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DGLAP EVOLUTION IN THESATURATION MODEL� ��J. Bartelsa, K. Gole
-Biernata;b and H. Kowalski
aII Institut für Theoretis
he Physik, Universität HamburgLuruper Chaussee 149, 22761 Hamburg, GermanybH. Niewodni
za«ski Institute of Nu
lear Physi
sRadzikowskiego 152, 31-342 Kraków, Poland
Deuts
hes Ele
tronen Syn
hrotron DESYNotkestr. 85, 2000 Hamburg, Germany(Re
eived June 26, 2002)A modi�
ation of the saturation model of deep inelasti
 s
attering atsmall x whi
h in
ludes the Altarelli-Parisi (DGLAP) evolution is presentedSigni�
ant improvement of the des
ription of the stru
ture fun
tion F2 atlarge Q2 is a
hieved and a good des
ription of di�ra
tive data is preserved.PACS numbers: 13.60.Hb, 12.38.Bx1. Introdu
tionThe saturation model [1℄ has provided a su

essful des
ription of HERAdeep inelasti
 s
attering data. This in
ludes both the F2 data, with thetransition into the nonperturbative photoprodu
tion region, and the DISdi�ra
tive data [2℄. Whereas the formulae are parti
ularly appealing throughtheir simpli
ity, they also have an attra
tive theoreti
al ba
kground: the ideaof parton saturation. Despite its su

ess, the model su�ers from the la
k ofproper s
aling violation, i.e. at larger values of Q2 it does not exa
tly mat
hwith QCD evolution des
ribed by the DGLAP equations. This be
omes
learly visible in the region Q2 > 20 GeV2 where the model predi
tions arebelow the data on F2. Therefore, one expe
ts that QCD evolution shouldenhan
e the 
ross se
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2854 J. Bartels, K. Gole
-Biernat, H. KowalskiWe present a modi�
ation of the saturation model whi
h preserves itssu

ess in the low-Q2 (transition) region, while in
orporating QCD evolu-tion in the large-Q2 domain [3℄. Sin
e the energy dependen
e in the large-Q2region is mainly due to the behaviour of the dipole 
ross se
tion at smalldipole sizes r, our 
hanges will a�e
t mostly the small-r region. At the sametime, we leave the large-r behaviour of the dipole 
ross se
tion pra
ti
allyun
hanged whi
h allows to retain a good des
ription of DIS di�ra
tive 
rossse
tion. Re
ent attempts [4℄ along the same lines indi
ate that di�ra
tionprovides a highly nontrivial restri
tion on possible modi�
ations of the sat-uration model.2. The saturation model and its modi�
ationWe start with a brief review of the saturation model [1℄. Within thedipole formulation of the 
�p s
attering, the 
ross se
tion�
�pT;L(x;Q2) = Z d2r dz  �T;L(Q; r; z) �̂(x; r)  T;L(Q; r; z); (1)where  T;L are the virtual photon wave fun
tions with the transverse andlongitudinal polarisation. In the saturation model the following form of thedipole 
ross se
tion �̂ is proposed�̂(x; r) = �0 �1 � exp�� r24R20(x)�� ; (2)where R0(x) is the saturation s
ale whi
h de
reases when x! 0,R20(x) = 1GeV2 � xx0�� : (3)In order to be able to study the formal photoprodu
tion limit, the Bjorkenvariable x = xB was modi�ed to bex = xB 1 + 4m2qQ2 ! = Q2 + 4m2qW 2 ; (4)where mq is an e�e
tive quark mass and W denotes the 
�p 
enter-of-massenergy. The parameters of the model, �0 = 23 mb, � = 0:29 and x0 = 3�10�4(for �xed mq = 140 MeV), were found from a �t to small-x data [1℄.As it is well known [5℄, in the small-r region the dipole 
ross se
tion isrelated to the gluon density obeying the DGLAP evolution�̂(x; r) ' �23 r2 �s xg(x; �2) ; (5)
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ale �2 ' C=r2 for r ! 0. The equation (5) is valid in thedouble logarithmi
 approximation in whi
h the 
onstant C is not determined.Expanding the exponent in Eq. (2) for r � 2R0(x), we �nd the gluon densityin the saturation model xg(x; �2) = 34�2�s �0R20(x) : (6)For �xed �s this gluon density is 
learly s
ale independent. Thus, we haveto modify the small-r behaviour of the dipole 
ross se
tion to in
lude theDGLAP evolution and, at the same time, keep the large-r behaviour un-
hanged. This will preserve the idea of saturation, whi
h re�e
ts unitarity,and allows a good des
ription of the di�ra
tive 
ross se
tion.Therefore, we propose the following modi�
ation of the model (2)�̂(x; r) = �0 �1 � exp���2 r2 �s(�2)xg(x; �2)3�0 �� ; (7)where the s
ale �2 is assumed to have the form�2 = Cr2 + �20 : (8)The parameters C and �20 will be determined from a �t to DIS data. Thes
ale �0 � � allows to freeze the value of the gluon distribution for large rat a perturbative s
ale whi
h leads to �̂(x; r) � �0, as in the original model.The transition between small and large r depends on x but in detail it mightbe di�erent from the original formulation. Thus, the modi�ed form mimi
sin a 
onsistent way the saturated behaviour of the dipole 
ross se
tion.In a �rst approximation, g(x; �2) is evolved with the leading orderDGLAP equation in whi
h quarks are negle
ted in the spirit of the small-xlimit. The starting gluon distribution at the initial s
ale Q20 = 1 GeV2xg(x;Q20) = Ag x��g (1� x)5:6 ; (9)where Ag and �g are another �t parameters. The exponent determining thelarge x behaviour is motivated by the re
ent MRST parameterisation [6℄.For small r, the exponential in (7) 
an be expanded in powers of its argu-ment, and relation (5) with the running �s = �s(�2) is found. In 
ontrast tothe model (2), the rise in 1=x now has be
ome r-dependent. When inserting�̂ into (1) and 
onvoluting with the photon wave fun
tion, the integrandpeaks near r � 2=Q for large Q2, and the argument of the gluon densityturns into �2 � Q2. Consequently, with in
reasing Q2, DGLAP evolutionwill strengthen the rise in 1=x, whereas in the original saturation model thepower of 1=x had been 
onstant.



2856 J. Bartels, K. Gole
-Biernat, H. Kowalski3. Fit results and 
omparison with dataWe performed a global �t to the DIS data with x < 0:01 in the range0:1 < Q2 < 500 GeV2. For the HERA experiments the new 1996�97 datafrom H1 and ZEUS were used [7℄ together with the E665 experiment data[8℄ (in total 330 points) The statisti
al and systemati
 errors were addedin quadrature. For a full dis
ussion of �t details see [3℄. With the �xedquark mass mq = 140 MeV, the value of �2=Ndf = 1:18 was found (for theoriginal model re-�tted to the new data �2=Ndf ' 3) with the following�t parameters: C = 0:26, �20 = 0:52 GeV2, Ag = 1:2 and �g = 0:28. Inaddition, for the agreement with the di�ra
tive data we �x the normalisationof the dipole 
ross se
tion to the original saturation model value �0 = 23 mb.The form of the new dipole 
ross se
tion (7) is shown in �gure 1 (solidlines) for di�erent values of x. As expe
ted the main modi�
ation in 
om-parison to the model (2) (dashed lines) lies in the small-r region. In �gure 2
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ross se
tion as a fun
tion of the dipole size r for di�erent valuesof log10 x = �2;�3; : : : ;�7 (from the left to the right). The original saturationmodel: dashed lines and the improved model: solid lines.the global 
hara
teristi
 of the data des
ription is shown. Namely, we plotthe e�e
tive slope �(Q2), obtained from the parameterisation of F2 at smallx, F2 � x��(Q2), for �xed Q2. For the shown 
urves, � was 
omputed us-ing the relation F2 = Q2=(4�2�em)�
�pT+L with the two dis
ussed forms ofdipole 
ross se
tions. As expe
ted, the in
lusion of the DGLAP evolutionfor small r signi�
antly improves agreement with the data at large Q2 whileat small Q2 the results are pra
ti
ally the same.
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2Fig. 2. The e�e
tive slope � as a fun
tion of Q2. The original saturation model(dashed line) and the improved model (solid line) are shown against the data.An important aspe
t of the dipole models is their straightforward de-s
ription of di�ra
tive pro
esses. In parti
ular, the 
onstant ratio of thein
lusive over di�ra
tive 
ross se
tions as a fun
tion of x �nds a natural ex-planation in the saturation model [1,2℄. In DIS di�ra
tion the 
ross se
tionis dominated by the 
ontribution from large dipole sizes r. Sin
e the large-rpart of the dipole 
ross se
tion is pra
ti
ally un
hanged in our modi�
ation,the des
ription of di�ra
tive data is as good as in the original saturationmodel. The only 
hange introdu
ed is a di�erent treatment of the 
olourfa
tors for the qqg 
omponent, see [3℄ for more details.REFERENCES[1℄ K. Gole
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