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Introduction

During the past two years, the MIT-SLAC collaboration has performed several
experiments on inelastic electron scattering using the spectrometer facility
at SLAC. The high energy and the high bean inteﬁsity of the linear accelerator
at SLAC make possible experiments with good statistical accuracy that extend
over a wide range of momentum transfer and recoil missing mass energy. In
these experiments only the electron is detected which allows a relatively
simple theoretical interpretation in terms of two functions determined by the
internal structure of the target particle. For the proton we find that for a
wide range of momentum transfer the deep inelastic cross section is approximately
proportional to the Mott cross section for point particles, rather than showing
the steep dependence on momentum transfer familiar from elastic e-p scattering.
The experimental program is continuing, and we have carried out experiments
extending the kinematic range of the proton measurements, and recently, have
begun measurements on deuterium and other nuclei. Although the analysis of the
data from these experiments has not been completed, the interest in the results
encourages us to present a status report on the various experiments, together

with some results in preliminary form.

We have taken data on the following inelastic scattering experiments
since operations began at SLAC in 1967:

1. Tnelastic e-p scattering at 6° (1967). The data were reported at

the Vienna Conference in 1968.1

2. Tnelastic e-p scattering at 6° and 10° (1968) . This experiment
repegted some of the data points presented at Vienna. The data
in the deep inelastic have been reported in the literature.2 Cross

3

sections are available for all data points. Studies of the

resonance excitatlion observed in this experiment are continuing.



3. Inelastic e-p scatbering at 1.50 (1968). These measurements

were made in order to extract total Xp cross sections by
extrapolation to q2 = o‘,}1L The systematic errors in this experiment
are larger than those obtained in direct measurements of photon
absorption in bubble chamber and counter experiments. Within the
systematic errors, there is agreement between the various experiments.
The method of extrapolating electron scattering data has some ad-
vantages in the region of resonance excitation. Since the total
absorption cross sectlon for photons is a fundamental quantity

it is useful to measure it in several ways, particularly when the

sources of systematic errors are different.

Inelastic e-p scattering at 180, 26° and 34° (1968) . These data
were obtained using the 8 GeV spectrometer facility. A preliminary

analysis of some of these datd has already been reported at various

>

conferences. The final analysis of these data is now almost complete,

and some portion of it will be presented in this paper.

Inelastic scattering from deuterium (1970). Measurements have been
made on hydrogen and deuterium at 6O and lOO with measurcements on Be,
cu and Au at 6°. The hydrogen data repeated the older 6° and 10°
measurements with somewhat better stamiéﬁical precision and extended
the range of initial_energies from 4.5 GeV to 19.5 GeV from roughly
7 GeV to 17 GeV in the older data. The ratio of the deuterium and
hydrogen cross sections is obtained at each data point. The analysis
of the data is in-its early stages, but some very preliminary results

are presented. An interesting comparison of data from SLAC and DESY



can be made using daba taken in this experiment. The lowest
incident energy for the 10° experiment was chosen to be equal
to the incident energy of a published DESY spectrum at looa 6
In Fig.l the DESY spectrum is shown, and a few points from the

SLAC spectrum are overplotted. The agreement is well within the

estimates of systematic errors.

Excitation of Resonances

Regsonance excitation is a prominent feature of the data for values
of g_2 less than 2.5(GeV/c)2. A recent set of fits to the 1968 data
at 6° and 10° is described in an M.I.T. thesis by M. Breidenbach. -
An example of the fits obtained is shown in Fig.2. The gqualitative
features of the resonance behavior obtained in these fits are very
similar to the results presented at Vienna, but the numerical results
for the integrated resonance cross section differ considerably. The changes
are the result of different assumptions about the shapes of the individual
resonance peaks, and to a lesser extent the form of the background under the
peaks. Changes in the form of the resonance tend to change all values of a
given resonance cross section by about the same factor, sc that a change in
résonance shape 1s largely a matter of normalization. The results of the new
fit are shown in Table I. A width of ~ 85 MeV is s+ill preferred for the

1510 resonance, somewhat narrowver than the width obtained in x p interactions.



The resonance cross sections for q?ﬁ%i l(GeV/c)2 as shown in Fig. 3
have a qz-dependence similar to that of the elastic peak. The cross sections
for the background under the resonances appear to decrease with q2 at
roughly the same rate as the resonance cross sections. A plot of V%Vz
against 2M‘0/q? for the backgrounds extracted in the fitting procedure is
shown in Fig. 4, where it is seen that 9%% roughly follows a single curve.
In the recent runs on deuwterium we have also taken data in the resonance region.
Fig. 5 shows the measured differential cross sections without

radiative corrections at EO =7 GeV, @ = 60 for hydrogen and deuterium.

Large Angle Data

The MIT-SLAC collaboration has measured e-p inelastic cross sections
at 180, 260, 34° using the 8GeV spectrometer at SLA.Co7 The erperimental
method followed closely that used in previous measurements with the 20GeV
>spectrometer at 6° and lOO.2 Flectrons from the beam analyzing system were
scattered from the same hydrogen target used in the forward angle measurements.
The scattered eleétrons were detected in the 8GeV spectrometer. For

each angle and each initial energy, the differential cross section

dgc‘/dJUiE'was measured for a range of secondary energies E! from an E!

corresponding to elastic scattering to secondary energies of ~J 2GeV.

Pion backgrounds for the lower scattered energieswere larger than
in the previous work, and a threshold Cerenkov counter was added to the
detection system to improve particle discrimination. As in the earlier data,
cross sections were measured for a number of incident energies to provide
data for the radiative correétions. Values of the cross sections for

W > 1.8 GeV after radiative corrections are shown in Table II.



Tn addition to counting statistics the errors quoted in the table
include estimates of various other effects which might cause point to
point fluctuations in the values of the cross section. Other sources
of systematic error are being studied and have not been included in the
estimates of error in the table. The systematic errors are expected

to be less than 5% Por the points in the table.

structure Functions of the Proton

The data, together with the data from 6° and 10°, can be used to
evaluate separately the structure functions Wi and W2 (or 63? and 6%)
over a large region of four momentum transfer squared, qg,and energy

loss, Y . In the one photon approximation, Fig.6, the differentiel

cross section can be written
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a%_é%_%s [we(q,v) + 2 tg~ 8/2 Wl(q_,V)J

or, equivalently,
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The invariant missing mass, W, can be expressed as

W = (P + Q)g = M? - q2 +2MV =8
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The two descriptions of the cross section are equivalent

and

W o= = q (6. + o

2 ngoz (q2+\)2) T 5]

)

By making measurements at several angles for given values of qg
and V , values of W, and W, (or OJT and O’S) can be determined. The
separation can be expressed as a value for one of the two structure
functions and the ratio R = C, S/ 0;[, « The experiments were programmed
so that at several angles there are data points at q2 = lL(GeV/c)E,
W=2, 3, 4 Ge7. At these points the separation is straightforward,

(Fig.?) - At other points interpolation of the data is reguired to provide
cross sections for the separation. Data for constant incident energy,
constant scattering angle, and varying secondary energy lie along a
straight line in the q.2 , Vplane. Fig. 8 shows the lines on which we
have data in the q2 - ) plane. In the shaded region of Fig. 8

separations of the structure functions have been made using several



different methods of interpolation. The values of R obtained are not

very sensitive to the method of interpolation. Values of R and the
structure functions at twenty-three different values of VY and q2 are shown
in Table ITI. The errors shown in the table are obtained from a fit to
interpolated cross sections and do not include all possible systematic
errors in the data or systematic errors arising in the interpolation
procedure. Such errcrs are expected tc be smaller than the quoted errcrs.
From these measured values it is clear that the ratio R = Ué/tﬂf is small
compared to one. R exhibits no striking variations with the kinematic
variables. A constant value for R is consistent with our data, and a
value of R = 0.18 + .05 is obtained by averaging the values in the table.
Systematic errors may be quite important compared to the error for the
average R. It is quite unlikely, but not impossible, that the interaction
is purely transverse (R = 0). This conclusion may be altered after studying

the possible sources of error more thoroughly. The values of R obtained

are also compatible with R = a qe, with a & OQOBB(Gev/C)‘z’ and with R==q?/y2 .

These two forms are suggested by theoretical considerations. Undoubtedly,

various other forms are also compatible with our results.

Fig. 9 shows the values of 6} obtained in the separations at

We=2 GV and W= 3 GeV, as a function of q?O The q? dependence of the f’
propagator(squared)is shown for comparison. Fig. 10 shows the values of
EMWi and, VWé obtained in the separation plotted against the variable

w = 2MY/ q?. Bjorken8 has conjectured that, in the limit as q? = 00
with the ratio V/q? fixed, the structure functions Wi and. ng would be
functions of V/q2 only. This property has become known as "scaling."

For q2 > l(G';eV/c)'2 and W3 2 GeV, values of VW, and W, from the 6° and

10° data could be described (within errors) by single functions of v/q?,



2
if the ratio R was assumed to be zero. If we now assume some functional
form for R over the full range of the data, compatible with the measurements
of R, values of Wl and \)WE (or O‘S and o’T) can be obtained for all the

data points. These structure functions can then be tested for consistency

aMv / ¢© for the finite values of o® in

Y

with scaling in the variable w

our experiment.

Assuming a constant value R = 0.18, values of EMWl and \)W2 are
plotted in Figs. 11 and 12 with qe >,l(GeV/c)2, W >2 GeV. It is evident
that the structure functions exhibit at least roughly the conjectured scaling
behavior. Taking R = q2/‘"x)2 or R = 0,035 q_2 does not change the behavior
of W, or VW2 appreciably, although for R = 0.035 q2 the variations with

q_2 near o = 1 are a little smaller.

The relationship between W, and W, is such that if R = q2/ ))2 , then

2
2M, = 2MV/q" -+ Vi,

and, therefore, 2MW, "scales" automatically if VYW, scales. The relationship

R = qe/\)2 follows if the matrix elements for transverse and longitudinal

electromagnetic currents are equal.

To examine the behavior of VW, for W3 2 CeV, q2 > 1(Gev/ c:)2 under
the assumption R = 0.18 in more detail, it is convenient to consider

three regions of Ww.

I. o in the range 3.5 o < 10

In this region the data exhibit scaling behavior within
2 2
errors for W 22 GeV, ¢ 2 1(GeV/c)“. The data cover more than

a decade of variation in q2 and in Y. Fig. 13 shows \)W2 at

w=2M ))/(12 = L, as a function of q_2 for W 22 GeV. The goodness of
) : 7 g
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fit of the data in Fig. 13 to a constant is a measure of the goodness

of "scaling." In the region 3.5 @ < 10 data for all w are consistent

with a sgingle value of \)Wg.

In this region the restrictions W} 2 GeV, q2 > 1 GeV eliminate
much of the data from forward angles and reduce the range of q2 at
a given value of w. While a £it to a single function for \)W2 can
be made for W 22.2 GeV, for o near 1 deviations from scaling behavior
are evident in Fig. 12, with \)WE decreasing with increasing qeo'
Observing that Vwe is constrained to zerc at threshold, we attempted

to Tit W W, with expressions of the form

Vig =) e (-3 e) —2
(1 + o/ (W= )

A satisfactory fit was achieved for n; = 3 and np =5. The leading
term is suggestive of the result of Drell and Yan9 that there should
be a connection between V W2 threshold behavior and the elastic form

factor. Note that for n = 3

1
WX
27 1+ & (P o)

which is similar to the dipole approximation to the elastic form factors

2 1
@ = "
(L + ¢2/.70)
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except that this expression for W2 is exactly zero at the elastic
peak, WE = IVF In order to avoid this feature at Wz = M2 we also
Pitted with a similar expression but introducing an additional adjustable

constant, replacing (1 - 1/w) by

2

q -1
- ) = ——— > &
(1 - /') [14— w2—M2+a] > 0

A Tit gives a v a9(GeV/c)2,and with this value the daka can be fitted
satisfactorily for W > 1.8 GeV. With this change the expression for
\)W2 is no longer constrained to zero at the elastic peak. Fig. 14 shows
a YW, plot at w = 1.66 for different values of qe. The solid curve

is the Pit using w®, which 1s seen to fit the data points better than

a horizontal line which would indicate scaling with w. Another way to
see the improvement is illustrated in Fig. 15, where values of \)W2 are
plotted against w'. The points near w'! = 1 clearly cluster more closely

than in Fig. 12.

The variable ' is related to w by
o = o+ af e

so that in the Bjorken limit w' = w. TFor the particular value,

a =0.88 GeV2 M2

il

l+s/q2. (s=W2)

!

In the kinematic region covered by our measurements where q2 and
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V may not be "large" in the sense of the Bjorken limit, it is

worth emphasizing the possibility that some variable other than

w (but approaching @ in the limit) may have physical significance.
Bloom and Gilmanlo have speculated about some consequences suggested

by the w® f£it.

IIT. o in the range o > 10

The data in this region are rather sparse, and we emphasize
that q2 for most of the points is not far from l(GeV/c)E,and that large
o tends to be correlated with low q?. While »)Wé appears to decrease for
increasing o (assuming R = 0.18), the decrease is not demonstrated
convincingly. The data taken in 1970 allow a more detailed study

of this region, and a discussion based on a preliminary analysis of

the data is included in the next section.

New Data on e-p Inelastic Scattering

Iﬁ the most recent experiment performed by the MIT-SLAC group,
data for both hydrogen and deuterium have been obtained. The experimental
method and the analysis of the hydrogen data follow closely the procedures
used for the older data at 6° and 10°. A threshold Cerenkov counter was
added to the detector array of the 20-GeV spectrometer to improve x-e
separations. Preliminary results from the first analysis of the proton data
agree within errors with the results of the older 6° and 10° data where the
measurements overlap. In the most recent experiment, measurements were
made at an initial energy of 19.5 GeV, increasing the values of q? available
at a given w. The recent_measurements have increased statistical accuracy,

and, in the deep inelastic region, the density of points in E! is approximately
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double that of the older data. At the present stage of the analysis
possible systematic errors have not been fully investigated,
errors comparable to those gquoted for the older data (5% for E' greater than

5 GeV, increasing to 10% at E' A2 GeV) should be assigned to the data.

The new data extend considerably the information aveilable for w X 10.
1t should be emphasized that in this region we have no experimental information
on the value of R, and that the value of \,WE is more sensitive to R for the
higher values of w. There are two questions which we would like to answer
in the region w M 10. First, do the results exhibit scaling behavior, and
if so, are the values of VW, in this region equal to the value of \)W2
for 3.5 w £ 10 ? Assuming R = 0.18, Fig. 16 shows the behavior of
the data for o > 10, q2> O.5(GeV/c)2. The data all lie within + 20 %
of an average curve, but v*ariatioh is evident as q2 decreases below ~1(GeV/ c)z.
The variation appears to be a decrease of \)W2 with decreasing q_za Such a
variation is also observed for q2 < l(GeV/c)2 in the data with 3.5<¢w £ 10.
Note that for q2= 0, {\)W2= 0, so that there must be a region in q2 where
VWE does not scale. In Fig. 17 we have plotted \)WQ against q2 for several
different ranges of w. For the lower values of w, vwe is seen to increase
with q2 up to about q2 ~ L(GeV/ c)2 and apparently levels off above this
value of q2 , becoming constant within errors. The behavior at high w is
not inconsistent with this same kind of behavior, but the data can not exclude
a different behavior. If we assume that at the high values of w, \)W2 is
constant above q2= 1(GeV/ 0)2 and fit a constant to the data for each value
of w, then we f£ind that \)W2 does decrease significantly above w = 10 as
shown in Fig. 18 . A similar analysis for each of the two other assumptions
for R, R = 0.03% q2, and R =>q2/ \)2, show even stronger decreases, but we wish
to emphasize again the lack of experimental information for R in this region

of w.
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In summary, we are unable to demonstrate scaling behavior for
QWé at large values of w, although the data are not inconsistent with
such behavior. Assuming scaling behavior, and ‘reasonable? values for

R in this region of w, QWé appears to decrease as ® lncreases.

Tnelastic Electron Scattering from Deuterium

The snalysis of the deuterium data recently taken at 6° and 10° has
only just begun. The radiative corrections to the deuteron data are somewhat
more complex than for hydrogen. We have made some initial studies of the
radiative corrections and of the effects of "smearing" arising from the internal
motion of the proton and neutron in the deuteron. We are presenting some
data from this preliminary analysis in which the application of preliminary radiative
corrections does not change the value of the cross section ratio D/H by
more than 3% compared to the ratio‘before any radilative corrections are made.
The values given in Table Iy include the preliminary radiative corrections.
The errors are obtained by adding 3% to the statistical errors for the
corrected deuterium cross section and then adding this modified error in
quadrature with the statistical errors of the hydrogen data. The resulting
errors are no loanger wholly random but contain a certain component of

estimated systematic errors.

In Fig. 19 we have plotted wvalues of the ratio IVH against q2 for four
values of W. Points for q?= 0 have been taken from experiments on total
photon absorption.ll The ratio is seen to decrease markedly with increasing

q2 for low values of W.

Corrections for internal motion, final state interactions and Glauber

corrections have not been made but are believed to be small in the kinematic
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ranges of the measurements presented. Therefore, the deuterium scattering can be

taken to a good approximation, equal to the sum of proton and neutron
scattering. In what follows, neutron cross sections mean (D/H—l) multiplied by

the appropriate proton cross section.

Neutron cross sections appear to become significantly smaller than the
corresponding proton cross sections as q? increases. 1If we assume that R
for the neutron equals R for the proton , l.e.,the transverse photon
interactions dominate the neutron scattering as they do the proton scattering
for these kinematicsy; we can roughly test whether or not the neutron structure
functions exhibit scaling. Values of (D/H - 1) plotted against w are shown
in Fige. 20 o The values of the ratio are consistent with a single function

of w and so within the rather large errors the neutron exhibits scaling.

Preliminary values of some integrals related to various energy weighted

sum rulesle'lu can be estimated by integrating the proton data and the

preliminary neutron data under the assumption that R 0.18.

proton= Rneutron=

The upper limit of the integrals, w = 12, corresponds to the largest w

for which the neutron data have been analyzed. For the proton we find

1z 12
L da - - dw =
I)p" f " (\)wgp) = 0.1h4, Iep—j 5 v sz) 0.58
1 T
and for the neutron
12 12
I = 42 (YW, ) =00, I,= | ¥ (Vu,) =05
1n a? 2 * ’ 2n w 2n



Frror estimates including the possibility that '\)W2 scales in w' rather
than o give + 15% for I)pend Iy, end * 10% for I, ond Ip). In addition

a change of + 0.1 in R introduces a change of + 4% in the integrals.

. 15
The difference between IEp and I2n’

"o

L“’W =

deo ((vwzp) - (Qw2n>] = 0.13

and has an uncertainty which is dominated by systematic effects. We estimate
this uncertainty will not be more than 4o%. Inspection of Fig. 20 indicates
that the neutron-proton cross section ratio is less than unity over much
of this range of w, and hence that the difference (IEP— IEn) is greater

than zero.

To estimate (12;9_ Ien) for @ = oo it is necessary to assume a

Punctional behavior for YW - YW, . If we take
2p 2n

12, &
\)Wep— \)W2n= .03 (_a)) s 12$ w § oo

which approximately equals the observed difference near o = 12, and where

o >0 is an arbitrary constant, then

a .
.03
{ :
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The constant q? sum rule inequality
o0
aw |
= > 41
fw [\)wgp+ \)Wgn] > 1
| o -

~
appears to be satisfied for w P» 5 .

While much of the data presented are still preliminary and should
therefore be treated with some caution, it does appear that the neutron
structure function Wén is quite different than that of the proton over
much of the range of our data. This indicates that the scattering
from the nucleon includes a non-diffractive component which is different
for the neutron and the proton. The results for Q sz— 9 W2n shown in
Fig. 2la suggest a possible bump with a tail toward increasing w. Scaling
and a peak in QWép-‘vWén follow naturally from certain theoretical models

involving quasi-free point-like constituents. Some examples of these

models are shown in Fig. 21b.
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' TABLE CAPTIONS

TablelI. Parameters of the resonances and resocnant cross sections
for 1968 6° and 10° data. The errors given in the table
are statistical errors arising from the fit and do not
include systematic errors in the data or the uncertainties
arising from the assumptions made for resonance shapes
and the form of the background. A detailed discussion
of the data and fitting procedures can be found in

Ref. 2.

Table II. Cross sections for W= 1.8 GeVlfor e-p scattering at
18°, 26° and 34°. The tables do not include systematic
errors, estimated to be less than 5%.
s
Table ITI. Values of the structure functions and R = G¥y/o& from
6%, 10°, 18°, 26°, 34° data. Three of the values at
q2= h(GeV/c)E, W=2, 3, 4 Gev ére taken directly from

measured cross sections. The twenty remaining points

involve some interpolation of data.

Table IV. Preliminary values of the ratios of the deuterium

and hydrogen cross sections.



TABLE la

Resonance Parameters Obtained in the Fitting Procedures

First
Second

Third

Mass (GeV)
1.226 & .005
1.508 + .005

1,705 = .015

Width (GeV)
0.115 = .010
0.080 + ,020

0.085 £ ,025

The mass and width of the fourth resonance were fixed during the fitting pro-

cedure, at a mass of 1,92 GeV and a width of 0.22 GeV.

TABLE 1c

First Second Third Fourth

Resonance Cross Sections for 6° Data in Units of 105 pb/sr

TABLE 1b
First Second Third Fourth
Resonance Amplitudes Obtained in the Fitting Procedure
given in Units of 10% pb/GeV-sr
° 7.0 | €90. % 20. 223. + 10. 160. = 10. 49, 5,
10.0 | 132. =+ 10. 68. % 5. 55. % 5. 11. =+ 3.
13.5 19. & 2. 17. + 2. 15, = 2. 1 1.
16.0 5.2 = .7 7.22 7 6.4+ .6 | 1.3 + .6
10° 7.0 20, * 1. 4. % 1. 11. = 2. 2.3 1.
11.0 0.81+ .12 1.4+ .2 1. = .4 0.161 .3
13.5 <0.15 <0.63 <0.8
15.2 < .09 <0.25 <0.22
17.7 < .035 < .07 < .075

7.0 11. + 1. 5.3 + .9 4.6 =+ .7 2.6 + .5
10.0 2.2 %+ .2 1.3 = .2 1.0 = ,2 0.55 = .18
13.5 0.37 + .03 0.25 = ,03 0.27+ .04 .063+ ,08 -
16.0 .095 % ,009 .094 £ .015 0.12+ ,03 066+ ,03

Resonance Cross Sections for 10° Data in Units of 103 pb/sr

7.0 34, + 2, 21. + 3, 25. 5. 15. + 5.
11.0 1.1 % .3 1.6 = .4 1.5 & .7 0.73 % 1.5
13.5 < .35 < .7 .<1.3
15.2 < .13 < .28 < .58
17.7 < .06 < ,08 < .12
Note: The errors in the tables reflect the statistical uncertainties of the fits but

do not include any estimate of the errors due to the assumed shapes for

the resonances and background.




TABLE II

Radiatively Corrected Cross Sections for W 2 1.8 GeV

P E E' a2o/A04E" 8 E E' ao/d04E" 0 E E' d2o/d0dE!
deg) | (@eV) | (Gen) |(107% em?/sr-Gev) | (degy | (Gev) | (Gew) | (1070 cm¥/sr-Gev) | (degy | (@ev) | (Gew) | (10735 cm®/sr-Gew
18 4.501 | 2.250 | 7600, = 430. 26 | 6.700 | 2.940 | 212.6 # 7.8 26 | 18.030 | 3.750 12.9 £ 1.2
2.000 | 7000. = 450. 2.750 | 283.1 = 10. 3.500 15.3 & 1.7
6.503 | 3.500 | 1879, = 54 2.500 | 340. =14, 3.250 215 + 1.7
3.000 | 2413, + 75. 2.250 | 407. %19, 3.000 25.7 + 2.5
2.500 | 2593, =+ 93. 2.000 | 504, %25. 2.750 32.9 & 4.1
2.000 | 2510, = 120. 1.750 | 585. =51, 2,500 39.4 & 5.2
8.595 | 4.780 | 460, = 15. 8.696 | 3.750 | 32.2 % 2.0 2,250 45.7 + 7.3
4.500 | s72. = 17, 3.500 | 57.2 % 3.0 2.000 56.  +10.
4,000 779, = 44, 3.250 91.7 =+ 3.7 1.750 81, + 16,
3,500 | 957. «+ 36, 3.000 | 119.9 = 5.0 34 4.501 | 1.600 404, % 22.
3.000 | 1086, =+ 50. 2.750 | 154.9 % 6.8 1.400 533, 31
2.500 | 1228, = 65. 2,500 | 195.5 & 9.7 1.200 652, 41,
2.000 | 1330. +130. 2,270 | 220. %12 5.795 | 2.020 108.0 + 7.6
10.404 | 5.500 | 180.6 = 6.3 2.000 | 275. 17, 1,750 175.3 + 9.6
5.000 | 284, = 10, 1750 | 317.  +20. 1.500 252,  +21.
4.500 | 409. =+ 16. 11.905 | 4.500 470 = .48 | 1.250 356, =33,
3.940 | s12. = 23. 4.250 9.34 + .99 7.899 | 2.500 24.8 ¢ 1.6
3.500 | 604, = 32. 4.000 | 1.7 2 Lo 2,250 3.2 + 3.3
3.000 630. £ 40, 3.750 25.9 = 1.6 . 2,000 62.4 + 5.1
2,500 | 751. & 47. 3.500 | 35.1 % 2.2 1.750 90.4 + 8.0
2.000 | 8oL = 99. 3.250 | 47.0 % 4.5 1.480 125, =12,
13.269 | 7.000 | 10.88% .0 3.500 | 63.3 & 5.2 1.250 163, %ol
6.500 | 49,2 = 1.9 2.750 | 76,9 % T.7 9.999 | 3.000 3.02% .35
6.000 | 930 = 3.6 2.500 | 9.2 = 9.9 2.750 8.60% .57
5.500 | 135.8 % 5.6 2.250 | 113. =12, 2.500 15,08+ .86
5.000 | 178.2 % 7.7 2.000 | 121. 217, 2.250 26.1 + 1.2
4.500 | 208. & 15. 1.670 | 161, =23 2.000 36.4 & 2.9
4.000 | 263, = 21 15.006 | 5.000 1.3z £ .17 1.750 47.2 = 4.4
3.500 | 306, = 28, 4.750 2.87 = .26 1.500 70.3 % 7.4
3.000 | 815, = 23, 4.500 5.55 & .39 1.250 104, %13,
2.500 | 417, + 49, 4.250 8.07 & .50 12.500 | 3.250 L2z .19
2.000 | 533, =+ 74, 4,000 | 13.83 = .91 3,000 3.52+ .40
17.000 | 8.000 7.08% .85 3.750 | 18.4 = 1.5 2,750 7.57% .55
7.500 | 15.17% .56 3,500 | 23.3 % L3 2,500 10,32+ .64
7.000 | 29.9 = 1.1 3.250 | B81.6 + 1.8 2.250 17.1 & 1.7
6.500 | 44.8 & L7 3,000 | 39.6 + 2.3 2.000 21.9 & 2.4
6.000 | 64.3 + 2.6 2,750 | 45.9 = 4.3 1.750 32.1 £ 4.0
5.500 | 86.9 = 3.4 2,500 | 52,0 % 5.4 1.500 47.8 = 6.6
5.000 | 101.1 = 7.4 2.250 | 62.7 =z 7.6 1.250 6l. 13,
4.500 | 122.8 = 9.4 2,000 | 76, %10, 14.996 | 3.250 0.85¢ .25
4.000 | 145, = 12, 1.750 | 79. 15 3.000 2.29+ .38
3.500 | 173. = 16 18.080 | 5.500 500& 090 2,750 4.30% .53
3.000 | 191, = 20. 5.250 109 = .15 2,500 .21+ .99
2.500 | 239, 4 3L 5,000 .31 & .20 2.250 1L8 % 1.8
2.000 | 271. = 54, 4,750 2.76 + .29 2.000 16.7 % 2.0
26 | 4.494 | 2.000 | 1410. = 6. 4,500 4.78 & .39 1.750 19.6 % 3.0
1.800 | 1518, =+ 81, 4,250 7.66 % .55 1.500 32.6 % 5.4
4.000 | 10,14 = .99




TABLE IIT

¢° w T i R oM, W W
(Gev/c)?| Gev 10720 ¢m? 10730 om? p"1 vWo
1.5 |2.0 | 42.8 +5.3 |-2.8 %6.6 | -.06 .15 1.19 #.15 .290 £ . 012
1.5 |2.5 | 31.7 £3.3 | 4.8 £3.7 | .15 .13 1.52 .16 .344 % . 005
1.5 |3.0 | 26.7 2.8 | 5.4 £3.3 | .20 .14 1.93 + .20 .343 = . 007
1.5 |3.3 | 25.3 2.8 | 5.8 £3.6 | .23 .17 2.26 = .25 .347 £ 011
3.0 |2.0 | 16.1 %1.9 75%2.6 | .05 .17 45 % .05 .179 = . 009
3.0 |2.5 | 15.8 £1.5 | 2.0 2.0 | .12 .14 76 % .07 .265 % . 008
3.0 3.0 | 15.7 1.6 | 1.7 £2.2 | .11%.15 1.14 # .11 314 2 .014
3.0 |3.4 13.3 +2.0 | 4.3 2.8 | .32 .26 1.27 .19 .349 2 . 019
4.0 |2.0 8.8 +1.3 | 2.0 1.7 | .23 .23 244 % .038 | .131%.005
40 |30 | 110 +1.7 | 2.0 +1.2 | .184.18 799+ .086 | 284+ .016
4.0 |4.0 9.0 £1.7 | 4.5 £3.0 | .50 .43 1.22 +.23 .369 % . 039
5.0 |2.0 5.82+ .63 | 1.0 & .9 | .17 .17 162 % .018 | .092 % .004
5.0 |2.5 7.38% .57 | 1.1 % .8 | .15 .12 3532 .027 | .169+ .005
5.0 |3.0 §.23+ .65 | 1.4 1.0 | .17 .13 596 % .047 | .240 % .009
5.0 |3.4 8.0 1.2 | 2.2 1.8 | .27 .27 763+ .113 | .289x.019
8.0 |2.0 1.82+ .25 | .58% .35| .32 .24 0514 .007 | .039.002
8.0 |2.5 2.95+ .27 | .57% .41| .20+ .16 141+ .013 | .087 % .004
8.0 |3.0 3.55+ .33 | 1.30% .59| .37 .20 257+ .024 | .157 £ .009
8.0 |3.5 415+ .54 | 1.6 +1.1 | .39z .30 420 .055 | .224 % 021
8.0 |4.0 4.99% .74 | .3 1.8 | .06=x.37 67 & .10 .235 % , 048
11.0 | 2.0 T4z .16 | .34= .23| .46 .40 0214 .004 | 020+ .001
1.0 | 2.5 1.44% .18 | .28+ .28| .20 .22 069 .008 | .048 % .003
11.0 | 3.0 1.82+ .22 | .89+ .41| .49 .29 132 .016 | .102 .008




2

2

0 E E' ¢ w ) E E' q w |- P) E E' q w
(deg) | @ev) | (Gev) | (Gev/e(Gev) | D/m (deg) | (Gev) | (Gev) |(Gev/ey?| (Gev) | D/H (deg) | (Gevy| (Gen) |(Gev/e)?| (Gev)|  p/m
5.988 | 10.03 | 6.760| 0.739 |2.504 | 1.87+ .16 || 5.988 | 19.54 | 11.20 | 2.388 |3.759 | 1.84+ .16 || 10.000 | 15.19 | 8.027| 3.704 |3.260 | 1.712 .15
6.095 | 0.667 |2.755 | 1.82+ .15 10.28 | 2.191 |4.008 | 1.78 % .14 7.304] 3.371 |3.500 | 1.82 ¢ .16
5.367 | 0.587 |3.006 | 1.86+ .16 ||10.000 | 7.02 | 4.286| 0.913 |2.256 | 1.80+ .15 6.538] 3.017 |3.756 | 1.70+ .15
4.577 | 0.501 |3.256 | 1.93 + .18 3.716| 0.792 |2.506 | 1.86 + .16 5.706| 2.633 |4.006 | 1.86+ .18
13.54 | 9.863 | 1.457 [2.515 | 1.81+ .14 11.00 | 7.420| 2.478 |2.261 | 1.71% .13 17.69 |11.99 | 6.44 [2.263 | 1.484 .12
9.230 | 1.364 [2.758 | 1.79 + .14 6.887| 2.300 |2.508 | 1.68+ .13 11.50 | 6.18 [2.513 | 1.56+ .13
8.514 | 1.258 [3.010 | 1.972 .17 6.284| 2.098 |2.761 | 1.72+ .14 10.95 | 5.88 |2.764 | 1.52 .12
7.743 | 1.144 [3.259 | 1.85 .15 5.646| 1.886 |3.005 | 1.854 .15 10.37 | 5.57 |3.005 | 1.68+ .14
6.916 | 1.022 [3.506 | 1.982 .16 4.942| 1.650 [3.25¢ | 1.78+ .16 9.714| 5.22 |3.258 | 1.752 .14
6.008 | 0.887 [3.759 | 1.83+ .14 13.54 | 9.260| 3.807 |2.258 | 1.622 .12 9.028| 4.85 [3.504 | 1.79%.15
16.06 |12.05 | 2.110 [3.512 | 1.67 .10 8.742| 3.594 |2.507 | 1.614 .12 8.250| 4.44 |3.760 | 1.781 .16
11.40 | 1.997 |2.762 | 1.77 % .12 8.163| 3.356 [2.758 | 1.61+ .13 7.463| 4.01 |4.007 | 1.832 .17
10.69 | 1.873 [3.014 | 1.884 .15 7.545| 3.102 |3.003 | 1.74 2 .14 19.33 [13.01 | 7.64 |2.260 | 1.47 4 .11
9.951 | 1.743 [3.256 | 1.95+ .16 6.847| 2.815 |3.259 | 1.794 .15 12.52 | 7.35 |2.510 | 1.492 .11
9.113 | 1.507 [3.510 | 1.89 % .15 6.109| 2.512 |3.508 | 1.85 .17 11.99 | 7.04 (2.758 | 1.51% .11
8.243 | 1.444 |3.756 | 1.902 .17 5.331| 2.192 [3.753 | 1.90+ .17 11.40 | 7.00 [3.009 | 1.57 % .12
7.277 | 1.275 4,011 [ 1.842 .17 4.473| 1.839 |4.006 | 1.90+ .18 10.79 | 6.33 |3.252 | 1.612 .13
19.54 |14.94 | 3.184 [2.516 |1.612.11 15.19 | 10.79 | 4.98 |2.042 | 1.454 .11 10.08 | 5.92 |3.500 | 1,644 .13
14.32 | 3.053 |2.760 | 1.692 .12 10.37 | 4.79 |2.266 | 1.54+ .11 9.345| 5.49 |3.758 | 1.694 .14
13.63 | 2.905 [3.011 |1.72 % .13 9.87 | 4.55 |2.515 | 1.54 4 .12 8.581) 5.04 |4.001 | 1.722 .15
12.86 | 2.741 |3.267 | 1.79+ .14 9.32 | 4.30 [2.758 | 1.69 % .14
12.05 | 2.568 |3.516 | 1.75+ .14 8.71 | 4.02 |3.006 | 1.69 .13

TABLE IV




FIGURE CAPTIONS

Fig. 1 Comparison of measured inelastic e-p scattering cross sections
from DESY and STAC at E_ = 4.879 GeV, & = 10°. The hydrogen
target thicknesses are comparable. Only a sample of the SLAC

data, heavy points, is shown.

Fig. 2 Resolution of the 10 GeV, 60, electron spectrum into four modified
Breit-Wigner shapes and a smoothly varying background. Details

can be found in Ref. 2.

Fige 3 q? dependence of the resonance cross sections integrated over &'

and divided by the elastic scattering cross section. (Ref. 2.)

Fig. 4 x)Wé in the resonance region after the fitted resonances have been
subtracted. In this figure \)Wé is derived from the smoothly
varying background contribution to the spectrum (see Fig. 2,for
example). R = 0.2 was assumed. The errors are statistical errors

from the fits. See Ref. 2.

Fig. 5 Flectron scattering cross sections for a) hydrogen and b) deuterium in
the region of resonance excitation. The elastic peak, and the
radiative tails corresponding to elastic scattering have been

subtracted.

Fig. 6 Kinematics of inelastic electron-nucleon scattering. p and p' are
the four-momentum of the incident electron and final electron, g, is
that of the exchanged virtual photon, and P is that of the target

nucleon. W is fhe invariant mass of the unobserved hadronic final

state.



2
Figs. T Separation of the structure functions with data at constant ¥ and q

but different angles. The solid lines are straight line fits to

GJT+GO'éat c12=l+(c;fev/c)2 and W=2, 3, and 4 GeV., R = G‘S/o’T.

Fig. 8 qg— V plane showing lines on which data have been taken. The
shaded area indicates the kinematic region in which interpolated

data exist for three or more angles.

. 2
Fig. 9 GIT(q_ , W) for W=2 and 3 GeV as a function of q2 for the points
listed in Table III. The solid line shows Qyp/(1 + qg/M‘i)2 where
Gyp 1is the measured total photoabsorption cross section and M_ is

the mass of the rho meson.

Fig. 10 \ W, and 2MW1 versus = 2M Y / q2 for the points listed in

Table III.

Fig. 11 2MW, versus o for W> 2 GeV and q_12 > l(GeV/c)2 assuming R = 0.18.
» 2
The ranges of q are given in (GeV/ 0)2. Data from each angle are

shown.

Fig. 12 \)Wz versus ® for W>2 GeV and q2> l(GeV/c)2 assuming R = 0.18.
The ranges of q_2 are given in (GeV/ 0)2. Data from each angle are

shown.

4 and W > 2 GeV.

1

Fig. 13 \)W2 versus q2 for o

Fig. 14 \)W2 versus q2 for w = 1.66 and for W> 2 GeV. The solid line is
a Fit using a polynomial in (1 - 1/w') to all data with WD 1.8 GeV

and q2> l(GeV/c)g. o = o+ M2/q2.



Fige. 15

Fig. 16

Fig. 17

Fig. 18

Fig. 19

Fig. 20

2
’\JW2 versus ! for W> 2 GeV and q2>l(GeV/c) assuming R = 0,18,
The ranges in q2 are given in (GeV/c)e. Data from all angles are

shown.

\}wé versus o for large ® for four ranges of qg. Preliminary 1970
data. The line at VWé = 0.30 is drawn to facilitate comparisons

between the graphs. R is assumed constant and equal to 0.18.

Values of VWé for various ranges of o plotted against q?. QWé is kine-
matically constrained to zerc for q2= 0. Preliminary 1970 data. Possible
systematic errors are not included in the errors shown. R is

assumed constant and equal to 0.18.

Average values of \)W2 for q?j>l, for the ranges of ® in Fig. 17.

Systematic errors are not shown. R is assumed to be 0.18.

Ratio of deuterium to hydrogen cross sections for various values
of W as a function of q?. These are preliminary results including
rough radiative corrections. The points at q2= O are taken from

total photoabsorption cross section measurements.

The quantity (D/H - 1) plotted against w. The déta are preliminary.
If corrections for internal motion of the nucleons in deuteriﬁm,
Pinal state interactions and Glauber corrections are swall, the
ordinate should approximate the ratio of neutron to proton scattering

cross sections.



Fig. 21(a)

(o)

The upper graph shows (\JWQP— \)W2n) derived from the
points in Fig. 20 and from the fit to % WZp discussed
in the text. There is the suggestion of a maximum

around o v 3.

The lower graph shows E)WE versus o ss originally estimated

.
from general cons:‘Ld_err:vfc:i_ons,—5 , and as calculated from

simple phase space considerationsle. These \)WE curves

have shapes qualitatively similar to the points for

JAN (\>W2) in (a).
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