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—= 2 +EC +fB cos2$+ [f (E + 1)/2] D cosf ~dp'

(4)

The results presented here have been averaged
over Q so as to eliminate the B and D terms.

The data are presented in terms of the invariant-
structure function E(x', Q', W) obtained by averag-
ing

E d'0 2

or &P oz' (Pmax Pr ) d& dPr dQ
3 + 2

'
2 1/2 I 2 (5)

over the range Pz'&0.02 GeV' and 0& / &2m. Here
0~ is the total virtual-photon-nucleon cross sec-

tion. The proton total cross section, g~, was taken
from a fit to the SLAC-MIT results with o,/o,
=0.18.' The deuteron total cross section, g„, was
calculated from the expression o~= v~(2 —0.75/&u). '

III. APPARATUS AND DATA REDUCTION PROCEDURE

The two-arm spectrometer system shown in
Fig. 1 was used to obtain data with a hydrogen tar-
get at the (W, Q') points (2.2 GeV, 1.2 GeV'),
(2.7, 2.0), (2.7, 3.3), (2.7, 6.2), and (2.7, 9.5) and
with a deuterium target at (2.2, 1.2), (2.7, 2.0),
(2.7, 6.2), and (2.7, 9.5). A lead-Lucite shower
counter was used to identify the scattered elec-
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FIG. 2. The proton structure function for a proton target at W = 2.7 GeV for several values of Q2 and p z & 0.02 Ge7 .
The solid line is the same in all four figures. It is given by 0.49 (1-x ) and is the best fit to all four data points over
the region 0 & x' & 1.
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trons. Pions were eliminated by their time of
flight for momenta less than 1.8 GeV and by a

'V

threshold Freon Cerenkov counter for momenta
greater than 1.8 GeV. The data have been cor-
rected for random coincidences (-2%%uo), electronics
dead time (-5%), absorption in the counters (-6%),
and target-wall events (-2%). The correction for
pion background on the electron arm ranged from
5 to 30%, with an estimated error equal to 10%%uo of
the correction. The uncertainties shown in the
figures are statistical only and do not include the
overall systematic error which is estimated to be
less than +SPq An. estimate has been made of the
electron radiative correction. lt varies from 0 to
50/o as x' varies from 0 to 1 and, at fixed x',
varies only about 5'%%uo among the (W, Q') points. No
radiative corrections have been applied to the data.

IV. RESULTS

Figures 2 and 3 show the proton structure func-
tion for a proton target as a function of x' for P&'
&0.02 GeV'. The solid line in Figs. 2 and 3 is

F(x') = 0.49(1 —x')" (6)

with n= 2. This line is the best fit to the four data
points shown in Fig. 2 for 0& x' &1 with n con-
strained to equal 2; the error in the coefficient is
0.01. Theory' predicts that for x' - 1 the invariant
structure function will have the form of Eq. (6) wit&

n=1 —2m. Here a. is the Begge parameter which

characterizes the energy dependence of the exclu-
sive reaction to which the inclusive reaction is
linked in the correspondence principle limit. For
simple nucleon exchange corresponding to the re-
action

n (0) - -0.5 and n = 2.
The figures show that for W = 2.67 GeV Eq. (6)

describes the shape of the invariant structure func-
tion quite well over the surprisingly large x'
range, x' &0. Figure 2 also shows that the invari-
ant structure function is independent of Q' at fixed
W. This independence of Q' is the dominant feature
of the inclusive electroproduction reactions. Fig-
ure 3 shows that at fixed Q' the invariant structure
function changes with W. The (2.15-GeV 1.2-

2
~ ~ P b

GeV ) and (2.65, 1.99) data displayed in Figs. 3 and
2, respectively, have the same value of u, &
= 4.16. They differ substantially and show that the
invariant structure function for forward protons
does not display Bjorken scaling.

Figure 4 shows the ratio of the invariant struc-
ture function for protons from a deuterium target
to that for protons from a proton target at W=2.7
GeV. These data suggest that the invariant struc-
ture function for forward protons from a neutron
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FIG. 3. The proton structure function at fixed Q~

=1.2 Ge7~ and several values of TV. For these data
Pz 0.02 GeV . The solid curve is the same as that2 & 2

shown in Fig. 1.

FIG. 4. The ratio of the invariant structure function
for protons from a deuterium target to that for protons
from a proton target as a function of Q~ at S"=2.7 GeV.
For these dataPz & 0.02 GeV
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FIG. 5. Results for the values of the parameter n for a fit to the proton structure function of the form A(1-x')" in
the region 0.2&x'&1.0. Part (a) shows the value of n versus Q for the data with W=2.7 GeV. Part (b) shows the
value of n versus W, the total energy in the virtual-photon —target-proton center-of-mass system.

target is somewhat less than from a proton target.
In order to study the behavior of the data, more

closely, the structure functions for the proton tar-
get have been fit to the form

for x' &0.2. Figure 5 shows the values of n as a
function of W for the data of this experiment and
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FIG. 6. (a) The parameter N, plotted versus x' or x &, obtained from a fit to the proton structure function of the
form f(x')/TV+ for forward protons and f(xz)/TV for protons produced between 100' and 156 in the virtual-photon-tar-
get-proton center-of-mass system. The solid curve is a fit to the forward-proton data; the dashed curve is a fit to
the large-angle data. (b) The parameter N, plotted versus x' or x~ obtained from a fit to the proton structure function
of the form f(x' )/Wx for forward protons and f(xr) jW+ for pions produced near 90' in the virtual photon tar-get pro-ton-
center-of-mass system. The solid curve is a fit to the forward-proton data; the dashed curve is a fit to the pion data.
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other reported measurements of inclusive proton
electroproduction" and photoproduction. " At 8'
= 2.7 GeV, where there is the most data, the elec- .

troproduction data indicate that for fixed W there
is no dependence on Q' and at W = 3.1 GeV it ex-
ceeds the value n=2 predicted by the simple form

. of the Regge theory.
Another parameterization of the data which is

suggested by measurements of proton electropro-
duction between 100' and 150' in the virtual-pho-
ton-target-nucleon center-of-mass system' is

(6)

where N is a function of x'. Figure 6 shows a
plot of the fit value of N versus x' for the'new data
reported here and the data from an earlier experi-
ment' together with the values determined from a
similar fit to measurements of protons produced
between 100' and 150 in the virtual-photon-target-
proton center-of-mass system. ' A fit to the new
hydrogen data reported here gives

N(x') = (1.57+ 0.10) exp[(2.26 a 0.13)x'],

where the X'/DOF is 0.2/2. This is shown as a
solid curve in Figs. 6(a) and 6(b). Figure 6(b)
shows the fit values of N versus x' for the for-
ward-proton data together with the values of N de-
termined from a similar fit to measurements of
pions produced at 90 in the virtual-photon-target-
proton center-of-mass system. '

Near x'= 1 the energy dependence for forward
protons is the same as that for. sidewise protons

and pions where sr =P r/P*, „=1. This behavior
cari be understood in terms of the correspondence
principle" and it suggests that, in the framework
of the constituent-interchange model, "'"the ener-
gy dependerice is determined by the quark reac-
tions allowed by the exchange or interchange of
quark fields using the elementary two-field and
three-field hadron wave functions which are linked
to the y„P -Pv' and y„P-Pv'v exclusive channels.

V. CONCLUSIONS

In conclusion the proton structure function is in-
dependent of Q' at fixed W but shows a strong de-
pendence on W at fixed Q'. For x' &0.2 the invari-
ant structure function can be described by the ex-
pression (i —x')", where n is a function of W

which for 8' = 2.7 GeV is not incorisistent with the
value ri= 2 predicted by the Regge model through
the inclusive-exclusive connection. The observed

-S' dependence at x' = 1 is very similar to that ob-
served for inclusive electroproduction of protons
and pions at high transverse momenta and suggests
that both kinematic regions have a similar explan-
ation iri terms of the constituent-interchange mod-.
el.
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