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A new parametrization for parton distributions in the real photon is obtained by solving the inhomogeneous leading order 
Altarelli-Parisi equations for the photon case. All the presently available data on the photon structure function are used to fit the 
quark and gluon distributions. The dependence of the results on the initial conditions for the evolution, the starting value of Q2, 
Qo 2 , and the shape of the gluon distributions in particular, is investigated. Expectations in the HERA kinematical limit are discussed. 

1. Introduction 

The interact ions  of  the photon  with mat te r  can 
proceed in two ways. The photon  may couple direct ly 
to the charged constituents of  the target, in which case 
the interact ion is referred to as due to a direct  pho- 
ton. It may  also happen  that  the photon  fragments  
into its own const i tuents  before interact ing with the 
target - those react ions are referred to as due to a re- 
solved photon  [ 1 ]. This  last proper ty  of  photon  in- 
teract ions is the reason for in t roducing the not ion of  
a photon  structure function,  in analogy to the proton 
structure function,  and to talk about  pa t ton  distri-  
but ions  in the photon.  The structure of  the resolved 
photon  is induced by two possible contr ibut ions:  a 
point- l ike contr ibut ion,  where the photon  has a point  
like coupling to a q¢l pair ,  and  a hadron-l ike  contri-  
but ion,  where the photon  turns into a bound  qcl state 
through an effective coupling to a vector  meson like 

state. 
The two-component  picture of  the resolved photon  

led [ 2 ] to the decompos i t ion  of  the photon  structure 
function into a point-l ike part  ( F ~  L ) and hadron-like 
par t  ( F ~  AD ): 

F ~  _ J u P L  _t_ JU'HAD ( 1 ) - - 1 2  c - -  2 , 
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where the point- l ike part  is calculable in per turbat ive  
QCD and depends  only on the QCD mass scale A, 
and  the hadron-l ike  part,  o f  nonper turba t ive  origin, 
cannot  be calculated and thus is model  dependent .  
This two-part  decomposi t ion  of  the photon  structure 
function has its reflection in the quark and gluon 
dis t r ibut ions:  

qV(x, Q 2 ) = q P k ( x  ' Q2)+qHAD(x ' Q2) , 

GV(x, Q 2 ) = G P L ( x ,  Q2) +GHAD(x, Q2) , (2)  

where Q2 is the scale at which the structure of  the 
pho ton  is being probed and the variable x is given by 
x -  Q 2 / ( Q 2 +  w e ) ,  where Wis  the invar iant  mass of  

the p h o t o n - p h o t o n  system. The point- l ike part  was 
shown to domina te  at high Q2 [2 ], the hadron-l ike 
part  cannot  be neglected even at high Q2 because it is 
needed in order  to cancel the singularity coming from 
the point- l ike part  at x = 0  by its own singularity [3 ]. 
Thus there is no absolute predic t ion  for the structure 
function of  the photon  since the hadron like part  can- 
not  be neglected and has to be inferred from phe- 
nomenological  considerat ions  or from the data  
themselves.  

The PL par ton dis t r ibut ions  were calculated in 
per turbat ive  Q C D  and paramet r ized  in a convenient  
analyt ical  form by Duke and Owens [ 4].  Thus one 
possible approach to the descr ipt ion of  F~ is to use 
this paramet r iza t ion  and add to it the hadronic  part.  
The paramet r iza t ion  of  the hadronic  part  is model  
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dependent, and usually is based on such models as 
the vector dominance model (VDM) [ 5 ]. 

A different approach, in which one avoids the am- 
biguous two-component decomposition, was used by 
Drees and Grassie (DG) [6 ]. They gave up the con- 
troversial possibility to determine the QCD scale A 
and performed a QCD analysis of the photon case in 
the same way as is done for the photon. In order to 
get the Q2 dependence of the patton distributions, 
they solved the leading order Altarelli-Parisi evolu- 
tion equations for the photon, with initial conditions 
derived from experimental data. The difference be- 
tween the evolution equations for the proton and the 
photon is due to the contribution of the point-like 
coupling of the photon, which makes these equations 
inhomogeneous in the photon case. 

In this approach one has to assume a parametriza- 
tion of quark and gluon distributions at a chosen ini- 
tial Q2 and determine the free parameters by fitting 
the evolved distributions to the measured structure 
function data. Unfortunately, when Drees and Gras- 
sic performed their fit, only seven data points were 
available and only at one  Q2 value [ 7 ] - a poor con- 
straint to the assumed 13 parameters. 

The purpose of the present study is to apply the 
approach of Drees and Grassie and to determine more 
up-to-date distribution functions of the partons in the 
photon by using all available measurements on the 
photon structure function. 

is reflected in our assumption on the x-dependence 
of the input quark distributions at Q2: 
u, d: 

X2+ ( l - -x)2  +CxD(1--X) E (3) 
xq(x)  =AeZx 1 - B I n  ( 1 - x )  

s: 

X2"+ ( l - - x )  2 _]_CsXD~( I__x)E~ 
xq(x)  =Ae2x 1 - B  In( 1 - x )  

(4) 

c: 

x 2 + ( 1 - x )  2 +CcxDs(I_x)ES. 
xq(x)  =Ae2qX l - B l n ( 1 - x )  

(5) 

The first term on the right hand side is suggested by 
the PL contribution, while the second term reflects 
the properties expected for a hadron. Note that in 
spite of the apparent identical form used for the u 
and d quarks, their distribution is different because 

2 factor which multiplies the first term. The s o f  t he  eq 

and c quarks are assumed to have the same func- 
tional form, however, with different coefficients (Cs 
and Cc, respectively). 

For the gluon distribution we have assumed the 
form 

xG( x)=CgxD~( l - x )  E~ . (6) 

2. The parametrization 

In order to determine our parametrization, we have 
used the evolution equations with four flavors, ne- 
glecting possible contributions from b and t quarks. 
Although the evolution was carried out for four fla- 
vors, the charm contribution to the photon structure 
function was taken into account only if WZ>4m 2, 
where mc is the mass of the charm quark and was as- 
sumed to be 1.5 GeV. 

The solution of the inhomogeneous evolution 
equations for the patton distributions in the photon 
consists ofa superposition of a general solution of the 
homogeneous equations (a solution similar to that 
for hadrons) and a particular solution of the inho- 
mogeneous equations (the PL type of solution). This 

We did not try to fit the value of the QCD scale pa- 
rameter A which enters into the evolution equations. 
We have assumed the value ofA = 0.2 GeV, compat- 
ible with the results obtained in the QCD analyses of 
the nucleon data [8]. We have checked that for 
A =0.4 GeV the results of our parametrization re- 
main the same within errors. We thus end up with 12 
parameters to be determined by fitting to the experi- 
mental data. Note that this is the first time an at- 
tempt is performed to determine the gluon distribu- 
tion in the photon by using data. It is more difficult 
than in the proton case because there are no momen- 
tum sum rules for the photon and the structure func- 
tion is sensitive to the gluon distribution only in an 
indirect way. 
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3. The data 4. Results 

The photon structure function has been measured 
so far mainly  with two e+e - machines:  at P E T R A  
and at PEP. Recently a measurement  from TRIS-  
TAN has become available [ 9 ]. 

Three exper iments  have publ ished the results of  
their  measurements  at P E T R A : P L U T O  [ 10 ], for av- 
erage Q2 values o f  2.4, 4.3, 5.3, 9.2, and  45 GeV 2, 
TASSO [11 ], at ( Q 2 )  = 2 3  GeV 2, and  JADE [12] 
for ( Q2 ) = 24 and 100 GeV 2. Pre l iminary  results ex- 
ist for the CELLO detector  for Q2 values of  7, 13.1 
and 28.8 GeV 2 [ 13 ]. At PEP, the T P C / 2 7  [ 14 ] group 
measured F~ at ( Q 2 )  =0.24 ,  0.38, 0.71, 1.31, 2.83, 
5.09, and 20 GeV 2. At TRISTAN the photon  struc- 
ture function has been measured by the AMY [9 ] 
group for ( Q 2 )  = 7 3  GeV 2. 

In the fi t t ing procedure  we have used all da ta  avail-  
able above the Qg value assumed for the init ial  con- 
ditions. In est imating the measurement  errors we have 
added  the stat ist ical  errors and the quoted  systematic  
errors in quadrature.  They are in the range of  10-25% 
and are x dependent .  

We have t r ied to fit the data  for Q2 = 1, 2, 3 and 4 
GeV 2. Above 2 GeV 2 the results depend  very slightly 

Table  1 

Resul t s  o f  the  fit fo r  the  three  sets o f  the  p a r a m e t r i z a t i o n  o f  the  

p a r t o n  d i s t r i bu t i ons  in the  p h o t o n  (see the  text  for  de ta i l s ) .  

P a r a m e t e r s  Set I Set II Set III 
Qo2 = 4  G e V  2 Q ~ = 4  G e V  2 Qo2=l  G e V  2 

A 0.54_+0.09 0.41+_ 0 .21  1.18+_0.12 
B 0.125_0.21 0.01+_ 0 .85  0.205_0.13 
C 0.93+_0.05 0.615_ 0.09 1.535_0.12 
D 1.19-50.06 0.77+_ 0.1 0.89+_0.02 
E 0.73+_0.08 0.49+_ 0 .08  7.67-+0.86 
C% 1.0 +_0.4 1.3 _+ 1.3 0.9 +_0.3 
C~ 0.4 +_0.1 0.4 +_ 0.3 - 

Ds 0.35+_0.05 0.32_+ 0.2 0.63-50.11 
Es 5.8 _+0.8 6.2 +_ 2.8 7.1 +_2.5 
Cg 9.6 +_2.3 35.5 +_13.3 82.8 -+8.9 
Dg -0.34_+0.1 0.0 (fixed) 5.9 +_0.5 
Eg 12.5 +_2.3 17.4_+ 1.6 0.56+_0.05 

zZ/DF 0.88 0.87 1.04 
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Fig. I, C o m p a r i s o n  o f  the p r ed i c t i ons  o f  the  new p a r a m e t r i z a t i o n s  wi th  Q2 = 1 G e V  2 ( d a s h e d  l ine) ,  wi th  Q2o = 4 G e V  2 (full  l ine)  a n d  

the  D G  p a r a m e t r i z a t i o n  ( d o t t e d  l ine)  wi th  the  m e a s u r e m e n t s  o f  F~  as a f u n c t i o n  o f x  in b ins  o f  Q 2. 
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on the initial conditions.  The results at 1 GeV 2 are 
substantially different, and we performed this fit 
partly in order to compare with the Drees and Gras- 
sie parametrization. For most  of  the applications, the 
photon structure function is needed only in the re- 
gion of  large Q2. Recent studies [ 15 ] indeed suggest 
that the value of  Qo 2 should be closer to 4 than to 1 
GeV 2. Here we report the results obtained at the two 
extreme values of  Q2. We have used 62 (51 )  data 
points to determine the parameters for the fit starting 
a t Q 2 = l  (4 )  GeV 2. 

Fig. 1 shows the measured photon structure func- 
tion data together with the calculated one using our 
best-fit parameters, as a function o f  x, for different 
Q2 values. Although the evolution was done for four 
flavors in the whole kinematical  range, the charm 
contribution to the photon structure function was in- 
cluded only for W> 3 GeV, W being the mass of  the 
Y7 system. For comparison we show also the ones ob- 
tained with the parametrization of  Drees and Gras- 
sie. We obtain a x 2 / D F =  1.0 starting from Qo 2--  1 
GeV 2 (set III)  and ax2/DF=0.9 for Q 2 = 4  GeV 2 

2 0 

' (a) 

1.5 , \ Q2 = 5 G e V  ~ 

',\ 4 
I 0  L \ I 

t ' 
\ \  . 

0.5 ~ i 
........ ~ \  i 

t- .... - -  " - -  i 

o.o I . . . . . .  . . . . . . . . .  
i0-4  10-3 10-~ lO-I 10 o 

x 

4 0  

F 

3.0  ,, 
\ 
\ 

2 0  

1.0 

O0 
10-4 

(b) 

Q2 = 50 GeV ~ 

\ 

10-3 10-2 10-1 1(3 0 

,q- 

X 

4.0 . . . . . . . . .  , 

2.0 f "'"- X\ I 
, 

1.0 ! .  " ' ' .  

i0-4  I0 -3  10-2 lO-J I 0  o 

(c) 

Q2 = 1 0 0  G e V  ~ 

6 0  . . . . . . . .  , . . . . . . . . . . . . . . . . .  , . . . . . . . .  

x 

5 0  

4.0 

3.0 

2.0 

1 0  

O0 
i0-4 

(d) 

Q~ = 1000 GeV ~ 

10-3 lO-a i0 -~  i(9 o 

X X 

Fig. 2. Comparison between gluon distributions obtained for the set I, set I1, set III parametrizations (full, dash-dotted and dashed lines, 
respectively) and the gluon distribution of the DG parametrization (dotted) evolved to (a) Q2= 5 GeV 2, (b) Q2= 50 GeV 2, (c) Q2= 100 
GeV 2, and (d) Q2= 1000 GeV 2. 
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(set I ) .  The values of  the fitted parameters for the 
two Q~ values are listed in table 1. For Q~ = 4 GeV 2 
we show also results of  a fit in which B~ was fixed to 
0 (set II) .  This was done in order to get some  esti- 
mate on the spread of  the gluon distribution in the 
small x region. The distributions have been tabulated 
for the range 1 0 - 4 < x <  1 and Q2 < Q 2 <  105 GeV 2, 
and are available in a subroutine form which inter- 
polates the distributions for any given x and Q2 within 
that range ~ 

~ The program can be obtained upon request from 
F 1 P C H A @ D H H D E S Y 3 .  

In fig. 2 we present a comparison ofxG(x) for our 
new three parametrizations set I, set II, and set III 
together with the one of  D G  at Q2 values of  5, 50, 100 
and 1000 GeV 2. For the very small x region one can 
see that while in the gluon contribution of  the set III 
parametrization is smaller than the D G  one, both set 
II and set I have a larger contribution than the D G  
gluons. Fig. 3 presents the same comparison on a lin- 
ear scale. Above an x of  0.05, set I and set II are prac- 
tically equal to each other and above an x o f  0.2 co- 
incide with the D G  one. The set III gluon distributions 
are higher than D G  already for x >  0.005 and higher 
than set I and set II for x >  0 .15-0 .2 .  
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Table 2 
Predictions for the deep inelastic Compton process obtained for 
various parametrizations of the patton distributions in the photon. 

Process Cross section (pb) 
(.b-r > 5 GeV/c) 

set I set II set IIl DG 

qr(~lV) +£ff(qO) ~g+ 7 15.6 15.4 16.4 11.8 
qV(qV) +gp___,q (Q) +y 

and 122.8 117.5 107.0 69.2 
gY+ qp (Qp)___,q (q) +7 

sum 138.4 122.9 123.4 81.0 

with the new parametr izat ions  to that assumed by D G  
shows that although the da ta  seem to be able to ac- 
commoda te  more  gluons than was assumed by DG,  
there is quite some freedom in the choice of  the gluon 
dis t r ibut ion in the photon.  It should be noted that  the 
gluon dis t r ibut ion obta ined  for the set III  parametr i -  
zat ion (Q~ = 1 GeV z) has an unusual  shape which 
peaks at high x and which is difficult  to understand.  
It is hoped that  bet ter  da ta  on the photon  structure 
function, or analyses using par ton distr ibutions of  the 
photon  like the one used recently by the A M Y  Col- 
labora t ion  [ 19 ], will help to restrict the choice o f  the 
gluon dis t r ibut ion  in the photon.  

In order  to check how the different  parametr iza-  
t ions influence the cross sections of  processes which 
involve the resolved photon,  we have calculated the 
cross sections of  the resolved part  for the deep inelas- 
tic Compton  process ( D I C )  [ 16 ] at HERA using the 
pa ramet r iza t ions  ment ioned  above for the par ton  
d is t r ibut ion  of  the photon  and the EHLQ 1 [ 17 ] one 
for the proton,  together  with the event  generator  PY- 
T H I A  [ 18 ] (see table 2).  The transverse m o m e n t u m  
in the hard  subprocess (/~x) was larger than 5 G e V /  
c. The cross sections ob ta ined  using the new param-  
et r izat ions  are by ( 5 0 - 7 0 ) %  bigger than that  o f  the 
D G  one. Therefore the exper iments  at HERA will be 
able to constrain  the par ton dis t r ibut ions  o f  the 
photon.  

5. Conclusions 

A new paramet r iza t ion  of  the par ton  dis t r ibut ions  
in the resolved photon  has been obtained.  The avail- 
able da ta  on the photon  structure function have been 
used to fit the quark and gluon dis t r ibut ions  at a 
start ing value of  Q2. The evolut ion was carr ied out 
for four flavors with a A value o f  0.2 GeV. The charm 
cont r ibut ion  to the photon  structure function was 
taken into account only above the threshold for charm 
product ion.  The parameters  were f i t ted for different  
start ing values of  Qo z, ranging from 1 to 4 GeV 2. The 
results do not depend  on the value of  Q~ for Q~ > 2 
GeV z. The da ta  are well reproduced for all start ing 
values of  Q~. 

A compar ison  o f  the gluon dis t r ibut ions  ob ta ined  
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