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Abstract

The order? perturbative QCD correction to the Gottfried sum rule is obtained. The result is based on numerical calculation

of the orderozs5 contribution to the coefficient function and on the new estimate of the three-loop anomalous dimension term.
The correction found is negative and rather small. Therefore it does not affect the necessity to introduce flavour-asymmetry
betweeni andd antiquarks for the description of NMC result for the Gottfried sum rule.
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1. Introduction 1 2/(, o - )
=§+§f(u(x,Q ) —d(x, 0%))dx. (1)
One of the still actively discussed problems of 0
deep-inelastic scattering (DIS) is related to the con- This sum rule is thdirst non-single (NS) moment
sideration of the Gottfried sum rule [1], namely of the difference ofF> structure functions (SFs) of
charged lepton—nucleon DIS which in general has the
1 1 dx following definition:
lesw(0) = [ [Ff/(x. %) - Ff! (v, 0] 1
0 NS( 2 n—21 pl 2 in 2
1 MY(Q?) = [ 5" P FY (v, 0%) ~ FY!(x. 0] ar.
1 0
Zf[‘(uv(x, 0%) —du(x, 0%)) S @
5 3 An extensive discussion of the current studies of this

_ N 2 sum rule was given in the review of Ref. [2]. However,

T §(u(x’ 0%) —d(x. 0 ))} dx for the sake of completeness, we will remind the

existing experimental situation,which is stimulating

the continuation of the research of various subjects,
E-mail address: kataev@msz2.inr.ac.ru (A.L. Kataev). related to the Gottfried sum rule.
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In fact if the sea is flavour symmetric, namely
i = d, one should have

3

1 =—.
GSR 3

However, the most detailed analysis of muon—nucleon
DIS data of NMC Collaboration gives the following
result [3]:

188(0? = 4 GeVP) = 0,235+ 0.026 )

It clearly indicates the violation of theoretical expres-
sion of Eq. (3) and necessitates more detailed investi-
gations of different effects, related to the Gottfried sum
rule. In this Letter we reconsider the question of study-
ing the contributions o&?, corrections to this sum rule
previously raised in Ref. [4].

2. Available perturbative corrections

The status of the («;) perturbative QCD correc-
tions to Igsg was summarised in Ref. [5]. Following
this review, we will extend its presentation to the order
o? level.

It should be stressed that the renormalisation group
equation forl/gsg contains the anomalous dimension
term:

ad 9 B
[“@ TAAD T erzéms)}cmms) o,

(5)
whereA; = o, /(47) and
dA; ;
W =22 B (6)

i>0

The first two scheme-independent coefficients in

Eq. (6) are well known:
11 2
fo= (?C*‘ - :_gnf> —11- 06666671,  (7)
34 , 10
Pr=\3Ch—2Crmy =5 Cany
= 102— 12.6667n . (8)

whereCr = 4/3, C4 = 3 andny is the number of
active flavours.
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The corresponding anomalous dimension function
has the canonical expansion

n=1 __ n=1 ,i+1
Yigsr = Z vi A
i>0

©)

However, like in the case of the first moments of SFs
of vN DIS, the first coefficient of the NS anomalous
dimension function of the first momep:rg=1 is iden-
tically equal to zero. The difference is starting to man-
ifest itself from the two-loop level, where in order to
get the corresponding result in case of anomalous di-
mension forlgsr it is necessary to make analytical
continuation and to use the so-calleg) prescription
(see, e.g., Ref. [6]). In the case pif=1 this was done

in Refs. [7] and [8] and results in the following analyt-
ical expression

yp=t=—4(C% — CrCa/2)[13+81(3) — 27]
= 4255755 (10)

where the numerical value @f(3) = 1.2020569 was
taken into account. The perturbative corrections to
Igsr can be obtained from the solution of the renor-
malisation group equation of Eq. (5):

Igsr(As) = AD(A;) x C(Ay), (11)

where the anomalous dimension term is defined as
As(0?
dxi|.

Since the first coefficient Of,;q(;:si is identically zero
(namelyy=1 = 0), there is no singularity i D(Ay)
and we can put in Eq. (12) the lower bound of
integrations = 0. In this case we obtain the following
expression for the expansion 4D (A;) up to O(asz)-
corrections:

Vi)

B(x) 12)

AD(Ay) = exp|:—

AD(As(0%))
1Vf:1 2

=14+ 4
5 8 (09)
1 1(Vf=1)2 szllgl 7/5:1) 2/ 2
il — A .
4<2 2 R f S(Q()S)

1

The only unknown term here is the third coefficient
y2=1 of the anomalous dimension functiq)ﬁGZSé(As),
which in general is scheme-dependent.
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In the cases ofiy = 3 andn; = 4 the numerical
versions of Eg. (13) read

AD(as)nf:3

1+ o.osss(ﬁ)
T

yé1=1 a 2
—0.0392 =, 14
+ (-oossze g ) () 2

AD(as)nf:4
—1+ 0.0384(ﬁ)
T
n=1 2
)Z) Oy

—0.0415 =, 15
- ( " 64/30) ( 7 ) (15)

where the scheme-dependent expressiony;b_r1 is
still unknown. Its value will be fixed in the next section
using the results of calculations in tMS-scheme.

A few words should be added here on the perturba-

tive theory expansion af (A5). From general grounds
it should have the following form:

C(Ay) = %[1 + 1714 (0%) + €571 A%(0%)]. (16)

As was found in Ref. [9] its first coefficient is
zero, namelyCi‘z1 = 0. However, as will be shown

in the next section the non-zero perturbative theory

contribution is appearing at the two-loop level.

3. Calculationsand estimates of the a?
contributions

We will start from the calculations of perturbative
contribution to the coefficient functio@' (A;) at the
a?-level. It can be obtained after applying-) pre-
scription to the results of Ref. [10]. Indeed, the order
asz correction to the coefficient function d&sris de-
fined by taking the first moment from the sum

1
ngl — /[CEZ),(—) (x,1)+ CEZ)’H_) (x, 1)] dx, (17)
0

where the expressions for the functiwg)’(’)(x, 1)

and Céz)’(“(x, 1) were calculated in Ref. [10] and
confirmed with the help of another technique in
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Ref. [11]. Integrating Eq. (17) numerically with arbi-
trary Casimir operator§ 4 andC g, we obtain the fol-
lowing n r-independent and scheme-independent re-
sult

C(A,) = %[1 _ o(%)

2
+ (36952 — 1.847CFCA)<(:T—S> }

-3[ooe(2) ]

Combining now Egs. (14) and (15) with Eq. (18) we
find the following expressions fdigsg:

(18)

_1 [1 n 0.0355(“—S>
3 T

n=1 2
)2 Qs
- (_0'862+ 64/30) (?) ]
lossl09),

_1 [1 + 0.0384<“—S>
3 b4
7/2n:1 s 2
" ( 0809+ 64ﬂo)<n ) ]
wherea; = a,(Q?) is the NLO expression foMS
coupling constant.

In order to get the feeling what might be the con-
tribution of the terms proportional t975=1 we will
avoid extrapolation procedure of the values )gf
used in Ref. [4], calculated analytically for even=
2,4,...,14 in the works of Ref. [12]. Indeed, per-
forming extrapolation from the even values wffor
the NLO termsy;' of the corresponding anomalous di-
mension function, we are obtaining the following esti-
mateyf:1 = 2823, which is 10 times larger that the
real value given in Eq. (10). Therefore, the extrapola-
tion procedure used in Ref. [4] is considerably overes-
timating the value of the coefficielp/f=1. The similar
situation can occur in the case of using extrapolation
procedure for fixing the value qu’lzl. Indeed, fol-
lowing the ideas of Ref. [4] we get from extrapolation
of the known even values for; the following esti-
mates:y,=1 ~ 361 forn; = 3 and y5=1 ~ 283 for

(19)

(20)
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ny =4, which to our point of view might be unrealis-
tically large.

Keeping in mind that only direct calculation of
yé“:l can give the real numerical value of this term,
we nevertheless are proposing the following way of
fixing uncalculated contribution IQ/fG:Si function.
We noticed the following numerical pattern of the
behaviour of anomalous dimension functionfog 2:
y1/vs ~0.12 for ny = 4 (see Refs. [4] and [13]
especially). We have checked that fey = 3 the
similar relation isy;'/y; ~ 0.09 for n > 2. Hoping
that these relations are also valid in case of 1, we
estimate the values fory=! = (1/0.12)yy=1 ~ 21.3
in the case ofiy = 4 andy;=! = (1/0.09)y~1 ~
284 in the case ofiy = 3. Substituting them into
Egs. (19) and (20) we get:

lossl0?),,_,
i o a5\ 2]
=5 |1+00855 2 ) —0811( ) | (21)
. 7-[ 7-[ -
loss(02), _,
ir oy o 27
=5|1+o038f ) —0822 ) | 22
T T

Taking nowe, (Q?) ~ 0.35 we arrive at the following
numerical versions of Egs. (21) and (22):

IGSR(QZ)nf:3

= %[1 4+ 0.0039—0.0101 =0.3313 (23)
[GSR(QZ)M=4

= 1[1 4+ 0.0042— 0.0102 = 0.3313 (24)

3
Therefore, in presented expression for the orelfr
correction to the Gottfried sum rule is larger than the
orderag-term.

Theoretical errors to the presented third terms in
Egs. (21)-(24) are coming from the errors ;zﬁzl
terms in Egs. (19), (20), which are impossible to
estimate without their direct theoretical calculations.
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application of the extrapolation procedure. Moreover,
the main contributions to thasz-term in Egs. (21)-
(24) come from thezf term of the coefficient function
of the Gottfried sum rule calculated by us.

4. Commentson violation of the Gottfried sum
rule

In the previous section we found that ordef
perturbative QCD corrections to the Gottfried sum
rule are really small and cannot describe violation of
the theoretical prediction from its NMC experimental
value. This, in turn, leads to the necessity of introduc-
tion of the effect of flavour asymmetry of antiquark
distributions in the nucleon [3], namely,

NMC

fdx[a(x,zx GeV?) — ii(x. 4 GeVP)]

=0.147+0.039 (25)
This phenomenological result is important for fixing
the correspondind /i ratio in different sets of parton
distribution functions, which are relevant to the LHC
physics (for a review see, e.g., Ref. [15]). On the other
side the consideration of available E866 data for the
Drell-Yan production in proton—proton and proton—
deuteron scattering has confirmed the effects of flavour
asymmetry. Indeed the analysis of Ref. [14] gave the
following number

0.35
/ dx[d(x. 54 GeV?) — i (x. 54 GeV?)]

0.015
=0.0803+0.011

E866

(26)

It was also noted in Ref. [14] that it is unlikely to
receive additional contribution to Eqg. (26) from the
region abovex = 0.35, since the sea is rather small
in this region. However, the contribution to this whole

In any case these terms are damped by huge numbersntegral from the unmeasured region< 0.015 is

(6480) and it is unlikely that the direct calculations
of yz"zl terms will change the results of Eqgs. (23),

missed. The attempt to fix it was made in Ref. [16]
using the extrapolation to smallregion. As the result

(24) substantially. One can check this conclusion using the authors of Ref. [16] suggested the manifestation

the to our point of view overestimated results of

of substantial contribution of twist-4/1?-effects in
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Eqg. (1). Note, that final E866 result is
1
/ dx[d(x, 54 GeV?) — ii(x. 54 GeV)) | ges

0
—0.118+0.012 27)

is closer to NMC result, than obtained in Ref. [16]
extrapolated value, namely,

/dx[a?(x, 50 GeVf) —ii(x, 50 GeVF)]

0

Ref. [16]

—0.0940.02 (28)

Therefore, in order to understand the status of their
conclusion on the possibility of existence of substan-
tial contribution of the ¥Q2-corrections to the Gott-

fried sum rule it is necessary to be more careful in
performing extrapolations to low-region. It is highly

desirable to estimate the effects of higher-twist contri-
butions to the Gottfried sum rule using any concrete
model. However, one should keep in mind that there

are also some other explanations of the observed de-

viation from the canonical value/3 for the Gottfried
sum rule (see Refs. [17] and [2] for the review of other
works on the subject).

5. Conclusions

In summary: we found non—zerO(af) perturba-
tive QCD contributions to the coefficient function of
the Gottfried sum rule. We also estimated the effect
due to non-zero value of the three-loop contribution to
NS anomalous dimension function fee= 1 moment,
which we think is rather small. More detailed result
can be obtained after completing the analytical cal-
culations of the three-loop corrections to the NS ker-
nel of DGLAP equation. This work is now in progress
(see, e.g., Ref. [18]). In any case the value ofdlﬁe
correction is dominated by the contribution to the co-
efficient function calculated in this Letter, which is
negative, but also small. Therefore, the existing NMC
observation of the flavour asymmetry betwegand
i antiquarks survives. We hope that the possible fu-
ture new HERA data might be useful for more detailed
measurement of the Gottfried sum rule and for further
studies of the effect of flavour asymmetry in tigi
ratio.
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