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ABSTRACT

We have performed in the NA3 experiment a study of high mass di-
muon production by an unseparated hadron beam on hydrogen and platinum
targets. This experiment collected a large statistics of J/{ events
(~10° on platinum target and 20,000 on hydrogen) for various beam mumenta
(150, 200 and 280 GeV/c) and incident particles (wi, pi). The comparison
of the production cross-section for proton and antiproton together with
the differential cross~section do/dx allows us to compare the data witﬁ
a production mechanism involving quark-antiquark and gluon-gluon inter-
actions. The cosﬁ* distribution of the same J/y data havé also been
analysed and results will be presented. Finally we have observed T pro-

duction by incident pions of 150 GeV/c.
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INTRODUCTION

New measurements of dimuon production have been obtained in the NA3
experiment at CERN. They provide results on J/¢ and T production in
hadron~hadroninteractions at 150 GeV/c. Statistics on the J/{¥ region for
hydrogen and platinum targets are given in table 1. The mass spectrum for

T on hydrogen and platinum targets is shown in fig.l and fig.2.

This paper is divided into four sections. In section 1 we give the
. . + - .
ratio of the J/Y production by m and 7 » by proton and antiproton, then

the A dependence power law, and the total cross sections.

In section 2 we compare the J/y differential cross section do/dx for
incident protons and antiprotons with the prediction of a model involving

only gluon-gluon and light quark-antiquark fusion.

The angular distribution of dimuons from J/¢ decay for different
values of x: is studied in section 3. In section 4 we give T production
by pions.

A DEPENDENCE AND J/y CROSS SECTION

a) J/¢Y production by positive and negative pions

On the mass spectrum,.the events called J/{ are those corresponding
to 2.7 <M < 3.5 GeV from which we have subtracted a continuum background

determined by events at higher and lower dimuon masses.

+ -
Using our 7~ data on hydrogen and on platinum we can compute

+_ N@Hy > J/0) and m- = NOTH, >~ 3/9)
N(T Pt > J/P) N(T Pt -~ J/¢)

R

which are independant of the incident particle flux calibration, since the
two targets are used simultaneously, and R = R+/Rﬁ, which is independent
of the acceptance and the number of the nuclei of the target since the
apparatus are the same for the two polarities.
Then
R = OBy > I/W) , o Hy > I/4)
G(W+Pt = I/ o(m Pt + J/P)

Let us call

o(r n + J/ )

il

G = o(mp > I/Y)



and

o =o(mp=>J/Y) = olm o> I/
Assuming a power law for the A dependence

ol g
R = /

A%0.40 + 0.60 )  A%(0.40 + 0.607)

The A% cancels and we deduce the ratio 0+/0ﬁ directly from the

measured values of R. We get :

at 150 GeV/e o /o

0.94 + 0.08

at 200 GeV/c o /o = 0.99 + 0.06
where a systematic error of f(.05 is included.

From these wvalues we deduce

o(m'Pt > J/Y) _ (0.4(0 /5 ) + 0.6)

Rpp = N

o(m Pt ~ J/Y) (0.4 + 0.6(c /o))

Then,
at 150 GeV/c RPt = 1.01 + 0.02

at 200 GeV/e RPt = 1.00 * 0.01

. +, - . . . .
These results allow us to calibrate the 7 /m relative luminosity with

an accuracy of 27.

b) A dependence

We use here the m data on hydrogen and platinum targets to compute

o =o(m p > J/P)
and

g = o(m Pt > J/Y)

With the same assumptions as in the paragraph a) we get

o 9pt

A 3
(0.40 + 0.6+(0 /0 )*0 )

. +, = . . .
With our values of ¢ /0 we find for o the values given in table 2., In

this table we have also indicated the results of the other experiments.



The mean value of our measurement is

o =0.94 £ 0.02

¢) J/¢ production by protons and antiprotons

The relative luminosity for protons and antiprotons in the positive
and negative beam have been determined by threshold and differential
(CEDAR) Cerenkov counters, respectively,with an accuracy of 107%. The p/ﬁ Cross
sectionratios are reported on table 4. The errors are mainly due to the protons
and antiprotons identification. The proton to antiproton ratio decreases
with energy as it is expected since the light quark fusion mechanism con-

tribution increases when the energy decreases.

d) J/Y cross section

The J/Yy cross section per platinum nucleus, for xp > 0 1s reported

on table 3.

Using our A dependence we have plotted on fig.3, on a logarithmic
scale, the known values of Mzotot for Xp > 0, as a function of VT. Note
that our point at VT = 0.135, corresponding to 280 GeV/c comes from our
first sample of data and will be improved when we will have analysed

all our 280 GeV/c data.

do/dx DIFFERENTIAL CROSS SECTION

Assuming that the J/{ is produced only by light quark-antiquark

annihilation and gluon—-gluon interaction (in fact charmed quark produc-

(1)

tion seems to be negligible ) we can write the antiproton over proton

differential cross section ratio as

(do/dx)p o f(x) +0 f i’.(x)
(do/dx)p og fg(x) + cq fq (x)

where
*
X = ZPL /Vg

The function £ F = fgP = fg and fqp,p , corresponding toe the gluon—
gluon.and quark—-antiquark interaction respectively can be calculated

L LT T IO



using the nucleon structure functions determined by : (a) the CDHS experi-

(2) (12)

ment , (b) our experiment

The proportion of J/{ events produced by gluon-gluon interaction can

be written as

R p(x) = 1 - Ry -1 for protons
g A(x) = 1
and
R p(x) =1 - Alx) . Rix) - 1 for antiprotons
& Ax) - 1 R(x)
where

_ P p
A(x) fci (X)/fq (x)

which can be calculated using the quark and antiquark structure functions

2)

from CDHS experiment

For example, at x = 0, using our measured value
R(0) = 2,0 + 0.4 (systematic error included)
we have computed the proportion of J/{ events produced by gluon—gluon
interaction :

- in proton—proton reaction :

(a) RgP(O) = 0.69 + 0.15 (b) Rgp<0) = 0.67 £ 0.20
- in proton—antiproton interaction :
() Rgp(o) = 0.35 + 0.15 (b) Rgp(O) = 0.33 £ 0.18

Notice that these results are independent of the gluon structure function.

Using these values and the gluon structure function of the nucleon from

CDHS, one can compute
a) 0 /0 =5.5% 2.2 (b) o /o_=5.5%2.5
(a) 4 g (b) q' %
Equation (1) allows to compute R(x) from the value of Oq/Gg. Fig. 4

demonstrates that the shape of the computed value R(x) is compatible with

the experimental points within the statistical errors.



3, ANGULAR DISTRIBUTION

Using the 7 data we have fitted the J/Y angular distribution, cortrec-
ted by acceptance, in the Collins-Soper frame, for different slices in

X and PT by the term :

do

———e—— =1 %+ Acos?8
d(cost)

As an example the acceptance and the angular distribution is given in

fig.5 at 0.5 < x; < 0.6, for J/y produced by 150 GeV/c pions on platinum,

In fig.6 we show the values of X vs X From J/i events we have
subtracted a Drell-Yan type background. This background amounts to
about 107 of the J/U events. Because of the uncertainty in the background
subtraction, we have an additional systematic error of A} = *0.05, not

indicated in fig.6.

The A parameter is always close to zero, independent of x_ and Prpe

F
At 200 GeV/c incident pions we found <)\> = 0.05 * 0.07 {see ref.3)

This result on A seems to indicate that, at our energies, the direct J/y
production by light quark fusion is not dominant,since, in this
model A must be near one. However an isotropic angular distribution
is not in contradiction with the J/¢ production by light quark fusion

via an intermediate state.

4. UPSILON PRODUCTION

In fig.7 we show the mass spectrum for m at 150 GeV, together
. . . . . 4
with the already published mass spectrum at high pion energles( ).
In spite of this relatively low emergy, we see an excess of events in

the T region.

The corresponding cross sections are reported in fig.8 and table 5.



CONCLUSIONS

a) The study of J/¢ (i.e. 2.7 < M < 3,5 GeV) production by incident

+
T and

+
p on hydrogen and platinum leads us to the following conclusions
T i +
he ratio TPE >y
R=_.:_____._.
m™ Pt =9

is equal to 1 within less than 27 at 150 and 200 GeV/c.
Using T data on hydrogen and platinum we find an A dependence

parameter o = 0.94 + 0,02

The ratio of (EN + )/ (pN - V) decreases with energy. Assuming that
J/Y is produced via two mechanisms : light quark fusion (Oq) and
gluon—gluon interaction (Og) we get,

at 150 GeV/c : o /o = 5.5+ 2,2
G g

The angular distribution of J/iy produced by ™ in the Collins-Soper

frame is approximately flat, and it is independent of x_ and Py

F
This result can suggest that the fraction of J/{ production by light

quark annihilation occurs mainly via an intermediate state.

B) We have estimated the cross section of T production by pions at

three energies. This cross section exhibits a strong energy dependence.
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TABLE 1

Statistics of J/{ events (XF > 0)

Energy GeV/c | Target T K P rt K P
150 Pt 605600 19276 6619 7936 409 3642
H, 16330 474 194 202 15 118
200 Pt 145000 2800 1000 108000 16000 101000
Ha 3000 56 17 2200 340 2300
TABLE 2

A dependence power o value for incident pions

References Bjpcleev/e) ]
Anderson et al (5) 225 0.87 * 0,05
Antipov et al (7) 43 0.92 £ 0.06
BCP (8) 40 0.97 £ 0.03
this experiment 150 0.935+0.025
this experiment (9) 200 0.95 £ 0.03
this experiment {9) 280 0.935+0.025




TABLE 3

J/U cross section per platinum nucleus for m (ub/nucleus)

Ppoan (GeV/C) 150 200 280
VT 0.179 0.160 0.135
BG (x5>0) 0.77 £ 0.09 | 0.95 + 0.12 | 1.05 = 0.24
TABLE 4

P.  GeV/c | Target o(r” > 3/y) | olp > /)
inc -

o(r = J/) | o(p > I/

PT 1.01 * 0.02 0.50 = 0,08
1590

H, 0.94 * 0.08 | 0.51 * 0.09
200 PT 1.00 = 0,01 0.71 * 0,16

Hy 0.99 + 0.06

J/Y cross section ratio for X, > 0



TABLE 5

T production cross section by pions

Particle - T T T
Energy (GeV/c) 150 200 280
Numbexr of T events 63 £ 15 55 + 15 66 +
Bao(T + T" + T'") 0.36 £ 0.15 1.5 % 0.5 2.4 £ 0.9
(pb/nucleon)




FIGURE CAPTIONS
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Mass spectrum for T on hydrogen at 150 GeV/c.
Mass spectrum for m on platinum at 150 GeV/c.

2 i >
M ot for J/{ production at e 0.
x distribution of the ratio of J/Y produced by antiprotons over J/y
produced by protons. The solid line is the function R(x) calcu-

lated with CDHS structure functions.

Angular distribution of J/¥ production by T at 150 GeV/c in the
Collins—Soper frame. The solid line is a fit with the form
dN/dcosGCS « 1 + Acoszecs which give A = 0.07 * 0.08. The dashed

curve is the acceptance of the NA3 experiment.
A parameter of the J/U production angular distribution in the
Collins-Soper frame (do/dcosecs « 1 + Acoszecs). The indicated

errors are those from statistic and acceptance calculation only.

Mass spectrum for high mass dimuon pairs produced by pions on

platinum.

Cross section of T produced by pions.
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