


1. The present theory of deep 1nelast1c scatterlng (DIS)'
is based on two approaches which are. the complement of one
another. In ‘the first approach (see e.g. ref. [1] and refer-
~ences thereln) one assumes ‘that only Feynman d1agrams from
‘a certain class dominate in DIS ‘and in’ the second approach
DIS is cons1dered inthe framework of the operator product' '
‘expansion (OPE) [2]. Although the assumptlons used in’the
;both approaches are natural, the problem of their substantl—
ation remains since We "do not know how to ‘work with QCD
beyond perturbatlon theory In partlcular the OPE has been
“proved only in perturbatlon theory [3] and its. vahdlty beyond
that theory is problematlc (see the d1scuss1on in ref [4] and.
references thereln) N
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In the present paper we show that an important information

about the structure of the (electromagnetlc or weak) current

operator in DIS can be obtained from the investigation of re- -

‘strictions imposed on this operator by its commutation rela-
tions with the representation operators of the Poincare group.
2. If J(z) is the electromagnetic or weak current operator

and ¢ is the momentum transfer then the DIS cross-section is

fully defined by the hadronic tensor
v __ 1 1 :c ! v n 14 '
W= 1—7;/64 (P'|J*(z)J”(0)|P')d*z ()

" where |P') is the state of the initial nucleon with the four-
momentum P’ and we use u,v = 0,1,2,3 to denote the com-
ponents of the operator J(z). ’

Translational invariance of the current operator implies that -

J(:L‘):= exp(sz)J(O)e:Ep(—sz) ' . (2)

| Where P is the four—momentum operator and Lorentz invari-
ance 1mphes that ' ‘ ‘

M, 39(0)] = (g (0) ~

Where M o are the Lorentz group generators and g is the
M1nkowsk1 tensor.

In turn, the state |P') is the e1genstate of the operator P

W1th the e1genvalue P’ and the eigenstate of the spm operators
82 and S* which are constructed from M*. In particular,

P?|P'y = m?|P') where m is the nucleon mass. Therefore the

four-momentum operator necessarily depends on the soft part
of the interaction which is responsible for binding of quarks

and gluons in the nucleon. The Lorentz transformations of the
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nucleon state are described by the operators M* and therefore
in the general case they also depend on the soft part. . ,
It is important to note that the, same operators (P" M v )
descr1be the transformatlons of both the operator .J(x) and
the state |P'), and this guarantles that W’“’ has the correct

' 'transformatlon propertles

. We see that the relatlon between the current operator and
the state of the 1n1t1al nucleon is highly nontr1v1al Meanwhue

‘in the present theory they are considered separately In the

framework of the. approach based on.Feynman: d1agrams the
poss1b111ty of the separate cons1derat10n follows from the:fac-
torization theorem [5] which asserts 1n partlcular that the am-.
pl1tude of the lepton -parton interaction entering into d1agrams
dominating in DIS depend only on the hard part of this.inter-
action. Moreover in leading order in 1/Q, where Q |q |1/2
one obtains the parton model up to. anomalouc d1mens1ons and
perturbatlve QCD correctlons wh1ch depend on. ag(Q ). where
a,is the QCD running couphng constant BT ST

It s well known that the parton model is: equlvalent to
1mpulse approx1mat10n (IA) in. the 1nﬁn1te momentum frame
(IMF) This fact:is in agreement w1th our experience.in con-
ventlonal nuclear and .atomic phys1cs accordlng to wh1ch in
processes. w1th h1gh momentum transfer the effect of b1nd1ng
is not 1mportant and the current operator can. be taken in TA.
However this experlence is based on the. nonrelat1v1st1c quan—
tum mechanlcs Where only the Hamlltoman is 1nteract1on de-
pendent and the other nine generators of the Gahlel group are
free Note also that in. the nonrelat1v1st1c case the klnetlc ener-
g1es and the mteractlon opera.Jors in questlon are much smaller:
than the masses of the const1tuents



The usual mot1vat1on of the parton model is that, as a con—(

sequence of asymiptotic freedom (i.e. the fact that as(QQ) —0
when Q2 — o0), the partons in the IMF are almost free and
therefore, at least in leading order in 1/Q, the soft part of
J(z) is not 1mportant “We will consider a-bit later whether
this property can be substantiated in the framework of the
OPE. but first we con51der some consequences of Egs.- ( ) and
(3) e o
3. As. noted by D1rac [6] the operators (P*, M*) can be
realized in different representat1ons or, in Dirac’s terminology,
in different forms of dynamics. Suppose that the Hamiltonian
PP contains the soft part and consider the _well—knoWn relation

[MOi PH = —16%P° (i,k = 1,2,3). Then it is obvious that

if all ‘the operators P* are free then all the operators MY% in
ev1tably contain the soft part and vice versa, if all the’ operators

MY are free then all the operators ‘P¥ inevitably contain this
part. According to the Dirac classification [6], in the instant

form the Ham1lton1an P% and the operators MY are interaction
dependent and the other six generators of the Poincare group
are free, while in' the point form' all the components P* are in-
teract1on dependent and all the ‘operators M*” are free. In the
front form the operators P~ and M~ i(j=1,2, P t = pl +p?)
- are interaction dependent and the other seven generators are
free. The fact that if P~ is the only dynamical component of P
then all the M7 inevitably contain 1nteract1on terms follows

from the relatlon [M~3, P'] —-‘—zéﬂP . Of course; the physical

results should not depend on the choice of the form of dynam-

ics and'in the general case all ten generators can be 1nteract1on :

dep endent

The usual form of the electromagnetic current opera—.

tor is' JH(x) = N{w(a:)y”w(:r)} and in part1cular J”(O) =
N {¢(0)7“¢(0)} ‘where N stands for the normal product and‘
for simplicity we do not write ﬂavor operators and color-and
flavor indices. However such a definition i ignores the fact that
the product of two field operators at co1nc1d1ng po1nts is not a
well-defined operator (str1ctly speakmg, the operator w(O) also
is not defined since YP(z) is the operator-valued distribution;
for a more deta1led discussion see ref. [7]). The reader think-
ing that it is not reasonable to worry about the mathemat1cal
r1gor Wlll be confronted' w1th the’ followmg contrad1ct1on |
"The canonical quant1zat1on on the hyperplane T 0'=0 or_;
on the l1ght cone zt =0 (wh1ch leads to the’ 1nstant and.
front forms respect1vely [6]) 1mpl1es that the operator w(O) is .
free since the He1senberg and’ Schrodlnger p1ctures co1nc1de at
z = 0. Then J (0) is free too and, as follows from’ Eq (3), the
interaction terms in M* ‘should commute with’ J”(O) If the
operators M are constructed by means of canomcal quant1za—'
tion then 1n QED the 1nteraet1on terms and the1r commutators
with \J* (0) can be read1ly calculated The commutators are ex-
pressed in terms of the Schwmger terms [8] wh1ch cannot ‘be
equal to zero (the correspondmg calculatlon is g1ven in ref. [7])
Therefore the conclus1on that all the components ‘of J (0) are
free is 1ncorrect and sorne components of J (0) are 1nev1tably:‘
1nteract1on dependent - - ~
' Moreover it can be’ shown that 1f the ﬁeld operators are
quant1zed for example, on the hyperplane :1: 0 then
the operator J (0) in QED is necessar1ly 1nteract1on depen—
dent. Indeed the generator of the gauge transformat1ons is
divE(x)— J° (x), and if J(0) is gauge invariant then [dwE(x) —
JO(x),J(0)] = 0. ‘The commutator [Jo(x), (0)] cannot’ be
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equal to zero [8] and therefore J(0) does not commute with
divE(x) wh1le the free operator J(O) commutes with divE(x).

The above examples illustrate the- well- known fact that for-

mal man1pulat1ons with local operators in quantum field theory
can lead to incorrect results For th1s Teason we prefer to rely
only upon algebra1c cons1derat1ons accordmg to wh1ch all- the
components of J(0) cannot be free simply because there is no
reason for the 1nteract1on terms in M* to commute w1th the
free, operators J?(0) (see. Eq. (3)) “Therefore in the, 1nstant
and front forms some of -the operators J”(O) depend on the
soft part On the other hand as follows from Eq (3) if the
operator J (O) is free in the po1nt form this does not contradict
Lorentz invariance: but as follows from Eq. (2), the operator
J(:r) in that form necessar1ly conta1ns the soft part.

The problem of the correct deﬁn1t1on of the product of two
.local operators at c01nc1d1ng po1nts is known as the problem of
construct1ng the composite operators (see e.g. ref.. [9]) So far
this problem has been. solved only in the framework of pertur-
bation theory for spec1al models When perturbat1on theory
does not apply the usual prescr1pt1ons are to separate the argu-

ments of the operators in quest1on and to deﬁne the compos1te
operator as a l1m1t of nonlocal operators when the separat1on
'goes to zero (see e.g.. ref. [10] and references there1n) Since
we do not know how to work with quantum field theory be-
~yond perturbat1on theory, we do not know what i is the correct

prescr1pt1on Moreover it is not clear at all whether 1t is pos-

sible to deﬁne local 1nteract1on dependent operators in QCD
Indeed, the dependence of an operator on the soft part 1mpl1es
that the operator depends on the 1ntegrals from the quark and

gluon field operators over the _Tegion of large. d1stances where ‘

the QCD running coupling constant a; is large It is. obvious
that such an operator cannot be local In part1cular it is not,
clear whether in QCD it is poss1ble to construct local elec-
tromagnetic and weak current operators beyond perturbatlon

theory ,
4 In the framework of the OPE the product of the currents

| enterrng into Eq. (1 ) can be wr1tten symbol1cally as. -

" where C;(z?) are the c-number Wilson coefficients while’ the
- operators O” Hn depend only on field operators and their co-

variant ‘derivatives at the origin of M1nkowsk1 space and have
the same form-as in perturbation theory “The bas1s for tw1st

[ i"%;f -

two operators conta1ns in part1cular
O = N(HOR*D(0)}, 0% = N(FO*7(0 )}é ®)

As noted above the operator J ( ) necessar1ly depends on

| the ‘soft part while Eq ( ) has been proved onlwn the frame—'
work of perturbat1on theory Therefore if we use Eq (4) in DIS

we have to assume that e1ther nonperturbat1ve effects are not
1mportant to .some. orders in 1/Q and then we can use Egs. (1)
and (4) only to these orders (see e. g ref.: [11]) or it is poss1ble
to use Eq. (4) beyond perturbatlon theory ‘The question also
arises ‘whether Eq. (4) is valid in all the forms of dynam1cs (as

it should be if 1t is an exact operator equallty) or only in some;
“forms. o :

In the po1nt form all the components of P depend on the

~ soft part and therefore, in view of Eq. (2), it is not clear why

there is no soft part in the T dependence of the r1ght hand



s1de of Eq (4) or if 1t is possible to include the soft part only
into the operators O; then why they have the same form as in
perturbatlon theory. ‘

One ‘might think that in the front form the Cj(z?) will be
the same as in perturbat1on theory due to the following rea-
sons. The value of g~ in DIS is very large and therefore. only
a small v1c1n1ty of the llght cone‘zt =
integral (1) The only dynam1cal component of P is P~ which
enters into Eq. (4) only in the combination P~z+. Therefore
the dependence of P~ onthe soft part is of no importance.
‘These cons1deratlons are not convincing since the integrand is
a s1ngu1ar function and the operator J(0) depends on the, soft
part in the front form, but nevertheless we assume that Eq
(4) in the front form is valid. . N

If we assume as usual that there is no problem w1th the

convergence of the OPE series then experiment makes it pos-

sible to measure each matrix element (P'|Of*"*|P').- Let us
cons1der for example the matr1x element’ (P'|Oy|P). Tt trans-
‘forms asa four-vector 1f the Lorentz transformations of OV are
descrlbed by the operators M w descr1b1ng the transformat1ons
of |[P'), or in other words by analogy with Eq. (3)

[M™,00) = ~i(g"0y —g"0h) - (6)

It is' also clear that Eq (6) follows from Eqs (2- -4). Since the
M7 in the front form depend on the soft part we can conclude
by analogy with the above consideration that at least some
components OV, and analogously some components | O+ also
depend on the soft part Since Eq. (6) does not depend on Q,
this conclus1on has nothlng to do with asymptot1c freedom and

is valid even in leadlng orderin 1 / @ (in contrast w1th the state-

oo

~

0 contributes'to the

ment;of the factorization theorem [5]). Since the struck:quark
is not free but interacts nonperturbat1vely with the rest of the
target then, in terminology of ref.: [1] not’ only ”handbag” dia- -
grams dominate in DIS but some »cat ears’ d1agrams or their
sums are 'also important (in" other words even the not1on of :
struck quark is questionable). - ST
Since the operators O}*"#" depend on the soft part then by'
analogy with ‘the considerations in ‘subsection 3 we conclude-
that the operators in Eq. (5) are ill-defined ‘and’ the correct
expressions for them involve integrals from ‘the ﬁeld operators
over large distances where the QCD couphng constant is large.
Therefore the’ Taylor expansion at =0 is quest1onable and,
even if it is valid, the express1ons for OFrHrwill depend’ on. -

‘ h1gher twist operators wh1ch contr1bute even in lead1ng order

in 1/Q

5. Let us now discuss our results. First we have shown that
the current operator nontr1v1ally depends on the nonperturba- ~

tive part “of the interaction respons1ble for b1nd1ng of quarks :

and gluons in the nucleon.’ Then' the problem arises whether
this part contr1butes to DIS. Our cons1derat1on shows that the~
dependence of J (z) on the nonperturbatlve part of the inter-
action makes the OPE problemat1c Nevertheless ‘we' assume
that Eq. (4) is valid beyond perturbat1on theory but ) no form
of the operators O#+#n"is prescribed:" Then we come to con-
clus1on that the nonperturbatlve part’ contr1butes to DIS even
1n leading order in 1/Q: SRR R
-~ To understand whether the OPE is val1d beyond perturba— .
tion’ theory several authors (see e.g.’ Tef. [4] and references.
therem) 1nvest1gated some two—d1mens1onal models and' came -
to d1fferent conclusions. We ‘will not’ d1scuss the" arguments of -



‘these authors but note that the Lie algebra of -the Poincare
-group for 1+1 space-time is much simpler than for 3+1. one.
In particular, the Lorentz group is one- d1mens1onal and in the
front form the operator M*~ is free. Therefore Egs. (3) and
(6) in the. ”1+1 front form” do not make it poss1ble to con-
" clude that the operators J?(0) and O} should depend on the
- nonperturbative part of the. quark-gluon interaction.

Since the operators O in Eq. (4) should. depend on the
‘nonperturbatlve part of the quark-gluon interaction then, as
noted above, there is no.reason to think that these operators

are local but even if they are then twist (dimension minus spin)
Do longer determines in. which order in 1/Q the correspondlng
operator contrlbutes to DIS. Th1s is clear from the fact that the
dependence on the nonperturbat1ve part 1mplles that we have

~ an additional parameter A with the dimension of momentum |

where A is.the characteristic momentum at which ozs(AQ) is
- large.

-~ is still valid. and cons1der only the q evolutlon of the structure
functions then all the standard results remain. Indeed the only
information about the operators OF1#n we need is their ten-

~.sor structure since we should correctly parametr1ze the matr1x
Yelements (P’ IO" K "IP’ ). However the der1vat1on of sum rules
in DIS requ1res addltlonal assumptlons
, Let us con51der sum rules i in DIS i in more detalls It is well-

~ known t that they are derived with d1fferent extent of rigor.. For
_example, the Gottfried and Ell1s—Jaffe sum rules [12] are es-

7 isentlally based on model assumptions, the sum rule [13] was

originally . der1ved in the framework of current algebra for the
time component of the current operator wh1le the sum rules

10

Nevertheless 1f we assume that (for some reasons) Eq (4)

[14] also involve the space components. As. noted in subsection
3, the operator. J (0) is necessar1ly 1nteractlon dependent on
the other hand there exist models:in Wthh J 0(0) is free (see
e.g. . calculatlons in scalar QED in ref [7]) Therefore in the
framework of current algebra the sum rule. [13] is substantl—
ated in greater extent than ‘the sum rules [14] (for a detalled
d1scus51on see refs. [15, 10]) Now the. sum rules [13 14] are
‘usually. con51dered in the framework of the. OPE and they have:
the status of fundamental relatlons Wthh in. fact unamb1gu-
ously follow from QCD However the 1mportant assumpt1on in
der1v1ng the’ sum rules is that the express1on for OF c01nc1des
with J#(0), the express1on for 0 c01nc1des with the -axial cur-
rent operator J4(0) etc. (see Eq. (5)) Our results ‘show that
thls assumption has no. phys1cal ground Therefore although
(for some reasons) there ‘may exist sum rules Wthh are satis-
ﬁed with- a good accuracy, the statement that the sum rules

For comparing the theoretical predictions for the sum rules
with experimental data it is also very important to calculate
effects in next-to-leading order in 1/Q). As shown: in‘ref. [16]
there exist serious d1fﬁcult1es in calculating such effects in the

framework of the OPE; and the authors’ of ref "[16] are very

pess1m1st1c about’ the pOSS1b1hty to overcome these difficulties
(whlle in our approach problems ex1st even in’ the leadlng or-
der). . T ‘ oy A AE T
The current operator satlsfylng Eqs (2)and (?))r;can be
explicitly constructed for systems with a fixed numberm ‘of in-
teracting relativistic particles [17]. In such 'models it is clear
when the correspondlng results and the results in IA are snmlar '
and when they considerably differ [18] -
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We conclude that the present theory of DIS based on per-
‘turbatlve QCD does not take into’ account the dependence of
the current operator on the nonperturbative part of the quark-
gluon interaction which cannot be neglected even in leading or-
der in' 1 / Q. On the other hand, ‘the present ‘theory has proven

~rather successful in describing many experlmental data. It is

Pvery 1mportant to understand why this s1tuat10n takes place.
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