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1. INTRODUCTION

VAW�W�X�Y+X�ZF[]\5^]ZJX�_R`aX�Z5b+cdX�eR\9fhg�fFX�['Z5W
iPb+ePjlk2^]Znm8oqpRb+^]Y+[]\5b@^'erX�stX�W�\9f8b+eUcuX�f5^'ervPX�W�[hwRfhgt[]ZFXx[yW�ZFzPW�b@['Y%W�^]zPeR\5X�ZF`P[]ZF\A\5^{^'|PfFX�ZF}
p�[]\5b@^'ePf�[]e;v{fF`tX�W�z;Y@['\9b+^]ePf�b+e�[]fF\9ZF^]`;i:wRfFb@W�f�[]ePvyW�^'f5cd^'Y@^'j]w:~%� i;X8f5\5Z5b+�Rb@ePjnz;e:|;[]Y+[]ePW�XJ|tX�\��HX�X�e�cd[]\9\5X�Z�['ePvy[]eR\9b+}*cu['\9\5X�Z�b+e
\9i;X8`PZ5X�f5X�eR\H��ePb+p]X�ZFfFXJW�[]Y+Y@f k2^'Z []e{X�_R`PY+[]eP['\9b+^]e{[]\ \5iPX8Y@X�p]X�Y�^]k%k2zPePvP['cuX�eR\9[]Y�b+eR\9X�Z5['W�\9b+^]e;f�g:� b+\9iUm8o�p:b+^]Y+[]\5b@^'el['cd^]ePju\9iPX
�]X�w�b+ePj]ZFX�vPb+X�eR\5f�~
� iPXdcu^'f5\7ZFX�W�X�eR\7X�_R`aX�Z5b+cdX�eR\9['Y�Z5X�f5z;Y@\5f8b@e?\9iPb+f>fFX�W�\9^]Z7iP[hp'Xx|tX�X�eUcu['b@e;Y@wOW�^]eR\9ZFb+|PzP\9X�vS|RwO\��H^{X�_R`aX�Z5b+cdX�eR\9fhg���VA��V��

[]e;v���X�Y+Y@XRg]W�^]Y+Y@X�W�\5b@ePjxvP[]\5[>^]eS�A}*cdX�fF^]envPX�W�[hwRfQ['\�\5iPX���}�k2['W�\9^'Z5b+X�fh�]\9iPX�wn[]ZFX�f5^xf5z;W�W�X�f5fFk2zPYtb@e�\9iPX�b@Z7m8o�pRb@^'Y@['\9b+^]e�fF\9z;vPb@X�f�g
\9i;[]\ ZFX�pRb@X�� b@e;jx\5iPX�b+Z�ZFX�fFzPY@\5f b@fA|a^'\9iyX�_RW�b+\9b+ePjd[]e;vlk2ZFzPfF\9ZF[]\9b+ePj�~
� iPX�X�_RW�b@\5X�cdX�eR\<W�^]cdX�f<k2ZF^]c�[]edzPe;b@eR\9X�Z5ZFzP`P\5X�vnfFX��RzPX�ePW�X�^'k�b@cd`PZF^hp]X�cuX�eR\9f�b+en\9iPX�`aX�Z5k2^'Z5cd[]e;W�X�f�^'k�\9iPX�\��H^8��}�k2['W�\5^]ZFb@X�f

[]e;vlk2ZF^]c�\5iPX8ZF[]`Pb+vPY+wnb@ePW�Z5X�[]fFb@e;jxfFb@��X7^]k�\5iPX8vP['\9[df5['cd`PY@X�f�W�^]Y+Y+X�W�\5X�v{|Rw�\9iPX8\��H^uX�_R`aX�Z5b+cdX�eR\9fh�%\9i;XJb+ePb+\9b+[]Y,^'|PfFX�ZFp3['\9b+^]el^]k
m8o�pRb@^'Y@['\9b+^]ed[]Y+Z5X�[]vPwx\9zPZFePX�vnb@eR\9^�`PZ5X�W�b+f5b+^]edcdX�['f5z;Z5X�cuX�eR\9fhg�[]ePvne;X���g]f5^'cuX�\9b+cdX�f<zPe;[]eR\9b+W�b+`P[]\5X�vNg]X�_R`tX�ZFb@cdX�e:\5[]Ya� b@ePv;^h� f
iP[hp'X�|tX�X�e{^'`aX�ePX�vy^'elk2zP\5zPZFX8vPX�p'X�Y+^]`PcdX�eR\5f b@eUm8o�`PiPX�e;^]cdX�eP^'Y@^'j]wR~
� iPX�k2ZFzPfF\9ZF[]\5b@^'enb@fHX�eR\9b+ZFX�Y+wuv;zPX�\5^�\5iPX�v;b@�dW�z;Y@\�wn^'k�k2Z5X�X���b+ePjx[�`Pb+W�\5zPZ5XJ^]k�e;X���vPX�p]X�Y@^'`PcdX�eR\9f�b@el\9iPb+f��PX�Y+vNg��9zPfF\�|tX�k2^'Z5X�[

p]X�Z5wlk2Z5z;b@\5k2zPYN�;zPcdcuX�Z��'�]�'�ui;[]ZFp]X�fF\3~���^]\5i�X�_R`tX�ZFb@cdX�eR\5fAZF^]zPj'iPY@wlvP^]z;|PY@X�vO\9i;X�b+ZAvP['\9[�fF[]cd`PY+X�f�fFb+ePW�Xx�PzPcdcdX�ZA�'�]�'�tgR['ePv
ZFX�`t^]ZF\9X�v{cd[]eRw�zP`tvP['\9X�fA^]Z�ePX���cdX�['f5zPZFX�cdX�e:\5f []\��� %¡A¢�£��]�]�'�t��[]|t^]zP\�fFb@_R\�w�k2^'Z���VA��VA�¤['Y@^'ePX:¥
¦ ^]Z�\9iPb+fJZ5X�[]fF^]eNgP� iPb@Y+X�\5iPX�� ZFb+\9\9X�eOp]X�Z5fFb+^]ey^]k"\9i;b@fJW�^'e:\5Z5b+|PzP\5b@^'eOk2^]Y+Y+^h� f�\9iPXxcd[]b+eOY@b+ePX�f�^'k%\5iPX�\5[]Y+�,gPX�cu`;iP[]fFb@��b@e;j�\9iPX

fF[]cdXlX�_R`aX�Z5b+cdX�eR\9['YHZFX�fFzPY+\9fd[]e;v§\5Z5X�ePvPfhg"��W�^]zPY+v¨eP^'\dZ5X�f5b+f5\ub+ePf5X�Z5\5b@e;jS['Y@fF^rfFzPcdcd[]ZFb@X�fuk2ZF^]c©\5iPXyVAzPj'zPfF\u�� %¡�¢Q£��]�'�]�
zP`tvP[]\5X�f7\9i;[]\7k2^]Y+Y@^h�HX�v��;�P�A�'�]�]��~�V \J\9i;XufF[]cdXx\9b+cuXRg���vPb+vre;^]\J[]b+cª[]\JW�^]cd`PY+X�\5X�ePX�f5fJb+eSW�^hp]X�ZFb+ePjn\9iPXdcd[]eRwy[]fF`tX�W�\5f7^]k
m8oqpRb+^]Y+[]\5b@^'eO`PiPX�eP^]cdX�e;^]Y+^]j]wyb+e§�«vPX�W�[hwRfhg;|;zP\7Z5['\9iPX�ZJ\5Z5b+X�vS\9^yfFzPcdcu['Z5b+��Xu\9i;Xxcd[]b+e?\9ZFX�ePvPfhgtb+eS\5iPXdb@eR\9X�Z5v;b@fFW�b+`PY+b@eP['Z5w
fF`Pb@ZFb+\<^]k��P�;���]�]�'�t~,��[]`t^]Y+^]j]b+��X b+e�['vPp�[]ePW�X�k2^]Z�\9iPX�cu['eRwxb+eR\9X�ZFX�fF\9b+ePj>\5iPX�^'Z5X�\9b+W�['YPb@v;X�[]f�[]ePv�X�_R`aX�Z5b+cdX�eR\9['Y;ZFX�fFzPY+\9fQ\5iP[]\�[]ZFX
eP^'\�W�^hp'X�ZFX�vy|Rwl\5iPb@fJZFX�pRb@X���g1['ePv�`a^'b@eR\�\9iPXxb@eR\9X�Z5X�f5\5X�v�ZFX�['vPX�Z�\5^�\9i;X�zP`P}*\9^�vP[]\5X�[]e;v�W�^]cd`PY+X�\5X>fFzPcdcu['Z5b+X�f�`PZFX�`P['Z5X�v{|Rw
\9i;X8¡AX�[hpRw ¦ Y+[hp]^'Z�V�p]X�ZF[]j'b@e;jy¬HZF^]zP`®2¡ ¦ V�¬8¯�°+±³²,[]e;vl\5^n\9iPX8�P\5[]ePv;[]ZFvl´O^RvPX�Y�Z5X�pRb@X��µfFX�W�\5b@^'ePf b+e{ZFX�k9~�° �C²�~

2. MATTER AND ANTI-MATTER: THE CP VIOLATION CONNECTION

�N^I�PZFf5\l[]`P`PZF^h_Rb@cd['\9b+^]eNg�['Y@YJk2zPePv;[]cdX�eR\9['Y7b@eR\9X�Z5['W�\5b@^'ePfl['Z5XSf5wRcdcdX�\5Z5b+WSz;ePvPX�Z{\9i;XIm8o¶\9ZF[]ePfFk2^]ZFcd[]\9b+^]e%gHW�^]cx|Pb+ePb@e;j
`P['Z5\5b@W�Y@X�}�['e:\5b@`;[]ZF\9b+W�Y+X�X�_RW
iP['ePj]Xl^]Z� %iP[]ZFj]X® %^]eh�9zPj]['\9b+^]e·�m�¯J[]ePv§f5`P['W�X{Z5X�¸PX�W�\9b+^]e§^]Zu£�[]ZFb@\�w��o�¯5g�|Pz;\nb@fd\9i;b@fnZFX�['Y@Y+wU[
j]^R^RvrfFwRcdcuX�\9ZFw�^]k�eP[]\5zPZ5XR¹º��e�±
»'¼]��[y\5b@eRw®m8oqfFwRcdcuX�\9ZFw�pRb@^'Y@['\9b+^]erX�saX�W�\7�H[]f7vPb+f5W�^hp]X�ZFX�vrb@e?��X�[]�yvPX�W�[hwRf7^]k<ePX�zP\9ZF[]Y
��[]^'ePf�° �]²��hb+eR\9X�ePf5b+p]X�Y@w7b+eRp]X�fF\9b+j]['\9X�vNg3\9iPb+f"`PiPX�eP^]cdX�e;^]e�ZFX�cd['b@ePX�v�[J`aX�W�zPY+b+[]ZFb@\�w7^]ka\9iPXHePX�zP\9ZF[]YR��[]^'e�fFw:fF\9X�c½zPeR\9b+Y1\9iPXHZFX�W�X�eR\
^]|;f5X�Z5p�[]\5b@^'ePf�^]k�m8o·pRb+^]Y+[]\9b+^]e{b+e?�½v;X�W�[hwRf>° �C²¾~
m8o�pRb+^]Y+[]\5b@^'e?b+f�b+eR\9b+cd[]\9X�Y@w?ZFX�Y+[]\9X�vU� b@\5iµ¿ À�[]\9z;Z5XRÁ fl¬HZFX�['\9X�f5\>£�zP����Y@XRÁ�eN~ ÂO^]kH�P�P�8�'�]�'�tg<¿ Ã�iRwSb+f�\5iPX��Ae;b@p'X�ZFf5Xncd[]v;X

^]k ´r[]\9\5X�Zx[]ePvºe;^]\�V�eR\9b+}�´O['\9\5X�Zh¹3Á+g%fFb@ePW�X�b+\x['Y@Y+^h� f>zPfu\9^SvPb@fF\9b+ePj'zPb@fFi®[r�H^]ZFY+v®^]k cd[]\5\9X�Zxk2Z5^'cÄ[O��^'Z5Y+v®^]k ['eR\9b+}�cd[]\5\9X�Z
b+eº[]eº['|PfF^]Y+zP\9X��H[hw:~ ¦ b+j]z;Z5XS±�j]b+p]X�f>[rW�^]eRpRb@ePW�b@e;jOX�_R[]cd`PY+X�\5iP[]\x\9iPb+fdb@fx\9iPX{W�['f5XRg�X�_R`aX�Z5b+cdX�eR\9['Y@Y+w:~y�;b@ePW�Xrm8oHÅÆb+fx['e
X�_R['W�\Hf5wRcdcdX�\9ZFw�k2^'ZHY+^RW�['Y��:z;[]eR\9zPcÆ�PX�Y+vl\5iPX�^'Z5b+X�f>° ÇC²�g'ÅÈÉ\9b+cuX8ZFX�p'X�ZFf5['Y¾¯,pRb@^'Y@['\9b+^]e�b+f�[]Y+f5^uX�_R`tX�W�\9X�v%gR[]ePvlX�_R`tX�ZFb@cdX�eR\5[]Y+Y@w
fFX�X�e®° ¼]²�~

SLAC Summer Institute on Particle Physics (SSI04), Aug. 2-13, 2004

1
ÊÌË�Í�ÎaÎtÏ



Ð�ÑÓÒ3Ô'Õ�Ö8×3ØtÙ�Ú>Ö³ÛaÜ9Ý7Þ'ßàÖ�á3â;Ý�Ü9ã�ã�ÖFÕ�äFÜ�ÚCã�ÑàÝnÜ9ã�ã�Ö³Õ�Ü�å�æCÝ7Ý7Ö³ã�Õ�æ�Ü�å�å�Ö³Ö³Ú>ÑÓÚxã�ç'Ö�è'ÑÓé1Ö³Õ�Ö³ÚCã%è'Ö³êCÜ¾æ7ã�ÑÓÝ7ÖHè'ÑÓå�ã�Õ�Ñàë'Ô:ã�ÑÓá3Ú'å"á3âtì�í�Ü�Ú:è�îì�í%Ý7Ö³å�á�Ú:å
ã�á7ã�ç'Ö�å�Ü9Ý7ÖAïNðRï<ñxò:Ú�Ü9ß;å�ã�Ü9ã�ÖCóhëCæ>ã�ç:Ö>ô�õ1öt÷�Ù8øOÖ³ÛCÞ1Ö³Õ�ÑÓÝ7Ö³ÚCãAùÓú5û�ü

ý�þ�ÿ�������������	�
���������������������]þ�������� �"!#��	]þ$��%#�"&'� ���]þ����(�]þ)�*��+,��-)���#� þ)�"!#�"� ������
�!#�]þ)&$�������'þ)��+.���(	���þ$�"� �����+þ)	/��	�����0$�����"1�!#�"� �
��+����������"�2�@þ3��-$���"������4$�����]þ5��+���4)�*6�þ)�����"� ��������-$������-$�"� �*0,�#�@þ)	70$��� 
��]þlþ�4)�'08�"�9���������������'þ:�'þ)&3��&$�";)������4)����+.� ���<��-)�#�������
�"=�4)������0)� ��4)�<!#�]þ)&)�������]þ$�'> ?A@CB
ý�þD��-)�FE)���]þ)&)����&7GH�&$�"�JI.E)G�KL��+M;$��� ����!"���2;)-�
�����!"�N�$���O��������������'þ7����	���þ)�"� �����"&7��þ����� �"��
�0
��P;)-)��� �9�+þD��-$�Q=�4)����R����#!"�����N�

���Q;)� ��;8��� �"&S0�
3T���0)�N
���� -)�M�]þ)&HGU��� RV�N�W�H> XA@CY���-)���Q���#!Z-)�]þ)��� �[-)���Q� -)�N� þS�'þS������%#�@þ)	\;)���#&)��!"�������';,�N���"�NB^]2�N���"���"�N�����
� �"���#�����M!"�'þ������0)4)����� �*���D��-)���2E)�#��� ���'þ3��+_E)EPý^`�a�a�b������ ��;8���+þ����#&S��4)�V�)��-)�cE)Gd���e���������������]þ3+.�������9���D�#1�;)�����@þ3��-)�c��0$���#�����"&
0)����
��]þ\����
������"����
��0
\���'þ�
D��� &)�"� �^��+�����	]þ$����4)&)�D>�fgaA@Ch

i þ)����4)� ���,=4$�"� �����]þ7��� �����#�VYj��+j��-)�2!#��� ��������	���!"����;)��!"��4$���Q���W!"��� � �"!"�V�N�*-)�#���2��� �9��-)��þ)�]þ$klE)Gm���O��������������'þ�����4)��!#�"�NnPo*-)���
+.4Pþ)&$������þ������M=�4)�"� �����]þ5&)�"���'þ)&)�*����-)������4)	�-:�"1�;8�"� ������þ������M�+þ���"� ����	��������]þD��+W���p��������������'þ\�������"� �*��-)�/E)Gq;)� �"&$��!#�����]þ)�*�+þ
��-$��-)�"�N��
D=�4)����R7� �"!#�����N������R��@þ)	�+.���*�#����&)��þ)!"����+�þ)�#�p;$-
�� ��!#�V>�f�f @CB

3. THE CKM PARADIGM AND UNITARITY ANGLES
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±K´N°Q°U¬Uº�¨K³�±K´N®o¶�³�¬U¼�¹�¶�¬Q´N®�«_¶�´aÇÈÆ�§�É�«�¬U±K«�¬Q®a¶"§�¨�Æ�¯N«�¶�¬Q®�Ê�´N°QÊN¨Kºr·E¯�¬U®�°UÉrº�¨K±G¯eÉW±�§d¯�®�®�¨G°Q«�Ëg¬U¶"§u°U¨KÆd¶"´�®d«�ÃXÌ¸¨K±G¨K®�¶"°UÉo»�¹�Æ��³7¯�ºd¨Kº
º�¨G¶"¨K±G¶"´N³�«�¼'¨K±K¯N·E¨C¯N¼�°Q¨�¶�´�¶�³�¬U�N¨K³´�®�¶�³�¯N±�¾�«½p³7´�·Íºd¨K¶"¯N±�§�¨Kº�«�¨G±K´N®�º�¯�³7ÉEÊ�¨G³�¶�¬Q±G¨K«e¿²¶�§�¨�³�¨G¯�±�§m´N½�¶"§d¨K«7¨L½p¯N±K¬U°Q¬U¶"¬U¨K«�¬U«g¶"§�¨G³�¨G½p´�³7¨
¨KÎ�¶�¨K®�º�¨Gºm¶"´�§�¯�ºd³�´N®�¬Q±]º�¨K±G¯eÉ�±�§�¯N®�®�¨G°Q«eÃ²¦g§d¬Q«Æ�³7´��³7¨K«7«e»e¶"´N�¨G¶"§�¨G³�Ëg¬U¶"§m¶�§�¨C¹d®�¬QÏ�¹�¨CÆ�´N«�«7¬U¼�¬Q°U¬U¶�É�´N½�±K´NÆ�¬Q´N¹�«7°QÉ�Æ�³7´oºd¹�±K¬U®��¯N°Q«7´
Ç]ÐÑ ·E¨G«�´N®�«�»²¬Q«wÆd³�´N·�¬U«7¬Q®�i½p´N³w¶"§�¨s½p¹�¶�¹�³7¨sÆ�´N¶"¨K®�¶�¬Q¯N°4´�½wÒ	ÓCÔ�µcÄ"ÄL¯�®�ºÀÓLÕ'»�Ëg§d¨K®k«�¹dÂ�±G¬Q¨G®�¶w°Q¹�·E¬U®�´�«7¬U¶�ÉXËg¬U°Q°4¼'¨s¬U®o¶�¨KN³�¯N¶"¨Kº	»
¯�®dº�´N½�¶�§�¨w´�¶�§�¨K³g¨GÎoÆ'¨K³7¬U·�¨G®�¶"«e»oËg§�¨K®i¶"§d¨KÉ�Ëg¬U°U°²¼�¨G±K´N·�¨�´NÆ�¨G³�¯N¶"¬U´�®�¯N°Ö»N¬U®�¯E½p¨GË×ÉN¨K¯�³7«�½p³�´N·Ø®�´eË_Ã

¦g§�¨¸Æ�³7¨K«7¨K®�¶¸Ç×Æ�§�Éo«7¬U±K«4¨GÎoÆ'¨K³7¬U·�¨G®�¶"¯�¶�¬Q´N®s¬Q«)º�´�·E¬U®�¯�¶�¨Kºm¼�É�¶"§�¨]Ê�¨K³7É�«�¹�±G±K¨G«�«7½p¹�°d´NÆ�¨G³�¯N¶"¬U´�®E´�½�¶�§�¨]¶�Ë´mÇ]µc½p¯�±G¶"´N³�¬U¨K«eÃ�Ù�´�¶�§
¯�³7¨�´�Æ'¨K³7¯�¶"¨Gºu¯N¶�¯k±K¨G®�¶"¨K³7µc´�½pµc·�¯N«�«�¨K®�¨G³�NÉr´�½�Ú�ÕdÛ Ü�ÝNÕÁÞ¨KßE»	¯�¶E¶"§d¨ràwá0âdã)ä_©�ª©�³�¨G«�´N®�¯�®�±G¨o»då"¹�«7¶s¯�¼'´eÊ�¨�¶"§�¨i¶�§�³�¨G«�§d´�°Uºu½p´�³
¶"§d¨�Æ�³7´�º�¹�±G¶"¬U´�®X´N½¸Ç]æç ÇEèç ¯N®�ºuÇCÐé ªÇ Ðé ÃL¦g§�¨�Ê�¨K³7Éi½p¯eÊ�´N³�¯N¼�°Q¨w³7¯�¶�¬Q´�´�½¸©�ª©¸Æ�³7´oºd¹�±K¶�¬Q´N®?¯�«�±K´N·EÆ�¯�³7¨KºV¶�´�°U¬QN§�¶"¨K³LÏ�¹�¯�³7¾iÆ�¯�¬U³7«
á�ê�á:©3ª©Gä:ë�ê�á�ì ªìoäEíØÕdÛ î�Ý�ä"»	¯N®�ºa¶�§�¨�±K°U¨K¯�®a¨K°U¨K±G¶"³7´�®�µcÆ�´N«�¬U¶"³7´�®u·�¯N±�§�¬U®�¨�¨G®�Êo¬U³7´�®�·E¨K®�¶�¯�³7¨�±K´N·EÆ�¯�¶�¬Q¼�°U¨�Ëg¬Q¶�§a¯ÀÊ�¨G³�Ék¬U®�±K°U¹�«7¬QÊN¨
¶"³7¬U��¨G³�»G³7¨K¶�¯�¬U®�¬Q®dCÊ�¬U³�¶�¹�¯�°U°QÉw¯N°Q°�Çïº�¨G±K¯eÉ�«�»G¯N®�º�¯N°Q°U´eËr¶"§d¨K¬U³�¨KÎ�±K°U¹�«7¬QÊN¨)³7¨K±G´�®�«7¶"³7¹�±K¶�¬Q´N®�Ëg¬U¶"§�§�¬QN§_¨GÂ�±G¬Q¨G®�±KÉ�Ã²¦g§d¨¯N«�É�·E·E¨K¶�³�¬U±
¼'¨K¯�·ð¨G®�¨K³7�É�±G´�®�ñ�N¹�³7¯�¶"¬U´�®w¼'´�´�«7¶"«�¶"§d¨CÇï·E¨K«7´�®�«	¬U®_¶"§d¨°U¯�¼'´�³7¯�¶�´�³7É]½p³7¯�·E¨o»�¯N°Q°U´eËg¬U®�]¶�§�¨K¬U³�º�¨K±G¯eÉLÊN¨K³7¶"¬U±K¨G«�¶�´C¼'¨)«7¨KÆd¯�³7¯�¶"¨G°QÉ
³7¨K±K´N®�«7¶"³7¹�±K¶�¨Kº�»o¯N«³7¨KÏ�¹�¬U³7¨Kº�¬Q®iÆ�¯N³�¶�¬Q±G¹�°Q¯N³�¼oÉ�¶"¬U·E¨Kµcº�¨KÆ'¨K®�ºd¨K®�¶wòwó×¯N«�É�·E·E¨K¶�³�És·E¨K¯N«�¹d³�¨G·�¨G®�¶"«eÃ

ô�õ�ô µ}Ä�Ä_¯N¶mö�÷�ø_ÒúùUÚ�û�ü]±K´�°U°U¬Qº�¨G«�ý�Û,ÚkÞ¨KßþÆ�´N«�¬U¶"³7´�®�«�´�®jûdÛ ÕÿÞ¨Kß ¨G°Q¨G±K¶�³�´N®�«m¯�®dºj¬Q®jîNÕ�Õ�âÀ¨KÎ�±G¨K¨Kºd¨Kºj¶"§d¨?º�¨K«7¬U�®ïÆ�¨G¯�¾
°U¹�·E¬Q®�´N«�¬U¶�É_¼�É�¯�¼'´�¹�¶�¯w½p¯N±K¶�´�³4ý�»e³7¨K¯�±�§d¬Q®��û�Û î � Ú�Õ�����±K·?è��G«�è��KÃ�¦g§�¨gÊN¨K³7É_¨KÂE±G¬Q¨G®o¶�´NÆ�¨G³�¯N¶"¬U´�®Eº�¨G°Q¬UÊ�¨G³�¨Gº�¯w¶�´�¶�¯�°�°U¹�·E¬Q®d´�«7¬Q¶�É
´�½�¯N¼�´N¹�¶î�Ü�â_½p¼�è	�Lá"Ú�Õ�
×´��'µ}³7¨K«7´�®d¯�®�±G¨g½p´�³±K´�®�¶�¬Q®�¹�¹�·Í¼d¯�±�¾��³7´�¹�®dº�·E¨G¯�«7¹�³�¨G·E¨K®�¶"«eä"»�±K´N³�³7¨K«7Æ�´N®�º�¬U®��¶�´_¯�¼'´�¹d¶)îNâ�Õ�·E¬U°Q°U¬Q´N®
³7¨K±K´N³�ºd¨KºrÇ ªÇ Æ�¯N¬Q³7«�Ã� õ wµcÙ ¯�¶� õ  ù îNÕ�ü�±K´N°Q°U¬Qºd¨K«LýdÛ ÜÀÞ¨Kß Æ'´�«7¬Q¶�³�´N®�«C´N®?ÝdÛ ÕÀÞ¨Gß ¨G°Q¨G±K¶�³�´N®�«��'¶�§�¨K¬U³LË)´N³�°Uº�µc³�¨G±K´�³7ºiÆ�¨G¯�¾
°U¹�·E¬Q®�´N«�¬U¶�Ér¬U«VÚ�ýdÛ û � Ú�Õ�����±G·?è���«�è��K»�¶�§�¨i¶"´�¶�¯�°�¬U®o¶�¨KN³�¯N¶"¨Kºu°Q¹�·E¬U®�´�«7¬U¶�Ér¯�¼'´�¹�¶�î�Ý��s½p¼�è��_¯N®�ºu¶�§�¨i³�¨G±K´N³�º�¨GºÿÇ ªÇú«7¯�·EÆ�°U¨
³7¨K¯�±�§d¨Kº�îNÝ�ÕE·E¬Q°U°U¬Q´N®�Æ�¯N¬Q³7«eÃ

Ù´N¶"§W¨KÎ�Æ�¨G³�¬U·E¨K®�¶"«�·E´�³7¨�¶"§�¯N®Xº�´N¹�¼�°U¨KºÀ¶"§�¨G¬Q³�º�¯N¶"¯�«�¯N·�Æd°Q¨G«L«7¬U®�±K¨�ö�¹�·E·E¨K³�î�ÕNÕ�ý�ÃLÄ�®X¶"§d¨�½p´N°Q°U´eËg¬U®��Ë¨�Ëg¬Q°U°�½p´o±G¹�«w´�¹d³
¯�¶�¶"¨G®o¶�¬Q´N®�´N®�³7¨K«7¹�°U¶"«g½p³7´�·Í¶"§d¨�ÇCµ}½p¯N±K¶�´�³7¬Q¨G«´N®�°UÉo»o¯�®dº�Ë¨LËg¬U°U°�¯�º�´NÆ�¶)¶�§�¨K¬U³g®�´N¶"¯�¶�¬Q´N®�»oº�³7´�Æ�Æd¬Q®��¶"§d¨L«7¹�¼�«7±K³7¬UÆ�¶"«��X¯�®dº��w½p´�³
Ç]æç ¯�®dºWÇCÐé ·�¨G«�´N®�«eÃ

4.1. Observables: CP asymmetries
¦g§�¨ÀÒ��� Æd§�¯�«7¨K«�±K¯�®r¼'¨�º�¬Q³7¨K±G¶"°UÉk·�¨G¯�«7¹�³7¨Kºr¬U®Å¨KÎ�Æ'¨K³7¬Q·E¨K®�¶�«_º�¨G«�¬U�®�¨GºÅ¶"´W´�¼�«7¨K³7Ê�¨sºd¬��'¨K³7¨K®�¶_¾�¬U®�º�«�´�½wòwógµcÊ�¬Q´N°Q¯N¶"¬U®�

¯�«7É�·E·�¨G¶"³7¬Q¨G«�Ã õ ¯N±�§s´�½�¶�§�¨K«7¨]´N¼�«�¨G³�Ê�¯N¼�°Q¨G«4¬U«)¶�§�¨]³7¨K«7¹�°U¶�´�½�¶�§�¨]¬U®�¶"¨G³�½p¨G³�¨G®�±K¨¸´N½�º�¬���¨G³�¨G®o¶)¯�·EÆ�°U¬Q¶�¹�º�¨G«)Ëg¬U¶"§�®�´�®�µ��K¨G³�´w³7¨K°U¯�¶�¬QÊN¨
Æ�§�¯N«�¨�»�±G´�®�¶"³7¬Q¼d¹�¶"¬U®�i¶"´i¶"§d¨m«�¯N·E¨�Æd§oÉ�«7¬Q±G¯�°�Æ�³7´�±K¨G«�«e»�«7¬Q·E¬U°Q¯N³�°UÉ?¶"´i´NÆ�¶"¬U±K¯N°4¬Q®�¶�¨K³7½p¨K³7¨K®�±G¨�¬U®k¯i±K°U¯�«7«�¬U±K¯N°	¶�Ë´�µc«7°Q¬U¶�º�¬��'³7¯�±K¶�¬Q´N®
¨KÎ�Æ'¨K³7¬Q·E¨G®o¶�Ã

¦g§�¨wòwógµ}´�º�ºE´N¼�«�¨G³�Ê�¯N¼�°Q¨G«�¬Q®iÇÿ·E¨G«�´N®�º�¨G±K¯eÉ�«�¯�³7¨�¹�«7¹�¯�°U°QÉ�±K°U¯�«7«�¬Uñ�¨Gº�¯N«¸òwóaÊ�¬U´�°U¯�¶�¬Q´N®�´�±K±G¹�³7³�¬U®�máp¬�ä � º�¬Q³7¨K±G¶"°UÉ"!�¬Q®Eº�¨G±K¯eÉ�«e»
Ëg§�¨G®�¯�¶�°Q¨G¯�«7¶�¶�Ë´¸¬Q®�¶�¨K³7½p¨K³7¬Q®�]¯�·EÆ�°U¬Q¶�¹�º�¨K«�Ëg¬U¶"§�ºd¬��'¨K³7¨K®�¶�¨G°Q¨G±K¶�³�´eË¨K¯N¾]¯�®dº�«�¶�³�´N®�¸Æ�§d¯�«7¨K«�ºd¨K«7±K³7¬Q¼'¨�¶�§�¨�«7¯�·E¨�ºd¨K±K¯eÉLÆ�³7´�±K¨K«7«#�
áp¬U¬�ä�¬Q®ïÇCÐ%$ ªÇ]Ðs·E¬UÎ�¬Q®��»²¬U½¶"§�¨m·E¯N«�«w¨G¬QN¨K®�«7¶"¯N¶"¨K«�Ç'&�á�Ç)(Eä+*-,'ÇCÐ%.jì ªÇ]Ð�±K¯�®d®�´�¶w¼'¨s±�§�´�«7¨K®À¶"´X±K´�¬U®�±G¬Qº�¨EËg¬U¶"§r¶�§�¨?òwó
¨K¬U�¨G®�«7¶"¯�¶�¨K«e»�³7¨K«7¹�°U¶"¬U®�_¬U®0/Qìeë1,2/�3* Ú4��áp¬U¬Q¬�ä�¬Q®�¶"§�¨L¬Q®�¶�¨K³7½p¨K³7¨K®�±G¨]¼'¨K¶�Ë¨K¨K®�º�¨K±G¯eÉ�¯N®�º�·E¬UÎ�¬Q®��¯�·EÆ�°U¬Q¶�¹�º�¨G«�»o½p´N³)º�¨G±K¯eÉ�«�¶�§�¯�¶±K¯N®
Æ�³7´�±K¨K¨Gº�ºd¬Q³7¨K±G¶"°UÉm´�³gÊ�¬U¯�Ç Ð $ ªÇ Ð ·E¬QÎ�¬U®�'Ã

òwó×¯N«�É�·E·E¨K¶"³7¬U¨K«�´�½	¶�É�Æ�¨�á0¬Öä	½p´N³g¶"§�¨wº�¨G±K¯eÉ65'798�¯N³�¨L³7¨K°U¯�¶"¨Gº�¶�´s¶"§�¨sòwógµcÊ�¬Q´N°Q¯N¶"¬U®�VÒ��� Æ�§d¯�«7¨;:�¼�É²¿

<'=	>@? ó_áA5'798�ä�$aó_á ª5)7 ª8�ä
ó_áA5'798�ä2Buó_á ª5)7 ª8�ä+C îD/ < � /�/ < � /:«7¬Q®+E�«�¬U®�:�F áHG�ä

Ëg§�¨G³�¨só ¯�³7¨w¶"§�¨_º�¨K±G¯eÉmÆ�³7´�¼�¯N¼�¬Q°U¬U¶"¬U¨K«¸´N³g³�¯N¶"¨K«e» < � ¯�®�º < � ¯�³7¨w¶"§�¨_±K´�®�¶�³�¬U¼�¹�¶�¬Q®�s¯N·EÆ�°Q¬U¶"¹dº�¨K«e»�¯�®dºIEC¬U«]¯Vòwógµc±K´N®�«�¨G³�Ê�¬U®�
«7¶"³7´�®��³�¨G°Q¯N¶"¬UÊ�¨EÆ�§�¯N«�¨�»�¹�«7¹�¯�°U°UÉ?Æ�´�´N³�°UÉV¾�®�´eËg®�Ã�øÍ®�´�®dµJ�G¨K³7´�«7¶"³7´�®��Æ�§�¯N«�¨E¬U«w¯i®�¨K±G¨K«7«�¯N³�ÉV±G´�®�º�¬U¶"¬U´�®À½p´�³w¯kòwó Ê�¬Q´N°Q¯N¶"¬U´�®
¨K�'¨K±G¶g¶"´s¼'¨w´�¼�«7¨K³7Ê�¯�¼�°U¨L¬Q®i¶"§d¬Q«¸±G¯�«7¨o»N¯�«g¬U°U°Q¹�«7¶"³7¯�¶�¨Kºi¼�ÉmÔ�¬QN¹�³7¨Lâ?á0¶"´�Æ	ä"Ã

òwóÈÊ�¬U´�°U¯�¶"¬U´�®a¬Q®�Ç ·E¬UÎo¬U®� á0¶�ÉoÆ'¨uáp¬U¬�ä"äL¬U«m¨KÎ�Æ'¨K±K¶�¨Kºï¶"´k¼'¨VÊ�¨G³�ÉÅ«7·E¯�°U°g¬Q®ï¶�§�¨VöL�a»�¬U®ï³�¨G°Q¯N¶"¬U´�®aËg¬Q¶�§Á¯rºd¨K±K¯eÉrËg¬Uº�¶�§
º�¬���¨G³�¨G®�±K¨w·�¹�±�§�«�·E¯�°U°U¨K³g¶"§d¯�®�¶"§�¨sÇ)&�»�Ç)( ·�¯N«�«gºd¬��'¨K³7¨K®�±G¨o»�¯N®�º�¬Q«¸¹d«�¹�¯N°Q°UÉm®�¨G�°U¨K±G¶"¨Kº	Ã

¦g§�¨mÇ]µc½p¯�±G¶"´N³�É�¨KÎ�Æ�¨G³�¬U·E¨K®�¶"«]¯�³7¨w«�Æ'¨K±G¬Q¯N°Q°UÉ�ºd¨K«7¬QN®�¨Kºi¶"´�·�¨G¯�«7¹�³7¨w¶"¬U·�¨Gµ}ºd¨KÆ'¨K®�º�¨G®�¶�òwó�¯�«7Éo·E·E¨K¶�³�¬U¨K«]´�½�¶�É�Æ�¨�á0¬Q¬U¬�ä"»dËg¬Q¶�§
®�¨G¹�¶"³7¯�°Ç�·E¨K«7´�®d«Cº�¨G±K¯eÉ�¬U®�m¶"´�¯Xòwó ¨G¬QN¨K®�«7¶"¯N¶"¨M8�»�º�¬U³7¨K±K¶�°QÉi´N³CÊ�¬U¯m·E¬QÎ�¬U®���'Ô�¬U�¹�³7¨_âWá0¼�´N¶"¶�´�·?ä)«�§�´eËg«C¶"§�¨�¬U®o¶�¨K³7½p¨K³7¨K®�±G¨
·E¨K±�§�¯N®�¬U«�· ¬U®�º�¹�±G¬Q®d�¯�º�¬���¨G³�¨G®o¶L¶"¬U·E¨Kµcº�¨KÆ'¨K®dº�¨K®�¶�º�¨K±G¯eÉi³�¯N¶"¨�½p´�³L¯�º�¨G±K¯eÉ�¬U®��·E¨K«7´�®W¬Q®d¬Q¶�¬Q¯N°Q°UÉV¶"¯N��¨Gº?¯�«�Ç Ð ´N³ ªÇ Ð »'¯N®�º
·E¬QÎ�¬U®�E¬Q«]º�¨K«7±K³7¬Q¼'¨Kº�¬U®�Ô�¬U�¹�³7¨�Ü'Ã
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V2WYX[Z4\^]`_badc�e^f[g2h'ikj4]mlnWY\^]poperq�sutwv^xzy+y+]pe^\^xdWY{|e^j4]me^\Ktw{nv^WYe^WYf[{I}�]�e�~�]�]p{�tw{�W�{4WYe^W�t���v^eKt�e^]���tw{4l�t��4{2tw��v^eKtwe^]0�rWYvTl4Zn]me^fre^j4]
WY{ze^]p\^��]p\^]�{nop]'}�]�e�~�]�]p{�eJ~�f;twy+g4�YW�e^Z4ln]pv��T� t�{nl����2~kW�e^j�t�\^]���t�e^WY��]%q�s'��opf�{nv^]p\^�zWY{nX�gnj�twv^])�%t�{nl�t�q�s'���zWYf[�Jtwe^WY{nXRgnj�twv^]%���Lc�}�f[e^e^f�yMh
q�s�twv^xzy+y�]pe^\^x�WY{;����l4]pozt�x%e^fMt�q�s�]pWYX[]�{nv^eKtwe^];�K�D�6��\^f�y�e^jn]'WY{ze^]p\^��]�\^]p{nop])}�]�e�~�]�]p{;y+WY�zWY{nXb zl4]pv^op\^WY}�]pl6}zx%g2t�\Ktwy+]pe^]�\^v�¡6tw{nl;¢n 
tw{4l;e^j4])ln]pozt�x�twy�gn�YWYe^Znln]�v��+£+tw{4l¥¤��£�¦

V2WYX[Z4\^]¨§[a%ikjn];� � yMtwv^v�]pWYX�]p{nv^eKt�e^]pv�oztw{�}�];]���g4\^]pv^v^]pl@twv�� �©bª «¬ ¡�� ��® ¢ ¤� � ¦�Vn\^f[y¯e^j4]�}�f°�rl4WJtwX[\Kt�y+v%ln]pv^o�\^W�}4WY{nX`e^jn]6� � �
¤� � e^\Ktw{nv^WYe^WYf[{±t�y+gn�YWYe^Znl4]%² ���  ³WYe�oztw{r}�]�v^j4f°~k{re^j2t�eK D��\^f�yµ´n¶�·Tt�gng�]zt�\^WY{nXme�~kWYop]%WY{r]zt�o¸j�lnWJtwX�\KtwyM kcA¢n¹w¡�h�º¼» ²@½��� ¹�¾ ² ��� ¬c�´n¶�·°´ ½¶�¿ h�¹�c�´ ½¶H· ´n¶�¿^h ¬ ]p�zg�c�À��¸ÁwÂ�h^¦
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5. EXPERIMENTAL RESULTS

5.1. Direct CP Violation in B decays
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YAZ\[J]\^X^�[�_a`Xb/cedgfehLi�b/[<h/_\`Tf�jX[:kmlAnporqtseu�sFvxw-q�yCkmn�npo{z�s-|�v~}�}-yNfed\_�kmlAl�o�}:v�q��-y	���ed\`2bK`2^�[�d�^��AbK^XZa�\j2[<��b/�e�\`2hKi
�\�\�ghKb/`XZg[<_?�?[<fe`2�\j2[<�?[<d�^X`9�e�-^�Z\[A�\f����ej�f��e[�jXf�ce[�_��\j2fed\��Z\b/d\c ��j2fe�<^XbK��d\`9b/dF^XZ\[<`2[A_\[��<f�i��?��_\[<`�y�b/d?�\fej2^�b/�<�ghKf�jA�T�T�����	�D�L�9o
��q�� ��w�v>uO��q�qe�Q ¡q�u-�\¢&£ ��¤�¥mYAZ\[�_\b/j2[<�<^ ¦�§A¨©��bK��hKf�^�b/d\c?fe`2i��?�?[<^XjXi:b/`�ª

« lAnJ¬ k l�-n�®°¯ k lV®-nek l  n ®+± k l ® n  o ¯ uO��qt}e}�v¡ug� ue}euC��²X³<´�³��gv¡ug� ueu�µ-�'²�¶)²X³���· �Xq��C�
fedg_J^�Zg[��gfe��¸�cej2�e�\dg_&fe`2i��F�?[�^�j2i:bK` «D¹lAn oaug� ueu-qLv+ug� ueu��-¥NYAZ\[��e�\`2[<j2�e[�_&`Xb/cedgfehCfe`2i��F�?[�^�j2i�y�fe`V�e�g�O��`X[�_J^��?^XZ\[ fe�\`2[<d\��[�e�Mfe`2i��F�?[�^�j2iºb/d=^�Z\[:�\f���¸�cej2�e�\d\_my\b/`�»��\feh/bK^Xfe^XbK��[<h/i+[<��bK_g[<d�^ ��i+�gjX��¼�[<�<^XbKdgc�fº`X�g�\`Xf��?�\hK[F�e�M[<��[<d�^�`�y-[<d\j2b/��Z\[<_¡bKd½�:�DyC��d
�edg[F���M^XZ\[&�¾fej2b/fe�\h/[<` �\`2[<_¿b/d=^XZ\[:]\^��!À�bKc��\jX[6|���¥6Ám��d�^XjX��h�`Xf��F�ghK[�`�fed\_=[<Â�^X[<d\`2bK��[:�<��d\`Xb/`2^�[<dg�<i6��Z\[���¸�`�[�Â��<h/�\_\[:�-�e`2`Xb/�\h/[
`2�e�\j2�<[�`D���	[�Â��O[�jXb/�?[<d�^�f�h�\bKf�`AbKd « lAn ¥
YAZ\[?Ã<ÁmÄ%ÅLÆ���ueuez��M��jXh/_=f��e[<j2fec�[�£/q�¤�yb/d\�<h/�\_\b/d\c°^�Z\[:���ed\]gjX�?fe^XbK��d>��i6ÇV[<h/h/[�yCb/` « lAn o ¯ ug��q�ueµFv�ug��q�µC¥�Ã�^ `2Z\�e�ghK_=�O[

d\��^�[<_¡^�Z\f�^ ^�Z\[F�e�\`2[<j2�e[�_6��feb/j2hKi+h/fej2ce[ « lAn f�`Xi��?�?[<^�j2i°bK` d\��^.f�^.f�hKh��\dg[<Â��O[��<^X[<_p£ ��s�¤Èy-f�d\_>��fed¡�O[?^�j2fe��[<_6^X�°^�Z\[+ÁmÉ�Ê
�\Z\f�`X[TbKd¡^�Z\[SbKd�^�[�jX��[�jX[�d\�<[T�O[�^��M[�[<dxË �O[�d\ce�gbKd	ÌOf�d\_xË ^�j2[<[�Ì\fe�?�\h/bK^X�\_\[�`¾yO^�Zg[S�?feb/d6�\dg�<[<j2^�f�bKd�^XbK[�`%b/d6^�Z\[��ej2[<^XbK��fehN�gjX[�_\bK��^�b/�ed\`
�-[<b/d\cT_\�g[�^���^XZ\[%b/d\���e�?�\h/[<^�[.�<��d�^XjX��h\�e�CZ\f�_\j2�ed\b/��[<Í-[<��^�`�¥	YAZ\[�[<Â��-[<j2bK�?[�d�^XfehO�e�\`2[<j2�¾fe^�b/�ed?b/`Mb/d\_\[�[<_:b/�?�O��jX^Xfed�^Q�-[<�<f��\`2[�bK^
`2�\�\�-�ej2^�`V^�Z\[ �¾feh/b/_\bK^�i:���)^�Zg[:ÁmÉ�Ê��?[<��Z\f�d\bK`2�Î�Ab/^�Z\���\^M�gfej2^�b/�<h/[<¨©fed�^�b/�\fej2^�b/�<h/[%�?b/Â�bKd\cFfedg_JZ\[�hK�\`V_\b/`2[<d�^�f�d\ceh/bKdgcS�-[<d\c��\b/d\`¾y
^�j2[<[�`¾y��D[<f�¸&fedg_�`2^�j2�ed\cF�\Z\f�`X[�`¾¥
Ï �+[<��b/_\[<dg�<[:�e�D_\b/jX[��<^:¦�§�fe`2i��F�?[�^�j2bK[�`�bK`�`2[<[�d¿ie[<^�b/d¿�e^XZ\[<j&�&�Ð�?��_\[�`¾y)hKb/¸e[+��Ñm�NÒ&��jX���Ó��Z\f�jXc�[<_x�%Ñ.yN�AZ\[<j2[?^�Z\[

[<Â��-[<j2bK�?[�d�^Xfeh9�\dg�<[<j2^�f�bKd�^�i+b/`�`X���?[<�AZ\f�^�h/fej2ce[�j¾Ô-�Ab/^�ZgbKd¿^�Zg[:hKf�jXc�[S^XZ\[<��jX[�^�b/�<feh��\dg�<[<j2^�f�bKd�^XbK[�`�_\�\[?^��°Z\f�_\jX��d\b/�S[�ÍO[��<^�`�yf�d
fe`2i��?�F[�^�j2i��AbK^XZx^XZ\[+`2fe�?[�`2b/ced½fed\_x�<�e�?�\f�jXf��\h/[��?fec�d\b/^��\_\[°�D�e�\h/_~�-[+[<Â��-[<��^�[<_½b/dx^XZ\[<`2[°��Z\fed\dg[<h/`+£ �-|�¤È¥~YAZ\[°�<���F¨
�\f�jXb/`X��d°�O[�^��M[�[<d6�?[<f�`X�gjX[��F[�d�^�`%b/d6_\b/Í-[<j2[<d�^T�&�~�F��_\[�`%`2Z\�e�ghK_6�ghK^XbK�?fe^X[<h/i°ceb/�e[�f&Zgfed\_\h/[Tf�hK`2�&��d+�e^�Zg[<j%�-�e`2`2bK�\h/[T_g[<�<f�i
�?[<��Z\f�d\b/`X�?`�y�`X�\��Zºfe`A[�hK[��<^XjX���D[<f�¸F�-[<dgce�\b/d°fe�?�\h/bK^X�\_\[<`F£ ����¤È¥
Õ b/jX[��<^M¦�§=��b/�eh/fe^XbK��d��<fed�f�hK`2�A�-[L`2[<fej2��Z\[�_�����jNb/d�^�Zg[L^�b/�?[<¨©_\[<�-[<dg_\[<d�^L�.¨I_g[<�<f�i.fe`2i��F�?[�^�j2bK[�`D��Ög[<�<^XbK��d�z-¥/qe�X¥×%dT[<��bK_g[<d\��[

j2[<�-�ej2^�[<_º��i&ÇV[<h/hK[�b/dº^�Z\[�_\[��<f�i&��Zgfed\d\[�h-�N���D�¡�AbKh/h�-[�_\bK`2�<�g`X`2[<_°b/d�Ö\[��<^XbK��dºwC¥ }C¥

5.2. The Unitarity Angle Ø ( ÙVÚ )
YAZ\[L�?feb/d�b/d\b/^�b/feh�[<Â��-[<j2bK�?[<d�^Xfehef�d\feh/i�`Xb/`Nf�^N^XZ\[.�.¨I��f��<^X�ej2bK[�`N�Dfe`Nf.]\j2`X^	^�[<`2^N����^�Z\[DÖ\ÊÛ�gjX[�_\bK��^�b/�ed�b/dT^XZ\[%�.¨I�?[�`X��d�`X[��<^X�ej�ª

^�Zg[�_\[<^X[<j2�?bKd\f�^�b/�ed?�e�-^�Zg[A�\d\b/^�fej2b/^�iTfedgceh/[DÜ+��j�Ý)Þ��'ß ¯ fej2cAà�á�â�bKd:^XZ\[Aã=�eh/��[<d\`2^�[�bKd:�\f�jXf��?[<^�[�jXb/ä<f�^�b/�ed	�Xy¾��i�`2^��\_\i�b/d\c�^XbK�?[<¨
åçæ.èTéOé-ê
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«�¬2�µ(»�³�³�µ�¼¤¬SM¸v®¤¯�¬.²&¯�»±�³�®´«�¬¤Ç�¶Èµ�±v·U¯�¸q¹>®SºS²�«�³�²�É
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0.726
p  ± 0.037
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5.3. The Unitarity Angle � ( �V� )
 ~¡@¢�£c¢$¤]¥b¦@§y¢$£c¢%¨�©�ª]«W©�¡@¢�¦@¨@¬Q©�¤�§y¬Q©�®¤]¨@¯�°�¢�±9²E³�´�µW¶Gª�¥y¢$¥[¤�£cª]§b¢a·@¬Q¸e¹$¦@°Q©e¹º¡�¤]°Q°�¢$¨@¯]¢a©y¡@¤]¨¼»½²E³�¾�µ�¿� ~¡@¢�¬Q¨.©y¢%§b«À¢%§b¢%¨@¹$¢Á ¢%©�ÂO¢%¢%¨C£e¬QÃ�¬�¨�¯[¤�¨@·a·@¢$¹%¤A�¥d©yª_Ä@¨@¤�°*Å�ÆÇ¢%¬Q¯]¢%¨�¥y©y¤]©�¢$¥3¬Q¨�È]ª�°�È�¬Q¨@¯�¤CÉ~ÊÌËÍ©�§b¤]¨�¥y¬Q©�¬Qª]¨!Î]«Àª]§O¢%Ã�¤�£e¶�°�¢[Ï�ÊÌÐVÑ*ÐOÒÓ²�Ô*¬�¯�¦@§y¢cÕºÖLÎ©�§b¢%¢(¤�£e¶�°�¬Q©�¦@·�¢.µ*ÂOª]¦@°Q·�¶@§yªAÈ�¬Q·@¢J¥y¢$¨@¥y¬Q©�¬QÈ�¬�©�C©�ªÍ±�×ØÐÚÙÛ²Ü»ÞÝàßdµ!©�¡@§bª]¦@¯�¡�©y¡@¢áÅ�Æâ¶@¤]§b¤]£c¢%©y¢%§(ãDä4äæå

ãDä4äà× çè é
êë ä4äë ä4ä ×Çì Ò ´ºí�î êë ä4äë ä4äOï ²yÕºðLµ

ñ ¨Í©�¡�¢�¤ Á ¥b¢%¨@¹$¢�ª]«*¶�¢%¨@¯�¦@¬�¨à¹$ª]¨�©�§b¬ Á ¦@©�¬Qª]¨@¥ êë ä4ä�ò ë ä4äÍ×óì4Ò ´ºí�ô ¤]¨@·à¢%õæ¿!ÕºðcÂ3ª�¦@°Q· Á ¢�§b¢%·@¦�¹%¢%·à©yªÍã�ä4äÍ×óì ´ºí�ö ¿ ñ ¨Í©y¡@¬�¥1¹%¤�¥y¢�Î¡@ªAÂO¢%È�¢%§AÎ�·@¬Q÷G¢$§y¢$¨.©1Â3¢$¤]ø�¶@¡@¤�¥y¢$¥W¤]§b¢�¹%¤�§y§b¬Q¢%· Á �©y¡@¢_©y§y¢$¢_¤�£e¶�°�¬Q©�¦@·�¢�ù ä4ä ¤]¨@· Á �©�¡�¢_¶�¢%¨@¯�¦@¬�¨�¤]£c¶@°Q¬�©y¦@·@¢�Æ ä4ä Î�§b¢%¥b¦@°�©y¬�¨�¯¬Q¨!å
ã�ä]ä�×úì í�´ºö ì4Ò í�ô ÝÓÆ�ä4ä�òºù!ä4äì Ñ íQô ÝÓÆ ä]ä òºù ä4äÓûóü ã�ä]ä ü ì ´ºí�ö�ý#þbþ ï ²yÕºÿLµ
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��������������������� �"!$#������$�&%('�)*��%(��(��%�'(�+�,��-�,.0/2143��257698;:=<>:@?��	#�A��B��3�������/�)*3�%�'(��%(C�,.0)�D��E#���'(��/@AF�"GH�9#�A��B/-�&.0�I3���'����KJ�L&M>NPO�QSR@A(�
#������T�,.0)�D��E#���'(����/=)(��3�)*3���#���3�%F�,D*#�3VU(W�X,U�YW�Z�[ ��#�A [ � �&\0)(AF�,/��9]_^`�,��aU(W�X�b [ A(��D��B#�A��2)(A��&/��93�1�#�A��2)*��%(��(��%c�,.0)�DE��#���'(� b�)���3�)*3���#��E3�%��&D
#�3_U(deX&U�YdeZ bH��/9���fDg�&#���'C#�3$hi^kjc�,��IU(deZ�Q

lKminpo-qsrSmut�v(wSt-rxo�t(y{zu|xt~}Ct�nsmfwx�ut�}Ct-r>z_q��$z,|xt�z,�4}Ct-�g�xt-�	t-rx�St-r>zcn�mu�>}C}Ct-zu�u���xn��un�}Vt�z,t��umc�s�4�st-mcz,|xt�o-q>t��Vo���t�r>z,m���� ���
�{���I�� � mf��rI���F�&�H��n�rx� � � ����mf�4rT�sy2�I|xt-�ft��_�4mVzu|xtimuzu�uq�rx���S|xnsmftc�S�� 	t-�ft-rxo�ti¡�t�z��9t�t-r�zu|xtiz��9q�o-q�r>z,�f��¡xwSz,�4rx�~�St-o-n¢�

ns}C�x£4�4z,wx�xt�mH¤¦¥I|xt�t- 	t-o�z,�4�st����&�H�7�Hns£4wxtKq�¡xz,n���rxt��§�¨�fqs}©z,|x�4m{}Vt�nsmfwx�ft-}Ct-r>z2}7wxmuz9¡�t�o-q��u�ft-o�z,t-�ª�¨q���zu|xt��St-�>��n�z,�4qsrª�xwSt�zuq�z,|xt
mfqs�go-ns£4£4t-��« �	t-rx��wx��ri�	qs£4£�wSz,�4qsr¦¬4¤

¥I|xtco�nsrxq�rx�4o-ns£9}Ct-z,|Sq(�® ¯�� °{z,q~�xt-zut-�f}V�4rxt±z,|xt±o-q��u�ft-o�z,�4qsr`²i�³�����&�H� � ��t-´>��t��u�4}Ct-r>z,n�£�£4���ut�v>wx���ft-m7mut��xns�fnszu��rS�µz,|xt
�x�4 �t��ut�r>zK�xt�o-n¢�_n�}C�x£��4z,wS�xt-mT¡>�c}Ct-n�muwS�ut�}Vt�r>z,maq��=¶Sn¢�sqs�f�gz,ns���st��_�xt�o-n¢�±�un�z,t-mKqs�·oP|xnsrSrxt-£4mK�ft-£4nszut-�¸¡>�c�4mfqsmf�x��r¸zu�un�rxmf�¨qs�f}Vn��
z,�4qsrSmHy��¨qs���4rxmfz,n�rxo-tV¹�º=¹B»9yF¹�º=¹�¼§n�rx�~¹�¼½¹�¼*y�nsrx��o-q�}�¡x�4rx�4rx�¸z,|St§ns}C�x£4��zuwx�xt�m���r`zu�u�4nsrS�swx£4ns�$�ft-£4nszu��q�rxmH¤�¾=qs}C�x£4t-}Ct-r>z,n��u�
ns�S�x�uq�nsoP|xt�m9zuqªt-´>z,�fnso�z0�µns�ft�¡Snsmft-�±qsri}Ct-nsmfwx�ft-}Ct-r>zumBq��¦zu��}Ct��+�xt���t�rx�xt�r(zIn�mu�>}C}Ct-zu�u�4t-mIq���¿;À�Á(Á�ysÁ�¹B¤

Â t�o-n�wxmut9z,|xt{¡x�fnsrSoP|x��rS���¨�fnso�z,�4qsr§¿7Ã�Ä�¿ ¼ ÀÅ¹ ¼ ¹ ¼>Æ �ÇÄ �¢È É=Ê�ËSÈ Ì Æ>Í �PË »*Î  ¯�¯ °"y* � °*�4m·o-qs}C�xn��un�¡x£4t�z,q0zu|xnsz=�¨qs�{¿ º ÀÅ¹ º ¹ ¼
nsrS��¿�¼�ÀÏ¹�º=¹B»2y*zu|xt$�x�ft-mft-r>zIwx�x�	t-�a£4�4}V�4zaq�r±zu|xt�o�qs�f�ut�o-z,�4qsrc��mK�9t�nsÐÒÑ=²i� � �±Ó ¯ Ì>Ô nsz É�Ë	Õ o�qsrxÖx�St-rxo�t$£�t��st-£BÄ,¾=× Æ  ¯�Ø °"¤
Ù r�o�qsr>z,�fnsmfz�yxz,|xt�Á*¼PÁ*¼7oP|xn�rxrxt�£¦|xn�mKnc}�wxoP|~mu}Cns£4£4t-�K¡S�un�rxoP|x�4rx�§�¨�fnso-zu��q�rµz,|Snsrµzu|xt7oP|Snsrxrxt�£�mT�I�4z,|�oP|Sns�f�st-�cÁ�¬ mª ¯ Ì °�¤�lKmTn
o-q�rxmft-v>wxt-rSo-t(y��4zI��mI�	qsmfmf��¡x£4t0z,qCmft-z{nCz,�4�s|>z,t��I£��4}C��zIq�rc²i��ÚfÚ Ó � Ø Ô  ¯�Û °�¤=¥I|x��mI}Cn�Ðst-m{zu|xtTÁ�Á_mf�>muzut-}Ü�Sns�fz,�4o-wx£4ns�f£��ªt� �t�o-zu����t
�¨qs�I}Ct�nsmfwx�u�4rx�±���4rcnª}Cq>�xt�£��g��rS�xt-�	t-rx�St-r>zI�9n¢�>¤

¥I|xt��St-o-n¢�±¿ ¼ ÀÝÄ4Á(¹ Æ ¼ À�¹ º ¹ » ¹ ¼ y�q�r§z,|xtTqszu|xt-�Bt-rS�¦y(qs 	t-�fm�zu|xt�q��x�	qs�fz,wxrx�4z��Cz,qV�x�4�ut�o-z,£4�Ct-´>z,�fnso�z�¡	qszu|_z,|StK�Bt-nsÐCn�rx�
mfz,�fqsrx�ª�x|Snsmft-mK¡>�±n§z,�4}Ct-�g�xt-�	t-rS�xt-r>zKn�rxns£4�>mu�4maq��@z,|xt�zu|x�ft-t-�g¡	q(�S�±ÖSrxns£¦muzunsz,t± ¯FÞ�°"yS�xq�}V�4rxn�z,t-��¡(�_Á±�ft-mfqsrSnsrxo�t-man�rx�¸z,|xt����
�4r(zut-�f�¨t-�ft-rxo�t(¤¦lKrc��rS��zu��n�£@« v>wxnsmf�4�+z��Bqs�g¡�q>�x�Ò¬ nsrxn�£��>mf��m$ ¯�ß °F�9n�m9�ft-mfz,�f�4o-z,t��§z,qVz,|StToP|Sns�f�st-�S�eÁC�ut��s�4qsrxm9��rcz,|xt0àTns£4��zuá��x£4qszHy��I��zu|
z,|StT�4r>z,t��u�¨t��ut�rxo-t0�ft-�s�4qsrSm9�ft-}Cq¢�st���Äeâ=�4�swS�ut � ¯ Æ ¤¦lIz Ù ¾=ãKä9åæ� ËsË Ø Â l Â lKçè�x�ft-mft-r>z,t��cn�rcn�rxns£4�>mu�4mBt-´>z,t�rx�xt-�izuqVzu|xt0t-r>z,�4�ft
�ft-�s�4qsrcqs�=��r>zut-�ft-mfzB�4riz,|xt$àTns£4�4z,á$�x£4qszHy>�I|x�4oP|co�qsr>z,n���rxmIzu|xtTÁ_�ft-mfqsrxn�rxo-t�mBq���n�£�£Òzu|x�ft-t0oP|xns�f�st�m{nsrx�±z,|xt����K��r>z,t��u�¨t��ut�rxo-t§ Ø � °�¤

lpmfwx}C}Cns�f��q��xt-´>�	t-�f��}Ct-r>zuns£(�ut�muwx£4z,m¦qsrc¿;ÀÅ¹�¹c�4m¦mf|xq¢�Ir��4r�â·�4�swx�ft � ØF¤�¥I|xt���� �0n�rx� � � �0o�q>t-�Co-�4t-r>z,mIÄ¨mft-t9t-v>wxn�z,�4qsr�ß Æ
�xt�z,t-�f}C��rSt-� Â � Â l Â lKç�nsrx� Â t-£4£�t{�x�4 	t-�@¡>��ns¡	qswSz=z��Bq0muzunsrx�Sns�f���xt��(�4nszu��q�rxm¢y���q���r>z,�4rx�0z,q0n0rxt�t-�Vqs�	}Vq��utB�xn�z,n	¤ Â t-£4£�t� ¯ É °
�fwx£�t�m9q�wxzBz,|xt �$é �+o�qsrxmft-�f�>��rS��o-n�mut>y � � �±�Ç��� �±� Ë y�n�z9n7£�t��st-£Fq�� Ì ¤ ��mfz,n�rx�xns�f�§�xt��>��n�z,�4qsrxm¢y n�rx�_ÖSrx�xm{t-�>�4�xt-rxo�t��¨q��9�S���ft-o�z
�$é �>��q�£�n�z,�4qsr§�I�4z,|_n�mf����rx��ÖSo-nsrSo-tan�z�qs�B�s�ft-n�z,t��2z,|xn�r§¯	¤ ��mfz,n�rx�xn��u�ª�xt��>��n�z,�4qsrxm9�¨qs�Bnsr>�c� � � �Hns£4wxt(¤�¥I|xtTwx�	�xnszut-� Â l Â l�ç
�ft-mfwx£�z_ Ø Ë °"y�o-q�rxmf��mfz,t�r(z$�I�4z,|�z,|xt§�S�ut��(�4qswSm Â l Â lKçê}Ct-n�muwx�ft-}Ct�r(zHyÒ�Sq(t�m�rxq�z�o-q�rxÖx�f}ëz,|St§£�n��u��t �$é �(�4qs£4nszu��q�r��ut���q��uzut-�
ns¡	q¢�st>¤

Ù rc¿;ÀÅÁ(¹ByHzu|x�ut�t �$é �g�>��q�£�n�z,�4rx�Kn�rx�Vz��9q �$é �+o�qsrxmft-�f�>��rx��v>wxnsmf���gz��Bqs�g¡�q>�x�T�xns�fns}Ct�z,t-�fm=ns�ft9�xt�z,t��u}C�4rxt-�¦y¢�I|xt-�ft Â l Â l�ç
Öxrx�SmTn±� È ÉSì t-�>���St-rxo�t7q��2�x�4�ut�o-z �$é �>��q�£�n�z,�4qsr¦¤ Ù r~z,|xtCo-q�}C�x£�t�z,tVà�n�£��4z,áVnsrSns£4�(mf�4mHy�z,n�Ð>��rx�cns�x�Hn�r(zuns��t�qs��z,|xtC�4r(zut-�f�¨t-�ft-rxo�t
¡	t-z��Bt-t-rVz,|StBÁ��ut�muq�rxnsrxo�t-m¢y�o-q�rxmuzu�un���r>zum=n��utB�xt��u�4�st���qsrVz,|StI�ut�£�n�z,�4�stBmuzu�uq�rx���S|xnsmft{¡�t�z��9t�t-r±¿K¼I�xt�o-n¢�>m·z,q�ÁÒ»	¹�º~n�rx��Á*º=¹B»�y
nsrS�cq�r±zu|xt$nsrS�s£4tV��qs��zu|xt$íKrS��zuns�f��z��§¥=�f��n�rx�s£4t(¤

¥I|xt�o�qs}7¡x��rSt-�_o�qsrxmfz,�fns�4r>z,mBqsrµ�¸zu|xnszBo-n�r_¡	t0�xt-�f����t-�§�¨�fqs}ïî{À�ðKñð=ò0zu�un�rxmu�4z,�4qsrSm9n��ut�o-qsrSmu�4muzut-r>zB�I��zu|_z,|StTóSôët-´>�	t-o�z,ns�
z,�4qsrSmHÑÒo-qs}7¡x�4rx��rS�$z,|xtI�4muq�mu�S��rVnsrxn�£��>mft-m@q��x¹�¹ByHÁ�Á7n�rx�Cz,|xtIàTns£4�4z,áInsrSns£4�(mf�4m@qs�SÁ�¹¸z,|xtK�¨qs£4£�q¢�I�4rx�T�ut�muwx£4z@�4m2qs¡xzuns�4rxt-�µ � °�y¢wxmf��rS�
z,|StTÖSz,z,�4rx�C}Ct-zu|xq>�xmIqs�Ò�ft-�,¤� � ÞP°"Ñ9����Ä �½ËsË º�õ»¦öe¼  � ì ° º � õ» � ¼  � ì ° Æ Ô y(�I|xt��utTz,|StTÖS�umfz9t��u�fqs�fm�n��utT�s�4�st�r§nsz{q�rxt�mfz,n�rx�xn��u�§�St-�>��n�z,�4qsr¦y
nsrS�czu|xt$mut�o-q�rx�cn�zIz��9qFy(�ut�mu�	t-o�z,�4�st�£��>¤
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6. INTERPRETATION: CKM FITTING

� ����.Sý���{0�+þ]�����������+�	Vþ���	�������9ý,þ� ���$�����6�RþE,9ý��e���9þ��E�����	��2�'&����Rý����K,$�����Sý���	�.	���	���ÿaCE	���������O�s�_������!�$�Gý��!7!�����$����	��0�
���0�#.��9þ��A&ªý��� �9þA���0����N,$�������9þ������!	���]F0���Sý��Rý����$�����Rþ'LKF��&����Rý������$&�	��$C�þA!�9þ�,$��	�./�#����N���9þ� ���+þA���{0�+þ����$���8��������!".\ÿ_!	��/���������
ý� 0������RþaS U���V�LOdE��5���s�_��{�����$�'�DS U�U�Vqý��0!b� GQdE{0�t�#S U��WVD������ �Sþ_��ý�	����+ý�	��% �?[����?@!Sý�����C#�$.?xý�,�,$�þRþ�	�.0����þ� ���©ý���	��9þ"���N�����	��
{�Rþ)(� Mþ�	����!	��/�������6��þ��+ý���	
þ���	�,ý���ý������5ý�,:�0�9þ'L
dE��%� þ��+ý��0!Sý���!x�s�_��{�)�*�8����������-�s�_��{�����$�������� 0�xH8�A	��� ���yX��`H8�����*J�J2����
ÿ%	��,��� 0!�9þ����0�5þ��O��.��$��&ªý�.���9þ��8����CE�	�,:�

���0�aF�Rý��!Mý���!<����!�$�N����$!0	�,���	����Sþ�H~ý��!v����,$�e���0�%�s�_��,����Sþ�����ý�	����+þ'JE,ý��<.��7,$���Mþ�	�!�$���$!-���5.��-� �� Sý��6��	��Rý���	�&��$�
ÿy 0�!�$�
,$�����������l�*S�X���VlL��s�����Sý���	
þ����Sþ�ý����>������5��ý�!�"CE	����y������$��ý'&ªý�	��Vý�.���"���ý5þ� ���$���$���+þ~CE��,þ��>	����������0�����+ý���	�����!���/���!Sþ¡þ�	����0	�{?
,9ý������
ÿ����Tý�!!0	���	����Sý�������$��������	�,9ý��°ý,þRþ� �����	����Mþ)r6	��,$�� !	�������0�$��	��7�����{�E��	�&��9þN Sþ��$�8 �u,$���Mþ����Rý�	����+þN���a����_,$�������9þ��/���!	���
�Sý��Rý����������Rþ�H8��ý���	��,þN���s�/����� 	��7���������$�8ý������	��� 0!�9þ'(\þ������������Sý,þ��þ)(6����,6L�J�L
� ��,9ý��Pþ��Sý����2�����	��E,����,��� Sþ�	����Sþ�S�X���Vl�s����¡þ� ,$,��9þ�þN���u����¡þ��Rý��!Mý���!y�s�_� {0��þ�����������
ÿ�þ� �0�/�����Rþ#����O�s�_� ����,:�Sý��	
þ���(

ý��0!-�����,����Sþ����� ,���	����%���jý�����!�$��?@	��!���/���!���6�"GQ�	��+ý���	���ÿ5ds��	Vý��������	Vþ"����aHºÿ����tJN����$,�	Vþ����$�0�� ���y�����$+�,��� !0���Vý�����������?
þ��+ý��0!Sý���!O,���������,$��	����MþD�����������O!0	Vý�����ý���þ�H���	�+�	����(6���$��� 	��Sþ)J�L*dE�	Vþ�þ�	��� Sý���	����OCE	�����	�������'&��2	��e������8 �� ����ý,þjþ������Pý5þN�������
ý�,�,$ ��ý����2!0�$��������	��Sý���	����SþE����þ����������u����_�Sý��Rý����������Rþ'(�	��7�Sý�����	�,� �Vý��E����¡ý�������9þ_¡�ý��!a¢Y(6.��$,������¡ý'&ªý�	��Vý�.����L
F	���	��Vý��E���þ� 0���RþE�8���������0�_GQdE{�E������ ��ý����¡ý��
þ��:þ���'CE�e	��7�A	��� ����X���H8.�����������J�L

7. OUTLOOK AND CONCLUSIONS
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