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FORWARD �0 PRODUCTION IN DIS AT HERA�L. GoerlihFor the H1 CollaborationH. Niewodniza«ski Institute of Nulear PhysisRadzikowskiego 152, 31-342 Kraków, Poland(Reeived June 24, 2002)The dynamis of QCD evolution at low values of Bjorken-x are studiedvia the measurement of hard �0 probes in deeply inelasti positron protonsattering with the H1 experiment. The �0 mesons are produed lose tothe fragmented proton diretion whih is alled forward region. Measure-ments of the forward �0 ross setions and the aompanying transverseenergy �ow around the �0 are presented and used to disriminate betweendi�erent shemes for QCD evolution.PACS numbers: 13.60.�r,12.38.�t,12.38.Aw1. IntrodutionThe HERA ollider has extended the available kinemati spae for Deep-Inelasti Sattering (DIS) to regions of large values of the four momentumtransfer Q2 (� 105) and small Bjorken-x (x � 10�5). A variety of measuredproesses has made detailed tests of perturbative QCD possible. In parti-ular, studies at low x ould reveal novel features of parton dynamis. Atsmall x it is very probable that the quark struk by the virtual photon orig-inates from a QCD asade initiated by a parton in the proton. In di�erentregions of the Q2 and x spae di�erent equations are expeted to desribethe parton evolution: the mostly disussed being DGLAP [1℄, BFKL [2℄ andCCFM [3℄. At high Q2 and high x the initial state radiation is desribedby the onventional DGLAP evolution equations whih resum the leading�s ln(Q2=Q20) terms. In this sheme a spae-like hain of subsequent gluonemissions is haraterized by a strong ordering in transverse momenta kT.� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3287)



3288 L. GoerlihHowever, at small x the ontribution of large leading ln 1=x terms may be-ome important. Resumation of these terms leads to the BFKL evolutionequation. No ordering on transverse momenta kT of emitted gluons is im-posed here. The CCFM evolution equation based on angular ordering andolor oherene interpolates between the BFKL and DGLAP approahes.An extended parton ladder at low x leads to high kT partoni emissionin the forward region to whih measurements of jets and leading partilesare sensitive. Prodution of DIS events with a single forward partile is amore re�ned version of the forward jet prodution; a forward jet is identi�edby its single energeti fragmentation produt. In analogy to the forwardjet analysis, inspired by the proposal of Mueller [4℄, seletion of a singlepartile with transverse momentum squared of the order of Q2, kT2 � Q2,suppresses the kT ordered DGLAP evolution and the hoie of the frationalmomentum x� = E�=Ep (Ep is the proton beam energy) greater than theBjorken-x enhanes the phase spae for BFKL e�ets. An advantage ofstudying single partiles, as opposed to jets, is the potential to reah smallerangles than is possible with jets with broad spatial extension. However, therate of the proess is suppressed in omparison to forward jet prodution andfragmentation e�ets are expeted to be more signi�ant. Di�erential ross-setions for inlusive �0-meson prodution [5℄ have been measured by theH1 Collaboration. The BFKL alulation approximating some of the NLOe�ets [6℄ was found to be in good agreement with the data, partiularlyfor the shape desription, but the absolute normalization remained stronglya�eted by the sale unertainty. A reasonable desription of the data isalso given by the Monte Carlo model RAPGAP [7℄ based on the DGLAPformalism with inlusion of resolved photon proesses.In this analysis we present new results from the H1 experiment on hightransverse momentum forward �0 prodution in DIS with statistially in-reased (by fator 3.5) sample that allows for more di�erential studies. Inaddition an investigation of the additional harateristis of the hadroni�nal state has been performed.2. Experimental setup and data seletionThe data used for this analysis were olleted in 1996 and 1997 withthe H1 detetor at HERA, whih ollided beams of 27.5 GeV positrons and820 GeV protons, and orrespond to an integrated luminosity of 21 pb�1.A detailed desription of the H1 detetor an be found elsewhere [8℄. DISevents are seleted by identi�ation of sattered positrons in the bakwardlead/sintillating �ber alorimeter with energy resolution for eletrons �E=E�0:075=pE. The analysis is restrited to the range 0:1<y<0:6 and 2:0<Q2<70:0 GeV2, and Bjorken-x extends over two orders of magnitude down tox�10�5. The photoprodution bakground is redued to a negligible level.



Forward �0 Prodution in DIS at HERA 3289The �0-mesons are measured in the �nely segmented liquid argon (LAr)alorimeter onsisting of an eletromagneti setion, that provides an en-ergy resolution of �E=E � 0:12=pE, and of hadroni setion with energyresolution for harged pions �E=E � 0:50=pE. The absolute energy salesare known to 3% for eletromagneti setion in the forward region relevantfor this analysis and to 4% for hadroni setion. The �0-mesons are identi-�ed via the dominant deay hannel �0 ! 2 using alorimetri informationonly. The �0 andidates are seleted in the HERA laboratory frame1 withpolar angles in the region 5Æ < �� < 25Æ and with x� greater than 0.01. Theut on the minimum transverse momentum of the �0-meson, p�T;� de�ned inthe photon�proton enter of mass system (CMS) is set to 2.5 GeV. At high�0 energies requested here, the deay photons annot be separated in theLAr alorimeter and their energy deposits are reonstruted as one alori-metri luster. Photon indued showers are seleted by a detailed analysis oflongitudinal and transverse shower shape development in the LAr alorime-ter [5℄. The e�ieny for �nding �0-mesons after all seletion uts is above45% and the purity of the seleted �0-meson sample is at the level of 80%.Other soures of high energy photons (suh as prompt photon prodution)are at negligible level [9℄. The in�uene of �-meson prodution is also takeninto aount in the analysis. 3. ResultsInlusive forward �0 ross-setions for p�T;� > 2.5 GeV are shown as afuntion of x and p�T;� for di�erent regions of Q2 in Fig. 1. All ross-setionsare orreted for detetor e�ets and for the in�uene of QED radiationby a bin-by-bin unfolding proedure. Systemati errors are dominated bythe model dependene of the orretion proedure whih gives rise to typ-ially 10�15 % unertainty. The QCD alulations are presented using theMonte Carlo model RAPGAP based on LO DGLAP parton showers with(DIR+RES) and without (DIR) resolved photon proesses. The MonteCarlo model CASCADE [10℄ has been used as an implementation of theCCFM equation. The predition of RAPGAP with a point-like photon iswell below the data. A reasonable desription of the ross-setions is ob-tained by inluding in RAPGAP additional resolved photon ontributionand using a renormalization and fatorization sale of Q2+4p2T. CASCADEundershoots the data for lower values of Q2. The fat that CASCADE de-sribes the forward jet ross-setion [11℄ but not the forward �0 prodution,may indiate the importane of the quark splitting funtions whih are nottaken into aount in CASCADE. Fig. 2 shows the transverse energy �ow1 H1 uses a a right-handed oordinate system with the z-axis de�ned by the inidentproton beam.
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Fig. 1. Inlusive forward �0-meson prodution ross-setions in three regions of Q2.Left: as a funtion of Bjorken-x and Right: as a funtion of p�T;�. The inner barsare statistial, the outer error bars give the statistial and systemati error addedquadratially.
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Forward �0 Prodution in DIS at HERA 3291around the forward �0 in the hadroni CMS, for di�erent ranges of ���, asa funtion of the distane from the �0 diretion in units of pseudorapid-ity. The energy �ow is highly ollimated around the diretion of the �0,with an average ontribution to the bin ontaining this partile of about4 GeV. Large amounts of transverse energy are also produed away from the�0. The QCD models presented here give similar preditions, however thealulations whih inlude resolved proesses tend to agree better with thedata. The transverse energy �ow around the �0 re�ets how the transversemomentum of the jet is ompensated along the ladder. It is best seen in theET �ow distribution for the most forward �0 shown in the left upper plot ofFig. 2. RAPGAP with only diret ontribution taken into aount preditsless radiation in the viinity of the �0 and the pT of the forward partileis mainly ompensated far away from the �0 as expeted for kT orderedDGLAP emissions. For the CCFM approah, there is more QCD radiationlose to the �0 diretion, while the predition of RAPGAP with resolved omponent lies between preditions of CASCADE and RAPGAP-DIR. Themean transverse energy along the ladder, in the region 0:5 < �� � ��� < 3:0,for di�erent ranges of ��� in the hadroni CMS as a funtion of Bjorken x ispresented in the right part of Fig. 2. The data,within the presently limitedstatistial auray, show no dependene on x and the best desription isgiven by RAPGAP with resolved photon interations.4. SummaryHigh preision measurements of the forward �0 ross-setions and theiraompanying energy �ow were presented. The data allow us to disriminatebetween di�erent QCD models and are best desribed by an approah inwhih partoni substruture of virtual photons is also taken into aount.REFERENCES[1℄ V.N. Gribov, L.N. Lipatov, Sov. J. Nul. Phys. 15, 438 and 675 (1972);Yu.L. Dokshitzer, Sov. Phys. JETP 46, 641 (1977); G. Altarelli, G. Parisi,Nul. Phys. 126, 297 (1978).[2℄ E.A. Kuraev, L.N. Lipatov, V.S. Fadin, Sov. Phys. JETP 45, 199 (1972);Y.Y. Balitsky, L.N. Lipatov, Sov. J. Nul. Phys. 28, 822 (1978).[3℄ M. Ciafaloni, Nul. Phys. B296, 49 (1988); S. Catani, F. Fiorani, G. Marh-esini, Phys. Lett. B234, 339 (1990); S. Catani, F. Fiorani, G. Marhesini,Nul. Phys. B336, 18 (1990); G. Marhesini, Nul. Phys. B445, 49 (1995).[4℄ A.H. Mueller, Nul. Phys. B (Pro. Suppl.) 18C, 125 (1990); J. Phys. G 17,1443 (1991).[5℄ H1 Collab., C. Adlo� et al., Phys. Lett. B462, 440 (1999).
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