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, 
I I LJ  In th i s  t a l k  ,I want toFeview and bring up t o  date the experimental 

information on high energy inelast ic  electron scattering 'from t h e  proton 

and neutron. 
/J 

Inelastic electron nucleon scattering has been carried out a t  various 

accelerators fo r  over a decade. 

energies and intensi t ies  have made available a new region of inelast ic  

scattering t o  be inves,tigated, commonly referred t o  as  the "deep inelastic" 

region, which corresponds t o  the excitation of the continuum well beyond 

the resonance region. . 

With the advent of SLAC, the higher 

1 Since 1967 t he  SLRC-NIT Collaboration has been carrying out a program 

of inelast ic  electron scattering in  a singles experiment over a wide range 

of four mmentum transfers and missing masses of the recoiling hadronic 

system. 

from the proton, deuteron, and a number of different nuclei. Fxperimental 

work on inelast ic  electron scattering has a lso been carried out a t  DESY , 
a d  there has been a program3 of inelast ic  muon scattering a t  SLAC. 

The reactions that  have been s a d i e d  are  inelast ic  electron scattering 

2 

This discussion w i l l  center primarily on the experimental measurements 

frm the SUC-MIT group. I w i l l  not say much about the extensive theory 

that has been generated by this subject,  because this will be covered i n  

a number of subsequent talks.  

BeforeqRroceeqing ,to,-it$efmsults, a brief description of the experimental 
4 method 

linear-accelerator passed through a l iquid hydrogen target and then through 

a series of beam monitors. The scattered electrons were .mamentun analysed 

+,, in order. I A relativqlyfmonochromatic electron beam from the 

by a magnetic spectrometer. In separate experiments _. the SLAC 20 GeV/c and 

8 GeV/c? spectrometers ~ 66 I werepsed d i f f e r e n t  kinematic regions. Downstream 
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of the magnetic elements of the spectrometer were placed scint i l la t ion 

counter hodoscopes which registered the momentum and scattering angle of 

each scattered electron. 

t i f ica t ion  counters which were employed to  identify electrons amid a 

background of 71- mesons. These consisted of a Cerenkov counter, a t o t a l  

absorption counter for  electromagnetic cascades, and a few counters used 

to  sample early shower development in  the to ta l  absorption ceunter. 

Behind the hodoscopes there were particle iden- 

The range of kinematics covered in  the SIAC-NIT measurements is given 

in  Table I 

the range of the square of the four momentum transfer q was 

0.3 < q2 < 20 (GeVc/)2. 

The range of missing mass covered was M < IV 
2 

5.5 GeV and 

The missing mass W d s ' t h e ,  i.nvaxi(;mt-mass,of the 

unobserved f ina l  hadronic s ta te  . .  and is given by 
2 2  - q W2 = 2bl(E-E') + M 

where E is  the incident electron energy, E '  is the scattered electron energy, 

and M is the mass of the target nucleon. 2 The quantity q is given by 

q2 = 2EE'(1 - cos e) where 8 is the electron scattering angle. 

In general, the measurements were made a t  closely spaced values of the 

scattered energy E '  for  constant scattering angle 8 and constant incident 

energy E. 

of incident energies i n  order t o  be able to  make model independent radiative 

For each scattering angle spectra were measured a t  a number 

corrections to  the data. 

I w i l l  f i r s t  discuss the inelastic electron-proton scattering resul ts .  

Same typical spectra are shown in  Figures 1 and 2. Bumps in the spectra 

a re  seen a t  the 61236, the V1518, and in  the region of the hB1688; and 

in  a number of spectra there is a m a l l  bump near the 111920. No clear- 

cut evidence is seen for  the excitation of the Roper PU resonance. Un- 

fortunately, I w i l l  not have time i n  this ta lk  to  discuss in detai l  the 
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behavior of the resonances excited in  electron scattering. 

these bumps there is a broad continuum of larse cross-section. 

spectra have a qualitative similarity to  those observed in  inelastic electron- 

nuclear scattering. The spectra shown have f u l l  radiative corrections. 

While the radiative corrections are  the largest corrections to  the data and 

involve a considerable amount of computation, they are understood to  within 

the 5% t o  10% level and do not significantly increase the to ta l  error in  

the measurements. 

t ive correction as a function of W for a typical spectrum. 

In addition to  

These drl 
--------------- 

In Figure 3 is shown the relative magnitude of the radia- 

The general behavior of the measured spectra as a function of laboratory 

energy and angle can be seen in  Figures 4 and 5, in  which some of the measured 

spectra are ~ k e t c h e d . ~  These figures show that the excitation of discrete 

s ta tes  is dominant for lower angles and incident energies, but a t  larger 

angles and incident energies the continuum channels dominate the scattering. 

The blott cross -section (without the kinematic correction f o r  target recoil) 

is given for  each energy and angle to  serve as a scale for the scattering 

cross-sections. The figures indicate that the resonances damp out more 

rapidly than the bulk of the continuum w i t h  increasing values of q . 2 

To extract the effects of the nucleon structure in  the scattering process 

it is useful t o  separate out the pure Q.E.D. dependcnce of the scattering 

cross-section. 
6 cross-section i n  the ;iab 

- e  

On the assumption of one photon exchanie, the different ia l  
s i  ' - 
tory fr&e'for electron scattering in which only 

> . -  

the scatteredbielectron isddetected -is ' 3- 

' * .  + .  . 

7 w2 + 2w1 tan2 e/z 
2 

COS e/2 
2 4 d u  e 
==7 sin48/2 
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The structure and W2 depend on the properties of the target 
_J 

-l 

nucleon and can be represented as functions of two invariants, q' and 

v = E-E' ,  the electron energy loss. The above expression is the analogue 

of the Rosenhluth cross-section. There is another expression7 that is 

often used to describe inelastic electron scattering which is the analogue 

of photoproduction. In this description the cross-section for inelastic 

electron scattering is given by: 

where ut and us are I .the absorption cross-sections for virtual photons. with 

transverse and longitudinal polarization components respectively, 

and 

2 
P P P The quantity K = (W2 - M ) / 31 , where M is. the rest mass of the proton. 

In the limit q2 + 0, us + 0, and ut(q2, v) + CJ (v) where CT Y (v) is the 

photoabsorption cross-section for real photons of energy v.  The two descriptions 

are equivalent and it follows that 

Y 

n 
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K 
w1 = 2 ut 4n a ~ 

2 
w2 = ,+** (at + as) 

4lTa q + v  

In order to make separate determinations of W1 and 1V2 (or at and as), 

it is necessary to measure the inelastic cross-section at different angles 

for the same values of q and v, requiring appropriate changes in the values 

of both E and E'. 

2 

The results of the separation are, for convenience, expressed in terms 

of the parameter R = uS/ut, and the experimental values of Wl and W2 are 

given by 

do is the experimental inelastic cross-section and - where -3 d2u 

is the Mott cross-section Without" recoil cori.ections. ~ 

I %ott  dcklE' EXP . .  

2 ts at diffebn les'for the saine values of q and v 

eV, and for q2 = 1.89 (GeV/c)'; 

W = 3 GeVb. H sufficiently finely spaced 

that they can be reIi 2 oint in the q , v 

lation methods indicated 

e particular procedure used. 
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The assumption of one photon exchange which underlies the definition of 

the electron-magnetic structure functions, implies a l inear dependence 

of d u/dS2d.E1/rt on E for  a particular point (q , v) .  

consistent with this requirement. 

a d  no striking kinematic variation is apparent. On the assumption that R 

is a constant i n  this  kinematic (range, the average value of R is 0.18 * 0 . l o ,  

2 2 The data are everywhere 

The values of R are  in  the range 0 to 0.5, 

where the quoted error includes an estimate of the systematic error. 

values of R arc also compatible with R = aq , w i t h  a = .035 (GeV/c) -', and 

w i t h  R c., q /v , 

In Figure 6 the measured values of R are shown as a function of q . 
curve also gives the predictions of the p dominance model 

electron scattering which are seen to  be incmpatible with the data. 

The 
2 

2 2  Various other foxms would also be compatible with the resul ts .  
2 

of inelastic 

This 

The 

results of thc separation show that ut is dminant in the kinematic region 

that was investigated, roughly given by 1.0 5 q2 11.0 (GeV/c)' and 

2.0 W 5 3.5 - 4.0 GeV. The smallness of R precludes a definite statement 

that  us is significantly different from zero. 

From the early measurements a t  6' and loo,  combined with the assumption 

of a predominantly transverse electro-magnetic interaction, it was found 

that w\V2 depended only on the r a t io  of q2 and v over a substantial range of 
9 the data . 

w =  - *Iv 

algebra, Bjorkek' had predicted th i s  behavior in the asymptotic kinematic 

This property is referred to  as "scaling" i n  the variable 

On the basis of an investigation of models that  sat isfy current 
9 

2 region reached by lett ing w and q go* to. inf ini ty  with w held constant. 
2 The large angle data have provided measuranents a t  large values of q 

and, in  conjunction with the ear l ie r  measurements, information about R ,  

allowing more stringent tests of scaling behavior t o  be made. 

n 
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To test for  scaliQ it is useful to plot vW2 for  fixed w as a function 
2 of q . 

uWz is independent of q . Values of vW2 for  w=4 are  shown as a function 

of q 

spectra a t  G o ,  loo ,  1 8 O ,  26' and 34'. 

vW2 are plotted as a function of q for  various ranges of w. A constant 

value of R = 0.18 has been assumed in  calculating vW2. Scaling behavior 

is not expected where there are observable 

occur a t  fixed W, not a t  fixed u,  nor is it expected for small q2, because 

vWz cannot depend solely on u in  th i s  limit. I\n inspection of a number of 

plots similar t o  these leads t o  a number of conclusions regarding the 

validity of scaling in  several kinematic regions . 

For constant w scaling behavior is exhibited in such a plot i f  
2 

2 in  Figure 7 ,  calculated f r m  interpolations of radiatively corrected 

In Figure 8 experimental values of 

2 

resonances because resonances 

1. For 4 < w < i z  
For W > 2.0 GeV and q > 1.0 GeV', v\V2 is a constant within experimental 2 

errors and hence "scales" i n  w (or in  any other variable). 

kinematics for  the measurements included in  th i s  test covers q2 from 

1 to  7 GeV and values of i V  between 2 and 5 GeV. 

The range of 

2 

2.  For w 4 .  

"he experimental values of vW2 scale for  I\' > 2.6 CeV, but v\V2 appears 

t o  increase as W decreases below 2.6 GeV. This region covers kinematic ranges 
2 2 of W between 2.6 GeV a d '  4.9 GeV, ahd of q between 2 GeV2 ancl 20 GeV . 

e qz = 1 GeV2 ancl no points above 

tion of uW2 with 

changing q2. R i n  this region, and the values 
P . >  

I ,  

t 
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of vW2 are especially sensitiye to  variations in  R.  

have a maximum w of 8 and influence the values of vW2 for w > 1 2  only 

through the values of R determined in  the low w region. 

be tested c r i t i ca l ly  i n  this region since the uncertainty in R prevents the 

large w behavior of v\V2 from being known with assurance. 

assumed, then for q2 > 0.8 GeV2, vWz deaeases s l ight ly  as w increases, 

However, for larger values of R ,  consistent with the extrapolated values, 

vW2 is constant. 

these questionsll. A fall ing v\Vz with increasing w would indicate a non- 

diffractive cmponent of W2 a t  large w. 

The large angle data 

Scaling can not 

If R = 0.18 is 

Preliminary analysis of more recent data does not resolve 

The above conclusions rely on some extrapolation of the measured values 

of R over parts of the to ta l  kinematic region disqssed.  In order to  t e s t  

the sensit ivity of the determinations of vW2 t o  the different methods of 

extrapolation, the three forms consistent with the data were employed, namely, 
2 2 2  R = 0.18, R = 0.031 q /bI and R = q/v . The conclusions regarding scaling P' 

behavior do not depend on the form used. 

One of thc most remarkable aspects of the above results is that the 

scaling behavior, presumed to  be an asymptotic property, se t s  i n  as such low 

values of q and v. 

understood. 

variables that converge to  w in  the Bjorken limit and that provide scaling 
2 behavior a t  even smaller values of q and v.  A number of such variables 

2 The theoretical significance of th i s  is presently not 

The question naturally arises as t o  whether there are other 

have been proposed. Among these are the variables proposed by suri12, 

w S = s/q2; by Rubinstein and Rittenberg13, wr =@v + MJ,&z+ A9;and by the - 
SM-MIT group14, W '  =[?Mv + a q / q 2 .  I do not have detailed studies of the 

n 

, ... - , . , --.. ..-__ .,- I_ iL  1 .-.-.--._-..-I,.-- L .I . , .. .. . . . , ... . ~. .. . . . . -  
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the scaling region from 1V = 2.6  GeV down t o  W = 1.8 GeV for  the whole range 

of W. The constant - a was detehined t o  be 0.95 0.07 GeV by f i t t i n g  the 

data with W > 1.8 GeV'and q > l(GeV/c) . The s t a t i s t i c a l  significance of 

a is greatly reduced i n  a f i t  t o  the data for  W > 2.6  GeV implying that  

2 

2 2 

functions of e i ther  w or  w '  give satisfactory statistical fits i n  this kine- 

matic range. 

t o  be equal t o  h12 = 0.88 which gives ut -  = w + d / q 2  = 1 + W /q . 
In the followihg discussion, the value of - a w i l l  be chosen 

2 2  
P 

Figure 9 shows ZM W +  and vWz as funct2ons of w for  1V 2 2.6  GeV, 
P l  

and Figure 10 shows these quantities as functions of w '  for  W 1.8 GeV. 
2 The data presented i n  both. figures are for  q2 > l(GeV/c) and use R = 0.18. 

The olkerved scaling behavior i n  w and w 1  is impressive for  both structure 

functions over a large kinematic region, 
, .. 

Such scaling behavior ar ises  

naturally i n  parton models 15,16,17 i n  which the electron scatters inco- 

herently from pointlike constituents of the proton, Another theoretical 

approach18 relates the inelast ic  scattering t o  v i r tua l  Cmpton scattering 

which is described i n  terns of Regge exchange. 

scaling by inserting ap$opriate residue functions into the Regge description. 

Theoretical models 199209'21 have related the behavior of vWz i n  the 

Such models can incorporate 

2 neighbourhood of w =  1 to  the elastic form factor a t  large q . 
form factor G(q ) -t (l/q ); as q2 -t 0 , then the predicted behavior for  vW2 

is vWz 

I f  the elastic 
2 2 "  

1 n-1 
(1 - - ) - as j _  w 3 1. For either w ord '  i 2  the experimental values 

W 

ily, f i t  with a,s,ingle cubic tern, a resu l t  which 
k k .  . - 4  

of v\Vz can be satisf 

is consistent w i  
w f 

a t  constant 

' 3 ,  
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2 which is a relatively weak dependence on q . For 1 

tional t o  (1 - l/w) 

w 2 ,  vWz is propor- 
3 and the dependence of vlV2 is 

2 I t  is thus evident that  for -- '" - M' c c 1, W2 has the same q dependence as the e l -  
9 

a s t i c  forh factor squared.The q2 dependence is clearly intermediate between 

these extremes for  intermediate values of w., 

Several sum rules based on current algebra and the use of current 

c m u t a t o r s  have been prcposed for  inelastic electron scattering. 
has calculated a constant-q 

GottfriedZ2 
2 sum rule  based on a non-relativistic point-like 

quark model of the proton which is: 

where the integral includes the contribution from the e las t ic  cross-section. 

Using R = 0.18, interpolations of both the small and large angle data were 

used t o  determine vW2 a t  a constant value of q2 = 1.5 GeV2. The evaluation 

of the integral when integrated over the range of the 'data gives 
20 Is \ $ vWz * 0.78 0.04 

_ 

This Integral can be shown in a parton model to  be equal to  the sum of the 

squares of the charges of the constituents. Since the experimental values 

of vWz a t  large w do not exclude a constant value for  vW2 there is sane 

suspicion that t h i s  sm might diverge. This would imply that i n  the quark 

model the scattering has to  occur from an infinite sea of quark-anti-quark 

pairs as well as from the valence quarks. The experimental value for  the 

n 

Q 



- 11 - 

dw - W 2  , which i s  related to  the equal time c o m t a t o r  
1 u2 

Callan-GrossZ3 sum 

+ . J : '  

of the current and its time derivative, is 0.172 - .009 for  an upper limit 

of the integral of w = 20. Unlike the previous sum, the value of this  integral 

is not very sensitive to  the behavior of vWz above w = 20. This integral is 

also important i n  parton theories l6 where its value is the mean square charge 

per parton. 

on the basis of the simple three quark rnodel,:of.~the proton, .and i t ,  is( also too small 

for a proton described by a quark model w i t h  three valence quarks in  a sea of 

quark-anti-quarks. However, a model17 which includes neutral gluons in  

addition t o  the valence quarks and the sea of quark-anti-quark pairs is 

The experimental value is about one half the value predicted 

J 

compatible with the experimental resul t  
2 Recently, B l m  and Gilman 21 have proposed a constant q f i n i t e  energy 

sum rule  based on scaling i n  w '  that  equates an integral over vW2 i n  the 

resonance region with the corresponding integral over the asymptotic expression 

for vW2. They have pointed out that  the applicability of the sum rule to  

spectra which have prominent resonances is indicative of a substantial non- 

diffractive cmponent i n  vW2. The sum rule requires that J1 equal J2 w i t h  

f the 6' and 10' 

epresgntation of the 
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experimental values of vW2 for  W > 1.8 GeV and q2 > 1 GeV2. The upper 

l i m i t  is determined by choosing a missing mass lVm which is somewhat beyond 

- M + q . lVe find that in  the the prominent resonance bumps and B1vm = Wm 
2 range of q from 1 t o  4(=j2and \& from 2.2 t o  2.5 GeV the m a x i m u m  deviation 

of J2 from J1 is 9%. 

i n  R. 

2 2 2  
P 

C 

This resul t  is only weakly sensitive t o  modest changes 

The behavior of the inelast ic  cross-section has interesting implications 

with regard to  the properties of the to t a l  absorption cross-sections for 

vir tual  photons, at  and as. As has been discussed, at  is dominant i n  the 

scaling region. On the basis of the parton model, th i s  is what one would 

expect if the constituents of the proton were spin 1/2  objects. Figure 11 

shows the cross-sections at and as plotted for  constant q as functions of 

W . The dashed l ines indicate the 1V dependence of a which is the limit 

2 

2 2 
YP' 

2 of ot[q2, v) as q2 0. For q2 5 3 GeV the cross-sections are  consistent 

with a constant or a slowly fal l ing energy dependence similar to  the behavior 

of 0 

threshold type behavior. 

among the various to ta l  cross-sections that have been measured. 

depcndence of a t ,  shown in  Figure 1 2 ,  shows no pure power law behavior but 
2 6 varies in  the region of the present data between l/q and l /q  as indicatcd 

by the straight l ines shown in  Figure 12.  

the threshold region of vW2 from the f l a t ,  structurelcss region. 
2 energy dependence of at  for large q ref lects  the rising behavior of vlJz 

for  u' < 5. The l / q  dependence is correlated with the constancy of vW2 

for  w f  > 5, and the l /q  asymptotic ciependence as w '  approaches unity corres- 

2 For larger q , ot shows a rising energy dependence resembling a 
YP' 

This rising behavior of at a t  high energy is unique 
2 

The q 

The point u' = 5 roughly separatcs 

The r i s i n g  

2 

6 

ponds to  the asymptotic limit of the threshold behavior of vW2. 

n 

. . 
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W'coIls tant  constant 

A series of measurements ofAnelastic.-scatteriq fm deuteriun has 

recently been carried out cwering the same kinematic regions as the previous 

work on the proton but with some extension to  higher incident energies and 

lower scattered energies. Measuremcnts of scattering from the proton were 

simultaneously macle in  order to  reduce possible systematic errors in a com- 

parison of the scattering from the two targets. The purpose of the deuterium 

studies was t o  extract the cross-section for inelastic scattering from the 

neutron. A canparison of neutron and proton cross-sections is a sensitive 

probe of the presence of a non-diffractive component in  the scattering process, 

since a difference in  the two would reveal the existence of some isotopic 

spin exchange. Measurements also were made of scattering from Be, A l ,  Cu, 

and Au, i n  order t o  t e s t  the A dependence of the inelastic scattering, 

report only some preliminary results from the deuterium-proton comparisons 

a t  6' and loo ,  as the other data are not sufficiently analysed for presentation. 

I w i l l  

On the basis of the impulse approximation, scattering from the dcuteron 

is regarded as the sum of scattering from the neutron and the proton; howevcr, 

a number of corrections have t o  be considered. 

i n  a deuteron-proton canparison for  the internal motion in  the deuteron. Other 

effects are the Glauber correction which is estimated to  be less than a percent, 

Corrections have to  be made 

r .  I -  

i n  t h e  deuteron which is assumed to  he small 
I _  

rom elastic electro 

eraction which canno 

ing discussion the quantity D-H, the 
, I  

. - f ,  , -  
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deuterium cross-section minus the hydrogen cross-section,will he assumed 

t o  represent the ncutron cross-section. An estimate of the "smearing correc- 

tion" due t o  the internal motion w i l l  be shown. Values of (D/H) - 1 , 
which represent with the above l imitations.  values of tile neutron cross- 

section divided by the proton cross-section, are plotted against w i n  

Figure 13. The points shown represent data having values of q >1 GeV and 2 2 

1J > 2 GeV. Tliese resu l t s  indicate sizeable differences between the neutron 

and proton cross-sections and thus provide evidence fo r  a significant non- 

diffract ive component in the scattering process. 

a re  consistent with a single function of w and so within the errors the 

The values of the r a t i o  

neutron cross-section exhibits scaling. 

the presently shown errors from further data analysis and with the inclusion 

With the expected reduction i n  

of deuterium data from the largc angle measurements a more stringent test 

for  scaling behavior of the neutron wi l l  soon be available. 
24 Corrections for  internal motion have been studied by West who in -  

cluded effects  due t o  the requirement of gauge invariance i n  the interaction 

with the deuteron. An independent invcstigation using somewhat different  

approximations has been carried out by the NIT experimental group2'. The 

resul ts  of the two approaches are i n  reasonably good agreement. 

found tha t  the sensi t ivi ty  of the correction on various deuteron wave functions 

was small, provided that the wave function was consistent with the observcd 

I t  was 

electromagnetic fonn factor  of the deuteron. The variation i n  the correction 

for  these wave functions w a s  less than a few percent, Figure 14 shows the 

effecf of the smearing correction as calculated by the NIT group on the plot  

of (Ul I i )  - 1 versus w. The dashed curve represents a curve drawn through 

the &corrected points shown in  Figure 13. The sol id  curve represents t h e  

dashed curve af te r  smearing corrections have been made. The ver t ica l  linesrepresen 

I 



- 15 - 

the band of errors i n  the: experimental curve. ?he "smearing" effects for  

the points shown are thus smaller than the errors i n  the experimental 

points and cannot account for the differences between the neutron and proton 

observed i n  Figure 13. 

the r a t io  of the neutron to  proton cross-sections w i t h  both including the 

effects of internal motion. 

the neutron cross2section they were inserted into proton cross-section, which 

is a good deal simpler.to do. A computational program is now underway to  

remove the effects of the internal motion from the deuteron data. The value 

of the corrected curve a t  a given value of w is thus. the r a t io  of neutron 

The corrected curve shown i n  .Figure 14  is actually 

Rather than take internal motion effects out of 

t o  proton cross-sections averaged over a small region of w around the given 
r 1 

value, Figure 15 represents, uncorrected for  smearing, as a 

function of w.  On the assumption that the values of R for  neutron and proton 

are equal this  plot  represents VW 

maximum of th i s  quantity'at-about w = 3 .  

- v\VZn. There is a suggestion of a 

With these resul ts ,  the constant 
2P 

2 .  q inequality of Bjorken 26 can be tested. 

This inequality appears to  tie sat isf ied for  w % 5. 

Beforc concluding th i s  t a l k ,  I would l ike to  discuss some of the 

recent inelastic mu 

was scattered froiri copyier Targets bleasurements of 

attering. results" ' f r6  SLAC27. A 1 2  G e V k  muon beam 

inel as t ic >cit-ter i - < (12 tS Z(deV;lC) 0 . 6  v 2 6 GeV. 

In order to  extr 

analysed i n  kinematic regions h i r e  possible.shadwing effects due to  a p 

oton cross-sections data were 

.. 
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dominance mechanism would be minimized. In these regions, the minimum 
9 ? n  

+ pf A momentum transfer fo r  p production tmin = (q &vas large. With th i s  
4v 

requirement the A dependence found was A 

no detectable shadowing. 

proton cross-section-of 0.91 

is w > 5 the electron and muon scattering resu l t s  are consistent. 

muon scattering group has made a detailed study 28 of the comparison of 

the muon and electron scattering resul ts  i n  the regions of kinematic overlap. 

Figure 16 shows a comparison of the resul ts .  

’ *01, showing tha t  there was 

This data yielded an average r a t io  of neutron t o  

.06. Since the range of w fo r  th i s  data 

The 

The agreement is excellent. 

Since the radiative corrections for  muon scattering a re  about a factor‘of 

four smaller than for  electron scattering, th i s  comparison confirms the 

conclusion that the radiative corrections a re  not introducing an apprcciable 

error  in to  the electron scattering resul ts .  

general topic of t h i s  ta lk  t o  discuss one further conclusion arising from 

t h i s  comparison. The muon scattering group has used these resul ts  t o  put 

a l i m i t  on any possible difference i n  interaction between the muon and tlic 

I would like t o  s t ray off the 

1 - 1  1 electron. Using the conventional form f o r  a breakdown parameter - -- - 
Ad2 Ap2 

n 

7 
they f ind tha t  Ad > 4.1  GeV a t  a 98% confidence level fo r  data with (1’ 

and v < 9 GeV. 

4.O(CeV/C)” 

This is a l l  tha t  I have time t o  discuss today. In the next few months 

there should be many new results coming from the ongoing analysis of 

recent SLAC-MIT experiments and fram continuing experiments2’ studying the 

production of secondaries i n  deep inelas t i c  electron scattering. 
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FIGURE O T I O N S  

1. The racliatively corrected spectrum measured a t  0 = bo, E = 7 GeV. The 

elastic peak. and the radiative tail f r m  the e l a s t i c  scattering 

have been subtracted. 

2. The radiatively corrected spectrum measured a t  8 = 6O, E = 16 GeV. The 

elastic peak and the radiative tai l  from e las t i c  scattering have been 

subtracted. 

3 .  Effects of the radiative corrections: 

a.  uncorrected spectrum 

b. corrected spectrum 

c .  r a t i o  of corrected t o  uncorrected spectrum, 

d2cr &-, is shown as a function of the missing mass of the f ina l  hadronic 

s t a t e .  
, / :  . 

4. Sketches of the behavior of radiatively corrected e-p cross-sections for  

various incident energies. 

5 .  Sketches of the behavior of radiatively corrected e-p cross-sections for  

various scattering angles. 

SLAC-MIT data used t o  obtain to t a l  photo-absorption cross-sections. 

The 1.5 degree curve is taken f r m  other 

2 6 .  Measured values of -_  >*  Rt = i ~ ~ , a p f u n c t i o n  of q for  various values of 

on dminance model 

1 .  

2 q . , vW2 is kine- 

Preliminary I -- resul ts .  Possible 

t included in  the errors shown. R is assumed 

constant and equal t o  0.18. 



Figure Captions, continued 

9. W and vlV2 are shown as functions of w for  R = 0.18, W > 2.6 GeV and 
P l  

2 q2 > 1 GeV . 
10, ZM W and vW2 are shown as functions of w '  for  R = 0.18 and 1V > 1.80 GeV 

P l  

and q2 > 1 GeV2. 
2 2 11. Values of at and os are shown a t  constant q as a function of 1V (or v) 

2 for  q2 = 1.5, 3 ,  5,  and 8 GeV . Also shown is  the v dependence of the 

to t a l  photoabsorption cross-section. 
2 12.  Values of ut are shown a t  constant W as a function of q for  IV = 2 ,  2.5 and 

2 3.0 GeV. 

represents a l /q variation with q . The point w '  = 5 is also indicated. 

The sol id  l ine indicates a l /q dependence and the dashed l ine 
6 2 

13. The quantity +(D/Ii)-Ll plotted against w. The corrections for  the effects 

due t o  the internal motion of the nucleons i n  the deuteron are shown i n  

Figure 14. On the assumption that  

the final state interaction and scattering frm meson currents are  small, 

The Glauber correction is negligible. 

the ordinate should approximate the r a t i o  of neutron to  proton scattering 

cross -sections. 

14. The effect of the correction f o r  internal motion on the plot of @/Id) - 1. 

The dashed curve represents a curve drawn through the uncorrected points 

as shown i n  Figure 13. 

corrections have been made. 

errors i n  the experimental curve. The smearing effects do not account for  

the observed differences between the neutron and proton cross-sections. 

- v W ~ ~ )  as a function of w derived from the points i n  

The solid curve represents the dashed curve a f t e r  

The vertical l ines represent the band of 

15. The quantity (vW 
2P 

Figure 13 with the assumption that Rn = R P' 
, 

Q 



- 19 - 

... 

Figure Captions, continued 

I 16. Ccanparisons of cross-sections for u-p and e-p scattering. The values 

I -  of p are the ratios o5:the p-p to e-p.cross sections; the quantity 

W2 - M2 K * - 7 .  
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TABU I 

Ranpe of Kinematics of SLAC-MIT Inelastic Data 

Spectra were measured for  the following scattering angles and incident energies: 

Angle 8 Incident Energy E (GeV) Range of q2 (C;eV/c)’ 

19.5, 16.0, 13.5, 10.0, 3.5 - 0.3 
7.0, 4.5 20 GeV 

Spectrometer 
19.3, 17.7, 15.2, 13.5, 8 . 9  - 0.6 
11.0, 9.0, 7.0, 4.9 

17.0, 13.3, 10.4, 8.6, 

6.5, 4.5 

18.0, 15.0, 11.9, 8.6, 
6.7, 4.5 

20 GeV 
Spectrometer 

34O 1 15.0, 12.5, 10.0, 7.9, 
5.8, 4.5 

14.0 - 1.0 

20 - 1.5 

17 - 2.0 
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