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Abgtract
The extension of our previous OFE calculations to Q-4 of-
fects, connected with twist-s operators is discussed. New type
of interaction appears in this order between the struck quark
and vecuum fluctustions 4hracterising by the nonzerc vacuum
a \2 s
average values of (Gﬁn;] and (LV‘P) , the so called gluon
: interaction
and quark condensates. While the former , 18 absent for
Born diagrams, the latter is probably essential, especially
for electramsgnetic longitudinal structure function, We also
discuss the case of the polarized target, in which twist=3
operators enter together with the leeding twist=2 ones. Ve
£ind OPE coefficients for them aend determine power Q'E

corrections for polarizéd acattering.




Introduction

This work is devoted to further studies of scaling viola-
tion in deep-inelastic gcattering of leptons on nucleons, In
our previous work {?] corrections of the order of Q'E was
argued to be the main source of this phenomenon, The gene—
ra1Cﬁn$ideratiﬁﬁas_made by the operator expansion method
which expresses such corrections in.termﬂ of twist-4 operators
averaged over the nucleon state, In this work we consider
twist-6 effects in sinilar way, although some important modi-
fications of our techricul calculations are introduced.

But before we come to these calculations, let us diacuss
briefly the general features of twist=6 effects., In [1] we
have shown that scattering on one and two quarks interferas,
providing the main Q“E corrections, INow smong Q'4 effects
there should be also diqﬁark effects, and question may be
asked whether they are numerically important, So, we start
with simple Urdef—uf—magnitude estimates,

Twist-4 diquark operators of spin 2 comsidered in 1]

were of the type
}ZA&ZQ?‘ ?ﬁ’zy (1)

The increase in twist means two extra derivatives with one
contraction of some pair of indices. They correspond to the.
contraction of quark momenta, of the same or of different
quarks. /Assuming nonrelativistic constituent quarks one

get (f&fﬁ)ﬁuﬂ41 Gevﬁ_ which is reasonable guess., The next

ingredient is the so called diquark density, much discussed




in[1} . Thi i i
[ J 18 quantity /2  is the probubility to find two

ug i
querks in the same point in the transverse plane in infinite

momentum frame. It was i i
estimated in [1] asf2~0.1 Geve,

Wi i
th such numbers, corrections, say, to second moments should
be of the order of

¥
& &*
In our date analysis in [‘1] we ﬁﬁve rindeed i‘-aund Q“‘? correc-

tion of this order of magnitude, So,"ordinary" digquark effects

(2)

¢an be important.

: Below we discuss al ¥y other -&ffﬁﬂtlfllhic:h appear in
Q approximation, namely direct interaction of the siruck
quark with vacuum fluctuations, characterizing by tﬁe Nnongero

vacuum averages ol the o : i
perators é ¢ }0 }& y called the glu-
on and quark condensates:

2
fﬂ/}"‘(é«i) /0}’4’(055'€w: Bl pl0p= —@Zfﬁ;w;i

The role of these quantities in formation of low lying hadronic
etates wes discussed in works [2,9:]. Faive estimates of such
effects 1i 2 5 |

ects like {ﬂ(’} & /ﬂ}/@‘? give numbers essentially

larger than diquark effects, so one may ask whether such effect
igs really present,
We start with the gluonic condensate, which is numerically
“nrzer, However we were able to prove that, mneglected mixing
af different operaiors under renormalization, no interaction
‘11 zluon condensate in dr p= inelastic ﬂcntfering ia present.

‘fhis procf nceds poriicular formaliom %o

be developed, namely the calculation of propegators in exter-
nal field. The most suitable(for this problem} geuge is %ﬂﬂ”=
=0, first proposed by Schwinger [3] but then redigcovered in
imperfant work £4 ] , Yle hope that this giuge will find more
applications in different problems connected with hard proces-
ses. As an example of utility of the method developed we 8150
calculate correction 1o polarization operator in extermal
field. Although known1fr0m [2 ], this result is-naw cbtained
in much more simple way. This method also allows for simple
determination of OTE coefficients in twist=b case, As an
Bjorken and
example, we present such calculations fu;ﬂGross-Llewellyn-
gmith sum rules, Then we give The proof of the abaencé
of interaction with gluon condensate for Gll moments.

Wext topic is the interaction with quark condensate, In
this case rather large coefTicients are found. Moreover, they
geem to be in intriguing correlation with MIT-SLAC data on

6, /6y for the effect predicted 1s largest just for the
intersction with lorngitudinally polarized photon, but not for
W-boson, oOr transverse photon,

1+ the end of this work we turn to the scattering of the
polarizned leptons on the polarizedtarget, In this case twist 2
and 3 effects come together in leading &gprnxim&tion.in Q'E,
There exist widespread mistake in the 1iterature for twist-3
part: free querk states are nged for the caleulation of OFPE
coefficients, renormalization etc. However, these operators
have zero averages over these states, so only introduction of
gluong makes the calenlation meaningful. We have found the cor-
responding coefficients in section 6, Power corrections of

", order are also briefly discugssed, they are gnalogous to
+hoge discussed in {ﬁ} for ¥, structure function,




2, Green function at small diatance

In the work [l]we have systematicelly used formal represen—
tation for the propagators in external field, which for mass-

less quarks loock as follows

. ¢
f-g g)= ldné #ix /ﬁ-ﬂ?} _./"?&(x:;;;‘ D> ads i
T

~uch representetion fﬁr propagatﬂfs has bteen used for construc-
ticn of some amplitude ( Bay,.for Compton effect on quark },
and then il was expanded in Jﬂ/ﬂ{ . How we are going to
riize the pame expansion Tor the propogator itself.

There is obvious difficulty on this way: unlike the ampli-
tude, propagator is not seuge invariont quantity. The most

convenient gauge is the following one
XAzl (5)
(&m pe

which has several nice properties. Pirst, there exists simple

expression of the potential in terms of the field in this sau-
Fe [31"‘1-] :

[}

i gl e o
f{!:a (ﬁi 5 ;*f,ll},jg’l':;_" A “_*Hﬁ(ﬁ%/}

(6)

<= doe . Jere 5 f
e e e 52% (/?f’”“m

b

Note, that from (6) it is evident that ﬂﬂ{b}-a. lMoreover, as
it is pro-ved in details in the work [5 ] » @ll ordinary
derivatives in the expansion (6) can be turned into covariant

ones. This statement can easily be checked for Tirst terms

6

é;ﬁaf; EQQ{;qI, etc. Due to this, the formula (6) altho-
ugh‘valid in particular gauge (5), looks as gauge covariant
one., This fact becomes useful if we really calculate some
invariant quentity, for then
the result is obtained in its final form, Examples of the kind
will be given later,
Now, let us calculale the propsgator itself. For simplicity

we start with scalar quark with propagator

) ol gger> o

Expending in i?;f@, onehas expressions of the type <x;@ip-
| = 17 b ; ' uigh =
: ELH}D>4 Note that GL"PH‘*gT' i and the action o £,
to the left and af‘ to the right give zZero

gdxéx)/%“_ . 0' e ﬂufﬁ>: o (8)

The Tirat fact follows from the definition

1
ot

(dxx)pu - 10> ety gyl 1od

and the second one from _%H{%I =0, So, moving all E” to the
left and all '&f‘ to the right we have finally only commutat-
5 5 .
' hich  &8re derivatives of ﬂﬁq a
e EDE“AV]J[I}H[PuA},JJ 7 L :
%=0, Such derivetives are easily found from (6). For example,
starting with
i'

2 u(Pg)’
P+ |

pe

*‘EL{ .
1D

i
o

(10)
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J\_//r) E‘ i *Lj‘ 'Zrczfy(cz/a Q/g)" jﬁ:ﬂ' {?2)

In the case of real spin-1/2 guarks the result is more lengthy

A 9 v Bemieal e
)= F Lo e Bppits ¢ el 7 -
~§ Pu bip g5 =I5y $0up ) ”‘*fr 9 25l
TR ~f 1Y g
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(13)

et
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Similar calculatians Tor gluons give

D?MF /x<-'x/¢ /},ﬁr"%gé;r
“‘?’?@ 2 @v“%‘??ﬂ %lyags *

! b3 ;

* fééﬁ)"@"@ﬁiﬂ;ﬂ * ff@zﬁzﬁr"ﬁéﬁjﬁ’ 7«
ol 2 z 2 (14)
73 B (46 14,)) ;.? G i

where g'yﬂfévzf@f and ; = 5

o= 2 |
(& %*'—'426«:'*

where the field is also matrix in color gapace !

ag ace ¢
- (15)
@f{ﬁ ___/ é"ﬁ 15

Now, let us assume that the externmal field is that due to
quantum fluctuations in QCD vacuum and ftry to average over
them, Obviously,only scelars should have nonzero average va-
lue, with our accuracy only (G;fg)z - Then it is interes-
ting that both propagators for spin-0 and spin~1/2 particles
receive mo confribution of this type, while that for spin-1
gluon has the nonzero interaction with ¢ (ﬁ:jj) already at this
level. The related statement has been proved in j:ﬂr] for gelf-

K L s
dual field: log(x%) singularity is absent for spin 0 and 1/2

cases but present for spin-1 case, We return to discugsion of

this point in the next ection,



Now let us demonstrate the utility of these considerations
2
by the caleulation of the &7 correction to the polarize

tion operator in external field;
< 7
T (1,00 /}«, Sk 6y
S %) = jﬁ1afy#?{:x;5ﬂﬁ}5

The imeginary part of this quantity is cornected with ee

{16)

ennihilation intc hadrons.

Tt is sufficient to retain only two first term in the pro-

pagator Sﬂ\'}f‘)-‘r <x/1/P fﬂ}}

St O)=- % Ll i ;gféz;géﬁgdg;vﬁcﬁ?ﬁﬁmaﬂiir (17)

Pl x*t 26 7%x%

2
because next terms do not contain 5 effect under congide=

ration, Substituting (17) into (16) one obtains

i3 A s
o b= Big (e ")~

&
2ico! 96y 17>
. f(i’ﬁ’%: =5 (en “er 7

This result coinsides with the result found in the work [2]

by more complicated diegrammatic nethod, Other examples
of ecnlculations with the propagators found above are given

in next sections.

3. Q 4 corrections to first moments

Using the results obtained above we are able to find OFE
coefficients for twist=6 operators in much more simple way

than by the general method uged in [‘I] . Let us atart with

the discussion of singulerities of Compton amplitude in coor-

dinate represgentation
Aoyt == P8 f I fu ¥ R

The most singular part is commected with free propagator
A
;"‘b}:. ¢ K/{?FE)’:? . The wave function (X} can also

be expended in.powers of X

W{X/‘-‘- 55 &l.”)&g 2’:"'9’(& y/(b)
K=o "7 :
4

Therefore, part of the amplitude with X ' singularity is
connected with leading twist operators. Note however that one
should in fact subtract traces out of them, which produces

=2 gingularity. Such terms alsc come

extra terms with X
from the propagator, Separately they are not gauge invariant,
but together they produce twist-4 effect, We have checked that
the results coincide with those found in f 1J- . .

The importent point is that next gingularity of the ampli-
rude, corresponding to twist-6 effects under consideration, is
g% x% ., If one takes double trace of f"(x} expansion
he hes .x# which cansels the gingularity x_* but dof:aa not
produce {5} xz . Therefore, it comes entirely from the pro=-

pagator. This observation makes the use of the propagator

expansion very simple for twiat=6 terms.

11




Since w 2d 1 card thmi
e we need only logarithmic terms we may use the -Tol Lowing

reletions

ot
?{i *fgjgffjw_y

S Z,_r T'}ac r gﬂ "ﬁ’[é
e g

the simplified logarithmic part of the propu
('r:' I
Sy 7= j_ Qs+ 522G b )i -
B i
é ‘%ﬁﬂ“f""/"%‘aa’ﬁ/ﬁ"* E (5,5 s~

7z '
RSN AE TIAF I WS

Sator

llote that this expreszion vanishes both for vacuum averaging
ag well as for sel a i =X
fduel field O 4 0’:;5 . The latter

fact was proved in the wvorl: [-‘] . In this order two other

shriclhur - !
i Z %p R ]~ ) I% 1...#/97‘ Rl A

not enter (20}, for the;.r do not vanish for selfdual field.

Substituiing (20) into the amplitude and extracting spin=-1

operators ( see section 2.1 of [‘I} ) we obtain the following
twist-6 corrections to first momenis

a2k, "< ~ 5 S sl a’//é’ﬁ)m
x &) [Jffﬁé‘/)a/]fkfﬁaﬁ#*ﬂ’f/ﬁﬂ45‘4’;”2*
+Jg:-3)ﬂ+¢.7/ (‘zfﬁa Mffﬁ)ﬁfcﬁ/‘;ﬁaﬂ (e
* 204 b~ s ,«fﬁy)ﬁ/ﬂf‘{}%}
w5 «'—aa’] >>

4%“; , <[Pty T Y
%) (2424 &z‘;rw/z‘/, /iz“’é;w@-

'3!‘53)“ 2 a8,52) Torn 4
-2(65,65-Fap5565) 7127t Y f-f‘]f o
+/ @ d] >>

Here << 0}") is reduced value of operator o i 4’!{!@{*}:4&@}'}
and ‘tﬁ ;P“Prﬁ@ﬂ'{%ytﬁ , The first term in
r.h.g., of eqs., (21) is the eontribution of diagrams where
currents act on different quarks.

Note, that further calculations of twist-6 effects for
next moments need riextl terms in the 1/Q expansion of the
propagator. .

4, Interaction with gluon condensete

The nonzZero v&cuum average of the operator ﬁﬂ f) was
introduced and estimated in the work [-2 f in the dispersion

charmonium theory. Its numerical value is rather large

4
<o) g*6.y,) 17>= a5 Gev* (22)

S0 one shzu;ﬂ first look foreffects proportionel to this quan~
tity. In the corrections found above (21) we f£ind mno such
contribution if the terms bilinear in éu’ are averaged
in order %o produce the scalar (22), This statement can be

generalized to all momenis.




Let us consider the operator of spin-n

i N b "

G | ' : T 'r? 2'::’ : o :
R 3 3 (éﬂv)?'j;;gqhgg;f{zﬂ

for which the average over the nucieon state can be approxi-

mated as

<) O sl st D 2
(24)

~ 20 )2 ol 0 k™S
b {u/g ("5—”') /[;an/ ¢ #"Jvr} o ol LA
A1l other operators of relevan. dimension can be determined
in such way that no average of the type (24) be posasible for

th : = z # : - g 2z
em, say contain traceless combination E%ﬂifgyj_ E’3M$6 

We are going to prove that the operator @%I‘Jﬂﬂhaa 2ero
coefficieni in the OFPE,

The simplest way is based again on the property [%} that
no logarithmic sjngularity of the propagator is present in
selfdual field. Since (23) is the only operator in which two
field strength are in state JP= 0T and it is nonvenishing in

such field, its coefficient should be zero. Another proof is

more lengthy and it is the direct extension of the calculations

made above for higher spins: the operaifor (23) does not appear
automatically. We only note that in this case further terme in

propegator are needed, but they produce only expressions such

PO 2L % ™ £ 2 Gy

which have no average values of the type (24). Note also that

eq. (24) implies low normalisation point 4¢ while our
theorem refers to_,u-« & , The transition between these
normalization points cause operator mixing due fto renorma-
lization. However, as we have seen for similar™ cases, such
mixing is rather small numericelly ( see section 2.3 of

EQ). Moreover, the coefficients for quark-gluon operators

of twist=6 are also rather small. =

Therefore we may c¢onclude that the interaction with gluon
condensate is absent on the level of Born diagrams end presu-

marly small with all perturbative corrections,

5, Interaction with quark condensate

The ides of spontaneougly broken(ip physical vecuum)chi-

_ral symmetry of strong imferaction is well kmown f?-] a Its

congequence is the nonzero average value of the operator fff-

g@f!f; ley: {c’f{'{;‘;a”f?}:‘ M" = (26)
: : ;3 ﬁé f?ﬁ‘f)
2 —{5"2?@‘?3

Wote thet in the exact massless limit this quantity remains
2 o A £ e #
fixed because % :;:f”’::hf/ - é; W ﬁfﬁ{f) . The fgllmung

{
LN

dimensional parameter then appears in the problem

-2
(f{mf { ,.’;_‘?.?JT— ) e 1,8 GV 1)
Mg g Wyt M4 ;
g 7
I+ is very large, elthough it is related to piom, So, effects
proportional to (26) are in some sense large &8 well.

The interaction with the quark condensate has been shown

o play very importent role in the problem of hadronic masses .




see | 2, 9 | and low energy ete” annihilatian.ﬂﬁl] s ‘80)i%.is
natural to assume its importance in deep~inelastic scattering
ag well.

The physics of the effect we are going to discuss is gimi-
lar to diquark effects cé%idered in [1] , the interference
of scatiering on one and two quarks in the nucleon, the lat=
ter being connected by hard gluon exchange. The novel Teature
now is that one of the quarks involved F”Tin fact from the
vacuum condepsate (26). Because vacuum is colorless, direct
emimsion of gluon from the condensate is forbidden, and only
exchange interaction between ¥Yphysical" and "condensate!
quarks is possible. It is easy to see that such effect is abs-
ent in operators of the type (?J:M ?’J(?fy'f') discussed
in [1} : extracting (??%ﬁ we obtain only such Lorentz struce
tures as gyug and ﬁg.f » but they does noi correspond to
Lorentz spin 2, It is also easy to write down Egg?gﬁggatnr 6}

which in simplest form contain the effect under consideration

&, .ogh’“'f-"#@_y};g&-*-ﬁ%f’” (28)

g o

with the following approximate way for estimates of its ave-
rage value:

NG, 4 N> T $10> T ), . o W, 'ﬁ)

The second factor ia similer to the leadind twist operator,
but in fact it has complétely different chirel properties

and at the moment we know no method to estimate relisbly its

- Here "c" near br mckets mean charge conjugetion of all operea-

average value, It can also be shown that for free quarks it
is zero and ies present only due to color field. The spin-1
operator-g%ghpvanishes identically, and spin-2 can be writ-

ten ag follows

FADY = 3P4 Iy -

1‘*%9 & 6y f@éﬁﬁ?’

Now the problem is to calculate the coefficients for the

(30)

operators (28). As for any diquark contributions, there are
two classes of disgrams: those in which photons ( or W )
interact with the same or different quark lines. The latter
one is gimpler, so we begin with it.

As far as the effect we look for is proportional to gluon
field, the natural technique is again formal discussion of
deep=-inelastic scattering in some arbitrary external field
ﬁy Schwinger formalism., It give for four diagrems in queation
the following formal expression for the amplitude:

A de(x % = Lt

aq’ (1)

L S L
'((6’*1){26@, [(‘" Lt —=— 1¢¥)+

I

tors in it, correaponding %o propagation of the antiparticle.
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fe have used this relaiion in (1] only in zerc order in

;peratcr ﬂi“ , 50 this complication was not needed there.

How we ars going to calculate effects of the second crder in
The EII?IEPlE?:'t. term is due to explicit in' the dominator

of glucon propagater (it correspond the interaction of exter-

nal field with gluon magnetic moment). Expanding in this,

one find the following contribution to the amplituds

2
Al éf“""f” Evaly’ Gods {w% J}z’ ﬁl/){32)

f
L 0
'(}"%fusf f/)ﬁ/s;:,zs’
It is natural now to extract cusrk condensate on this stage

by substitution

‘?Vj ‘@ﬁklﬁ_ @%}, 5md;& {sf};}"}ﬂ) (33)

£or all guark pairs, Two different ways oi such pairing are
present, snd they cancel each other, as can be seen from the

following calculation

L'?{E" y/{tﬂ?ﬁﬂ’f‘ﬁ,d‘/

= ?gﬁf ofaﬂ*’

fa"q{ Je) i (34)
it’?m*’

This result does not contain spin-2 part we look for.
Calculationé of other terms one may begin with pairing
(33) iz the original expréasian (31). However, this is wrong

way, 88 can be:#een from the followi?i c?EFideratinn. For
example, ome has the combination ‘,.@Bﬂjwﬂu-- , wWhich ig
zerc due to equationsg of motion .@‘19: 0 , but after the

18 !
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pairing (33) wrong nozero result can appear. The physics

of this point ie rather simple: external field pclarize.-#he

cnnﬂgnaate, and it is not Proper to nonsiderf;s Some X=indee

pendent nuamher. Only after the explicite account for &PPropri=

ate power of gluon field Qﬁﬂ, such péiring becomes possible,

as it was demonstrated above, This &haervation shows that

in general no simplification of fhe type of (33) is possible.
However, there exists approximate way of doing this simpli-

fication uaing the number of colors Hﬁ as large parameter. Let

our external field has nonzero elements only for definite

pair of quark color indices, The condensate contains

2ll colors and at N, going to infinity the condensate polari- -

zation becomes sméll. On more formal level, there are two types

of color .matrices éntering (31), naﬁeiy

e e ¢ (35

2
LN (2N - 57 )L <

end only the latter case is connected with condensate polari-

zation effect, At large Hc We may drep it, with quite suffici-
ent accuracy HTE.

The remalning step is the extraction of 8pin~2 part from
reduclhle rank-4 tensor, Similar but much more complicated
cadea are discussed in [1} and we only give the result:

uﬁl?

(36)

o f
~ 2906 + £ sy Q5 = 2 G5 Gy

With this reletion the final erpression for the amplitude

can be found to be

19




ﬂﬁg:%’%{%uﬁi ‘Z/“fa’@v-ﬂfsf@ﬂ+ (37)

+ ﬂ,uv‘iﬁ,fz@ﬁ) = %‘g?(%w ~ 9.9,/ )04 92 Gup

The calculation of another type of diegrams, with both curren-
ts on the same quark line, cen in principle be made with the
method discussed in sections 2,3 aEuve. In this case we have

to calculate terms in propagator of the order of - giﬁé;ék'
which is rather combersome. The main point is however not tech-
nical difficulties, but the absence of unique definition of

the diquark operators. As discussed also in [1] , they are

introduced by the equation of motion

i Sedsien dates o

but in fact the left hand side can be rewriiten in other waye

as well, For example, consider the identity

D6+ 2y Dby * Apdpbp =0
between diquark and gluqn.nperaturs. So, an attempt to sepa-
rate diau&rk effects fro@ﬁuark~g1uun ones becomes more and
more hopeless with increesing twist.

The reader may now say that we can not define what we are
looking for in this section. In principle, it is really so,
but, very fortunately, the contribution calculated above
turns out to have rather large coefficients while the trouble—
making contributions of another type give effects several times

smaller. It glves at least approximate sense to our calculati~

20
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ons of ihe interaction with quaerk condensate. Similar phenome-

nen can be observed in section 3, where four-leg disgram contri-

huticp iz larger than two=leg one.

Therefore we give our results in such form

s E..5 (52 £ %
gk : 2)ie o : WAy .
LAk, @4)# o 4:@5;»)) Eﬂﬂfﬁ -

where -+Imeans the uncertainty depending on the convention o1l

(40)

the separation between diquark and quark~gluon operators.
lbggsential that ash contribution of the four-leg diagram is
absent for neutrino scattering because all quarks should be
left-handed in this case and one can not compose condensate
pair out of them, So, in contrast with Q-E effects, twist=6
operators contribute in qualitatively different way to eleciron
and neutrino scattering. This conclusion deserves experimental
teat,
I. is very interesting that the effect in question is maximsal
just for the longitudinal structure function, whare large and
so far unexpléﬁed effect was observed in SLAC (see for more
detailed discussion [1] ), of the order of 1 Gevﬁf Q4. 5o large
effect is evidenly absent in other cases. Our result (40) pro-
vides possible rational explanation fuf this, in contast to
simple diquark effects considered in [1] and estimated by eq.(2).
Concluding this section we may say, that the interaction with
querk condensete is good candidate to explain the long-standing
G:;Tir puzzle, Much better data are needed, and large diffe-

rence between electron and neutrino scattering is predicted.
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f, Polarized target

Tn this section we discuss effects of higher twis{ opera-
tors for deep-inelsstic scattering of polfrized electron ( or
muon ) on the polarized nucleon, Tiua extension of the results
to the casa of neutrino scattering is straié}fnw&rd.

Tn this case the operators of leading twist 2 enter the
gtructure funection ﬁ(xdﬁ( see below ) together with operatcra
of mixed symmetry or twist=3 even in leading power of Q
This question hes been discussed in works E{}J“ » but to aur-
understending their t:?.atment of twist-3 operators ig incorrect.
So, we gtart in this section from the derivation of the OFE

and 3
coefficients for twist matua of arbitrary spin.

Then we discuss briefly the renormalization of iwlst-3 opera-
tors, The discussion of this question in Zj}ﬁ is incorrect
a8 well, for even not all mixing operators are discuased. We
present also result for . the * cage, in which only one opera-
tor iz present. =

Pinally, we Y8XD to power corrections io Bjorken sum rule,
nich is similar to discussion of section 2,1 of the first
part of our wnrlc.{ff. ;

As it is well.m(}‘.m- [.6 ] , two additional structure functions
P x, é?) fzﬁg “f) arise for polarized scatfering.

The spin dependence of the imaginary part of Comp‘l;on amplitude

{f«r can be represen'teﬁ as

j‘mffﬂz‘ i
R Rt A

xﬂ//;? fﬁ& ‘?/7" ﬁp d:ﬁ'ﬁ' *:. EFZ’V G
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where /V is the nucleon spinor normalized by (‘V*N=2‘EJ
P and i are momenta of the nucleon and f-—quantmn, .,"':1'5"“"r
is the nucleon mass., This form of spin dependence emphesizes
the kinematical supression of the second structure function
in the scaling limit,

As in the rest of the present work, we start from the

quentity ( its antisymmetric part )

- /ﬁffq’xf }”J’r fﬁl’,‘f'/f&

2
AV f/‘) (42)

n. i
where some extermal field /f“ is implied. Using elgebra

of commutators end the equations of motion for quark field

§# + one gets the following fom of Z‘:-"’

f:w"' ¢ Curv 8 Zp /ﬂ’x <x/ F&#&jﬁg * (43)
7 il i o]
-+ 2 & .73) foff&fﬁyz]% /o>

where terms with twist > 5 are omitted, For twist-2 operators

Jf and twist=3 ﬂpemtoraV their contribution to (43)
‘A"?‘ﬂ g‘(r"‘/‘n

can be written as

Tav = //’"%PZ Zf(fd)?’f‘* (i

27 (44)
/-Z/-"/"’"‘/"* % 7+7 V”/-"f"y""]

with the following definition of operators
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- Traces

- ,.7 A J’ r”;///;_ #yx-{m

‘:"&
E
L ) ) i)
- Tﬁﬂ'ceﬁ
Here,j;ﬁ means symmeirisation and antigsymmetrisation of

given indices,
Note the important point here: the operators J/ vanish

for free quarks and are present -:::nljr due to nonzero field

ég . in the acattering point., This fact becomes evident

Ay A
if one uses the Eubstl‘tut.mn ﬁ) -—&/Z)éﬁipﬁ*p@ip!)
snd equations of msiion }0’ {/ + similar as it was shown
for the operator {,2“2, of the preceeding section. This fact
was overlooked by the authors of ref. [l[}j ; who have tried
to £ind coefficients of V uging free quark states,
which is not possible, The simplest process to be considered:
ig the transition of quark state into gquark plus gluon one,
Another form of operator V used for this aim can be

written as

o e 44
A5 B ,%f : %’?"’s'"% 65:-*/« :
v D) 3 YA Y
sz 52’ -rjl//"ﬁ : .ﬁf{ Er‘p”@ "“,’2; x (46)
/ &
(2, é}w)zﬁ Dy D, % 2 ¥} ~Traces

Using eq.(44) with account of flavor structure of electro-

magnetic current and the definition (41) of structure functions
we obtain the following expressions for moments in leading

approximation ( in powers of Q= )

7 ny P " 4 A
ja’x.r (ﬁ-ﬁ):; call 3p n=0,2;..)
[e]
T
Joolgh-gh)= £ 2 ("o ro24.)

Jp (47)
ji/xx &iij;?: Lo el o >, @=QZ,..J
;jﬁéx’f‘&zﬂ,}?g?_ig s p é"{ >,'> ~-& Y, >) [);: 2;9}

where the reduced matrix elements are defined as follows

U, & e
wltg, . w=&4 >>€/{ P W)Y P, s

— Thaces,

,4 Jy “(48)
A/ >
M. 4/ =E TV ;q:f/@ T A

Vo bo s o, = Traces

and singlet and nonsinglet operators axe (2=, V)
O V= O(p-u)- Ol =4/
0;5’: D(w=2) + Olp»4) * (49)

-3 5?2 OC¥ %)
fgmwf




Now we consider the renormalization of the operators
Shy

s it was nofed by L.N.Lipatov instead of one operator V

» Ite discusaion in xef. [10‘? is also incorrect, for

one should now congider the mixing of (n-1) operators ente-
ring the r.h.,s. of the equation (46), Again, 'E:im discussion
of free quark states was misleading.

We ‘have uone calculations for the a:melest case n=2 wHere

only cne twist-3 nper&torv AST @'f F’é; Z.‘/ y/ exists,
Wg{#rﬂ:)
waich are similar to calculations ef the spin-1 twist-4 ope-

rator discussed in our previous work, The results are ag fol-

lows: _; '?ﬂé'f(ﬁé_é)}
ME
r/’r- "ir/t?) af:}q)

(50)
/730 & P4
7o) En]

Here arguments Q and/u . show the normalizaetiocn points of ope=
rators , Elf and HG are numbers of colours and flavours, é’=
- FHGRI e

This result alsovdisagrees with fﬂ] « Note that in our
case both Casimir inveriants :‘f(?)— (A "") f(/ﬁ} A are
present, while in EDJ all the results contain only Q(E)

The last topic of thias section is nonleading power correc—

tions comnected with operators of itwisgst 4. As an example we

26

dis jork 1
cuss Bjorken sum rule for 1sovector axial current, The cal-

culation dis also gimilar to corrections to gum rules discus-

ged in our work[f] . The result is as foi lows

aﬁ&//‘j_ﬁ z.af“zgg, —Zz.)] - 7]} =
=f/;?«¢@ @) % Qg f@ : {4@%} (51)
jf""@‘ }”” 2 gl + [(p>7]Y =
-2 /9(1-% @/ £ ""_(3 oy O]

I.I » 'S 4-1 - an T
ere ;tﬁ' is the Ixno.m/g decay constant and "f-::arreEIpcncls to
the “iassinglet axial e
clngle urT b Fil ‘f ¥
S wrent of the form (49) | The twist

ik
T Opernators a{; is defined as

G ap T6 Yo u ~ lema)
O ek
(52)
75 s
+ff#“,£/¢f Z‘/’"f

o i e e :
iote the cimilarity of eqs.(51) with the corrections to sum

rules for unpolarized target.

The Lirst order in o-:;. correction is taken from [1{]]

llote alsc, that we do not use complete Nachtmann moments

but only their expanszion up to first order in Q“E.

ra
=]




T. Concluaions

The consideration of the propagator in £~{£=§Eﬁuge nrovide
useful method to calculate OPE coefficients for twizst=-6 operao-
tors. Ve have found corrections to Tirst moments. The gereral
features of these resu .. ia rather small coefficients for
aquark-gluon operatlors, while fo%ghuark operators they are of
the order of unity due to diguark diasgram in which currenz.
act on different quarks. Similar trend, but somehow weaker,
was observed in [1] for 0~2 effects. This imply that most
probably the diguark offect dominates over quark-gluon ones,
whatever is the convention separating these aseta of cperators,
yith further progress in experimental accuracy, &averase values
of twist=6 ﬁperatﬂrs can also be found from our results,

ngt, in contrast to naive estimates of the effect of the
gluon condensate presented in the introduction, this effect
ig ebsent completely in Born approximation, and negligibly
emall due to renormalization mixing of operators.

On the contrary, the inferaction with quark condensate is

connected with rather large OPE coefficients, Horeover, they

are such that clearly separate neutrino and electron scettering

and longitudinal and tranéverse photons. Therefore, they are
very promizing candidete to explain the long-stending puzzle
of large ), /€p retio observed in SIAC. |

The theory of the scattering on the polarized target can be
developed in the same formalism. The interegting point here is
that quark-gluon effects in form of twist=3 operators appear
nere even in the main approximation in structure fuﬁction.;zz;
Most of the previous results reported in literature on their
coefficients and renormalization was incorrect.
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We have found OPE coefficients for twist 2 and 3 operators,
and alsoc Q"2 corrections to Bjorken sum rules. In principle,
experimental studies of polarised scattering can more clearly
produce information on next twist effects and hadronic siruc-

ture, and we call upon experimentalists to contitue work in

this direction,
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