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The A2 trajectory and residue functions are obtained and are found to change sign
around t = -0.5 GeV . This strongly suggests the Chew or the no-compensation mec&

anism of ghost elimination. The trajectory parameter e(t) also agrees well with exist-
ing estimates.

Finite-energy sum rules have been used by Igi
and Matsuda' and by Dolen, Horn, and Schmid'
to obtain some useful information about the p
Regge parameter from ~P scattering data in the
intermediate energy range. Nore recently, Mat-
suda and Igis have tried to clarify the ghost-elim-
inating mechanism for A, by using the finite-en-
ergy sum rule for a combination of KN and KN
scattering amplitudes. Unfortunately, this pro-
gram has not been successful because of the
large ambiguities in the various hyperon cou-
pling parameters. In this note we obtain the
ghost-eliminating mechanism for A2 by studying
the sum rule So for a suitably chosen photopro-
duction amplitude4 that couples only to A, . Thus
we are able to dispense with the saturation hy-
pothesis and work directly in terms of the multi-
poles, which are obtained from photoproduction
data. %e also estimate the A, trajectory param-
eter by using the second-moment sum rule S~, in
addition to S,.

Using the notation of Zweig, ' we pick up the
combination of invariant amplitudes A»

' '-2MA~'

where the superscript (—) refers to the t-channel

isospin 1 and G-parity negative (isovector pho-
ton). This is related to the definite spin-parity
helicity amplitude f by~

A~ —2MA~ = 2v 2Mf,—(-) (-)

where M is the nucleon mass. f in this case
couples to the nucleon-antinucleon triplet state
(2-,)+ I

——,——,), which has C=P=(—1)~. This, to-
gether with the isospin and G-parity require-
ment, allows only A, exchange. Then, on absorb-
ing certain innocent factors into the reduced resi-
due function y(t), we get the usual Regge contri-
bution

t'
—i~n~ ( ~e —1

A, ~-'-2MA, '-'= ~l .' I y(i)l —' I, (2)
( sin~o. i (v j

where

s-u t- p2

4M I„

p, is the pion mass, 01 is the lab photon momen-
tum, and vo is a scale factor which we choose
for convenience to be 1 GeV. Now, using the odd
crossing property of our amplitude' under v —-v,
we get the following sum rule:

S = (g/4M)le+2M(p, -p )]-m' f Im(A -2MA )dv=m y(t)N
-1 iV (-) (-) -1 e(i)

0 » t 4

The second-moment sum rule gives

(4)

(-) (-) (
( )82= 2 [e+2M(p, -p. )]—— v Im(A2 -2MA )dv = y(t)—

vth

The scale factor v, has been dropped since we work in GeV units. The terms in front of the integrals
in Eqs. (4) and (5) are the nucleon Born terms; pp and p~ denote the anomalous magnetic moments of
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FIG. 1. Sum rules So and $2 and trajectory parameter n as a function of t.

proton and neutron. We have

= 1.78e/2M, p. = —1.9 le/2M,

e'/4m = 1/137, g /4~ = 14,

v = (t—4 g')/4M.
B

Finally the trajectory parameter is obtained
from Eqs. (4) and (5) as

(7)

In order to evaluate the continuum contribu-
tions to the above sum rules, the invariant ampli-
tudes are expanded in terms of the electric and

magnetic multipoles following Ref. 5. These mul-
tipoles have been empirically obtained by Walk-

er, ' in terms of Breit-Wigner poles plus nonres-
onant parts, up to a lab momentum of 1.2 GeV.
The nonresonant parts are indeed very small.
We evaluate the continuum contribution using
Walker's multipole parameters. The upper limit
N of integration corresponds to kL = 1.2 GeV.

In Fig. 1 we have plotted Sp and S, as a function
of t,, which includes both resonant and nonreso-
nant contributions. Now, if A2 chooses Gell-
Mann's ghost-eliminating mechanism, then Sp

should remain finite, and S2 should change sign,
where a(t) passes through zero. On the other
hand, if the ghost-eliminating mechanism is of
Chewg or no-compensation'o type (which are in-
distinguishable for the sense-nonsense amplitude

we are considering), then y(t) should have an ad-
ditional factor e(t). This would imply that So

changes sign and S2 has a vanishing magnitude
and slope where a(f) passes through zero. We
see from Fig. 1 that our S, does change sign and
our S, strongly suggests a double-zero behavior
(even though the overall magnitude is slightly
displaced downwards) around t = -0.5 GeV',
where n(t) is usually expected to pass through ze-
ro. Qur result, therefore, strongly favors the
Chew or the no-compensation mechanism over
that of Gell-Mann.

We have also plotted, in Fig. 1, n(t) as ob-
tained from Eq. (7). Both the intercept and the
slope are in good agreement with existing esti-
mates. Of course, Eq. (7) becomes unstable
around o. =0, since both the numerator and the
denominator vanish. The point a=0 can, howev-
er, be estimated by looking at S or S, individu-
ally.

In order to estimate the sensitivity of our re-
sults to the higher resonance parameters and
the cutoff, we have shown in Table I individual
resonance contributions to S, and S, at t= 0. Sp is
seen to be dominated by the nucleon and ¹(1236)
contributions. Even though these two have oppo-

site signs, the remainder is of the same sign as
the higher resonance contributions. Thus S,
should be insensitive to a possible variation in
the higher resonance parameter or the cutoff.
Qn the other hand, S, is dominated, as expected,
by the higher resonance contributions. This, to-
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Table I. Resonance contributions to So and S2 at t = 0.

Resonances Multipoles

Contributions
(GeV ')

So So

N(940)
N*(1236)
N*(1471)
N*(1519)
Nw(1561)
N*(1552)
N+(1672)

Born term
Eg+, M g+.

E(,M(
E2,M2

E ()+

E2+,M2+
ES,M3

4 44
-3.86

0.07
0.55

-0.02
0.21
0.63

0.00
-0.37

0.02
0.25

-0.01
0.13

gether with the fact that there is an appreciable
cancellation with the N*(1236) contribution sug-
gests a strong cutoff dependence for S~ and cy.

In fact, changing the cutoff to AI = 1 GeV reduces
S,(0) and o.(0) by a factor of 2 (which shows that
we have cut the integral short of the Regge as-
ymptotic region), but leaves S,(t) essentially unal-
tered. Moreover, S, retains the general feature
of Fig. 1 and is less sensitive to cutoff for nega-
tive t." We therefore believe that a more ade-
quate treatment of higher resonance contribu-
tions may change our trajectory estimate quanti-
tatively, but not our conclusion about the ghost-
eliminating mechanism.

We want to remark, in passing, that our resi-
due has no zero around t= —0.1 GeV . By factor-
ization this should also be true for the sense-
sense KN amplitude, which then contradicts the
observation of Matsuda and Igi.s Putting aside
the question of the ambiguity arising from their
hyperon coupling parameters, one may inter-
pret their result (see Fig. 1 of Ref. 3) as indica-

tive of a double zero in the sense-sense ampli-
tude, as suggested by the no-compensation mech-
anism.
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