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Prompt dimuon production has been measured. Events with mass up to 25 GeV/c? are
observed, as well as the J and T resonances. Cross sections are given for J and T pro-
duction. For the continuum, the scaling function F(7) is measured at very small values

of YT=m/Vs covering the range 0.05<v7<0.20.

PACS numbers: 13.85.Kf, 14.40.Pe

We present data from an experiment measuring
pp~pTuTX 1)

which was carried out at the CERN intersecting
storage rings at a center-of-mass energy of Vs
=62 GeV and an integrated luminosity of 1.11
x10% c¢m"2, This experiment has obtained 12 300
muon pairs with an invariant mass above 2.8
GeV/c?, The high cross section of muon pair pro-
duction, the small scaling variable values 7 =m?¥
s, and the absence of nuclear shadowing correc-
tions from pure pp collisions provide a sensitive
search for new particles' and a test of scaling
models.?

The detector is shown in Fig. 1. It is a large-
acceptance spectrometer composed of seven mag-
netized iron toroids, excited to 18 kG and total-
ing 450 tons, which provide both the hadron ab-
sorber and the magnetic field for the momentum
analysis of muons. This method minimized back-
ground from hadron punch through, because there
is more than 1.3 m of magnetized iron in the path
of a penetrating track. To reduce background
from hadron decays, the absorber starts about
~40 cm from the interaction point. Muons are
identified by penetration, requiring a minimum
of 1.8 GeV/c momentum to traverse the absorber.

Large-size drift chambers serve to determine
the muon momenta. These chambers® of sizes up

to 6.0X2.7 m?, measure both coordinates twice
with a resolution of 0 =430 um. There are 4800
wires with 10 cm spacing covering 800 m? of sen-
sitive area.

Immediately around the interaction region an
array of 136 drift chambers®* determines 3-5
points for each charged track emitted within 9°
<6<171° and 0< ¢ <360° with a precision of 0.3
mm along the beam and 2.6 mm transverse to it.
Chambers® mounted further downstream extend
the range to 8 =1°. The observed muon tracks
together with the hadron tracks determine the
vertex.

Coincidences of the scintillation hodoscopes A,
B,C,D,E (Fig. 1) are used to define muon tracks.
The magnetic spectrometer has a large accep-

tance of 15°<§<120° and P,>1.8 GeV/c. The
large 6 range implies a wide acceptance in x

o~ 21)L/wfs. Having little ¢ restriction the accep-
tance in p,, the transverse momentum of the mu-
on pair, is rather uniform for m =8 GeV/c2.

We have observed events with masses up to 25
GeV/c®. The computer reconstructed top view of
one event with m =24.5 GeV/c? has been imposed
onto the cut view of the detector in Fig. 1. The
two muons emerge from a vertex well within the
interaction diamond accompanied by 16 charged
hadrons. All trigger counters are in time within
1.6 ns. This fact, in addition to the dimuon open-
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FIG. 1. Cut-away view of the detector at the CERN intersecting storage rings. Shown are beam pipes (1), inter-
action region and inner detector (1), lead absorbers (2), trigger counter hodoscopes (4), (B), (C), (D), (E), mag-
netized iron toroids (4), muon drift chambers (¥), and luminosity monitors (3). Superimposed is the computer re-
construction showing a dimuon eveat of 24.5 GeV/c? mass and pr=1.2 GeV/c.

ing angle 6,, #180°, clearly excludes a cosmic
ray. The event is clean, as it does not contain
any spurious chamber coordinates. This feature
is quite common to all events, demonstrating the
effectiveness of the iron shielding.

Figure 2(a) shows the observed mass spectrum
of dimuon events and background with m <5 GeV/
¢®. The background from decay and punch through
of hadrons is determined from the amount of like
sign muon pairs. It is negligible for m >8 GeV/c?.

The mass resolution is limited by multiple
scattering in the iron. We expect am /m =11% al-
most independent of mass. The direct measure-
ment of J in Fig. 2(a) yields a mass resolution
of 10.8%. There are 2580 events with m >5 GeV/
c?, 1150 events with m > 8 GeV/c?, and 3 events |

with m > 20 GeV/c?. All events with m > 8 GeV/c?
have been visually scanned.

The mass acceptance for m >5 GeV/c? was cal-
culated by Monte Carlo using the production
mechanism® do/dx dp rd cosf « (1 - | x|)3+°
x exp(=1.1p7)(1 +cos®0cs) consistent” with our
continuum data.® It rises from 5% at m=5 GeV/
¢? to a plateau of 16% for m >8 GeV/c?. Isotropic
emission in ¢, the Collins-Soper® angle, in-
creases the acceptance by 20%.

For m >5 GeV/c? the resulting cross section
after background subtraction is shown in Fig.
2(b). A clear enhancement from the T family is
apparent at 9-10 GeV/c2.

An Ansatz of a continuum'® and the T resonances
was fitted to our cross section:

22 (528 - (253825

+0.15 exp [— (%170”&)2}}+B{(1—%{;i] (2)
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FIG. 2. (a) The events of the mass region 2—5 GeV/
c? display the J. Crosses denote the background esti-
mated from combinations of measured p*u* and uu”
pairs. Open circles include Drell-Yan, background,
and ¥’ —pu*u” (solid line) contributions. (b) Measured
cross section as a function of the dimuon mass. The
solid line is the fit to the continuum and the T reson-
ances, see text. The dotted lines are continuum ex-
trapolations in the resonance regions.
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We take Am /m=11%, a =10 from Kinoshita et al.,'°

and the relative T branching ratios from Ueno et

al.'* We obtain a good fit, with x*=27.4 for 26 de-

grees of freedom shown as the solid line in Fig.
2(b).

From the fitted value of A in Eq. (2) corrected
by a factor 0.8 for an isotropic angular distribu-
tion,® we obtain

o(T+T7 477 - u*u") =14.5+ 3.5 ph.

The mass region 2.8<m<5 GeV/c? is dominated
by J~ i " decay. The muons from J’s pro-
duced at rest cannot penetrate the iron. Instead
we measure forward-moving J’s produced with
0.1<x<0.35. Averaging over the x range, we
obtain

do(—-p*p"; (x)=0.2)/dx
=(3.6+1.1)x107%2 cm?.

We observed 3 events at masses larger than 20
GeV/c? and expect one from the extrapolation of

03! T T | | |
¢ this exp, Vs =62 GeV
— fit, see text
¥ data ref 10,Vs =27.4 Gev
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FIG. 3. The scaling function F(7) plotted as a func-
tion of V7.

the continuum fit. This allows us to set an upper
limit on production of new resonances X with
mass m> 20 GeV/c? of

o(X -~ pu*u")<40x10"3%8 cm?.

The fitted value B =(5.2+ 0.2)x1073* cm?- Ge V¥
c* from Eq. (2) is a measure of the continuum
size. In addition to the fit error, the overall nor-
malization has a total uncertainty of + 15% due to
event selection and the luminosity measurement.

If the exponent (@) in Eq. (2) is treated as a
free parameter, we find @ =8+ 1 with x?=22.1 for
25 degrees of freedom.

In the scaling model, F(r) =m®[d%/dmdx], _,
depends only on the dimensionless variable 7.

We have converted our data in the mass range

not affected by resonances (4.5-8 and 12.5-17
GeV/c?). The result is shown in Fig. 3 and the
solid line represents our continuum fit recast into
the scaling form:

d%c
— 3
F(r)=m [dmdx] ceo

=(1.04£0.16)x 10732

x(1 =V7 )7 ecm?. GeV2/c?.
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Our experiment overlaps with the Fermilab ex-
periment'! at v7=0.2. Within the knowledge from
use of nuclear targets and our statistical accura-
cy at masses above the T, scaling holds despite
the fact that the cross sections differ by two or-
ders of magnitude. However, as can be seen in
Fig. 3, the phenomenological Ansatz used to de-
scribe the high-statistics, low-energy (r>0.2)
Fermilab data'' cannot be extended into the very
small-7 region measured in this experiment.
Finally it should be pointed out that the CERN
intersecting-storage-rings electron pair data'?
are in good agreement with our measured F (7).
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