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THE RISE OF THE PROTON STRUCTUREFUNCTION F2 TOWARDS LOW x�Jörg GaylerOn behalf of the H1 CollaborationDESY, Notker Str. 85, 2000 Hamburg 52, Germany(Re
eived June 24, 2002)Results on the derivative of log(F2) with respe
t to log(x) at �xed Q2are presented. The measured derivatives are within errors independent of xfor Q2 = 0:85GeV2 and in
rease linearly with log(Q2) for 10�4 5 x 5 0:01and Q2 ' 3GeV2. The results are based on preliminary and published H1data whi
h at Q2 below 2GeV2 are 
ombined with NMC and ZEUS data.PACS numbers: 13.60.Hb 1. Introdu
tionThe rise of the proton stru
ture fun
tion F2 towards small Bjorken x hasbeen dis
ussed sin
e the existen
e of QCD. In the double asymptoti
 limit(large energies, i.e. small x, and large photon virtualities Q2) the DGLAPevolution equations [1℄ 
an be solved [2℄ and F2 is expe
ted to rise ap-proximately like a power of x towards low x. A power like behaviour isalso expe
ted in the BFKL approa
h [3℄. However, it soon was dis
ussed[4℄ that this rise may eventually be limited by gluon self intera
tions in thenu
leon, or more generally due to unitarity 
onstraints.Experimentally this rise towards small x was �rst observed in 1993 in theHERA data [5℄. Meanwhile the pre
ision of the F2 data is mu
h improvedand the rise 
an be studied in great detail.2. Pro
edureThe low x behaviour of F2 at �xed Q2 is studied lo
ally by the measure-ment of the derivative � � �(� lnF2=� lnx)Q2 as fun
tion of x and Q2. Theresults are based on preliminary H1 F2 data presented to this 
onferen
e [6℄� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(2841)
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overing the range 0:5 < Q2 < 3:5GeV2 and published H1 data [7,8℄ whi
h
over the range 1:5 < Q2 < 150GeV2. The low Q2 F2 data were obtainedby shifting the ep intera
tion vertex by 70 
m in proton beam dire
tion [6℄.At Q2 < 2GeV2 the H1 data are also shown 
ombined with data of NMC[9℄ and ZEUS [10℄. The derivative �(x;Q2) is evaluated using data points atadja
ent values of x at �xed Q2 taking into a

ount error 
orrelations and xspa
ing 
orre
tions. The derivatives are 
ompared with the next to leadingorder (NLO) QCD �t to the H1 
ross se
tion data [7℄ and a �fra
tal� �t[11℄ where self-similar properties of the proton stru
ture are assumed.3. ResultsThe x and Q2 dependen
e of � = �(� lnF2=� lnx)Q2 is shown in Fig. 1.
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Fig. 1. Derivative � 
ompared with the QCD analysis of Ref. [7℄ and a �fra
tal� �t[11℄ for 0:5<Q2<3:5GeV2 (upper plot) and for 1:5<Q2<150GeV2 (lower plot).



The Rise of the Proton Stru
ture Fun
tion F2 . . . 2843The new shifted vertex and the published data agree well in the overlapregion. The derivative � is 
onstant within experimental un
ertainties for�xed Q2 in the range x < 0:01, implying that the data are 
onsistent withthe power behaviour F2 = 
(Q2)x��(Q2). Fitting this form for ea
h Q2 binto the data at x < 0:01, results in the � and 
 values presented in Fig. 2.
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Fig. 2. �(Q2) and 
(Q2) from �ts of the form F2 = 
(Q2)x��(Q2) to the H1 stru
-ture fun
tion data [7℄ and [11℄.The results show that the F2 data at low x for Q2 ' 3:5GeV2 
an bewell des
ribed by the very simple parameterisationF2 = 
 x��(Q2) ; where �(Q2) = a ln�Q2�2 � (1)with a = 0:0481�0:0013�0:0037 and � = 292�20�51 MeV and 
 � 0:18.At low Q2 the deviation of � from the logarithmi
 Q2 dependen
e andthe de
rease of 
(Q2) is more signi�
ant if the H1 data are 
ombined withNMC [9℄ and ZEUS [10℄ data (see Fig. 3).
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Fig. 3. �(Q2) and 
(Q2) from �ts of the form F2 = 
(Q2)x��(Q2) 
ombining theH1 stru
ture fun
tion data of [7℄ and [11℄ and the H1 data with data of NMC [9℄and ZEUS [10℄.The deviations from a simple 
onstant respe
tively logarithmi
 behaviouro

ur at about su
h Q2 values below whi
h perturbative QCD �ts (e.g. [7℄)are not supposed to be valid. At small Q2 the stru
ture fun
tion F2 
an berelated to the total virtual photon absorption 
ross se
tion by�
�ptot = 4��2 F2Q2 � x��Q2 ; (2)where the total 
�p energy squared is given by s = Q2=x. For Q2 ! 0 we
an expe
t 
(Q2)! 0 and �(Q2)!� 0:08. The latter value 
orresponds tothe energy dependen
e of soft hadroni
 intera
tions �tot � s�IP (0)�1 with�IP (0) � 1 � 0:08 [12℄ whi
h is approximately rea
hed at Q2 = 0:5GeV2.
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lusionNo signi�
ant deviation from the power behaviour F2 � x�� at �xed Q2is visible at present energies and Q2 & 0:85GeV2. More spe
i�
ally� For x < 0:01 the derivative � � �(� lnF2=� lnx)Q2 is independent ofx within errors.� � is proportional to ln(Q2) for Q2 & 3GeV2, i.e. in the pQCD region.� Here the data 
an be very simply parametrised by F2 = 
x��(Q2).� At Q2 . 3GeV2 deviations from the logarithmi
 Q2 dependen
e of �are observed.� At low Q2 (Q2 . 1GeV2) the energy rise is similar as in soft hadroni
intera
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