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ABSTRACT

Cross sections for inelastic scattering of electrons from hydrogen
were measured for incident energies from 7 to 17 GeV at scattering
angles of 6° to 10° covering a range of squared four-momentum trans-
fers up to 7.4 (GeV/c)z. For low center-of-mass energies of the final
hadronic system the cross section shows prominent resonances at low
momentum transfer and diminishes markedly at higher momentum
transfer. For high excitations the cross section shows only a weak

momentum transfer dependence.
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Inelastic electron-proton scattering at high four-momentum transfer and
large electron energy loss has been used to investigate the electromagnetic
structure and interactions of the proton. 1 We have measured the double differ-
ential cross section dZO‘(E, E',6)/dQdE' for electrons on hydrogen in a new kine-
matic region made accessible by the Stanford Linear Accelerator. We report
measurements made at 6° and 10° for several incident energies E, and for a
range of scattered energies E', beginning at elastic scattering and ending at
E'~ 3GeV. Only the scattered electron was detected. In this kind of measure-
ment the two inelastic form factorsZ which describe the electromagnetic prop-
erties of the proton are functions of the squared four-momentum transfer, q2,
and the mass of the unobserved hadronic final state, W. We have measured
several spectra at each angle to allow the calculation of model independent radia-
tive corrections3 over a wide range of q2 and W.

We observe the excitation of several nucleon resonances = whose cross
sections fall rapidly with increasing qz. The region beyond W X2 GeV exhibits
a suprisingly weak q2 dependence. This letter describes the experimental pro-
cedure and reports cross sections for W =2 GeV. Discussion of the results and
a detailed description of the resonance region will follow. 8

The incident energies at 4 = 100 were 17.7, 15.2, 13.5, 11, and 7. GeV, and
at 6 =6° were 16, 13.5, 10and 7 GeV. For fixed E and 6, along a spectrum
of decreasing E', W increases and q2 decreases. The maximum range of these
variables over a single measured spectrum occurred at an incident energy of
17.7 GeV and an angle of 100, where W varied from one proton mass to 5.2 GeV,
and q2 from 7.4 (GeV/c)2 to 1.6 (GeV/c)z. For each spectrum E'was changed
in overlapping steps of 2% from elastic scattering, through the observed reso-
nance region, to W =2 GeV. Then steps corresponding to a change in W of 0.5

GeV were made,



The electron beam from the accelerator was momentum analyzed with values
of Ap/p between + 0. 1% and * 0.25% and then passed through a 7 c¢m liquid hydro-
gen target. Two toroid charge monitors measured the integrated beam current
with uncertainties of less than 0. 5%. Electrons scattered in the target were
momentum analyzed by a double focusing magnetic spectrometer9 capable of
momentum analysis to 20 GeV/c. Particles selected by the spectrometer passed
through a system of four hodoscopes to determine their trajectories and then into
a pion-electron separation system based on the different cascade shower prop-
erties of electrons and pions. This system consisted of a one radiation length
slab of lead followed by three scintillation counters (dE/dx counters) to detect
showers initiated in the lead. The showers were then further developed in a
total absorption counter consisting of 16 one radiation length lead slabs alternated
with lucite Cerenkov counters. The dE/dx counters increased the pion-electron
separation efficiency by about a factor of 20 at lower E', but were not required
for values of E' near the elastic peak. The electron detection efficiency decreased
with E' and was 88% at 5 GeV. The uncertainty in the electron detection efficiency
was £ 1, 5% above E' =5 GeV and increased to £4% at E' =3 GeV.

The momentum acceptance of the spectrometer was Ap/p = 3. 5% with mo-
menfum resolution of 0,1%. The angular acceptance was A 9 =7 mrad with a
resolution of 0.3 mrad. The measured solid angle of the instrument was 8 X 10-4sr
with an uncertainty of + 29,

Extensive tests showed that there could be significant reductions in target
density due to beam heating, In order to correct for changes in the density a
second speo::trometer10 was simultaneously used to measure protons from elastic
electron-proton scattering at low momentum transfer. The angle and momentum

settings of this spectrometer remained fixed for each spectrum. Usually the
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density reductions were less than 4%, with the maximum value being 13%. An
uncertainty of + 1% was assigned {o the measured cross sections for this cor-
rection,

The main trigger for an event was provided by a logical "or'" between the
total absorption counter and a coincidence of two scintillation trigger counters
placed before and after the hodoscopes. The event information was buffered and
written on magnetic tape by a SDS-9300 on-line computer, which also provided
preliminary on-line data analysis.

The cross sections were determined from an event by event analysis of the
hodoscopes and the electron-pion discrimination counters. Corrections were
made for fast electronics and computer dead times, hodoscope counter inefficien-
cies, multiple tracks, inefficiencies of electron identification, and target density
fluctuations. Yields from an empty replica of the experimental target, typically
7%, were subtracted from the full target measurements. Electrons originating
from 7° decay and pair production were measured by reversing the spectrometer
polarity and measuring positron yields. This correction is important only for
small E' and amounted to a maximum of 15%. The error associated with each
point arose from counting statistics and uncertainties in electron detection ef-
ficiencies, added in quadrature.

The data were analyzed separately at SLAC and MIT and averaged before
each group began radiative corrections. The results of the analyses were in
excellent agreement. For the results given in Table I, the two analyses differed
from their mean by an average value of 0, 35% with an r. m, s. deviation of 1.2%.

The radiative correction procedures had two steps. The first was the sub-
traction of the calculated radiative tail of the elastic peak from each spectrum,
Using the measured form factors for elastic electron-proton scattering, the

radiative tail can be calculated to lowest order of o without using the peaking
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approximation, 1 Contributions from external and internal bremsstrahlung, in-
cluding multiple photon emission, were calculated by two different methods. The
differences among these methods were noticeable only for data with E > 15 GeV
and E' < 4 GeV, and amounted to less than 2% in the corrected cross section,
The maximum elastic tail contributions to our data are 26% of the cross section
at E' = 3.8 GeV in the 16 GeV, 6° spectrum and 21% at E' = 3 GeV in the 17.7
GeVv, 10° spectrum.

The second step in the radiative correction procedure was a two-dimensional

unfolding employing the peaking approximation. 11,12

All data at one angle were
used to calculate the corrected cross sections, The computation involved no
specific model for the cross section, but extensive interpolation and some extra-
polation of the data were necessary. All experimental results having values of
E' greater than the lowest value of E (7 GeV) utilized no extrapolated data., A
variety of numerical procedures involving different kinematic contours for inter-
polation and extrapolation have been studied.

The errors of the measured cross sections were propagated through the
radiative unfolding procedure. Additional uncertainties resulted from the
numerical procedures and the approximations made in the application of the
radiative correction theories. From various studies we believe that uncertainties
due to interpolation techniques are less than 1%, and uncertainties due to extra-
polation procedures (most important at the lowest E spectrum at each angle) are
less than 3%. Errors from theoretical approximations are more difficult to
assess. They are small near the elastic peak and increase with decreasing E';
furthermore, they increase with increasing 6. We believe that for this data,
errors due to theoretical approximations are on the order of 5% or less.

The results of the MIT and SLAC analyses, which involved different radia-

tive correction procedures, differed typically from their mean by less than 1%,
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and nowhere by more than one half of a standard deviation. The results have
been averaged, and the differences have been included in the estimate of syste-
matic error.

Figure 1 shows the 10 GeV, 6° spectrum. Figure la is the spectrum before
radiative corrections. The dashed line is the calculated elastic radiative tail
contribution to this spectrum. Figure 1b shows this spectrum after complete
radiative corrections, and Fig. 1lc shows the ratio of the corrected to the meas-
ured data. Figure 2 shows three other corrected spectra with progressively in-
creasing ranges of qz. The q2 dependence of the inelastic continuum at large W
is clearly much weaker than that of the resonances.

Table 1 summarizes our results for W =2 GeV. Data for W 2,3 GeV are
averages over a small number of neighboring data points, and all other data rep-
resent averages over the fotal spectrometer acceptance. The kinematic varia-
bles correspond to the central ray of the spectrometer. The errors are one
standard deviation based on counting statistics and electron detection efficiency,
propagated through the radiative correction programs. ‘Systematic errors are
not included in Table I. Estimates of the combined systematic errors are 5%
for E' > 5 GeV increasing to 10% at E'~ 3 GeV. These data are in general
agreement, to within the stated errors, with the preliminary data reported at
Vienna, 7
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1.

TABLE CAPTION

Measured cross sections for W= 2. 0 GeV after all corrections. The errors
are one standard deviation., The systematic error is not included in the table

but is estimated at 5% for E' > 5 GeV increasing to 10% at E'x~ 3 GeV.

FIGURE CAPTIONS

The spectrum at § = 6°, E =10 GeV (a) before and (b) after radiative correc-
tions. In (a), the dashed line is the calculated elastic radiative tail which is
subtracted before the two-dimensional unfolding is started. The elastic peak,
but not the radiative tail, has been reduced by a factor of 6. In (c), the solid
line is the ratio of the radiatively corrected to the uncorrected cross sections
shown in (b) and (a). No systematic errors are shown. The radiative cor-
rections increase the random errors.

Three representative radiatively corrected spectra at (a) § = 60, E =7 GeV;
() 0 =6°, E =16 GeV; (¢) 6 =10°, E =17.7 GeV. The ranges of ¢
covered are: (a) 0.2 sqz =0.5 (GeV/c)z; (b) 0.7 _<_q25 2.6 (GeV/c)z;

(c) 1.6= q2 =173 (GeV/c)z. The elastic peaks are not shown,
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