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We suggest that direct muon production in proton-proton collisions moy be gscribed
to familiar hadronic production mechanisms. To this end, we construct a pion exchange
multiperipheral mode!l for massive muon pair production. The numerical results are in rough

agreement with the cross sections observed at Brookhaven and more recently ot FNAL.

Interest in the direct production of muons in proton~proton collisions has been stim-
uvlated recently by experiments at Brookhqven] and at Fermi National Accelergtor Labora~
foryz. In particular, the Drell-Yan mechanism3 for muon production via parton-antiparton

annihilation has proven inadequate to the task of explaining the experimentally observed

* This research was supported by the U. S, Atomic Energy Commission.
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2.

rate§4-7. One's thoughts then turn naturally to alternative explanations, particularly those
involving familiar strong interaction concepts, and in this letter we use the pion exchange
multiperipheral modelg to study muon pair production,

We shall construct an explicit model with essentially no free parameters, and then
present the most salient results of « numerical comparison to the experiments at Eréokhaven
and at FNA'L. More,demi!ed comparisons, further theoretical considerations and a deriva-~
tion of the scaling law implied by the mode! shall be reserved for a future arﬁcle9.

Explicitly, our model is the following: we assume that the u~pair occurs as the decay
product of a massive virtual photon which can appear along with thé usual systems of had-
 rons that are produced in a multiperipheral chain. The inclusive cross section is depicted
in Fig. 1. The ingredients which enter into the calculation are the off-shell wp dbsorptive
parts, the pion propagator, and the wry and yup couplings, ;l"he nry coupling is taken
to be proportional to the pibn electromagnetic form factor, The yup coupling is taken to
be that of (pointlike) quantum electrodynamics. The on~shell mﬁ absorptive parts are taken
from experiment. A similar model has been proposed earlier by Subbarao and by Thacker]o.

There are serious difficulties with a literal use of the multicsripheral model for cal-
culation. First, it is well known that the low energy m cress section, when iterated in
the familiar way to build the high energy cross section, is too small, producing ouféut Regge
poles which are for too ﬁc‘:w1 I. Second, some form for the off-shell extrapclation of the
np absomptive parts and the nwy vertex must be chosen. We deal with both difficulties
by constructing a model for pion production via rho meson decay. That is, a wnp veﬁéx
is attached to the pion chain in Fig. 1, where the coupling is fixed by the rho width, The

observed shape and magnitude of the pion transverse momentum distribution at

Elab =300 GeV are reproduced by first choosing an appropriate off-shell extrapolation.



Then the wn cross section is multiplied by the necessary overall constant. This, in effect,
assumes that high energylhadronic cross section are built from a large number of multiper-
ipheral "pion-like" processes, and so retains the successful predictions of multiperipheral
models. |

The pion form factor Fw( Qz) is not well known for large values of Q2 (éhofon
mass squared). We sholldisplay results for differen‘tvpossibie choices of F“(Qz) . Lastly,
we will neglect photon emission from the ends of the chain corresponding to a céupling to
v'irtuall nucleon (or baryon) lines. |

We build al model for pion production by assuming the un soutferihg amplifude‘ is

dominated by the rho resonance,

487 I;m: 1
Ay . = : (Q,-Q,) {p,~p) ; M
oy | (mp-4m3)3/2 1 2 a 'b s em2+iMm

where Pq and p, are the momenta of the produced pions, Then the inclusive pion cross

section may be written as

3 2 2 N 4 4‘ 4. 4. 4
A (s,mp,mp Ydo = Z §(Q+Q,+Q,)d'Qd'Q, d'Q,
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where f]=Q]2 . 12=Q22 and Mx,y,z) = x2+y2+22-2xy-2xz~2yz .

2
The squared pion propagator is  S(t) = 1/{t - mf) . The an kernel is,

- 4 2
RQ, @, Q) = ap, dp, 8%, +p, - QA | @

using the shorthand notation for the phase space volume: dp = dap/ [25(27:)3} .



The mp absorptive parts have been paramterized as,

a, 2., 28%tn
oQ l m mw
A= N o <”. ) 0
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where 0= ] Ge\/z . The on-shell absorptive purt corresponds to the total cross section,

Aﬂp(Q2 =mﬂ2) =g o“p . The total cross sections are asymptotically constant:

P = 22.5 mb GeV? ;4= 1. The low energy part is interpolated smocthly for u+p

by r,, =50.5 mb GeV2 , &, ==.06; and for 7 p by r, = 29.9 mb GeV2, a,

The off-shell extrapolation is determined by demanding that the model reproducé

=33 12

the shape of the observedia pion transverse momentum distribution. We have token
m2 =1GeV2 and n=2. Further discussion of the off-shell question will be given in
Ref. ?.

The normalization of the observedm transverse momentum distribution is then ob~
tained by choosing Z =90 . Such large normalizations have been found earlier by Tan
and Tow using the same type of model.M They conclude that a literal pioﬁ exchange
model is necessarily unrealistic. We choose to take the point of view that, for the pt;rpose
of our calculation, the choice Z =90 is a phenomenclogical way of including the effect
of all possible exchange mechanisms which could lead ro pion production,

To build our model for muon pair production, we simply replace the #n - kernel

R(Q, Q] R QZ) in Eq. (2) by a new mm-kemel L(Q, Q] ' Qz) for lepton production via

a massive photon,

a2 2
L@,e.q) = 4 e @] @ -q) @ -9,

Q" (5)

X j\dm dp_ 84(p++p_, - Q) Tr{.@ﬁmp} e, mm;,_) Yv]

where p, and p_ cre the lepton momenta,



®

5.

We have compared our model to the Brookhaven-Columbia muon pair e‘xperimeni"
aﬁd to the Chicago~Princeton single muon experi menhz Our numerical caleulations make
no kinematical approximations, and should therefore correctly represent any phase space
threshold e.ffecfs. Due to limitations of space, we present here only a representative -
sample of results,

The comparison to the Brookhcvenuﬁélumbia experiment is shown in Fig. 2. The
effect of the experimental aperture is included in the calculation, (Only w-pairs with
longitudinal momentum in the laboratory greater than 12 GeV/c were observed.) The
curves (o) and (b) represent di;fferent choices for the pion form factor as depicted in
Fig. 3. In both cases, Fﬂ(Qz) was taken from e e = storage ring data 13 for
Q2 £ 6 GeVz . For lorger values of Qz , curve (o) represents fhé usual exi‘rapéﬁczfed form
factor F“(Qz) ~ 1.6/ Qz , while curve (b) beresponds to an approximqte!y constant
cross section for e e —~n 1~ in the re.gion 9 GéV2 < Qzé 25 GeV? . The radical
behavior of form (b) for the form fac?or can probc:bly be ruled out by data from SPEAR,
since such o behavior wcuid vmpﬂy ‘hat I+ /cr e is approximately equal to two

for s = 25 GeV2 1%

The comparison to the Chicago-Princeton experiment is shown in Fig. 4 . The data

is taken at Elab = 300 GeV with the detectors fixed at 90° in the center of mass.

The curves are generafed by the model. The solid i‘vine indicates the predicted cross sections
for p.+ . The shape-and normalization are consistent with experiment for Py < 3 GeV/e,
while the damping becomes sigﬁiﬁcanf!y weaker than experiment for p .!,> 3 GeV/e, It
is worth noting that the parton model prediction using the quark-parton distributions of

Ref. 4 falls considerably below the data everywhere, and almost two orders of magnitude

for p| ~ 1.5GeV.
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The cross sections for # and éo are also shown for reference. Recall that the
~shape and normalization of the " distribution were adjusted to qg;rees with the dqta.w
The damping in the po distribution is significantly weaker than the w_"_i" damping for
kinematical reasons: the decay pions must share‘ the rhe momentum and have the angular
distribution for J =1, 17

if, .indeed, spin 0 exchange is responsibie for - pair production, one would ex-
pect a well-defined angular distribution for i_’hze muons in the pair rest frome. For example,
if the exchanged pions are close to the mass shell, the distribution should be sin2 6,
where 8 is the angle between éné of the muons and one of the picns. Since there is o
strong damping for off-mass-shell pions, and since the exchanged pions are strongly
aligned along the beam axis, we expect that the distribution should be apprdximaféiy
sfn2 @' (at large Qz), where 8' is i*.he‘ Gottfried=-Jackson angle, . This 'is»in»confrasf_fo
the pa}fon mcl:dei‘exp&c?afﬂion of 1+ cosz e,

To provide.a balanced oppraisal of cur results, we must include a caveat, Qur
multiperipheral model ;:an nof be n;egarded as a fully consistent and realistic model o)F_
particle production. For example, while we have assumed that all produced pionsi; origi=
ane from p decay, present data indicate that most pions (approximate_ly. —g« at Elcxb =
205 GeV) are generated by other mechqnismsfslf our normalization were cdiusfed to the
actual p' cross sectfbrz; the predicted s« pair cross section would decrease by a factor of
five., On the other hand, we have omitted the contribution of the w and # mesons and,
more generally, isoscalar pho?dns. Their inclusion would increase our prediction. Rather
than catalog compensating effects, we prefer the point of view that the médei reEsresenfs

an average over possible multiperipheral production mechanisms, and it is then notural to

normalize to pion inclusive date, Of course this introduces an approximation, but probably



-
not a gross error. Note that if this point of view is correct, then the p~pair angular
distribution could depm‘; from sin‘z 8%, since various production mechanisms could lead
to p-pairs wlith different angular distributions,

We conclude by suggesting that fomiliar hadronic processes may be responsible
for the observed muon cross sections in proton-proton collisions. Certainly, before one
appeals to ‘exott'.c ideas (e.g., charmed particles or heavy leptons) such a possibility must

be fully explored.
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Figure Captions:
‘Figure A: A rare bubble chamber photograph of o massive mute pair,

Figure 1: The cross section for inclusive p~pair preduction in the multiperipheral

model. The blobs labelled A dencte off~shell w - p absorptive parts,

Figure 2: - The invariant mass distribution of - pairs. The dota is from the Brook-
haven-Columbia experimenr.i The two curves are the result of two possible

choices for the pion form foctor.,

Figure 3:©  The pion form factor. The data is from Ref. 15 . The two curves correspond
to those in Fig. 2 . At large s, curve (o) represents the “standard" bahavior
FT ~ 1.6/s , and curve (b) represents an approximately constant total cross

. T
sectionfor e e - nmw .,

* +
Figure 4: The transverse momentum distribution of g , The data is from the Chicago-

Princeton experimenf.g The curves are generated by the model.,
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