Nuclear Physics B56 (1973) 173—193. North-Holland Publishing Company

NEW RELATIONS FOR TWO-BODY REACTIONS
FROM INCLUSIVE FINITE-MASS SUM RULES

P. HOYER *
Department of Theoretical Physics, Oxford University

R.G. ROBERTS and D.P. ROY
Rutherford High Energy Laboratory, Chilton, Didcot, Berkshire

Received 20 November 1972

Abstract: Finite-mass sum rule and duality considerations for the inclusive process ab -» cX lead
to a number of interesting relations amongst the quasi-two-body cross sections ab-» cd;,
where d; denotes the prominent resonances in the missing-mass channel. The processes
7(K)N—NX are studied in detail, and the main results are the following:

(i) A superconvergence relation for reggeon (p) -particle () scattering gives a sum rule
connecting the p-exchange cross sections (do/d?) [n 7 p—~ (7°, w, Ag) n).

(i1) Semti local duality considerations in reggeon-particle scattering relate the resonance
production cross section (do/d?) [n(]—()N—»N dz'] to the resonance mass in terms of the trajec
tory aff) of the exchanged reggeon. From this the two following corollaries follow:

(iii) The ratio of = to (f-w) exchange contributions increases linearly with the resonance
(mass)2.

(iv) The resonance production cross sections get less peripheral with increasing resonance
mass.

All the above predictions agree reasonably with the available data on mesonic resonance
production.

1. Introduction

The ordinary finite-energy sum rules for two-body scattering have been recently
extended to the case of inclusive reactions [1], where they are referred to as finite-
mass sum rules (FMSR). For the inclusive process ab—cX, the FMSR relate an inte-
gral over the low missing-mass (small M2) region to the triple-Regge limit (large M2).
Several applications [2, 3] of FMSR have been made in the study of inclusive reac-
tions, in particular to estimate the triple-Regge couplings, of which there are not yet
reliable estimates from direct fits to the missing-mass distributions.

It has not been generally recognised, however, that FMSR have strong predictive
power in the context of quasi-two-body reactions. The present work is exclusively
devoted to applications of FMSR to processes of this kind. The crucial hypothesis is
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the Harari-Freund two-component duality {4] which associates the background and
resonance parts of the missing mass integral with the pomeron and Regge compo-
nents of the triple-Regge term, respectively. Thus one gets a relation between a sum
of resonance production cross sections on one hand and a triple-Regge term(s) on
the other (i.e. eqs. (10) and (11) of sect. 2). It is possible to derive from this many
useful relations amongst the resonance production cross sections even without know-
ing the triple-Regge couplings.

The main results we derive follow from two considerations of the FMSR, (a) super-
convergence and (b) semi-local duality.

(a) It is possible to construct a combination of inclusive cross sections, correspond-
ing to exchange of exotic quantum numbers, for which the triple-Regge terms vanish.
In this case the corresponding FMSR reduces to a sum-rule involving several resonance
production cross sections.

(b) Assuming the FMSR to hold semi-locally in the missing mass, M 2, means that
the resonance production cross section is related, on the average, to the resonance
mass My by the relation

R
d_Ol-_ ~ 2 O (0)-20; (1)
dr

at fixed s and ¢. There are two immediate corollaries from this:-

(i) The ratio of 7 to f-w exchange in resonance production is predicted to increase
linearly with the resonance mass squared.

(ii) The resonance production cross section do/d¢ is predicted to show an antish-
rinkage with increasing resonance mass {5].

It is worth emphasising that we are interested only in the low missing-mass end of
the inclusive reaction. This is described by a reggeon-particle amplitude for which the
application of two-component duality is believed to be unambiguous. The only ex-
ception may be with respect to pomeron-particle scattering [6] which we shall not
consider here {7].

In sect. 2 we discuss kinematics and outline the essential steps in the derivation of
the FMSR. Several applications to quasi-two-body cross sections are categorised in
sect. 3 and compared with data on production of meson resonances, T(K)N->NX. In
sect. 4 we discuss some of the practical aspects involved in extracting the reggeon-
particle forward amplitude from experimental data. We have, of course, exhausted
only a very small part of the quasi-two-body data. Many more phenomenological
analyses can be made in this direction, using the existing resonance production data.
A few of these are indicated in the concluding section.

2. Formalism

Consider the inclusive process ab—>cX in the kinematic region (fig. 1a)
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Fig. 1. (a) The inclusive process ab—cX. (b) The forward abc— abT amplitude for s » £, s> M2,

s>t (1)

s>M? | (2)

where s is the incident energy, ¢ the momentum transfer between a and ¢ and M is the
missing mass. In this region the inclusive cross section is dominated by the leading
Regge exchanges in the ac channel

2 S @ (D+a.(1)—-2
Dt Die a2y 3)
t i

Here § stands for the reggeon coupling and £ is its signature factor. According to
the generalised optical theorem, the inclusive cross section is proportional to a dis-
continuity in M2 of the forward abc - abc amplitude (fig. 1b). Hence fl-]- (M2, 1) re-
presents the amplitude for reggeon-particle forward scattering.

The M2 - oo |imit offl-]- (M2, t)is given by the triple-Regge formula:

o, (©)—a; (H)—o; (1)
Disc f;; (M2, 1) ——— gk (1) (o) 2 *F T
M2 oo K

4)

where gf-‘j(t) is the triple-Regge coupling (fig. 2).

The analyticity properties in M2 of f; (M2, r)have been investigated in perturba-
tion theory [8] and in the dual resonance model [9]. Based on these results, one
normally assumes that fj; (M 2, t)has the same analyticity structure as the elastic two-
body amplitude, namely right- and left- hand cuts corresponding to the s-channel and
the u-channel physical regions.

Knowing the analyticity properties and the high M2 behaviour of f (M2, 1) the
FMSR can be derived in the usual way [1]. It is convenient to use the variable

Fig. 2. Triple-Regge graph.
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v=py(p,—p)=s(M* —1—m) (5)

which is odd under s © u crossing. Our analysis will be restricted to cases where there
is no significant interference between different reggeons in the initial and final states
— i.e. to amplitudes of the type f; (M2, 1). If we write

Ay, 1) =Disc f; (Mz, t, (6)
the u-channel discontinuity 4,4, (—», 1) is given by
Al_b(v’t)zAlb(fV'[) " (7)

and can be obtained from the inclusive reaction cb = aX by factorisation as in (3).
For a given exchange i=j in (3) we now have the FMSR

N
f dor [Ay (0, 0+ (- D™ Ay 0,00 =201+ (- D™ )

0 K
o, 0)— 2¢xi (+n+1

& (085 O o ()= 20,y vn e v
N
f dw™ [A, (0, 0)+ (= 1) Az (v, 1)] =21+~ D)
0 K
o (0)~2a;(@O+n+1
Xei (B O o oy ma @ as T Ri O - v

In (8) and (9), 7 is the signature of the trajectory k and R{" (¢)is the residue of the
nonsense wrong signature fixed pole in the reggeon-particle amplitude. Following the
two-component duality hypothesis [4], we shall assume (8) and (9) to be satisfied
separately for the resonance (R) and background (B) components of 4;,,, with x on
the right corresponding to pomeron (P) and the leading meson Regge (M) exchanges,
respectively. In terms of the inclusive cross sections of eq. (3) then, the FMSR are

N doBR doBRo 20;()-2
f dvvn[*;— =™ — ]zlﬁif OP1g (015
5 LdM-dr dM“d¢

APM ©)-20; @)+n+1
_ yntl PM P
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N doBR doBR . 20,(6)-2
f dvp” [ Py " —l—]= 18, = (t)l2lil~(t)lzs !
b dM2d: dM3d:

, , O‘P,M (0)—2ai(z‘)+n+1
X+ (= D"y g™ ()BT (0)

+RUBR (|
ap v (O)-2ai([)+n+l i (@l

(n

where (do;/dM?3dt) ((d6,/dM2d¢)) denotes the i exchange contribution to the inclusive
cross section for ab - cX (cb —aX). The M on the right corresponds to a summation
over the exchange degenerate p — w —f— A, contributions.

3. Applications

We shall apply the resonance component of the FMSR (10) and (11) to the mesonic
resonance production cross sections in TN XN and KN - XN. The prominent re-
sonances in the missing-mass channel X are 7, 0, w, f, A}, A,, g for the 7-beam and K,
K*, Q,K** for the K beam. The leading trajectories (i) in the NN channel are P, f, w,
p, Ay, mand presumably B.

There are certain problems involved in extracting the reggeon-particle amplitude
Az (M2, ) from experimental data. The most important of these is to isolate the dif-
fractive (P-exchange) part of the resonance production cross sections from the non-
diffractive part, since we have assumed Harari-Freund duality only for the latter.
Apart from the elastic cross sections, P-exchange can contribute to K*, K**, Q, A,
and A, production. The non-diffractive part of the elastic cross sections has been
taken from the existing Regge fits, based on energy dependence, cross-over etc. As a
first approximation we have assumed K*, K** and A, to be purely non-diffractive on
the basis of the Gribov-Morrison rule [10]. The recent Serpukhov data [11] on A,
production seems to cast some doubt on this. However, we believe most of our re-
sults do not depend crucially on this assumption.

The A, and Q mesons are dominantly diffractively produced. We have estimated
the amount of non-diffractive exchanges from the cross-over effect in the ¢-distribu-
tions [12].

The applications of FMSR to resonance production processes considered here fall
into two broad categories: superconvergence relations and semi-local duality.

3.1. Superconvergence

It is sometimes possible to construct a linear combination of elastic reggeon-par-
ticle amplitudes which corresponds to exotic quantum number exchange in the bb
channel. In this case the triple-Regge contribution on the right-hand side of eq. (10)
vanishes. The background contribution to the missing-mass integral also vanishes by
Harari-Freund duality. Thus we would get a sum rule involving the production cross
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sections for the resonances in the missing-mass channel, which is expected to hold
over a significant ¢-interval.

One applicaiion of this kind was recently made [13] for a combination of p£p
scattering amplitudes (in 7*p - 7°X) corresponding to isospin 1 in the pp channel.
Evidently, this amplitude is not superconvergent, and one had to rely on the small-
ness of the non-flip ppp coupling to ignore the triple-Regge term in eq. (10). The
phenomenological success of the resulting sum rule was, nonetheless, very encourag-
ing.

A genuine super convergent combination can be formed from the pm amplitudes
which corresponds to isospin 2 in the 7w channel. This is the combination

A +4 —2A4 . 1
ot o—nt o0t (12)

The prominent resonances in the pm channels are 7, w and A,. There is very little A
in the charge-exchange production mode.
Superconvergence relations can be written down for both the odd and even crossing
sum rules and we discuss each in turn.
(i) The odd crossing superconvergence relation. Substituting NN or NA for the
ac channel and using some isospin relations, eq. (10) reads for n=1,

do
(— z) (n p> 1) —(m?, — 1 —m2) (" p=>ewn)

do
+(m2A2 —t—m2) SH(rTp> A =0 (13)

with an identical relation for the 7*p - m°A*, 7*p > wA* and n"p > A9 A™ cross
sections. :

The p-exchange is known to dominate the 77p = 7%n and 7tp — 7°A* cross sec-
tions. For the «w-production cases, we assume dop/dt to be given by (o1 +01_1)
do/d¢. This is supported partly by the energy dependence and partly by a sharp dip
in the forward direction [14, 15], indicating small-cut effects*. For A§ production
we have no direct estimate of the p-exchange contribution. Evaluatlon of the density-
matrix elements is complicated by the presence of s-wave background. There is strong
indication of a large contribution to charge-exchange A, productlon from lower
lying (e.g. B) singularities since the cross section falls like phb in the 4—8 GeV/c range
[16]. However, it is possible to estimate the p-exchange contribution in 77p—>A9n
from the #~p —> A5 p and elastic 7~ p data, by using exchange degeneracy between the
f-and p-coupling to mA,. Both the density matrix measurements and the energy de-
pendence of (do/df) (n~p— A3 p) suggest this cross section to be dominated by f,
p-exchange in the 5— 15 GeV range.

Exchange degeneracy then gives

do d(}rf (m"p~>A5p) d(Jf

2 pos A | T2 rpsaoy= e

* There is, however, no evidence for a wrong signature dip in 7 p~ wn (ref. [14]) although there
is some evidence for such a dip in 11+p—>cuA++ (ref. [15]).

P (mp=>np) . (14)
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Fig. 3. Experimental values of contributions to the superconvergence relation (15), evaluated from
the data of refs. {14, 17, 20] using the method described in subsect. 3.1.

We have estimated (do, jdt) (n“p—>Agn) from the data on the differential cross
section and density-matrix elements of 7—p—>Ayp at 7.5 GeV/c (ref. [17]) using the
Barger-Phillips [ 18] estimate of f-and p-exchange in mp scattering.

The resulting contributions to the sum rule (13) are shown in fig. 3. The agree-
ment is remarkable, considering the various approximations involved.

We should point out that the (dop/dt) (n"p—>Agn) calculated from the exchange
degeneracy relation (14) or alternatively from our sum rule (13) turns out to be only
~ 30% of the net do/d¢ at 7.5 GeV/c. This ties in with the rapid fall off of do/dz in
this energy range. It may appear a very surprising result nonetheless, since p-exchange
seems to account for ~ 60% of the w-production cross section [14] at this energy.
However, we shall see from the semi-local duality considerations in subsect. 3.2. that
the ratio of the contribution from B-exchange to p- exchange is, indeed, expected to
increase by a factor ~ 3 (= MA2 /M2 )in gomg from w to A2 production. Hence we
predict that the quantity (py; +pq_) for A2 production at 7 GeV/c will be much
smaller than 1. Because of this dominance by non-leading Regge exchange at 7 GeV/c,
the cross section at higher energies will continue to decrease faster than would be ex-
pected from pure p-exchange.

(il) The even crossing superconvergence relation — fixed poles and Regge cuts. In
contrast to the situation in particle-particle scattering, the fixed-pole residues for Reg-
geon-particle scattering have important physical significance. In the Gribov calculus
[19] it is these quantities which govern the size of the Regge cuts for two-body scat-
tering. From eq. (11)it can be seen that the evaluation of the even-crossing sum rule
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provides a method of estimating the fixed-pole residue, Rl(io)(t). This is then related
to the i Regge-cut contribution for the forward bb scattering amplitude by

FCUt(O)Z%— fdl‘ [Rl(iO)(t) Sai(f)*% 21'([)]2 ) (15)
mq

There have been some attempts to estimate the fixed-pole residues for p-p (ref. [3])
and pomeron-p (ref. [2])scattering using the n= 0 sum rule with /= 0 in the pp chan-
nel. These evaluations suffered from the large uncertainty in the relevant triple-Regge
contributions, consequently no quantitative estimate could be given for the pp or PP
cuts in pp scattering.

The uncertainty of the triple-Regge couplings is, of course, removed if we choose
a superconvergent sum rule — i.e. one where bb is an exotic channel. Furthermore, it
is of added phenomenological interest to calculate the size of the Regge-Regge cut for
two-body scattering in the case where the f-channel is exotic.

We again consider the same combination (12) for p-m scattering, to ensure / =2 in
the mm —> pp channel. The #n =0 sum rule then gives

dop B o dop B dop B 0
BT(W p—>7 n)*w(" p_’wn)””F(” p—~>A;n)

2ap -2

= Bom (01215, ()12RO (1) . (16)
For the 79 and w production, we again use the 7 GeV/c data [14, 20] used i m the
superconvergent relation (13) while using that relation itself to estimate the A2 Cross
section.
In fact we can eliminate (dop/dt) (n7p~ Ag n) from (13) and (16) and express the
fixed pole residue in terms of the pmm vertex, 24 o (¢), which is well determined

1,=2 do 2 do
Rpp o= nlﬁ" O(z‘)l2 [(m —mz) (1r p->7 On) — (m — M)E—(ﬂ p—»wn)]

do, -1
X l:m2 —t—m 2) (1r p—o7 n)] . an

An exactly similar expression holds for 17 (79, w, A2) At (refs. [15,20,21)).
In fig. 4 we show the resulting values ofR (¢) determined from the two sets of
reactions. Using these values we can then proceed to evaluate the /, = 2 pp Regge cut
in forward nm scattering, giving

at s=10 GeV2.
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Fig. 4. Evaluation of the fixed-pole residue R,I)l;)zz (#) from the data of refs. [14, 15, 17, 20, 21].

It is of interest to compare the evaluation of this cut contribution with that de-
rived from the eikonal model, where the fixed-pole residue is replaced by just the
70 contribution. This corresponds to taking only the first term on the left-hand-side
of (16). In the =1 sum rule, (13), the 70 cross section is suppressed because of the
damping factor ¢, which implies do, (Ag)~% do, (w). Experimentally, do (n0)is
roughly twice dop {w) so that the three terms on the left-hand-side 0f(16§ are rough-
ly 2: — 1 : §. Thus the sum R,, (t)is~3 dao, (79) which means that the resulting am-
plitude £ is roughly half of the eikonal model estimate. Note that the rapid con-
vergence of the series is reassuring both for the superconvergence hypothesis and for
our practical calculation, where we have neglected the higher resonance contributions

to the sum.

3.2. Semilocal duality

Perhaps the most interesting results of the scheme follow from semilocal duality
considerations. Semilocal duality applied to reggeon-particle scattering suggests the
leading Regge exchange (i.e. M in eq. (10)) to interpolate the resonance contributions
in an average sense. In analogy with particle-particle scattering, this interpolation is
expected to hold down to low-mass resonances, if the resonance contributions are
dominantly additive and there are no fixed-pole contributions. The averaging is to be
done on resonance contributions over a typical range of 1 GeV2. In terms of the re-
sonance production cross sections of eq. (10), this means that in an average sense

do®
i ayy ©0)—20; ()
<¥> ot (18)

Therefore at fixed s and ¢, we know how the average resonance production cross
section behaves as a function of the resonance mass, once we know the exchanged
trajectory a;.

Eq. (18) has two important, though rather obvious, corrollaries. Firstly the ratio
of m, B to vector, tensor exchange cozr&rilggﬁion(st)gs expected to increase linearly with
the resonance mass squared, i.e. ~p~ M AN Secondly, any given Regge-ex-
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change contribution do?/dl is expected to show a logarithmic anti-shrinkage with in-
creasing resonance mass squared, at fixed energy.

We present below a detailed comparison of eq. (18), and the two corrollaries men-
tioned above, for mesonic resonance production data involving 7- and f, w exchange.
The trajectory parameters were taken to be

%&K0=05+t, o (£)=-002+1. (19)

(i) The n-exchange. Consider the m-exchange contribution to the reactions K—p—
nX and 77 p > nX.

The relevant resonances in the missing-mass channel are (K* K**)and (p, f, g).
Moreover, m-exchange is known to dominate these production cross sections at small
[t] both from energy dependence and density-matrix measurements (dominance of
pgq suggests small cut effects). The K—n~ and 7~ 7~ channels being exotic, the fixed
poles vanish, i.e. eq. (10) can be written for both odd and even » as

UR 2a_(H)-2 0.572o¢n(t)+n+ 1

N d
f dm” T 7 (K)p—>nX]=s ” [ (N
0 dMZdl‘

(20)

Semilocal duality (i.e. eq. (18)), requires the Regge term on the right to average
resonance contributions over bins of 1 GeV2 in M2. Since the resonances here are
1 GeV2 apart, a single resonance is expected to average the Regge contribution in a
given bin. The experimental data for (do/d¢) (K~ p~ (K*, K**)n), multiplied by the
density-matrix element pgq, are compared with the Regge contribution in fig. 5, over
two bins defined by the mid points of the K* -K** and K** -K*** mass squares. This
is done separately forn=0and 1 in (a)and (b). Similarly the experimental values of
pog (do/dt) (mp— (p, f,g)n) are compared with the Regge contribution in figs. 6a and
b over three bins, defined in an analogous fashion. The above figures suggest that
semilocal duality works very well here even down to quite low masses. Moreover, the
size of the integral (~ f_(#)) in the two cases agrees well with SU (3).

(ii) The f, w exchange. Consider the f-w exchange contributions to the reactions
K=p—X~p and 7~p-> X~p. The resonances in the missing mass are (K, K*, Q,K**)
and (m,p, Ay, A, g), respectively.

The f-w contributions to the elastic cross sections are taken from standard Regge
fits [18]. Those for K* K**and p, A,, g production are obtained using an isospin

separation
dow,f :@(K“ —>(K*_ K- ) 1 @ K—p—(K*0 K**O)
dr dr p > )p g df( p ( > »H) >

‘ (1)
g
w,f do, _ o do, _

a =3 TP (B AL gIP) —5 3, (P (0% A g0n)

This assumes that the isospin O exchange is dominantly f, w and that there is negligible
interference between the isospin 0 and | exchanges. The latter assumption has only
been checked for p-production, but it is certainly a reasonable assumption for small
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Fig. 5. Experimental »" (do,/d1) K p—~K* K*)n)at 10 GeV/c for 0.05 < |t | <0.15 compared
with the m-exchange Regge contribution. (a) n=0, (b) n=1. Data from ref. [22].

t-values. The f- and c-residues on the right of eq. (10) are equal by exchange degen-
eracy. The signature factors will also be equal at small-f values. Thus for small- values
one can treat them together as a single exchange, giving

N
f dvp”
0

O.S—Zaf’w H+n+1

R
dof,w

dM2d:

Zaf,w n-2

(r™ (K7)p~>Xp) =s fro @

XN (22)

In contrast to (20), eq. (22)is valid only for odd n, since o and T here are identical.
The resonance contributions in the K~p reaction are compared with the Regge con-
tribution in fig. 7 over the two mass bins defined earlier. The K* bin contains the
non-diffractive K-contribution as well. The cross-over observed in Q,Q production
[12] allows one to estimate the non-diffractive component which turns out to be
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do
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5 1.0 15  vi{Gev?)
Fig. 6. Experimental » (do,/d#) (v~ — (00,£0,g%)n) at 11 GeV/e for 0.04 <71 < 0.16 compared
with the m-exchange Regge contribution. (a) n=0, (b) n= 1. Data from ref. [24].

roughly 10% of all Q-production. In fig. 7, this contribution has been added to the
K** bin. Similarly the resonance contributions in the 7~ p reaction are compared with
the Regge interpolation in fig. 8 over the three mass bins defined earlier. A 10% non-
diffractive component in the A; cross section was found to make only a small dif-
ference.

The agreement is quantitative in the K~ p reaction. However, for the 7~ p case, the
g-contribution falls short of the Regge interpolation, indicating an effective oy (0)
~ 0.2. We do not know, if this is a genuine effect of the lower-lying trajectories in the
bb channel (which often tend to lower the effective « in the low-energy region), or is
simply due to the uncertainty in evaluating (do,/d¢) (n~p—>g~p), as a difference of
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d‘:gv 1 Kp—Xp  X=KKaK™
1b/GeV? 10 Gev O<it|<.2
0.7
v
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K' Q KI“
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L) 5 1.0 v(Gev?)

K

Fig. 7. f-w exchange contributions to v(do/df) (K p— (K, K*, Q,K**)p) at 10 GeV/c for
0 <! <0.2 compared with the f-w exchange Regge contribution. Data from ref. [22].

two large experimental quantities in eq. (21). Moreover, an incident momentum of
8 GeV/c, above which we do not have simultaneous g~ and g0 production data, may
not be asymptotic for g-production. In fact, the energy dependence of the g9 cross
section between 7 and 11 GeV/c is slower than expected from m-exchange.

(iii) Ratio of m to f-w exchange. From eq. (18), (20) and (22), one immediately
gets, for fixed s and ¢

doyy 020 ()
< O Km0 [ LS () p ) ~ () ,

(23)

i.e. the ratio of 7 to f —w exchange cross sections, averaged over the same resonance
mass interval, should increase linearly with the resonance mass squared.

Fig. 9 shows a test of the_above prediction for the 10 GeV/c K—p reaction. The
first bin represents the ratio

v08
200
v do
dv [
{u.b} —
100+ =
n p Ay 9
[} . ¥ IrL
0 05 1.0 v{Gev?) 15

Fig. 8. f-w exchange contributions to v(do/d?) (n " p—(m, p, A,,g)p) at 8 GeV/c for
0.05 <1# < 0.25 compared with the f-w, exchange Regge contribution. Data from refs. [21,25-27
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do d

(K p*K*"n)/[ LK p=>Kp)+ —= (K p~>K*~ p)} ,

and the second bin

do_

5 K *%0 do w
T Kk [ 2 (Kp>Q P+ 42 (K p=K"*p)

In fig 10 we show a test of this ratio for the 8 GeV/c mp reaction. The three
bins contain the ratios

do

do_
(7r p*pn)/[ (m"p—~> ﬂp)+ (" p~> pp)} )

do

— /dof B B do_
o (@ p=>i)/ (@ p>Ayp),

(ﬂ p~> gn)/ “(1Tp=gTp)

In each case the ratio does increase, and the rate is consistent with a linear depen-
dence on the resonance mass squared.

Another example of this phenomenon is the increase of the ratio B/p exchange
as we go from w to A production, as mentioned earlier. The increase of the 7/f-w
exchange ratio, has been noted earlier as an experimental feature at least for the K—p
reaction [22]. It is clear that semilocal duality in the reggeon-particle amplitude pro-
vides a natural explanation of this phenomenon.

(iv) Antishrinkage. The semi-local duality relation (18) implies a logarithmic anti-

- ]
RIVIA = In (Kp X" 10 GeV
0f (K =X"p)

R{v) 1

Y

3 10 v (GeV2)

Fig. 9. Ratio of n/f-w exchange to the reaction K"N—XN at 10 GeV/c for 0< |#1<0.2. Data
from ref. [22].
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Fig. 10. Ratio of 7/f-w exchange to the reaction # "N— XN at 8 GeV/c for 0.05 <[] < 0.25.
Data from refs. [21,25-27].

shrinkage of do/d¢ as we go higher in the resonance mass at fixed incident momentum
[15].

We shall compare the prediction of eq. (18) with f-cw exchange cross sections.
There is no clear way to estimate the m-exchange contribution at larger |#] values. For
the f-w exchange cross sections, we should have

dOwa da?w
<,, 4 (@ (K)p=pX) / v =, (@ (KD)p~>pX)
4 t

720‘1‘,9‘; t—1,)

~ () (24)

The above prediction is compared with the K~p data in fig. 11 with¢; = - 0.2
and 5 = — 0.6 GeV2. The two bins contain K*~ + non-diffractive K~ and K**~ + non
diffractive Q—, as before.

In the 7~ p case the w- and f-exchange resonances should be treated separately.
since the two signature factors are not equal at larger |#| values. The w-exchange re-
sonances are p and g while the f-exchange resonances are m and A,. For the first case,
data is restricted to the [#] < 0.3 GeV2 region, due to the ambiguity in extracting
(dow /d¢) (m~p—g~p). In the second case one has the cross sections over a wider
¢-range, but the m-mass is too small to test a semilocal duality relation quantitatively.
Nonetheless, we have compared the resonance production data for these two cases
with eq. (24)in figs. 12 and 13. The agreement with the antishrinkage prediction for
both the K~ p and 7~ p reactions seems very encouraging.

It should be stressed that the quantitative prediction (24)is expected to hold only
for individual Regge exchanges. If there are several Regge exchanges in the ac channel,
then the net resonance production cross section may show an anti-shrinkage pattern
quantitatively different from (24).

Finally we note that the semilocal duality relation may work better for the ratios
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Fig. 11. Ratio of f-w exchange contributions to the reaction K p—X"p at 10 GeV/c at two
values of ¢, —0.2 and — 0.6 compared with the f-w exchange Regge term. Data from ref. [22].

(i.e. eq. (23) and (24)), than for the individual exchanges of eq. (18). For instance,
there could be a non-negligible contribution from a lower-lying trajectory in the

0151
0.4
Riv) = Wexch.contrib at t=-. 3 M
w exch. contrib. at t=-.1
010}
R{v}
8 GeV p~ g~ production
0.05
p g
v . {
0 05 1.0 v (GeV?) 1.5

Fig. 12. Ratio of w-exchange contributions at two values of ¢, —~0.3 and — 0.1 to the reactions
aN— (p, g)N. The ratio for p-production at 6 GeV of ref. [29] has been extrapolated to 8 GeV as
suming Regge behaviour to compare with the g-production data of ref. [26].
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Fig. 13. Ratio of f-exchange contributions in two ranges of |#] around 0.75 and 0.25 to the reac-
tions AN (, A,)N at 8 GeV/c. Data from ref. [21].

bb channel. As long as this contribution is additive, as in the intermediate energy re-
gion of two-particle reactions, its contributions to the numerator and the denomina-
tor cross sections of eq. (23) and (24) should be partly self-compensatory. In particu-
lar, if the effective ay, (0) for the two cross sections are lowered by the same amount,
then egs. (23) and (24) would not be affected.

4. Discussion

As we have seen, the FMSR provide several interesting relations between quasi-
two-body reactions of the type ab—>cd;. The experimental verification of these re-
lations, on the other hand, lends support for the validity of the concept of duality
for reggeon-particle amplitudes.

The use of quasi-two-body reactions for investigating duality in reggeon-particle
scattering has several practical advantages, compared to a more inclusive approach
using the entire reaction ab = cX. We shall list some of them here.

(i) For most reactions ab —>cd,, the production mechanism of the resonance d;
has already been extensively studied. From the energy dependence and the decay
distributions we can separate out the specific trajectory whose contribution we want
to investigate. We did not have to consider any interference terms. For the pairs 7-B
and g, w-f, A, this follows from exchange degeneracy, whereas spin-parity constraints
ensure no interference between the natural-and unnatural-parity exchanges in the un-
polarized cross section.

Moreover, since we used the Harari-Freund two-component duality throughout
for the reggeon-particle amplitude, we need never consider pomeron exchange in the
bb channel. Altogether, this means that far fewer triple-Regge couplings are intro-
duced into the FMSR than would be the case for the general inclusive reaction.

(ii) In many cases the reactions ab - cd; can be studied experimentally, although
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the inclusive reaction ab —cX is difficult to observe for technical reasons. For exam-
ple, there is no data on the reactions ﬂ(K)p—>Xn for small-momentum transfers be-
tween the nucleons. However, the quasi-two-body reactions n(K)p—(p,f,g)
(K*,K**)n have been studied in detail. The availability of a large number of different
reactions makes a systematic study simpler for the quasi-two-body processes than for
true inclusive reactions.

(iti) In all applications of the FMSR the condition s> M2 must be satisfied in order
to ensure that the cross section is proportional to a reggeon-particle amplitude. In
our analysis M2, being the (mass)? of the first few resonances d;, is generally rather
small. Thus s/M? > 1 although the available data is at relatively low energies
(s $20 GeV2).

(iv) Finally the question of Regge cuts. The FMSR are valid only for factorizable
pole exchanges. There is little point in trying to incorporate cuts into the formalism,
as long as we have no reliable model for the cuts to start with. Thus the best thing
one can do is to restrict oneself to cases where the cut contaminations are expected
to be small from phenomenological analysis. The cuts in the bb channel are expected
to be always small, in analogy with two-body forward elastic amplitudes. As to cuts
in the at channel, the situation is again best known for the quasi-two-body reactions.
For the vector and tensor resonance productions there are, in fact, some phenome-
nological evidences to suggest that pole exchanges are dominating in the ac channel.
The density matrix measurements show p., and (o, + p_1) dominance for the
m-exchange and f~ w exchange cross sections at small 7. All the cross sections show
turnovers in the forward direction. Finally there is the well-known signature dip in
(do,/dt) (AN > pN) (ref. [29]).

5. Further possibilities

The aforesaid formalism is expected to be useful in a much wider context of two-
body phenomenology. We wish to conclude by indicating some of these applications.

(a) Resonance-background separation. Like the resonance contributions, analysed
here, the background contribution in the missing-mass channel is also constrained by
eq. (10). The average background contribution (do?/d 1) is expected to grow like
(M2)°*P©=24") Thig constraint can be used in making a resonance-background sepa-
ration in the large M2 region, and also to study the duality properties of the broad
daughter resonances, which are supposedly contained in the polynominal back-
ground.

We have looked at the background contributions in K—=p— Xn at 10 GeV/c and in
7~ p~>Xn at 11 GeV/c. The result is shown respectively in figs. 14 and 15. As a first
approximation we have assumed that the background and the resonances have the
same inelasticity and production mechanism. Figs. 14 and 15 show that the background
behaving like (M2)}~ 227 js consistent with the data. However, in the absence of
data on the complete reaction m(K)p— Xn we are unable to draw any definite con-
clusions.
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Fig. 14. M? distiibution for K™ p—Xn at 10 GeV/c for 0.05 < 17| < 0.15. The distribution has
been obtained from the M, distribution in K™p— K ™n+n (ref. [22]) by dividing the distribu-
tion into three bins (dashed vertical lines) and assuming the inelasticity in each bin to be that of
the dominant resonance (K *, K** and K ***). The cross section has been multiplied by o, to
ensure m-exchange. The background fit, labelled by P, corresponds to a (Mz) - 8 behaviour.

This type of analysis should be very interesting for reactions like 7(K)p - XA, for
which data on the inclusive M2 distribution are available. The validity of the Harari-
Freund hypothesis for reggeon-particle amplitudes could then be directly tested.

(b) Mesons produced by baryon exchange. The set of mesonic resonances con-
sidered occur also in the backward reactions 7(K)p— pX and in the annihilation reac-
tions pp > (K) X. These reactions are dominated by baryon exchange, with
ag (0)S - 0.3.

The resonance production cross section (doR/d #) should then behave like
V'I{"M(O)_Z“B (0} .

We expect oy (0) = 0.5 if these normal resonances are dual to normal Regge ex-
changes, and ap (0) << 0.5 if they are dual only to exotic exchanges [28]. The first
alternative would suggest a much bigger g/p (or K**/K*) ratio in backward produc-
tion or in annihilation, compared to the forward production case considered earlier.
But this would not be the case if the second alternative were true. Thus a compari-
son of the forward and backward production cross sections of these meson resonances
would help to clarify the duality situation in baryon-antibaryon scattering.

(c) Baryon resonances. The duality analysis should be extended to the case of
baryon resonance production. On the one hand, one can study to what extent the
non-diffractive resonances satisfy the semilocal duality constraint (20) and its two
corollaries [30]. On the other hand, the diffractive resonances can presumably be
isolated by considering pp ~ pX at ISR or Batavia energies. The behaviour of these
diffractive resonances should help to answer the question of two-component duality
for pomeron-particle scattering [7, 32].
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Fig. 15. M? distribution for m p—Xn at 11 GeV/c for 0.04 <|z| < 0.16. The distribution has
been obtained as for the K p reaction in fig. 14 from data on n 7 p— a7nTn (ref. {24]). The
curves labelled P (pomeron exchange and P+M (pomeron + meson exchange) have been drawn
“Si?f the triple-Regge coupling constants determined from the fits of fig. 14 and values for

ﬁg;r /B%%’I obtained from fits to total cross sections [31].
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