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Determination of small x shadowing corrections at DESY HERA
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The recent~, data can be described using the DGLAP evolution equations with an appropriate choice of
input distributions and the choice of the starting scale for@Reevolution. We demonstrate in this paper that
we cannot conclude that there are no significant shadowing corrections in the DESY HERA kinematic region
usingF, data only. In this paper we calculate the shadowing corrections to the longitudinal structure function
F_(x,Q? and to the charm component of the proton structure fundiifx,Q?) in the HERA kinematic
region using an eikonal approach. We demonstrate that the shadowing corrections to these observables are very
large and that charm production is strongly modified at smalur results agree with the few recent H1 data.
[S0556-282(99)05103-9

PACS numbe(s): 13.60.Hb, 12.38.Bx

[. INTRODUCTION ago, Gribov, Levin, and Ryski(GLR) [3] performed a de-
tailed study of this region. They argued that the physical
The parton high density regime in deep inelastic scatterprocesses of interaction and recombination of partons be-
ing is one of the frontiers in perturbative QGBQCD. This ~ come important in the parton cascade at a large value of the
corresponds to the small Bjorkerregion and represents the parton density, and that these shadowing corrections could
challenge of studying the interface between perturbative anB€ expressed in a new evolution equation—the GLR equa-
nonperturbative QCD, with the peculiar feature that this tran£ion. This equation considers the leading nonladder contribu-
sition is taken in a kinematical region where the strong couions: the multiladder diagrams, denoted as fan diagrams.
pling constanty is small. The transition between the pertur- The main characteristics of this equation are that it predicts a

bative regime and the nonperturbative regime may providéaturation of the gluon distribution at very smaliit predicts

an understanding of the soft interactions in the language of critical line, separating the perturbative regime from the

QCD and establish whether the Regge model can be justifie%xaturatlon regime; and it is only valid in the border of this

from QCD principles. From the experimental side, data fromcrmcal line. Therefore, the GLR equation predicts the limit

) JE of its validity. In the last decade, the solutijd—6] and
the electron-proton  collider HERA at DESY V&  hoqgible generalizatiori, 8] of the GLR equation have been

=300 GeV), provide new insight into the structure of the gygied in great detail. Recently, an eikonal approach to the
proton. The high energy allows us to probe the proton inshadowing corrections was proposed in the literaf@rel 1.
hitherto unexplored kinematical regions. The collider HERAThHe starting point of these papers is the proof of the Glauber
allows us to measure the structure functiéhsF5, F and  formula in QCD[12], which considers only the interaction of
the cross sections of vector meson production and diffractivéhe fastest partons with the target. As in QCD we rather
processes for Bjorker values down to 10 expect that all partons should interact with the target, a more
In the region of moderatex (x=10"2) the well- general approach was proposed[#]. This approach was
established methods of operator expansion and renormalizapplied to the nuclear case [ii] and to the nucleon case in
tion group equations have been applied successfully. ThEl0,11. Some of the main characteristics of this approach
Dokshitzr-Gribov-Lipatov-Altarelli-Parisi (DGLAP) equa- are its validity in a large kinematic region and that it pro-
tions [1], which are based upon the sum of QCD laddervides a limit case of the GLR equation. In this paper the
diagrams, are the evolution equations in this kinematical reshadowing corrections will be estimated using the eikonal
gion. However, in the smalt region, the density of gluons approach. In the next section we discuss this approach in
and quarks becomes very high and a new dynamical effect i@gore detail, pointing out first our motivation.
expected to stop further growth of the structure functions. In One of the most striking discoveries at HERA is the steep
this kinematical region we are dealing with a system of par<ise of the proton structure functidf,(x,Q?) with decreas-
tons which are still at small distances, whergis still small, ~ ing Bjorkenx [13]. The behavior of the structure function at
but the density of partons becomes so large that the usuahall x is driven by the gluon through the procegs-qq.
methods of PQCD cannot be appli€2l]. About 17 years Therefore the gluon distribution is the observable that gov-
erns the physics of high energy processes in QCD. HERA
shows that the deep inelastic structure funcfigx,Q?) has

*Email address: ayala@ufpel.tche.br a steep behavior in the smatl region (10 2>x>1079),
"Email address: gay@if.ufrgs.br even for very small virtualities@?~1 Ge\?). Indeed, con-
*Email address: barros@if.ufrgs.br sidering F,ocx~* at low x, the HERA data are consistent
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with a X that varies from 0.15 a®?=0.85 GeVf to 0.4 at  gluon at high energysmallx) into a gluon-gluon pair long
Q2=20 Ge\A. This steep behavior is well described in the before the interaction with the target. Tlgg pair subse-
framework of the DGLAP evolution equations with an ap- quently interacts with the target. In the smaliegion, where
propriate choice of input distributions and the choice of thex<1/2mR (R is the size of the targgtthe gg pair crosses
starting scale for th€? evolution, by all groups doing glo- the target with fixed transverse distangebetween the glu-
bal fits of the dat414—16. No other ingredient is needed to ONS- _ ' _
describe the experimental data. Using this result is it possible The cross section of the absorption of a glugh with
to conclude that there will be no significant shadowing con-virtuality Q% can be written as

tributions at HERA smalk regime? Here, we address this

guestion. Clearly, the answer of this question is connected tg_g*+nucleortx Q?)

the demonstration that the corrections due to shadowing cor- '

rections(SC9 are negligible at least in the HERA kinematic 1 d’ry ) 5 et nucleo 5
region. If it is not so, the DGLAP approach is no better or = fo dzf — W (Q%r . x,2)[*0% Tz,rp),
worse than any other evolution mechanism developed to de-

scribe the experimental data. (1)

The SCs for theF,(x,Q?) proton structure function and
xG(x,Q?) gluon distribution were computed considering the\yhere 7 is the fraction of energy carried by the gluon and

eikonal approach in Ref$10,11. In those works, the au- o+ . . . .
thors estimate the value of the SCs which turn out to beq’t is the wave function of the transverse polarized gluon in

essential in the gluon distribution but rather smallfig.  the Virtual probe. F“rthermore'gwnu.deor,tz'rtz) is the cross
Consequently, thE, data cannot determine if there is a new section o_f the interaction of t_I“@g pair with the nucleon. In
dynamical effect at HERA. Therefore, to obtain a more prethe leading log(X) approximation we can neglect the
cise evidence of SCs in the HERA kinematic region, Wechaqge ofz during th;a |nteract|on_ and descnbg the cross
must consider other observables directly dependent on tHRectiona997 "¢z rf) as a function of the variable.
behavior of the gluon distribution and, consequently, more Using the unitarity in thes channel, the cross section
sensitive to SCs. Some of these observablegar€s, J/w 099 "Nz r?)=o(x,rf) can be written in the form
production, diffractive leptoproduction of vector mesons,

and open charm production. In this paper we consider the

observablesk, and F§. The dominant charm production U(X.th)=2f d?by(1—e  Axrebuiz) (]
mechanism is the boson-gluon fusion. Therefore, the charm

component=5 of the structure function is a sensitive probe ) ] ) )

of the gluon distribution at smak. Furthermore, the viola- WNereby is the impact parameter arid is an arbitrary real
tion of the Callan-Gross relationF( =F,— 2xF,;=0) oc- function, which can be specified only in a more detailed

curs when the quarks acquire transverse momenta from QCE€0rY or approach than the unitarity constraint. One of such

radiation. Consequently, also the longitudinal structure funcSPecified model is the Eikonal model.
a Y g The Eikonal model assumes thatis small (0<1) and

tion is a sensitive probe of the gluon distribution at snxall
In this work we estimate the SCs B and F§ in the ap-  its b, dependence can be factorized(as (2 S(by), with the
proach proposed ifL0]. We calculate these observables us-normalizationfd®b,S(b,) = 1. The factorization was proved
ing the Altarelli-Martinelli equation[17] and the boson- for the DGLAP evolution equationg3] and, therefore, all
gluon fusion cross sectiofil4], respectively. The gluon our further calculations will be valid for the DGLAP evolu-
distribution and the, structure function necessary to thesetion equations in the region of smallor, in other words, in
equations are calculated considering the eikonal approacHe double logarithmic approximatidibLA) of perturbative
Actually, there are few data in these observables, but morBQCD. The Eikonal approach is the assumption tfiat
measurements, with better statistics, will be available in the= ()S(b,) in the whole kinematical region.
next years. Therefore the analysis of the behavior of these Py
observables considering SCs is very important.

This paper is organized as follows. In Sec. Il the eikonal

In [18] the authors demonstrate tHatis given by

approach and the shadowing corrections for E¢x,Q?) 4

andxG(x,Q?) are briefly presented. In Sec. Ill we obtain the 3as b 4

formulas for the calculation of thE, andF35 and we apply 0= Uglg:—‘wzrgxg X, _2) , 3
our results to HERA data. Moreover, we compare our results 4 re

with the predictions of DGLAP dynamics. Finally, in Sec.

IV, we present our conclusions. wherexG(x,Q?) is the gluon distribution. Therefore the be-

havior of the cross sectiof2) in the smallx region is deter-
II. EIKONAL APPROACH IN PQCD :gigniitned by the behavior of the gluon distribution in this
The space-time picture of the Eikonal approach in the Considering thes-channel unitarity and the eikonal
target rest frame can be viewed as the decay of the virtuahodel, Eq.(1) can be written as
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09" Fnucleony 52) Equation(5) is not a nonlinear equation of the type of the
GLR equatior 3]; it is the analogue of the Glauber formula,
d?r, [ d?b, o 2 5 which provides the possibility to calculate the SCs using the
f f f _|‘I’ (Q%re.x,2)| solution of the DGLAP evolution equation. In this paper, as
shown in Eq.(7), we use the GRV parametrization as a so-
X(l_efES(bt)IZ)_ (4) lution of the DGLAP evolution equation. It describes all

available experimental data quite wgli3]. It should be also
Using the relation o9 *tnucleony Q2)=(4n72q,/  Stressed here that we disregard how much of SCs has been
taken into account in this parametrization in the form of the
initials distributions.
A similar approach can be used to obtain the SCs for the
deep inelastic structure functiéy(x,Q?). This was made in

Q?)xG(x,Q?) and the expression of the wave?" calcu-
lated in[9], the Glauber-Mueller formula for the gluon dis-
tribution is obtained as

1dx’ d2r. = d2b Refs.[10,18. The main result of these references is that the
xG(x,Q? )— — f — = structure functior-, can be written, in the eikonal approach,
Q? r ™ as
;
099( ,—)sm)/z} N = dr,
[1 e NI F] PR ) Fa(x,Q?) = 6_(:3u§d:s egfllQ2 ré d*bi1
ar-u,a,

The use of the Gaussian parametrization for the nucleon t
profile functionS(by) = (1/7R2)e~?*/R* simplifies the calcu- —e Qagxreb0iZ ®
lations. Consequently, doing the integration ougr, the L
master equation is obtained: where ) ,=4/90S(b;) [see Eq(3)].

Following the same steps used in the case of the gluon

1dx’ PO . . R
xG(x,Q? )_ i flloo (CHIN k(X' ,12)] distribution, the proton structure function can be written as
Q% mr ,
’ 2 F 2y — 2R E l/QD C I
+E1(KG(X 1rt))}1 (6) Z(XlQ )_guds 6 ]_/QZ 77'['4{ + n[Kq(X I’ )]
whereC is the Euler constanE is the exponential function, By (kg (1)) )
1 q it L]

and the functionkg(x,r?)=(3ay/2R3)7rxG(x,1k?). If
Eq. (6) is expanded for smakg, the first term(Born term
will correspond to the usual DGLAP equation in the snxall
region, while the other terms will take into account the shad-
owing corrections.

The master formuld6) is correct in the DLA[10]. As

wherek,=4/9% . Similarly as in the case of the gluon dis-
tribution, to obtain a more realistic approach the Born term
‘must be subtracted and the GRV parametrization must be
summed. Therefore the proton structure function is given by

shown in[10] the DLA does not work quite well in the F.(x.02)=F-(x.02)[Eq.(9)1— E-(x.02)[Born
accessible kinematic regiorQ¢>1 Ge\? and x>10"%). 2% Q) =F2(x.QILEq.(9]=F(x, Q%) Born]
Consequently, a more realistic approach must be considered +F,(x,Q)[GRV], (10

to calculate the gluon distributionG. In [10] the subtraction

of the Born term of Eq(6) and the addition of the Gak-  whereF,(x,Q?)[Born] is the first term in the expansion in
Reya-Vogt(GRV) parametrization was proposed. This pro- x4 of Eq. (9), and

cedure gives

F2(x,Q?)[GRV]= 2 02)+Xq(x,02
XG(X,Q%) = XGM* [ Eq, (6)]+ XGRY(x,Q7) — e 2(x.QGRVI= 2, €[xa(x.Q%)+x4(x.Q")]

m
+F3(x,Q%) (11)

Q?dx’ dQ 2, RV, 2
f f GEx,Q?). (7 is calculated using the GRV parametrization.
In [10] the shadowing corrections for thHe,(x,Q?) pro-
ton structure function andG(x,Q?) gluon distribution were
computed considering the eikonal approach, and the SCs
which turn out to be essential in the gluon distribution are

The above equation includes ahsGGRV(x,QS) as the initial
condition for the gluon distribution and givess®RY(x,Q?)
as the first term of the expansion with respecktp. There- owhar small inF,.

fore, this equation is an attempt to include the full expression The result above is demonstrated in Fig. 1, where we
for the anomalous dimension for the scattering off eaChbresent the ratios

nucleon, while the use of the DLA takes into account all

SCs. In[9] this procedure was applied to obtain the shadow- GeM 2

ing corrections to the nuclear gluon distribution and 19] Rl:X—(X’Q) (12)

to the nucleon gluon distribution. xGCRY(x,Q?)
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gion the solutions of the generalized equation and of the
Glauber-Mueller formula are approximately identi¢a].
However, a more accurate approach, to a larger kinematic
] region than the HERA one, should consider as an input the
solution of the generalized equation, in the fut{ité].

08

] . F_ AND F$

Our goal in this section is the determination of small
shadowing corrections &, andF$ using the approach pro-
posed in[10]. These observables are directly dependent on
@ ®) the behavip_r of the gluon distribution and, consequently, are
i ‘ ) | \ ‘ . more sensitive to SCs.

0.0 50 100 15.0 20.0 0'2()_0 50 10.0 15.0 20.0 Recently, the SC to thEz slope was estimate[dZO]. This
In(1/%) In(1/x) observable is also directly dependent on the behavior of the
gluon distribution 21]. It was shown that the contribution of

FIG. 1. (a) The ratioR;=xG°®"/xG®RY and (b) the ratioR,  SCs is large in thé=, slope and that the experimental data
=FZ"/F5™" as a function of the variable Ingy for different vi-  can be described incorporating the SCs. This result provides

04 r

0.2

tualities. strong motivation to estimate the SCsFat andFS.
and
A. Longitudinal structure function
GM 2 . . . . . .
F27(x,Q%) 13 The longitudinal structure function in deep inelastic scat-
2

tering is one of the observables from which the gluon distri-
bution can be unfolded. Its experimental determination is
as a function of variable In(g) for different values ofQ?. difficult since it usually requires cross section measurements
In this caseG M represents that the functioff§ or xG) was  at different values of the center of mass energy, implying a
obtained using the eikonal approach, aB®RV represents change of beam energies. A direct change of the beam ener-
that the function was obtained using the GRV parametrizagies at HERA has been widely discus$2@]. An alternative
tions[14]. We can see that in the HERA kinematical region possibility is to apply the radiation of a hard photon by the
[3=<In(1/x)<12] the behavior of the gluon distribution is incoming electron. Such hard radiation results into an effec-
strongly modified by shadowing corrections.[t0] the au-  tive reduction of the center of mass energy. Several studies
thors demonstrated that tifie data can be described consid- ©n the use of such events to measkjehave been carried
ering shadowing corrections, i.e., the data cannot deter- 0ut[23]. With these measurements, which in principle could
minate if there is a new dynamical effect at HERA. be performed in the near future, it may be possible to explore
Consequently, observables directly dependent on the behathe structure of (x,Q?) in the low x range.
ior of the gluon distribution must be considered to discrimi- Current measurements &(x,Q%) =F_/(F,—F,) have
nate the SCs. From results obtained16] we conclude that ©been made by various fixed-target lepton-hadron scattering
the eikonal model provides a good description of the SCE&xperiments at highesvalues[24]. At low X, measurements
and can be taken as a correct approximation in the approadH this observable are very scarce. Recently, the H1 Collabo-
to the nucleon case for the HERA kinematical region. In thefation has published the fir§t, data at smalk. To obtain
next section we estimate the shadowing corrections to othe data, the structure functidf, was parametrized taken
servables directly dependent on the behavior of the gluo@nly data fory<0.35, where the contribution &f_is small.
distribution. The quantityy=Q?/sx describes, in the rest frame of the
In this paper we estimate the shadowing corrections usingroton, the energy transfer from the incoming to the outgo-
an eikonal approach proposed[it0]. The eikonal approach ing electron. This parametrization was evolvedifaccord-
gives sufficiently reliable results for the HERA kinematic ing to the DGLAP evolution equations. This provides predic-
region; however, it is not the most efficient way to calculatetions for the structure functiof, in the highy region which
the shadowing corrections. Iri0], a generalized equation allowed, by subtraction of the contribution B% to the cross
which takes into account the interaction of all partons in asection, the determination of the longitudinal structure func-
parton cascade with the target was proposed. The main progion. Therefore, in order to constrain the valueFgf in the
erties of generalized equation are tliathe iterations of this low x regime explored by HERA, the H1 Collaboration ex-
equation coincide with the iteration of the Glauber-MuellertractedF, assuming that the DGLAP evolution holds. Our
formula, (i) its solution matches the solution of the DGLAP point of view agrees with Thorne’s statemég6], pointing
evolution equation in the DLA limit of PQCLjii ) it has the  out that the assumption of the correctness of the DGLAP
GLR equation as a limit, andiv) contains the Glauber- evolution equations at small implies thatF  is already
Mueller formula. Therefore, the generalized equation is validsolated. Therefore, our comparisons with these data must be
in a large kinematic region. In this paper we have used theonsidered as an estimate of the SCs compared with the re-
Glauber-Mueller formula, since in the HERA kinematic re- sults of the standard evolution equations.

:FSRV(X,QZ)’
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Rio a
1.0
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0.6
0.6 | ]
0.4
04 [ ] 0.2
0.0 L g e——— 00 L
02 L ] 40 60 80 100 40 60 80 100 40 60 80 100
In{1/x)
00 . . ) FIG. 3. The longitudinal structure functiorF  for Q?
0.0 5.0 10.0 15.0 20.0 =8.5,12,15 GeV. The solid curve represeni calculated using
In(1/%) the GRV parametrization and the dashed curve was calculated using

FIG. 2. The ratioRLzFf'M/FfRV as a function of the variable xG andF, obtained in the eikonal model. Data from H1.

In(1/x) for different virtualities.

Fo"(x,Q?) 16
One can write the longitudinal structure functién in YFSRY%,QY)
terms of the cross section for the absorption of longitudinally
polarized photons as where FM(x,Q?) indicates that the longitudinal structure
function was obtained using the gluon distribution solution
(x.0%) = Q%(1- )U (x.0%)~ Q? (.07 of the Glauber-Mueller formula, Eq5), and FERY(x,Q?)
FL Ty L T ’ indicates that, was obtained using the GRV parametriza-

(14) tion. We can see that the behaviorFgf is strongly modified
by shadowing corrections. The suppression increases with
In(1/x) and is much bigger than for the, case. In the region
at smallx. Longitudinal photons have zero helicity and can of HERA data, 3<In(1/x)<12, the shadowing corrections
exist only virtually. In the quark-parton mod&PM), helic-  are not bigger than 44%In(1/x)~12]. The SCs are as big
ity conservation of the electromagnetic vertex yields theas 70% only at very small values ®f [ In(1/x) ~15], where
Callan-Gross relatiorF =0 for scattering on quarks with e have no experimental data.
spin 1/2. This does not hold when the quarks acquire trans- |n Fig. 3 we present the behavior of the structure func-
verse momenta from QCD radiation. Instead, QCD ylelds thQ|0n with (dashed Cur\/k and without Shadowqu()hd
Altarelli-Martinelli equation[17] curve as a function of In() for different virtualities. We
compare our results with the scarce H1 d&&. We can see
that both curves agree with the data; however, the experi-
FLxQ)= ) S(Q ), fld—yFFz(y Q?) mental errors are still very large. In Fig. 4 we present our
xy33 ’ results forF_ and compare with all H1 data. From the above

X F. 1.0 , ; , ;
+4 eﬁ( 1- —)yg(y,Qz)}, (15)
q y o H1
GRV(94)LO
0.8 - ——- GM T

stressing the dependence Bf on the strong constant cou-
pling and the gluon density. At smadlthe second term with
the gluon distribution is the dominant one. Consequently, the
expression (150 can be approximated reasonably by
FL(x,Q%)~0.3(4a4/3m)xg(2.5¢,Q%) [27]. This equation
demonstrates the close relation between the longitudinal
structure function and the gluon distribution. Therefore, we
expect the longitudinal structure function to be sensitive to
the shadowing corrections in the HERA kinematic region. In
this paper we calculaté-;, using the Altarelli-Martinelli
equation(15).

Considering the expressiorn3), (10), and (15 we can
estimate the SCs for thie_ structure function. In Fig. 2 we
present the ratio FIG. 4. The longitudinal structure functids, for all H1 data.

0 1 L ] L
0.00010  0.00020 0.00030  0.00040  0.00050

X

054010-5



AYALA FILHO, GAY DUCATI, AND GONC ALVES PHYSICAL REVIEW D 59 054010

results we can conclude that the eikonal model gives a gooR;’
description of the longitudinal structure function and de- 1.0
scribes the experimental data. However, new data, with bet
ter statistics, could verify the shadowing corrections at
HERA kinematic region.

Our conclusion of this section is that the longitudinal
structure functionF_ is a good observable to isolate the 4
shadowing corrections at HERA. Consequently, we must
stress the importance of measuring dire€tlyat HERA as a
probe of the dynamics of smak physics. We hope this 0.4 -
result could also motivate the acquisition of new data in the
next years.

0.8 -

02 r

B. Charm componentF$ of the structure function

The problem of how to treat heavy quark contributions in 0.0 * \ \
the deep inelastic structure functions has been widely dis- ~ %° 5.0 10.0 18.0 1 200
cussed; see, for examp[&8]. It has been brought into focus (1)
recently by the very precise,(x,Q?%) data from HERA13]. FIG. 5. The ratioRS=FSCM/F5CRVas a function of the variable
Both the H1 and ZEUS Collaborations have measured thg(1/x) for different virtualities.
charm componerft; of the structure function at smatland

have found it to be a larg@pproximately 25%) fraction of o (M/Z) 1dy X m2
the total. This is in sharp contrast to what is found at latge = F5(x,Q? m?)=2e? ° — ;2(—,—2 g(y,u'?),
where typicallyF5/F,~O(10"?). X 2m Jaxy 9\Y'Q

For the treatment of the charm component of the structure (17)

function there are basically two different prescriptions for the o , .
charm production in the Iityerature. The fi?st onepis advocateéf\'hereafl"'d'mg/ Q? and the factorization scale’ is as-
in [29] where the charm quark is treated as a heavy quarRUmedu =4m:. HereCg , is the coefficient function given
and its contribution is given by fixed-order perturbationby

theory. This involves the computation of the boson-gluon

fusion process. In the other approd&0] the charm quark is c mg) B 1| 2
"2

QZC

2. (1_n2 _
treated similarly to a massless quark and its contribution is Cg.2| 2 = z°+(1-2)°+2(1-32)

described by a parton density in a hadron. Here our goal is to

obtain the shadowing corrections to the charm structure sm?| 1+
function in the eikonal approach, without considering in de- —27? 2 Ian
tail the question of how to treat heavy quark contributions Q B

[28]. However, some comments are important. We consider

the charm production via boson-gluon fusion, where the +8
charm is treated as a heavy quark and not a parton. This

scheme is usually called fixed flavor number scheme

(FFNS. In this scheme, by definition, only light partons
(e.g.,u, d, s, andg) are included in the initial state for charm
production: the number of parton flavarsis kept at a fixed
value regardless of the energy scales involved. The boso
gluon fusion gives the correct description Bf for Q2
<4m§ and should remain a reasonable approximatioR %o
for Q2>4m§. However, the boson-gluon fusion model will

inevitably break down at larg€)~ values as the charm quark mass. In this paper we assumg—=1.5 GeV.

can no longer be treated as a nonpartonic heavy object, al Considering the expressiofig and(17) we can estimate

begins to evolve more like the lighter components of the hadowi ” for e struct functi |
quark sea. Therefore, our estimates in this scheme should t%e shadowing corrections for tie; structure function. In

considered with caution in the region of lar@é. Fig. 5 we present the ratio

A cc pair can be created by boson-gluon fusion when the
squared invariant mass of the hadronic final st&@ c
=4m?2. Since W2=Q?(1—x)/x+M?%, where My is the 2
nucleon mass, the charm quark production can occur well
below theQ? threshold,Q?~4m?, at smallx. The charm We can see that the behavior of th§ is strongly modified
contribution to the proton structure function, in leading orderby the SCs. The suppression due to shadowing corrections
(LO), is given by[14] increases with In(¥) and is much bigger than for the,

2

4m§H
—1+8z(1-2)—2z(1-2) ,
(18)

Where,8=1—4m§z/Q2(1—z) is the velocity of one of the
charm quarks in the boson-gluon center-of-mass frame.
I:\'herefore, in leading ordet)(as), F5 is directly sensitive
only to the gluon density via the well-known Bethe-Heitler
processy*g—cc. The dominant uncertainty in the QCD
calculations arises from the uncertainty in the charm quark

FSGM(X,Qz)

TR Q) o
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F° c 2
: : : F3(x,Q%)
1.0 1.0 . R.— 2

"R (xQ2)

(20

05 r

We can see that the behavior of this ratio is strongly modi-
fied by the shadowing corrections. Therefore, we expect that
the charm contribution not to increase at small valuex of
when compared with the predictions obtained using the usual
parametrizations. Furthermore, we expect a strong modifica-
tion in the charm quark production at smalllt is one of the
main conclusions of this paper. This strong modification in
the charm quark production shall occur in other associated
observables, for instance, W production. The shadowing
corrections to the diffractive leptoproduction of vector me-
sonJ/¥ was calculated if32]. The authors obtained that

FIG. 6. The charm component of the structure function for dif- the SCs are |arge, but their results are affected by the uncer-
ferent values ofQ?. The solid curve represeni; calculated using tainty in theJ/¥ wave function. Consequently, although the
the GR\( parametrizatiqn and the dashed curve as calculated usingqss section of diffractive leptoproductiondf¥ is propor-
xG obtained from the eikonal model. Data from H1. tional to the square of the gluon distribution, the accurate
discrimination of SCs in this process is still unlikely.

Our conclusion of this section is that the charm compo-
nentF5 is also a good observable to isolate the shadowing
corrections. Therefore, new data, with better statistics, will
be very important in the determination of dynamics at
HERA, and further applications.

05 r

In{1/x)

case. In the region of HERA data=3n(1/x)<12, the SCs
are not bigger than 40pm(1/x)~12]. The SCs are bigger
than 62% only at very small value &fIn(1/x)~15], where

we have no experimental data.

In Fig. 6 we present the behavior of tRg structure func-
tion with (dashed curveand without(solid curve shadow-
ing for different virtualities. We compare our results with the
H1 data[31]. Our predictions agree with the recent H1 data.
When compared with the GRV parametrization the shadow- 11,4 PQCD has furnished a remarkably successful frame-

ing corrections td3 present a suppression which increasesyork to interpret a wide range of high energy lepton-lepton,
with In(1/x). Therefore, new data, with better statistics, |epton-hadron, and hadron-hadron processes. Through global
could isolate the shadowing corrections in the HERA kine-analysis of these processes, detailed information on the par-
matic region. . . o ton structure of hadrons, especially the nucleon, has been

As the shadowing corrections are distinct for the observyptained. The existing global analysis has been performed
ablesF, and F we can estimate the modifications in the ysing the standard DGLAP evolution equations. However, in
charm contribution to th&; at smallx by SCs. In Fig. 7 we  the smallx region the DGLAP evolution equations are ex-
present our results for the ratio pected to break down, since new effects must occur in this

kinematical region. One of these effects is the shadowing

R. phenomenon.

IV. CONCLUSIONS

.
o4 ' ' 04 The recenf, data are well described in the framework of
03 25 1 03 50 1 the DGLAP evolution equations with an appropriate choice
oo b ] 02 L ] of input distributions and the choice of the starting scale for
the Q2 evolution. Although no other ingredient has been
oy 1 orr | needed to describe the data, we cannot conclude that the
00 50 100 150 20 %0 50 700 150 200 sha_dowing corrections are n_egligible in the HERA kinematic
R In(ih) g In(1/x) region onlly fr_om the _anaIyS|s df, datg. The proton struc--
0.4 . ‘ 0.4 : . ture function is inclusive on the behavior of the gluon distri-
0s | 100 | 03l 200 1 bution. In this paper we estimate the shadowing corrections
to F_ andF5. The behavior of these observables is directly
021 | o2y 1 dependent on the behavior of the gluon distribution and,
0.1 1 ] 0.1 - ] therefore, strongly sensitive to the shadowing corrections.
00 . ‘ ; 00 . ; ‘ We shown that the SCs 1, andF3 are much bigger than
0.0 5.0 100 150 20.0 0.0 50 10.0 150 20.0

In(1/x)

In{1/x}

for theF, case. Our results are in accordance with the recent
few data. New data with better statistics are strongly wel-

FIG. 7. The ratioRe=FS/F, as a function of the variable COME.
In(1/x) for different virtualities. The solid curve represents the pre-  One of the main conclusions of this paper is the strong
dictions obtained using the GRV parametrization and the dashefnodification of charm component of the structure function.
curve the predictions obtained in the eikonal model. As the SCs are different in the observabfes and F§ the

054010-7
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charm contribution does not increase at smads predicted mental to estimate the cross sections of the processes which
by the usual parametrizations. will be studied in the future accelerators. We expect that this
In this paper we estimate the shadowing corrections usingaper could motivate a more accurate determinatioft ,of
an eikonal approach proposed[it0]. The eikonal approach andF§ in the next years, since the behavior of these observ-
gives a Suﬁ:iCiently reliable result for the HERA kinematic ables may expﬁcate the dynamics at Smﬂhgn’ne
region; however, a more accurate approach, to a larger kine-
matic region than the HERA kinematic region, should con-
sider as an input the solution of the generalized equation ACKNOWLEDGMENTS
proposed irf10]. In a future publication we will estimate the
behavior of some observables using the solution of the gen- This work was partially financed by CNPq and by
eralized equation. Programa de Apoio a Nileos de Excélacia (PRONEX),
The determination of the dynamics at smalls funda-  Brazil.
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