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MEASUREMENTS OF sin 2��Alessia TriomiUniversity of Catania and INFN Bari, Italyye-mail: Alessia.Triomi�t.infn.it(Reeived August 17, 2000)A review of the most reent measurements of the CP violating param-eter sin 2� from LEP and CDF is reported. These yield an average valueof sin 2� = 0:91� 0:35, giving a on�dene level that CP violation in theB system has been observed of almost 99%.PACS numbers: 11.30.�j, 13.20.He, 13.20.Gd1. IntrodutionThe �rst evidene of CP violation was found in the kaon system in1964 [1℄. To date, no evidene in other systems has been reported. Thestudy of CP violation in the B system is partiularly important to test thepreditions of the Standard Model. The deay B0 ! J= K0S is onsideredas the �golden hannel� to study CP violation, due to its lear experimentalsignature and to the small theoretial unertainties. Previous works searh-ing for CP violation in the B0 ! J= K0S hannel have been reported bythe OPAL ollaboration [2℄ and by the CDF ollaboration [3℄. Here the up-date presented by the CDF ollaboration [4℄ and the new preliminary resultpresented this winter by the Aleph ollaboration [5℄ are disussed.Within the framework of the Standard Model, CP violation arises througha non trivial phase in the CKM matrix [6℄. The unitarity of this matrix leadsto several relations, the most important of whih is given byV �ubVud + V �bVd + V �tbVtd = 0;whih an be visualised as a triangle in the (�; �) plane and is known as theunitary triangle [7℄. Constraints on the CKM elements from other measure-ments, suh as �md, the rate of harmless b hadron deays and CP violation� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.y Also at INFN Catania, Catania, Italy.(2703)



2704 A. Triomiin the K setor, lead to a predition that sin 2� = 0:72 � 0:06 [8℄. One ofthe most stringent reason to measure sin 2� diretly is to verify whether CPviolation an be explained in the framework of the Standard Model.CP violation is expeted to manifest itself in the deay of B0, B0 mesonsinto a ommon �nal state. CP violating e�ets arise from the interferenebetween diret deays to J= and indiret deay via B0�B0 mixing. Themeasured asymmetry, ACP (t), an be related to the CP violating parameter� by:ACP (t) = dNdt (B0 ! J= K0S)� dNdt (B0 ! J= K0S)dNdt (B0 ! J= K0S) + dNdt (B0 ! J= K0S) = sin 2� sin�mdt :1To measure this asymmetry, the �avour of the B meson at produtiontime must be tagged. The tagging power is limited by the tagging e�ieny,", and its dilution, D, whih measures the fration of inorretly taggedmesons. The observed asymmetry, AobsCP = DACP , is redued in magnitudeby this dilution parameter. The statistial unertainty on sin 2� is inverselyproportional to p"D2. 2. The CDF resultFrom the entire data set olleted by during Run I about 400 B0 !J= K0S events have been seleted. The �avour of the neutral B meson atprodution time is identi�ed by ombining the information of three di�erenttagging algorithms: one same-side tag and two opposite-side tags. Thesame-side tag exploits the orrelation between the B meson and the hargeof nearby traks to tag the �avour of the B. The two other methods aimto reonstruting the harge of the b hadron in the hemisphere opposite tothe J= K0S deay. The Soft-Lepton Tagging algorithm (SLT) assoiates theharge of a lepton andidate with the �avour of the parent b hadron. Thejet harge algorithm (JETQ) uses a momentum-weighted harge average ofpartiles in the b jet to infer the harge of the b quark. If more than one tag ispresent the information is ombined. Overall, a �gure of "D2 = (6:3�1:7)%is ahieved.To extrat sin 2� a maximum likelihood method has been used, in whiheah andidate is weighted by its predited dilution, observed deay lengthand mass. The results of the �t are shown in Fig. 1 separately for the SVXand non-SVX data samples. From the ombination of the two samples avalue of sin 2� = 0:79+0:41�0:44 is derived, where the quoted unertainties inludeboth statistial and systemati e�ets. From this value, depending on themethod hosen [9℄, the probability that sin 2� = 0 is exluded with 93% to96% C.L.1 It should be noted that this de�nition is the negative of that in Ref. [5℄.
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0 0.05 0.1 0.15 0.2 0.25Fig. 1. Observed asymmetry: on the left, the events with preise vertex informationare plotted as a funtion of deay time. On the right, the non-SVX events areshown. 3. The ALEPH resultThe ALEPH Collaboration has presented a preliminary result of sin 2�from 23 J= K0S andidates seleted from the full LEP1 data set. Looseuts are applied in order to keep high e�ieny. The deay produts arereonstruted in the modes J= ! e+e� or �+�� and K0S ! �+��, with anoverall e�ieny of 28%. For eah andidate, the proper time is measuredombining the deay length (determined by vertexing the deay produts)and the reonstruted momentum, with a resolution of about 0.1 ps.The �avour of the neutral B meson at prodution time is determined byombining the information of 9 disriminating variables into a single one, xB,that peaks at 0 for events produed as B0 and at 1 for events produed as B0.To extrat a measurement of the asymmetry an unbinned likelihood is alu-lated, summing over the 23 signal events. This is repeated for di�erent inputvalues of sin 2� and the resulting san is plotted in Fig. 2. The minimum isreahed at 0.93 and the statistial error is evaluated as the point at whihthe likelihood has hanged by 0.5 units. Several di�erent systemati e�etshave been studied. The main ontributions ome from the unertainty inthe tagging purity and the bakground level. Adding the systemati errorsin quadrature, the �nal results is sin 2� = 0:93+0:64�0:88(stat)+0:36�0:24(syst).
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Fig. 2. (a) Log-likelihood and (b) likelihood distribution of the ALEPH, CDF andOPAL measurements, and ombined result.4. Combined resultsIn Table I all the existing measurements of sin 2� are summarised.TABLE ISummary of all the existing measurements of sin 2�.Experiment sin 2�OPAL 3:2+1:8�2:0(stat)� 0:5(syst)CDF (update) 0:79� 0:39(stat)� 0:16(syst)ALEPH (preliminary) 0:93+0:64�0:88(stat)+0:36�0:24(syst)Combined result 0:91� 0:35CKM model �t 0:75� 0:09 [10℄0:72� 0:06 [8℄The OPAL ollaboration published in 1998 a �rst measurement from asample of 24 J= K0S andidates inluding bakground [2℄.In Fig. 2(a) the log-likelihood of all these measurements are ompared.The solid line represents the ombined result, whih orresponds to sin 2� =0:91 � 0:35. These log-likelihoods an be onverted bak to likelihood dis-tributions as shown in Fig. 2(b).The integral of the likelihood for sin 2� < 0 for the ombination of thethree analyses is 1.0%, or 1.5% if the total integral is limited to the physialregion j sin 2�j < 1, indiating that the C.L. that CP violation has beenobserved is inreased from 93% to almost 99%.



Measurements of sin 2� 27075. ConlusionsFirst measurements of the CP violating parameter sin 2� have beenmade, both at LEP and at the Tevatron, looking at the B0 ! J= K0Sdeay mode. The measurements made so far only hint at CP violation inB meson deays. The ombined result, prior the �rst measurements omingfrom B fatory experiments, gives sin 2� = 0:91�0:39, whih exludes � � 0at almost 99% C.L. Dediated B fatory experiments have started to takedata last winter and �rst results are expeted for the summer onferenes.Several measurements of sin 2� with preision ' 0:1 an be expeted givingalmost immediate prospets for observing CP violation in B meson deays.I thank those who provided me information inluded in this review, es-peially R. Forty and D. Luhesi. I also thank the onferene organizersfor their kind hospitality. REFERENCES[1℄ J.H. Christenson et al., Phys. Rev. Lett. 13, 138 (1964).[2℄ OPAL Collaboration, K. Akersta� et al., Eur. Phys. J. C5, 379 (1998).[3℄ CDF Collaboration, F. Abe et al., Phys. Rev. Lett. 81, 5513 (1998).[4℄ CDF Collaboration, T. A�older et al., Phys. Rev. D61, 72005 (2000).[5℄ ALEPH Collaboration, Aleph 99-099/CONF 99-054 (November 1999).[6℄ N. Cabibbo, Phys. Rev. Lett. 10, 531 (1963); M. Kobayashi, T. Maskawa,Prog. Theor. Phys. 49, 652 (1973).[7℄ L.-L. Chau, W.-Y. Keung, Phys. Rev. Lett. 53, 1802 (1984); J.D. Bjorken,Phys. Rev. D39, 1396 (1989).[8℄ F. Caraviglios et al., hep-ph/0002171.[9℄ G.J. Feldman, R.D. Cousins, Phys. Rev. D57, 3873 (1998).[10℄ S. Mele, Phys. Rev. D59, 113011 (1999).


