resonance in the t channel
[since SU(3) forbids electromagnetic coupling
between "*and " ] gives

—0.6-

-0.5-

-0.4

---—PER TURSATIVE
EXT RAPOLATED

-I.8- //

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

"--- P E 8TUR BAT I V E

EXTRAPOLATED

—0.3
C

W
L

cv

8
—0.2

0.75

—0.5

—O. I

0.0
I I.5 2

X=(W-mA}/m

I

2.5 0.0

FIG. 8. (a) Behavior of perturbative and extrapolated ImF2~A (W' ) with X, where g =(mA+Xm ) .(b) Behavior o
perturbative and extrapolated ImF'~2 (W ) with X, where Q' =(m&+Z
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(18}. The detailed expressions are given in the
Appendix.

As in all previous cases we obtain the high-
energy falloff by integrating Eq. (3) with the am-
plitudes modified by the usual. substitutions for
1/(u —m3;2) and 1/(f —m&2). The graph of
Im E, ' plotted against ln(W') shows that
the absorptive amplitudes go to zero as (W') '0
in the asymptotic energy limit (see Fig. 3).
Extrapolation beyond the inelastic threshold cor-
responding to the production of a -wm state is done
by matching Im E, and Im E, [Eqs. (A6) and
(Av)] with only four terms of the series given by
Eq. (7}. The four coefficients are given in Table
II. The P's, determined by minimum y' fits,
are found to be 1.6 for both cases (see Fig. 4).
The fits between the el.astic and inel. astic thres-
holds and the extrapol. ations to higher energy
regions are shown in Figs. 9 and 10. Evaluation
of the dispersion integrals yields ~3;- =- 0.29 t

and x 0= -0.214. The contributions due to the Born
term and resonances are shown in Table III.

VI. DISCUSSIONS

The results obtained for baryon anomalous
moments compare favorably with the experimental

TA,BLE IV. Estimated contributions to the baryon
anomalous magnetic moments (in nuclear xnagnetons)
from possible higher-mass intermediate states.

Bar
Intermediate baryon states

A Z

p
n

A
go

Z
PH m
H

ZA

-0.034

0.052 negligible
0.015

-0.0026 negligible
-0.024

0.002
0.021
0.020

-0.019

values, wherever these are availabl. e. This
cl.early endorses the view that the low-energy
states along with the low-lying resonances con-
tribute predominantly to the static properties
of the elementary particles. As a check we have
also calculated the additional contributions of
various possible higher-mass meson-baryon inter-
mediate states. The results, as shown in Table
IV, are seen to be small and insignificant.

Now we are in a position to discuss meaningfully
the deviation of our results from those of pre-

—I.5-

P E RTURSATI VE
EXTRAPOLAT EO, '

/
/

/
/

/
/

/
/

/

O.O

, 0

I.O

—I.O-

0.0-
2.0

X=(W-m )lm

2.5 —l.5-

—--- PERTURBATIVE
EXTRAPOLAT Eo

X=(W-mH)/~

FIG. 9. Behavior of perturbative and extrapolated
Im+2 (8 ) with&, where W =(m3,'+Xm„) .

FIG. 10. Behavior of perturbative and extrapolated
Im~2 (W2) with~, where W2={~ +Xm )~
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vious workers. %'e recapitulate: Using threshold
dominance, a cutoff, and SU(3) values for masses
and coupling constants Pagels arrived at the
results

Kp =C(2g&N +gAK +gzK )&

K„=C(-2g N +2gzK'), AA =C(-gAK +hAK'),

Kz--C(-gz —2g'zK gA» )~

Azo C( gzK +~ZK )

Kz+ =C(gz~ +gA~ ),

Kx- =C(- hzK —hAz —2g~, '),

K.O=C(-2h B'K+2', '),

K z ——C(- gzKgAK+ ~zK@AK)~

where C = LnA j4w and A is the cutoff. The SU(3)
prediction is recovered, but many moments turn
out to be large. Only when the physical masses
of the baryons and mesons are used and a re-
scattering term is fed in are the results in fair
agreement with experiment (see Table I). How-
ever, in our analysis, we have only considered
the states of lowest threshold, namely, nN for
nucleons, ' PE for A, Zo and ZA, Am, P n for Z, and

"~ for - and " . Since the absorptive amplitudes
fall sharply beyond the inelastic threshold the con-
tributions of high-mass two-body states such as
AE, ZE, "A', etc. are negligible and can be
omitted. Resonances having masses around 1300
MeV contribute much more to the absorptive parts
near threshold than do these high-mass two-body
intermediate s tates. Hence subs tantial. deviation
from SU(3) is physically plausible, as is, indeed,
seen by experiments. It may be noted that our
analysis would lead to the SU(3) predictions in the
limit of degenerate baryon masses and zero meson
masses with a fixed Regge decrease for all the
baryons and no resonance contributions to the
relevant photoproduc tion ampl. itudes.

We finally note that our results are sensitive
to the various coupling constants and the high-
energy behaviors, which are the only unknown
parameters of our analysis. In the present work
we have taken the strengths and signs of various
coupling constants as given by SU(3) with
D/(D+E) =0.67. The Regge behaviors, on the
other hand, are obtained by actual. ly plotting the
absorptive amplitudes against 8' for each baryon.
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APPENDIX

The absorptive amplitudes obtained by doing the integration of Eg. (3) with A having the general form

1 gyBB gPKBgB2(m& ™2) gyPPkg25'Bgs 2t gN»Bey gN+B~PA. =eg, ~ u -m~ s —m~ m(t —mB» )
2+ 2+ 2 +

m(m, +m, )(t —mph ) u —mN»
2 + 2

where B„B,', B, are respectively the incoming, outgoing, and intermediate baryons, P, P* are the meson
and meson resonances of mass m„and m„~, and B*are decuplet resonances of mass m*, can be written
in the form

Im E,(W ) =E„+F,+EBg+FN~+FB»,

where
I l-x,E = '~ ' ~ m'(x -x)+mmln

Sn'(W -m, )
' ' ' ' I-x

E =g ' ' ' [(mm -m')(x -x )+2m (x, -x ')]
jr —m 1

m, (m, +m, ) gB,'B,Bg,BBggpgB,B2 (m, —m, )(W —ml )+ 1(m„'-m„» ) „-m„» —(W —m, )x
Some -m2 '2 S' —rn,2 2 m„—m„g —(W —m, )x„

—m, (x, -x )
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+
m gBz&2p gVpM gp+BiBI N

8mem(m, + m, )(W' —m, ')

[(ma —m„)(W2 —m, ') -m„mq„2](x —x )

m~'[(m, —m, )(W'-m, ')+m, (m„'-m„((~)] m, ' —m„~a —(W' —m,')x,W2» +~-x 2

gB yB2pgy BgB+gB+Q yp

16vem '

(m, m, —m, ')(x, -x )+m,

X m*' —m, '+ (W —m, ')(1-x ) mg m)m2
(W -m, ')(x —x ) m~-m '+ (W -m, )(1-x+)

2 g 2 g 2 1

(W — )(- —.)

with

m"' —m, ' + {)("- m, ')( ( ——'(x, + x -)) . m -m, ' x ()(X - m, )() - x )
(W2 —m, ')~(x, —x )2 m~ —m22+(W' —m, ')(1 —x, )

W' —m, '+m„a+([W' —(m, +m„)~][W —(m, —m„) ]j
2W

~=m„2 —m 2ym, ~+m ' —W2+ ' (m* +m, ' —2m, +2m)(') + ' 2' (m*' —m2'+m)(')+ ~(m~ ™).) ~

Now the absorptive amplitudes for the electro-
magnetic vertex of each baryon are given by

Im F,A, (W') = —E, +E~, (A4)

Im F2 (W ) = E„+F~ + F~~,

with 8', =+, =A, +, = p, &=+, p
Im E2 (W ) =F„+F~+F~+3E~,

(A1)

with B', =B, =Z', B,=P, F=K, F+=A+, B+=g(1236);

with B', =J3, =5, &, =A

Im F2~z, (W') = —2E, -E„~E~+E~
with B,'=B, =g B =g @—p Q4 —p B+ I +(1335).

Im F, (W')= —3E, E +E ~ (A6)

Im F, (W') =F„+F~~+F„++', E~~, -
with B', =A, B, =20, B2= p, P=K, P*=E~,
B*= & (1236);

(A3)
-„0

ImF, (W')= -2F, 2F +F~
with 8', =8, = 0, g3 =, P=p, p =p.

(A7)
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