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ABSTRACT

We have studied muon-produced hadrons from a deuterium target.
The structure functions and the cﬂarge ratids aéé reported for neutrons;
the transverse momentum and azimuthal distributions are reportéd'for
deuterons. The structure function for the neutron is_similar to that
of the pioton. The charge ratio of produced hadrons follow the expectation
of a simple spin % quark model., Transverse momentum results agree with

those of lower energy and are similar to those from hadron~hadron

interactions. No azimuthal anisotropy is seen.



In a previous paperl we reported measurements of the hadron‘spectra
from virtual photon i;Eeractions with protons. In this paper we extend
these measurements to neutrons. The data were obtained usiﬁé the muon
scattering faéility at Fermilab and comprise 2.1 x 1010 muons incident on
8.4 gm/cm2 of liquid hydrogen and 1.84 x 10lO muons incident on 25.1 gm/cm2
of liquid deuterium. | »

The hadron invariant structure function for the neutron is Fn(x'):
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E, p are respectively the transverse momentum, longitudinal momentum,

max
energy, and maximum momentum ¢f a hadron in the center of mass system for
the virtual photon and neutron. This center of mass energy squared is
B = 2an + an - q2 where Mn is the neutron mass, v is the lab energy lost
by the scattered muon and -qz_is the mass squared of the virtual photon.
Fn(x') is derived from the corresponding deuteron and proton structure func-—
tions as follows:

We assume that the deuteron muon inclusive cross section,pn(qz,s)‘is
the sum of the neutron and proton cross sections. We also assume the hadrons
per deuteron interaction are the sum of those from the nmeutron and the

proton. This leads to

Fplx') = g2 Fplx') - R R lx1), (2)



The ratiqs UD/Un and cp/cn are functions of w = 2 mv/q2 and are taken from
inelastié-electron séattering experiments.2 The muon inclusive data are
consistent with thesa!Eut have less accuracy. The hadron charge ratio is
cbtained in an analogous way.

The apparatus and methods were described in Ref. 1. The corrections
applied to the data are.the same except for the deuteron radiative correction
and the increased rescattering in the denser dgpterium. Detailed radiative
correctioﬁs, beyond the subtraction of the elastic tail, have negiigible
effect on the resulis. Corrections.for the Fermi motion of the nucleons
in the deuteron or for the shadowiﬁg of one nuclébn by the other are also
negligible.

Figure 1 shows Fn(x') for the neutron. The data show no.significant
variaﬁion with q2 or s, and the structure functions are equal, within statis-—
tics, to those for the proton. Figure 2 shows the forward charge.ratio N+INh
-for the neutran plotted as a function of w. Also shown are the proton data
from this experiment and other proton and neutfon data.? The value of w
used for our data is the average value for the events in the qz—s ranges of
Fig, 1. The solid lines in Figure 2 are fits to the data of Dakixxjgifgg.
based oﬁ a simpié quark modeﬂ%of the proton and neutron. Our data are con-
sistent with these fits. In this quark model the neutron and proton are
composed of a sea of quark anti-quark pairs as wgll as valance quarks. At
high © most of the virtual pﬁoton interactions are expected to bg with the
quark sea which is charged symmetric. The similarity of the neutron and protoﬁ
data at high w and the fact that the charge ratios tend to one aé w increasés

is evidence for this sea.



Tﬁe neutron aﬁd proton data are similar. From here on we t:éat the
deuteron as if compoggd of two independent and equivalent nucleons. The
rest of the results are from the deuterium data only.

it is of interest to compare the hadronic structure function for
muon-nucleon scattering with that from electron-positron collisions.

Figure 3 shows F(x') for the deuterium data compared to the analogous-
structure funétion for electron-positron annihilation.5 The variable and
structure function for annihilation is different iﬁ detail from F(x') used here
but for x' > 0.2 is essentially the same. Table I describes the functions
plotted. The similarity of the photon and annihilation data is

striking. This feature is predicted by a guark m.odel.4

Hadron product;on by scalar and transverse virtual photons can produce
interference terms in the azimuthal distributions of hadrons about the

direction of the virtual photon. Most generally we may write6

do ‘ . 7
d?i; = A+ ¢B-~¢cC cos 2¢h-2\£+52 D cosq;h - (3)

whefe ¢h is the azimuthal angle of the hadron about the virtual photon
referencéd to the azimuthal angle of the leptons and € is the transverse

. polarization of the virtual photon. The data is binned‘as a function of Pp»
x', q2 and €, WNo significant anisotropy is shown by the azimuthal dis-

tributions. Fig. 4 shows dc/d¢h for two ranges of q2 and with x' cut to be

-

clearly in the region of photon fragmentation. The data have s > ZO(GeV)2
and are summed over all Py and €. Both are consistent with a constant dis-

: 6 '
tribution. Ravndal showed that the absence of polarizations is consistent



with a spin % parton model.
To complete the description of the inclusive hadron distributions we
have fitted the pi dependence of the differential structure function

(Eh/o)(d3c/dpi) as a fuaction of x'. We have used the form
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This is the transverse momentum distribution used in Ref. 1 but it is
parameterized differently. M is mainly determined by the low x' data. We
have used the value of M determined at x' = 0.15 as a fixed parameter in
fits to the data at other x'. M is found to be(0.45 +0.05 GeV.

Some of the data and the results of the fits are shown in Figure 5.
The chi-squares per degree of freedom for the fits are consistent with statistical
fluctuations only. Also plotted are the directly measured average trans—
verse momentum <pT>. Both b and <pT> havé a strong x' dependence; this
behavior and the magnitudes of b and <P;> are typical of hadron-hadron
collisidns.7 The value of (Eh/U)(dBG/dpg) at p% = (0 is in good agreement
with the lower energy measurements of Bebek_gg_gl.3

We conclude the following:

1. The photon produced hadron inclusive distributions are consistent
with a simple spin % quark model. This is shown by the-charge ratios, the
similarity of F(x') for both neutron and proton, the apparent lack of azimuthal

hadron polarization, and the agreement of our measurements with those at

lower energy.



2., Hadronic transverse momentum distributions produced by virtual

="

photons are similar to those produced in hadron-hadron interactions.

We thank the staffs of Fermilab, of our home insfitutions and of the
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TABLE T

DESCRIPTIONS OF STRUCTURE FUNCIIONS

Interaction Structure Function Variable oM Energy
*
. I | .,
Yy FN->R +x F (x") W2 23 s > 100 GeV
(Pmax HPT ) '
et +e +h+x Z’Ef&"%% x=%§- s = 55 GeV?

cm
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ﬁ;x') for the neutron for various qz-s ranges. The dotted

line 1s0.35 exp(~3.25 x').

Ratio of positive to negative charged hadrons as a function of
average w for this and other egperiments. The solid lines are
the fits mentioned in the text. 'I‘he”}'c' cuts are: 0.4 <x' <0.85

for this experiment and Dakin et al., 0.3 <x'<0.7 for Bebek et al.

Structure functions for processes described in Table I.

Azimuthal cross section for hadrons.
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(a) typical data with fits; (b) and (c) fitted parameters as functions

The differential structure function (Eh{d) (d3c/dp )

of x'; (d) average transverse momentum measured directly.
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ARBITRARY UNITS
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