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CORRELATIONS IN WW EVENTS��. TodorovaInstitute of Physis, Aademy of Sienes of the Czeh RepubliNa Slovane 2, 182 21 Praha 8, Czeh Republi(Reeived Otober 1, 2001)A ritial summary is given of the present status of the study of Bose�Einstein orrelations in W -pair prodution at LEP2. In partiular, theevidene is reviewed for or against the existene of Bose�Einstein orrela-tions between pions originating both from a di�erent of the two W 's. Ifpresent, suh an inter-W interferene would not only form a potential biasin the determination of theW mass, but also would provide a laboratory tomeasure the spae-time development of the overlap. If absent, this woulddrastially hange the onventional (Hanbury Brown and Twiss) piture ofpion interferometry in high energy physis.PACS numbers: 13.65.+i 1. IntrodutionCorrelations between pairs of idential partiles (or, in the simpli�edexperimental approah, pairs of like-sign partiles) within a single hadronisystem are a well known phenomenon, however the understanding of thise�et is far from omplete. Most often, it is onsidered to be an equivalentof the Hanbury Brown�Twiss e�et in astronomy, re�eting the interfereneof idential bosons emitted inoherently from their soure.An alternative model, proposed by Andersson and ollaborators [1℄, takesinto aount the full proess of partile prodution in the fragmentationof the Lund string. The orrelations appear as a oherent e�et in thehadronization proess, and they are fully predited for a given set of �nalpartiles (ordered along the string).We are therefore in the situation when the experimentally observed or-relations an be interpreted in a rather di�erent ways: in the �inoherent�approah, the shape of the orrelation funtion re�ets the shape of the� Presented at the XLI Craow Shool of Theoretial Physis, Zakopane, Poland,June 2�11, 2001. (3973)



3974 �. Todorovasoure, and an be derived from the knowledge of the spae-time density ofthe �nal partiles regardless of the way they were produed; in the �oher-ent� piture, the orrelations stem diretly from the string area deay law,and depends on the history of the string breaking.For a simple hadroni system like q�q from a Z0 deay, it may be impos-sible to deide between the two possibilities, sine the inoherent approahleaves a freedom of the hoie of the input partile density, whih an beadjusted to reprodue the observed data (it should be noted, however, thatthe straightforward implementation of the �inoherent� formalism fails todesribe the Z0 data [2℄).The situation is di�erent in the study of two lose hadroni systems. Inthe inoherent senario, the di�erene between orrelations within a singlehadroni system, and orrelations between the two systems, should dependonly on the overlap of the two systems (soures). In the oherent senario,however, the orrelations between the two systems may not exist at all, evenfor overlapping soures (as long as there is no interation � olour �ow �between them). 2. MeasurementsIn the light of the disussion above, the experimental measurement oforrelations between two independent hadroni systems is of utmost interest,and LEP2 provides a unique laboratory for suh a measurement in the studyof the deay of a pair of W+W� (Z0Z0, respetively,) bosons. The lifetimeof these bosons is muh shorter than the typial hadronization sale, andthey deay on top of eah other, overlapping (partially) in the momentumspae.The measurement of the size of the inter-W (Z) orrelations an be donein a di�erent ways, and it is ompliated by several fators, namely:� the modelling of the e�et is poor (none of models disussed in theintrodution is fully implemented in MC generators); the most widelyused model (LUBOEI/PYBOEI in Jetset [3℄) onsists in a simplereshu�ing of momenta of �nal partiles, leading to an arti�ial mo-mentum transfer,� the e�et is de�ned with respet to a referene (unorrelated) sample,whih is arbitrary to a large extent, and di�erent for eah ollabora-tion/measurement,� detetor e�ets an be important, and not easy to orret for beauseof model dependene of orretion fators for 2-partile spetra.The experimental methods used by the LEP ollaborations for this mea-surement an be roughly lassi�ed aording to the level of their modeldependene.



Correlations in WW Events 3975The �model dependent� methods onsist in tuning of a partiular modelat the Z0/single W deay and in omparison of the predition of the modelwith realWW=ZZ events. Suh a method was used by ALEPH [5℄. The or-relations between the like-sign partiles (after rejetion of identi�ed eletronsand muons) are de�ned with respet to the unlike-sign partiles sample, andthe double ratio with the Monte Carlo sample is used to remove the e�etof resonanes as well as part of detetor e�ets:R�(Q) = �N++;��N+� �data�N++;��N+� �MCnoBE : (2.1)The tuning of PYBOEI routine is performed on the Z0 sample enrihedin light �avours and heked in the semileptoni W events. The residualdisrepanies between data and simulation are orreted bin per bin andorretion applied on MC preditions for fully hadroni events, in the se-nario with and without orrelation between the two boson systems (Fig. 1).The q�q bakground is inluded in the MC predition. The data disfavourthe presene of the inter-W=Z orrelations (for this partiular tune of themodel) by 2.7 �.Apart from a strong model dependene built in this measurement, onemay worry also about the fat that due to the use of double ratios, themodel may be atually quite far from the data in the diret omparison (notreproduing the Q distribution, itself).A di�erent method with lower model dependene was used by OPAL [4℄.It is based on a simultaneous �t of orrelation funtions in Z0=�, q�ql�, andq�qq�q events. The Z0=WW ontent in these three samples is parameterisedaording to the seletion e�ieny obtained with the MC simulation. Cor-relation funtion, de�ned as the double ratio (2.1), is extrated for pairs ofpartiles oming from Z0=, single W , and from di�erent W -s in a simul-taneous �t. The result is shown in Fig. 2. Unfortunately, due to the largeunertainties, the method is far from being sensitive to the e�et of inter-boson orrelations (�di�), and no onlusions about the presene of theseorrelations an be made.In the measurement proposed in [7℄ and published by L3 [8℄, the modeldependene is largely removed due to the use of the referene sample on-struted by mixing of the hadroni parts of the semileptoni W+W� events.Suh a diret �data-to-data� omparison is experimentally robust and doesnot require a diret use of MC simulation (exept for heking of the mixingmethod). The only residual model dependene is related to the subtrationof bakground events.
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Fig. 1. The double ratios R� measured in the Z0 and in the fully hadroni W+W�sample, ompared to the predition of the model tuned at Z0 (PYBOEI BE3).
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Fig. 3. The results obtained by L3 using the mixing method, for like-sign andunlike-sign pairs in WW events, ompared to the predition of the tuned model(PYBOEI BE32).



Correlations in WW Events 3979The DELPHI experiment, using similar analysis method, reently re-ported results ompatible with the absene or strong suppression of inter-Worrelations [9℄. The measured D(Q) (ratio of 2-partiles densities) and��(Q) (their di�erene) for pairs of like-sign partiles are shown in Fig. 4.The data sample ontains ombined statistis from 3 years of LEP2 run-ning (1998�2000). The preditions of the PYBOEI model (BE32 senariotuned at Z0 data) with and without inter-W orrelations are superposed forompleteness.
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Fig. 4. The results obtained by DELPHI using the mixing method, for like-signpairs in WW events, ompared to the predition of the tuned model (PYBOEIBE32). The ratio (upper plot) and di�erene (lower plot) of 2-partile densities fromfully hadroni and mixed WW events are shown. Z0=� bakground is subtratedfrom fully hadroni WW seletion using the PYBOEI model.



3980 �. TodorovaFit of the D(Q) (Eq. (2.2)) by the funtionN�(1 + ÆQ)�1 + � exp �1:01 Q~ � ;yields (the parameter in the exponent is �xed to the value obtained when�tting model with inter-W orrelations)� = �0:037 � 0:055(stat:) � 0:055(syst:) :The systematis of the measurement is largely dominated by the unertaintyrelated to the bakground subtration.3. Combination of LEP resultsFrom the set of LEP2 measurements reviewed in the previous setion onean onlude that the orrelations of partiles belonging to di�erent, thoughrather lose hadroni systems, are strongly suppressed with respet to theamount of orrelations measured within eah system separately. Somewhatsurprisingly, measurements are even onsistent with the omplete abseneof suh orrelations. The observation ontradits the onventional perep-tion of Bose�Einstein orrelations in partile physis, however it is di�ultto make quantitative statements in the absene of reliable theoretial mod-els/alulations. On the other hand, the more profound understanding of thee�et is highly desirable for LEP2 ommunity as the interplay of �nal statesfrom WW deay may in�uene the diret reonstrution of the W mass.In order to provide the best possible experimental upper limit as theinput for further theoretial work, LEP ollaborations plan to ombine themeasurements of inter-W orrelations. The experiments onverge to a singlemethod à la L3, whih provides the most diret, and less biased, aess tothe inter-W orrelations. Beause of di�erenes in the event seletion, butalso due to the unertainty related to the orretion of detetor e�ets, theombination may not be done at the level of 2-partile densities, but ratherfor D(Q) and ��. The unertainty of the bakground subtration, largelyorrelated between experiments, is likely to beome the limiting fator forthe preision of the ombined measurement.
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