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X ABSTRACT
'y

We discuss the relationship, in quantum chromodynamics, between
constituent interchange (CIM) processes {(e.g. qM > gM) and the most ele-
mentary QCD processes, such as gq > gg, as manifested in single particle
inclusive production at high transverse momentum, Py- Based on the “sub—
process expansion' the CIM contributions are seen to be the next to leading

. . . , -8 -12

terms in an asymptotic expansion of the cross section, pT {or Py ) be-
havior wvs. pgq for the elementary subprocesses. We explore the systematic
features of the traunsition from CIM behavior to p;a behavicor with increas-

ing P Marked variations with trigger particle type (m, K , p or p)} and

beam type {pp, ﬁ+p and T p) emerge.
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INTRODUCTION
High transverse momentum single particle cross sections are recog-
ﬁized‘;s a powerful probe of the short distance properties of the stromg
interactions. 1In the context of quantum chromodynamics (QCD) such cross

sections should exhibit scaling behavior for asymptotiéally large trans-

i
verse momentum,

Pt
do 90G c.m.
E E@;(A+B—>C+X) n -1-% F(2 pT//g = ‘XT)
2,3,4

{Correcticns due to scale breaking are potentially capable of alter-
ing this form somewhat.) This behavior arises from the most elementary
scattering mechanisms at the quark gluon levelB—e.g. qq -+ qg. For moder-
ate values of P it is clear, however, that other mechanisms with more
rapidly damped Py behavior could become important. The purpose of this
paper is to systematically discuss the various terms in an asymptotic
series approximation te the inclusive cross section. In addition to the
elementary QCD (p;A) contributions we find that only the contituent inter-
change5 (CIM) contributions (which yield p;8 behavior for mesons and p}lz
behavior for baryons) are of significant importance.

For power low behaved theories, such as QCD, each term in the ex-
pansion series corresponds to a different regiom of the loop and phase
gpace integration variables of the various Feynman diagrams contributing
to production of a given particle and may be associated with a large
momentumn transfer subprocess as illustrated in Fig. 1.

In this figure low Py secondary particles a and b, emitted from A

and B respectively, scatter at large angles to produce c which fragments

to C. By carefully including all subprocesses atbrct+d and using complete
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probability distributions Ga/A{xa), Gb/BCXb)’ and DC/C(XC) (Xa=pa/pA
etc.) we include, in principle, the effects of all Feynman diagrams. Two
.éxampfés of this process are given in Fig. 2a and 2b for quark production
at high Pye

In Fig. 2a we show for quark production how two regions of .phase
space for a given diagram correspond to the distinct subprocesses
qq + qq, with a radiated gluon at low Pr> and g > gg where the radiated
gluon is now the high Py balance of the produced quark and thus part of
the subprocess. TPhrased differently we can say that one of the inter-
acting quarks in the gqq » gq subprocess can itself have large fluctuations4
in kT (its transverse momentum relative to the beam) as a result of the
prior emission of a hard gluon; the leading asymptotic limig of this high
kT tail corresponds te the qg * qg subprocess. Both subprocesses lead to

p%a behavior in the cross section.

In Fig. 2b the large kT fluctuations of one of the interacting quarks
in a2 qq - qq subprocess correspond to the subprocess gM = aq 6 which by
dimensional counting7 leads te a term with p;6 behavior in the asymptotic
expansion series for the cross section. This illustrates how the sub-
process expansion can be used to systematically obtain contributions to
the inclusive cross section which have non-leading behavior and will be
important at moderate Prp- This subprocess expansion method has been
verified for certain ¢3 models;8 inclusion of all subprocesses gives an
excellent representétion of the full Feynman amplitude so long as Py is
substantially larger than the (short distance) masses of the particles

involved.
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Thus to obtain an expression for a single particle cross section
which is reliable at moderate as well as high Py we need to know which
sﬁbpro;ésses will vield substantial contributions. The important cases

are:;

a) p;é subproce83es:3 ' ' -

qq ~» q¢
qg + gq + crossed versions
g8 » 88
The only reason these do not dominate over most of the Pp range is that
the observed hadron C must emerge as a fragment of a quark or gluon. The
fragmentation leads to a severe numerical suppression9 (by a factor of

100-1000). Quark and gluon jet cross sections are not suppressed in this

mnapner,

b) subprocesses:

>
gq » Mq + crossed versions

These are potentially large since an observed meson may be produced

directly without fragmentation suppression. However gauge invariance for

the external gluon combined with the color singlet nature of M can be

shown to lead to a subtle cancellation which makes these subprocesses

insignificant.

¢) Constituent interchange subprocesses (p{,8 and p;l2):10,11.

qM -+ gM
gB + ¢B + crossed versions
q(2g) ~ MB
These have been discussed in a recent paperS (hereafrer calied I). Their

contributions are normalized by determining: a) the hadron vertex couplings
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which appear (aM n2 GeV? and Ay v 10 Gev% for the qq - M and

q(2q) + B vertices, respectively); and b} the various required distri-
.butidﬁ functions GM/p’Gq/p’ GB/p etc. ... JAgain these contributions
are significant at moderate Py because the observed hadrons (mesons or
baryons) can be produced directly, without fragmentation suppression and
because the O and Oy coupling constants are big.

We have not considered carefully the follewing subprocesses:

i) gg ~ (2q)q: this p;6 process is suppressed (for meson production)
relative to ggq - Mg by final fragmentation; in addition, the coupling
constant describing the gq > (2q) vertex, qu, is presumably much smaller
than QM' This is because the «'s are proportional to the wave function
at the origin squared. A (2q) state is presumably unbound 5& only weakly
bound in comparison to a color singlet meson state so that [w(zq)(0)|<<|¢M(0)[.
On the other hand, the subtle gauge lnvariance cancella;ion which occurs
for gq + Mg will be absent.

ii) q{2q) » (2q)q: this p;8 subprocess is suppressed for the same
reasons as (i) and, in addition, does not become enhanced, as Py increases,
relative to the gM » gM CIM subprocess with the same pT_behavior.

iii) pElO subprocesses such as g{2q) * Ba: We presume that gauge
invariance vields cancellations analogous to those found in gg > Mg.

We will ignore asymptotic freedom (ASF) type modifications and dis-
cuss computations within an exact scaling framework. It has been claimed
2,3,4

in the literature that scaling viclations should be expected since

t - L) + f + - = -
he distribution functions Ga/A’ Gb/B and DCfc when defined by deep in
elastic type probes do not scale and since the subprocess cross section

will have corrections from higher order virtual gluons as incorporated in
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the moving coupling constant. This "factorized" method of computing ASF
corrections, though apparently correct to first order12 in S is not
oBvioQ;ly the full story. There are virtual gluon corrections of many
types to the subprocess, virtual gluon connections between subprocess
diagrams and disﬁribution function diagrams énd real glﬁon emigsion of
many types. It is not iaconceivable that the net correction could be
very small i.e. that the factorized approach breaks down in higher crder
calculations. In e+e- annihilation to a gq-q pair virtual gluon correc-
tions (i.e. the gluons deo not appear in the final state) lead to a sharp

modification of the expected scaling behavior while real gluon final

states compensate leading te the well known exact scaling fqr Ge+e"->hadrons'

We do not know how to handle the full complexity of the QCD structure yet
and thus the approach here is to retain the simplicity of exact scaling
and dimensional counting; dimensional counting does yield excellent
descriptions of elastic crogs sections and form factor behaviors.13 In
general scaling viclations alone {i.e. without the kT fluctuations
incorporated in the subprocess expansion) are not capable of explaining
the low to moderate P inclusive data in any case.

The new features of this paper will include a careful treatment of
all QCD (pr—4) contributions for both % and p beams and a careful dis-
cugsion of the CIM contributions for ¢ and p beams to exotic channels
such as B productign which turn out to be very interesting. We will
present a complete summary for all inclusive particle trigger types and
systematically discuss the transition from p;S {or p}lz) CiIM behavior

to p}é QCD behavior. The most significant results are:



iy

a)} The CIM naturally describes both the Py behavier and normaliza-
tion of all measured single particle cross sections in the moderate Py
rangeT This was shown for w and p production in I and is extended to p
and K~ production here. Resort to large arbitrary transverse quark or
gluon momentum fluctuation correctionsé to the p;& subprocesses 1s not
required; the CIM and QCD contributions systematically organize and
normalize all such effects via the subprocess expansion. In fact the
subprocess expansion approach predicts a big difference between p and P
trigger subasymptotic contributions (behaving as p%lz in the CIM) compared
to those for 7 or K triggers (with p}a behavior}. Such a difference
appears awkward from the simpler fluctuation point-of-view since to first
approximation the fluctuations of the c¢olliding quarks and éluons would
not depend on trigger type.lé

b) At higher pp the p;a contributions do become dqminant. The point

of crossover where

dg _ do ~4
E 33-5 (CIM) = E EB’E (PT )

exhibits interesting dependence on beam and trigger type. For instance,
for p production the p;a subprocesses take over by pfbé.S GeV/c even at
FNAL energies at which 7 production is always CIM deminated.
¢) Large ratios within the CIM dominated realm are predicted for
B e P N/E S Gp v B )
Values as high as 30 are typical and would certainly confirm the correct-
ness of the CIM approach; much smaller ratios are predicted for the QCD

contributions.



—B-

Qur calculations will be performed using the analytic techniques of
I. These techniques require using simplified forms for distributien
functidns and are in general accurate to within 50% by the time all approx-
imation inaccuracies are taken into account. In the extended calculations
of this paper some additional ingredients ave required which should be
regarded as having slightly larger errors than this:

i)} gluon fragmentation functions, which appear for many p}a sub-

processes:

- D s e
Dorg® Pprg’ Putlg

The shapes are determined by dimensional counting but their normalization

should be regarded as uncertain by a factor of 2; and

ii) The distribution function GE/p which is prominent in the CIM
contributions to p production. Again a factor of 2 uncertainty should be
assigned; however GE/p cancels out in the {xp + p}/{pp + p) ratio referred
to earlier, which is thus an especially interesting test of the CIM frame-
worlk.

TIn general the reader should take precise numerical values given for
cross sections as accurate to within a factor of 2. The emphasis of this
paper will be on the overall systematics of the CIM (PEB, P;lz)—QCD (p;é)
crossover and on global features of the two domains which are not crit-
ically dependent on exact numercliogy. These results are reviewed in Ref. 6.

The organization of the paper is as follows:

Section I, "Ingredients': this section is divided into four parts.
The subprocess differential cross sections, distribution functions, and
quark/gluon decay functions are discussed in turn. The section ends with

a quick review of the analytical calculational methods developed in I.
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Section IL, "Results”: this section is divided into three parts.
Explicit expressions for all cross sectiomns are given in the first part.
The sBurce of the varicus contributing terms is indicated. Quark/gluon
"jet" cross sections are also quoted. In the second part the interesting
features of the single particle crpss sections are illuminated with

emphasis on the features a) -~ c) mentioned earlier. The third part dis-

cusses jet cross sections.
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I. INGREDIENTS
Within the subprocess expansion framewerk a high Pr inclusive cross
section is calculated as a sum of contributions of the type illustrated in

Fig. 1. Each contributicon takes the form

do 1 [ . - 9%, ' .
E d3p ;xfdxa dxp a/A(xa)Gb/B(xb) EEZ'DC/C(XC)

R ) do ab-cd (L)
s &(s+E4+3E) — (§,€,1%)
dt s=xasb s
t=xa/xc £
G:befxc u
To calculate such a contribution we need to know:
ab+cd
a)} The scattering subprocess cross section — - both
dt

normalization and angular dependence;
b) The distribution functions Ga/A (Gb/B) describing the proba-
bility of finding secondary a{b} in primary A(B) with light-cone momen-

tum fraction xa(xb); and

c) The decay probability function D /e describing the emission of

C
C from c as a function of the light-cone momentum fraction of C relative
to ¢. If C participates in the subprocess, i.e. is produced "promptly",

this last, ''fragmentation” stage, is omitted.

A, Subprocess Cross Sections

We begin by tabulating all the required subprocess differential cross
. -4 =8 -12 . do
sections yielding Pp » P and Py behavior for E 3% Subprocesses
vielding intermediate powers, such as ggr¥g (péé), are known to be small
contributors as mentioned in the introduction.6 The expressions, appear-

ing in Table 1, were calculated3’5 for a spin 1/2 quark, spin 1 gluon model.
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The many crossed versions of the tabulated cross sections are easily
obtained. All cross sections are averaged over initial color configur—
ationst Diquarks entering a hadron vertex are necessarily in a color
triplet; thus we will later determine the color triplet portion of di-
quark distributions. We will be concentrating on production at. 90° in.

the center of mass. Equation (1) can be shown to imply at 900 that

~ 2p
- ~ T
% r\:|t|’\f|u| as Xp = TZE + 1 and also for a substantial range of Xp away

from zero. Thus we may simplify the cross sections as in Table 2 where we
now specify a variety of crossings. The ab ... labelings will be useful
later. The relative sizes of the various subprocesses within a class are

made more apparent in this manner. We parameterize the subprocess forms

of Table 2 as

. 900 9Ge
Q%_ {ab + cd) = ﬁ'%g . (2)
dt sN

The cross section magnitudes are determined by the hadron vertex
couplings GB and %y which describe, respectively, the coupling of
p * d(uu) and a > ud per color of the quarks. They were determined in
I in three independent ways: from elastic scattering normalizations, from
form factor mormalizations and from momentum sum rule constraints., All

three determinations yielded consistent values for both o and Ayt

L?'

(33)
4
QM 2 Ge

As in I we alse adopt the diguark mass value Mfo v 1 gev? {which appears
in the q 2q -+ BM subprocesses). Note that ingq 2q -+ BM etc. the 2q must

be in a color triplet state. The quoted cross section is per color of
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the ceolor triplet 2q. We will ultimately find that the standard quark

gluon coupling at large momentum transfers is of order

us = 4—_”— = .15 (3b)

At this point we also mention a subtlety which will be incorporated

12

in cur later calculatiens. It arises only for p; contributions (Class I).
Due to the indistinguishability of identical quarks coherence factors

arise. For example consider up -+ up versus dp + dp via the ut topology
illustrated under Class I in Table 1. The amplitude for up - up containsg

an extra coherence factor Ncoh=2 relative to dp  dp. {(Either of the u

quarks in the proton can attach to the external u's.)} As a consequence

dag 2 dg
_ = = —_—
it (up up) N

= 4 4d¢
coh ar @p > dp) = 4 o= (dp > dp)

As another example, for ut topologies

do
dt

++

(as”" ~wup) =3 %;ﬁ_'— {dp - dp)

in the SU(6) symmetry limit.

B. Distribution Functions

Next we turn to the distribution functions, G. Many of these have
already been discussed in I but we shall alseo require a number of new
ones. Each G is assumed toc have a simplified form

g A ~
fa/A Na/A(1+ga/A)(l_xa) a/ Xa?xa

*a Ga/A(xa) = .

~ B '
fa/ANa/A (1+ga/A)(1"xa) aln X%y (4)

-1

Mg, 50

~ B4
(1-x.)

a/A
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Here fa]A is the fraction of A's momentum carried by a, 8a/A is the di-
mensional counting determined power damping as xa+1, and Na/A is a shape
factor®which accounts for the fact that, typically, XaGa/A dces not rise
monotonically to its.xa -+ O limit, but rather flattens out (perhaps even
falling) in the small x, region.. This behavior is related to the presence
of contributiens to a given Ga/A from non-minimal Fock components of Aj
for example Gu/p receives contributions from 3, 5, ... {(qqq, qgafqq), .-.)
quark components of the p. The approximation Eq. {4) which includes all
such components is a simple way of incorporating this effect, Our goal
is to obtain inclusive cross section normalizations to within a factor of
two, for which this procedure is entirely adequate. A tabular summary of
the cases of interest appears in Table 3 for both pion and ﬁfoton primaries.
For secondary quarks or gluons with non zero color we quote the "per
color' distribution function. For instance the full momentum carried by
u quarks in the proton is

E: fu/P =3

colors

For secondary 2q (23)'s we guote the distribution for a 2q (2q) to be

in a color triplet state of given color. TFor secondary hadrons the mo-
mentum fractions are those carried by a secondary of one specific type;
overlapping ways of obtaining the secondary at the minimal Fock state
level are not included. For instance, in the case of fM/p we could
consider M=ﬁ+. Such a secondary meson must come from (at ieast) a 5 quark
uud dd Fock state of the proton. In this state ome of the ud pairings
carries this Fock state's contribution to fw+/p; the other ud pairing is
not included in defining the fw+/p normalization parameter. In the case

of GBfn+ we can consider B=p. A minimal Fock state is ud uu dd. There
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is only one way to obtain the p state at this minimal level. At the level
of higher Fock states the overlap problem becomes more complicated; we
will ume the minimal Fock state prescriptions.

These considerations become important in high Py reactions where we
must, in general, include all possible ways ef obtaining a secoqgary
(carrying a given momentum fraction) from the primary beameach extrac-
tion represents a distinct subprocess contribution. Thus in % production
in proton—proten cellisions the CIM subprocesses H+q -+ ﬁ+q require that
we include all ways of obtaining the initial x" from a proton beam. Thus
we sum separately over the two pairings of the d (in the uuddd state) with
a u quark {uud ss and uud uu pair states make no contribution to xt
emission). The dd combinations are also two in number. Each of the four
meson—like states is characterized by the "non-overlap" momentum fraction
of Table 3, fM/p= .1, yielding an effective contributionlfrom mesons
containing a d of 4 times this '"mon-overlap" value. For more discussion
see I,

Many of the entries of the Table have appeared in Reference 1. We

concentrate on those not previously considered. These are

Ss/p Caim SB/p °8 or B/w 23/p C2q or 23/n

15

In all cases we use the dimensional counting constraint

h p.2.f. _
GafA(K) X7 1 (l—x)zns + g 1 (3)

where n: is the number of quark spectators to the emission of a which were

pP.2.f.
]

part of the original A Fock state and n is the number of fermions
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produced through point-like couplings during the emission of secondary a
—gluon spectators are not counted. As an example consider the case of g
emissivn for which there are two possibilities:

a) the gluon is part of the original Fock state of p or w,{(see Fig. 3a),

b {2 e | -
s 3 P
and
p.2.£. _
n G
b) the gluon is emitted in peint-1like fashion from one of the quarks
(see Fig. 3b),
h _ {1 ﬂ
n =
8 9 5
and
np.R,.f =1 .
s
We adopt prescription b} so that
G n (l-x)H
a/p (1-x)
(6)
32

Prescription a) yields substantially different inclusive spectra, for sub-
processes involving gluons, only near the phase space boundary Ap > 1

(ar 90° c.m.) where qgq » qq scattering is generally more important anyway.
We assume that there is no shape factor, §g=0, and normalize the total gluon

momentum fractiom to bHO%

E: fg/p or m -3 (7

colors
In the quark-gluon basis the total proton momentum is then

v‘\
+ £
s__ alp Ly glp
g=uds tds colors
colors

=1.12 (8)
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versus the theoretical constraint of 1. Because of the nature of the
shape facter approximations etc. we regard this as acceptable.

The B and 29/p distributions are determined by a combination of con-
straints.

a) Pomeron theorem; B=B at x=0 and 2q=27 at x=0;

b) Dimensional counting which implies

—_ = 11 — = 9
88/p 8ag/p = ° 9)
¢} Reasonable shape factor choices: the value of X, is chosen to be

somewhat below the value of ﬁa at the quasi elastic or weak binding limit

peak

n
-~ a

X . , W emme———

quasi~elastic n(aA) + n,
in the minimal Fock state. Here n(zA) is the minimum number of quarks in
an aA overlap state and n the number in a itself. Further discussion

appears in 1.

As an example, we use our earlier determination of GB/p from momentum

sum rule constraints etc, (see I) and gﬁ/p = 1} to determine fﬁ/p from the
=0 constraint equation based on a) above,
~  Bp/
P
U+ eg/.) farp Npjp (%gyp)
(10)
~  BB/p
= ey Iy Nyyp ()
which implies
f= .
Be . .02 (i
L+ 11 g,
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The naive value for §E ig 3/9 = %—and we choose iﬁ/p = .2 which yields

/p
N_ - . - = . . - [ L) A_ -
B/p 3.6 and fB/p 06. Clearly one is semnsitive to the *8/p choice

because™of the large gﬁ/p value. In particular for the region X>£§fp

{probed at high pT)

' - (1-x)gE/P
Cp/ptx) = U+ 85/ fgp V5/p — 3%
(12)
L .24 (1-x)*!
n 11 x
(l‘xg/ )

indicating that one should regard Gﬁ/p as uncertain to a factor of 2 or 3
in thi ion. G,— i ined f ramet £1
n is reg 23/p is determine rom the G2q/p parameters © and
Table 3 in a similar way. We again emphasize that the 2q (2q) from the p
is presumed to be in a color triplet state (as is necessary for the 2gq in
the valence Fock state)}; the distribution is per color of the triplet
state. Note also that a color singlet "exotic' meson (K is an important
example) will have the same distribution parameters as for the triplet 2q
of given color; the same minimal Fock state is required and the color fac~
16
tors work out to be the same.
GB B /7 is determined by noting that in the proton case
]

1im X GM/p(x) = l1lim X GB/p(x) = 24 (13)
x -0 x + G

which physically means that sufficiently slow moving particies of these
basic types may be extracted with equal ease (despite the difference in the
number of quarks contéined) from the infinite "sea" of slow or “wee” qq
pairs. GSince we have already, in I, given a rough estimate for GM/W we

retain it and use the constraint
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.18 = lim =xG (x) = lim xG (14)
M/

=7 (x3 s
x >0 x » 0 B or B/q

-,

combined with dimensional counting and a reasonable shape factor (or ﬁB/ﬁ)

choice, to determine the G

B or B/w normal1zagion. Note that
lim =G {x) < 1lim xG (x)
x>0 Mor Bfw x>0 Mor B/p
2
as for quarks. (—G = G - at x=0 as anticipated from
d 37 (ukd) /e (gta)/w P

guark counting total cross section relationships.] Of course ocne might

choose to enforce quark counting relations more rigorously by requiring

. _ . _2 3 :
iim XGMfﬁ = lim XGB/ =3 lim =G

X >0 x + 0 K x>0 M/p

i ra
Ol

lim xG (15)
x >0 B/p
(Recall that the x + 0 limit of Ga/A_iS determined by a certain integral
over the off shell aA cross section.) If we did this and retained the X
value of Table 3 a 30% increase in the value of fB/p would be required.

Of course one could additionally choose a smaller x value so as to

B/p
leave the x>x behavior of GB/p unchanged from that given by the parameters
of Table 3. This illustrates the typical uncertainties which one should
associate with these distribution functiecns.

Finally G is determined by the same principles: dimensional

2q or 2q/w

counting, reasonable QZq]p choice and the x -+ 0 constraint

lim xG (x) = 1lim xG (x) (16}
% > 0 2q/m % =+ 0 M or B/w

Alternatively it is clear that the same pion Fock states which contain a

secondary meson also contain a 2q and 25 pair and that one, therefore,

expects
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qu/ﬂ(x) = GM/ﬁ{x) {17)
for a given 2q and M choice provided both the 2q and the M have one quark
or antiquark in common with the valance 7 state. The above naive arguments
appear to neglect color. However to good approximation .the probability of
finding a color singlet secondary meson is the same as that for finding
a diguark or anti-diquark in a color triplet state of given color.
(Recall again that only color 3(3), 29(2q) combinations enter into CIM
subprocesses. )

Finally we note that fragmentation functions do not appear to satis-
fy some of the theoretical comnstraints. For example, the quark distri-
butions u/p and 1/p appear to lead to a divergent expression for the

charge constraint

1
r (Gu/p(x) - Ga/p(x)) dx = 1, (18)

color

since they viclate the Pomercn constraint

. G - . -
%1_13 o X u/p(X) }%131 0 XGu/P(X) (19)

However it is clear that xGu/p(x) has a large quasi-elastic peak and, as

a consequence, falls as x + 0. As discussed in Appendix A, it is very

easy to incorporate this fall off at very small x in such a way as to

satisfy both the above constraints without altering the large x (x>§)

behaviors of & and G-, which determine the high p,, results for
N u/p 7 Tu/fp T

Xp == > X and which, in turn, are determined by the experimentally

Vs

well known momentum fractioms fu/p and fﬁ/p
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C. Quark and Gluon Decay Functions

Next we turn to a discussion of the fragmentation functions DC/C{Z).

We adowt a simple parameterization

Perel® = dgpe T (20)

As always gC/c is determined by dimensional counting which cont;ols thé

z + 1 behavior. The d's will be deterwmined from experiment where possible
and otherwise by theoretical constraints. Fach D is per color of ¢. D
includes all ways of obtaining C from ¢ includiang decay wvia all inter-
mediate unstable particle resonances etc. This is the reascon why no
flattening of z DC/c as z + 0 is incorporated—the resonance etc. contri-
butions fill in the small z region. We are mainly interested in the

large 2z behavicor, in any case, as the trigger bias effect implies that

the trigger particle { at high Py takes most of the momentum of c¢. How-
ever the small z behavior will be useful in relating quark decay functions
to those for gluons.

The quark decay functions are easily determined from experiment.l?
Within the frawework of the form Eq. (20) we will assume that

dﬂ+!u = dﬂ+/d = dﬁ‘/u = ... corresponding to equal numbers of soft pions
of any type in any quark. {(This is the decay analogue of the Pomeron
theorem for distribution functions.) We employ dimensional counting
gw+!u =1, gw-/u = 3, gw+/d = 5 etec.. The gw‘/u = 3 value neglects
possible resonance background, u -+ 9 =+ T , which could yield gﬁ_/u = 7
as the leading term. Our high pT results are not gensitive to this as
for any meson trigger there is always a leading g=1 contribution—for

example a d guark for n production. Higher g values are dramatically
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suppressed by the trigger bias effect. (Only in a case likew + 7 -+ @ X
would these background terms be important—there being no valence d guark
to fragment to the 7 .) With these ingredients we find
1 valence ¢
any given charged w/any q or g S 8= 1)

5 non-valence q

per color of the gq or g, (r° is taken as % (v+ + 71 )). The resulting fit
to experimental data is shown in Fig. 4a, neglecting charmed particle
decays into pions. While not perfect in the middle z range, it is good
as either z - 0 or z + 1. The middle z range (te which we are not sensi-
tive) is easily fixed up by including the u >0 - % type contributions
with (1-z)2 behavior, just discussed. Kaoms are incorporated by assuming

SU(3) symmetry (which may overestimate their contributions somewhat)—e.g.

d = .
K/ dﬁ+fu
The baryon d's are based on the exXperimental e+e' -+ p annihilation
y .
data.17 In order to account for the z =+ 1 valence ratios and dimensional

counting powers we take

d = e = = = = ;= = =
p/u dp 3 i dp/d dp/d .5 g 3 (22)

for the leading z » 1 terms. However the z » 0 limit requires a background

term in Dp/d and Dﬁ/a characterized by

&' g =d5E 5 8= (23)

(the 7 corresponding to the 3q qq type baryon state's dimensional counting

leading power) so that

zli?O Dp/d(Z) = zli?O Dp/u(z) {(24)
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Thus

. 3
p, =147 p

_ (1-2z)3 (1-2)7
p/u - pla= >z T35

{25)

-

and so on. Similarly for non valence quarks we assume all things are

equally likely as z -+ 0 so that

_ . _ (-2)7 '
Dp/a = DEfU = el =T (26)

The fit te p production in e+eh annihilation {(which determines the over-
all normalization incorporated in Eqgs., (25) and (26)) is shown in Fig. 4b
and is surprisingly good.

At this point we may determine the total momentum carried by “stable™
hadrons which are decay products of a given quark. (For the purpose of our

high P phenomenlogy we wish to let the quark decay to its "stable" content.)

The momentum fractiom is given by
d

C/le
£ = ’ (27}
Clec I+ gC/c
sc that (assuming that ° = %—(ﬂ+ + 7 ) and that Ks feeds the 7 channels)
5 £ _ dp/u - dn/u + d n/u + 3 (dﬁ+/u . dﬂ—/u) . dK+fu
8 HBfu 4 4 8 2 2 6 2
Le ke =
+ dK_/u + 2 Ko/u - 2 Ko/u + dE/u + n/u
6 2 6 & 8
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Theoretically the number should be 1. Clearly the kaon's are overesti-
mated and perhaps also the antibaryons. Given the approximate nature of

our parametrization the result is again remarkably good. The high Py PYe-
dictions will of course be sensitive only to the valence type distribu-
tions at large z which are in quite good agreement with data as we have_seen.

Turning now to the gluons we are, of course, faced with a distinct
lack of data. Qur determination of the decay distributions will be
theoretical. There are twe major ingredients.

First is the color separation model of Ref, 18 which states that the
logarithmic coefficient for the charged multiplicity of a gluon jet should
be 9/4 that of a quark jet. This will be used to determine the z » 0
behavior of DM/g and DB/g' The ccefficient of é—in DA/g(DA/;) gives the
coefficient of the logarithm in <n>A for a gluon (quark) jet.

Second we employ dimensional counting and a point-like gleon coupling
in our calculations. We begin by reminding the reader that the distribu-
tion for a gluon to turn into a q or g by the point-like QCD virtual pair

. . 19
diagram is

z =+ 1
Dq/g(z) a 14+ (1-2)2; (29)

the first term is related to the quark helicity non flip trarsition for
the crossed reaction q » g + g while the second term corresponds t¢ the
quark helicity flip possibility. In our point~like emission picture

this type of distribution underlies the emission of a hadron from a gluon—
first a qq pair is created and then the g or g picks up additional quarks
from the vacoum to form the observed hadron. These additional quarks

{1 for a meson—2 for a baryomn) give rise to an equal number of hadronic

spectators; in addition we have the 1l unused point-like fermion q or q
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spectator which was part of the initial pair. Thus we incorporate dimen-—
sional counting and the two distinct z » 1 behaviers (and their relative

&oefficient) through the formszo

_ Ha-22 . g-2* T n_, p.tE. .
DMZghdM/g p + = ns in =1
) (30)
_ (1-2)* , -2)51 n_ ., p.rf. _
DB/g = dB/g - + > ng 2 n 2
with the z - O 1limits
. _ 1
lim =z DM(B)/g ZdM{B)fg (31)

z >0
Our charged multiplicity constraints are (separating baryons from

mesons and using a u quark jet)

G
% <n>_ﬂ+/u + <n>“___/u + <n>K+/u -+ m>K“/u
(32)
= <n>“+/g + <n>'n'"/g + qu'"[g + <n>K";’g

and

2 <n> + <>
4 [ p/u p/u

(33)

T Mrore T 5/

The notation «<n> actually refers to the coefficient of the logarithm in
<ni>, They become
2—{d +d + 4 + d, -
& Yt/ T Spfu T kP T TR /e
(34)

- 2[du+/g g T xtg t dK“/g]
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and

9 _
4 [dP/u M dﬁ/u] B Z[dp/g *Gle (35)

Noting that, of course, d = d
& ° wg T Gamyg A Y/

-

2 = dE/g and assuming SU(3)

symmetry dK+/g = dK_/ d“*/g we obtain

g =
=2
d'!i'+fg - 16 (36)

and

a, =% (37)

We adopt the crude values of .5 and .9 respectively-both d's are almost
certainly overestimated above as we see below.

We may check the stable hadron momentum content of the éluon
T £, = (d +d , +de, + de )(l + ) (38)
q Hle p/g ~ nfg  plg  nfg/\5 " 7

1 1, 1
* (dn*'/g A ye Tty T dgmyg T diosg T 7 dke 4 Ko)/g)(e. + 3)

(The two numbers in parenthesis are from the helicity non-flip and flip
terms vespectively). Using .5 for all meson d's and .9 for all baryon d's

vields
Baryons Mesons
rf = 1.2 + 1.6 (39
q B/

indicating that our naive determinations yield too much momentum per hadrom.

Since we are not certain where to apply a correction we retain the naive

values dM/g = .5 and d = .9 in future calculations. However the reader

B/g
should keep in mind that the gluon decay contributions may be too large
by roughly a factor of two. Of course high Pp experiment probes only the

(1-z)2 and (1-z)% terms for g » M and g + B respectively which could still
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be correct. (For instance by discarding the nonleading terms only,

(1-z)% and (1-2)% for g *Mand g + B, the momentum sum becomes 1.7 and

the th®oretical constraint is considerably closer to being satisfied.)

Alsc one should keep in mind that both the quark and gluen momentum con-

tents are somewhat too large; reduction of both can be tounteracted by

an increase in the value of o which is a yet to be determined parameter

of the p;& reactions yielding quark and gluom jets. The general systematics

which we hope to reveal are not, in any case, sensitive to factors of 2.
Thus ocur effective results for high P calculations, keeping only

leading z - 1 terms, because of severe trigger bias suppression of non-

leading terms, are given in Table 4. Results not listed are to be obtained

by SU(3),8U(2), or charge conjugation, e.g. D +rg T D -5~

D = /d = ,..
D. Calculational Techniques

In T a simple analytic result for E é%% , as given by Equation (1)
wag derived. Using the distribution, subprocess and decay function forms
previously discussed we may summarize the results for 90° c.m. as follows:

a) First consider production of ¢ at 90° c.m. We find that the

contribution of a given subprocess is given by {for Xq 2 X xb)

c/AB (p%)N

where N is that of the ab +» cd subprocess, Eq. (2), F=1 + gaIA + gb/B and

g 29

S (AB > cX) =1

(40}

gis0” £ £
a/A "b/B F(2+ga/A+

IC/AB = (41)

&, /B
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Typical values of.xa and Xy in the convolution, Eg. (1}, are alsc found
to be of order Xns i.e. we are sensitive to the middle ranges of X and
X -

b} 1If there is a final quark or gluon fragmentation ¢ -+ C then we

compute E é%%—(AB -+ CX) starting from the form Eq. (41) and obtdin

dg ab -+ cd (l—xT)l+gC/c+F
£ 635'(AB + CX) = Ic/AB'"“f{?E
(pT)
(423
F(l+gC/C)F(F+l) 3(x )
r(2+F+gC/c) T
where
. { 34F - 2N
J(XT) = . (43)
1 - Ec/c (1-x.)
F+gC/ T,

Typical values of Xq in Eq. (1) (i.e. z of Eq. {20))} are of order

F &G/e
Frgo,.  Fgg,. X7

z + 1 behavior of DC/C(Z) is so critical.

i.e. very near 1 for F>>ngc' This shows why the exact

As Xy =+ 1 3(xT) + 1,and we see that the result is especially simple
for our two typical mescn cheoices gClc=1 and 2, The trigger bias sup-

pression factor coming from the T functions is

1 |
(F+2) (F41) Boje = 1 fquark)

C = meson ' {(44)

2 —
(F+3) (F+2) (F+1) 8cje = 2 (stuwom) .
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For baryons the standard values are gC/c=3 and 4 for which the T function

factor is

-

6 —~—
(F+4) (F+3) (F+2) (F+1) gcje = 3 (quark)

¢ = baryon - (45)

24 i
(F+5) (F+a) (7+3) (7 +2) (F+1)  Scfe ~ gluon)

It is clear that these are progressively smaller numbers.

¢} 1If C can be produced by a given subprocess without fragmentation
(i.e. promptly), as for CIM contributions, and can also be produced as a
decay product of a resonance which can be produced promptly by the same
subprocess then we include a total/prompt ratio, T/P. It accounts for
this resonance feed through relative to the prompt production cross section
for the trigger particie. We will see that for mesomns T/P is of order 2
while for baryons T/P ~1.2. Such ratios represent the result of a large
number of contributing resonances {decaying to a given meson or baryon
trigger) each suppressed by the type of fragmentation trigger bias effect
discussed under b). Further discussion appears in I. It should be noted
that we use the same T/P for direct processes as for indirect processes.
Direct processes are slightly more restrictive as to what resonances may
be produced so that in a finer comparison one might wish to decrease T/P

for the direct processes.
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II. RESULTS

A. Numerology

We will not present any specific calculations. Examples appear in
I although the complexities of coherence factors were not elaborated on
there. We will sﬁmmariZe all cress section éontributioﬁs including those
already presented in I. We begin by concentrating on single particle
cross sections. We use the notation € = 1~xT. Only contributions which
are of significant size are retained. All expressions are valid only for
Xp 2..15 where X and X (of order xT) are typically larger than ﬁa/A and
ib/B as required for use of the simple analytic approzimations. Thus
Vs = 63 GeV plots presented later are only completely reliable for pT‘s
> 4.5 GeV/c. The trends shown below this Py value are, however, quite
representative of more precise ecalculations (this ig discussed more fully
in the first Appendix of I). The results are presented as a series of
equations. In order to indicate what subprocess underlies each contribution
a label appears above each term. This label refers to the subprocess
labelling of Table 2. TFor example, a label qMIIC refers to the ut topology
for gM + gqM, while aMIIc refers to the ut topology for g M » q M. For
proton proton scattering there is, of course, no point in labelling the
sources of the ¢ and M as they are both protons. In a term like qMIIC
the symmetric term, MqIIc’ is automatically included. For A=Fi and B=p
these left side labels will indicate the source. For instance qIIC

M
refers to qM * gM (ut topology) initiated by a q from the v or ™ and

1

an ¥ from the p. For gluon/quark scattering followed by fragmentarion

a label appears to the right which indicates which final state particle

fragments. For example, IIIE indicates that gq scattering occurred

1
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followed by ¢q fragmentation to the observed final state particle. We do
not indicate where the initial gq and g come from (A or B) even in the ui
p scatfering case. The two contributions ﬁi +g p *+q and wi ~gp>g
followed by qg scattering have the same € power (if the q is a valence g
for both T and p) and are lumped together. This particular case is, in
fact, the only case in which the reader cannot use the & power to deter-
mine where the initial particles {assuming théy are not the same, i.e. for
49 * q9Q gq > gq gq9 * gq and ag + gg) came from in - p scattering. As an
example consider ® p -+ ﬁ+. A glance at the expression for this reaction
indicates a gg = gq (&IIEZ) contribution with € power €°. It is clear

that the q came from the T (ga/“ = 1} and the g from the p (?g/p = 4} so

that with gluon fragmentation (gﬂ+/g = 2) the total ¢ power is

2 + . = = .
B/n ¥ Bg/p T Bykjg = 2HIHAH2Z = 9

g/p

Had the q come from the p and the g from the 7 the £ power would have been
13. In the process ILI cases we do not indicate the precise fractional
breakup when more than one subprocess contributes to a given term.

Another subtlety which might confuse the reader is the presence of
contributions with different € power but with the same subprocess label.
For instance in pp - ot there are two CIM terms with the label IIc but
with & powers of 9 and 13 respectively. The higher £ power as indicated
comes from gM » gM (instead of gM - qM) which has the same ut topology but

the g is a member of the proton sea and is characterized by g-

= 7 versus
+ q/p
. 1() g
= - -
gq/p 3. Another case appears in pp (K ; there are two IIIal and two

IIIEl terms, Here the difference is again whether or not a valence proton
quark has initiated the reactiom—the higher ¢ power terms arise from s(s)

quarks which can yield substantial contributions to kt (K~) production.
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The coupling constant dependence of the different subprocesses appears in
Table 2. We have already incorporated the canonical values of Eq. (3a)
and (3%) in the numbers we present, Finally "direct" contributions are
indicated by a "dir." for whichever of the incoming particles is the

direct participant.

M M q
. . 21T
. 9 95 IT, + .OSLIT, di1,
do m _T € 5.6 A2y 5
" (pp 7 - X) TP pE (3.1) * (.33) e F
q q g
y y IIIal IIIcl IIIQI
-95ghte + A0551L, (2.4) (6.4) (1.94)
1.0\ 4 €9 1.7 4.3 L\l
* (.58) € PR Y S Y asae ¢ ey ©
g q+q
1718 I1gd
(3.3) (1;3)
+ 3.3 1.1 &

3
(i-.18e)% & * [1T-08ey 10 ©

g5t M 4 95011 + 05011
) 9 95.IT, + 05,1, 31T, e * 0% .
do K _Te 4.6 A2y, ( . ) y
b 3% (pp K X) BRRY: ( 0 ) * (.15) g ¥ .72/) €



-32-

9 q & 1118
Iy, rird, T, 2
(2.4) (6.4) (1.94) (3.3)
=4 59 O 0 + 1.94 2 3.3 3 4
*+ 10 p% (1-.132)6 = (i-.1le)7 ® " (1-.2¢)7 s+ (1-.18 )% €
qg+q q q q g
11z ¢ 1, 1mnd, 1l ig,
(1.3) ( .6) (.3)
.8 A 1.2 5 .3 5
L G T S A L G P V1 7S R 3 S SV VS B 8 S
dir 1 2qI
qc g d
dg _T ¢ a2 2
Eg (pp>p 0 = ¥ oI 362(1-¢)2 [1 + .25(1+e)2} + 3.9 ¢
2q B dir B q
. . £ 1221+ .88dx
2Ty 4 8L, 2L 2 1201, o,
RY: -2 (i-¢) ) 4 8
+ (426.3 + 15(1-g) (1+c) [1 -4 W g° + 16.8 ¢
g q g g
11l 1l Iif, 1555-
-5 gll 3.5 7.8 2.8 > 4.1 3
+
R S e T L Ce 7 LA TRE T AN B T L

1 b

+ J71eM
(1—.21€)I0

IIIZ + 1119 ]
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q B M B .
21 Sy * Sogle gl
do = _T gll
E 335'(99 +pX) = 5'5%7 il + 92 ¢t + 52 ¢®
R g q , q
11s,. III? L, 111,
-5 gi3 2.8 4.1 35 A
+ 1 + : $— 2 : 3
0 of (1=.33597 T (=318 ¢ " (-.210)10 & T {@-.2e)7T © 5
The crogs sections for pion beams appear next.
dir . -
e e qdlrzzb 3113
+
do (= + T &3 2.91(1-g) + .11 (l-g)3 28y €2
E —§~'( P> X) = 5 —F ( + {' )
d - P 8
P Ay 2 o (.11
.?2)q,a (.24 M .02\a,q (.02 M
(% wie T .7&jq11c + (.2) milp ¥ .Oé)qIIb
{9.1?) "
+ : .
\.75) ° +
ddr i . 0\ eey T, COA)MII
q b q c q a (?6) M e (.24)5 0/q
1-¢)° (1-¢) .08 .67
47 & . - ( ) 6 B
( v LIRS R gwweLy B 1) " 69) €
0
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q q a g g
mmrd )+l ol 11, + 11é,
- , (&.8) (12.6) (3.33)
-4 ¢ 7.2 3.6 13.33 )
ok (-.17e)% T (Ic4e)5 €% (1Z.25¢)5 ¢
g q q a¥q q q
IIIf IIIal+ IIIa2+ IIIb IIIC + IiIcZ
(5.4) (2.9) (.6?)
b \5.4) ~ 5, 1.1 4 RN
(1-.22¢)° (1-.12)8 (1-.09)% °©
dir dir
k= SO o

{7
Lo

)

q,q
IT +
M ¢

E " L. ( i
ap | P77 X} T p 3 \1.97(1—3)-P.19(1—€)5) * (

.01

(:33)211c + (‘16)q’511 + ('04)211b

.3
(‘o4

(6

.03/ Mb

M Oy M
- -1
)q IIc + (.O6)q Ib

) e

.28

)
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4 f(1.45) (2.42) (3.3) (5.4)
+107%e” 14,39 L\ 4 3.3 L2 4 \5.4 .
ok l(l—.17a)4 (1-.14g)5 (1-.25¢)5 (i~.22¢)6
31.1) /1.14)
12,8 4 \ .67

tacTTos & Y s.09e)T ¢ ]

- + .
The pT4 genealogy for the above equation is as for w production.

(1-¢)
(7.7 11+s)ﬁ> - (.34) 6+ (.9?) .8
0 .11 | .69

» 3.2 5.1 3.3 5.4
+ e (1{?i§2)4 ¥ (SE:?25>5 e+ (Efigzg)s e + ZgEZéze)e :

TOaCaoE S Yo7 ¢

), Wyl
5

The ané genealogy for the above equation is as for w+ production.

3

3+

+
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p 8714, .13 0 \q
J, ( 16) NI, * (02)q T * (.82)M
dg [ T &5 0 086\
E 33p ( -P>K X) =% o8 (.18) * ( 72 | €
w T
dlrIIb adirIIC )
4 4y M 619,49
q RAN:! ,
0 =1 (.Z)q,qlzc “+ (.8) II
(1-¢)5 (1-g) } o {.-19\ 4 .58) 6
+ A7 (iTc )& + 7.7 (iFe)® gc + 19 gt + 1.03 €
T I 0 R o5 (5:4)
-4 e 1.86) 4.5 3.3 , . \s, ;
e ow 1797 © (i-.14e)5 ¢ T [1=.256)5 ¢ * (1-.22636 ©

1.8
Nt
(1-.0%¢e)

()

Y
* . 16)8 ¢

5

-~ + .
The PT4 genealogy for the above eguation is as for ® production.

dir q
2q Ie dlrIb
E 5%1- ! + pX| = E-—%z- (1-g) (1+e)™ 1. 2) + [(1-e)8(1+e)2 +
9
q I
dirIc 2q°4

+ (1_5}5(1+g)?](-g§) + (1-e)? [(1+e)2 + .25(1+e)€}(1§<z) +

g q M q 2q
04 Ta + 01T, + .14 , T + .81 ;T i1,
117.3) " 1.8
+ ( 42,7/ ¢ + (1.2

q 2q
.06 I, + .78 IC + .16 Mle I

(172 2) o8
135.1

.37 2
(.37) ¢
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q g q b4 g

IIIal + IIIb IIIcl IIICI + IIICZ

- 6.3 12.4: 6.8
L, 10768 (5:6) . (5:a) - (6:8) 2 4
Pa (1-.37e)H (1-.33e)> (1-.4€)°
178 q q )
1112 IIT), + LTI
(9.2) (1.22)
9.2 3 .34 b

(1-.365)5 © 7 T1-.25698

q 2g B q
ola L6574, + .05 T+ 3T,
+ 5
do [ - _T = 4.6 (19.3) 4 +
E 3p (ﬂ— p>p X) P p%z (8.4) * 27.3/ °
dir q 2q a ] B M
) 2 i1 4+ ,01t2 =
2 I, .972El I, + .037°T .94 T+ .045T, 01(q1C + que)
9.2\ {l-g) 12.5\ ¢ (2205 8
+
(9.2) (r)% ¢ * (12.9) € * 2263) °
q q g g
388, i, g, + i,
. g, (1.6) (3.0) (6.8)
-5 g 3.1 6.0 6.8 s
L L1 +
+ 10 p; (1-.38g)% + (I-.33e)5 ° + (I-4e)s °©
g
1%

(3

toGZ36e)6 © J
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The quark/gluon subprocesses also, of course, lead to guark or gluon
jet production. The decomposition of these jet cross section contributions
éppeaég in Tables 5 and 6. These can easily be used to reconstruct the
single particle cross sections of the previous equaticns. The letters
refer to the subﬁrocesé 111 labels (al, a2 ;.. 3. | B

There is, of course, a great deal of information contained in these
equations and tables. The goal of the following section will be to eluci-
date the important experimental signatures for CIM and p%a contributions
which these equations predict. The detail kept in the equations should
allow the reader to reproduce the individual terms and to alter them should
he wish to employ different G or op values or different distribution
function parameters. Also more detailed quantum number correlation ques-
tions can be discussed by a close examination of the relative magnitudes
of the various contributing terms. This is outside the scope of the present

paper.
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B. Discussion and Comparison with Data

We begin with a comparison between the analytic expressions of the
previous section and data. For this purpose, we take as representative
the data from Aptreasyen EE_EL.Zl at+/s = 27.4 GeV for nt k* p and p and
the pp-+no data at \/g' = 62.&.Gev and 52.7 GeV from ﬁggert gé_gl. and
Clark Eg_gl.zz and from the very high P preliminary results of the CCOR
group at ISR.23 A comparison with the only existing 5 beam data {(Donald-
son24 et al. for ﬁi p-;go) appeared in Reference I. We remind the reader
that for the CIM terms, we employ a uniform total/prompt ratio, T/P, of
2 for meson preduction and 1.2 for barvoam production. Mass corrections

have also been included, p§—+p§ + EZ. These are unimportant except for

p and 5 production where the inverse P, Power is biggest. ﬁz = 1 GeV2
was chosen. The effects are at most a factor of 2 at P ~ 2 GeV/c.

In Fig. 5a we compare our predictions to the\/g. = 27.4 data for
ﬁiK+ and p production. The QCD terms are not important for these trig-
gers and this energy, as we emphasize later. It is clear that the n+
and n CIM predictions are in excellent agreement with experiment. The
K+ prediction has the correct shape but is slightly larger than the data;
very probably this is simply a consequence of our ignoring SU(3) symmetry
breaking. The predictien for p production reveals a possible discrepancy.
From Fig. 5a it is clear that, while agreement with data is excellent for
Py < 4 GeV/e, the CIM prediction lies above the data by a factor 2 - 3
for the larger Py values. An examination of the CIM forms reveals that
this excess is entirely due to the “direct” contributions {(with lowest
¢ powers) in which one proton is a direct participant in the subprocess

gp - qp. These direct contributions are an inherent feature of the
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subprocess expansion and continuing failure to observe them in future
higher Pr measurements at this moderate energy (so that € is small and
-direéz terms enhanced) would be surprising.

In Fig. 5b, the +/s = 27.4 GeV data for K production is compared
to our predictiéns. While the ds = .15 choice will belmore thorcughly
motivated shortly (by comparing to pp-+wo), it is clear from the graph
that the p;4 QCD terms are an important component of the cross section
at the higher P values. The case for their presence is, however, far
from conclusive here. Indeed the CIM prediction, while lying below the
data, has exactly the right shape.

A more convincing case for the presence of p}é terms is that based
on 5 production at /s = 27.4 GeV, Fig. 5Sc. Here it is clear that while
the CIM terms describe the cross section at low P remarkably well (es-
pecially given our guess work for GE/P which eaters into- the major CIM
conﬁribution), they fall systematically low for P 2 4.5 GeV/e. Indeed
there would be a factor of ~ 20 discrepancy at Py ~ 6 GeV/c without the
QCDh - p;4 contributions. One should note that thecxs = .15 choice which
is made for pp-+u0 is approximately correct for this situation. Of cour;e,
gluon fragmentation to a p, which is an important ingredient in the p}é
component, must be regarded as uncertain in normalization. Gne further
interesting observation is possible. The British-French-Secandinavian
ISR collaboration hgs shown25 that the same side momentum assocciated with
a p rises dramatically for Py > 4 GeV/c while other triggers show much
smaller effects. 1In our approach, this is clearly a signal for the onset
of p;é subprocess dominance; the fragmenting quark/giuon producing the p
retains a reasonable fraction of its total momentum which appears in same

side hadrons.
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The most convincing case for the existence of a crossover between
CIM contributions and(XH)-p;& terms is that based on ISR energy pp'*ﬂox,
-mosti; because of the extensiveness of the data. The need for p}a terms
is most apparent at Vs = 62.4 GeV, Fig. 6a. For pT's below 6 GeV/c, we
use the data of.Eggert 25_21.22 which agreé with thaﬁ of the CCRS grbup.23
For 6 < P < 13 GeV/c, we show the data of Clark 93_51.22 and the pre-
liminary CCOR data.23 As was shown in Section I, the CIM terms are in
excellent agreement with the data in shape and, especially, normalization
for pT's below 6 GeV/c. TFigure 6a shows that the CCOR and Clark et al,
higher P data at V5 = 62.4 GeV, however, deviate very systematically
from the CIM terms alcne. Inclusion of QCD—p;4 terms withmas = .15
restores virtually perfect agreement with the CCOR data. The data of
Clark et al. are slightly higher in the Pp < 8 GeV/c region and are not
in exact agreement with the prediction. At /s = 52.7, we show the
Eggert 25"21.22 and CCRS23 data for Py < 8 GeV/c in Fig. 6b and the new
Clark_ggﬁgi.zz and preliminary CCOR23 data for Pr > 5 GeV/c in Fig. 6c.

Here it appears, Fig. 6c, that the CCOR data do not require p%a terms

while the R702 data of Clark et al. do. The p;4 terms, in 7° production,
are relatively insensitive to the poorly determined gluon decay normaliza-
tion, rather depending primarily on the quark decay functions determined
from e'e” annihilation data. Hence, it is clear, at least at Vs = 62.4,
that neither CIM nor p;4 terms are separately able to describe the data
over the entire Pp range. In some respects a meson spectrum is, however,
a difficult place to see pgé terms; even at Pp = 13 geV/c, the CIM de-

4 -12

viates from CIM + p; by less than a factor of 10. The Py falloff in

p production, of CIM terms, brings p;4 contributions into play much mere
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quickly. A second systematic study of p production over an extended Py
range would be very helpful. In any case, several distinct sets of data
show signs of p}é behavior at P values which are consistent with one very
reascnable choice for Ggs

In order to emphasize the gemeral features of the crossover between

CIM and péé contributions we present a series of graphs of the ratio

4
(CIM) + E P
R = " i a% (o7 . (46)

d 3p (CIM)

When R rises above the value 2 p;4 terms have become dominant. In

Fig. 7a we show R for pp »>p p K and 7 at /s = 27 GeV. From this graph
it is immediately clear that pEQ terms are never substantial for p and

7° production but that for p and XK production (in gemeral, "exotic”
particle production) they play an important role at the higher Pp values.
Interesting structure in R is apparent as one approaches £he phase space
boundary-R{(pp - K~ ) remains large while R{pp + p) approaches 1. These
behaviors reflect the g powers of the contyibuting terms. For instance
the lowest ¢ power for p production occurs in the CIM terms which thus
dominate as ¢ - 0 at the boundary. The Ys = 63 GeV graph of these same
R's, Fig. 7b, shows the higher energy systematics. There is a hierarchy
of crossoverss; p;4 becomes dominant first for p then for p, them X ,

then 7. (The phase space boundary structure is present but is off the
plot.)} This hierarchy is easily understood. The p and P pfoduction CIM
terms have p%lz behavior which decays rapidly, exposing the p;& terms.
The CIM pES contributions to K~ and n° production take longer to be-

come negligible. For a given class of hadron {(baryon vs. meson} the
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“"exotic"” particle having no valence quarks in common with the beam always
has a substantially suppressed normalization for its CIM terms; the p}d
contributions coming from gluon decay are not suppressed for such an exotic
hadron (though the quark decay contributions are). Thus the exotic parti-
cles such as p aﬁd K~ always show p;é behaviﬁr sooner than their non—
exXotic counterparts p and no, respectively.

In Figs. 8a, 8b, and 8c we illustrate the dependence of R, for pro-
duction of a given particle type, on the type of incoming beam. Figure 8a
does this for ﬂ+ production. It is clear that there is a strong bheam
dependence. For instance R is biggest at any given energy for = p - ﬁ+,
for which the CIM terms are somewhat suppressed in normalization due to the
T being “exotic' relative to the 7 . The graphs for 7 production are
essentially an isospin flipped version of those for n+ production. The
R's for K& production are very similar to these for w+ production in
shape—the magnitude of R for w+ P+ ‘&l is always somewhat bigger than that
for w+ P+ n+ which has substantial “direct" CIM contributions.

The R's for K production, Fig. 8b, exhibit some interesting peculiar-
ities as £ - 0 near the phase space boundary. For the proton bean
R{pp + K ) rises monotonically to large values as ¢ + 0. For the ﬁ+ beam
R(w+p + K') rises, falls and then approaches a constant as ¢ + 0. For
the m beam R{(r p + K ) always approaches 1 as ¢ - 0. As always these
behaviors reflect the varying ¢ powers predicted for the CIM contributions
in these cases and constitute an interesting test of the subprocess
expansion framework. It is unfortunate that the cross sections are so
small in the £ ~ 0 limit. In gemeral, as explained previously, R(K) is

much larger than R(ﬂ+) for a given beam type.
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Figure 8¢ compares R(m p + p) and R(n+p + p); they are substantially
the same at all energies. ©Similarly a comparison of R(ﬂ+p > p) to R{(m p +_§)
would meveal results that are virtually identical at every energy but
substantially larger than those for p production. As expected, CIM contri-
butions in the p case are small except for ¢ 0 and at.low P

As a general note, it is not clear that the "modified p;4“ models

such as that of Feynman and Fielda’14

would yield such systematic dif-
ferences between the various types of produced particles and beams. These
systematics, if verified, will be stromng support for non-leading pp power
terms which depend on the trigger particle as predicted by the CIM.

In summary, it is clear that for most reactions the region of CIM
dominance is, in fact, relatively small. By far the bulk of.phase space
at high energies is p;4 dominated. Onrly the experimental limitations of
low energy and low to moderate Py have made the CIM terms.play such an
important role. Nonetheless their success in describing this region of
data is an important test of our basic picture of hadronic bound states
in QCD.

Within the p;é dominated realm it is interesting, especially with
regard to correlations to investigate the relative roles of the various
quark/gluon subprocesses. We do this in Figs. 9a-9d, for pp collisions,
where the ratios of the various p;é subprocesses relative to gg - gg for

+ —_ —
7 » Py, K and p production are presented.

For w+ and p prdduction, Figs. %a and 9b, the qg - qgq N subprocess

La',p

dominates at low g, ¢ < .4. The balancing jet to the trigger s+ or p

is a guark. For moderate ¢ values, .8 > ¢ » .4, the subprocess gg + g9

Lt



45—

is dominant. The balancing jet is a gluon jet. Gluon jets should exhibit

dN

stronger H;—fall off as x + 1 than the quark jets of ete” annihilation

and shguld have a higher jet multiplicity. According to the gluon radia-—
18 _ 9

tion th £ iplici < =
ion theory of multiplicity n>gluon jet = & <n>quark jet* As e + 1
the gg » gg sﬁbprocess becomés slightly more important than gﬁﬂ-
-+
Lot 5 T

but, again, the balancing jet is gluonic in origin. Note that if the
Ymodified pgé" approach which employs only p;a type subprocess is correct
at lower Pr (2 < pp < 8 E%K) for PNAL and ISR energies then, since
e > .4, a gluon jet {not a gquark jet) should balance the trigger particle.
The rough similarity26 of the opposite side jet for g triggers, as measured
at ISR, to the quark jets of ete” annihilation and deep inelastic scat-
tering argues against this model and in favor of the CIM gM » gM dominant
subprocess. {Where CIM terms dominate, quark jets {or possibly resonance
jets) balance all trigger types.) However the lack of scéling26 in the
45° data makes any firm conclusion impossible.

For K and p production, Figs. 9c and 9d, the subprocess qg - qg

Ls, i

dominates for € < .55 - .6 while gg > gg dominantes for ¢ > .35 - .6,
The typical jet balancing the trigger swigéﬁ;s from quark to gluonic origin.
O0f course the precise ratios are sensitive to the precise normalization of the
gluon decay functiouns.

A similar discussion could be given for 7 beams. The tabulated
results for p%é processes may be used by the reader for this purpose.
4

Another interesting way of revealing the transition from CIM to p;

domination is through ratios such as

TP P wprw_ . T PP
pP> P * pprw ’ PP> P
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For instance in the CIM dominated regime the ratio E_E_E_B is very large.

This is easily demonstrated intuitively by noting that both p CIM cross
sections ave typified by graphs in which a secondary B arises from the
proton and scatters via ut topology, qB - gp, or via st topology, 9B + gB.

(The latter is significant only for pp collisions.) Thus a rough approx-

imation is

I
o . - - 13 2+11+1-12 T()T(13) g'e
By rpoB E 2 g/, Mg/, 2 T(14) 900
dg - I
g3 (pp > B) 24114712 T(9)T(13) ¢ 19
dp 22{ENy g o |(EM) 5 2 720y Lggo ©
Ib -
24114312 1(5)T(13) @ 15 47
+ LTSN L )
(N q/p 2 r(16) 9go ©
e~ 1 0913 28 T3 /rcia) 80 o
n ~ 37 .

7 109 _ 3 P03}
2(.01 2/ Togy 80+ .1 27053 2)

Note that the somewhat uncertain (fN)E/p cancels and the extra 2 in the
denominator is from beam target symmetry in the pp case. The big ratio
arises primarily because of the factorials which are least detrimental
in the highly asymmetric gc—l/Tr = 1 gE/P = 11 case. In comparison much
smaller ratios at any given e are expected in a QCD dominated realm,

Figure 10a illustrates this more explicitly. We plot the above ratic for:
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i} QCD p%é contributions only to both cross sections, labeled QCD;
ii) CIM p%a contributions only to both cross sections, labeled CIM;

iii) p;4 + CIM contributions present in the mixture predicted by our

calculations, labeled QCD + CIM,

We see that at low P the predicted ratio, QCD + CIM, is near the

CiM dominance value. As P increases it exhibits a sudden drop to the

p; result. This transition is apparent at both energies, ¥s = 27 GeV

and Vs = 63 GeV, but is most striking at the latter. The fact that the
CIM contribution to p production in pion beams is much larger thamn for
proton beams, correlates with the fact that the crossover point for PEA

contributions wilil be correspondingly higher., In fact at FNAL energies

—_ . + —_ -
ple CIM contributions dominate ™ p - p X for all Py whereas in
pp > p X pgé contributions are dominant over a substantial range of P

The "modified p; " approach of Feynman and Field” probably would, in its

simplest form,yield a less striking contrast between these two reactions.
Equally striking transitions are predicted for the ratio

Tp P

pp > p’

deviates toward the QCD value in the middle P, range {(for ¥s = 63 GeV) and

Fig. 10b. Here QCD + CIM starts out at the CIM value at low Py

then returns tec the CIM value near the phase space boundary where low ¢
powers cause the CIM comtributions to dominate.
. " p -+ . s s
Finally op T shows a similar back and forth transition at
Ys= 63 GeV (both are CIM dominated at Vs = 27 GeV). Again pure CIM and
pute QUL are very different at any given value of Py 80 that a measurement

of this ratio would clearly indicate if a single type of subprocess

(CIM vs. QCD) was controlling both cross sections.
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As a final note we give in Table 7 the energy dependence of the
various cross sections as characterized by the ratio E é%%-(/g = 63)/
E-é%%—CVE = 27). As expected p production exhibits the strongest increase
with energy—the high ¢ power causes it to increase rapidly as ¢ + 1 in a
CIM realm and the switchover to QCD causes a swift rise with energy. QCD

p; terms alone would net lead to such strong variations with energy.

C. Jet Cross Sections

We may use the quark and gluon cross sections of Table 5 to compute

-4, s . . . \
the Py jet cross section contributions for pp scattering. The CIM jet
contributions were summarized in I. With our more precise T/P values

etc. a few modifications appear.

CIiM
d . . ' *
E E%%— (pp + jet (meson 1nducedﬂ v 2 NM)E é%% (pp %-w(promptﬂ

: do
n 4O E 33p (pp > 'n(total)) (48)
2
n 320 S5
Pr

where we took a T/P value of 2 and chose N(M*)=40 corresponding to the
number of meson resonances, M*, produced at high pT(e.g. 36 for the spin 0O
and spin I nonets with statistical weighting plus ...). The explicit 2 is
for triggering on either the meson jet or the opposite quark jet (in the

%
aM > gM subprocess case). Similarly for N{(B )=35 baryon resonances and a

T/P value of 1.2 for baryons.
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E -y @p + jet (baryomn inducedj
* d

v 2 N(B") E qui:‘)‘ (pp - p(prompt))

{49)

70 _ dg |

a TTE‘E Egg—(pp +—p(total»

~ 2,92 x 107 e7/pé2
The total/prompt ratios, being smaller than originally proposed in I,
increase the CIM jet cross sections somewhat over the values given there.
Several features of the CIM and QCD results are noteworthy. -
1. TFor the p;4 terms the probability of a quark jet versus a gluon

jet changes with «c.

455 c =1
do - .635
E —— (pp + q or q jet)
d7p > % .5 moderate e (50)
B9 (pp > g jer)
d°p + ® ag g >0

2. For the CIM pélz and pgs contributions, 507 of the jets arise
from guarks and 507 from mesonic resonances.
3. For typical FNAL energies CIM contributions are smalier than

contributions for Py > 4 E%E-. We may, of course, compare our pre-

-4
Py
dicted total jet cross section to experiment. The data depends on the

. 27,28 ; ; . . 27
experiment ; we compare to the University of Washington coilaboration

{with data at Piab = 340 GeV/c and 100 GeV/c i.e. ¥s = 25.3 and 13.8 GeV)

which has the widest angle calorimeter and obtains the largest cross
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sections., Figure 11 shows the comparison. A shift by 1,5 GeV/c in
ijEt produces good agreement. In other words particles with a total
transverse momentum of 1.5 GeV/c would have to be misidentified as be-
longing to the jet in order for experiment and theory to agree. The ex-
perimental group éstimates misidentification amounts to no more than 600-700
MeV/c. Similar discrepancies may be present for all jet production models.

The CIM predicts that some fraction of the time the observed jet

should consist of only one particle, This fraction is computed as

Single Particle Jet _ CIM X 1 x 1
All Jets p'4 2 10
T
fraction probability number ¢f stable parti-
dominated of resonance cles divided by the

by CIM. vs. quark jet total number of stable
for CIM terms. particles + rescnances

Y jet
=6 " 80 oY 4 < Pg

5 < 5 GeV/c

This small fraction iz consistent with the absence of such a single particle

effect in the data of the Malamud et 31.29 at approximately the 2% level.

CONCLUSION
We have, of course, not discussed all aspects of eilther the CIM or
the p;& contributions in this paper. However, even at the simplest level,

of single particle cross sections, tlear and systematic signals mark the

~-12

transition from the sSub-asymptotic P domzin, dominated by CIM Py

and
-8 . . . -4 . .

Po contributions, to asymptotic Pp behavior. A complete set of higher

P measurements of cross sections for all trigger particle types and beams

should provide a good test of the subprocess expansion-dimensional counting

approach. ‘*Modified p}é" models (based on elementary QCD subprocesses
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only) use scaling violations and/or guark and gluon kT fluctuations to
magk the elementary QCD behavior. These effects, however, are largely
intringic to the colliding particles and hence will effect all types of
produced particle similarliy. The dependence of cross section behavior
{especially the 1ocatiqn of any tramsition zone) on trigger particle type
is thus likely to be minimal. Another contrast is that in the "modified
p; " approach the opposite side jet, balancing the trigger particle, should
be predominately of gluonic origin {for current experimental e ranges);
experimentally these opposite side jets look like e+e_ and deep inelastic
quark jets.

No model, it seems will be able to describe the very large jet cross
sections obtained by the most recent FNAL collaboration unléés an unaccept¥
ably large value of oy is employed. However, the experimental definition
of a jet may still be a source of difficulty in making compariscns to
theery. Thus, we hope that the resuits presented here will encourage ex-
perimentalists to continue detailed high Py studies of single particle
cross sections, Though the role of asymptetic freedom corrections in in-
clusive high Pp measurements and their effect on dimensional counting is
far from understood, the successes of exact dimensional counting in de-
scribing exclusive cross sections and form factors leads us to anticipate
that these ASF corrections will be small and our calculated single particle
cross sections reliabie.
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FIGURE CAPTIONS
The structure of a typical subprocess contribution to AFBCHX.
Secondary particles a and b are at low transverse momentum relative
to A and B. € and c have low relative transverse momentum.
a) A Feynman diagram whose asymptotic expansion yields two p;4 sub-
process configuragions, gq * gq and qg > qg. - |
b) Another diagram with a qg + qq, p;é expansion term but with non-
leading, p;6 contributions from gM - qq.
In both cases we imagine the upper quark line to be the trigger
particle.
a) Emission of a gluon which has become an integral part of the
hadronic proton wave function. )
b) Point-like gluon emission from a quark in the proton.
a) Comparison of our simplified fragmentation distributions for mesons

with data from DASP. The cross section is that for e+e_ > T +

eTe > 5.

b) Comparison of DASP data for 2(e+e_ + p) with the theoretical pre-
dictions expressed in terms of x_.

a) Data for E é%% (pp + ﬂ+, T, K+, p) at ¥s = 27.4 from Antreasyen
et. al. is compared to theory. pgé terms are not important in these
plots.

b) Corresponding plet for pp * K . CIM and p;& contributions and

their sum are indicated separately.

¢) pp > p as in b).
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a) Data for E é%% {pp ~ 7°) at VS = 62.4 is compared to the theoreti-
cal prediction over a wide range of Ppe CIM and p;a contributions

are again indicated separately. Note that the overlap hetween the

22 23

Eggert et al. data”™" and the CCOR data at me6 GeV/c increases the

reliability of the determination a, = .15 (for the p%é terms).

b) Comparison of moderate pTdata at vs = 52.7 GeV from Fggert et al.22

and CCR823 to the model. Over this region CIM terms dominate.

¢) Comparison of high Pr data at Vs = 52.7 GeV from Clark et a1.22
and CCOR?> to the CIM terms alone and to CIM + p;a.

p;z‘ + CIM
a) Plot of theoretical predictions for R = oI at /s = 27 GeV.

R=2 marks the transitiom frem CIM to p;é behavier.

b) Same at ¥s = 63 GeV.

a) Plot of R (defined in 73)) for pp - #+, n+p +—ﬁ+, and T p + n+

at two energies, ¥s =27 GeV and vs = 63 GeV., The Vs = 27 GeV curves
are those which terminate at p?ax(ZY) etc. Higher energy curves

X .
range is

follow the obvious extrapolatiosrone rescales as the p?a
increased with increasing energy.

b) Corresponding plots of R for K production.

¢) Corresponding plots of R for np > p and ﬂ+p +p. The pp - P
curves can be seen in Fig. 7a) and b).

a) Contributions to w+ production frem the important p%é subprocesses
relative to that from gg > gg 4 as a function of g = l—xT.
b) As in a) for X~ productioﬁ.

¢) As in a) for p production.

d) As in a) for P preduction.
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a) Plot of the ratio

“dg - -
.EE'Q‘E(JTP”*P)

E Tp {pp + p)

as a function of Py at Ys = 27 GeV and ¥s = 63 GeV. Three curves at
each energy ére shown. That expected for CIM terms aleone, for QCD-—
p%ﬁ terms alone and for the theoretically predicted mixture of QCD

and CIM terms. (as = .15 is employed).

b) Corresponding plots for T p = p versus pp + p.

¢) Corresponding plots for ™ p = 7 versus pp - T .

Wide angle calorimeter jet cross sections from Ref, 27 at /s = 13.8 GeV
and 25.3 GeV compared to prediction from combining CIM gnd p;é contri-
butions, o, = .15 is used to normalize the p}a yields. A shift of
viL.5 GeV/e din Pr is required for agreement. The p;4 contribution
alone is also indicated and shows that CIM terms are .insignificant

above Py vy GeV/e.
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APPENDIX A: Charge Constraint Compatibility
In our calculations we have used simplified fragmentation function
forms which do not appear to satisfy charge conmstraints. In this appen-—
dix we explicitly demonstrate the modifications to our fragmentation func-
tion forms which are required so that the charge constraint is satisfied.
These modifications will be unimportant in the large x region wﬁere we
work. For definiteness we comsider only the u and u from wr case,

but the gemeralization to other cases is obvious.

The momentum fraction and charge constraints to be satisfied are:

1
£ % = .08 =f X G —u; (x)dx (A1)
T 0 T
- 1 _
£ = .01 =f x ¢ % (0)dx (A2)
T 0 W
1 -
1= 3 f (c-“:(x)-c%(x))dx . (A3)
colors g R T
We further adopt the parameterization
u —xc B
x G ;; (x) = x G ﬂ+ + V(x) (ALY

where V{x) is a function representative of the difference between the
valence and non-valence or ‘*sea' quark distributions per color, yet to be

determined.

30

Experimental evidence suggests that the non-valence or 'sea' quark

distributions follow the dimensional counting form for all x (even x - 0);

so we take the standérd form -
a
G ji—( Y = [ ji-f ji—(l- ) ;4; 06 (i-x)° (AD)
X ﬁ+ X £ ﬂ+ ﬁ+ x . X .

In addition, dimensicnal counting for G i% as x » 1 requires V(x) ~ l-x;
m
x » 1. We expect that as x + 0, V{x) » 0 like x so that the Pomeron

theoreum will hold, Consequently we parameterize V{x) by



-5

v1 (1-x) x>%

V(x) = v, (1) Z<R<H (A6)
Vz_ X X<% X

s =V I:X and we establish contact with
=

Continuity of V(x) requires that V

our standard form for G-li by requiring
kil

_ MY /M) B
vV, = G&g ﬁ+) N(“+) £ 5 .18 (See Table 3)

At this point we have two equations in the two unknowns X and X.

More explicitly we must solve for x and x from:

1
1=3f -‘—T—E:{—)dx (A7)
0
l -
.07 =‘f V(x) dx (A8)
0
where
.18 (1-x) x>x
V(x) = 18 (1-%) HCKCR (A9)
.18 (I;X X x<x
xX

The solution of Equations (A7) and (A8) gives x = .42 and % ~ 7.9 % 10_2

which leads to

.18 (1-x) + .06 (1-x)° x».42

2

1

u
x G — (x)
ﬂ+

L8 (1-.42) + .06 (1-%)° 7.9x10 “<x<.42 (A10)

1.2x10% + .06(1-x)5 x<7.9%1072
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as our modified fragmentation function comsistent with the charge con-
straint. Since the (1-x)° part of (AlQ) is severly suppressed both g
nﬁmeri;ally and by a higher (l—xT) power in the cross section, the effec-

tive fragmentation function agrees identically with our standard form in

the large x regio.n where we work. Thus we see that our simplified gquark
fragmentation functions can be made to be consistent with charge con-

straints without modifying the large x behavior.
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TABLE ¥

Ciass T (p;'z )

d d di B (2.2
= .D -
C 99 75 QMg u_ i
—_M dt 2 21
g

Class I (p;a)
M_———M
< q 99 - pad L

dt SU

Class IO (p}4 }

9 A
4
z 4 aee do Tds 14 (52e02 0 sB4t2 ) B 52 -
ar 2 |8\ 2 TP T E )77 ut Pes

8 9%
qa Q.a ,
do  Tas |4 {52442 u€et? 8
_ Z_*- o5 T e [5 (Tsassﬁy+_sz_aasays T 57 st Soll

b oeas do _ e {

2]
3 q

+FMaen .d_o‘ = _Tf_(é l (U2+fz)“ é uz+I2)
it q di s2 |8 ut By s?

e ol f9f  us _wt st
; dt sz |2 12 g 2

2 7B
Jajend

# &ll cross seclions eguolly appticable under particle - antiparticle replacemeni.
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TABLE 2

Closs I {Nggp=1)

wag/és-

| I, € :20 Ty 2 - Ic><:‘80

2 te
TTQBG.M Me”/s 4

I, C:8 Iex=32

Clgss IT

ks Gsﬁ/ga’

—— e — 1 _'_-_“_-‘
I, Cse My iz Lo ><T '8

Closs IT
37 al/i2.
o + 28 - o
M, (9095 9a98):20 % 5 Bag 02 {T0p~ Gaig

. . 4
IO, {0585953,):20 8aa8s,+280p3, 53 &y

I (gq——gq):ﬁﬁ BILPY (95*95)355
m, (o3 —ga): 2 a7

.21 )
I, (gg-qq)f—s My {g9-—ag) 155~

&—78 342841
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TABLE 3

Distribution Function Parameters

~

a/h 8a/a %, faia Yaza faza Yasa
proton primary
u/p 3 .2 .1 122 .122.
d/p 3 .2 .067 1,22 .082
§,8,u,d/p 7 0 .01 1 .01
g/p & 0 L0625 1 L0625
2q/p 1 .6 1 1.6 .16
29/p 9 .2 .036 2.66 .095
M/p 5 .3 1 2.4 24
B/p 3 .315 .12 1.6 .192
B/p 11 .2 .06 3.64 .221
pion primary
qfn=q/n 1 .3 .083 1.1 L0913
{valence)
q/w=q/n 5 0 .01 1 .01
{non-valence)
g/m 2 0 L0625 1 .0625
2q/w=2q/n 3 A 1 2.1 .21
M/m 3 4 1 2.1 21
B/m=B/w 5 .33 .08 2.8 .22
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TABLE 4

Fragmentation Function Parameters

Cle Sc/e dese
e=quark

Tr+fu 1 ‘ .5

w Ju 5 .5

p/u 3 1.0

n/u 3 <5

p/u=n/u 7 1.0
e=gluon

p/g 4 .9

11+/g 2 .5
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TABLE 7

Ratio of Production Cross Sections

(/s = 63 GeV)/ (Vs = 27 GeV)

Beam and G&ﬂq
Trigger Type PTY ¢
4 8 12

pp » 7.8 351 1.3x107

pp + K 15.5 1897 6.3x10%

pp > B 3.4 33.3 1.5%103

pp > 25.9 9368 3.2x10%0
o o+t 3.7 18.1 4.4%x10%

iTp > 5.8 141 2.1%10°5
e > X 8.9 435 4.2x10°

#Tp > K 5.2 101 1.2x10°

o > p 4.6 117 1.3x10°

g > p 6.1 275 3.9x10°

T > b 15.1 1207 1.4%107

7p + B 15.4 1026 1.0%107
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