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ABSTRACT
We have measured the py and Py dependence of J production
by high energy neutrons in comparison with the production of
the conventional vector mesons. We also report values for
total inclusive cross sections for resconance and coﬁtinﬁum

dimuons, and give an upper limit for yY' production.
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Although it has been a year and a half since the discovery

of Jtr2

and of the §' (3684) particles,3 very little is known about
the mechanism for their production by hadrons. The increase of

the inclusive cross section for J production by a factor of one
hundred between 30 GeV and 300 GeV does not have an experimentally
verifiable explanation.® We have made a measurement of the dynami-
cal dependence of this inclusive cross secticn. At the same time
we have measured the same properties of thg inclusive cross sec-
tions for p, w, and ¢ production in order to compare these data
with the J data. In addition, we have measured the production
dynamics of dileptons of masses between the ¢ and the J in order
to determine whether the dominant source of these dileptons is a
Drell-Yan continuum of virtual photons.

Our results were obtained from an analysis of dimuon produc-
tion by 300 GeV neutrons’® on nuclear targets in a high energy neu-
tron beam at Fermilab. The A-dependence of the dimuon cross
section was reported in Ref. 5, where we also described the appa-
ratus and the methods of analysis.

The data was divided into five mass regions: p + w, .6 to
.2 GeV/cz; ¢, .9 to 1.15 GeV/cz; Cl (continuum), 1.15 tc 1.4
GeV/cz; C2 (continuunm), 1.4 to 2.6 GeV/cz: and J , 2.6 to 3.6
GeV/cz.- The calculation of vields and background subtractions
has been described in Ref. 5. Background corrections were only
neéessary in the first three mass regions. The yields from all
targets were summed to give the P and Py, distributions shown in

Fig. 1 and 2 and fitted as described below.
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We parameterized the invariant cross section for inclusive

dimuon production in each mass interval by:-

3
eSS -con-x)*™ ePMR x oy <
dp .
; (1)
) - d 1 = o
E:pc=C @y PPy 0 < X <X, €' =c( - X

The actual yieldrof dimuons as a function of p, and Xp® was
compared to the yield of events generated by a Monte-Carlo calcu-
lation in order to determine values for the parameters o, b, and
X, in each mass interval. Equation 1 was used to determine the
probability of producing a dimuon as a function of ?L and XF.

The laboratory momentum for the Monte-Carlo generated events

was computed using an incident neutron momentum distribution

given by:’

0 < E < 320

Bl

(2)
E

dN _ _ E
aF = 4 G. 00) 320 < E < 400
The calculation included the effects of multiple scattering,
ionization loss, and straggling in the absorber, the limiting
of the acceptance by the finite apertures of the magnet and
MWPC's, and the effect of the finite resolution of the MWPC's.

Finally, we assumed that the angular distribution of the posi-

tive muon was isotropic in the dimuon center of mass.
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The parameters &, b, and X, were varied ﬁntil the differ-
ence in shape between the Monte-Carlo sample of events and the
data was a minimum. The Pl and p“ distributions for the p + w
and the J mass regions together with the best fit Monte-Carlo
distributions are shown in figures 1 and 2. The efficiency for
detecting a dimuon with Xp < .2 was greater than 10% only in the
P + w mass region, as can be seen from the dotted curves in Fig.
2. The value of X5 = 0.3 determined from the p + w region was
used in the fits for all masses.

The results of these calculations are given in Table I.

The use of more refined models for the cioss section and the
neutron spectrum did not significantly improve the quality of
the fits of the Monte-Carlo distribution to the data. However,
the value of & was sensitive to the value of the energy at which
the neutron spectrum peaks. Changing this peak energy from 320
GeV by * 10% changes the value of o by 1/2 unit. '

While we assumed an isotropic angular distribution for the
decay, there was sufficient data in the p + w mass region to
test this assumption. Figure 3 shows the observed distributions
in dimuon energy asymmetfy (|E+—E_/ﬁ++E_|), compared to Monte-
Carlo generated distributions for the three hypotheses of 1 +
cosze, isotropic, and sin29. The results clearly favor an iso-
tropic distribution.

Tﬁese values of a(m) are within the range of values which

have been observed for hadrons. For example, Taylor et al.,?®

have found that 7's and K's have a value of o between 2 and 4
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while p's have ¢ = 8. It is worth noting that our data show that
the p inclusive cross section is independent of XF for XF < .3,

The parameter b which characterizes the Py distribution de-
creases monotonically as the mass of the dimuon increases. We
point out that the value of b at the J mass is not due to an
unreliable extrapolation since we have observed J's produced with
Ql > 3 GeV/c. Furthermore, a parameterization which is propor-
tional to e-b*?L ? is inconsistent with our data.

The total integrated inclusive cross section for dimuon
production for XF > 0.24 in each mass interval was determined
from the yield of events normalized to the incident neutron
flux, as described in Ref. 5, and the geometric efficiency as
determined from the Monte-Carlo calculation. The cross sections
were extrapolated to A = 1 using the A-dependences measured in
Ref. 5. These results are given in Table I.

In the ¢ mass region, we assumed the same A dependence as
in the p+w region. No subtraction was made for the p+w tail, so
the values of o, b, and the cross section are for all dimuons
in the ¢ mass region. We estimate that between 1/2 and 2/3 of
the cross section is due to the §.

~Since there was reasonable acceptance for XF < 0.24 in the

p+w mass ‘interval, a total inclusive cross section could be

p

determined. We find that Buu “ @

L Buu * 0 = 700 nb/nucleon.

We can then determine of for two extreme assumptions about the
amount of w production:?

of = 16 mb if ¢® = 0, and

o = 6 mb if o°

]
Q
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The best fit to the mass spectrum requires some w production.
The second result is consistent with the value of 6 mb for
inclusive p° production in 205 GeV pp collisions.'  That
experiment detected the p through its 27 decay mode.

The integrated inclusive c¢ross section for J for XF > 0.24

is in agreement with previous experiments.!' Assuming that

do/dy is constant for 0 < X, < 0.3 (y = center of mass rapidity)

F

we obtain

J do

B —_—
uu dy

= 8.9 nb per nucleon, which agrees well

y =0

with the recent measurement of Snyder et al.!’ Such a flattening
at low X, has been observed in other measurements of J production??
as well as in the measurements of the p presented here. If one
uses this extrapolation for the unobserved region of XF the total
inclusive cross secticn is Biugiot = 22 nb per nucleon.

We have studied the events with mass above 3.5 Gev/c2 for
evidence of Y' (3684) production. The 12 events from the data
in the mass range 3.5 - 3.9 Gev/c2 are equél to a predicted 12
events in this range due to the tail of the J. Since we have no

evidence for ¥' production, we place a 90% confidence level upper

limit for %' production in our kinematic range of X_ > .25 of

F
Bwl . Gwl
R = ~§-‘i‘—-—— < .015 90% C. L.
7
B~ =+ ¢
uu

3

Snyder et al.'’ have recently measured this ratio to be .014 + .004

at XF = Q.

The value of éﬂi per nucleon is shown plotted in Fig. 4.
dM

We have calculated the expected yield of Drell-Yan pairs for
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P” > 75 GeV under two assumptions for vwzl“ and these are shown
as solid and dashed curves in Fig. 4. We have assumed three
colors in each case. The observed yield is greater than the
predictions.

In conclusion, we find that the dynamical dependence of
inclusive dimuon production does vary with dimuon mass, but that

there seem to be no differences between p and J production which

cannot be attributed to the heavier mass of the J.
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TABLE I

PARAMETERS DESCRIBING INCLUSIVE DIMUON PRODUCTION

1.0 do
.24[ Buu aifdxF
mass range o b nanoharns,/nuclecon
D+ 3.0 £ 0.3 4.2 * 0.2 100
b 3.4 + 0.6 3.5 £ 0.3 16.1
Cl 2.7 + 0.8 3.5 x 0.4 1.4
C2 3.3 + 0.5 2.4 £ 0.2 1.1
J 5.2 £ 0.5 1.6 £+ 0.2 3.5

&, b described in text.
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Fig. 3. Decay angular distribution for p + «. Solid line = sinzﬁ distribution.
Dashed line = isotropic distribution. Dotted-dashed line = 1 + cosza
distribution. ' '
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Fig. 4. do/dM vs. M in continuum region, for P> 75 GeV. Solid and dashed
lines are Drell-Yan calculations with color included (Ref. 14)




