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Summer 2005 update of the CKM angle  extration inB� ! D(�)K(�)� deays using a D0 Dalitz plot analysis tehniqueS. Bettarini1, M. Carpinelli1, G. Cavoto2, M. Giorgi1,Y.P. Lau3,L.Li Gioi2, F. Martinez-Vidal1;4, N. Lopez-Marh4, N. Neri1,J. Olsen3, S. Pruvot5, M. Rama1, M.H. Shune5, A. Stohi51Universit�a di Pisa & INFN Pisa, Italy2Universit�a di Roma \La Sapienza" & INFN Roma I, Italy3Prineton University, Prineton, NJ, USA4IFIC/CSIC Valenia, Spain5Laboratoire de l'A�el�erateur Lin�eaire, Orsay, FraneAbstratThis note desribes the updated measurement of the CKM angle  from the study ofB� ! D(�)K�� using a Dalitz plot analysis tehnique of D0 ! KS�+�� deays. In thisupdated measurement we add the B� ! DK�� deay mode and we use the K-matrix methodto parametrize the D0 deay amplitude and evaluate the orresponding Dalitz model systematierror. We report on the seletion of the B� ! DK�� signal events, bakground haraterizationand on the CP likelihood �t and systemati error evaluation. For this analysis we have used theRun1-2-3-4 data sample, orresponding to an integrated luminosity of 208 fb�1.
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Summary� 31 May 2005: This �rst version of the note fouses on the seletion of the B� ! D0K��events and on the CP likelihood �t. In it we desribed the PDF for signal events inludingthe non-resonant B� ! D0K0S�� ontribution to the deay and the evaluation of the relatedsystemati error. The systemati error due to the dalitz model parameterization and to the�t method have still to be evaluated.� 7 June 2005: In this seond version we take into aount all the AWG readers (Rihard Kassand Owen Long) omments. We have hanged the PDF for the CP �t and we use a 2D PDFwithmES and Fisher variables instead of a 3D PDF whih inluded also �E. We �t for the r2sparameter therefore we aneled the systemati error due to the non-resonant ontribution.The main experimental systemati errors have been evaluated, the Dalitz model error is stillwork in progress.� 29 June 2005: Inlude the evaluation of the Dalitz model systemati error using the alternativeK-Matrix and CLEO model parameterizations.� 05 June 2005: Frequentist  extration using a ombined PDF with B� ! D(�)0K� andB� ! D0K�� measurements. Inlude RC omments and suggestions.
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IntrodutionThe angle  of the unitarity triangle [1℄ is related to the omplex phase of the CKM element Vubthrough the relation Vub = jVubje�i . Various methods have been proposed to extrat  usingB� ! DK� deays, all exploiting the interferene between the olor allowed B� ! D0K� (/ Vb)and the olor suppressed B� ! �D0K� (/ Vub) transitions, when the D0 and �D0 are reonstrutedin a ommon �nal state. The extration of  with these deays is theoretially lean beause themain ontributions to the amplitudes ome from tree-level diagrams; for the same reason, e�etsfrom new physis are negligible in most of the models beyond the SM.Among the D deay modes studied so far, D0 ! K0s���+ is the one with the highest sensitivityto  beause of the best overall ombination of branhing ratio magnitude, D0= �D0 interferene andbakground level. BaBar presented a preliminary measurement of  based on Run1-4 data withB� ! D(�)0K�, where D�0 ! �0= and D0 ! K0s���+, at ICHEP 2004[2℄. The measurementwas submitted to Phys. Rev. Letters in April 2005 [3℄.The main improvements for Summer 2005 are the addition of the B� ! D0K�� deay modeand the investigation of the K-matrix formalism to desribe the D0 ! K0s���+ Dalitz plot. Themeasurement of B� ! D0K�� will be ombined to the already measured B� ! D(�)0K� to quotean update of the  measurement.This note desribes the seletion, bakground hareterization and CP �t of B� ! D0K�� withK�� ! K0s��. The analysis struture is very similar to the B� ! D(�)0K� analysis desribedin [4℄, with the addition of the treatment of the B� ! DK0s�� non-resonant ontribution. TheK�� ! K��0 was also investigated, but due to the lower signal rate and higher bakground levelwe deided to postpone its measurement to after the Summer. The study of the D Dalitz plot withthe K-matrix model is desribed in a separate doument, BAD1237 [5℄.
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1 Seletion of the B� ! D0K�� eventsIn this setion we desribe the seletion of the B� ! D0K�� events with K�� ! KS��, D0 !KS�+��. We disuss the optimization of the uts and the bakground parameterization. Thisanalysis is very similar to the B� ! D(�)0K� analysis, doumented in [4℄. We have used the sameFisher disriminant F as in the B� ! D(�)0K� analysis and we have applied the same ut onj os �T j < 0:81.1 Reonstrution release and data sampleWe have used for the rootuple prodution the physis release analysis-23, aka 14.5.5. We have ana-lyzed events from the skimmed BhToD0KstarAll olletions, whose seletion riteria are desribedin [6℄. The amount of on-resonane data redues to 2.8% with proessing time of 2.2 ms/event.The eÆieny on signal Monte Carlo events after the wide skim uts is about 24% inluding dete-tor and reonstrution eÆienies. We have used all the Run1-Run4 available data sample for thisanalysis for On-peak and O�-peak data and a large Monte Carlo sample for bakground studies, asreported in Table 1. We have used a large Monte Carlo sample of signal events Sigps, to evaluatethe eÆieny in the Dalitz plane. It has D0 phase spae distributed events and also the B deaysaording to a phase spae distribution. 1 Two di�erent samples Sighel1, Sighel2 with angular dis-tribution aording to the SVS model for the deay B� ! D0K��, has been used to optimized theseletion uts. Both Sighel1 and Sighel2 let the K�� to deay into the generi mode aording to anidential deay tree but they were available at di�erent time.Sample Events Luminosity (fb�1)B0B0 542.5M 986B+B� 542.5M 986 393.0M 301uu,dd,ss 710.0M 339Sighel1 4600 1458Sighel2 6900 2169Sigps 115K 76248Data (On-peak) 208.4Data (O�-peak) 21.6Table 1: Number of generated Monte Carlo events for signals and bakgrounds and orrespondingintegrated luminosities. The integrated luminosity for data is also given.The various assumptions for the branhing frations and ross setions used to get the valuesof Table 1 are summarized in Table 2. These values have been used to normalize the signal andthe di�erent bakground omponents.1.2 Seletion riteriaWe optimize the seletion riteria in order to reonstrut an event sample whih minimizes theerror on . It has been shown in BAD899 that the sensitivity on , one the signal yield is �xed,depends on the level of bakground and at �rst order it doesn't depend on the omposition of the1It has been heked that the phase spae distribution of the B does not a�et the evaluation of the eÆienymap in the D0 Dalitz plane. 5



Quantity Value�(bb) 1.10 nb�() 1.30 nb�(uu; dd; ss) 2.09 nbBr(B� ! D0K��) (6:1 � 2:3) � 10�4 [7℄Br(D0 ! �K0���+) 0.0597 � 0.0035 [7℄Br( �K0 ! K0S) 1/2Br(K0S ! �+��) 0.6895 � 0.0014 [7℄Br(B� ! D0��) (4:98 � 0:29) � 10�3 [7℄Table 2: Branhing frations and ross setions used to get the values of Table 1. These valueshave been used to normalize the signal and the di�erent bakground omponents.bakground sample (ontinuum events or BB events). As a general riterion to hoose the seletionuts we have maximized the �gure of merit of signi�ane S=pS +B, where S (B) is the numberof signal (bakground) events, favouring higher eÆieny regions when the signi�ane is almostonstant as a funtion of the ut.The K0S from the D0 is reonstruted from pairs of oppositely harged pions and its invari-ant mass is required to be within 9 MeV=2 from the nominal K0S mass [7℄. The requirementos�K0S(D0) > 0:99 where �K0S(D0) is the angle between the K0S line of ight (line between theD0 vertex and the K0S vertex) and its momentum (onstruted with the two pions momentum), ispartiularty helpful in removing the bakground from D0 ! 4�. (See Figure 2 of [4℄).The D0 is seleted by ombining K0S andidates with two oppositely harged pions and requiringits invariant mass to be within 12 MeV=2 from the nominal mass. A kinemati mass onstraintis applied on D0 (via TreeFitter algorithm) improving the D0 energy estimation and thereforethe �E resolution (see Table 3). All along the analysis we use the D0 raw mass (without massontraint) for seletion uts and for the true D0 extration, as explained in the next setions. 2TreeFitter Tree Fitter GeoKinD0 mass onstraint NO D0 mass onstraint D0 mass onstraint�E resolution (MeV) 10.8 � 0.3 13.0 � 0.8 11.0 � 0.3Table 3: Results from the gaussian �t of the �E distribution on signal Monte Carlo sample.We have required theD0 andB vertex �t to have onverged (referred to as \P [�2(D0=B)vtx; ndof ℄ >0" in the following). This is a very onservative ut that rejets a small number of badly reon-struted bakground events.Idential seletion riteria to the K0S from the D0 have been applied to the K0S from the K�.They have very similar invariant mass resolutions as reported in Table 4. It's also required thatos�K0S(K�) > 0:99 where �K0S(K�) is the angle between the K0S diretion of ight (line betweenthe B vertex and the K0S vertex - the B vertex orresponds to the K� vertex) and its momentum.In this ase, for example, bakground events oming from B� ! D0a�1 (a�1 ! 3�) deay mode arefurtherly suppressed after applying that ut.We have also applied uts on the invariant mass of the K� and on the osine of the heliity angle2The improvement in �E resolution is greater for the K�� ! K��0 deay mode, that has been reonstruted fora later study. 6
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Figure 1: In the top-left plot (green) we show the distribution of the variable for the signal. Inthe top-right plot the variable distribution for the bakground. In bottom-left the signi�ane asa funtion of the ut on the seleted variable and in bottom-right the purity (histogram) and theeÆieny (point with error bars) as a funtion of the ut. (Top 4 plots) Sequene of plot desribedabove for the invariant mass of the K��. (Bottom 4 plots) Same plots for os �Hel of the K��daughters.
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Fitted mass of the K0S from data sample from MC samplefrom the D0 497.9 � 0.1 MeV 498.3 � 0.1 Mevfrom the K� 497.7 � 0.1 MeV 498.3 � 0.1 MevFitted width of the K0S from data sample from MC samplefrom the D0 2.41 � 0.05 MeV 2.30 � 0.11 MeVfrom the K� 2.26 � 0.05 MeV 2.20 � 0.10 MeVTable 4: Results from the gaussian �t of the K0S mass distribution on data and Monte Carlo samples.of the K� daughters, os �Hel (see Figure 1). The heliity angle �Hel is de�ned as the angle in theK� rest frame between the diretion of ight of a K� daughter with respet to the diretion of ightof the K� in the B rest frame. As a ross hek, we also plot the signi�ane variation dependingon the K� mass ut and the osine of the heliity ut (See Figure 2). This plot is in agreementwith the previous ones, so we deide to �x the ut as it follows : jmK��mK�(PDG)j < 55 MeV=2and j os �Helj > 0:35. The K� has spin 1, therefore the angular distribution is a funtion of theheliity angle, dNd(os �Hel) / os2 �Hel. The distribution for bakground events is rather at. In orderto be onsistent with the de�nition of the Fisher disriminant used for the B� ! D(�)0K� we haveapplied the same ut on jos�T j < 0:8, where �T is the angle between the thrust axis of the B andthe thrust axis of the rest of the event.The �nal seletion riteria are :� jmK0S(D0)�mK0S(PDG)j < 9 MeV=2� jmK0S(K�)�mK0S(PDG)j < 9 MeV=2� jmD0 �mD0(PDG)j < 12 MeV=2� j os �T )j < 0:8� P (�2;D0) > 0� P (�2; B) > 0� os�K0S(D0) > 0:99� os�K0S(K�) > 0:99� jmK� �mK�(PDG)j < 55 MeV=2� j os �Helj > 0:35� j�Ej < 25 MeV� mES > 5:2 MeV=2The overall reonstrution eÆieny for signal events is �Sig = (11:1 � 0:5)% after all seletionriteria are applied. The signi�ane of the signal in the �nal signal region j�Ej < 25MeV andmES > 5:270GeV=2 is S=pS +B = 6:2. Table 5 shows the step by step eÆienies for data andthe di�erent Monte Carlo samples. 9



signal (%) B+B� B0 �B0 uds � SpS+B SS+BAfter reonstrution 23:8 � 0:6 (4:36 � 0:03)10�5 (4:46 � 0:03)10�5 (4:04 � 0:02)10�5 (11:21 � 0:05)10�5 1.69 0.02jos(�T )j < 0:8 17:7 � 0:6 (2:89 � 0:02)10�5 (2:89 � 0:02)10�5 (8:6 � 0:1)10�6 (2:30 � 0:02)10�5 2.33 0.05mD0KS window < 0:009 17:0 � 0:6 (2:14 � 0:02)10�5 (2:06 � 0:02)10�5 (6:0 � 0:1)10�6 (1:68 � 0:02)10�5 2.63 0.07P (�2; D0) > 0 17:0 � 0:6 (2:14 � 0:02)10�5 (2:06 � 0:02)10�5 (6:0 � 0:1)10�6 (1:68 � 0:02)10�5 2.63 0.07os�D0KS > 0:99 16:4 � 0:6 (1:21 � 0:01)10�5 (1:05 � 0:01)10�5 (3:0 � 0:1)10�6 (1:02 � 0:02)10�5 3.29 0.11mD0 window < 0:012 15:2 � 0:5 (7:3 � 0:1)10�6 (4:5 � 0:1)10�6 (1:07 � 0:04)10�6 (4:6 � 0:1)10�6 4.25 0.19mK�KS window < 0:009 14:7 � 0:5 (5:0 � 0:1)10�6 (3:2 � 0:1)10�6 (7:7 � 0:3)10�7 (3:3 � 0:1)10�6 4.84 0.25os�K�KS > 0:99 14:5 � 0:5 (3:00 � 0:07)10�6 (1:9 � 0:1)10�6 (4:9 � 0:3)10�7 (2:4 � 0:1)10�6 5.61 0.34P (�2; B) > 0 14:5 � 0:5 (3:00 � 0:07)10�6 (1:9 � 0:1)10�6 (4:9 � 0:3)10�7 (2:4 � 0:1)10�6 5.61 0.34mK� window < 0:055 12:2 � 0:5 (1:53 � 0:05)10�6 (0:94 � 0:04)10�6 (2:6 � 0:2)10�7 (1:13 � 0:05)10�6 6.00 0.47jos(�hel)j > 0:35 11:6 � 0:5 (1:11 � 0:04)10�6 (0:74 � 0:04)10�6 (1:8 � 0:2)10�7 (7:5 � 0:4)10�7 6.22 0.53j�Ej < 0:025 11:1 � 0:5 (1:2 � 0:2)10�7 (0:8 � 0:1)10�7 (0:18 � 0:05)10�7 (1:2 � 0:2)10�7 - -Table 5: EÆieny (ratio of fully mathed ombinations over total number of signal events) andbakground rejetion rates (number of ombinations over total number of bakground events for eahsample) after eah ut, with mES > 5:2. Binomial errors are reported. Purity and signi�ane inthe signal box region (mES > 5:270GeV=2 and j�Ej < 0:025GeV ).1.3 Bakground haraterizationThe most relevant soure of bakground omes from the ontinuum events. 3 Those events aresuppressed with the ut on j os �T j < 0:8 and with the use of the Fisher disriminant in the CPlikelihood �t, see Setion 3. The fration of ontinuum events, fCont = NContN , after all the utsapplied in the region mES > 5:2GeV=2 is fCont;m = 0:60 � 0:02 from Monte Carlo simulationounting. 4 From the �t on data we �nd fCont;data = 0:74 � 0:07, see yield in Table 13. The BBevents have similar event shape distribution to the signal and they have been suppressed with atight ut on j�Ej < 25MeV.The B� ! D0K�� deay mode has potential soures of physial bakground 5, hard to suppress.The �nal state we are onsidering is:D0K�� = [(�+��)K0S�+��℄D0 [(�+��)K0S��℄K��:The following deay modes have been studied on Monte Carlo simulation and we onluded theyare negligible with the urrent statistis:� D04�K��: this deay mode with a relatively smaller branhing ratio wrt to the signal, Br(D0 !4�) = (7:3�0:5)�10�3 . The ontribution of this deay mode is negligible after we apply all theseletion riteria. Relevant for the suppression of this bakground is the ut on os�K0S > 0:99.� K0SK0SK��: the branhing ratio of this deay mode is not reported on the PDG. It is presentin the Monte Carlo BB events and its ontribution is negligible after all uts. No eventshave been found on ' 1 ab�1 BB Monte Carlo sample where the deay mode was generatedassuming Br(B0 ! K0K0K��) = 10�5. We have searhed on data for the evidene of thisbakground onsidering the D0 sidebands, (i:e: jm0D � mPDGj > 20MeV=2), and �ttingthe mES distribution after all the seletion riteria applied. In Figure 3 we show there is nostatistial evidene of suh a signal. It is worth noting that the D0 invariant mass regiononsidered in the mES �t is almost 5 times greater ompared to the one of the B� ! D0K��signal region.3With ontinuum events we refer to e+e� ! qq events, where q = u; d; s;  quarks.4This estimate depends on the Br we assume for the signal events.5We refer with physial bakground to deay modes with idential �nal state partiles to the signal.10



� D0���+��: this deay mode has a relatively large brahing ratio Br(B� ! D0���+��) =(1:1 � 0:4)% and it inludes Br(B� ! D0a�1 ) = (6:0 � 3:3) � 10�3. We �nd 3 events of thisdeay mode on ' 1ab�1 BB Monte Carlo sample. We neglet this ontribution in the �Eparameterization of the bakground. We assume a linear distribution in �E for BB events.� D0K0S��: this is idential �nal state to the signal but the (K0S��) system is deaying withrelative angular momentum L=0 instead of L=1. These events are onsidered atually assignal events in the CP likelihood �t as they reah the �nal state through b ! u and b ! interfering amplitudes. We will refer in the following to those events as signal Non-Resonant.It has been shown in [8, 9℄ that signal Non-Resonant has a relative ontribution of < 5%respet to the D0K��, in another B� ! D0K�� analysis with very similar uts applied.
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Figure 3: Unbinned maximum Likelihood �t to the mESdistribution doesn't show any evidene ofK0SK0SK�� signal events on the D0 sidebands after all the seletion uts are applied.As in the B� ! D(�)0K� analysis, we divide the bakground events in true D0 and false D0in order to haraterize the Dalitz shape. The estimate of the fration of true D0 (R), has beendone on Monte Carlo events by ounting. The values are reported in Table 6, together with thefration of right-sign D0, RRS = ND0h��ND0h��+ND0h�� where h�� is a andidate K��. The fration ofRRS is evaluated requiring the Monte Carlo truth math of the D0 and the lundId of the D0. Thenwe ount the number of true D0 and D0 andidate assoiated with an h�� to take into aount aneventual harge-avor orrelation.Fration Estimate from generi MC Estimate from dataRCont (real D0's in Cont) 0:21 � 0:02 0:20 � 0:06RBB (real D0's in BB) 0:18 � 0:02 0:20 � 0:06RRSCont (D0 K�� in Cont) 0:51 � 0:06 -RRSBB (D0 K�� in BB) 0:67 � 0:06 -Table 6: D0 frations for bakground events are estimated from generi MC and data, for theregion j�Ej < 25 MeV and mES > 5:2 GeV=2. In data we have restrited the mES region to5:2 < mES < 5:27GeV=2 to exlude the signal events.The frations of true D0 have been evaluated also on data onsidering the mES sidebands. Thefration an be extrated from a �t to the D0 invariant mass using as PDF, a gaussian for the11



D0 signal plus a onstant for the bakground. Due to the small statistis we �xed the mean ofthe gaussian to �D0 = 1864:5MeV=2 and the width to �D0 = 6:0MeV=2 from signal Monte Carlo�tted values. Being the fration of true D0 idential, within the errors, for BB and ontinuumevents on Monte Carlo, we have assumed the frations to be idential also on data. In �gure 4 it isshown the �t to the D0 invariant mass distribution for data (left plot) and for Monte Carlo events(right plot).

)2 (GeV/c0mass
1.84 1.845 1.85 1.855 1.86 1.865 1.87 1.875 1.88 1.885 1.89

 )2
E

ve
n

ts
 / 

( 
0.

00
33

33
33

 G
eV

/c

0

10

20

30

40

50

)2 (GeV/c0mass
1.84 1.845 1.85 1.855 1.86 1.865 1.87 1.875 1.88 1.885 1.89

 )2
E

ve
n

ts
 / 

( 
0.

00
33

33
33

 G
eV

/c

0

10

20

30

40

50
S/(S+B)  0.06± 0.20 

)2 (GeV/c0mass
1.84 1.845 1.85 1.855 1.86 1.865 1.87 1.875 1.88 1.885 1.89

 )2
E

ve
n

ts
 / 

( 
0.

00
33

33
33

 G
eV

/c

0

10

20

30

40

50

)2 (GeV/c0mass
1.84 1.845 1.85 1.855 1.86 1.865 1.87 1.875 1.88 1.885 1.89

 )2
E

ve
n

ts
 / 

( 
0.

00
33

33
33

 G
eV

/c

0

10

20

30

40

50

S/(S+B)  0.06± 0.23 

Figure 4: The �t to the D0 distribution shows evidene of true D0 bakground events. The eventsare seleted in the mES sidebands (mES < 5:27 GeV=2) with all the seletion uts applied. Left:data; Right: Monte Carlo1.4 Best andidate hoieIn the �t for the extration of the CP parameters we selet one B andidate per event. The bestandidate (per event) is hosen aording to the mimimum value of the �2 = �2(mD0 ;mK�):�2(mD0 ;mK�) = (mD0 �mD0;PDG)2�2D0 + (mK� �mK�;PDG)2�2K� + �2K�where � is the experimental resolution on Monte Carlo signal events and �K� is the intrinsiwidth of the K�.The multipliity of andidates on data in the signal region (mES > 5:270MeV=2, j�Ej < 25MeVafter all the uts is Nand = 1:055� 0:005, see Figure 5. The eÆieny of the best andidate hoiefor signal events is approximatively �best = 75%, evaluated on Monte Carlo signal events.1.5 Data/Monte Carlo omparisonWe produed plots for the relevant variables used in the analysis to ompare data and MC samplesafter all uts are applied but the one on the plotted variable. The olored histograms representthe di�erent Monte Carlo omponent and the points represent the data. Eah omponent is nor-malized to 208.4 fb�1, the luminosity of the On-peak data. By visual omparison a satisfatorydata/simulation agreement omes out. It's worth noting the shift in the mES distribution, that anbe quanti�ed as �mES = 1:7MeV=2. 12
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Figure 6: The plots show the data/MC omparison for the relevant variables used in the seletionriteria. From the top left to the bottom right the following quantities are reported: os(�T ), D0mass, K0S mass, �E, K� mass, Fisher, os�Hel, mES. The events in the plots are seleted applyingall the seletion ritera but the one on the displayed variable.14



2 PDF for B� ! D0K�� deaysCompared to B� ! D(�)0K�, B� ! D0K�� deays are a�eted by an additional diÆulty, onse-quene of the fat that the natural width of the K�� is not small (�50 MeV) and the interferenewith the non-resonant B� ! D0(K�)�non�K� proesses may not be negligible. This hanges therelationships between the unitarity angle  and the experimental observables.Let's write the amplitudes of the B� ! (D0X�s )p and B� ! (D0X�s )p proesses, where pindiates a point in the phase spae of the �nal state and X�s is a state with strangeness, as:A(B� ! (D0X�s )p) = ApeiÆp (1)A(B� ! (D0X�s )p) = AupeiÆupe�i (2)A(D0 ! f) = AfeiÆf (3)A(D0 ! �f) = A �feiÆ �f ; (4)where Ap, Aup, Af and A �f are real and positive. The index p indiates the position in thephase spae of DX�s , that is, A, Au, Æ and Æu generally vary as a funtion of p. The subsript and u refer to the b !  and b ! u transitions, respetively. The amplitudes ApeiÆp andAupeiÆupe�i generally inlude both the resonant B� ! D0=D0K�� proesses and the non-resonantontributions. The amplitudes for the D0 deay an generally inlude the ase where D0 !3-body,for instane D0 ! K0S���+; in this ase AfeiÆf = f(m2�;m2+) and A �feiÆ �f = f(m2+;m2�), that is,Af , A �f , Æf and Æ �f are funtions of the Dalitz plot oordinates m2�, where m2� and m2+ are thesquared masses of the K0S�� and K0S�+ ombinations.The amplitude of the proess B� ! D[! f ℄X�s an be written asA(B� ! (D[! f ℄X�s )p) = ApAfei(Æp+Æf ) +AupA �fei(Æup+Æ �f�) : (5)From Eq. (5) the rate of the proess B� ! D[! f ℄X�s is�(B� ! D[! f ℄X�s ) = Z dp �A2pA2f +A2upA2�f + 2ApAfAupA �fRe(ei(Æp+ÆD�))� ; (6)where Æp = Æup � Æp and ÆD = Æ �f � Æf . The rate for the harge-onjugated mode is the one inEq. (6) with  ! �. Analogously, the partial rates �(B� ! D0X�s ) and �(B� ! D0X�s ) are�(B� ! D0X�s ) = Z dp A2p ; (7)�(B� ! D0X�s ) = Z dp A2up : (8)Following the same notation as in [10℄, we introdue the quantities rs, k and Æs, that will be usefulin the following setions: r2s = �(B� ! D0X�s )�(B� ! D0X�s ) = R dp A2upR dp A2p ; (9)keiÆs = R dp ApAupeiÆpqR dp A2p R dp A2up ; (10)where 0 � k � 1 for the Shwartz inequality and Æs 2 [0; 2�℄. In the limit of a B !2-body deay,suh as B� ! DK�, we have:rs ! rB � jA(B� ! D0K�)jjA(B� ! D0K�)j ;15



Æs ! ÆB � strong phase of A(B� ! D0K�)A(B� ! D0K�) ; (11)k ! 1 :In the ase of the D0 ! K0S�+�� deay, AfeiÆf = f(m2�;m2+) and A �feiÆ �f = f(m2+;m2�). Theamplitude for the proess B� ! D[! K0S���+℄X�s an be written asA(B� ! D[! K0S���+℄X�s ) = ApeiÆpf(m2�;m2�) +AupeiÆup�f(m2�;m2�) ; (12)and the rate is�(B� ! D[! K0S���+℄X�s ) / jf�j2 + r2s jf�j2 + (13)2krs �os(Æs � )Re[f�f��℄ + sin(Æs � )Im[f�f��℄	� jf�j2 + r2s jf�j2 +2krsjf�jjf�j os(Æs + ÆD(m2�;m2�)� ) ;where ÆD(m2�;m2�) is the strong phase di�erene between f(m2�;m2�) and f(m2�;m2�) and rs, kand Æs are de�ned in Eqs. (9) and (10). We have simpli�ed the notation using f� � f(m2�;m2�) andf� � f(m2�;m2�). Let us stress that the parameterization given in Eq. (13) inludes both resonantand non-resonant (K�)� ontributions, sine the amplitudes in Eqs. (1) and (2) inlude both. Thee�etive (and general) parameterization given in Eq. (13) an be rewritten in terms of the artesianoordinates xs� = Re[krsei(Æs�)℄ ;ys� = Im[krsei(Æs�)℄ ; (14)as �(B� ! D[! K0S���+℄X�s ) / jf�j2 + r2s jf�j2 + 2 �xs�Re[f�f��℄ + ys�Im[f�f��℄� : (15)The funtional form of the PDF in eq. 15 doesn't hange when the reonstrution eÆieny is notuniform over the B phase spae, as it's explained in the appendix B.The measurement of  in this analysis is performed by extrating the terms proportional tor2s and proportional to krs independently. It is done by using Eq. (15) and �tting simultaneouslyfor xs�, ys� and r2s . Sine the experimental sensitivity to  omes from the interferene term,linear in rs, we expet the e�et of oating the r2s fator to be quite small (as the terms quadratiin rs are suppressed for rs relatively small), as shown in setion 3.4. This provides an easy wayto extrat diretly the e�etive artesian oordinates from data without any assumption aboutthe non-resonant ontribution and its interferene with the resonant signal, with the additionaladvantage that both resonant and non-resonant deays ontribute oherently to the sensitivity to. Toy Monte Carlo studies have proven the feasibility of this proedure for the urrent datasample, as desribed setion 3.4. Thus with this method no systemati unertainty is required tobe assigned due to the presene of B� ! D(K�)�non�K� deays.Let us note that this method to aount for non-resonant deays is di�erent and signi�antlymore powerful than that used by Belle in their preliminary measurement using B� ! D0K��deays [11℄. There the non-resonant ontribution is negleted in the signal PDF and onsidered asbakground. Belle evaluates the systemati unertainty due to this e�et to be 8Æ. The estimatehas been done by generating pseudo experiments with D0 Dalitz distributions as the result of the16



signal resonant plus a oherent non-resonant ontribution and varying the parameters of the non-resonant omponent within onservative ranges. The systemati unertainty has been evaluatedfrom the onsequent variation of the B� ! D0K�� CP parameters, whose range of variation is notprovided in the paper.

17



3 CP �tThe general log-likelihood funtion and �t strategy used to extrat the CP parameters is identialto that used for B� ! D(�)0K� events, as desribed in setion 6 of Ref. [4℄. Based on thebakground haraterization of setion 1, we onsider four di�erent omponents in the probabilitydensity funtion (PDF): signal (Sig), wrong sign signal (SigWS), ontinuum (Cont) and BB (BB).The wrong sign signal omponent orresponds to real signal events where the harge of the K�is opposite to that of the B meson due to a ombinatorial wrong sign pion from the other B deay(i.e. the D0 is seen as D0). These are potentially very dangerous events sine they are CP -violating(as signal) but are with opposite sign.The ontinuum bakground omponent is subdivided into two ategories:� fake (ombinatorial) D0 (omb);� real D0 (D0). Here we distinguish between real D0 mesons with a right sign (RS) random K�(i.e. D0K�� or D0K�+) or a wrong sign (WS) random K� (i.e. D0K�+ or D0K��). Thissplitting is needed in order to aount for the misinterpretation of D0 deays as D0 (and vieversa), relevant to parameterize orretly the Dalitz struture. This bakground omponentdoes not ontain CP -violating e�ets.The BB omponent inludes andidates with either a missing partile or a partile from the otherB deay (like D0(4�)K�+, D0a+1 , D0(�)K(�)+ and D0��+), as well as events with a fake (ombi-natorial) D0. This bakground type ontains both non-peaking and peaking omponents (in mESand �E). This omponent is also split into two subtypes:� real D0 (D0). As before, we distinguish between real D0 mesons with a right (RS) or a wrongsign (WS) random K�. By default this ategory does not ontain CP violation, but a set ofCP -violating parameters has been introdued (by default �xed to zero) for systemati heks;� ombinatorial D0 (omb).The PDF P� an then be written as:P� = fSig(1� �SigWS)P�Sig + fSig�SigWSP�Sig +fCont n(1�RCont)PombCont +RCont hRRSContP�Cont + (1�RRSCont)P�Contio+fBB n(1�RBB)PombBB +RBB hRRSBBP�BB + (1�RRSBB )P�BBio (16)where� � = D0;D0, and � denotes the CP onjugate state of �;� fj is the fration for omponent j = Sig;Cont;BB;� �SigWS is the fration of wrong sign signal relative to (right sign) signal;� RCont (RBB) is the fration of real D0/D0 in Cont (BB) bakground omponent;� RRSCont (RRSBB) is the fration of right sign D0/D0 in Cont (BB) bakground omponent;
18



� P�j is the PDF for omponent j and real D0 (� = D0) or D0 (� = D0), while Pombj is thePDF for omponent j and fake D0. P�j (and similarly Pombj ) is parameterized as follows:P�j � P�j (mES)P�j (F)P�j (m2+;m2�) ; (17)where P�j (m2+;m2�) is the Dalitz plot dependent part of the PDF, orreted by eÆienyvariations aross the Dalitz plane, �(m2+;m2�). P�Sig(m2+;m2�) is given by Eq. (15). In theurrent analysis we used an isobar model to parameterize the D0 ! K0S�+�� Dalitz struture(desribed in Ref. [4℄), while we use a K-matrix formalism [5℄ as alternative parameterizationto estimate the Dalitz model unertainty (setion 5). A similar expression applies for fakeD0's (omb), where Pombj (m2+;m2�) an be estimated for j = Cont;BB from Monte Carlosimulation, and for the ase of Cont events an be ompared to sideband and o�-resonanedata to asses the agrement between the simulation and the data. P�j (m2+;m2�) for j = Sigontains the CP violating terms (i.e. it is sensitive to the angle ) , while P�j (m2+;m2�) forj = Cont;BB and Pombj (m2+;m2�) do not. An independent set of CP -violation parametershas been onsidered for j = BB (by default �xed to zero) in order to study systemati errorsindued by residual CP violating hannels ontributing to the BB bakground. It has beenveri�ed that for the uts used in the CP �t the orrelations among the variables are eithernegligible or have no e�et on the CP measurements. In partiular, the orrelation of Fisherwith mES has been found to be negligible for all the bakground omponents (smaller than afew per ent). For signal it is at the level of 2.9% (see Fig. 7). The e�et of this orrelationhas been veri�ed to be ompletely negligible on all the CP parameters being measured in thisanalysis.
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The extration of the Sig, Cont and BB omponent frations, seletion PDF shapes and CPparameters is performed using an extended unbinned likelihood funtionLext = e���NN ! Y� N�Yi=1P�(i) ; (18)where P�(i) is the total PDF given by Eq. (16) for event i. Here, N = ND0+ND0 is the total numberof observed events, and � its expeted value aording to Poisson statistis. The normalization ofthe PDF is performed separately for B+ and B� events and uses numerial integration dividingthe Dalitz plot into a grid of Ngrid�Ngrid ells, where typially Ngrid = 200, whih orresponds to3.5 MeV preision on the K0S�+ and K0S�� masses. Let us emphasize that Eq. 18 depends only onthe D Dalitz variables sine we integrated over the B Dalitz variables, as shown when obtainingEq. 15. This the normalization of the PDF only requires integration over two Dalitz variables.As in the ase of the B� ! D(�)0K� analysis [4, 12℄ the CP �t to the B� ! D0K�� data isperformed in two steps. First, the yields and PDF seletion shapes are extrated from a ombined�t to B� ! D0K�� and B� ! D0�� data, exluding the Dalitz information (i.e. P�j does notinlude P�j (m2+;m2�)). Not all parameters an be extrated simultaneously from the B� ! D0K��data and some inputs are needed from either Monte Carlo or ontrol samples, as desribed in setion3.1. Seond, the Dalitz �t is performed �xing the seletion PDF shapes to the values previouslyfound and oating the yields and CP parameters.3.1 InputsWe desribe in this setion the inputs used in the CP �t.3.1.1 Seletion PDF shapesFigure 8 shows the mES, �E, and F PDF shapes for Sig, Cont and BB omponents, from generiMonte Carlo. The �E PDF shapes are shown here but are not used in the CP �t, as desribedpreviously7. Only the mES PDF shapes for BB are taken from the simulation, the others areeither extrated from the �t to the B� ! D0K�� data or from ontrol samples. For mES weuse a Gaussian for Sig, an Argus parameterization for Cont, and a Gaussian (with width �xed to3.8 MeV=2) plus an Argus funtion for BB. The fration of peaking bakground, de�ned as thefration of the Gaussian peak with respet to all the BB bakground (inmES > 5:2 GeV=2 region),is found to be (13:3� 3:1)%. The mES shape for Cont is assumed to be the same for B� ! D0K��and B� ! D0��, as veri�ed omparing generi Monte Carlo for B� ! D0K�� and B� ! D0��data. For Sig we use a ommon mES resolution, while the mean value is taken di�erent for B� !D0K�� and B� ! D0�� in order to aomodate the apparent shift of �mES = 1:7MeV=2 forB� ! D0K�� data. The MC values are used as starting point for the �t. The Argus end point isleft oating and assumed to be the same for B� ! D0K�� and B� ! D0�� data. It was veri�edthat the apparent mES shift for B� ! D0K�� does not move the endpoint (this was heked byallowing two independent Argus endpoints, one for B� ! D0K�� and one for B� ! D0��). TheF disriminant is parameterized using two Gaussians, and the atual values of the parameters forSig+BB and Cont are taken ommon between B� ! D0K�� and B� ! D0�� data. Table 7summarizes the values of the �xed parameters from MC, as well as the extrated from the yieldsand shapes �t (setion 3.2).7The interval �E 2 [�60; 100℄ MeV has been hosen in order to obtain a suÆiently large sideband while keepingoutside peaking ontributions from B deays with missing partiles.20
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Figure 8: B� ! D0K�� mES (left olumn), �E (middle olumn) and F (right olumn) shapes fromMonte Carlo for Sig (top row), Cont (middle row), and BB (bottom row). The �E PDF shapes areshow only for referene sine they are not used in the CP �t. Only the BB mES shape parametersare �xed to values found in Monte Carlo (as shown in Table 7). The Argus Cont and GaussianSig resolution parameters are extrated from the B� ! D0�� ontrol sample, while the Gaussianmean value is determined from B� ! D0K�� data. The F shapes in the �nal CP �t are extratedfrom the B� ! D0�� ontrol sample (as given in Table 7), while the values indiated in this �gureorrespond to the Monte Carlo samples. The mES distributions are obtained for j�Ej < 25 MeV,while the F distributions are for j�Ej < 25 and mES > 5:272 GeV=2.
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Shape parameter mESmesArgMax 5:2893 � 0:0002 GeVmesContArgPar �23:7� 3:8mesSigGMean 5:2811 � 0:0004 GeVmesSigGWidth 2:15� 0:08 MeVmesBBCombArgPar �27� 8 (�xed from MC)mesBBPkgGWidth 0:0038 � 0:0014 (�xed from MC)fmesBBPkg 0:133 � 0:031 (�xed from MC)F�ContG1Fra 0:55 � 0:05�ContG1Mean �0:463 � 0:014�ContG1Width 0:220 � 0:014�ContG2Mean 0:14 � 0:07�ContG2Width 0:461 � 0:023�SigG1Fra 0:551 � 0:031�SigG1Mean �0:176 � 0:026�SigG1Width 0:326 � 0:014�SigG2Mean 0:681 � 0:028�SigG2Width 0:311 � 0:015Table 7: B� ! D0K�� shape parameters as extrated from the mES and F B� ! D0K��/B� !D0�� ombined �t. Only the BB mES shapes are taken from simulation.3.1.2 EÆieny and Bakground Dalitz shapesThe Dalitz model PDF has to be orreted by eÆieny non-uniformities aross the Dalitz plot,�(m2+;m2�). The orretion has been obtained by performing an unbinned �t to a third orderpolynomial to the signal Monte Carlo where the D0 was allowed to deay isotropially (phasespae), P (x; y) = 1 + a1 (x+ y) + a2 (x2 + y2 + xy) + a3 (x3 + y3 + x2y + xy2) : (19)The parameterization has been symmetrized for x = m2+ and y = m2�. Figure 9 shows the Dalitzplot distribution and the m2+ and m2� projetions for this signal Monte Carlo sample. In this �gurethe blue urves represent the result of the 3rd order polynomial �t, and the red urves representthe projetion for a perfetly at eÆieny. It an be seen that exept at the borders of thekinematially allowed region the eÆieny orretion is quite onsistent with a at distribution.The resulting oeÆients from the �t are given in Table 8.The Dalitz distributions for the di�erent bakground omponents, Pombj , j = Cont;BB, havealso to be estimated and used as input to the CP �t. They have been evaluated from ontinuumand generi BB Monte Carlo events after having removed events with real D0's (using MC truthinformation). The seletion uts are idential to those used in the Dalitz CP �t. The distributionsfor q�q and BB have been �tted (unbinned likelihood) to a symmetri seond order polynomialfuntion, as given in Eq. (19) with a3 = 0. The distributions and �t results are shown in Figs. 10and 11, for q�q and BB respetively. The values of the parameters are given in Table 8. We haveheked the parameterization by relaxing the �E ut to [�60; 100℄ MeV, �nding onsistent valuesfor the parameters, as shown in Table 8. The Cont Dalitz shape has also been extrated from22



o�-resonane data by seleting the D0 mass sidebands in order to exlude the real D0 (we requiredthe D0 mass to be smaller than 1.85 GeV=2 and larger than 1.88 GeV=2. Although the statistisis poor the shape from o�-resonane data agrees with that observed from the q�q Monte Carlo.Parameters a1 a2 a3EÆieny (j�Ej < 25 MeV) 0:312 � 0:380 �0:087 � 0:152 0:008 � 0:023Cont(j�Ej < 25 MeV) �0:545 � 0:048 0:115 � 0:015 0 (�xed)BB(j�Ej < 25 MeV) �0:649 � 0:020 0:1476 � 0:0085 0 (�xed)Cont(�E 2 [�60; 100℄ MeV) �0:583 � 0:033 0:148 � 0:011 0 (�xed)BB(�E 2 [�60; 100℄ MeV) �0:617 � 0:016 0:1392 � 0:0063 0 (�xed)Table 8: The values and the errors for the parameters of the third-order polynomial funtion,Eq. (19), obtained from the unbinned likelihood �t to the eÆieny and Dalitz shape bakgroundsfor B� ! D0K�� events after symmetrization of the Dalitz plot (m2+ vs m2�), for j�Ej < 25 MeVand mES > 5:2 GeV=2.3.1.3 D0 frationsThe fration of true D0's (R) and right-sign D0's RRS for Cont and BB events has been reevaluatedon Monte Carlo events by ounting as desribed in setion 1 but now after applying the bestandidate hoie algorithm. The values are reported in Table 9, whih are essentially unhangedompared to Table 6. Fration Estimate from generi MCRCont (real D0's in Cont) 0:205 � 0:022RBB (real D0's in BB) 0:180 � 0:021RRSCont (D0 K�� in Cont) 0:53 � 0:06RRSBB (D0 K�� in BB) 0:67 � 0:06Table 9: B� ! D0K�� D0 frations as estimated from generi MC, for the region j�Ej < 25 MeVand mES > 5:2 GeV=2.3.1.4 Fration of wrong sign signal (�SigWS)Aording to the phase Monte Carlo (Sigps) and applying the best andidate hoie algorithm, thefration �SigWS is found to be 0:0043 � 0:0005 for mES > 5:2 MeV=2. Therefore this omponenthas been negleted in the nominal �t.3.2 Results from PDF shapes �tYields and PDF shapes were �rst extrated by performing a �t to the B� ! D0K�� data, followingthe strategy desribed above. Table 7 shows all shape parameters as extrated from this �t. The�t projetions for mESand F are shown in Fig. 12. The orresponding yields are given in table 10.
23
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Figure 9: B� ! D0K�� Dalitz eÆieny mapping for signal MC (phase spae), for j�Ej < 25 MeVand mES > 5:2 GeV=2 (m2AB � m2+, m2AC � m2�, m2BC � m�+��). The blue urve is the result ofan unbinned likelihood �t to a seond order polynomial (after symmetrization of the Dalitz plot) tothe B� ! D0K�� signal Monte Carlo, while the red urve orresponds to a phase spae distribution.Component D0K� YieldBB 31� 26Cont 260 � 28Sig 47� 9Table 10: B� ! D0K�� yields from PDF shapes �t in �E 2 [�25; 25℄ MeV region.24
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Figure 10: B� ! D0K�� Cont bakground Dalitz shape from generi Monte Carlo, for j�Ej <25 MeV and mES > 5:2 GeV=2 (m2AB � m2+, m2AC � m2� and m2BC � m�+��). The blue urveis the result of an unbinned likelihood �t to a seond order polynomial (after symmetrization of theDalitz plot), while the red urve orresponds to a phase spae distribution.
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Figure 11: B� ! D0K�� BB bakground Dalitz shape from generi Monte Carlo, for j�Ej <25 MeV and mES > 5:2 GeV=2 (m2AB � m2+, m2AC � m2� and m2BC � m�+��). The blue urveis the result of an unbinned likelihood �t to a seond order polynomial (after symmetrization of theDalitz plot), while the red urve orresponds to a phase spae distribution.
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Figure 12: B� ! D0K�� mES, and F shapes extrated from the �t in the �E region [�25; 25℄MeV, ompared to the data. Also shown are the di�erent bakground omponents: Sig (red), BB(green) and Cont (magenta).3.3 Results from CP �tTable 11 reports the CP �t results for the artesian xs� and ys� parameters, as de�ned in Eq. (14),with r2s oated as an independent parameter, for j�Ej < 25 MeV. In this �t the PDF are �xed tothe values found in the previous step, but the yields are re�tted, together with the CP parameters.The orrelation matrix between the �ve measurements are shown in Table 12. The obtained yieldsare given in Table 13. In Fig. 13 are shown the 39.3% and 86.5% on�dene-level ontours inthe (xs�; ys�) artesian �t parameter spae, orresponding to 1� and 2� two-dimensional ellipsoidregions respetively. The distane d is the length of the segment between the B+ (irle dot) andB� (retangular dot). The statistial signi�ane of the CP violation will be disussed later insetion 6. Given the good Gaussian behavior of the artesian parameters, these ontours have beenobtained using the standard likelihood ratio method (�ln(Lexp) = 1:0; 4:0, for 39.3% and 86.5%on�dene-level regions). The �t projetions for mES and F are shown in Fig. 14. Finally, Figs. 15and 16 show the Dalitz plot distributions for data and the �t projetions, for the all Dalitz �tevents (mES > 5:2 GeV=2) and for the signal box (mES > 5:272 GeV=2).3.4 Nominal Toy Monte CarloThe B� ! D0K�� Toy Monte Carlo samples were generated with parameters formESand F shapesand yields tuned to the data sample (Tables 7, 8, 9 and 13).These samples are then �tted using the standard proedure (only CP part), using the nominalD0 ! K0S�+�� Dalitz model. Figure 17 shows the residual, error and pull (de�ned as the residualdivided by the error) distributions of the yields. The equivalent distributions for the artesian CPparameters (xs� � reM , ys� � imM , xs+ � reP , ys+ � imP ) are shown in Fig. 18. Figure 19shows the equivalent distributions for r2s , For both the yields and the CP parameters (artesian and27



Observable D0K�xs� �0:197+0:205�0:204[�0:201℄ys� +0:255+0:300�0:303[�0:303℄xs+ �0:066+0:229�0:241[�0:234℄ys+ �0:011+0:349�0:308[�0:324℄r2s 0:051+0:144�0:093[�0:114℄Table 11: Fit results on data for (xs�; ys�) artesian oordinates for the B� ! D0K�� deay mode.The values inside bakets are the quadrati (Gaussian) errors alulated from the �t ovarianematrix.
Observable xs� ys� xs+ ys+ r2sxs� 1 1:00� 10�1 8:21 � 10�2 �4:05 � 10�2 �2:26 � 10�1ys� 1 �2:0� 10�2 5:15 � 10�3 3:71� 10�2xs+ 1 2:16 � 10�2 �2:51 � 10�1ys+ 1 2:20� 10�1r2s 1Table 12: Correlation matrix for (xs�; ys�) artesian oordinates, for the B� ! D0K�� deaymode.

Component D0K� YieldBB 45� 21Cont 251 � 24Sig 42� 8Table 13: B� ! D0K�� yields from the CP �t.
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Figure 13: 39.3% (dark blue) and 86.5% (bright blue) on�dene-level ountours, orresponding to1� and 2� two-dimensional ellipsoid regions, in the (xs�; ys�) artesian �t parameter spae forB� ! D0K��. Solid (dotted) ontours are for B� (B+) deays. Given the good Gaussian behaviorof the artesian parameters, these ontours have been obtained using the standard likelihood ratiomethod, �ln(Lexp) = 1:0; 4:0.r2s) the �t behaves well: no signi�ant biases are observed and the Gaussian behavior is satis�ed.There is good agreement between the �t errors on data (red arrows) and those predited by the MCexperiments. The distribution of log-likelihood values for the nominal Toy MC is shown in �gure20. The arrow indiates the value found on the data sample, whih provides a good goodnes-of-�t(about 50%).In order to hek wether oating r2s inreases the statistial error on the artesian oordinates,a similar Toy Monte Carlo study was performed using a on�guration where r2s was generatedand �tted with a �xed value of 0:04, orresponding to a rs � 0:2. The usual residual, error andpull distributions for the artesian CP parameters, shown in Figure 21, reveal that the statistialsensitivity is essential unhanged with r2s either �xed or oated.
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Figure 14: B� ! D0K�� mES and F shapes from the Dalitz CP �t ompared to the data. Theshapes are �xed to the values found from the shapes pre�t while the Sig, Cont and BB yields arereoated exploiting the Dalitz plot as additional disriminant variable. Also shown are the di�erentbakground omponents: Sig (red), BB (green) and Cont (magenta).
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Figure 15: B� ! D0K�� Dalitz plot and their projetions from the CP �t for events with j�Ej <25 MeV and mES > 5:2 GeV=2 (m2AB � m2+, m2AC � m2�, m2BC � m�+��).
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Figure 16: B� ! D0K�� Dalitz plot and their projetions from the CP �t for events with j�Ej <25 MeV and mES > 5:272 GeV=2 (m2AB � m2+, m2AC � m2�, m2BC � m�+��).
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Figure17:Residual,errorandpulldistributionsfortheBB(topleftinlandsape),Cont(topright
inlandsape)andSig(bottominlandsape)omponentsfortheB �!D 0K ��samplefromthe
nominalToyMC.
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Figure18:Residual,errorandpulldistributionsforxs+ �reP(topleftinlandsape),xs� �reM
(toprightinlandsape),ys+ �imP(bottomleftinlandsape),andys� �imM(toprightin
landsape),fortheB �!D 0K ��sampleforthenominalToyMC.
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Figure 19: Residual, error and pull distributions for r2s for the B� ! D0K�� sample for thenominal Toy MC.
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Figure21:Residual,errorandpulldistributionsforxs+ �reP(topleftinlandsape),xs� �reM
(toprightinlandsape),ys+ �imP(bottomleftinlandsape),andys� �imM(toprightin
landsape),fortheB �!D 0K ��sampleforaToyMCtunedtothedatawithr 2s �xedto0:04.
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4 Experimental systemati unertaintiesTable 15 summarizes the main systemati unertainties of the measurement in artesian oordinates,for the B� ! D0K�� deay mode. For omparison, we indiate the Dalitz model systematis byusing the K-matrix model and the CLEO model (old method).Soure xs+ ys+ xs� ys�mES;F shapes 0.098 0.116 0.079 0.116Real D0 fration 0.028 0.036 0.033 0.025Right sign D0's 0.033 0.047 0.032 0.042EÆieny in the Dalitz plot 0.067 0.091 0.059 0.044Traking eÆieny 0.008 0.011 0.010 0.012Bakground Dalitz shape 0.038 0.091 0.044 0.087Invariant mass resolution 0.003 0.002 0.002 0.002Dalitz amplitude and phases 0.004 0.014 0.008 0.008SubTotal 0.132 0.184 0.118 0.160Dalitz model (K-matrix) 0.007 0.006 0.008 0.006Dalitz model (CLEO model) 0.033 0.046 0.034 0.034Total (CLEO model) 0.136 0.190 0.123 0.163Table 14: Summary of the ontributions to the systemati error in artesian oordinates (xs�; ys�).In the following subsetions we desribe how eah systemati unertainty ontribution in theartesian oordinate spae has been evaluated.4.1 mES and Fisher shapesThe e�et of �xing the PDF shapes in the CP �t has been evaluated by performing a simultaneousPDF shape and CP �t. The CP and shapes �t is performed simultaneously to the B� ! D0K��and D� samples, with shapes �xed and oated. The systematis was then taken as the quadratidi�erene of the errors reported by the two �ts. The mES endpoint in the Argus parameterizationis left oating in the nominal �t. In the estimate of the systemati error we have also evaluated thee�et of the fration of peaking BB bakground, whih is �xed in the nominal �t. We have variedthat fration within the error alulated on signal Monte Carlo. Similarly we have evaluated thee�et of �xing the shape (from Monte Carlo estimate) of the BB Argus parameterization for mES.In all ases the di�erene between the entral values of the two �ts is well below the statistialdi�erene.4.2 Bakground ompositionThe fration of real D0 has been estimated from data and Monte Carlo as explained in Setion. 1.3,the two values agree within the error. The unertainty due to the fration of realD0's in bakground(table 9) is estimated by varying this parameter within its statistial error from the D0 mass �t ondata, and then repeating the �t to the data sample. The larger between the half di�erene betweenthe two �ts and the quadrati di�erene of the �t errors is assigned as systemati unertainty.A potential di�erene in the number of real D0's in the ontinuum bakground between B+and B� events ould fake CP violating e�ets in the signal. No signi�ant di�erene between B+and B� has been found in MC. Nevertheless, we aount for any potential e�et by introduing an37



independent set of CP parameters for the ontinuum bakground with a real D0. By repeating thenominal �t with this new set of parameters we found a negligible impat on the CP parameters.The fration of right sign (RS) D0's is taken from MC simulation. We have estimated thisontribution from the variation of the CP parameters in the �t to the data sample when a valueof 0.5 is assumed instead of the nominal values (given in table 9). As before, we take the largerbetween the di�erene of entral values and the quadrati di�erene of �t errors. The hangeobserved on the CP parameters is onsistent with the larger between the bias and the rms from aset of Toy MC experiments generated with the nominal value and �t with 0.5.4.3 Dalitz eÆienyTo estimate the e�et from the Dalitz eÆieny the nominal CP �t was repeated by assuming a atdistribution instead of the nominal 3rd order polynomial parameterization (table 8). In addition,we have evaluated a systematis due to traking and K0S reonstrution eÆieny over the Dalitzplot. It has been evaluated by repeating the �t using alternative values of the 3rd order polynomialparameterization oeÆients with: i) the traking eÆieny orretion applied on the 2 pions fromthe D0 deay and the bahelor kaon (table 10 of Ref. [4℄); and ii) traking eÆieny orretionapplied to the pions from the K0S deay (table 11 of Ref. [4℄). In all ases, we take the largerbetween the di�erene of entral values and the quadrati di�erene of �t errors. The unertaintiesfrom the two orretions have been added quadratially.4.4 Dalitz shape for ombinatorial bakgroundThe orretion for Cont andBB ombinatorial bakground is obtained fromMonte Carlo simulation.The systematis from this orretion is estimated from the di�erene on the CP parameters whenat distributions are assumed instead. We take the larger between the di�erene of entral valuesand the quadrati di�erene of �t errors. As further hek we have varied the parameterizationfor the ombinatorial bakground using a third order (most general) two-dimensional symmmetripolynomial funtion and a seond order (most general) two-dimensional polynomial funtion. Thee�et due to the alternative parameterizations was ompatible with the systemati error we havequoted.4.5 Limited mass resolutionThe nominal Dalitz model assumes perfet mass resolution. Given that all the resonanes presentin the D0 ! K0S�+�� deay are quite wide ompared to the estimated mass resolution (about4 MeV2 for a K0S�+ mass squared of about 1 GeV2 [13℄), we expet the e�et to be ompletelynegligible. Only the !(782) has an intrinsi width omparable to the mass resolution (about 6MeV2 for a squared �+�� mass of 0.8 GeV2 [13℄), but the sensitivity of the CP parameters isin this ase suppressed. To evaluate the e�et of the limited mass resolution on the Dalitz plot,two di�erent �ts were performed to the reweighted signal MC (see setion 10.3 of Ref. [4℄). The�rst �t used the reonstruted K0S�+ and K0S�� masses, while the seond was performed with theMC truth masses (perfet resolution). The di�erene of �t values was taken as our systematiunertainty. The errors from the �t for the di�erent parameters were basially unhanged betweenthe two �ts.
38



4.6 Statistial errors on Dalitz amplitudes and phasesThe phases and amplitudes of the Dalitz model are �xed to the values found from the �t to thehigh statistis D�+ ! D0�+s sample. We expet that the e�et oming from the statistial errorson the Dalitz amplitudes and phases is not large . We estimated its e�et in the B� ! D0K�analysis by performing a simultaneousDK andD�+ ! D0�+s �t with all these parameters oated,asdoumented in [12℄ (table 11 and se. 3.7). The unertainty was taken as the largest value betweenthe di�erene of entral values and the quadrati di�erene of the errors reported by the two�ts. The di�erene of entral values is in all ases onsistent with the quadrati di�erene of thestatistial errors.4.7 Wrong sign signal frationDue to the very small value of �SigWS found in the Monte Carlo simulation, 0:0043 � 0:0005, thise�et is ompletely negligible.
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5 Dalitz model systemati unertaintyThe systemati unertainty related to the phenomenologial parameterization of the D0 deay am-plitude represents the main systemati error of the analysis. In the ICHEP analysis, we estimatedthis e�et using alternative amplitude parameterizations, as the CLEO model [4, 12℄ and the modelwithout the �1, �2 salar (�+��) resonanes. Variations of the parameters for the Breit-Wignerfuntions, for the vertex fators and of the Blatt-Weisskopf fators gave smaller e�ets. Although�1 and �2 are not estabilished resonanes, we introdued them in the Dalitz parameterization tobetter �t the data distribution. In this updated analysis, we have used the K-matrix tehniqueto parametrize the (�+��) S-wave ontribution, as doumented in BAD1237. It is a more appro-priate tehnique to parametrize the salar (�+��) S-wave amplitude, whih removes the expliitdependene on (not-estabilished) salar resonanes. Conservately we have deided to quote boththe errors obtained with the CLEO and the K-Matrix alternative models, reported in Tables 15, 16for the B� ! D0K�� deay mode. The exp-by-exp distributions are shown in Figures 22, 23,24, 25. Soure xs+ ys+ xs� ys�Dalitz model (CLEO) 0.0326 0.0460 0.0340 0.0335Dalitz model (K-Matrix) 0.0073 0.0065 0.0083 0.0060Table 15: Systemati errors, due to the D0 amplitude model, on the artesian oordinates, (xs�; ys�)for the B� ! D0K�� deay mode.Soure krs  (deg.) Æs (deg.)Dalitz model (CLEO) 0.0452 8.9 11.0Dalitz model (K-Matrix) 0.0152 3.2 2.2Table 16: Systemati errors, due to the D0 amplitude model, on the physis parameters, krs, , Æsfor the B� ! D0K�� deay mode.For ompleteness we report also the estimates of systemati error due to the D0 amplite param-eterization for the B� ! D(�)0K� deay modes in Tables 17, 18. The exp-by-exp distributionsare shown in Figures 26, 27, 28, 29.Soure x+ y+ x� y� x�+ y�+ x�� y��Dalitz model (CLEO) 0.0317 0.053 0.0187 0.0215 0.0251 0.0676 0.0222 0.0270Dalitz model (K-Matrix) 0.005 0.007 0.0025 0.0033 0.0031 0.0045 0.0068 0.0061Table 17: Systemati errors, due to the D0 amplitude model, on the artesian oordinates(x�; y�; x��; y��) for the B� ! D(�)0K� deay mode.
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Soure rB (D0K) (deg.) Æ(D0K) (deg.) r�B (D�0K) (deg.) ÆB(D�0K) (deg.)Dalitz model (CLEO) 0.027 10.7 14.0 0.027 10.1 13.1Dalitz model (K-Matrix) 0.004 1.7 2.2 0.003 1.3 2.1Table 18: Systemati errors, due to the D0 amplitude model, on the physis parameters rB, (D0K),ÆB(D0K), r�B, (D�0K), ÆB(D�0K) for the B� ! D(�)0K� deay mode.
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Figure 30: Two-dimensional projetions in the krs �  planes of the three-dimensional one- (dark)and two- (light) standard deviation regions, for DK��.6 Frequentist interpretation of the resultsA frequentist analysis [7℄ has been used to interpret the onstraints on x�s and y�s in terms ofp � (krs; Æs; ). A frequentist (Neyman) onstrution of the on�dene regions of p � (krs; Æs; )based on the onstraints on x�s and y�s has been adopted [7℄. Using a large number of pseudo-experiments orresponding to the nominal CP �t model but with many di�erent values of the CP�t parameters, we onstrut an analytial (Gaussian) parameterization of the PDF of (x�s ; y�s )as a funtion of p, as desribed in [12℄. For a given p, the three-dimensional on�dene levelC(p) = 1 � �(p), where �(p) is alulated analytially by integrating over all points in the �tparameter spae loser (larger PDF) to p than the �tted data values. The one (two) standarddeviation region of the CP parameters is de�ned as the set of p values for whih �(p) is smallerthan 19.9% (73.8%).Figures 30 show the two-dimensional projetions in the krs �  planes, statistial plus experi-mental systemati error , for DK�� deay mode. The small statisti of the D0K� signal sample isnot suÆient to put signi�ant ontraints on the  value itself. A ombined measurement of  ispossible, using the analogous measurement for the D0K and D�0K deay modes. In this ase wehave a 7-dimensional spae for the true parameters p � (rB ; r�B ; krs; ÆB ; Æ�B ; Æs; ) and 12 measuredartesian parameters, 4 for eah D0K, D�0K, D0K� deay mode. Figures 31 show the ountours inthe (x(�)(s) ; y(�)(s)) planes at 39.3% (dark) and 86.5% (light) probability ontent and the two-dimensionalprojetions in the rB �  and krs �  planes for (d) D0K, (e) D�0K, and (f) D0K�. The errorsare statistial plus experimental systematis. The region of 1 (2) sigma equivalent 7D-ellipsoidorresponds to the one where �C is smaller than 0.52% (22.02%)The ombination yields  = (67� 28� 13� 11)Æ, where the �rst error is statistial, the seondis the experimental systemati unertainty and the third reets the Dalitz model unertainty.The ontribution to the Dalitz model unertainty due to the desription of the �� S-wave inD0 ! K0S���+ is 3Æ. From this ombination krs is onstrained to be < 0:50 (0:75) at one (two)standard deviation level. It is worth noting that the value of krs depends on the seleted phase50
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Figure 31: Top raw: ontours at 39.3% (dark) and 86.5% (light) probability ontent (statistialonly) in the (x(�)(s) ; y(�)(s) ) planes for (a) D0K, (b) D�0K, () D0K� separately for B� (thik and solid)and B+ (thin and dotted). Bottom raw: two-dimensional projetions in the rB �  and krs � planes of the seven-dimensional one- (dark) and two- (light) standard deviation regions, for (d)D0K, (e) D�0K, and (f) D0K�.spae region of B� ! D0(K0S��) events without introduing any bias on the extration of .The onstraint on  is onsistent with that reported by the Belle Collaboration [14, 15℄. How-ever, sine our data favor smaller values of rB(�) and krs we estimate a larger statistial unertainty,in agreement with the expeted saling due to the di�erenes in the measured values.
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List of Figures1 In the top-left plot (green) we show the distribution of the variable for the signal.In the top-right plot the variable distribution for the bakground. In bottom-left thesigni�ane as a funtion of the ut on the seleted variable and in bottom-right thepurity (histogram) and the eÆieny (point with error bars) as a funtion of the ut.(Top 4 plots) Sequene of plot desribed above for the invariant mass of the K��.(Bottom 4 plots) Same plots for os �Hel of the K�� daughters. . . . . . . . . . . . . 72 2D plot of the signi�ane with respet to the ut on the K� mass and the ut onos �Hel. The olor sale represent the value of the signi�ane, it inreases fromblue to red. The maximum value is 6.2 with jmK� �mK�(PDG)j < 55 MeV=2 andj os �Helj > 0:35. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 Unbinned maximum Likelihood �t to the mESdistribution doesn't show any evideneof K0SK0SK�� signal events on the D0 sidebands after all the seletion uts are applied. 114 The �t to the D0 distribution shows evidene of true D0 bakground events. Theevents are seleted in the mES sidebands (mES < 5:27 GeV=2) with all the seletionuts applied. Left: data; Right: Monte Carlo . . . . . . . . . . . . . . . . . . . . . . . 125 Distribution of the number of B andidates per event after all the uts applied in thesignal region mES > 5:270MeV=2, j�Ej < 25MeV. Colored histograms representbakground events and point with error bars represent data. . . . . . . . . . . . . . . 136 The plots show the data/MC omparison for the relevant variables used in the se-letion riteria. From the top left to the bottom right the following quantities arereported: os(�T ), D0 mass, K0S mass, �E, K� mass, Fisher, os�Hel, mES. Theevents in the plots are seleted applying all the seletion ritera but the one on thedisplayed variable. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147 Fisher-mES orrelation for B� ! D0K�� signal events. Even for bakground eventsthe orrelation was found to be negligible. . . . . . . . . . . . . . . . . . . . . . . . . 198 B� ! D0K�� mES (left olumn), �E (middle olumn) and F (right olumn) shapesfrom Monte Carlo for Sig (top row), Cont (middle row), and BB (bottom row). The�E PDF shapes are show only for referene sine they are not used in the CP �t.Only the BB mES shape parameters are �xed to values found in Monte Carlo (asshown in Table 7). The Argus Cont and Gaussian Sig resolution parameters areextrated from the B� ! D0�� ontrol sample, while the Gaussian mean value isdetermined from B� ! D0K�� data. The F shapes in the �nal CP �t are extratedfrom the B� ! D0�� ontrol sample (as given in Table 7), while the values indiatedin this �gure orrespond to the Monte Carlo samples. The mES distributions areobtained for j�Ej < 25 MeV, while the F distributions are for j�Ej < 25 andmES > 5:272 GeV=2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219 B� ! D0K�� Dalitz eÆieny mapping for signal MC (phase spae), for j�Ej <25 MeV and mES > 5:2 GeV=2 (m2AB � m2+, m2AC � m2�, m2BC � m�+��). Theblue urve is the result of an unbinned likelihood �t to a seond order polynomial(after symmetrization of the Dalitz plot) to the B� ! D0K�� signal Monte Carlo,while the red urve orresponds to a phase spae distribution. . . . . . . . . . . . . . 2410 B� ! D0K�� Cont bakground Dalitz shape from generi Monte Carlo, for j�Ej <25 MeV and mES > 5:2 GeV=2 (m2AB � m2+, m2AC � m2� and m2BC � m�+��).The blue urve is the result of an unbinned likelihood �t to a seond order polynomial(after symmetrization of the Dalitz plot), while the red urve orresponds to a phasespae distribution. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2552
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A Model dependent parametrization of the B� ! D0K�� ampli-tudeWe have written the deay amplitude and rate in the most general way in Eqs. (5) and (6). Togive a omplete piture, in the following part of the setion, till eq. 27, we'll desribe how thequantities r2s , xs� and ys� in eq. 15 are related to the analogous quantities for the B� ! DK��and B� ! D(K�)�non�K� parts. However, we want to stress that the measurement of  is done byextrating r2s , xs� and ys� with the PDF in eq. 15 and we don't need to know anything else.We split expliitly the amplitude in a resonant (B� ! DK��) and non-resonant (B� !D(K�)�non�K�) part, and we make expliit the dependene on the (K�)� heliity angle �H takinginto aount that the signal omponent is p-wave and the non-K� is s-wave (this is an assumption.The result obtained in eq. 22 is still valid for a P- or D- wave assumption, if the neglet possibledistortions from a non-omogenous reonstrution eÆieny). We write Eqs. (5) and (6) as:A(B� ! (D[! f ℄X�s )p) = r32 os �HAK�fp +r12Anon�K�fp ; (20)�(B� ! (D[! f ℄X�s )) = 32 os2 �H Z dpjAK�fp j2 + 12 Z dpjAnon�K�fp j2 +p3 os �H Z dpRe[AK�fp (Anon�K�fp )�℄ (21)whereAK�fp is the ontribution of B ! DK� andAnon�K�fp is the ontribution ofB� ! D(K�)non�K� .If we onsider the deay rate after integrating over the heliity angle, the interferene term anelsout: �(B� ! (D[! f ℄X�s )) = Z dpjAK�fp j2 + Z dpjAnon�K�fp j2 : (22)The anellation of the interferene term proportional to os �H simpli�es the relationships a lotand redues signi�antly the e�et of the non-resonant ontribution, but it's not stritly valid ifthe experimental eÆieny is not symmetri over os �H . Therefore the validity of this assumptionwill be heked and if neessary a systemati error will be assigned. Integrating over the heliityangle �H and using the result in Eq. (22), Eq. (15) transforms to�(B� ! D[! K0S���+℄K��) / jf�j2 + (r2sR + �2r2sNR)1 + �2 jf�j2 + (23)2 " (xsR� + �2xsNR�)1 + �2 Re[f�f��℄ + (ysR� + �2ysNR�)1 + �2 Im[f�f��℄# ;where xsR� = Re[kRrsRei(ÆsR�)℄ ;ysR� = Im[kRrsRei(ÆsR�)℄ ;xsNR� = Re[kNRrsNRei(ÆsNR�)℄ ;ysNR� = Im[kNRrsNRei(ÆsNR�)℄ ; (24)with �2 � ����A(B�!D0(K�)�non�K�)A(B�!D0K��) ����2ut the fration of the non-resonant ontribution with respet tothe B� ! D0K�� signal. An estimate of this quantity, �2 � 0:048, has been performed by forthe GLW and ADS analysis and it's doumented in ref. [8, 9℄. The value of �2 generally depends56



on the seletion requirements, however those analysis applied almost idential uts therefore theestimate an be onsidered attendable also for our seletion. Here, the \k-fators" aounts for anypossible dependene of rB and ÆB over the (K�)� mass system (either resonant or non-resonant).Comparing eah term of Eq. (23) and (15) we �nd:r2s ! r2sR + �2 r2sNR1 + �2 ; (25)xs� ! xsR� + �2 xsNR�1 + �2 ; (26)ys� ! ysR� + �2 ysNR�1 + �2 : (27)This model dependent parameterization in priniple would allow to evaluate the relative amountof resonant and non-resonant ontribution in the B� ! D(K0S��) deay. Sine it has been demon-strated with ToyMC experiments that it is possible to extrat the r2s parameter from data, thisparameterization is not useful for the analysis, however we deided to leave it in the appendix asreferene.
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B Considerations on the eÆieny variation over the B� ! D0K0S��Dalitz plotThe general parametrization of the PDFs in terms of fr2s ; xs�; ys�g in eq. 15 of setion 2 appliesto the general ase where the reonstrution eÆieny of the B deay varies over the B ! DK0S�phase spae. Let us onsider eq. 6 and suppose that the relation holds when the reonstrutioneÆieny is uniform over the B phase spae. In the general ase where the eÆieny is not uniformwe need to introdue a fator �(p) multiplying eah term of the right-hand side of 6, where p is thepoint in the B phase spae. Eq. 6 an be written as:�(B� ! D[! f ℄X�s ) = Z dp �A2pA2f +A2upA2�f + 2ApAfAupA �fRe(ei(Æp+ÆD�))� �(p) : (28)If we de�ne A0p � App�(p) and A0up � Aupp�(p) eq. 28 beomes:�(B� ! D[! f ℄X�s ) = Z dp �A02pA2f +A02upA2�f + 2A0pAfA0upA �fRe(ei(Æp+ÆD�))� : (29)De�ning rs , k and Æs as: r2s = R dp A02upR dp A02p ; (30)keiÆs = R dp A0pA0upeiÆpqR dp A02p R dp A02up ; (31)we obtain again the eq. 15�(B� ! D[! K0S���+℄X�s ) / jf�j2 + r2s jf�j2 + 2 �xs�Re[f�f��℄ + ys�Im[f�f��℄� ; (32)where again xs� = Re[krsei(Æs�)℄ and ys� = Im[krsei(Æs�)℄.Therefore a non-uniform reonstrution eÆieny over the B phase spae a�ets the value ofrs, k and Æs, but the funtional form of the PDF (eq. 32) does not hange.
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