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OUT-OF-PLANE QCD RADIATIONIN DIS EVENTS WITH HIGH PT JETS�Giulia ZanderighiIPPP, University of Durham, Durham DH1 3LE, England(Reeived July 1, 2002)We present the QCD analysis of the out-of-event-plane momentum dis-tribution in DIS events with high pt jets. The ahieved auray allows themeasurement of the running oupling and the study of non-perturbativee�ets, in partiular the test of universality of power orretions in a newexperimental regime.PACS numbers: 13.87.Ce, 13.87.Fh, 12.38.Lg1. IntrodutionEvent shape variables desribe the energy and momentum �ow in highenergy ollisions. Being ollinear and infrared safe they an be omputedwith high auray, so that they generally allow a good measurement of �s.Furthermore they are sensitive to extra soft non perturbative emissions, sothat they prove to be a powerful tool to study the up to now fairly unknownlow energy domain.2. Two- and multi-jet event shape variablesEvent shapes were originally de�ned for e+e� ollisions [1�3℄, only quitereently their QCD alulation have been extended to Deep Inelasti Sat-tering (DIS) ollisions [4, 5℄. Calulations for DIS proesses are in priniplea simple extension of the e+e� ase. Of ourse, just from a pure kinematialpoint of view one expets some di�erenes: e+e� ollisions are haraterizedby only one hard sale, the enter-of-mass energy ps, while DIS proessesdepend on one additional hard sale, the virtuality Q of the inoming gaugeboson. A further di�erene is the presene of a hadron in the initial state inDIS ollisions. This implies that observables are �nite only after introduing� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3317)



3318 G. Zanderighia fatorization sale to extrat ollinear divergenes due to initial state ra-diation. Finally, sine no measurements an be performed lose to the beamregion, in DIS analyses one needs to introdue a kinematial rapidity ut� < �0 (� O(1)) along the diretion of the inoming parton.Till reently, both in e+e� and in DIS physis, attention was fousedon so alled 2-jet observables, i.e. on those observables whose �rst non-zeroontribution is at order �s. Suh observables are sensitive to any kinemat-ial �nal state, therefore prove to have a rih phenomenology [6-13℄. Onthe other hand, 3-jet observables, i.e. observables whose �rst non-vanishingontribution is at order �2s are sensitive to the non-abelian struture of QCDalready at leading order and are therefore more interesting from a theoretialpoint of view. In partiular in DIS proesses 3-jet observables are sensitiveto the gluon density at leading order. Therefore these studies should pro-vide a powerful method to study QCD dynamis and to onstrain the partondistribution funtions. 3. Out-of-plane radiationThe omputation of 3-jet observables at the same standard aurayavailable for 2-jet observables (i.e. single logarithmi resummation, seondorder exat results, mathing and leading power orretions) proves to bemuh more umbersome. This projet started some years ago with the studyof some 3-jet observables in e+e� [14, 15℄, results were then extended toDrell�Yan proesses [16℄ and �nally to DIS observables [17,18℄. The �rst 3-jetobservable studied in DIS measures the umulative out-of-plane momentumdistribution Kout [17℄, where the event-plane is �xed kinematially by theBreit- and thrust major axis. Pure three jet events are seleted by imposinga lower bound for the 2-jet resolution variable y2.At �rst order in �s, i.e. when only 2 �nal state partons are present, mo-mentum onservation ensures that the event is planar so that the observablevanishes. The �rst non trivial ontribution is therefore at O�2s .The Kout observable, as other event shapes, is haraterized by the fol-lowing theoretial features:� On a perturbative (PT) level, in the kinematial region where Kout�Qvetoing real emissions gives rise to a large mismath between real andvirtual ontributions, so that large logarithms L � ln(Kout=Q) needto be resummed at double- (DL) and single logarithmi (SL) level.� From a non perturbative (NP) point of view also ultra-soft emissionsontribute to the observable, so that (at least) leading 1=Q powerorretions need to be taken into aount.



Out-of-Plane QCD Radiation in DIS Events with High PT Jets 33193.1. Perturbative resultAt DL level the perturbative answer is quite straightforward: vetoingradiation from any of the 3 emitting partons gives rise to a Sudakov exponentwhih is simply the sum of the 3 single-parton Sudakovs, eah one forbiddingradiation from one hard parton regardless of the presene of the other 2.TheSudakov fator needs to be weighted with the hard squared matrix elementjM j2 and onvoluted with the inoming parton density P(�)�(Kout) � P(�)
 jM j2 e��s� (2CF+CA) ln2 QKout : (1)A naive DL result is known to be insu�ient to make quantitative pre-ditions. A more rih and informative answer is found at SL level wherethe answer is sensitive to oherene and interferene e�ets. In partiular tohard parton reoil e�ets, to soft large angle radiation, to ollinear (initial)state radiation and to the running of �s (at 3 di�erent sales).The total answer at SL level [17℄ turns out to be quite involved, but anbe interpreted easily in terms of the above SL e�ets.3.2. Non-perturbative e�etsAs is now well established, for event shapes PT results at whatever orderneed to be supplemented by an NP ontribution whose atual size and formdepends stritly on what has been already inluded in the PT alulations.The kinematial origin of suh a sensitivity to hadronization e�ets is evi-dent: event shapes measure momentum �ow, they are therefore sensitive tothe momentum degradation whih ours during the olour blanhing. Alsofrom a more formal point of view the need for NP orretions is lear: regard-less of details of the behaviour of the oupling in the infrared PT expansionsare divergent and therefore intrinsially ambiguous, suh an ambiguity inthe �nal answer needs to be aneled by an additional NP term.To deal with NP e�ets we adopted the now standard proedure of ex-tending the notion of �s in the NP regime [19℄. The total answer dependsthen on �s and on one NP parameter �0 whih is related to the average ofthe dispersive oupling in the NP domain (the hoie of �I is onventional)�0 = 1�I �IZ0 dkt �s(kt) ; �I � 2GeV : (2)�0 is the same parameter whih appears in the alulation of other eventshapes. The fat that many observables depend on only one additionalNP parameter is a onsequene of the universal (linear) behaviour of suhobservables on the transverse momentum of the seondary partons. The



3320 G. Zanderighirapidity (and azimuthal) dependene determines the observable-dependent,PT-alulable oe�ient of the NP orretions. In the present ase, sineKout, as the Broadenings, is by de�nition rapidity-independent, the rapidityintegral of the NP gluons would diverge if extended naively to in�nity asis usually done. One then needs to introdue an e�etive rapidity uto�,whih is provided by the PT reoil of the hard partons. Due to this in-terplay between PT & NP physis the NP-shift depends on the PT valueof the observable. In partiular, aording to the kinematial region underonsideration the shift is log-enhaned (/ ln(Kout=Q)) or proportional to1=p�s (with a rih and informative olour struture).3.3. Universality of power orretionsUniversality implies that a simultaneous �t of �s and �0 from di�erentobservables gives the same answer. Fig. 1 shows a 1-� ontour plot for someDIS event shapes [20℄.
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Fig. 1. 1-� ontour plot for the �s � �0 �t for some DIS event shape variables.Universality is found with an auray of about 10�15%, whih is inagreement with the size of higher order negleted terms. Up to now thisuniversality hypothesis has been tested only in 2-jet observables, so thatthere is a quite large orrelation between di�erent �ts whih is usually nottaken into aount. Indeed �ts are done using the same experimental dataand �tting observables whih are fairly similar (think of the thrust T andC-parameter for whih at leading order C = 6 (1 � T )).
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