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At the CERN Super Proton Synchrotron (SPS) we have performed an experiment
with a large-acceptance spectrometer to look at the hadrons associated with lep-
. + - + - . - . *)
ton pairs (L M or e e ) produced in T Be scattering at 150 GeV/c ’. We report
here on the production of 4000 { and 80 y’ mesons which we have observed in our
+ - . . . . ..
W u data. We find that ¢ and ¢’ production is of hadronic origin., We observe
Feynman x distributions (XF) which suggest that the valence quarks are crucial
components of the production process for the § and P’. We find a transverse

momentum (p..) distribution for the | which flattens as approaches zero. We
T Py app

show that the Y production may be due to charmed quark fusion.

The experimental set-up is shown in fig. 1. The 150 GeV/c m beam was pro-
duced at 0° by the 210 GeV/c external proton beam of the CERN SPS. The beam in-
tensity was 6 x 10° m /burst. A copious muon halo (1.5 % 10% 1i/m?/burst) accom-
panied the beam and was detected by two sets of veto counters. Two scintillator
hodoscopes were used to steer the beam onto the Be targets and to suppress beam
pile-up. The three Be targets had a total length of 16.4 g/cm?. The spectro-
meter subtended angles of *160 mrad vertically and *250 mrad horizontally at the
target. If was composed of 11 multiwire proportional chambers (MWPC) immersed
in the magnetic field of the Goliath magnet. These MWPCs had a total of 42 sense
planes, the vertical wires in the first two planes having a 1 mm pitch, and all
other planes a 2 mm pitch. Goliath had a magnetic field of 1.5 T, a magnetic
volume of 3.3 m®, and a bending strength of 3.7 Tm. Following Goliath were three
large MWPCs, each containing four planes of 3 mm pitch sense wires. (There was
a total of 40,000 wires in the MWPCs.) After the first large MWPC was a 28-celled
Cerenkov counter filled with CO, at atmospheric pressure. The third large MWPC
was an integral part of an electron-gamma-ray calorimeter of the scintillator-

lead sandwich type. Finally, there was a muon filter composed of 2380 g/cm? of

*) About 407 of our data were taken at 140 GeV/c beam momentum. We have combined
these with our 150 GeV/c data as no significant difference was observed when
the two data sets were analysed separately.
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iron sandwiched between two sets of hodoscopes. These hodoscopes had central

horizontal gaps corresponding to vertical angles of +20 mrad at the target.

Our experiment was designed to measure and identify the particles produced
in association with the . This required that the muon iron shield be placed
well downstream of the production target, in contrast to beam dump experiments
E1—4]. To suppress the U background from m and K decays at the trigger level, we
exploited the fact that the y mass is large compared to the "background mass'.
Low-momentum muons (< 5 GeV/c) were swept away by the magnet or stopped in the
iron. Since the muons of interest had opposite charges, the trigger was made on
diagonally opposite quadrants of the hodoscopes; this, combined with the gaps in
the hodoscopes, imposed a minimum laboratory angle requirement of 40 mrad between
the muons. This resulted in a trigger which was not very sensitive to dimuon
masses below 1 GeV. An additional trigger requirement came from using the hodo-
scopes to ensure that the muons pointed towards the target in the vertical plane.

The trigger rate was 6 x 10~ %/incident pion.

Figure. 2a shows the dimuon mass spectrum corrected for geometrical acceptance
but not for the contribution from 7 and K decays. The smooth curve is a fit to
our data from 2.2 to 10.0 GeV using a sum of two exponentials and two Gaussians.
The fitted { and Y’ masses are 3.097 * 0.001 and 3.680 * 0.004 GeV, respectively.
The standard deviations of 46 * 1 and 54 * 7 MeV are consistent with our mass
resolution. Approximately 607 of the small background under the y comes from
prompt muon pairs, as determined by an analysis of like-sign muons* . The rest
of the background comes mainly from m and K decays. Assuming a linear dependence
of the cross-section with A, we determine a cross—section per nucleon for the Y
and P! of 95 * 10 and 15 * 4 nb. The errors include effects due to statistics,
acceptance uncertainties, and detector inefficiency. The ratio of the Y’ and

Y cross—sections, (16 * 3)7, is approximately the same as that observed at

/s = 64 Gev [5].

*) We will present our prompt muon continuum results in a future publication.
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These results can be used to determine whether the production of ¥ and ¥’

of an electromagnetic origin [5]. If the production in T p interactions were

electromagnetic, one could expect the ratio

!
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to be equal to the ratio
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Here Oﬁ—w is the inclusive cross-section for Y and ¥’ in 7p collisions, and

(doc/dM)M=M M is the cross—section of the prompt pu continuum interpolated
v, v! _

under the ¥ and ¥'; B is the ¥ or Y’ u+u branching ratio [6]. Reé has been

1

measured [7] at e+e_ colliding rings to be Rﬁe = 0.092 GeV and Ree

1
In our experiment we find Rﬁ_p = 6.65/0.66 = 10.1 *+ 3 GeV and Ri;p

0.35 + 0.14 GeV. This result indicates that most of the ¥ and ' production is

of hadronic origin.

0.006 GeV.

0.12/0.346

are

Figures 2b and 2c show the distributions in Xp and p; for the ¥ and y'. The

effect of the background under the ¥, ' peaks has been corrected using the events

in the neighboring mass zones. The Xp and Pr resolutions are approximately 0.004

and 25 MeV/c. The xp distributions are well fitted by

do
dxF

c
=b (1-[x, %" .
The results of our calculations are given in table 1. Both distributions are
significantly shifted from Xp = 0.
We fit the Pr distributions (1/pT)(dO/de) with an exponential in pp, an
exponential in p%, and [1 + (pT/B)ZJC. For the y, the non—exponential fit is

the best; it can accommodate the flattening of the cross-section at small P

while fitting the high Pp data., We find B = 1.9 * 0.2 GeV/c and C = -4.5 # 0.5.

All fits give the same (pT) for the Y: 1.00 + 0.02 GeV/c; for the y’,

(pT) = 0.89 + 0.17 GeV/c.



-4 -

In fig. 3 we show the angular distribution of the { decay muons (corrected
for background effects) in the Gottfried-Jackson frame. The data are from the
region 0 < xp < 0.4 and 0.0 = Pr £ 2.4 GeV/c. This region was chosen to enable us
to weight each event*). The smooth curve is a fit to 1 + a cos? eGJ' We find
oo = -0.13 £ 0.18. 1In the simple quark fusion model o can be written as
1 - (4m?/Q%)
1+ (4m?/Q?)

o =

where m is the quark mass and Q is the dimuon mass [8]. (If the quarks have
transverse momentum, O would be damped by approximately 20% [9].) Quark fusion
from light quarks would give a =~ 1, while charmed quark fusion would have a =~ 0.
Thus our result is conmsistent with charmed quark fusion, but not with light quark
fusion. (We assume that the qq vertex has no structure ESJ.) Even if the ¥

comes from decays X > vy, if the x is produced by charmed quark fusion then the

Y still has a = 0.

If ) mesons are produced primarily by charmed quérk fusion; the shift from
zero of the Xp distribution implies that the momentum distribution of sea quarks
is linked to that of the valence quarks [10,11].' Charmed quark fusion for the
Y leads to a prediction that charmed particles are produced in association with
the . We will attempt to see if this is true when we analyze all tracks in our

spectrometer.

Table 1

Parameters of the Xp fits to the

¢ and P’ cross-sections

Uu mass region | b (mb) c Xq XZ/N
1 165 + 18 (2.5 + 0.13/0.18 = 0,01 | 1.7
p! 40 + 11 [ 3.9+ 1.5 |0.18 = 0.03 | 0.2

*) Alternatively, one can assume a functional form for the cross-section and get
an over-all geometrical efficiency for cos fg; for all data. This technique
was used for the xp and pp distributions, but was found to be model dependent

for the cos eGJ distribution.
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Figure captions

Fig.

Experimental layout. H represents a scintillator hodoscope; U is

a muon beam halo detector.

a) Dimuon mass spectrum corrected for geometrical acceptance.

b) and c¢): x, distribution for the y and ', respectively.

F
d) and e): p; distribution for the ¥ and ', respectively.

The curves are described in the text. For d) and e) the dashed
line is the exponential in Pps the dotted line is the exponential

in p%, and the solid line is the non-exponential fit to the data.

Distribution of the cosine of the Gottfried-Jackson angle for
2880 | events. The smooth curve is a fit to the data of the form

1 + o cos? 8gy> with o = -0.13 £ 0.18.°
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