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We report measurements of the inclusive electroproduction reaction e +p —e + p + X for
protons produced between 100° and 150° in the virtual-photon—target-proton center-of-
mass system. Data were taken at the (W, @) points (2.2 GeV, 1.2 GeV?), (2.2, 3.6),
(2.65,1.2), (2.65,2.0), (2.65,2.8), (2.65, 3.6), (3.1,1.2), and (3.1,2.0). The invariant
structure function is studied as a function of W, @2, Xy, pTZ, and sz.

The study of hadron production at large trans-
verse momentum is expected to yield information
on the underlying structure of the hadrons.! Ex-
periments completed at the CERN intersecting
storage rings (ISR)? and at Fermi National Accel-
erator Laboratory (FNAL)® show that in purely
hadronic reactions the fixed-angle behavior of
the cross section is described by the form

(E/op)d?c/dp*= f(xs)/W", n~8to 11, (1)

where x,=pp/p - Here pr is the component of
the momentum of the produced proton transverse
to the virtual-photon direction, W is the total en-
ergy of the virtual-photon-target-proton system,
P maxt 1S the maximum kinematically allowed mo-
mentum for which the asterisk denotes the cen-
ter-of-mass system. The ISR and FNAL results
have been successfully interpreted through the
constituent interchange model.*

We report here measurements of the electro-
production reaction

e +p —~e +p +anything, (2)

carried out at the Wilson Synchrotron Laboratory
at Cornell University. Reaction (2) is analyzed
in terms of the virtual-photoproduction reaction,

v, +p —~p +anything, (3)

where the square of the mass of the virtual pho-
ton - Q?, energy v, direction and polarization pa-
rameter € are tagged by the scattered electron.
The cross section for Reaction (2) is written,

do/dQ,dE ,d%, = Td%/dp,*, )

where T is the “flux” of virtual photons and d3g/
dp,’ is the cross section for Reaction (3). The
virtual photoproduction cross section is a func-

tion of W, Q% €, x4 (or pp, or 8), and x (or M,?).

Here 6 is the polar angle of the produced proton
and M,” is the square of the invariant undetected
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mass. x is defined in terms of the component of
the proton momentum parallel to the virtual-pho-
ton direction by x =p*/p ..*. For all the data
reported here 0.8<¢€<0.95.

The data are presented in terms of the invari-
ant structure function,

E d% 2w do

“ordp® ogp* AR, AN ®

Here o, is the total virtual-photoproduction cross
section for the W, @2, and € of the reaction. o,
is taken from a fit to the Stanford Linear Accel-
erator Center-Massachusetts Institute of Tech-
nology measurements of vW, with the assumption
that R =0.18.°

A two-arm spectrometer system was used to
take data at the (W,Q?) points (2.2 GeV, 1.2 GeV?),
(2.2,3.6), (2.65,1.2), (2.65,2.0), (2.65,2.8),
(2.65,3.6), (3.1,1.2), and (3.1,2.0). A more com-~
plete description of the apparatus appears in a
previous Letter.® A lead-Lucite shower counter
served to identify the scattered electrons. Pro-
tons were separated from pions by a threshold
gas Cherenkov counter for momenta greater than
1.5 GeV/c and by time of flight at lower momen-
ta. From an analysis of the time-of-flight spec-
tra, the kaon contamination in the protons was
estimated to be less than 3%. The data have been
corrected for random coincidences (~ 1%), elec-
tronics dead time (~7%), target-wall background
(~5%), absorption in the counters (~6%), and
electron misidentification (~6%). The uncertain-
ties shown are statistical only and do not include
a possible systematic error estimated to be less
than + 8%. The data have not been corrected for
radiative processes. A preliminary estimate of
the radiative correction indicates that it is less
than 15% for all the data shown.

Figure 1 shows the p,? distributions for the re-
gion —0.5<x<-0.3. In fitting the data to the form
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FIG. 1. The p ;% dependence of the invariant structure
function for inclusive proton production.

a exp(-bp,?), we have excluded all data for which
M 4*<0.75 GeV? in order to stay above the mass-
es of the known prominent resonant states. The
results of the fits along with the maximum p 2
consistent with the constraint on the square of
the missing mass are given in Table I. We have
also made a single fit of all the data with M ,®

>0.75 GeV*? with the simple form
F=aexp(=bp )W" (@)™, (6)

with the result @ =0.81+0.10 GeV~2, b=4.13+0.04
GeV™?, 7=0.1440.12, and m =—-0.31+0.04 [y2/
degrees of freedom (DOF)=161/100]. This fit in-
dicates no W dependence and a weak Q> depen-
dence. The result b =4.13+ 0.04 GeV~2 agrees with
the results of two other electroproduction exper-
iments and one photoproduction experiment.”"®

Figure 2 shows the x, dependence of the struc-
ture function for the eight (W,Q?) points. This
figure shows explicitly that the data do not con-
form to Eq. (1) and therefore do not display the
scaling suggested by the hadronic data at higher
energy. For M,?>0.75 GeV? and 0.8 GeV?<Q?
<1.6 GeV?, a fit by Eq. (1) gives

n=(14.61 0.8)x 21 01, 7

This behavior is similar to the one found for the
inclusive 7* structure function at 90° in the cen-
ter of mass.'?

Figure 3 shows the M,® dependence at fixed an-
gle for three values of W and 0.8 GeV3<@?< 1.6
GeVZ2. The peak near 0.6 GeV? is due to the p
meson. The data at the two_higher W points have
been fitted in the region M,*>0.75 GeV? with the
equation

do/dQ,*dM x> =P M%)/ W" (8)

where P(M,?) is a cubic polynomial in the square
of the missing mass. The fit gives »=12.13+0.25
with a x/DOF of 97/94. The fit is shown by the
solid curves in Fig. 3. The dashed curve is the
fit extrapolated to 2.2 GeV. A fit to all three en-

TABLE I, Best values for a fit of the form F=aexp(-bp Tz) for the region —0.5
<x<-=0.3. pr maxz is the maximump,-2 consistent with the constraint M,? >0.75
GeV?, No fit was made to the points with W=2.2 GeV because the range in p TZ
was too small to make a meaningful fit. The last column indicates the X2 per unit

degree of freedom (DOF),

2

w Q? P T max a b

(GeV) (GeV?) (GeV?) (GeV™?) (GeV™Y x%/DOF
2.2 1.2 0.20
2.65 1.2 0.80 0.85+0.04 4.04+0,12 32/13
3.1 1.2 1.40 0.86+0.,02 4,06+0.06 32/24
2.65 2.0 0.80 0.83+0.03 4.43+0.10 19/23
3.1 2.0 1.35 0.8120.,04 4.11+0.09 27/23
2.65 2.8 0.75 0.61+0.05 3.82+0.17 8/11
2.2 3.6 0.20
2.65 3.6 0.70 0.57+0.12 3.71+0.42 4/8
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FIG, 2. Plots of the invariant structure function ver-
sus the scaling variable x ; for the eight (W, Qz) points,

ergies gives n=10.64+ 0.22 with the x?/DOF =190/
109. A similar fit for the data centered on Q2
=2.0 GeV? with W =2,65 GeV and 3.1 GeV yields
n=12,18+0.36 with a x®/DOF of 82/81. The val-
ue of » which describes the energy dependence is
close to that found for 7* mesons'® where »n =12.69
+0.13.

The near equality of » for the inclusive pionand
proton reactions suggests that they both have a
common explanation through the constituent inter-
change model."!'"13 At a fixed missing mass,
the constituent interchange model suggests that
the cross section should have the form

do/dQ*dM y* =3 Py(M %)/ W26, (9)
where n; is equal to the number of elementary
fields in the ¢th exclusive limit channel and P is

a polynomial in the square of the missing mass.
For inclusive proton production two connecting
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FIG. 3. do/d2, *aMX2 as a function of the square of
the missing mass for 0.8 GeV? <@? < 1.6 GeV and three
values of W. The solid curves are fits by the form
do/dQ,*dM =P (M%) /W", where P (M) is a cubic
polynomial. The dashed curve is the extrapolation of
this fit to W=2.2 GeV. The points near M,*-0 are con-
taminated with radiative electron-scattering events and
thus do not give a reliable measurement of the reaction
Yy ip—nl+p.

exclusive channels are®
Yot =14p, (10)
Yotp=1m"+1" +p. (11)

For the first reaction, »n; =9; for the second, #;
=11. In the constituent interchange model each

of these reactions is linked to a number of quark
reactions allowed by the exchange or interchange
of quark fields using the elementary two-field me-
son and three-field baryon wave functions. For
Reaction (10) three such subreactions are

y+(qq)~B+q, (12)
q+B~B+q, (13)
y+B—=~B+M*. (14)

Each of these reactions leads to a different de-
pendence on missing mass. The data thus indi-
cate that in this energy region both inclusive pion
and inclusive proton electroproduction are dom-
inated by reactions derived from the exclusive
two-body reactions, y,+p—=n’+p and y,+p -7
+n.

In conclusion, we have observed that in this en-
ergy region inclusive proton production does not
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exhibit the scaling behavior (1) found in purely
hadronic reactions at higher energies. It is found
that when the cross section is expressed in terms
of the missing mass, at a fixed missing mass
and fixed center-of-mass angle, the W depen-
dence is independent of the missing mass and is
the same as the one found for pion production.
This behavior agrees with the predictions of the
constituent interchange model indicating that the
cross section is dominated by elementary quark
interactions of the form of Egs. (12)—(14). The
failure to observe scaling in the form predicted
by Eq. (1) may be due to the fact that no single
one of the elementary quark interactions dom-
inates in this energy region.
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Unitary Coupled-Channel Deck Model and the Q Meson Resonance Region
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We construct a unitary Deck model with coupled K*m and Kp channels, including only
one resonance in the @ region, Adjusting the resonance parameters, we achieve a satis-
factory description of the experimental phase variations and the structure in the mass
spectra, The resonance is determined to belong to the JF€=1*" SU(3) octet, and is thus
the Q3. The relative coupling strength K*m/Kp is ~3.

Among the two octets of axial-vector meson
resonances predicted by the quark model, only
the B meson has been unambiguously identified.
The apparent absence of the others is an out-
standing difficulty.? Very recently, a Stanford
Linear Accelerator Center group? reported evi-
dence for the existence of two strange axial-vec-
tor mesons, @, and @,. Their conclusion is based
both on structure in the K*7 and Kp mass distri-
butions and on observed phase variations. In this
Letter, we show that all these significant features
of the data may be understood in terms of only
one axial-vector resonance and nonresonant Deck

background.® The resonance couples to both the
Kp and K*7 channels. For reasons we describe,
it must have odd charge-conjugation relative to
the K. It is thus the @, with JF¢=1%", We find
that its mass lies between 1.3 and 1.4 GeV, and
its width is of order 150 MeV. Our description of
the data without a @ , (J¥¢=1"") resonance is con-
sistent with the apparent absence of a resonance
signal in the J¥=1%1p A, system.*

We begin with two assumptions. First, there
are nonresonant Deck amplitudes, sketched in
Fig. 1, for both the K*7m and Kp channels. Sec-
ond, we assume that there is one J¥=1% reso-
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