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In the last year four new parametrizations of the Hadronic Photon
Structure Function at Next to Leading Order have appeared. In this talk,
| brie y review the main features of the three of them: the FFN Scjk , CIK
and AFG.

PACS numbers: 13.60.Hb, 14.70.Bh, 14.65.Dw, 14.65.Fy

1. Introduction

The photon structure function has been recognized as an intesting
quantity for QCD since long ago [1, 2] because it was expectethat the
asymptotic point-like Q? evolution could be calculated without additional
assumptions. Unfortunately, further studies showed the ned for a hadronic
component that required extra assumptions at an input scale However, a
good knowledge of the parton content of the photon is still neded and useful
for many phenomenological applications. A review of the siation in the
early days can be found in these proceedings [3].

The main problem found in the study the Photon Structure Function
some years ago was the lack of experimental data [4,5]. Indethere were
very few data and they covered a very limited region in the plae (x; Q?).
The situation has improved very much in the last years with the measure-
ments performed by the four LEP experiments. These measureemts re-
duced the experimental errors in regions ofx; Q2) that were already stud-
ied at previous experiments and also covered regions in thiglane where
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there were no previous measurements. These has prompted tlappear-
ance in the last year of four new parametrizations for the Phton Structure
Function at LO and NLO. They are, in chronological order: FFNSck,
CJK [6], AFGO5 [7] and SAL [8]. In this talk I will just cover th e rst three
parametrizations for the fourth one will be covered in the net talk [9].

One important di erence, certainly not the only one, among the new
parametrizations is the way they deal with the heavy quark thresholds.
There are three schemes to introduce these thresholds.

The Fixed Flavor Number Scheme (FFNS), where one consideraty
the three light quarks and gluons as partons of the photon foall en-
ergy scales. The heavy quarks¢ and b, contribute only as external
particles in the nal state produced in hard processes eithein a direct
production or through the partonic content of the photon. In the cal-
culation of the heavy quark contributions one keeps their mas xed to
their physical value. This scheme is expected to give a pooregcription
of the Photon Structure Function for energy scales much largr than
the heavy quark masses, where one would expect the contribons of
the heavy quarks to be similar to the ones of the light quarks.

The Zero-mass Variable Flavor Number Scheme (ZVFNS). In tis
scheme the number of active avors as partons of the photon icreases
in one whenever the energy goes through a heavy quark threddo
From then on, the heavy quark is treated as massless in the elation

of the parton densities, just in the same way as the light quaks are
treated. This scheme is expected to solve the problem of the NS

scheme at large energies but, obviously, should have prolphs at en-
ergies near the thresholds, where one cannot neglect the hgaquark

masses.

The Variable Flavor Number Scheme (VFNS) attempts to solve he
problems of the previous schemes. Here, one considers botbntri-
butions: the heavy quarks are produced in the nal state takng into
account their masses but also they are included as masslesarfpns
of the photon. In this way both energy regions are treated prperly.
Unfortunately, this scheme is not free of problems either. tlis clear
that there is a double counting that should be avoided introdicing
some subtraction terms.

2. The FFNS 3k NLO and CJK NLO parametrizations

It is clear from the name that the FFNScjk uses the Fixed Flavor
Number Scheme, while the CJK parametrization is using the VINS. De-
tailed expressions for the Photon Structure Function,F, (x; Q2), for both
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parametrizations, involving a description of the way the suibtraction terms

are chosen in the CJK parametrization can be found in Ref. [6] In addi-

tion, the CJK parametrization uses the ACOT( ) scheme. The idea is to
enforce that the heavy quark distribution functions vanish for W = 2my

(and below), where W is the invariant mass of the hadronic nal state.

This is achieved substituting the x variable by = x(1 + 4m2=Q?) in

the heavy quark densities. In this way ! 1 and ¢u(;Q 2 ! 0 for

W2=(1 x)Q2%=x! 4m?2.

Both parametrizations are written as a function of the quark and gluon
distribution functions that obey an inhomogeneous DGLAP s¢ of equations.
In order to solve these equations we introduce the same inputor both
parametrizations at Q% = 0:765 GeV?, based on Vector Meson Dominance
(VMD):

X 4
P aQd) = —fY(xQd): (1)

v ¥
with the sum running over all light vector mesons(V) into which the photon
can uctuate. The parameters f can be extracted from the experimental
data on (V ! e"e ) width. In practice we take into account the ©
meson while the contributions from the other mesons are accoted for via
a parameter

f QD= o QP @

which is left as a free parameter in the ts. The scaleQg has been xed to
this value because it is the one that allows a better t to the experimental
data.

For the meson we assume the following form for the valence quark and
gluon distributions

xv (x;Q3)
xG (x;Q3)

where Ny, Ng, and are free parameters. The sea quark distribution
is assumed to vanish at this scale. This is similar to what waglone in
the GRV parametrization [11], but there the authors xed the values of the
parameters and to the ones they had previously obtained for the pion
distribution functions. Since there are more data availabé now, we prefer
to leave these parameters as free parameters in the t.
We have included in the t all the available data in year 2004 ecept the

DELPHI LEP2 data because they present three sets of mutuallynconsistent

Nyx (1 Xx) ; 3
Nexv (x;Q3)= Ngx (1 X) ;
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data. The total number of points used in the tis 192covering a kinematical
range of0:001 x 0:65and 1:3 <GeV? Q? 780GeV2. The results
of the t are shown in Table I. Introducing the DELPHI LEP2 dat a in
the tthe 2=por increases tol:50 (TWOGAM), 1:54 (PHOJET) or 1:66
(PYTHIA), depending on the Monte Carlo used to analyze the dda.

TABLE |

The 2 and parameters of the nal ts for 192 data points for FFNS ¢;x NLO and
CJK NLO models with assumed Q3 = 0:765 GeV2. The , and errors are
obtained from Minos requiring 2 =1.

NLO models 2 2=0F

FFNSck 2433| 1.29 || 2.288% 1% | 0.502% % | 0.6907% 282
CJK 256.8| 1.37 || 2.662%:3% | 0.496% 53 | 1.013938%

A comparison of the CJK predictions with the recent L3 data fa Q? =
124 GeV? and Q? = 16:7 GeV?, not included in the t because they have
been published after the t was performed [12,13] is shown irFig. 1. Data
for similar Q2 from CELLO [14], DELPHI [15], OPAL [16] and TOPAZ [17]
are also included. We see that the CJK parametrization proviles a good
description of the data, even though not all the data sets aréully compatible
with each other.
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Fig. 1. Comparison of the CJK NLO prediction with various sets of data, including
the new L3 data not included in the t. The kink observed in the curve at large x
is the charm quark threshold.

3. The AFG NLO parametrization

The third parametrization | will brie y review here has been performed
by Aurenche, Fontannaz and Guillet [7]. It is an update of a pevious
parametrization obtained by the same authors [18]. This paametrization
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uses the ZVFNS withN¢ = 5, however they keep termsO(m2=Q?) in the di-
rect contribution in order to have a smooth threshold behavor. At Q? = Q%
the structure function is given by:
F X;Qz X+ h i
RURI ¢ g+ 7 @@ dT@@) Cl i @
f=1

where C (x) is the direct contribution and Cf;c is given by the hand-bag
diagram. The non-perturbative input is also based on VMD, icentifying
the form of the parton distributions for the  meson with the ones for the
pion obtained in Ref. [19], but leaving a normalization facor, Cyp, as a free
constant:

4 4 1
Moatrce = Cro. g¥aence = Cro g5 X" 0™
2 2
XUgea = Cnp éxuseaz Crp §C5(1 x)Ps ;
2 2
XG = Cnpéxg = Cnpgcg(l x)P1o ; (5)

wherep,;=0:48, p3=0:85, pg=7:5, p1g=1:9, Cs=1:2, C4=0:447(1+pyo) and
B (x;y) is the beta function. In summary, there are only two free paraneters:
the input scale Qg and the normalization factor Cyp.
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Fig.2. Figure from Ref. [7] where it is presented the 2 = 1 contour in the
(Q3; Cnp) plane as well as the individual best ts for each LEP experiment. The
point for DELPHI(12.7) is outside the gure, while for DEPHI (3.7) no minimum
is found for Q3 < 1:9 GeV2.

The values of the two free parameters are obtained performma t to
all the LEP experimental data. The best t, with a 2=DOF = 1:03, gives
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Qo = 0:7 GeV? (very similar to the one used in the FFN&jk and CJK
parametrizations) and C,, = 0:78. Aurenche, Fontannaz and Guillet have
also performed independent ts for each one of the four LEP exeriments.
The result is summarized in Fig. 2, where one can see that thedst ts
from the DELPHI experiment give very di erent values of the parameters
compared with the ones obtained from the global t as well as fom each
one of the other three experiments.

The authors have also explored two other parametrizations léowing for
a harder gluon component modifying the value opigto p1o = 1:0 or a softer
gluon component with pio = 4:0.

4. Web pages

Instead of a summary | will nish just referring the interest ed reader to
the web pages where he can nd FORTRAN routines with these paametriza-
tions:

FFNScik and CJIK: http://www.fuw.edu.pl/ pjank/param.html
AFGO5: http://www.lapp.in2p3.fr/lapth/PHOX _FAMILY/main.html
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