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ABSTRACT

A formulation of field theory given by Van Hove in 1955 is shown
to be useful for putting 'parton model like ideas' on firm theoretical
grounds. This is done by discussing electron-proton deep inelastic
scattering, electron-positron annihilation process and proton elastic
form factor. A basic requirement that must be imposed on any field
theory in order to diécuss the concept of hadron constituent is given,
To put the formulation on a firm ground (with respect to renormalizability)
we assume that the wave function renormalization constants of the theory
are finite, This assumption satisfies above mentioned basic require-

ments, though probably not necessary., Within this framework

we prove VWQ(q;. vy is equal to that of the parton model. 1In this

formalism, electron~positron annihilation process is quite different in
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character compared to that of electron-proton deep inelastic scattering.
) + - + - + -

Constancy of the ratio o(e e - hadrons)/o{e e — p p )can be derived

only if much stronger assumptions than the one mentioned above is

adopted. The price paid for simplicity in renormalization procedure is

two physically undesirable results: (a) The proton elastic form factor

is probably finite at large momentum transfer, (b)v W is finite and non

2
zero at x = 1, It is conjectured that these problems can be solved
without changing other results by allowing infinity in wave function

renormalization constants.
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I. INTRODUCTION

Experiments studying the deep inelastic scattering e +p - e + anything
1
performed by the MIT, SLAC collaboration” show scaling behavior for

the structure functions vWZAand Wi' That is, as QZ, v = o with
2

X fixed, v Wz and Wi are functions of x only. The variables are

) ZMv
defined in Fig. 1. At first sight, the experimental result is not so

startling, After all, nature has only four choices, either vWZ -0, o

an oscillating function of Q%, or a finite functions of x.

The result becomes more interesting when we try to understand it
theoretically. 5o far, there are at least two distinct theoretical approaches:
(2) The parton model, 2 In this model, the proton is seen as a super
position of point like constituents named partons. In the deep inelastic
limit it is assumed that the interaction of a parton with the photon can
be isolated. Then, due to the point like nature of the partons, the
inelastic proton form factor approaches a constant value as Qz - o
x fixed, The possibility that vWZ — © is avoided by a sharp cut off in
the transverse momentum distribution of the partons. In this model, in
addition to understanding scaling of sz, vWZ can be related to the
probability of finding a certain type of partons in a proton. (b) Field
theory. 3 sz is calculated in terms of a perturbative expansion of

field theory. Tt was found that there are infinite sets of Feynman

diagrams that violate scaling. That is, in the scaling limit, their
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n
2
contribution to sz goes as (log Q—é—) . Furthermore, certain sets of
M 2
diagrams sum up to a term which goes to infinity as some power of =3

M
The parton model gives the exciting possibility of observing

constituents of the hadrons. We are, however, reluctant to accept it
at the expense of giving up the field theoretic concept of the hadrons,
This is especially true since many of the ideas incorporated in the parton
model are borrowed from field theory, Independent of the parton model,
if vW2 continues to scale at higher energies, we must settle the question

of whether scale breaking of vW_ predicted by the perturbation theory is

2
specific to the perturbation approach or it is a general property of the field
thecretic approach.

The purpose of this paper is to point out that Van Hove's formulation
of field theory coupled with some basic starting assumptions yields
powerful tools for studying basic ideas on constituents of hadrons. We
illustrate it by specific examples. We discuss the electron proton deep
inelastic scattering, the electron-positron annihilation precess, andshe elastic
proton form factor. We start out by discussing the requirements that
must be imposed on our theory so that it has at least a fighting chance
of becoming a framework in which the parton model can be understood,

The basic assumption of the parton model is the existence of
probability function for finding n partons with momenta ki’ ...,k as

n
an intermediate state of a physical proton.
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<plk k> 1%z % i a’k I2
[ <plk....0k = 2o LA aTk ek ek ke k> T )

We have ignored the statistical factors. This is not a trivial assumption,
Consider for example unrenormalized eigenstate of the full Hamiltonian

>

1
i i T T — j =
corresponding to a proton (i. e. [p NG [ ﬂur> where N = <p ] Pyr
Since parton states, the eigenstates of free Hamiltonian, form a complete

set of states the norm <p |p > of the state is
ur’ ur

- m
I 5 T g3 2
N j} 1d kJ me=n ﬁm+1d ks l purlki’""kn’knﬂ""’km)! (1.2)

n
Suppose the phase space integral 11 d3kj is divergent. Redefining

1 2
<plk ,....,k >" = =
<p] 1 n ‘ Nm‘nfl‘n-li i <purlk1"'°’km>r
2,
we see that <p|p> = 1 but/<p]| ki’ R kn> “]” isczero for any given
configuration.
T3

Convergence of the phase space integral 351 d kj in(1.2)is a

necessary condition which any field theory must satisfy if its elementary
n

fields were to have physical meaning. > Even if jT-*rid3kj integration (1. 2)

is finite, N could be either finite or infinite, The infinity may come

from divergence of

2
I B PR P
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In this paper we assume that wave function renormalization

1

constants for any hadronic physical state is finite. This assumes
n
much more than convergence of phase space integrals jrzi d3k‘ in (1.2).
It has, however, an advantage that it guarantees the renormalizar-
tion proceedure of the theory to be.simple. This is a great advantage®since
we are mainly interested in the formulation of the theory. Once the

theory is seen to be in firm foundation, the starting assumptions can
be loosened to obtain phenomenologically more desirable results.

It should be admitted, that our discussion of rencrmalization is
incomplete and renormalizability, at this stage is still a conjecture.
With finite wave function renormalization constant, however, this

conjecture is a safe one,

We obtain the following results:

8,9
{a) In the scaling limit, we obtain
2 - 2
vWZ(q . v)--zi‘l e x fi(x)
(b} Another application of the parton model is the calculation of the

cross section for electron-positron annihilation into hadrons. The
_ + - + - + -
model predicts R = o(e e —hadron)/ o(e e = u p )to be constant at
10
high energies. Experimentally R is monotonically increasing with energy
2 11
and at s = 16 GeV ,R=4,7 = 1,1, "It is shown that our formalism and
the starting assumption are not enough to derive this parton model

result. This is an indication of the possibility that the parton model

is successful in the analysis of sz but not in the analysis of R, We
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will also give an assumption which enables us to obtain bound R
by a constant.

(d) Within this formalism we argue-thit (i} the proton elastic - .
form factor does not vanish at large momentum transfer, (ji) vWZ is
finite and nonzero at x = 1. These can be cured by relaxing the assump-
tion that N is finite and take N“, and thus N, to be infinite.

In Section II we point out the defects of perturbation theory which
are corrected in Van Hove's formalism, The origin of the scale breaking
terms in the perturbative calculation of vWZ is explained. This is
crucial in understanding why we do not have the same scale breaking
effect in our formalism, In Sec. III we briefly describe Van Have's results,
In Sec. IV we discuss electron-protion deep inelastic scattering. In Sec. V
we discuss the electron-positron annihilation process. In Sec. VI the

2
proton form factor Fi(q ) is discussed. la Appendix A we supply some crucial

ingrediants needed for deriving the parton model result for UWZ. In appendix

B we define the proper vertex functiou needed to study renormalizability.
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II. PERTURBATION THEORY

The major success of the quantum field theory is the perturbative
approach to electrodynamics. The usual generalization of the theory to
strong interaction is to obtain similar perturbation series as one
encounters in QED and sum up the series, There is one serious problem
to any calcultion along this line. Let us consider a field theory where the
total Hamiltonian%an be decomposed into H and A\ V the free and inter-
action parts of the Hamiltonianrespectively. Att = -, when the projectile
particles are traveling toward the target particles, the target and the
projectile must form wave packets which are superpositions of eigen
states of ;‘? The asymptotic states in the formalism must be constructed
with eigen states of 5929 Consider, for example, a perturbation calcula-
tion. When \ is small, the asymptotic state which is an eigen state of
H is approximately an eigen state of %and the calculation can be
performed consistantly, When )\ is large however, there is nothing in
the formalism which guaranties that the asymptotic states are eigen
states of%.iz’[‘herefore an obvious extension of the QED approach to
a field theoretical calculation of hadronic effects is inadequate.

In particular, the comments made above on the perturbative
calculation apply to the existing calculation of the structure functions
vWZ. 3 To understand the perturbative approach, we follow the calcu-

lation of Chang and Fishbane. 3 In their Lagrangian, the strong inter-

acting fields are a charged spinor (proton) and a neutral pseudoscalar
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1
(pion) coupled with 3

MVEE) =N () v bix) (x) (2.1}

and ¢ corresponds to proton and pion fields regpectively, The photon couples
with proton and the leptons in the usual way. The simplest diagram which
gives a scale breaking effect is shown in Fig. 2. The S matrix is

obtained by squaring the contribution and integrating k over the allowed
phase space. The phase space integral is of course finite due to the

energy conservation. If we ignore the energy conservation between the
initial electron and proton state and the final electron, proton and pion

state, the phase space integral diverges logarithmically. The allowed
phase space volume goes to «» as Q2 - @, Thus one obtains a result

that the contribution of above diagram contains a term log Qlez.

Take M to be the:proton mass. There are infénite sets of.other.gnaphs,

but the origin of the scale breaking effect is unchanged. For the

diagram shown in Fig. 2, the initial proton is an eigen state of H and if

X is large, we do not expect the answer to be reliable. Suppose there

is a way to guarantee that the initial proton is an eigen state of %

Then a new graph corresponding to this process is shown in Fig, 3.

Note that a wave function for proton to be in a state of a bare:pionrand a bare
proton replaces \. It is possible that this wave function may: bave

slight damping suppressing the part of phase space where the bare

proton and pion carry large transversal momentum with respect to
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the physical proton momentum. Then the integral for such a process
converges even without the energy conservation & function and its
contribution to vWZ is finite in the limit Q2 — ®, What is necessary

in investagating the scaling behavior {(or other strong interaction
phenomena) in terms of the field theory is to formulate the theory in such

a way that inital state is always an eigen state of % This is accomplished

by the formalism discussed in the next section.
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[II. FORMAILISM

A, Summary of Van Hove'’s Formalism

In this section we summarize the results of Ref. 4, The Hamil-
tonian H + AV contains time independent unperturbed part I and a time-
independent perturbation term »V. The state ] o> i5 an eigen state of H

H|ao> = €(C¥)I a>
with eigen value ¢(a). We call the eigen states of I parton states.
« denotes the collection of quantum numbers corresponding to that state.

A state | o> with nn partons is normalized as

n 3
< > = [I -k
o o i1 ) (ki ki ) 6a’ia’{ {3.1)

where o denotes other discrete quantum numbers. When the exact form

of the normalization is not necessary we write <ela”> = 6
2493

as a
short hand to mean (3, 1). Without loss of generality we take V to be

nondiagonal, The resolvent operator is defined by

R, S(H ANV ~ )}
© {3.2)
-0 On
=D, Z,(-\VD))

where D(; =(H - 2) 1. It is also convenient to define two operators

defined in the Hilbert space of parton states.

Py

G

(®,),

(-v % N
TV pZy (AP, V) }id
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where { }d and { }id correspond to the "'diagonal part' and "irreducibly

diagonal part” of the operator { } respectively. By diagonal part of

an operator, say M, we mean the piece of <¢” | M [ a> which is propor-
tional to 6aa, . Note that in the S matrix language, '{M}d is the
"completely disconnected piece' of M. Let us illustrate what id means
by an example. Suppose we want to calculate <a| G, | o> = G, (a) the
nth term of Gf (e) is
-firrzllidai(-x 7' [<a| VD, la,><a, | VD, | a,>...

| <an_1[VD£[a'n><an!VIa'>] id

"id* means that portion of the diagonal part which is obtained when the

intermediate states ’ a:1>, . | an> are kept different from each other

and the states |o>., With these definitions, two identities can be shown.

D = (H-£-x\%G !
£ ! (3.4)
@ n
= + -
R, =D, Dz]n2=:1( KVDf.)i
nd

where { }rid meaning ''non diagonal part' is computedibetweeii the

orthogonal states <af[ and [ @”> in such a way that the intermediate
states fozi‘ﬁ e [an> are kept different from each other or from

[ a> and | @”>., The eigen state of the Hamiltonian can be obtained

from the properties of RE . First note that

@

H+7\V“—'-—1—J- E AbsR_dE (3.6}
2m E

-0
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where

Abs R :é%[RE+ie - RE—ie]’ €>0 (3.
Using (3.5) it can easily be seen that
Abs RE = Abs DE
(3.
® n m n-m
tonE m§0{(DEﬂ-iov) Abs Dp(VDg }nd
with the notation DE +i0 - ]él_];% DE tie’ Now calculate Abs DE.
From (3.4)
» -1
< > = = -7 - (3.
a!DEla’ _Dﬁ(af) [ ela)-2 -2 Gﬂ(a')] .
Expanding at ¢ = E
2  9G, (@ -
Dy, (@) - [e(o:)-k Gyla)-E + (190 = ') (ile)] (3
I =K
Abs D_(a) = erN(a)éf(e(cz)—E—-szE(a) ) (3.
where
oG (a)
N(a) = (1 + 22 --é—j——-— )1 (3.
£ =E(a)

so,

. 10)

11)

12)
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as]

Abs RE = 2nN(a} [1 + Zi j(-)\D

i1 2
. }nd] §(H - E - 2 Gy

@ n (3,13)
[i * n§i {(—KVDE-io) }nd:‘

It can be shown that DE +io and DE . i Can be replaced by DE + io
and DE Tio respectively. Putting in complete set of state and defining
1 w n

> = 2 + - ; (3.14)
@y = Nia) [1 =1 {( *Ph(g)ioV) } ]5"-‘”
nd
= OE(Q}:I:-]'_O ’ a>
we obtain
Abs RE =2 J.I ar>:|: :E<er S({E-E(e)) do {3.15)
where . =~
E(a} = €(a) - }\2 G (). (3.16)
Ela)

Then H+ MV = fl a> :t<o:! E(a) da. Using properties of the operator
Abs RE’ the orthogonality of states i<:af| ar’>i = 6cm, can be shown.,
Thus using (3. 16) we have

(H+2V)| o> = El@)|ae> . (3.17)

Therefore | oz>+ ( I a> ) form a complete orthogonal eigen states Of%
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Define

= - Y D vy? > (5. 18
> = N(a) 1+n§51{(-x P (oytic V) } ; (3. 18)
n

where Ya is a projection operator which eliminates all intermediate

states that are responsible for interactions between partons in state «.
Only intermediate states responsible for self interactions of partons

survive. Defining

w{t) =fci(a)' a'>ﬂ: exp [ -it E(a)] da (3.19)

it is shown that

t_{i?@ [cp(t) -fci(a') |a>__ exp [-it E(e)] cLﬂ’] =0  (3.20)

Since ci(af) is arbitrary, there is one to one correspondance between
1 a> and | a>aS. It is important to note that energy associate with
| > _ is Ele), the eigen value of | o> .

as +

Suppose | a> = Ik R kn> then since E(«) is the energy of

1-‘
>
as
n n
E(a) = I, Ek,) ele)= 5 ek) (3. 21)

where E(ki) is an energy of a free physical particle with momentum ki‘

E(ki) is free energy of bare particle with momentum ki' - Thus we can write
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_ .2
Bk ) = E(ki,) A GE(ki)(k1)
For large k, we obtain
' 2 2
3 m0 -M
M Cra ) 3

where m_ and M are bare and physical masses respectively.

is, therefore related to the mass shift of state «.
S-matrix,
Consider the wave packet

> = >
o) Htt)>, ch (@) |e> _expl -it B(e)] de.
Starting from the definition of S matrix it is shown that

lim ,<e,(t) s e (0>,

Efci(a) falS|a’z cle” )dada”

where galSla’z = &{a-a”) - 2ni) 6(E(a)-E(e’)) [ N(a)N(e”)]

<e|V-2{ VR v} |e~

"
E(a)+o nd

(3.22)

(3.24)

(3,25)

iSTH
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Once we obtain <a| S [ a”’ > .we can obtain the S matrix for the wave

packet.

B. Renormasalization

Expression for Gf(a») is in general divergent and thus Df(o.»), as it

stands, is not well defined. Using (3. 20) we write

G (a) - G (o)
_ 2 Ela) ?
D - -
JZ(Q) [(E(a)-2) (14 + ) TR, )]

(3.26)

Since N(a} is finite by assumption, G£ {z) is at most logarithmically

divergent and thus (3. 26) is well defined. In conventional perturbation
expansion, the wave function rentrmalization:constant together with the vertex
renormalization constant get absorbed in redefinition of coupling constant.

In Appendix B we define the proper vertex function I'. We also show

that the S matrix as well as the wave function of hadronic states can be
written in terms of X T and D, As it is discussed above D does not

contain any infinity. Suppose T is infinite. In this paper we conjecture

that T" = Zf‘, where 1: is well defined. Then infinite Z can be-absorbed in

redefinition of \.

C. Definition of the Proton’ State

For definiteness let us consider bare proton and bare pion fields to be

the eigen states of the free Hamiltonian H. The perturbation term is given
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by (2.1), Let |p> denote the eigen state of H, a bare
proton state. The eigen state of H + AV can be obtained by the operation

| p> (3. 27)

‘p>as ) lp>+ N |p>_ - OE(p):l:iO

is defi . 14), i >
where OE(p):I:iO is defined by (3.14)., We define the state |p , to be
the proton state. It corresponds to a bare proton surrounded by a

cloud of pions and proton antiproton pairs. It should.be constructed with

a physical proton state in a conventional field theory.

¢(t)=U(t,—m)¢free(-m). (3.28)

y -

Asymptotically, therefore, the proton: becomes bare, 14 From (3. 14) we

see that

]

3
L<p7|p> = N(p)® 57 {p~p”) (3.29)

This is the amplitude for finding a bare proton, and nothing else, in a
physical proton. This number is zero if N* [defined in (1. 2}] is
infinite and finite if N“ is finite. In this paper, we treat only the case

of finite N~

C. Transversal Momenium Damping

In the introduction, we saw that N must be finite
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in order for a theory to have any chance of reproducing

parton model results. This restricts large transversal momentum

n

. < k> o . -
behavior ofi p ki' . kn When kji @ keeping igiki P, we

15
expect

| o<plky ok > P2 ol (2 )Phe), (3. 30)
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IVv. ELECTRON PROTON SCATTERING

In this section we calculate the S matrix for e + p - e + anything,
As usual we treat the electromagnetic interaction only to order «,
but we treat the strong interaction to arbitrary orders in x. We deonte
p,e> to be the bare proton and electron state. Denoting E(p,e) as

the incident energy we have

> = >

(4.1)
as our initial state of a physical proton and an electron, Similarly we

denote | a,e”> as a state with bare hadrons and an electron. The state

-+

r - ”
<o, € = <o, e loE(a,e’)—io

(4.2)

is the physical final state corresponding to the state [ a,e > where

E(a, e ”) is the energy of the final state. The interaction Hamiltonian

of the system is

Veo) = 1l (08 6e) -y et 2T Gy wiate) (43)

where AM is the photon field, L}Je is the electron field, ¢ and ¢ are charged
spinor and neutral scalar fields respectively, We take these couplings
for definiteness but the arguments are not restrictive to these forms of
interactions. The S matrix for the reaction e + p - e + anything can be

obtained once we know
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1
<a,e”|S|pe> = -2ni [N(p,e) N(e,e”)]1? &(Elp,e)- E(a,e”)}

IR - 4.5
<a, e’ AV -2 {VRE(p,e)+iOV}nd[p’e> (4.5)

2 _ .2 3 - 4.6
AV - A {VR}"}nd-xv iy {Vval’nd“” {VDﬂVDfV}nd.., ( )

Substituting (4.4) into (4. 6) and keeping only the term proportional to

e, we obfain the single photon exchange contribution,

2
{av - (VRﬂ V)nd} single photon exchange

B 2 n _ 2 ) n
={+ {3z, (VD )1 eV V@ + 12 (2D, V)] )

2 11
(-eD V )+ [ = (-\D V) ]nd}rld

i
<a,e”{Sip,e> = -2ml[ N(p, elN(e,e*)]? &(Elp,e) - E(a,e?) )

(4.8}
, - - - !
<a, e ].OE(p,e)- io! evem)RE(p,e)Ho( evem)OE.(p,e)-t-io |P.€>

Diagramatically (4. 8) corresponds to two terms shown in Fig. 4.

With
some algebra we obtain

1
<ee” IS [pe> = -2nil N(p.e)N(a. e ")) 2 6(E(p) +E_ - Ele’)-E_.)

e
n m
T’k 0 a’kd’q<ae”]

{fi=idki LR MR

+
kZ, ..., k>
OE(p)-io] 1 n

(4.9)
- - -aV
<k/s,....k7|(-e

> <k.,,...K
em}[ki,...,km’q k,

>
m J RE(p )+ioOE(p)+io ‘ P

<ge”|(-eV__) le> + term representing Fig. (4.b) }
4 em
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We have used the following points. To the lowest order in e, the

incident energy Eip,e) = E(p) + Ee’ the final energy E(a,e ") = E{a) +

Berr 9 7 Bg 7 Fg o OE(p, )+iolp’e> " Orp) +io’p>|e> and
+ +
- rd :< = 4 ”
<a’e”[Oppy oy - g0 = <@7e [OEhre’)~10 <e”{<a” O o

The last two equalities can be checked by explicitly writing down the

. > < .
first few terms of OE(p-, Ip,e and <ae ’OE(a e”) +  With
tedius but trivial algebra we obtain

d3o az
Ee, T ol r (b y ]5 ) Im Tpv
dp,. 297E,

(4.11)

=4 ’ tJP__ ; -+
Im ’I‘“v fda(zar) 5°(p+a-p ) Ff +<p:i-Jp‘{0)'af>_ -<a]3v(0)|p>+

where

<a[fd x e'd a°% o,x)|p>+
fd k dy( (e }6. . ) '-—192— alk+q)y ulk)
€y kk, »\/{k+q) k 1 (4,12}

-<Q‘[a+{k+q)a{k)|Y> <Y|p>+

p,, is the total four momentum of state | o>, e, is the charge of i th

parton in the unites of e, m is the parton mass. Define

q 49
-1 _Pa _Ppg i} BV
Im Tpv = Mz (pp qz qp} (pv ciz CIV)W2 (gw} qz )W1 (4. 13)
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It is convenient to evaluate W.2 in the P -« frame.

2
M
= = 0
p={P+=%,0 0, P)
(4.14)
My =
CI"( Ps Q; 0)
=0,

In this frame, setting v = p

_ 3.3, . o
WZ "J-dad\'ided kd "k (1§Y1 ei6k,ki) (i;2€¥zei -6 k',ki,)a(E(,p) +q - E(a))

(4.15)

M (2r) + .
7o <P v, v la ko mikr ) o> <afaikiglat) vy> <y, |p>

The matrix element

+
fd\’id\'@ S@ |vg> <vyia kplalk) v,> <y,[p>, (4.16)

+
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is shown diagramatically in Fig. 5. Yy and Y, are states of free partons
and !p)_}; and | a> are a physical proton state and a physical hadronic
state respectively. Figure 5 is very similar to the deep inelastic

scattering diagram in the parton model. There is an important

difference. In particular, final state interaction is neglected, 17
To proceed with (4. 15) we must understand E(¢ ). In Appendix A
we show that
2 2 2 ~2
QZ ¢y m +£'J_ n m +i N
=P + + + 5 ———d= i =- (4.17)
El@) =P+ Al e 2P T 2y P j=vH1 2y.P
where we have denoted [ > = | ¢ sy L swee> , L. =(y. P, f. )

_ g o

The specified momenta correspond to the non wee hadron momenta

~

—-

and (wee) corresponds to a collection of wee hadron momenta., ¢ "
£, - Both ¢, 1<ji<y and g, ,f v 45 <
i > @ il for ij=v JZJi or v+1=j=n

are bounded by some constant £,

AE = K (a)-(Z2 ) (4, 18)
wee wee Z wee

This is due to the presence of wee hadrons., Define

i forisics
iy jJ.or sy

TSN P (4.19)
] ﬂjiforv+15j5n
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2, .2
2 2 m +£7
0 . MO My Q5 L,
S(E@) ra - Ele)) = 0AE . T 5 TP T 2P T 2y P b4, 20)

Note that if f a> state contained a wee hadron, AE = O(m) the energy
wee
conservation does not allow any wee hadrons in the final state. Restrict-

ing | @ >_ sum to only those states without wee hadrons, we havel®

3, .3
vW,_ =fdefdy,dy.d g ;
2 f“’f v4dy,d kdk (f\'fi S ) G2y %08 L L 28
nw 1 2 1
3 (4. 21)
(2‘“’) < l >< +k, kf > + -
= <Ply,> <y, |a (kT ak ) @ _<ala (k+q)a(k))y1><y1|p>+

Wehave droped the last term in the argument of the § function given in
{4.20). The region y]. = O(m/v) requires some care. Note that a vector
{ n‘12-+p2 , D sind,-pcosd) in the laboratory frame has a z component

in the infinite momentum frame (-p cosé + ’ p2+ m2)P/ m. The only way for
s to be O{m/v) is to have p= O(v) and 8 = O{m/v). Such a vector in the
laboratory frame has a trasversal momentum @ with respect the photon
direction. If the differential cross section is smooth in this kinematical
region, the regiom y]. = Q(m/ v) gives negligible contribution to the total
cross section. Thus we need not consider the possibility yj = O(m/ v). Also,
transforming a wee vector to the laboratory frame we can convince our selves
that the amplitude mayv strongly suppress the wee region. Thus nw sign
can be droped. Then,

(2m)°

f
W = 3 o 2 ) +
vw, JdX k2 denjdv( Z e w7 Jpla k) ly><y [p> (4.22)
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T, 3 .
We have used the commutation relation {a(k+q),a (k“+q)} = 8 (k-k ")
r + +
and neglected a term proportional to  <pla (kla(k)a {k+q)af{k+q) |;p'>+. in the

. 8
parton model notation,

.S .2
v W, ‘Z_aei x (%) (4. 23)
+

This is the parton model result.
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V. ELECTRON-POSITRON ANNIHILATION

Treating the electromagnetic interaction to only second order,

+ -
the S matrix for e e — hadrons is given by

<als|e’e” > = -zmie 8(E_4 + E_- - E(a) )
(5.1)
+ -
le'e >

emRE(a)ﬂoVem

3, 43 + . .
? fd k,d’k, e <alO E(a)_ioll,k1k2> <k, ki V

where Ee- and Ee+ are energies of electron and positron, respectively,

Vem is the usual electromagnetic coupling.

i;k1k2> stands for the two

parton state with momentum k1 and l«:2 and i denotes the kind of parton

with charge e.. | &> is the physical hadron state. This S

OE(Q)-‘iO

matrix is seen in Fig. 7.

o (¢ e=> hadrons)=

2 M
@ Trib,y pov,) o HIF-maEh s.2)
2 q " g

Py and p, are four vectors of electron and positron, respectively.

4 qv 2 6 4 +
-(q - -55-(@7) = [dazr) & (@-p_) <0[J (0)a>_ _<a|J (0)]0> (5.3)
pv q & 38 v

where

: 2
<Q!Jd3x o'y (x)[0> = a’k e, - dlkly v{a-k) <alik,47k>
- 9 i 1 ko(q—k)o K -

p is the sum of four momenta for the state '<o:[ .
o -
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Denote [a>=12,...,4. ; {wee)> L. ={y.P, ‘. ), F denotes
l - I 1 n - ] y] 1L J

non wee hadron momenta and "wee'' denotes other wee hadron momenta.
-2
o, = (P +a%/8P. 0. Ja?/2, 1)

(P + q%/8P, 0, da?r2 P

Py = (5.4)
2 2
morLy
= +....___..._
L=y P P L ¥
2 2
+ —-
ki = (XiP +me k , k“., x. P)
2x. P !
3.3 3 '
2. kd k@R, oy - .
N(q) = [de = v é(EeﬁEe-'E(“n Eeiej<k,q-k,1]m>_ _<aljk’,g-k”>
P4
{5.5)
Finiteness of N(«) vields
. 2 M 2+e
. B S << . —— - =
1_<gi,...fn,(wee)|1,k1k2 ] 0 [Min {( X )" Tid=t,...n}] (5.6)
when k @ while k, +k = q fixed. K1 57;%1:

This bound on the transversal momentum behavior is not good enough

to obtain any information. Note even the convergence of integral

cannot be established from this bound, The physical reason why this
process is so different from the'deep’inelastic electron protowiscdtteéring
is that there is no rigid reference direction with which transversal
momentum damping can be established. Both k, and k. “ as well as
state o are integrated.

The bound that yields information is
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| <«
<t

. 2 ) _—
ceen dslwee) 1;k1k2>! < Of Min{ ( Y. ) i=4,2}1 (5.7)

=

. E — _ — — .
for large ¢ il with =4 Es ki +k2 fixed.

Note that the power fall off in (5, 7) is larger than that of (5.6) and that this is a

statement of transversal momentum fall off of a hadron state with
respect to a parton state, This does not follow from our original

assumption. With (5.7) integration over ( . En can be restricted

R

to cones around 14:1 and kz. Let ¢ RIRERE JZV be in the cone around ki

and ¢ £ be in the cone around k_. Then
v n 2

+' 00 5 5
2 2 .

K k] n T

E(a) =2P + [E__ -(Z + _

(e) (B ee 1t heel "5 * 32508 7% P

g —:—}r—l-f«; for1=1i=vy
- il X 4
17 =
il‘ I!. -fl—IE forv+i—<—15n(5.8)
i 2-x 2

This is the transverse vector for Fi relative to Ei and T{'Z respectively,

The energy conserving & function in (5.5) becomes

2
[ 4 5 l:12 m2-+~ ﬂi’i.
(L E - (= + ——— - - - S T
( wee ( JEz)wee x(2-x)P [kJ_ x(2=x) o Fxleex) = 2y. b (5.9
i
If wee hadron is present in state [ a> , E -(Zdy ) is O(m) and
- wee wee

energy conservation will be violated. Thus the sum over states |a>_

is restricted to those states without any wee hadrons,
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Then,

3 ! .. .,
TR = § da & ké‘k% S(kf-ifﬂz—x))xtz-“%ea‘; <k, 3K el Lol
nw :

(5.10)
We have droped the last term in the argument of the ] function given in
(5.9). The region i = O(mz/ Ez) requires some care. A vector
(im2+p2,psin{}, -p cosd) in the center of mass frame of the colliding beam
has a z component in the infinite momentum frame (-p cosé +4 p2+m2 P/ E.
The omnly way for Y to be O(m2/ Ez) is to have p= O(E) and 6 = O(m/ E).
If the differential cross section is smooth near 6 = 0, the contribution from
such a kinematical region is negligible. The approximation also fails if the
multiplicity of hadrons with')‘i =0 (I—E— } behaves as E/ m.
2 2 92
e, i
H(qz)s ?%‘&_IO dx x(2-x) = Zflgl—‘ (5.17)

We have sumed over all « ignoring the nw sign. Due to the positive

definiteness of the integrand, it is an upper bound. A wee vector in the
infinite momentum frame corresponds to a vector with momentum of OP)
in the center of mass of the colliding beam., We can imargine that the amplitude

is small in such an unphysical region. In such a case, the inequality becomes

an equality and we obtain the parton model prediction.

€
+ - 4 T, 2
& (e e «» hadrons)= > Z e
3q i

2
or B= Z_ e,
[*3
We remind the reader that this result is obtained with an additional
assumptions on the multiplicity and (5.7). This does not follow from gyr

starting principles.
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VI. PRICE PAID FOR SIMPLE RENORMALIZATION PROGRAMS

The proton form factor can be obtained from (4, 15)

Fi(qz) :fddek { Zjeif). 1{) _<p+qfa+(k+q)a(k)l Y><ylp>+ (6.1)
iey '

making a rotation,

w n

2 co3 -
Fog9 - 2 JI0dk Z e <plkxq Lok %, g

n2t Jist i & i-4 T2-171

ki+q-xiqi, k., ,-x. .q

- > <
141 %11 "knanJ_ ki""’k p>

L n +

Using our bound (3. 38) and identity

j“’dzk 1 1 2n; J’m dy
o (kl+('1-x)Q)i+E kLHE Q%) ofyly+H1-x)It* €

for x # 1, we can show that the contribution to form factor from the

1
2 is nonzero there is finite

region (x-1) > 4/Q vanish, Since N(p)
probability of finding bare proton at x = 41. This may give non vanishing
form factor and, therefore.we cannot prove that Fi(QZ) -0 as QZ - -o,
Note also that sz at x = { is proportional to N(p) # 0. These problems
can be solved if we have N(p) = 0. From the discussion following (3. 29)
if we start with a theory in which N* = @, we have N(p) = 0, We con-

jecture that relaxing the assumption of finite wave function renormalization

constant will not affect other results discussed in Sections IV and V.
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ViI CONCLUSION

In a field theory formalism, physical field is formed in terms of

a cloud of bare fields, For example, in our formalism

1 [s8]
_ 5 ‘ n
a>i = N(e)? 11 +r;z_.'=‘1 {-x DE(Q'):I:iov) }nd] ‘o:>.

A question arises whether the probability function for finding a proten as a
state of m bare particles with momentum k,,....k_, [ <p| Byoooonk > [ 2,
is an observable or not. _It is less demanding to ask whether ! <p | ki’ e,
km> ‘ 2, defined in (41, 1), a probability function for finding m bare parti-
cles with momenta ki' 2 s km plus anything in a proton state,is observable
or not. So far, we do not know of any well defined field theory for which
thege functions are physically observables, In the perturbative formalism
of quantum electrodynamics, for example, a probability function for
finding a physical electron as a state of aabareielectron.and. m bare photons
is not well defined. It is most interesting to find an example of a

realistic field theory for which these functions are physically observables,
In this paper, we leave this interesting problem aside and assume that

there exists a field theory for which the probability function for finding

a physical state to be in a certain bare state is an observable,
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Van Hove's formulation of field theory is particularly suited for

our problem. Within this formulation we assume that {a) we are dealing

with a field theory in which wave function renormalization constants for

all states [ @> are finite., This implies that the phase space integral

O a%k | <a|k K > 12
jaad B LselE Ry~

is convergent, (b) this formulation is renormalizable. We found that

these two assumptions together with the formulation of field theory

gave us a basis on which parton model ideas can be examined. The

formulation also seemed to be promising as a basis for phenomenological

studies,

We summarize virtues and possible short comings of our

formalism:

(1)

{2)

(3)

It is important to note that structure of hadron, the cloud effect
persisis in the asymptotic states,

There is one to one correspondance between

I a>, I af>i, and [ a>as
and the energy of | a>__ is equal to the eigen value of |a>_
This allows us to write the eigen value of | @> trivially
in terms of physical masses, (See (3,21),)
After renormalization of DE {a), all masses in the formalism
are physical masses. We never talk about free energy of

partons, In the parton model, bare masses of partons must
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be treated as well defined finite quantities,
(4) The crucial step in discussing vW2 is the expression for
E(a) [ see (4.17)]. With property (2), all dynamical infor-
mation necessary to study E(«) is the starting assumption (a).
(5) Property (2) may be a short coming of our formalism. For
any given bare state [ki, v kn>, there is an asymptotie-
state Iki, - ’kn>as where all particles are free except
for self interaction, If we, therefore, admit that there is
no fractionally charged particle in nature. we cannot have
them in the bare states. This can be traced back to the fact
that we cannot discuss bound states,

It is important to understand the difference between our formalism
and that of Drell, Levy and Yan?'o In their work, the parton model results
are investigated by the use of the perturbation expansion of the field
theory. The transversal momentum cutoff is introduced by hand for
each Feynman diagram contributing to the calculation of vWZ_ The
equation which allows them to obtain the parton model result is
Ep - Eup <& % and En - Eun <« -MP—V where Eup and Eun are energies
of the parton state [UP> and U|[n> respectively. In order to obtain
this result, there must not be any wee partons contdined in the states | UP>

and U ’ n>, The justification of this is that each time ordered graph

contributing to the calculation of vWZ, gives negligible contribution
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from the integration region where either [UP> or Ujn> contains any
wee parton, (This is one of the reasons why, in the analysis of Feynman
integrals P — « limit is extremely useful.) If we, therefore, generalize
this property of the Feynman graphs as the property of the full amplitude,
then their result follows. We were, however, reluctant to make this
generalization which prohibits us to have any wee partons in the
formalism.,

There are two ways to proceed from here. A complete under-
standing of the renormalization proceedure for our formalism must be
obtained, This allows us to discuss the possibility of N7 = o« (see (1.3) ).
The advantage of this possibility is given in Sec. VI. As it is discussed
in Ref. 2, it is interesting to consider the possibility of the partons
being the quarks. There is no problem if we find the quarks in nature.
Supposing that the quarks are not seen in nature, it is interesting to
consider a theory which has the gquarks as
bare states but such fractionally charged states are absent in the
asymptotic states. In Ref, 4, Van Hove makes a distinction between
two systems that can be described in terms of field theories. A non
disapative system and a disapative system, This distinction is
primarily made in solid state systems. The usual field theories being
cansidered in elementary particle physics is of non-disapative type,.

It is perhaps worthwhile considering, in analogy with some solid state

systems, a possibility that some system of elementary particles are
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describedinthe disapative type of field theories. This may give some
clue as to how we go about eliminating the fractionally charged state

from the asymptotic states,
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APPENDIX A

In Sec. IV we have seen that an upper bound on sz can be
placed rather trivially in the scaling limit once we know the energy,
E(a ), (4.17).

Due to the correspondance between faf>_ and la >as Ela )
can be calculated with minimal knowledge of strong interaction dynamics.
All we need to know about the dynamics is that N(«) is non zero.for any
states | «>. What we want to do is to mathematically justify the following
simple picture. The proton is seen as a jet of partons traveling along
the z axis in a 'narrow cone''. When it is struck by a photon with large
Q2 two jets are- formed. (See Fig. 8.) State: o>  will be contained
in these two cones. In practice we want to show that sum over @ in the
expression for WZ, (4.45), can be restricted only within the cones shown
in Fig., 8. Equation (4,17) then follows by simple kinematics.

The argument is simple but tedious. We first prove few seemingly

unrelated points.

Theorem 1. In the expression for WZ' (4. 15),only the region
ki’kl « @ is important.
Prooi. For fixed kz, place an upper bound on the integrand of (4.15) by

ignoring the energy conservation & function., One easily obtains
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g% = 2 < * > <
ﬁikl ‘16\{1(81.L 6kki)g{p_ +p|a (klalk) IYi \PRR S

Using (3,31) it is seen that kJ. sum can be cut off at say
k ~F Q.
L TE =R

Theorem 2. In the expression for Wz, {4.15), only the region

|z -z | < O(g-l-) is important. Other regions will give vanishing
contribution to vWZ in the scaling limit.

This is very close to what is known in the parton model as the
incoherent scattering assumption.

Prooi, Expand the expression for W_, (4.45), using (3. 10) and

21
(3.19)

= M (27)
= )P

= d d dkdk’ (. E. 6 )(-; e-’6 r
W, fdﬁ'idﬁzdﬁs Y495 iy, i VkkiTey, i Kk,

+ s + < >
{N(ﬁz)é(E(ﬁz)'Em) ) +<pH2><YZWa (k “la(k “+q) |52><pz|a (k+q}a(k)H1> Yilp +
(A-1}

A e L

™16 >6(E(P,)-Ela) IN(B,) <p, | (VDL . . )n'mJ 18,>
n:l m=0 <Bi1 [(DE(aHiov) [32 ° 2 2 2 E(a}-io nd "3

<g, |2 terarto] v, ><v (0>, ) |

Diagrams for first few terms are given in Fig. 9. Suppose
zZ #z* or k - ki |’ ~ Q. First term in {(A-1) does not contri-
bute. There are two distinct ways to obtain non vanishing

matrix element.
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. ' R . —pn - —
i) | B3> contains a parton with momentum Py (piz,p“_)were

piz =z and Ipi.L - (k +q)LI =0O(1), and similarly

[ (31> contains a parton with momentum ;2 = (pZZ, EZL ) where
p,, =ZPand [p, - (k+q) | =0
(i1} I {31> and ] B3> contains no partons with large transversal momen-
tum except for partons with momentum k “+q and k + q respectively.
The first possibility is éimple. The matrix element
<4p l af(k’ ik ’+q)] [31> and <[33 | a+(k.+q)a(k) { B> both vanish inthe scaling

limit. So it does not affect vWZ in the scaling limit.

In the second possibility final state interactions generated by

(DVY™ and (DV)® ™ must be such that both of the state B, and B,

become f,. The matrix element [ 1 in (A-1) can be rewritten as

1= <p,|D (VD o

-1
E(e)+o Ele)+io v ’ [32>6 (E(ﬁZJ“E(a’) )

— (A-2)
<F3ZIV(D V) DE(C!)—iol [33>

E{a)-io
Denote [;31> and !ﬁ3> as [pi"ps’ k* +g> and [pi,...,ps,,k+q>

respectively. And suppose that the transversal momentum of pi, e P

]
and p1’, ca ,ps’ are small compared to Q,
=P m-1
I = <g,|v D ) vip,>
QZ 22 Moy 1 E{a)+Ho 2
(A-3)
n-m-1 2zP
< —sz
!32 I V(DE(oz)—ioV) [ F:"3>

2
QR™-2zMv
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We have neglected terms in denominators which are small

2. . . .
compared to QZ. {P~ is canceled by normalization factors in V. )

2
First and second denominator factors are both small when z” =g = ZI\Q/Iv‘
The region where [z -z [ = O(g—) is not satisfied gives vanishing

contribution in the scaling limit due to large denominator.

In Sec, III we discussed transversal momentum damping implied

2+e
by finiteness of N(p). We derived <k1, cen ,kn[p+> [ 2 < O (%I-—) ),
n jl
< 5 g i = = -
€ >0, 1=j3 nfor large kjl with i1 ki p.
Theorem 3, Setting
_ 1. + " 2
A=l <le,t )] (e+qale) [p> |
(A-4)
+ + . +
lelatena ) [ (4,0 > <2, )]a (c+a)atk)|p> |
M
for -z7 < 0O=),
lz -z 7| (Q)
2+e 2+e
A, BS O(Min [(fm )L ) ]) (A-5)
il il
~ Yi
where zil = EiJ. -2 Q, in the limit EIJ. becomes large.

Proof. By completeness

B3 to 2 wlaT -
Iz'lfiﬁi d £i|_<u1,..., L) |a (k+q)a(k)[p>+[ = +<p|a (k)a(k)lp>+ (A-6)
for large Q. For finite z, right hand side of (A-6)is well defined since

N(p) is assumed to be finite., Since ki is limited by Theorem 1, there

are only two independent directions p and k+q. Consider for exanple,
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n

! 1 integration with constraint .12___1 Jzi = ptq. The integrand must vanish

1] or ﬂil - 3% @ (the transverse distance

between ﬂi and k+q) become large. The energy denominators that

gufficiently fast when £

appear in field theory calculations favor small Eil or small ¢ il ——Z—i—- Q.
Therefore, in general, in order for the integral in (A-6)to converge
{A-5) must be satisfied for A, The inequality for B follows trivially
from that of A,

The bounds given by Theorem 3; enable us to cutt off the

integrals of (4. 15).

3 3 3
_|dkz dk’z _ 2m) -
WZ —f " " fdcr S5(E(p) +q - E{e ) )MP 7 (A-T7)
g
= - <n | t. . P
ﬁYZ(i’eYZ(ei’éki, ko) +SPla TRk ) y,> <y, [e>
av,( %, e 5, ) <aly,> <y, |2 tk+qalk)| p>,
1°i €Y1 i ki'k - 1 1
where
n
de =% I _1 fd3£-.. fd ‘.
B3t on? ] (A-8)
: Lo, < -yQ/zyds
where we have denoted loz>_ = | 11,...,123.,..., £n>_. £ is some

parameter chosen so that M << £ << Q, We have now established that
it is a good approximation, in the scaling limit, to limit ourselves with
the case where all non wee vectors of [a>_ are contained in two cones

defined by (A-8),
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Proof of (4,17). Consider a> = 121, oo En’ wee> |
(A-9)
L, ={y. P, 2. )
i i
where specified momenta correspond to non wee hadron momenta ..
and (wee} corresponds to collection of wee hadron momenta. Total z
component momentum is P, By momentum conservation,
by .
% y. =1 - ("ingvee
=1 7]
L
P

P

term comes from z component momenta of wee hadrons,

We divide non wee members of | o> into two parts

; < <45
21‘” ' €C,; Iﬂjii.[ Efor1=4j=v
i
£v+1""’£n ecz; Iﬂj —ZQ[<§f0rv+1>J>n
v A
Then i’z‘ y. (=2, 2 Y=z
J_i J FEA ] 2 2
(Efz)we % m Hjl
- E = — ——
Ele ) 'wee(a )= P e)P +jt1 ZyjP
Y, -
¥ v n:n2+£_i n m +(;‘- Q+1j)i
- = 2 —-—-——-—J—-— +- E
Bla )= AE oela V=P +.2 2y P jev 2y, P
P,
- - E .
where £ . EjJ. " Q, A.Ewee(a ) Ewee(a ) - ( ﬂz' )wee
v m2+£ le n m2 E.z 2
Ele )- AE (a@ )P+ 2 ——d=4+ = i, Q
ee j=1 ZyjP j=v+ ZyjP 2zP
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APPENDIX B

The formalism in Seec. IIl has been written in terms of the bare
vertex A\ V., We will show that Rﬂ can be rewritten in terms of a vertex
function which contains all vertex corrections,

To illustrate our point, let us consider a theory with coupling
i}u-by5¢¢ where Jiand ¢ correspond to fields for proton and pion in the

theory., Then V contains couplings

<p|V|pm>, <pp|V|w>, <p|V|mp>, <0 |V |ppm>

(B-1)
and hermitian conjugates,
Consider the matrix element
5 n
<@” - -
@ [ {V, Z) (-AD, V) gl @ (B-2)

For example take [ a> to be two proton state, and l @ “> to be two protons

and one pion state. Diagramatically first and third term is given in

Fig.10, In each order there are set of graphs which contains & function
singularity representing the fact that two protons propagate without any
interaction between them. We call these terms most singular term. All of the
graphs given in the example are of that nature except the set of graphs

in Fig.10e. In general the matrix element (B-2) contai ns most
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singular terms, i.e.,, set of graphs which represents the least number
of interaction between particles in state | > and equivalently particles

in state |@“>, We represent

% o S

= - B-
r,=(V_Z (-xD,V})) (B-3)

nd
the super and subscripts reminds us that we pick up only the most singular
part of the non diagonal matrix element. The matrix element for
<np, w ] r 1np> is shown in Fig.11. (Note however that such matrix
L

element must be evaluated in accordance with the definition of the non-
diagonal matrix element given in Sec. III ). In terms of 1“JE we can show

that

(B-4)

Essentially one can understand the identity as replacing the bare vertex
by full vertex

Therefore, every V in the expression for S matrix (3, 26) can be
repltaced by Fﬂ .

Suppose ]_"ﬂ as defined in Eq. (B-3)is divergent, we will assume
that Tﬂ = ZT where fﬂ ig independent of cut off parameter and Z is an

4

infinite constant. Then Z is absorbed in redefinition of \.
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1

and x +dx. e, is the charge of parton: i,

9An additional assumption should be mentioned. In the case of ep scattering,

the final state hadron carrying large transversal momentum with respect the photon
direction in the laboratory frame is assumed to be suppressed. This assumption

is necessary since we are not able to make definite statement about the property

a the amplitude when arbitrary many Feynman graphs are sumed.

10Ref.2.

YA, Litke et al., Phys. Rev. Letters, 30, 1189 (1973).

12Formally this problem is avoided by introducing the mass counter term
in the interaction Hamiltonian and expanding the S matrix in terms of
the "in' or "out" fields which correspond to the free asymptotic states
with physical masses., In practice, however. the contributions from
the mass counter terms in the interaction Hamiltonian are either
neglected or treated only in a finite order,

13V(x) stands for Hamiltonian density and V stands for interaction

Hamiltonian in the momentum space,

14J.D.. Bjorken and S, D. Drell, Relativistic Quantum Fields, McGraw-

Hill Book Company (1965), p. 175, note also footnote 5, p, 175,

1SWe have in mind treating the problem in the infinite momentum frame

2

+t35. 9,0, P) P~ =, To leading order in P, longitudinal

where p = (P
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momentum integration automatically converges and thus only large

transversal momentum behavior is of interest here,

6'I‘his equation holds only to leading order in P, That is, JO or JZ can
be obtained from this equation. Extreme care must be exercised in
order to obtain, for example, JO - Jz. Backward moving partons will

contribute for this difference,

7As it is seen in Sec. VII, to convert {4.45) into an expression for sz

in the parton model we replace the state ] a> - by ’y3> and E(a) by

2
E(y3). Then the energy conservation & function reduces to 6 (-I\’—II__,—EW%,;?

and since the 6 function no longer depends on Vs the sum over Y; can

be performed trivially,

18Nc>15e that upper bound can be obtained directly from (4. 15) by just
summing “over « ignoring the energy conservation & function. The
difference between such a bound and (4. 21) is the presence of §{Az).
If this & function is absent, the right hand side of (4. 21) will behave
like the number of partons in the proton state which may be infinite.

19For mfrared\problems in quantum:- electrodynamlcs see D. Ry Yennie,

.- SR 5 T SRS U - I .",.';‘Z A
S, C Frautschi and H, Suura, Annals of Phys1cs 13, 379 (4961}, For
the study of form factors in the vector gluon model see T. Appelquist

and J. R. Primack, Phys. Rev,. D4, 2454 (1971),

2OS. D. Drell, D. J. Levy and T, M. Yan, Phys. Rev. D4, 1035 (1970)

and references therein.
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FIGURE CAPTIONS

Deep inelastic electron proton scattering and its variables.
Simplest perturbation diagram which gives scale breaking
effect.

The bare proton in Fig., 2 is replaced by a physical proton.
Two time ordered graphs contributing to (4.8)
Diagramatic representation of deep inelastic electron-
proton scattering.

Example of vertex correction to parton photon vertex,
Example of other radiative corrections.

S matrix for e+ e - hadrons.

A schematic diagram for the ep scattering.

Diagrams for first few terms of (A-7).

Diagrams representing first and third term of (A-3),

Diagram for <np, TTI ]."!2 |np>.
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