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ABSTRACT

A detailed study of J/y hadronic production has been performed in a high
statistics experiment (more than 1.5 10°® J/y observed in their dimuon decay
mode). Data have been taken with incident ﬂi, Ki, pi, on hydrogen and
platinum targets, at 150, 200 and 280 GeV/c. We find from the observed nuclear
dependance of the cross sections, that about 18% of the J/y are produced
diffractively. Using known structure functions of the quarks in the nucleon

and in the pion, we derive estimations for the gluon structure functions.
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1)} INTRODUCTION

2)

Since the discovery of the J/y meson in 1974 {1}, a considerable
work has been done to study the hadronic production of this particle.
Extensive data have been recorded for incoming protons, from threshold up
to highest ISR energies. Data are less abundant for other incident
hadrons, in particular at high energies for kaons or antiprotons, which can

provide enlightments on the J/y production mechanism.
We present in this paper high statistics data (more 1.5 10° events)
obtained in a beam dump experiment at CERN, from incident identified

protons, antiprotons, pions and kaons at 150, 200 and 280 GeV/c.

EXPERIMENTAL SET-UP

The J/¢ events analyzed in this paper have been observed in the
u*u- decay channel, using the NA3 spectrometer in the "beam dump'
configuration. This set-up has been extemsively described elsewhere [2].
It was optimized for the study of high mass (Muu >4 GeV/fe?)
Drell-Yan events, but allowed the observation of J/v events with a fairly
good acceptance, around 25%. We insist in the following only on the points

which are relevant for the present J/y studies.

2.1 Beam

The data have been taken with an unseparated secondary beam in the
CERN SPS North Area; the particles are identified up to 200 GeV/c by two
differential Cerenkov counters (CEDAR) and two threshold Cerenkovs. The

various beam conditions are summarized in Table 1.

2.2 Targets and dump

Two targets have been used simultaneously : a liquid hydrogen target
(50 em long at 280 GeV/c, 30 cm long at other energies) and a platinum
target (6 ¢m long). The geometrical separation of these targets (about 40
cm from the end of H, to the beginning of Pt), and the informations
from an interaction counter located downstream the H, target, allowed a

satisfactory off-line separation of the targets at the J/y mass.



The experiment used a hadron absorber, made of stainless steel with a
central conical tungsten plug to dump the beam. The length (150 ¢m) was
sufficient to avoid important punch-through; it was located 40 cm
downstream the Pt target to allow a good target-dump separation of events
without introducing too many pion decays. In the following, events
assigned to the dump will never be considered, to avoid problems coming

from the reinteraction of secondary particles in the heavy material.

2.3 The spectrometer

It consists of a superconducting magnet giving a dipolar field with
4.1 T.m. of bending power, and 38 MWPC planes which size varies from 1 to
25 m2. Two configurations of chambers were used, one giving the highest
possible acceptance (at 150 and 200 GeV/c) and the other a lower acceptance
but a better momentum resolution (a&p/p ~ 2.10-* p, p in GeV/c, used
at 280 GeV). The muons were identified in a hodoscope located behind a

1.8 m thick iron filter.

2.4 The trigger

The trigger was essentially a condition on PTv’ the vertical
component of the transverse momentum. Either two muons with PTv > 0.6
GeV/c, or one with PTV > 1 GeV/c, were required : this eliminates a

large fraction of 7 and K decays.

About 25 10 triggers have been registered on tape at the 3 energies

considered here.

DATA AND ACCEPTANCE

3.1 Cuts on data

After processing through the pattern recognition program, several cuts
are performed in order to eliminate background events
- definition of a fiducial volume inside the detectors
- elimination of dimuons with momentum greater than the beam, taking into
account the momentum resolution
- elimination of events with excentric vertex, or with an ambiguous target
assignation. The longitudinal resolution on the vertex being around

12 cm, a fraction of J/y events are lost because they are assigned by



the recomstruction program to a wrong target; from simulations we
estimate this loss to be less than 2%.

- all dimuons with . < 0 are eliminated, since below this value the
acceptance drops rapidly and the reinteraction effects in the Pt target

become important.

3.2 Definition of J/y events

The mass resolution around the J/V mass is about 4% at 150 and 200
GeV/c and 2.5% at 280 GeV/c and comes mainly from the multiple scattering
of the muons in the hadron filter. This gives a broad peak for J/y¢
candidates, around the mass Mlp = 3097 MeV/c? (Fig. 1). The "J/y"
events in the following analysis are defined as dimuons with a u¥u-
topology and a mass Muu

2.7 GeV/c? < Muu < 3.5 GeV/c?

In this mass interval the contamination from = and K decays may be
estimated from like-sign dimuons and is found negligible (< 0.5%). The
main contamination comes from continuum events and is estimated around 7%
at all energies, from an interpoclation of the data between 4.1 - 4.5
GeV/c? and 2.0 - 2.4 GeV/c?. In the following all numbers and experi-
mental distributions concerning J/¥'s will be given after subtraction of

this background, the interpolation being made in each bin.

In Table 2 we give the number of events obtained in the various
conditions with the two targets. The statistics is quite large and thus
most of the results given in this paper will be dominated by systematic

errors rather than by statistical errors.

3.3 Acceptance

The acceptance of the apparatus has been computed using a Monte Carlo
program which takes into account all known efficiencies of the detector,
trigger effects and cuts. Special care has been taken to simulate properly
the beam dump and the detailed behaviour of the triggering device. The
simulated events are then processed by the same chain of programs as real

events.
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The events are generated according to the observed Xp énd PT
distributions, following an iterative procedure. The decay of the J/¢ is
assumed to be isotropic, although the XA parameter of the angular
distribution was found to be non-zero {section 10). However, our
cosg-acceptance 1is restricted around cosé = 0 and a change in A does
not affect this region. Thus the acceptance integrated over cos® is not

very sensitive to the value of ) used in the simulation.

The various uncertainties which remain in the simulation as well as
the effect of A = 0 may contribute to a systematic error around 3% in the
results on integrated quantities and of about 5 to 10% on the differential

distributions.

EXPERIMENTAL AND THEORETICAL SITUATILION

4,1 Previous results on J/¢ production by pions

Results on J/V production by 7 meson beams have already been
published. 1In the low energy range, £wo Serpukhov experiments have used 27
to 70 GeV/c beams, studying mainly the A dependence [3] and the production
cross section [4). An experiment performed at the Q spectrometer has
produced a very extensive study of J/y production by ni, Kt, pi beams
at 39.5 GeV/c. It has for the first time shown that J/V are produced by
pions mainly in the forward direction [5], and compared the production
yields for various incident particle on two different targets (H, and
tungsten) [6}. They have also confirmed our discovery of a strange effect

[7] in the Xp behaviour of the A-dependence [8].

At higher energy, the WALl experiment at CERN has studied in an open
geometry spectrometer the J/¢ production by 150 and 190 GeV 5~ [9].
The study of the associated photons allowed them to measure the yield of
J/ ¢ production through x states [10]. They estimated the gluon
structure functionm in the pion using the differential cross-section do/dx

of their 50 000 J/y produced on beryllium [11].



The CIP collaboration has studied J/y production by various beams at
225 GeV/c, studying cross—sections [12] and the A-dependence [13]. New
results have been provided by the E-537 experiment at FNAL on J/y

production by pions and antiprotoms at 125 GeV/c {14].

4.2 Y - pnucleon total cross section from photoproduction

A large number of experiments have reported on J/¢ production by
photons (real and virtual). These results have been interpreted in the
frame of the vector dominance model which connect the vector meson
production cross section to its total interaction cross section. This
model gave very interesting results already for p~N, w-N and ¢-N cross

sections.

The most recent result from the EMC collaboration [15] gives the
following values
oyl + ¢ + X) =79 12 wb
= +
q%ot(¢N) 2.2 £0.7 mb

Previous experiments [16] showed that the y-N total cross section

increases rapidly at the DD production threshold, showing that the

observed cross section 1s mainly due to YN - DD + X. The same value

was obtained from the A-dependence of the J/¢ photoproduction [16]
oabs(wN) = 2.75 *0.90 mb

In conclusion, one has strong evidence that the y—nucleon total cross

section is small and that the quasi-elastic cross section is, as expected

[17] negligible.

4,3 Models for J/y hadronic production

Our intent is not to review all the available litterature about this

subject, as it was already done by R.J.N. Phillips [18].

The main idea is that J/¢ production proceeds mainly through light
quark and gluon fusion. Charmed-quark fusion is not favoured by the

experimental yield of DD associated production.
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Detailed calculations of cc pair productiom by both qi and gg
mechanism have been made, which explain reasonably well the evolution of
the cross section with incoming energy as well as the shape of the
differential cross—section [19]. The fact that the absolute cross sectiom
is not prescribed by the models allows for other production sources to be
present, as was suggested by Teper [20] or even from the intrimsic charm

component of the incoming hadron {21].

NUCLEAR EFFECTS IN J/y PRODUCTION

5.1 Dependance of cross sections with A (atomic number of the target)

The nuclear dependance of cross sections is usually parametrized as
o(A-nucleus) = A% o, (5.1
Since we have data on platinum nuclei (A = 195.09 with Z/A = 0.4) and
on hydrogen, we can derive the values of the expoment a for different
incident particles. We have to take 1nto account the neutron/proton
proportions in the Platinum nucleus. Using the following relation (from

isospin invariance) :

oflmtp + v+ X) = olan + ¢ + X) (5.2)
we may write
o(5Pt » y + X) = A%[0.60% + 0.407]
o(n*Pt » v+ X) = A%[0.60 + 0.40"] (5.3)
if 6= olnp + ¢+ X) and ot = oln*p + ¢ + X)

The ratio o* o~ is measured (see section 6) to be 0.92 * 0.03 at 200 GeV/c
and 0.95 * 0.03 at 150 GeV/c, and thus the correction due to the nucleon

content of the targets is less than 2%.

We deduce the values of a listed in Table 3 for incident g%, p and z°.
They can be summarized as follows
0.96 % 0.01 for pions
0.94 + 0.03 for protons

[+

[+4



These values are significantly different from 1., which would be
expected if the J/y production mechanism were purely a fusion of
constituent partons as in the Drell-Yan mechanism [22] and if the J/vy
could not interact inside the nucleus. They are also very far from the
value (around 0.7) which is found in inclusive production of low mass
hadrbns. ‘We have thus to go into a detailed study of these nuclear effects
as a function of kinematical variables, in order to obtain indications on

the J/ vy production mechanism.

5.2 H2/Pt cross sections : variations with X and PT

We will consider the ratio of the cross sections on hydrogen and
platinum :

R = Ao(H,)/o(Pt)
This ratio is related to the usual exponent o through the formula R = alTe,
This quantity is free of flux normalization errors : the results depend
only on the knowledge of the relative acceptances, and of the effective
numbers of nucleons. R has been studied as a function of the kinematical
variables Xo and P

We give in Fig. 2 to &4 the results for R(xF), R(PT), and R(xF)

for slices of PT' Qualitatively, R(xF) increases strongly as x_ + 1,

which is very different from the flat behaviour of the same qua:tity in
Drell-Yan events. The R(PT) behaviour is also surprising, since it
decreases strongly when PT increases. Let us recall that this behaviour
was also observed in the O experiment [8], and also some indication
appeared in ref. [3], although it was not claimed at all, but their value
of « dropped from 0.97 at Xp = 0 to 0.7 at X =1.

These results are not easy to explain. The behaviour of R(xF) and
R(PT) differs strongly from what occurs in a pure parton fusion mechanism
such as the Drell-Yan. This means that interactions either in the initial
state (diffusion of the = or p in the heavy nucleus) or in the final
state (¢ - nucleon diffusion) are at work : this has to be studied

quantitatively.



5.3 Evidence for a new production mechanism of the J/y

We shall see in the following that the observed behaviour of R(xF)
and R(PT) cannot be explained if the J/y is only produced through
parton fusion, even if we consider that the J/¢ can reinteract inside the
nucleus. This will lead us to consider that a fractiom of the J/y's are

produced through another mechanism.

In the framework of a parton fusion mechanism, only final state
y-nucleon reinteractions can modify R(xF) and R(PT). The space-time
extension of the interaction is not so well known, but one can estimate
that the life-time of the intermediate virtual state leading to the
observed J/¢ is of the order of h/M, where M is its mass. This means
{(see ref. [23] for details), that the J/¢'s are produced very close from

the interaction point at x_, = 0, and that almost one half is produced

F

outside the nucleus at Xg = 1. The expected behaviour of R(xF) is then

a decrease from about 1.2 (corresponding to a y-nucleon absorption cross
section of 2mb) towards a value closer from 1. However, one could imagine,
ignoring the photoproduction results, that the J/y interacts very
inelastically before leaving the nucleus. The observed effect would
correspond to a cross—-section N + ¢ + X of more than 1Z mb {(value obtained

assuming that at x_, = 1, the ¥ is produced at the interaction point). This

F
value is in contradiction with all expected or measured [15, 16] y—nucleon

cross sections (see section 4.2). The observed behaviour at Xp = 0 (R(xF = ()

= 1.2) is in good agreement with these expectations of parton fusion, whereas

when Xp increases, R(XF) does not follow the expected trend.

At large x,, the only explanation which remains is an initial state

F!
interaction of the beam particle inside the nucleus, before the formatiom

of the J/y. Such an interaction is excluded if the J/¢ production

mechanism is only parton fusion [24].

F and low PT,

in which the incident hadron is absorbed before the creation of the J/4.

We conclude that a new mechanism appears at large x

Due to the similarity of this behaviour with the diffractive inclusive
production (large X low PT and screening), we have called this
mechanism the "diffractive component"” of the production mechanism. The
parton fusion production is called in the following the "hard component”,

in reference to the hardness of the interaction.
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5.4 Quantitative estimations of the diffractive component

The two components of the production mechanism are characterized by
two different nuclear dependances. We call o and g respectively the
exponents of the nuclear effects for the hard and the diffractive

component. We have the following relations

o(wH,) = o, *t 9y

o(n2t) = a%(0.4q + 0.6 o' ) + Ao (5.4)
where 9%, and o4 are respectively the hard and diffractive component on a

proton target, and o'h is the hard component on a neutron target.

In the system of equations (5.4), each of the five quantities a,
Bs G o'h and o, are unknown, for only two equations.

However, we shall use the following procedure in order tc extract the Xp

distributions of the two components

1) o is extracted from the behaviour of R at xp = 0.

2) B is calculated using a standard rescattering model.

3) %G and o, are extracted by solving the system of equations

(5.4) using -the ratio o',/ o, expected from the parton fusion

model described in section 7 (this is a small correction, less than

10%).

1) We use the fact that dcd/dx (XF = 0} = 0, since I is
supposed to be a purely diffractive component., All the data sets agree for
the value of o and we deduce an average value

a = 0.972 £ 0.008

We have used the Glauber-Matthiae [25] density of the nuclear matter
to calculate the correspondance between a and the absorption cross
section of the VY. This value of @ corresponds to
(v + nucleon) = 2.2 £ 0.7 mb

a
abs
which 1s in excellent agreement with the photoproduction measurements,

2) To evaluate B we use the diffusion model of K&lbig and Margolis [26]
with the known values of the m™nucleon and p-nucleon cross sections at

our energies (respectively 24 and 39 mb). This gives
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I+

g=0.77 £ 0.0l for incident pions
8

3) We can now extract o, and o, from Eq.(5.4), using the

0.71 £ 0.0l for incident protons

experimental Xp distributions. The results are shown on Fig. 5 for
o4 where we can also see the fraction of diffractively produced J/y;
we obtain after integration on Xp > 0 the following fractiom of J/¢'s

produced by the diffractive component

* 0.03 for incident pions at all energies
g, *+ o 0.29 * 0.06 for incident protons at 200 GeV/c

TOTAL CROSS SECTION FROM VARIOUS INCIDENT PARTICLES

We give in Table 4 the J/y production cross sections, integrated
+

over x., > 0, for incident 7 mesons on hydrogen and Platinum. What

F
is given is in fact Bg where B(y -+ p*u~) = 7.4 % 1.2%, since we

detect only the dimuon decay channel of the J/¥.

We give in Table 5 the values of the cross section ratios of J/y
from various incident particles, with respect to the 7~ induced cross
section at the same energy. It is worth noting that the n%/x~ cross
section ratio on Platinum has a very small error. We have in fact used
both our targets in order to extract this =n*/x~ ratio with such a
precision (see ref. [23] for details). This has been used to comnect the
luminosities between positive and negative beams by using the J/y as

"monitor".

-/ where ¢, 1s the
%n,p" %h,p h

"hard" component defined in section 4 : this ratio will be used in the

In Table & we give the evaluation of

following section to separate the gluon-gluon from quark-antiquark fusion
in the hard component of the c¢ross section.

%.. DISTRIBUTIONS OF THE HARD COMPONENT AND GLUON STRUCTURE FUNCTIONS

F.

From the rvesults of section 4, we camn also extract the Xp

distribution of the "hard" component of the hadronic J/y production.
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These cross=-sections are given in Fig. 7 for incident ﬂi and protons at
200 GeV/c. If this "hard" cross—section is interpreted as coming from
constituent fusion, we can derive the gluon structure functions in the
proton and in the pion, since valence and sea gquark distributions are known

from other experiments.

7.1 Direct and indirect production

In fact this "hard" production may come either from direct fusion of
constituents giving a J/y, or from the decay cascade of various charmonium
states -~ in practice y' and y states. The CERN WALl experiment has given
[10] precise evaluations of these cascade mechanism. They find that 17.7 % 3.5%
of J/¢ come from the y, (3510) state, 12.8 * 2.3% from the x, (3555) and 8%
from the ¢'. The x, (3415) state does not decay sufficiently in to the J/y to
contribute (B(y, + vy) = 8 £ 2 10°%).

In evaluating the x_ distribution of the J/y's produced indirectly,

F
we have taken into account the kKinematics of the electromagnetic decay

X * ¥y, using the formula of ref.[27].

7.2 General notations

We write the "hard" cross section for the direct production of a state

A as follows

do
— = - -+ -
ax, o, L€ qu(xF) Fgg(xF)] (7.1)

492 G

where gy = — &8 s the elementary cross section of the
2
M the process gluon + gluon + A, M 1s the mass of A
- Gg§ is the ratio of the effective coupling constants
TG of and g
o 49 g
B (Xl) T"(Xz) + B_(xl) T (Xz)

F—(x) = ] 4 3 4 4

qq ' F g=u,d,s X, * X%,
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F(xg) = g (7.2)

1
with x,= 2 (x  + Mrp? o+ 4MP/s)

and =, = 1 (-x_ + v2_* + &M2%/s)
2 2 F ¥

where Bq’ Bg are the structure functions of quarks (resp. gluons) with
fraction of momentum x, in the beam particle, and Tq, Tg in the

target particle with momentum fraction X,.

These expressions have to be explicited using the detailed paramet-

rizations of the structure functions.

The same equation (7.1} holds for direct ' production, using the
mass of the ¢' in equation (7.2). For yx, productiom, only Fqq contributes,
since the y; couples directly to qq and for x,, only Fgg contributes.

We fix the relative values of the s,'s in order to reproduce the observed

indirect yields of J/y's (see section 7.1).

7.3 Structure functions at Q2 = M 2

¥

7.3.1 Valence structure functions in the nucleon

We have extracted from neutrino deep-inelastic scattering data
(Collaboration WAl at CERN, ref.[28]), a standard parametrization of the
valence structure functions. These functions are normalized to the
number of quarks, and calculated at Q2 = 9.59 GeV?*/c*(since we are at the
J/V mass) according to the measured scaling violations. The resulting
parametrization is

u(x) = 2.48 x9.%56 (1 - x)2-.8!}

d(x) = 1.43 x®-%8 (1 - x)3-8!

1

7.3.2 Sea structure functions in the nucleon

We use the experimental result for the strange component of the sea
s(x) = 0.25 {u(x) + d(x}]
to introduce a unique paramerization for the sea contribution, supposing

u(x) = d(x). We use the experimental value given in ref.[28] at Q2 =
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9 GeV? for the whole sea :
S(x) =zulx) = d(x) = 2s(x) = 0.2 (1L = x)*?.7
These parametrizations of the valence and sea quarks give 37.5% of the

proton momentum carried by valence quarks, 10.2% by the sea and 52.3% by

the gluons.

7.3.3 Structure functions of the quark in the pion

We use the structure functions measured in this NA3 experiment at the
same energies, from Drell-Yan events [29]. These functions have been
measured at M? = 25 GeV?, but the scaling viclations have not yet been

measured. To obtain the pion structure functions at Q2 = sz we use

the predictions of Buras—Gaemers [30] and obtain:

L] .78

v {x) = 0.52 xoo (l—x)0
T 8.7
s“(x) = 0.238 (1l-x)

The sea structure function is poorly koown, but however, it does not

contribute significantly to the J/¢ production at Xp > 0.

This parametrization corresponds to 36% of the pion momentum carried

by valence quarks, 15% by sea quarks and 49% by gluons.

7.3.4 Parametrization of the gluon structure functions

In Eq.(7.1) we have only to introduce the unknown gluon structure
functions. We choose a Buras—Gaemers parametrization for gluons
Ap (1-x)%p
A (1-x)8n

in the proton: GP (%)

in the pion : G (x)

7.4 Results
We have performed a simultaneous fit of do/dxF from incident protons
at 200 GeV/c, and of o(p)/o(p) (which depends strongly on the parameter £
of Eq. 6.1) to extract the following values:
£=1.20 £ 0.5

00 = 7.0 +0.3 (stat.} = 1.4 (syst) nanobarns
.1

gp =

6 £0.21
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This value of g5 is fairly compatible with the value obtained in
neutrino deep ipelastic data [31] which gives g, = 5,5 at Q2 = 9.6 GeV?

(from a fit of the complicated formula of ref.[31}).

For incoming pions, we fix gp = 5,16 and fit simultaneously all our

pion data (150 GeV/e¢ ==, 200 GeV/c =% and #~, 280 GeV/c #~). We obtain:
8, = 2.38 *0.05 (statistical error only).

We have also left ¢, free for each data set. The obtained values are

compatible together (see table 7) inside the uncertainties on the luminosities,

which are rather large. But the value for =% and w~ at 200 GeV are

compatible within the 1% relative error qucoted in table 5.

To estimate systematical errors on gp and g Ve have tried

several changes in some important parameters:

- A major change in the x, and x, contribution to the J/y
production (10% instead of 18%) gives g8, ~ 5.23%0.22 and
g, 2.450.06.
~ 1I1f we suppose that the x: and ¥, are both produced from gluon
fusion and quark fusion, with the same ratio & than the Jip, we
find g = 5.0420.2 and g = 2.34%0.05.
- If we change considerably the valence quark structure functions,
taking for instance u(x) « vx(l-x)?® in the proton and v“(x) e yx(l=x)

in the pion, we find g, = 5.08+0.22 and g_ = 2.8340.08.

To conclude, we estimate that systematical errors may be estimated

around * 0.1 on gp and 8, and we give finally

5.1 * 0.2 (stat) * 0.1 (syst.)
2,38 + 0.06 (stat) * 0.1 (syst.).

The quality of the fits can be seen in table 7 where we have quoted
the x? for each individual data set, and on figures 7a and 7b, where the

data for the hard component and the curves resulting from the fit are given.
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7.5 Comparison with previous results

As noted in section 7.4, the value of gp is fairly compatible with
Deep Imelastic Scattering data. Concerning & the CERN WAll experiment
[32] has obtained the value g = 1.9 £ 0.2, supposing that all J/y's are
produced by gluon fusion. Our data have shown that this is not the case,
and furthermore the WALL used only a Be target and was thus unable to give

evidence for a diffractive contribution to the cross section.

X DISTRIBUTIONS FROM KAQONS AND ANTIPROTONS

8.1 Incident kaouns

We give on Fig. 8 the ratios U(KtPt + w)/c(niPt + §) as a function
of Xpe These ratios are independant of acceptance corrections, since
they come from data which have been taken simultanecusly in the same
apparatus; they depend only for the overall normalization on the incident

particle fluxes.

Since the fusion of strange quarks does not contribute much to the

cross section, the observed effect has mainly two sources

a) The difference of the u-quark structure function, as it was measured

in the Drell-Yan continuum [33]
GK(XF) .18
uﬁ(xF)
,

b) The amount of gluons inside the kaon, as well as their structure

0
« (1 - x)

function, can be different from the pionm.

We have used the same shape for the gluon structure functions in the
pion and in the kaon, varying the normalisation in order to obtain the
curves on Fig. 8. The fraction of momentum carried by gluons is
respectively 53%, 48.5%, 447 and 40% when going from the lower to the upper
curve, Let us recall that the structure functions used for the pion left

50% of the momentum carried by the gluons.
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In conclusion, our data confirm the difference of structure inside the
kaon and the pion, but mo strong constraints can be put on the fractionm of
momentum carried by the gluons in the kaon, although the curve

corresponding to a fraction of 48.5% gives the best agreement with our data.

8.2 1Incident antiprotons and protons :

From the results of Sect. 6 we can obtain an absolute prediction for the

ratioc o-/¢ as a function of x_.
P P F

We give in Fig. 9 the experimental data at 150 GeV/c together with the
curve deduced from the parton fusion model, using our gluon structure

function.

In Fig. 10 we also give the p/n" and p/n* ratios as a function of
Rps showing how much steeper the distribution for imcident baryons is
than for mesons. This result is identical to that of ref. [14] at 125 GeV/c.

TRANSVERSE MOMENTUM DISTRIBUTIONS

In Figs. lla and 11lb we give the differential cross section do/de
for the J/¢'s produced respectively on hydrogen and platinum. The mean

values of P_ and P; integrated for x_ > 0 are given in table 7.

T F
One can note that these values are rather high as compared to low mass
hadrons inclusive production, but are in the same range as those obtained
for the continuum in this mass region [13,34].

As for the continuum dimuons, the P, of the J/¢'s is lower for

T
incident protons than for incident pions.

The behaviour of < PT> and < P2T > as a function of x Fis
given in figure 12, showing a significant decrease at large Xps a8 here

diffractive production begins to dominate.
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It is stated in ref. [35] that high P production of J/¢'s could
occur through gg and gq interactions, which should give the same cross
section for protons and antiproton induced reaction. One can see on Fig.

13 that no obvious trend is observed for a variation of the ratio o-/o as

a function of PT.

10} ANGULAR DISTRIBUTIONS

As for many experiments, the NA3 spectrometer has a rather limited
acceptance for very asymetric decays at the mass of the J/¢. This means

that the determination of the shape of the angular cos 6 distribution is

rather difficult.

Our only data set for which the acceptance enables this is that for

280 GeV pions, because of the larger boost.

We have used for a definition of 8 and ¢ the Collins=Soper frame

[36] and we use the following parametrization of the angular distribution :

1l d?g _ 3 2 . -
od cosb de  2(3 + ) (1 + Acos?e + 8 sin26 cos¢ + y sin?p cos2¢)
The result for the whole region Xg > 0, integrated over PT is
On_hydrogen On platinum
A = =0.20 = 0.06 A = -0.31 £ 0.02
8 = 0.00 t0.02 8 = 0.02 0,01
y = 0.009 £0.014 y = —0.007 % 0.004
x? = 679/653 D.F. x? = 1516/835 D.F,

The errors gquoted here are statistical only. The systematics on these
parameters are very difficult to estimate. They are very small om g and
Y, as the ¢ - acceptance is flat, but can be of the order of (.1 on
A, due to the decrease of the acceptance at large [cos®]|. Figure l4

shows dN/dcos® on platinum together with the result of the fit and the
acceptance.
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An attempt has been made to evaluate the parameters A, g and vy

)

%
as a function of Xp and PT. The result is given on figure 15a and 15b °.

It shows a clear trend for A to depart from 0 at large Xp as well as at Xp
near 0. This result is comparable to that of ref. [37]. The parameters B and
vy are both compatible with 0 for all kinematical regions, contrary to what

happens for the continuum dimuons [38].

Precise theoretical calculations of these parameters have been made
for several fusion subprocesses involving an intermediate y state [39],
which show that A is very much process—dependent, and stress the fact
that it is very difficult to get a2 clear prediction for all J/y's
togethexr. A more refined experiment should be made, measuring the cascade
photons with a good precision in order to separate ¥, and x, states
and to obtain the 3 particle angular correlation between the muons and the

photon [40]
11) CONCLUSLIONS

From our analysis of a high statistics of J/¢'s produced by various
hadron beams at high energy, we have pointed out that about 18% of the

J/V's at x_, > 0 are produced by a diffractive process. It is now

¥
still difficult to explain how this production takes place, but theoretical

models are on the way [21, 24].

The hard component of J/y production has been analysed in the
framework of a parton fusion model, leading to the evaluation of the gluon

structure function.

%) No constraints were put on the fitted parameters, which explains why A

is out of the physical region (|A}l < 1) for large Xpe
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Less information can be given by transverse momentum and angular
distribution, but nevertheless the theoretical predictions should explain as

well the high mean P_ of the J/¢ as the variation of the A parameter as a

T

function of X ‘The fact that A + -1 where diffractive production dominates

can be a guide for the explanation requested above.

We would like to thank the SPS staff for operating the accelerator and
the beam line during the two years of this experiment. The whole technical
staff of NA3 has largely contributed to this experiment. We acknowledge in
particular R. Lorenzi, R. Hammarstrdm and the "Saclay antenne' at CERN
directed by G. Bertalmio for their constant help before and during the runs
and M. Décamp for her efficient work in all adminstrative business and

typing of the paper.
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FLGURE CAPTIGNS

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Dimuon mass spectrum from incident n* at 200 GeV/c.

Ratio of J/¢ cross sections on hydrogen and platinum:

do(H,) dolPt)
R(XF) = A ax, / ax;

for the various ¢+, 71~, p data
of this experiment.
do(H,} do(Pt)

/
de de

Same as Fig. 2 for the ratio R(PT) = A

Ratio R(xF) for different P slices

5a,b) Diffractive component of the J/¢ production cross section

dcd/dxF at 150 and 280 GeV from induced w°7;

dog do

c,d) Ratio — / —— at 150 and 280 GeV.

dxF dxF

Same as Fig. 5 for incident pions and protons at 200 GeV.

Hard component dch/dxF for incident protons (a) and pions
(b} (the curves are the result of the fit described in the text.
Dashed line: gluon-gluon fusion; dash-dotted line : qq fusion;

full line : total).

Ratio of K induced to 7 induced cross sections. The curves are
the predictions described in the text for different normalisa-~

tions of the gluons in the kaon.

dxF dxF

prediction using our fitted structure functions.

at 150 GeV/c. The curve is the absolute

Ratio
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1 ool - +
dolp) / doln’) and b) dolp) / do(s?) at 150 and 200 GeV/c
dx dx dx dx
F F F F
Py distributions from various incoming particles

a) on H, target

b) on Pt target.

<P_ >and < P? > as a function of x_.
T Pp>as F

Ratio o(p)/o(p) at 150 GeV/c, as a function of DT

Angular distribution dN/dcos® for incident 280 GeV ¢~ (XF > Q).

Variation of the A, B and y parameters of the angular distribution
with

a) XF

b) Py

(only statistical errors on the fit are given).
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TABLE 1.

Beam running‘conditions and luminosities on the platinum target.

Luminosity
Energy | Max. intensity Incident Particles on Pt target
(GeV) | (particles/second) (identified) (cm=-2)
1= 96.3% 9.6 = 1.0 10%7
200 3.0 107 K- 3.1% 1.3 £ 0.2 10%¢
5 0.6% 5.9 £ 0.9 1035
) ot 36% 7.4 * 0.9 10%7
200 5.5 107 P 60% 9.8 £1.7 1037
K* 4% 1.3 £0.15 10%7
w~ 93% 5.1 £0.7 1038
150 5.0 107 K- 5% 1.6 + 0.24 10°7
b 2 6.0 £ 1.0 10%%
nt 6.3 £ 0.9 10°%¢
150 5.0 107 P 6.7 £ 0.9 103¢
280 3.0 107 n- >99% 2.78 £ 0.25 1038
TABLE 2.
Number of J/¢ events obtained in this experiment
Momentum -
(GeV/c) | Target nt K+ P " K- p
200 Hy 2407 359 2227 3157 - -
200 Pt 104866 14690 80786 131062 1963 657
150 Ho 207 - - 16952 487 208
150 Pt 7937 442 3453 601691 19190 6569
280 Hy - - - 23350 - -
280 Pt - - - 511457 - -
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TABLE 3.
Values of the parameter o describing the nuclear dependance of

J/¥ total cross sections: o(A) = A% ,, obtained from our data.

Energy Incident particle a
150 GeV/c 5" 0.95 % 0.02
n° 0.97 £0.02
200 GeV/c n* 0.96 % 0.02
P 0.94 £0.03
280 GeV/ce " 0.96 % 0.02
TABLE 4.

J/ ¢ production cross section
(Values of By, B = branching ratio of ¢ + utyu-,
integrated over xy > 0).

Incident Momentum o(Hz2) a(Pt)
particle | GeV/e nb/proton nb/Pt nucleus
n” 150 6.5 = 0.9 884 £ 130
w" 200 6.3 £ 0.8 960 * 150
at 200 5.8 0.8 976 £ 150
mT 280 8.7 = 0.8 1270 £ 120
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TABLE 5.
Ratios of J/y production cross sections for various particles,

with respect to m~ induced cross section at the same incident momentum.

Incident Momentum i, P

particle GeV/c T
K- 150 0.89 + (.05 0.98 £ 0.05
P 150 1.02 + 0.1 0.90 £ 0.06
n*t 150 0.95 £ 0.03 1.010 £ 0.013
K+ 150 - 1.02 * 0.10
P 150 - 0.42 % 0.04
Kt 200 - 1.09 +0.12
P 200 - 0.76 £ 0.09
m* 200 0.92 = 0.03 1.016 %= 0.006
K+ 200 0.81 +*0.10 0.83 £ 0.10
p 200 0.58 % 0.07 0.53 £ 0.05

TABLE 6.

Ratios of the hard component o of antiprotouns induced J/y,

with respect to protons at the same incident momentum.

Incident 39.5 150 200
momentum (Ref. 6) (This exp.) (This exp.)
(GeV/c)

I+

op(p)/ap(p) 5.6 1.0 2.35 £0.3 1.46 £ 0.25




Value of the parameter o, of equation (7
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TABLE 7

in the fit for each data set

.1) obtained

Incident particle | o, (% stat. * syst.)} | x?/DF
and energy
P 200 GeV 7.0 £ 0.3 1.4 15.4/10
7 150 GeV 9.6 £ 0.2 + 1.3 44120
# 200 GeV 8.3 = 0.2 * 0.9 9.5/10
1 200 GeV 8.1 + 0.2 £ 1.0 11.7/10
n 280 GeV 8.2 £ 0.2 £0.7 23/20
TABLE 8
., .
Mean wvalues of PT and PT for xF> 0
Particle n 7w ¥ w” protons
Energy 150 200 200 280 200
(GeV)
< PT > U 0.95 £0.02 1,01 £ 0.02 1,03 20,02 1.06 £ 0.02 0.95 + 0.02
)4
< Pf > u 1.22 £0.95 1.40 *0.05 1,42 20.05 1.52 £ 0.05 1.23 = 0.05
2
< PT >.Pt 1.06 £ 0.01 1.12 *0.01 1.13 #0.01 1.17 *0.01 1.08 * 0.01
<P2 > 1.49 +0.03 1.70 £ 0.03 1.71 £ 0.03 1.85 % ¢.03 1.57 £ 0.03
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