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eedings of the DIS'2004, �Strbsk�e Pleso, SlovakiaCP VIOLATIONOVERVIEW OF CKM ANGLESLUIGI LI GIOIUniversit�a di Roma \La Sapienza" and INFN RomaThe measurements of the angles of the Unitarity Triangle is an important test ofthe Standard Model. After an introdu
tion to the CP violation in the StandardModel, results from the BaBar 
ollaboration will be summarized.1 CP violation in the Standard ModelAfter 40 years from its dis
overy inK0 system [1℄, the violation of the CP symmetryis one of the open problems in parti
le physi
s. In the Standard Model with threequark generations, CP violation arises from a single phase in the quarks mixingmatrix (CKM matrix) [2℄. The unitarity of the CKM matrix implies variousrelations among its elements. One of them is very useful to understand the StandardModel predi
tion of CP violation in the de
ays of B mesons:VudV �ubV
dV �
b + 1 + VtdV �tbV
dV �
b = 0 (1)This relationship 
an be geometri
ally represented as a triangle in the 
omplexplane and is known as the Unitarity Triangle. CP violation manifest itself as a non-zero area of the triangle. The three angles of the Unitarity Triangle are denoted by�; � and 
:� � arg�� VtdV �tbVudV �ub � ; � � arg��V
dV �
bVtdV �tb � ; 
 � arg ��VudV �ubV
dV �
b � � �����: (2)These are physi
al quantities and 
an be measured by CP asymmetries in various Bde
ays. Fig. 1 shows the geometri
al representation of the Unitarity Triangle andthe 
hannels used for the measurements of the three angles. In
onsisten
y in themeasurements of angles or sides would signal deviations from the Standard Model.2 Measurement of anglesTo measure angles of the Unitarity Triangle one needs to measure relative phasesof de
ay amplitudes. This 
an be done studying time dependent asymmetries inneutral B meson's de
ays or 
harge asymmetries in 
harged B meson's de
ays.The time-dependent asymmetry for B0 and �B0 de
aying to a 
ommon �nal statef is given byaf (t) = �(B0(t)! f)� �( �B0(t)! f)�(B0(t)! f) + �( �B0(t)! f) = Cf 
os�mt+ Sf sin�mt (3)
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Figure 1. The res
aled Unitarity Triangle. The boxes show the 
hannels used for the measurementsof the three angles.where Cf = 1� j�f j21 + j�f j2 Sf = � 2Im�f1 + j�f j2 : (4)�f = qp �A(f)A(f) , and A(f), �A(f) are the amplitudes of the de
ays B0d ! f , �B0d ! f .Considering parti
ular �nal states f : if f = J=	Ks, C = 0 and S = sin(2�), iff = ��; ��, C 6= 0 and S / sin(2�+��), f = D�, C � 0 and S / sin(2�+
)� 1.Considering the 
onjugates 
harged B de
ay 
hannels B+ ! f+ and B� ! f�,the 
harge asymmetries in 
harged B meson's de
ays is given by:ACP = �(B+ ! f+)� �(B� ! f�)�(B+ ! f+) + �(B� ! f�) (5)and it is sensitive to the dire
t CP violation.The BaBar dete
tor [3℄ is a multipurpose dete
tor at the PEPII e+e�B�fa
tory at SLAC. The results showed here are based on more than 100MY (4S)! B �B de
ays. The non-zero 
enter of mass boost (�
 = 0:56) and the highluminosity allow the study of time dependent asymmetries in B meson de
ays.3 Measurements of �Two kinds of 
hannels are useful for the measurements of �. In 
harmoniummodes (J=	Ks,	(2S)Ks [4℄) the tree and penguin 
ontributions have the sameweak phase. These modes give a pre
ision measure of sin(2�). The 
harmless Bmeson de
ays (e.g. �Ks [5℄) have only penguin 
ontributions and 
an, in prin
iple,measure sin(2�), but they are sensitive to new physi
s. Comparison of the valueof sin(2�) obtained from these modes with that from 
harmonium modes probenew physi
s in penguin loops [6,7℄. Fig. 2 shows the possible 
ontribution to newphysi
s in 
harmless modes and the value of �fSf (�f is the CP eigenvalue of the�nal state) for both 
harmonium and 
harmless modes. There starts to be somehint of di�eren
e between the two sets of modes.
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Figure 2. Left: value of �fSf for both 
harmonium and 
harmless modes. Right: possible 
ontri-bution to new physi
s in 
harmless modes.4 Measurements of �The de
ay B0 ! �+�� (�+��) pro
eeds mainly through the b ! u�ud tree dia-gram, whose interferen
e with B0 � �B0 mixing results in a time-dependent de
ayrate asymmetry between B0 and �B0 de
ays whi
h is sensitive to the CKM angle� � arg [�VtdV �tb=VudV �ub℄. The presen
e of loop (penguin) 
ontributions introdu
esadditional phases whi
h 
an shift the experimentally measurable parameter �e�away from the value of � (��).The B ! �� de
ays are very well suited for the measurements of � be
auseof several positive 
ir
umstan
es: the penguin pollution is small, as shown by thesmall B0 ! �0�0 bran
hing fra
tion (< 2:1 10�6 at 90%CL [8℄); the B0 ! �+��bran
hing fra
tion is high ((30 � 4 stat � 5 syst)10�6 [9℄); and the longitudinalpolarization of B0 ! �+�� is large (0:99� 0:03 stat +0:04�0:03 syst [9℄).Negle
ting I = 1 
ontributions in applying the Grossman-Quinn bound [10℄and ignoring interferen
es with other �+���0�0 �nal states, one 
an measure � =96� 10 stat� 4 syst� 13 peng.The limiting fa
tor on the extra
tion of � 
omes from penguin pollution, whi
h
an be 
onstrained using an improved measurement of the de
ay B0 ! �0�0.5 Measurements of 
It is possible to measure 
 using the interferen
e between b! u and b! 
 transi-tions. The time evolution of B0 ! D(�)��� de
ays is sensitive to 
 be
ause of theinterferen
e between the CKM-favored de
ay �B0 ! D(�)+��, whose amplitude isproportional to the CKM matrix elements V
bV �ud, and the doubly-CKM-suppressedde
ay B0 ! D(�)+��, whose amplitude is proportional to V
dV �ub. The relativeweak phase between the two amplitudes is 
, whi
h, when 
ombined with B0 �B0
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e of 2� + 
 between the interfering ampli-tudes. Using other measurements and theoreti
al assumptions a time dependentanalysis gives j sin(2� + 
) j> 0:69 at 68% CL [12℄. It is possible also to measure
 using dire
t CP asymmetries in B+ de
ay. Various methods have been proposedfor obtaining the CKM angle 
 through the interferen
e of the 
harged B de
ay
hannel B� ! D0K� and B� ! �D0K� where the D0 and �D0 de
ay to 
om-mon �nal state. For all of these methods is important the value of the parameterrB =j A(B� ! �D0K�) j = j A(B� ! �D0K�) j. The larger is the value of theprodu
t of rB and the same parameter for the D0, the better is the pre
ision on
. It is possible to measure rB using B� ! (K+��)DK� de
ays [13℄; re
ent re-sults from BaBar [14℄ give an upper limit to rB < 0:22 at 90%CL whi
h seems toindi
ate that an a

urate measurement of 
 will require a lot of statisti
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