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DIJET PRODUCTION AT LOW Q2�Kamil SedlákOn behalf of the H1 CollaborationCenter for Parti
le Physi
s, Institute of Physi
s, AS CRNa Slovan
e 2, 182 21 Praha 8, Cze
h Republi
e-mail: ksedlak�fzu.
z(Re
eived July 4, 2002)Triple di�erential dijet 
ross-se
tions in e�p intera
tions measured withthe H1 dete
tor at HERA are presented. The data are 
ompared to MonteCarlo simulations based on the DGLAP and CCFM parton evolution s
he-mes. E�e
ts of longitudinally polarized virtual photons are investigated.PACS numbers: 12.38.Qk, 13.60.Hb1. Dijet produ
tion at HERAThe produ
tion of dijet events at HERA is dominated by pro
esses inwhi
h a virtual photon, 
oupling to the ele
tron, intera
ts with a parton inthe proton. In the region of photon virtuality Q2 � �2QCD, hard 
ollisionsof the photons do not ne
essitate the introdu
tion of the 
on
ept of theresolved photon (as for the real photon) and the pro
ess 
an in prin
iple bedes
ribed by the dire
t photon 
ontribution alone.The analysis presented here explores the region �2QCD � Q2 <� E2T, wheredi�erent theoreti
al approa
hes 
an be used to take into a

ount higherorder 
orre
tions � either Next-to-Leading Order (NLO) 
al
ulations, kTunordered initial QCD 
as
ades, or additional intera
tions with resolvedphotons. Comparisons with NLO predi
tions are likely to be
ome possiblein the future. In more detail, the present measurements are 
ompared withthe following models:(a) LO dire
t and resolved intera
tions based on the DGLAP evolu-tion equations and parton showers. The e�e
ts of transversally (
�T)and also longitudinally (
�L) polarized resolved photon intera
tions are� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3129)



3130 K. Sedlákstudied [1�3℄. The 
ross se
tion for longitudinal photons vanishes forQ2 = 0 due to gauge invarian
e. On the other hand, the 
on
eptof a resolved photon breaks down for Q2 > E2T. Therefore the mostpromising region in whi
h to sear
h for the 
�L resolved pro
esses is�2QCD < Q2 � E2T, whi
h is often the 
ase in the present analysis.The main di�eren
e between 
�L and 
�T indu
ed intera
tions arisesfrom the y dependen
e of the respe
tive �uxes:f
T=e(y;Q2) = �2� �2(1 � y) + y2y 1Q2 � 2m2eyQ4 � ; (1)f
L=e(y;Q2) = �2� �2(1 � y)y 1Q2� : (2)While for y ! 0, both transverse and longitudinal �uxes are approx-imately same, the longitudinal �ux vanishes for y ! 1. Also thedependen
e of the point-like1 (i.e. perturbatively 
al
ulable) parts ofthe photon parton distribution fun
tions (PDF) on Q2 and E2T di�ers� while the 
�T PDF are proportional to ln(E2T=Q2), the 
�L PDF donot, in the �rst approximation, depend on either E2T or Q2 [2℄.(b) kT unordered initial QCD 
as
ades a

ompanying the hard pro-
ess are present for example in BFKL or CCFM evolution. Theseevolution s
hemes 
an lead to �nal states in whi
h the partons withthe largest kT may 
ome from the 
as
ade, and not, as in DGLAPevolution, from the hard subpro
ess. Su
h events may have a simi-lar topology to that for the resolved intera
tions in the DGLAP ap-proximation. This possibility is investigated using the CASCADE 1.0generator [5�7℄ based on the CCFM evolution equations.2. Measurement of dijet 
ross-se
tionThe measurement was done with 16.3 pb�1 of data 
olle
ted in 1999,when the ele
tron-proton 
enter-of-mass energy ps rea
hed 318 GeV. Theanalysis was performed in 
�-proton 
enter-of-mass system and jets werefound using the kT longitudinally invariant jet algorithm. The phase spa
eis de�ned by the photon virtuality: 2 GeV2 < Q2 < 80 GeV2, the ele
troninelasti
ity: 0:1 < y < 0:85, the transverse energy of two leading jets:Ejet 1;2T > 5 GeV, ET = (Ejet 1T + Ejet 2T )=2 > 6 GeV and the pseudorapidityof the two leading jets: �2:5 < �jet 1;2 < 0.1 The perturbatively non-
al
ulable hadron-like part of the photon PDF be
omes negli-gible in our kinemati
al region with respe
t to the point-like one, as has been demon-strated in [4℄.



Dijet Produ
tion at Low Q2 3131The measured data are 
orre
ted for dete
tor e�e
ts using the Bayesianunfolding method. The largest sour
e of systemati
 errors arises from themodel dependen
e of the dete
tor 
orre
tion, and from the main 
alorimeter
alibration un
ertainty.3. Results and dis
ussionThe 
orre
ted triple-di�erential dijet 
ross-se
tion measured as a fun
-tion of Q2 , E2T and x
 is shown in Fig. 1. A predi
tion of HERWIG [8℄with the SaS1D parameterization of the 
�T PDF, as well as the pure dire
t
ontribution is 
ompared to the data.
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Fig. 1. Triple di�erential dijet 
ross-se
tion d3�ep=dQ2dE2Tdx
 for the H1 datadepi
ted by points is 
ompared to predi
tions of the HERWIG and CASCADEMC programs.



3132 K. SedlákIn general, HERWIG 5.9 and RAPGAP 2.8 [9℄ tend to underestimatethe measured 
ross-se
tion. The de
rease of the resolved 
ontribution athigh E2T is of kinemati
 origin, due to the limited phase spa
e at low x
 .The dire
t 
ontributions almost des
ribe the data in the highest Q2 bin,while a 
lear need for resolved pro
esses is observed for Q2 � E2T.In the highest Q2 range (25<Q2<80GeV2) and x
<0:75, the HERWIGdire
t 
ontribution almost des
ribes the data in the lowest E2T bin, but issigni�
antly below it in the highest E2T bin. This indi
ates that the relevan
eof the resolved photon 
ontribution is governed by the ratio E2T=Q2, ratherthan by Q2 itself.Standard HERWIG with dire
t and 
�T resolved 
ontributions underesti-mates the data. The des
ription is improved by adding 
�L resolved photonintera
tions, whi
h is done using a slightly modi�ed version of HERWIGwith the longitudinal photon �ux a

ording to Eq. (2) and a re
ent 
�L PDFparameterization [3℄. As demonstrated in Fig. 1, the 
�L resolved 
ontribu-tion is signi�
ant, and brings HERWIG 
loser to the measurement.On the other hand, a simple enhan
ement of the PDF of the 
�T in theresolved 
ontribution 
ould lead to a similar predi
tion as the introdu
tionof resolved 
�L. To distinguish between a non-optimal 
hoi
e of 
�T PDF andthe need for resolved 
�L , the dijet 
ross-se
tion has also been studied as afun
tion of Q2 , x
 and y, whi
h is shown in Fig. 2. HERWIG is below thedata. The dis
repan
y be
omes smaller if the resolved 
�L is added. A

ord-ing to Eq. (1), (2), the slope of inelasti
ity y of the HERWIG predi
tion inthe region of x
 < 0:75, depends signi�
antly on whether 
�L pro
esses arein
luded or not. Unlike a pure enhan
ement of 
�T PDF, whi
h would not
hange the slope of the y distribution, addition of 
�L brings the y dependen
eof HERWIG mu
h 
loser to the measurement.As motivated in Se
tion 1, the measured 
ross-se
tions are also 
om-pared to a predi
tion of the CASCADE MC program based on the CCFMevolution s
heme. This theoreti
al approa
h does not involve the 
on
eptof virtual photon stru
ture and employs mu
h fewer parameters for tuningthan the usual DGLAP-based MC programs. CASCADE des
ribes the datareasonably but not perfe
tly. In parti
ular, the Q2 dependen
e at low x
 ispoorly des
ribed.As indi
ated by Fig. 2, the y dependen
e of the dijet 
ross-se
tion isbetter des
ribed by CASCADE than by HERWIG without the 
�L resolvedpro
ess, sin
e photon polarization states are 
orre
tly treated in CASCADEfor all virtualities (only dire
t photon intera
tions are 
onsidered).
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Fig. 2. Triple di�erential dijet 
ross-se
tion d3�ep=dQ2dx
dy.4. Con
lusionsThe importan
e of 
�T resolved photon intera
tions within the DGLAPevolution s
heme at leading order is 
learly demonstrated in the region whereE2T > Q2, even at rather high Q2. Additional 
�L resolved photon 
ontribu-tions further improve the agreement of HERWIG with the measured data.Exploring the CCFM approa
h, the MC program CASCADE does notreprodu
e the data perfe
tly, the main dis
repan
y is observed in the Q2 de-penden
e at low x
 . On the other hand, the x
 dependen
e in CASCADE is
omparable to the sum of the dire
t and resolved 
ontributions in DGLAP-based MC programs, showing that non kT ordered parton 
as
ades 
an su
-
essfully produ
e the same observables as resolved virtual photons in the LODGLAP evolution s
heme.
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