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The combined high-energy data for yp g g, y~-g p, Np pn, pp~n, pp gp, and

yp qp are successfully described in a strong absorptive (Regge-cut) model. Only the
high-lying trajectories, ~, p, A2, and {evasive) g and the associated cuts are necessary
to understand the data T.he w photoproduction cross-section difference rules out "non-
sense wrong-signature zeros." The scale of the cross sections is determined correctly
by the conventional coupling strengths. The general features of pion exchange are dis-
cussed.

Using a previously proposed model, ' we pre-
sent here a description of the reactions for
charged photoproduction,

(la.)

(l.c)

np pni

pp nn. (lh}
The same model (hereafter referred to as HKpR)
has been used to describe the forward reactions
w p-w'n(tin), Z p-Wn, z'n-Z'p, Zp-If, p,
wN-EZ(KA), ICN-wA(wZ), ' and the backward re-
actions yP~w'{Pw'), w'P-Pw', w P-nw', and
w p-~p'(pp ).'

Our mode»s one of several which combine
the good features of (1) Regge-pole physics and
(2) absorptive effects for hadrons. ' ' All of
these models essentially agree on. the form of
the absorption correction, which appears in the
angular momentum plane as a Begge cut associ-
ated with earth Regge pole. Their major differ-
ences are (1) the form of the Regge-pole ampli-

tude„(2) the expected size of the absorption cor-
rection associated with inelastic intermediate
states, and (3) the validity of the ideas when ap-
plied to elastic scattering. 1n the HKPB model
(l) the Regge poles have no "nonsense wrong-
signature zeros. " Dips are produced by another
mechanism, the destructive interference be-
tween poles and their associated cuts; i.e., the
dlps are dlffx'action In1nlIna. Factorlzat1on does
not xelate the dip structure of different ampli-
tudes as is the case with the "nonsense wrong-
signature zero" mechanism. (2) The absorption
corrections (Hegge cuts) are assumed to have
significant contributions from inelastic states.
(3) The model is not necessarily applicable to
elastic or inelastic diffx active scattering.

The gene1al forInula fox' the cl oss sect1on for
the process a+b -c+4, where particles c and c

o f d' thece t -of- asssy te a d
Q, 5, c, 4, have hellcitles A, p, X', p, ', 1espec-
tively, is

«/« =2
I Mi „ i„I'/6«e's,

where Q is the sum over final and average over
initial spins. The amplitude in our model is the
sum over all Reggeon exchanges and their as-
sociated cuts: M =p&(M, + M,.c). The dominant
exchanges are m', p, and A., for charged photo-
production and nucleon-nucleon charge exchange,
and p and ~ fox neutral photoproduction. Lower-
lying trajectory. es such as B were ignored. The
s-channel helicity amplitudes fox exchange of
Reggeon j are'

& —
( f)(&+& )/2 [

&
p( 2)] g(aQ) vW+~2) u'ii s 2Zm

j Oj

wh~~e ~ = I(z-~')-(ii-ii') I, x = I~-~'I+
I p, -p, 'I-n, Qm' is the sum of external masses squared, and
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Table I. Vertex functions and parameter values.

Vertex Function Parameter
Fitted
Value

Fxpec ted
Value

Fitt, ed
Parameter Value

Expec ted
Va lue

g(npP )ii = -29 s+ V
P oP

g(npp ) z & = 9 ss /m+ = T
p oP N

1

g(y'sp) = g s /2

g(YRP) = g(ysw)

g(npA„)ii = / 2 9& s
& GA

g(npA2) i i = /2 9 s &/2mN 9&/9&
2

g(ppw) i i = -J 29 sV
G

V
OQ) I)

g(ppw) i i = g s //2m& G /G= T T V

1

ywn ow/ yws gypgwpn

g(y~n) = -g(ysp)

g(nps )|i = 0( 1/s)
22

gnNN 4NN/""? 2

g(yeas) = (8sn} O.

2.03

6.L'

fixed

3.7
.26 GeV

fixed

11.5
~ 5

1.32 GeV

.83 GeV .72 GeV

fixed

fixed

fixed

14-.7

1/137

.273 GeV near the p

ll .6

Regge Pole Parameters a

0, ' = 0
P I

OTT

~ 9

l.16

.385

1+ .2

1+ .2

1 +

s 1.94

oA

bAbsorption Strength Parameters
Photoproduction:

3 35
(n) 2.0

1P (f) 1.19
(r) 1.19
(n) 2.05

(n) 2.71
(r) 1.2

Nucleon-nucleon charge exchange:
1 (4) 1.81
1 (1) 1.0

(4) 1.94

(5) 1.21

(1) 1.$
(4) 2.2

(5) 2.2

In GeV units.
Arguments n (f) refer to nucleon helirity uouflip (flip) amplitudes. Arguments 1, 4, and 5 refer to the ampli-

tudes p&, (I()'4, and p5, respectively.

m,. is the mass of the nearest particle on the tra-
jectory n,.(t). The factorized residues g are de-
fined in Table I and are assumed to be t indepen-
dent. The t dependence in the numerator is that
demanded by conservation of angular momentum,

(—f)"/', and parity, ( t)"/'. If x) 0,—the ampli-
tude is called "evasive. "

The principal cut I,. associated with Reggeon

j is given by HKPR Eq. (A11B), multiplied by an

adjustable strength parameter X. If only elastic
intermediate states contribute to the cut, X =1,
while contributions from inelastic intermediate
states make X)1. Complete absorption in the
lowest partial wave corresponds to X = 1.6 (1.2)
for vN (NN) scattering.

Data' "for the six reactions a, b, c, d, g,
and h were fitted by a variation of the 28 param-
eters listed in Table I. The linear trajectories
e,(t) were constraine. d to pass through the cor-
rect spin at t =m,.'. Known couplings were not
allowed to differ drastically from their accepted

values. The A. 's were bounded so as not to lead
to gross overabsorption of low partial waves.
The one exception to this constraint, A.

" for pho-
toproduction, is discussed below.

We fit cross-section data for p„b)5 GeV/c ex-
cluding points for which 8) 4 rad, e.g. , it i~1 at
8 Gev/c. [These restrictions result from the
high-energy nature of the model, especially
omission of lower trajectories and double Reg-
geon exchange cuts, and from small-angle ap-
proximations. Polarized-photon asymmetry data
down to 3 GeV/c were included. The normaliza-
tion of the np -pn cross-section data measured
by a recent zero-gradient synchrotron experi-
ment'7 is larger by about a factor of 2 than that
of Manning et al." Fitting all the reactions con-
sidered here with a single set of parameters is
possible only if the higher normalization is ac-
cepted. The parameter values used in obtaining
the fits shown in Fig. 1 are given in Table I.

There are several qualitative features of these
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FIG. 2. Diffex'ence between m+ and 7I. photopx'oduc-
tion cross sections, which i,s proportional to the p-ex-
change amplitude.

marks apply to the difference do(np-pn) jdt
-do(pp-nn)/d/, but the data available are not

yet adeqUate to test the px'edlctlons.
The dip ln the g photopx'oductlon cx'oss section

neax t= -0.5 xesults from dominance of the n= I
amplitude. The strikingly different shape of the
q-photoproduction cross sectio~ follows from the
relative sizes of the ~ and p exchange couplings
fox' that process. Since thel e is one unit of hell-
city flip at the y-z' and y-q verti. ces, the nucle-
on helicity-noMip amplitudes for go and q pho-
toproduction have n =1. %e expect that m' photo-
production is dominated by p exchange. The wÃÃ

coupling is pximaxily helicity nonf lip so n' photo-
px'oductlon ls dominated by the n = 1 amplitude
vrhich has a zex'o near t = -0.6. The pNN coupling
is primarily helicity flip so q photoproduction is
dominated by the n =0, 2 amplitudes vrhich do not
lead to dips near t = -0.6. Conventional Regge-
pole models mould yield a. dip near t = -0.6 in q
photo production.

A general discussion of m exchange processes
1s contained ln Ref. V.
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