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Flavour Oscillations

☛ in the Bs0 meson system

☛ in the neutral kaon system

BABAR, 2002

CERN, 1974
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☛ in the B0 meson system

CDF, 2004

• observation
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Quark Flavour Mixing
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Cabibbo, Kobayashi-Maskawa (CKM) matrix 
• complex, unitary dimension-3 (3 quark families)  
• elements = coupling between up-type quarks and down-type quarks

le
triangle 

d’unitarité

The CKM matrix is : 
• almost diagonal 
• quasi real

Unitarity = “conservation of probability” 
➪ relations between CKM matrix elements

➪ equation of a triangle : the Unitarity Triangle (UT) 

Origin of CP violation in the MS
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CP Violation

☛  neutral kaon system 
(discovery :1964)

• in flavour mixing 
(direct CP violation)

CPLear (CERN, 1990) 

☛  B meson system

• in the interference mixing/decay  
(mixing-induced CP violation)

• in the decay  
(direct CP violation)

BABAR/Belle (years 2000), LHCb

neutral kaons : NA48 (CERN, 1998)
B mesons : BABAR/Belle, LHCb

☛  charm meson system
LHCb (2019)
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CP Violation
le

triangle 
d’unitarité

Unitarity Triangle

Experimentally  
• length of sides
• value of angles

2018
➪ constraints on the UT apex 

Test of KM model :
• redundant and independent measurements 
• consistency of results

• years 2000 : BABAR and Belle
• since 2010 : LHCb
• 2020+ : LHCb and Belle-II

Is CP violation in the quark sector 
sufficient to account for baryogenesis?

JCKM
CP = (3.0± 0.2)⇥ 10�5

<latexit sha1_base64="FEL0Thn57DKFJl/sWluTIqkvVzc="></latexit>

very very small Jarlskog invariant

(see later)   how are angles measured?….  
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Trees and Penguins

B0
<latexit sha1_base64="X6YXjAmzf9CsIQ403ogCIPGkXTg=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwFZI0tHVXdOOygn1Am5bJdNIOnUzCzEQpIf/hxoUibv0Xd/6Nk7aCih4YOJxzL/fM8WNGpbKsD6Owtr6xuVXcLu3s7u0flA+POjJKBCZtHLFI9HwkCaOctBVVjPRiQVDoM9L1Z1e5370jQtKI36p5TLwQTTgNKEZKS8NBiNRUhOllNkytbFSuWOZFo+a4NWiZllW3HTsnTt2tutDWSo4KWKE1Kr8PxhFOQsIVZkjKvm3FykuRUBQzkpUGiSQxwjM0IX1NOQqJ9NJF6gyeaWUMg0joxxVcqN83UhRKOQ99PZmnlL+9XPzL6ycqaHgp5XGiCMfLQ0HCoIpgXgEcU0GwYnNNEBZUZ4V4igTCShdV0iV8/RT+TzqOaVdN58atNBurOorgBJyCc2CDOmiCa9ACbYCBAA/gCTwb98aj8WK8LkcLxmrnGPyA8fYJIquS5w==</latexit>

B0
<latexit sha1_base64="X6YXjAmzf9CsIQ403ogCIPGkXTg=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwFZI0tHVXdOOygn1Am5bJdNIOnUzCzEQpIf/hxoUibv0Xd/6Nk7aCih4YOJxzL/fM8WNGpbKsD6Owtr6xuVXcLu3s7u0flA+POjJKBCZtHLFI9HwkCaOctBVVjPRiQVDoM9L1Z1e5370jQtKI36p5TLwQTTgNKEZKS8NBiNRUhOllNkytbFSuWOZFo+a4NWiZllW3HTsnTt2tutDWSo4KWKE1Kr8PxhFOQsIVZkjKvm3FykuRUBQzkpUGiSQxwjM0IX1NOQqJ9NJF6gyeaWUMg0joxxVcqN83UhRKOQ99PZmnlL+9XPzL6ycqaHgp5XGiCMfLQ0HCoIpgXgEcU0GwYnNNEBZUZ4V4igTCShdV0iV8/RT+TzqOaVdN58atNBurOorgBJyCc2CDOmiCa9ACbYCBAA/gCTwb98aj8WK8LkcLxmrnGPyA8fYJIquS5w==</latexit> B

0
<latexit sha1_base64="hcW6qE3JI8ohDiF1FC340e332R8=">AAACAnicdVDLSsNAFJ34rPUVdSVuBovgKiRpaOuu6MZlBfuAJpbJdNIOnTyYmQglBDf+ihsXirj1K9z5N07aCip6YOBwzj3MvcdPGBXSND+0peWV1bX10kZ5c2t7Z1ff2++IOOWYtHHMYt7zkSCMRqQtqWSkl3CCQp+Rrj+5KPzuLeGCxtG1nCbEC9EoogHFSCppoB+6sbKLdOaGSI55mJ3n+U1m5gO9YhpnjZrt1KBpmGbdsq2C2HWn6kBLKQUqYIHWQH93hzFOQxJJzJAQfctMpJchLilmJC+7qSAJwhM0In1FIxQS4WWzE3J4opQhDGKuXiThTP2eyFAoxDT01WSxpvjtFeJfXj+VQcPLaJSkkkR4/lGQMihjWPQBh5QTLNlUEYQ5VbtCPEYcYalaK6sSvi6F/5OObVhVw75yKs3Goo4SOALH4BRYoA6a4BK0QBtgcAcewBN41u61R+1Fe52PLmmLzAH4Ae3tE7KPmD4=</latexit>

K0
s

<latexit sha1_base64="DYqOMjq8EbA0AdHfn5G27RUqBvY=">AAACBHicdVDLSsNAFJ3UV62vqMtuBovgKiRpaOuu4EZwU8E+oI1hMp22QycPZiZCCVm48VfcuFDErR/hzr9x0geo6IGBM+fcy733+DGjQprmp1ZYW9/Y3Cpul3Z29/YP9MOjjogSjkkbRyziPR8JwmhI2pJKRnoxJyjwGen604vc794RLmgU3shZTNwAjUM6ohhJJXl6eRAgOeFBepXdpmbmpau/yDJPr5jGeaNmOzVoGqZZt2wrJ3bdqTrQUkqOClii5ekfg2GEk4CEEjMkRN8yY+mmiEuKGclKg0SQGOEpGpO+oiEKiHDT+REZPFXKEI4irl4o4Vz93pGiQIhZ4KvKfEXx28vFv7x+IkcNN6VhnEgS4sWgUcKgjGCeCBxSTrBkM0UQ5lTtCvEEcYSlyq2kQlhdCv8nHduwqoZ97VSajWUcRVAGJ+AMWKAOmuAStEAbYHAPHsEzeNEetCftVXtblBa0Zc8x+AHt/QuHTplK</latexit>

K0
s

<latexit sha1_base64="DYqOMjq8EbA0AdHfn5G27RUqBvY=">AAACBHicdVDLSsNAFJ3UV62vqMtuBovgKiRpaOuu4EZwU8E+oI1hMp22QycPZiZCCVm48VfcuFDErR/hzr9x0geo6IGBM+fcy733+DGjQprmp1ZYW9/Y3Cpul3Z29/YP9MOjjogSjkkbRyziPR8JwmhI2pJKRnoxJyjwGen604vc794RLmgU3shZTNwAjUM6ohhJJXl6eRAgOeFBepXdpmbmpau/yDJPr5jGeaNmOzVoGqZZt2wrJ3bdqTrQUkqOClii5ekfg2GEk4CEEjMkRN8yY+mmiEuKGclKg0SQGOEpGpO+oiEKiHDT+REZPFXKEI4irl4o4Vz93pGiQIhZ4KvKfEXx28vFv7x+IkcNN6VhnEgS4sWgUcKgjGCeCBxSTrBkM0UQ5lTtCvEEcYSlyq2kQlhdCv8nHduwqoZ97VSajWUcRVAGJ+AMWKAOmuAStEAbYHAPHsEzeNEetCftVXtblBa0Zc8x+AHt/QuHTplK</latexit>

J/ 
<latexit sha1_base64="VZ2CGgvhWa22LbUbbuhFeCWvt7s=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5ikoa27ghtxVcE+oAllMp22Q2eSMDMRauiXuHGhiFs/xZ1/46StoKIHBg7n3Ms9c8KEUals+8MorK1vbG4Vt0s7u3v7ZfPgsCPjVGDSxjGLRS9EkjAakbaiipFeIgjiISPdcHqZ+907IiSNo1s1S0jA0TiiI4qR0tLALPscqYng2fX83E8kHZgV27po1FyvBm3LtuuO6+TErXtVDzpayVEBK7QG5rs/jHHKSaQwQ1L2HTtRQYaEopiReclPJUkQnqIx6WsaIU5kkC2Cz+GpVoZwFAv9IgUX6veNDHEpZzzUk3lM+dvLxb+8fqpGjSCjUZIqEuHloVHKoIph3gIcUkGwYjNNEBZUZ4V4ggTCSndV0iV8/RT+Tzqu5VQt98arNBurOorgGJyAM+CAOmiCK9ACbYBBCh7AE3g27o1H48V4XY4WjNXOEfgB4+0TS4OTew==</latexit>

J/ 
<latexit sha1_base64="VZ2CGgvhWa22LbUbbuhFeCWvt7s=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5ikoa27ghtxVcE+oAllMp22Q2eSMDMRauiXuHGhiFs/xZ1/46StoKIHBg7n3Ms9c8KEUals+8MorK1vbG4Vt0s7u3v7ZfPgsCPjVGDSxjGLRS9EkjAakbaiipFeIgjiISPdcHqZ+907IiSNo1s1S0jA0TiiI4qR0tLALPscqYng2fX83E8kHZgV27po1FyvBm3LtuuO6+TErXtVDzpayVEBK7QG5rs/jHHKSaQwQ1L2HTtRQYaEopiReclPJUkQnqIx6WsaIU5kkC2Cz+GpVoZwFAv9IgUX6veNDHEpZzzUk3lM+dvLxb+8fqpGjSCjUZIqEuHloVHKoIph3gIcUkGwYjNNEBZUZ4V4ggTCSndV0iV8/RT+Tzqu5VQt98arNBurOorgGJyAM+CAOmiCK9ACbYBBCh7AE3g27o1H48V4XY4WjNXOEfgB4+0TS4OTew==</latexit>

s̄
<latexit sha1_base64="qrcw31/1ErzR+rZUaFgz63WCFfc=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjLX8/nAraAqQghjDAuC69fIkkbDq2EP4sKyqIAVWgP33R8mNJMsNlQQrfsYpSbIiTKcCjYv+5lmKaETMmJ9S2MimQ7yRfI5PLfKEEaJsi82cKF+38iJ1HomQztZRNS/vUL8y+tnJvKCnMdpZlhMl4eiTECTwKIGOOSKUSNmlhCquM0K6ZgoQo0tq2xL+Pop/J90alV8Wa3dXVWa3qqOEjgFZ+ACYFAHTXALWqANKJiCB/AEnp3ceXRenNfl6Jqz2jkBP+C8fQKwZZRU</latexit>

s
<latexit sha1_base64="sRoh5vzN6ODU+BVdol72t++ZWQY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomzbShycyQZIQyzG+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBFcG4Q+nNLa+sbmVnm7srO7t39QPTzq6ThVlHVpLGI1CIhmgkesa7gRbJAoRmQgWD+YXRd+/54pzePozswT5ksyiXjIKTFW8jJPEjNVMtN5PqrWUB0hhDGGBcHNK2RJq+U2sAtxYVnUwAqdUfXdG8c0lSwyVBCthxglxs+IMpwKlle8VLOE0BmZsKGlEZFM+9kicw7PrDKGYazsiwxcqN83MiK1nsvAThYR9W+vEP/yhqkJXT/jUZIaFtHloTAV0MSwKACOuWLUiLklhCpus0I6JYpQY2uq2BK+fgr/J71GHV/UG7eXtba7qqMMTsApOAcYNEEb3IAO6AIKEvAAnsCzkzqPzovzuhwtOaudY/ADztsnL6eSag==</latexit>

d
<latexit sha1_base64="YEDXrPk5L1DjJc+932+cFasmUqU=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomk2lDk5khyQhl6G+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBVcG4Q+nNLa+sbmVnm7srO7t39QPTzq6SRTlHVpIhI1CIhmgsesa7gRbJAqRmQgWD+YXhd+/54pzZP4zsxS5ksyjnnEKTFW8nJPEjNRMg/n81G1huoIIYwxLAhuXiFLWi23gV2IC8uiBlbojKrvXpjQTLLYUEG0HmKUGj8nynAq2LziZZqlhE7JmA0tjYlk2s8XmefwzCohjBJlX2zgQv2+kROp9UwGdrKIqH97hfiXN8xM5Po5j9PMsJguD0WZgCaBRQEw5IpRI2aWEKq4zQrphChCja2pYkv4+in8n/QadXxRb9xe1truqo4yOAGn4Bxg0ARtcAM6oAsoSMEDeALPTuY8Oi/O63K05Kx2jsEPOG+fGM2SWw==</latexit>

d
<latexit sha1_base64="YEDXrPk5L1DjJc+932+cFasmUqU=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomk2lDk5khyQhl6G+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBVcG4Q+nNLa+sbmVnm7srO7t39QPTzq6SRTlHVpIhI1CIhmgsesa7gRbJAqRmQgWD+YXhd+/54pzZP4zsxS5ksyjnnEKTFW8nJPEjNRMg/n81G1huoIIYwxLAhuXiFLWi23gV2IC8uiBlbojKrvXpjQTLLYUEG0HmKUGj8nynAq2LziZZqlhE7JmA0tjYlk2s8XmefwzCohjBJlX2zgQv2+kROp9UwGdrKIqH97hfiXN8xM5Po5j9PMsJguD0WZgCaBRQEw5IpRI2aWEKq4zQrphChCja2pYkv4+in8n/QadXxRb9xe1truqo4yOAGn4Bxg0ARtcAM6oAsoSMEDeALPTuY8Oi/O63K05Kx2jsEPOG+fGM2SWw==</latexit>

d
<latexit sha1_base64="YEDXrPk5L1DjJc+932+cFasmUqU=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomk2lDk5khyQhl6G+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBVcG4Q+nNLa+sbmVnm7srO7t39QPTzq6SRTlHVpIhI1CIhmgsesa7gRbJAqRmQgWD+YXhd+/54pzZP4zsxS5ksyjnnEKTFW8nJPEjNRMg/n81G1huoIIYwxLAhuXiFLWi23gV2IC8uiBlbojKrvXpjQTLLYUEG0HmKUGj8nynAq2LziZZqlhE7JmA0tjYlk2s8XmefwzCohjBJlX2zgQv2+kROp9UwGdrKIqH97hfiXN8xM5Po5j9PMsJguD0WZgCaBRQEw5IpRI2aWEKq4zQrphChCja2pYkv4+in8n/QadXxRb9xe1truqo4yOAGn4Bxg0ARtcAM6oAsoSMEDeALPTuY8Oi/O63K05Kx2jsEPOG+fGM2SWw==</latexit>

b̄
<latexit sha1_base64="O2JTUCpHgNIxhnJI+7TDNel+sa0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjIP5/OBW0FVhBDGGBYE16+RJY2GV8MexIVlUQErtAbuuz9MaCZZbKggWvcxSk2QE2U4FWxe9jPNUkInZMT6lsZEMh3ki+RzeG6VIYwSZV9s4EL9vpETqfVMhnayiKh/e4X4l9fPTOQFOY/TzLCYLg9FmYAmgUUNcMgVo0bMLCFUcZsV0jFRhBpbVtmW8PVT+D/p1Kr4slq7u6o0vVUdJXAKzsAFwKAOmuAWtEAbUDAFD+AJPDu58+i8OK/L0TVntXMCfsB5+wSWf5RD</latexit>

b̄
<latexit sha1_base64="O2JTUCpHgNIxhnJI+7TDNel+sa0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjIP5/OBW0FVhBDGGBYE16+RJY2GV8MexIVlUQErtAbuuz9MaCZZbKggWvcxSk2QE2U4FWxe9jPNUkInZMT6lsZEMh3ki+RzeG6VIYwSZV9s4EL9vpETqfVMhnayiKh/e4X4l9fPTOQFOY/TzLCYLg9FmYAmgUUNcMgVo0bMLCFUcZsV0jFRhBpbVtmW8PVT+D/p1Kr4slq7u6o0vVUdJXAKzsAFwKAOmuAWtEAbUDAFD+AJPDu58+i8OK/L0TVntXMCfsB5+wSWf5RD</latexit>

c̄
<latexit sha1_base64="YDctyQY9+NL6BTCbH+tfJtw7Ymw=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjKn8/nAraAqQghjDAuC69fIkkbDq2EP4sKyqIAVWgP33R8mNJMsNlQQrfsYpSbIiTKcCjYv+5lmKaETMmJ9S2MimQ7yRfI5PLfKEEaJsi82cKF+38iJ1HomQztZRNS/vUL8y+tnJvKCnMdpZlhMl4eiTECTwKIGOOSKUSNmlhCquM0K6ZgoQo0tq2xL+Pop/J90alV8Wa3dXVWa3qqOEjgFZ+ACYFAHTXALWqANKJiCB/AEnp3ceXRenNfl6Jqz2jkBP+C8fQKYBZRE</latexit>

c̄
<latexit sha1_base64="YDctyQY9+NL6BTCbH+tfJtw7Ymw=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjKn8/nAraAqQghjDAuC69fIkkbDq2EP4sKyqIAVWgP33R8mNJMsNlQQrfsYpSbIiTKcCjYv+5lmKaETMmJ9S2MimQ7yRfI5PLfKEEaJsi82cKF+38iJ1HomQztZRNS/vUL8y+tnJvKCnMdpZlhMl4eiTECTwKIGOOSKUSNmlhCquM0K6ZgoQo0tq2xL+Pop/J90alV8Wa3dXVWa3qqOEjgFZ+ACYFAHTXALWqANKJiCB/AEnp3ceXRenNfl6Jqz2jkBP+C8fQKYBZRE</latexit>

d̄
<latexit sha1_base64="cAJQRgVSokyKnrtbwuNadBu74DA=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuSqaKTXcFNy4r2Ac0oUwmk3boTBJmJoUS8iduXCji1j9x5984aSuo6IGBwzn3cs+cIOVMacf5sNbWNza3tis71d29/YND++i4p5JMEtolCU/kIMCKchbTrmaa00EqKRYBp/1gelP6/RmViiXxvZ6n1Bd4HLOIEayNNLJtL8Ay9wTWEynysChGds2pO46DEIIlQc1rx5BWy20gF6LSMqiBFToj+90LE5IJGmvCsVJD5KTaz7HUjHBaVL1M0RSTKR7ToaExFlT5+SJ5Ac+NEsIokebFGi7U7xs5FkrNRWAmy4jqt1eKf3nDTEeun7M4zTSNyfJQlHGoE1jWAEMmKdF8bggmkpmskEywxESbsqqmhK+fwv9Jr1FHl/XG3VWt7a7qqIBTcAYuAAJN0Aa3oAO6gIAZeABP4NnKrUfrxXpdjq5Zq50T8APW2yeZi5RF</latexit>

d̄
<latexit sha1_base64="cAJQRgVSokyKnrtbwuNadBu74DA=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuSqaKTXcFNy4r2Ac0oUwmk3boTBJmJoUS8iduXCji1j9x5984aSuo6IGBwzn3cs+cIOVMacf5sNbWNza3tis71d29/YND++i4p5JMEtolCU/kIMCKchbTrmaa00EqKRYBp/1gelP6/RmViiXxvZ6n1Bd4HLOIEayNNLJtL8Ay9wTWEynysChGds2pO46DEIIlQc1rx5BWy20gF6LSMqiBFToj+90LE5IJGmvCsVJD5KTaz7HUjHBaVL1M0RSTKR7ToaExFlT5+SJ5Ac+NEsIokebFGi7U7xs5FkrNRWAmy4jqt1eKf3nDTEeun7M4zTSNyfJQlHGoE1jWAEMmKdF8bggmkpmskEywxESbsqqmhK+fwv9Jr1FHl/XG3VWt7a7qqIBTcAYuAAJN0Aa3oAO6gIAZeABP4NnKrUfrxXpdjq5Zq50T8APW2yeZi5RF</latexit>

b
<latexit sha1_base64="jcdkjLzUiFCmFmjLqhEzW41D1+8=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomzbShycyQZIQyzG+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBFcG4Q+nNLa+sbmVnm7srO7t39QPTzq6ThVlHVpLGI1CIhmgkesa7gRbJAoRmQgWD+YXRd+/54pzePozswT5ksyiXjIKTFW8jJPEjNVMgvyfFStoTpCCGMMC4KbV8iSVsttYBfiwrKogRU6o+q7N45pKllkqCBaDzFKjJ8RZTgVLK94qWYJoTMyYUNLIyKZ9rNF5hyeWWUMw1jZFxm4UL9vZERqPZeBnSwi6t9eIf7lDVMTun7GoyQ1LKLLQ2EqoIlhUQAcc8WoEXNLCFXcZoV0ShShxtZUsSV8/RT+T3qNOr6oN24va213VUcZnIBTcA4waII2uAEd0AUUJOABPIFnJ3UenRfndTlaclY7x+AHnLdPFcGSWQ==</latexit>

c
<latexit sha1_base64="MJ9Ncl5IymyuevFKKS/9tISkuTM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomzbShycyQZIQyzG+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBFcG4Q+nNLa+sbmVnm7srO7t39QPTzq6ThVlHVpLGI1CIhmgkesa7gRbJAoRmQgWD+YXRd+/54pzePozswT5ksyiXjIKTFW8jJPEjNVMqN5PqrWUB0hhDGGBcHNK2RJq+U2sAtxYVnUwAqdUfXdG8c0lSwyVBCthxglxs+IMpwKlle8VLOE0BmZsKGlEZFM+9kicw7PrDKGYazsiwxcqN83MiK1nsvAThYR9W+vEP/yhqkJXT/jUZIaFtHloTAV0MSwKACOuWLUiLklhCpus0I6JYpQY2uq2BK+fgr/J71GHV/UG7eXtba7qqMMTsApOAcYNEEb3IAO6AIKEvAAnsCzkzqPzovzuhwtOaudY/ADztsnF0eSWg==</latexit>

c
<latexit sha1_base64="MJ9Ncl5IymyuevFKKS/9tISkuTM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomzbShycyQZIQyzG+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBFcG4Q+nNLa+sbmVnm7srO7t39QPTzq6ThVlHVpLGI1CIhmgkesa7gRbJAoRmQgWD+YXRd+/54pzePozswT5ksyiXjIKTFW8jJPEjNVMqN5PqrWUB0hhDGGBcHNK2RJq+U2sAtxYVnUwAqdUfXdG8c0lSwyVBCthxglxs+IMpwKlle8VLOE0BmZsKGlEZFM+9kicw7PrDKGYazsiwxcqN83MiK1nsvAThYR9W+vEP/yhqkJXT/jUZIaFtHloTAV0MSwKACOuWLUiLklhCpus0I6JYpQY2uq2BK+fgr/J71GHV/UG7eXtba7qqMMTsApOAcYNEEb3IAO6AIKEvAAnsCzkzqPzovzuhwtOaudY/ADztsnF0eSWg==</latexit>

b̄
<latexit sha1_base64="O2JTUCpHgNIxhnJI+7TDNel+sa0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjIP5/OBW0FVhBDGGBYE16+RJY2GV8MexIVlUQErtAbuuz9MaCZZbKggWvcxSk2QE2U4FWxe9jPNUkInZMT6lsZEMh3ki+RzeG6VIYwSZV9s4EL9vpETqfVMhnayiKh/e4X4l9fPTOQFOY/TzLCYLg9FmYAmgUUNcMgVo0bMLCFUcZsV0jFRhBpbVtmW8PVT+D/p1Kr4slq7u6o0vVUdJXAKzsAFwKAOmuAWtEAbUDAFD+AJPDu58+i8OK/L0TVntXMCfsB5+wSWf5RD</latexit>

ū
<latexit sha1_base64="5trJfv1Rc7SG5+sTalFm7IKUxy0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjLP5vOBW0FVhBDGGBYE16+RJY2GV8MexIVlUQErtAbuuz9MaCZZbKggWvcxSk2QE2U4FWxe9jPNUkInZMT6lsZEMh3ki+RzeG6VIYwSZV9s4EL9vpETqfVMhnayiKh/e4X4l9fPTOQFOY/TzLCYLg9FmYAmgUUNcMgVo0bMLCFUcZsV0jFRhBpbVtmW8PVT+D/p1Kr4slq7u6o0vVUdJXAKzsAFwKAOmuAWtEAbUDAFD+AJPDu58+i8OK/L0TVntXMCfsB5+wSzcZRW</latexit>

c
<latexit sha1_base64="MJ9Ncl5IymyuevFKKS/9tISkuTM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomzbShycyQZIQyzG+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBFcG4Q+nNLa+sbmVnm7srO7t39QPTzq6ThVlHVpLGI1CIhmgkesa7gRbJAoRmQgWD+YXRd+/54pzePozswT5ksyiXjIKTFW8jJPEjNVMqN5PqrWUB0hhDGGBcHNK2RJq+U2sAtxYVnUwAqdUfXdG8c0lSwyVBCthxglxs+IMpwKlle8VLOE0BmZsKGlEZFM+9kicw7PrDKGYazsiwxcqN83MiK1nsvAThYR9W+vEP/yhqkJXT/jUZIaFtHloTAV0MSwKACOuWLUiLklhCpus0I6JYpQY2uq2BK+fgr/J71GHV/UG7eXtba7qqMMTsApOAcYNEEb3IAO6AIKEvAAnsCzkzqPzovzuhwtOaudY/ADztsnF0eSWg==</latexit>

s̄
<latexit sha1_base64="qrcw31/1ErzR+rZUaFgz63WCFfc=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjLX8/nAraAqQghjDAuC69fIkkbDq2EP4sKyqIAVWgP33R8mNJMsNlQQrfsYpSbIiTKcCjYv+5lmKaETMmJ9S2MimQ7yRfI5PLfKEEaJsi82cKF+38iJ1HomQztZRNS/vUL8y+tnJvKCnMdpZlhMl4eiTECTwKIGOOSKUSNmlhCquM0K6ZgoQo0tq2xL+Pop/J90alV8Wa3dXVWa3qqOEjgFZ+ACYFAHTXALWqANKJiCB/AEnp3ceXRenNfl6Jqz2jkBP+C8fQKwZZRU</latexit>

b̄
<latexit sha1_base64="O2JTUCpHgNIxhnJI+7TDNel+sa0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjIP5/OBW0FVhBDGGBYE16+RJY2GV8MexIVlUQErtAbuuz9MaCZZbKggWvcxSk2QE2U4FWxe9jPNUkInZMT6lsZEMh3ki+RzeG6VIYwSZV9s4EL9vpETqfVMhnayiKh/e4X4l9fPTOQFOY/TzLCYLg9FmYAmgUUNcMgVo0bMLCFUcZsV0jFRhBpbVtmW8PVT+D/p1Kr4slq7u6o0vVUdJXAKzsAFwKAOmuAWtEAbUDAFD+AJPDu58+i8OK/L0TVntXMCfsB5+wSWf5RD</latexit>

s̄
<latexit sha1_base64="qrcw31/1ErzR+rZUaFgz63WCFfc=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjLX8/nAraAqQghjDAuC69fIkkbDq2EP4sKyqIAVWgP33R8mNJMsNlQQrfsYpSbIiTKcCjYv+5lmKaETMmJ9S2MimQ7yRfI5PLfKEEaJsi82cKF+38iJ1HomQztZRNS/vUL8y+tnJvKCnMdpZlhMl4eiTECTwKIGOOSKUSNmlhCquM0K6ZgoQo0tq2xL+Pop/J90alV8Wa3dXVWa3qqOEjgFZ+ACYFAHTXALWqANKJiCB/AEnp3ceXRenNfl6Jqz2jkBP+C8fQKwZZRU</latexit>

u
<latexit sha1_base64="s7N9p65JJ0oL9KoI9t7ckEgC+t4=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KpMqdroruHFZwT6gM5RMmmlDk5khD6EM8xtuXCji1p9x59+YaSuo6IHA4Zx7uScnTDlT2nU/nNLa+sbmVnm7srO7t39QPTzqqcRIQrsk4YkchFhRzmLa1UxzOkglxSLktB/Orgu/f0+lYkl8p+cpDQSexCxiBGsr+ZkvsJ5KkZk8H1Vrbt11XYQQLAhqXrmWtFpeA3kQFZZFDazQGVXf/XFCjKCxJhwrNURuqoMMS80Ip3nFN4qmmMzwhA4tjbGgKsgWmXN4ZpUxjBJpX6zhQv2+kWGh1FyEdrKIqH57hfiXNzQ68oKMxanRNCbLQ5HhUCewKACOmaRE87klmEhms0IyxRITbWuq2BK+fgr/J71GHV3UG7eXtba3qqMMTsApOAcINEEb3IAO6AICUvAAnsCzY5xH58V5XY6WnNXOMfgB5+0TMrOSbA==</latexit>

c̄
<latexit sha1_base64="YDctyQY9+NL6BTCbH+tfJtw7Ymw=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjKn8/nAraAqQghjDAuC69fIkkbDq2EP4sKyqIAVWgP33R8mNJMsNlQQrfsYpSbIiTKcCjYv+5lmKaETMmJ9S2MimQ7yRfI5PLfKEEaJsi82cKF+38iJ1HomQztZRNS/vUL8y+tnJvKCnMdpZlhMl4eiTECTwKIGOOSKUSNmlhCquM0K6ZgoQo0tq2xL+Pop/J90alV8Wa3dXVWa3qqOEjgFZ+ACYFAHTXALWqANKJiCB/AEnp3ceXRenNfl6Jqz2jkBP+C8fQKYBZRE</latexit>

u
<latexit sha1_base64="s7N9p65JJ0oL9KoI9t7ckEgC+t4=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KpMqdroruHFZwT6gM5RMmmlDk5khD6EM8xtuXCji1p9x59+YaSuo6IHA4Zx7uScnTDlT2nU/nNLa+sbmVnm7srO7t39QPTzqqcRIQrsk4YkchFhRzmLa1UxzOkglxSLktB/Orgu/f0+lYkl8p+cpDQSexCxiBGsr+ZkvsJ5KkZk8H1Vrbt11XYQQLAhqXrmWtFpeA3kQFZZFDazQGVXf/XFCjKCxJhwrNURuqoMMS80Ip3nFN4qmmMzwhA4tjbGgKsgWmXN4ZpUxjBJpX6zhQv2+kWGh1FyEdrKIqH57hfiXNzQ68oKMxanRNCbLQ5HhUCewKACOmaRE87klmEhms0IyxRITbWuq2BK+fgr/J71GHV3UG7eXtba3qqMMTsApOAcINEEb3IAO6AICUvAAnsCzY5xH58V5XY6WnNXOMfgB5+0TMrOSbA==</latexit>

u
<latexit sha1_base64="s7N9p65JJ0oL9KoI9t7ckEgC+t4=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KpMqdroruHFZwT6gM5RMmmlDk5khD6EM8xtuXCji1p9x59+YaSuo6IHA4Zx7uScnTDlT2nU/nNLa+sbmVnm7srO7t39QPTzqqcRIQrsk4YkchFhRzmLa1UxzOkglxSLktB/Orgu/f0+lYkl8p+cpDQSexCxiBGsr+ZkvsJ5KkZk8H1Vrbt11XYQQLAhqXrmWtFpeA3kQFZZFDazQGVXf/XFCjKCxJhwrNURuqoMMS80Ip3nFN4qmmMzwhA4tjbGgKsgWmXN4ZpUxjBJpX6zhQv2+kWGh1FyEdrKIqH57hfiXNzQ68oKMxanRNCbLQ5HhUCewKACOmaRE87klmEhms0IyxRITbWuq2BK+fgr/J71GHV3UG7eXtba3qqMMTsApOAcINEEb3IAO6AICUvAAnsCzY5xH58V5XY6WnNXOMfgB5+0TMrOSbA==</latexit>

u
<latexit sha1_base64="s7N9p65JJ0oL9KoI9t7ckEgC+t4=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KpMqdroruHFZwT6gM5RMmmlDk5khD6EM8xtuXCji1p9x59+YaSuo6IHA4Zx7uScnTDlT2nU/nNLa+sbmVnm7srO7t39QPTzqqcRIQrsk4YkchFhRzmLa1UxzOkglxSLktB/Orgu/f0+lYkl8p+cpDQSexCxiBGsr+ZkvsJ5KkZk8H1Vrbt11XYQQLAhqXrmWtFpeA3kQFZZFDazQGVXf/XFCjKCxJhwrNURuqoMMS80Ip3nFN4qmmMzwhA4tjbGgKsgWmXN4ZpUxjBJpX6zhQv2+kWGh1FyEdrKIqH57hfiXNzQ68oKMxanRNCbLQ5HhUCewKACOmaRE87klmEhms0IyxRITbWuq2BK+fgr/J71GHV3UG7eXtba3qqMMTsApOAcINEEb3IAO6AICUvAAnsCzY5xH58V5XY6WnNXOMfgB5+0TMrOSbA==</latexit>

u
<latexit sha1_base64="s7N9p65JJ0oL9KoI9t7ckEgC+t4=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KpMqdroruHFZwT6gM5RMmmlDk5khD6EM8xtuXCji1p9x59+YaSuo6IHA4Zx7uScnTDlT2nU/nNLa+sbmVnm7srO7t39QPTzqqcRIQrsk4YkchFhRzmLa1UxzOkglxSLktB/Orgu/f0+lYkl8p+cpDQSexCxiBGsr+ZkvsJ5KkZk8H1Vrbt11XYQQLAhqXrmWtFpeA3kQFZZFDazQGVXf/XFCjKCxJhwrNURuqoMMS80Ip3nFN4qmmMzwhA4tjbGgKsgWmXN4ZpUxjBJpX6zhQv2+kWGh1FyEdrKIqH57hfiXNzQ68oKMxanRNCbLQ5HhUCewKACOmaRE87klmEhms0IyxRITbWuq2BK+fgr/J71GHV3UG7eXtba3qqMMTsApOAcINEEb3IAO6AICUvAAnsCzY5xH58V5XY6WnNXOMfgB5+0TMrOSbA==</latexit> K+

<latexit sha1_base64="8wI7dXK/eoAQDQs5PLiPFx1ZRwk=">AAAB9XicdVDNSsNAGNzUv1r/qh69LBZBEEKShrbeCl4ELxWsLbRp2Ww37dLdJOxulBLyHl48KOLVd/Hm27hpK6jowMIw8318s+PHjEplWR9GYWV1bX2juFna2t7Z3SvvH9zKKBGYtHHEItH1kSSMhqStqGKkGwuCuM9Ix59e5H7njghJo/BGzWLicTQOaUAxUloa9DlSE8HTq2yQnmXDcsUyzxs1x61By7Ssuu3YOXHqbtWFtlZyVMASrWH5vT+KcMJJqDBDUvZsK1ZeioSimJGs1E8kiRGeojHpaRoiTqSXzlNn8EQrIxhEQr9Qwbn6fSNFXMoZ9/VknlL+9nLxL6+XqKDhpTSME0VCvDgUJAyqCOYVwBEVBCs20wRhQXVWiCdIIKx0USVdwtdP4f/k1jHtqulcu5VmY1lHERyBY3AKbFAHTXAJWqANMBDgATyBZ+PeeDRejNfFaMFY7hyCHzDePgEo45Lr</latexit>

K+
<latexit sha1_base64="8wI7dXK/eoAQDQs5PLiPFx1ZRwk=">AAAB9XicdVDNSsNAGNzUv1r/qh69LBZBEEKShrbeCl4ELxWsLbRp2Ww37dLdJOxulBLyHl48KOLVd/Hm27hpK6jowMIw8318s+PHjEplWR9GYWV1bX2juFna2t7Z3SvvH9zKKBGYtHHEItH1kSSMhqStqGKkGwuCuM9Ix59e5H7njghJo/BGzWLicTQOaUAxUloa9DlSE8HTq2yQnmXDcsUyzxs1x61By7Ssuu3YOXHqbtWFtlZyVMASrWH5vT+KcMJJqDBDUvZsK1ZeioSimJGs1E8kiRGeojHpaRoiTqSXzlNn8EQrIxhEQr9Qwbn6fSNFXMoZ9/VknlL+9nLxL6+XqKDhpTSME0VCvDgUJAyqCOYVwBEVBCs20wRhQXVWiCdIIKx0USVdwtdP4f/k1jHtqulcu5VmY1lHERyBY3AKbFAHTXAJWqANMBDgATyBZ+PeeDRejNfFaMFY7hyCHzDePgEo45Lr</latexit>

D
0

<latexit sha1_base64="4CzZ9qn7/SvyPVNrRFaU1V4tkUs=">AAACAnicdVDLSsNAFJ34rPUVdSVuBovgKiRpaOuuoAuXFewDmlgm00k7dPJgZiKUENz4K25cKOLWr3Dn3zhpK6jogYHDOfcw9x4/YVRI0/zQlpZXVtfWSxvlza3tnV19b78j4pRj0sYxi3nPR4IwGpG2pJKRXsIJCn1Guv7kvPC7t4QLGkfXcpoQL0SjiAYUI6mkgX7oxsou0pkbIjnmYXaR5zeZmQ/0immcNWq2U4OmYZp1y7YKYtedqgMtpRSogAVaA/3dHcY4DUkkMUNC9C0zkV6GuKSYkbzspoIkCE/QiPQVjVBIhJfNTsjhiVKGMIi5epGEM/V7IkOhENPQV5PFmuK3V4h/ef1UBg0vo1GSShLh+UdByqCMYdEHHFJOsGRTRRDmVO0K8RhxhKVqraxK+LoU/k86tmFVDfvKqTQbizpK4Agcg1NggTpogkvQAm2AwR14AE/gWbvXHrUX7XU+uqQtMgfgB7S3T7WjmEA=</latexit>

D0
<latexit sha1_base64="9+HB+5qvgIDt9rnsOgBuo1GbszE=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuQpKGtu4KunBZwT6gjWUynbRDZ5IwMymUkD9x40IRt/6JO//GSVtBRQ8MHM65l3vmBAmjUtn2h7G2vrG5tV3aKe/u7R8cmkfHHRmnApM2jlksegGShNGItBVVjPQSQRAPGOkG06vC786IkDSO7tQ8IT5H44iGFCOlpaFpZgOO1ETw7DrP7zM7H5oV27ps1FyvBm3LtuuO6xTErXtVDzpaKVABK7SG5vtgFOOUk0hhhqTsO3ai/AwJRTEjeXmQSpIgPEVj0tc0QpxIP1skz+G5VkYwjIV+kYIL9ftGhriUcx7oySKm/O0V4l9eP1Vhw89olKSKRHh5KEwZVDEsaoAjKghWbK4JwoLqrBBPkEBY6bLKuoSvn8L/Sce1nKrl3nqVZmNVRwmcgjNwARxQB01wA1qgDTCYgQfwBJ6NzHg0XozX5eiasdo5AT9gvH0CbNeUJg==</latexit>

B+
<latexit sha1_base64="yUC0CC66YqAzJVkyJKYwWaCBi1w=">AAAB9XicdVDNSsNAGNzUv1r/qh69LBZBEEKShrbeil48VrC20KZls920S3eTsLtRSsh7ePGgiFffxZtv46atoKIDC8PM9/HNjh8zKpVlfRiFldW19Y3iZmlre2d3r7x/cCujRGDSxhGLRNdHkjAakraiipFuLAjiPiMdf3qZ+507IiSNwhs1i4nH0TikAcVIaWnQ50hNBE8vskF6lg3LFcs8b9QctwYt07LqtmPnxKm7VRfaWslRAUu0huX3/ijCCSehwgxJ2bOtWHkpEopiRrJSP5EkRniKxqSnaYg4kV46T53BE62MYBAJ/UIF5+r3jRRxKWfc15N5Svnby8W/vF6igoaX0jBOFAnx4lCQMKgimFcAR1QQrNhME4QF1VkhniCBsNJFlXQJXz+F/5Nbx7SrpnPtVpqNZR1FcASOwSmwQR00wRVogTbAQIAH8ASejXvj0XgxXhejBWO5cwh+wHj7BBsSkuI=</latexit>

B+
<latexit sha1_base64="yUC0CC66YqAzJVkyJKYwWaCBi1w=">AAAB9XicdVDNSsNAGNzUv1r/qh69LBZBEEKShrbeil48VrC20KZls920S3eTsLtRSsh7ePGgiFffxZtv46atoKIDC8PM9/HNjh8zKpVlfRiFldW19Y3iZmlre2d3r7x/cCujRGDSxhGLRNdHkjAakraiipFuLAjiPiMdf3qZ+507IiSNwhs1i4nH0TikAcVIaWnQ50hNBE8vskF6lg3LFcs8b9QctwYt07LqtmPnxKm7VRfaWslRAUu0huX3/ijCCSehwgxJ2bOtWHkpEopiRrJSP5EkRniKxqSnaYg4kV46T53BE62MYBAJ/UIF5+r3jRRxKWfc15N5Svnby8W/vF6igoaX0jBOFAnx4lCQMKgimFcAR1QQrNhME4QF1VkhniCBsNJFlXQJXz+F/5Nbx7SrpnPtVpqNZR1FcASOwSmwQR00wRVogTbAQIAH8ASejXvj0XgxXhejBWO5cwh+wHj7BBsSkuI=</latexit>

b̄
<latexit sha1_base64="O2JTUCpHgNIxhnJI+7TDNel+sa0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjIP5/OBW0FVhBDGGBYE16+RJY2GV8MexIVlUQErtAbuuz9MaCZZbKggWvcxSk2QE2U4FWxe9jPNUkInZMT6lsZEMh3ki+RzeG6VIYwSZV9s4EL9vpETqfVMhnayiKh/e4X4l9fPTOQFOY/TzLCYLg9FmYAmgUUNcMgVo0bMLCFUcZsV0jFRhBpbVtmW8PVT+D/p1Kr4slq7u6o0vVUdJXAKzsAFwKAOmuAWtEAbUDAFD+AJPDu58+i8OK/L0TVntXMCfsB5+wSWf5RD</latexit> ū

<latexit sha1_base64="5trJfv1Rc7SG5+sTalFm7IKUxy0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjLP5vOBW0FVhBDGGBYE16+RJY2GV8MexIVlUQErtAbuuz9MaCZZbKggWvcxSk2QE2U4FWxe9jPNUkInZMT6lsZEMh3ki+RzeG6VIYwSZV9s4EL9vpETqfVMhnayiKh/e4X4l9fPTOQFOY/TzLCYLg9FmYAmgUUNcMgVo0bMLCFUcZsV0jFRhBpbVtmW8PVT+D/p1Kr4slq7u6o0vVUdJXAKzsAFwKAOmuAWtEAbUDAFD+AJPDu58+i8OK/L0TVntXMCfsB5+wSzcZRW</latexit>

d
<latexit sha1_base64="YEDXrPk5L1DjJc+932+cFasmUqU=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomk2lDk5khyQhl6G+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBVcG4Q+nNLa+sbmVnm7srO7t39QPTzq6SRTlHVpIhI1CIhmgsesa7gRbJAqRmQgWD+YXhd+/54pzZP4zsxS5ksyjnnEKTFW8nJPEjNRMg/n81G1huoIIYwxLAhuXiFLWi23gV2IC8uiBlbojKrvXpjQTLLYUEG0HmKUGj8nynAq2LziZZqlhE7JmA0tjYlk2s8XmefwzCohjBJlX2zgQv2+kROp9UwGdrKIqH97hfiXN8xM5Po5j9PMsJguD0WZgCaBRQEw5IpRI2aWEKq4zQrphChCja2pYkv4+in8n/QadXxRb9xe1truqo4yOAGn4Bxg0ARtcAM6oAsoSMEDeALPTuY8Oi/O63K05Kx2jsEPOG+fGM2SWw==</latexit>

B0
<latexit sha1_base64="X6YXjAmzf9CsIQ403ogCIPGkXTg=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwFZI0tHVXdOOygn1Am5bJdNIOnUzCzEQpIf/hxoUibv0Xd/6Nk7aCih4YOJxzL/fM8WNGpbKsD6Owtr6xuVXcLu3s7u0flA+POjJKBCZtHLFI9HwkCaOctBVVjPRiQVDoM9L1Z1e5370jQtKI36p5TLwQTTgNKEZKS8NBiNRUhOllNkytbFSuWOZFo+a4NWiZllW3HTsnTt2tutDWSo4KWKE1Kr8PxhFOQsIVZkjKvm3FykuRUBQzkpUGiSQxwjM0IX1NOQqJ9NJF6gyeaWUMg0joxxVcqN83UhRKOQ99PZmnlL+9XPzL6ycqaHgp5XGiCMfLQ0HCoIpgXgEcU0GwYnNNEBZUZ4V4igTCShdV0iV8/RT+TzqOaVdN58atNBurOorgBJyCc2CDOmiCa9ACbYCBAA/gCTwb98aj8WK8LkcLxmrnGPyA8fYJIquS5w==</latexit>

u
<latexit sha1_base64="s7N9p65JJ0oL9KoI9t7ckEgC+t4=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KpMqdroruHFZwT6gM5RMmmlDk5khD6EM8xtuXCji1p9x59+YaSuo6IHA4Zx7uScnTDlT2nU/nNLa+sbmVnm7srO7t39QPTzqqcRIQrsk4YkchFhRzmLa1UxzOkglxSLktB/Orgu/f0+lYkl8p+cpDQSexCxiBGsr+ZkvsJ5KkZk8H1Vrbt11XYQQLAhqXrmWtFpeA3kQFZZFDazQGVXf/XFCjKCxJhwrNURuqoMMS80Ip3nFN4qmmMzwhA4tjbGgKsgWmXN4ZpUxjBJpX6zhQv2+kWGh1FyEdrKIqH57hfiXNzQ68oKMxanRNCbLQ5HhUCewKACOmaRE87klmEhms0IyxRITbWuq2BK+fgr/J71GHV3UG7eXtba3qqMMTsApOAcINEEb3IAO6AICUvAAnsCzY5xH58V5XY6WnNXOMfgB5+0TMrOSbA==</latexit>

d
<latexit sha1_base64="YEDXrPk5L1DjJc+932+cFasmUqU=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomk2lDk5khyQhl6G+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBVcG4Q+nNLa+sbmVnm7srO7t39QPTzq6SRTlHVpIhI1CIhmgsesa7gRbJAqRmQgWD+YXhd+/54pzZP4zsxS5ksyjnnEKTFW8nJPEjNRMg/n81G1huoIIYwxLAhuXiFLWi23gV2IC8uiBlbojKrvXpjQTLLYUEG0HmKUGj8nynAq2LziZZqlhE7JmA0tjYlk2s8XmefwzCohjBJlX2zgQv2+kROp9UwGdrKIqH97hfiXN8xM5Po5j9PMsJguD0WZgCaBRQEw5IpRI2aWEKq4zQrphChCja2pYkv4+in8n/QadXxRb9xe1truqo4yOAGn4Bxg0ARtcAM6oAsoSMEDeALPTuY8Oi/O63K05Kx2jsEPOG+fGM2SWw==</latexit>

⇡�
<latexit sha1_base64="aMf0Ach1PlOktvZaUfAWeoqhIR8=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwY0jS0NZdwY3LCvYBbSyT6aQdOpkMMxOhhH6EGxeKuPV73Pk3TtoKKnrgwuGce7n3nlAwqrTjfFiFtfWNza3idmlnd2//oHx41FFJKjFp44QlshciRRjlpK2pZqQnJEFxyEg3nF7lfveeSEUTfqtnggQxGnMaUYy0kboDQe+yi/mwXHHsy0bN82vQsR2n7npuTry6X/Wha5QcFbBCa1h+H4wSnMaEa8yQUn3XETrIkNQUMzIvDVJFBMJTNCZ9QzmKiQqyxblzeGaUEYwSaYpruFC/T2QoVmoWh6YzRnqifnu5+JfXT3XUCDLKRaoJx8tFUcqgTmD+OxxRSbBmM0MQltTcCvEESYS1SahkQvj6FP5POp7tVm3vxq80G6s4iuAEnIJz4II6aIJr0AJtgMEUPIAn8GwJ69F6sV6XrQVrNXMMfsB6+wSTjo+0</latexit>

b̄
<latexit sha1_base64="O2JTUCpHgNIxhnJI+7TDNel+sa0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjIP5/OBW0FVhBDGGBYE16+RJY2GV8MexIVlUQErtAbuuz9MaCZZbKggWvcxSk2QE2U4FWxe9jPNUkInZMT6lsZEMh3ki+RzeG6VIYwSZV9s4EL9vpETqfVMhnayiKh/e4X4l9fPTOQFOY/TzLCYLg9FmYAmgUUNcMgVo0bMLCFUcZsV0jFRhBpbVtmW8PVT+D/p1Kr4slq7u6o0vVUdJXAKzsAFwKAOmuAWtEAbUDAFD+AJPDu58+i8OK/L0TVntXMCfsB5+wSWf5RD</latexit>

d
<latexit sha1_base64="YEDXrPk5L1DjJc+932+cFasmUqU=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomk2lDk5khyQhl6G+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBVcG4Q+nNLa+sbmVnm7srO7t39QPTzq6SRTlHVpIhI1CIhmgsesa7gRbJAqRmQgWD+YXhd+/54pzZP4zsxS5ksyjnnEKTFW8nJPEjNRMg/n81G1huoIIYwxLAhuXiFLWi23gV2IC8uiBlbojKrvXpjQTLLYUEG0HmKUGj8nynAq2LziZZqlhE7JmA0tjYlk2s8XmefwzCohjBJlX2zgQv2+kROp9UwGdrKIqH97hfiXN8xM5Po5j9PMsJguD0WZgCaBRQEw5IpRI2aWEKq4zQrphChCja2pYkv4+in8n/QadXxRb9xe1truqo4yOAGn4Bxg0ARtcAM6oAsoSMEDeALPTuY8Oi/O63K05Kx2jsEPOG+fGM2SWw==</latexit>

d
<latexit sha1_base64="YEDXrPk5L1DjJc+932+cFasmUqU=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomk2lDk5khyQhl6G+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBVcG4Q+nNLa+sbmVnm7srO7t39QPTzq6SRTlHVpIhI1CIhmgsesa7gRbJAqRmQgWD+YXhd+/54pzZP4zsxS5ksyjnnEKTFW8nJPEjNRMg/n81G1huoIIYwxLAhuXiFLWi23gV2IC8uiBlbojKrvXpjQTLLYUEG0HmKUGj8nynAq2LziZZqlhE7JmA0tjYlk2s8XmefwzCohjBJlX2zgQv2+kROp9UwGdrKIqH97hfiXN8xM5Po5j9PMsJguD0WZgCaBRQEw5IpRI2aWEKq4zQrphChCja2pYkv4+in8n/QadXxRb9xe1truqo4yOAGn4Bxg0ARtcAM6oAsoSMEDeALPTuY8Oi/O63K05Kx2jsEPOG+fGM2SWw==</latexit>

ū
<latexit sha1_base64="5trJfv1Rc7SG5+sTalFm7IKUxy0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjLP5vOBW0FVhBDGGBYE16+RJY2GV8MexIVlUQErtAbuuz9MaCZZbKggWvcxSk2QE2U4FWxe9jPNUkInZMT6lsZEMh3ki+RzeG6VIYwSZV9s4EL9vpETqfVMhnayiKh/e4X4l9fPTOQFOY/TzLCYLg9FmYAmgUUNcMgVo0bMLCFUcZsV0jFRhBpbVtmW8PVT+D/p1Kr4slq7u6o0vVUdJXAKzsAFwKAOmuAWtEAbUDAFD+AJPDu58+i8OK/L0TVntXMCfsB5+wSzcZRW</latexit>

u
<latexit sha1_base64="s7N9p65JJ0oL9KoI9t7ckEgC+t4=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KpMqdroruHFZwT6gM5RMmmlDk5khD6EM8xtuXCji1p9x59+YaSuo6IHA4Zx7uScnTDlT2nU/nNLa+sbmVnm7srO7t39QPTzqqcRIQrsk4YkchFhRzmLa1UxzOkglxSLktB/Orgu/f0+lYkl8p+cpDQSexCxiBGsr+ZkvsJ5KkZk8H1Vrbt11XYQQLAhqXrmWtFpeA3kQFZZFDazQGVXf/XFCjKCxJhwrNURuqoMMS80Ip3nFN4qmmMzwhA4tjbGgKsgWmXN4ZpUxjBJpX6zhQv2+kWGh1FyEdrKIqH57hfiXNzQ68oKMxanRNCbLQ5HhUCewKACOmaRE87klmEhms0IyxRITbWuq2BK+fgr/J71GHV3UG7eXtba3qqMMTsApOAcINEEb3IAO6AICUvAAnsCzY5xH58V5XY6WnNXOMfgB5+0TMrOSbA==</latexit>

⇡�
<latexit sha1_base64="aMf0Ach1PlOktvZaUfAWeoqhIR8=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwY0jS0NZdwY3LCvYBbSyT6aQdOpkMMxOhhH6EGxeKuPV73Pk3TtoKKnrgwuGce7n3nlAwqrTjfFiFtfWNza3idmlnd2//oHx41FFJKjFp44QlshciRRjlpK2pZqQnJEFxyEg3nF7lfveeSEUTfqtnggQxGnMaUYy0kboDQe+yi/mwXHHsy0bN82vQsR2n7npuTry6X/Wha5QcFbBCa1h+H4wSnMaEa8yQUn3XETrIkNQUMzIvDVJFBMJTNCZ9QzmKiQqyxblzeGaUEYwSaYpruFC/T2QoVmoWh6YzRnqifnu5+JfXT3XUCDLKRaoJx8tFUcqgTmD+OxxRSbBmM0MQltTcCvEESYS1SahkQvj6FP5POp7tVm3vxq80G6s4iuAEnIJz4II6aIJr0AJtgMEUPIAn8GwJ69F6sV6XrQVrNXMMfsB6+wSTjo+0</latexit>

B0
<latexit sha1_base64="X6YXjAmzf9CsIQ403ogCIPGkXTg=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwFZI0tHVXdOOygn1Am5bJdNIOnUzCzEQpIf/hxoUibv0Xd/6Nk7aCih4YOJxzL/fM8WNGpbKsD6Owtr6xuVXcLu3s7u0flA+POjJKBCZtHLFI9HwkCaOctBVVjPRiQVDoM9L1Z1e5370jQtKI36p5TLwQTTgNKEZKS8NBiNRUhOllNkytbFSuWOZFo+a4NWiZllW3HTsnTt2tutDWSo4KWKE1Kr8PxhFOQsIVZkjKvm3FykuRUBQzkpUGiSQxwjM0IX1NOQqJ9NJF6gyeaWUMg0joxxVcqN83UhRKOQ99PZmnlL+9XPzL6ycqaHgp5XGiCMfLQ0HCoIpgXgEcU0GwYnNNEBZUZ4V4igTCShdV0iV8/RT+TzqOaVdN58atNBurOorgBJyCc2CDOmiCa9ACbYCBAA/gCTwb98aj8WK8LkcLxmrnGPyA8fYJIquS5w==</latexit>

➠ γ

➠  α, γ

d̄, s̄
<latexit sha1_base64="DPsUqU27uqmWxEtw+nLrZTVEE/I=">AAACC3icdVDLSsNAFJ34rPUVdelmaBFcSMlUsemu4MZlBfuAJpTJZNIOnTyYmQglZO/GX3HjQhG3/oA7/8ZJW8GKHrhwOOde7r3HSziTyrI+jZXVtfWNzdJWeXtnd2/fPDjsyjgVhHZIzGPR97CknEW0o5jitJ8IikOP0543uSr83h0VksXRrZom1A3xKGIBI1hpaWhWHA+LzAmxGosw8/P8DC4pMs+HZtWqWZaFEIIFQY1LS5Nm064jG6LC0qiCBdpD88PxY5KGNFKEYykHyEqUm2GhGOE0LzuppAkmEzyiA00jHFLpZrNfcniiFR8GsdAVKThTf05kOJRyGnq6szhR/vYK8S9vkKrAdjMWJamiEZkvClIOVQyLYKDPBCWKTzXBRDB9KyRjLDBROr6yDuH7U/g/6dZr6LxWv7motuxFHCVwDCrgFCDQAC1wDdqgAwi4B4/gGbwYD8aT8Wq8zVtXjMXMEViC8f4FvDacHg==</latexit>

d̄, s̄
<latexit sha1_base64="DPsUqU27uqmWxEtw+nLrZTVEE/I=">AAACC3icdVDLSsNAFJ34rPUVdelmaBFcSMlUsemu4MZlBfuAJpTJZNIOnTyYmQglZO/GX3HjQhG3/oA7/8ZJW8GKHrhwOOde7r3HSziTyrI+jZXVtfWNzdJWeXtnd2/fPDjsyjgVhHZIzGPR97CknEW0o5jitJ8IikOP0543uSr83h0VksXRrZom1A3xKGIBI1hpaWhWHA+LzAmxGosw8/P8DC4pMs+HZtWqWZaFEIIFQY1LS5Nm064jG6LC0qiCBdpD88PxY5KGNFKEYykHyEqUm2GhGOE0LzuppAkmEzyiA00jHFLpZrNfcniiFR8GsdAVKThTf05kOJRyGnq6szhR/vYK8S9vkKrAdjMWJamiEZkvClIOVQyLYKDPBCWKTzXBRDB9KyRjLDBROr6yDuH7U/g/6dZr6LxWv7motuxFHCVwDCrgFCDQAC1wDdqgAwi4B4/gGbwYD8aT8Wq8zVtXjMXMEViC8f4FvDacHg==</latexit>

⇡+,K+
<latexit sha1_base64="Oa4tqQ/etEQw0LTGRzywFE//BIA=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaLICglSUNbdwU3gpsK9gFNLJPppB06eTAzEUrIxl9x40IRt36GO//GSVtBRQ8MnDnnXu69x4sZFdIwPrTC0vLK6lpxvbSxubW9o+/udUSUcEzaOGIR73lIEEZD0pZUMtKLOUGBx0jXm1zkfveOcEGj8EZOY+IGaBRSn2IklTTQD5yY3qan2Rl0AiTHPEivsvw/0MtG5bxRs+waNCqGUTctMydW3a7a0FRKjjJYoDXQ351hhJOAhBIzJETfNGLppohLihnJSk4iSIzwBI1IX9EQBUS46eyADB4rZQj9iKsXSjhTv3ekKBBiGniqMt9S/PZy8S+vn0i/4aY0jBNJQjwf5CcMygjmacAh5QRLNlUEYU7VrhCPEUdYqsxKKoSvS+H/pGNVzGrFurbLzcYijiI4BEfgBJigDprgErRAG2CQgQfwBJ61e+1Re9Fe56UFbdGzD35Ae/sEthOWeA==</latexit>

⇡+,K+
<latexit sha1_base64="Oa4tqQ/etEQw0LTGRzywFE//BIA=">AAACAHicdVDLSsNAFJ3UV62vqAsXbgaLICglSUNbdwU3gpsK9gFNLJPppB06eTAzEUrIxl9x40IRt36GO//GSVtBRQ8MnDnnXu69x4sZFdIwPrTC0vLK6lpxvbSxubW9o+/udUSUcEzaOGIR73lIEEZD0pZUMtKLOUGBx0jXm1zkfveOcEGj8EZOY+IGaBRSn2IklTTQD5yY3qan2Rl0AiTHPEivsvw/0MtG5bxRs+waNCqGUTctMydW3a7a0FRKjjJYoDXQ351hhJOAhBIzJETfNGLppohLihnJSk4iSIzwBI1IX9EQBUS46eyADB4rZQj9iKsXSjhTv3ekKBBiGniqMt9S/PZy8S+vn0i/4aY0jBNJQjwf5CcMygjmacAh5QRLNlUEYU7VrhCPEUdYqsxKKoSvS+H/pGNVzGrFurbLzcYijiI4BEfgBJigDprgErRAG2CQgQfwBJ61e+1Re9Fe56UFbdGzD35Ae/sEthOWeA==</latexit>

➠  β 

Bu → DK

Bd → πK, KK

Bs → J/ψ Ks

examples of interfering amplitudes 
leading to CP violating effects

β = 22 deg



!7

Trees and Penguins

B0
s

<latexit sha1_base64="6EEe0zaJaRCYoDwudz3mUK7PnJo=">AAACBHicdVDLSsNAFJ3UV62vqMtuBovgKiRpaOuu6MZlBfuANobJdNoOnTyYmQglZOHGX3HjQhG3foQ7/8ZJH6CiBwbOnHMv997jx4wKaZqfWmFtfWNzq7hd2tnd2z/QD486Iko4Jm0csYj3fCQIoyFpSyoZ6cWcoMBnpOtPL3O/e0e4oFF4I2cxcQM0DumIYiSV5OnlQYDkhAfpRXabmpmXrv4iyzy9YhrnjZrt1KBpmGbdsq2c2HWn6kBLKTkqYImWp38MhhFOAhJKzJAQfcuMpZsiLilmJCsNEkFihKdoTPqKhiggwk3nR2TwVClDOIq4eqGEc/V7R4oCIWaBryrzFcVvLxf/8vqJHDXclIZxIkmIF4NGCYMygnkicEg5wZLNFEGYU7UrxBPEEZYqt5IKYXUp/J90bMOqGva1U2k2lnEUQRmcgDNggTpogivQAm2AwT14BM/gRXvQnrRX7W1RWtCWPcfgB7T3L3kImUE=</latexit>

B0
s

<latexit sha1_base64="6EEe0zaJaRCYoDwudz3mUK7PnJo=">AAACBHicdVDLSsNAFJ3UV62vqMtuBovgKiRpaOuu6MZlBfuANobJdNoOnTyYmQglZOHGX3HjQhG3foQ7/8ZJH6CiBwbOnHMv997jx4wKaZqfWmFtfWNzq7hd2tnd2z/QD486Iko4Jm0csYj3fCQIoyFpSyoZ6cWcoMBnpOtPL3O/e0e4oFF4I2cxcQM0DumIYiSV5OnlQYDkhAfpRXabmpmXrv4iyzy9YhrnjZrt1KBpmGbdsq2c2HWn6kBLKTkqYImWp38MhhFOAhJKzJAQfcuMpZsiLilmJCsNEkFihKdoTPqKhiggwk3nR2TwVClDOIq4eqGEc/V7R4oCIWaBryrzFcVvLxf/8vqJHDXclIZxIkmIF4NGCYMygnkicEg5wZLNFEGYU7UrxBPEEZYqt5IKYXUp/J90bMOqGva1U2k2lnEUQRmcgDNggTpogivQAm2AwT14BM/gRXvQnrRX7W1RWtCWPcfgB7T3L3kImUE=</latexit>

B
0
s

<latexit sha1_base64="d9A0OGOYwF9u6CeyYku7rcLsPV0="></latexit>s̄
<latexit sha1_base64="qrcw31/1ErzR+rZUaFgz63WCFfc=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjLX8/nAraAqQghjDAuC69fIkkbDq2EP4sKyqIAVWgP33R8mNJMsNlQQrfsYpSbIiTKcCjYv+5lmKaETMmJ9S2MimQ7yRfI5PLfKEEaJsi82cKF+38iJ1HomQztZRNS/vUL8y+tnJvKCnMdpZlhMl4eiTECTwKIGOOSKUSNmlhCquM0K6ZgoQo0tq2xL+Pop/J90alV8Wa3dXVWa3qqOEjgFZ+ACYFAHTXALWqANKJiCB/AEnp3ceXRenNfl6Jqz2jkBP+C8fQKwZZRU</latexit>

b̄
<latexit sha1_base64="O2JTUCpHgNIxhnJI+7TDNel+sa0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjIP5/OBW0FVhBDGGBYE16+RJY2GV8MexIVlUQErtAbuuz9MaCZZbKggWvcxSk2QE2U4FWxe9jPNUkInZMT6lsZEMh3ki+RzeG6VIYwSZV9s4EL9vpETqfVMhnayiKh/e4X4l9fPTOQFOY/TzLCYLg9FmYAmgUUNcMgVo0bMLCFUcZsV0jFRhBpbVtmW8PVT+D/p1Kr4slq7u6o0vVUdJXAKzsAFwKAOmuAWtEAbUDAFD+AJPDu58+i8OK/L0TVntXMCfsB5+wSWf5RD</latexit>

c̄
<latexit sha1_base64="YDctyQY9+NL6BTCbH+tfJtw7Ymw=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjKn8/nAraAqQghjDAuC69fIkkbDq2EP4sKyqIAVWgP33R8mNJMsNlQQrfsYpSbIiTKcCjYv+5lmKaETMmJ9S2MimQ7yRfI5PLfKEEaJsi82cKF+38iJ1HomQztZRNS/vUL8y+tnJvKCnMdpZlhMl4eiTECTwKIGOOSKUSNmlhCquM0K6ZgoQo0tq2xL+Pop/J90alV8Wa3dXVWa3qqOEjgFZ+ACYFAHTXALWqANKJiCB/AEnp3ceXRenNfl6Jqz2jkBP+C8fQKYBZRE</latexit>

c
<latexit sha1_base64="MJ9Ncl5IymyuevFKKS/9tISkuTM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomzbShycyQZIQyzG+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBFcG4Q+nNLa+sbmVnm7srO7t39QPTzq6ThVlHVpLGI1CIhmgkesa7gRbJAoRmQgWD+YXRd+/54pzePozswT5ksyiXjIKTFW8jJPEjNVMqN5PqrWUB0hhDGGBcHNK2RJq+U2sAtxYVnUwAqdUfXdG8c0lSwyVBCthxglxs+IMpwKlle8VLOE0BmZsKGlEZFM+9kicw7PrDKGYazsiwxcqN83MiK1nsvAThYR9W+vEP/yhqkJXT/jUZIaFtHloTAV0MSwKACOuWLUiLklhCpus0I6JYpQY2uq2BK+fgr/J71GHV/UG7eXtba7qqMMTsApOAcYNEEb3IAO6AIKEvAAnsCzkzqPzovzuhwtOaudY/ADztsnF0eSWg==</latexit>

s
<latexit sha1_base64="sRoh5vzN6ODU+BVdol72t++ZWQY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomzbShycyQZIQyzG+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBFcG4Q+nNLa+sbmVnm7srO7t39QPTzq6ThVlHVpLGI1CIhmgkesa7gRbJAoRmQgWD+YXRd+/54pzePozswT5ksyiXjIKTFW8jJPEjNVMtN5PqrWUB0hhDGGBcHNK2RJq+U2sAtxYVnUwAqdUfXdG8c0lSwyVBCthxglxs+IMpwKlle8VLOE0BmZsKGlEZFM+9kicw7PrDKGYazsiwxcqN83MiK1nsvAThYR9W+vEP/yhqkJXT/jUZIaFtHloTAV0MSwKACOuWLUiLklhCpus0I6JYpQY2uq2BK+fgr/J71GHV/UG7eXtba7qqMMTsApOAcYNEEb3IAO6AIKEvAAnsCzkzqPzovzuhwtOaudY/ADztsnL6eSag==</latexit>

s
<latexit sha1_base64="sRoh5vzN6ODU+BVdol72t++ZWQY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomzbShycyQZIQyzG+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBFcG4Q+nNLa+sbmVnm7srO7t39QPTzq6ThVlHVpLGI1CIhmgkesa7gRbJAoRmQgWD+YXRd+/54pzePozswT5ksyiXjIKTFW8jJPEjNVMtN5PqrWUB0hhDGGBcHNK2RJq+U2sAtxYVnUwAqdUfXdG8c0lSwyVBCthxglxs+IMpwKlle8VLOE0BmZsKGlEZFM+9kicw7PrDKGYazsiwxcqN83MiK1nsvAThYR9W+vEP/yhqkJXT/jUZIaFtHloTAV0MSwKACOuWLUiLklhCpus0I6JYpQY2uq2BK+fgr/J71GHV/UG7eXtba7qqMMTsApOAcYNEEb3IAO6AIKEvAAnsCzkzqPzovzuhwtOaudY/ADztsnL6eSag==</latexit>

J/ 
<latexit sha1_base64="VZ2CGgvhWa22LbUbbuhFeCWvt7s=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5ikoa27ghtxVcE+oAllMp22Q2eSMDMRauiXuHGhiFs/xZ1/46StoKIHBg7n3Ms9c8KEUals+8MorK1vbG4Vt0s7u3v7ZfPgsCPjVGDSxjGLRS9EkjAakbaiipFeIgjiISPdcHqZ+907IiSNo1s1S0jA0TiiI4qR0tLALPscqYng2fX83E8kHZgV27po1FyvBm3LtuuO6+TErXtVDzpayVEBK7QG5rs/jHHKSaQwQ1L2HTtRQYaEopiReclPJUkQnqIx6WsaIU5kkC2Cz+GpVoZwFAv9IgUX6veNDHEpZzzUk3lM+dvLxb+8fqpGjSCjUZIqEuHloVHKoIph3gIcUkGwYjNNEBZUZ4V4ggTCSndV0iV8/RT+Tzqu5VQt98arNBurOorgGJyAM+CAOmiCK9ACbYBBCh7AE3g27o1H48V4XY4WjNXOEfgB4+0TS4OTew==</latexit>

b̄
<latexit sha1_base64="O2JTUCpHgNIxhnJI+7TDNel+sa0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjIP5/OBW0FVhBDGGBYE16+RJY2GV8MexIVlUQErtAbuuz9MaCZZbKggWvcxSk2QE2U4FWxe9jPNUkInZMT6lsZEMh3ki+RzeG6VIYwSZV9s4EL9vpETqfVMhnayiKh/e4X4l9fPTOQFOY/TzLCYLg9FmYAmgUUNcMgVo0bMLCFUcZsV0jFRhBpbVtmW8PVT+D/p1Kr4slq7u6o0vVUdJXAKzsAFwKAOmuAWtEAbUDAFD+AJPDu58+i8OK/L0TVntXMCfsB5+wSWf5RD</latexit>

c̄
<latexit sha1_base64="YDctyQY9+NL6BTCbH+tfJtw7Ymw=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjKn8/nAraAqQghjDAuC69fIkkbDq2EP4sKyqIAVWgP33R8mNJMsNlQQrfsYpSbIiTKcCjYv+5lmKaETMmJ9S2MimQ7yRfI5PLfKEEaJsi82cKF+38iJ1HomQztZRNS/vUL8y+tnJvKCnMdpZlhMl4eiTECTwKIGOOSKUSNmlhCquM0K6ZgoQo0tq2xL+Pop/J90alV8Wa3dXVWa3qqOEjgFZ+ACYFAHTXALWqANKJiCB/AEnp3ceXRenNfl6Jqz2jkBP+C8fQKYBZRE</latexit>

b
<latexit sha1_base64="jcdkjLzUiFCmFmjLqhEzW41D1+8=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomzbShycyQZIQyzG+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBFcG4Q+nNLa+sbmVnm7srO7t39QPTzq6ThVlHVpLGI1CIhmgkesa7gRbJAoRmQgWD+YXRd+/54pzePozswT5ksyiXjIKTFW8jJPEjNVMgvyfFStoTpCCGMMC4KbV8iSVsttYBfiwrKogRU6o+q7N45pKllkqCBaDzFKjJ8RZTgVLK94qWYJoTMyYUNLIyKZ9rNF5hyeWWUMw1jZFxm4UL9vZERqPZeBnSwi6t9eIf7lDVMTun7GoyQ1LKLLQ2EqoIlhUQAcc8WoEXNLCFXcZoV0ShShxtZUsSV8/RT+T3qNOr6oN24va213VUcZnIBTcA4waII2uAEd0AUUJOABPIFnJ3UenRfndTlaclY7x+AHnLdPFcGSWQ==</latexit>

c
<latexit sha1_base64="MJ9Ncl5IymyuevFKKS/9tISkuTM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomzbShycyQZIQyzG+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBFcG4Q+nNLa+sbmVnm7srO7t39QPTzq6ThVlHVpLGI1CIhmgkesa7gRbJAoRmQgWD+YXRd+/54pzePozswT5ksyiXjIKTFW8jJPEjNVMqN5PqrWUB0hhDGGBcHNK2RJq+U2sAtxYVnUwAqdUfXdG8c0lSwyVBCthxglxs+IMpwKlle8VLOE0BmZsKGlEZFM+9kicw7PrDKGYazsiwxcqN83MiK1nsvAThYR9W+vEP/yhqkJXT/jUZIaFtHloTAV0MSwKACOuWLUiLklhCpus0I6JYpQY2uq2BK+fgr/J71GHV/UG7eXtba7qqMMTsApOAcYNEEb3IAO6AIKEvAAnsCzkzqPzovzuhwtOaudY/ADztsnF0eSWg==</latexit>

J/ 
<latexit sha1_base64="VZ2CGgvhWa22LbUbbuhFeCWvt7s=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5ikoa27ghtxVcE+oAllMp22Q2eSMDMRauiXuHGhiFs/xZ1/46StoKIHBg7n3Ms9c8KEUals+8MorK1vbG4Vt0s7u3v7ZfPgsCPjVGDSxjGLRS9EkjAakbaiipFeIgjiISPdcHqZ+907IiSNo1s1S0jA0TiiI4qR0tLALPscqYng2fX83E8kHZgV27po1FyvBm3LtuuO6+TErXtVDzpayVEBK7QG5rs/jHHKSaQwQ1L2HTtRQYaEopiReclPJUkQnqIx6WsaIU5kkC2Cz+GpVoZwFAv9IgUX6veNDHEpZzzUk3lM+dvLxb+8fqpGjSCjUZIqEuHloVHKoIph3gIcUkGwYjNNEBZUZ4V4ggTCSndV0iV8/RT+Tzqu5VQt98arNBurOorgGJyAM+CAOmiCK9ACbYBBCh7AE3g27o1H48V4XY4WjNXOEfgB4+0TS4OTew==</latexit>

s
<latexit sha1_base64="sRoh5vzN6ODU+BVdol72t++ZWQY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomzbShycyQZIQyzG+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBFcG4Q+nNLa+sbmVnm7srO7t39QPTzq6ThVlHVpLGI1CIhmgkesa7gRbJAoRmQgWD+YXRd+/54pzePozswT5ksyiXjIKTFW8jJPEjNVMtN5PqrWUB0hhDGGBcHNK2RJq+U2sAtxYVnUwAqdUfXdG8c0lSwyVBCthxglxs+IMpwKlle8VLOE0BmZsKGlEZFM+9kicw7PrDKGYazsiwxcqN83MiK1nsvAThYR9W+vEP/yhqkJXT/jUZIaFtHloTAV0MSwKACOuWLUiLklhCpus0I6JYpQY2uq2BK+fgr/J71GHV/UG7eXtba7qqMMTsApOAcYNEEb3IAO6AIKEvAAnsCzkzqPzovzuhwtOaudY/ADztsnL6eSag==</latexit>

s̄
<latexit sha1_base64="qrcw31/1ErzR+rZUaFgz63WCFfc=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjLX8/nAraAqQghjDAuC69fIkkbDq2EP4sKyqIAVWgP33R8mNJMsNlQQrfsYpSbIiTKcCjYv+5lmKaETMmJ9S2MimQ7yRfI5PLfKEEaJsi82cKF+38iJ1HomQztZRNS/vUL8y+tnJvKCnMdpZlhMl4eiTECTwKIGOOSKUSNmlhCquM0K6ZgoQo0tq2xL+Pop/J90alV8Wa3dXVWa3qqOEjgFZ+ACYFAHTXALWqANKJiCB/AEnp3ceXRenNfl6Jqz2jkBP+C8fQKwZZRU</latexit>

s̄
<latexit sha1_base64="qrcw31/1ErzR+rZUaFgz63WCFfc=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjLX8/nAraAqQghjDAuC69fIkkbDq2EP4sKyqIAVWgP33R8mNJMsNlQQrfsYpSbIiTKcCjYv+5lmKaETMmJ9S2MimQ7yRfI5PLfKEEaJsi82cKF+38iJ1HomQztZRNS/vUL8y+tnJvKCnMdpZlhMl4eiTECTwKIGOOSKUSNmlhCquM0K6ZgoQo0tq2xL+Pop/J90alV8Wa3dXVWa3qqOEjgFZ+ACYFAHTXALWqANKJiCB/AEnp3ceXRenNfl6Jqz2jkBP+C8fQKwZZRU</latexit>

s
<latexit sha1_base64="sRoh5vzN6ODU+BVdol72t++ZWQY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomzbShycyQZIQyzG+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBFcG4Q+nNLa+sbmVnm7srO7t39QPTzq6ThVlHVpLGI1CIhmgkesa7gRbJAoRmQgWD+YXRd+/54pzePozswT5ksyiXjIKTFW8jJPEjNVMtN5PqrWUB0hhDGGBcHNK2RJq+U2sAtxYVnUwAqdUfXdG8c0lSwyVBCthxglxs+IMpwKlle8VLOE0BmZsKGlEZFM+9kicw7PrDKGYazsiwxcqN83MiK1nsvAThYR9W+vEP/yhqkJXT/jUZIaFtHloTAV0MSwKACOuWLUiLklhCpus0I6JYpQY2uq2BK+fgr/J71GHV/UG7eXtba7qqMMTsApOAcYNEEb3IAO6AIKEvAAnsCzkzqPzovzuhwtOaudY/ADztsnL6eSag==</latexit>

�
<latexit sha1_base64="6DIc1E9eK4dQq3BVElmMGXch8D8=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZI0tHVXcOOygn1AG8pkOmmGzkzCzEQoob/gxoUibv0hd/6Nk7aCih64cDjnXu69J0wZVdpxPqzSxubW9k55t7K3f3B4VD0+6akkk5h0ccISOQiRIowK0tVUMzJIJUE8ZKQfzq4Lv39PpKKJuNPzlAQcTQWNKEa6kEZpTMfVmmNftRqe34CO7ThN13ML4jX9ug9doxSogTU64+r7aJLgjBOhMUNKDV0n1UGOpKaYkUVllCmSIjxDUzI0VCBOVJAvb13AC6NMYJRIU0LDpfp9IkdcqTkPTSdHOla/vUL8yxtmOmoFORVpponAq0VRxqBOYPE4nFBJsGZzQxCW1NwKcYwkwtrEUzEhfH0K/yc9z3brtnfr19qtdRxlcAbOwSVwQRO0wQ3ogC7AIAYP4Ak8W9x6tF6s11VryVrPnIIfsN4+AXHjjns=</latexit>

�
<latexit sha1_base64="6DIc1E9eK4dQq3BVElmMGXch8D8=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZI0tHVXcOOygn1AG8pkOmmGzkzCzEQoob/gxoUibv0hd/6Nk7aCih64cDjnXu69J0wZVdpxPqzSxubW9k55t7K3f3B4VD0+6akkk5h0ccISOQiRIowK0tVUMzJIJUE8ZKQfzq4Lv39PpKKJuNPzlAQcTQWNKEa6kEZpTMfVmmNftRqe34CO7ThN13ML4jX9ug9doxSogTU64+r7aJLgjBOhMUNKDV0n1UGOpKaYkUVllCmSIjxDUzI0VCBOVJAvb13AC6NMYJRIU0LDpfp9IkdcqTkPTSdHOla/vUL8yxtmOmoFORVpponAq0VRxqBOYPE4nFBJsGZzQxCW1NwKcYwkwtrEUzEhfH0K/yc9z3brtnfr19qtdRxlcAbOwSVwQRO0wQ3ogC7AIAYP4Ak8W9x6tF6s11VryVrPnIIfsN4+AXHjjns=</latexit>

b̄
<latexit sha1_base64="O2JTUCpHgNIxhnJI+7TDNel+sa0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjIP5/OBW0FVhBDGGBYE16+RJY2GV8MexIVlUQErtAbuuz9MaCZZbKggWvcxSk2QE2U4FWxe9jPNUkInZMT6lsZEMh3ki+RzeG6VIYwSZV9s4EL9vpETqfVMhnayiKh/e4X4l9fPTOQFOY/TzLCYLg9FmYAmgUUNcMgVo0bMLCFUcZsV0jFRhBpbVtmW8PVT+D/p1Kr4slq7u6o0vVUdJXAKzsAFwKAOmuAWtEAbUDAFD+AJPDu58+i8OK/L0TVntXMCfsB5+wSWf5RD</latexit> ū

<latexit sha1_base64="5trJfv1Rc7SG5+sTalFm7IKUxy0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjLP5vOBW0FVhBDGGBYE16+RJY2GV8MexIVlUQErtAbuuz9MaCZZbKggWvcxSk2QE2U4FWxe9jPNUkInZMT6lsZEMh3ki+RzeG6VIYwSZV9s4EL9vpETqfVMhnayiKh/e4X4l9fPTOQFOY/TzLCYLg9FmYAmgUUNcMgVo0bMLCFUcZsV0jFRhBpbVtmW8PVT+D/p1Kr4slq7u6o0vVUdJXAKzsAFwKAOmuAWtEAbUDAFD+AJPDu58+i8OK/L0TVntXMCfsB5+wSzcZRW</latexit>

u
<latexit sha1_base64="s7N9p65JJ0oL9KoI9t7ckEgC+t4=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KpMqdroruHFZwT6gM5RMmmlDk5khD6EM8xtuXCji1p9x59+YaSuo6IHA4Zx7uScnTDlT2nU/nNLa+sbmVnm7srO7t39QPTzqqcRIQrsk4YkchFhRzmLa1UxzOkglxSLktB/Orgu/f0+lYkl8p+cpDQSexCxiBGsr+ZkvsJ5KkZk8H1Vrbt11XYQQLAhqXrmWtFpeA3kQFZZFDazQGVXf/XFCjKCxJhwrNURuqoMMS80Ip3nFN4qmmMzwhA4tjbGgKsgWmXN4ZpUxjBJpX6zhQv2+kWGh1FyEdrKIqH57hfiXNzQ68oKMxanRNCbLQ5HhUCewKACOmaRE87klmEhms0IyxRITbWuq2BK+fgr/J71GHV3UG7eXtba3qqMMTsApOAcINEEb3IAO6AICUvAAnsCzY5xH58V5XY6WnNXOMfgB5+0TMrOSbA==</latexit>

b̄
<latexit sha1_base64="O2JTUCpHgNIxhnJI+7TDNel+sa0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjIP5/OBW0FVhBDGGBYE16+RJY2GV8MexIVlUQErtAbuuz9MaCZZbKggWvcxSk2QE2U4FWxe9jPNUkInZMT6lsZEMh3ki+RzeG6VIYwSZV9s4EL9vpETqfVMhnayiKh/e4X4l9fPTOQFOY/TzLCYLg9FmYAmgUUNcMgVo0bMLCFUcZsV0jFRhBpbVtmW8PVT+D/p1Kr4slq7u6o0vVUdJXAKzsAFwKAOmuAWtEAbUDAFD+AJPDu58+i8OK/L0TVntXMCfsB5+wSWf5RD</latexit>

ū
<latexit sha1_base64="5trJfv1Rc7SG5+sTalFm7IKUxy0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjLP5vOBW0FVhBDGGBYE16+RJY2GV8MexIVlUQErtAbuuz9MaCZZbKggWvcxSk2QE2U4FWxe9jPNUkInZMT6lsZEMh3ki+RzeG6VIYwSZV9s4EL9vpETqfVMhnayiKh/e4X4l9fPTOQFOY/TzLCYLg9FmYAmgUUNcMgVo0bMLCFUcZsV0jFRhBpbVtmW8PVT+D/p1Kr4slq7u6o0vVUdJXAKzsAFwKAOmuAWtEAbUDAFD+AJPDu58+i8OK/L0TVntXMCfsB5+wSzcZRW</latexit>

u
<latexit sha1_base64="s7N9p65JJ0oL9KoI9t7ckEgC+t4=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KpMqdroruHFZwT6gM5RMmmlDk5khD6EM8xtuXCji1p9x59+YaSuo6IHA4Zx7uScnTDlT2nU/nNLa+sbmVnm7srO7t39QPTzqqcRIQrsk4YkchFhRzmLa1UxzOkglxSLktB/Orgu/f0+lYkl8p+cpDQSexCxiBGsr+ZkvsJ5KkZk8H1Vrbt11XYQQLAhqXrmWtFpeA3kQFZZFDazQGVXf/XFCjKCxJhwrNURuqoMMS80Ip3nFN4qmmMzwhA4tjbGgKsgWmXN4ZpUxjBJpX6zhQv2+kWGh1FyEdrKIqH57hfiXNzQ68oKMxanRNCbLQ5HhUCewKACOmaRE87klmEhms0IyxRITbWuq2BK+fgr/J71GHV3UG7eXtba3qqMMTsApOAcINEEb3IAO6AICUvAAnsCzY5xH58V5XY6WnNXOMfgB5+0TMrOSbA==</latexit>

s
<latexit sha1_base64="sRoh5vzN6ODU+BVdol72t++ZWQY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomzbShycyQZIQyzG+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBFcG4Q+nNLa+sbmVnm7srO7t39QPTzq6ThVlHVpLGI1CIhmgkesa7gRbJAoRmQgWD+YXRd+/54pzePozswT5ksyiXjIKTFW8jJPEjNVMtN5PqrWUB0hhDGGBcHNK2RJq+U2sAtxYVnUwAqdUfXdG8c0lSwyVBCthxglxs+IMpwKlle8VLOE0BmZsKGlEZFM+9kicw7PrDKGYazsiwxcqN83MiK1nsvAThYR9W+vEP/yhqkJXT/jUZIaFtHloTAV0MSwKACOuWLUiLklhCpus0I6JYpQY2uq2BK+fgr/J71GHV/UG7eXtba7qqMMTsApOAcYNEEb3IAO6AIKEvAAnsCzkzqPzovzuhwtOaudY/ADztsnL6eSag==</latexit>

s
<latexit sha1_base64="sRoh5vzN6ODU+BVdol72t++ZWQY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomzbShycyQZIQyzG+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBFcG4Q+nNLa+sbmVnm7srO7t39QPTzq6ThVlHVpLGI1CIhmgkesa7gRbJAoRmQgWD+YXRd+/54pzePozswT5ksyiXjIKTFW8jJPEjNVMtN5PqrWUB0hhDGGBcHNK2RJq+U2sAtxYVnUwAqdUfXdG8c0lSwyVBCthxglxs+IMpwKlle8VLOE0BmZsKGlEZFM+9kicw7PrDKGYazsiwxcqN83MiK1nsvAThYR9W+vEP/yhqkJXT/jUZIaFtHloTAV0MSwKACOuWLUiLklhCpus0I6JYpQY2uq2BK+fgr/J71GHV/UG7eXtba7qqMMTsApOAcYNEEb3IAO6AIKEvAAnsCzkzqPzovzuhwtOaudY/ADztsnL6eSag==</latexit>

B0
s

<latexit sha1_base64="6EEe0zaJaRCYoDwudz3mUK7PnJo=">AAACBHicdVDLSsNAFJ3UV62vqMtuBovgKiRpaOuu6MZlBfuANobJdNoOnTyYmQglZOHGX3HjQhG3foQ7/8ZJH6CiBwbOnHMv997jx4wKaZqfWmFtfWNzq7hd2tnd2z/QD486Iko4Jm0csYj3fCQIoyFpSyoZ6cWcoMBnpOtPL3O/e0e4oFF4I2cxcQM0DumIYiSV5OnlQYDkhAfpRXabmpmXrv4iyzy9YhrnjZrt1KBpmGbdsq2c2HWn6kBLKTkqYImWp38MhhFOAhJKzJAQfcuMpZsiLilmJCsNEkFihKdoTPqKhiggwk3nR2TwVClDOIq4eqGEc/V7R4oCIWaBryrzFcVvLxf/8vqJHDXclIZxIkmIF4NGCYMygnkicEg5wZLNFEGYU7UrxBPEEZYqt5IKYXUp/J90bMOqGva1U2k2lnEUQRmcgDNggTpogivQAm2AwT14BM/gRXvQnrRX7W1RWtCWPcfgB7T3L3kImUE=</latexit>

B0
s

<latexit sha1_base64="6EEe0zaJaRCYoDwudz3mUK7PnJo=">AAACBHicdVDLSsNAFJ3UV62vqMtuBovgKiRpaOuu6MZlBfuANobJdNoOnTyYmQglZOHGX3HjQhG3foQ7/8ZJH6CiBwbOnHMv997jx4wKaZqfWmFtfWNzq7hd2tnd2z/QD486Iko4Jm0csYj3fCQIoyFpSyoZ6cWcoMBnpOtPL3O/e0e4oFF4I2cxcQM0DumIYiSV5OnlQYDkhAfpRXabmpmXrv4iyzy9YhrnjZrt1KBpmGbdsq2c2HWn6kBLKTkqYImWp38MhhFOAhJKzJAQfcuMpZsiLilmJCsNEkFihKdoTPqKhiggwk3nR2TwVClDOIq4eqGEc/V7R4oCIWaBryrzFcVvLxf/8vqJHDXclIZxIkmIF4NGCYMygnkicEg5wZLNFEGYU7UrxBPEEZYqt5IKYXUp/J90bMOqGva1U2k2lnEUQRmcgDNggTpogivQAm2AwT14BM/gRXvQnrRX7W1RWtCWPcfgB7T3L3kImUE=</latexit>

s
<latexit sha1_base64="sRoh5vzN6ODU+BVdol72t++ZWQY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomzbShycyQZIQyzG+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBFcG4Q+nNLa+sbmVnm7srO7t39QPTzq6ThVlHVpLGI1CIhmgkesa7gRbJAoRmQgWD+YXRd+/54pzePozswT5ksyiXjIKTFW8jJPEjNVMtN5PqrWUB0hhDGGBcHNK2RJq+U2sAtxYVnUwAqdUfXdG8c0lSwyVBCthxglxs+IMpwKlle8VLOE0BmZsKGlEZFM+9kicw7PrDKGYazsiwxcqN83MiK1nsvAThYR9W+vEP/yhqkJXT/jUZIaFtHloTAV0MSwKACOuWLUiLklhCpus0I6JYpQY2uq2BK+fgr/J71GHV/UG7eXtba7qqMMTsApOAcYNEEb3IAO6AIKEvAAnsCzkzqPzovzuhwtOaudY/ADztsnL6eSag==</latexit>

s
<latexit sha1_base64="sRoh5vzN6ODU+BVdol72t++ZWQY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomzbShycyQZIQyzG+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBFcG4Q+nNLa+sbmVnm7srO7t39QPTzq6ThVlHVpLGI1CIhmgkesa7gRbJAoRmQgWD+YXRd+/54pzePozswT5ksyiXjIKTFW8jJPEjNVMtN5PqrWUB0hhDGGBcHNK2RJq+U2sAtxYVnUwAqdUfXdG8c0lSwyVBCthxglxs+IMpwKlle8VLOE0BmZsKGlEZFM+9kicw7PrDKGYazsiwxcqN83MiK1nsvAThYR9W+vEP/yhqkJXT/jUZIaFtHloTAV0MSwKACOuWLUiLklhCpus0I6JYpQY2uq2BK+fgr/J71GHV/UG7eXtba7qqMMTsApOAcYNEEb3IAO6AIKEvAAnsCzkzqPzovzuhwtOaudY/ADztsnL6eSag==</latexit>

K�
<latexit sha1_base64="F/F4/Wj/VePyfbvz/e3e+e9dvdw=">AAAB9XicdVDNSsNAGNzUv1r/qh69LBbBiyFJQ1tvBS+ClwrWFtq0bLabduluEnY3Sgl5Dy8eFPHqu3jzbdy0FVR0YGGY+T6+2fFjRqWyrA+jsLK6tr5R3Cxtbe/s7pX3D25llAhM2jhikej6SBJGQ9JWVDHSjQVB3Gek408vcr9zR4SkUXijZjHxOBqHNKAYKS0N+hypieDpVTZIz7JhuWKZ542a49agZVpW3XbsnDh1t+pCWys5KmCJ1rD83h9FOOEkVJghKXu2FSsvRUJRzEhW6ieSxAhP0Zj0NA0RJ9JL56kzeKKVEQwioV+o4Fz9vpEiLuWM+3oyTyl/e7n4l9dLVNDwUhrGiSIhXhwKEgZVBPMK4IgKghWbaYKwoDorxBMkEFa6qJIu4eun8H9y65h21XSu3UqzsayjCI7AMTgFNqiDJrgELdAGGAjwAJ7As3FvPBovxutitGAsdw7BDxhvnyvtku0=</latexit>

K�
<latexit sha1_base64="F/F4/Wj/VePyfbvz/e3e+e9dvdw=">AAAB9XicdVDNSsNAGNzUv1r/qh69LBbBiyFJQ1tvBS+ClwrWFtq0bLabduluEnY3Sgl5Dy8eFPHqu3jzbdy0FVR0YGGY+T6+2fFjRqWyrA+jsLK6tr5R3Cxtbe/s7pX3D25llAhM2jhikej6SBJGQ9JWVDHSjQVB3Gek408vcr9zR4SkUXijZjHxOBqHNKAYKS0N+hypieDpVTZIz7JhuWKZ542a49agZVpW3XbsnDh1t+pCWys5KmCJ1rD83h9FOOEkVJghKXu2FSsvRUJRzEhW6ieSxAhP0Zj0NA0RJ9JL56kzeKKVEQwioV+o4Fz9vpEiLuWM+3oyTyl/e7n4l9dLVNDwUhrGiSIhXhwKEgZVBPMK4IgKghWbaYKwoDorxBMkEFa6qJIu4eun8H9y65h21XSu3UqzsayjCI7AMTgFNqiDJrgELdAGGAjwAJ7As3FvPBovxutitGAsdw7BDxhvnyvtku0=</latexit>

b̄
<latexit sha1_base64="O2JTUCpHgNIxhnJI+7TDNel+sa0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjIP5/OBW0FVhBDGGBYE16+RJY2GV8MexIVlUQErtAbuuz9MaCZZbKggWvcxSk2QE2U4FWxe9jPNUkInZMT6lsZEMh3ki+RzeG6VIYwSZV9s4EL9vpETqfVMhnayiKh/e4X4l9fPTOQFOY/TzLCYLg9FmYAmgUUNcMgVo0bMLCFUcZsV0jFRhBpbVtmW8PVT+D/p1Kr4slq7u6o0vVUdJXAKzsAFwKAOmuAWtEAbUDAFD+AJPDu58+i8OK/L0TVntXMCfsB5+wSWf5RD</latexit>

ū
<latexit sha1_base64="5trJfv1Rc7SG5+sTalFm7IKUxy0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjLP5vOBW0FVhBDGGBYE16+RJY2GV8MexIVlUQErtAbuuz9MaCZZbKggWvcxSk2QE2U4FWxe9jPNUkInZMT6lsZEMh3ki+RzeG6VIYwSZV9s4EL9vpETqfVMhnayiKh/e4X4l9fPTOQFOY/TzLCYLg9FmYAmgUUNcMgVo0bMLCFUcZsV0jFRhBpbVtmW8PVT+D/p1Kr4slq7u6o0vVUdJXAKzsAFwKAOmuAWtEAbUDAFD+AJPDu58+i8OK/L0TVntXMCfsB5+wSzcZRW</latexit>

c
<latexit sha1_base64="MJ9Ncl5IymyuevFKKS/9tISkuTM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkVO90V3LisYB/QGUomzbShycyQZIQyzG+4caGIW3/GnX9jpq2gogcCh3Pu5Z6cIBFcG4Q+nNLa+sbmVnm7srO7t39QPTzq6ThVlHVpLGI1CIhmgkesa7gRbJAoRmQgWD+YXRd+/54pzePozswT5ksyiXjIKTFW8jJPEjNVMqN5PqrWUB0hhDGGBcHNK2RJq+U2sAtxYVnUwAqdUfXdG8c0lSwyVBCthxglxs+IMpwKlle8VLOE0BmZsKGlEZFM+9kicw7PrDKGYazsiwxcqN83MiK1nsvAThYR9W+vEP/yhqkJXT/jUZIaFtHloTAV0MSwKACOuWLUiLklhCpus0I6JYpQY2uq2BK+fgr/J71GHV/UG7eXtba7qqMMTsApOAcYNEEb3IAO6AIKEvAAnsCzkzqPzovzuhwtOaudY/ADztsnF0eSWg==</latexit>

s̄
<latexit sha1_base64="qrcw31/1ErzR+rZUaFgz63WCFfc=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjLX8/nAraAqQghjDAuC69fIkkbDq2EP4sKyqIAVWgP33R8mNJMsNlQQrfsYpSbIiTKcCjYv+5lmKaETMmJ9S2MimQ7yRfI5PLfKEEaJsi82cKF+38iJ1HomQztZRNS/vUL8y+tnJvKCnMdpZlhMl4eiTECTwKIGOOSKUSNmlhCquM0K6ZgoQo0tq2xL+Pop/J90alV8Wa3dXVWa3qqOEjgFZ+ACYFAHTXALWqANKJiCB/AEnp3ceXRenNfl6Jqz2jkBP+C8fQKwZZRU</latexit>

b̄
<latexit sha1_base64="O2JTUCpHgNIxhnJI+7TDNel+sa0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjIP5/OBW0FVhBDGGBYE16+RJY2GV8MexIVlUQErtAbuuz9MaCZZbKggWvcxSk2QE2U4FWxe9jPNUkInZMT6lsZEMh3ki+RzeG6VIYwSZV9s4EL9vpETqfVMhnayiKh/e4X4l9fPTOQFOY/TzLCYLg9FmYAmgUUNcMgVo0bMLCFUcZsV0jFRhBpbVtmW8PVT+D/p1Kr4slq7u6o0vVUdJXAKzsAFwKAOmuAWtEAbUDAFD+AJPDu58+i8OK/L0TVntXMCfsB5+wSWf5RD</latexit>

s̄
<latexit sha1_base64="qrcw31/1ErzR+rZUaFgz63WCFfc=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjLX8/nAraAqQghjDAuC69fIkkbDq2EP4sKyqIAVWgP33R8mNJMsNlQQrfsYpSbIiTKcCjYv+5lmKaETMmJ9S2MimQ7yRfI5PLfKEEaJsi82cKF+38iJ1HomQztZRNS/vUL8y+tnJvKCnMdpZlhMl4eiTECTwKIGOOSKUSNmlhCquM0K6ZgoQo0tq2xL+Pop/J90alV8Wa3dXVWa3qqOEjgFZ+ACYFAHTXALWqANKJiCB/AEnp3ceXRenNfl6Jqz2jkBP+C8fQKwZZRU</latexit>

u
<latexit sha1_base64="s7N9p65JJ0oL9KoI9t7ckEgC+t4=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KpMqdroruHFZwT6gM5RMmmlDk5khD6EM8xtuXCji1p9x59+YaSuo6IHA4Zx7uScnTDlT2nU/nNLa+sbmVnm7srO7t39QPTzqqcRIQrsk4YkchFhRzmLa1UxzOkglxSLktB/Orgu/f0+lYkl8p+cpDQSexCxiBGsr+ZkvsJ5KkZk8H1Vrbt11XYQQLAhqXrmWtFpeA3kQFZZFDazQGVXf/XFCjKCxJhwrNURuqoMMS80Ip3nFN4qmmMzwhA4tjbGgKsgWmXN4ZpUxjBJpX6zhQv2+kWGh1FyEdrKIqH57hfiXNzQ68oKMxanRNCbLQ5HhUCewKACOmaRE87klmEhms0IyxRITbWuq2BK+fgr/J71GHV3UG7eXtba3qqMMTsApOAcINEEb3IAO6AICUvAAnsCzY5xH58V5XY6WnNXOMfgB5+0TMrOSbA==</latexit>

c̄
<latexit sha1_base64="YDctyQY9+NL6BTCbH+tfJtw7Ymw=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlLFTncFNy4r2Ad0hpJJM21oMjMkmUIZ+iduXCji1j9x59+YaSuo6IHA4Zx7uScnTAXXBqEPZ219Y3Nru7RT3t3bPzh0j447OskUZW2aiET1QqKZ4DFrG24E66WKERkK1g0nN4XfnTKleRLfm1nKAklGMY84JcZKA9f1Q6JyXxIzVjKn8/nAraAqQghjDAuC69fIkkbDq2EP4sKyqIAVWgP33R8mNJMsNlQQrfsYpSbIiTKcCjYv+5lmKaETMmJ9S2MimQ7yRfI5PLfKEEaJsi82cKF+38iJ1HomQztZRNS/vUL8y+tnJvKCnMdpZlhMl4eiTECTwKIGOOSKUSNmlhCquM0K6ZgoQo0tq2xL+Pop/J90alV8Wa3dXVWa3qqOEjgFZ+ACYFAHTXALWqANKJiCB/AEnp3ceXRenNfl6Jqz2jkBP+C8fQKYBZRE</latexit>

u
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➠ γ

➠  α, γ

➠  ϕs 

ϕs = 36 mrad

Bu → DK

Bs → KK, πK

Bs → J/ψ ϕ

examples of interfering amplitudes 
leading to CP violating effects
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Anomalies in Flavour Physics

RK* = B→K*μ+μ− / B→K*e+e−

2.6σ

4σ

Distribution angulaire (P’5) dans B→K*ℓ+ℓ−

3σ

Non-universality  
of leptonic flavour ?

R(D(*)) = B→D(*)τν / B→D(*)μν

Bs→μ+μ−
Previous anomalies :  
• tension between SLD/

LEP LR/FB asym. (2.5σ) 
• tension in Nν (2σ) 

and : 
• µ(g-2) anomaly (4σ) 
• suppression of 

Bs → ϕℓ+ℓ− (3σ) 
• tensions between 

inclusive and exclusive  
|Vub| and |Vcb| (3σ)

New physics in favour changing 
neutral currents (FCNC)?

Flavour anomalies will be 
tested with high 

confidence  
at LHCb and BELLE-2
in the 5 years to come
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Prospects in Flavour Physics

?

Belle-II ➠ Belle-III ? 
• goal = × 5 in peak luminosity 

• detectors at 𝓛 = 4 × 1036 cm−2s−1 ? 

• physics case?

Z factories 
• Peta-Z: FCC-ee, CEPC 
• Tera-Z: ILC, CLIC (radiative return)

possible upgrades of LHCb for HL-LHC 
(LHCbU2) and of SuperKEKB 
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Complementarity in Flavour Physics

Belle-II

LHCb

• fully efficient trigger on B events 
• CP eigenstates with B mesons 
• modes with neutral particles 
• inclusive measurements

• access to all B hadrons 
• fully-charged final states 
• sensitivity to ultra-rare decays

☛ many dedicated flavour physics projects 
• kaon physics 
• lepton flavour violation 
• muon g−2 
• etc.



!11

Measurement of  Angle γ

2030: LHCb-U1 (23 fb−1) ≈ Belle-II ➠ 1.5 deg 
2040: LHCb-U2 (300 fb−1) ➠ < 0.5 deg

from interference between  
b → c and b → u tree-level transitions 
➠  B → DK decay modes

� =
�
71.1+4.6

�5.3

��
<latexit sha1_base64="skE4UL+pMlaEr7Zhgg6voGfhMuM="></latexit>

dominated by LHCb

several methods, the most sensitive 
being ADS and GGSZ
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Angle γ with GGSZ Method

GGSZ method

JHEP 08 (2018) 176

☛ Dalitz analyses necessitate high 
statistics 
☛ ultimately, a precise knowledge of 

the D meson strong phases will be 
necessary 

• importance of tau-charm factories 
(e.g., BES-III)

http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2018-017.html
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CP Violation in the Interference

B0 → J/ψKs B0s → J/ψ ϕ

Time-dependent CP violating asymmetries with 300 fb−1 of LHCb data
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CP Violation in the Interference

Bd system ➠ sin 2β 
Bs system ➠ sin 2ϕs

mostly Bs → J/Ψ ϕ

needs  
• initial B tagging 
• decay time measurements 
• angular analysis

projections assume that the 
tagging performance can be 

maintained at HL-LHC



!15

Ultimate Test of  the KM Paradigm

M.H. Schune @ EPPSU Granada 2019
LHCb Upgrade-II 
arxiv:1808.08865

2018

2035?

https://indico.cern.ch/event/808335/contributions/3365129/attachments/1842825/3022327/Flavour_CP_BPhysics_MHSchune.pdf
https://arxiv.org/abs/1808.08865
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Bs0 → µµ

SM 2-HDM modelVery rare decay in the SM 
(Cabibbo- and helicity-suppressed) 
• very sensitive to new physics 

(extended Higgs sector, VQ) 
• clean experimental signature

☛ Theory SM: limited by |Vcb| 
• B(Bs0 → µµ) = (3.7 ± 0.3) × 10−9  
• B(Bd0 → µµ) = (1.1 ± 0.1) × 10−10
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Bs0 → µµ

PRL 118 (2017) 191801 JHEP 04 (2019) 098

☛ Bs → µµ decay established at >6σ by 
LHCb+CMS (Run-1) 

• now 7.8σ in LHCb and 5.6σ in CMS

Nature (2015) 14474

PRL 118 (2017) 191801

☛ Measurement limited by fs/fd 
• expect improvements from lattice QCD

LHCb+CMS Run-1 LHCb 2016 ATLAS 2016

http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2017-001.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2018-09/
http://dx.doi.org/10.1038/nature14474
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2017-001.html
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Bs0 → µµ

300 fb-1

HL-LHC Phase-I

3000 fb-1

HL-LHC Phase-II

Importance of the Phase-II 
tracking improvements for 
precision flavour physics 

The branching fraction measures 
the difference between LH and 

RH couplings 
the LH/RH coupling can be lifted 

by an effective lifetime 
measurement

expected precision  
2-3% 

(LHCb, CMS

With 300 fb−1, LHCb expects 100 
perfectly tagged events for time-

dependent CP measurement

CMS 2016

CMS-PAS-BPH-16-004

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-16-004/
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Bs,d0 → µµ

experimental sensitivity limited by systematics  
close to SM uncertainty (CKM matrix elements, Bs decay constant)

other observables:  
• effective lifetime  
• time-dependent CP asymmetry (only accessible with full 300 fb−1 statistics)
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b→sℓℓ transitions

Very rich phenomenology  
• large BF 
• angular analysis 
• access to many operators

Angular distribution (P’5) in B→K*ℓ+ℓ−

ATL-PHYS-PUB-2019-003

ATLAS, CMS and LHCb will 
significantly improve the sensitivity

• many K*µµ observables are 
theoretically clean 

• some have large uncertainties 
due to non-perturbative QCD

expect of order 500k events/exp. 
➠ better control of contribution from charmonium 

resonances, which contaminate theory interpretation 
➠ in case of anomaly, discrimination of NP scenarios

CMS-PAS-FTR-18-033

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-003
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-033/
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Tests of  Lepton Universality

The RHs ratios: RK, RK*, R𝞍, RpK

RHs =

R
bin

Hb ! Hsµ+µ�
R
bin

Hb ! Hse
+e�

<latexit sha1_base64="tBYwtM0nXxZRWIVlhu2//kUvcH4="></latexit>

RHs = 1 (at 10−3 QED corrections) in the SM

• Percent level with LHCb-U1 
• LHCb-U2 needed to get sub-percent  
➠ access to b → dℓℓ
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Global Fits 

Example of global fit  
• Bs0 →µµ and B0 →K*ℓℓ angular analysis 
• ATLAS/CMS (300 fb−1) + LHCb (23 fb−1) 
• ATLAS/CMS (3 ab−1) + LHCb (300 fb−1)

arxiv:1812.07638

b → sℓℓ 

b → sℓℓ + RD* 

Global fit of b → sℓℓ and RD* 

https://arxiv.org/abs/1812.07638
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LU Tests in b → cℓν

“compatibility” with the SM at the 3.1σ level
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Flavour Physics at the FCC-ee (Z pole)

☛ another example 
• test of lepton flavour universality in 

BR(τ→eνν) versus τ lifetime 

☛ 1012 Z → bb 
• access to B0, Bs, Bc, B hadrons 
• 100 000 Bs → τ+τ−

Complementarity with Belle-II and LHCb

B0 → K*τ+τ−

Full reconstruction and angular analysis

☛ example  
test of the b→sℓ+ℓ− anomaly for ℓ = τ

The ultimate e+e− beauty, charm and τ factory


