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Inclusive Electroproduction of Forward Protons from Neutron and Proton Targets*
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We report new measurements of the inclusive electroproduction of forward protons
carried out at the Wilson Synchrotron Laboratory at Cornell University. Data were tak-
en with deuterium at the (W, Q ) points (2.15 GeV, 1.2 GeV), (2.15, 4.0), and (3.11, 1.2);
data were taken with hydrogen at these points and at the points (2.15, 2.0), (2.67, 3.3),
and (3.11, 1.7). The invariant structure function is presented in terms of S", Q, and ~.

o „/crp = (1 —0.75/&u). (2)

The scattered electron was detected in one
magnetic spectrometer; the electroproduced had-
ron was detected in a second magnetic spectrom-
eter. A combination of a Cherenkov counter and
a lead-Lucite shower counter identified elec-
trons. Pions were identified by a threshold gas

The large cross section for deep-inelastic elec-
tron-nucleon scattering, which is a function of a
single variable co = 2Mv/Q', has aroused consid-
erable theoretical and experimental interest in
the details of the processes which are responsi-
ble for it. One particularly interesting feature is
the decrease in the scattering from the neutron
relative to that from the proton as w decreases.
This paper reports the first measurements from
both neutron and proton targets in which a proton
moving in approximately the same direction as
the virtual photon is observed.

In what is now standard notation, electropro-
duction can be treated as photoproduction by a
virtual photon, where the square of the photon
mass Q', energy v, direction, and polarization
parameter c are tagged by the scattered electron.
We present the virtual-photon-target-nucleon
cross sections in terms of the same kinematic
variables which were defined and used in Bebek
et al.' Instead of differential cross sections, we
show the invariant structure function

E d a' 1 1 E+ dg

&~a~ dP 0'~oc" ~Pmax* Pi l dx'dPi

where a«, is the total virtual-photoproduction
cross section for the W and Q' of the reaction.
For the proton target, the value of a„,was taken
from a fit to the electron scattering measure-
ments of vW, with the assumption that o'~ /or
= 0.18.' For the neutron target, the value of a „,
was computed from the empirical relation'

Cherenkov counter when their momenta were
~ 1.8 GeV/c and by their time of flight when their
momenta were &1.8 GeV/c. Neither protons nor
kaons gave a signal in the Cherenkov counter, so
protons were separated from kaons entirely by
their time of flight.

Data were taken at the points in the (Q', v)
plane shown in Fig. 1. Hydrogen data were taken
for all the points; deuterium data were taken at
data points 8, 9, and 13. The measured cross
sections were corrected for random coincidences
(- 5%), for counter and spark-chamber dead time
(- 5%), for nuclear absorption (2-3%%uo), and for
target-wall background (-5%). No radiative cor-
rections have been applied to the data shown in
the graphs. The errors quoted are statistical;
there is an additional overall systematic uncer-
tainty which is estimated to be less than 10'%%uo.

A simple correction for smearing was used to
determine the cross sections for a neutron tar-
get from the deuterium data. The neutrons were
assumed to be on the mass shell and have a mo-
mentum distribution given by the Hulthen momen-
tum-space wave function. This momentum dis-
tribution was used to calculate, from the mea-
sured structure function for protons from a pro-
ton target I"~, a smeared proton structure func-
tion E~'. For —0.6 ~x'& 0.0, the correction due
to smearing, C =Fp/Fp', differed from unity by
less than 5%; for 0.0 ~x'& 1.0, it differed from
unity by less than 3%. The expression

E d'a E d'a '

~a

0'p dP D 0'p dP H 0'„

was used to calculate, from the deuterium data,
the unsmeared structure function for protons
from a neutron target. This procedure assumes
that the deuterium cross section is the simple
sum of the neutron and proton cross sections.
The smearing correction for vW, is small for the

1115



VOLUME )4, +UMBER 17 PHYSICAL REVIEW LETTERS 28 APRIL 1975

0
l

1 2 3
PIN GeV

FIG. l. Q, v points at which data were taken. The circles indicate points at which deuterium data were taken.

& region of this experiment. "
Figure 2(a) shows the invariant structure func-

tion for protons from a proton target for P~'
& 0.02 GeV' for two points with the same center-
of-mass energy W and different Q'. The data in-
dicate that at fixed W the invariant structure
function is not a strong function of Q'. This
agrees with previous observations. "

Figure 2(b) shows the invariant structure func-
tion for protons from a proton target for two
points with the same Q' and different center-of-
mass energies 8'. This shows the rapid decrease
with energy of the invariant structure function
for forward- going protons.

Figure 2(c) shows on the same graph the invari-
ant structure function for protons from a neutron
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FIG. 2. Invariant structure function for protons from proton and neutron targets. The solid lines in (b) are the
curves for a fit of the formA(1-x')".
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TABLE I. The average ratio of the structure function
for forward protons from a neutron target to that for
forward protons from a proton target for protons with
0.1-x' & 1.0 and P & & 0.02. The uncertainties are sta-
tistical only. The systematic errors tend to cancel in
this ratio and are estimated to be less than 5%.

Q2
v O
v .6
~ 1.2

1.7
x 20
CI 3.3
+ 4.0

Datum
point

W, Q

(GeV, GeV ) nlP
2.0—

9
8

13

3.11, 1.2
2.15, 1.2
2.15, 4.0

0.12
0.24
0.47

0.82+ 0.19
0.85+ 0.13
0.82+ 0.44

target and for protons from a proton target for
p~'&0.02 GeV'. Table I summarizes the average
ratios of the structure functions for 0.2 ~x'&1.0
for forward protons from neutron and proton tar-
gets for the points at which deuterium data mere
taken. The data indicate that the relative proba-
bility of obtaining a, forward proton from a neu-
tron target is essentially the same as that for ob-
taining a forward proton from a proton target and
that the ratio of the probabilities is not a strong
function of +.

Data obtained out to p~' = 0.3 GeV' showed the
same behavior for the invariant structure func-
tion. For data points 8, 12, and 13, m'here W'

= 2.15 GeV, the slope parameters B in a fit of the
form A exp( Bp&') f-or 0.6 &x'& 1.0 were 4.0+ 1.0,
7.1+0.8, and 3.9+1.3 GeV ', respectively. The
corresponding slope parameters for data points
9 and 10, where 8'=3.11 GeV, were 3.3+0.7 and
2.1+1.0 GeV ', respectively. The p&' data for
the neutron target gave slope parameters consis-
tent with the values for the proton target.

In order to compare the data mith theoretical
predictions, the invariant structure function for
0.2 &x'&1.0 was fitted by the expression

(4)

In Reggeized models of inclusive reactions n is
related to the intercept of the leading Regge tra-
jectory through the expression

n =1 —2n(0).

The value n = 2 or its equivalent n (0) = —s corre-
sponds to Reggeized baryon exchange. This be-
havior was first suggested by Feynman', it is a
consequence of the correspondence-principle ar-
guments of Bjorken and Kogut" and the more gen-
eral analysis of Mueller. The solid curves in
Fig. 2(b) are representative of the fits to Eq. (4).
Figures 3(a) and 3(b) show the value of n as a
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FIG. 3. The exponentn in a fit of the formA(1-x')"
to the invariant structure function for protons from a
proton target with 0.2 ~ x' & 1.0 and P~~ & 0 .02, (a) as a
function of p, (b) as a function of g.

*Research supported in part by the U. S. Atomic En-

function of v and W, respectively. Also shown in
Fig. 3 is the value of n determined in two photo-
production experiments. ' The data are not in-
consistent with n increasing linearly with v and
then becoming constant at n = 2.

It seems remarkable that the relative probabil-
ity of obtaining a forward proton from a neutron
target is nearly the same as that from a proton
target, independent of Q', W, and e. The struc-
ture function for forward protons shows a 8' de-
pendence characteristic of Reggeized baryon ex-
change and only a weak Q' dependence. The scal-
ing in v predicted by simple parton models has
not been observed.
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Search for Charmed-Particle Production in 15-BeV/c z+p Interactions*

C. Baltay, C. V. Cautis, D. Cohen, S. Csorna, t M. Kalelkar, D. Pisello, and E. Schmidt
Colnmbia University, Nese Fork, New Fork l0027

and

W. D. Smith and N. Yeh
State University o'f New Fork at Bingkamton, Bingkamton, New Fork 18901

A search for the production of charmed particles in 15-BeV/c n+p interactions has been
carried out. The search was sensitive to charmed particles in the 1.5 to 4.0 BeV mass
range, with lifetimes 6 10 "sec, decaying into a strange particle with up to eight addi-
tional pions. No evidence for the production of such particles was found.

The possibility of a new hadronic quantum num-
ber, charm, which had been suggested about ten
years ago, ' has recently received renewed atten-
tion. ~ ' In the simple quark model of the hadrons,
this hypothesis can be interpreted as the exis-
tence of a fourth quark c carrying one unit of
charm, in addition to the usual nonstrange quarks
u and d, and the strange quark s. In order to be
useful in canceling the strangeness-changing neu-
tral currents, the c quark must have the same
charge as the I, =+ —, u quark, and have weak cou-
plings to the d and s quarks which are proportion-
al to sin8 and cos8, respectively, where 8 is the
Cabibbo angle. The lowest-mass charmed bary-
ons and mesons would thus be expected to de-
cay predominantly into final states containing a
strange particle. If charm is conserved in the
strong interactions, then charmed particles would
be produced in association with other charmed
particles in strong processes.

We have carried out a systematic search for
the production of charmed particles in w+p inter-
actions by looking for specific associated-produc-
tion processes, as well as for inclusive-produc-
tion processes, followed by the decay of the
charmed particles into strange particles and pi-

ons. The distance traveled by the charmed par-
ticles before decay was assumed to be too short
to be visible. The signal for the production and
decay of such a particle would have been the ac-
cumulation of events at the mass of the particle
in the effective-mass distribution of its decay
products. The search was thus sensitive to new
particles with lifetimes s 10 "sec. The total
energy in the center of mass of the w'P system,
for incident pions with 15-BeV/c laboratory mo-
mentum, is 5.4 BeV.

The experiment has been carried out at the
Stanford Linear Accelerator Center using an rf
separated 15-BeV/c w+ bee, m incident on the 82-
in. bubble chamber filled with liquid hydrogen.
A total of 866 000 pictures were taken and scanned,
and all interactions were recorded. All interac-
tions up 'o the highest multiplicity observed (four-
teen outgoing charged tracks), with or without
associated neutral-particle decays (vees), were
measured on the Columbia University Hough-
Powell Device operating in an automatic-pattern-
recognition mode. About 750 000 events were
measured. The measurements were processed
by an event-finding program, followed by three-
dimensional geometrical reconstruction and ki-
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