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Introduction 

Although some of the models proposed for deep inelastic electron scattering 

were sufficiently scientific to be tested and eliminated by the new data’* so many 

viable models remain that it would be impossible to give a systematic review in 

thirty minutes. I shall therefore concentrate on a few topics; the omissions may 

be rectified slightly by my concluding remarks in which I shall attempt to summarise 

the present situation. I shall assume that the kinematics and the main features of 

the data are well known, as are the basic ideas of the most popular models, which 

have been adequately advertised at innumerable conferences and seminars. 224 

More specifically my plan is to discuss: 

1) The parton model. 

2) The possible survival of resonance contributions at large I q2 I . 

3) Regge behavior, FESR and fixed poles. 

4) What has been learned about e- N recently (summary and conclusions). 

5) Related processes. 

(In the written version of this talk the discussion has been considerably extended. ) 

In this talk I shall take the preliminary SLAC-MIT data literally. Once a,nd 

for all, let me make the necessary qualification that all conclusions based on this 

data should be treated cautiously. I shall assume that, to a good approximation, 

the deuteron structure functions are the sums of the proton and neutron structure 

functions, although subtle corrections may occur due to high momentum components 

in the deuteron wave function. 5 

The parton model 

ln the parton model it is supposed that, in the deep inelastic region, the 

nucleon behaves effectively as a free gas of point like constituents (or “partons?‘) 
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from which the electron scatters incoherently. Pictorially the cross section is 

proportional to 

t t 
i constituents state hadrons 

interaction 

The final state interaction is normally ignored on the grounds that it turns one 

complete set of states into another. The model is supposed to apply in a frame 

where I sl >> M in which, it is argued, the partons are almost free (i. e. on 

mass shell). The partons are assumed to have small momentum transverse to 

the proton’s three momentum F (as does the debris observed when the proton is 

broken up by collision with another hadron). Then if the ithpartoncarries afraction 
. 

xiofFwefindP’-x.P. 
IJ 1 I-J 

Because the partons are nearly on mass shell, the 

photon parton cross section N 6 (x2q.P + q2). It is this delta function together 

with the assumption that the partons are point like which gives scale invariance, 

2V i. e. the result that the structure functions Wl and vW2 depend only on o = $ = - . 
-cl2 

ln order to see qualitatively the sort of prediction the model makes, suppose 

that the proton’s momentum is symmetrically distributed among the partons on 

average so that 
1 <x> =- N N 
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in a configuration with N partons. Hence at small o (= l/x) we are effectively 

examining small N configurations while at large w we are probing large N con- 

figurations. Since some of the constituents in the proton and neutron must be 

different, they will appear different when w is small (N small) but presumably 

they will look the same at large w (large N). Combining this with the fact that 

vW2 vanishes kinematically at w = 1, we see that VW! - V$ will have the shape: 

I VW! 
LI 

- VW,“1 
* 

1 ’ w 

as is observed. 

The first thing we learn from the data about the nature of the partons is their 

spin. To see this consider the photon parton interaction in the Breit frame: 

If the parton has spin 0 it carries no helicity in or out alongz; hence it cannot 

absorb a transverse photon and u T = 0. If the parton has spin 3 its helicity is 

conserved by the electromagnetic vertex when it is highly relativistic, but, 

since its direction is reversed, it must absorb a unit of helicity from the photon; 

scalar photons are therefore impotent in this case and u s = 0. In fact, 
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= effective number of spin 0 partons us W) 
a,(w) effective number of spin * partons 

Experimentally as/gT is small at all w so that spin 0 partons cannot play an 

important role; the model of Drell, Levy and Yan6 (DLY), in which the partons 

are bare pions and nucleons, is therefore in trouble. 

We shall assume henceforth that the charged partons are quarks7, which 

is the simplest choice compatible with the sacrosanct principles of current 

algebra. One of the most pertinent experimental results for the quark parton 

model is that 

A= FzP (w) - Fl”(w)) = 0.19 f 0.08 

where Regge theory has been used for w > 12, so that the true error is possibly 

infinite (F2 is the scale invariant limit of vW2). In the parton model 

s F2$ = CP, 2Q; 
N i=l 

where PN is the probability of there being N partons and Qi their charges. This 

result follows directly from the fact that the distribution functions for the parton’s 

momentum (fiN(x)) are normalized to one. Note that if F2 has the Pomeron 

dominated Regge behavior F2 (w) “” const. the left hand side is infinite so 

that C must go to infinity, 
N 
From a m3xture of quarks and antiquarks there are two ways to make an 

isodoublet: 
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1. proton - p quark x SU(2) scalar 

i 
’ Q”i proton - c ‘2 neutron = I * i i ) 

2. proton - n quark x SU(2) scalar 

C Qf ‘proton - C Qf’ I neutron = - S l 

i i 

Assuming fractions 1-e and E of the two configurations we get*: 

\ Experimentally E = 0.22 f 0.12. Although, strictly, the error in E is infinite, 

let us assume that indeed E # 0 in which case the second configuration is required 

and all models previously considered are excluded. 

Another sum rule’ follows in models in which < x, >N = l/N: 

<Q2, = dw 
F2 ;2 fz 0.17 

where we have again used Regge theory at large w. If only quarks and antiquarks 

are present 

< Q2 > z 2/9 . 

Neutral particles must therefore be introduced to reduce this number which is not 

unreasonable since neutral ~~gluons 11 are present in quark models based on renor- 

malizable Lagrangians. 
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The necessity for configuration mixing (E # 0) and the presence of gluons 

gravely reduce the predictive power of the quark parton model. Relations remain 

but their main content can be obtained from more profound considerations in most 

caseslo. An exception is 11 : 

8 
Fl”) + 27 ’ (c 

vn - aVP) > 6 dw (F yp, Fin) 
w2 2 

Combining this with the CERN and SLAC data we get 

The errors are left to indicate that a reduction of the input errors could give 

a very tight constraint. The upper (but not the lower) bound on nvn- ovp involves 
vn vn 

the as sump tion < x >N = l/N which gives 2 > L > 1. The lnnits on L 
(TV avp 

are 

therefore 

vn 
2>a > 1.2 . 

CT VP 

This indicates that high energy v (as opposed to v) experiments in a hydrogen 

bubble chamber may be more productive than has sometimes been thought. l2 

This expectation is sustained by the CERN experiment which indicates that 
vn cr 7% 
VP 

1 (for I q2 I > 0.5 GeV2) and is unlikely to be > 2 anywhere in the deep 
(T 
inelastic region. 13 

While it is easy to destroy, the quark parton model is hard to verify and may 

not be very useful except as an heuristic device in inelastic lepton scattering. 14 
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Survival of Resonant Contributions in the Deep Inelastic Limit 

Resonance contributions are expected to fall off rapidly with increasing I q2 I 

at fixed missing mass. Nevertheless the resonances can contribute in the scaling 

limit provided their density increases sufficiently rapidly; this occurs in the 

Veneziano type model of Landshoff and Polkinghorne 15 , for example. To appre- 

ciate this phenomenon, consider scattering from a spin zero nucleon in a world 

consisting of spin zero resonances whose excitation form factors are all equal to 

G(q2). In this case: 

VW = 2 2~ G2(q2) c s(s-mf) = 2vG2(q2)Pts) 
i 

= -q,2w &q2)p (-q2(w’-1)) 

where we have assumed that the level density p (s) is large so that 7 =I p (m2)dm2 

(w’ = w + M2/-q2). Tf G2 (q2) N (l/q2)n at large q2, 
i 

scaling is achieved provided 

P(S) N s 
n-l , and we deduce that: 

vw2 - w(w’- l)n-1 , 

a relation first obtained by DLY6, on quite different grounds, which fits the data 

near threshold with n = 4. (Away from threshold this crude model presumably 

fails due to finite resonance widths - just as the Veneziano model gives a mis- 

leading sum of 6 functions for hnA on the real axis but Reggeises if v - 00 at 

an infinitesimal angle to the real axis .,) 

Bloom and Gilmad have plotted the data in a way which suggests that the 

resonances do survive in the scaling limit. They considered a sum rule which is 

easily derived by writing an integral of the function vT2 (of which vW2 is the 
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discontinuity)around a contour C in the complex v plane at fixed q2: 

- 

c 
vT2dv = .O 

This integral is considered at two different values of q2, e. g. on the lines a and b: 
. 
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If (empirically) vW2 scales in the shaded region and if Re vT2 also scales 

there, then the contributions from I v I > vl and I v I > v2 are the same in the 

two cases. Therefore 

vW2(v, q;)dv = 

The first integral is essentially entirely over the scaling region if I q”, I is large, 

while the second is over the resonance region. 

Bloom and Gilman actually considered the integrals up to a fixed wT = s/q2 

along a and b, rather than up to a fixed w (and found that the sum rule is satisfied 

to N 10% 17). Jn the variable w’ scaling seems to begin at very low missing mass 

so that the range of the integrals in the sum rule is small. The approximate local 

eq<aiity of the integrands in this variable is therefore not very suprising - 
. 

schematically: 
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If vW2 is plotted against w this “local equality” at finite and infinite q2 

is no longer observed. This is simply a reflection of the fact that the domain 

where vW2 is a function of w1 only is much larger than the domain where it is 

a function of 0 only. 

Bloom and Gilman assumed that the local ‘equality at fixed w’ and different 

q2 could be taken to an extreme and used to calculate (vW~utron)/(vW~roton) at 

threshold in terms of the elastic form factors. It is quite remarkable that their 

result agrees with experiment. 

Since the Bloom-Gilman sum rule depends only on scaling in a certain 

region and analytic@ its success is not directly related to whether the resonances 

survive at large I q2 I relative to some background. Plots of vW2 against WI 16 

suggest that they do survive but detailed fits to the data are needed to establish 

this point. 

Regge behaviour and FESR 

The suggestion that vW2 and WI are Regge behaved for large v Y N(q2) at 

fixed q2 is quite compatible with scaling 18,19 provided N(q2) N q2 and the residue 

functions satisfy 

Pi(S2) - (S2) 

‘-ai 
l 

In this case 

F2(w) = Cb.w 
ai- 1 

i 1 

w>w = 1i.m R -2 -q -hco 
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The leading trajectories are the P(a!=O), PI and A2 (a! = 4 ) and the data 
20 

can indeed be fitted by 

F,yp(w) = 0.275 + 0.185 
Jw 

(which falls to F2(“), just as cy (v) does). 

Assuming Regge behaviour at large. w, we obtain the FESR 

I do (F2(w) - F,Regge(w)) = - g 

where C # 0 if there is a Regge pole -at 01 = 0 (fixed or moving) in the virtual 

forward Compton amplitude T2 of which W2 is the imaginary part 

2 v-m ‘d(q2) 
T2(‘/,q ) - -- 

V2 

+ a # 0 l$egge poles. 

3 

c= linl 2’j(q2) . 
2 .-q2 -q -00 

If we make a Regge fit from near the maximum of vW2 we will clearly find 

c > 0: 
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If C i 0, then Regge behaviour must be approached from above 

What does theory tell us about C? 21 Cheng and Tung have argued that the 

residues of fixed poles are polynomials. Accepting this pro tern (and assuming 

that any a! = 0 pole is fixed) the only possibility consistent with scaling and the 

kinematic constraint T1 + (v2T2)/q2 r--O is 
cl -0 

T1 y a+ Q # 0 Regge poles 

2 

T2 
v-* - Zl- + a! # 0 Regge poles 

V2 

The constant a can be evaluated by using an FESR for Tl/v at q2= 0 giving 

l+L 
2n2cY 

(v) -cRegge(v)) = jh~ (F2(w)- FFgge(~)) = + 
Y 

22 
This is the sum rule of Cornwall, Corrigan and Norton and Rajaraman and 

23 24 
Raj esakaran . The left-hand side has been evaluated by Damashek and Oilman 

25 
and by Dominguez, Ferro Fontan and Suaya and found to be N f 1. A cursory 

examination of the data suggests that the right hand side is < 0 and therefore the 
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sum rule fails, which would imply that the residue of 

polynomial. 

At first sight it seems trivial to exhibit models 

polynomial residues, e. g. 

the a! = 0 pole is not a 

with fixed poles with non- 

4 

Unless it is somehow cancelled as q2- ME and qf2 - Mi this diagram alone is 

impossible, however, since it implies the existence of a fixed pole in strong inter- 

actions. 
21 

This is essentially the argument of Cheng and Tung : singularities 

which could induce non-polynomial behaviour of the residues probably give rise to 

fixed poles in strong interactions and/or photoproduction. The argument is not 

compelling if one views the spectre of fixed poles in photoproduction with 

equanimity. 

It would obviously be interesting to examine the sum rule for the residue of 

the a! = 0 pole at various fixed values of q2 if sufficiently accurate data exists. This 

is being investigated by F. Close and R. Suaya at SLAC. 
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Summary of what has been learned from e-N 

Tn this section I shall try to summarise something of what we have learned 

about inelastic electron scattering in the last few months. 

1) Models in which the proton and neutron structure functions are the same 

at large I q2 I are excluded experimentally. 19,26 

2) The DLY model is in trouble because oL/cT is small at all w. 

3) Configuration mixing (E # 0) and the presence of gluons leave the quark 

parton model with little predictive power which is not possessed by more general 

models. 

4) Contrary to earlier folklore, the contribution of the resonances may 

survive in the scaling limit. 

5) Finite energy sum rules indicate the possible presence of a J = 0 

Regge pole (fixed or moving) with a non-polynomial residue, if Regge behaviour is 

assumed at large w. 

6) The problem of the proton neutron mass difference remains obscure. 27 

7) Some models of [$, J] give results in reasonable agreement with the 

deuteron data. 28,29 Definitive tests of these models and models of [J, J] urgently 

require accurate v/V experiments at large energies. 

8) Experiment indicates that the leading light cone singularity of products 

of operators is given by renormalized perturbation theory, apart from logs (the 

neighborhood of the light cone is the configuration space region conjugate to the 

deep inelastic region in momentum space in this process). In other words the logs 

which break scale invariance in perturbation theory do not add up to a power and 

totally destroy scaling by c-hanging the leading singularity - giving ~~anomalous 

dimensionsf’ in Wilson’s language. 3o (For a review of the light cone approach see 

references 31 and 32. ) 
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Related nrocesses 

Finally I shall list some processes which will shed light on the various 

models of highly inelastic electron scattering. 

1) Inelastic v/i; scattering. 

2) Coincidence measurements in inelastic electron scattering (some pre- 

liminary results are already available33). It should be stressed that the scarcity 

of predictions for these processes reflects the unspohisticated.nature of present 

theories (which have not yet mastered vW2) and not that the experiments are un- 

interesting. 34 

3) Experiments on pp - j~+j~- + . . . at large q2 and different values of s. 

This is particularly interesting since several different models have been applie dr 35,36 

In the parton model the dominant diagrams are supposed to be those in which a parton 

and an antiparton annihilate (which is the only circumstance in which a time like 

photon can couple two on shell states): 

This gives the scale invariant resultl’: 
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35,31 On the other hand, Altarelli, Brandt and Preparata found 

1 4 Fl(s/q2, + -2’-2 F2(s’q2’ 

M1 q M2 

by relating the cross section to the light cone behaviour of operator products and 

using some Regge assumptions (their calculation. seems to involve an implicit 

assumptions that the limits s + CO and - q2 - ~0 are interchangeable6 and that the 

operator expansion is valid in a ‘7 strong” sense 32). They were also able to make 

37 a model of the functions Fl and F2 which gave a reasonable fit to experiment 

with two parameters. 

This process is particularly interesting because of the connection with 

pp--w+... . The DLY result implies substantial cross sections at the CERN 

ISR compared to previous calculations (if W exists with MW not too enormous); 

the “light cone 11 result is gigantic. 

4) yp- ?‘y”p. This process was studied by Bjorken and Paschos in the 

framework of the parton model in certain kinematical conditions 9,38 ; further work 

39 is under way . 

5) e+e- colliding beam experiments. Althongh in general there is no 

necessary connection with e-N scattering, the processes are related in some 

models. The large annihilation cross sections reported at Frascati, while 

hardly in the asymptotic region, certainly add credibility to the notion of point 

like constituents inside the nucleon. Further experimental results are eagerly 

awaited and we can clearly anticipate a pandemic of theoretical papers on this 

subject. 
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