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MEASUREMENT OF THE INCLUSIVE DEEPINELASTIC SCATTERING CROSS SECTIONAT Q2 � 1 GeV2 WITH THE H1 EXPERIMENT�Tomá² La²tovi£kaDESY Zeuthen, Platanenallee 6, D15738 Zeuthen, GermanyandCharles University, Fa
ulty of Mathemati
s and Physi
sV Hole²ovi£ká
h 2, 18000 Prague 8, Cze
h Republi
(Re
eived September 16, 2002)A preliminary measurement is presented of the in
lusive ep s
atter-ing 
ross se
tion in the kinemati
 region of very low Bjorken x and four-momentum transfer squaredQ2 � 1 GeV2, in the transition region from thenon-perturbative to the deep-inelasti
 domain. The 
ross-se
tion measure-ment is used to obtain new data on the proton stru
ture fun
tion F2(x;Q2).PACS numbers: 13.60.Hb, 14.20.Dh1. Introdu
tionThe data presented here were taken at HERA during a spe
ial runningperiod in August 2000. The intera
tion vertex was shifted by +70 
m in theproton beam dire
tion whi
h allows larger positron s
attering angles1 andthus lower values of Q2 to be a

essed. With a luminosity of 600 nb�1 thestatisti
s is about four times higher 
ompared to the previous shifted vertexdata taken in 1995 by H1 [1℄ and ZEUS [2℄. Due to higher statisti
s andimproved ba
kward tra
king the pre
ision of the measurement as well as thekinemati
 range 
overage was signi�
antly improved.In the single-photon ex
hange approximation the redu
ed neutral 
urrentin
lusive DIS 
ross se
tion at low Q2 is given asQ4x2��2Y+ d2�dxdQ2 = �r = F2(x;Q2)� y2Y+ FL(x;Q2) ; (1)� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.1 Note that the polar angles � are de�ned with respe
t to the proton beam dire
tion.(2835)



2836 T. La²tovi£kawhere Y+ = 1 + (1 � y)2. The inelasti
ity y is related to x and Q2 asy = Q2=sx, where s is the 
enter of mass energy squared. The in�uen
eof the longitudinal stru
ture fun
tion FL on the 
ross se
tion is stronglysuppressed for y < 0:6 due to the kinemati
 fa
tor y2=Y+ and due toFL � F2.The kinemati
 variables Q2, x and y 
an be re
onstru
ted making useof various methods. For this analysis the ele
tron and � methods [3℄ aresele
ted. While the ele
tron method employs only the s
attered ele
tronmeasurement, in the � method also the hadroni
 �nal state information isused. 2. The 
ross se
tion and F2(x;Q2) measurement2.1. Event sele
tionA s
attered ele
tron was identi�ed in the ba
kward lead s
intillating �bre
alorimeter (SPACAL) as the highest energeti
 
luster with a 
luster radiusof � 4 
m mat
hing a ba
kward sili
on tra
ker (BST) tra
k within 2 
m inthe transverse plane. To further suppress the photo-produ
tion ba
kgrounda 
ut on E � pz > 35 GeV was applied.The BST allows the intera
tion vertex to be re
onstru
ted from ele
trontra
k even at large s
attering angles. Thus the vertex re
onstru
tion andevent identi�
ation do not depend on the hadroni
 �nal state re
onstru
tionbut on the s
attered ele
tron measurement only. Along with minimum biasSPACAL trigger it makes the measurement truly in
lusive whi
h extendsthe measurement by one order of magnitude deeper into the low y regionthan the previous H1 1995 data [1℄.For further information about the event sele
tion and about the analysispro
edure see the 
onferen
e paper [3℄.2.2. Systemati
 un
ertaintiesA 
areful study of systemati
 un
ertainties was made. The sour
es 
anbe divided into a number of types:� The luminosity of the data was determined with a pre
ision of 1:8%using elasti
 bremsstrahlung. This normalization error is not in
ludedin any error bar shown further.� The statisti
al un
ertainty of the data is typi
ally about 2% in thebulk region.� Un
orrelated 
ross-se
tion un
ertainties 
onsist of a number of sour
es.An about 2% is due to Monte Carlo statisti
s. Further un
ertaintiesare due to the BST tra
k re
onstru
tion e�
ien
y (2%), SPACALtrigger e�
ien
y (0.5%) and radiative 
orre
tions (1%).



Measurement of the In
lusive Deep Inelasti
 S
attering Cross Se
tion : : : 2837� Correlated 
ross se
tion un
ertainties are due to E0 and Eh measure-ments (0.5�1%), the �e re
onstru
tion (0.5%), the LAr 
alorimeternoise (4% at low y) and due to the photo-produ
tion ba
kground(2% at high y).The total 
ross se
tion un
ertainty is about 4% in the bulk region ofthe data. Compared to the previous H1 shifted vertex data [1℄ this is anapproximately twofold in
rease in measurement a

ura
y.2.3. Cross se
tion determinationThe kinemati
 region 
overed by the data was divided into nine intervalsin the range 0:3 < Q2 < 4:2 GeV2. The binning in y was adapted to theresolution in the measurement of the kinemati
 variables.The measured 
ross se
tion, shown in Fig. 1, represents the most a

uratelow x in
lusive DIS data in the transition region, Q2 � 1 GeV2, obtained so
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Fig. 1. The new preliminary H1 in
lusive DIS 
ross-se
tion measurement (squares)as fun
tion of x in bins of Q2 
ompared to further data from H1, ZEUS and NMC.



2838 T. La²tovi£kafar. It is seen that the presented data agree well with the re
ently presentedH1 1999 nominal vertex data [4℄ and that they are 
onsistent with the ZEUS1997 [5℄ and NMC [6℄ measurements at higher x.The region 
overed in terms of inelasti
ity y extends up to y = 0:75. Atlarge y the longitudinal stru
ture fun
tion FL is observed to tame down the
ross se
tion.The solid 
urves in Fig. 1 represent the redu
ed 
ross se
tion 
al
ulatedfrom the fra
tal model F2 [7,8℄ while the e�e
t of FL at high y was estimatedusing the dipole model predi
tion for FL [9℄.The 
ross se
tion measurement, 
orre
ted for the FL predi
ted by thedipole model, is used to determine the proton stru
ture fun
tion F2(x;Q2).The result is shown in Fig. 2 for 0:003 < y < 0:6. The data are 
om-pared with phenomenologi
al parameterizations and with the extrapolatedH1 NLO QCD �t [10℄.
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Fig. 2. Measurement of the stru
ture fun
tion F2(x;Q2) for y < 0:6 from H1 shiftedvertex data (squares) as fun
tion of x in bins of Q2 
ompared to further data fromH1, ZEUS and NMC.
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Fig. 3. Determination of the exponents �(Q2) from �ts of the form F2(x;Q2) =
(Q2)x��(Q2): points � previous H1 stru
ture fun
tion data [10℄ for x � 0:01;squares � present data. The inner error bars illustrate the statisti
al un
ertainties,the full error bars represent the statisti
al and systemati
 un
ertainties added inquadrature. The straight line represents a �t of the form a ln[Q2=�2℄ using datafor Q2 � 3:5 GeV2.As it is seen from the presented �gures, F2 
ontinues to rise towards lowx at all a

essed values of Q2. Following the re
ent H1 analysis [11℄ the expo-nent �(Q2) was determined from �ts of the form F2(x;Q2) = 
(Q2)x��(Q2).The result is shown in Fig. 3. The data were further used, in 
ombinationwith other measurements, to obtain more pre
ise values of �(Q2) and 
(Q2),see these pro
eedings [12℄.
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