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MEASUREMENT OF R = o /o7
IN THE NUCLEON RESONANCE REGION

Abstract

We propose to measure inclusive nucleon resonance electroproduction cross sec-
tions throughout the resonance region (1 < W? < 4 GeV?) and spanning the
four-momentum transfer range 0.75 < Q? < 7.5 (GeV/c)?. The cross sections will
be used to perform Rosenbluth separations to extract the ratio R = of/er. The
ratio R has been well measured in elastic electron-proton scattering up to Q? = 8.83
(GeV/c)? and in deep inelastic scattering up to greater than Q2 = 50 (GeV/c)2.
However, it has not yet been measured accurately in the resonance region at mod-
erate momentum transers. R is a fundamental quantity which has direct bearing
on resonance form factor and spin dependent structure function measurements. It
is essential for the development of reliable electron scattering models which will
further our understanding of the underlying quark structure of the nucleon.

Additionally, the ratio R will be used to investigate Bloom-Gilman duality in
conjunction with reliable global models of deep inelastic and resonance electropro-
duction data. In this duality may lie evidence for a common origin of both resonance
electroproduction and deep inelastic scattering. QCD and pQCD predictions indi-
cate that duality should hold for longitudinal as well as for transverse resonance
cross sections. The proposed data will allow the first tests of Bloom-Gilman duality
on longitudinal cross sections and more sensitive tests on transverse cross sections.

We request twenty-five days of beam time to measure inclusive nucleon resonance
electroproduction cross sections spanning the entire resonance region and covering
an intermediate to large momentum transfer region. Rosenbluth type separations
will be performed to extract the ratio R = oz /or on the A P33(1232), 511(1535)
and F5(1680) nucleon resonances to better than =+ 0.01 up to Q* = 7.5 (GeV/c)?.
The experiment will utilize the existing equipment in Hall C with electron beam
energies of 2.0, 3.0, and 4.0 GeV, and with 1.2, 2.4, 4.8 and 6.0 GeV. Electrons
scattered from the 4 cm liquid hydrogen target will be detected in both the High
Momentum Spectrometer (HMS) and the Short Orbit Spectrometer (SOS).



MOTIVATION

The description of hadrons and their excitations in terms of elementary quark and gluon
constituents is one of the fundamental challenges in physics today. Quantum chromo-
dynamics (QCD) is the theory of strong interactions that describes particles in terms of
these elementary quantities. At small distance scales {or, correspondingly, high momen-
tum transfers) where the quarks are close together, the color forces between the quarks
are weak. The quarks are then said to be asymptotically free and perturbative methods
may be applied to calculate quantities of physical interest. For deep inelastic scattering,
i.e. scattering off pointlike quarks, it has been well established that perturbative QCD
(pQCD) is a useful approximation for momentum transfers as low as a few (GeV/c)?
and higher. This interaction is described by the coupling between a virtual photon and
a single asymptotically free quark, followed by complicated hadronization processes.
The small values of R = o1 /or, the ratio of the contributions to the cross section from
longitudinally and transversely polarized virtual photons, measured in deep inelastic
electron-proton scattering are typically interpreted to be a consequence of the spin—%
property of the charged partons involved in the quasi-free lepton-quark scattering pro-
cess. Experimentally, L/T separations have been made to extract the ratio R from deep
inelastic cross sections measured at momentum transfers as high as Q% = 50 (GeV/c)?
(1,2, 3, 4].

Electron scattering is well approximated by the exchange of a single virtual photon,
due to the relatively small values of the electromagnetic coupling constant, and so
theoretical calculations work well. This and the pointlike nature of the electron allow for
clarity and precision in the interpretation of electron-nucleon scattering experiments; the
reaction can be interpreted unambiguously in terms of the charge and current structure
of the nucleon or nucleon resonance. Rosenbluth separations have been performed on
precision electron-proton elastic cross sections out to Q2 = 8.83 (Gev/c)? [5, 6, 7, 8,
9]). These separations allow the direct measurement of the proton elastic electric and
magnetic form factors, Ggy(Q?) and Gap(@*). Measurements in this moderate Q?
region are important because it is here that the virtual photon becomes sensitive to the
internal quark structure of the proton. Measurements in this intermediate momentum
transfer region provide valuable constraints on competing models which ultimately must
describe the nucleon form factors to be considered fundamental theories.

In contrast to the elastic and to the deep inelastic, there exist very few separation
measurements of the ratio R = or/or in the nucleon resonance region at moderate or
high momentum transfers. In a resonance excitation probed at moderate momentum
transfer the partons are not free, and the arguments applied to the deep inelastic scaling
data are not necessarily applicable. Large values of R could in principle be possible in
the resonance region due to hard gluon exchanges between the quarks. The proposed
experiment will measure R to approximately 10%, a substantial improvement over the
presently available errors on R which are greater than 100% [10, 11, 12, 13, 14].

Figure 1 is a compilation of the proposed data and all existing electroproduction R
data above Q% = 0.8 (GeV/c)? plotted as a function of Q2. The SLAC data are from
Reference {10]. The DESY data are from References [11, 12, 13, 14]. The available data
span the entire resonance region in missing mass W? between W2 = 1 GeV% and W? = 4
GeV?. The error bars on the existing data are large and the data points scatter below



and above K near zero, the expected result of scattering from asymptotically free quarks.
An error weighted average of existing high four-momentum transfer (Q% > 1GeV/c?)
results for all Q2, W? yields R = .06 + .02 [10]. However, the large error bars on the
existing measurements prevent the conclusive exclusion of large values for R which the
proposed higher precision data will allow. R could be large for specific resonances and is
expected to decrease with increasing @2, but it is impossible given the imprecision of the
existing data to determine any W? or Q? dependence of R. The proposed separations
will be performed at missing mass values of W? = 1.5 GeV? (the missing mass of the
A(1232) resonance), W2 = 2.3 GeV? (the mass region of the §;(1535) resonance),
and W? = 2.9 GeV? (the mass region of the Fy5(1680) resonance), for all proposed
Q* values. The points on the plot for the proposed measurement assume the existing
average value of R = .06 measured with 10% accuracy up to Q% = 6.0 (GeV/c)?, with
15% accuracy at Q% = 6.8 (GeV/c)?, and with 25% accuracy at Q% = 7.5 (GeV/c)?.

Good measurements of R in the resonance region are necessary for a variety of
fundamental measurements. The proposed measurements of the ratio will be useful in
the extraction of resonance form factors and spin dependent structure functions from
inclusive electron scattering experiments. Precision measurements of R will greatly
aid efforts to develop reliable global descriptions of existing inclusive electroproduction
data at moderate to high Q2. These global models are necessary for electron-nucleon
scattering model development and for accurate radiative correction calculations. An
excellent global fit to existing SLAC deep inelastic data [1] has become available due,
in part, to recent accurate measurements of R in deep inelastic scattering [3]. Efforts
to extend this work to include the resonance region [10] have been hindered by the
unavailability of separated data in the resonance region.

Over 20 years ago Bloom and Gilman observed the behavior of elastic scattering and
of the electroproduction of nucleon resonances to be closely related to the behavior of
deep inelastic electron-nucleon scattering (15, 16]). Precisely, the prominent resonances
in inclusive electron-proton scattering do not disappear with increasing Q* relative to
the background under them, but instead fall at roughly the same rate. Further, the
smooth scaling limit seen at high Q2 and W? for the structure function F(w’) where

2
w' =14 % (1)
is an accurate average for the resonrance bumps seen at lower @2 and W2, but at the
same «'. This observation is termed Bloom-Gilman duality. This relationship between
resonance electroproduction and the scaling behavior observed in deep inelastic scatter-
ing points suggests a common origin for both phenomena.

A fundamental quark description for both properties of electroproduction may be-
come possible by studying the Bloom-Gilman duality with new resonance electroproduc-
tion data and better measurements of R. Bloom and Gilman and subsequent authors
[17, 18, 19, 20] have assumed constant values either of zero or around 0.2, consistent
with that observed in deep inelastic scattering at moderate momentum transfer, for the
ratio R for the resonances. The proposed data will test these assumptions and thus test
the observed duality in greater detail.

Explanations from QCD and pQCD [21, 22, 23, 24] of the empirical connection
between the scaling and resonance regimes indicate that both the ¢;, and the o struc-



ture functions should manifest Bloom-Gilman duality. The transverse contribution to
the resonance cross section and to the non-resonant background is expected to have a
(w' — 1) dependence. Similarly, the longitudinal contribution to both the resonance
cross section and to the non-resonant background is expected to have a (o' — 1)* de-
pendence. In both cases, the resonance peaks move with changing Q? along a curve
with the same shape as the scaling curve, and the signal-to-background ratio does not
change with Q2. These distinct manifestations of duality can be directly measured for
the first time with the proposed measurements of R.

The A P33(1232) resonance is of particular interest in light of Bloom-Gilman duality.
Although the behavior of the proton and of higher mass resonance form factors follows
the leading order pQCD Q4 prediction, the A resonance form factor is an anomaly and
decreases significantly faster (at least for Q2 < 2 (GeV/c)?). To preserve Bloom-Gilman
duality it has been suggested {23] that R is quite large for the A, i.e. that the cross
section has a significant longitudinal component, allowing the observed scaling behavior
of the structure function vW, for the A to be similar to the other resonances and to
the proton. The precision high momentum transfer measurements of R proposed here
will test this notion.

KINEMATICS

In this proposal we adopt a notation such that an electron with incident emergy E
scattering from the proton emerges with a final energy E’ at a scattered angle 8. The
exchanged virtual photon transfers a four-momentum g, to the target producing an
undetected hadronic final state of mass W. The energy transfer is v = E — E’. Defining
M to be the mass of the proton and neglecting the electron mass,

6
Q* = —q2 = 4E,E'sin® (5) (2)
is the four-momentum transfer squared and
W2 = M? £ 2My - Q? (3)

is the square of the invariant mass of the hadronic final state. This assumes natural
units wherein k= ¢ = 1.

If the scattering process is viewed as the Born approximation of production and
absorption of a single virtual photon, the differential cross section for inelastic scattering
is given by [25]:

d_s‘?;_"E_, = Om [wg(u, Q%) + 2Wy (v, Q*) tan® (g)] . (4)

Here, oy, is the Mott cross section for scattering from a pointlike object:

_ 8o _ a?cos?8/2 5
~ dQ T 4EZsin4/2 (3)

Um



The fine structure constant is @ = e?/4x = 1/137 and Q(8, #) is the laboratory solid
angle of the scattered electron. The two structure functions Wy(v, Q?) and Wy(v, Q2)
contain information concerning the electromagnetic structure of the nucleon resonance.

The almost twenty well-established nucleon resonances with masses below 2 GeV give
rise to only three distinct enhancements in the measured inclusive electron scattering
cross section. A typical inclusive spectrum is shown in Figure 2 for Q? = 1 (GeV/c)?
with data from Reference [11] along with a parameterization of the data in terms of the
resonant and non-resonant background components.

Of the three prominent enhancements, only the first is not a composite of overlapping
resonant states. This is the Pa3(1232) state, or A resonance. There are two overlap-
ping candidate states for the second enhancement: the D;3(1520) and the §14(1535).
Experiments at low @2 indicate that, as Q? increases, the cross section is dominated
by the 51, resonance. The second enhancement will hereferward generally be referred
to as the 5y;. The third enhancement will be generally referred to as the Fs( 1680), or
simply the Fi5, since the [ = % resonant states are somewhat dominant at high Q2 over
the I = % states in this mass region.

ROSENBLUTH METHOD

In order to study the behavior of R, the ratio of longitudinal to transverse photon
absorption cross sections ¢, and g, we intend to carry out a series of inclusive inelastic
electron-proton scattering measurements, using the Rosenbluth separation technique.
To this effect, we write the differential cross section measured by the detector system
as:

dio

005 = Clor(W?, Q%) + eor(W?, Q7). (6)

This is known as the Rosenbluth formula. Here, I' is the transverse virtual photon flux

given by
ark'’ 2
' =
An2Q2F (1 - e) . (7)

and ¢ is the relative longitudinal virtual photon polarization parameter given by

€= [1+2(1 + 7) tan® (g)]_l (8)
Here,
=t %)

These total virtual photon cross sections may be related to the structure functions
Wi(v, Q%) and Wy(v, Q) as follows:



or = 2w, (v, q?) (10)
and
oy = 8 (14 1)Wa(s?,9%) - Wa(v%, Q%) . (11)

The energy of an equivalent on-mass-shell (real) photon producing a final mass state W
is k. This is a model dependent quantity chosen here to be:

k= (W? - M%) /2M. (12)

Dividing the measured differential cross section by I' yields the reduced Rosenbluth
cross section op given by

1 d%o

9R = TUQdE" (13)

The Rosenbluth equation for the reduced cross section is linear in ¢. The slope of the
line is oy, and the vertical intercept is o7.

We propose to employ the Rosenbluth separation method using linear fits to re-
duced measured differential resonance cross sections to obtain the quantity R = o1 /o
throughout the resonance region. The proposed data points span a wide range in 4, i.e.
a wide range in ¢, at fixed values of (W?,Q?). The smallest € range, A¢, considered in
our proposal is 0.31 limited by the maximum beam energy of 6 GeV at the highest Q2
points. The Ae¢ ranged from 0.31 to 0.67. The fixed W? values are the masses of the
A, the §;;, and the Fys. The fixed Q2 values are 0.75,2.0,3.0,4.0,5.0,6.0,6.8, and 7.5
(GeV/c).

PROPOSED EXPERIMENT

Figure 3 displays the kinematic regime covered by the proposed experiment. Bloom-
Gilman duality has been observed to hold in this regime. The kinematic range where
the proton elastic form factor and the form factors of the resonances above the A obey
the leading order pQCD Q~* behavior prediction is covered and the anomalous behavior
of the A may be studied here. Unlike elastic or deep inelastic electroproduction, there
have been no accurate L/T separations performed in this region.

Table 1 lists the kinematics and cross sections we propose to measure, as well as a
break down of beam time requirements, for the A(1232) resonance. A minimum time of
one half hour per kinematic setting and a maximum rate of 1000 Hz are used. The sum
of the hours listed for all kinematic settings in Table 1 is larger than the requested beam
time. It is important to note that many of these data will be obtained simultaneously
with the two spectrometers placed at different angles and central momenta.

Table 2 indicates the kinematics at which data will be obtained simultaneously in
the HMS and SOS spectrometers. The hours requested in Table 2 include measurements



of the 51 and Fi5 resonances. These higher mass resonances have higher count rates
and need approximately 10% of the running time of the A. Where possible, Rosenbluth
separations will be performed on the three resonance enhancements at similar momen-
tum transfers. However, the fixed (W2, Q?) necessary to the separation method are not
within the kinematic limits of the spectrometers for the Sy; and Fjs masses at the high
Q* values of 6.8 and 7.5 (GeV/c)2. For these resonances, we propose to measure R to
10% at the maximum Q2 values of 6.3 and 6.7 (GeV/c)2.

The differential cross sections for inclusive electron scattering will be measured ac-
cording to the following definition:

420 _ AN H (14)
dQdE’ ~ AQAE'Qnd’

The counting rate per energy bin, AN, has been estimated for the purposes of this
proposal from a recent global fit to all existing SLAC resonance region data [10]. This
fit smoothly links with the global fit o SLAC deep inelastic scattering 1], providing
a valuable tool for rate calculations as well as for testing electron nucleon scattering
models and for input to radiative correction calculations. The fit is to data spanning
the kinematic ranges 1.15 < W? < 4.0 GeV? and 0.5 < Q2 < 10.0 (GeV/c)2.

The scattered electron energy bins, AE’, used to predict counting rates for this pro-
posal were £10.0% of the central spectrometer momentum for HMS data and +20.0%
of the central spectrometer momentum for SOS data. Solid angles, AR, of 7.0 msr and
9.0 msr were assumed for the HMS and SOS, respectively. Minimum centra] spectrom-
eter momentum settings of 500 MeV and 700 MeV were used for the SOS and HMS,
respectively.

All proposed measurments will use the Hall C 4 cm hydrogen target. In the above
equation, n represents the density of hydrogen and d the target thickness.

The integrated number of incident electrons on target is the quantity Q. For the
purposes of this proposal, we assumed an average current of 100 yamps.

The chosen beam energies in Tables 1 and 2 are either multiples of 1.0 GeV (2.0, 3.0
and 4.0 GeV) or 1.2 GeV (1.2,2.4,4.8 and 6.0 GeV). Thus, the actual beam energy need
only be changed once between two proposed cycles of five pass beam.

UNCERTAINTIES

The run time requests were determined by the desired accuracy of the measurement of
the longitudinal cross section component oy,. The statistical error on oy, is given by the
equation

st (22) (2) &

which may be rewritten in terms of R to be

éﬁzﬁ(&a/a)%i. (16)
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Table 1: Kinematics, cross sections, and beam time requirements for the proposed
measurements at the fixed missing mass W = 1232 GeV of the A resonance. Rosenbluth
separations will be performed for each of the eight fixed (W?, Q?) kinematics as indicated
in the first column.

Q* E E! 8 ¢ | Rate| Time | Spect
(GeV/c)? | (GeV) | (GeV) | (deg) (Hz) | (Hours)
0.75 1.2 0.5 68 | 0.48 | 1000 0.5 508
2.4 1.7 25 0.89 | 1000 0.5 HMS
2.0 2.0 0.6 80 031 124 0.5 5085
4.8 3.4 20 0.91 ] 1000 0.5 HMS
3.0 24 0.5 104 | 0.14 17 2.0 S0S
4.8 3.0 27 10381} 135 0.5 HMS
4.0 3.0 0.6 100 | 0.14 ] 4.1 10 SOS
6.0 3.5 25 1082} 56 0.7 HMS
5.0 4.0 1.0 68 1031 3.5 30 HMS
6.0 3.0 31 0.721 11 10 HMS
6.0 4.0 0.5 120 | 0.06 | 0.49 105 S0S
6.0 2.5 37 |061| 2.8 20 HMS
6.8 4.8 0.9 80 | 0.19] 0.46 160 HMS
6.0 2.0 44 050} 1.4 55 SOS§
7.5 4.8 0.5 124 | 0.04 | 0.16 120 S0S
6.0 1.6 52 | 040 | 0.68 30 508

This equation was used to determine the requisite statistical error, Ao /o, of the
differential cross sections to be measured from the desired accuracy of the longitudinal
component measurement. The required beam time for each kinematic setting was de-
termined from the resultant Ao /o using the counting rates per hour calculated from
the SLAC global resonance cross section fit and given in Table 1. For the measurements
at Q% < 6.8 (GeV/c)?, a value of 10% was used for Agy/or. A value of 15% was used
for Q% = 6.8 {GeV/c)* and a value of 25% was used for Q2 = 7.5 (GeV/c)?. A value
of B = 0.06 was assumed for all the tabulated calculations. The Ae¢ ranges are given in
Table 1.

The statistical accuracy of the proposed differential cross section measurements (typ-
ically =~ 1 —2%) will be a significant improvement over the accuracy of existing data at
moderate to high momentum transfers (typically = 5 — 10%).

We plan to reduce normalization error by running the first two Q% points at 0.75
(GeV/c)? and 2.0 (GeV/c)? (which each take less than one half of an hour) with the
spectrometers interchanged. For form factor extractions, there will be an uncertainty
in the subtraction of the inelastic background. This is not, however, a necessary sub-
traction for the Bloom-Gilmanr studies.



Table 2: Kinematics, cross sections, and beam time requirements for all proposed mea-
surements. Rosenbluth separations will be performed on the fixed W2 masses of the
A, 511, and Fy5 resonances at similar momentum transfers. The Q2 values which are
tabulated are for the A unless indicated by an asterisk. The requested beam time is
based on the values in boldface. The values in italics will be obtained simultaneously
with those in boldface.

E Q* ¢ € Rate Time | Spect

GeV | (GeV)/c? | (deg) (Hz) | (Hours)
1.2 0.75 68 |[0.48 | 3210 0.5 SOS
2.4 0.75 25 0.89 | 11252 0.5 HMS
3.0 104 §0.14 17 3 SOS
4.8 2.0 20 0.91} 1719 0.5 HMS
3.0 27 0.81 135 0.5 HMS
6.3* 120 | 0.06 1.8 50 30§
6.7* 120 | 0.05 1.2 65 50§
6.8 80 0.19 7 0.46 190 HMS
7.5 124 10.04 | 0.16 145 S0S
6.0 4.0 25 0.82 56 0.8 HMS
5.0 31 0.72 11 12 HMS
6.0 37 (061 2.8 24 HMS
6.3* 48 0.48 9.6 10 S0S
6.7% 48 0.46 5.9 13 S0S
6.8 44 0.50 14 66 S0S
7.5 52 0.40 | 0.68 36 HMS
2.0 2.0 80 0.31 124 0.5 S0S§
3.0 4.0 100 [0.14 | 4.1 12 | SOS
4.0 5.0 68 0.31 3.5 35 HMS
6.0 120 | 0.06 | 0.49 130 508

Total 495




A(1232) FORM FACTOR

The kinematic range of this experiment allows for separated measurements to be made
both in the low Q2 region and in the intermediate Q2 region where the observed be-
havior of the proton elastic form factor and the form factors of the resonances above
the A obey the leading order pQCD @Q~* prediction. The A is of particular interest be-
cause the cross section decreases with increasing Q? significantly faster than the higher
mass resonances which exhibit the Q=" behavior predicted from pQCD [10, 18, 19, 20].
A(1232) transition form factors extracted from fits to individual SLAC cross section
spectra [10] are plotted as a function of @ in Figure 4.

Errors shown in Figure 4 include statistical and systematic errors, as well as esti-
mated model efrors for the nonresonant contribution. The diquark model fit of Kroll
et al [26] and the heterotic model prediction of Stefanis and Bergman [27] are shown.
The form factors are plotted normalized to the dipole form factor Fp = p,Gp where

Bp = 2.79 nm is the proton anomalous magnetic moment. Gp is the dipole shape given
by

Gp=(1+ Qz) -2 (17)
0.71

The results in Figure 4 were obtained using 2 value for R extracted from recent global
fits to existing SLAC deep inelastic data. It has been predicted that the ratic B could
be quite large for the A resonance [23, 24]. Values of R larger than those found in deep
inelastic scattering at moderate momentum transfers would change the extracted high
Q? values of the A form factor substantiaily.

BLOOM-GILMAN DUALITY

The original observations of Bloom and Gilman {15, 16} which showed the behavior of
resonance electroproduction to be related in a striking way to that of deep inelastic
scattering were of data from SLAC spanning the momentum transfer range 3 < Q2 < 7
(GeV/c)?. The proposed data extend both below and above this range. Tests of duality
at Q% < 0.8 {17) show 20% deviations from the Bloom and Gﬂman results but note that
agreement increases with increasing Q2.

The data proposed here will make possible not only the first test of duality on the
longitudinal contribution to the cross section, but will also make possible considerably
more precise observations of the original phenomena. Studies of duality have not yet
been made which utilize the excellent global fits by Whitlow [1] to all existing deep
inelastic SLAC data both for the structure function F2 and for R. The proposed
measurements of R will allow greater precision in the extension of this global model to
include all existing resonance region data. These global models will be used to calculate
the Bloom-Gilman sum rule:

Z—Ag/(]vmuWZ(U,Qz)du = '/lwz Flw")dw'. (18)



Table 3: A breakdown of the total time requested is tabulated below. We assume one
hour for each angle change. We assume twenty-four hours for the overall beam energy
change (major) and two hours for each change of energy between cycles of the five pass
beam (minor). The requested data acquisition time is summarized in Table 2.

Time Required

(Hours)

Data acquisition 495

18 angle changes 18
Major beam energy change 24
5 minor beam energy changes 10
Checkout 48

Total 595

Confirmation of this sum rule would be a remarkable demonstration of the relation-
ship between resonance physics and the physics of the deep inelastic regime.

CONCLUSIONS AND BEAM TIME REQUEST

We request a total of twenty-five days as shown in Table 3. This number is calculated
assuming that each angle change will take one hour and that the major beam energy
change from 5.0 GeV maximum energy to 6.0 GeV maximum energy will take twenty-
four hours. The minor beam energy changes within the five pass accelerator cycle (i.e.
from 3.0 to 2.0 GeV, etc.) are assumed to take two hours each. We request a hardware
and data acquisition checkout time of two days.

In this time we propose to measure R = oy /o on the $11(1535) and Fy5(1680) nu-
cleon resonances with 10% accuracy up to Q2 = 6.7 (GeV/c)?, and on the A P3;(1232)
resonance with 10% accuracy up to Q% = 6.0 (GeV/c)?, 15% accuracy at Q2 = 6.8
(GeV/c)?, and 25% accuracy at Q2 = 7.5 (GeV/c)?. These data will be a significant
improvement on the presently available measurements, allowing for better nucleon res-
onance model development, resonance form factor extraction, and improved radiative
correction calculations. The new data will be used for precision studies of Bloom-Gilman
duality and for the first test of this duality on the longitudinal cross section.
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Figure 2: A typical inclusive nucleon resonance electroproduction cross section spectrum
covering the entire resonance region (1 < W? < 4 GeV?) is shown for Q? = 1 (GeV/c)2.
The three prominent enhancements are labelled as descritied in Lthe text.
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Figure 3: The kinematic region covered by the proposed experiment is plotted in both
W? and Q2. The mass ranges of the prominent resonance enhancements to the inclusive
cross section are indicated.
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Figure 4: A(1232) transition form factors extracted from fits to individual SLAC cross
section spectra are plotted for the central Q2 points of the spectra. The errors shown
include statistical and systematic errors, as well as estimated model errors for the non-
resonant contribution. The dashed curve ig the model from Stefanis and Bergman. The
solid curve is the model from Kroil.



