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I. INTRODUCTION

The striking success of the quark-parton model in describing the dynamics
of lepton-induced reactions has led to increased/emphasis on developing an
equally fundamental explanation of the regularities of purely hadronic collisions.
Withif the general framework of quantum chromodynamics there are two dis-
tinguishable perturbation theory mechanisms which could characterize the initial
interaction between colliding hadrons: |

a) vector gluon excha.ngel_3 (Fig. la), or

b) quark exchange or annihilation™ ° (Figs. 1b, 1lc) .

In each case one assumes that the separating color systems are neutralized by
final state interactions in analogy to the case of e+e— —qq —hadrons.

The gluon exchange mechanism, which is the starting point for the Pomeron
model of Low1 and Nussinov, 2 has the advantage of automatically producing a
roughly constant high energy cross section (because of the vector coupling), and
is often identified with the dual (cylinder) model of the Pomeron. It is, however,
remote from standard hadronic models based on short-ranged interactions in
rapidity, and because of the point-like gluon-quark interaction, does not lead in
any obvious way to a transverse momentum cutoff of the forward jets.

The quark exchange mechanism6 is the quantum chromodynamic realization
of Feynman's wee-parton exchange ansatz.5 This mechanism can be identified
with either a simple quark-exchange amplitude (Fig. 1b) or the annihilation of a
wee-quark and wee-antiquark of the target and projecﬁle into a color singlet
system (Fig. 1c). This quark-exchange (or anunihilation) mechanism will yield
a logarithmically increasing cross section at high energies if one assumes the
distribution functions Gq /H(x) = dN q /H(x) /dx for wee-quarks in a hadron have

the Feynman form Gq /H(x) ~ x—l for small x, and it can be made consistent with
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the short-range correlation, low-transverse momentum properties of the multi-
peripheral model, as well as the large transverse momentum phenomenology

of the constituent interchange model. 6,7 [Here x is the light-cone variable,

X = (k0+k3) / (p0+p3) where ku(p” ) is the momentum of the quark(hadron).]

The form of the cross section (after integrating over transverse momenta)

is
1 1 .
0,p(®) = [o dx, fo dx,) Gy /p(%y) Gi/p(%p) 05,y
with
2 2
~ m, my,
s=x X, 8+
a’b 4x X, S
a’b

and (Ar(.;,) is a decreasing function of s. In the case of a valence-sea qq interac-
tions only one G(x) has x_1 behavior and the cross section o AB(s)—— const.

It is interesting to note that if the quark exchange mechanism is correct,
then the same dynamics which produces hadrons in association with the Drell-
Yan mechanism® (qq —27) for lepton pairs (at small "”f’*‘ﬂ'/ s) is also responsible
for the production of hadrons in ordinary hadron collision; if gluqn exchange ié

correct, then there are two quite distinct hadron production mechanisms.
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As we have discussed in an earlier paper,5 the ob_served uﬁiversality of
inelastic multiplicities in lepton- and hadron-induced reactions at the same
available energy, i.e., the apparent equality of the hadronic and current plateaus,
can be regarded as evidence of a quark exchange or annihilation mechanism as the
prim;.ry hadronic interaction. This is because the final state of a lepton-induced
reaction always begins as a separating 3 and 3 of color, leading to gluon radia-
tion and subsequent hadron production, dependent on separating color "charges',
proportional to 4/3 @ (as=g§/47r). Hadron-hadron interactions which start with
quark exchange also begin with separating 3 and 3 systems, whereas for gluon
exchange, the final states begin with separation of color octets and, accordingly,
gluon radiation, dependent on separating charges proportional to 3as. Thus at
similar available energies, hadronic collisions should evidently have the same
central hadron multiplicities as leptonic induced reactions (e+e_ —hadrons,
fp —2'X) only if the wee-quark exchange or annihilation mechanism dominates.
This color separation argument can also bé supported by the following physical
considerations. If two quarks in pp collisions are scattered to large transverse

momentum by the exchange of a gluon with four-momentum q‘1 , then the resulting

total hadron multiplicity will be just double that of deep inelastic lepton-proton
scattering at the same qz. As q2 becomes small, and the two quarks scatter
forward, the multiplicity of their jets will combine with the multiplicity of the
spectator quarks to give at least double the usual jet multiplicity—in apparent
conflict with experiment. (We rule out the possibility of destructive interfer-
ence of the multiplicity chains since the initial gluon interaction leaves color
separated.) It is clear, though, that all these arguments are based E)_n the iso-
lation of perturbation theory terms, and thus are only suggestive and non-

rigorous.
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The debate between gluon exchange and quark exchange also enters in the
analysis of large transverse momentum reactions. Phenomenologically, both
the Landshoff con’t:ribu’cion9 to large angle elastic pp scattering and the scale-

invariant p,'i.4 f(xT, ) contribution to large transverse momentum cross sections,

do

d3p/ E

the constituent interchange model6 and dimensional counting10 parametrizations

such és (pp — nX) appear to be absent. This, together with the success of
of these reactions again points to the dominance of a quark exchange mechanism.
A fundamental reason why low momentum transfer gluoh exchange should be
suppressed in models based on quantum chromodynamics has not been given,
although in strong coupling lattice models, 11 and in Tye's covariant string
model, 12 the quark exchange mechanism is either dominant or the sole hadronic
interaction. It should be noted that standard estimates13 of gluon exchange con-
tributions to quark-quark scattering predict that the order az contribution will
not be dominant in pp —-7r+X unless Pp2 8 GeV/e, if o <. 4.

It is clear from the above discussion that it is important to propose further

empirical tests which distinguish the gluon and quark exchange mechanisms, and

also to compare both approaches to standard Regge phenomenology. As we shall

discuss here, the power-law behavior of hadronic fragmentation associated with

underlying jet structures appears to provide a critical tool for this purpose.m_19
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II. JET FRAGMENTATION

It is already well known that jets with properties associated with the frag-
mentation of quarks into hadrons have been observed in both e+e_ collisions and
in the; photon (or W) fragmentation region of deep inelastic lepton scattering,
i.e.: -yv+p —X or W+p —X. (See Ref. 18 for a summary.) It is interesting to
note that qq jets are expected in the target fragmentation region in these current-
induced reactions when x‘Bj >0.2. Similarly, in the Drell-Yan scaling region
(assuming valence q + sea q annihilation) for pp— u+u "X, one expects to see the
fragments of both qq and qqqq underlying jets in the fragmentation region of the
target and projectile.

It is immediately clear that the quark and gluon exchange mechanisms lead
to strikingly different jet behavior in pp collisions. In the case of gluon exchange,
the jets in the target and projectile region both correspond to an underlying (qaq)
in a color octet. In the case of quark exchange (or qq annihilation into singlets)
the underlying jet structure is the same [for example, (qq) and (qqqq)] as in
the Drell-Yan process (see Fig. 1).

A critical method for distinguishing underlying jet structure is the x—1
power-law behavior of its hadronic fragments. We will utilize the dimensional
counting rule, 15,16, 20

2n-, -1
G a0 A (x—1) )

for the production of the hadronic fragment, a, with light cone (or infinite
momentum) fraction x= <pg+p:)/ (p€+p‘:> . ‘where FA is taken along the z axis.
Here nsa is the minimum number of quark spectators which are left behind with

total light cone fraction (1-x). (Equivalently, the gA state is the minimal quark
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state with the quantum numbers of aA.) It is intuitively clear that the proba-
bility for finding a fragment with a large fraction of the momentum must
decrease as the number of particles in the Fock space increases. Equation (1)
follows from evaluating the lowest order terms in a renormalizable perturbation
theory assuming the Bethe-Salpeter wavefunction of A is finite at the origin and
contains the quarks necessary to form a. It is also consistent with a smooth
exclusive-inclusive connection (correspondence principlezl) and the dimensional
counting rules for exclusive large Py Processes and elastic form factors. In
certain cases (when n(aA) is odd) spin effects can lead to an extra single power
of (1-x) suppression, but in practice this can probably be ignoredz:2 because of
the effect of nonscaling terms. Another complication is that resonance produc-
tion and decay can lead to the production of certain hadrons which might other-
wise be suppressed.

15, 16, 20

Some simple applications of (1) are yW ~(1-x)3 (two spec-

=G
2p "4/p
tators), Ga/p~(1-x)7, uW2W~(1-x), and Gw/p~(1-x)5. Further, for quark jet

i _— ~ = ~ 3
fragmentation DW Ju= G7r /u (1-x), Dp = Gp /u (1-x) . All of these results

seem to be consistent with experiment. These rules have also been successfully

applied to nuclear processes (Fermi-motion, beam fragmentation), e.g., 23-25

6(A-1)-1

Gp /D"'(l—x)5 and Gy / A~ (1-%) In general we expect the simple (1~x)

behavior to be a good approximation for x beyond the "quasielastic" peak,
e.g., x>.3 for Gq/p' This is discussed further in Ref. 6.
In this paper we will consider the application of the fragmentation counting
rules to high energy low-transverse momentum inclusive reactions,
@O A+B - C+X

, (2)
m A+B - C+D+X
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and emphasize the features of the cross sections which can discriminate between
various mechanisms. We will primarily be interested in the behavior of the
center-of-mass cross sections in the beam and target fragmentation regions.
where, ideally, x . and x

D C D
are the light cone fractions of the observed particles C and D relative to the

These will be considered as functions of XC and x

underlying source jets. Since in the gluon exchange and quark annihilation
models a certain amount of transverse momentum is imparted to the jets before
fragmentation, the jets do not necessarily lie along the beam axis. In the absence
of an event by event jet direction analysis the best approximation to the light cone
fraction is the radial scaling variable x_R=E* /E;nax employed extensively in the
analysis of Taylor et al. 26 At s— xp becomes equal to the usual Feynman =
scaling variable Xp = Ip; 1/ Ip’xknax |. However, at finite energy the variable Xps
which maintains a constant distance from the phase space boundary, is to be
preferred for analysis in the context of the fragmentation models.

Conventionally, the fragmentation region is identified with the (energy-

independent) triple Regge contribution; e.g., for A+B —-C+X

do 120y =(tp o)

< (1-x,) xo—1) (3)
d3pC /EC C C

(xc is usually identified with Xp for this theory) where « AT is the leading Regge
trajectory in the A+ C channel identified in exclusive processes A+H —C+H!',
This form successfully describes the triple Pomeron region in pp —pX for

x5 > .8 and, apparently, the quantum number exchange reactions, e.g.,

+
7r+p ——K+X, pp—7 X, forx

L
FNAL. 27 In the case of the double inclusive reactions (II), the dominance of

> .9, recently measured by Anderson et al. at

the Pomeron trajectory in the scattering of the Reggeon implies that the beam-

and target-fragmentations are independent (absence of long-range correlations):



the triple Regge prediction is then

do@+B~C+D+x) o 1%l | 5 1-2¢p5(tsp)
&py/Bg dop/Ep  C

) xe—1 Xp—1) (4)

It is, however, clear from experiment that at high energies the triple Regge
description can only be applied to GCI or IxDl very close to 1. For example
the forward fragmentation data28 for pp— 1r+X measured at the ISR 23 GeV

Js < 62 GeV, where x_ =~ x; are consistent with the form

R

op—~7"%) ~ (l_xw)3.34=e .406 )

d p/E
for xﬂ_ > 0.6, .55< Pr < .95 GeV. The interpretation in terms of the triple
Regge model present difficulties and it seems plausible to associate this contri-
bution with the power-law tail from a fragmentation process. The Xp analysis .
of Ref. 26 for all data 10< /s < 62 is also consistent with (5).

We thus investigate the possibility that the frég‘ﬁientation cross sections
do/dx in the |x|<.9 region can be identified with the fragmentation distribution
appropriate to the underlying jets J A and JB produced in the beam and target
regions and carrying virtually all the momentum of p A and Pgp- Thus in the

simplest model where the jet J A is defined as the system produced by dissocia-

tion of the beam A via a Pomeron one predictsz9 <xC= (pg +p§> /<p‘8‘+pA>)

2

-a‘ix—N—(A+B_.c+X)
C d pC/E

= XCGC/A(X

X o
xe—~1) ©)

e.g.: dAN/dx(pp —-7r+X) S (1--x)5 (corresponding to 3 spectators in p— 7r+),

dN/dx (pp - K X) < (1--x)9 and dN/dx (pp —pX) = (1-x)11. The dissociation model
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also predicts that the fragmentation regions in the double inclusive reaction are
uncorrelated

dN

dx¢ dxp

(A+B—~C+D+X) = -d‘ilx-N- (A+B—~D+X): N (A+B ~C+X)
D dxg

(M

It is also clear that the predictions for a quantum chromodynamic model

based on color gluon exchange leads to the same fragmentation distributions

(6) and (7) as the dissociation model. After color gluon exchange the underlying
jets J A and JB are each a color octet state, but they still contain the same
number of quarks as the initial A and B states respectively. Although this model
introduces a long-range correlation in color, there are no long-range correla-
tions in momentum or flavor.

Predictions for the fragmentation povx;ers in the model based on quark
exchange (or annihilation) on the other hand, differ substantially from those of
diffractive dissociation or gluon-exchange mechanisms. For example a 1r+
observed in the fragmentation region in pp collisions can arise in either of two
ways:

(1) The four quark jet remaining after the annihilation or exchange of a
wee-quark fragments into thé observed 7r+, giving the Feynman sca-
ling contribution dN/dx(pp — 1X) ~ G+ Jagaq "~ (1-X)3, For example

if the 5 quark Fock state of the proton luuddd> interacts via exchange
or annihilation of the wee d quark, then the remaining uudd system
may fragment into the T (ud) leaving behind just two spectator quarks

' (ud). The crucial point is that the number of spectators which must
be slowed down is reduced by one, and hence the (1-x) power by 2
relative to the dissociation or gluon exchange predictions.  This

result requires that the 1r+ arises from a component of the incoming
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proton Fock space with at least one additional qq pair from the sea

s 80 that the interacting quark (the wee d quark in the above example)
will have a dx/x spectrum.

(2) The 7r+ arises directly from the collision subprocess, i.e.: from the
annihilation of a valence u quark from the beam with a d in the sea of .t
the target. 30 In this case, dN/dx~Gu /p(x) ~(1—x)3. This last
mechanism can be used as an explicit justification of Ochsl7 con-
jecture that the quark-distributions directly determine the meson
distributions.

Thus we predict

3 quark exchange
(1-x) et s
or annihilation
dN +
S Ep—TX) ~ - (®)
‘ 5 gluon exchange
(1-x) or
L dissociation

In both mechanisms (1) and (2), the ratio of 7r+ and 7 production is given
by

dN/dx (pp — X _ Cu/p® ®
dN/dx (pp —7°X) Gy (%)

Ochs17 has shown that this result is in reasonably good agreement with experi-

ment. (Note, however, that we do not predict G_+, «G_, .) The ISR results, 26, 28
/P u/p

Eq. (5), appear to favor the quark exchange/annihilation prediction. We should

emphasize that even in this model, those events with a large rapidity gap

characteristic of diffractive dissociation are still predicted to have the (:l-x)5

behavior. We do not attempt to predict the relative normalization of these

contributions.
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II. CORRELATIONS IN DOUBLE FRAGMENTATION CROSS SECTIONS
The quark exchange (or annihilation) model can lead to a dramatic long
range correlation between the fragmentation behavior of the beam and target in

the double inclusive cross section A+B —~C+D+X. The correlation occurs
whent;ver there is a mismatch between the remaining quarks in the Fock space
of A and B when C and D are produced. In this section we shall make the addi-
tional strong assumption that the exchanged wee-quark can be found ;’n Fock
space states of the hadron with the minimum number of qq pairs.

A typical prediction which we discuss in detail below is

dN +  + 3 7
-d—x-i-&; (pp — W(l) ”(2) X) ~ (l-xl) (1-x2) + (1 —2) (10)

which represents a strong violation of factorization (7). The scaling variables
Xy and X, are evaluated in the fragmentation region of the beam and target

respectively. In fact, the predicted behavior in cases where there is a quark

mismatch is usually

dN/dx de
C 4
aN/dx, AN/ ™ (1-xp) (11)

for small 1-xC.

We begin the detailed discussion with the special example 7r+p ~K't T +X.
Consider first the dissociation or gluon-exchange model (Fig. 2a). For 7r+—»K+
the minimum number of quark spectators is 2. For p—n , the minimum num-

ber is 3. Thus for this model

ﬁd-lg—x—(;p —-K+7r-X)~ (1-xK)3 (1--x1r)5 , (gluon exchange, dissociation)
T

(12)
In the case of the quark exchange mechanism, Fig. 2b, let us first consider

1-x, small. The minimal 1r+—fragmenting state is udss. The d quark in the T
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can interact leaving the uss system as the jet J A which provides the k' fragment

plus one quark spectator:
dN  + +
a;;{'(‘lr p—K X~ (l—xK) . (13)

For the double fragmentation process (12), the proton begins in a Fock state
juudtu> from which the 7 can be fragmented. One of the u quarks in the DB
state Juuu> which is not part of the 7 can interact with the d of the CA state
[ds> by annihilation (not exchange) into a # . Thus the jet J will be luudu>
and there will be‘2 spectators for the # emission. This yields the factorizing
form

-ax—f(-lja-x— (1r+p —~K X)) ~ 1-xp) (1% ) 3 (qg annihilation) (14)
T

However, if we insist on quark exchange, Fig. 2c (or annihilation into a flavor-

less state) then the DB state must be augmented by a dd pair so that J, consists

B
of Juuuddu>, and 4 spectators will be left after 7 emission—severely increasing
31
the (1-x1r) power " (1-X small compared to l-xfr)
de_iyd—f (1r+p —-K++ T +X) ~ (1-xK) (1"X,,-)7 (q exchange) (15)
- _

We now state the general rules for the quark exchange and annihilation
models:

(a) Consider the CA overlap state (the minimal quark state with the
quantum numbers of CA) and compute nE. (the number of quarks in CA); then
for both single and double fragmentation the (1—xC) power is

2n=, -3
(1-x) CA

after accounting for the interacting quark;

i sl



() For double fragmentation A+B —C+D+X, consider the DB state and
find nyp°

(i) If DB can interact with CA either via quark—excha.nge3 or

2n-DB -3
annihilation then we obtain (1—xD)

(ii) If there is 2 mismatch and an extra qq pair is necessary

2ni-)B +1
in B then the power is (l-xD) .

There is, of course, the additional contribution, obtained by the symmetrical
process which dominates when (l—xD) is small compared to (1-xC).
We also summarize the earlier results for gluon exchange or dissociation.

The A—C and B—D fragmentations are independent of one another and we have

2n=, -1 2n=, -1 2n=_-1
(l-xC) CA and (1-xC) CA (l—xD) bB for single and double fragmen-

tation distributions, respectively.

One could also consider the possibility of central baryon production, analo-
gous to qq annihilation, obtained from the fusion of a slow (qq) system from A or
B with a quark from the other. Although this can lead in some cases to favorable
fragmentation powers, the fractional percentage of central baryon production is
known to be very small.

Finally we note that all the predicted fragmentation powers should be
essentially independent of the momentum transfer in the reaction, at low t or
Prp- This is because the square of the momentum transfer t ac OF tBD tends
to be absorbed by the exchanged quark or gluon prior to the beginning of frag-
mentation., We emphasize that the triple Regge contributions which usually bro-—
duce (1-x) power laws dependent on t are distinguishable from the t-independent
jet fragmentation contributions. 32 In general both contributions can be impor-
tant when x is very near one, although the jet fragmentation terms appear to

dominate at high energies at moderate x.
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IV. COMPARISON WITH EXPERIMENT

In order to summarize the model predictions, we present the power laws
for various fragmentation processes in tabular form. Three reactions are con-
sidered in Tables I, II, and III33: i)p interactions; 7r+p interactions with 1r+——C;
and p‘7r+ with p—C. Table IV gives thé fragmentation powers for the gluon
exchange and dissociation models, a summary of the less restrictive annihila-
tion predictions of Tables I, I, and III, as well as the triple Regge t=0 predic-
tions, and predictions for central baryon production. It should be noted that one
subtlety has been omitted from the tables: deep inelastic scattering indicates
that effectively, G ap (1-x) Gu /p for x—1 (although this could be due to reso-
nance or scale-breaking effects). Thus the p—7 fragmentations power predic-
tions should be ~1 unit higher than the results of Table IV.

From Table IV a number of interesting facts emerge. First, an accurate

determination of the (1-x.) power in dN/dx (A+B — C+X) and its P dependence

c
should eliminate most of the models. The results of the table correspond to
minimum powers so that some mixture of higher powers could conceivably occur.
Thus we can argue that the t-independent ISR results28 dN/dx~(1—xC)3' 3 for

P— 1r+ and Kt first of all, disfavérs Regge theory and central baryon production.
It is also below the minimal gluon-exchange/dissociation prediction by a signifi-
cant amount, given the high statistics of the experiment. The results are
however consistent with the quark-exchange or annihilation mechanisms. The
ISR results dN/dx (p— 1) ~(1-x) " and dN/dx (p—K") ~(1-x " (again,
apparently independent of t) also support the quark-exchange or annihilation
models.

The results from Fermilab experiments require more discussion.

Anderson et al. 21 have analyzed dN/dx (pp — 1r+X) in terms of powers of l-xL.
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Their results, which are averaged over t, cannot rule out the triple Regge model
predictions. However, as we stated earlier, the variable which best approxi-
mates the light cone fraction (relevant to our approach) at lower energies is the

- radial scaling variable Xp- Taylor et al. 26 have analyzed all available p—»‘1r+.,

T, K+, K™, p data using Xp (including very low Brookhaven energies) and find

powers which agree with those obtained by Sens et al. 28 (consistent \";fith the
quark exchange/annihilation predictions). Analyzed in terms of X1, there is a
manifest inconsistency between ISR (where X1, me) and Fermilab (l-xL) powers
for do/dx (pp —7 X). |

The experimental results of the x_ analysis and of the individual experiment

R
of Sens et al. 28 are given in Table IV. Results are also available from Fermilab
10

for dN/dx (pp — A, AX), 34 the latter of which falls at least as fast as (l—xﬂ)
slightly above the quark annihilation prediction, but not inconsistent with either
QCD model. The Regge prediction is not known since AC is exotic for the p—A
transition. The quark-exchange/annihilation prediction is consistent with the
pp —pX data, as summarized by Taylor et al. in Table IV. Note that the ratios
of all the measured fragmentation cross sections are within the range of the
predictions of the fragmentation rules, although ratios alone do not discriminate
between the gluon/dissociation and quark-exchange models: The data from the
ISR (analyzed by Taylor et al.) give

dN/dx (pp —K'X)
dN/dx (pp — K X)

dN/dx —pX 7.5%1
?IW/HYEES‘:%(‘% ~ (1-X) , 0<x<.3

The corresponding predictions for both gluon and quark exchange are (l—x)4 and

(1-x)3‘5’kl , 0<x<.8

(16)

(1-x)8, respectively, taking dN/dx (pp —pX) ~ (1-x) for x < 0.3 . However, we
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note again that the absolute powers of (1-x) for dN/dx (pp -7 or K+, X") are
observed to be in the range 2.8 to 3.5 and thus favor the quark-exchange/
annihilation model.

Although the results for single fragmentation distributions in pp —hX seem
to be ;easonably consistent with the predictions of the quark-exchange model, |
other tests involving the use of other beams (mesons, photons, etc.) are
necessary. It should be noted that at low energies, complications are expected
from finite mass and phase-space effects, and at high x>.9, triple Regge con-
tributions must become important.32 In some cases resonance production and
decay can also provide a background to the direct fragmentation distributions.

In view of the possible complications and backgrounds to the single» fragm.ent_a‘tti_qn_

s

distributions, the importance of the double fragmentation measurements

A+B —~C+D+X becomes apparent because of the possibility of a long-range
correlation in flavor induced by the quark-exchange/annihilation mechanisms.
‘The predictions for several cases are given in Table IV, but because of the
possible high statistics, the single experiment pp — 7r+1r+X is probably the best
candidate for deciding whether the quark mechanism is correct. In this case

dN/dx (pp —»1r+X) ~ (l—x)3 for single fragmentation, but for 1-x, small, the double

1
fragmentation prediction is
+ +
dN/dx1 dx2 (pp _’W(l) 712) X)
+
dN/dx1 (pp — 1)

since one requires at minimum a 7-quark Fock space state of the proton in order

7
< (1-x) ",
X) 2

to provide the annihilating qq system or wee-quark exchange. We note that there

is also a background factorizing contribution ~(1-x1)5 (1-x > from dissociation

o)
contributions, but this should be negligible at small l—xl. We also see from



- 18 -

Table I, that the process pp — 1r+K—X can discriminate between the quark

exchange versus the less restrictive annihilation mechanism: at small 1-x1

+ - 11
dN/dx, dx,, (pp —-7r(1),K(2$()0: (1-x,) q exchange

, + 7 -
dN/dx1 (rp — 1r(1)X) (1-x2) qq —mesons

Many other possibilities for distinguishing these two mechanisms using double
fragmentation are apparent from Tables I-IV. :

Correlations involving two fast particles in the same fragmentation direction
can also be a important discriminant of models. 35 In the case of proton frag-
mentation it is easy to find Fock states containing i, ormr butnotw T .
Defining x=x7r1+ x7r2 the natural prediction of the quark exchange or annihilation
model approach are (l—x)3 for W+7T¢ and (l—x)'7 for 7 7 excluding resonance
decay contributions. These predictions would not be expected to hold in the qq
fusion model (II) discussed in Section II. The gluon exchange model predicts
(1—x)5 and (1--x)9 respectively.

We also wish to emphasize the importance of measurements of the frag-
mentation distributions for particles produced in association with massive lepton
pairs. Assuming the dominance of the Drell-Yan qq — £ mechanism the ambi-
guity of the interaction mechanism is eliminated and the fragmentation powers
can be precisely tested. The physics of the fragmentation region is continuous
for ,/ﬂﬁz.,_[/ s — 0 if the quark annihilation or exchange mechanism correctly
describes the total hadronic cross section. It is also very interesting to compare

the fragmentation distributions on and off resonance (p, ¢, ¥, T) production in

order to discriminate the various proposed mechanisms.
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In summary, we have demonstrated that observations as basic as single
and double fragmentation power laws may well unravel the nature of the under-
lying dynamical mechanism responsible for hadronic collisions. The success
of thequark exchange/annihilation model in yielding a natural explanation of
multiplicity universality and of the observed single fragmentation power laws
at the ISR argues strongly in its favor. The difference between Fermilab and
ISR results is eliminated by using the radial scaling variables. An open
theoretical question is whether quark confinement will affect the fragmentation
predictions of the type we have given. Furthermore, is one justified in
abstracting dynamical predictions from the simplest gluon/quark diagrams?
We have assumed that, as appears to be the case in the one-space/one-time
quantum chromodynamic calculations,ga the full hadron dynamics will mimic
the naive quark level diagrams in their dynamical dependence if not in

normalization,
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FIGURE CAPTIONS
Contributions to the nucleon-nucleon interaction from (a) gluon exchange,
(b) and (c) quark exchange, (d) valence quark-sea antiquark annihilation,
and (e) sea quark-sea antiquark annihilation. Only the minimum quark
lines are shown.
Contributions to 1r+p—- K+1r—X from (a) gluon exchange, (b) qq annihilation,

and (c) quark exchange. Ouly the minimum quark lines are shown.
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