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A phenomenological quark-quark scattering model is presented which reproduces the inclusive high-transverse-
momentum data from CERN ISR and Fermilab for the processes pp l cX and pn l cX, where
c = vr, m, K,p, p. This model is obtained by multiplying the usual parton-parton scattering amplitude by the
factor {1—t/B) where —t is the square of the gluon 4-momentum and B = 18 GeV'. The single parameter
8 describes both the x, dependence at constant s and the s (or p1) dependence at constant x, for all c at all

energies. An additional normalization constant is needed for each particle to fix the overall scale of the total
cross section.

I. INTRODUCTION

Recently, the suggestion has been made' ' that
the suppression of the strong-interaction cross '

sections, for processes in which particles with
large transverse momenta are produced, might
make it possible to detect weak-interaction ef-
fects in very-high-energy hadron-hadron colli-
sions. This possibility would be realized if the
weak cross section for a given process decreased
less rapidly with increasing transverse momen-
tum p, than did the corresponding strong cross
section. Under these circumstances the weak con-
tribution becomes enhanced relative to the strong
contribution, and this enhancement is reflected in
a parameter such as p, the longitudinal polariza-
tion of an outgoing proton, which increases with
increasing p~. Since 6' is a measure of parity non-
conservation, and hence of the weak contribution
to the process in question, 6'(p, ) may be used to
probe the weak hadron-hadron interaction at very
high energies.

If we focus our attention on strangeness-con-
serving processes such as pp- pX (where X is a
nonstrange hadronic state), then the weak and

strong amplitudes add coherently and hence 6'

should be of order (o /o, )'r ', where o„and o, are
the weak and strong cross sections, respectively.
We emphasize that even in the parton model,
where the observed cross section results from
an incoherent sum of the contributions from in-
dividual parton-parton scattering processes, the
contribution from any sing le parton-parton scat-
tering is obtained by adding coherently the ap-
propriate weak and strong amplitudes. It follows
that the parton model for the weak and strong pro-
cesses should be formulated in a similar way so
as to reflect the coherence of the two processes
at the level of the parton-parton interaction. This
coherence, coupled with the previously discussed
enhancement of the weak amplitude at large P~, ac-

counts for the relatively large predicted values
for 6, 6

~

=10 '-10 ', that were found in Refs.
1-3. Given a knowledge of the weak and strong
parton-parton scattering amplitudes, 6' can be
evaluated in a straightforward manner:

P= Eder'/d'p —Edo /d'p
Edrr'/d'p+ E drr /d'p '

(1.3a)

In Eqs. (1,3) o„ is the total cross section that
would result from an unpolarized proton beam if
only weak interactions were present, awhile

o.

In Eq. (1.1) Edo'/d'p is the invariant differential
cross section for producing a proton with energy
E=

~ p~ in a state of + helicity in the process PP-pX. For inclusive production of pions (or any
other particle) parity nonconservation is mani-
fested through the asymmetry parameter 8 de-
fined by

Edo, /d'p —Edo /d'p
Edo, /d'p+ E drr /d'p '

In Eq. (1.2) Edo, /d'p is the invariant differential
cross section for producing a pion from a proton
with initial + helicity.

The difficulty in applying Eqs. (1.1) and (1.2) is
that for the inclusive processes of interest, name-
ly pp-px and pp-mx, no analytic expression for
the strong parton-parton interaction currently
exists which is valid over the whole range of kine-
matic variables for which experimental data are
available. In the absence of such an expression
approximate formulas for 6' and 8 were derived, '
assuming maximal constructive interference of
the weak and strong amplitudes, which express
these parameters in terms of the experimentally
observed (strong) cross section o,:

~ (z rte id'p)"„
(Eda„,/d'p)'r ' —(Edrr„ /d'p)'r'

(Edrr, /d'p)" '
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FIG. 1. Parton-model diagram for the strong process
p (p,)+p (p&) c (p~) +X. The boxed portion represents
the strong parton-parton scattering process.

nF) =(1 VW-
B= 18 GeV'

(1.4)

then the resulting theoretical expression describes
the available data surprisingly well. This suggests
that we calculate 6' and 8 directly from Eqs. (1.1)
and (1.2) by combining this expression for v', with
the previously discussed model of 7 .'

Although the phenomenological expression for &,
does indeed describe the data, it does not, of

and o are the corresponding cross sections if
the initial proton beam is polarized with helicity

It would, of course, be preferable to calculate
or 8 directly using the appropriate analytic ex-

pressions for the weak and strong parton-parton
amplitudes v' and v', . The purpose of this paper
is to present a simple phenomenological expres-
sion for w, which accurately describes the available
strong-interaction data for the inclusive processes
pp pX, mX, KX. Since the phase of ~, is irrelevant
in computing the invariant differential'cross sec-
tions, we will take w, to be real and defer to a
later paper a discussion of the relative phase of
v, and v' . The starting point for our treatment of
7', is the quark-quark scattering model of Herman,
Bjorken, and Kogut' (BBK), and in particular a
simple modification of the single-vector-gluon ex-
change model discussed extensively by Ellis and
Kislinger. ' The quark-quark scattering mechan-
ism is also the basis of the model of v' used in
Ref. 1. In this model, shown in Fig. 1, the par-
tons i -and j interact via the exchange of a single
{massless) vector gluon. Not surprisingly, this
simple model does not adequately describe the
data, especially the rapid decrease of the cross
section with increasing p, . We will show, how-
ever, that if the parton-parton amplitude is multi-
plied by a phenomeno1ogicaI function of the par-
ton-parton momentum transfer t given by

course, represent a fundamental theory of high-
energy inclusive scattering. If we imagine that
the function E'(f) represents the effects of more
complicated processes, such as multigluon ex-
changes, then a theory of inclusive scattering
based on the quark-quark scattering mechanism
can perhaps be constructed. Alternatively, we
may try to interpret the expression in Eq. (1.4) as
a quark form factor such as has been proposed by
Chanowitz and Drell' to account for the observed
scaling violations in deep-inelastic ep scattering.
For present purposes we will set such considera-
tions aside and restrict our attention to phenomen-
ological considerations.

In what follows we will. focus exclusively on the
effective-gluon (EG) model discussed above.
There are, however, other models which have
been considered, and we refer the reader to a
summary of these given in Ref. 9. Among the
most popular is the constituent-interchange mod-
el' (CIM) which has enjoyed a measure of success
in explaining the observed p, dependence of inclu-
sive cross sections. This is achieved in part by
allowing different subprocesses to contribute to
the production of mesons and baryons, and to the
production of the same observed particles in dif-
ferent kinematic regions. Since the CIM and BBK
mechanisms are qualitatively different, the CIM
cannot be combined coherently with the weak model
of Ref. 1, and so the CIM is not useful for our
purposes. In addition, the simplicity of a single
universal production mechanism is so appealing,
especially from a computational point of view',
that elaboration of the EG model is strongly sug-
gested for its own sake.

In Sec. II the EG model is described in detail,
and in Sec. III it is compared to experiment. It
will be shown that this model accounts for the de-
pendence of the inclusive cross sections on x~
= 2p, /Ws {where Ws= c.m. energy) as seen both at
the CERN ISR for pP scattering""" and at Fermi-
lab for p-nucleus scattering. " The fits are only
moderately sensitive to the value of the mass pa-
rameter B given in Eg. (1.4) with a. range B
= (16-24) GeV' giving the best fits to the results
of different experiments. The s dependence of the
cross sections, or equivalently the p, dependence
at constant x~, is also correctly represented with
the exception of the p and p s dependence extracted
from p-nucleus scattering at Fermilab. '

After this work was completed a letter by Hwa,
Speissbach, and Teper" appeared, in which a fit
similar to ours is presented for the inclusive pp

m' X CERN ISR data. Unlike the present paper,
which attempts to fit all the available data in a '

purely phenomenological way, these authors ob-
tain a zero-parameter fit to the pp- m'X data by
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modifying the naive BBK cross section to incor-
porate the Chanowitz-Drell' quark form factors.
The difference between their result, which cor-
responds to B= 50 GeV', and ours arises from the
fact that our value of B is chosen to give the best
overall fit to a substantially larger body of experi-
mental data.

II. CROSS-SECTION CALCULATION

A
X1

Ax2=

(p~ -pd'

(p~ -pr)'
(p, +p~)' s'

(2.I)

We present in this section the details of the EQ
model for the inclusive production of hadrons with
large transverse momenta. Our parton-model
treatment is similar to those given earlier by var-
ious authors. "'" Throughout this paper we will
assume that hadrons are described by the conven-
tional 3-quark model in which the quark-partons
are designated by u, d, and s, and we will use the
terms quark and parton interchangeably. As in the
elementary BBK model we assume that the pro-
duction mechanism proceeds via the following
steps, as shown in Fig. 1: The initial hadrons
fragment into quarks, which then scatter from each
other via some as yet unspecified mechanism. The
quarks then "decay" into the final hadrons, one of
which is the observed particle. The inclusive
cross section is then obtained by summing or inte-
grating over all possible quark-quark scattering
processes which can lead from a given initial state
to the same final state. Referring to the notation
of Fig. 1 we introduce the parton variables

do =f (x„x,;x„x,)6(x, +x, —l)dx, dx,

f (x$9x2fx])dx] (2.3)

where the functions f and f depend on the detailed
dynamics of the scattering process. It is con-
venient to introduce a second cross section dc%

defined by

do'(p„p„) = d(r(p„p, ) =f'(x„x,;x,)dx, . (2.4)

d& and d&' thus represent the parton-parton dif-
ferential cross sections in the t and u channels,
respectively. For the scattering of identical par-
tons we have

do'""=da+d(r'+f"(x x x )dx, , (2.5)

where f" arises from the interference between the
t-channel and u-channel contributions. The use
of Eqs. (2.3)—(2.5) will be demonstrated below.

Given the parton-parton differential cross sec-
tions, the invariant cross section for the produc-
tion of particle c can be written as follows:

and the corresponding variables for the observed
process,

(p~ —p,)' u

(2.2)
(p, p, )'-
(p~+ p&J s

In terms of these variables the differential cross
section for a parton-parton scattering such as
u(p, ) + d(p~) -u(p, ) + d(p, ) is given by

do' 1 dCT

d p~ %s dx1dx2

1 ' XX'
u, (x,)ur

' ' [f(x„x,;x, , x)G, r,(x)+f'(x„x,;x„x)Gri,(x)
les ' x.x-x,

~

g
t 1

dx -dx
+ 6,rG, i,(x)f"(x„x,;x;,x)] (2.6)

In Eq. (2.6) u, (s) is the probability that an incident
proton contains a parton of type i (i = u, d, s, u, d, s
for the usual quark model) which carries a fraction
z of the initial proton's 4-momentum. Similarly
G«,(x)lx is the probability that parton i will "de-
cay" into hadron c, with c carrying a fraction x of
the initial parton's 4-momentum. (We assume, of
course, that the energy is sufficiently high that
both the hadrons and the partons can be taken as
massless. ) The term proportional to f' is included
to take account of the fact that the observed hadron

can come from either of the scattered quarks,
while f" represents an additional contribution
which arises when the scattering quarks are iden-
tical.

In evaluating the invariant cross section using
Eq. (2.6) we have assumed that the scattered quark
appears as a valence quark of the observed parti-
cle. Thus, for example, in calculating the cross
section for pp-m'X, only the u and d contributions
to Z, &

are included. We have also ignored contri-
butions from quark-antiquark (q-q) annihilation
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processes, such as qq gluon-qq, since these
necessarily arise from the parton sea whose con-
tribution is small in the models we consider. " For
the distribution functions u&(s} we have used the
modified Kuti-Weisskopf"' (MKW) functions of
McElhaney and Tuan, "which are extracted from
the deep-inelastic electxoproduction data. For the
distribution functions 6«, we have taken the func-
tions defined by BBK,' and have assumed that the
same functional form characterizes the "decay" of
a parton into both strange and nonstrange mesons.
More specifically

G,.&,(z}= tc,.@[2(1—z}] (meson production),

(2.7a)

G,.&,(z) = z, ~, [5.78v W2(x) ] (baryon production},

(2.7b)

where vW2(s) is the usual deep-inelastic electro-
production structure function. The zj«are con-
stants which represent the fraction of the time that
parton i decays into hadron c. As defined above,
they satisfy the normalization condition

(2.8)

which follows from energy conservation in the par-
ton decay. '

Having specified the parton distribution functions

2
"sin'(8/2) cos2(5/2)

' (2.9)

In Eq. (2.9} &,=g'/4m, where g is the strong par-
ton-parton-gluon coupling constant, and 8 is the
c.m. scattering angle. Equation (2.9) is, of course,
the familiar expression for Mdller scattering, "
with n, replacing the usual fine-structure constant

The differential cross section for the scatter-
ing of nonidentical partons is then obtained from
the expression in Eq. (2.9) by dropping the second
and third terms in the square brackets. The EG mod-
el is obtained from (2.9) by multiplying each par-
ton-parton-gluon vertex by the function

(2.10)

where t = f or u is the appropriate momentum
transfer at the parton-parton-gluon vertex, and. B
is a constant. In the EG model, Eq. (2.9) is thus
replaced by

in Eq. (2.6) we turn to a discussion of the functions

f, f', and f", which describe the dynamics of the
parton-parton interaction. The starting point for
the EQ model is the differential cross section in
the center of momentum (c.m. ) for the scattering of
two identical massless spin-& partons, via the ex-
change of a massless vector gluon:

n, ' 1+cos'(8/2) 1+sin'(8/2)
dQ 24' sin'(8/2) cos'(8/2)

d Q 20 sin'(()/2) cos'(8/2) sin'(8/2) cos'(8/2)
(2.11)

Using the kinematic relations,

xi= 2(1+cos8) =xj/x)x~

x, = —,'(1 —cosI})= x2/x~X,

(2.12a)

(2.12b)

xq= x,x,/(x, x- x,), (2.12c)

it is a straightforward matter to express Eq. (2.11) in the form of Eq. (2.5), and to thereby extract the
functions f, f'. amd f". We find

22 o.,' (x,'x'+ x,') B'x'
(2.13a)

2xn, ' (x,x —x,) (2x,'x' —2x,xx, + x,') B'x'(x,x —x,)'
s x,.'x, 'x2 [Bx(x,x x,)+x,x2xp]"— (2.13b)

2gl22 2X B'x'(x,.x —x,)'
+1)+29 +j s xlx2 (Bx+ x2xp) [Bx(xp —x,) + x,x2x) s] '2 (2.13c)

To illustrate the use of Eqs. (2.6) and (2.13) under the assumptions we have made, we quote the expres-
sion for the invariant differential cross section for pp-~+X. Recalling that g' is composed of u and d va-
lence quarks, we have
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1

dx]' d'p, + gS .», /(, »,)

( j. XgXg
dx [u„(x,)»„~,.+ up(x, )»-,(,.] Q uq

' ' f(x„x,; x,(„x)
- «,+«, /»; ~ XP Xj

X~%2 t Xg X2 ~p /
+ u)(x)) u — —(» y

++ uj Kg)~+ f (xy& xp & xgy x)
XgX Xy) . X)X X]

~Xgt x,x, „2(1—x)
u (x()u Ic~~~++ug($& ud »pl~+

+1 X)X ~ X] X (X]X—Xy j

(2 .14)

Note that Eq. (2.14) is of the form

dg
Z.. . = n,' (»„1,.{u)+»;~,.{d))g d3p s 8

= a c„/ ~ '~

& &
'&g&]((+& + (d&&

=- n, '»,.({u)+ (d)),

where n,' has been factored out of the f 's, and

where {u) and {d) denote the ihtegrals containing
u„and u~, respectively in Eq. (2.14). We see from
Eq. (2.15) that if «„+.=—»«, + then the normalization

e,'z, , obtained from the fit to the p' data is just a
measure of e,'w„/, ». Moreover, since the d quark
occurs only in the parton sea, we expect that {d)
«{u), and hence the second term in square brackets
in (2.15) shouM be small' even if »„&, e»-„&,. We
are thus safe in using E,.da/d'p, .as a measure of
+,'K„/, +, and similarly for the other ~'s, where the
production of v', v, K', E", P, and P determine

s ~d/Ifo +s ~u/v & +s ~d/w y +s u/E+y ~+s & u/K
2 2+»„» ), n, »„„=n,»„„,and —,'n, (»-„@+»pg), re-2

spectively. The consistency of the EQ model can
then be tested by checking that the values of the
constants so obtained are the same irrespective of
which data are used to extract them. In addition to
the constants n, 'z„/, +, etc. , one can also determine
the ratios»„&, ,/»~«, using charge conjugation and

thereby determine whether their ratio is indeed

unity. We will return to discuss these constants in

greater detail below.
In calculating the p-nucleon cross sections which

correspond to those extracted from p-nucleus scat-
tering at Fermilab, "we have averaged the results
for +-cX and pn-cx, where c=~', ~', p, . . . , etc.
The quark distribution functions for the neutron
were obtained from those for the proton by using
pn isospin invariance. " Although this procedure
is by no means rigorous, it is not expected to in-
troduce any significant distortions into the com-
parison of theory and experiment.

We conclude this section by enumerating the pa-

rameters which characterize the EG model. The
dependence of E,do /d'P, on s and x„ for c =p, p,
g', g', and E', is determined by a single universal
constant 8, with the best fit being given by 8 = 18
GeV'. There is, in addition, a single normaliza-
tion constant for each c, namely ~, g, ,, . . . , etc. ,
which fixes the overall scale. Using the sum rule
of Eq. (2.8) and the values of the normalization con-
stants n, '~, +, . . . , we can solve for n, . The result,
which is derived in Sec. ID below, is

(2.16)

III. COMPARISON TO EXPERIMENT

Figures 2-16 show the results of our calculations
for the values of s and x, which have been measured
experimentally. The data for z' production are
taken from the CERN-Columbia-Rockefeller CERN-
ISR results of Hefs. 10 and 11. The data on
charged-particle production come from the British-
Scandanavian (BS) collaboration" "at the CERN-
ISR, and from the Chicago-Princeton (CP) collabo-
ration'4 at Fermilab. To check the consistency of
the EG model. we have evaluated the normalization
constants cv, .'~„/, , . . . , etc. , separately for each
value of s and 8, and the results are shown in Figs.
17 and 18. We see from these figures that the var-
ious determinations of these constants" give re-
sults which are in generally good agreement with
one another. It is interesting to note that, with the
exception of the baryon data from the Chicago-
Princeton collaboration, there are no systematic
variations of the normalization constants with s or
8. This suggests that the EG model is not overlook-
ing a significant contribution to the s or 8 depen-
dence of E,der/d P,.

Another check on the consistency of the model is
obtained by studying the sensitivity of the results
to the parameter B. If B is changed from 18 GeV'
to 20 GeV' the overall quality of the fit is not great-
ly affected, but the values of all the normalization
constants n, '»„&,,, . . . , are decreased by - 1.5%. The
ratios of the normabzation constants, however,
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FIG. 2. Invariant cross section versus x~=2P+vs
for pp ~ X at ISB laboratory scattering angle 0= 90'.
The experimental data are from Ref. 10, and the solid
curves are those obtained from the EQ model.

remain unchanged, which confirms the interpreta-
tion we have giventhemas fundamental parameters
of the theory. Evidently these ratios should also
be expected to be independent of s. That this is in-
deed the case is shown in Fig. 19, along with the
average values of the various ratios. It is seen
that the various determinations of the ratios of the
normalization constants are in very good agree-
ment with one another. Since these ratios 'are in-
dependent of B and, more importantly, of the nor-
malizations of the experimentally determined cross
sections, they are the best gauge of the consistency
of the EG model, and hence the agreement among
the various determinations of these ratios lends
support to the model.

I I I I I I

O. I 0.2
X~

FIG. 2. Invariant cross section versus x~= 2pJ~g
for pp m'X at ISH laboratory scattering angle 8= 89'.
The experimental data for Figs. 3-10 are from Hef. 12,
and the solid curves are those obtained from the EG
model.

By varying the parameter B we can also comyare
our results to those of Hwa et al."for the ~' data
of Ref. 10. %e find that their value B =50 GeV'
does indeed give an acceptable fit to the g' data,
but is not as good in describing all the data as is
our value B =18 Geg'.

From Fig. 19, and the assumption that the par-
ton functions G(x) are charge-conjugation invariant
(so that x«, =tc„,+), -we -find that a'«, ,/z„~„+—-1.53.
Using Eq. (2.15),alongwith the equivalent s equation
and charge-conjugation invariance, the ratio A„+
= z-„&,./a„&,.is related to the value of a, /g + emerg-
ing from our fit as follows:

[1-&d&,./((u&, +(d&, )](~,-/~, ) —[&u&,-/(«&, -+&u~.-)]
[1-(u&, /((d), +'(u&, )] —[(di, +/((u), ++ (d), +)](&,-/&, +)

(3.1)

(d), + (u),-

(u), ,+(d), +
' ' (d), +(u), -

=—0.08, —= 0.16, (3.2)

In Eq. (3.1) (u),.denotes the quantity (u) appearing
in the expression for E,Ag/d'P, + in Eq. (2.15), and
analogously for (u&, , etc. ',For the MKW" distri-
bution functions that we have used

J

and hence R,+=—1.V. In a similar manner we obtain
R».= zs(r, /It„)„,= 13 and R,~——g„(,./xur, = 5—.0. .

The above results for R, + and. R~+ are in agree-
ment with the conjecture, for which there is some
experimental evidence, "that the strange quark in
the kaon carries a much larger fraction of the kaon
momentum than does the nonstrange quark. This
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FIG. 5. Invariant cross section versus x~ for pp jr X
at 8=89 . Data are from Hef. 12.

conjecture is motivated by the assumption that the
strange quark is heavier than the nonstrange quark,
owing to SU(3}-symmetry breaking, and thus suggests
that the analogous effect for them and d quarks in the
pion, where SU(2) -breaking effects are small, should
be much less pronounced. The value of the ratio A,«
supports our general expectation that a nonstrange
quark should evolve more readily into a pion than
into a kaon. This notion is also borne out for bary-
ons by recently published data on inclusive A and
A production at large P,." This experiment indi-
cates that (at 90' in the c.m. ) the p and A inclusive
differential cross sections have roughly the same
shape, as do the p and 5 cross sections, but thatA
and A production is roughly four times smaller
than p and p production.

The ratio z&/z~ shown in Fig. 19 does not appear
to support our use of charge-conjugation invari-
ance, which would require that c~/z~ =—1.0. Here,
however, the situation is complicated by the fact
that the scattering of the valence quark of the in-
cident protons into the sea of the observed parti-
cles is likely to be much more important for bary-
ons than for mesons, because of the difference in
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FIQ. 6. Invariant cross section versus x~ for. pp —m X.
The notation is the same as that of Fig. 4, and the data
are from Ref. 12.
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FIG. 17. Meson normalization constants for the curves
of Figs. 2—16. The closed circles are calculated for the
data of the CP collaboration {Ref.14); the triangles,
squares, and diamonds are calculated for the data of the
BS collaboration {Bef.13) at ISB laboratory scattering
angles 8=89', 62.5", and 45, respectively; the open
circles are calculated for the data of the CCR collabora-
tion {Bef.10). The 7I. values have been corrected for
the more recent experimental normalization of Bef. 11.
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FIG. 18. Baryon normalization constants for the
curves of Figs. 2—16. For an explanation of the sym-
bols see Fig. 17.
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We turn next to consider the x, dependence (over
the range of ISH energies) of the exponent n defined
by
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FIG. 19. patios of the normalization constants given
in Figs. 1'7 and 18, along with their average values,
shown by the dotted lines. For an explanation of the
symbols see Fig. 17.

the respective expressions for G(z) in Eq. (2.7).
For example, inclusion of such a contribution with
G(z) ~ (1 —z)" and v.„,= v«~ bring's the ratio z~/z~
close to the desired value. A similar term added
to the expression for the E cross section changes
the overall lt normalization by only -5%, so that
the meson results are not significantly affected.
%e also note that our assumption that the hadrons
are effectively massless is likely to be much less
justified for baryons than for mesons for the values
of p, in the present experiments, and hence the
baryon results are somewhat more uncertain than
those for mesons.

An approximate value for n, can be obtained by
using the values for the ratios of the g's in conjunc-
tion with the sum rule of Eq. (2.8). To use Eq.
(2.8) we assume that the u quark decays princi-
pally into g', g', E', P, and n, and that the d quark
decays principally into p, p', K', p, and n. Tak-
ing the values of the ratios of the II."'s found from
the EG-model fit along with the additional assump-
tions that g„& —= 2&„&„and g„&,./g„&x. —= tc«, /g~&xo, we
find

In the na, ive parton model, . in which both the parton
and gluon are massless, g„(x,) and h„(x,) would be
dimensionless functions of the variable x,. It then
foLLows from naive dimensional arguments that n
must equal 4, a prediction which is not borne out
by experiment. The introduction of a mass pa-
rameter such as B makes it possible for g„(x,) and

k„(x,) to have dimensions, in which case n can as
sume values other than 4."The variation of n with

x, at ISR energies in the EG model is shown in Fig.
20 for m' and p production. The qualitative feature
of the model, that the baryon cross sections fall
more rapidly with increasing s at fixed x, than do
the meson cross sections, is seen experiment-
ally. ""' Quantitatively, the values of n(x, ) at fixed
s agree in genera& with those obtained for x, & 0.3
by both the BS"-,and CP'~ groups. %e note from
Eqs. (2.13) and (2.14) that the largest value of n
that can arise in the KG model is n= 12, and hence
this model does not account for the values x&12
which are observed at 'Fermilab" in proton pro-
duction at x, &0.3. However, the x, dependence of
this data. at consta. nt s is adequately described by
the EG model for large x,. It is possible that the
discrepancy between the prediction of the EG model
and experiment could arise from the procedure for
extracting the p-nucleon cross sections from the
p-nucleus data. This possibility could be explored

12

10

0.2 g„(,, —0.3

0.3» K„(, » 0.4.

(3 3) 0.1

I I I I i I I

0.2 0.3 0.4 0.5 0.6 0.7 0.8

2.8» e, » 3.5. (3 4)

Combining these with the average values (u,'a„&,,)
= 2.4 and (n,"x«, ) =—3.5 from Fig. 17 gives

FIG. 20. EG-model values of rg versus x~ for p and
m' extracted for the energy range 800 GeV2~ s ~4000
GeV2. 'this corresponds to the parametrization of the
cross section in the form E~dcr/d~p~= (p~)""g„(x~).
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by measuring the pp cross section directly for x,)0.3, or by studying the dependence of the cross
section on nucleon number at various energies in
p-nucleus scattering.

The EG model can also be used to analyze jet
production in high-energy collisions. 2 ' ' Using the
same notation qs in Eg. (2.6) the inclusive jet cross
section is given by

E ~ =—Q u,.(x,)uji —[f(x„x,;x, ,x=1)+f'(x„x.,; x„x=1}+&;j"(x„x,;x,-,x=1)]—'—
d3p ~s t 4 g ~ ~ 1$ 2y gy if 2t

Xg Xi
(3.6)

The jet cross section for several values of s is
shown in Fig. 21. Since the parton decay functions
G«, (z) do not appear in Eq. (2.6), the jet cross sec-
tion does not depend on the unknown constants Kpy, .
The jet cross section is thus directly proportiona1.
to the parton-parton-gluon coupling constant 0t.,
(which is buried in the functions f, f', and f"'} and
so can be used to determine n, directly. H jet
cross sections of the general form predicted here
are observed, it may be possible to use the experi-
mental results to improve upon the quark-quark
cross section and, in turn, to obtain. more detailed
information about the parton decay functions G«, (a).

IV. CONCLUSIONS

We have shown that a modification of the quark-
quark scattering model of Hefs. 6 and 7 leads to a
simple model of inclusive meson and baryon pro-
duction in good agreement with the data. The ef-
fective-gluon (EG) model so obtained is character-
ized by a single universal constant B= 18 GeV',
which accounts for the s, x» and 9 dependence of
all the measured inclusive differential cross sec-
tions. The curves of Figs. 2-16, which were gen-
erated for the case where all v's involved in the
production of a single particle are equal, require
an additional seven normalization constants to fix
the overall scale. The resulting fit is good to
roughly 6-20% per data point over 10 orders of
magnitude for Edo/d p. The one exception comes
for the K curves, where the fit is good to 40%
per data point. More significantly there are no
systematic discrepancies between the data and the
EG model. We note that the best fit wa, s obtained
with the functional form for F(g) as given in Eq.
(2.10), with other forms (such as exponential and
dipole} unable to simultaneously reproduce all fea-
tures of the data.

The EG model was motivated, as noted previous-
ly, by our desire to construct an analytic expres-
sion for the strong parton-parton scattering am-
plitude which could be combined coherently with the
weak amplitude of Ref. 1. We thus conclude by
giving the complete quark-quark scattering ampli-
tude w obtained by combining the EG amplitude and
the weak model of Ref. 1, assuming maximal con-
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FIG. 21. Invariant cross section (divided by & 2) for
the production of particle jets in the EG model at 8, m
= 90'.
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structive interference for illustrative purposes:

Tg+ ~&

= 4vn, t '(1 —&I&) '(q, r,q;)(q,r,q,).
-& '™w'—t} '[

qg r~( I+r.)q)][qp), (I+r,)q, ].
(4.1)

In Eq. (4.1}q, , q&, q„, and q, are the parton spin-
ors, g is the weak coupling constant, and nz~ is
the mass of the hypothetical 8' boson.

In writing Eg. (4.1) we have assumed that F'(t )
= (1 —t/J3) ' represents an effective modification of
the strong interaction amplitude and hence should
not appear in the expression for the weak contri-
bution. It is possible, however, that F'(f) repre
sents a parton form factor, as we have discussed
earlier, in which case the factor (1 —t/B) ' should
appear in both terms in Eq. (4.1). It is interesting
that one may be able to distinguish between these
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two interpretations of the strong amplitude in (4.1)
by examining the ~ca& effects expected on the basis
of each assumption: If F'(j') represents a parton
form factor, then its inclusion in the second term
in Etl. (4.1) will reduce the size of the weak effects
relative to what would be expected if this term is
omitted. A preliminary discussion of this point has
been given elsewhere, "and calculations along this
j.ine are presently under way.

Note added in manuscrijt. (1) After submitting

this manuscript we learned of a revision in the data
of Cronin et a/. , Ref. jI.4. A preliminary analysis
of the new data" indicates an improved agreement
between the present model and experiment. A de-
tailed comparison of the new data with the present
theory will be given elsewhere. (2) A phenomeno-
logical hard-scattering parton model similar to
ours has been published recently by Field and
Feynman. " (3) A brief discussion of the EG mod-
el is given in Ref. 28.
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