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1t 1s argued that, since hadronic processes show Regge shrinkage even at large ¢,
Regge-cut discontinuities must be enhanced 1n the region of J near the Regge poles (as
suggested by some recent theoretical work on the weak-coupling solution to the “infra-
red problem” in the reggeon calculus) so that the dominant Regge-cut contribution (at
current energies) does not come from the region of the discontinuity near the branch
point (as 1t does in eikonal and absorption models). In particular we show that this
hypothesis works well for #~p — 7 n. However, there is less shrinkage in photoproduc-
tion processes at large |¢|, and we find that in yp — 1r0p (and related processes) there is
no pole enhancement of the cuts. We connect this fact with the absence of #-channel
unitarity constraints for electromagnetic processes and more speculatively with the pos-
sibility that a scaling behaviour due to Regge cuts develops at large | #| as the mass of the
external particle is decreased.

1. Introduction

Although Regge poles give quite a good qualitative description of high-energy,
two-body scattering processes, predicting fairly successfully the energy dependence,
phase, and relative magnitudes of the scattering amplitudes (via SU(3) for the
couplings), it has been clear for many years that there are also important qualitative
features of the data which poles alone can not explain [1—-3]. These include the
cross-over zero at |#] = 0.15 GeV?2 in meson-baryon elastic scattering, the forward
peak in m-exchange processes, and the failure of nonsense-factor dips in do/dz to
occur in all the various processes connected by factorization (e.g. the dip in
do(n—p > n%n)/dt at |£| = 0.6 GeV2 where a, () = 0 is not seen tn m~p = wn or
vp — np which are also dominated by p exchange).

Various Regge cut models based on the idea of absorption through pomeron (P)
exchange in the initial and final states (fig. 1) have been proposed, but again, though
they can explain many important features of the data, with each model there are
some serious discrepancies [3]. Thus, for example, the weak cut (or Argonne)
model [4] which has nonsense zeroes in the Regge pole amplitudes does not get the
cross-over zero sufficiently close to ¢ = 0, and 1s incompatible with the polarization
in 7~ p - 70n, because the real part of the non-flip amplitude is absorbed much too
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Fig. 1. The absorptive prescription for an R® P cut.

strongly. Also, the cuts are not strong enough to fill in the unwanted nonsense dips
(such as those in 7~ p = wn and yp = np mentioned above). On the other hand the
old strong-cut model (SCRAM) [5] had difficulties with regard to tensor meson
exchange processes (e.g. it predicted an unobserved A, exchange diffraction mini-
mum in 7~ p > n0n at |#] =~ 0.6 GeV?2) and also had problems with the polarization
in 7~ p - n%n inter alia. The dual absorption model (DAM) [6] was constructed to
get the zeros of Im A 1n the correct places, at least in charge-exchange processes,
but again gave incorrect phases for 7~p - n0n, as well as being hard to apply to,
for example, hypercharge (K*, K**) exchange processes [7] where the nonsense
zeros of the reggeons do not coincide with the diffraction zeroes. In any case this
model is theoretically unsatisfactory because it does not attempt to distinguish cuts
from poles.

Recently a phenomenologically much more satisfactory model has been suggested
by Hartley and Kane [8]. They propose an effective absorbing amplitude (of some
complexity) which, when combined with the usual Regge poles, is designed to re-
produce the correct amplitude structure. For example the absorption amplitude has
a real part to ensure the correct phases for 7—p - 7%n.

Though a very sizable body of data has been fitted with this model there remain
some difficulties. Firstly, 1t is not certam that the problem of the absence of dips in
A, exchange processes has been resolved. They give the A, contribution a shorter
range than usual (see also Martin and Stevens [9]) thus pushing the absorption dip
out to larger |#|. Though the data on 7~ p — nn are not very accurate at large | ¢}
there 1s no sign of such a dip 1n recent experiments [10], which 1s worrying because
the dip systematics are an important feature of the model. Of course 1t is always
possible that a more complicated parameterization of the amplitude could remove
the problem.

Secondly the rather arbitrary nature of their absorption amplitude is theoreti-
cally unsatisfactory. In some recent work [11, 12] it has been shown that absorp-
tion with the actual /, = 0 elastic meson-baryon scattering amplitude (effectively
P +P) 15 able to overcome many of the difficulties of the older absorption models.
This accords with the observation of Worden [13] that the 7~ p — 7#0n amplitude
phases require a lower-lying J-plane singularity, in addition to the p pole and p® P
cut. :

But perhaps the most important problem 1s that all these cut models seem to get
the energy dependence of the scattering amphtude at large |¢| wrong. Thus, if the
reggeon (R) has the observed linear trajectory

ag(t)=ag +a't, (1.1
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Fig. 2. Effective trajectories for various processes (a) n~ p — 7°n from ref. [14,41], p exchange.
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with &’ =~ 0.9 GeV~2, the corresponding R ® P cut branch point 1s at

' !
QRap

agp() =y +m t, (1.2)

which with ap =~ 0.25 GeV?2 gives
OLRP(t) =g +0.2¢, (1 3)

so one would expect rather a small amount of shrinkage at larger | ¢, 1.. beyond
the diffraction minimum, and of course higher cuts will be flatter still.
In figs. 2—4 we give the effective traje tories obtained from the energy depen-
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dence at fixed ¢ in a variety of processes for which there 1s sufficient large |¢|, high-
energy data [14-22], using the definition

log (%‘;’) = (Qagp(t) — 2) logs + F(2) . (1.4)

(In some cases combinations of processes have been used to 1solate a given trajectory.)

It 1s very evident that p, w, Ay, K*, K**, 7 and (perhaps) B exchange amplitudes

are all compatible with (1.1) rather than (1.3) over the whole observed ¢ range, out

to [¢] = 1.5 GeV2 1n some cases. Indeed, Barger and Phillips [23] have shown that

this behaviour persists at low energies right out to [£| =5 GeV2 in 7~ p - 70n. Even

more remarkable is fig. 3¢ from ref. [20] which shows that the effective trajectory

of the positive parity amplitude 7, which conspires with the 7 in 7N — pN, presum-

ably the even parity part of the # & P cut, looks very similar to the 7 trajectory.
These effective trajectories strongly support the view that 1f there really are im-
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Fig. 3. Effective trajectories for unnatural parity exchanges. (a) ntp— wATT from ref. [19],B
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Fig. 4. Effective trajectories for photoproduction processes: (a) yp — ‘nop from ref. [21],p + w
exchange and (b) yp — np from ref. [22], p + w exchange.

portant contributions from Regge cuts then the energy dependence of cuts is not
that of the absorption model (1,3). On the other hand the effective trajectories 1n
photoproduction processes e.g. fig. 4, are much flatter at large | ¢|, and completely
in agreement with absorption model fits.

Our purpose in this paper is to examine some of the theoretical developments in
our understanding of Regge cuts which suggest that the Regge cut discontinuities
may obtain their dominant contribution from the J-plane region near the pole itself,
rather than from the branch pniat, so that at finite energies the effective power
behaviour of the cut contribution will be closer to (1.1) than (1.4). We show that
this hypothess gives an excellent fit to the 7—p ~ 7%n data, and argue that since
SU(3) symmetry appears to hold well for Regge residues [2], 1t will probably (given
the freedom available 1n the parameterisation) be fairly easy to fit most meson-
baryon, etc. scattering processes with this model. However, we also find that photo-
production processes require that the cut discontinuity should be dominant near the
branch point, not at the pole, a fact which we try to connect with some of the
other peculiarities of reggeon coupling to photons.

Some conclusions are presented in sect. S.
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2. Pole-enhanced cuts

The absorption prescription can most plausibly be regarded as an approximation
to the eikonal expansion for Regge cuts {1,2,4]. It has been shown in various field
theories that if the reggeon is regarded as a sum of ladders hike fig. Sa, then the
leading diagrams at high energy are those in which the couplings are “nested” as n
figs. 5b, at least 1n the approximation where momentum transfers across the ladders
are small. And if the eikonal function is given by the Fourier-Bessel decomposition
of the Regge pole amplitude (see e.g. ref. [1])

0
XRG,B) =g [ dtd, (0 =D AG. 1), @.1)

(n = helicity flip, see (3.4)) then the sum of leading terms 1s given by the eikonal
expansion

A, £) = 4ns f bdb [XR +1(le?2 _ (_);1'1_)3 ] 1GNTD, 2.2)
/ .

the first term being AR(s, £), the second the R ® R cut, etc. A simple generalization
gwves the appropriate cuts when more than one type of trajectory is involved (such
asR+R® P+R @ P2 ..), and enhancement of the intermediate states may also
be incorporated. Looked at in this way the absorption model (essentially just

R + R ® P)acquires the correct non-planar reggeon-particle couplings required for
physical-sheet Regge cuts, and accords with the reggeon calculus [25].

Theoretically this prescription has the rather serious defect that the cuts are
“hard”, i.e. have a finite discontinuity at the branch-point, and so seem to conflict
with ¢-channel unitarity [26]. The asymptotic behaviour (log s = «©) of the R ® P
absorptive cut 1s

@ TTTTTTIT

Fig. 5. (a) A Regge pole ladder and (b) two- and three-reggeon cuts with “nested” couplings.



340 P.D.B. Collins, A. Fitton/Regge cuts

Fig. 6. Two-reggeon unitarity in the #-channel.

s“RP()

ARP(s, 1) ~ —Brp(?) , 2.3)

logs

where app(?) is given by (1.3), and if we define the ¢-channel partial-wave amplitude
by the Mellin transform

A,(t)=fdss~f~1A(s,t), 2.4)
0
we get
AR (1)) ~ prp(2) log (7 — agp()) , 2.5

so the discontinuity is finite at the branch-point J = agp(#). It was shown by
Bronzan and Jones {26] that #-channel unitarity requires the vanishing of the dis-
continuity at the branch point, a result achieved in the reggeon calculus, and other
perturbative approaches, by incorporating all the #-channel iterations (fig. 6) which
softens the branch point [27].

This argument is not completely compelling because 1t has been pointed out by
Branson [28] and Paige and Wang [29] that it is possible for the character of the
branch point to change from hard to soft as £ is increased from O to the #-channel
threshold. In any case the softening may [27] only modify (2.3) by factors of the
form (1 + a log log s)~ " which would not make much difference at present energies.

However, there is a further difficulty with the reggeon calculus when pomerons
with ap(0) = 1 are included because of the accumulation of branch points (R ® P,
R ® P2, .R ® P" .)at the point t = 0,J = ag (0), the so-called “infra-red pro-
lem”. Most of the literature [30—33] has been devoted to P @ P" cutsat r=0,

J =1, but, apart from the special constraints of the s-channel Froissart bound, the
same self-consistency problems also arise for R @ P cuts (see e.g. Cardy, ref. [31]).

Two solutions have been presented, (a) the weak coupling solution [32] in which
asymptotically the pole R dominates over the cuts and the R—RP triple coupling
vanishes at ¢ = 0, and (b) the strong coupling model [33] in which the infinite ac-
cumulation of cuts dominates asymptotically. It is hard to decide between these ap-
proaches conclusively because all the available data is in the region where log s 1s
comparatively small (i.e. o' log s <a, where a 1s a typical value for the logarithmic
width of the forward peak of da/ds). But the success of Regge pole phenomenology
perhaps argues in favour of the weak coupling solution.

The weak coupling model has been extensively explored by Cardy and White
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Fig. 7. (a) An R & P cut with R enhancement of the reggeon-particle scattering amplitudes and
(b) the sum of enhanced R & P” cuts.

[30,31] who show that the vanishing of the R—RP coupling at ¢ = 0 has the conse-
quence that the leading contribution to the R & P cut stems from the R contribu-
tion to the particle + R — particle + P scattering amplitude (see fig. 7a). They thus

find [31] that the cut contribution to the partial-wave amplitude is (for ¢ = 0)

[J -~ ‘MRP(l‘)]2
[7 — ag(9)]?

where [J — ag(£)] ! stems from the reggeon propogator (one on each side of the
diagram), the [J — agp(¢)] comes from the vanishing of the R—RP coupling at ¢ = 0,
J =g (0), and the log (J — agp(?)) gives the branch point due to the R @ P loop.
So the cut discontinuity 1s

[J—O‘Rp(f)]z
A, )~ —m8M— . 2.7
J,0 U ag O 2.7

Their derivation depends on the vanishing of the triple reggeon coupling at £ = 0,
which does not seem to be true phenomenologically at least at present energies, a
fact which must throw some doubt on the validity of the weak-coupling solution,
though of course the separation between pole and cut contributions becomes more
difficult the closer the cuts resemble poles. Also the effective P intercept in elastic
scattering 1s somewhat above 1 (ap(0) = 1.07, see ref. [34]) and 1t 1s not clear how
this effect should be incorporated. One might expect that the poles would become
complex for ¢ <0, but phenomenologically this seems undesirable.

Another feature of the model is that because the cuts appear to couple predomi-
nantly through the polesthesum R +R ® P+..+R @ P" + ... will approxi-
mately factorize, as fig. 7b shows, at least for small |#], and log s. This could ac-
count for the frequent success of factorization tests, but it leaves unexplained why
factorization sometimes fails badly (e.g. with p exchange in 7~ p - 7%n and
7~ p —> wn mentioned in sect. 1). Even worse fig. 7 suggests that the parity of the
R® P cut should be the same as that of the R pole, whereas the conspiracy prob-
lem [1] requires that the cuts contribute to z-channel amplitudes of both parities.
For example 7, in fig. 3a (from 7N > pN), though it has a similar trajectory to the
pion has opposite parity, and clearly can not couple through the physical pion pole.

Thus although the work of refs. [30,31] gives (2.6) some plausibility we feel that

A () ~ log (J — agp(?)) , (2.6)



342 P.D.B. Collins, A. Fitton/Regge cuts

Fig. 8. Triple-regge representation of the box diagram at high energy.

1t 18 necessary to regard the pole enhancement result as more general than thus deri-
vation, and in particular not to take fig. 7 too literally.

Similar results to refs. [30,31] have been obtained by Veneziano [35] from his
dual bootstrap model, and closely related conclusions have also been derived by
Desai [36] based on rather different arguments.

He notes that if the box diagram of the absorption model (fig. 1) is generalized
to include diffractive intermediate states, and the high-energy behaviour of the
reggeon-particle scattering amplitude 1s represented by a Regge pole (see fig. 8) then
the resulting contributions are

log (J — o) log (J — a,) . 8,8y log (J — ;)

Ay @) =flog U =) + By —5— =+ B —5— 1 /- ag)?

(2.8)

and again we must expect the last term to dominate fro small |#| when J = ap ~a,.
This differs from ref. [31] in that the generalized box diagram is used which will
generate an AFS type of cut rather than the Mandelstam cuts which have non-planar
reggeon-particle couplings. It is well known that AFS cuts do not lie on the physical
sheet and have the same magnitude but opposite sign to Mandelstam cuts (see refs.
[37, 38]) which have a destructive phase relative to the pole. Also Desai does not
assume that the triple Reggeon coupling vanishes at £ = 0. However, the basic idea
that the cut discontinuity is enhanced at the position of the pole 1s a consequence
of this model too.

The eikonal model lacks this feature because 1t includes only the leading term of
each diagram which of course 1s given by the branch point. Clearly, the power be-
haviour stemming from the cut (2.6) will be ~s*RP ) but only as log s = . At
lower energies the power behaviour will be more like s*R() because the important
part of the cut discontinuity is near the pole.

In the next sections we examine some of the consequences of this hypothesis.

3. Parameterization of R @ P cuts
We write the Regge pole amplitude for an odd-signature reggeon in the form

' R
ARG, 1) =is e~ 51m) RO pypnn) GR pont 3.1)

c,l} Ea,l} +ag(log s — 3im), (3.2)
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Fig. 9. (a) Path of contour integration in (3.5) along Re J = 4. For t < 0 we assume that the
singularities lie on the real axis. (b) Contour displaced to left embracing the branchpoint at «
and dipole at ap.

aR(t) = QR(O) +C¥th . (3.3)
where 7 1s the usual helicity-flip (see ref. [1])

nEy — i) — (M3 — 1yl , X=|py — gl gy —pgl—n. (34

G,l} is the coupling, and a,I,{ is the slope parameter of the residue in the given ampli-
tude. There are no nonsense factors in the Regge residue.
For the cut contribution we use the inverse Mellin transform to (2.4)

1oty

A(s, z)=%f A7 s? 4,(1), (3.5)

— ooty

where 1 is to the right of all the singularities of 4 ;(¢), see fig. 9a with a form like
(2.6) for A ;(t) we get

1oty

ARP(g ) =ﬁ [ WG@ e eelst
—jooty
J — agp(®)]?
[7_%*;"(7)} log (J — agp(t)) (36)
=iG(H) F(s, 1) . (.7

Here we have given A4 (¢) the arbitrary ¢ dependence, G (¢), and an arbitrary J depen-
dence ¢’ to provide damping as J = —, and have included the signature factor.
Then displacing the contour to the left (fig. 9b) we can write

F(s,)=D(s, 1) — P(s,1), (3.8)

where D (s, t) 1s the dipole contribution-

DGs, 1) = [ — agp)? log (U — agp)l y-ag
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=e““R(ag — a,) [1 +log lag — agpl (clag — agp) + 21, (3.9)
c=atlogs—inm
and P(s, £) 1s the principal value integral over the cut discontinuity

QRP
Pe, 0= et app)? (J—ag)2dJ. (3.10)

By making the substitution x = (agp — J) log s the integration may be performed
to give

(44

PG, 0= RP [—52 ecBlogs g (ﬂiﬁ_) R (bﬁ)2

(logs)? log s ¢
C(!RP
_61085'] +2e B echllogs g (- <B )+logs +10gs] , 311
c log s log s c ¢

B=(ag —agp)logs.
Then using the expansion [39]

ot n
Ei(x)=7 +log |x|+ 20 2=,  y=05772, (3.12)
n=1nn.
eq. (3.11) can be simplified, and when 1t is combined with (3.9), we get
F(S, t) = emR(aR — O‘RP) - ecaR(aR - O‘RP) (2+((¥R — aRP)C) (')’ + log C)

) >~ legp = ap)el”
—e R(OLR—OLRP)(2+(()¢R_OIRP)C,)(HZJ1 [a_%;::ch;_

1
_¢“RP g+(°‘R—°‘RP)) . (3.13)
When substituted m (3.7) this result gives us our parameterization of the cut con-
tribution. In sect. 4 we compare it with the data.
4. Fits to the data
41. m—p->7nn

For this process there are of course just two independent s-channel helicity am-
plitudes, which we label by the nucleon helicities as 4, and A, _, havingn =0, 1
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respectively. In terms of these amplitudes the experimental observables are [11]:
the differential cross section

do _ 0.3893

de 6471qs2 s

[|A++|2 + |A+_12] (mb - Gev~2) 5 4.1)

the polarization

2Im(4,,.4%)

= —_— “4.2)
|A 412 +14,_|?
and the difference between the 7*p total cross sections
0.3893
Aotot =W Im A_H_(S, 0) . (43)

We require that the model fit the 6 GeV amplitude analysis [40] and the exper-
mental data for (4.1) [41], (4.2) [42] and (4.3) [43] and that the resultant effec-
tive trajectory accord with fig. 2a.

For the p pole we used (3.1) (with x = 0) while for the p ® P cut we have

AP (s, )= GEGE(—1)in F (s, 1), 4.4)

where G, is the effective P absorption coupling in the given amplitude, and F (8, 2)
is given by (3.13) with

o P
P_

c>c, Ea,‘,’P t+logs — 3im, al 4.5

P

0
an +an

Initially we tried to fit with just p + p @ P given by (3.1) + (4.4). However, we
encountered the same problems as with the simple absorption model, namely that
with the cut adjusted to give a cross-over zero in Im 4, at |£| ~ 0.15 GeV?2 there
was a nearby unwanted zero in Re 4, because the pole and cut have a similar phase
for small |#]. Changing the phase of the cut to correct this defect at 6 GeV required
that c (defined in (4.5)) be ~—im, but then the energy dependence of the fit 1s
completely imcompatible with higher energy data.

So again we were compelled to follow ref. [11] and include ap & f cut as well.
The latter branch point occurs at J =~ 0 for ¢ = 0, well below the p pole, so we do
not expect the cut to be enhanced by the pole, and instead used an absorptive type
of cut parameterization

(O) ecrff&'pft
]
ALT(s, 1) = —i(s e~3im)*Pf G, GL(—r)5n —— @+, (4.6)
cn
o f
aa
f— pf . f.. “n®n
cft=afl tlogs - iim, abt = L
an +an
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The factor b allowed some additional ¢ dependence (as expectex if the f chooses
nonsense) and was taken to be the same 1n both amplitudes.

The resuits are shown in fig. 10 and the parameters of our fit are given in table 1.
Evidently the agreement with the data, amplitude analysis, and a is excellent
(except perhaps for the CERN polanzation data which disagrees with other mea-
surements). However, it should be noted that we predict a negative polarization in
the range 1.0 < |#| < 2.0 GeV? at higher energies, as the p & f contribution dies
away.

We did not include the low energy (<5 GeV) large angle (|1} > 2 GeV?2) data
from which Barger and Phullips extracted a linear a.¢¢ 1n ref. [23]. However, in fig.
10e we plot ¢ of the fit for various energy ranges and evidently the almost linear
behaviour persists at low s even for large |1, but not at higher energies when the
branch point becomes more important. Though obviously our parameterization may
need some modification to fit large || data (all our residues are just simple ex-
ponentials) this change of a¢p 15 a qualitative feature of our model which should be
tested when hagher energy large |#| data becomes available. The model is generally
satisfactory down to quite low energies (Pyy, ~ 2 GeV) with only a small movement
of the cross-over zero between 2 and 6 GeV. This is in contrast with the eikonal fits
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Fig. 10(e). Effective trajectory data from fig. 2a, and ay ¢ of our fit for various energy ranges.

[11] in which the logarithm factors in the cuts “blow up” at low s, and the cross-
over moves rapidly. Hence this model is much more nearly “dual” than the usual
eikonal/absorption fits (see ref. [13]).

It has been noticed by many authors that 1t 1s not really necessary to include ab-
sorption in 4, because the amplitude structure is consistent with that predicted
by a nonsense-choosing p pole [40]. We therefore also tried a fit with

A, =AR+ABP +aff, a4, =4%,
with 45 given by (3.1) (x = 0) multiplied by « (). The fit was almost 1dentical to

that reported above. In fact there is really nothing in 7N scattering to enable one to
decide between a nonsense-choosing p and a “fixed pole™ coupling p which has no

Table 1
Parameters of the fit to " p — 7°n using egs. (3.1), (4.4), (4.6)

P P f
a0 7.8 0.28 0.90
a 3.66 0.22 2.06
Gy 14.45 0.22 1.25
G, 78.39 0.06 0.43
b —-0.90
a(0) 0.55 1.0 0.45
o 0.93 0.28 1.08

The G’s are 1n mb and the other parameters are in GeV units, aP(O) was fixed at 1.0.
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nonsense factors. However, the factorization arguments mentioned in sect. 1, 1n
particular the absence of a || = 0.5 GeV?2 dip in p exchange in yp = np, leads us to
prefer the featureless “fixed pole” coupling.

It is fairly obvious that in view of the freedom which we have allowed ourselves
in parameterizing the strength of the cuts, and from the success of other pheno-
menological work using the absorption approach, that there 1s no difficulty 1n fitting
the other 0~%* —~ 0~3* scattering processes related to the above by SU(3). The only
problem 1s to understand why cuts are weaker in tensor meson exchange amplitudes,
whach 1s presumably connected with the shorter range of the exchange (see sect. 1).

42yp > nlp, yp->np

A more mteresting challenge is to look again at photoproduction because, as we
noted in sect. 1, these processes do not exhibit Regge pole shrinkage at large |¢|. On
the other hand, they have a richer amplitude structure, and « and p exchanges, so
1t 1s not apparant at the outset whether or not the cut discontinuities are similarly
pole dominated.

We use the notation of refs. [12,44] labelling the helicities by

MTWtN,~ 0" +N“: ,

but as 1t is only necessary to consider A = 1 we again label the amplitudes by the
nucleon helicities 4, where A _, 1s the non-flip amplitude (7 =0, x = 2),A4,,
and A__ are single-flip (n =1,x =0) and A, _ is double flip (n = 2, x = 0). In terms
of these amplitudes to experimental observables are [12].

the differential cross section (1 1s the nucleon mass)
do 0.3893 >
—= 72 2,14, |2 (mb - GeV—2), .7
At 128n(s - m2)2uwn ¥

the photon asymmetry
-1
Z=2Re[d,,A4* -A_,A;] {Z} 'A#’n'ZJ ; (4.8)
u'n

the target asymmetry
-1
A=21Im[A*, A__-A% A,.] [Z;IAWIZ] , (4.9)
W

the ratio of 70 photoproduction on neutrons and protons

27145, —AY12

m>a0ny _a HE Ty
R = , (4.10)

(vp*ﬂop) 5 148 v 2

e | wu ¥ Au’nl

where s and v refer to the 1soscalar (w) and 1sovector (p) exchanges respectively.
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The couphings for i production are obtained from those for 7 production as-
suming SU(3), see refs. [12,44]. We use the data of refs. [21,22,45].

The poles R = p, w are parameterized as in (3.1) and the R P, R & [like
(4.4), (4.6) respectively except that for 4_,(n =0, x = 2) we have multiplied the
cut by (b; +b,?) to give the extra ¢t dependence expected in an x = 2 amplitude.

Using the discontinuity (2.7) we found it quite impossible to get the requires
structure in A_, and A, _. In fact the fitting program tried to switch off the cuts
1n these amplitudes, but was then unable to reproduce the polarized photon asym-
metry, which essentially measures the strength of the cuts in these amplitudes (see
(4.8)). Also since the cut corrections are small we obtain Regge pole shrinkage at
large | #| which the data does not possess (fig. 4).

Supposing that the yP - 7R amplitude might not be enhanced like the corre-
sponding hadronic amplitude (see fig. 7), we tried replacing (2.7) by

AU L)~ [/ - agp(®)]

V- ag®] ° (@.11)

P
1=
_
. L
=
@
e
F-]
=
— [ 12 GeV/c
Nl
=
T -
10 —
15 GeV/e
1072 -
P PR B N S -
0 05 10 15

-t(Gevk)®

Fig. 11. Fit toyp — 7r0p, np. (a) do(yp — 1r°p)dt, ref, [21].
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1.e. with enhancement at the nucleon end only, but this was not satisfactory either.
So instead we tried

A(J, t) ~ constant , (4.12)
giving
eL‘OtRP
F(Sr t)z_ c » (4.13)

05 T I ) T

Asymmetry

Target

_ ] | 1 .
! 00 05 10 15 20
-t (GeV/c)z
Fig, 11(b). A(yp — n°p), ref. [45].
15 T T T T
‘6P——'rr' P
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Fig. 11(c). Aa(np) ref. [43].
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Fig. 11(d). R («°n/n°p), ref. [45].

rather than (3.13). This is of course the same as the usual eikonal/absorption model
result, and we parametenized the R @ Pcut as

RP
RP 1 OlRP(t) R P 1 eant 4.14
= 7 —3im V " —t)2h > :
A#'p(sat) i(se”7'T) GM#G#“( o cRP ( )
n
R P
a a
RP — RP L Rp__1%
¢, =a, tlogs —im, a, = R. P’
a, ta,

and similarly for R @ /. Again the factor (b; + b,t) was inserted for 4_, . We were
able to get the excellent fit to the data given in figs. 11 with the parameters of table
2. This is almost good as the full eikonal fit of ref, [12] with fewer parameters, and
shows that to fit the data 1t is necessary that the cut discontinuity be domnated by
the branch point region, not near the pole. This 1s of course just what one would
have expected from the behaviour of a¢e (fig. 4), but we have now confirmed that
the behaviour of the individual amplitudes (and their phases) also requires that this
be so.

Another possibility, which might be regarded as somewhat more consistent with
factorization, would be to allow enhancement at the nucleon end in A, and A4_ _
(which have non-flip couplings to the nucleon, for which we must have strong cuts
in 7~ p - 70n) but not in 4 + and A__ (which have flip couplings to the nucleon,
and need have no cuts in 7~ p = 70n 1f the p has a nonsense factor). This gives
A(J, t) like (4.11) forA,, and A__, but like (4.12) for 4, _ and A _,. However,
we found that 1n this case the dip in do/dz at |#| = 0.5 GeVZ deepens with energy,
contrary to the data.
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Table 2
Parameters of the f1t to yp — nop and related processes using (3.1) for the p and w poles, (4.14)
forthe R ® P cutsand (4.6) forthe R ® fcuts

P w P f
ag 3.36 9.48 4,94 9.90
a 0.15 1.03 510 6.35
Gy 44.13 19.58 0.40 3.61
Gy 1.15 13.61 2.13 1.89
by -0.53 -0.53
by 5.96 5.96
a«(0) 0.55 0.55 1.0 0.45
o 0.93 0.93 0.25 1.08

The parameters for the two single flip (» = 1) amplitudes are the same, and those for non-flip
(n = 0) are the same as those for double flip (n = 2) except that for n = 0 we have multiplied the
R ® Pand R ® fcutsby (by +b,t), by and b, being the same for R = p and w

We thus conclude that in 7N charge exchange scattering, and other hadronic
processes which show shrinkage at large | ¢], the cut discontinuity obtains 1ts most
mmportant contribution in the region of the pole. But in photoproduction processes,
which shrink little at large ||, the cuts are dominated by the branch-point region,
as 1n the eikonal/absorption model. We shall attempt to draw some more general
conclusions 1n sect. 5.

5. Conclusions

A fairly consistent picture of hadronic processes seems to be emerging in which
the zeros of scattering amplitudes are due to pole-cut interference of the absorptive
type, rather than nonsense factors, and the shrinkage, approximate factorization,
SU(3) relations and other pole-like features of the amplitudes stem from the en-
hancement of the cut discontibuities in the region of the Regge poles. This is because
t-channel unitarity requires that the cuts couple through the poles (fig. 7a).

This 1s 1n constrast with the old eikonal/absorption model for cuts in which the
dominant part of the cut discontinuity 1s in the region of the branch point, so that
it 1s predicts a decrease 1n the amount of shrinkage, a “‘harder” interaction, as |£| m-
creases, whereas the data show strong Regge shrinkage 1n all hadronic processes
(except elastic scattering) even at fairly high s and |#| values. The low-energy phase
problems are corrected by the inclusion of R @ P’ cuts. This seems to be better
motivated physically than the rather ad hoc modification of the absorption in ref.
[8]. It will of course be necessary to test this conclusion more thoroughly over a
wider range of high-energy data at large |¢| 1 GeV?2) when this becomes available,
but 1t 1s very gratifying that the pole-enhancement of cuts which we need to explain
the data phenomenologically 1s supported by the z-channel unitarity arguments of

ref. [31].
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We have found that photoproduction processes do not enjoy pole enhancement,
but of course the restrictions of #-channel unitarity do not apply here (at least
directly) because we work only to first order in the electromagnetic couplng.

Several problems connected with the coupling of Reggeons to photons have been
noted previously [46], in particular that m-exchange does not decouple from
Yy rtnatt= m% despite the fact that a;, = 0 is a night-signature nonsense point,
and that the pomeron does not decouple from Compton scattering (yN = yN) at
t = 0 despite the fact that ap = 1 15 a nonsense point (admittedly of wrong signature
in this case so that a fixed pole can be blamed). It has been argued [46] that both
these problems can be solved 1f one supposes that with (zero mass) photons the
t-channel threshold behaviour does not impose a separate constraint (thus s dis-
cussed 1n detail in ref. [46], see also ref. [47]).

It is clear from our fits that the absence of #-channel unitarity constraints also
affects the cut contributions to photo-production processes, and this 1s presumably
why the eikonal/absorption model with its hard cuts is so much more successful for
photoproduction than for hadronic processes. This is true not only in the forward
direction as we have shown, but also in the backward direction where yp ~ pnO, nnt
exhibit a quite different behaviour from 7N = N7 (see ¢.g. ref. {48]) in which the
same exchange occur.

An interesting generalization of these conclusions 1s suggested by recent work of
Irving [49]. He compares the magnitude and ¢-dependence of the cut, C (presum-
ably mainly a m @ P cut), exchanged together with the 7 and A, poles in the pro-
cesses TN > pN (g2 = m%), vp = 7 n (g2 = 0) and pion electroproduction
P> n (¢% < 0). He finds that the magnitude of C(g?) increases markedly with
—¢2, and the interaction becomes more peripheral, an effect which has also been
noted m the dependence of cut strength on the dipion mass in aN = (7m)N [50].
Similarly, it has been found that high mass resonances suffer littie absorption in
nucle1. Our analysis suggests that the cuts also become harder (i.e. more branch
point dominated) and so flatter in ¢ as —q? increases.

Irving speculates that this transition is connected with the fact that as —q?in-
creases we get into the scaling region of electroproduction where the hadrons be-
come pointlike, and less structured. This connection between the dominance of
Regge cuts and the onset of scaling behaviour has also been noted in high-energy
elastic scattering, and has been predicted n asymptotically free theories by Lovelace
[52]. It is rather intriguing, therefore, that we have found a transsition from Regge-
pole-like cuts suggestive of structured hadrons, to hard cuts suggestive of more
pointlike interactions as the mass of the external particles decreases. It remains to be
seen whether this is a purely photonic effect, depending on the weak coupling, or
whether in hadronic processes the degree of pole enhancement of the cuts increases
as the mass of the external hadrons, and hence the distance of the #-channel thres-
hold increases.
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