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PROLOGUE FOR THE SECOND PRINTING

The sole purpose of this second printing is to fulfill
equests that arrived after the original supply of preprints
aa Val

-+
exhausted.
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Since the published form of this talk was never proof-read,
it contained several typographlcal errors which have been corrected
for this printing. 1In this printing, I have also included
reference to a review paper by F.J. Gilman that appeared as a

prepr1n+ during the typing of the original manuscript. The most

important addition, however, is an acknowledgement to those from
whom the author has learned so much.
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New York, New York 10021%

Introductlon ' 1)

The impressive data on inelastic electron-proton scattering " repre-~
sent a study of the proton under conditions of extreme violence. The ener-
gies are high and the momentum transfers very large. Under these circum-
stances we expect to learn something about the structure of the proton, that
is, we expect to learn something about the basic mechanism, which pro-
duces the observed structure of the inelastic form factors. This is the main
theme of the talk.

The presentation is divided into three parts. We first review the
fundamental contributions ,2 :3) which together with the data provided the
impetus for all subsequent work. The second part reviews: several mod-
elss)"g) that have been proposed and makes a contrast among their predic-
tions. It is pointed out that the underlying structure of the parton model
can be used to describe the asymptotic limits for several of the models.
The last part discusses the consequences of the data and of the models for
other processes and it is presently a very active field of research.

J. Fundamental Contributions

The processes that we are dealing with are shown schematically in
Fig. 1. An initial electron, with energy E, hits a proton giving a final state
of an electron with energy E’, which is detected, and an unobserved final
hadronic state. All the interesting structure is hidden in the black circle at
the lower part of the diagram. The relevant variables in describing the form
factors are the energy loss of the electron

_p_p=q =LP
v=E-E =q_ My _ (1.1)

and the square of the four-momentum transfer

tWork supported in part by the U. S. Atomic Energy Commission and by the
Air Force Qffice of S¢ientific Research under Grant AF-AFOSR-69-1629 and
Contract AF 49(638)- 1545,
$Present address.
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—qa = 4EE’ sin® (—) =Q? (1.2)

The differential cross section for such a process m the one photon approxi-
mation is given by

| an d\) <E ) 4no? [Wg Q2 v)<:053 —+ 2wy (Q2 ,Vsin® = ] (1.3)

The inelastic form factors W, (Q® ,v) and W, (Q%,v) can be expressed in terms
of the total photoabsorption cross sections oy, (v) and ot(v) corresponding to
longitudinally and transversely polarized photons respectively (more details

on kinematics can be found in the previous arti¢cle by Dr. DeStaebler and in

Refs. 10 and 11). The ratio of the form factors is bounded, as is seen

when expressed in terms of the total cross sections' :

(“cf) (\))+cr (v) (1.4)

An 1mportant contrlbution in thlS fleld was. made by Bjorkenz) almost
a yearago. He observed that:

' (1) By combining the gg = i® limit with the infinite momen-
‘tum limit, P, = @, he was able torelate the structure functions W,
and W, to matrix elements of almost equal—tlme commutators at
1nfm1te ‘momentum. .

(11) By assuming that the limit is: finite and nonvanishmg he
‘succeeded 1n 'showing that for large Q® and v we must observe scale
invariance. Namely, although Wi (Q? ,v) and W,(Q?,v) are in general
functions of two variables in the above limit they become functions
of a single dimensionless variable

we%e%"””_jv“_- @)

i.e. |
W @R - (1.6)
Wy (@@ V) » Falw) (I.7)

This suggestion of the theorem was consistent with the preliminary 6° data
and it predicted scaling for the data at larger angles. Today we saw that
the 6° and 10° data are in very good agreement with this law. Figure 2
shows the combined 6° and 10° data plotted under the assumption c,,/o << 1
and the condition Q"’ 2 1. They all seem to fall on a universal curvel3d) with
" nontrivial form. .

The next step was taken by Feynman,s) who gave an intuitive but
very powerful interpretation of the infinite momentum limtt. He proposed to
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"describe the process in a frame where ihe proton moves with infinite momen=-
tum. At high energies the electron-proton center-of-mass system is to a
good approximation .such a frame. In this frame the proton, as it is shown
in Fig. 3, is contracted into a thin pancake and its internal motion is .
slowed down. As a result the lifetime of its constituents, which Feynman
calls partons, is very long in comparison to the time of interaction. We
can, more precisely, describe the lifetime of the constituents as follows:
Let one of the constituents have a fraction x of the total proton momentum
P, as it is shown in Fig. 3:

p =xP (1.8)
The rest of the system must have momentum (1 - x)P. The lifetime of the

states is given by
1

1 _
TN v E__ VeInE (P P ng P M
2P ' :
1.9
’Q’u‘{+P’i‘L Mg + P3| (. )
: 4 -M
X l-x

In the same frame the lifetime of the virtual photon is

5 mv—41}65 : (1.10)
If we require that 7 << T, then we can consider the partons within the pro-
ton as free during the time of the interaction. Under such conditions we
can think of the scattering as taking place from a point like constituent,
while the rest of them remain undisturbed. The cross section then is given
by the point cross section between electron and parton averaged over the
parton distributions. For spin zero partons with unit charge it is given by

do _ _ 4no?
da® dv

-5 ) teax = 4"“ X £ 1.11)

The function f(x) gives the probabilty of finding at infinite momentum a
parton which has a fraction x of the proton's momentum The probability
is normalized as follows:

fi) ax =1 (1.12)

The §~function in (I.11) guarantees that the parton is elementary and that its
mass does not change during the collision. Using the notation of Fig. 4:

SLEP + q )% BRI = 6(@ + 2p-qx) = 8 (@ + 2Mwe) (1.13)
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The rearrangement in the argument of the §-function in (1.11) was performed
so that the point cross section is normalized as follows:

11 do _ 4o
E-?w e (1.14)

From Eqs. (1.3) and (I.11) we read off:

VW, = x£(x) . | (1.15)
This picture of the proton is perhaps too simple. The partons can in gen=-
eral have arbitrary charge and spin. We denote by Qi the fraction of the

charge of the electron carried by the ith parton. We also consider partons
with different spins, s: : _ .

=0 0,=0; W, =0 ' (1.16)
. : . \)2 )
S =% U‘L‘ 0,' W; = -65 WQ (1.17)
s=1 . ? , (1.18)

Furthermore, the proton may be an admixture of configurations with differ-
ent number of partons. If we denote the probability, that the proton is in a
configuration of N constituents, by P(N) and the momentum distribution in
this configuration by fN(x) we obtain a more general form for Eq. (I.15) dis-
cussed more fully in Ref. 5: '

W, =Z POV ( Qf},,".fxb‘) = Fix) (1.19)

Therefore in the parfon model YWp has a physical meaning: It is the proba-

bility of finding a parton carrying a fraction x of the proton's momentum,
and it can be determined unambiguously by experiment. From the fact that
the probability functions fy{x) are normalized to 1, we can obtain sum rules
by taking different moments of Eq. (I.19) with respect to x.t

W |
[Grax=2 PP (1.20)

By assuming the slightly stronger assumption that all partons in a configu-
ration have the same distribution of longitudinal fraction fN(x) , we obtain
the sum rule: o

4+This sum rﬁle borrowed from riuc.leé.r physics has been applied to the pro-
ton by K. Gottfried, Phys. Rev. Letters 18, 1174 (1967). J. D. Bjorken,
Proceedings of Internl. School of Physics "Enrico Fermi," Varenna, 55

(1967).
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= Mean square charge per parton. (I.21)

[ywaax =2 P(N)
N

The first sum rule depends critically on the value of VW, at x = 0 and it may
diverge. Sum rule (I.21) is not very sensitive on the values of VW, in the
small x region and essentially it has already been determined by the experi-
ments.

1I. Modeis for Inelastic Electron-Proton Scattering

Parton Model: A particular quark-parton model has been studied by
Bjorken and myseh.s) We viewed the proton as consisting of configurations
of 3-quarks in an infinite sea of quark-antiquark pairs. The mean-square
charge of the cloud was assumed to be statistical: ’

z<Q> 1

=3 (@GP + @GP + 6Pl =% (11.1)

The main conclusions of such a model are:
(i) Scale invariance comes out naturally, as it is the case in all
parton models. The shape of the curve VW, is in fair agreement
with experiment and it could be improved by suppressing the three
"unpaired“ quark contribution. The overall normalization is off as
it is discussed in (v) '

(i1} TheratioR = c&/o depends on the admixture of spin 0,%,1,...
partons. In this particular qguark-parton model it is zero. Under
such an assumption the scaling law works very well. A small value
oiR=0y /0 is consistent with the preliminary experimental results
snhown in Flg 5. It is seen thevethat it is consistent with zerc and

it is certainly smaller than 1.

{iii} - The quantum numbers of the secondary particles emerging in -
the direction q depend on the admixture of spin zero and spin % par=-
tons. In case that R = 0 they should have the quantum numbers of
guarks.

(iv) Sum rules (I.20) and (I.21) follow naturally. In comparing
theory with experiment we again assume R << 1: '

1 1
‘f -Ex—(li dx > f —Eﬁ—c)dx = 0,72 £ .05 (experiment) (11.2)
o] 0.05 :

The theoretical value is « since F(0) = constant.
(v) A much better check is obtained from (I.21)

fl.P(x)dszl Fix)dx = ,17 £ .01 (11.3)
o 0.05
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The theoretical value is 2 +3% (N) 2 ,22. Even with quark charges
the mean-square charge per parton is larger than what is observed
experimentally. This is the main reason for the overall normaliza-
tion to be off by ~50%.

(vi) The ratio (VW;)lneuke/ (VWolpestow = .8, over a large range

of x, although it approaches 1 as x— 0.

Field Theoretical Model: A canonical field theoretical model has
been developed by Drell, Levy and Yan.6) The formal manipulations of this
‘model are performed in the interaction picture, where the fully interacting
electromagnetic current is replaced by the bare current. Then by assuming
that the particles that are emitted or absorbed at any strong vertex have
finite transverse momenta they argue that in the limit of Q®, Mv ~« the
.- scattering process can be represented by the classes of diagrams shown in
Figs. 6a and 6b. In these diagrams, the bare current scatters one of the
constituents (pions and protons)and imparts to it a large transverse momen=-
tum. In the additional limit of x << 1, the nonvanishing contribution comes
from the rainbow diagrams of Fig. 7, where the electromagnetic current
lands on the proton. In this limit it reduces to a parton model where the
proton consists of a single parton: the bare proton. The main conclusions
of the ‘model are: ”

(i} Scale invariance

(i) R=0y/0, =0 in the limit x << 1.

(iii) Secondary particles energy along q are protons provided x << 1.

(iv) (WW,)proton/(vWy)neutron = 1 in the limit x << 1.

W 22 ax> 1.

Diffraction Models: It'has been argued by Abarbanel, Goldberger
and Treiman’/) and by Harari8) that the v-dependence of the electroproduc-
tion data suggest that the dominant dynamic mechi%sm for the large v/@Q°
region is exchange of the Pomeranchuk trajectory. Although this picture
does not provide any apparent reason for scaling it .has other observable
consequences. They follow from the observation ) that the direct channel
resonances seem to be building up, in the sense of finite energy sum rules,
all the Regge trajectories, except for the Pomeranchuk which is postulated
to come from the background. Now, since the form factors for the electro-
excitation of the resonances are experimentally observed to decrease like
the elastic form factor, we expect to observe a flatter and flatter v-depend-
ence of 6 (yN) as ¢® increases. Other characteristic predictions of the same
observatlon are the equality of ep and en cross sections and likewise w,
vn, vp, vn cross sections.

We may now ask how can one understand the equality of these cross
sections in the parton model? The difference between protons and neutrons
in the quark-parton picture arises from the presence of three extra quarks
besides the sea. Therefore, if we assume that the excess mean-square
charge in the proton vanishes rapidly as Q® = we obtain the equality of ep
and en cross sections. Quantitatively
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<.33 Q° i>N = LN + 4 for the proton (II.4)

<, Q“}V $N for neutron : (i1.5)

Therefore the difference

V4 N LY
T Q%) -(8“ 2} =% i1.6
<i Ql proton Q neutron )

cannot contribute at large values of Q° for reasons not completely under-

stood. This means that in the diffraction model we may associate the

Pomeron not only with the infinite gq-sea but also with a little extra mean-

‘square charge but not as much as in an ordinary proton. 16)

Taolc I summarizes the resulfs of the three previcus models. The
we

entries of the diffraction models for the sum rules, are obtained in the w 3%
just cescribed.
Vecier Meson Dominance: There have been several atiempts trying

Meso
to exp.ain the dzta in terms of vector meson dominance. Berman and
i’ 17) found a reasonably good fit of the early data for Q3=1- 2(GeV/c)?
by using p~dominance only with o, ~ dcrt. Sakurai9):18) observed that the
p—meson mocel could give the observed slow variation of the form factors
for large values of Q® provided that the scalar and transverse cross sections
satisfy :

: o2 Q? i}
- Qfr. .
O'S/O'T E{k) vz ) [1 2Mp\) ] (11.7)

where the parameter € characterizes the ratic of the total p cross section
with different helicities:

g(k) = M (II. 8)
Top( =%1)

Compzrison of this model with the preliminary data shown in Fig. 5 shows
thet the experimental value is less than 1 and the Sakurai model predicts a
value close to 6~ 7,

The various theoretical models described so far try to explain sev~
eral features of the data, but none of them is totally: satisfactory. They all
htve in cominon the ability to make predictions for future experiments.
There is one more approach with such predictive power.  This approach
refates integrals over the data to equal-iime commutators of currents and
thelr time derivatives. The main results of this approach for inelastic elec-
tron-proton scattering have been reviewed by Bjorken.4 In the next sec~
tion, we summarize the main conclusions of this model for inelastic neu-
trino-nucleon scattering and we point out 1§c connection with the prevmds
results obtained by Cornwall and Norton, and by Callan and Gross. 20)
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I11I. Other Physical Implications

The pleasant aspect of this subject is the many implications that it
has for other branches of high energy physics. In the last few months the
domain of implications of the data and of the models for other processes has
been a very active field of research. An interesting feature that seems to
become clear is the observation that at very high energies, where most of
the 2-body inelastic channels will be too small to be detected experiment-
ally, the inelastic cross sections will be sizable and should attract a good
deal of experimental interest. - '

A. Inelastic Neutrino Scattering :

Closely related are the inelastic processes induced by neutrinos
" {or antineutrinos) yielding a final state of a u= {or u+) which is detected and
an unobserved final hadronic state. In such processes we can study not
only the vector current but also the axial current. Figure 8 shows th? pro-
'cess and it also defines the kinematics to be used in this section.

The V-A form of the weak current determines (in the high energy
. limit) the polarization state of the final muon (as well as the incident neu-
trino) and defines a “virtual W" of pure polarization state. It is therefore

" .natural to describe the process in terms of total cross sections correspond-

ing to the three polarization states of the "virtual W" OR. 01, 0g, coOrres-
ponding toright-handed, left-handed and longitudinally polarized W. Such
formulas are in direct correspondnece to the formulas widely used in inel-
astic electron-proton scatteringll) )22 and in the limit Mu =0, v>> 2M =~
2 BeV, Q® << V® they reduce to :

o2 E @ w1+ L -—(m] )

where the kinematic variables have the same meaning as in electroproduc-
tion and

of ; clR
<:1; R) =
0R+0L+2qs .°R+°L+ZGS

L) = <1 (312.2)

is a short hand for the cross sections. The function B(Q? ,V) is the struc-
ture function, corresponding to the W, (Q°,v), for weak processes and it is
related to the cross sections. as follows:

8(Q? v)~Wz(Qz V) = i< L > <1-—i—><2<rs+a +_0L> (111.3)

2
va 1+%3_ 2Mv R

The cross section for processes induced by antineutrinos is obtained from
(III. 1) by interchanging cR and 07. The interference terms between the vec~
tor and the axial current are included in
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g_ =g
R L
(111.4)
GR +0‘L + ZO‘S

B(Q? ,v)

which is proportional to o (vp) - o (vn). Therefore neutrino-antineutrino com=
parisons in D, or light nuclei is an excellent way to test for Vector-Axial
current interference. For other interesting consequences which follow from
the locality of the weak current we refer to Refs. 23 and 21.

We now show that under the assumption that v8(Q? ,v) is scale in-
variant, we can show that the total neutrino (antineutrino) total cross sec-
tion rises linearly with energy. We use (III.1) and integrate over QP:

ZMv
do & E a2 Ny -
SEmd, VU@ M 15 - 3w)]
_GEM_L_E.'_’_ N v 1
=& 2 [1+E,<L>-E<R>]f0dms(qa,v)

where (R) and (L) implies the appropriate averages over x have been taken.
Then the total cross section is

o = EM s avs (34w - BB}
0

Noting that the values of the curly bracket range from % to 1 and using
reasonable estimates for the integral we can obtain the cross section and
compare it to the experimental result;

G*M
Oiot = m E(0.6 1‘0.15) |
The agreement is satisfactory although inconclusive in view of the poor
statistics of the neutrino data and the theoretical ambiguities.

We next turn to the results that have been obtained using methods

of current algebra. These are mainly sum rules which have already been
discussed in the literature in some detail. We catalogue them here to em-
phasize the richness of this field with regard to the quantum numbers of the
projectile, the internal quantum numbers of the target and the helicity state -
of the "virtual W." Some of the sum rules may be written as follows:

J aviB (v,@®) - Bv.Q*)] =Ty, (I11.5)
0 .

lim

P j(')dVE §(v.Q‘"’).(§+f-) - BV, QPIR)] =T (111..6)
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113‘ ,,f dv [B (v.Qa)(i-ﬁ) + B(v, QP HL-R)] = tJxy (111.7)

The superscript bar refers to antineutrino-induced processes. The right
hand side of these sum’ rules are equal time current commutators evaluated
as p = ®; in particular )

-

Ju\)

e r _,a‘_ /o IfTt 4. 0y "1 1n milp
im-® J U X \I ILJu\{E;Ul: Jv\U:UIJer/

W

o =

fryr O\
\Ldile©)

.z
Equation (111. 5) is the Adler24) (Fubini—Gell Mann-Dashenzs)) sum rule and
it depends on the reliable current comrrsutator Jop- Equation (III.6) is Bjor-
ken's "backward" neutrino sum rule. (111.3) :ls a sum rule of Gross and
Llewellyn—Smith.27) The right hand sides of the.last two sum rules are
model dependent. It is of great interest to know what the values of the
commutators are. We catalogue below the results for ] in the "naive"
quark model. - ' Hv

Proton Target Neutron Target
A8=0 |as]=1 | - AS=0 |as] =1
Too 2cos®8c  4sinffc | ~2cos?fc +2sin?bc
]xx 2cos?0c  4sin®fc | -2cos?0c  +2sin?fc
ny 6cos®0c  4sin®6c | 6cos®Bc  2sin®bc

An additional new set of sum rules has been invented which involves com-
mutators of space-components of the current with various time~derivatives
of the current at infinite momentum. A prototype was given in the case of

inelastic electron %31:011 scattering by Cronwall and Norton!?) and also
Callan and Gross.

P y (VB Q) RD) +vB . QI RHT =T

;i.r?., d == é’ I[i‘L‘(X t), I (0 0)] lP> (111. 9)
z t=0

The values of this commutator is a theoretical terra incoggita .

Neutrino groces'ses can also be discussed in the context of the part-
ton model.?2 Such a treatment is very convenient in terms of Eq.
(111.1) and it leads to sum rules similar to the ones that we have already
discussed. The predictions of the quark parton model are identical to those
of current commutators when they are evaluated in the quark model.
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The point cross section between neutrinos and partons follows from
(I11. 1): ’

(1) For spin % partons og =0 - _

(ii) For a given kind of parton (p, p, n, n-type quarks) only one

of the two cross sections o, Og contributes. To see this we ob-

serve that we can always f&d a Breit frame, where the parton is
relativistic before and after the collision. The (V-A) form of the
weak current guarantees that the parton is always "left-handed."
Therefore a right-handed "virtual-W?" cannot contribute as 1is
illustrated in Fig. 9. In (III.1) there is only o # 0 and the point
cross section is :

_»___C_l_g_____C_;‘v_i _Qi
iPdy ~w VoM - (1I1.10)

In a similar manner we obtain the point cross sections for neutrinos
on antipartons, as well as for antineutrinos on partons or antipartons. Then
repeating the methods from Sec. III.A, we obtain the following neutrino
cross sections:

1 |
BR) = TRV Np, [ ax £ (1260 - 5 )
0 .

N
=;2)- YP(N) N, xty (%) (I1.11)
N
VB(L) =2 ) P(N) [N ,cos6o + Ny, sinPlo |xf ()  (II.12)
- N
VBR) =2 z P(N) [NE,-cos"‘e + N, , sirfbe ]fo(x) (IT1.13)
. |
vB(@L) =2 ZP(N) N % £ () (a4
N

where N; is the number of the ith-type quarks within the proton and (R), (L),
(R), (L) have the same meaning as in (III.2). By taking linear combinations
of (III.11)~-(III. 14) and then integrating over different moments of x, we ob~
tain sum rules. In this way we can illustrate that sum rules (III.5)-(III.7)
and (III.9) have a simple physical meaning in the {quark) parton model. '
Table II summarizes the results. Column 1 gives the integrals over the
data, while column 2 gives the commutator to which they are related. For
a proton target the values of the commutators in the quark model are given
in column 3. The results for the parton model are in column 4. It is of
interest to note that the last two columns are identical.
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B. Neutron-Proton Mass Diffzsrence

Some time ago CottinghamZ8) obtained a formula for the electromag=
netic mass shifts of hadrons, and consequently for the electromagnetic
mass difference between neutron and proton, in terms of the inelastic form
factors and subtraction constants. We can now use the new data to study
the mass shift of the proton and to estimate the contribution of the form fac~
tors to the n-p mass difference. By using scale invariance Pagelszg) re=-
wrote the Cottingham formula in the form:

% 'Té'r'r' J--w __q_{_3qa QP /=) »,J‘[ww1 W) + VW, (Q’3 (w)ldwp (III.185)

where w = %— . It is clear that any contxjibution to (II1.185) from the form
factors, which scales, diverges logarithmically. Furthermore the contri-
bution to the mass difference has the wrong sign provided that the proton
form factors are larger than the neutron form factors over a sizable region
of w. This will be tested by experiment. The neutron~proton mass differ-
ence though may still converge if either the integrals over w in (III.1) are
identical for neutron and proton or if these integrals are cancelled in the
Q%= « limit by the nonscaling contribution of the form factors and the sub-
traction constants. In either case good knowledge of the subtraction con-
stants is essential.

Recent attemptsso) to determine the subtraction constants by as-~
suming Regge asymptotic behavior (with a > 0) and using finite energy sum
rules are discouraging, since they do not even give the correct sign for the
n-p mass difference. Therefore, any determination of the n-p mass differ-
ence by using (III.15) and experimentally determined quantities seems
rather remote. ’ ,

The indirect determination of the subtraction constants using finite
energy sum rules can be further complicated by the presence of a fixed pole
ata = 0. A test for the presence of a real constant in the forward Compton
amplitude with real photons coming from a pole ata = 0 was proposed:31
using finite energy sum rules. It was also estimated that knowledge of the
total photoabsorption cross section up to 10~15 GeV and to an accuracy of
5% could detect such a contribution whose magnitude is larger than 30% of
" the Thomson limit. What is of interest to this conference is the fact that
several new measurements of the total photoabsorption cross section32
have been or will soon be completed. Re-evaluations33 of the sum rules,
using the data for the total photoabsorption cross section from group A at
SLAC, indicate that a real constant part in the Compton amplitude of the
same size as the Thomson limit can be present, but the uncertainty  due to
the experimental errors is # (Thomson limit). The presence of a fixed pole
at a = 0 in virtual Compton scattering will maka any indirect test of the
Cottingham formula also very difficult.

1
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C. Ineclastic Electron-Positron Scattering
From the many interesting processes that can be studied with col-
liding rings the following one is of special interest to this subject:

. o
e +e = proton + anything, (111.186)

since it is a crossing symmetry process to inelastic electron proton scat-
tering. To be more precise, this process is described by two structure
functions W, (Q®,v) and W=3 (@3 ,v) which are related to the structure func-
tions of inelastic e-p scattering by the substitution law:

W, (Q2.v) = -W, (Q%,-v) (I11.17)
VW, (@ V) = (-v)W5 (@3 ,-V) (I11.18)

In the field theoretical model of Drell Levy and Yans) crossing can be
studied explicitly. They find that the structure functions W, and W, have
a Bjorken limit, i.e., they become universal functions of a single dimen-
sionless variable 2Mv/Q? in the region of large Q° and 2Mv. Furthermore
they argue that with a mild assumption of smoothness the inelastic electron-
proton data near 2Mv/Q® > 1 predicE the process (III.16) in the region
2Vw/Q < 1. That is, in the region___g’_< 1 the process e +e” - proton +

"anything" must have a point;like cross section.
D. Inelastic Compton Scattering

Other processes for which the point interaction is known, should
also be described in the parton model. Inelastic Compton scattering

Yy + p~ y + anything (111.19)

is such a process. In the limit of high incident energies and large momen-
tum transfers this process has been analyzed by Bjorken and myse‘lf.5 We
found that inelastic Compton scattering can be predicted from existing elec-
tron scattering data, through the relation ' '

e Q0 |
< &g > ___,(ddao,) ey EQ) (111.20)
YP

dadE NdE ep kk’ <21Qia>

which may permit one to tell fractional from integrally charged partons.

The most formidable difficulty from the experimental point of view is the
background coming from the decay of neutral pions. A related experiment
with perhaps better signature is to consider the "Compton" terms in inelas-
tic photoproduction of B~-pairs. In this case the background of muons comes
from (i) the inelastic Bethe-Heitler diagrams, which can be calculated ex-
plicitly once we know accurately W; and Wy, and (ii) from the accidental

- 11§ =




cecays of T.T_:-, 1™ into muons and neutrinos. Both experiments are hard but
perhaps not impossible at the presently available electron accelerators.
In conclusion, it seems that there is a strong indication for a point
like structure, and a Thomson picture of the proton may be emerging at
energies one billion times larger. To paraphrase a quotation from
J. J. Thomson, these experiments and the theoretical ideas I have des-
cribed have opened up new fields for experiments which we hope with con-
fidence will throw much light on that fundamental question, “What is the
nature of the proton?“

FIGURE CAPTIONS

1. Kinematics of inelastic electron-nucleon scattering.

2. Plot of the experimental values of VW, as a- function of x = _O___
assuming R << 1 and taking data points with QPz1 (GeV/c)zzmv :

3. Kinematics of lepton-nucleon scattering in the parton model.

4. Detailed kinematics for the photon-parton interaction. '

* 5. Preliminary experimental results on the separation of the structure

' functions. These data were presented at this conference by
Dr. DeStaebler. The ratio cS/OT used in the figure is equal to the

' ratio 0y /o_ used in the text.

6. -Diagrams %hat are included in the field theoretic model. The cross

-+ indicates interaction with the electromagnetic current. .

7. The rainbow diagrams are the only diagrams of the field theoretic
model which survive in the limit x - 0,

8. Kinematics for inelastic neutrino-nucleon scattering.

9. Detailed description of the W-parton interaction showing that only
the left-handed W can contribute.
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; NMODEL PARTONS FIELI DIFFR. EXPER., |
THEO. MOD. :
@ Bjorken, Drell, Levy, Harari
, Paschos Yen i
| FEATURE
l Scaling Yes Yes -- Yes
; J’I\)szdx > .22 - .22 .17 £ .01 ;
:
R RVAYTA ’
AL ® > 1 © > .72% .01
! x i
| s =0 |
S=0-w z
:. - . f) - + r) 1
| O%/OT. g = ‘; -0 0 : <l=x 7
I Particies "Depends on Mostly - ?
! along q G{,/Ut Protons ;
for x << 1 |
| |
| Gn/cp .8 Qujrk :
las-—=x~ ‘ ?
: ST for x << 1 :
i o
v_/N ~1 3 1 ? i
p P -

Comparison among the predictions of three models with the

experimental results. The last row gives the ratio of total
cross sections for neuirinos and antineutrinos on protons.



Table II

SUM RULE COMMUTATOR QUARK PARTONS
- ' COMMUTATOR
) - 2 2 3 2q _ _ 3
Io avlgv,qQ?) - 8{(v,0%)] - Too 2(cos OC+Zsin ec) | Z(Np,+Nn/cos .GC NB' N . cos Gc
o + (N_)'\l +‘N>l) S‘Wi SC>
- BV (R a 3 3 : - - 3
J‘O dvlB(v,Q%)(R+L) - B(v,Q?)(R+L)] T 2(cos ec+251n ec) 2((Np, N;S')+(Nn' Nn,)cos ec

+ - 3
(Nx' N)\,)sin ec)

fo OB, QP)E-R) + B0, Q°)L-RIT T 2(Bcos?e +2sin®6 ) 2N, —Np,)+(Nn,—N.g,)cosa 6,
. + (N, ,-N, ,)sin ec)» ‘
- - e . 1
IO dx{vB(v,Q?)(R+L) + vB (v,Q%) (R+L)] Tk ——== 2(&‘[ (Np, +N§,)+(I\Tn; +Nﬁ,)c033§é
X . » + (NX,+NX,)sm ec]>
j'o dx[vB(v,Q%)(L-R) - vB8(v,Q®)(L-R)] Ly ———- 2(4 (Np,+Np_,)-—(N.n;+Nﬁ,)cosz 8,
. - (Nx'+NX Jsin eC]>
- - - 1 .
j'o dx(vB(v,Q®)R+L) - vB(v,Q®)R+L)] ~---- -——- 265 ( (Np, ~Np')+(Nn;—Nn')cosz 0
. + (Ni-, —NX,)sin ec]‘)
- - - 2 _ e o -_1- _ _
J‘O dx[ vB (v, Q%) (L-R) + vB(v, Q%) (L-R)] 24T (N, N, ) +(N -Nz, )eos?

+ ~N_. 3
(N)\, N)\,)sin Sc])

Table II. Sum rules suggested by current commutators
and by the parton model,
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