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R�esume de la th�ese
Dans 
ette th�ese nous pr�esentons des �etudes sur les m�esons B e�e
tu�es en utilisant les donn�eesenregistr�ees par l'exp�erien
e BABAR aupr�es de PEP-II �a SLAC.D'abord nous pr�esentons la re
her
he des d�esint�egrations rare B+ ! D+K(�)0. Ces modesde d�esint�egration sont int�eressants 
ar il s'agit de pro
essus d'annihilation qui fournit des infor-mations importantes sur la dynamique de la d�esint�egration des m�esons beaux et les �el�ements dela matri
e CKM , Vij. Les r�esultats obtenus sur 
es modes de d�esint�egration peuvent être utilis�esdans des ajustements ph�enom�enologiques. Cela permet de traduire les mesures sur les ampli-tudes 
harg�ees B+ ! D+K(�)0 en estimations sur les amplitudes B0 ! D0K(�)0 supprim�eespar Vub. L'analyse exp�erimentale est e�e
tu�ee en utilisant plusieurs modes de d�esint�egrationdu m�eson D 
harg�e. Nous n'avons obtenu au
une �eviden
e signi�
ative de signal et les limitessup�erieures sur les rapports d'embran
hement suivants ont �et�e �etabliesB(B+ ! D+K0) < 2:9� 10�6 �a 90% prob.;B(B+ ! D+K�0) < 3:0� 10�6 �a 90% prob.Dans la deuxi�eme partie de la th�ese nous pr�esentons des �etudes sur la violation de CP dansle syst�eme des m�esons B et en parti
ulier la mesure de l'angle 
 du Triangle d'Unitarit�e. L'angle
 est la phase relative entre les �el�ements Vub et V
b de la matri
e CKM. Un param�etre 
ru
ialqui d�etermine la sensibilit�e �a 
 est le rapport r entre les amplitudes de transition b ! u etb ! 
 . Dans 
ette th�ese nous pr�esentons une analyse du 
anal de d�esint�egration des m�esonsB 
harg�es: B+ ! D0K+ . Ces d�esint�egrations sont �etudi�ees en utilisant la m�ethode ADS etle m�eson neutre D est re
onstruit dans son �etat �nal K��0. En 
ombinant 
ette analyse ave
une analyse similaire qui utilise l'�etat �nal K� des D0 le rapport r(DK) et l'angle 
 ont �et�ed�etermin�es r(DK) = 0:083+0:028�0:043 ;
 = 86Æ+51Æ�45Æ : (1)9



10 CONTENTSSi les r�esultats exp�erimentaux 
ontenus dans 
ette th�ese sont utilis�ees dans les syst�emes ex-primant les amplitudes de d�esint�egrations des B ! DK et B ! DK� des r�esultats int�eressantspeuvent tre obtenus. La pr�e
ision sur le rapport r(DK�) pour les m�esons B 
harges est am�elior�eed'un fa
teur trois : r(DK�) = 0:08 � 0:03. Le rapport entre les modules des amplitudes Vubd'annihilation (A) et supprim�ee de 
ouleur (C) est jA=Cj < 0:6 (�a 90% du probabilit�e). Fi-nalement le rapport r(DK0) pour les m�esons neutres vaut 0:27 � 0:09. La grande valeur de 
erapport est parti
uli�erement int�eressante pour les analyses futures qui ont eu but de mesurer laquantit�e 2� + 
 en utilisant 
es modes de d�esint�egrations.



Abstra
t
In this thesis, we present studies of the B mesons system performed using the full dataset
olle
ted by the BABAR experiment at the PEP-II 
ollider at SLAC.The �rst analysis presented is the sear
h of the rare Vub mediated de
ays B+ ! D+K(�)0.These de
ays are parti
ularly interesting be
ause they are expe
ted to be dominated by the an-nihilation pro
esses and 
an provide insight to the internal dynami
s of the B mesons. Anotherpoint of interest is 
oming from the fa
t that the rates of these de
ays 
an be used to 
onstrainthe annihilation amplitudes in phenomenologi
al �ts. This allows the translation of the mea-surements of the 
harged B+ ! D+K(�)0 amplitudes into estimations of the Vub suppressedamplitudes of B0 ! D0K(�)0. The experimental analysis is performed looking at several D+de
ay modes. No signals have been found and upper limits have been set to be:B(B+ ! D+K0) < 2:9� 10�6�a 90% prob.;B(B+ ! D+K�0) < 3:0� 10�6�a 90% prob.:In the se
ond part of the thesis we present the CP violation studies in the B-meson system,and in parti
ular measurements of the angle 
 of the Unitarity Triangle. The angle 
 is therelative weak phase between the Vub and V
b elements of the CKM matrix. A 
ru
ial parameter,whi
h drives the sensitivity to 
, is the ratio r between b! u and b! 
 transition amplitudes.We present and des
ribe the analysis using the 
harged B meson de
ays: B+ ! D0K+. Thesede
ays are studied through the ADS method, where the neutral D mesons are re
onstru
tedinto K��0 �nal states. Combining this analysis with a similar one that used K� as a D0 �nalstate the ratio r(DK) and the angle have been obtained to ber(DK) = 0:083+0:028�0:043 ;
 = 86Æ+51Æ�45Æ : (2)If the results of this thesis are used in the full system of the B ! DK and B ! DK� de
ayamplitudes, other interesting results 
an be obtained. The error on the ratio r(DK�) for the11
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harged B de
ays is improved by a fa
tor of three resulting in r(DK�) = 0:08� 0:03. The ratiobetween the Vub mediated annihilation (A) and the 
olor suppressed (C) amplitudes is obtainedto be jA=Cj < 0:6 (at 90% probability). Finally, the ratio r(DK0) for neutral B de
ays is foundto be 0:27 � 0:09. The large value for this ratio is parti
ularly interesting for future analysesaiming at the measurement of 2� + 
 using these de
ays modes.



Chapter 1Introdu
tion
The Standard Model of elementary parti
les (SM) has given a good e�e
tive des
ription of thephysi
al pro
esses that have been tested until 2010. This model has provided well 
on�rmedpredi
tions of the e�e
ts 
onne
ted to three out of the four fundamental intera
tions in a 
oherentframework.The 
omprehensive test of the Standard Model is the main goal of 
urrent physi
al exper-iments in the parti
le physi
s. These experiments 
an use di�erent approa
hes: elementaryparti
le 
ollisions at di�erent energies, heavy ion 
ollisions, astroparti
le experiments, et
. Oneof the way to explore SM in the part des
ribing CP violation is to develop experiments aimed atstudy B meson de
ays, where a multitude of CP violating e�e
ts are expe
ted. For these reasonsthe two \B fa
tory experiments" were 
onstru
ted: BABAR, based in SLAC, Menlo Park, Cali-fornia, USA and Belle, based in KEK, Tsukuba, Japan. These B fa
tories have jointly 
olle
teddata sample with more than 109 BB meson pairs for about 10 years of running.The results of these experiments have played a 
ru
ial role in the study of CP violation,whi
h is des
ribed in the SM with the use of the CKM matrix (as des
ribed in Chapter 2). Thisthesis is dedi
ated to the study of CP violation e�e
ts and in parti
ular the measurements of theangle 
 of the Unitarity triangle (Chapter 3) using the �nal dataset 
olle
ted with the BABARdete
tor (des
ribed in Chapter 5).Sin
e this angle is the relative phase between Vub and V
b elements of the CKM matrix, itsvalue 
an be a

essed studying pro
esses that involve b! u and b! 
 transitions. The simplestway to a

ess these transitions is to study in details the B ! DK de
ays (as des
ribed inChapters 3 and 4). In the re
ent years, di�erent methods to measure the angle 
 were developedand a lot of e�orts of s
ienti�
 
ommunity were 
on
entrated on the experimental determinationof this parameter. Despite the experimental e�orts, 
 is not known pre
isely. The reason for13



14 CHAPTER 1. INTRODUCTIONit is that the sensitivity to 
 is driven by the value of the ratios r between b ! u and b ! 
amplitudes. The numeri
al values of these ratios are de
ay dependent. They are expe
ted to besmall and have to be determined on data.The experimental work presented in this thesis is 
omposed of two analyses. The �rst analysis(des
ribed in Chapters 6 and 7) des
ribes the sear
h for the rare de
ays B+ ! D+K(�)0. Thesede
ays have never been observed before and are quite interesting sin
e they allow to a

essannihilation amplitudes that enter in the determination of the ratios r.The se
ond analysis 
on
erns the measurements of the B+ ! D0(D0)K+ de
ays analyzedthrough the ADS method allowing the determination of r and the angle 
 (Chapter 8).In Chapter 9 the phenomenologi
al impa
ts of the measurements presented in the thesis aredis
ussed.



Chapter 2CKM Matrix and CP Violation inthe Standard Model
In the past de
ade, one of the major 
hallenges of parti
le physi
s has been to gain an in-depthunderstanding of the role of quark 
avor. In this time frame, measurements and the theoreti
alinterpretation of their results have advan
ed tremendously. A mu
h broader understanding of
avor parti
les has been a
hieved, apart from their masses and quantum numbers, there nowexist detailed measurements of the 
hara
teristi
s of their intera
tions allowing stringent testsof Standard Model predi
tions.The Standard Model (SM) [2℄ has a ri
h stru
ture in its 
avor se
tor, mainly be
ause it
ontains three generations of quarks and leptons. In the quark se
tor, it is well established thatthe misalignment between the weak intera
tion eigenstates and mass eigenstates leads to theCabibbo-Kobayashi-Maskawa (CKM) matrix [3℄, whi
h is the sour
e of the transitions betweendi�erent generations. Even more importantly, it o�ers the sour
e of the CP violation. This
avor stru
ture has been 
on�rmed by many experimental measurements to a good pre
ision.The SM is a low energy e�e
tive theory and one of the main tasks of modern high-energyphysi
s is the sear
h for 
ontradi
tions of measurements with the SM predi
tions. The existen
eof su
h a di�eren
e would imply the presen
e of \new physi
s" (NP) e�e
ts. The 
avor se
toris one of the main frontiers in the NP e�e
ts sear
h [4℄.This Chapter is devoted to a brief introdu
tion to 
avor physi
s. The 
urrent status of the
avor se
tor measurements is given in Se
tion 2.3

15



16 CHAPTER 2. CKM MATRIX AND CP VIOLATION IN THE STANDARD MODEL2.1 SymmetriesSymmetries play an important role in the modern physi
s. The symmetry properties of a physi
alsystem are intimately related to the 
onservation laws 
hara
terizing that system. Noether'stheorem gives a pre
ise des
ription of this relation [1℄. The theorem states that ea
h 
ontinuoussymmetry of a physi
al system implies that some physi
al property of that system is 
onserved.The parti
le physi
s has three related dis
rete symmetries. These state that the spa
e isindistinguishable from one under the following transformations:� parity transformation P , whi
h is the 
ip in the sign of one of spatial 
oordinates;� time reversal transformation T , whi
h reverses the time variables of the system;� 
harge-
onjugation transformation C, whi
h inverses all the 
harges of parti
les to opposite(i.e. 
hanging parti
les and anti-parti
les).The CPT theorem requires the preservation of the dis
rete CPT symmetry by all physi
alphenomena. The violation of this rule is being sear
hed but, until the time of this thesis publi
a-tion, all observation are 
onsistent with exa
t CPT symmetry. The strong and ele
tromagneti
intera
tions show no experimental eviden
e for C, P or T violation, while weak intera
tionsviolate C and P separately, 
onserving, in �rst approximation, their produ
t CP . The �rsteviden
e of CP violation was found in 1964 in rare pro
esses in the kaon system [5℄. In 2001this was 
on�rmed in B meson de
ays [6℄ studied in the dedi
ated experiments.2.2 CP Violation and the CKM MatrixThe Standard Model is based on SU(3)C 
 SU(2) 
 U(1) gauge symmetry, where SU(3)Cdes
ribes the 
olor symmetry of strong intera
tions, SU(2) the weak isospin symmetry, and U(1)the symmetry under hyper
harge transformations. CP violation in weak pro
esses arises from asingle irremovable 
omplex phase in the mixing matrix for quarks, whi
h governs the 
harged Wgauge boson intera
tion with the quarks: this is 
alled the Cabibbo-Kobayashi-Maskawa (CKM)me
hanism [3℄. Su
h 
harged 
urrent weak intera
tion 
an be written as:LW = � gp2(u; 
; t)L
�0� dsb 1ALW+� + h.
.; (2.1)where g is the SU(2)L 
oupling 
onstant, W+� is the W boson �eld operator, and (u; 
; t)Land (d; s; b)L are the left-handed quark �eld 
avor eigenstates, with 
harges Q = 2=3 and



2.2. CP VIOLATION AND THE CKM MATRIX 17Q = �1=3, respe
tively. The matrix of the 
ouplings, V , 
alled Cabibbo-Kobayashi-Maskawa(CKM) matrix [3℄ is in prin
iple a unitary, 3 � 3 
omplex matrix. The matrix elements arenormally notated a

ording to the quarks they 
orrespond to:V = 0� Vud Vus VubV
d V
s V
bVtd Vts Vtb 1A : (2.2)This CKM matrix thus depends on nine parameters, three real angles and six phases. It
an always be parameterized with three Euler angles (real parameters) and six phases (
omplexparameters). Five of these six phases disappear under transformations that rede�ne the phase ofthe quark �elds in the quark mass eigenstate basis and leave the diagonal mass matrix un
hanged.One of the six phases is irredu
ible. The presen
e of this phase a

ounts for the CP violation inthe Standard Model.An expli
it parameterization in terms of three mixing angles �12, �13, �23, and a phase Æ [8℄,with a parti
ular quark �elds phase 
onvention 
an be written:VCKM = 0� 
12
13 s12
13 s13e�iÆ�s12
23 � 
12s23s13eiÆ 
12
23 � s12s23s13eiÆ s23
13s12s23 � 
12
23s13eiÆ �s23
12 � s12
23s13eiÆ 
23
13 1A ; (2.3)where 
ij = 
os �ij and sij = sin �ij (i; j = 1; 2; 3, j > i). The experimental values suggest that�13 � �23 � �12.Considering that the mixing angles are small, the Wolfenstein parametrization [9℄ 
an beintrodu
ed for the des
ription of the V matrix elements magnitude. In this parametrization, thematrix elements are the result of an expansion in terms of a small parameter � = jVusj � 0:22.The four independent real parameters 
an be de�ned:s12 = �;s23 = A�2;� = s13s12s23 
os Æ;� = s13s12s23 sin Æ: (2.4)
For these variables, the CKM matrix 
an be expressedVCKM = 0B� 1� �22 � A�3(�� i�)�� 1� �22 A�2A�3(1� �� i�) �A�2 1 1CA+O(�4): (2.5)



18 CHAPTER 2. CKM MATRIX AND CP VIOLATION IN THE STANDARD MODELA more a

urate expression of the Wolfenstein parametrization, in
luding O(�4) and O(�5)terms, gives [10℄:0� 1� 12�2 � 18�4 � A�3(��� i�)��+ 12A2�5[1� 2(��+ i�)℄ 1� 12�2 � 18�4(1 + 4A2) A�2A�3(1� ��� i��) �A�2 + 12A�4[1� 2(��+ i�)℄ 1� 12A2�4 1A+O(�6) (2.6)where �� and �� are related to � and � by:�� = � (1� �22 );�� = � (1� �22 ): (2.7)The unitarity of the V matrix implies several relations between its elements,3Xi=1 VijV �ik = Æjk and 3Xi=1 VijV �kj = Æik: (2.8)Six of them are parti
ularly interestingEa
h of these relations 
an be represented as a triangle in the (��; ��) plane, where the onesobtained by produ
t of neighboring rows or 
olumns are nearly degenerated. The areas of allthese triangles are equal to half of the Jarlskog invariant J [14℄ de�ned by:J � 
12
23
213s12s23s13 sin Æ: (2.9)The value of J 
an estimate the amount of CP Violation. The maximum value J , 1=(6p3) � 0:1,gives the fully violated CP symmetry. The re
ent value of determinant is J = (3:0 � 0:1) �10�5 [17℄.The interest is driven by equationVudV �ub + V
dV �
b + VtdV �tb = 0; (2.10)with ea
h item approximately proportional to �3. This equation is 
onne
ted to the B mesonde
ays due to the presen
e of Vub and V
b matrix elements. Dividing all the terms of the relationby V
dV �
b, one obtains VudV �ubV
dV �
b + 1 + VtdV �tbV
dV �
b = 0: (2.11)This equation 
an be graphi
ally represented on the �� � �� plane. Figure 2.1 shows thetriangle, whi
h sides, usually noted Rb and Rt, 
an be 
al
ulated as:CA =Rb = jVudV �ubjjV
dV �
bj =p��2 + ��2 = (1� �22 ) 1� ����VubV
b ���� ;BA =Rt = jVtdV �tbjjV
dV �
bj =p(1� ��)2 + ��2 = 1� ����VtdV
b ���� : (2.12)
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ρ+iη 1−ρ−iη

βγ

α

C=(0,0) B=(1,0)

A=(ρ,η)

Figure 2.1: Unitarity Triangle in the ��� �� plane.The three angles, denoted by �, �, and 
, are1:� = arg� VtdV �tbVudV �ub� ;� = arg�V
dV �
bVtdV �tb� ;
 = arg�VudV �ubV
dV �
b � = � � �� � (2.13)
In the Wolfenstein parametrization the only 
omplex elements, up to terms of order O(�5),are Vub and Vtd and the phases 
 and � 
an be dire
tly related to them:Vtd = jVtdje�i� ; (2.14)Vub = jVubje�i
 : (2.15)2.3 Current Status of the Unitarity Triangle MeasurementsAmong experimental tests of the CP violation, measurements of the mixing indu
ed CP violationin the neutral B meson system played a 
entral role at the present B fa
tories. The angle �of the unitarity triangle has been measured very pre
isely, and pre
ision measurement of theangle � is also possible by a

umulating more statisti
s at the future B fa
tories. The present Bfa
tories have also demonstrated the sensitivity in other measurements investigating the 
avorstru
ture. Dire
t CP violation in B meson de
ays has been measured in the de
ay modes su
has B ! �� and B ! K�. The angle 
 
an be measured through the interferen
e of de
ay1Another notation for angles, whi
h is also used, is �1 � �, �2 � �, and �3 � 
. The latter notation is
ommonly used by Belle experiment.



20 CHAPTER 2. CKM MATRIX AND CP VIOLATION IN THE STANDARD MODELamplitudes involving intermediate D mesons. Several other Flavor Changing Neutral Current(FCNC) pro
esses that are sensitive to possible new heavy parti
les ex
hanged in the loops ofFeynman diagrams have also been investigated.Several methods have been developed for the data statisti
al treatment. By the time of thisthesis, the most a
tive groups are CKM�tter [15℄ that uses frequentist approa
h, and UT�t [17℄using Bayesian approa
h. The aim of ea
h method is to obtain the 
onstraints in the (�� � ��)plane.The Bayesian approa
h of the UT triangle �t developed by the UT�t 
ollaboration relies onthe following arguments. Ea
h observable gives rise to the equation that relates a 
onstraint 
j tothe CKM triangle parameters ��� �� via the set of an
illary parameters x, where x = x1; x2; :::; xNstands for all experimentally determined or theoreti
ally 
al
ulated quantities from whi
h thevarious 
j depend.In an ideal 
ase of exa
t knowledge of 
j and x, ea
h of the 
onstraints provides a 
urvein the �� � �� plane. In su
h a 
ase, there would be no reason to favor any of the points onthe 
urve, unless we have some further information or physi
al prejudi
e, whi
h might ex
ludepoints outside a determined physi
al region, or, in general, assign di�erent weights to di�erentpoints. In the real experimental 
ase we deal with the parameters, whi
h are known with somepre
ision, whi
h in general leads to assigning di�erent weights to di�erent points. This meansthat, instead of a single 
urve in the ��� �� plane, we have a family of 
urves whi
h depends onthe distribution of the set f
j ; xg. As a result, the points in the ��� �� plane get di�erent weights(even if they were taken to be equally probable a priori) and our 
on�den
e on the values of ��and �� 
lusters in a region of the plane be
omes di�erent.One of the methods that takes into a

ount the experimental and theoreti
al un
ertaintiesand des
ribes them in terms of a probability density fun
tion f (PDF), whi
h quanti�es our
on�den
e on the values of a given quantity, is the Bayesian approa
h. The inferen
e of �� and�� be
omes then a straightforward appli
ation of probabilities theory.The probabilisti
 approa
h 
an be implemented de�ning an idealized PDF for ea
h 
onstraint:f(��; ��j
j ;x) � Æ(
j � 
j(��; ��;x)); (2.16)where Æ is Dira
 delta fun
tion.The pdf whi
h takes into a

ount the full un
ertainty of knowledge about 
j and x is then



2.3. CURRENT STATUS OF THE UNITARITY TRIANGLE MEASUREMENTS 21obtained by making use of the standard probability rules:f(��; ��) = Z f(��; ��j
j ;x) � f(
j ;x) d
j dx/ Z Æ(
j � 
j(��; ��;x)) � f(
j) � f(x) d
j dx/ Z Æ(
j � 
j(��; ��;x)) � 1p2��(
j) exp��(
j � 
̂j)22�2(
j) � � f(x) d
j dx/ Z 1p2��(
j) exp��(
j(��; ��;x)� 
̂j)22�2(
j) � � f(x1) � f(x2) � � � f(xN ) dx (2.17)
where 
̂j is the experimental best estimate of 
j , with un
ertainty �(
j). The joint pdf f(
j ;x)has been splitted as a produ
t of the individual pdf assuming the independen
e of the di�erentquantities, whi
h is a very good approximation for the 
ase under study.This formula may be represented in a di�erent approa
h introdu
ing a global interferen
erelating ��, ��, 
j, and x (integrating over not interesting parameters). In this 
ase, with the helpof Bayes' theorem, one 
an obtainf(��; ��j
̂j) / f(
̂j j
j ; ��; ��) � f(
j ; ��; ��;x)/ f(
̂j j
j) � f(
jj��; ��;x) � f(��; ��;x)/ f(
̂j j
j) � Æ(
j � 
j(��; ��;x)) � f(x) � fÆ(��; ��); (2.18)where fÆ(��; ��) denotes the prior distribution.The extension of relation 2.18 to several 
onstraints, assuming these 
onstraints are un
or-related, 
an be written asf(��; ��j
̂1; :::; 
̂M ) / Yj=1;M fj(
̂j j��; ��;x)� Yj=1;M fi(xi)� fÆ(��; ��): (2.19)Integrating this equation over x we 
an rewrite the interferen
e s
heme in the following way:f(��; ��j
̂; f ) / L(
̂; ��; ��; f)� fÆ(��; ��); (2.20)where 
̂ stands for the set of measured 
onstraints, andL(
̂; ��; ��; f) = Z Yj=1;M fj(
̂j j��; ��;x) � Yj=1;M fi(xi) (2.21)is the e�e
tive overall likelihood, whi
h takes into a

ount all possible values of xj, properlyweighted.Whereas a priori all values for (��; ��) are taken to be equally likely, a posteriori the probability
lusters around the point whi
h maximizes the likelihood.



22 CHAPTER 2. CKM MATRIX AND CP VIOLATION IN THE STANDARD MODELIn 
on
lusion, the �nal (unnormalized) pdf is obtained starting from a 
at distribution of(��; ��) is f(��; ��) / Z Yj=1;M fj(
̂j j��; ��;x)� Yj=1;M fi(xi); (2.22)The integration 
an be done by Monte Carlo methods.The following measurements, resulting in di�erent 
onstraints on the ����� plane, are in
ludedin the Unitarity Triangle analysis:� jVubj and jV
bj. Their values measured in in
lusive or ex
lusive semileptoni
 B ! Xu;
l�l.The relative rate of 
harmless over 
harmed B meson semileptoni
 de
ays is proportionalto the square of the ratio: jVubjjV
bj = �1� �22 p�2 + �2: (2.23)This 
orresponds in the (��; ��) plane to a ring 
entered in (0; 0) with radius Rb =p�2 + �2.� �md. The box diagram with the ex
hange of a top quark gives the dominant 
ontributionto the B0 � B0 os
illations. The time os
illation frequen
y 
an be related in the SM tothe mass di�eren
e between the light and heavy mass eigenstates of the B0 �B0 system:�md = G2F6�2m2W�bS(xt)mBdf2BdB̂Bd jV
bj2�2((1� ��)2 + ��2: (2.24)where S(xt) is the Inami-Lim fun
tion [11℄ and xt = m2t =M2W , mt is the top quarkmass and �b is the perturbative QCD short-distan
e NLO 
orre
tion. The s
ale for theevaluation of those 
orre
tions entering into �b and the running of the t quark mass haveto be de�ned in a 
onsistent way. The value of �b = 0:55 � 0:01 has been obtained in [12℄and, in order to be 
onsistent, the measured value of the pole top quark mass, obtained byCDF and D0 
ollaborations,mt = (172:6�1:4) GeV=
2 , has to be 
orre
ted downwards by(7�1) GeV=
2. The remaining fa
tor, f2BdB̂Bd , en
odes the information of non-perturbativeQCD. The 
onstant f2Bd translates the size of the B meson wave fun
tion at the origin.The bag fa
tor B̂Bd is also introdu
ed to take into a

ount all possible deviations fromva
uum.The �md 
onstraint 
an be represented by a ring 
entered at (1,0).� �md=�ms. The ratio between �md de�ned in previous bullet and �ms, whi
h is de�nedin the same way like �md but for Bs �Bs system.� �K , the phenomenologi
al parameter des
ribing \indire
t" CP violation in the K0 �K0 sys-tem being the fra
tion of CP -violating 
omponent in the mass eigenstates.
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Figure 2.2: Allowed regions for (��� ��). The 
losed 
ontours at 95% probability are shown. Thefull lines 
orrespond to 95% probability regions for the 
onstraints, given by the measurementsof jVubj=jV
bj, �K , �md,�md=�ms, 
, �, �, 2� + 
.� �, �, and 
 (or the 2� + 
 
ombination. Information on the angles 
an be obtained fromthe measurement of CP violating B+ and B0 de
ays. Methods to extra
t 
 are des
ribedin Chapter 3.The �t is performed assuming the validity of the Standard Model. Figure 2.2 shows thegraphi
al results of the �t in using the approa
h des
ribed in [17℄. With the re
ent pre
ision oninputs the SM predi
tions are in good agreement with the experimental data.The results for �� and �� parameters are:� = 0:130 � 0:019;� = 0:351 � 0:012; (2.25)with errors giving 68% probability regions.The new physi
s models (i.e. the models des
ribing the pro
esses not in
luded in SM) usuallypredi
t the deviations from SM s
enarios in the pro
esses that 
an be des
ribed by Feynmanndiagrams with at least one loop. Thus, one 
an separate the 
ontributions from the observablesthat 
an be determined from the \tree-level" pro
esses (
 and jVubj) from the ones that 
an bedetermined only from the study of the \loop-level" pro
esses (all other quantities listed before).
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Figure 2.3: Allowed regions for (�� � ��) from the \tree-level" (left) and \loop-level" (right)variables. The 
losed 
ontours at 68% and 95% probability are shown.The resulting �ts are shown in Figure 2.3. The resulting �ts from the tree-level pro
esses:� = 0:116+0:060�0:077;� = 0:374+0:031�0:029: (2.26)whi
h has got high relative error, sin
e the \tree-level" 
ontribution is 
onstrained only by twomeasurements. The pre
ision of these measurements thus plays a 
ru
ial role in the sear
h fornew physi
s.Another way to perform the sear
h for the new physi
s is the 
omparison of the input valuesof the �t (i.e. observables obtained experimentally) with the predi
tions obtained after the �t(i.e. predi
tions assuming the validity of SM). The predi
tions 
an be also obtained withoutinserting this parti
ular measurement in the �t. Any 
ontradi
tion between these measurementswould imply the NP e�e
ts. The results of this study is shown in Table 2.1.The �t also produ
es the predi
tions of the elements of the CKM matrix.VCKM = 0� 0:97408 � 0:00031 0:2261 � 0:0013 0:00358 � 0:000110:2259 � 0:0013 0:97326 � 0:00030 0:04121 � 0:000440:00875 � 0:00019 0:04042 � 0:00043 0:999145 � 0:000015 1A (2.27)These predi
tions are well 
ompatible with the SM expe
tations.
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Parameter Input value Full �t Predi
tion�� | 0:130 � 0:019 |�� | 0:351 � 0:012 |A | 0:806 � 0:013 |� | 0:2261 � 0:0013 |jVubj 0:00367 � 0:00020 0:00358 � 0:00011 0:00358 � 0:00011jV
bj 0:04082 � 0:00045 0:04121 � 0:00044 |�ms; ps�1 17:77 � 0:12 17:76 � 0:11 17:4 � 1:3�; [Æ℄ 91:4 � 6:1 88:2 � 2:9 86:3 � 3:7�; [Æ℄ | 21:97 � 0:75 24:2 � 1:4sin(2�) 0:654 � 0:026 0:694 � 0:018 |
os(2�) 0:86 � 0:12 0:720 � 0:018 |2� + 
; [Æ℄ 94� 52 113:8 � 3:1 114:0 � 3:1
; [Æ℄ 74� 11 69:6 � 3:0 69:2 � 3:1j"K j 0:002355 � 0:000049 0:002340 � 0:000047 0:002359 � 0:000049Table 2.1: The input values used in the �t, their value after the �t and the predi
tions of thesevalues assuming the validity of SM.
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Chapter 3Measurement of the UnitarityTriangle Angle 

The angle 
 is de�ned as the weak phase of the CKM element Vub = jVubje�i
 . Various methodsrelated to B+ ! D(�)0K(�)+ de
ays have been proposed to determine the UT angle 
. Thesemethods exploit the fa
t that the neutral D meson de
ay produ
t 
an be either a D0 (from a�b ! 
�us transition), or a �D0 (from a �b ! u�
s transition; or vi
e versa for b de
ays). If the�nal state is 
hosen su
h that both D0 and �D0 
an 
ontribute, the interferen
e between theseamplitudes is sensitive to the phase 
, allowing 
 to be determined with essentially no theoreti
alassumptions. Choi
es for the �nal state in
lude D0 meson de
aying to:� a singly Cabibbo-suppressed CP eigenstate, like D0 ! h+h� (h = �;K) for Gronau-London-Wyler (GLW) method [60℄;� a doubly Cabibbo-suppressed 
avor eigenstate, like D0 ! K+�� for Atwood-Dunietz-Soni(ADS) method [61℄;� a Cabibbo-allowed self-
onjugate 3-body state, like D0 ! K0S�+�� for Giri-Grossman-So�er-Zupan (GGSZ) method [62℄.If we now 
onsider the 
ounterpart of neutral meson de
ays the situation is di�erent. In fa
t,sin
e neutral B mesons mix, interferen
e e�e
ts between b ! 
 and b ! u de
ay amplitudesin B0 de
ays (for instan
e into D(�)��� �nal states) are studied for the determination of the
ombination of UT angles 2� + 
. In this 
ase the tagging te
hnique and a time dependentanalysis are required [20℄. In 
ontrast, B0 ! D(�)0K�0 de
ay modes 
an be used to dire
tlymeasure 
. In fa
t, in this 
ase, tagging is not needed and we 
an unambiguously identify if aB0 or �B0 has de
ayed through the sign of the ele
tri
 
harge of the kaon from the K�0 ! K�27
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de
ay1.An example of su
h pro
esses is shown in Figure 3.1. 
 is the relative weak phase betweenthe two diagrams, and 
an be a

essed by measuring CP violating e�e
ts in B de
ays where thetwo amplitudes interfere. This type of interferen
e 
an be seen in both 
harged an neutral Bmeson de
ays.
K�0D0B0 �b �


d u�s K�0D0B0 �b �u
d 
�sFigure 3.1: Feynman diagrams for B0 ! D0K�0 and B0 ! D0K�0. The relative phase betweenthese de
ays is proportional to the CKM angle 
.3.1 General FormalismKeeping in mind that Vub = jVubje�i
 one 
an de�ne the following amplitudes for B meson totwo body de
ays : A(B� ! D0K�) = jAB jei�B ;A(B� ! D0K�) = j �AB jei ��Be�i
 ;A(B+ ! D0K+) = jAB jei�B ;A(B+ ! D0K+) = j �AB jei ��Bei
 ; (3.1)with �B and ��B being the strong phase of the B de
ay. The same 
an be done for the de
aysD0 ! f : A(D0 ! f) = jADjei�D ;A(D0 ! �f) = j �ADjei ��D ;A(D0 ! �f) = jADjei�D ;A(D0 ! f) = j �ADjei ��D ; (3.2)with �D and ��D being the strong phase of the D de
ay.1Some analyses also try to measure 
 from 
harmless B de
ay, where b ! u transitions appear in penguindiagrams, making use of the SU(3) symmetry. These methods will not be dis
ussed here.



3.1. GENERAL FORMALISM 29Thus, the amplitude of the de
ay B� ! [f ℄D0K� (with [f ℄D0 notating the fa
t that the f
an 
ome either from D0 or from D0) 
an be presented (negle
ting the D0 �D0 mixing):A(B� ! [f ℄D0K�) =A(B� ! D0K�)A(D0 ! f)+A(B� ! D0K�)A(D0 ! f)= jAB jjADjei(�B+�D) + j �AB jj �ADjei( ��B+��D�
);A(B+ ! [ �f ℄D0K+) =A(B+ ! D0K+)A(D0 ! �f)+A(B+ ! D0K+)A(D0 ! �f)= jAB jjADjei(�B+�D) + j �AB jj �ADjei( ��B+��D+
): (3.3)
Thus, the partial widths of the de
ays 
an be written as:�(B� ! [f ℄D0K�) = jAB j2jADj2 + j �AB j2j �ADj2 + 2jAB jjADjj �AB jj �ADj 
os(Æ � 
);�(B+ ! [ �f ℄D0K+) = jAB j2jADj2 + j �AB j2j �ADj2 + 2jAB jjADjj �AB jj �ADj 
os(Æ + 
); (3.4)where Æ = ÆB + ÆD;ÆB = ��B ��B ;ÆD = ��D ��D: (3.5)One 
an de�ne: rB � jA(B� ! D0K�)jjA(B� ! D0K�)j = j �AB jjAB j ; (3.6)rD(f) � jA(D0 ! f)jjA(D0 ! �f)j = jADjjADj : (3.7)These quantities play an important role in the determination of 
. The value and the relativeerror of ratio rB drives the pre
ision on 
. The values of rD(f) are determined with B or 
harmfa
tories data (for example, [58, 59℄).Introdu
ing the de�nitions of Equations 3.6 and 3.7 into partial width expressions (Equa-tion 3.4) one gets:�(B� ! [f ℄D0K�) = jAB j2j �ADj2(r2D(f) + r2B + 2rBrD 
os(Æ � 
));�(B+ ! [ �f ℄D0K+) = jAB j2j �ADj2(r2D(f) + r2B + 2rBrD 
os(Æ + 
)): (3.8)More generally, in 
ase of multibody D meson de
ays for the point p in the phase spa
e:A(D0 ! f)p = jAD(p)jei�D(p);A(D0 ! �f)p = j �AD(p)jei ��D(p);A(D0 ! �f)p = jAD(p)jei�D(p);A(D0 ! f)p = j �AD(p)jei ��D(p): (3.9)
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Following the same steps as in 
ase of 2-body D meson de
ay the partial widths 
an bewritten:�(B� ! [f ℄D0K�) = jAB j2 Z j( �AD)pj2 dp(r2D(f) + r2B + 2rBrDkD 
os(Æ � 
));�(B+ ! [ �f ℄D0K+) = jAB j2 Z j( �AD)pj2 dp(r2D(f) + r2B + 2rBrDkD 
os(Æ + 
)); (3.10)with kDeiÆsD � R dpAD(p) �AD(p)eiÆ(p)qR dpA2D(p) R dp �A2D(p) ; (3.11)rD = R dp j �AD(p)jR dp jAD(p)j : (3.12)These partial widths are the main 
onstru
ting elements of the observables used in di�erentmethods. All the formulas 
an be easily generalized to the B+ ! D0K�+, B+ ! D�0K+, andB0 ! D0K�0. In 
ase of the B ! DK� 
hannel the same formalism as the one used for thethree body D de
ays should be introdu
ed for B:rS = R dp j �AB(p)jR dp jAB(p)j ; (3.13)in this 
ase, we use rS instead of rB sin
e the value of this ratio is di�erent depending on theportion of the DK� phase spa
e analyzed. ÆB should be rede�ned a

ordingly:kSeiÆsB � R dpAB(p) �AB(p)eiÆ(p)qR dpA2B(p) R dp �A2B(p) ; (3.14)where j �AB(p)j is the amplitude for the suppressed de
ay of the B meson, jAB(p)j is the amplitudefor the allowed mode. Sin
e the 
hoi
e of the K� introdu
es a 
ut on the Dalitz plane, the valueof rS is di�erent from the value of rB. The study presented in [19℄ shows that kS = (0:95�0:03).In the following we will des
ribe the methods in details.3.1.1 The Gronau-London-Wyler MethodThe Gronau-London-Wyler (GLW) method [60℄ is based on the re
onstru
tion of the B de
ayto D0K where D0 and D0 de
ay to CP -even (like K+K�) or CP -odd (like K0S�0) eigenstates.These eigenstates 
an be written as:jD0�i = 1p2 �jD0i � jD0i� ; (3.15)
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ript � indi
ates the CP -even and CP -odd eigenstate, respe
tively. In this 
ase,the f = �f implies �AD = AD and ��D = �D or ��D = �D + �, whi
h leads to rD(CP ) = 1, andÆD = 0 or ÆD = �.The D0 de
ay modes normally used are:� CP+: K+K�, �+��;� CP�: K0S�0, �K0S , �K0S , �K0S , and !K0S .The four observables for this method are formed in the following way:RCP� = �(B+ ! D0�K+) + �(B� ! D0�K�)�(B+ ! D0K+) + �(B� ! D0K�) = 1 + r2B � 2rB 
os 
 
os ÆB;ACP� = �(B+ ! D0�K+)� �(B� ! D0�K�)�(B+ ! D0�K+) + �(B� ! D0�K�) = �2rB sin
 sin ÆBRCP� ; (3.16)with rD = 1 due to two body de
ay of the D0 meson.By 
onstru
tion, the RCP� and ACP� are invariant under the following operations:� f
; ÆBg $ f�
;�ÆBg;� f
; ÆBg $ f
 + �; ÆB + �g;� f
; ÆBg $ fÆB; 
g.These symmetries give rise to the 8-fold ambiguity whi
h represents the weakness of the method.This ambiguity 
an be redu
ed to 4-fold in 
ase of simultaneous analysis of two di�erent B de
ayssu
h as B+ ! D�0CPK+ and B+ ! D0CPK�+.Another limitation of the method is the low bran
hing fra
tions of the overall de
ay 
hain.The �nal bran
hing fra
tion in
luding se
ondary de
ays is less than 10�6.The GLW method is useful in measuring rB, but has typi
ally a low sensitivity to 
.3.1.2 The Atwood-Dunietz-Soni MethodIn the ADS method [61℄, 
 is measured from the study of B ! DK de
ays, where D mesonsde
ay into non CP eigenstate �nal states. The suppression of b ! u transition with respe
t tothe b! 
 one is partly over
ome by the study of de
ays of the B meson in �nal states whi
h 
an
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Figure 3.2: S
heme for the ADS method: B+ mesons de
aying to the same �nal state, throughtwo di�erent de
ay 
hains, for \opposite sign" events (top) and for \same sign" events (bottom).pro
eed in two ways: either through a favored b ! 
 B de
ay followed by a doubly-Cabibbo-suppressed D de
ay, or through a suppressed b ! u B de
ay followed by a Cabibbo-favored Dde
ay. The de
ay 
hains studied are sket
hed in Figure 3.2.In the ADS method the \
lassi
al" set observables are:RADS = �(B� ! [f ℄D0K�) + �(B+ ! [ �f ℄D0K+)�(B+ ! [f ℄D0K+) + �(B� ! [ �f ℄D0K�) ;AADS = �(B� ! [f ℄D0K�)� �(B+ ! [ �f ℄D0K+)�(B� ! [f ℄D0K�) + �(B+ ! [ �f ℄D0K+) : (3.17)Keeping in mind the de�nition that were introdu
ed in Equations 3.9 and negle
ting higherorder 
ontributions one readily re
eives:RADS = r2S + r2D + 2rSkBrDkD 
os 
 
os(ÆsB + ÆsD);AADS = 2rSrDkD sin
 sin(ÆsB + ÆsD)RADS : (3.18)In the 
ase of the two body D de
ays ÆsD ! ÆD and kD ! 1 and in the 
ase of the two body Bde
ays ÆsB ! ÆB.The following parameters 
an be extra
ted from the observables:� rS, ÆsB, kB(B se
tor);� rD, ÆD, kD(D se
tor);� 
.Ea
h parameter in the B se
tor depends on the studied B de
ays, whereas the parameters ofthe D se
tor depend on the D-meson 
hannel.The D de
ay parameters 
an be extra
ted from the separate study of the D mesons. Inparti
ular, the fÆD; kDg likelihood 
an be measured using quantum-
orrelated measurements at
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 experiment [59℄. The results of the study for D0 ! K+���0 and D0 ! K+���+��are shown in Figure 3.3. The value of rD is normally taken from the world average (with theleading sensitivity at B fa
tories). The magnitude of rD 
ontrols the sensitivity on 
 in the waythe value of rB does. That is why the most sensitiveD0 
hannel is the two-body D0 ! K� de
ay(rD = 1 in this 
ase). However, it has been argued that other de
ay 
hannels (with rD < 1) 
angive 
ompetitive results on 
.

kD(K��0)
Æs D(K��0 )

kD(K���)
Æs D(K���)

Figure 3.3: The 1�, 2�, and 3� allowed regions in the plane fÆD; kDg for (a) D0 ! K+���0and (b) D0 ! K+���+��.The ratio AADS is usually either not measured (like the analysis in [63℄) or re
onstru
tedfrom 
harge-spe
i�
 ratios R� (like analysis in [64℄):R+ = �(B+ ! [ �f ℄D0K+)�(B+ ! [f ℄D0K+) = r2B + r2D + 2rBrDkD 
os(
 + Æ);R� = �(B� ! [f ℄D0K�)�(B+ ! [ �f ℄D0K+) = r2B + r2D + 2rBrDkD 
os(
 � Æ); (3.19)that are 
onne
ted with the RADS and AADS by simple relations:RADS = R+ +R�2 ;AADS = R� �R+R� +R+ : (3.20)Sin
e R+ and R� are two independent observables, while RADS and AADS are 
orrelated weprefer to extra
t the physi
al parameters from (R+; R�) rather than (RADS; AADS).However, some analyses were performed with the �t extra
tion of AADS [65℄. The dis
ussionof the strategy 
hoi
e 
an be found in Chapter 8 that is devoted to the des
ription of analysisdone with this method.
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This type of analysis observables de�nition gives rise to following symmetries:� f
; Æg $ f�
;�Æg;� f
; Æg $ fÆ; 
g;� f
; Æg $ f
 + �; Æ + �g.The D0 �nal states re
onstru
ted in this method are usually: K+�� (essentially), K+���0,K+�+����. Also it has been argued that a 
ut in the Dalitz plane of these de
ays 
an in
reasethe sensitivity. However su
h a 
ut 
ompli
ates the 
ombination with the results of the 
harmfa
tories that study the D meson de
ay.To expli
itly show the 
hara
teristi
s of the ADS method we use the relations 3.19 to extra
trB, ÆB, and 
. We follow the Bayesian approa
h extra
ting (rD; ÆD; kD) a

ording to theirexperimental distributions, while for (rB; ÆB; 
) the 
at priors are used. R+ andR� are generatedGaussian. We perform the extra
tion with �xed and not �xed value of rB building ea
h time the2D-likelihood fÆB; 
g. The plots generated with �xed rB (Figure 3.4) show expe
ted 8-fold ADSambiguity for a single 
hannel, whi
h is solved after appli
ation of the D se
tor measurementsand 
ombination with the other 
hannel. The impa
t of 
harm se
tor measurement has got moreimpa
t due to the absen
e of � ambiguity in the ÆD. More details of the extra
tion pro
edureare des
ribed in Chapter 9.The plots with rB allowed to vary in the �t (Figure 3.5) show that in reality a (less probable)solution still exists. This ambiguity 
an probably be resolved in 
ase of 
ombining with theD0 ! K��� 
hannel, whi
h has never been measured.3.1.3 The Giri-Grossman-So�er-Zupan MethodThe Giri-Grossmann-So�er-Zupan (GGSZ) method (often 
alled Dalitz plot method) is basedon the re
onstru
tion of B ! D0K and B ! D0K de
ays with the D0 and D0 re
onstru
tedinto a multi-body CP eigenstate. We 
onsider here, as an example, the de
ay D0 ! K0S�+��,but all the relations 
an be easily generalized to any multibody D0 de
ay.The de
ays of D0 meson are studied in the Dalitz plane (s12; s13), where sij = (Pi + Pj)2 isthe invariant mass of the 
ouple MiMj of the D de
ay produ
ts. If one denotes the point in theDalitz plot as (m2�;m2+) then the amplitude for D0 ! K0S�+�� in this point 
an be written as:f(m2�;m2+) = jf(m2�;m2+)jei�(m2� ;m2+): (3.21)
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Figure 3.4: The plots show the extra
ted 2D likelihoods fÆB; 
g for ADS method. Left plotsare obtained using re
ent 
harm se
tor measurements, right plots are for the same extra
tionobtained with ÆD and kD �xed. The upper line show the results when only the K��0 is used,the bottom line shows the results for the 
ombination of the K� and K��0 
hannels. The
olored zones represent the 39%, 68%, and 95% probability regions. The generated values are(
; ÆB) = (73Æ; 114Æ), the re
onstru
ted values are 
ompatible with the generated ones. For allthese analyses rB is �xed to 0.1.
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Figure 3.5: The plots show the extra
ted 2D likelihoods fÆB; 
g. Left plots show the resultswhen the re
ent 
harm se
tor measurements are used, right plots obtained with ÆD and kD �xed.The upper line shows the results using the K��0 
hannel only, whereas the bottom line showsthe results obtained 
ombining the K� and K��0 
hannels. The 
olored zones represent the39%, 68%, and 95% probability regions. The generated values are (
; ÆB; rB) = (73Æ; 114Æ; 0:1),the re
onstru
ted values are 
ompatible with the generated ones.



3.1. GENERAL FORMALISM 37The amplitude for the same point of Dalitz plot for D0 ! K0S�+�� 
an be expressed then:f(m2+;m2�) = jf(m2+;m2�)jei�(m2+;m2�): (3.22)The total amplitudes for B� and B+ de
ays for the (m2+;m2�) point of the Dalitz plane 
anthus be written:A�(m2+;m2�) = A(B� ! D0K�)�f(m2�;m2+) + rBei(ÆB�
)f(m2+;m2�)� ;A+(m2+;m2�) = A(B+ ! D0K+)�f(m2+;m2�) + rBei(ÆB+
)f(m2�;m2+)� : (3.23)These formulae are indeed just a generalization of the expressions for the two-body de
ays.The dependen
e of f(m2�;m2+) on the point in the Dalitz plane is usually des
ribed by theisobar model, in whi
h the de
ay amplitude is written as a sum of amplitudes with quasi two-body intermediate states, i.e. the de
ay D0 ! M1M2M3 is 
onsidered to be the sum of de
aysD0 !MrM3 (or D0 !MrM2), where Mr is the resonant state of parti
les M1 and M2 (or M1and M3).We thus 
an write the following expression:jf(m2�;m2+)jei�(m2� ;m2+) =Xj ajeiÆjBW j(m2�;m2+)(m;�; s) + anreiÆnr : (3.24)where BW j(m2�;m2+)(m;�; s) is the expression for the relativisti
 Breit-Wigner des
ribing the de
aythrough an intermediate jth resonan
e 
hara
terized by its spin s, its mass m and de
ay width�; aj and Æj are the amplitude and the de
ay phase of this resonan
e; nr marks the non-resonantpart of the D0 de
ay. Another possibility to know f(m2�;m2+) is to study this distribution in theseparate analyses and use it as an input for the Dalitz analysis at the B fa
tories. The Dalitzmethod su�ers of the ambiguity: f
; Æg $ f
 + �; Æ + �g.This method's main limiting fa
tor is the pre
ision of f(m2�;m2+) knowledge, whi
h 
an leadto a systemati
 un
ertainty in the 
 determination. As shown later the GGSZ method, however,gives the most pre
ise determination of 
.A usual set of observables for this method is:x+ = rB 
os(ÆB + 
);x� = rB 
os(ÆB � 
);y+ = rB sin(ÆB � 
);y+ = rB sin(ÆB � 
): (3.25)
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3.2 State-of-the-art in the 
 MeasurementsThe present knowledge of the UT angle 
 
omes from the 
ombination of several measurements.The following experimental results are available:� GLW analyses of B+ ! D0CP�K+, B+ ! D�0CP�K+, and B+ ! D0CP�K�+, (performedboth by the BABAR [21, 24, 26℄ and Belle [22, 25℄ 
ollaborations), the B+ ! D0CP�K+mode was studied also by the CDF 
ollaboration [23℄.� ADS analyses of B+ ! D0(D0)K+ with D0(D0)! K+�� (performed by BABAR [27℄ andBelle [28℄) and with D0(D0) ! K+���0 (performed by BABAR only [97℄), ADS analysesof B+ ! D�0(D�0)K+ [27℄ and for B+ ! D0(D0)K�+ [29℄ (BABAR 
ollaboration).� ADS analyses in the neutral B meson de
ay B0 ! D0(D0)K�0 with D0 (D0) going toK+��, K+���0, and K+���+�� �nal states (BABAR [63℄).� GGSZ analyses of B+ ! D0CP�K+, B+ ! D�0CP�K+, and B+ ! D0CP�K�+, with the neu-tral D re
onstru
ted in K0S�+�� (Belle [31, 32℄, BABAR [30℄) and K0SK+K� (BABAR [30℄).GGSZ analyses of B+ ! D0CP�K+ with neutral D going to �+���0 �nal state [34℄.� GGSZ analysis of B0 ! D0CP�K�0, with D re
onstru
ted in K0S�+�� was performed byBABAR [33℄.The results of the measurements summarized by HFAG 
ollaboration [18℄ 
an be seen inFigures 3.6, 3.7, 3.8.The pdf for 
 obtained in Bayesian approa
h using all the measurements presented at thewinter 2010 
onferen
e are shown in Figure 3.9, giving the result
 = (74 � 11)Æ: (3.26)The pdf obtained for the rB ratio, whi
h drives the sensitivity on 
, are shown in Figure 3.10and the results of the 
ombination are:rB(B+ ! D0K+) = 0:106 � 0:016;rB(B+ ! D0K�+) = 0:11 � 0:07;rB(B+ ! D�0K+) = 0:113 � 0:0025;rB(B0 ! D0K�0) = 0:26 � 0:0076: (3.27)It 
an be noted that the Dalitz analyses give the most important 
ontribution for the deter-mination of 
, while the GLW and ADS analyses are important for the pre
ise determination ofthe rB ratios.
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Figure 3.6: The summary of the GLW method results obtained by di�erent experiments, asdes
ribed in the text. The observables are des
ribed in Se
tion 3.1.1
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Figure 3.7: The summary of the ADS method results obtained by di�erent experiments, asdes
ribed in the text. The observables are des
ribed in Se
tion 3.1.2
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Figure 3.8: The summary of the GGSZ method results obtained by di�erent experiments, asdes
ribed in the text. The observables are des
ribed in Se
tion 3.1.3
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Figure 3.9: One-dimensional pdf for 
 from the 
ombination of all the analyses in the 
hargedB meson modes (left). The dark and light 
olored zones show the 68% and 95% probabilityregions respe
tively. In the right plot pdfs are shown separately for 
 from GLW and ADS andfrom Dalitz analyses separately. The 
ombination is also shown, but is barely visible sin
e it isalmost 
oin
iding with the result from Dalitz analysis alone. These results are obtained usingexperimental data available for the 2010 winter 
onferen
es.
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Figure 3.10: One-dimensional pdfs for rB from the 
ombination of all the analyses for theB+ ! DK, the B+ ! DK�, the B+ ! D�K, and the B0 ! DK� modes, respe
tively. Thedark and light 
olored zones show the 68% and 95% probability regions respe
tively. Theseresults are obtained using experimental data available for the 2010 winter 
onferen
es.
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Chapter 4The DK system
The a

urate study of the open 
harm de
ays, B ! DK, allows tests for understanding of the Bde
ay dynami
s and represents a privileged tool to pre
isely determine 
. Di�erent approa
hesusing these de
ays are des
ribed in Chapter 3. The pre
ision of the 
 determination is 
ontrolledby the rB parameter, whi
h is di�erent depending on the type of de
ay and the 
harge of theB meson. The possible way to des
ribe these de
ays is shown in this Chapter. The out
ome ofsu
h a des
ription is dis
ussed in the end of the Chapter and in Chapter 9.Des
ription of the B ! DK de
ays is frequently done in terms of the operator produ
texpansion (OPE) des
ribed in [74, 76℄. In this formalism B de
ays (both 
harged and neutral)are des
ribed with an e�e
tive hamiltonian and the pro
ess amplitude �nal state is expressedby matrix element: A(B ! DK) = hDKjHe� jBi; (4.1)where Heff is an e�e
tive weak Hamiltonian. For the de
ay of interest we 
an write only thepart of the Hamiltonian:He� =GFp2 (jV �ubV
sj[C1(�)Qs
u1 (�) + C2(�)Qs
u2 (�)℄++ jV �
bVusj[C1(�)Qsu
1 (�) + C2(�)Qsu
2 (�)℄++ jV �ubV
dj[C1(�)Qd
u1 (�) + C2(�)Qd
u2 (�)℄++ jV �
bV
dj[C1(�)Qd
u1 (�) + C2(�)Qd
u2 (�)℄); (4.2)where Vij is the CKM matrix element; GF (~
)3 = p2g2w8M2W = 1:16637(1)�10�5 GeV�2 is the Fermi
onstant; Ci(�) are Wilson 
oeÆ
ients; the Q1 and Q2 operators are the so 
alled 
urrent-
urrentoperators and are de�ned by: Qdiujuk1 = (�buk)V �A(�ujdi)V�A; (4.3)Qdiujuk2 = (�bdi)V �A(�ujuk)V�A: (4.4)45



46 CHAPTER 4. THE DK SYSTEMThe Q operators 
an be regarded as e�e
tive verti
es with 
oupling Ci(�). The � s
ale isarbitrary, but its value is normally assumed to be of the order of the b quark mass (mb =4:3 GeV=
2). The �-dependen
e of Ci(�) has to 
an
el the �-dependen
e of < Qi(�) > so thatthe physi
al amplitude A(B ! DK) is �-independent. In the same way the renormalizations
heme dependen
e should be 
an
eled out. It should be stressed that these 
an
elations involvegenerally several terms in the expansion.The 
ontributions to the matrix elements of the relevant operators are 
lassi�ed in termsof di�erent topologies of Wi
k 
ontra
tions. In this 
ase the amplitudes for the de
ays 
anbe expressed in terms of renormalization s
heme and s
ale independent parameters, that arelinear 
ombinations of Wi
k 
ontra
tions for di�erent operators, weighted with their Wilson
oeÆ
ients. The topologies of interest for B ! DK de
ays are shown in Figure 4.1. These areDis
onne
ted Emission (DE), Conne
ted Emission (CE), Dis
onne
ted Annihilation (DA) andConne
ted Annihilation (CA).
M2

M1
q1 q2Qi q3�bB

M2
M1

q1 q2Qiq3�bB

M2
M1

q1 q2Qiq3�bB M2
M1

q1 q2Qi q3�bB
Figure 4.1: Topologies used to des
ribe B ! DK de
ays amplitudesIn this way the emission and annihilation parameters 
an be de�ned asE1(q1; q2; q3;B;M1;M2) = C1DE(q1; q2; q3;B;M1;M2) + C2CE(q1; q2; q3;M1;M2);E2(q1; q2; q3;B;M1;M2) = C1DE(q1; q2; q3;B;M1;M2) + C2CE(q1; q2; q3;B;M1;M2);A1(q1; q2; q3;B;M1;M2) = C1DA(q1; q2; q3;B;M1;M2) + C2CA(q1; q2; q3;B;M1;M2); (4.5)



47with qi being di�erent quarks that 
ontribute to the pro
ess of B !M1M2.The amplitudes of B
harged ! DK de
ays 
an be expressed as following:A(B+ ! D0K+) = VusV �
b(E1(s; u; 
;B+;K+; D0) +E2(
; u; s;B+;D0;K+));A(B+ ! D0K+) = V
sV �ub(E2(u; 
; s;B+;D0;K+) +A1(s; u; 
;B+;K+;D0));A(B+ ! D+K0) = V
sV �ub(A1(s; d; 
;B+;K0;D+)): (4.6)The similar relations hold for neutral se
tor:A(B0 ! D�K+) = VusV �
bE1(s; u; 
;B0;K+;D�);A(B0 ! D0K0) = VusV �
bE2(
; u; s;B0;D0;K0);A(B0 ! D0K0) = V
sV �ubE2(u; 
; s;B0;D0;K0); (4.7)These relations are 
ommonly rewritten using the de�nitions:�T
harged = VusV �
bE1(s; u; 
;B+;K+; D0);�C
harged = VusV �
bE2(s; u; 
;B+;K+;D0);C
harged = V
sV �ubE2(u; 
; s;B+;D0;K+);A
harged = V
sV �ubA1(s; u; 
;B+;K+;D0);A0
harged = V
sV �ubA1(s; d; 
;B+;D+;K0); (4.8)
that gives a 
lear (although not 
ompletely 
orre
t) link between topologi
al and diagram-mati
 des
riptions: the �T
harged stays for \tree 
ontribution", �C
harged and C
harged are \
olor-suppressed 
ontributions", and A
harged and A0
harged is \annihilation 
ontributions". Substitut-ing Equations 4.8 into Equations 4.6 one getsA(B+ ! D0K+) = ( �T
harged + �C
harged);A(B+ ! D0K+) = (C
harged +A
harged);A(B+ ! D+K0) = A0
harged; (4.9)giving the possibility to asso
iate the diagrams shown in Figure 4.2 with the 
orrespondingdiagram1The same de�nitions 
an be written in 
ase of neutral B mesons (substituting 
hargedparti
les to the neutral ones):�Tneutral = VusV �
bE1(s; u; 
;B0;K+;D�);�Cneutral = VusV �
bE2(
; u; s;B0;K0; D0);Cneutral = V
sV �ubE2(u; 
; s;B0;D0;K0); (4.10)1Indeed the diagrammati
 approa
h in 
ase of a B meson de
aying into the DK system gives a good approx-imation of OPE approa
h. However it is quite important to follow the OPE in des
ription of any other de
aymode.
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D0K+B+ �b �
u

u�s K+D0B+ �b �

u u�s

K+D0B+ �b �u
u 
�s K+D0B+ �b �uuu �
s

K0D+B+ �b �ddu �
sFigure 4.2: The 
harged B mesons de
ays. B+ ! D0K+ pro
eeding through �T
harged (topleft), �C
harged (top right); B+ ! D0K+ pro
eeding through C
harged (middle left) and A
harged(middle right); B+ ! D+K0 pro
eeding through A0
harged (bottom).whi
h gives A(B0 ! D�K+) = �Tneutral;A(B0 ! D0K0) = �Cneutral;A(B0 ! D0K0) = Cneutral; (4.11)with the diagrammati
 des
ription shown in Figure 4.3.
D�K+B0 �b �
d

u�s K0D0B0 �b �

d u�s K0D0B0 �b �u

d 
�sFigure 4.3: The neutral B mesons de
ays. The diagrams represent B0 ! D�K+: �Tneutral (left);B0 ! D0K0: �Cneutral (middle); B0 ! D0K0: Cneutral (bottom).If one assumes the validity of the isospin SU(2) symmetry, the 
harged and neutral se
tor



49variables de�ned in Equations 4.8 and 4.10 degenerate:�T
harged = �Tneutral;�C
harged = �Cneutral;C
harged = Cneutral;A
harged = A0
harged: (4.12)The \
harged" and \neutral" subs
ripts are omitted in the following.Setting �T real and de�ning � the relative to �T strong phase we get (from Equations 4.8and 4.10): A(B+ ! D0K+) = (j �T j+ j �Cjei� �C );A(B0 ! D�K+) = j �T j;A(B0 ! D0K0) = j �Cjei� �C ;A(B+ ! D0K+) = (jCjei�C + jAjei�A)ei
 ;A(B+ ! D+K0) = (jAj)ei�Aei
 ;A(B0 ! D0K0) = (jCj)ei�C ei
 ; (4.13)
where the weak phase 
 
oming from the Vub matrix element is written expli
itly. The samesystem of amplitudes 
an be written for B ! DK� and B ! D�K systems.The amplitudes des
ribed in Equation 4.13 are proportional either to jV
bj (�rst three equa-tions) or jVubj (last three equations) matrix element. We �rst 
on
entrate on the former part ofthe system. The values of j �T j, j �Cj, and � �C 
an be extra
ted from the jV
bj part of the systemusing: B(B+ ! D0K+) = (j �T j2 + j �Cj2 + 2j �T jj �Cj 
os(� �C));B(B0 ! D�K+) = j �T j2;B(B0 ! D0K0) = j �Cj2; (4.14)These bran
hing fra
tions are measured and 
an be taken from the PDG [77℄. Their values arelisted in Table 4.1.The results are shown in Figure 4.4 (the same results for the B ! DK� and B ! D�Kmodes are shown in Figures 4.5 and 4.6, respe
tively) and summarized in Table 4.2.We now 
onsider the three last relations in Equations 4.13. We �rst re
all the de�nitions ofthe rB ratio for 
harged and neutral B meson de
ays:r+B � jA(B0 ! D0K+)jjA(B0 ! D0K+)j : (4.15)
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os(� �C)Figure 4.4: PDFs for j �C= �T j, and 
os(� �C) obtained using the relations 4.14 for the B ! DKmode.
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os(� �C)Figure 4.5: PDFs for j �C= �T j, and 
os(� �C) obtained using the relations 4.14 for the B ! DK�mode. r0B � jA(B0 ! D0K0)jjA(B0 ! D0K0)j : (4.16)Using Equations 4.13 one gets:�r+B�2 = jC +Aj2j �C + �T j2 = jCj2 + jAj2 + 2jCjjAj 
os(�C � �A)j �T j2 + j �Cj2 + 2j �T jj �Cj 
os(� �C) ;�r0B�2 = jCj2j �Cj2 : (4.17)
The ratios r+B and r0B are 
orrelated (as was pointed out in [73℄). It 
an be noted that sin
ejCj2 = �r0B�2 B(B0 ! D0K0); jC +Aj2 = �r+B�2 B(B+ ! D0K+); (4.18)
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os(� �C)Figure 4.6: PDFs for j �C= �T j, and 
os(� �C) obtained using the relations 4.14 for the B ! D�Kmode.System Br(B+ ! Dneut:K
harg:) Br(B0 ! D
harg:K
harg:) Br(B0 ! Dneut:Kneut:)DK (4:02 � 0:33) � 10�4 (2:0 � 0:6) � 10�4 (5:2� 0:7) � 10�5D�K (4:16 � 0:33) � 10�4 (2:14 � 0:16) � 10�4 (3:2� 1:2) � 10�5DK� (5:3 � 0:4)� 10�4 (4:5 � 0:7) � 10�4 (4:2� 0:6) � 10�5Table 4.1: Bran
hing fra
tions of the b ! 
 mediated pro
esses used in the des
ription of theB ! DK system.In 
ase of jCj � jAj all the terms 
ontaining jAj 
an be negle
ted, thus givingr+B = B(B0 ! D0K0)B(B+ ! D0K+) �r0B� : (4.19)The annihilation amplitude jAj 
an be determined by the measurement of B+ ! D+K(�)0de
ays sin
e (Equations 4.13) B(B+ ! D+K0) = jAj2: (4.20)In this 
ase the relation between r+B and r0B of Equation 4.19 be
omes�r+B�2 = B(B0 ! D0K0)B(B+ ! D0K+) �r0B�2+2qB(B0 ! D0K0)B(B+ ! D0K+) r0BjAj 
os(�C��A)+ 1B(B+ ! D0K+) jAj2:(4.21)In Chapter 7 of this thesis we present the sear
h for the B+ ! D+K(�)0 de
ays. Thephenomenologi
al impa
t of su
h a measurement will be shown in Chapter 9.
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B de
ay jCjjT j 
os(� �C)B ! DK 0:49 � 0:07 0:6� 0:3B ! D�K 0:32 � 0:08 0:5� 0:5B ! DK� 0:31 � 0:04 0:2� 0:3Table 4.2: Results obtained on jCj=jT j and 
os(� �C) using relations 4.14.



Chapter 5The BABAR experiment
The main goal of the BABAR experiment is the systemati
 study of CP violation in the neutralB meson system. The design of the dete
tor is optimized for this purpose. The a

eleratorma
hine PEP-II and the BABAR dete
tor are des
ribed in the following Se
tions, fo
ussing onthe requirements they satisfy and the performan
e a
hieved.5.1 The PEP-II A

eleratorPEP-II [35℄ is a high-luminosity two-ring asymmetri
 e+e� 
ollider at the Stanford Linear A
-
elerator Center (now SLAC National A

elerator Laboratory, SLAC) that uses three-kilometerlinear a

elerator 
omplex as inje
tor (Fig. 5.1).The energies of the 
olliding beams are tuned to sum up to a 
enter-of-mass energy of10.58 GeV, 
orresponding to the mass of the � (4S) ve
tor meson resonan
e. The e�e
tive 
rossse
tion for the produ
tion of the � (4S) at ps = 10:58 GeV is of about 1.1 nb. This resonan
ede
ays nearly with 100% probability into a pair of B mesons, B0B0 or B+B�. The design peakluminosity was foreseen to be L = 3�1033 
m�2s�1 but in the �nal PEP-II ma
hine run (Run 6)a stable L = 1:2 � 1034 
m�2s�1 has been a
hieved. With this luminosity PEP-II produ
es of100 million BB pairs in one year of 
ontinuous operation providing an ideal laboratory for thestudy of B mesons.If the � (4S) is produ
ed at rest, then the B mesons would have an average residual momen-tum su
h that the average distan
e 
overed by a B meson would be of the order of 30 �m andit would be experimentally very diÆ
ult to measure the separation between the de
ay pointsof the two B mesons. To avoid this problem ele
tron and positron beams are a

elerated atthe energies of 9.0 GeV (HER, high-energy ring, in whi
h the ele
trons 
ir
ulate) and 3.1 GeV53
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Figure 5.1: Overview of the PEP-II a

elerator. The BABAR dete
tor is installed in the IR2point.(LER, low-energy ring, in whi
h the positrons, produ
ed in the lina
 by 
ollisions of 30 GeVele
trons on a target, 
ir
ulate), respe
tively. This energy provides the Lorentz boost of the� (4S) to be �
 = Ee��Ee+E
m (with E
m being energy of 
enter of mass), resulting in an averageseparation between the two B mesons of the order of 250 �m. The measurement of this distan
eis possible in an experiment, provided a pre
ise tra
king devi
e is pla
ed 
lose to the intera
tionpoint.Approximately 8% of data is taken at 40 MeV below the � (4S) mass. This set of eventsis used for the studies of the 
ombinatorial ba
kgrounds originating from u, d, s, 
 quark- andtau-pair produ
tion. This part is referred to as "o�-resonan
e" data in the following.Constru
tion of the PEP-II, a joint proje
t between SLAC (the ele
tron ring) and theLawren
e Berkeley and Lawren
e Livermore National Laboratories (the positron ring) wasstarted in early 1994; �rst 
ollisions took pla
e in July 1998, and 
olliding beams were de-livered to BABAR in May 1999. The designed instantaneous luminosity of 3� 1033 
m�2s�1 forPEP-II has been improved by a fa
tor of four, 12 � 1033 
m�2s�1, a peak-luminosity re
orda
hieved in August 2006. A 50% improvement to the integrated luminosity has been a
hievedbetween De
ember 2003 and Mar
h 2004 with the implementation of a novel mode of operationof PEP-II, 
alled \tri
kle inje
tion". With this te
hnique, the BABAR dete
tor 
an keep takingdata virtually uninterrupted while the lina
 
ontinuously inje
ts ele
tron and positron bun
hes(at a rate up to 10 Hz in the HER and 20Hz in the LER) into the two PEP-II storage rings.The luminosity is measured by PEP-II with radiative Bhabha s
attering, while BABAR mea-



5.2. THE BABAR DETECTOR 55sures it o�ine, taking advantage of QED pro
esses, like e+e�; �+�� pairs. BABAR has re
ordedan integrated luminosity of about 531 fb�1, in
luding about 54 fb�1 of o�-resonan
e data, 433fb�1 re
orded at the � (4S) and 44 fb�1 at other � resonan
es. The BABAR re
orded luminosityuntil the end of data taking is shown in Fig. 5.2.
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Figure 5.2: The integrated PEP-II luminosity delivered to and re
orded by BABAR.5.2 The BABAR Dete
torThe design of the BABAR dete
tor is optimized for CP violation studies, but it is also well suitedto do pre
ision measurements in other B and non B physi
s. To a
hieve the goal of performinga

urate measurements there are many requirements:� a large and uniform a

eptan
e in the 
enter-of-mass system. Although the boost origi-nated by the asymmetri
 beams is not a big one, optimizing the dete
tor a

eptan
e leadsto an asymmetri
 dete
tor;� an ex
ellent vertex resolution, in parti
ular along the 
ollision axis, sin
e the B mesonstravel almost parallel to it;
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ellent dete
tion eÆ
ien
y and an ex
ellent pre
ision on the momentum measurementfor 
harged parti
les with transverse momentum ranging between 60 MeV=
 and 4 GeV=
;� an ex
ellent energy and angular resolution for photons and �0 with energy down to 20 MeVand up to 5 GeV;� a good dis
rimination between e; �; �;K; p over a wide kinemati
 range;� neutral hadrons identi�
ation 
apability.Furthermore, sin
e the average momentum of B de
ay produ
ts is less than 1 GeV=
, the pre-
ision of the measured tra
k parameters is primarily in
uen
ed by multiple Coulomb s
attering,rather than by the intrinsi
 devi
es resolutions. Similarly, for low energy photons, the dete
tioneÆ
ien
y and energy resolution are impa
ted by the amount of material traversed before the
alorimetry system. For these reasons, the material in the a
tive volume of the dete
tor hasbeen kept at the minimum.A s
hemati
 view of the dete
tor is shown in Figures 5.3 and 5.4. The major subsys-tems are indi
ated. A Sili
on Vertex Tra
ker (SVT) provides pre
ise position information for
harged tra
ks, and 
ontributes to 
harged tra
ks identi�
ation and momentum measurementtogether with a 
entral Drift Chamber (DCH). A Dete
tor of Internally Re
e
ted Cherenkovlight (DIRC) is optimized for 
harged hadrons identi�
ation. An Ele
tromagneti
 Calorimeter(EMC) provides ele
tron and neutral parti
le identi�
ation. These dete
tors are lo
ated insidea 1.5 T magneti
 �eld supplied by a super
ondu
ting solenoid. The yoke for the 
ux return ofthe magneti
 �eld is highly segmented and instrumented with Resistive Plate Chambers (RPCs)and Limited Streamer Tubes (LSTs) for muon identi�
ation and long-living neutral hadrondete
tion. The next Se
tions are dedi
ated to a detailed des
ription of ea
h subsystem.The 
onvention adopted in BABAR for the 
oordinate system follows a standard spheri
al-polar 
oordinate system 
entered in the intera
tion point (IP), the z axis being parallel to thebeam dire
tion, and � and � being the usual polar and azimuthal angles. The 
artesian axesform a right-handed system with the x axis pointing outwards from the PEP-II ring and the yaxis pointing upwards.5.2.1 The Sili
on Vertex Tra
kerThe main task of the BABAR vertex dete
tor is the re
onstru
tion of the de
ay verti
es of thetwo B mesons with a pre
ision of better than one half their mean separation, in order to allowthe determination of the B mesons de
ay times for the measurement of time-dependent CP -asymmetries. In addition, the 
harged parti
les with a transverse momentum (pT ) smaller than
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Figure 5.3: Longitudinal view of the BABAR dete
tor.100 MeV=
 do not rea
h the drift 
hamber and the SVT provides the only tra
king information forthem. Finally, the SVT also plays a role in parti
le identi�
ation through its own measurementsof the rate of energy loss, and by giving the best determination of the polar angle of highmomentum tra
ks, whi
h is a ne
essary input to fully exploit the DIRC.The SVT is lo
ated just outside the beam pipe, at around 3 
m from its 
enter. To a
hievethe ne
essary resolution in �t, a resolution of 80 �m must be attained in z for single-vertexmeasurements. In the xy plane, distan
es of approximately 100 �m must be resolved for the
orre
t re
onstru
tion of se
ondary verti
es su
h as those from D and � de
ays.The SVT is 
omposed of �ve layers of double-sided sili
on strips (see Figure 5.5), with thestrips on the outside being parallel to the beam and on the inside perpendi
ular, thus providing
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Figure 5.4: Transverse view of the BABAR dete
tor.simultaneous measurements of � and z, respe
tively, for ea
h hit.The modules of the inner layers are tilted in � by 5Æ to provide a full azimuthal 
overage.The modules of the outer layers 
annot be tilted, due to their ar
h geometry: to have a suitableoverlap and avoid gaps, layers 4 and 5 are divided into two sublayers (labelled 4a, 4b, 5a, 5b inFigure 5.5), pla
ed at slightly di�erent radii.The total a
tive sili
on area is 0.96 m2 and the geometri
al a

eptan
e is 90% of the solidangle in the 
enter-of-mass frame. The material traversed by parti
les 
orresponds to approx-imately 4% of a radiation length. The spatial resolution of the SVT hits 
an be evaluated by�tting high momentum tra
ks without the hit in the layer under inspe
tion and 
omparing thehit with the interse
tion of the �tted tra
k. The residuals are divided by the un
ertainty on thetra
k determination to get the resolution. This is found to be better than 40 �m, implying avertex resolution better than 70 �m.
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Layer 1Figure 5.5: S
hemati
 view of the SVT (transverse se
tion).
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Fwd. support
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Bkwd.

support

cone

Front end 

electronicsFigure 5.6: S
hemati
 view of the SVT (longitudinal se
tion).5.2.2 The Drift ChamberThe drift 
hamber is the main tra
king system in the BABAR dete
tor and it is therefore expe
tedto measure the momenta and polar angles of the tra
ks eÆ
iently and pre
isely over a wide rangeof momenta, 0:12 < pT < 5:00 GeV=
. It provides one of the main inputs to the Level 1 triggerand plays a key role in the extrapolation of tra
ks into the DIRC, EMC and IFR. The DCH also
ontributes to parti
le identi�
ation by measurement of dE=dx, espe
ially for low momentumparti
les.



60 CHAPTER 5. THE BABAR EXPERIMENTThe inner wall of the Drift Chamber is pla
ed 
lose to the SVT outer wall to fa
ilitate tra
k-mat
hing between the two devi
es. The 
hamber is 2.8 m long and has 40 
ylindri
al layers of12 mm by 19 mm hexagonal 
ells, ea
h 
ontaining six �eld wires at the 
orners and one �eldwire in the 
enter as shown in Figure 5.7. Ea
h 
ell 
onsists of one sense wire surrounded by six�eld wires. The sense wires are 20 �m-diameter Rh-W gold-plated wires operating nominallyin the range 1900-1960 V; the �eld wires are 120 �m in diameter. All wires grounded to therear end-plate. Within a given superlayer, the sense and �eld wires are organized with the sameorientation. For measuring also the z 
oordinate, the superlayers alternate in orientation: �rstan axial view, then a pair of small angle stereo views (one with positive, one with negativeangle), as indi
ated in Figure 5.8.
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Figure 5.7: S
hemati
 view of the DCH (longitudinal se
tion).The drift 
hamber re
onstru
tion eÆ
ien
y has been measured on data in sele
ted samples ofmulti-tra
k events by exploiting the fa
t that tra
ks 
an be re
onstru
ted independently in theSVT and the DCH. The absolute drift 
hamber tra
king eÆ
ien
y is determined as the fra
tionof all tra
ks dete
ted in the SVT whi
h are also re
onstru
ted by the DCH when they fallwithin its a

eptan
e. Its dependen
y on the transverse momentum and polar angle is shown inFigure 5.9 [36℄. At the design voltage of 1960V the re
onstru
tion eÆ
ien
y of the drift 
hamberaverages 98� 1% for tra
ks above 200 MeV=
 and polar angle � > 500 mrad (29Æ).The pT resolution is measured as a fun
tion of pT in 
osmi
 ray studies:�pTpT = (0:13 � 0:01)% � pT1 GeV=
 + (0:45 � 0:03)%; (5.1)where pT is expressed in GeV=
. The �rst 
ontribution, dominating at high pT , 
omes from the
urvature error due to �nite spatial measurement resolution; the se
ond 
ontribution, dominatingat low momenta, is due to multiple Coulomb s
attering. The spe
i�
 ionization loss dE=dx for
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Figure 5.8: S
hemati
 layout of the drift 
ells for the four innermost superlayers.
harged parti
les traversing the drift 
hamber is derived from the total 
harge deposited in ea
hdrift 
ell. The resolution a
hieved to date is typi
ally about 7:5%. A 3� separation betweenkaons and pions 
an be a
hieved up to momenta of about 700 MeV=
.5.2.3 The �Cerenkov Dete
torThe parti
le identi�
ation (PID) at low momenta exploits primarily the dE=dx measurements inthe DCH and SVT (see Chapter 6 for details). More spe
i�
ally, above 700 MeV=
, the DCH is nolonger able to distinguish kaons from pions. The Dete
tor of Internally Re
e
ted �Cerenkov radia-tion (DIRC) is employed primarily for the separation of pions and kaons from about 500 MeV=
to the kinemati
 limit of 4 GeV=
 rea
hed in rare B de
ays like B ! �+��=K+K�. Forthe muons, the DIRC must 
omplement the IFR, whose e�e
tiveness falls for momenta below750 MeV=
.The DIRC 
onsists of 144 fused sili
a quartz bars with re
tangular 
ross se
tion; ea
h bar is



62 CHAPTER 5. THE BABAR EXPERIMENT

Transverse Momentum (GeV/c)

E
ffi

ci
en

cy

0.6

0.8

1.0

1.0

0 1 2

1960 V

1900 V

a)

Polar angle  (radians)

0.6

0.8

1.0

E
ffi

ci
en

cy




1960 V

1900 V

b)

0.0 0.5 1.51.0 2.0 2.5Figure 5.9: Tra
k re
onstru
tion eÆ
ien
y in the DCH at operating voltages of 1900 V and 1960V, as a fun
tion of transverse momentum (a) and polar angle (b).approximately 17 mm thi
k, 35 mm wide and 4.9 m long. When a 
harged parti
le 
rosses thequartz bar, it generates �Cerenkov photons at an angle �C with respe
t to its dire
tion su
h that
os �C = 1=(�n), where � is the velo
ity of the parti
le and n is the refra
tion index of the quartz(n = 1:473). The photons are internally re
e
ted in the bar and transported to either one of theends; those going forward are re
e
ted by a mirror, so that all arrive at the (instrumented) rearend of the bar. Figure 5.10 illustrates the prin
iples of light produ
tion, transport, and imagingin the DIRC.5.2.4 The Ele
tromagneti
 CalorimeterThe BABAR ele
tromagneti
 
alorimeter (EMC) is designed to dete
t and measure ele
tromag-neti
 showers with high eÆ
ien
y and very good energy and angular resolution over a wideenergy range: from 20 MeV to 9 GeV. This allows the re
onstru
tion of �0 ! 

 and � ! 

de
ays where the photons 
an have very low energy, as well as the re
onstru
tion of Bhabhaevents and pro
esses like e+e� ! 

, important for luminosity monitoring and 
alibration,where ele
tron and photon energies 
an be very large. The EMC also provides the primaryinformation for ele
tron identi�
ation and ele
tron-hadron separation.Energy deposit 
lusters in the EMC with lateral shape 
onsistent with the expe
ted patternfrom an ele
tromagneti
 shower are identi�ed as photons when they are not asso
iated to any
harged tra
ks extrapolated from the SVT and the drift 
hamber, and as ele
trons if they aremat
hed to a 
harged tra
k and if the ratio between the energy E measured in the EMC andthe momentum p measured by the tra
king system is E=p � 1.



5.2. THE BABAR DETECTOR 63

Bar

Track 

Trajectory

17.25 mm Thickness

(35.00 mm Width)

Mirror

Bar Box

Standoff Box 

Light

Catcher

PMT Surface

PMT + Base

~11,000

    PMT's

Purified Water

Wedge

91 mm 10mm
4.90 m

4 x 1.225 m �
Synthetic Fused Silica �
Bars glued end-to-end

1.17 m




Window

Figure 5.10: S
hemati
 view of the DIRC fused sili
a radiator bar and imaging region. In thiss
heme the forward region is to the left and the ba
kward region is to the right.The EMC 
ontains 6580 CsI 
rystals doped with Tl (Figure 5.11). CsI(Tl) has a high lightyield (50000 photons/MeV) and a small Moli�ere radius (3.8 
m), whi
h provide the requiredenergy and angular resolution; its radiation length of 1.86 
m guarantees 
omplete shower 
on-tainment at the BABAR energies.Ea
h 
rystal is a trun
ated trapezoidal pyramid and ranges from 16 to 17.5 radiation lengthsin thi
kness. The front fa
es are typi
ally about 5 
m in ea
h dimension. The 
rystals arearranged to form a barrel and a forward end
ap giving a 90% solid-angle 
overage in the 
enter-of-mass frame. The barrel has 48 rows of 
rystals in � and 120 in �; the forward end
ap 
ontains8 rings in �. Overall the EMC extends from an inner radius of 91 
m to an outer radius of136 
m and is displa
ed asymmetri
ally with respe
t to the intera
tion point.The 
rystals are read out by two independent 1 
m2 PIN photodiodes, glued to their rearfa
es, whi
h are 
onne
ted to low-noise preampli�ers that shape the signal with a short shapingtime (400 ns) so to redu
e soft beam-related photon ba
kgrounds.For the purpose of pre
ise 
alibration and monitoring, use is made of a neutron a
tivated
uoro
arbon 
uid, whi
h produ
es a radioa
tive sour
e (16N) originating a 6.1 MeV photonpeak in ea
h 
rystal. A light pulser system inje
ting light into the rear of ea
h 
rystal is alsoused. In addition, signals from data, in
luding �0 de
ays and e+e� ! e+e�=

=�+�� events,
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Figure 5.11: Longitudinal se
tion of the top half of the EMC (barrel and forward). Dimensionsare in mm.provide energy 
alibration and resolution determination.The eÆ
ien
y of the EMC ex
eeds 96% for the dete
tion of photons with energy above20 MeV. The energy resolution is usually parameterized by�EE = �1E1=4(GeV) � �2; (5.2)where �1 = 2:32 � 0:30% and �2 = 1:85 � 0:12%, as determined using the above mentionedsour
es. The �rst term in Equation 5.2 arises from 
u
tuations in photon statisti
s and isdominant for energies below about 2.5 GeV, while the 
onstant term takes into a

ount severale�e
ts, su
h as 
u
tuations in shower 
ontainment, non-uniformities, 
alibration un
ertaintiesand ele
troni
 noise.The de
ays of �0 and � 
andidates in whi
h the two photons have approximately equal energyare used to infer angular resolution. It varies between about 12 mrad at low energies and 3 mradat high energy. The data �t the empiri
al parameterization:��;� =  (3:87 � 0:07)pE(GeV) + (0:00 � 0:04)! mrad (5.3)Figure 5.12 shows the energy and angular resolution measured as a fun
tion of the photon energy.
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Figure 5.12: Energy (left) and angular (right) resolutions measured using a variety of data. Thesolid 
urves represent a �t to the data using Equation 5.2 and 5.3 respe
tively.5.2.5 The Instrumented Flux ReturnThe Instrumented Flux Return (IFR) is designed to identify muons and neutral hadrons (pri-marily KL and neutrons). Muons are important for tagging the 
avor of neutral B mesonsvia semi-leptoni
 de
ays, for the re
onstru
tion of ve
tor mesons, like the J= , and the studyof semi-leptoni
 and rare de
ays involving leptons from B and D mesons and � leptons. KLdete
tion allows for the study of ex
lusive B de
ays, in parti
ular CP eigenstates. The prin
ipalrequirements for IFR are large solid angle 
overage, good eÆ
ien
y and high ba
kground reje
-tion for muons down to momenta below 1 GeV=
. For neutral hadrons, high eÆ
ien
y and goodangular resolution are most important.The IFR uses the steel 
ux return of the magnet as muon �lter and hadron absorber, limitingpion 
ontamination in the muon identi�
ation. Originally single gap resistive plate 
hambers(RPC) with two-
oordinate readout, operated in limited streamer mode 
onstituted the a
tivepart of the dete
tor, with 19 layers in the barrel and 18 in ea
h end
ap. The RPC were installedin the gaps of the �nely segmented steel of the six barrel se
tors and the two end-doors of the
ux return, as illustrated in Figure 5.13. The steel segmentation has been optimized on the basisof Monte Carlo studies of muon penetration and 
harged and neutral hadron intera
tions. Inaddition, two layers of 
ylindri
al RPCs were installed between the EMC and the magnet 
ryostatto dete
t parti
les exiting the EMC. RPCs 
ontain a 2 mm Bakelite gap with approximately8 kV a
ross it. Ionizing parti
les whi
h 
ross the gap 
reate streamers of ions and ele
tronsin the gas mixture (Argon, freon and isobutane), whi
h in turn 
reates signals via 
apa
itive
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oupling on the strips mounted on ea
h side of the RPC. Soon after the installation (whi
h took
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Figure 5.13: Overview of the IFR Barrel se
tors and forward and ba
kward end-doors; the shapeof the RPC modules and the way they are strati�ed is shown.pla
e in Summer 1999), the eÆ
ien
y of a signi�
ant fra
tion of the 
hambers (initially greaterthan 90%) has started to deteriorate at a rate of 0.5-1%/month. In order to solve some ofthe ineÆ
ien
y problems, an extensive improvement program has been developed. The forwardend
ap was retro�tted with new improved RPCs in 2002, their eÆ
ien
y has not signi�
antlyde
reased sin
e then. In the barrel, the RPCs have been repla
ed in 2004 and 2006 by 12 layersof limited streamer tube (LST) dete
tors and 6 layers of brass have been added to improvehadron absorption. The tubes have performed well sin
e their installation with an eÆ
ien
y ofall layers at the geometri
ally expe
ted level of 90%. The pion reje
tion versus muon eÆ
ien
yis shown in Figure 5.14 for the LSTs and RPCs. The LSTs eÆ
ien
y is better than the eÆ
ien
ythat the RPCs had, even during the Run 1.5.2.6 The BABAR TriggerThe BABAR trigger is designed to sele
t a large variety of physi
s pro
esses (eÆ
ien
y greaterthan 99% for B �B events) while keeping the output rate below 400 Hz to satisfy 
omputinglimitations of the o�ine pro
essing farms (beam indu
ed ba
kground rates with at least onetra
k with pT > 120 MeV=
 or at least one EMC 
luster with E > 100 MeV are typi
ally 20kHz). The trigger a

epts also 95 % of 
ontinuum hadroni
 events and more than 90 % of �+��events. It is implemented as a two level hierar
hy, the hardware Level 1 (L1) followed by the
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Figure 5.14: Pion reje
tion versus muon eÆ
ien
y for two di�erent momentum ranges (left:2 < p < 4 GeV=
, right 0:5 < p < 2 GeV=
). The LST eÆ
ien
y (blue) is 
ompared with theRPC one for di�erent Runs. We see the deterioration of the RPC performan
e between 2000(red) and 2005 (green).software Level 3 (L3).The L1 trigger has an output rate of the order of 1 kHz to 3 kHz, depending on the luminosityand ba
kground 
onditions. It is based on 
harged tra
ks in the DCH above a preset transversemomentum, showers in the EMC, and tra
k dete
ted in the IFR. L3 operates by re�ning andaugmenting the sele
tion methods used in L1. Based on both the 
omplete event and L1 triggerinformation, the L3 software algorithm sele
ts events of interest allowing them to be transferredto mass storage data for further analysis. It uses an algorithm based on the drift 
hambertra
king, whi
h reje
ts beam-indu
ed 
harged parti
le ba
kground produ
ed in the material
lose to the IP, and a se
ond algorithm based on the 
alorimeter 
lustering. Then, based on theL3 tra
ks and 
lusters, a variety of �lters perform event 
lassi�
ation and ba
kground redu
tion.Table 5.1 shows the L3 and L1+L3 trigger eÆ
ien
y for some relevant physi
s pro
esses, derivedfrom simulated events.
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L3 Trigger �bb �B!�0�0 �B!�� �

 �uds ���Combined DCH �lters 99.4 89.1 96.6 97.1 95.4 95.5Combined EMC �lters 93.5 95.7 62.3 87.4 85.6 46.3Combined DCH+EMC �lters > 99:9 99.3 98.1 99.0 97.6 97.3Combined L1+L3 > 99:9 99.1 97.8 98.9 95.8 92.0Table 5.1: L3 trigger eÆ
ien
y (%) for various physi
s pro
esses, derived from Monte Carlosimulation.



Chapter 6Event Re
onstru
tion andBa
kground Chara
terization
The analyses presented in this thesis 
on
ern the de
ays of B mesons, that originate from the� (4S) de
ays. These events are sele
ted from a large data sample produ
ed in e+e� 
ollisions ata 
enter-of-mass energy 
orresponding to the � (4S) resonan
e. Only a fra
tion of the e+e� 
olli-sions a
tually produ
es a � (4S) and thus a BB pair. Other pro
esses are e+e� ! uu; dd; ss; 

(
ontinuum events in the following), e+e� ! l�l, where l = e; � or � . While the latter typeof de
ays 
an be easily distinguished from the e+e� ! qq events by looking at the number oftra
ks and the visible energy in ea
h event, while the former (e+e� ! uu; dd; ss; 

) are moresimilar to e+e� ! bb events and 
an be a potential sour
e of ba
kground due to their large
ross se
tions (given in Table 6.1). The 
hara
terization of the 
ontinuum events is performedwith the help of a spe
ial sample of e+e� 
ollisions 
olle
ted with the BABAR dete
tor at a
enter-of-mass energy 40 MeV below the � (4S) resonan
e where the produ
tion of a BB mesonpair is kinemati
ally forbidden. This sample is 
alled o�-resonan
e data in the following.e+e� ! bb 

 ss dd uu �+�� �+�� e+e�Cross Se
tion, [nb℄ 1.05 1.3 0.35 0.35 1.39 0.94 1.16 40Table 6.1: Cross se
tion for di�erent pro
esses for e+e� 
ollisions at an energy ps =M(� (4S)).In this Chapter, 
harged and neutral parti
les re
onstru
tion with BABAR dete
tor is de-s
ribed. Typi
ally, the pro
ess of re
onstru
tion starts with 
harged tra
ks and 
alorimeter
lusters using hits in the Drift Chamber and the Sili
on Vertex Tra
ker and eventually in theInstrumented Flux Return, and energy deposits in the ele
tromagneti
 
alorimeter. �Cerenkovangle of photons and dE=dx information are also pro
essed at this stage to provide parti
le iden-69
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ation. Algorithms are 
onstru
ted to identify pions, kaons, protons, ele
trons, and muons(des
ribed in Se
tion 6.1 and 6.3). Then the \
omposite" parti
les (all the parti
les that de
ayinside dete
tor) are 
ombined from the appropriate amount of 
harged tra
ks and (or) photon
andidates (des
ribed in Se
tion 6.4). Finally, the �t of the B meson 
andidate de
ay of interestis performed (as des
ribed in Se
tion 6.4.6). If an event has more then one 
andidate then aspe
ial sele
tion 
riteria is applied in order to �nd the best 
andidate for this de
ay 
hain.6.1 Charged Tra
k Re
onstru
tion and Identi�
ationThe BABAR dete
tor inner part (as des
ribed in Chapter 5) operates in an axial magneti
 mag-neti
 �eld. The 
harged parti
les are de
e
ted by this �eld and this e�e
t is used in the identi�-
ation. Charged parti
le tra
ks are re
onstru
ted from the spa
ial hits in the SVT and the DCHand �tted using a Kalman �lter te
hnique [78℄. This algorithm performs pattern re
ognitionand determines �ve parameters 
hara
terizing ea
h tra
k:� d0, the distan
e in the xy plane to the z axis;� z0, the 
oordinate along the z axis;� �0, the azimuthal angle of the POCA (position of the 
losest approa
h);� �, the dip angle of the tra
k with respe
t to the transverse (xy) plane. It is related to the
ylindri
al polar angle � via � = �2 � �;� !, the (signed) 
urvature of the tra
k, whose sign and magnitude are related, respe
tively,to the 
harge of the asso
iated parti
le and its transverse momentum.All the quantities are de�ned at the POCA to the z axis. The �t pro
edure starts form the DCHhits 
onstrained to belong to one tra
k, and further 
he
ks the tra
k 
onsisten
y with SVT hits.The low momentum tra
ks are sear
hed in SVT.Two lists of 
harged tra
ks are used:� GoodTra
ksVeryLoose is built on the following requirements:{ transverse momentum of the tra
k, pT > 0:1 GeV=
;{ momentum of the tra
k, p < 10 GeV=
;{ position of the 
losest approa
h, POCA < 1:5 
m{ the 
oordinate along the z axis, �10 < z0 < 10 
m
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ksLoose an extra 
ondition is added requiring for more than 12 hits in theDCH.6.2 Charged Tra
ks Identi�
ationThere are �ve types of 
harged, long-lived parti
les that 
an be \tra
ked" in BABAR dete
tor:ele
trons, muons, pions, kaons, and protons. Most of the tra
ks produ
ed in an event are pions.\Sele
tors" are used to perfrom the parti
le identi�
ation. The sele
tors 
ombine the in-formation 
oming from the BABAR dete
tor and provide various points ranked in purity andeÆ
ien
y.The sele
tors dis
riminating between 
harged protons, kaons, and pions make use of the lossof energy dE=dx, as measured by the SVT and the DCH and the �Cerenkov angle �C as measuredby the DIRC. The dis
riminating power of these variables 
an be estimated from Figures 6.1and 6.2. The three sub-dete
tors are to a large extent 
omplementary and give good separationof proton from kaons and pions. In order to identify a tra
k a probability density fun
tion(pdf) for ea
h parti
le hypothesis is built. These pdfs are used to 
onstru
t a likelihood forthe parti
le identi�
ation (PID) hypothesis (LK, L�, L� et
.). The sele
tors are de�ned by thedi�erent 
uts applied on the likelihood ratios (L�=LK et
.) The likelihood is built using thefollowing information:� for tra
k momenta p < 500 MeV=
, dE=dx measurements from the SVT and DCH are
ombined;� for tra
k momenta 500 < p < 600 MeV=
, dE=dx measurements from the DCH only isused;� for tra
k momenta p > 600 MeV=
, �C measurements form the DIRC is added in additionto the previous information.In both analyses presented in this thesis, the KLHLoose sele
tor 
riteria is used, whi
h has aaverage eÆ
ien
y on kaons of about 90% and an eÆ
ien
y of re
onstru
ting a pion as a kaon ofabout 2%. In the ADS analysis, KLHTight sele
tor is also used, whi
h has an average eÆ
ien
yon kaons of about 85% and an eÆ
ien
y of re
onstru
ting a pion as a kaon of about 1%. TheeÆ
ien
ies of the PID sele
tion for kaons as a fun
tion of the momentum, as well as pions andprotons misidenti�ed as kaons, are shown in Figure 6.3 for KLHLoose list and in Figure 6.4 forKLHTight. The eÆ
ien
y of the sele
tors obtained on data and on simulated events are in goodagreement.
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Figure 6.1: Energy loss dE=dx (in arbitrary units), as a fun
tion of the tra
k momentum, in theSVT (left) and in the DCH (right) for di�erent types of parti
les. The 
urves are the theoreti
albehaviors following the Bethe-Blo
h formula.
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6.3. PHOTON SELECTION 75Ele
tron identi�
ation is based on the EMC information on the lateral shower pro�le andenergy deposit. Sin
e the ele
trons that rea
h the 
alorimeter produ
e ele
tromagneti
 showersdepositing their energy in the 
rystals, whi
h 
an be easily distinguished from hadrons (using
ondition on the lateral energy distribution). To ensure that the ele
tromagneti
 shower wasgenerated by an ele
tron and not by a photon, the 
harged tra
k pointing to the dire
tion ofthe energy deposit in the EMC is sear
hed. If this tra
k is found, a 
andidate is 
onsidered notto be a photon.The dete
tor dedi
ated to the muon identi�
ation in BABAR is the IFR. In order to asso
iatethe DCH information to ea
h energy deposit in the IFR, all the 
harged tra
ks re
onstru
tedin the DCH are extrapolated to the IFR, taking into a

ount the bending due to the magneti
�eld. Only tra
ks that interse
t the layers 
lose to a hit are asso
iated with a 
harged 
luster.6.3 Photon Sele
tionPhoton 
andidates are re
onstru
ted in the EMC. Ea
h photon produ
es an ele
tromagneti
shower in the 
alorimeter, distinguishable from an hadroni
 shower be
ause of the di�erentshape. One 
an de�ne a variable 
onne
ted to the lateral shower shape:LAT = NPi=3Eir2iNPi=3Eir2i +E1r20 +E2r20 ; (6.1)where N is the number of 
rystals tou
hed by the shower, Ei the energy of the i-th 
rystal(with Ei > Ei+1), ri the distan
e between the i-th 
rystal and the shower axis, and r0 is theaverage distan
e between the two most energeti
 
rystals (typi
ally, r0 = 5 
m). In order tosele
t photons the requirement LAT < 0:8 is applied.To ensure that the ele
tromagneti
 shower was generated by a photon and not by an ele
tron,photon 
andidates for whi
h the DCH has dete
ted a 
harged tra
k pointing to the dire
tion ofthe energy deposit in the EMC are reje
ted.6.4 Composite Parti
le Re
onstru
tionIn this Se
tion, the re
onstru
tion of short-lived parti
les (that de
ay before rea
hing the outer
alorimeters), su
h as �0, K0S , D+ et
. is presented. This re
onstru
tion is performed by meansof their 
harged and neutral de
ay produ
ts, sele
ted with the 
riteria de�ned in the previous



76CHAPTER 6. EVENT RECONSTRUCTION AND BACKGROUND CHARACTERIZATIONSe
tions. Ba
kground from random 
ombinations of 
harged tra
ks or photons in the event istypi
ally suppressed by sele
ting only the 
ombinations whi
h emerge from a 
ommon spa
e-point (de
ay vertex) and whose invariant mass is suÆ
iently 
lose to the known mean mass ofthe parti
le. Additional information su
h as, for instan
e, angular 
orrelations due to the spinof the parti
les, 
an be used to further suppress ba
kground events.Candidates for 
omposite (not observable) parti
les are �rst formed from all the possible
ombinations of tra
ks and neutral obje
ts mat
hing the de
ay produ
ts of the parti
le. These
andidates are then required to meet some kinemati
 
riteria, and are subsequently vertexed.On
e a kinemati
 
andidate has been found, its de
ay vertex is 
al
ulated by means of ageometri
 �t, in whi
h the tra
ks of the de
ay produ
ts are required to emerge from a 
ommonvertex. The de
ay point of a parti
le is determined by �nding the best interse
tion of thetra
ks using a �2 minimization. Sin
e the tra
k traje
tories are bent by the magneti
 �eld,the problem is not linear and the iterative sear
h for lo
al solutions is performed until the �2di�eren
e between one iteration and the next one is below 0:01. The maximum number ofpossible iterations is six. The �2 is minimized by varying the position and four-momentum
omponents of the de
ay produ
ts. In addition, the energy and momentum 
onservation isapplied by use of the Lagrange multipliers and the mass of the de
aying parti
le 
an be �xed toits nominal mass.In this Se
tion we des
ribe the 
omposite parti
les used in analyses performed. More detailson the sele
tion 
riteria 
an be found in the Chapters 7 and 8.6.4.1 �0 Re
onstru
tionAny pair of two photons, ea
h one with energy higher that 30 MeV and with a total energy sumlarger than 200 MeV makes a 
andidate �0, provided that its invariant mass is in the interval110 MeV=
2 < �0 < 160 MeV=
2 (the �0 nominal mass being 135 MeV=
2 [77℄). The �0 four-momentum is determined from a �t to the two photons, in whi
h the �0 re
onstru
ted massis 
onstrained to be equal to the nominal �0 mass [77℄. The \un
onstrained" mass is obtainedfrom the same tra
ks without �xing the mass of the 
andidate and it is used in sele
tion andreferred as M�0 in the following Se
tions. The distribution of M�0 is shown in Figure 6.5.6.4.2 K0S Re
onstru
tionTheK0S 
andidates are taken from the KsDefault list, whi
h implies theK0S is re
onstru
ted frompairs of oppositely 
harged pions originating from a 
ommon vertex. The K0S four-momentum is
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Figure 6.5: Distribution of the un
onstrained �0 invariant mass for �0 de
aying to 

 
orre
tlyidenti�ed MC signal events.obtained from its de
ay produ
ts through a �t in whi
h theK0S re
onstru
ted mass is 
onstrainedto be equal to the nominal K0S mass. The un
onstrained K0S mass is referred to as MK0S in thefollowing Se
tions. The distributions of the un
onstrained mass MK0S is shown in Figure 6.6.
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Figure 6.6: Distribution of the un
onstrained K0S invariant mass for K0S de
aying to �+��
orre
tly identi�ed MC signal events.6.4.3 K�0 Re
onstru
tionThe re
onstru
tion of K�0(892) is used in the B+ ! D+K�0 analysis presented in Chapter 7.The K�0(892) 
andidates are re
onstru
ted in the �nal state K+��. In the following we willrefer K�0(892) as K�0.
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andidate is re
onstru
ted by 
ombining two oppositely-
harged tra
ks belongingto the list GoodTra
ksVeryLoose. The K�0 
andidates are sele
ted using the K�0 invariantmass [77℄ and the 
osine of the heli
ity angle of the K�0 produ
ts, 
os �H, whi
h is de�ned asthe angle between the dire
tion of 
ight of the 
harged K and the dire
tion of 
ight of theB in the K�0 rest frame. The probability distribution of 
os �H is proportional to 
os2 �H forlongitudinally polarized K�0 mesons from B+ ! D+K�0 de
ays, due to angular momentum
onservation, and is approximately 
at for fake (random 
ombinations of tra
ks) or unpolarizedba
kground K�0 
andidates. The invariant K�0 mass and 
os �H obtained from the simulatedevents are shown in Figure 6.7.
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Figure 6.7: Distribution of the K�0 invariant mass (left) and j 
os �Hj (right) for B+ ! D+K�0
orre
tly identi�ed MC generated signal events. The D� meson is re
onstru
ted into K0S�� �nalstate.
6.4.4 D+ Re
onstru
tionIn the Chapter dedi
ated to the B+ ! D+K(�)0 analysis, the D+ are re
onstru
ted in the fol-lowing sub
hannels: K��+�+, K��+�+�0, K0S�+, andK0S�+�0. The 
harged kaon is requestednot to pass the pion identi�
ation (
utting exhibitively on the likelihood), while no parti
ular
onstraints are put on �+. The �0 
andidates are sele
ted a

ording to the dis
ussion above.The un
onstrained D+ mass is referred as MD+ in the following Se
tions. The distributions ofthis variable depending on the 
hannel are shown in Figure 6.8. The mass resolutions of the D+meson mass for di�erent de
ay 
hannels are shown in Table 6.2. The 
harged D four-momentumis determined from a �t to its de
ay produ
ts in whi
h the D re
onstru
ted mass is 
onstrainedto be equal to the nominal D+ mass.
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2 ℄ 6:8� 0:1 12:5 � 0:3 8:3 � 0:1 15:1 � 0:2Table 6.2: The mass resolution of the mass for D+ re
onstru
ted 
andidates for the di�erentde
ay modes studied in this thesis.6.4.5 D0 Re
onstru
tionIn Chapter 8 we des
ribe the re
onstru
tion of B+ ! D0K+ with the subsequent D0 de-
aying to K��+�0 �nal state. For this 
hannel the K� and �+ 
andidates are taken fromGoodTra
ksVeryLoose list, while �0 are sele
ted a

ording to the dis
ussion given above. Thedistribution of the un
onstrained D0 mass is shown in Figure 6.9. The mass resolution for theD0 meson in this 
hannel is of 14:6 � 0:1 MeV=
2.6.4.6 The Re
onstru
tion of the B 
harged mesonsThe 
harged B meson is re
onstru
ted from a (mass 
onstrained) D and a K0S , a K�0 or a K+,depending on the 
hannel. A kinemati
 �t, in whi
h theD and theK are 
onstrained to originatefrom the intera
tion point (beamspot), is applied to the B. In the beamspot 
onstrained �t, theerror on the determination of the intera
tion point, whi
h is about 10 �m in y, 200 �m in xand 8 mm in z, is taken into a

ount.6.5 Kinemati
 Variables: mES and �EOne of the advantages of studying B physi
s in an e+e� 
ollider at the � (4S) resonan
e is thekinemati
 
onstraint provided by the initial state. The energy of ea
h B meson in the � (4S)frame must be equal tops=2, whereps is the total e+e� CM energy. This 
onstraint is exploitedby introdu
ing two almost un
orrelated kinemati
al variables:� the energy-substituted massmES �q(E�20 =2 + ~p0 � ~pB)2=E20 � p2B (6.2)� the energy di�eren
e �E � E�B �E�0=2; (6.3)
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Figure 6.8: Distribution of the un
onstrained D+ invariant mass for D+ de
aying to K��+�+(top left), K��+�+�0 (top right), K0S�+ (bottom left), and K0S�+�0 (bottom right) 
orre
tlyidenti�ed MC generated signal events.where E and p are the energy and the momentum respe
tively, the subs
ripts B and 0 refer tothe 
andidate B and to the e+e� system respe
tively and the asterisk denotes the e+e� CMframe.For 
orre
tly re
onstru
ted B de
ays mES peaks at the B mass, as shown in Figure 6.10,while �E peaks at zero, as shown in Figure 6.11.The mES resolution �mES is determined by the B meson true energy spread, whi
h dependson event-by-event beam energy variations, �E�beam � 2:6 MeV [36℄, and by the B momentummeasurement error in the � (4S) frame, �p�B � 16 MeV=
:�2mES � �2E�beam +� p�BMB��2p�B : (6.4)Sin
e in the � (4S) frame p�B=MB ' 0:06, �2mES is dominated by the beam energy 
u
tuations:the mES distribution of 
orre
tly re
onstru
ted B de
ays is therefore independent on the de-
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Figure 6.9: Distribution of the un
onstrained D0 invariant mass for D0 de
aying to K��+�0
orre
tly identi�ed MC generated signal events.
ay mode, as observed in simulated signal events. The typi
al resolution for mES of 
orre
tlyre
onstru
ted B de
ay is 2.6 MeV.The r.m.s. spread of the �E distribution depends on the B energy measurement resolution�E�b and on the spread in E�beam �2�E = �2E�beam + �2E�B : (6.5)Sin
e �2E�B � 17 MeV for B mesons re
onstru
ted in the de
ay modes studied in the analysis,while �2E�beam � 2:6 MeV, �2�E is dominated by the energy measurement error. The experimentalresolutions of �E for the 
hannels des
ribed in this thesis are shown in Table 6.3. mES and �Eare not 
orrelated, as shown in Figure 6.12.B de
ay B+ ! D+K0S B+ ! D+K�0 B+ ! D0K+D de
ay K�� K���0 K0S� K0S��0 K�� K0S� K��0�, [MeV ℄ 16:8 � 0:1 19:7 � 0:1 17:4 � 0:1 19:2 � 0:1 16:8 � 0:1 20:7 � 0:1 20:7 � 0:1Table 6.3: The resolution for the �E variable.
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Figure 6.10: Distribution of mES for B+ ! D0K+ 
orre
tly identi�ed MC generated signalevents. The D0 meson is re
onstru
ted into K+���0 �nal state.
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Figure 6.11: Distribution of �E for B+ ! D0K+ 
orre
tly identi�ed MC generated signalevents. The D0 meson is re
onstru
ted into K+���0 �nal state.Ba
kground events have a di�erent mES distribution (ex
ept for some de
ay 
hannels, thatare dis
ussed in details in the following Chapters).The mES distributions for qq ba
kgrounds usually have form of threshold fun
tion, whilesome de
ays 
ontributing to the BB ba
kground 
an have the mES distribution that 
an be�tted by the Crystal Ball fun
tion. These distributions are shown in Figure 6.13.The threshold (ARGUS) fun
tion [95℄ is expressed as follows:A(x) = xs1�� xx0�2 � e
�1�� xx0 �2�; (6.6)
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Figure 6.12: 2-dimensional fmES;�Eg distribution of 
orre
tly identi�ed MC generated signalevents for B� ! D�K0 with D� ! K+���� 
hannel.
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Figure 6.13: Distribution of mES for B+ ! D+K�0 with D+ ! K��+�+ 
ontinuum (left) andsele
ted de
ays of BB (right) ba
kground events. The superimposed 
urves are the results ofthe �ts with the threshold and Crystal Ball fun
tions, respe
tively.where x0 represents the maximum allowed value for the variable x des
ribed by A(x) and 
a

ounts for the shape of the distribution (usually the fun
tion is used for x = mES). Allthe PDF parameterizations are derived from the simulated events. The Crystal ball (CB) [96℄fun
tion is a Gaussian modi�ed to have an extended power-law tail on the low (left) side.6.6 Event Shape VariablesSin
e e+e� 
ollide at ps ' M(� (4S)), the � (4S) resonan
e is produ
ed almost at rest. Giventhe mass of the � (4S), M(� (4S)) = 10:58 GeV=
2, the mass of the B,MB = 5:279 GeV=
2, andthe � (4S) boost, the B mesons have a very low momentum (of the order of 330 MeV=
) in theCM frame. On the other hand, qq pairs are produ
ed with large momenta be
ause the quarkq is lighter than the quark b; the two quarks are emitted in opposite dire
tions and hadronize



84CHAPTER 6. EVENT RECONSTRUCTION AND BACKGROUND CHARACTERIZATIONindependently. For this reason, qq events have a jet-like spatial shape, while the BB events havea spheri
al distributed shape.This shape di�eren
e is re
e
ted in several variables that 
an be used to distinguish 
ontin-uum events from BB ones. These variables 
ontain global information on the event shape andnormally use all the tra
ks and energy 
lusters in the event, not only the ones used to re
onstru
tthe B 
andidates. The variables used in the analyses presented in this thesis are (other variableshave been tried, but are not used be
ause they do not give signi�
ant gain in sensitivity):� Event Shape Moments, L0 and L2.L0 = roeXi=0 pi;L2 = roeXi=0 pi � 
os2(�i);where pi is the momentum of the 
onsidered parti
le evaluated in the e+e� CM frame and�i is the polar angle of the 
onsidered parti
le with respe
t to the thrust axis of the B
andidate. The index i runs on all the 
harged tra
ks and neutrals 
oming from the restof the events (roe) i.e. that do not 
ome from the re
onstru
ted B.� j 
os(�thrust)j. The absolute value of the 
osine of the angle between the B dire
tion andthe rest of the event thrust axis (where the thrust axis is de�ned as the dire
tion thatmaximizes the sum of the longitudinal momenta of all parti
les). Sin
e 
ontinuum eventshave a jet-like topology, the j
os(�thrust)j distribution is peaked at 1, while for B �B events(that are spheri
ally distributed in the spa
e) it is distributed uniformly.Analyses that are des
ribed in this thesis use also the following global variables to distinguishbetween signal and ba
kground events:� j�tj. Proper time di�eren
e 
al
ulated from the di�eren
e between the de
ay vertexz 
oordinates of the two B mesons in the event. In true B �B events, this variable hasa de
reasing exponential shape due to the B lifetime 
onvoluted with the �z dete
torresolution and is then wider than in the 
ase of 
ontinuum events, in whi
h we just observethe resolution.� Distan
e of the 
losest approa
h (DOCA). The distan
e between the two K meson
ight dire
tions, in the point of their 
losest approa
h (used for B+ ! D0K with D0 !K��0 analysis).
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e between the B and the D The distan
e between the de
ay verti
es of the Band of the D.The distributions of these variables 
an be found in the Chapters dedi
ated to a parti
ularanalyses (Chapters 7 and 8).Ea
h of these variables 
an be used to dis
riminate signal and ba
kground events in thesele
ted sample. Instead, a unique variable may be de�ned whi
h takes full advantage of all thedis
riminating variables and their 
orrelations to maximize the separation power.The Fisher dis
riminant [79℄ is a te
hnique allowing to dis
riminate between two 
lasses ofevents in a given sample. Starting from an ensemble of dis
riminating variables an iterativepro
edure (training) 
al
ulates the linear 
ombination of the variables whi
h maximizes theseparation between the ba
kground and signal 
lasses. Ea
h event in a sample is 
hara
terizedwith nvar variables fxkg. The 
lassi�
ation of the events in signal and ba
kground 
lasses relieson the following 
hara
teristi
s: the sample means �xk for ea
h variable k = 1; :::; nvar , the
lass-spe
i�
 sample means �xS(B); k, and the total 
ovarian
e matrix C of the sample.The 
ovarian
e matrix 
an be de
omposed into the sum of a within- (W ) and a between-
lassmatrix (B). They respe
tively des
ribe the dispersion of events relative to the means of theirown 
lass (within-
lass matrix),Wkl = XU=S;BhxU;k � �xU;kihxU;l � �xU;li; Bkl = 12 XU=S;B(�xU;k � �xk)(�xU;l � �xl); (6.7)The Fisher 
oeÆ
ients, Fk, are then given byFk = pNSNBNS +NB nvarXl=1 W�1kl (�xS;l � �xB;l); (6.8)where NS(B) are the number of signal (ba
kground) events in the training sample. The Fisherdis
riminant F for event i is given byF(i) = F0 + nvarXl=1 Fkxk(i): (6.9)The o�set F0 
enters the sample mean F of all NS +NB events at zero.The Fisher dis
riminant for B+ ! D+K(�)0 analysis was trained by the previously developedpa
kage based on Fortran, while B+ ! D+K(�)0 analysis pro�ted from the TMVA pa
kage [81℄.
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Chapter 7Sear
h for Rare B+! D+K(�)0De
ays
In this Chapter the sear
h for B+ ! D+K(�)0 de
ays performed on 426 fb�1 is reported. Thisamount of data 
orresponds to the full data sample of 467 � 106 BB pairs 
olle
ted by BABARat the � (4S) 
enter of mass energy.Candidates for D+ mesons are re
onstru
ted in the D+ ! K��+�+ (DKK�� in the follow-ing), D+ ! K0S�+ (DKK0S�), D+ ! K��+�+�0 (DKK���0) and D+ ! K0S�+�0 (DKK0S��0)modes for the B+ ! D+K0 de
ay mode. Only the �rst two modes were used for B+ ! D+K�0de
ay mode (DK�K�� and DK�K0S�).The aim of this sear
h is to measure the bran
hing fra
tion of these de
ay modes, whi
hallow to 
onstrain the annihilation amplitude, as explained in Chapter 4.7.1 Introdu
tion to the AnalysisCharged B meson de
ays in whi
h neither 
onstituent quark appears in the �nal state, su
has B+ ! D+K(�)0, are expe
ted to be dominated by weak annihilation diagrams with thebu pair annihilating into a W+ boson. Su
h pro
esses therefore 
an provide insight into theinternal dynami
s of B mesons, in parti
ular the overlap between the b and the u quark wavefun
tions. Annihilation amplitudes 
annot be evaluated with the 
ommonly-used fa
torizationapproa
h [86℄. As a 
onsequen
e, there are no reliable estimates for the 
orresponding de
ayrates. Annihilation amplitudes are expe
ted to be proportional to fB=mB where mB is the massof the B meson and fB is the pseudos
alar B meson de
ay 
onstant. The quantity fB representsthe probability amplitude for the two quark wave fun
tions to overlap. Numeri
ally, fB=mB87



88 CHAPTER 7. SEARCH FOR B+ ! D+K(�)0 DECAYSis approximately equal to �2, where � is the sine of the Cabibbo angle [87, 86℄. In addition,these amplitudes are also suppressed by the CKM fa
tor jVubj � �3. So far, there has beenno observation of a hadroni
 B meson de
ay that pro
eeds purely through weak annihilationdiagrams, although eviden
e for the leptoni
 de
ay B ! �� has been found [72℄. In theoreti
al
al
ulations of nonleptoni
 de
ays, the assumption is often made that these amplitudes may benegle
ted.Some studies indi
ate that the bran
hing fra
tions of weak-annihilation pro
esses 
ould beenhan
ed by so-
alled res
attering e�e
ts, in whi
h long-range strong intera
tions between Bde
ay produ
ts, rather than the de
ay amplitudes, lead to the �nal state of interest [87℄. Figure7.1 shows the Feynman diagram for the de
ays B+!D+K(�)0 and B+!D+s �0 [88℄, and thehadron-level diagram for the res
attering of D+s �0 into D+K(�)0. Signi�
ant res
attering 
ouldthus mimi
 a large weak annihilation amplitude. It has been argued [87℄ that res
atteringe�e
ts might be suppressed by only �4, 
ompared to �5 for the weak annihilation amplitudes,rendering the B+ ! D+K(�)0 de
ay rate with res
attering 
omparable to the isospin-related
olor-suppressed B0 ! D0K(�)0 de
ay rate of order 5� 10�6.B+ ! D+K(�)0 de
ays are also of interest be
ause their de
ay rates 
an be used to 
onstrainthe annihilation amplitudes in phenomenologi
al �ts (see Chapter 4 for details). This allows thetranslation of the estimation of the B+!D0K(�)+ amplitudes into estimations of the Cabibbo-suppressed de
ay B0!D0K(�)0 [73, 90℄ (see Equation 4.21). None of the modes studied herehas been observed so far, and a 90% 
on�den
e level upper limit on the bran
hing fra
tionB(B+!D+K0) < 5� 10�6 has been established by BABAR [91℄.
7.2 Data and Monte Carlo SamplesThe analysis is based on the data sample 
olle
ted with the BABAR dete
tor from 1999 to 2008(Runs 1-6). As des
ribed in the introdu
tion of this Chapter di�erentD de
ay modes are studied.In Table 7.1 the bran
hing fra
tions and the number of expe
ted events within 426 fb�1 areshown assuming the bran
hing fra
tions for both B+ ! D+K0 and B+ ! D+K�0 de
ays to be5� 10�6 (whi
h is inside the limits put by previous analysis [91℄).The data and MC samples used for the analysis are shown in Table 7.2 (using the signalbran
hing fra
tions estimated in Table 7.1).
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hing fra
tion Number of events expe
tedDKK�� 1:6 � 10�7 77.0DKK0S� 1:8 � 10�8 8.2DKK0S��0 8:4 � 10�8 39.2DKK���0 1:0 � 10�7 48.6DK�K�� 3:2 � 10�7 148.4DK�K0S� 3:4 � 10�8 15.8Table 7.1: The overall bran
hing fra
tions (in
luding se
ondary D, K�0 and K0S bran
hingfra
tions) and the number of expe
ted events within 426 fb�1 assuming bran
hing fra
tions forboth B+ ! D+K0 and B+ ! D+K�0 de
ays to be 5� 10�6. All the other values for bran
hingfra
tions were taken from PDG 2008 [77℄.Sample Number of Events LeqOn-resonan
e data - 426 fb�1O�-resonan
e data - 44.4 fb�1Signal DKK0S� 20K 1032 ab�1Signal DKK0S�� 20K 217 ab�1Signal DKK�� 20K 110 ab�1Signal DKK��� 20K 175 ab�1Signal DK�K0S� 20K 535 ab�1Signal DK�K�� 20K 57 ab�1Generi
 B+B� 731M 1329 fb�1Generi
 B0B0 736M 1337 fb�1Generi
 

 1132M 871 fb�1Generi
 uds 938M 449 fb�1Table 7.2: Data and MC samples used for the analysis in terms of equivalent integrated lumi-nosity and number of events. The luminosity of a signal MC sample is estimated taking thebran
hing fra
tions of B+ ! D+K0 and B+ ! D+K�0 to be 5� 10�6.7.3 Event Sele
tion and Ba
kground Chara
terization7.3.1 Event Re
onstru
tion and Presele
tion CriteriaIn addition to re
onstru
tion pro
ess des
ribed in Chapter 6 some sele
tion 
riteria (named\presele
tion 
uts") are also used. The rationale for that is to redu
e the size of the ba
kgroundsample with very loose sele
tion 
riteria keeping almost all the signal events whi
h have passedthe re
onstru
tion. The list of the presele
tion 
uts whi
h are 
ommon to all the analysespresented in this Chapter is the following:



90 CHAPTER 7. SEARCH FOR B+ ! D+K(�)0 DECAYS� j�tj < 10 ps (the values of RMS for this variable vary from 2 ps to 2.4 ps for di�erent D
hannels).� j�Ej < 0:07 GeV (the values of RMS for this variable vary from 0.015 GeV to 0.017 GeVfor di�erent D 
hannels, see Chapter 6).� jMD � MD;PDGj < 0:09 GeV/
2 (the values of RMS for this variable vary from 0.008GeV=
2 to 0.0015 GeV=
2 for di�erent D 
hannels, see Chapter 6).� mES > 5:2 GeV/
2 and mES < 5:3 GeV/
2.� P�0 > 0:25 GeV/
, if �0 is present in 
urrent 
hannel.� jM�0 �M�0;PDGj < 0:016 GeV/
2, if �0 is present in 
urrent 
hannel (the values of RMSfor this variable is about 0.006 GeV/
2 for di�erent D 
hannels).7.3.2 Sele
tion Criteria OptimizationThe presele
tion 
uts are followed by an optimization pro
edure whi
h is applied on the remain-ing events. For the optimization pro
edure the ratioS = NSpNS +NB ; (7.1)is maximized, where NS is the number of signal events and NB is the number of ba
kgroundevents. The optimization is done for events with mES > 5:27 GeV=
2(in order to have 
orre
testimation of ba
kground that will mostly 
ontaminate the signal).The optimization pro
edure is divided into two steps:� optimization against all ba
kgrounds, here NB = N
ont +NBB ;� optimization against \peaking" ba
kground, here NB = Npeakingbkg (see below).The number of signal and ba
kground events are all res
aled to the data luminosity of 426 fb�1.In order to res
ale the signal MC the bran
hing fra
tions of B+ ! D+K0 and B+ ! D+K�0are taken to be equal to 5� 10�6 (inside the limits put by previous BABAR analysis [91℄).The optimization pro
edure was applied to the following set of variables:� j�Ej, the energy di�eren
e, de�ned as des
ribed is Se
tion 6.5;� jMD �MD;PDGj, D meson re
onstru
ted mass MD di�eren
e to the nominal one takenfrom PDG [77℄;
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os(�B+)j, 
osine of the B polar angle with respe
t to the beam axis in the CM frame;� jMK0S ;B � MK0S ;B;PDGj, prompt K0S meson re
onstru
ted mass MK0S ;B di�eren
e to thenominal one taken from PDG MK0S;B;PDG [77℄;� jMK0S ;D �MK0S ;D;PDGj, the same as previous but for K0S daughter 
oming form the D+de
ay;� jMK�0�MK�0;PDGj, promptK�0 meson re
onstru
ted massMK�0 di�eren
e to the nominalone taken from PDG MK�0;B;PDG [77℄;� jP�0 j momentum of the �0 from the D+ de
ay;� j 
os �H(K�0)j the 
osine of the heli
ity angle of K�0 (as des
ribed in Se
tion 6.4.3).Figure 7.2 shows the variation of the ratio S as a fun
tion of the 
ut position in 
ase ofthe DKK�� mode for variables spe
i�
 for this 
hannel. As it was said, the optimum sele
tion
riterion 
orresponds to the value, whi
h maximizes S. The distributions of the variable for thedi�erent 
omponents (signal and ba
kground) for this 
hannel are shown in Figure 7.3.The distributions of the sele
tion variables for the other de
ay modes are shown in Ap-pendix A. The summary of the applied sele
tion 
riteria is given in Table 7.7.7.3.3 Continuum Ba
kground Reje
tionAfter having re
onstru
ted and sele
ted the 
andidate events as des
ribed in previous Se
tions,surviving ba
kground 
andidates arise primarily from e+e� ! qq (q = u; d; s; 
) events, inwhi
h random 
ombinations of tra
ks and photons in the event are pi
ked up in the re
onstru
-tion.The Fisher dis
riminant (de�ned in 6.6) is 
onstru
ted using four variables: event shapemoments L0, L2, the angle between thrust axes of the event j
os(�thrust)j, and the proper timedi�eren
e j�tj (de�ned in Se
tion 6.6). The 
oeÆ
ients of the Fisher dis
riminant are optimizedfor maximum statisti
al separation using MC samples of true signal events and qq events. Theoptimization is performed for ea
h 
hannel separately applying all sele
tion 
riteria and alsosele
ting only events with mES > 5:27 GeV=
2. These sele
tion 
riteria have been applied inorder to perform the 
ontinuum reje
tion studies on a sample similar to the �nal sele
ted sampleof this analysis.Figure 7.4 shows the distributions of the di�erent variables for a signal and qq ba
kground.In the same plots we show the 
omparison for the qq ba
kground distributions, as obtained from



92 CHAPTER 7. SEARCH FOR B+ ! D+K(�)0 DECAYSChannel DKK�� DKK���0 DKK0S� DKK0S��0 DK�K�� DK�K0S�F0 1.3587 1.6989 1.7763 1.7349 1.3595 2.4712F1 0.1402 0.1783 0.0099 0.1161 0.1583 0.0089F2 -0.1842 -0.7540 -0.0289 -0.4161 -0.2402 -0.5506F3 0.2096 0.1081 0.1715 0.1568 0.2234 0.1373F4 -2.7758 -1.5167 -2.8547 -2.2613 -2.6730 -2.1900Table 7.3: CoeÆ
ients of the Fisher dis
riminant 
onstru
ted using Equation 7.2MC sample and from o�-resonan
e data.The resulting Fisher is 
onstru
ted (a

ording to Se
tion 6.6):F = F0 + F1 � L0 + F2 � L2 + F3 � j
os(�thrust)j+ F4 � j�tj: (7.2)The values for the di�erent 
oeÆ
ients are shown in Table 7.3. The 
omparison of Fisherdis
riminants is shown in Figure 7.5.7.3.4 The Peaking Ba
kground StudiesA spe
ial attention has been put, within the BB ba
kground, on possible sour
es of peakingba
kground, whi
h 
an o

ur when one or several parti
les of a ba
kground 
hannel are repla
edby a soft 
harged �+ or �0 and the resulting 
andidate still 
ontributes to the signal region (i.e.the distributions of the mES variables \peaks" at the mass of the B meson). This 
an happendue to the 
lose kinemati
s of the des
ribed B de
ay to the signal one, or due the high bran
hingfra
tion of the pro
ess.The possible sour
es of peaking BB ba
kground have been identi�ed from a study of generi
BB MC sample after general sele
tion 
riteria des
ribed in the previous Se
tion are applied.These modes are then studied on the additional samples of dedi
ated MC. The de
ay modesidenti�ed and the MC samples generated are shown in Tables 7.4 and 7.5 for B+ ! D+K0and B+ ! D+K�0 modes, respe
tively. The probability distributions of mES for the identi�edsour
es of peaking ba
kground are shown in Appendix A.In order to redu
e the in
uen
e of the peaking BB ba
kground additional sele
tion 
riteriawere introdu
ed. As it 
an be noti
ed, for most of the peaking ba
kground K0S are not presenton the �nal state. We thus de�ne �K0S (B+) as the angle between the momentum ve
tor of theK0S and the ve
tor 
onne
ting the B+ and K0S de
ay verti
es. A sket
h of of the K0S ! �+��de
ay is shown in Figure 7.6. Similarly �K0S (D+) 
an be de�ned for K0S 
andidates from the D+de
ays.
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Sample Number of events approximate luminosity, ab�1B0 ! D��;D ! K�� 1.2M 1.7B0 ! D��;D ! K���0 1.1M 2.5B0 ! D��;D ! K0S� 0.9M 12B0 ! D��;D ! K0S��0 1.1M 1.5B0 ! D0K0 698K 28B0 ! D�0K0 1.1M 66Table 7.4: [B+ ! D+K0℄ List of the de
ays identi�ed as peaking BB ba
kground events. Thenumber of events generated and the approximate luminosities (
al
ulated assuming the nominalvalues for the di�erent bran
hing fra
tions) are shown

Sample Number of events approximate luminosity, ab�1B0 ! D��;D ! K�� 1.2M 1.7B0 ! D��;D ! K0S� 0.9M 12B0 ! D�a+1 ;D ! K�� 1.2M 12B0 ! D�a+1 ;D ! K0S� 1.2M 2B0 ! D�K�+;D ! K�� 1.2M 15B0 ! D�K�+;D ! K0S� 0.6M 187Table 7.5: [B+ ! D+K�0℄ List of the de
ays identi�ed as peaking BB ba
kground events. Thenumber of events generated and the approximate luminosities (
al
ulated assuming the nominalvalues for the di�erent bran
hing fra
tions) are shown.



94 CHAPTER 7. SEARCH FOR B+ ! D+K(�)0 DECAYSDKK�� DKK���0 DKKS� DKKS��0No. events passing sele
tion 3706 1205 4278 1316No. of events with more than one 
andidate 11 27 33 28No. misidenti�ed events 8 10 10 9Table 7.6: Number of events passing all sele
tion 
riteria, number of events with multiple B
andidates per 
hannel, number of events with misidenti�ed B 
andidate.To further redu
e the 
ontribution from the B0 ! D��+ ba
kground, the variable j 
os �HK0S jis introdu
ed, where �HK0S is the K0S heli
ity angle, i.e., the angle between one of the two pionsfrom the K0S and the D+ in the K0S rest frame. The distributions for the variables are shownin Figure 7.7 and in Appendix A. The sele
tion 
riteria on �HK0S , log(
os(�K0S(B+)) + 1), andlog(
os(�K0S (D+)) + 1) are optimized using the same optimization pro
edure as before withNB = Npeak. The summary of 
hannel dependent sele
tion 
riteria is given in Table 7.7.
7.3.5 The Best Candidate Choi
eIf after all the sele
tion 
riteria applied, more that one B 
andidate is found in an event the
andidate with the lowest �2(MD�) = (MD��MD�;PDG)2�2D� is 
hosen. Here �D� is the experimentalresolution on Monte Carlo signal events for the re
onstru
ted 
hannel.In 
ase the 
andidates have the same D� mass the 
andidate with �E 
losest to zero is
hosen (this 
an happen in the B+ ! D+K�0 analysis). The amount of events with multiple
andidates after all the sele
tion 
riteria as well as the number of events with misidenti�ed B
andidate are shown in Table 7.6.
7.3.6 Final Sele
ted SampleThe summary of the sele
tion 
riteria used is shown in Table 7.7. The overall re
onstru
tionand sele
tion eÆ
ien
ies for signal events, as well as the number of expe
ted events in ea
hba
kground spe
ies, are given in Tables 7.8 and 7.9.We denote two regions: the �t region, de�ned as 5:2 < mES < 5:29 GeV=
2 and �5 < F < 5,and the signal region, de�ned as 5:27 < mES < 5:29GeV=
2 and 0 < F < 5.
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tion 
riteria DKK�� DKK���0 DKK0S� DKK0S��0 DK�K�� DK�K0S�j�Ej [MeV℄ < 20 < 23 < 25 < 24 < 19 < 19jMD �MD:PDGj [MeV=
2 ℄ < 12 < 18 < 14 < 22 < 10 < 10j 
os(�B
m j < 0:76 < 0:77 < 0:87 < 0:85 < 0:82 < 0:84jMK0S ;B �MK0S ;PDGj [MeV=
2 ℄ < 6 < 6 < 7 < 6 - -ln(
os(�K0S;B) + 1) < �8 < �8 < �8 < �8 - -j
os(�H(K0S))j < 0:8 < 0:94 - < 0:97 - -j
os(�H(K�0))j - - - - > 0:5 > 0:5jMK0S ;D �MK0S :PDGj [MeV=
2 ℄ - - < 6 < 7 - -ln(
os(�K0S:D) + 1) - - < �6:7 < �6 - -P 0� [GeV/
2℄ - > 0:4 - > 0:4 - -jM�0 �M�0;PDGj [MeV=
2 ℄ - < 10 - < 12 - -jM�0K �MK�0;PDGj [MeV=
2 ℄ - - - - < 40 < 40Table 7.7: The summary of the sele
tion 
riteria used for sele
ting B+ ! D+K0 and B+ !D+K�0.7.4 Maximum Likelihood Fit7.4.1 The Fit ModelAn extended unbinned maximum likelihood for the set of variables fmES;Fg is built [94℄ toperform a �t to the yield. The likelihood L is de�ned as:L = e�N 0N ! �N 0N � NYj=1 f(xj j �;N 0) ;with f(x j �;N 0) = Nsigfsig(xj�) +PiNBifBi(xj�)N 0 ;where fsig(xj�) (and fBi(xj�)) are the probability density fun
tions (PDFs) for the hypothesisthat the event is a signal (ba
kground) event, N is the number of events in the sele
ted sample, N 0is the expe
tation value for the total number of events, and Bi indi
ates the di�erent ba
kground
ategories used in the �t. The 
orrelations between these variables are 
he
ked using MC samplesand are found to be negligible. The variables are indi
ated by the ve
tor x and � indi
ates a setof parameters. Nsig is the number of signal events, whereas NBi is the total number for ea
hba
kground spe
ies events (see the list below). Thus we write the pdf as the produ
t of the1-dimensional PDFs for the single variables.We 
onsider three ba
kground 
ategories:� 
ontinuum ba
kground;



96 CHAPTER 7. SEARCH FOR B+ ! D+K(�)0 DECAYSregion B+ ! D+K0DKK�� DKK���0 DKK0S� DKK0S��0Signal eÆ
ien
y �t 18.4% 5.2% 21.3% 6.2%signal 12.4% 3.8% 14.7% 4.9%Signal �t 14.1 � 0.2 2.5 � 0.1 1.81 � 0.03 2.4 � 0.1signal 9.6 � 0.2 1.8 � 0.1 1.21 � 0.03 1.9 � 0.1Combinatorial BB ba
kground �t 67 � 4 157 � 4 12 � 2 36 � 3signal 7 � 2 20 � 2 3 � 1 8 � 2Peaking BB ba
kground �t 2.0 � 0.2 3.3 � 0.4 1.1 � 0.2 1.8 � 0.5signal 0.3 � 0.1 1.0 � 0.2 0.3 � 0.1 0.6 � 0.2Continuum ba
kground �t 2840 � 40 4860 � 50 640 � 20 1600 � 30signal 63 � 6 104 � 8 12 � 3 45 � 5Table 7.8: [B+ ! D+K0℄ The re
onstru
tion eÆ
ien
y and expe
ted number of events, assumingB(B+ ! D+K0) = 5� 10�6, in the �t and signal regions as de�ned in the text.� BB ba
kground (ex
luding BB peaking ba
kground).� BB peaking ba
kground (see the dis
ussion in Se
tion 7.3.4).We leave the following parameters free in the �t:� Nsig number of signal events in the sample.� NBB number of BB ba
kground events in the sample.� N
ont number of 
ontinuum ba
kground events in the sample.� a
ont shape of the Argus fun
tion parameterizing mES distribution for 
ontinuum ba
k-ground events.The �t is done in the region (mES;F) whi
h is de�ned by 5:2 < mES < 5:3 GeV=
2 and�5 < F < 5.7.4.2 Parameterizations of the Distributions Used in the FitThe mES and F distributions are parameterized on MC events using the fun
tions listed inTable 7.10. An example of parameterization (on the DKK�� de
ay mode) is shown in Figure 7.8.The plots for the other 
hannels are 
olle
ted in Appendix A.5. The �nal parameterization
oeÆ
ients are also listed in Appendix A.5. The parameterization for the qq ba
kground eventsis also performed on the o�-resonan
e data and 
ompared with the one obtained on MC events.



7.4. MAXIMUM LIKELIHOOD FIT 97region B+ ! D+K�0DK�K�� DK�K0S�Signal eÆ
ien
y �t 10.6% 10.5%signal 7.6% 7.4%Signal �t 15.8 � 0.3 1.70 � 0.04signal 11.3 � 0.3 1.20 � 0.03Combinatorial BB ba
kground �t 400 � 10 42.8 � 4signal 30 � 2 6.4 � 1Peaking BB ba
kground �t 26 � 2 2.4 � 0.3signal 5.4 � 1 0.7 � 0.2Continuum ba
kground �t 6100 � 50 630 � 20signal 129 � 8 13 � 3Table 7.9: [B+ ! D+K�0℄ The re
onstru
tion eÆ
ien
y and expe
ted number of events, assum-ing B(B+ ! D+K�0) = 5� 10�6 in the �t and signal region as de�ned in the text.mode signal BB ba
kground qq ba
kground BB peaking ba
kgroundmES F mES F mES F mES FDKK�� Gaussian DBG ARGUS Gaussian ARGUS DBG CB GaussianDKK���0 Gaussian DBG ARGUS Gaussian ARGUS DBG CB GaussianDKK0S� Gaussian DBG ARGUS Gaussian ARGUS DBG CB GaussianDKK0S��0 Gaussian DBG ARGUS Gaussian ARGUS DBG CB GaussianDK�K�� Gaussian DBG ARGUS DBG ARGUS DBG CB GaussianDK�K0S� Gaussian DBG ARGUS DBG ARGUS DBG CB GaussianTable 7.10: Fun
tions used for the parameterization of signal and ba
kground events. DBGstands for Double Bifur
ated Gaussian, CB stands means Crystal Ball fun
tion. De�nitions ofCrystal ball and ARGUS fun
tions are given in Se
tion 6.5.The agreement is found to be satisfa
tory (as shown in Appendix A.5) and the di�eren
es inthe �tted parameters are taken into a

ount in the systemati
 errors evaluation.7.4.3 Fit Validation Using Parameterized Pseudo-experimentsThe �t pro
edure is validated using an ensemble of simulated experiments (toy MC studies),where the yields of the �t are generated a

ording to a Poisson distribution using the valuesobtained in the pdf parameterization pro
edure. The number of generated events is 
hosenfollowing the results on MC reported in Tables 7.8 and 7.9. The non-
oating parameters of the�t as well as the shape of the qq ba
kground threshold fun
tion are �xed to the values obtainedfrom the MC sample.



98 CHAPTER 7. SEARCH FOR B+ ! D+K(�)0 DECAYS10 
ombined 1d-likelihoods 1d-likelihood with 10� stat68% prob. [20.9, 44.6℄ [17.0, 37.6℄95% prob. [10.7, 55.9℄ [8.7, 48.9℄99% prob. [6.2, 60.5℄ [4.5, 55.8℄Table 7.11: Comparison between the sele
ted probability regions for the number of signal eventon DKK0S� 
hannel obtained by 
ombining 10 likelihood with the same statisti
s as the oneexpe
ted on data and the regions obtained if the �t is performed on a sample with all the eventstogether.In Figure 7.9 the distribution of Nsig, its errors (symmetri
 and asymmetri
), and its pullsfor the DKK�� mode are shown. The pull for a variable x is de�ned as the di�eren
e betweenthe �tted x�t and the mean generated value hxgeni, divided by the error �err, xpull = (x�t �hxgeni)=�err.We show the negative and the positive errors obtained for Nsig, when we �t it with asymmet-ri
 errors, and the 
orresponding pull distributions. When 
al
ulating the pull with asymmetri
errors, the negative error is used for �tted values that are smaller than the generated ones, whilethe positive error is used in 
ase we �nd higher �tted values than the generated ones. Theasymmetri
 errors are obtained from MINOS [82℄ estimation.The likelihood for Nsig from the toy MC experiment is not Gaussian and thus the pulldistribution for Nsig, 
al
ulated using the Gaussian errors, have no mean 
onsistent with unity.One 
an noti
e that the asymmetri
 pull distribution shows a good behavior, whi
h means thatthe result for Nsig 
an be des
ribed by a bifur
ated Gaussian.In Figure 7.10 we show the asymmetri
 pulls for all other modes studied. It is 
lear that forthe DK(�)K0S� modes the shape of the likelihood is not Gaussian and in this 
ase the likelihood
annot be des
ribed by a bifur
ated Gaussian either. This behavior 
an be explained by thefa
t that the amount of events in these 
hannels is very low. In order to de
ide if this 
hannel
an be in
luded in the 
ombined likelihood two sanity 
he
ks are performed.For the �rst test, 10 toys with the same statisti
s as for the data are generated. These 10likelihoods are then 
ombined and 
ompared with the likelihood obtained by performing the�t on the single sample obtained using all together the events of the 10 samples. The result isshown in table 7.11.We also generated 10000 toy MC experiments with the same parameterization fun
tions asfor DKK0S� but with 100 times more events. The pull obtained is shown in Figure 7.11. Thesetwo tests are 
onsidered satisfa
tory and 1d-likelihood for DKK0S� is used for the measurement.



7.4. MAXIMUM LIKELIHOOD FIT 997.4.4 Fit Validation Using Fully Simulated SamplesWe perform the �t to the generi
 Monte Carlo sample 
onstru
ted by making fully simulatedsignal and ba
kground events. The rationale for this test is to 
he
k the impa
t of the possible
orrelations between the variables, whi
h have been assumed un
orrelated in the �t. In the MCsample a bran
hing fra
tion B(B+ ! D+K0S) = 1:1� 10�5 was used for generation, whi
h is 2.2times larger than 
urrent experimental limit. The results of the �t depending on the 
hannel areshown in Table 7.12. The likelihood proje
tions obtained in the �ts are shown in Figure 7.12. InFigure 7.13 we also show the same distribution after having applied a 
ut on F > 0 to visuallyenhan
e the signal.Parameter �tted value � error number of events in sampleDKK�� 
hannelNBB 75� 27N
ont 2826 � 58Nsig 42+9:8�10:2 38Npeak (�xed in the �t) 2.0Shape of Argus �42� 3DKK���0 
hannelNBB 187 � 50N
ont 4834 � 54Nsig 19� 11 8Npeak (�xed in the �t) 3.3Shape of Argus �34� 1:5DKK0S� 
hannelNBB 26� 13N
ont 430 � 24Nsig 5:1+4:7�3:4 5Npeak (�xed in the �t) 0.9Shape of Argus �31� 6DKK0S��0 
hannelNBB 49� 35N
ont 1582 � 49Nsig 0:4+4:0�5:3 2Npeak (�xed in the �t) 1.8Shape of Argus �33� 3Table 7.12: [B+ ! D+K0℄ Results of the �t to the MC sample with integrated of luminosity426 fb�1.Same exer
ise has been made for the B+ ! D+K�0 analysis. Due to the fa
t that signalevents were not generated in the generi
 MC we insert into ea
h generi
 sample the amount



100 CHAPTER 7. SEARCH FOR B+ ! D+K(�)0 DECAYSof events whi
h is equivalent to BR(B+ ! D+K�0) = 11 � 10�6. The results are shown inTable 7.13 and in Figure 7.14. In Figure 7.15 the same distributions after having applied a 
uton F > 0 to visually enhan
e the signal are shown.Parameter �tted value � error number of events in sampleDK�K�� 
hannelNBB 414�65N
ont 6108�98Nsig 23�13 35Npeak (�xed in the �t) 26Shape of Argus -39�1DK�K0S� 
hannelNBB 42�18N
ont 630�30Nsig 1:4� 4:7 4Npeak (�xed in the �t) 2.4Shape of Argus -40�5Table 7.13: [B+ ! D+K�0 de
ay 
hannel℄ Results for the �t to the MC sample of luminosity426 fb�1 for B ! DK� de
ay 
hannel.7.4.5 Flavor TaggingTo redu
e the importan
e of the 
ontinuum ba
kground in the �nal sample we divide the eventsa

ording to their 
avor-tagging 
ategory [92℄. We de�ne the following ex
lusive tagging 
ate-gories:� lepton 
ategory, events 
ontaining at least one lepton in the de
ay of the other B meson;� kaon 
ategory, events 
ontaining at least one kaon in the de
ay of the other B meson,whi
h do not belong to the �rst 
ategory;� other 
ategory 
ontains all the events not in
luded in the two previous 
ategories.The �rst two 
ategories are expe
ted to be less 
ontaminated by 
ontinuum ba
kground (asshown in Table 7.14). We �t all three 
ategories simultaneously. Studies of simulated events showthat using the tagging 
ategories redu
es the statisti
al un
ertainty on the measured bran
hingfra
tion for the K�� mode by 5%, but leads to little gain for the other modes (whi
h areless statisti
ally signi�
ant themselves). Hen
e, we use tagging information only for the K��
hannel.



7.4. MAXIMUM LIKELIHOOD FIT 101The results of the �t to the generi
 MC sample are shown in Table 7.15.tagging 
ategory spe
ies region DKK�� DK�K��lepton Signal �t 1.39 � 0.1 1.66 � 0.04signal 0.89 � 0.05 1.17 � 0.03Combinatorial BB ba
kground �t 1.9 � 0.3 10.8 � 1signal 0.0 � 0.3 0.3 � 0.1Peaking BB ba
kground �t 0.0 � 0.1 1.0 � 0.1signal 0.0 � 0.1 0.1 � 0.1Continuum ba
kground �t 19.4 � 0.5 32 � 0.6signal 0.0 � 0.2 5.3 � 0.2kaon Signal �t 4.2 � 0.1 4.7 � 0.1signal 2.9 � 0.1 3.4 � 0.1Combinatorial BB ba
kground �t 14 � 3 78 � 5signal 30 � 2 6.1 � 2.0Peaking BB ba
kground �t 0.4 � 0.1 7.3 � 1.4signal 0.0 � 0.1 1.4 � 0.3Continuum ba
kground �t 592 � 19 1270 � 22signal 10 � 2 16 � 3other Signal �t 8.55 � 0.07 9.5 � 0.3signal 5.81 � 0.03 6.8 � 0.2Combinatorial BB ba
kground �t 51.1 � 4.0 314.8 � 9.1signal 7.3 � 2 23.9 � 2.1Peaking BB ba
kground �t 1.6 � 0.2 2.4 � 0.3signal 0.2 � 0.1 0.7 � 0.2Continuum ba
kground �t 2231 � 36 4805 � 40signal 52 � 6 112 � 8Table 7.14: The expe
ted number of events per tagging 
ategories, assuming B(B+ ! D+K0) =B(B+ ! D+K�0) = 5� 10�6. Numbers 
orrespond to signal and �t regions.
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Parameter value � error tagged number of events in sampleDKK�� 
hannelNBB 76� 26N
ont 2826 � 57Nsig 42+9:5�10:5 38Npeak (�xed in the �t) 2.0Shape of Argus �42� 3DK�K�� 
hannelNBB 420 � 60N
ont 6100 � 100Nsig 25+11�10 36Npeak (�xed in the �t) 26Shape of Argus �39� 1:5Table 7.15: Results for the �t to the MC sample res
aled to 426 fb�1 for DKK�� and DK�K��
hannels in the tagged 
ase.
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Figure 7.1: Annihilation diagram for the de
ay B+!D+K(�)0 (left). Tree diagram (middle) forthe de
ay B+ ! D+S �0 and hadron-level diagram (right) for the res
attering 
ontribution toB+!D+K(�)0 via B+!D+s �0.
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j�Ej; MeV0: 0:03 0:07
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jMD �MD;PDGj; GeV=
20: 0:03 0:07
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os(�B+)j0: 0:5 1:
0.430.250

S
jMK0S �MK0S ;PDGj; GeV=
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S
Figure 7.2: [DKK�� de
ay 
hannel℄ S = NSpNS +NB as a fun
tion of the applied sele
tion 
riteriafor j�Ej (top left), jMD�MD;PDGj (top right), j 
os(�B+)j (bottom left), and jMK0S�MK0S;PDGj(bottom right), respe
tively.
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Figure 7.3: [DKK�� de
ay 
hannel℄ Distributions of �E (top left), MD (top right), 
os(�B+)(bottom left), and MK0S (bottom right). The 
olor 
odes for histogram 
orresponds to 

ba
kground (magenta), uds ba
kground (yellow), B0B0 ba
kground (blue), B+B� ba
kground(green), and signal (bla
k).
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Figure 7.4: [DKK��℄. Distributions of the variables Comparison between uds MC (yellow), 

MC (magenta), a weighted sum of the two (blue), o�-resonan
e data for the variables (red dotswith errors) and signal MC (bla
k) 
hosen to 
onstru
t the Fisher dis
riminant. The variablesare: L0 (top left), L1 (top right), j
os(�thrust)j (bottom left), and j�tj (bottom right).
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Figure 7.5: [DKK��℄. The Fisher dis
riminant distributions for 
ontinuum ba
kground (blue)and signal (bla
k).
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�+
���K0S(B+)K0S

Figure 7.6: Sket
h of the K0S de
ay into �+��. Red ve
tor indi
ates the dire
tion of K0S de�nedfrom the de
ay verti
es. Bla
k ve
tor is the K0S momentum ve
tor de�ned as a sum of ��momenta. �K0S(B+) is the angle between these two ve
tors de�ned as shown in Figure.

log(
os(�K0S (B+)) + 1)�20 �10 2
0.0440.020Probability j 
os(�HK0S )j0 0:4 1

0.0750.040Probability
Figure 7.7: [DKK�� mode℄. Comparison of signal (bla
k) and peaking BB ba
kground (red)distributions for j
os�HK0S j (left plot), log(
os(�K0S (B+)) + 1) (right plot) for the DKK�� mode.Same distributions for other modes are shown in Appendix A.
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Figure 7.8: mES (left) and Fisher (right) distributions for the DKK�� mode for signal (top), BBba
kground (2nd row), qq ba
kground (3rd row), and peaking BB ba
kground (bottom row).The superimposed 
urves are the results of the �ts.
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Figure 7.9: [DKK�� de
ay 
hannel℄. Distributions of the �tted value for Nsig and its symmetri
error (upper plots), its lower and higher errors (middle plots) and the symmetri
 and asymmetri
pulls(lower plots) obtained from the toy MC des
ribed in the text.
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Figure 7.10: Distributions of the asymmetri
 pulls for the DKK���0 (top left), DKK0S� (topright), DKK0S��0 (
enter left), DK�K�� (
enter right), DK�K0S� (bottom) obtained from the toyMC des
ribed in the text.
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s(see text for more explanations).
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Figure 7.12: [B+ ! D+K0 de
ay 
hannel℄ Proje
tions of the 2D likelihood �t to the mES (left)and F (right) variables performed on the generi
 MC sample for DKK��, DKK���0 , DKK0S�,DKK0S��0 de
ay 
hannels (from top to bottom), respe
tively.
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Figure 7.13: [B+ ! D+K0 de
ay 
hannel℄ Proje
tion of the 2D likelihood �t to the mESdistributions after having applied a 
ut on F > 0. Blue line shows the result of the �t .Magenta, green, red and bla
k lines show the results of the �t for 
ontinuum, BB, peakingand signal 
omponents respe
tively. Plots for DKK�� (top left), DKK���0 (top right), DKK0S�(bottom left), DKK0S��0 (bottom right) de
ay 
hannels are shown.
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Figure 7.14: [B ! DK� de
ay 
hannel℄ Proje
tions of the 2D likelihood �t to the mES (left) andFisher (right) variables performed on generi
 MC sample for DK�K�� (top row) and DK�K0S�(bottom row).
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Figure 7.15: [B ! DK� de
ay 
hannel℄ Proje
tion of the 2D likelihood �t to the mES variableafter having applied a 
ut on Fisher > 0. Blue line shows the result of the �t. Magenta, green,red and bla
k lines show the results of the �t for 
ontinuum, B �B, peaking and signal 
omponentsrespe
tively. Plots for DK�K�� (left), DK�K0S� (right) de
ay 
hannels are shown.
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hing Fra
tion Measurements and Sensitivity StudiesThe number of signal events determined by the �t (Nsig) is used to 
al
ulate the bran
hingfra
tion using the following expression:B(B+ ! D+K0) = NsigNB+B� � �sig � 2BD � BK0S ; (7.3)where NB+B� is the total number of 
harged B mesons in the data sample (equal to a half of allBB pairs produ
ed), BD and BK0S are the bran
hing fra
tion for ea
h D meson de
ay 
hanneland for K0S ! �+�� respe
tively [77℄, and �sig is the re
onstru
tion eÆ
ien
y for ea
h D de
ay
hannel evaluated on MC events. The expression for B(B+ ! D+K�0) is obtained repla
ingBK0S=2 with bran
hing fra
tion of K�0 ! K+��, BK�0 .De
ay mode B = 5 B=0Mean error [95% range℄ Mean error [95% range℄B+ ! D+K0K�� +3:3 [2:7; 4:0℄ +2:8 [2:2; 3:6℄�3:0 [2:2; 3:6℄ �2:4 [1:6; 3:2℄K���0 +20 [14; 25℄ +19 [13; 24℄�17 [10; 23℄ �17 [9:4; 22℄K0S� +12 [7:3; 16℄ +11 [7:1; 16℄�8 [4:6; 14℄ �8 [4:5; 14℄K0S��0 +14 [8:9; 18℄ +13 [8:3; 17℄�12 [6:2; 16℄ �11 [5:6; 15℄
ombined �2:9 [2:1; 3:6℄ �2:5 [1:5; 3:2℄B+ ! D+K�0K�� +3:5 [2:5; 4:0℄ +3:3 [2:5; 4:0℄�3:2 [1:8; 3:6℄ �2:8 [1:6; 3:8℄K0S� +15 [9:8; 19℄ +14 [7:9; 17℄�11 [5:8; 16℄ �7:7 [3:8; 14℄
ombined �3:3 [2:1; 4:2℄ �3:0 [1:8; 3:9℄Table 7.16: Expe
ted errors on the bran
hing fra
tions from toy MC studies depending on thebran
hing fra
tions generated. The errors obtained in 
ase of B=0 give the sensitivity of theanalysis. The 
ombined errors are obtained as results of likelihood 
ombination per ea
h toy(see text for details). All the numbers are given in units of 10�6.In the following we des
ribe the tests of the pro
edure for extra
ting the bran
hing fra
tionfor a single 
hannel and for the 
ombination of the 
hannels. We perform the tests both with toyMC experiments and with generi
 MC simulated events. We generate a large number of toy MCexperiments (10000) with the amount of signal events 
orresponding to the bran
hing fra
tionof 5 � 10�6 and the ba
kground events as indi
ated in Tables 7.8 and 7.9. The results on theerrors obtained for a single 
hannel and for their 
ombination are reported in Table 7.16. In thesame Table we list the results obtained for B(B+ ! D+K(�)0) set to zero (namely, Nsig = 0).
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an be 
onsidered as the sensitivities for the di�erent analyses. All these resultsare obtained by �tting the pull distributions using a Bifur
ated Gaussian fun
tion. The �nalresult will be obtained by 
ombining the likelihoods for an individual 
hannel to derive averagebran
hing fra
tions for the B(B+ ! D+K0) and B(B+ ! D+K�0) de
ay modes. We testthis pro
edure on toy MC experiments. Sin
e the pro
edure is rather CPU-time 
onsuming wegenerate \only" 1000 toy MC experiments. The pull distribution of the 
ombined bran
hingfra
tion is shown in Figure 7.16. The result of this test is satisfa
tory with the average valueequals to 0:00 � 0:03 and RMS equals 0:94 � 0:02.
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Figure 7.16: [B+ ! D+K0℄ The distribution of the pull of 
ombined BR for B+ ! D+K0obtained after the ea
h time the di�erent likelihoods to get the results (mean and error) fromthe 
ombined likelihoodWe also determine the bran
hing fra
tion performing the �t on generi
 MC sample. Weobtain the following results: BRDKK�� = (15:0+3:7�3:4)� 10�6;BRDKK���0 = (37+23�20)� 10�6;BRDKKs� = (16+15�11)� 10�6;BRDKKs��0 = (1:1+12�9 )� 10�6: (7.4)The likelihood s
an of the 
ombined result is shown in Figure 7.17 givingBRB!DK = (14:7+3:6�3:2)� 10�6: (7.5)These results should be 
ompared to the bran
hing fra
tion 11 � 10�6 generated in generi
Monte-Carlo sample.
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Figure 7.17: 1D likelihoods for 
ombined BR obtained from the �t over MC generi
 sample of426 fb�1 for BRB+!D+K0 (left) and BRB+!D+K�0 (right).We perform the same test for the B+ ! D+K�0 
hannel and get the following results:BRDK�K�� = (8:2+4:0�3:7)� 10�6;BRDK�Ks� = (3:9+15�13)� 10�6: (7.6)The results from the 
ombined likelihood (shown in Figure 7.17 isBRB!DK� = (7:6+3:8�3:5)� 10�6: (7.7)Also in this 
ase the bran
hing fra
tion was generated at 11 � 10�6.To test the pro
edure of setting the limit we perform the test on the generi
 MC sampleremoving signal events. We obtain the distributions given in Figure 7.18. If we ex
lude thenegative part of the distributions and integrate the rest, the limits are 4:4�10�6 for B+ ! D+K0and 2:8 � 10�6 for B+ ! D+K�0 at 90% probability.7.6 Charmless Peaking BB Ba
kgroundCharmless B de
ays may also 
ontribute to the peaking ba
kground events. These de
ays 
anprodu
e � and K mesons with 
hara
teristi
s similar to those of signal events without forming areal D meson. The 
harmless ba
kground is evaluated from data required to satisfy the 
riteria1:774 < MD < 1:84GeV=
2 or 1:9 < MD < 1:954GeV=
2. The 
orresponding �ts are shownin Figure 7.19, their results are shown in Table 7.17. The number of �tted events have tobe res
aled a

ording to the MD+ range in the sele
ted sample. Under the assumption thatthe 
harmless 
ontributions are not sensibly di�erent in the four D de
ay mode 
hannels, the
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BRB+!D+K�0Figure 7.18: PDF for the 
ombined bran
hing fra
tion in 
ase of no signal events in generi
 MC.Dark region 
orresponds to 68% probability region light 
olor gives 90% probability region.De
ay number of �tted 
harmless events � error res
aled events � errorDKK�� �6:3� 6:7 �1:8� 1:8DKK���0 19� 16 6:7 � 5:6DKK0S� �7:1� 5:6 �1:9� 1:5DKK0S��0 �9:2� 9:0 �2:5� 2:5
ombination B+ ! D+K0 �1:7� 1:0DK�K�� �5:9� 17 �1:0� 2:9DK�K0S� �1:8� 7:3 �1:9� 1:5
ombination B+ ! D+K�0 �0:7� 2:1Table 7.17: Re
onstru
ted number of 
harmless events per D de
ay mode and their 
ombinationnumber of res
aled events 
an be 
ombined. In this 
ase, the 
ontributions from 
harmlesspeaking events are found to be �1:7 � 1:0 and �0:7 � 2:1 after 
ombination for B+ ! D+K0and B+ ! D+K�0, respe
tively. The 
harmless peaking ba
kground 
ontribution is estimatedto be negligible and a systemati
 un
ertainty is assigned to this assumption.7.7 Results7.7.1 Fit to the DataThe main results of the �t to the data are reported in Table 7.18, whi
h gives the values of the�tted parameters for ea
h D 
hannel, the obtained bran
hing fra
tions, and the 
ombined ones.The ba
kground yields are 
lose to those reported in Tables 7.12 and 7.13 and the errors obtainedon the bran
hing fra
tions are very 
ompatible with the ones reported in Table 7.16. The leading
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Figure 7.19: The resulting �t performed using events in the tails of the re
onstru
ted D mesonto sear
h for possible 
harmless peaking ba
kground for the DKK�� (top left), the DKK���0(top right), the DKK0S� (middle left), the DKK0S��0 (middle right), the DK�K�� (bottom left),and the DK�K0S� (bottom right) de
ay modes. Dots with errors represent the on-peak data, bluelines gives the results of the �t.
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ontribution (as expe
ted) is obtained from the K�� mode. Likelihood �t proje
tions of themES and F distributions are shown in Figures 7.20 and 7.21. In Figure 7.22 we also showfor illustrative purposes the �t proje
tion for mES, after applying a 
ut on F > 0, to visuallyenhan
e any possible signal.
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Figure 7.20: Proje
tions of the 2D likelihood fun
tion onto themES (left) and F (right) axes forK�� (top row), K���0 (2nd row), K0S� (3rd row) and K0S��0 (4th row) for the B+ ! D+K0Smode. The data are indi
ated with bla
k dots and error bars and the (blue) solid 
urve is theproje
tion of the �t.
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tions of the 2D likelihood fun
tion onto the mES (left) and F (right) axesK�� (top) and K0S� (bottom) for the B+ ! D+K�0 mode. The data are indi
ated with bla
kdots and error bars and the (blue) solid 
urve is the proje
tion of the �t.The likelihood s
an 
orresponding to results reported in Table 7.18 are shown in Figures 7.23and 7.24.
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De
ay mode Nsig NBB N
ont BB+ ! D+K0K�� �11:9 +� 6:75:6 70 � 27 2690 � 57 �4:2 +� 2:42:0K���0 10 +� 109 111 � 51 6516 � 94 20 +� 2017K0S� 0:6 +� 5:34:5 20 � 14 381 � 23 0:7 +� 1513K0S��0 �6:7 +� 4:52:8 36 � 22 1270 � 41 �14 +� 9:26:2
ombined - - - �3:4 +� 2:21:8B+ ! D+K�0K�� �15:6 +� 8:77:1 463 � 63 6338 � 98 �5:0 +� 2:92:1K0S� �11:4 +� 3:52:4 35 � 15 547 � 27 �33 +� 10:27:0
ombined - - - �5:3 +� 2:32:0Table 7.18: Bran
hing fra
tion �t results in units of 10�6, with statisti
al un
ertainties. Ni arethe yields of the �tted spe
ies, and B gives 
al
ulated bran
hing fra
tion for ea
h 
hannel andtheir 
ombination.
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(f)Figure 7.22: (
olor online) From top left to bottom right: mES proje
tion for K�� (a),K���0 (b), K0S� (
), and K0S��0 (d) for the B+ ! D+K0S mode and K�� (e) and K0S� (f)for the B+ ! D+K�0 modes. The data are indi
ated with bla
k dots and error bars and thedi�erent �t 
omponents are shown: signal (bla
k solid 
urve), 
ombinatorial BB (green dotted),
ontinuum (magenta dot-dashed) and BB peaking ba
kground (red dotted) and the blue solid
urve is the proje
tion of the �t. We require F > 0 to visually enhan
e the signal 
omponent.Su
h a 
ut has an approximate eÆ
ien
y of 70% for signal, while it reje
ts more than 80% ofthe 
ontinuum ba
kground.
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Figure 7.23: 1D likelihood for BR obtained from the �t on the onpeak data sample of 426 fb�1for DKK�� (top left), DKK���0 (top right), DKK0S� (bottom left), DKK0S��0 (bottom right).
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Figure 7.24: 1D likelihood for BR obtained from the �t on the onpeak data sample of 426 fb�1for DK�K�� (left), DK�K0S� (right).



7.7. RESULTS 1257.7.2 Fit to the B0 ! D+�� and B0 ! D+�� samplesBefore dis
ussing the systemati
 un
ertainties evaluation we perform the analyses of the B0 !D+�� and B0 ! D+�� de
ay modes. The interest of this study is that B0 ! D+�� (B0 !D+��) is kinemati
ally 
lose de
ay 
hannel to the B+ ! D+K0S (B+ ! D+K�0) and thus 
anbe used to obtain the parameters of the mES and F distributions of the signal events.We use generi
 MC sample to sear
h for the possible sour
es of peaking ba
kground amongBB events. The 
ontinuum, BB, and peaking ba
kground event are parameterized followingthe same pro
edure as explained in Se
tion 7.4.2.For these two analyses the sele
tion 
riteria 
orresponding to a parti
ular D-de
ay 
hannelis taken to be the same as for B+ ! D+K0S and B+ ! D+K�0. The list of the 
riteria 
an beseen in Table 7.7.The �t to the on-peak data is performed on the part of the available dataset 
orresponding to100 fb�1. For this �t we leave 
oating the following parameters: Nsig, N
ont, NB �B , shape of theArgus for the 
ontinuum and all the parameters of the signal distributions (i. e. 2 parametersfor mES distribution (�tted by a Gaussian fun
tion) and 7 variables for Fisher distribution(Double bifur
ated Gaussian fun
tion)).The proje
tions of the likelihood to the mES and Fisher are shown in Figure 7.25 (7.26) forB+ ! D+K0 (B+ ! D+K�0).
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Figure 7.25: [The B0 ! D+�� mode℄ Proje
tions of the 2D likelihood to the mES (left) andFisher (right) for the D�K�� (top row), D�K���0 (2nd row), D�K0S� (3rd row), and D�K0S�(right row).
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Figure 7.26: [The B0 ! D+�� mode℄ Proje
tions of the 2D likelihood to the mES (left) andFisher (right). The �t is performed on the D�K�� (top), D�K0S� (bottom).



128 CHAPTER 7. SEARCH FOR B+ ! D+K(�)0 DECAYS7.7.3 Systemati
 Error EvaluationThe systemati
 un
ertainties on the �tted values for B 
an arise from the following sour
es:� The number of BB pairs whi
h was produ
ed in the sample. This un
ertainty is �xed tobe 1.1% (a

ording to the information from BbkLumi).� The un
ertainty on the PDF parameterization. All the parameters �xed in the �t aretaken randomly from Gaussian distribution 
onsidering the 
orrelations between di�erentparameters then the new �t of a sample is performed. The operation is repeated 1000times. The most probable values of the distributions are found 
orresponding to the
entral values for all parameters. The limits of 68% range obtained by integrating thedistribution starting from the most probable value are taken to be the systemati
 error onthe determination of Nsig (and BR).� Peaking ba
kground arising from B �B events and 
harmless peaking ba
kground. The num-ber of peaking ba
kground events has been evaluated on simulated events. The di�erentsour
es of identi�ed peaking ba
kgrounds were sear
hed by s
anning the generi
 MC sam-ple after having all the sele
tion 
riteria applied. The number of events 
oming from allidenti�ed sour
es is summed and �xed in the �nal �t (di�erent depending on the 
hannel).The error on determination of Npeak is 
oming from statisti
s and BR determination. Theun
ertainty in peaking is evaluated in the similar way we did for the un
ertainty on thePDF shape. This un
ertainty appeared to be very small. We assume that the un
ertaintyfrom the 
harmless peaking ba
kground does not ex
eed this magnitude.� The bran
hing fra
tion of the D, K0S, K�0 mesons de
ays. This sour
e of systemati
un
ertainty is evaluated a

ording to the errors of bran
hing fra
tions taken from PDG2008 [77℄.� The eÆ
ien
y determination. The error in this determination 
omes from two sour
es:{ Un
ertainty due to the limited signal Monte Carlo statisti
s used for the estimationof the re
onstru
tion eÆ
ien
y. The errors on �sig are given in Tables 7.8 and 7.9.{ Un
ertainty on the re
onstru
tion eÆ
ien
y for 
harged tra
ks (1.3%), on the identi-�
ation eÆ
ien
y for a kaon (2%), K0S (1%) and �0 (5%). In addition there 
ould bean extra 
ontribution to this un
ertainty 
oming from the disagreement between dataand MC distributions for all the variables used on the sele
tion. The un
ertainty onthese variables have been obtained by 
omparing the distributions of events 
omingfrom MC for B+ ! D+K0S (B+ ! D+K�0) and data for B0 ! D+�+ (B0 ! D+��)



7.7. RESULTS 129Observable smearingMD 2 MeV�E 3 MeVMK0S 1 MeVMK� 1 MeV
os(�B+) 0.01M�0 1 MeVP�0 5 MeV=
E�0 1 MeV
os�HK�0 0.01�K0S 10�9Table 7.19: The magnitude of smearing of observables.applying the following sele
tion 
riteria: mES > 5:27 GeV=
2 and F > 2 to redu
e tothe ba
kground to a negligible level. To make the data and MC sample distributionsagreeing the MC distributions are smeared by a Gaussian distribution. The width ofthis distributions is given in Table 7.19.We perform the sele
tion with the new smeared distribution and we always foundvariations of the eÆ
ien
y of less then 4%. We de
ide to take an extra 4% un
ertaintyto be attributed to the data/MC agreement for the variables used in the sele
tion
riteria.� Data-MC di�eren
e. We 
onsider here the data/MC di�eren
e 
oming from the shape ofthe mES and Fisher for signal and ba
kground events.{ Continuum ba
kground. We estimate this un
ertainty using in the �t the PDF param-eters obtained from o�-peak data instead of the ones from 
ontinuum MC. In orderto have enough statisti
s to �t the pdf we relax the 
uts used for o�-peak sele
tion toa level of presele
tion. We veri�ed on MC that the �tted parameters obtained with
uts at the presele
tion and �nal level are the same. The obtained di�eren
e givesthe error on Nsig and 
orresponding BR.{ BB ba
kground. We estimate this un
ertainty leaving free in the �t all the parametersdes
ribing B �B ba
kground. The 
orresponding di�eren
e gives the error on Nsig andsubsequently to BR.{ Signal. We use the sample of B0 ! D��+ and B+ ! D+�0 to obtain from data theparameters for the signal PDFs respe
tively for B+ ! D+K0S and B+ ! D+K�0 asdes
ribed in Se
tion 7.7.2. Then we redo the �t with these parameters instead of thoseobtained from the MC signal. The 
orresponding di�eren
e in the Nsig obtained and



130 CHAPTER 7. SEARCH FOR B+ ! D+K(�)0 DECAYSsubsequently on BR is taken as a systemati
s error. We attribute this systemati
serror to the Data/MC di�eren
e on the PDF shape parameters. A detailed des
riptionof the analysis we performed on the 
ontrol samples is given above.The systemati
 un
ertainties on the bran
hing fra
tions are summarized in Table 7.20. Allthe un
ertainties are 
onsidered to be un
orrelated and are treated separately for ea
h 
hannel.7.7.4 Final Results B+ ! D+K0 B+ ! D+K�0K�� K���0 K0S� K0S��0 K�� K0S�PDF - MC +0:8�0:8 +6:2�3:4 +5:3�4:4 +7:3�8:8 +0:6�0:9 +3:1�3:6Peaking ba
kground < 0:05 0.5 0.2 0.2 < 0:05 0.1B errors 0.3 0.3 < 0:05 0.4 < 0:05 0.1Data-MC PDF shapes:Continuum ba
kground 0.2 0.4 1.4 0.5 0.1 1.7BB ba
kground 0.7 1.6 2.5 5.0 1.0 4.4Signal < 0:05 9.2 5.6 0.9 0.9 3.1EÆ
ien
y error:Re
onstru
tion eÆ
ien
y (MC) 0.1 0.6 < 0:05 0.9 0.1 0.5Data-MC 0.2 0.8 < 0:05 0.5 0.2 0.3Combined +1:1�1:3 +11:3�11:8 +8:2�9:3 +9:0�12:5 +1:5�1:8 +6:4�7:4Table 7.20: Systemati
 errors on bran
hing fra
tions for B+ ! D+K0 and B+ ! D+K� de
ay
hannels. All quantities are given in units of 10�6.The �nal likelihood for ea
h de
ay mode is obtained by 
onvolving the likelihoods for themeasured bran
hing fra
tions with a Gaussian of width equal to the systemati
 un
ertainty.The �nal results in
luding the total systemati
 un
ertainty areB(B+ ! D+K0) = (�3:8+2:5�2:4)� 10�6;B(B+ ! D+K�0) = (�5:3 � 2:7)� 10�6: (7.8)The 
orresponding likelihoods are shown in Figure 7.27.Sin
e the measurements for the bran
hing fra
tions are not statisti
ally signi�
ant, followinga Bayesian approa
h and assuming a 
at prior distribution for the bran
hing fra
tions, we
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Figure 7.27: 1D likelihood for BR obtained from the �t to the data sample of 426 fb�1 forB+ ! D+K0 (left) and B+ ! D+K�0 (right).integrate over the positive portion of the likelihood fun
tion to obtain the following upper limitsat 90% probability: B(B+ ! D+K0) < 2:9� 10�6;B(B+ ! D+K�0) < 3:0� 10�6:The 
orresponding plots are shown in Figure 7.28. The limit on B(B+ ! D+K0) updatesthe previous measurement [91℄. The main improvements are 
oming from the updated strategyof the analysis (introdu
tion of additional D+ de
ay 
hannel, likelihood �t te
hnique) and theupdated dataset.
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Chapter 8The Sear
h for the b! u transitionin B+! D0K+ with D0! K+���0
In this Chapter, the analysis of the B+ ! D0K+ (D0 ! K+���0) 
hannel is des
ribed. The
hannel is studied through the ADS method. The measurements of RADS, AADS, R+, and R�and the subsequent extra
tion of the parameters rB, 
, and ÆB are presented. This analysisis performed on 428 fb�1 (471 � 106 BB pairs) of data 
olle
ted with the BABAR dete
tor,
orresponding to the full data sample re
orded at � (4S) 
enter-of-mass energy.8.1 Introdu
tion to Analysis8.1.1 MotivationThe ADS analysis is parti
ularly suited to determine the ratio rB (as dis
ussed in Chapter 3).The pre
ise knowledge of this ratio serves in improving the determination of 
 from more pre
isemethod as the GGSZ analysis.The most pre
ise results for the rB ratio 
an be obtained from the 
ombination of di�erentD de
ay 
hannels. In this Chapter, we present the analysis using the D0 ! K+���0 de
ay
hannel. The analysis using the D0 ! K+�� de
ay 
hannel was also performed by BABAR andpublished [64℄.8.1.2 Previous Results on the B+ ! D0K+ with D0 ! K+���0 analysisThe BABAR experiment has published the �rst sear
h for b ! u transitions in B+ ! D0K+,with D0 ! K����0 in [97℄. This analysis had been performed on 205 fb�1 of on-resonan
e133



134 CHAPTER 8. ADS ANALYSIS OF B+ ! D0K+data and had measured RADS = (12� 12 � 9)� 10�2; (8.1)with RADS de�ned as the ratio between events with �nal state K��+�0DK+ and K+���0DK+(as des
ribed in Se
tion 3).The analysis presented in this thesis updates the previous one with improvement expe
tedfrom the larger data sets used, new data sele
tion 
riteria, and �t pro
edure, whi
h are des
ribedin the following.8.2 Sele
tion and Ba
kground Chara
terization8.2.1 Data SamplesIn this analysis two de
ay modes are re
onstru
ted:� B� ! D0K�, D0 ! K+���0, whi
h we 
all opposite sign signal mode (be
ause kaons inthe �nal state have opposite ele
tri
 
harge). The asso
iated ba
kground will be namedopposite sign ba
kground. The events 
omposing the opposite sign sample 
ome both fromb! u and b! 
 mediated transition (see Chapter 3).� B� ! D0K�, D0 ! K��+�0, whi
h we 
all same sign signal mode (be
ause kaons inthe �nal state have the same ele
tri
 
harge). The asso
iated ba
kground will be namedsame sign ba
kground. The events in this sample are mainly 
oming from b! 
 mediatedtransitions followed by the CA D0 de
ay (see Chapter 3).In Table 8.1 the amount of data and MC used for the analysis, their 
ross se
tions, andequivalent luminosities are shown. Runs 1-6 of on-resonan
e data 
orresponding to 428 fb�1and o�-resonan
e data with approximate luminosity of 44.4 fb�1 are used.8.2.2 Presele
tion CriteriaWe use the following sele
tion 
riteria:� E
 > 70 MeV (presele
tion on energy of photon 
andidates);� E�0 > 200 MeV (presele
tion on energy of �0 
andidates);� jM�0 �M�0;PDGj < 0:03 GeV=
2 (presele
tion on mass of �0 
andidates);



8.2. SELECTION AND BACKGROUND CHARACTERIZATION 135Sample Number of Events Cross Se
tion Equivalent luminosityOn-resonan
e data - - 428 fb�1O�-resonan
e data - - 44.4 fb�1same sign signal 139K 61.5 fb 2.3 ab�1opposite sign signal 159K 0.9 fb 176 ab�1Generi
 B+B� 717M 0.55 nb 1305 fb�1Generi
 B0B0 708M 0.55 nb 1289 fb�1Generi
 

 1128M 1.30 nb 868 fb�1Generi
 uds 1631M 2.09 nb 780 fb�1Table 8.1: Data and MC samples used for the analysis in terms of equivalent integrated lumi-nosity and number of events. The luminosity of an opposite sign signal MC sample is estimatedusing rB = 0:1 [17℄.� jMD0 �MD0;PDGj < 0:04 GeV=
2 (presele
tion on mass of D0's, the RMS for the D0 massdistribution is of 0.016 GeV=
2 for the signal mode);� j�Ej < 0:1 GeV (the value of RMS for this variable is of 21 MeV for the signal mode);� mES > 5:2 GeV=
2 (with a shift of 20 MeV=
2 for o�-resonan
e data);� jp�j > 0:15 GeV=
 (presele
tion on momentum of �+ 
andidates);� jp�0 j > 0:2 GeV=
 (presele
tion on momentum of �0 
andidates);� jpK j > 0:2 GeV=
 (presele
tion on momentum of K+ 
andidates);� j�tj < 10 ps (presele
tion on proper time di�eren
e 
al
ulated from the di�eren
e betweenthe de
ay vertex z 
oordinates of the two B mesons in the event).In the following, we refer to all sele
tion 
riteria mentioned above as \presele
tion 
riteria". TheD0 masses are 
onstrained to the PDG values [77℄ for the �nal B+ �t.8.2.3 Sele
tion CriteriaThe presele
tion 
riteria are followed by an optimization pro
edure whi
h is applied on theremaining events. For the optimization pro
edure we use the 
riterion of maximizing the signif-i
an
e, given by the ratio S = NSpNS+NB , where NS (NB) is the number of signal (ba
kground)events in the opposite sign sample. The optimization is performed in the mES > 5:27 GeV=
2mass region (this is done in order to have the 
orre
t estimation of ba
kground 
ontaminatingthe signal mass region). The same sign events are sele
ted using a similar pro
edure.



136 CHAPTER 8. ADS ANALYSIS OF B+ ! D0K+All the numbers are res
aled to the data luminosity of 428 fb�1. In order to estimatethe signal MC sample luminosities, the bran
hing fra
tions are taken from the PDG 2008 [77℄,CLEO-
 
ollaboration [59℄, and the latest results of UTFit 
ollaboration [17℄ In parti
ular, weuse rB = (0:10 � 0:02) and rD = (0:047 � 0:003).Variables in
luded in the sele
tion 
riteria are summarized below:� j�Ej: the beam-energy di�eren
e.� M�0 : the un
onstrained mass of the �0 from the D0 de
ay produ
ts.� ÆM : the di�eren
e between the �tted masses of D0 mesons and �0 mesons. The reasonof using this 
ut is to take into a

ount the 
orrelation between the D0 and �0 masses forsignal events (see Figure 8.1).
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Figure 8.1: The distribution of the D0 meson mass vs the �0 meson mass for the opposite signsignal events (left) and 

 opposite sign ba
kground (right) events.� 
os(�BCM ). The 
osine of the polar angle of the B meson with respe
t to the beam axis (z)in the � (4S) 
enter of mass frame.Figure 8.2 shows the variation of the ratio S as a fun
tion of the 
ut on the variables: j�Ej,jÆM�ÆMPDGj, M�0 and 
os(�BCM ). The optimum 
ut 
orresponds to the value whi
h maximizesS. We thus 
hoose:� j�Ej < 23MeV .� 0:119 GeV/
2 < M�0 < 0:146 GeV/
2.� jÆM � ÆMPDGj < 0:024 Gev/
2.
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os �B
m`j < 0:8.The distributions of the di�erent 
omponents (signal and ba
kground) for these variables areshown in Figure 8.3.
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Figure 8.2: S = NSpNS+NB as a fun
tion of the applied 
ut for j�Ej (upper left), jÆMD�ÆMPDG;Dj(upper right), M�0 (lower 
ut) (middle left), M�0 (higher 
ut) (middle right), and j 
os(�BCM )j(bottom). The smooth 
urve 
urve is the result of �ne binning.For the kaons 
oming from the B de
ay (named in the following \ba
helor") and the kaon
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os(�BCM )(bottom right). The di�erent 
omponents are indi
ated with di�erent 
olors: 

 (magenta),uds (yellow), B0B0 (blue), B+B� (green), and signal (bla
k). For signal opposite (same) signdistributions are shown with solid (dashed) lines.from the D0 de
ay we ask for a \tight" PID sele
tion (see Chapter 6). This 
ondition wasintrodu
ed in order to distinguish the B+ ! D0K+ from the B+ ! D0�+ de
ay.In Tables 8.2 and 8.3 we show the expe
ted number of events for signal and di�erent ba
k-ground 
ategories and the value of signi�
an
e S.8.2.4 Peaking Ba
kground StudiesA spe
ial attention has been devoted to a possible sour
e of peaking ba
kground within the BBba
kground. Peaking ba
kground 
onsists of pro
esses leading to the same �nal state as forre
onstru
ted signal. The mES and F (des
ribed below) distributions of these events are similarto those of the re
onstru
ted signal.The sear
h for the peaking ba
kground is performed separately for same sign and opposite



8.2. SELECTION AND BACKGROUND CHARACTERIZATION 139Sele
tion 
riteria opposite sign samplesignal B+B� B0 �B0 
�
 uds S1 presele
tion 79.2 13690 4763 304385 256273 0.102 j�Ej < 23 MeV 60.2 3429 1198 75923 63291 0.163 0:119 GeV/
2 < M�0 < 0:146 GeV/
2 56.5 2331 811 55274 45442 0.174 jÆM � ÆMPDGj < 0:024 Gev/
2 49.6 1416 505 36537 27557 0.195 j 
os �B
m j < 0:8 46.8 1177 413 29520 22178 0.206 K very tight 31.9 369 99 14712 6506 0.217 jMK+K� �MPDGj > 20 MeV=
2 31.7 337 93 14592 6440 0.208 mES > 5:27 GeV/
2 31.7 57 20 2006 1005 0.429 Fisher > 0 26.9 46 18 442 165 0.51Table 8.2: [Opposite sign sample.℄ Cuts are optimized against ba
kground opposite sign MCevents (lines 2-6). The last two 
uts are given for illustration purposes only (see the dis
ussionin the following se
tions).Sele
tion 
riteria same sign samplesignal B+B� B0 �B0 
�
 uds D� S1 presele
tion 6190 22949 8180 206176 195072 16349 92 j�Ej < 23MeV 4720 5396 2015 51711 48243 3579 143 0:119 GeV/
2 < M�0 < 0:146 GeV/
2 4427 3646 1380 36832 34716 2850 154 jÆM � ÆMPDGj < 0:024 Gev/
2 3895 2294 844 23621 21060 2266 175 j 
os �B
m j < 0:8 3679 1933 698 19076 16884 2103 176 K tight 2500 340 121 4322 3146 176 247 jMK+K� �MPDGj > 20 MeV=
2 2485 339 120 4303 3101 176 248 mES > 5:27 GeV/
2 2482 134 44 582 451 159 409 Fisher > 0 2120 110 37 124 79 130 42Table 8.3: [Same sign sample.℄ Cuts are optimized against ba
kground opposite sign MC events(lines 2-6). The last two 
uts are given for illustration purposes only (see the dis
ussion in thefollowing se
tions)sign events by s
anning 1.3 ab�1 of the generi
 BB MC sample after �nal sele
tion. Finally, wefound a single peaking ba
kground 
ontribution for same sign events asso
iated to the B+ !D0�+ with D0 ! K+���0 de
ay modes (D� in the following). For this 
hannel �+ 
omingfrom the B+ meson is misidenti�ed as K+. We treat these events as a separate 
ategory in the�t. We generate additional simulated events for this identi�ed 
hannel. The mES distributionfor these events is shown in Figure 8.4.Even if it has not been found by s
anning pro
edure the B+ ! D0�+ with D0 ! K+K�



140 CHAPTER 8. ADS ANALYSIS OF B+ ! D0K+

5.2 5.22 5.24 5.26 5.28 5.30

0.1

0.2

mES; GeV=
2Probabilityd
ensity
Figure 8.4: mES distribution for the B+ !D0�+ events re
onstru
ted in the same signsample. 1.7 1.8 1.9 20

1
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4

M(K+K�); GeV=
2Figure 8.5: Invariant mass of K+K� for MCsample B+ ! D0�+ with D0 ! K+K�normalized to the number of events expe
ted(red histogram) and opposite sign signal events(bla
k histogram) normalized to 10 times signalevents yield.de
ay mode 
an be a potential peaking ba
kground 
ontributing to the opposite sign sample.The bran
hing fra
tion of the pro
ess is approximately of 6 � 10�5. Figure 8.5 shows theK+K� invariant mass (M(K+K�)) for the signal and B+ ! D0�+ with D0 ! K+K� events.The last one 
learly shows a peak at the D0 mass. We request the following sele
tion 
riteria:jM(K+K�)�MD0;PDGj > 20 MeV=
2. ThemES distributions for these events after presele
tion,sele
tion 
uts (but M(K+K�)) and adding this last are shown in Figure 8.6.
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Figure 8.6: The mES distributions for B+ ! D0�+ with D0 ! K+K� events after presele
tion(left), sele
tion 
riteria (butM(K+K�), 
entral) and adding this last sele
tion 
riterium (right).The �nal sample 
ontains 2:6 � 0:1 events. The shape of the mES distribution shows thatthese events 
an be in
luded in the generi
 BB ba
kground.
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tion 20221 13260of events with more than one 
andidate 226 179misidenti�ed events 94 94Table 8.4: Number of simulated events withmES > 5:27 GeV=
2 for opposite sign and same signsample passing all sele
tion 
riteria, with multiple B 
andidates, and for whi
h the in
orre
t B
andidate was sele
ted.8.2.5 The Best Candidate Choi
eIn the 
ase in whi
h we have, after all the sele
tion 
uts, more than one B 
andidate in the sameevent, we 
hoose the one that minimizes the quantity:�2(MD0) = (MD0 �MD0;PDG)2�2D0where �D0 is the experimental resolution on Monte Carlo signal events for the re
onstru
ted
hannel. In 
ase the 
andidates have the same D0 mass we 
hoose the 
andidate with �E
losest to zero.The amount of events with multiple 
andidates after all the sele
tion 
riteria (before thebest 
andidate 
hoi
e) as well as number of events where the wrong B 
andidate is sele
ted areshown in Table 8.4.8.2.6 Continuum Ba
kground Reje
tionAfter applying all the sele
tion 
riteria the most numerous ba
kground 
omes from the 
ontin-uum events (see Tables 8.2 and 8.3). The Fisher dis
riminant (des
ribed in Se
tion 6.6), F , is
onstru
ted as a linear 
ombination of observables with 
oeÆ
ients that are �tted to give the bestdis
rimination between signal and 
ontinuum events. Six variables are in
luded j
os(�thrust)j,L10, L12, DOCA, j�tj, and the distan
e between B and D verti
es ((B �D)dist), as dis
ussedin Se
tion 6.6.The Fisher dis
riminant is 
onstru
ted with signal and qq opposite sign MC events. Thedistributions of these variables are shown in Figures 8.7 and 8.8. In these Figures we also showthe 
omparison between the o�-resonan
e data and the MC for the 
ontinuum (qq) events.The Fisher dis
riminant used in the following is 
onstru
ted asF = 0:56+0:14 �L10�0:64 �L12+0:1 � j�tj+0:12 � j 
os(�thrust)j�0:05 �DOCA�0:75 �(B�D)dist :(8.2)
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Figure 8.7: Distribution for uds MC (yellow), 
�
 MC (magenta), a weighted sum of the two(blue), o�-resonan
e data (red dots with errors), and signal (bla
k) same sign events for thevariables 
hosen to 
onstru
t the Fisher dis
riminant. The variables are L10 (top left), L12 (topright), j�tj (middle left) j 
os(�thrust)j (middle right), DOCA (bottom left), and the distan
ebetween B and D verti
es (bottom right).
The Fisher dis
riminant distributions for signal and 
ontinuum ba
kground events are shown inFigure 8.9.
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Figure 8.8: Distributions for uds MC (yellow), 
�
 MC (magenta), a weighted sum of the two(blue), o�-resonan
e data (red dots with errors) and signal (ba
k) same sign events for thevariables 
hosen to 
onstru
t the Fisher dis
riminant The variables are L10 (top left), L12 (topright), j�tj (middle left) j 
os(�thrust)j (middle right), DOCA (bottom left), and the distan
ebetween B and D verti
es (bottom right).8.2.7 Crossfeed between Same Sign and Opposite Sign EventsThe eÆ
ien
y of re
onstru
ting a same sign event as an opposite sign one (by ex
hanging the
harged kaon with a 
harged pion in the �nal state for the D de
ay) has been 
he
ked on
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Figure 8.9: The F dis
riminant distribution for uds MC (yellow), 
�
 MC (magenta), a weightedsum of the two (blue) and o�-resonan
e data (red dots with errors) and signal (bla
k) events.Left (right) plot shows the distributions for opposite (same) sign events.simulated events. These are 
alled 
ross-feed event with the asso
iated 
rossfeed eÆ
ien
y.Table 8.5 shows the re
onstru
tion eÆ
ien
y of the 
rossfeed sele
tion.Cut name Number of 
ross-feed events 
ross-feed eÆ
ien
y, 10�51 presele
tion 37.77 1452 j�Ej < 23MeV 16.35 633 0:119 GeV=
2 < M�0 < 0:146 GeV=
2 12.78 494 jÆM � ÆMPDGj < 0:024 GeV=
2 7.89 305 j 
os�B
m j < 0:8 7.52 296 K tight 1.50 67 jMK+K� �MPDGj > 20 MeV=
2 1.47 68 mES > 5:27 GeV=
2 0.54 29 Fisher > 0 0.54 2Table 8.5: The 
rossfeed eÆ
ien
y and the asso
iated number of the same sign MC eventsre
onstru
ted as opposite sign events.The 
rossfeed eÆ
ien
y is extremely low (�CF = 2 � 10�5) and only 0:5 � 0:3 events are leftin the �nal sample. The 
ontribution of 
rossfeed events is taken into a

ount in the systemati
error evaluation.8.2.8 Opposite Sign to Same Sign EÆ
ien
y RatioThe eÆ
ien
ies for same sign and opposite sign modes are estimated using events generated witha 
at Dalitz distribution for D0 ! K+���0 de
ay. However, the same sign sample is mainly
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onstituted of b ! 
 transition events with the neutral D de
aying through Cabibbo allowedmode, while the opposite sign sample is 
omposed of b ! 
 transition events with the neutralD de
aying through doubly-Cabibbo-suppressed mode and b ! u transition events with theneutral D de
aying through Cabibbo-allowed mode. Due to the fa
t that the Cabibbo-allowedand doubly-Cabibbo-suppressed neutral D de
ays are kinemati
ally di�erent, and hen
e havedi�erent distributions over the Dalitz plane, the sele
tion eÆ
ien
ies in same sign and oppositesign samples 
ould be di�erent.The simulated events are reweighted a

ording to the Dalitz distribution of Cabibbo Allowed(CA) or Doubly Cabibbo Suppressed (DCS) events as obtained by BABAR [98℄. The eÆ
ien
iesof the sele
tion 
riteria 
al
ulated on CA or DCS reweighted events have been found 
ompatibleto the one obtained with a 
at Dalitz distribution within 3%. An un
ertainty of 3% on the ratioof the eÆ
ien
y of opposite sign and same sign events is used in the systemati
s.8.2.9 Comparison between Data and Simulated EventsIn Figure 8.10 we show the distributions for data and MC events for mES and F variables inthe mES < 5:27 GeV=
2 region. We �nd some ex
ess of simulated events.8.3 Maximum Likelihood Fit8.3.1 Stru
ture of the Fit ModelTo perform a �t to the yield and to the RADS we perform an extended maximum likelihood �tto the set of variables: fmES;Fg. We write the extended likelihood L as:L = e�N0N ! �N 0N �QNj=1 f(xj j �;N 0) ;with f(x j �;N 0) = 1N 0 �RADSNsig;total1+RADS fsig;os(xj�sig;os)++Nsig;total1+RADS fsig;ss(xj�sig;ss) +PiNBifBi(xj�)) ;where fsig;ss(xj�sig;ss), fsig;os(xj�sig;os) and fBi(xj�) are the probability density fun
tions (PDFs)of the hypothesis that the event is a same sign (opposite) sign signal or a ba
kground event (Biare the di�erent ba
kground 
ategories used in the �t), respe
tively, N is the number of eventsin the sele
ted sample, N 0 is the expe
tation value for the total number of events. The variablesare indi
ated by the ve
tor x and � indi
ates a set of parameters. Nsig;total is the total numberof signal events, RADS = Nsig;osNsig;ss , NBi is the total number of ea
h ba
kground spe
ies events.For the opposite sign events the ba
kground 
omes from 
ontinuum and BB. In addition to
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Figure 8.10: Data-MC 
omparison of the mES distribution (for mES < 5:27 GeV=
2), and Fisherfor opposite sign (top row) and same sign (lower row) event sample. All the distributions areres
aled to the data luminosity (428 fb�1): The bla
k histogram represents the signal, blue,green, yellow and magenta show the B+B�, B0 �B0, uds and 
�
 ba
kground events, respe
tively.Dots with error bars are experimental data.this, peaking ba
kgrounds have to be 
onsidered when �tting the same sign events. Sin
e the
orrelations among the variables are negligible, we write the PDF as the produ
t of the 1-dimensional PDFs for the single variables. We use prede�ned forms of PDF in order to �t thevariable distributions: Gaussian, asymmetri
 Gaussian, their 
ombination, threshold [95℄ andCrystal ball (CB) fun
tions [96℄. The threshold fun
tion and the CB fun
tions are de�ned inChapter 6.In 
ase of the �t to the yields and to R� we use similar likelihood withf�(x j �;N 0) = 1N 0  R�N�sig;total1 +R� f�sig;os(xj�sig;os)++ N�sig;total1 +R� f�sig;ss(xj�sig;ss) +Xi N�Bif�Bi(xj�)! ; (8.3)
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harge spe
i�
 
ase.The following parameters are left free in the �t:� Nsig;total total number of signal events (opposite and same sign) in the sample.� RADS ratio of opposite to same sign events (or R� for the B+ or B� samples).� NBB;ss and NBB;os number of opposite and same sign B �B ba
kground events.� N
ont;ss and N
ont;os number of opposite and same sign 
ontinuum ba
kground events.� 

ont;ss and 

ont;os shape parameter of the threshold fun
tion parameterizing mES distri-bution for the opposite and same sign 
ontinuum ba
kground events.The �t is performed in the region (mES;F) whi
h is de�ned by 5:2 GeV=
2 < mES <5:3 GeV=
2 and �5: < F < 5:8.4 PDF Parameterizations of the mES and F DistributionsIn this se
tion, we show the PDF parameterizations for signal and ba
kground events that aredetermined using Monte-Carlo samples listed in Table 8.1.All the parameterizations dis
ussed in this Se
tion are summarized in Table 8.6. The detailsof the parameterization are explained in the following text.�t 
omponent opposite sign same signmES F mES Fsignal BG from B ! D� DG from MC same as os signal same as os signalBB CB from MC DG from MC CB from MC DBG from MC
ontinuum ARGUS from o�-res BG from o�-res same as os same as osBB peaking - - same as os signal same as os signalTable 8.6: Fun
tions used for the parameterization of signal and ba
kground events in thesample. BG stands for a Bifur
ated Gaussian fun
tion, DBG stands for a Double Bifur
atedGaussian fun
tion, CB stands means Crystal Ball fun
tion. The parameterization is obtainedfrom MC sample (marked as MC), o�-resonan
e data sample (o�-res), or from B ! D� (seetext for details). The 
oin
iding parameterization are marked as \same as". \os" stands foropposite sign events.



148 CHAPTER 8. ADS ANALYSIS OF B+ ! D0K+8.4.1 PDF parameterization of Signal EventsParameterization of the mES Distribution for Signal EventsThe events re
onstru
ted from B+ ! D0�+, D0 ! K+���0 de
ay 
hannel are kinemati
ally
lose to the signal events (B+ ! D0K+, D0 ! K+���0) and 
an be used to get the parame-terization of the mES distribution for these events dire
tly from data. For that a full analysisof the B+ ! D0�+ de
ay 
hannel with D0 ! K+���0 is performed. This analysis is identi
alto the one performed for the signal sample but the re
onstru
tion of a � meson instead of Kmeson a

ompanying the D meson in the B de
ay.To perform this analysis we also sear
h for the possible peaking ba
kground events in theB+ ! D0�+ with D0 ! K+���0 in generi
 BB sample. The most important peaking ba
k-ground found is the signal events B+ ! D0K� with D0 ! K+���0. For the aim of the analysisthese events are in
luded into the �t in the signal 
omponent. The parameterizations of other
omponents are shown in Figure 8.11.We perform the �t on the on-resonan
e data using a bifur
ated Gaussian to parameterize themES distribution for signal 
omponent with all the parameters left free in the �t. The results ofthe �t are shown in Figure 8.12.The mES parameterization obtained from the D0�+ data and D0K+ MC sample are shownin the Figure 8.13. The di�eren
e between the two parameterizations 
an be attributed to theDATA/MC in
ompatibility in the simulation of �0 re
onstru
tion distorting the D0 mass andsubsequently the mES distributions. In the �nal �t we use the parameters obtained from theB� ! D0��, D0 ! K��+�0 sample.Parameterization of the F Dis
riminant Distribution for Signal EventsThe Fisher dis
riminant for opposite (same) sign events is parameterized with a double Gaus-sian. The distributions are shown in Figure 8.14. The distributions are rather similar and theparameters of the double Gaussian fun
tions are found to be equal within the errors, a uniqueparameterization is used in the �t.8.4.2 PDF parameterization for the BB ba
kground eventsFor the BB ba
kground events, the mES distribution is parameterized with a Crystal Ballfun
tion, while the Fisher dis
riminant is �tted using a double Gaussian (double bifur
atedGaussian) for opposite (same) sign events. The results of these �ts are shown in Figure 8.15.
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Figure 8.11: [B+ ! D0�+; D0 ! K+���0 MC sample℄ mES and Fisher distributions from MCsample events. Left (right) plots show the mES (F) distributions. From top to bottom row:signal, BB and 
ontinuum ba
kground events. The superimposed 
urves are the results of the�ts.8.4.3 PDF Parameterization for the Continuum Ba
kground EventsFor the 
ontinuum ba
kground events, the mES distribution is parameterized with a thresholdfun
tion and the Fisher dis
riminant distributions using a triple (double) Gaussian for opposite(same) sign events. The parameterizations of mES and Fisher for 
ontinuum events are shownin Figure 8.16.Figures 8.17 show the mES and F distributions obtained from o�-resonan
e data with su-perimposed �tted parameterizations as obtained from the MC samples.We have also performed the parameterization of the o�-resonan
e data. In this 
ase we
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Figure 8.12: [B� ! D0��; D0 ! K��+�0 data sample℄ Proje
tions of the 2D likelihood �tof the B� ! D0�� with D0 ! K��+�0 re
onstru
ted sample to the mES (left) and F(right)axes. The �t is performed with free mES signal PDF parameters but �xed parameters for theF distribution. The solid lines represent the �t.
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0.030.020Figure 8.13: The parameterization of the mES signal distribution obtained from D� data sample(red) and DK MC samples (blue). In both 
ases we use a bifur
ated Gaussian fun
tions.
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Figure 8.14: Fisher dis
riminant distributions for signal MC events. The left (right) plot are foropposite (same) sign event samples. The superimposed 
urves are the result of the �ts.have used a bifur
ated Gaussian to parameterize the Fisher dis
riminant distribution. Thisparameterization is shown in Figure 8.18. In order to avoid possible statisti
al 
u
tuations
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Figure 8.15: mES and Fisher dis
riminant distributions for BB events. Left (right) plots are formES (F) distributions. The upper (lower) row shows the distributions for opposite (same) signevents. The superimposed 
urves are the result of the �ts.
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Figure 8.16: mES and Fisher distribution for 
ontinuum events. Left (right) plots show mES (F)distributions. The upper (lower) row shows the distributions for opposite (same) sign events.The superimposed 
urves are the result of the �ts.we have also performed the �t to the data sample obtained without applying the sele
tion
riteria on ÆM , 
os�B
m , and M�0 (see Table 8.2). The mES and F distributions and theirparameterizations are shown in Figure 8.19. Finally, in Figure 8.20 we 
ompare the di�erent
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Figure 8.17: mES and Fisher distributions for 
ontinuum MC events (blue histogram) and o�-resonan
e data (red dots with errors). Upper (lower) plots show the mES (F) distributions. Theplots on the left (right) 
olumn show the distribution for opposite (same) sign events. The plotsare res
aled to the luminosity of the o�-resonan
e data (44.4 fb�1).parameterizations obtained for mES and Fisher dis
riminant.For the �t we de
ide to use the parameterization obtained from the �t to the same signo�peak data for both same and opposite sign events.8.4.4 PDF Parameterization for Peaking Ba
kgroundThe peaking ba
kground events are parameterized with the same parameterization as the oneused for the signal events.8.5 Fit Validation Studies8.5.1 Fit Validation Using Parameterized Pseudo-experimentsIn order to validate the �t model we perform 10000 pseudo-experiments (toy) with simulatedevents a

ording to the �t model and using the PDF parameters obtained in previous Se
tion.
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Figure 8.18: mES and Fisher distributions of the o�-resonan
e events. Left (right) plots showthe mES (F) distributions. The upper (lower) row shows the distributions for opposite (same)sign 
hannel. The overimposed 
urves are the result of the �t.
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Figure 8.19: The mES and Fisher distributions of the o�-resonan
e events before applying thesele
tion 
riteria on ÆM , 
os�B
m , and M�0 . Left (right) plots show the mES (F) distribu-tions. The upper (lower) row shows the distributions for opposite (same) sign 
hannel. Theoverimposed 
urves are the result of the �t.The number of event for ea
h spe
ies are generated a

ording to the values reported in Tables 8.2and 8.3.
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Figure 8.20: The 
omparison of themES (top row) and Fisher dis
riminant (bottom row) param-eterizations of 
ontinuum ba
kground 
omponent obtained fromMC sample (blue), o�-resonan
e�nal data sample (red), o�-resonan
e data sample without applying the sele
tion on ÆM , M�0 ,and �E (dashed bla
k, see text for details). Left (right) plot shows the parameterization foropposite sign (os) events.In Figures 8.21 and 8.22 we show the distribution of RADS andNsig;total, their errors and pulls.The distributions for the �tted number of BB and 
ontinuum events are shown in Figure 8.23.The pull and asymmetri
 pull are des
ribed in Se
tion 7.4.3.We also test the sensitivity of our analysis by generating 10000 toys without opposite signsignal (i. e. RADS = 0). The results of all the simulations are reported in Table 8.7.RADS generated, 10�3 error obtained, 10�3 pull parametersmean, 10�2 1� �, 10�20 5:7� 0:7 �4:2� 1:0 1:0� 0:714.9 6:9� 0:4 �2:7� 1:0 1:0� 0:730 7:8� 0:5 �1:6� 1:0 1:8� 0:7Table 8.7: The results of the studies on toy-MC experiments generated with di�erent values ofRADS.8.5.2 Fit Validation Using Fully Simulated SamplesWe 
onstru
t two almost independent samples of generi
 simulated events (with the amountof generi
 uds ba
kground MC available being the limiting fa
tor) and perform the 
omplete
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Figure 8.21: [RADS = 0:0149℄ Distributions of the �tted value for RADS and its symmetri
 error(upper plots), its lower and higher errors (middle plots) and the symmetri
 and asymmetri
pulls (lower plots) obtained from toy MC experiments with RADS = 0:0149 (see details in thetext).analysis. The results of the �t are shown in Table 8.8. The generated value is RADS = 0:0149.The resulting �ts are shown in Figures 8.24 and 8.26. Figures 8.25 and 8.27 show the samedistributions after having applied a 
ut on F > 0 to visually enhan
e the signal.
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Figure 8.22: [RADS = 0:0149℄ Distributions of the �tted value for Nsig;tot and its symmetri
 error(upper plots), its lower and higher errors (middle plots) and the symmetri
 and asymmetri
 pulls(lower plots) obtained from toy MC experiments with RADS = 0:0149 (see details in the text).
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Figure 8.23: [RADS = 0:0149℄ Pull distributions for opposite sign 
ontinuum (top left), oppositesign B �B ba
kground (top right), mES shape of 
ontinuum opposite sign ba
kground variable(middle left), same sign 
ontinuum (middle right), same sign B �B ba
kground (bottom left) andmES shape of 
ontinuum same sign ba
kground variable (bottom right) obtained from toy MCexperiments with RADS = 0:0149 (see details in the text).



158 CHAPTER 8. ADS ANALYSIS OF B+ ! D0K+Parameter MC 1 MC 2 generated value�tted value � error �tted value � errorRADS (29� 7)� 10�3 (6� 7)� 10�3 14:6 � 10�3Nsig;total 2531 � 61 2489 � 61 2529NBB;os 320� 66 520 � 65 467N
ont;os 21326 � 157 21179 � 157 21229Npeak;os (�xed in the �t) - - 0NBB;ss 440� 61 384 � 60 460N
ont;ss 7520 � 98 7561 � 99 7468Npeak;ss (�xed in the �t) - - 176Shape of Argus, opposite sign �22:9 � 0:8 �23:1� 1:0Shape of Argus, same sign �21:0 � 2:0 �24:0� 1:0Table 8.8: Results for the �t on generi
 MC samples of luminosity 428 fb�1. We set RADS =0:0149
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Figure 8.24: Proje
tions of the 2D likelihood to the mES (left) and F (right) variables obtainedby �tting to the Monte-Carlo generi
 sample (MC 1). The upper (lower) row displays thedistributions for opposite (same) sign events.We also performed the 
omplete analysis using generi
 Monte-Carlo setting RADS = 0. Theresults of the �t are indi
ated in the Table 8.9 and the likelihood proje
tions are shown inFigures 8.28 and 8.30. In Figures 8.29 and 8.31 we also show the same distribution after havingapplied a 
ut on F > 0 to visually enhan
e the signal.The results of these �ts are are in agreement with the generated values and are also in
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Figure 8.25: Proje
tions of the 2D likelihood to the mES variable with a 
ut on F > 0. Blue lineshows the result of the �t of the Monte-Carlo generi
 sample (MC 1). Magenta, green, red andbla
k lines show the results of the �t for 
ontinuum, BB, same sign peaking BB ba
kground,and signal 
omponents respe
tively. The left (right) plots 
orrespond to opposite sign (samesign) de
ay 
hannels respe
tively.
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Figure 8.26: Proje
tions of the 2D likelihood to the mES (left) and F (right) variables obtainedby �tting to the Monte-Carlo generi
 sample (MC 2). The upper (lower) row displays thedistributions for opposite (same) sign events.agreement with those from to-MC experiments reported in Table 8.7.We obtain the results on RADS by s
anning the likelihood: The result of the s
an are shownin Figure 8.32 and are: RADS = 0:029+0:008�0:007 (�t 0:029 � 0:007) for MC1;RADS = 0:006+0:007�0:006 (�t 0:006 � 0:007) for MC2: (8.4)
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Figure 8.27: Proje
tions of the 2D likelihood to the mES variable with a 
ut on F > 0. Blue lineshows the result of the �t of the Monte-Carlo generi
 sample (MC 2). Magenta, green, red andbla
k lines show the results of the �t for 
ontinuum, BB, same sign peaking BB ba
kground,and signal 
omponents respe
tively. The left (right) plots 
orrespond to opposite sign (samesign) de
ay 
hannels respe
tively.Parameter MC 
o
ktail 1 MC 
o
ktail 2 generated value�tted value � error �tted value � errorRADS (9� 6)� 10�3 (�9� 5)� 10�3 0.0Nsig;total 2480 � 60 2460 � 60 2492NBB;os 330� 70 522 � 67 468N
ont;os 21300 � 200 21178 � 156 21220NBB;ss 440� 60 384 � 60 460N
ont;ss 7520 � 90 7565 � 100 7468Npeak;os (�xed in the �t) - - 0Npeak;ss (�xed in the �t) - - 176Shape of Argus, opposite sign �22:7 � 0:8 �23:1� 0:8Shape of Argus, same sign �22:0 � 1:0 �24:0� 1:0Table 8.9: Results for the �t to the MC generi
 sample of luminosity 428 fb�1. We set RADS = 0:8.5.3 Fit Validation for R� VariablesOne 
an use R+ and R�, whi
h were des
ribed in Se
tion 3.1.2. The R� observables behave asRADS, being the same quantity 
al
ulated separately for B� samples. Possible problems 
ould
ome from a la
k of signal statisti
s in the opposite sign sample.We perform toy MC studies for R� observables, the resulting plots are shown in Figures 8.33.The pulls are satisfa
tory. The results from simulations for di�erent values of R� are reportedin Table 8.10.
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Figure 8.28: Proje
tions of the 2D likelihood to the mES (left) and F (right) variables on Monte-Carlo 
o
ktail (MC 1) with RADS = 0. The upper row 
orresponds to opposite sign while thelower one 
orresponds to same sign de
ay 
hannel.
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Figure 8.29: Proje
tions of the 2D likelihood to the mES variable with a 
ut on F > 0. Blue lineshows the result of the �t of MC 
o
ktail (MC 1). Magenta, green, red and bla
k lines show theresults of the �t for 
ontinuum, BB, same sign peaking BB ba
kground, and signal 
omponentsrespe
tively. The rows 
orrespond to opposite sign and same sign de
ay 
hannels, respe
tively.8.5.4 Charmless Peaking Ba
kgroundThe most important ba
kground 
ontribution from the 
harmless B+ meson de
ays is expe
tedfrom the B+ ! K+K+���0 de
ay 
hannel. A 
lose 
hannel with B+ ! K+K+�� was foundto 
ontribute to the ba
kground of B+ ! fK+��gDK+ analysis. The bran
hing fra
tion ofthis 
hannel have never been measured. Thus, in order not to depend on Monte-Carlo whileevaluating this ba
kground we study that sour
e using the data. We sele
t the events in thetails of the D0 mass distribution by 
utting away the region with re
onstru
ted D0 meson mass
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Figure 8.30: Proje
tions of the 2D likelihood to the mES (left) and F (right) variables on Monte-Carlo 
o
ktail (MC 2) with RADS = 0. The upper row 
orresponds to opposite sign while thelower one 
orresponds to same sign de
ay 
hannel.
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Figure 8.31: Proje
tions of the 2D likelihood to the mES variable with a 
ut on F > 0. Blue lineshows the result of the �t of MC 
o
ktail (MC 2). Magenta, green, red and bla
k lines show theresults of the �t for 
ontinuum, BB, same sign peaking BB ba
kground, and signal 
omponentsrespe
tively. The rows 
orrespond to opposite sign and same sign event samples, respe
tively.less then 40 MeV from the nominal D0 mass (i.e. taking only 1:904 < MD0 < 2:000 GeV=
2 or1:700 < MD0 < 1:824 GeV=
2). These sample is treated in the same manner as real data, i. e.mES and Fisher variables are put into the likelihood after having applied all the 
uts (the detailsof the �t model 
an be found in the following se
tions). The resulting plots for the �t proje
tionsto mES and F planes are shown in Figure 8.34. The number of �tted events have to be res
aled
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Figure 8.32: 1D likelihoods for RADS obtained from the s
an pro
edure over MC generi
 sampleof 428 fb�1 (MC 1 (left) and MC 2 (right)) generated with RADS = 0:0149. The dark and lightshaded zones represent the 68% and 95% probability regions, respe
tively.R� generated, 10�3 error obtained, 10�3 pull parametersmean, 10�2 1� �, 10�20 8:3 � 1:0 �8:2� 1:1 5:7� 0:87 9:0 � 1:1 �6:9� 1:0 4:0� 0:712 9:6 � 1:0 �5:9� 1:0 3:8� 0:730 11:1 � 1:0 �2:4� 1:0 1:0� 0:7Table 8.10: Errors expe
ted for the R� ratios depending on the value of R�.a

ording to the MD0 range in the sele
ted sample. The 
ontributions from 
harmless peakingevents are found to be 
ompatible with zero being equal to �15 � 9 for opposite sign 
hanneland 3� 13 for same sign 
hannel. The number should be 
ompared with 176 events expe
ted inthe B+ ! D0�+ 
hannel for the same sign 
ase. The results of this sear
h are in
luded in thesystemati
 error evaluation from the peaking ba
kground.8.6 Fit Results on Data8.6.1 Results on RADSThe �t to data is performed on the 428 fb�1 on-resonan
e data sample. The distributions areshown in Figure 8.35. We also show the same distributions after having applied a 
riteria on
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Figure 8.33: [R+ �t℄. Distributions of the �tted value for R+ and its symmetri
 error (upperplots), its lower and higher errors (middle plots) and the symmetri
 and asymmetri
 pulls (lowerplots) obtained from the toy MC des
ribed in the text.
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Figure 8.34: Proje
tions of the 2D likelihood to themES (left) and F (right) variables on the tailsof the re
onstru
ted D0 meson in order to sear
h for possible 
harmless peaking ba
kgrounds.The plots on the upper (lower) row 
orresponds to opposite (same) sign events sample.F > 0 to visually enhan
e signal (Figure 8.36). The likelihood s
an is shown in Figure 8.37 andall the numeri
al results of the �t are shown in Table 8.11. The �t gives:RADS = �8:9+8:2�7:4 (stat.)�� 10�3: (8.5)The evaluation of the systemati
 errors is performed in Se
tion 8.7.8.6.2 Results on R�The same pro
edure has been followed to �t separately the B+ and B� samples. The mES andF �tted distributions are shown in Figures 8.38 and 8.39. The plots with enhan
ed F > 0 tovisually enhan
e the signal are shown in Figures 8.40 and 8.41.The s
an for R+ and R� are shown in Figure 8.42 with the result:R+ = �5:0+12:8�11:0 (stat.)��� 10�3; (8.6)R� = �13:2+12:8�10:9 (stat.)�� 10�3: (8.7)and all the results for the �ts are reported in Table 8.12.
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Figure 8.35: Proje
tions of the 2D likelihood to the mES (left) and F (right) variables obtainedfrom the �t to data. The plots in the upper row 
orrespond to the opposite sign sample, whilethe ones in the lower row 
orrespond to the same sign sample.Parameter RADS �t resultsRADS (9:0 � 7:8)� 10�3Nsig;total 2008 � 57NBB;os 402 � 65N
ont;os 20329 � 154Npeak;os (�xed in the �t) 0NBB;ss 644 � 62N
ont;ss 7201 � 97Npeak;ss (�xed in the �t) 176Shape of Argus, opposite sign �21:7� 0:7Shape of Argus, ss �25:3� 1:4Table 8.11: Results for the �t to the on-peak data resonan
e.8.7 Systemati
 Un
ertaintiesWe �rst make an evaluation of the systemati
 un
ertainties on the generi
 MC sample. Thesystemati
 un
ertainties 
an arise from the following sour
es:
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Figure 8.36: Proje
tions of the 2D likelihood to the mES variable with a 
ut on F > 0 (top row)and to the F variable with a 
ut on mES > 5:27 GeV=
2. Blue line shows the result of the �tto on-peak data. Magenta, green, red and bla
k lines show the results of the �t for 
ontinuum,BB, same sign peaking BB ba
kground, and signal 
omponents respe
tively. The left (right)plots 
orrespond to opposite (same) sign samples.
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Figure 8.37: Likelihood s
an for RADS obtained from the �t to on-resonan
e data sample.� The number of BB pairs whi
h was produ
ed in the sample. This un
ertainty is �xed tobe 0.6 % (a

ording to the information from BABAR luminosity monitor).� The un
ertainty on the PDF parameterization. All the parameters �xed in the �t aretaken randomly from a Gaussian distribution 
onsidering the 
orrelations between di�er-ent parameters. The operation is repeated 1000 times. The most probable value of the
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Figure 8.38: Proje
tions of the 2D likelihood to the mES (left) and F (right) variables obtainedfrom the �t to the B+ data sample. The plots in the upper (lower) row 
orrespond to opposite(same) sign. Parameter R+ �t results R� �t resultsRADS (5:0� 12:1) � 10�3 (13:4 � 11:8) � 10�3Nsig;total 961 � 41 876� 39NBB;os 305 � 52 121� 37N
ont;os 10290 � 111 10017 � 105Npeak;os (�xed in the �t) 0 0NBB;ss 315 � 44 330� 44N
ont;ss 3657 � 69 3537 � 68Npeak;ss (�xed in the �t) 88 88Shape of Argus, os �22:8� 1:1 �20:6 � 1:1Shape of Argus, ss �24� 2 �26� 2Table 8.12: Results of �ts to the B+ and B� data samples separately.distribution 
orresponds to the value of the �tted RADS. The limits of 68% range ob-tained by integrating the distribution starting from the most probable value are taken tobe the systemati
 error on the determination of RADS from the un
ertainties on the PDFparameterization. This un
ertainty dominates for all three observables measured.
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Figure 8.39: Proje
tions of the 2D likelihood to the mES (left) and F (right) variables obtainedfrom the �t to the B� data sample. The plots in the upper (lower) row 
orrespond to opposite(same) sign.
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Figure 8.40: Proje
tions of the 2D likelihood to themES variables obtained from the �t to the B+data sample applying the 
riteria F > 0. Blue line shows the result of the �t to on-peak data.Magenta, green, red and bla
k lines show the results of the �t for 
ontinuum, BB, same signpeaking BB ba
kground, and signal 
omponents, respe
tively. The left (right) plots 
orrespondto opposite (same) sign sample, respe
tively.� Peaking ba
kground arising from B �B events. The number of peaking ba
kground events is�xed in the �nal �t. The error on determination of Nss;peak is 
oming from MC availablestatisti
s and BR determination and results in 176 � 14. The un
ertainty in peakingba
kground is evaluated in the similar way we did for the un
ertainty on the PDF shape.We assume that the un
ertainty from the 
harmless peaking ba
kground does not ex
eed
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Figure 8.41: Proje
tions of the 2D likelihood to themES variables obtained from the �t to the B�data sample applying the 
riteria F > 0. Blue line shows the result of the �t to on-peak data.Magenta, green, red and bla
k lines show the results of the �t for 
ontinuum, BB, same signpeaking BB ba
kground, and signal 
omponents, respe
tively. The left (right) plots 
orrespondto opposite (same) sign sample, respe
tively.
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Figure 8.42: Probability distribution for R+ (left) and R� (right) obtained from the �t to theB+ and B� data samples separately.the magnitude of the error 
oming from BB events 
ontaining a D meson in de
ay 
hain.� Crossfeed between same sign and opposite sign events. In se
. 8.2.7, the eÆ
ien
y of the
ross-feed between opposite sign and same sign events, �CF , has been evaluated. The asso-
iated systemati
 un
ertainty on RADS is 
al
ulated a

ording to the following expression:RADS = Nos �Nss � �CFNss �Nos � �CF � NosNss � �CF : (8.8)� EÆ
ien
y ratio for same sign and opposite sign events. As explained in se
tion 8.2.8, ithas been veri�ed that the eÆ
ien
ies for same sign and opposite sign events are the samewithin a pre
ision of 3%. We hen
e assign as systemati
 error on RADS, the variation ofRADS �tted values obtained assuming the eÆ
ien
ies ratio to be 1.03 and 0.97.
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e RADS error R+ error R� errorPDF error 24.0 37.0 21Peaking ba
kground 4.0 6.0 6.0B errors 4.3 2.4 6.1Crossfeed 2.9 1.6 4.2EÆ
ien
y ratio 1.0 < 1: 1.0Combined error 24.9 37.6 23.1Table 8.13: Absolute systemati
 errors for RADS in units of 10�4.The evaluation of systemati
 errors performed on the data sample for RADS, R+, and R� issummarized in the Table 8.13.8.7.1 Final ResultsThe �nal result for RADS ratio is:RADS = �8:9+8:2�7:4 (stat.)� 2:5 (syst.)�� 10�3: (8.9)The �nal results for R� ratios are:R+ = �5:0+12:8�11:0 (stat.)� 3:8 (syst.)�� 10�3; (8.10)R� = �13:2+12:8�10:9 (stat.)� 2:3 (syst.)�� 10�3: (8.11)These results are 
lose to the expe
ted values, as 
al
ulated from the world averages. Theimprovement 
omparing to a previous analysis [97℄ is a
hieved due to several fa
tors, the mainbeing the larger dataset analyzed and improved analysis strategy. The results for R+ and R�are obtained for the �rst time.
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Chapter 9Phenomenologi
al Impa
t of theMeasurements
In this Chapter, the phenomenologi
al impa
t of the measurements performed in this thesis ispresented. We �rst des
ribe the determination of rB, 
, and ÆB obtained with the ADS analysisthat was dis
ussed in Chapter 8 and the 
ombination with other available measurements. Inthe se
ond part we show the impa
t of the results on sear
h for the B+ ! D+K(�)0 to thepredi
tion of the rB values9.1 The Impa
t of the ADS AnalysisIn this Se
tion, we present the extra
tion pro
edure of the 
, rB, and ÆB variables from themeasurements of the RADS, R+, and R� ratios.The pro
edure is �rst validated using toy-MC experiments and �nally applied to the resultsobtained on data. The analyses used are B+ ! D0K+ with D0 ! K��+ (referred as K�analysis) and with D0 ! K��+�0 (K��0 analysis) and their 
ombination.For the extra
tion pro
edure we use the formula derived in Se
tion 3.1.2:RADS = r2B + r2D + 2rBrDkD 
os 
 
os Æ;R+ = r2B + r2D + 2rBrDkD 
os(
 + Æ);R� = r2B + r2D + 2rBrDkD 
os(
 � Æ);AADS = R� �R+R� �R+ ; (9.1)with Æ = ÆB + ÆD. The parameters rD, ÆD, and kD (rB and ÆB) depend on the D (B) mesonde
ay 
hannel. 173



174 CHAPTER 9. PHENOMENOLOGICAL IMPACT OF THE MEASUREMENTS9.1.1 rB, 
, and ÆB Extra
tion Using Toy MC ExperimentsWe follow a Bayesian approa
h extra
ting rD, ÆD, kD, RADS, R+, and R� a

ording to their ex-perimental distributions. We use 
at distributions for rB, [0; 0:3℄, 
, [0Æ; 360Æ℄, and ÆB, [0Æ; 360Æ℄.The distributions for rD, RADS, R+, and R� are taken to be Gaussian, while the 2D experimen-tal likelihood from the CLEO-
 experiment [59℄ is used for ÆD and kD. The likelihood for AADSis re
al
ulated from the R+ and R�using Bayesian approa
h.The 
entral value of RADS(or R�) are 
hosen a

ording to the values of frB; 
; ÆBg andfrD; ÆD; kDg shown in Table 9.1.observable rB 
 ÆB rD ÆD kDvalue 0.1 74Æ 126Æ 0.047 47Æ 0.83Table 9.1: The 
entral values of the observables used to generate the toy MC.The results of the extra
tion are shown Table 9.2. From this table one 
an 
on
lude thatthe two methods of extra
tion (either from fRADS;AADSg or from fR+;R�g) give 
omparablepre
ision. In order not to depend on the possible 
orrelations between RADS and AADS we de
ideto use the extra
tion from fR+;R�g in the following.We also show the rB probability distribution (Figure 9.1) and 2D likelihood for fÆB; 
g(Figure 9.2) with the errors expe
ted for the K��0 analysis and the plots obtained by 
ombiningthe K��0 and K� analyses. The errors listed 
orrespond to the 68% probability regions andare 
onsistent with the generated one.De
ay 
hain Fitted variable rB 95% prob. rangeD ! K� RADS(K�) = (1:55� 0:63)� 10�2, AADS(R+; R�) 0:11+0:04�0:05 [0:0117; 0:1796℄D ! K� R+(K�) = (2:3� 0:9)� 10�2; R�(K�) = (0:76� 0:7)� 10�2 0:10+0:04�0:05 [0:0024; 0:166℄D ! K��0 RADS(K��0) = (0:94 � 0:63)� 10�2, AADS(R+; R�) 0:07+0:04�0:06 [0; 0:1396℄D ! K��0 R+(K��0) = (0:7� 0:9)� 10�2; R�(K��0) = (1:2� 0:95)� 10�2 0:07+0:04�0:05 [0; 0:1377℄
ombination RADS, AADS(R+; R�) 0:08+0:03�0:03 [0:0167; 0:1338℄
ombination R+, R� 0:08+0:03�0:03 [0:0108; 0:1286℄Table 9.2: rB measurements extra
ted from di�erent �tting variables and analyses.The distributions obtained for rB are not of Gaussian shape (while RADS, R+, and R� aredes
ribed by a Gaussian distribution), in parti
ular the tail for the low values of rB 
omes fromthe fun
tional dependen
e RADS � r2B and a

ounts for the fa
t that we 
annot ex
lude rB = 0with higher probability for rB than we ex
lude RADS = 0. Another reason of non-gaussianity ofthe rB distribution is 
oming from the presen
e of the rBambiguity(see test for 50 ab�1).
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Figure 9.1: The results of the rB extra
tion from R� observables for the K��0 analysis (left) andits 
ombination with the K� analysis (right) using the toy MC. The dark and light shaded zonesrepresent the 68% and 95% probability regions, respe
tively. The generated value is rB = 0:1
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Figure 9.2: The extra
ted 2D likelihood fÆB; 
g using toy MC and for the errors foreseen for theK��0 analysis (left) and its 
ombination with the K� analysis (right). The generated valuesare f
; ÆBg = f74Æ; 114Æg.We test the importan
e of the measurements of rD, ÆD, and kD in the pre
ision of the rBdetermination. Figure 9.3 shows the evolution of the error on rB for the 
ombination of two
hannels in di�erent 
on�gurations:� no measurements of ÆD and kD. rD, R+, and R� errors are s
aled with square root ofluminosity;� measurements of ÆD and kD are taken from the likelihoods of CLEO-
 
ollaboration. rD,R+, and R� errors are s
aled with square root of luminosity;� values of ÆD and kD are �xed to 
entral values given by CLEO-
 
ollaboration. rD, R+,and R� errors are s
aled with square root of luminosity.
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Figure 9.3: The relative RMS of the rB extra
tion as a fun
tion of luminosity (see text fordetails). The green triangles 
orrespond to the result without ÆD and kD measurements, bla
k(red) triangles 
orrespond to the use of the ÆD and kD with the present (no) errors.It 
an be noted that the variation of the errors shows that the measurements in 
harm se
torare important to get the present un
ertainty but the improvements on these measurements willnot impa
t the pre
ision on rB.The extra
tion pro
edure is tested using statisti
s equivalent to 50 ab�1 (whi
h is the pro-je
ted integrated luminosity of the SuperB experiment). The resulting probability distributionsfor rB in 
ase of the K�, K��0, and the 
ombination of the two are presented in Figures 9.4.The rB distributions extra
ted from a single 
hannel have several most probable values. Thisambiguity is 
oming from the fa
t that rB is re
onstru
ted with other 2 unknowns: ÆB and 
.When we 
ombine K� and K��0 the ambiguity disappears and only the rB value 
orrespondingto the generated one is present. Using the K� and K��0 analyses rB 
an be measured withthe pre
ision of 5%. Figure 9.5 shows the result of the 
 extra
tion for the 
ase of using (or notusing) ÆD and kD.9.1.2 The rB and 
 Extra
tion from DataFollowing the pro
edure des
ribed in Se
tion 9.1.1, we used the results obtained in Chapter 8(R+(K��0) = �5:0+12:8�11:0 (stat.)� 3:8 (syst.)��10�3; R�(K��0) = �13:2+12:8�10:9 (stat.)� 2:3 (syst.)��10�3). We extra
t rB from the K��0 analysis:rB(K��0) = 0:078+0:033�0:063;rB(K��0) 2 [0; 0:138℄ at 90% probability : (9.2)This leads to the upper limit of:rB < 0:14 (at 90% probability): (9.3)
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rBFigure 9.4: [50 ab�1 ℄ The probability distributions for rB for the K� (left) and K��0 (
entral),and the 
ombination of the two analyses (right). The dark and light shaded zones represent the68% and 95% probability regions, respe
tively. The generated value is rB = 0:096
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Figure 9.5: [50 ab�1 ℄ The probability distributions for 
 extra
ted from the 
ombination of K�and K��0 analyses. The extra
tion is performed in 
ase of no ÆD and kD measurements (left)and using ÆD, kD (right). The generated value is 
 = 74ÆThe probability distribution is shown in Figure 9.6.For the B+ ! D0K+ with D0 ! K+�� analysis we use:R+(K�) = �21:9 � 9:0 (stat.)+2:0�2:6 (syst.)�� 10�3;R�(K�) = �1:7�5:9 (stat.)� 1:8 (syst.)�� 10�3 (9.4)and obtain the following results:rB(K�) = 0:087+0:032�0:057;rB(K�) 2 [0; 0:128℄ (at 90% probability): (9.5)That 
an be 
ompared to the output of the frequentist approa
h, as quoted in [64℄:
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Figure 9.6: Probability distribution for rB obtained using the result of the B+ ! D0K+ withD0 ! K+���0 analysis presented in this thesis.rB(K�; freq.) = 0:095+0:051�0:041;rB(K�) 2 [0; 0:167℄ at (90% 
on�den
e level): (9.6)When 
ombining the two analysis both rB and 
 
an be obtained. The probability densityfun
tions obtained 
ombining the K��0 and the K� analyses are shown in Figure 9.7, whi
hleads to a result: rB(
omb:) = 0:083+0:028�0:043;rB(
omb:) 2 [0:009; 0:119℄ at (90% probability): (9.7)For 
 we re
eive two possibilities di�erent by modulus 180Æ:
(
omb:) = 86Æ+51Æ�45Æ mod � (9.8)This result in
ludes the ambiguities dis
ussed in Se
tion 3.1.2.9.2 The DK System Des
riptionThe B ! DK de
ays 
an be des
ribed in terms of only four amplitudes j �T j, j �Cj, jCj, jAj,and their relative phases � �C , �C , and �A (see Chapter 4 for de�nitions and dis
ussions). The
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Figure 9.7: Probability distribution for rB (left) and 
 (right) obtained from the 
ombinationof the K��0 and K� analyses.resulting system is formed of six equations and have six unknowns.B(B+ ! D0K+) = (j �T j2 + j �Cj2 + 2j �T jj �Cj 
os(� �C));B(B0 ! D�K+) = j �T j2;B(B0 ! D0K0) = j �Cj2;B(B+ ! D+K0) = jAj2;�r+B�2 = jCj2 + jAj2 + 2jCjjAj 
os(�C � �A)j �T j2 + j �Cj2 + 2j �T jj �Cj 
os(� �C) ;�r0B�2 = jCj2j �Cj2 ;
(9.9)

The observables in the left-hand side of the system are taken from PDG [77℄ (for equations1-3), from the measurements made in this thesis (equation 4), and from the results obtained byUT�t 
ollaboration [17℄ (equations 5 and 6). For equation 6 the result presented in this thesisin this paragraph is also used.The aim of the study presented here is to determine the unknowns and/or improving thepre
ision on the observables using the relations exposed in Equations 9.9. Also in 
ase of theabsen
e of same of the six measurements, this system 
an give predi
tions for the values ofmissing observables.The results for the DK and DK� systems are dis
ussed in the 
orresponding se
tions.



180 CHAPTER 9. PHENOMENOLOGICAL IMPACT OF THE MEASUREMENTS9.2.1 The B ! DK� De
ay Mode SystemFor the B ! DK� de
ays we have the information of all six observables in
luding the likelihoodfor the B(B+ ! D+K�0) presented in this thesis. The results are reported in Table 9.3. Theinput and output probability distributions are shown in Figures 9.8 and 9.9, respe
tively.
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Figure 9.8: [The B ! DK� mode system℄ The likelihoods used as inputs to system of Equa-tions 9.9 for the B ! DK� modes: B(B+ ! D+K�0), r+B , r0B.Measurement input outputB(B+ ! D0K�+) (5:3 � 0:4) � 10�4 (5:3 � 0:4)� 10�4B(B0 ! D�K�+) (4:5 � 0:7) � 10�4 (4:4 � 0:7)� 10�4B(B0 ! D0K�0) (4:2 � 0:6) � 10�5 (4:2 � 0:6)� 10�5B(B+ ! D+K�0) < 3� 10�6� (�90% prob.) < 3� 10�6 (�90% prob.)r+B(DK�) 0:13 � 0:09� 0:08 � 0:03r0B(DK�) 0:26 � 0:08� 0:27 � 0:08Table 9.3: Results obtained using Equations 9.9 for the B ! DK� de
ay mode system. In these
ond 
olumn we list the values used as inputs whereas in the third 
olumn we show the results.Asterisk marks that the likelihood is used as an input for this observable.An important result is the improvement of a fa
tor about three on the pre
ision for ther+B (DK�) determination. This improvement is due to the use of the 
orrelations between r+Band r0B as shown in Equation 4.21.Another interesting result that 
an be obtained from this system is the probability of thejAjjCj . In fa
t the measurements of r0B(DK�) gives a

ess to jCj whereas the analysis presentedin Chapter 7 of this thesis allows to set a limit on the amplitude jAj. We 
an thus express thislimit as: jAjjCj < 0:6 �90% probability (9.10)
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r0B(DK�)Figure 9.9: [The B ! DK� de
ay mode system℄ The pdfs for r+B (DK�) and r0B(DK�) obtainedusing the measurements in the B ! DK� system.



182 CHAPTER 9. PHENOMENOLOGICAL IMPACT OF THE MEASUREMENTS9.2.2 The B ! DK De
ay Mode SystemFor this system we do not dispose of the measurement of r0B(DK). The use of System 9.9 allowsto predi
t the value of r0B. The probability distributions of B(B+ ! D+K0) and r+B are shownin Figure 9.10. The likelihood of the B(B+ ! D+K0) is obtained in this thesis. For r+B we useall the available measurements in
luding the one obtained in this thesis (Chapter 8).The results of the analysis are shown in Table 9.4.
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Figure 9.10: [The B ! DK de
ay mode system℄ The likelihoods used as inputs for Equations 9.9in the B ! DK de
ay mode: B(B+ ! D+K0), r+B .We found the value of r0B = 0:27�0:09. The 
orresponding pdf is shown in Figure 9.11. Thislarge value is similar to the one measured in the DK� system (0:27� 0:08). This predi
tion 
anbe used as an input for the time-dependent analysis of B0 ! D0K0 de
ay aiming the extra
tionof 2� + 
.Measurement input outputB(B+ ! D0K+) (3:7 � 0:3) � 10�4 (3:6� 0:3) � 10�4B(B0 ! D�K+) (2:0 � 0:6) � 10�4 (2:0� 0:5) � 10�4B(B0 ! D0K0) (5:2 � 0:7) � 10�5 (5:2� 0:7) � 10�5B(B+ ! D+K0) < 2:9 � 10�6 (�90% prob.)� < 3� 10�6 (�90% prob.)r+B 0:10� 0:02� 0:10 � 0:02r0B | 0:27 � 0:09Table 9.4: Results obtained using Equations 9.9 for the B ! DK de
ay mode system. In these
ond 
olumn we list the values used as inputs whereas in the third 
olumn we show the results.Asterisk marks that the likelihood is used as an input for this variable.
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r0B(DK)Figure 9.11: [The B ! DK de
ay mode system℄ The likelihood of r0B(DK) obtained using allthe measurements available on the B ! DK system.
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Chapter 10Con
lusions
The �rst analysis presented in this thesis is the sear
h for the rare Vub mediated de
ay B+ !D+K(�)0. This de
ay modes are parti
ularly interesting sin
e they are expe
ted to be dominatedby weak annihilation pro
esses.The sear
h for B+ ! D+K0 is done by re
onstru
ting theD+ meson de
aying intoK��+�+,K��+�+�0, K0S�+, and K0S�+�0. No signal is found in 426 fb�1 and we obtain the upper limitof B(B+ ! D+K0) < 2:9� 10�6 at 90% probability: (10.1)This result updates the previous BABAR result of 5:0 � 10�6.The de
ay of B+ ! D+K�0 is sear
hed for the �rst time looking at D+ de
aying intoK��+�+ and K0S�+ �nal states. Also for this mode no signal is found and we obtainB(B+ ! D+K�0) < 3� 10�6 at 90% probability: (10.2)We also presented the analysis of the B+ ! D0(D0)K+, D0(D0) ! K+���0 de
ay modesanalyzed through the ADS method. The results we obtained are expressed in terms of the ratioRADS, RADS = �8:9+8:2�7:4 (stat.) � 2:5 (syst.)�� 10�3; (10.3)or of the R+, R�ratios separately for B+ and B� samples:R+ = �5:0+12:8�11:0 (stat.) � 3:8 (syst.)�� 10�3;R� = �13:2+12:8�10:9 (stat.) � 2:4 (syst.)�� 10�3: (10.4)By using only this analysis no information of 
 
an be extra
ted and an upper limit on theratio rB is obtained to be rB < 0:14 at 90% probability: (10.5)185



186 CHAPTER 10. CONCLUSIONSIf this analysis is 
ombined with an analysis of another D0 �nal state (D0 ! K�) one obtainsrB = 0:083+0:028�0:043 (10.6)and 
(
omb:) = 86Æ+51Æ�45Æ with � ambiguity. (10.7)The B ! DK or B ! DK� de
ay systems 
an be des
ribed in terms of four amplitudesand two phase di�eren
es. In general, six observables 
an be used to 
onstrain these amplitudesand phases: four bran
hing fra
tions and rB for the 
harged and neutral modes.In 
ase of the B ! DK� system all the observables have been measured, whi
h allows to
lose the system. The limit on B(B+ ! D+K�0) 
an be 
onverted intojAjjCj < 0:6 at 90% probability: (10.8)Another important result is the improvement of the of the pre
ision of the rB ratio for the
harged mode. The �nal result givesr+B (DK�) = 0:08 � 0:03: (10.9)For the B ! DK system the situation is di�erent sin
e the measurement of r0B(DK) isla
king. This ratio 
an be predi
ted using the results on r+B (DK) and B(B+ ! D+K0) obtainedin this thesis: r0B(DK) = 0:27 � 0:09: (10.10)The predi
tion of r0B(DK) 
an be used as an input for the time dependent analysis of B0 ! D0K0de
ay aiming to the extra
tion of 2� + 
.
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Appendix AAdditional Information on theSear
h for Rare B+! D+K(�)0De
ays
In this Chapter some additional information to sear
h for rare B+ ! D+K(�)0 de
ays is pre-sented. This information is 
ru
ial for the analysis, but presenting it in main text would hardenthe reading.A.1 Observable Distributions
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Figure A.1: [DKK���0 de
ay 
hannel℄ Variable distributions for �E (upper left), MD (upperright), 
os(�B+) (middle left), MK0S (middle right), M�0 (bottom left) and P�0 (bottom right).The 
olor 
odes for histogram 
orresponds to 

 ba
kground MC magenta, uds ba
kground MCyellow, B0B0 ba
kground MC blue, B+B� ba
kground MC green, bla
k histograms are for signalMC.
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Figure A.2: [DKK0S� de
ay 
hannel℄ Variable distributions for �E (upper left), MD (upperright), 
os(�B+) (middle left), MK0S ;B (middle right) and MK0S ;D (bottom). The 
olor 
odesfor histogram 
orresponds to 
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kground MC magenta, uds ba
kground MC yellow, B0B0ba
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k histograms are for signal MC.
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Figure A.3: [DKK0S��0 de
ay 
hannel℄ Variable distributions for �E (upper left), MD (upperright), 
os(�B+) (upper middle left), MK0S ;B (upper middle right), MK0S;2 (lower middle left),M�0 (lower middle right) and P�0 (bottom). The 
olor 
odes for histogram 
orresponds to

 ba
kground MC magenta, uds ba
kground MC yellow, B0B0 ba
kground MC blue, B+B�ba
kground MC green, bla
k histograms are for signal MC.
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Figure A.4: [DK�K�� de
ay 
hannel℄ Variable distributions for �E, MD, 
os(�B+), and MK�0(top row, respe
tively) and j 
os(�HelK� )j (bottom). The 
olor 
odes for histogram 
orrespondsto 

 ba
kground MC magenta, uds ba
kground MC yellow, B0B0 ba
kground MC blue, B+B�ba
kground MC green, bla
k histograms are for signal MC.
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Figure A.5: [DK�K0S� de
ay 
hannel℄ Variable distributions for �E (upper left), MD (upperright), 
os(�B+) (middle left), MK0S ;D (middle right), MK�0 (bottom left) and j 
os(�HelK� )j (bot-tom). The 
olor 
odes for histogram 
orresponds to 
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Figure A.6: [B ! DK℄. Comparison between uds MC (yellow), 

 MC (magenta), a weightedsum of the two (blue), o�-resonan
e data for the variables (red dots with errors) and signalMC (bla
k) 
hosen to 
onstru
t the Fisher dis
riminant. The variables are from left to right:L10, L12, j
os(�thrust)j, and j�tj. The rows are for the DKK��, DKK���0 , DKK0S�, DKK0S��0 ,respe
tively.
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Figure A.7: [B ! DK℄. Comparison between uds MC (yellow), 

 MC (magenta), a weightedsum of the two (blue), o�-resonan
e data for the variables (red dots with errors) and signal MC(bla
k) 
hosen to 
onstru
t the Fisher dis
riminant. The variables are from left to right: L10,L12, j
os(�thrust)j, and j�tj. The rows are for the DK�K�� and DK�K0S�, respe
tively.
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Figure A.8: [B ! DK℄. mES distributions for the identi�ed samples of peaking ba
kgrounds:D� (left), D0K0 (
enter) and D�0K0 (right) for the DKK�� (top row), the DKK���0 (se
ondrow), the DKK0S� (third row), and DKK���0 (fourth row) modes.
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Figure A.9: [B ! DK�℄. mES distributions for the identi�ed samples of peaking ba
kgrounds:D� (left), Da1 (
enter) and DK� (right) for the DK�K�� (top row) and the DK�K0S� (bottomrow).
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Figure A.10: [B+ ! DK mode℄. Distributions for signal and peaking BB ba
kground samplesfor j
os�HelK0S j (left plot), log(�K0S (B+) + 1) (
entral plot), and log(�K0S(D+) + 1) (right plot, ifappli
able) for the DKK�� (top row), the DKK���0 (se
ond row), the DKK0S� (third row), andDKK���0 (fourth row) modes. Bla
k and red histograms represent the signal and the peakingBB ba
kground respe
tively.



204 APPENDIX A. B MEASUREMENT ADDITIONAL INFORMATIONA.4 Comparison between data and simulated eventsIn Figures A.11 and A.12 the agreement between data and MC for mES and Fisher variables isshown. The disagreement between the Data and Monte-Carlo is only in normalization but notin shapes. Sin
e we leave the yields free in the �t we 
onsider that this disagreement is not veryimportant in our analysis. The di�eren
e in shape is taken into a

ount in the systemati
s.
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Figure A.11: Data-MC 
omparison of themES distribution (formES < 5:27 GeV/
2), and Fisherfor DKK�� (top row), DKK���0 (se
ond row), DKK0S� (third row), and DKK���0 (fourth row)de
ay 
hannels. All the distributions are s
aled to the data luminosity (425 fb�1): The bla
khistogram represents the signal, blue, green, yellow and magenta are the 
ontributions fromB+B�, B0B0, uds and 

 ba
kground respe
tively. Dots with error bars are experimentalpoints.
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Figure A.12: Data-MC 
omparison of the mES distribution (for mES < 5:27 GeV/
2), andFisher for DK�K�� (top row) and DK�K0S� (bottom row) de
ay 
hannels. All the distributionsare s
aled to the data luminosity (425 fb�1): The bla
k histogram represents the signal, blue,green, yellow and magenta are the 
ontributions from B+B�, B0B0, uds and 

 ba
kgroundrespe
tively. Dots with error bars are experimental points.
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Figure A.13: mES and Fisher distribution for signal MC events. Left plots are for mES distri-butions, right plots show Fisher distributions. The upper line is for DKK�� 
hannel, next linesare for DKK���0 , DKK0S�, DKK0S��0 
hannels respe
tively. The overimposed 
urve is the resultof the �t.
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Figure A.14: mES and Fisher distribution for signal MC events. Left plots are for mES distri-butions, right plots show Fisher distributions. The upper line is for DK�K�� 
hannel, the lowerone is for DK�K0S� 
hannel. The overimposed 
urve is the result of the �t.
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Figure A.15: [B ! DK℄ mES and Fisher distribution for BB MC events. Left plots are for mESdistributions, right plots show Fisher distributions. The upper line is for DKK�� 
hannel, nextlines are for DKK���0, DKK0S�, DKK0S��0 
hannels, respe
tively. The overimposed 
urve is theresult of the �t.
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Figure A.16: [B ! DK℄ mES and Fisher distribution for BB MC events. Left plots are for mESdistributions, right plots show Fisher distributions. The upper line is for DK�K�� 
hannel, thelower line is for DK�K0S� 
hannel, respe
tively. The overimposed 
urve is the result of the �t.
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Figure A.17: mES and Fisher distribution for 
ontinuum MC events. Left plots are for mESdistributions, right plots show Fisher distributions. The upper line is for DKK�� 
hannel, nextlines are for DKK���0, DKK0S�, DKK0S��0 
hannels respe
tively. The overimposed 
urve is theresult of the �t.
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Figure A.18: mES and Fisher distribution for 
ontinuum MC events. Left plots are for mESdistributions, right plots show Fisher distributions. The upper line is for DK�K�� 
hannel, nextline is for DK�K0S� 
hannel. The overimposed 
urve is the result of the �t.
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Figure A.19: mES and Fisher distribution for 
ontinuum 
o
ktail MC events (blue histogram)and o�peak data (red dots with errors). Left �gures are for mES distributions, right �guresshow Fisher distributions. The plots on the upper row are for DKK�� 
hannel, in the followinglines we show DKK���0 , DKK0S�, DKK0S��0 
hannels respe
tively. The plots are res
aled to theluminosity of o�peak data (44 fb�1).
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Figure A.20: mES and Fisher distribution for 
ontinuum 
o
ktail MC events (blue histogram)and o�peak data (red dots with errors). Left �gures are for mES distributions, right �gures showFisher distributions. The plots on the upper row are for DK�K�� 
hannel, in the following linewe show DK�K0S� 
hannel. The plots are res
aled to the luminosity of o�peak data (44 fb�1).
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Figure A.21: mES and Fisher distribution for peaking MC events. Left plots are for mESdistributions, right plots show Fisher distributions. The upper line is for DKK�� 
hannel, nextlines are for DKK���0, DKK0S�, DKK0S��0 
hannels respe
tively. The overimposed 
urve is theresult of the �t.
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Figure A.22: mES and Fisher distribution for peaking MC events. Left plots are for mESdistributions, right plots show Fisher distributions. The upper line is for DK�K�� 
hannel, nextlines is for DK�K0S� 
hannel. The overimposed 
urve is the result of the �t.
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Figure A.23: [Control sample for DKK��℄ The parameterization of the mES (left 
olumn)and Fisher (right 
olumn) distributions for B �B ba
kground (top row), 
ontinuum one (mid-dle row) and peaking ba
kground (bottom). The 
hannels 
ontributing to peaking are:B� ! D0��;D0 ! K��0; B� ! D0��;D0 ! K��0; B� ! D0K�;D0 ! K��0; B0 !D��+;D� ! K��; B0 ! D�K+;D� ! K��; B0 ! D���+;D�� ! D�X;D� ! K��.
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