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ABSTRACT

Improved measurements of the hadronic structure function, F(x'), -
and charge ratio are presented for the inelastic scattering of muons by
protons and neutrons. Correlation data between the leading and successive

hadrons 1is also presented.
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In recent papers we have reported measurements of the hadron spectra
produced by the inelastic scattering of muons from protons and neutrons.
We have since doubled the amount of data for muon proton scattering at 150 GeV/c
and present improved results for the structure function, F(x'), and the charge
ratio N+/Nh. The new results are based on 8600 and 7200 muon scatters
in hydrogen and deuterium respectively, these scatters havinr q2 > 0.5 (GeV/cz)z.
The respective luminosities are 4.0 x 1010 muons incident on 8.4 gm/cm2
of ﬁ&drogen and 1.84 x 1010 muons incident on 20.0'gm/cm2 of deuterium,

We briefly review the kinematics of muon scattering and hadron vnroduction,
In the one photon approximation, when the muon scatters it exchanges
a virtual photon of mass —q2 and energv v with the hadronic
system. These Lorentz invariant quantities completely define the muon

kinematics. For the hadrons it is most comvenient to work in the center

of mass system between virtual photon and nucleon, The center of mass

2 2
energy is s: s = ZMv - q + M yhere M is the nucleon mass. The hadron

* % *
kinematics are defined by E , ﬂ\ s P

'
max and Py> respect}vely the hadron's

energy, longitudinal momentum, maximum momentum and transverse momemntum

in the center of mass system.

The hadronic structure function F(x'), is defined as

211 E d 1
F(x') = f de%; _ - (1)

where



and o is the total muon scattering cross section. The hadronic.charge
ratio N+/N- is the ratio of the number of positive hadrons in a given x'
interval to the number of negative hadrons. We discuss both of these
quantities as functions of s and qz.

We have used the same analysis described in the earlier paners with
the following improvement, We have removed from the data the elastic
production of particle pairs by virtual photons. The large majoritv
of these events are p®-mesons or converted bremsstrahlung photons. FElastic
pairs are those events in which the pair of particles produced have 96%
or more of the energy lost by the muon,

Fipgures 1 and 2 are the hadronic structure functions for the neutron
and proton displayed as functions of qz and s, The straight line is a good
representation of lower energy data.3 We observe that at very low x',
F(x') for positive and nepative hadrons "scales”, e. g., 1t does not change
with q2 or s, For higher x' there appears to be a difference between the
positive and nepative hadron functions. At highest q2 and lowest s there
is a sugpestion that the x' slope of the structure function is becoming
more negative,

The difference between positive and negative distributions is best
displayed by the charpe ratios in Figurec 3, plotted as functions of

2Mv

W= .
4 4
Figures 1 and 2. Ve have shown other data and the fit of Dakin and

2
The w is the value obtained by averacing over the ¢ - s regions of

FcldmanS to these data using their simple quark wmodel., Our data and the



data of Bebek gg'gl.a follow the trend of the fit for the proton but are
systematically below it. Dakin gﬁ__l.3 could not remove protons from

their charge ratio.6 Bebek et al.'s data i1s for pions only: our data is
at sufficiently high energy that the proton contribution is negligible.

What is striking is that over the wide range of energies of the various

experiments the data i{s consistent with a charge ratio dependent only

on w. These data support the nalve quark model and its description of the
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hadronic structure functions over a wide range of ¢ and s.

Many people7 have proposed the idea that the hadronic distributions

observed in lepton scattering and in large transverse momentum hadron-hadron

interactions are essentially the same phenomena. To provide more tests
of this idea we have analyzed hadronic correlations In the following

manner. For events with s > 100 GeV2 we have plotted the quantity P(zz)

_[1 -l-JEL*-dz
g dzdz2

1/2
/

1
where z = F /v is the fraction of the photon's lab energy carried by a

P(z

Y =
2 ldg 4,
1/2 c dz

(2)

hadron (z 1s also a Lorentz invariant)}. z, 1s the fraction of the remaining

energy carried by a remaining hadron:

E
- h2 = 2! B =

v - Ehl 1 -2 v
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For this analysis we have combined the neutron and proton data.
Figure 4 shows P(zz) for various sign combinations. There is clear
symmetry between the opposite signed pairs and between the like signed
pairs. Opposite signed second particles have higher z, on average. We
have removed "elastic" events (p°® production and bremsstrahlung conversion)
by dgmanding that the total z of the two particles be less than 0.96 and
that the mass of pairs (assuming both are pions) is greater than .35 GeV.
These events would appear as a peak at z, = 1 in the P(zz) distributions.
To compare these data with some expectations we have plotted.the
following curves:
(a) The inclusive distribution for nepative particles (the positive
distribution is identical). This is the full line in Figure 4.

(b) The uncorrelated probability for z., using the inclusive 2z

2

12 1/2 we recast

Zz
the inclusive z distribution in terms of z, = 1—:f;r~and plot it for values
1

distribution. In effect given we have a particle with 2

of z< 1 ~ z- This is the dashed line.

The opposite signed pairs follow the trend but are lower than the
uncorrelated distribution for z,. The like signed pairs follow the trend
of the single inclusive distribution. In appr;ximate terms the like signed
second particle appears to share the remaining energy much as all particles
share the initial energy. Figure 5 shows the mass distributions and

relative azimuthal angles of the hadron pairs, The unlike pairs show

enhancement at the p® mass but this is not a large part of the spectrum.



In both cases the azimuthal angle distriubtion is flat. These results
are very similar to correlation data from high transverse momentum hadron-

8
hadron collisions and lends weight to the idea that these hadrons have

aimilar origins.

We thank the staffs of Fermilab, our home institﬁtions and the

Rutherford Lab whose help made this work possible,
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FIGURE CAPTIONS

Structure functions for the proton for various qzws ranges. The
dashed line is 0.35 exp (~3.25x').

2
Structure functions for the neutron for various q -s ranges.

Charge ratios for proton and neutron.

P(z,) for various sign combinations. The solid line is 1 do for

negative hadrons. The dashed line is the uncorrelated zg Sistribution
derived from é-g% .

a) Mass distributions for particle pairs. b) Relative azimuthal
angle distribution for particle pairs. :
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