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ABSTRACT

Interactions of the type uN+(nu)X (n=1,2,3,4,5)
are being studied with high sensitivity in the
Multimuon Spectrometer in the Fermilab muon beam.
Results are reported on inelastic structure
functions, production of ¢(3109) and exotic
‘multimuon final states.
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ABSTRACT .
Tnteractions of the type uN+(mu)X (n=1,2,3,4,5) are
Jbeing studied with high sensitivity in the Multimuon
Spectrometer in the Fermilab muon beam. Results are
reported on inelastic structure functions, production
of ¢(3100) and exotic multimuon final states.

INTRODUCTION

Data have been collected using the Multimuon Spectrometer recently con-
structed in the Fermilab muon beam. To achieve the desired luminosity
(>10® cm-2/experiment) the experiment uses a massive target (5 kg/cm?). An
integrated spectrometer magnet provides high acceptance along the length ¢~
the target even for tracks along the beam direction.

The apparatus shown in Fig. 1, consists of 18 modules of 5 10-cm thi:k
steel plates each followed by a calorimeter scintillator (5C). A 25 cm gap
between modules contains a drift chamber (DC) for precise determination of
track position in the bend plane and a proportional chamber which reads ou:

3 coordinates to resolve multi-hit ambiguities.

Signals from banks of trigger scintillators S1-S12 are usad to form
parallel triggers for >1, >2, >3 muons in the final state. The single muon
trigger incorporated a vetc on a hit in the beam ares; the two muon trigger
required deposition of apprzximately 2z0 GeV in the hadron calorimeter.

Three muons triggered only on multiplicity.

Beam tracks were momentum-analyzed by 2 separate upstream bends. Ac-
cepted outgoing tracks, registering >4 proportional chamber hits in 2 views
and >3 hits in the third, were required to intersect a commor +._..tex opti-
mized by iteration. Extra hits due mainly to small showers ‘induced by direct
electron pairs, were identified and rejected using a complex momentum-
fitting algorithm which solves for the Coulomb-scattering in each module.

The acceptance and resolution of the spectrometer were modeled for each
final state by Monte Carlo simulation. Coordinates of randomly sampled beam
muons are used as input and all energy loss and scattering processes are in-
cluded for each iron plate. Trajectories were deflected in each plate using
measured field maps. “imulated interactions occurred between muons and nu-
cleons in Fermi motion or coherently between muons and iron nuclei. These
simulated events were output in the same format as raw data and were re-
constructed and momentum-fit exactly as the data.
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MULTI-MUON SPECTROMETER
|BERKELEY-FERMILAB-PRINCETON

Sq.rz In modules 4,6,8,10,12,14,16,18
PC+DCIn1-18 5Cint-15

Figure 1. Schematic view of the apparatus. 51‘532 are trigger scintil-
lators. PC and DC are proprotional and drift chambers. The
scintillators labelled 5C form a hadron calorimeter.

EXOTIC MULTIMUON FINAL STATES

Identification of exotic events begins in the reconstruction and fit-
ting programs. Events satisfying normal analysis criteria which possess
unusual characteristics are saved on microfilm containing tabulated data and
computer-generated track pictures. Events are double scanned by physicists
and are refit using hand-selected information as a consistency test.

Table 1 presents the properties of four rare events found in an ini-
tial scan of 20% of the data. The three muon event with two missing u  or
vy is similar to events seen in the CDHS neutrino experiment’]. In this case
also, the small pair masses and transverse momenta favor interpretation as
7/X decay contamination of dimuon events.

Two events with 5 muon final states have been observed. Event 1208-
3386 possesses characteristics similar to those of the more abundant (by
~a~2) muon tridents, Event 851-11418, however, does not seem consistent

with any plausible QED process.

The four muon event, 1191-5809, has properties which differ signi;%;’.)
cantly from those of the three reported events in neutrino experiments .
The softest lepton has at least 4 times the energy and the lightest wte”
daughter has at least 4 times the mass of any neutrinc-induced counterpart.
The most obvious potential background, singie muon production due to any pro-
cess in random association with u+u' pair production due to any process with-
in the same diagram, has been estimated using measured properties of 2 and 3
muon final states in this experiment to be less than 7 x 10~*.,
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TABLE 1
Properties of Exotic Events
] . . 3 Unseen
Scattered . ‘Energies Masses pito y¥
Event Muon (GeV) (GeV/c?) (GeV/c
851-5726 2 Ez= 19 2 M34%0.5:0.1  0,3:0.1
p=su-utyt Q=0.110.1 Eg» 11z 2
1 234 v =160:6 Ehag~103:15
miss® 27217
1191-5809 2 Ez= 262 3 M34=3.020.3 2.0£0.2
praptutuuT Q2=0.3:0.2 Eq= 18t 2 M35=3.2:0.3
1 2345 v =158:7 Eg= 25& 4 M345=4.610.3
Epagd> 5711
Emiss< 31214
1208-3386 2 Ex= 50¢ S M35=1.3+0.2 0.120.3
ureptpspeptet Q=0.220,2 Eq= 27+ 3 M35=0.320,1
1 23456 v =149:9 Eg= 61t 6 M4q5=0.420.1
Eg= 10% 2 M46=0.520.1
Ehad® 6% 3 Migs56=2.0%0.2
Emiss= -4:13
851-11418 2
T T TR T Thi it Q%=3.5%0.6 E3= 13t 2 M34=2.320.2 1.820.4
1 23456 v =51212 Eq= 192 2 M3g=2.0%tn.2
Eg» 15% 2 Mg5=0.5%0.1
Eg= 10% 2 Mgg=0.3%0.5
Ehad= 5t 3 M3456=3.5%0,3
Epigs~ -1%13

INELASTIC STRUCTURE FUNCTIONS

The values of the inelastic structure function Fz(x,Q?) are extracted
using a Monte Carlo simunlation to correct for acceptance and resclution,

The simulation uses fits to F; and R(X,Q’)-UL/UT determined from carlier
experiments’)with the neutron-proton ratio a parameterization of electron
data®) . ’

The values of Fy/nucleon averaged for iron are presented in Figure 2b.
This represents 17%¢ of the data on tape. Systematic uncertainties in the
energy calibration and resolution, and in trigger efficiency are folided in
quadrature with the statistical, There is an overall normalization uncer-
tainty of =14%.

The data indicate less dependence on Q? than measured in earlicr experi-
ments®’) although the result is not inconsistent with those. The values of
F; fall approximately 20% below the extrapolation of fits to those lower Q?
data at all values of x. Changing the value of R from the form R=1.2(l-x)/Q2
to a2 large value would increase the measured F; particularly at larger values
of Q2. The data presented here are in good agreement with values measured
in neutrino scattering from iron?’.

¥(3100) PRODUCTION BY MUONS

Previous experiments at Fermilab, SLAC, and Cornell have measured
photoproduction. We report here 1000:80 p*p* pairs from ¢ decay drawn from
16834 muon interactions producing 3 fully-reconstructed muon tracks in the
final state. These represent 12% of the data on tape.
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Figure 2. (a) Calculated efficiency for inelastic muon scattering vs. Q? and
v, averaged over full tcrget length. (b) Measurements of F{x,Q?)
for bins of x. Points above the dashed line have been corrected
by a factor less than 1.5 for smearing. Errors shown include
statistical uné systematic uncertainty.

Only one choice of p*u~ pairing is plotted in the mass spectrum of
Figure 3(a). The centroid of 3(b) is consistent with 3.1 GeV and the width
of 9% aprees with Monte Curlo predictions and with direct calculations. The
Y (3685) is not resnlved,.

Data taken at low intensity with interactions restricted to the upstream
8 spectrometer modules were used for determination of the total cross-section

X

g/nucleon (pFe+upX)=0.7620,22 nb

allowing for the 7% y+p“u~ branching fraction. .fonte Carlo corrections
for nuclear coherence, shalowing and |tlgin effect: yield

o {uN+pyX) = 0.6720.20 nb

where the error is due to normalization uncertainty. A calculation using a
photon-gluon-fusion model :s consistent with this resuit').

To make contact with other data at small t, the t-dependence of the
cross section was assumed :n the Monte Carlo simulation using parameters
based on other experiments, The EY dependence of Figure 3(c) is insensi-
tive to reasomable variations of the parameters.

Above 30 Ge¥, the cross sections vary less steeply than is predicted by
a photon-gluon-fusion calculation (shaded band). The broken line is the
shape of the kinematic factor (pg.m./pz'm')’. In the simplest VMD inter-
pretation the rzatio uf solid to broken lines in Fig. 3(b) gives the energy
dependence of the square of the y-nucleon total cross section.

The shallov Q?-dependence in Fig. 3(c) is fit by (1+Q%/M2?)"? with
M=2.7¢0.5 consistent with a ¢ propagator; the choice M=m; is ruled out.
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Figure 3. u*u" mass spectrum before (a) and after subtraction (b). Cross

sections for ¢ production by equivalent virtual photon flux as
a function of Ey (c) and Q* (d).

If the charmed quark mass is approximately half of the ¢ mass, the kinematics
of the photon-gluon-fusion produce a Q2-dependence similar to that in VMD.
Data 1ike that of Fig. 3 may provide & critical test of a more exact QCD
calculations.
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