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We discuss the production of massive wji pairs in pp collisions at high energy using the
pion-exchange multiperipheral model. The reaction is assumed to proceed through the sequence
(virtual 7*77) = 4 —>uji, with a pion form factor included at the first stage. We present both numerical
results for various cross sections of interest and some general results following from a Regge expansion.
In particular, we find a scaling law for d o/d q? easily distinguishable from the parton-model analog.
The numerical results are in rough agreement with presently available data, and we conclude that the
bulk of muon-pair production can be attributed to familiar hadronic mechanisms.

1. INTRODUCTION

An understanding of the production of lepton
pairs in hadronic collisions must be an important
facet in the study of photon-hadron interactions.
It has been shown that the parton model leads to
specific predictions for the cross sections in
terms of deep-inelastic scattering.’”3 However,
recent analyses have indicated a serious dis-
crepancy between the model*~" and the data.®:®
One’s thoughts then turn naturally to alternative
explanations, particularly those involving familiar
strong-interaction concepts, and in this paper we
use the pion-exchange multiperipheral model®® to
study w -pair production.*!

Explicitly, our model is the following: We as-
sume that u pairs occur as the decay products of
a massive virtual photon which can appear along
with the usual systems of hadrons that are pro-
duced in a multiperipheral chain. The amplitude
is depicted in Fig. 1, and if we square, integrate
over the phase space of the other hadrons, and
sum over all possible produced particles besides
the u pair, we obtain the inclusive cross section
of Fig. 2. The ingredients which enter into the
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FIG. 1. Multiperipheral model of the u-pair ampli-
tude.

P

calculation of the p-pair cross section are then
the off-shell mp absorptive parts, the pion pro-
pagator, and the pion electromagnetic form factor.

This model was first studied by Subbarao!?; how-
ever, he did not attempt to compare the results to
experiment. Some numerical calculations, using
a different method but essentially the same physi-
cal assumptions as the present calculation, have
been given by Thacker,® but we disagree with
some of the details of this reference.

There are several inherent approximations in-
volved in our procedure. First, it is known that
a multiperipheral model based on pion exchange
alone is unrealistic in that the low-energy nm
cross sections (which are iterated to build the
high-energy cross section) are too small, and the
resulting Regge poles are much too low.!* Second,
some form for the off-shell extrapolation of the
mp absorptive parts and the nmy vertex must be
chosen. We deal with both difficulties by con-
structing an analogous model for pion production
via p-meson decay. That is, we replace the
nm—~y -~ Ul vertices in Fig. 2 by the corresponding
quantities for 77 —-p =77, shown in Fig. 3, and
adjust the over-all normalization and off-shell

FIG. 2. The p-pair inclusive cross section. The blobs
labeled A denote off-shell 7-p absorptive parts.
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FIG. 3. Model for the pion inclusive cross section via
p decay.

dependence to agree with the pion transverse
momentum distribution at E,,, =300 GeV. Then,
with the same normalization and off-shell depen-
dence, we compute the u-pair cross section. This
in effect assumes that high-energy hadronic cross
sections are built from multiperipheral “ pionlike”
processes and, in this way, the successful pre-
dictions of multiperipheral models are retained.

An additional source of uncertainty is that the
pion form factor is not known for large values of
q*® (photon mass squared) and we will assume the
standard asymptotic behavior: F_(¢%)~1/q¢%.
Lastly, we will be neglecting photon emission
from virtual nucleon (or baryon) lines, as in Fig.
4, mainly because nothing is known about the
form factors of off-shell nucleons. As noted by
Subbarao,'? this process could be an important
ingredient of the p-pair cross section at lower
energies and in the fragmentation regions of the
incident particles. One hopes that the couplings
of far-off-shell nucleons are suppressed, and in
any case the fact that the form factor of the nu-
cleon falls faster with ¢ than that of the pion will
reduce its contribution. In view of these approxi-
mations one could not expect the result of the cal-
culation to be very accurate, but it should be cor-
rect at least in order of magnitude, and the model
is such an obvious candidate that it deserves a
test.

Recent experiments'® have established the exis-
tence of new, massive particles which couple to the
p-pair channel. This phenomenon has not been in-
cluded in the present calculation largely because
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FIG. 4. u-pair emission from a virtual nucleon (ne-
glected in this paper).

the actual cross section for the new particles is
small, so their effect can be omitted without
damage to the main intent of this paper. In any
case the large masses of the new particles (~3-4
GeV) correspond to values of Q* where the physi-
cal basis of the model is uncertain and the pion
form factor is not well known.

In Sec. II we discuss kinematics and the specific
parametrizations used, and derive formulas for
assorted u-pair cross sections. Section III pre-
sents the Mueller-Regge expansions appropriate
to the problem, and derives, using a rather gene-
ral argument, the scaling law

I

> =51:[F,r(q’)FG(S/q2) )

l
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This differs from the parton-model result by the
factor F,%. In Sec. IV we compare the model to
existing data and present its predictions for other
experiments. For reasons discussed below, the
theoretical results are obtained by numerical in-
tegration rather than via the Regge expansion.

The results of the calculation are in rather good
agreement with experiment for low and moderate
values of photon mass and transverse momentum,
where the model is most reliable and where most
of the direct muon production occurs. In view of
the approximations made the detailed numerical
agreement is perhaps fortuitous, but we believe
we have shown that the bulk of muon-pair produc-
tion in pp collisions can be understood in terms of
familiar hadronic processes.

II. KINEMATICS

We begin the analysis by deriving expressions for pu-pair cross sections suitable for numerical integra-
tion. Consider a typical u-pair event in which n+m additional particles are produced, and with momenta
labeled as in Fig. 5. The corresponding cross section is

N 2(8, my2, m 2O s i = 52T 0X Dy 4D, =P 4 =D = T k= T R [ ki TT @i 1 Treme |, 1)

where we use the abbreviations
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Ax,y,2)=22+y2+22 = 2(xy +y2 +2x)
and

dk=dk/[(27)2E] . @)
By assumption, the amplitude T takes the form

1
Tn+m+llﬁ'= Tﬂ'b -*n(plv Q@1 ki)Q 2 [Qz M(Qli Qz).a(p -)Yuv(pi-ﬂ szz_i—z T‘np - m(sz Q2 kil) ’ 3)

mﬂ'
where the momenta @, are shown in Fig. 5 and I'; is the 77y vertex function
T'u(@), Q) =(Q, - @)uF +(Q%) . )
We insert Eq. (3) into Eq. (1) and sum over n and m; this gives the inclusive pu-pair cross section as

AY2(s,m,2, m,2)do = (2%)464@ +Q, +Q,)d'Q d'Q, d*Q,

XAy Py Q) GT 7P L@ 0 @) gz A P €2) ®)
where we have introduced the (off-shell) 7p absorptive part
Ao @)= T [renro(o,+0 - 2 k) [T akiT,, -l ®)
and the lepton kernel
L@, Qu €)= 57 T2(@u QT @1, @2) [ dpodp %0, +p. ~QTrl(p4m )y (B = m, "] (1)
Performing the trace and integration in Eq. (7) and neglecting terms of order m ,2/@%,
L@ €)% L@, @ @) - pmys (@) 2 ET 85D ®)

If we introduce into Eq. (5) the quantity
= f d*K, d'K,ds,ds,5*(K, +p, - @,)64(K, + P, - Q,)0(K,? — 5,)6(K? — s,)
and integrate over @, and Qz, we find
AL/2(s, my2, m,2)do = Z fds ds, {d"Q @K d*K,0(K? —5,)0(K,2 —5,)0%(p, +p,- K, -K, - Q)

1
xAnp(pp K1‘p1)Z't—2)2 L(Q tlyt ) 1 )2 "(Pg, Kz"pz)} ,
1

©)

where ¢, ,=(p,,, - K, ,)*. We have at this point inserted a normalization constant Z which, as described in
the Introduction, will be chosen to agree with pion inclusive data. Note that Eq. (9) is really a sum of two
terms involving either A +,(p,, K; = p,)A 1=, (b5, K, — pp) or Ay (py, Ky = p))Ar+,(D,, K, — p,). The advant-
age of this expression is that it takes the form of an integral over s, and s, of a quasi-three-body phase-
space integral, for which there exist standard numerical integration routines.

As discussed in the Introduction, we will fix the normalization by computing the transverse momentum
distribution of pions, as produced by p decay. This is accomplished by replacing the lepton kernel
L(Q, @,, @,) by a corresponding p kernel

R@ 9., 9Q,)= fdpa Ap, 6P +0s- QArsl? (10)

where p, and p, are the momenta of the produced pions and
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mp? —4m,

102+ pm,

(11)

When comparing the model to extant Fermilab data,® which are in the form of a single-u cross section,
a modified formula is required. If in the preceding development we isolate the u* phase-space element

while integrating over the p~ momentum we find

do 21
AL/2(s, m,2, mﬁz)ﬂ :(LIZ(!T)E’Q—Z[F’T(QZ)]Z

1

1

X ( Anp(pu K1 - pl) (t1 _mﬂz)z (tz -

mWZ)ZAﬂp(pz, K2 - pz)

X[Z(Ql _Qz) 'P-(Ql "Qz) ¢ P+ - (Q1 —Qz Z%Qzl
X64p_+ K, +K, = b, —by+p o )ds,ds,d*K,d*K,5(K,? - $,)6(K,2 - ,)d* _6(p % —m,?).

This is again an integration over 3-body phase
space, which is performed numerically.

Finally, we describe the off-shell extrapolation
used. Our choice is (loosely) motivated by the
behavior of the multiperipheral model itself. It
is known!® that if the low-energy multiperipheral
kernel is assumed to have no off-shell dependence,
then in a limit where first the energy (s) becomes
large and then an external mass (#) becomes large
and spacelike, but with s> |«|, an off-shell for-
ward absorptive part A(s; «) has the behavior

—a-
Als; u)-vs"‘(l—ug) 1 , (13)
m

where « is the leading Regge pole and m is the
produced mass associated with the kernel. In the
present situation, the kinematic requirements for
Eq. (13) are not always met, the subenergies in
A, are usually not large enough for a single-term
Regge expansion to suffice, and a range of values
for m is called for. Furthermore, there is no
reason for the kernel itself to have no off-shell
dependence. We then allow some latitude by writ-
ing

«O\ % /12 - 2\ajtn
Ar(p, Q)= Z y‘<psoQ> (n;;z"’—}zg ) , (14)

where s,=1 GeV?, 7; and a, are chosen to fit the
on-shell absorptive part, and we experiment with
different values of m2 and » to reproduce the ob-
served pion transverse momentum distribution.
The normalization factor Z in Eq. (9) will depend
on the particular off-shell extrapolation chosen
and should properly be written Z(n, m).

III. THE SCALING LAW AND REGGE EXPANSION

A multiperipheral model naturally leads to a
Regge expansion of an inclusive cross section and,

(12)

in the present case, to a scaling law for do/dg®.
While we will not make direct use of these in com-
paring the model with data, the Regge expansion
may be useful in the analysis of future experiments,
and the scaling law provides an interesting con-
trast to the parton-model result.!~3

The essential ingredient used in this section is
the O(3, 1) symmetry and corresponding partial
diagonalization of the pion-exchange model. We
define a partial-wave amplitude as’®

AQ;uv)= [ dseMIEERIA(S uv),  (15)

where A(s; u, v) is a forward two-body absorptive
part with external squared masses « and v, and

S—u-v
coshé(s, u, v) :2_(14;)1_,% . (16)

A(; u,v), as well as forward n-body amplitudes,
can be expressed in terms of the 77 partial-wave
amplitude as the solution of an integral equation
with respect to momentum transfer. In particular,
the contribution of y -pair production to A(\; «, v)
enters only through the transform (15) of its con-
tribution to the 77 forward absorptive part, i.e.,

p (k") p_(p)
ki ks kn ki K% k'm
b Q (7) °0e
Y
Q, (7 Q, ()
P p

| 2

FIG. 5. Kinematics of the u-pair amplitude.
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through the factor
LOG 4, v)= f AQPe ™M@ LY (@2 y, 1),  (17)

where L(Q? «, v) was defined in Eqs. (7) and (8)
above. We assume the peripherality of pion ex-
changes, so that typical momentum transfers en-
tering into the multiperipheral chain are bounded,
and thus for sufficiently large @2

2
~1,60Q2,u,) @
coshf(Q?, u, v)= ze s ¥ ~2_(uv_)‘/?
The numerical results described below indicate

that this approximation is reasonably accurate
for @22 3 GeV?. This means

HQPF@),
(18)

J

L u, v)= c(uv)()‘”)/zf dQ?[F

do

xXdQ 6(Q? -qz)L(Qz, Q12v sz) (

where ¢ is a numerical constant.

It is convenient to extract particular values of
@? from the partial-wave projected equations by
the device of functional differentiation with re-
spect to the pion form factor. We shall later need
the result

GL()\;uy v) o« 2Y( 2\ =\ -1
SF.) F (@) (q%) , (19)

where the proportionality is up to factors indepen-
dent of ¢2.

We first consider the scaling law. The idea of
the derivation is that do/dg® is essentially an aver-
age multiplicity, and can be computed by differ-
entiating the total cross section with respect to
the “coupling constant.”'® From Eq. (5) it is easy
to show that

1

prd —— =A"V3(s, m2, m, )(277)4 fd4Q1d“Q264(Q+Q1 +Q2)A,(hy, @) QE-m ¢

1
WAM(% Q) . (20)

We can express this in terms of the total cross section as

do

T ) g

«q®

(21)

The total cross section, in turn, is related to the partial-wave amplitude through the inverse transform

of Eq. (15):

ctio gy e()\+1)9(s.m,2 mp2)

o
©C X2 (s m 2, m,?) _[ iw 27 2m 2sinh6(s, m,2, m,?)

where Re(c) is to the right of the singularities of
A. Now the only dependence on the pion form fac-
tor occurs through the functional dependence of

A on L(X\; u,v). Thus, from Eq. (19),

6A()\ m m 2) SA(N; my2, m,2) 6L(X; u, v)
fd“d” SL0Ga D) OF. @)
=F, (@)@ g, (1) . (23)

If we combine Egs. (21)-(23), and assume s>»m,?,
we have

do _1 2)J2 c_‘”d_"<i>)\-l ™
iz ¢ [F@?)] i_iw 271 \ g2 &N (24)
Here g, and g, are functions of A but not of s or

q*, so

f;—fl;[ @)F G(s/q?) . (25)

Q

Ax;mp?,myp?) (22)

In a model involving Regge poles alone we can be
more explicit. Because of the differentiation in
Eq. (23), g;(x) will contain dipoles as well as
poles in A, which leads to

G(s/q2)=; (;;)a-l (YGIn‘%+Y&> . (26)

A special case of this result was first derived by
Subbarao.!?

A multiperipheral model of course gives a Regge
expansion for the inclusive (differential) virtual-
photon cross section. This is not overly useful
at present (low) energies and for very massive
photons because nonleading singularities are like-
ly to dominate, but if yu -pair experiments are per-
formed at higher energies a Regge expansion may
provide a useful parametrization. Except for the
@? dependence of the photon coupling, which enters
through Eq. (17), this problem has been treated
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before!” ' and we merely state the results.
For a virtual photon in the fragmentation region
we have in the limit s =, s/Q*=

d 1 a=1 2 2
(27)

where a =a(0) is a trajectory intercept and 7, a
(factorized) residue function, with @, and @, mea-
sured in the rest frame of the fragmenting par-
ticle. Similarly, for the pionization region in the
limit s, =(p, +Q) ==, s,=(p,+Q)*~=, and s;/@*
- we find

do 1
'Q Q%

2 @) @) () e

Given a specific multiperipheral model one can
explicitly determine the poles and residue func-
tions 7, and 7,,, but the latter turns out to take
the form of an infinite sum which converges slow-
ly, and is therefore not useful for numerical cal-
culation.

[Fq(@)F

IV. COMPARISON WITH EXPERIMENT

The existing data on p-pair production in pp col-
lisions consist of detailed distributions with re-
spect to virtual photon mass and momentum at
Brookhaven® and single-muon cross sections at
Fermilab.® More detailed results both at Fermi-
lab and at the CERN ISR are expected soon. We
will compare the model to the Brookhaven and
Fermilab experiments separately, and also make
predictions for the other experiments.

First, we describe the parametrization of the
amplitude and the off-shell extrapolation. For on-
shell mp absorptive parts [see Eq. (14)] we assume
a,=1and r,=22.5 mbGeV?, corresponding to as-
ymptotically constant n*p cross sections of 22.5
mb. The low-energy part is interpolated smoothly
for m*p by r,=50.5 mbGeV? and @,=-0.06, and for
77p by 7,=29.9 mbGeV? and a,=0.33."° A possible
asymptotic increase in mp cross sections would
have a negligible effect on the results. The param-
eters m and » in Eq. (14) are found by requiring the
model to yield the shape of pion transverse momen-
tum distributions observed at Fermilab,?° and a
convenient choice is n=2 and m =1 GeV. The nor-
malization of the pion inclusive data is then ob-
tained by choosing the normalization constant Z
=90 [see Eq. (9)]. The fit is shown in Fig. 6, where
the p° distribution has been included for reference.
The damping in the p° distribution is significantly
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weaker than in the 7* damping for kinematical rea-
sons: The decay pions must share the p momentum
and have the angular distribution appropriate to a

J =1 resonance.?!

The value of Z depends very strongly on the
choice of off-shell extrapolation; for example, for
the choices n=1 and m? =3 GeV? we would have Z
=5. Similar results on the normalization of cross
sections in a pion-exchange multiperipheral model
have been found by Tan and Tow.?> They conclude
that a literal pion-exchange model is necessarily
unrealistic. We, instead, take the point of view
that for the purpose of our calculation the choice
of Z is a phenomenological way of including the
effect of all possible exchanges leading to pion
production. The reason we discuss pion exchange
at all is to estimate the coupling of virtual photons
to the exchanged hadronic systems. The assertion
of this paper is that a multiperipheral model which
accounts for hadronic multiparticle production ac-
counts for most direct leptons as well.

Note that we have fixed the parameters of the
model by reproducing the pion transverse momen-
tum distribution for p, between 1 and 8 GeV/c,
and have thereby asserted that all such pions orig-
inate from p meson decay. The experimental situ-

T T T T

p+W—=>m7"+X

10°%¢ Elgp = 300 Gev A
90°cm.
-28
1072°F .
—
3 100t -
~
£
-~ -32
[ — |O \\P° =
rﬂQ ~
J -
B 1074 -
o
w 1’__
IO‘BG_ i
$
10738 .
10740 1 1 ] 1
0 2 4 6 8

P, (Gev/c)

FIG. 6. Pion transverse momentum distribution. The
data are from Ref. 20. The curves indicate the fitted
pion distribution (solid) and the corresponding p distribu-
tion (dashed).
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ation is not completely clear on this point, but the
Brookhaven data of Gordon et al.>® do exhibit the
crossover at p, ~1 GeV/c predicted in Fig. 6. The
same data also indicate that the p transverse mo-
mentum distribution is much broader than that of
the pion, consistent with our remarks above.

The comparison to the Brookhaven-Columbia
muon-pair experiment® is shown in Figs. 7-10.
The numerical calculations make no kinematic ap-
proximations, and should therefore correctly rep-
resent any phase-space threshold effect. The cal-
culation also includes the effects of the experimen-
tal aperture (only p pairs with laboratory longitu-
dinal momentum greater than 12 GeV/c are con-
sidered). Figure 7 shows the experimental p-pair
mass distribution,® and two theoretical curves,
corresponding to the two extrapolations of the pion
form factor shown in Fig. 11. In both cases, F,(Q?)
was taken from storage-ring data* on e*e”~ 771"
for Q<6 GeV?. For larger Q> curve (a) repre-
sents a conventional extrapolation F,(Q%)~1.6/Q%,
while curve (b) corresponds to an approximately
constant cross section for e*e”— m* 7~ in the region
9 GeV?< @Q*< 25 GeV?. The latter behavior can be
ruled out by data from SPEAR, since it would im-
ply that 0.+ ,-/0,+,- ~ 2 at s =25 GeV®.?® All of our
subsequent considerations are based on form (a)
for F,. If the recently discovered resonance at
m,r=3.1 GeV (Ref. 15) is added to curve (a) as a
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FIG. 8. Longitudinal momentum distribution in the
lab frame of the u pair. The data are from Ref. 8.

resolution-broadened bump, it is possible that the
behavior of the distribution can be explained for
the entire range in m ;. Figures 8-10 show, re-
spectively, the differential cross sections with
respect to the longitudinal and transverse®® com-
ponents of virtual photon momenta and the total
virtual photon cross section. The calculated

mup (Gev/c?)

FIG. 7. Invariant mass distribution of the ¢ pair. The
data are from Ref. 8. The two curves correspond to the
two choices for F | in Fig. 11.

10—32 T T T
Elab* 29.5 GeVv
/_\
-33;/i ¢ N
1077
2 3
>
o
Z 10} .
~
~N
13
<
c'
- IO—35 -
~
b
) {
10-3%| |
1 1 1
(o] 0.5 1.0 1.5
Q, (Gev/c)

FIG. 9. Transverse momentum distribution of the u

pair.

The data are from Ref. 8.
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|0'32 T T T T T
<3
‘E
£ 10°33} f 4
©
5 ¢
b
'0'54 1 L L 1 1
20 24 28 32
E'Ob (GeV)

FIG. 10. Total u-pair cross section. The data are
from Ref. 8.

curves are in rough agreement with experiment,
in most cases, except for the transverse momen-
tum distribution at larger values of @, .

In Fig. 12 we compare the model with the single-
muon transverse momentum distribution of the
Chicago-Princeton experiment.® The curve is
generated using the choice (a) in Fig. 3 for the
form factor. Most of the contribution to the cross
section comes from events of low @2 and our pre-
diction is not sensitive to the presence of the new
resonance at m,;=3.1 GeV, at least for p, <4 GeV/
c. Asin Fig. 9, the shape and normalization of the
theoretical curve are consistent with experiment
for smaller p, (p, =3 GeV/c), but the damping in
the model seems too weak at larger values. It is
worth noting that the quark-parton model predic-
tions of Ref. 4 fall well below the data everywhere,
and are almost two orders of magnitude too small
at p,=1.5 GeV/c. Experimentally, the ratio of the
pion and muon inclusive cross sections is indepen-
dent of the transverse momentum and approxi-
mately 10°. A multiperipheral model accounts for
this ratio in a natural way, since the twoproduction
rates should be related by a roughly constant fac-
tor of order 1/a2.%

If indeed spin-0 exchange is responsible for u-
pair production, one may expect to observe a well-
defined angular distribution for the muons in the
pair rest frame. For example, if the exchanged
pions are close to the mass shell, the distribution
should be sin®f, where 6 is the angle between one
of the muons and one of the pions. Since there is a
strong damping for off-mass-shell pions, and since
the exchanged pions tend to be aligned along the
beam axis, we expect that (at large @?) the distri-
bution should be approximately sin®6’, where 6’ is
the Gottfried-Jackson angle. This is in contrast

3141
| T T T T T
5t ¢ 2, / 7
II’/_p resonance peak (Fp~55) /
al } e Orsay // i
€ Frascati
| /
I /
/
~ 3F I / T
3 | /
e | // Fr(s)a/s
=Ll ‘ ; |
| /
[ } //
| } b -
t }{ /
L e
0 1 ’QQN/ ] |
e} | 2 3 4 5 6
/s (GeV)

FIG. 11. Pion form factor. The data are from Ref. 24.
The two curves correspond to those of Fig. 7. At large
s, curve (a) represents the behavior F~1.6/s.

to the parton-model expectation of a 1+ cos?6’ dis-
tribution. Our assumption that pions are produced
via p mesons means that the pion pairs are distri-
buted like cos?6’. Thus, a model with spin-0 ex-
change must predict a muon transverse momentum
distribution less damped than the pion. However,
these effects may be washed out because the pion-
like behavior we assume is just an average of
multiperipheral production mechanism with (pos-
sibly) different angular distributions.

In Figs. 13-17, we present predictions for the

T T 1 T T I
prp —>put+X

10731 Eqp" 300 GeV
\{ 90° cm.

o\ -
O\

E do/d% [em2/(Gev/c)?

10 1
[
[}
IO_“r a
1 1 1 1 1 i 1
(0] 2 4 6
P, [GeV/c]

FIG. 12. Single-muon transverse momentum distribu-
tion. The data are from Ref. 9.
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E qp* 300 GeV

do/d8’ (arbitrary units)

1
0] m/2 ”
/
6
FIG. 13. Angular distribution of the muons. The Gott-

fried-Jackson angle 6’ is the angle between the u * and
the proton beam measured in the p-pair rest frame.

model which will be tested soon in experiments at
Fermilab and the CERN ISR. With the qualifica-
tions of the preceding paragraph in mind, we show
in Fig. 13 the expected angular distribution of the
muons as a function of the Gottfried-Jackson angle,
assuming pure pion exchange, at E,,; =300 GeV.
The curve includes muon pairs of all possible in-
variant masses.

Figure 14 shows the expected invariant mass dis-
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FIG. 14. Invariant mass distribution of the u pair at
high energies. The curves are generated with no limi-
tations from the experimental aperture.
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FIG. 15. Small invariant mass distribution of the u
pair. The dashed curve is the prediction with the ex-
perimental aperture @ (in the lab) =12GeV/c. The
position of the p mass is indicated.

tributions at typical Brookhaven, Fermilab, and
CERN ISR energies. The curves are generated
without any aperture limitation on the longitudinal
momentum of the muon pairs. The graph indicates
that at E,;=300 GeV the invariant mass distribution
has very nearly scaled, at least for m ;< 10 GeV/
¢®. The new resonances would appear as a sharp

spike on top of our predicted curves.
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FIG. 16. Longitudinal momentum distribution of the
p pair in the laboratory.
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Figure 15 shows the expected invariant mass
distribution at E,,=300 GeV for small invariant
mass. The dashed curve is the result with an ex-
perimental aperture limitation (@, in the lab > 12
GeV/c). The p-meson peak is clearly visible as
indicated.

Figures 16 and 17 show the expected distributions
for @, and @, of the muon pairs at E,;,=300 GeV.
The dashed curve in Fig. 17 is the result with the
same aperture limitation (@ in the lab>12 GeV/c).

V. CONCLUSIONS

We conclude by suggesting that familiar hadronic
processes may be responsible for most of the pro-
duction of direct lepton pairs in hadronic colli-
sions. The particular model we have studied is in
rough agreement with all available data for values
of transverse momentum and invariant mass that
are not too large. Of course, at large invariant
mass, the picture is clouded by the presence of
the  and other new particles. Future experiments
will test the model at higher energies and masses.
In particular, it should soon be possible to choose
between the different scaling laws expected from
parton models and multiperipheral models.
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