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Electron-proton inelastic scattering experiments can provide valuable infor- 

mation on the electromagnetic interactions of the hadrons, The specific subjects 
one can learn from these experiments are the following: 

1. 

2. 

3. 

4. 

5. 

The variation of the form factors at the ~NW ,vertex as a function 

of the four-momentum transfer squared, q2. Here W designates 

the invariant mass of the final hadronic system. 

The axial vector form factor, GA(q2), by studying the electro- 

production near the pion threshold. ’ 

The total photon-proton absorption cross section by extrapolation 

to the limit of q2 -0. 

Test of various sum rules on the process: y(off-mass-shell) 

+ proton - hadrons o 2 

Test of time reversal invariance in electromagnetic interactions 

of hadrons if the proton target is polarized. 3 

In this report, the majority of the results is based on the experiments done at 

SLAC as carried out by a SLAC-MIT collaboration. 
4-7 In order to define th.e 

notations used, the kinematics and conventional expressions for the cross sections 

will first be introduced. Then a discussion of the experiments and implications of 

the data will follow. 

* 
Work subported by the U.S. Atomic Energy Commission. 

?l?ermanent address (after September 1969) : The Enrico Fermi Institute and the 
Department of Physics, The University of Chicago, Chic,ago, Illinois. 
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I. Kinematics and Cross Section Formul. 

In the approximation of s one-photon exchange between the electron and the 

proton current, the differential cross section for detecting only the scattered 

8. electrons can be expressed as : 

& = ($fLott [W2(s2,wf + 2W,(s2L W tana f3/2] 

where 

4Ei sin4 O/2 ’ 

0 = scattering angle of the electron in laboratory system, 

EO = incident electron energy in laboratory system, 

Eo-K 
E’= 2E 

l+$ sin’ e/2 
= scattered electron energy in laboratory system, 

P 

q2 = 4EOE’ sin2 O/2 = four-momentumtransfer squared of the virtual photon, 

V= E. - E’ = q. = the energy transfer to the target, 

K= = equivalent real photon energy needed to 
P P 

photoproduce a final hadronic sys,tem of 

mass W from a proton target, 

M 
P 

= rest mass of proton, 

W = invariant mass of the final hadronic system, 

Wl, W2= two form factors to be determined by e.xperiments, ’ 
1 anda=137 = the fine structure const‘ant. 

. 
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Another useful representation, originally due to Hand,lOis to express the e-p 
c 

scattering cross section in terms of the interaction cross sections of the trans- 

versely and the longitudinally polarized virtual photon as follows: 

where 

= the virtual photon spectrum, 

E = 1 
2 

( J 

* 
14 2 1+ $ tan2 ‘e/2 

q 

a,(q2$w) = total photon-proton interaCtiOn cross section of the transversely 

polarized virtual photon (i. e. , ;he polarization direction is per- 

pendicular to that of ?j), 

and 

oL(q2, W) = total photon-proton interaction cross section of the longitudinally 

polarized virtual photon (i. eo, the polarization direction is along 

that of 3). 

In the limit of q2w 0, the transverse cross section approaches the total photo- 

absorption cross section uW(W) O This offers another possibility for obtaining 

information on v 
YP 

at high energies by extrapolating the data of electroproduction 

experiments as they have the advantage of faster data acquisition. 

The relationship between the two above-mentioned representations is given 11 

as below: 

Wl(S2,w) = -$- 
4n o! 

“Ttq2,~ , 
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2 
w2ts2m =+ -g--y ( N y&i2m + ~Ltq2,W) I 

4na q+v 1 
and 

II. The SLAC-MTT Experiment 4-7 

In. the SLAC-MIT experiment, high energy electrons from the two-mile long 

linear accelerator were momentum analyzed and sent through a ‘7 cm long liquid 

hydrogen target. The scattered electrons were momentum analyzed and detected 

by either the 20-GeV/c or the S-GeV/c magnetic spectrometer facilities of SLAC. l2 

The momentum and angular resolution of these spectrometers were 0.1% and 0.3 

milli-radians respectively. The detectors of each spectrometer consisted mainly 

of two scintillation hodoscopes located at two different focal planes of the spec- 

trometer to measure the momentum and the scattering angle, a lucite-lead sand- 

wich shower count,er of 16 radiation lengths, and three dE/dx counters. For the 

experiments using the 8-GeV/c spectrometer, an additional threshold-type gas 

Cerenlcov counter was used to help the pion rejection when the scattered electron 

energy was less than 3 GeV.’ The master trigger to the electronic system was 

provided either by a coincidence between two trigger counters or by a signal from 

the shower counter. Since the beam spill was only 1 L) 6 micro-seconds long, the 

electronic system was gntcd off immediately after the occurrence of a master 

trigger to allow a data rate of at most one event per beam pulse. The contents of 

the hodoscopes and the pulse height measuring devices were then recorded onto 

magnetic tapes for later off-line analysis on an event-by-event basis. During the 

course of the exl:)criment, part of the data were analyzed by an on-line SDS-9300 

computer, nsld the prebminary results were displayed on a scope for immediate 
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monitoring purposes, The integrated charge of the incident electron beam was 

measured by two induction toroids and two secondary emission monitors. During 

part of the experiment, the 1. 6-GeV/c spectrometer at SLAC was also used to 

monitor the recoiling protons from elastic scattering as an auxiliary check. The 

accuracy on the integrated charge was estimated to be better than 0.5%. 

The manner of data-taking was dictated by the requirement of radiative cor- 

rections, 13 which is a very important factor for ail electron scattering experiments. 

Since the measurement at each value of incident electron energy, Eo, and scattered 

electron energy, E’ , contains the radiative contributions from the entire kine- 

matically accessible region of higher E’ and lower Eo, the removal of these radia- 

tion contributions requires the complete knowledge of the non-radiative cross 

sections in the whole kinematically possible region of (Eo, E’). For example, as 

shown in Fig. 1, it is necessary to know the non-radiative cross sections in the 

shaded triangle abc in order to radiatively corr&t the measured cross section at 

point c. Therefore, at a fixed scattering angle 6, several spectra had to be 

measured at a few incident electron energies in order to allow a proper interpolation 

or extrapolation for the sake of radiative corrections. 
* 

At SLAC, measurements have been done at scattering angles of 1,5’, 6’, and 

loo, using the 20-GeV/c spectrometer; and at 18’, 26’, and 34’, using the 8-GeV/c 
I 

spectrometer with incident electron energies in the range from 4.5 to 20 GeV. The 

cross sections were measured at values of E’ ranging from 3 GeV up to the elastic 

peak when using the 20-GeV/c spectrometer; and 1 GeV up to the elastic peak when 

using the 8-GeV/c spectrometer. Normally, full and dummy target measurements 

were taken at each setting of the magnetic spectrometer D At the low energy end 

of each spectrum, the contaminations due to Dalitz pairs were measured by reversing 

the magnet polarities of the spectrometer. In general, these backgrounds were not 

important o 

-5- 



.In Figs. 2 and 3, four ty$ical experimental spectra already radiatively cor- 

rected are shown. The details concerning the radiative corrections can be found 

in Ref. 13, and will not be repeated here. From these results, the following 

apparent features can be observed: 

1. At low values of q2, the three nucleon resonances at mass values 

of 1.238-, 1.512-, and 1.688-GeV were prominently excited. The 

N* at 1.920-GeV was-only weakly excited. 

2. AS values of q2 increase, the cross sections in the resonance region 

decrease very rapidly, 

3. As values of q2 increase., the cross section in the deep inelastic region 

start to rise as a function of W. It increases at approximately a linear 

rat& when the q2 value is moderate. But, at high q2 values, the cross 

section starts to rise exponentially. 

III. Cross Section in the Region of the Nucl.eon Resonances 

Since only the scattered electrons were detected in the SLAC-MIT experiment, 

the decomposition of the observed cross sections into resonance and non-resonant 

bapkground was by no means straightforw<ard. A numerical approach was adopted 

to resolve this problem. The method was to fit an experimental spectrum numeri- 

cally with a number of Breit-Wigner functions for the resonances actually observed, 

and a polynomial function to represent the non-resonant background. Since there 

were no prior reasons for restrictmg the order of the polynomial function, the 

fitting procedure allowed a varying order for it. Then the total cross section for 

each individual resonance, obtained from a non-linear least-square fitting progkam, 

was plotted ,agninst the number of parameters used for the background. If the order 

of the polynomial function was too low or too high, the cross sectious obtained by 

the fitting program showed a rapid variation in magnitudes. But when the number 
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of parameters used for the background was between four and fifteen, the cross 

sections for the resonances became fairly constant. This stabilized constant 

region was taken as an answer to the resonance cross section, and the scatter of 

points provided the uncertainty introduced by the numerical fitting procedure. 

The detail is given as the following. 

A. Numerical Fitting Procedure 

The differential cross section, d20-/dfIdEr, was numerically fitted by the 

following expression: 

2 N 

Ad:’ = c Ciw’ 
iso 

+ H1 

WM33 5 

(W” - M ;3)2 -I- (fj M33)2 1 0 
+ $ Hi [ (W-M32:(ri,2)2 

, 

where the polynomial function represents the non-resonant background, and 

M i, ri = mass, and width of the i-th resonance, 

p7r = pion momentum in the rest frame of the resonance, 

m  lr = rest mass of pion, and 

Hi = height of the i-th resonance cross section. 
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The variables, Ci, Hi, Mi, and ri, were treated as adjustable parameters 

by a non-linecar fitting computer program. 

It is to be noted that the (33) resonance was treated differently from all the 

others. An invariant Brcit-Wigner function, -containing the correct threshold be- 

havior and the proper asymmetric shape, was used for its description because 

it is predominantly a P33 wave. For each of the higher resonances, there are at 

least four partial waves closely packed together. To simplify such com.plications, 

a symm.etric and non-relativistic form of the Breit-Wigner function was used for 

their description. 

In Fig. 4, a typical radiatively corrected spectrum is shown together with the 

resonances and background determined by the fitting procedure. The &i-square 

value per degree of freedom for these fits had a typical value of approximately 

1.05. The non-resonant background obtained this way always had a shape resembling 

a many-particle phase space. 

B. Results and Comparison with Theory 

Cross sections for the resonance are listed in Table 1. Values of their masses, 

widths and the associated errors were obtained from the numerical fits. Errors 

assigned to the cross sections are the combined values of the statistical error and 

that introduced by the numerical fitting procedure. It is to be noted that the width 

determined for the second nu.cleon isobar thus obtained is only (77 rt 15) MeV, con- 

siderably smaller than that given by the pion-nucleon experiment. 

In Fig. 5 through Fig. 7, we have plotted the ratio (dc~/dfi)/(du/dfl)elasti. 
2 against q for the first three nucleon resonances. The elastic electron-proton 

scattering cross section, (do-/dfi)elastic, was computed with the dipole form factors 

at the same incident electron energy and scattering ‘angle as that used in the meas- 

urement. The value used for q2 was the momentum transfer squared at the 
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resonance peak. In these plots, the energy and angular dependence were almost 

completely removed, and the ratio became approximately a function of q2 only. 

The solid curves shown are the theoretical predictions of a model given by Walecka 

and co-workers. 14,15 In that model, only E’eynman graphs for (1) direct pion 

production, (2) one-pion exchange, (3) one-nucleon exchange, (4) one-w exchange, 

and, ,( 5) the excitation of a 1 nN33 * > channel for the higher resonances, were included. 

.Four normalization constants involved in the calculation could be fixed by the photo- 

(_ production data. Only one adjustable parameter, named @, is left in that theory 

which is proportional to the UN coupling strength. The data appeared to be in good agree- 

ment with the predictions using p = - 6 and without the 17rNs3 > channel for the higher 

resonances. This indicates that the q2-dependence for the resonance cross section in 
, 

the regionbeyond threshold is approximately scaled to that for elastic scattering. How- 

ever, the effective form factor of the resonance, as evidenced by the data on the (33) reso- 
* 

nance , is falling off with increasing q2 more rapidly than the nucleon form factor. 17-20 

Presently, there is not enough data available to compare with the detailed , 
predictions of Walecka et al. on the Coulomb snd transverse form factors. 14,15 

-- The results 20-22 for the longitudina.1 cross section of the (33) resomance are shown 
. 

in Fig. 8. For the 1.512-GeV resonance, the longitudinal cross sections in the 

range of q2 from 0.1 to 0.6 (GeV/c)2 are nearly zero as measured by ‘Lynch et al 20 
--* 

The results on W1 and W2 in the-resonance region, measured by Albrecht et al., 23 

are shown in Figs. 9 and 10, 

IV. Cross Section in the Deep Inelastic Region 

As illustrated in Fig. 3, at high q2$ the e-p inelastic scattering cross section, 

measured at fixed incident electron energy and scattering angle, was observed to 

be rising with increasing values of W. This observation is consistent with the 
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inequality relationship given by Bjorken, 2 

+ doneeron) 2 f (d&point charge, 

which implies that at infinite momentum transfer the form factors in the deep 

inelastic region should approach that of a point charge. This tendency is also 

indicated by the curves shown in Fig. 11, where the 10’ data was divided by the 

Mott cross section and the ratios plotted against q2. Similar quantities for 

elastic scattering, calculated with 8 = 10’ and dipole form factors, are also 

included in that figure. It can be seen that the inelastic form factors have a much 

weaker q2 dependence than those of elastic scattering, and this q2 dependence 

decreases as W increases. Presently, there exist only very little information on 

the individual form factors, W1 and W2. 23 Questions on whether these form factors 

should fall off like l/q4 or l/q2 have to be investigated. 

Bjorken originally suggested that, at large ealues of v and q2, the functi.on 

v W2 could manifest a property of scale invariance. 24-27 That is, v W2 could be 

a universal function of only the dimensionless variable, w = 2Mp ~/q~~ Since 

=IJ where R = 7 , 
T 

the value of vW2 depends on the presently unknown value of R. 

Nevertheless, the behavior of vW2 can still be studied on the basis of the extreme 

assumptions o L=Oando-T = 0. In Figs. 12 through 14, the experimental values 

of vW2 obtained from the 6’, lo’, and 18’ data are shown for these assumptions. 

The results in these figures indicate the following: 

1, If UL = 0, the measurements at a fixed scattering angle but different 

incident electron energies appear to converge to a universal curve, 



. 

However, it should be noted that the data shown in Fig. 2c, for 

0 .= 6’ and E o = 7 GeV, are much lower than those measured at 

higher incident energies and the same angle, as shown in Fig. 2a. 

Maybe this can be explained by their different values of q2. The 

maximum value of q2 for E. = 16 GeV and 8 = 6’ is less than 

2.6 (G~V/C)~, while the maximum value of q2 for E. = 7 GeV 

and 9 = 6’ is less than 0.5 (GeV/c)2. 

2. If CL = 0, the data at 6’ and 18’ indicate a negative slope while 

the 10’ data does not, as shown in Figs. 12a, 13, and 14. The 

18’ data falls off faster than the 6’ data as the value of w in- 

creases. This indicates that there is still some residual weak 

q2 dependence at large values of W. 

3. IfUT = 0, the data is less converging to a universal curve as 

evidenced by the 6’ data shown in Fig. i2b. 

There have been a number of theories developed to interpret the high energy 

electron scattering results. The parton model predicts a magnitude for v W,2 to 

within a factor of two. 27 The r5 field theory equates v W2 to some power of w. 28 

The Pomeranchon exchange model leads to some constant value of v W2. 29,30 

A model based on quantum electrodynamics indicates that v W2 should exhibit a 

weak q2 dependence. 31 

At present, the most detailed predictions come from a vector dominance 

model. 32 In this model, the longitudinal and transverse cross sections are explic- 

itly given, and their ratio can be expressed as 

uL R=F--= T 
< (~)2s(Kl 3 
mP 
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where 

t(K) = 
#-p@12) 
u;pvi2, 

9 

mP = mass of the p-meson, 
L 

“PJ? 
= longitudinal pP cross section, 

and 
T 

$P = transverse pP cross section. 

At high q2, this model predicts a large longitudinal cross section which is a very 

stringent condition. It has also been suggested, in view of the large range of 

extrapolation involved in the vector dominance theory, that one ought to treat the 

vector meson mass and also t as free parameters. 33 

Using the p-mass and t = 1.5, the data at 6’ and 10’ agree to better than 50% 

with the predictions if (r 
w 

is assumed to be constant. As shown in Fig. 15, the ir 

cross sections measured at 18’ and 13.3 GeV are in very good agreement with the 

predictions given by mv = rn@, and e = 1. Figure 16 gives a separation of oL 

and oT at W = 4 GeV and q2 = 4 (GeV/c)2, using the SLAC-MIT data measured at 

loo, 18’, and 26’. The longitudinal cross section obtained is much smaller than 

that predicted by the vector dominance model. 

Applicati.on of current algebra and current commutation relations led to many 
2,34-38 sum rules for electron scattering. Comparison of these sum rule predic- 

tions with experimental results, evaluated with only the 6’ data, are given in the 

following. 
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A. Bjorken Sum Rule ’ 2f 

2 

d; [Wrton + etrOn] 1; . 

2 Mp 

Since the neutron data is not available, a less plausible quark model argument 

gives w 

/ 2 ,wYton dv 2 1 ,’ 

&- 
P 

whereas q2 = 2 (GeV/c)2, the above integral was evaluated to be * 0.50 by assuming 

aT = 0, and the number became smaller if assuming oL = 0. 
33 B. Callan and Gross Sum Rule : cT = 0, if the electromagnetic current was 

made of boson field; and o L = 0, if fermion field. 

The result shown in Fig. 16 indicates neither of these predictions is correct. 
ccl 

C. Gottfried Sum Rule . 34. 
$ 

W2 dv = 1 - ( GiP + .G2 

& 

Mp 1 /(1 I- T), where 

. 

T *= q2/4M;, andG EP’ GMP = elastic proton form factors. For q2 = 1 (GeV/c)2, 

the integral is equal to - 0.8 for uT = 0, and - 0.7 for cL = 0. It can not be satis- 

fied for v less than 20 GeV. 
. 

It should be emphasized that most conclusions discussed in this section are based 

mainly upon various assumptions made for oL and o;re Some important theoretical 

questions can only be answered by a good separation of W1 and W2’ Until that can 

be carefully done, an understanding of the voluminous experimental results can 

only be reached through using various parametrizations. 

V. Total Photon-Proton Cross Section 

The total photon-proton absorption cross section, oyp(K), has normally been 

measured directly in experiments using liquid hydrogen bubble chambers. 39-41 



. 

However, through extrapolation procedures the inelastic electron scatter,ing ex- 

periments provide an indirect method for obtaining such information since in the 

limit of q2 
2 

= 0, the qu;mtity $- & should be identical to the total photo- 
t 

absorption cross section. Figure 17 shows an example of the earlier attempts in 

making such an extrapolation for the nucleon resonances. 6 This extrapolation can 

best be done with the SLAC-MIT data7 measured at 1.5’ and incident electron ener- 

gies ranging from 5 to 20 GeV, as the values of q2 for that data are smaller, 

extending only from 0.013 to 0.26 (GeV/c)2. The radiative corrections have not 

been a serious problem, as the major part of the corrections to these data is 

simply the subtraction of the radiative tail from the elastic scattering which can 

be calculated very accurately with the known elastic proton form factors. l3 The 

results from the e-p inelastic scattering experiment at SLAC, for equivalent 

photon energies of up to 15 GeV, are shown in Fig. 18. 7 It should be noted that the 

total photoabsorption cross section exhibits a slowly decreasing trend as the photon 

energy increases. 

VI. Axial Form Factor 

. Nambu and Shrauner first showed that the cross section for electroproduction 

at pion threshold 

e+p-e+p+ 7r 0 

-I- -et-n+ 7r 

can be expressed in terms of the elastic electromagnetic form factors and the axial 

vector form factor, GA(q2), of the nucleon in the ideal soft pion limit. ’ In the 

absence of a precision high energy neutrino experiment, the e-p inelastic scattering 

experiments offer a good possibility for determining the unknown axial form factor, 

especially at large values of q2. Earlier attempts along this line yielded only 

crude results which were inconsistent with the meager information obtained from 
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neutrino experiments. 42 Recently, Nambu and Yoshimura re-examined this 

problem. 43 Possible corrections due to pion mass, pion momentum, and modi- 

fication of the PCAC condition, 44 were considered. Using the combined data 

from different laboratories, these authors extracted the values of GA(q2) which 

covered a range of q2 of up to 6 (GeV/c)2 and fitted them by the dipole formula 

GA(q2) = 1.49 

[ 1 1+- 
2 ’ 

(1. 32)2 

This fit and the experimental data are shown in Fig. 19. For small q2, the data 

intends to give the correct limit GA(O) = 1, while the fit does not. 

. 

. 
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.  

9 . T h e  fo rm  fa c to rs  a re  d e fi n e d  b y  

w h e re  th e  s e c o n d  ra n k  te n s o r T  
P V  

re p re s e n ts  th e  h a d ro n i c  c o n tri b u ti o n  to  

th e  c ro s s  s e c ti o n ; g  
W J ’ 

th e  m e tri c  te n s o r; a n d  P , th e  p ro to n  m o m e n tu m  

(s e e  R e f. 8 ). If th e  ta rg e t i s  p o l a ri z e d  a n d  i f th e  ti m e -re v e rs a l  i n v a ri a n c e  

w a s  a l s o  v i o l a te d , th e n  a  th i rd  fo rm  fa c to r, W 3 (q 2 ,W ), w o u l d  b e  re q u i re d  

(s e e  R e f. 3 ). 

1 0 . 

1 1 . 
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I 
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1 4 . 

1 5 . 
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TABLE1 

PRELIMINARYRESULTSONTHE RESONANCES 

E e cm2/sr) 

N1* N;. N!i 
(GeV) (Degree) M=1.219~0.010 GeV M=1.503iO.O10GeV M=1.691k0.010 GeV 

f=0.130~0.015 GeV ~=0.077~0.015GeV f=0.102-+0.010GeV 

7.00 6.0 (2i15 f 0.17) x 10-30 (5.21k 0.37) X 1O-31 (5.30 f 0.29)X 1o-31 

10.00 6.0 (3.95 -+ 0.25)x 1O-31 (1.36 f 0.12) X 1O-31 (1.48 *0.16)X 1O-3l 

13.50 6.0 (7.02 f 0.84)X 1O-32 J3.62 Et 0.40)X 1O-32 (4,17rt 0.83)X 1o-32 . 

16.02 6.0 (1.24*0.19)X 1O-32 (9.81st 1.41)x 1O-33 (1.43 &00.42)X 1O-32 

, 



FIGURE CAPTIONS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8, 

9. 

10. 

11. 

Schematic diagram illustrating where the cross section must be known in 

order to make the radiative corrections to a cross section measured at 

point c. 

Three radiatively corrected e-p inelastic sqattering spectra measured at: 

a. 6 = 6’, E. = 7 GeV (0.2 5 q2 5 0.5 (GeV/c)2); 

b. 0 = 6’, E. = 16 GeV (0.7 ,< ci2 5 2.6 (GeV/c)2); and 

c. 0 = loo, E. = 17.7 GeV (1.6 5 q2 < 7,3 (GeV/c)2). 

Radiatively corrected spectra measured at 8 = 18’ and various incident 

electron energies e For the sake of clarity, only hand-drawn curves passing 

through the measured data are shown. The typical statistical errors are 

indicated by the few data points shown. 

The e-p inelastic scattering spectrum, measured at 0 = 6’ and E. = 7 GeV, 
* 

resolved into four Breit-Wigner peaks and a polynomial background by a 

numerical fitting procedure. 

The cross section ratio ~~~~~~~~~~~~~~~~~~~~ for N*(1238). 

The cross section ratio (oresonance/oelastic) for N*( 1512). 

The cross section ratio (cresonance / aelastic) for N*(1688). 

The separated inelastic proton form factors W1 and W2 at cl2 = 0.773 (GeV/c)2 

according to the measurements of Albrecht et al. -- 

The separated inelastic proton form factors WI and W2 at ci2 = 1.935 (GeV/c)2 

according to the measurements of Albrecht et al. -- 

The longitudinal cross section crL of the (33) resonance. 

(d2”/af-‘)/QMoTT vs q2 for W = 2, 3, and 3.5 GeV as measured at 10’. 

For elastic scattering, the ratio plotted is (do-/dQ)/crMoTT calculated with 

0 = 10’ and the dipole form factors of the proton. 



12, 

13. 

14. 

15.. 

16. 

17. 

18. 

19. 

v W2 vs 2Mpv/q2 for data measured at 6’. The values of W2 were obt‘ained 

by various assumptions made upon a;r and uL. 

v W2 vs 2Mpv /q2 for data measured at 10’. The values of W2 were obtained 

by the assumption crL = 0. 

v W2 vs 2Mpv /q2 for data measured at 18’. The values of W2 were obtained 

by the assumption crL = 0. These results are preliminary. 

Lnelastic e-p scattering spectrum measured at 0 = 18’ and E. = 13.3 GeV 

as compared to the predictions of Sakurai’s vector dominance model. 

Preliminary separation result made at q2 = 4 (G~V/C)~ and W = 4 GeV as 

compared to the predictions of Sakurai’s vector dominance model. 

Plots of (d2cr/d0dEt)/Tt for the first four resonances. 

The total photoabsorption cross section of proton as obtained by extrapolating 

the e-p inelastic scattering cross sections to the limit of q2-0. 

The axial form factor as calculated by Nambu et al --’ using electroproduction 

data at pion threshold from different laboratories. The curves are numerical 

fits. 
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