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ABSTRACT

The reaction p+W - u+u' + X has been measﬁréd
using a high intensity 400 GeV/c proton beam, a magnetiied iron
beam dump, and a wide acceptance detector. The p-pair invariant
mass spectrum.contains 225,000 events above 6 GeV. The Drell-
Yan model predicts a connection between the shape of the mass
spectrum at X, = 0 and the shape of the x

F F _
fixed mass. The data compare favorably with this prediction.

distribution at

The Pp Sspectrum is also presented as a function of mass and

Xg- The (pT) does not follow the QCD predictéd fall off

"with Xp- The data sample includes about 12,000 T -~ Tt
events but the resolution precludes separation into the various

excitations. The T production cross section has a steeper

dependence on x. than does the u-pair continuum at masses just

F
above or below the T.
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An experiment to study dimuon production by 400 GeV
protons on a tungsten target wasbcarried out at Fermilab using
the M2 beam of the Meson Laboratory. Preliminary'results have
been reported.1

The apparatus consisted of a solid iron spectrometer together
with four planes of hodcscope Cherenkcv counters and three planes
of PWC's, each containing three sets of wires with 2: mm wire
spacing. The proton beam of ~ 2 x 1011 per one second pulse
was incident on the 32 cm tungsten target. The spectrometer
consisted of three separate magnets with a coﬁbined path length
in iron of 5.5 m and a field which produced p; = 3.5 GeV/c.
The equipment is diagrammed in Figure 1.
| Three settings of the hodoscope system were used in data
collection; theée'corresponded to three lower limit dimuon invariant
mass cuts. Matrix logic circuits selected muon pairs which
projected back to the target in the non-bend (horizbntal)
projection and whose momenta exceeded a predetermined threshold.

The sample of like-charge pairs (ﬂ+u+ and y pu ) was
used to make a background subtraction; it was determined that
these were essentially all accidentals. As the target was
many interaction lengths thick, secondary hadrons produced by
the incident protons could give rise to ﬁ—pairs. This effect
was estimated to be about 25% of the 400 GeV proton yield at
Xg = 0, and approximately independent of mass for intermediate and
high dimuon masses.
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A Monte Carlo programvwas used to correct the data for
acceptance as well as multiple éouiomb scattering in the iron,
fluctuations in energy loss, finite target volume, and MWPC
resolution. The mass resolution function was nearly Gaussian
with an r.m.s; width of about 7.5% over dimuon masses between
3 and 15 GeV. At this time the absolute normalization of the
data is not complete

The mass spectrum, corrected for acceptante, is presented
in Figure 2, The peak at 0.7 GeV is the unresolved mixture
of u-pair decaYs of p°,wn, and ¢ and from secondary gamma
production of p-pairs. The ¥/J peak at 3.1 GeV and the T-group
'peak at 9-11 GeV are apparent; there is no evidence of structure
above 11 GeV. The data includes 225,000 events with mass above
6 GeV and 12,000 events in the T peak.

The Drell-Yan model relates the cross section for production
of dileptons of invarient mass q to the colliding hadrons'
quark functions fi(x,qz) as follohs: |

- a% 1 dna? 2. A 2. B 2
= ) e;x, £ (x,,9 )XBfT(XB’q )

dqzdxF 352 STZ

XF+4T i

where T = X = qz/s, Xp = Xp-Xp, and i extends over quarks and

A*B
antiquarks. This model may be used to extract the ocean quark
distribution from the dimuon data using F (x,qz) from lepton

2
scattering experiments. Two different parameterizations for

the nucleon ocean-quark distributions have been employed; the
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symmetric and asymmetric cases. For the symmetric ocean, xfa(x) =
XfE (x) = a(l-x)b, where a and b are parameters. In the
asymmetric ocean, xfj(x) = a(l-x)b and fﬁ(x) = (l—x)3 fa(x).

In both cases fs(x) = fg(x) = % [fE(x) + fa(x)] and higher

mass quarks are neglected. For Fz(x,q2)>the parameterization

of T. Kirkzwas used, and it is assumed that F?/Fg is independent

of qz. The fit to the continuum data gave for the symmetric
ocean a = 0.56 £ 0.05, b = 9.0 + 0.5, and for the asymmetric
ocean a = 0.65 * 0.05, b = 8.0 £ 0.5.

As a test of the Drell-Yan model, it was compared with the
data for Xy # Xp> i.e. for X # 0. The data for two different
mass regions are graphed in Figures 3 and 4 vs xé = xF/(l-T),
where the smooth curve§ are the D.-Y. predictions. The agreement
appears remarkably good.

The values of (pt)fbr the dimuon system have been evaluated
vs. x for several mass intervals. ’Liitle or no fall off of (pt)
with x is seen. A simple quark médel predicts a significant
fall off; however the Fermi motion of quarks may smear the
expected (pﬁ) to largely remove the ekpected'k dependence.

These results are plotted in Figure 5. |

The behavior of the x'F dependence of the cross section in
the T region may be compared with meighboring regions of the
continuum, Thils is done in Figure 6, where it may be seen that
the T production falls rather more steeply with x'F than the
continuum,

This work was supported by the U.S. Dept, of Energy ana the

National Science Foundation.
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Figure Captions

Experimental arrangement. A 400 GeV proton beam is
incident from the left. The magnets are solid iron.
pu-pair production cross séction (arbitrary units)

as a function of dimuon mass. The insert at tue upper
right shows the Y region with continuum subtracted,
plotted on a linear scale.

Cross section as a function of xé for dimuon masses
between 8 and 9 GeV. The curves are Drell-Yan
predictions (Ref. 4) with a symmetric or asymmetric sea,
Same as Fig. 3 for masses between 11 and 13 GeV.

Mean P, vs. X! for various mass ranges., (MNTW = this

t F

experiment, CFS = Ref. 3.)
Ratio of T production to continuum vs. Xp- The
continuum cross sections are interpolated from masses

above and below the T region.
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DIMUON MASS (GeV)

Figure 2
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Figure 3
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