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EaneHbKaSI C.l1., XpacToBa E.X., CTaMeHOB D..E. 
E2 • 75()9 

06 orpaaHqemutx aa aaoMalihHbie paaMepaocTH as aaanaaa 
ASHHbiX no rny6oKoHeynpyroMy e-p paccestHHIO 

AHanH3HpyiOTCSI AaHHbie SLAC-MIT no rny6oKoHeynpyroMy e-p pac-_ 
CeSIHHIO. npH 9TOM K 'CK9HJ1HHI'OBOMY' qJieey .B Bb!paJKeHHH AJlS! CTpyK
TypHOH qiyHKUHH V W 

2 
)l068BJlsteTCSI qneH, o6ycnOBJleHHb!H 8HOM8JlbHbiMH 

pasMepaocTSIMH. HoKasaao, qro )laHHbie xopomo onHCbiBaiOTCSI npH pa3HbiX 
~brpaJKeHHIDC )lJISI R""'L/a.f!oKa3aHo TaKJKe, qTo STH JlSHHbie He HCKJIIOqaiOT 
aHoMalihHbiX pasMepaocTeii:. BenHqHHa ccoTBeTCTByiOmero napaMeTpa 
cymecTBeaa·o saBHCHT oT napaMeTpHsaUHH R. 

llpenpHHT 06be,llHHeHHOrO -HHCTHTyTa H,l:lepHbiX HCCJie,[IOBaHHli. 

,lcy6Ha, 1973 

Bilenkaya S.I., Hristova E.H., Stamenov D.B. E2 • 7509 

Restrictions on the Anomalous Dimensions from 
Analysis of Deep Inelastic e-p Scatt~ring Data 

The SLAC-MIT data on deep inelastic e-p scattering 
are analyzed. In· the expression for the structure func~ 
tion vW 

2 
a scaling breaking term, due· to possible anoma

lous dimensions, is added. It is shown that the.:data are 
fitted well by different parametrizations ofR=aL/aT .It is 

.shown also tnat the presently available SLAC-MIT data 
do not exclude anomalous dimensions. The value of the 
anomalous dimensions depends strongly on the paramet-
rization of R. · · 
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Introduction 

The idea of scale invariance at short distances has 
received -a recent development due to the experimental 
indications of scaling -in deep inelastic lepton-nucleon 
processes. In references /I-3/ it has been shown that 
the hypothesis of scale invariance doesnotimply Bjorken's 
scaling I 4/ for the structure functions of the deep 
inelastic e-N scattering ( MW1 ( v,~)--F1 (Ct,), vW 2(v,q~--~2(w) 
in the limit q 2~""', v~ "" at Ct~'"" 

2 
~ fixed). In order to 

q 
obtain Bjorken's scaling one has to assume in addition 
that the dimensions of the operators involved in Wilson's 
expansion / 5/ of the product of two currents near the 
light cone should be canonical. However, in the framework 
of quantum field theory it is necessary to assume anoma
lous dimensions (at·least of some basic fields) if we want 
to construcf a theory, which should not be free in the 
asymptotic (i.e. not only high energiesandhighmomentum 
transfer, but also- high external momentum squared) 
region/6/. 

So it is important to analyse the present experimental 
data in order to check the possible existence of anoma
lous dimensions. Basing on the results of a field..:theory 
model with anomalous dimensions Parisi / 7 I has derived 
a logarithmic in q 2 term in addition to the scaling one 
of the function v W 2. Using the data on deep inelastic 
e -p scattering the author _concludes that- the present 
data are not in contradiction- with the possible existence 
of anomalous dimensions and so they do not exclude 
a violation of Bjorken's scaling for the function vW2 • 
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The present paper gives the results· of a more detailed 
analysis of the SLAC-MIT IB~9F data on deep inelastic 
e-p scattering. As in ref. 171 , a term, caused by ano
malous dimensions is added to the scaling term in vW 2 • 

Various expressions for the ratio R are considered .. 
Our analysis shows that the SLAC-MIT data on deep 

inelastic e-p scattering do not exclude anomalous di
mensions. However, the value of the parameter, associa
ted with the in , depends strongly on the parametrization 
of R. 

. In our analysis we have used a method which has been 
· applied earlier. when analysing the data:on elastic /IO/ and · 
. deep inelastic /II/e~p scattering. It was considered in · 

more details in ref. I IO/ .. This· method of determining the 
functions v W2 and R implies that· they should be para
metrized at· the very beginning. The appropriate para
meters are determined directly from the experimental 

·data by minimizing th_e functional x 2 .. .. 

.. Para~etrization· of the Structure Function v W 2 

The cross section of the process c+p _. e + hadrons 
for' unpolarized initial. particles iii the one-photon ex
change approximation has the following form: . . 

d2~ = (~) [W (v,q2)+2tg2.~W I (P,q 2)], · ·(l) 
dUdE' . d!l M 2 · • 2 . . 

where 

·. 
da ) 
(~ M 

2 2 (} .. 
a cos 7. 

4E 
2. 4(} , 
stn-

2 

. e 2 
.. pq . E ... ' . 2 .4EE. ' . 2 (} ( ·''o 2 0~ .. 

.. a,=.- ;.v=.- -- = -E·, ·q = . Stn -
2 

v> ,q > 1 ·• • -~ 
4rr M. · · ·. 

Here E,E' and (} are· the electron initial· energy, 

4 

j,\ 

"" 

-.}. 

final energy and scattering angle, respectively, and M is 
. the proton mass. . : : .· ·, . • . . . . •. . . . . . 

' ... 'rhe. transverse and longitudinal' abso~ption cross-sec:. 
tio~S of the virtual p_hoton aT . 3:nd .a L ' are. related to the 
structure fl!nctions w 

1 
and W 2 , by: _ 

. 2 1 ·. 
a = (2.rr) _a. k W 1 , 

T .. -= . • •. 

. 2 2 :,, 

(2 ) 
2 J. . . q +v . 

a L =. ·" a .l( ~-W 1 +. . . w· ) ' ... • ,., 
' . ·:• .. :.. ' • ..q2 .2 . 

2 2 . 
. -W +~W . aL 1 .. 2•. 2. 

R. = -= q 
0' T. 

where 
q2 

k=v--. 
'··, · . 2M.: ., .... 

w1 

. 
r; • ~ • • .. : ~ 

i '" .. ' ~-

(~a) 
~_;. ;-... 

(2b) 

; ~ ' 

-t r-~: • --~f 

;.(2.c} 

.. 
As . was; already. P<>lnteCI.; out,'' 'in i our. analysis 'we. S,!iall ; 

use •a :param'etrization of ·;the: function> v W2 ·•. 'taking into 
account· anomalous 'dimensions. We shall' fix the' main' 
assumptions used in deriving the considered. expression 
for v:w.2 :(see' eq.' (7),'(11) below). ,. 'i: ,.(. ·.·.:· ;-:· •; 

. Basing on Wilson's theory/51 of broken scale inva
riance the' foilowing sum· rules for, v W 2 (v,q2)= F2 (<.tJ,q 2 ) 
can be obtained /1,2 ! (in-'tlie liinifq2 ... oo· ): · · • 

rd~~ w-nF 
2

(w,q2)=Cn ( M:) lf.2.otl, ., 
. 1 ;;. · q n=2,4;· •• ;, ·.· 

where:; _..... ~~-.-- ·- .:... '-

.... 

2Mv w=--, '. 2 
q 

~ = d -n-2. 
n n 

(3) ····: 

(4). 
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In (4) n and dn are· the spin· and the dimension (in. 
general anomalous) of the symmetric trassless tensor . 
operators·· involved in Wilson's expansion of two currents 
near :the light: cone,· respectively. :canonical dimensions 

"imply dn,; n+2. The quantity on is the anomaJous part 
of the dimension· of the spin n tensor operator. 
· Equation (3) implies that Bjorken's scaling for ,,w2 · 
can· be true only if we deal with canonical dimensions 
( 8 n = 0 for all n ). · · . 

·We shall remind that conservation · of· the energy 
momentum tensor requires· that o

2 
=0 and positively of 

· . IV w 2leads to 0 n+22::0 n (see ref. . ). . 
Further on- the following ·parametrization of on is 

adopted: 

o =A(l- 12 ). 
n (n + 1)(n +2) (5) 

It is easy to verify that the conditions o2==0 and 
Bn+2·~ n are fulfilled. Such an expression has been ob

tained in the framework of a field-theory model II;. 
The ;value of the parameter A, which characterizes 

anomalous' dimensions';'' will. be. determined from_ the' 
expetimentatdata., · · ~- · . . .__ · 

It 'is' convenient to rew:rite the sum ~ules (3) a~: 
. • . -~ .. I . .2 .. 

• ,, · · · ~ "7 .£a fn (..!!...) · ': ~ · 
00 • M 2 2 . 2 ·D .. K2 • '. f dw (JJ-:-nF2 ((JJ,q2 )=='C (-

2
) e ._, - (6\ · 

I .n. K .v 

where K 2 is any fixed value of. q 2 . 
ExPa.nding the RHS. of eq. ·(6) in 

. 2 . . ,. q 
powers of o ln (-2) 

n K 
and using the Mellin transform we obtain for F2 finallY,:_ 

2 .. 
2 2 2 A q 

F2 ((JJ,q )=F2((JJ,K )[1-/l.t(JJ•K )2 In(~)+ 
. . . K 

. 2 2 I·· 2 A2 q 
+2·!l.2((JJ,K ><-r>·I~ (KJ+ ... ], 

{7) 

where 

.. 6 .~ 

','\, 

"' 

2 1 . • 2 
!l.1((JJ,q )= 1-12 f 'dx (x-x2 •. ) F2((JJx,q) 

1/(JJ __ . F2 ((JJ ;q ~) ' . 
_(8) 

' 1 
!l..j.(JJ,q2·)=1-24J dx(x-x2) F2 ((JJx,q2) 

· 11(1) F~(~,q2_)+.,, 

. . 1 1 . 2 
, + 144J dx Jdy(x.:...x2)(y-y 2) F2((JJ~y.q) 

1/(JJ 1~X(JJ F 2 ((JJ ,q 2) . 

(9) 

·· The term ·linear in_ln(q 2/K1 in eq.- .(7) was obtained . 
. in ·ref. 17 I and. was used by the author to receive some. 

restrictions on the· value of the anomalous dimensions.*. 
The functions il1. . and ·!1 2. satisfy the following asymp-

totic conditions: . . ' ·.. ; 

. 2 ' 
!l.1((JJ,q )-+1,· 

.· 2 !l.
1 

(w,q )-+ -1; 

w-+1 '(J)-+ 00 

(10) 

2. 
fl. .J(J) ,q ) -+ 1 ,. 

2 
fl.~ ( (J) ,q ) ... 1. 

~-

(JJ-+.1 (J)-+00 

> 

Our analysis is·· based on formula (7), provided the c 

~ . function F
2 

((Ll ,K2 ). is parametrized as follows /9/ ( K 2 - · ._ 

fixed): 
. 2 • 1 1+3 
F

2
((JJ,K )~ 1~a1 (1--•. -;-);_· (ll), 

where a i are free parameters. 

Eq. (ll) is· consistent with the usual Regge asymptotic 
beha viour11 2/ · 

---------:...----- --·~:. ----:_:-
* · In this paper there is a misprint· :in the' expression 

for fl. 
1

, ·· · • .. • 

.1 
. ":.• 



F 
2 

(l<)) .... const (12) 
. (1)->oo 

and with the threshoid behaviour·/lS,14/ 

Bz (lt)) ... (1- ~ ) ~ 
1 

. (i) . 

(i) -· .. ~ 
(13) 

The yalue of K.
2 

is fixed in such' a way as to· ignore 
the ~!Jadratic in In(~) term in eq. (7) in the considered 

interval of q 2 ·.The. analysis of the data gives the. para
meter A to be rather small, so we can extend :the interval 
of q 2 in which the linear term is a good approximation. · 
We n()tice j'!-~t estimates for {he.quadratic ;in In(~) term 

.. . . ·.. . . , ·" .. .. . . ·. K 
in tne region of w , wh~re 11 1-r 0 .. indicate that it J~ _sm!lll 
and experimental precision is not. enough to account it. 
So we can neglect the quadratic in In ( .£) ·' term in this 

. K2 
region of w too. We emphasize that in the derivation 
of these estimates we make use of eq. (9) for 112 and 
the spta~lness of parameter A . 

·As the hypothesis of scale in variance does not allow 
to make any conclusions about R at present11/, various 
expressions for·R are considered. (Some of them are 
derived in the framework of theoretical models.) All free 
parameters associated with the functions F2 · and R . are 
determined from the experimental data by minimizing the 
functional 

2 .. "C' 1 ex X =...:. - ( P • · theor. 2 
i 2 a. -a ) 

E' I I i • (14) 

Here a 1exp. is the differential cross section 'of .· th'e · 
process at the i -th point, E' 1 is the error of a rxp. , 

a ~heor. is the cross section at the i -th point calculated 
by

1 
formula· (1). Minimization of .x 2 is achieved through 

the linearization method /I.5/. 

8 

iJ 

I' 

·~:' 

l.f 
~:~: 

. ·',) 

:I 

' 

Results of Analysis 

In this section we give the results of analysis of the 
SLAC-MIT data 18•91 • The background of our analysis -
eq. (7) is an. asymptotic ~quation with respect to the va
riable q2 . Therefore exploitingthe present experimental 
data at q 2 (0.25 Sq 2 ~ 19.2 (GeV /C) 2 ) we . make the 
following restrictions on q 2 

1 
: · 

mn 

. 2 . 2'. 2 
. 2 = 1 5 ( GeV ) . ~·· = 3 ( GeV ) .-" , 2 =5 ( GeV ). q i ' c , q. c. , ... q. c m n min . . · , . min 

,; _.· 

Various regions for W ( W is the mass of the final 
hadrons) have been considered, too: 

W > 1,8 GeV, W > 2 GeV, W > 2,3 GeV. 
Our- analysis indicat~s that formula (7) fits the data 

in all considered intervals'of q2· provided W >.:. 2.3 GeV. 
Throughout the analysis various expressions for R have 

·been considered. We have examined the data at different 
fixed values of the variab.le · K2 

• Within the error~, the 
fit of the data· at fixed q ~in. . does n()t depend on K . We 
shall discuss further the results ·of the analysis at 
K 2 

= 8 (GeV jc) 2 • As in ref; /II/ only the parameters 
a 0 and a2 in. the expansion (ll) are as~umed to be nonzero. 

I. Suppose that · · · · 
2 . 

q 
R = -. (15) 

v2 

Such a parametrization of R leads to the Callan-Gross 
· relation 1161 between the structure functions 1'1 and 

vW 2 • The re~ults of analysis ·of the data in region 
W~ 2.3 GeV are listed in Table I. One can see that the 
experimental data can be fitted w~ll by means of (7) and' 
(15) in all considered regions of cf· . Parameter A is 

. 2 
nonzero and as q · 1 increases its mean value grows. 
Note that· as wasm ~hown in ref. Ill/ no satisfactory 
description of the available data can be obtained if one · 
assumes for R and ·~ the· relations (15) and (11) 
respectively in the region W ·~ 2 .. 3 GeV. · · 
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A _disagreement of the scaling of F2 with eq. (15) 
has been o)W~ined also from the p -electroproduction 
data in ref. 7. ·. · · 

Table I illustrates that the logarithmic term in eq. (7) 
allows us to fit the data by means of parametrization 
(15) of R. 

2. We analyzed also the data using a more general 
than (15), parametrization 1181 of R: 

: 2 . q . 
R = -:-y f(w), 

v 
~u~ . 

1) f(w)=1+_a 1w 2 

2) f(w) =a 2 • 
Within errors the results of analysis coincide with 

those obtain'ed when' eq. (15) has been supposed. We find 
the ~ollowing values of the parameters a l-and a2 : 

· · af = o,04 ±o,oz, · 

a· ·· = 1 15 + 0 34 . 2 , -: , • 

3. We have further analysed the data considering the· 
expressi~ns: 

:R= corist,; 

·R 
1 

a3-;-:-. 
w 

(16) 

(17) 

The .results are' presented' in Table II. The data in all 
considered intervals of q2. turned out. to be. fitted quite 
well by formula (7) and the parametrizations (16) and 
(17). The parameter A is nonze·ro and as q!in increases 
its mean value grows as in the case of eq. (15). We point 
out that; our analys-is with. R= const: and with F2 accord
ing to . eq. (7) 'giv'es . an essential improvement of the 
description of the SLAC;_MIT data in comparison with the 
one that, makes . use . of ·parametrization (ID of F 2 as. 
in ref. 'II/. At R =a 3 l a reasonable d]~Cfiption has 
also been obtained assuming scaling for F2 ~, 
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4. Tables I and II show that ifwe assume expressions 

(15), (16) an<L (17) for R. the ·analysis of the data leads to 
nonzero values for the parame.ter associated with ano...; 
malous dimensions. A further· analysis shows that any 
~onclusions on ·· the existence of anomalous dimensions · · 
essentially-depend on the parametrization for R. Table III . · 

·presents· the values of the corre-sponding paraineters:ob-
tained in the analysis of the data, when . 

2 

R 
q (18) = a4 "";72' .M 
·2 .. q 

R = a 5 -::;;-'2· (19) w 

As one cari see from this Table parameter A equals 
zero within two errors. Addition of the·terin logarithmic 
in q 2 appears to be inessential in this case. 

Summary 

The SLAC-MIT d?-ta on deep ineJastic e -p scattering 
have been examined -assuming the existenc~ of anomalous 
dimensions. Various parametrizations of R have been 
considered. It is shown that: · 

1. The present experimental data do not exclude ano-
malous dimensions... · 

2 .. Supposing the' existence of anomalous dimensions 
when we have eq. (7} and supposing R= ~ . we obtain 

. v 

a good description of the experimentaL--data. We .shall 
note here, that if we suppose eq._ (11) for F2 and eq. (15) 
for R a satisfactory description-of the datais iini>ossible 
in ·the region W;:: 2.3 GeV . 

3. ·The value of the para~eter A characterizing ano-:
malous dimensions depends strongly on the parametriza-
tion ·of R · · · · ·· .· 
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More definite conclusions on the existence and on 
the value of the anomalous dimensions require further 
data· on the cross-sections of deep inelastic e-p scat
tering in such kinematical regions that would allow of 
more complete determination of R. 

We want .to express our gratitude to Prof. S.M.Bilen- · 
ky and Prof. LT. Todorov for tlie illuminating discussions 
and useful remarks. We thank also Prof. I.T.Todorov 
for attracting our attention to. this problem. Two of us 
(E.H .. and D.S~) are thankful to P~Morozov for some 
discussions. 
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