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DIS EVENT-SHAPE RESUMMATIONSAND SPIN-OFFS�M. DasguptaDESY, Theory Group, Notkestrasse 85, Hamburg, Germanyand G.P. SalamLPTHE, Universités Paris VI et Paris VII, Paris, Frane(Reeived May 16, 2002)We present results from a reently ompleted projet to alulate next-to-leading logarithmi resummed distributions for a variety of event shapesin the 1+1-jet limit of DIS. This allows �ts for the strong oupling and fornon-perturbative e�ets using the large amount of data on these observablesfrom HERA. Spin-o�s inlude the disovery of a new lass of logs for ertain�nal state observables (non-global observables); a program that allows aspeed-up by an order of magnitude of ertain �xed-order alulations inDIS with DISENT or DISASTER++; and the development of state-of-the-art PDF evolution ode.PACS numbers: 12.38.Bx, 12.38.Cy, 12.38.Lg1. IntrodutionEvent-shapes are observables sensitive to the �ow of energy and momen-tum in hadroni �nal states. They have been extensively studied in e+e�ollisions, for example for the measurement of the strong oupling, tests ofQCD through �ts for the olour fators and the study of novel approahesto hadronization [1℄. Typially the most disriminatory studies make use ofevent-shape distributions, whih are ompared to next-to-leading perturba-tive preditions that are resummed in the 2-jet limit.Reently the HERA experiments have also started onsidering eventshapes, de�ned in the urrent hemisphere of the Breit frame. In partiu-lar, distributions have been measured by H1 [2℄, and while only mean values� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3311)



3312 M. Dasgupta, G.P. Salamhave been so far studied by ZEUS [3℄ it is our understanding that they intendto extend their studies to distributions.Resummed preditions for e+e� event shapes have existed in the litera-ture sine the early nineties [4℄, but until reently no suh alulations wereavailable for DIS observables (an exeption is jet rates [5℄). Beause of thestrong similarity between a hemisphere of an e+e� event and the urrenthemisphere of the DIS Breit frame, it is natural to assume that the exten-sion from e+e� to DIS will be fairly straightforward. It turns out not to beso, for both oneptual and tehnial reasons. In what follows we outlinesome of the issues that arise, and present preliminary omparisons to data.2. Resummation issues in DISThe most obvious new issue to arise in DIS ompared to e+e� is that ofollinear fatorization. Despite the fat that the observables are all de�nedin the urrent-hemisphere (HC) of the Breit frame, owing to details of thekinematis those de�ned with respet to the photon axis are sensitive toemissions in the remnant hemisphere (HR) through reoil e�ets. Requir-ing the event-shape to have a value lose to that of the 1 + 1-jet limit, onetherefore forbids emissions in the whole of the phase spae (HC and HR).However ollinear fatorization at the sale Q2 is onditional on there be-ing no restritions on emissions in the remnant hemisphere. Requiring theevent shape to have a value less than some V , whih translates to a limiton the largest possible transverse momentum of ollinear emissions in HR,k2T . V nQ2 (n is observable-dependent), has the onsequene [6℄ that ol-linear fatorization an only be reovered if parton distributions are evalu-ated at a sale of the order of V nQ2. This is atually a familiar result fromalulations of the pT distribution of Drell�Yan pairs [7℄ and has also beenobserved in more ompliated multi-jet event shapes [8℄.A seond issue is that of non-global logarithms, whih arise in observablessensitive only to emissions in a restrited portion of phase spae (e.g. HC)suh as the jet mass, and additionally in observables whose sensitivity toemissions is disontinuous aross one or more boundaries in phase spae (anexample [9℄ is the thrust �zE). An erroneous assumption that has widelybeen made in the literature [6,10�12℄ is that (to single-logarithmi auray)in order to suppress radiation into HC (say), it su�es to suppress primaryradiation from the various hard `legs' into that hemisphere.While at leading order in �s lnV this is orret, starting from seond or-der, on�gurations suh as those in Fig. 1 beome relevant [13℄. The rossesindiate emissions whih must be forbidden in order for the observable tohave a small value. The grey emissions are those that do not diretly a�etthe value of the observable. The left-hand piture represents the on�gu-
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q(x, Q )2Fig. 1. Contributions relevant in the alulation of non-global terms; the triple linesindiate inoming partons.ration relevant at seond order: a soft emission (1) in HR, whih does notontribute to the observable, radiates an even softer emission (2) into HC,whih does ontribute to the observable. The strong ordering in energiesQ � E1 � E2 leading to one power of lnV for eah power of �s. Whilethis term is alulable analytially, at all orders one needs to forbid oher-ent radiation into HC from arbitrarily ompliated ensembles of large-angleenergy-ordered gluons in HR (right-hand piture). This is ompliated bothfrom the point of view of the olour struture and of the geometry. The for-mer an be dealt with approximately in the large NC approximation, whilethe latter an so far only be treated numerially. Some insight into the dy-namis assoiated with these non-global logs was obtained in the ontextof a more general study of energy �ow distributions [14℄, where one �ndsthat in the limit of large ln 1=V not only is radiation into HC forbidden, butradiation at intermediate energy sales is also forbidden in a neighbouring`bu�er' region of HR. The size (in rapidity) of this bu�er region inreaseswith lnV and the overall suppression fator oming from non-global logsseems, at least in part, to be assoiated with the suppression of primaryradiation into the bu�er. 3. Tehnial issuesWhen implementing the resummations as omputer programs to allowomparisons to data a number of tehnial issues arose. When this projetstarted there existed only two subtration-based programs for NLO alu-lations in DIS, namely DISENT [15℄ and DISASTER++ [16℄, whih wereknown to disagree for ertain observables [17℄. Comparisons with the expan-sion of the resummed results made it possible to identify DISASTER++ asthe one giving orret preditions1.Unfortunately, of the two programs, DISASTER++ is an order of mag-nitude slower, and we would have needed over a year's omputing time toobtain the �xed-order preditions (needed to desribe the observable in the1 The reently released NLOJET program [18℄ also agrees with DISASTER++.



3314 M. Dasgupta, G.P. Salamregion outside the 1 + 1 jet limit) to su�ient auray. However, the tra-ditional approah to suh alulations involves onsiderable dupliation ofe�ort: one needs distributions at several x and Q2 values and typially oneuses separate events for eah x and Q2 value. But the matrix elements (mod-ulo their yBj-dependene) and the alulation of the event-shape are bothindependent of x and Q2, so eah event in an NLO Monte-Carlo programan be `reapplied' to several x and Q2 values. We have written a programDISPATCH, whih ats as a wrapper to DISENT and DISASTER++ so asto automate suh a proedure.Another spin-o� from this projet is the development of a high-preisionPDF evolution ode [19℄, whih has been used in ollaboration with Vogt [20℄to produe referene NNLL evolutions to an auray of 1 part in 105.4. Comparison to dataThe left-hand plot of Fig. 2 shows a omparison between our mathedresummed distributions [6, 9, 19℄ and the H1 data [2℄ for the C-parameter,CE . Non-perturbative ontributions have been inluded using 1=Q orre-tions, whose size have been hypothesized [21℄ to be governed by a universalparameter �0. We have �tted for both �s and �0, using only the pointsshown as open squares. The results (1-� ontours) for CE and a numberof other DIS observables are shown in the right-hand plot (dashed urves)and ompared to e+e� results for mean values (solid urves), with the jetmasses measured in so-alled massless shemes [22℄. The agreement bothwithin DIS and aross experiments is strong on�rmation of the universalityhypothesis for �0.
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Fig. 2. Left, resummed preditions and H1 results; right, results of �ts for �s, �0.
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