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Quark mixing matrix
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CP Violation: three types
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In this example, the tag-
side meson decays first. 

It decays semi-leptonically
and the charge of the 

lepton gives the flavour of 
the tag-side meson : 
l - = B0 l + = B 0. 

(Kaon and pion tags also used)

tag
l - (e-, m -)

vl

-l
ln

d
0B b

-W

CPV measurements at B-factories
t =0

9�����
����.��/�����0��:�
� �0����� � �������0���� ���;�+

B 0

¡¡¡¡ (4S)

The two mesons oscillate 
coherently : at any given 
time, if one is a B0 the 

other is necessarily a B0

B 0
bg=0.56

Dz = Dt gbc

Dt picoseconds 
later, the B0 (or 

perhaps it is 
now a B0) 
decays.

BCP
At t=0 we 
know this 

meson is B0 sKy
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BaBar Experiment

PEP-II at SLAC

�����

9 GeV (e- ) ´ 3.1 GeV (e+)
peak luminosity:

1.2́́́́ 1034cm---- 2s---- 1

11 nations, 
77 institutes, 
~600 persons

,���������<���0# =�



UT sides 
measurements
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|Vcb| & |Vub|



April 11th 2007 MB – UT angles and sides @ BaBar – IFAE 2007, Napoli 10

� !" 
# !���
�!"  # !��������	
��
�/����
	���������� # ® 
� n ��
�# ®  � n 
� �2	+

� (�����������2������� ��	>�

�����
�
 �� 
�����
�


|Vcb| & |Vub|: howto
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|Vcb|
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Exclusive |Vcb|
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|Vub|
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Inclusive |Vub|
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Exclusive |Vub| (tagged)
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Exclusive |Vub| (untagged)
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UT angles 
measurements
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a, b & g
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b
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Charmonium K0 modes
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Charmonium K0 modes
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Sin2b averages
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Colour suppressed decays
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b: ����
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Sin2b with penguins
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Sin2b with penguins 
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g
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B+ � D0 K+
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B+ � D(*)0[Kspp] K+ : GGSZ (Dalitz)
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B+ � D(*)0 K+ : GGSZ (Dalitz)
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B+ � D(*)0[ppp0] K+ : GGSZ (Dalitz)
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g : results
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a
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a: howto
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B0V p+p-
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B0V p+p- & B0V K+p-
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B0V r 0r 0
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All BV rr ��������

� �	�	��� ����2	�	��0� rr �	�0��� pp



April 11th 2007 MB – UT angles and sides @ BaBar – IFAE 2007, Napoli 40

More a: BV ppp0 (Dalitz)
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Extracting a from BV ppp0
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a: the whole picture



Conclusions
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UTfitTM : global fit

!"  # !�;�4<+�K� ± �+�K5�6��� =�

!" 
# !�;�4�+KR� ± �+�<5�6��� =�
!" �
 $" �	 !�;�4�+��R� ± �+���5

;�4K<+K�± <+�5d

;�4S�+�� ± <+�5d

;�4��+�� ± �+S5d

����>$$
�0��+�����+��0�+��

;4]�+�K� ±�+��R^7�]�+�<<O�+��K^5



April 11th 2007 MB – UT angles and sides @ BaBar – IFAE 2007, Napoli 45

CKM: it works!
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The end
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Backup slides
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Quark mixing matrix
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CKM matrix



April 11th 2007 MB – UT angles and sides @ BaBar – IFAE 2007, Napoli 50

The Unitarity Triangle (UT)
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������ sin( ffff 1111 ---- ffff 2222) sin( dddd1111 ---- dddd2)

CP violation in B mesons (I)
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CP violation in B mesons (II)
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Idea: overconstrain UT
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Exclusive B decay reconstruction
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Resolutions

"����#��	��������0�� �������2���
�������
�� ��	��:� ����>
���.����0���0
��2��� ��	��
 ��
� � 
� �2	7�	������0��� ��#����������#� .���
�
�

BB mpEm =-º 2
 CMbeam CM

2
ES

0beam CM CM =-ºD EEE B

5.250 5.260 5.270 5.280 5.290

mES

0

200

400

600

800

ev
en

ts
 / 

0.
5 

M
eV

mES

D
E

on-resonance
Grand Side Band

excluded signal region

-0.20 -0.10 0.00 0.10 0.20

DEfp

0.

100.

200.

300.

400.

500.

ev
en

ts
 / 

10
 M

eV

5.200 5.225 5.250 5.275 5.300

mES

0.

100.

200.

300.

ev
en

ts
 / 

2.
5 

M
eV

-0.20 -0.10  0.00 0.10 0.20

DEj K

0

200

400

600

800

1000

1200

ev
en

ts
 / 

5 
M

eV

����������
��
���������
	����������

�������	����������

 �����

��#� .���
�
��������I���
�)�
�����


resolution ~ 2.5 – 3.0 MeV

resolution ~ 15 – 80 MeV



April 11th 2007 MB – UT angles and sides @ BaBar – IFAE 2007, Napoli 57

Tagging: efficiency and effects
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|Vub|: untagged Vs tagged
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Exclusive |Vub| (untagged)

"/%�0	 -!

36.0

4.0

4

40

10)2.02.01.4(

10)2.03.06.9()0(

10)08.007.046.1()(

 

 

-+

-

-
+

-

´±±=

´±±=

´±±=®

FFsyststatub

syststatub

syststat

V

fV

BBF np �

(HPQCD)

���=�6$�K������4�  ����
�#2�8�2	+�F�:+�E���+5

,��	
��������0�!" 
# ! ��
�� � ®p �n 0���=0� ����	�����
/���������	����
�������� ��	��
 ������� ���1
�

� F� ��	��
 ��QM����	�������:���	7�������1 � #��	
� )������G�#.�
 2���
	�#2����
���=����������0���4� �) >D�71 � 5

���	��B(*  �� 
������	>
®®®® EB(*���
�E()F� ������#�� /�����
��
���
®®®® �)I9� 1
��.=��
��� �� ������#�� 48��#h�+�Kc5+

)�����	��	����	�� ���G 	2	������ �
� ���������	�
�0�������
�:�

���� ®p �n ���	
������	����
���TTT



April 11th 2007 MB – UT angles and sides @ BaBar – IFAE 2007, Napoli 60

����!" 
# !��
LL��

*��� �����	
������>�!" 
# !�;�4<+�S� ± �+�K5�6��� =�

>!" 
# !�;�4�+<�� ± �+�K5�6��� =�

!" 
# !�4�� =� 5

� �=��	����	�
�00���� � #��/��� �� �
	�:� !" 
# !�
���	
������	 ��
� ���#�� (3,�0��	
� �6 �
	�:� !" 
# !����	
������	 	��� �������� #�����D



April 11th 2007 MB – UT angles and sides @ BaBar – IFAE 2007, Napoli 61

|Vtd/ Vts |
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|Vtd/ Vts | : radiative penguins
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|Vtd/ Vts | : radiative penguins
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Measure |Vtd|/|Vts| indep. of Dmd/Dms
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Charmonium K0: details
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CP Violation in B� D(*)D(*) decays
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Belle: Evidence for large CPV in 
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BABAR does not confirm the large CP 
violation observed by Belle
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B® KK :  Observation of b® dg Penguins
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B+ � D0 K+ : GLW
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B+ � D0 K+ : ADS
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B+ � D(*)0[Kspp] K+ : GGSZ (Dalitz)
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Sin2b with penguins
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|a-aeff|: Isospin analysis
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Gronau, London : PRL65, 3381 (1990)Gronau, London : PRL65, 3381 (1990)
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B0V p+p-
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B0V r 0r 0



April 11th 2007 MB – UT angles and sides @ BaBar – IFAE 2007, Napoli 78

B0(±)V r 0(±)r 0
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BV ppp0 : Dalitz fit to a

� a 0������0�������K����������	
� ���������
��6��� �	� a /����
����#��
����	�

���]� � 7�R� � ^

� ��	
��	� ��	�	�����/����),���	
���4�Q�S� � 5

���=�6$������R

��M,���



April 11th 2007 MB – UT angles and sides @ BaBar – IFAE 2007, Napoli 80

BV� � p : a �00 ��
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