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Relations between cross sections for producing hadrons pairs with large transverse- momenta are presented.
They follow from the isospin and charge-conjugation properties of the elastic quark-quark scattering model.
These relations are independent ‘of any specific parametrization for the quark-distribution 'and quark-
fragmentation functions and of any specific form for the hard-scattering cross section.

In the recent past, experimental evidence? has
become available, which indicates that particles
with large transverse momentum to the beam di-
rection in hadron-hadron collisions are produced
from a basic two-body hard-collision mechanism.?
The quantum-number structure of this hard-col-
lision mechanism is still not completely clear.
The mechanism may, e.g., be due to elastic quark-
quark scattering®5 or to the interchange of quark
constituents.® It is the purpose of this article to
present a number of linear reiations which test
certain basic assumptions of the quark-quark elas-
tic-scattering model. These relations concern in-
clusive cross sections A+B~C+ D+ ---, where
C and D have large and opposite transverse mo-
menta. They follow from the isospin and charge-
conjugation properties of the model and from the
absence of the exchange of flavor quantum numbers
in the basic interaction. They are independent of
any specific parametrization of the quark-distri-
bution functions, the quark-fragmentation func-
tions, and of the chosen form for the quark-quark
elastic cross section. They are also independent
of the transverse-momentum spread of the partons
in the hadrons and of the transverse-momentum
spread in the outgoing jets. Still, we must of
course be in the validity domain of the hard-scat-
tering model. We choose therefore to work mainly
with the configuration in Fig. 1 for which the ar-
guments given below are expected to be valid for
particles with transverse momenta larger than
2 GeV/c. In this case, the main contributions to
the correlations come from subprocesses having
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FIG. 1. Kinematical configuration of correlations
discussed in text.
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large § and f even if the transverse momentum of
the partons is appreciable. Deviations from the
relations proposed in this paper can therefore be
traced back immediately to the basic structure of
the elastic quark-quark scattering model. They
could, for example, show that in the basic inter-
action there is an exchange of flavor quantum
numbers or indicate substantial amounts of inter-
ference between identical partons (such terms
have not been taken into account in previous ap-
plications of the model®®). -

The relations we present are, in general, not
valid in the constituent-interchange model® or in
the quark-fusion model.” This is due to the fact
that some of the constituents considered there have
isospin 1 and, furthermore, an exchange of quan-
tum numbers in the ¢ channel occurs.

In the general hard-scattering model the relevant
correlations

dso

are given by integrals, over the constituent mo-
menta, of the following expression:

dotr+ie ek’
Z f:l(xwku‘)ffz(xz’kz?‘) - =
Rys ko d
Ry k!
XDf(z,kT)DD, (z’,h%), (1)

where f;f(x) is the momentum distribution for a-
consitituent of type % in hadron A whereas D¢(z,h,)
is the fragmentation function for constituent 2

into hadron C. k; is the transverse momentum of

FIG. 2. Constituent-constituent collision relevant
for the description of the discussed correiations.
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constituent £ with respect to the beam axis while
h, is the transverse momentum of hadron C with
respect to the jet axis & (see Fig. 2). The nota-
tions correspond to those presented in Ref. 4.
We now assume explicitly that the constituent-
constituent scattering amplitude is flavor inde-
pendent (it turns out that this assumption is un-

gg(%:fﬁ(xukwﬂ)g(z:hr)><;ffg(xz;sz)sz(z"h;‘)) d*<sz1(xukw

The first (second) term denotes the scattering of
constituent &, (see Fig. 2) into 2(k’) and k, into
k'(k). Note that in (2) we have disregarded the
interference term to which we will come later.
Field and Feynman® noted that neglecting the in-
terference terms one has o(m*p—+a°++++)=0o(np
-7%++-.). Experimental results® on 7° produc-
tion with pion beams suggest that this is the case
within error bars.

We will now simplify notations by defining a func-
tion F(A —C) in the following way:

FA=C)=0_ Fx,kp)DC(z,hy), (3)
kR

where the sum runs, as usual, over all possible
types of constituents. In the framework of the
elastic quark-quark scattering model we will re-
strict this sum to quark constituents, thus ex-
plicitly excluding diquark states and quark-anti-
quark states. Processes involving gluons (e.g.,
qG ~¢G) may, however, be included. This is the
second of our basic assumptions.

By using the isospin and charge-conjugation pro-
perties of the quark-distribution and quark-frag-
mentation functions one can derive the following
relations for the functions F defined in (3):

F(p=n)=F(n=1)=F(p~1), (4a)
F(p—=1)=F(n—1")=F(p—~1), (4b)
F(p=-K*)=F(n~K°)=F(p~K"), (4c)
F(a*=g7)=F(1" -1, (4d)
ete. ... . o

From the symmetry properties of the functions F

we deduce immediately from (2): ‘
do(pp ="+« o) =do(pn—mrut+ eee). (5)

This relation depends only on the isospin and
charge-conjugation properties of the model and is
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necessary when comparing pp collisions with pr
collisions), and that there is no flavor-quantum-
number exchange in the ¢ channel. Within the
framework of hard-collision models these are
the first basic assumptions we make. Expression
(1) can then be written as ’

)(Zf (o) cz(z,hT)>.

(2)

not restricted to the symmetric configuration of
Fig. 1. Similarly, with the same degree of valid-
ity one has

do(pn —~m*n"+ « o o) =do(pp =T+ * ) (6a)
do(pn—-n*yr°+---)=do(pp——nn + o), (6b)
do(pn ~7°m°+ "')-‘-dO(PP-’?T TO4 e o)

=do(pp =100+ + o), (6c)

do(mp =110+« « ) +do(mp—-amm0+ ")

=do(mp -0+ <+ )+ do(mp ~ 110+ o+ +), (6d)

ete.

Many other relations can be written but involve
several charge combinations, however, for the
symmetric configuration at 90° they simplify

considerably; so, e.g., in general the relation

do(pn =11+ +o ) +do(pn -1+« +)

=do(pp~mn"+ <+ ) +do(pp "+ <+ +) (T)

becomes
do(pn~m'a"+ e )=do(pp—mm+eer)  (8)

(the index s should simply remind us of the sym-
metry of the configuration). It should be clear to
the reader that a relation like (8) is not expected
to be true in, e.g., the quark-fusion model” where
the basic hard-collision process is the fusion of a
quark-antiquark pair in a pair of mesons (g7 -~ MM)
since then opposite-charge correlations are ex-
pected to be much bigger than like-charge cor-
relations. Within the framework of the elastic’
quark-quark scattering model deviations from re-
lations (5)-(8) are only expected to arise from
interference terms, present when two identical
quarks scatter off each other. These relations
could therefore play an important role in’ getting
further information on the magnitude and sign of
the interference terms.
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We have, furthermore,

do(pn—1n"+ ) =4[do (pp =T 4+ )
+do(pp=mnT+ -0 0)],
(9a)
do(pn—m1+ -« )=3do(pp 110+ - )
+do(pp =m0+ -+)].
' (9b)

From these relations follows that for proton-in-

duced reactions on any isoscalar nuclear target N:

do(pN =71+ +*)=3[do (pN —m+m++ +  +)
+do (PN —771"+ «++)].
(10)

For correlations involving kaons, one has

do, (pp—K*n"++++)=3[do (pp ~K*1*++++)
+dos(pp-K'7T'+...)]’
(11a)
d"s(i’f-‘K*n"+ .. ')=%[dGS(Pp~K'7r‘+ cely
+do(pp~K 1+ )],
(11b)
do(pp—~K*K*++++)=do (pp—=K*K "+ +++),
(11e)
Ao (pp~K K +-++)=}[do(pp~ K K* + - )
+dos(j)p-K'K'+---)],
(11d)
do(pn—K*n"+ -+ )=3[do(pp~K m*++++)
+do(pp~K°n™+ - +)],
(11e)
défs(pn-»K*er- o) =gldo(pp~K*n+ )
+do(pp~ Ko+ ),
(11£)
do(pn—K n*++++)=3[do (pp~K ™1 +-+*)

+do,(pp~Row+-o0)],

_ (11g)
do(pn—~K 1+« )=3[do(pp =K 1"+ ++)
| +doy(pp~Rom+ -+ )],
(11h)

do(pn—K*K™+ --‘-)=%[dcs(pj>—-K"K°+ o)
+do(pp=K°K™+++)],
(11i)
ete.

Combining relations (11e), (11h) and (11f), (11g)

it is possible to obtain relations for K. Relations
involving 7° can be obtained in a similar way. For
the symmetric correlations in pp collisions a hier-
archy for the production of pairs of different me-
sons is expected to hold. It appears, from
lepton-hadron data, that “favored” fragmentation
functions, like, e.g., Df(z), are larger than “dis-
favored” fragmentation functions, like, e.g.,
D™*(z). We expect therefore that F(p—7*) will

be larger than F(p —7") and, similarly F(p—~K*)
>F(p—~K~), so that for the. correlations in pp col-
lisions we expect

Tt >t >,
TK*> 1TK*> 1TK", - (12)
K*'K*>K*K™>KK". -
For isoscal;;.r nuclear targets we expect the same
hierarchy to hold (barring effects from anomalous

nuclear enhancements).
In the case of pion beams we obtain

do(np—~mn"+ ) =5[do(mp—n"m"+ ")
+do(mp—mrmr+ )],
(13a)
dos(w"p Tt e s) = %[dos(ﬂfp — T )
' +do (np~ T+ . --.)],
(13b)
etc. ‘
For kaon beams similar relations can be obtained,
eg.,
dds(K‘jt)»n*ﬂ°+ cen)=3ldo (K p—mmr+ eev)
+do (Kp—=m"m"+++)].
| (14)

The virtue of relations (5)~(14) is that they are
independent of any specific parametrization of

the quark-distribution and quark-fragmentation
functions, of the specific form chosen for the
hard-scattering cross section, of the transverse
momentum of partons in hadrons and of the trans-
verse momentum of the outgoing hadrons with re-
spect to the jet axis. Deviations from these rela-
tions are thus expected to arise only from inter-



ference terms or from a breakdown of the model.
In the former case we expect a systematic pattern
of deviations which can be checked. We believe
therefore that experimental tests of these relations
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will give us direct information on some of the basic
assumptions made in the theoretical description

of the production of large-transverse-momentum
particles.
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