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Abstract
We report measurements of p-pair production by v+ mesons and
protons. The production of J mesons is contrasted with the production
of less massive particles. The character of the py-pair continuum
spectrum is discussed and implicationsfor direct lepton production are
given, Results are presented on a search for J production together

with sources for additional final state muons.

Our group is engaged in a series of Fermilab experiments to study the
characteristics of y-pairs produced in hadron-hadron collisions. The data I
viill discuss today involves p-pair masses below 4 Ge¥Y. These data are of
interest at this conference on the preduction of new particles for several
reasons.

First, we have a strong signal for inclusive J production. Since our
spectrometer has rather broad acceptance as a function of the Feynman-x and

PT of the p-pair, we can study the production characteristics of the J, in
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conparison with other vector mesons. The comparisen can be made for both
incident pions and protons and in this way, we may learn something of the
production mechanism for the J.

The lower mass vector mesons are themselves of interest. For the past
two years, there has been considerable stimulation by the observation of single
direct leptons produced in hadron-hadron collisions. These leptons could origi-
nate from the leptonic or semileptonic decays of some yet unobserved particles.
On the other hand, they might be one of a pair of muons which arises from
vector meson decay or from a possible continuum component of the u-pair mass
spectrum. Since our experiment studies inclusivé p-pair production, including
the vector mesons, down to masses of a few hundred MeV, we are in a position to
settle this question. While the analysis of this phase of our experiment is
still in progress, we can quote an upper limit on the cross section for the
production of single muons which originate from a pair.

Lastly, it is interesting to look for final states containing 3 or more
muons. Some theorists would have us believe that J's are produced together
with charmed mesons.! While there are also counter arguments to this point of
view,? i1t is a question that can be settled by any experiment with good accep-
tance for the muons which could arise from the semi-leptonic decays of the
charmed particies. I shall present results on this study.

The detector used for this experiment was the Chicago cyclotron spec-
trometer, located in Fermilab's Muon Laboratory. The spectrometer, in its
original form, was constructed by the Chicago-Harvard-111incis-Oxford muon

scattering collaboration and we are much indebted to this group for its use.
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For the data I will discuss today, a 150 GeV/c unseparated positive beam
of about 5 x IOS/burst was incident on a 10-cn-thick beryllium target. Two
helium filled beam Cerenkov counters, set just below the proton threshold,
separated mesons from protons.

The detector is shown in Fig. 1. A 2.2-meter-thick iron shield, placed
1.3 meters downstream of the target, absorbed hadrons before they had an appre-
ciable chance to decay. Particles leaving the shield passed through eight
1-meter-square MWPC planes and then into the cylindrical spectrometer magnet
of 4.2 m pole diameter and 1.27 m gap height. Oownstream from the magnet
trajectories were measured by 20 planes of wire spark chambers of size 2m x
4m or 2m x 6m. Particles were required to traverse an additional 2.5 m of
steel to be detected in the triggering hodoscope labeled P in Fig. 1. For
part of the running, four MPC planes were placed just upstream of the hadron
shield and four wore were put halfway through the shield. These detectors
allowed us to eliminate multiple scattering errors from the effective mass
measurement and to reliably associate the observed pair with a primary inter-
action in the target. This is particularly important for u-pairs of low mass
and low X where secondary production in the shield might otherwise pose a
serious background.

The event trigger required exactly one unaccompanied particle in the
beam, as determined by halo-veto counters around the beam, and by a pulse
height restriction on one of the beam defining scintillators. At Jeast two
particles were required to leave the target by imposing a pulse height require-
ment on a counter located downstream of the target. The only other trigger
condition of any consequence was the requirement that two non-adjacent counters

be struck in the P-hodoscope.
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The data analysis proceeded in a two-step process. First, the muon
tracks seen in the spectrometer were reconstructed. Events were retained if
they were consistent with the hypothesis that they originated in the beryilium
target. The seéoﬁd stép was to link the muon tracks of these events with data
in the upstream MWPC planes. Figure 2 shows the u-pair mass spectrum after
the first step of the analysis. This sample is statistically more powerful
than the one with the full analysis because the upstream detectors were only
available for part of the run. The sample is free from shield associated
background for u-pair masses above 1 GeV. Note that the background from % and
K decay, as monitored by the wut and u"u events, is never more than about
15% of the non-decay background.

Figure 3 shows the mass spectrum below 1.4 GeV when the upstream MAPC's
are used in the analysis. The data shown in this plot are corrected for re-
construction efficiency as well as the efficiency in triggering the detector.
The latter is determined by normal Monte Carlo methods. The reconstruction
efficiency is evaluated by superimposing Monte Carlo generated p-pairs on the
upstream MWPC data of real events and then trying to reconstruct the p-pairs.
In this way, the efficiency is mapped. out as a function of the mass, x, and
PT of the p-pair. For example, the efficiency at xp = 0.2 is constant for
p-pair masses greater than 500 MeV and falls to 50% of its plateau value at a
mass of 240 MeV. The kinematic minimum for the p-pair mass is, of course,

Zmu = 211 MeV.

Signals from p-w and ¢ decay to u+p- are clearly seen in Fig. 3. The

1ine widths are consistent with the uncertainty 1in the positiqn of the inter-

action peint along the length of the target. The continuum spectrum below
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600 MeV may be partially due to background processes and this correction is
stil] being evaluated. Nevertheless, cross sections for resonance production
can be quoted and an upper limit placed on the cross section in the continuum.
Figure 4 shows the line shape for J production, using the full data sample of
the step one analysis.

The p-pair production cross sections can be studied as a function of Xp
and PT for different mass regions. Figure 5 shows Edo/dx for four different
mass intervals integrated over PT' The first two intervals are dominated by
p-w and ¢ production respectively. The absolute normalization in: Fig. 5
corresponds to all events in the mass region, but the cross sections for the
vector mesons and the continuum are given separately in Table I, together
with fits of the form Ed3u/d3p = a(]-xF)C exp{-bPT). We have performed sub-
tractions of the continuum component in the first two mass intervals and find
that the fitted shapes for the Xp and PT dependence of the remaining resonance
signal are the same as without the subtraction. The PT spectra integrated
over x. are given in Fig. 6. The width of the p-u ﬁass peak is slightly
narrower than we would expect frem p production alone, thus suggesting the
presence of w production. We make no attempt at this time to separate the
contributions from p and w production. For comparison with bubble chamber
measurements of p production, we assume below that cp =0,

We note that Ede/dx for pion ﬁroduction of vector mesons is flatter than
for proton production in all mass ranges. We find that at Xp = 0.5 pions are
at Teast 4 times more Tikely to produce a J than protons. The corresponding

figure for p production is less than a factor of 2.
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We find that the exponential slope of the PT spectrum decreases with
increasing ﬁ—pair mass. This is true for both the resonances and the continuum.
Figure 7 shows the b parameter as a function of p-pair mass. The mean trans-
verse momentum for J production is approximately 1 GeV/c.

In Table I we also present integrated production cross sections for
Xc > 0.15, which is the region in which we have good detection efficiency, and
for xp > 0, which requires an extrapolation. The errors on the latter numbers
reflect, in part, our uncertainty in the extrapolation. The cross sections
per nucleon are obtained by using an A2/3 debendence for mass intervals I and
I1, AO.BS for mass interval I1I, and A for the J production. These are consis-
tent with recent measurements of A dependence effects.®

Turning next to the question of the continuum camponent of the mass
spectrum, we must consider first what contributions must exist from known
sources. Any particle decaying to a final state containing a photon also has
a decay mode in which the photon is replaced by a Dalitz pair. If sufficient

energy is available, the Dalitz pair can be either an e-pair or a p-pair. For

example _
+ - 0+ -
Ifn> wvuy)l _ 7,104  and EgﬂgilafLE_)_ = 7.3x% 1074
T'(n » yy) T{w~> 7y}

according to calculations by Jarlskog et a.? and by Lai et «l." respectively.
These Dalitz decay modes are much more serious if one is observing electrons
instead of muons. In the case of n-decay the authors of Ref. 4 calculate that
{n > e'e™y)/r{n > u'u’y) = 23.

These Dalitz decays contribute to the legitimate signal for inclusive

y=-pair production. A source of background which must be subtracted, however,
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is the photo-production of u-pairs in the target. We have not yet finished
evaluating this contribution and, therefore, we only quote an upper on the
continuum signal.

The continuum combonents described above all have the common feature that
the p-pair carries only a fraction of the parent particle's energy. Thus, the
g and Py spectra should be steeper for these components. This effect is
definitely seen for u-pair masseslbelow 500 MeV. A second feature of these
sources is that they should be virtually absent for p-pair masses above ) GeV.
We estimate that the Bethe-Heitler contribution is negligible above 1} GeV and
in this mass range we know of no significant source of Dalitz p-pairs.

Figure 2 again shows the mass spectrum of the pairs and we note an apparent
change in slope at 1.5 GeV. This shoulder could be the p'(1600) which is
believed to have a width of several hundred MeV.® If the shoulder is inter-
preted as the p', the corresponding branching ratio to y-pairs, times produc-
tion cross section is 2 nb/nucleon for both proton and pion preduction. This
should be considered an upper limit on p'(]ﬁUO) production and decay to u-pairs,

From the measurements described above, we can calculate an upper limit
on the total cross section for inclusive u-pair production by 150 GeV protons
on nucleons. Using the A dependence already described and integrating over
Muu' Xps and PT' we obtain ouu = 6.1 yb/nucleon. Thus for the production of
single muons from pairs 9, = 2 x O =172.2 pb/nucleon. Me calculate an upper
limit on the p/ ratio as 3.5 x ]0‘5. There are several important points to
bear in mind about this result. First, it cannot be compared directly with
any existing prompt muon experiment because it is an average over all of phase

space rather than being valid for any particular Xp and PT‘ The ratio 1is
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dominated by the Jow Xps Tow PT, low mass region where the cross sections are
the largest. Secondly, the ratio given is still an upper limit and may be
reduced if backgrounds are found at Tow mass. In the near future, we will
complete the evaluation of the background and then quote the result as a
function of Xp and PT‘

Finally, I would like to comment on our results for final states with
more than two muons. In a sample of 1.0 x 10° u-pairs, we abserve 164 events
with 3 muons and 1 event with 4 muons. The mass spactrum for the u+u' pairs
of the.3 muon events is shown in Fig, 8. The u+u' combination which gives the
best vertex is used in the plot. The most obvious source of the extra muon
is hadron decay. We estimate the decay probability times detector acceptance
by using the like sign p-pairs whose rate is entirely consistent with that
expected for hadron decay. On this basis, if we assume correlations are
negligible, we expect one event in 800 to he accompanied by a hadron decay
muon. Thus, we expect 125 3-p events while we see 164. Since we have a
sample of 130 J's, we expect about 0.2 J events to have extra muon from hadron
decay. We see one event. Since the probability of seeing one event, wheﬁ the
expected number is 0.2, is 16% we conclude that we have no strong evidence that
J's are accompanied by extra muons. A more quantitate statement depends on
the details of the model being tested, and we forego this calculation until
more data are available. We note that we have Just finished a data taking run
with a factor of 20 higher statistics. These data should pose a fairly strin-
gent limit on the production of 4's together with sources of extra muons.

In conclusion, we have seen interesting differences in the production of

J-mesons by pions and protons, when compared with Tower mass vector mesons.
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The pion/proton cross-section ratio as a function of Feymman.x is significantly
larger for J production than for the less massive vector mesons. The pion/
proton asymmetry leads to a total cross section for J production by pions into
the forward hemisphere which is approximately a factor of 2 larger than for
protons. In the context of the parton model, where the J is produced from cc
guarks in the sea, this result is surprising since the sea distributions are
not expected to be substantially different for the various hadrons,®

The p-pair measurements give a u/m ratio, when integrated over all Xp
and Py, which is somewhat less than the usually assumed value of 10'4. The
results from this experiment do not appear inconsistent with measurements by
Adair et aql.” but at the present time, no direct comparison is made in the same
kinematic region.

In a sample of 130 J events, we see only one case of a third muon and

conclude that we have no clear evidence that J's are produced with particles

which decay semileptonically.
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Figure Captions

Layout of the detector.

Mass spectrum for all observed p-pairs, without upstream analysis.

Mass spectrum below Huu = 1.4 GeV with upstream analysis. Pion-induced
and proton-induced events are combined in this plot.

Line shape of the J signal. |

Dependence of u-pair production on Feynman-x of the pair in various mas§
intervals., The lines indicate best fits to the data using the parameteri-
zation Edofdx = A(]—xF)C. The data are integrated over Pr-

Dependence of u-pair productfoh on transverse momentum of the pair, for
various mass intervals. The lines indicate best fits to the data using
the parameterization do/(PTdPT) = Bexp(-bPT). Data are integrated over
Feynman-x,

The dependence of b, the slope in PT’ on the p-pair mass.

The mass spectrum of u+u" pairs for events where three muons are observed.
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Table Caption

Table I Results of fitting the Lorentz invariant cross section

3

to the form Ed /dap = a(1-xF)c exp(-bPT) for different

regions,
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