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This Talk

LHCb (2011-2018) LHCb Upgrade I (2022-2032)

• Overview of LHCb detector Upgrade I and commissioning status 

• Examples of US-led flagship measurements
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•         produced mostly in forward-background regions -  only 
instrument forward region
bb
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hadron

Proton Proton

• Exploit boost in this region to separate signal from bkg
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New Vertex 
detector 

➤ Si-microstrip

Si-pixel


➤ Closer to 
beam


➤ Improved IP 
resolution 

→

The LHCb detector : upgrade I 
➤ Increased inst. lumi (pile-up now ~ 6) + removed hardware trigger

New PID 
detector

➤ new photon 

detectors + 
readout

New 
tracking 
system


New read out
➤ Si-strip + 

straw-tubes 
Scintillating 
fibres


➤ Si-strip UT 
 granularity 

→

→
>

+ new GPU 
trigger/data 
centre
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straw-tubes 
Scintillating 
fibres


➤ Si-strip UT 
 granularity 

→

→
>

US efforts 
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Low rate, efficiently triggered 
by local  signalspT}

}
All signal is low  and high 
rate, need to trigger on tracks

pT

GPU-based trigger:Allen 
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GPU-based trigger:Allen 
https://link.springer.com/article/10.1007/s41781-020-00039-7

https://cds.cern.ch/record/1670985/files/LHCb-PUB-2014-027.pdf

Use GPUs to 
process 40Tb/s of 
data
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The LHCb physics program 

Rare Decays 

Semi-leptonic

Spectroscopy  

Spectroscopy  

QCD,EW, 
exotica  

Heavy Ions  

CP violation 

and
<latexit sha1_base64="6S73J6ArCEGfCqEMrYbW6N6ylhc=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUBHLjBR1WXTjsoJ9QGcsmcxtG5p5kGSEMnTjr7hxoYhbP8Odf2M6nYW2Hkg4nHMvyTlezJlUlvVtFJaWV1bXiuuljc2t7R1zd68lo0RQaNKIR6LjEQmchdBUTHHoxAJI4HFoe6Obqd9+BCFZFN6rcQxuQAYh6zNKlJZ65oGHHRVhWfFPHOD84TS7z3DPLFtVKwNeJHZOyihHo2d+OX5EkwBCRTmRsmtbsXJTIhSjHCYlJ5EQEzoiA+hqGpIApJtmASb4WCs+7kdCn1DhTP29kZJAynHg6cmAqKGc96bif143Uf0rN2VhnCgI6eyhfsKxjjxtA/tMAFV8rAmhgum/YjokglClOyvpEuz5yIukdV61L6q1u1q5fp3XUUSH6AhVkI0uUR3dogZqIoom6Bm9ojfjyXgx3o2P2WjByHf20R8Ynz9xGJUJ</latexit>

b ! s(d)`+`�
<latexit sha1_base64="qkX2nzSXiLJoIPsKFRlVvbcxHlA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotYoYRE6mNZdCO4qWIf0MYwmU7boZNJmJkIIdRfceNCEbd+iDv/xmmbhbYeuHA4517uvcePGJXKtr+N3NLyyupafr2wsbm1vWPu7jVlGAtMGjhkoWj7SBJGOWkoqhhpR4KgwGek5Y+uJn7rkQhJQ36vkoi4ARpw2qcYKS15ZrF8591UYP0hPRp7pxVoWdaxZ5Zsy54CLhInIyWQoe6ZX91eiOOAcIUZkrLj2JFyUyQUxYyMC91YkgjhERqQjqYcBUS66fT4MTzUSg/2Q6GLKzhVf0+kKJAyCXzdGSA1lPPeRPzP68Sqf+GmlEexIhzPFvVjBlUIJ0nAHhUEK5ZogrCg+laIh0ggrHReBR2CM//yImmeWM6ZVb2tlmqXWRx5sA8OQBk44BzUwDWogwbAIAHP4BW8GU/Gi/FufMxac0Y2UwR/YHz+AL9NkkI=</latexit>

(RK , P
0

5, ...)
<latexit sha1_base64="I/ttxuhwlpXguxy1mhWaC2ICQDY=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoioh6LXjxWsB/QhLLZbtqlu5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrW9sbpW3Kzu7e/tV9+CwrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040vp35nUeqNEvkg5mkNBR4KFnMCDZW6rvVCAUmQRoFQywERn235tW9OdAq8QtSgwLNvvsVDBKSCSoN4Vjrnu+lJsyxMoxwOq0EmaYpJmM8pD1LJRZUh/n88Ck6tcoAxYmyJQ2aq78nciy0nojIdgpsRnrZm4n/eb3MxNdhzmSaGSrJYlGccWRfnaWABkxRYvjEEkwUs7ciMsIKE2OzqtgQ/OWXV0n7vO5f1i/uL2qNmyKOMhzDCZyBD1fQgDtoQgsIZPAMr/DmPDkvzrvzsWgtOcXMEfyB8/kDU3OSPQ==</latexit>

b ! s�

<latexit sha1_base64="NkPMgp/J8Y3KYxi6nUVnqrxsAAk=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0Wol5JIUY9FLx4r2A9oQtlsN+3SzSbsboQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n21pb39jc2i7tlHf39g8O7aPjjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3M7z5SqVgsHnSWUD/CI8FCRrA20sCuBJ6OEUG19Bx5lHNPpGhgV526MwdaJW5BqlCgNbC/vGFM0ogKTThWqu86ifZzLDUjnE7LXqpogskEj2jfUIEjqvx8fvwUnRlliMJYmhIazdXfEzmOlMqiwHRGWI/VsjcT//P6qQ6v/ZyJJNVUkMWiMOXI/DtLAg2ZpETzzBBMJDO3IjLGEhNt8iqbENzll1dJ56LuXtYb941q86aIowQncAo1cOEKmnAHLWgDgQye4RXerCfrxXq3Phata1YxU4E/sD5/AMfEk5Q=</latexit>

b ! c(u)`⌫
<latexit sha1_base64="MkcXLQgYbEWxwMzPbc+0AaEOf7s=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBGqlJBIUZdFXbisYh/QxjCZTtqhk0mYmYgl5FfcuFDErT/izr9x2mahrQcuHM65l3vv8WNGpbLtb2NpeWV1bb2wUdzc2t7ZNfdKLRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn7o6uJ334kQtKI36txTNwQDTgNKEZKS55ZuqtcP5wcV2HLSxM/q1qW5Zll27KngIvEyUkZ5Gh45levH+EkJFxhhqTsOnas3BQJRTEjWbGXSBIjPEID0tWUo5BIN53ensEjrfRhEAldXMGp+nsiRaGU49DXnSFSQznvTcT/vG6iggs3pTxOFOF4tihIGFQRnAQB+1QQrNhYE4QF1bdCPEQCYaXjKuoQnPmXF0nr1HLOrNptrVy/zOMogANwCCrAAeegDm5AAzQBBk/gGbyCNyMzXox342PWumTkM/vgD4zPH8zAkl0=</latexit>

R(D⇤), Vub, ...

Pentaquarks, tetra quarks, quarkonia… 

W mass measurement, vector boson production, 
dark photons,..

Proton-lead, lead-lead and also fixed target (SMOG)

Charm 
<latexit sha1_base64="4mgvUGC7TNCjgS6Y7rVdBOUz4Ak=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4sexKUY9Fe/BYwX5Auy3ZNNuGJtklySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD0e3Ubz5SpVkkH8w4pr7AA8lCRrCxUrfadc87AVZpddJ1Ua9QdEvuDGiZeBkpQoZar/DV6UckEVQawrHWbc+NjZ9iZRjhdJLvJJrGmIzwgLYtlVhQ7aezqyfo1Cp9FEbKljRopv6eSLHQeiwC2ymwGepFbyr+57UTE177KZNxYqgk80VhwpGJ0DQC1GeKEsPHlmCimL0VkSFWmBgbVN6G4C2+vEwaFyXvslS+LxcrN1kcOTiGEzgDD66gAndQgzoQUPAMr/DmPDkvzrvzMW9dcbKZI/gD5/MH+f6RiQ==</latexit>

D0 � D̄0 mixing, first observation of CPV in charm,  …



Time-dependent, time independent 
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The LHCb physics program 

Rare Decays 

Semi-leptonic

Spectroscopy  

Spectroscopy  

QCD,EW, 
exotica  

Heavy Ions  

CP violation 

and
<latexit sha1_base64="6S73J6ArCEGfCqEMrYbW6N6ylhc=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUBHLjBR1WXTjsoJ9QGcsmcxtG5p5kGSEMnTjr7hxoYhbP8Odf2M6nYW2Hkg4nHMvyTlezJlUlvVtFJaWV1bXiuuljc2t7R1zd68lo0RQaNKIR6LjEQmchdBUTHHoxAJI4HFoe6Obqd9+BCFZFN6rcQxuQAYh6zNKlJZ65oGHHRVhWfFPHOD84TS7z3DPLFtVKwNeJHZOyihHo2d+OX5EkwBCRTmRsmtbsXJTIhSjHCYlJ5EQEzoiA+hqGpIApJtmASb4WCs+7kdCn1DhTP29kZJAynHg6cmAqKGc96bif143Uf0rN2VhnCgI6eyhfsKxjjxtA/tMAFV8rAmhgum/YjokglClOyvpEuz5yIukdV61L6q1u1q5fp3XUUSH6AhVkI0uUR3dogZqIoom6Bm9ojfjyXgx3o2P2WjByHf20R8Ynz9xGJUJ</latexit>

b ! s(d)`+`�
<latexit sha1_base64="qkX2nzSXiLJoIPsKFRlVvbcxHlA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotYoYRE6mNZdCO4qWIf0MYwmU7boZNJmJkIIdRfceNCEbd+iDv/xmmbhbYeuHA4517uvcePGJXKtr+N3NLyyupafr2wsbm1vWPu7jVlGAtMGjhkoWj7SBJGOWkoqhhpR4KgwGek5Y+uJn7rkQhJQ36vkoi4ARpw2qcYKS15ZrF8591UYP0hPRp7pxVoWdaxZ5Zsy54CLhInIyWQoe6ZX91eiOOAcIUZkrLj2JFyUyQUxYyMC91YkgjhERqQjqYcBUS66fT4MTzUSg/2Q6GLKzhVf0+kKJAyCXzdGSA1lPPeRPzP68Sqf+GmlEexIhzPFvVjBlUIJ0nAHhUEK5ZogrCg+laIh0ggrHReBR2CM//yImmeWM6ZVb2tlmqXWRx5sA8OQBk44BzUwDWogwbAIAHP4BW8GU/Gi/FufMxac0Y2UwR/YHz+AL9NkkI=</latexit>

(RK , P
0

5, ...)
<latexit sha1_base64="I/ttxuhwlpXguxy1mhWaC2ICQDY=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoioh6LXjxWsB/QhLLZbtqlu5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrW9sbpW3Kzu7e/tV9+CwrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040vp35nUeqNEvkg5mkNBR4KFnMCDZW6rvVCAUmQRoFQywERn235tW9OdAq8QtSgwLNvvsVDBKSCSoN4Vjrnu+lJsyxMoxwOq0EmaYpJmM8pD1LJRZUh/n88Ck6tcoAxYmyJQ2aq78nciy0nojIdgpsRnrZm4n/eb3MxNdhzmSaGSrJYlGccWRfnaWABkxRYvjEEkwUs7ciMsIKE2OzqtgQ/OWXV0n7vO5f1i/uL2qNmyKOMhzDCZyBD1fQgDtoQgsIZPAMr/DmPDkvzrvzsWgtOcXMEfyB8/kDU3OSPQ==</latexit>

b ! s�

<latexit sha1_base64="NkPMgp/J8Y3KYxi6nUVnqrxsAAk=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0Wol5JIUY9FLx4r2A9oQtlsN+3SzSbsboQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n21pb39jc2i7tlHf39g8O7aPjjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3M7z5SqVgsHnSWUD/CI8FCRrA20sCuBJ6OEUG19Bx5lHNPpGhgV526MwdaJW5BqlCgNbC/vGFM0ogKTThWqu86ifZzLDUjnE7LXqpogskEj2jfUIEjqvx8fvwUnRlliMJYmhIazdXfEzmOlMqiwHRGWI/VsjcT//P6qQ6v/ZyJJNVUkMWiMOXI/DtLAg2ZpETzzBBMJDO3IjLGEhNt8iqbENzll1dJ56LuXtYb941q86aIowQncAo1cOEKmnAHLWgDgQye4RXerCfrxXq3Phata1YxU4E/sD5/AMfEk5Q=</latexit>

b ! c(u)`⌫
<latexit sha1_base64="MkcXLQgYbEWxwMzPbc+0AaEOf7s=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBGqlJBIUZdFXbisYh/QxjCZTtqhk0mYmYgl5FfcuFDErT/izr9x2mahrQcuHM65l3vv8WNGpbLtb2NpeWV1bb2wUdzc2t7ZNfdKLRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn7o6uJ334kQtKI36txTNwQDTgNKEZKS55ZuqtcP5wcV2HLSxM/q1qW5Zll27KngIvEyUkZ5Gh45levH+EkJFxhhqTsOnas3BQJRTEjWbGXSBIjPEID0tWUo5BIN53ensEjrfRhEAldXMGp+nsiRaGU49DXnSFSQznvTcT/vG6iggs3pTxOFOF4tihIGFQRnAQB+1QQrNhYE4QF1bdCPEQCYaXjKuoQnPmXF0nr1HLOrNptrVy/zOMogANwCCrAAeegDm5AAzQBBk/gGbyCNyMzXox342PWumTkM/vgD4zPH8zAkl0=</latexit>

R(D⇤), Vub, ...

Pentaquarks, tetra quarks, quarkonia… 

W mass measurement, vector boson production, 
dark photons,..

Proton-lead, lead-lead and also fixed target (SMOG)

Charm 
<latexit sha1_base64="4mgvUGC7TNCjgS6Y7rVdBOUz4Ak=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4sexKUY9Fe/BYwX5Auy3ZNNuGJtklySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD0e3Ubz5SpVkkH8w4pr7AA8lCRrCxUrfadc87AVZpddJ1Ua9QdEvuDGiZeBkpQoZar/DV6UckEVQawrHWbc+NjZ9iZRjhdJLvJJrGmIzwgLYtlVhQ7aezqyfo1Cp9FEbKljRopv6eSLHQeiwC2ymwGepFbyr+57UTE177KZNxYqgk80VhwpGJ0DQC1GeKEsPHlmCimL0VkSFWmBgbVN6G4C2+vEwaFyXvslS+LxcrN1kcOTiGEzgDD66gAndQgzoQUPAMr/DmPDkvzrvzMW9dcbKZI/gD5/MH+f6RiQ==</latexit>

D0 � D̄0 mixing, first observation of CPV in charm,  …



Time-dependent, time independent 

(                          )
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The LHCb physics program 

Rare Decays 

Semi-leptonic

Spectroscopy  

Spectroscopy  

QCD,EW, 
exotica  

Heavy Ions  

CP violation 

and
<latexit sha1_base64="6S73J6ArCEGfCqEMrYbW6N6ylhc=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUBHLjBR1WXTjsoJ9QGcsmcxtG5p5kGSEMnTjr7hxoYhbP8Odf2M6nYW2Hkg4nHMvyTlezJlUlvVtFJaWV1bXiuuljc2t7R1zd68lo0RQaNKIR6LjEQmchdBUTHHoxAJI4HFoe6Obqd9+BCFZFN6rcQxuQAYh6zNKlJZ65oGHHRVhWfFPHOD84TS7z3DPLFtVKwNeJHZOyihHo2d+OX5EkwBCRTmRsmtbsXJTIhSjHCYlJ5EQEzoiA+hqGpIApJtmASb4WCs+7kdCn1DhTP29kZJAynHg6cmAqKGc96bif143Uf0rN2VhnCgI6eyhfsKxjjxtA/tMAFV8rAmhgum/YjokglClOyvpEuz5yIukdV61L6q1u1q5fp3XUUSH6AhVkI0uUR3dogZqIoom6Bm9ojfjyXgx3o2P2WjByHf20R8Ynz9xGJUJ</latexit>

b ! s(d)`+`�
<latexit sha1_base64="qkX2nzSXiLJoIPsKFRlVvbcxHlA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotYoYRE6mNZdCO4qWIf0MYwmU7boZNJmJkIIdRfceNCEbd+iDv/xmmbhbYeuHA4517uvcePGJXKtr+N3NLyyupafr2wsbm1vWPu7jVlGAtMGjhkoWj7SBJGOWkoqhhpR4KgwGek5Y+uJn7rkQhJQ36vkoi4ARpw2qcYKS15ZrF8591UYP0hPRp7pxVoWdaxZ5Zsy54CLhInIyWQoe6ZX91eiOOAcIUZkrLj2JFyUyQUxYyMC91YkgjhERqQjqYcBUS66fT4MTzUSg/2Q6GLKzhVf0+kKJAyCXzdGSA1lPPeRPzP68Sqf+GmlEexIhzPFvVjBlUIJ0nAHhUEK5ZogrCg+laIh0ggrHReBR2CM//yImmeWM6ZVb2tlmqXWRx5sA8OQBk44BzUwDWogwbAIAHP4BW8GU/Gi/FufMxac0Y2UwR/YHz+AL9NkkI=</latexit>

(RK , P
0

5, ...)
<latexit sha1_base64="I/ttxuhwlpXguxy1mhWaC2ICQDY=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoioh6LXjxWsB/QhLLZbtqlu5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrW9sbpW3Kzu7e/tV9+CwrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040vp35nUeqNEvkg5mkNBR4KFnMCDZW6rvVCAUmQRoFQywERn235tW9OdAq8QtSgwLNvvsVDBKSCSoN4Vjrnu+lJsyxMoxwOq0EmaYpJmM8pD1LJRZUh/n88Ck6tcoAxYmyJQ2aq78nciy0nojIdgpsRnrZm4n/eb3MxNdhzmSaGSrJYlGccWRfnaWABkxRYvjEEkwUs7ciMsIKE2OzqtgQ/OWXV0n7vO5f1i/uL2qNmyKOMhzDCZyBD1fQgDtoQgsIZPAMr/DmPDkvzrvzsWgtOcXMEfyB8/kDU3OSPQ==</latexit>

b ! s�

<latexit sha1_base64="NkPMgp/J8Y3KYxi6nUVnqrxsAAk=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0Wol5JIUY9FLx4r2A9oQtlsN+3SzSbsboQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n21pb39jc2i7tlHf39g8O7aPjjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3M7z5SqVgsHnSWUD/CI8FCRrA20sCuBJ6OEUG19Bx5lHNPpGhgV526MwdaJW5BqlCgNbC/vGFM0ogKTThWqu86ifZzLDUjnE7LXqpogskEj2jfUIEjqvx8fvwUnRlliMJYmhIazdXfEzmOlMqiwHRGWI/VsjcT//P6qQ6v/ZyJJNVUkMWiMOXI/DtLAg2ZpETzzBBMJDO3IjLGEhNt8iqbENzll1dJ56LuXtYb941q86aIowQncAo1cOEKmnAHLWgDgQye4RXerCfrxXq3Phata1YxU4E/sD5/AMfEk5Q=</latexit>

b ! c(u)`⌫
<latexit sha1_base64="MkcXLQgYbEWxwMzPbc+0AaEOf7s=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBGqlJBIUZdFXbisYh/QxjCZTtqhk0mYmYgl5FfcuFDErT/izr9x2mahrQcuHM65l3vv8WNGpbLtb2NpeWV1bb2wUdzc2t7ZNfdKLRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn7o6uJ334kQtKI36txTNwQDTgNKEZKS55ZuqtcP5wcV2HLSxM/q1qW5Zll27KngIvEyUkZ5Gh45levH+EkJFxhhqTsOnas3BQJRTEjWbGXSBIjPEID0tWUo5BIN53ensEjrfRhEAldXMGp+nsiRaGU49DXnSFSQznvTcT/vG6iggs3pTxOFOF4tihIGFQRnAQB+1QQrNhYE4QF1bdCPEQCYaXjKuoQnPmXF0nr1HLOrNptrVy/zOMogANwCCrAAeegDm5AAzQBBk/gGbyCNyMzXox342PWumTkM/vgD4zPH8zAkl0=</latexit>

R(D⇤), Vub, ...

Pentaquarks, tetra quarks, quarkonia… 

W mass measurement, vector boson production, 
dark photons,..

Proton-lead, lead-lead and also fixed target (SMOG)

Charm 
<latexit sha1_base64="4mgvUGC7TNCjgS6Y7rVdBOUz4Ak=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4sexKUY9Fe/BYwX5Auy3ZNNuGJtklySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD0e3Ubz5SpVkkH8w4pr7AA8lCRrCxUrfadc87AVZpddJ1Ua9QdEvuDGiZeBkpQoZar/DV6UckEVQawrHWbc+NjZ9iZRjhdJLvJJrGmIzwgLYtlVhQ7aezqyfo1Cp9FEbKljRopv6eSLHQeiwC2ymwGepFbyr+57UTE177KZNxYqgk80VhwpGJ0DQC1GeKEsPHlmCimL0VkSFWmBgbVN6G4C2+vEwaFyXvslS+LxcrN1kcOTiGEzgDD66gAndQgzoQUPAMr/DmPDkvzrvzMW9dcbKZI/gD5/MH+f6RiQ==</latexit>

D0 � D̄0 mixing, first observation of CPV in charm,  …

US-Focus 



Time-dependent, time independent 
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The LHCb physics program 

Rare Decays 

Semi-leptonic

Spectroscopy  

Spectroscopy  

QCD,EW, 
exotica  

Heavy Ions  

CP violation 

and
<latexit sha1_base64="6S73J6ArCEGfCqEMrYbW6N6ylhc=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUBHLjBR1WXTjsoJ9QGcsmcxtG5p5kGSEMnTjr7hxoYhbP8Odf2M6nYW2Hkg4nHMvyTlezJlUlvVtFJaWV1bXiuuljc2t7R1zd68lo0RQaNKIR6LjEQmchdBUTHHoxAJI4HFoe6Obqd9+BCFZFN6rcQxuQAYh6zNKlJZ65oGHHRVhWfFPHOD84TS7z3DPLFtVKwNeJHZOyihHo2d+OX5EkwBCRTmRsmtbsXJTIhSjHCYlJ5EQEzoiA+hqGpIApJtmASb4WCs+7kdCn1DhTP29kZJAynHg6cmAqKGc96bif143Uf0rN2VhnCgI6eyhfsKxjjxtA/tMAFV8rAmhgum/YjokglClOyvpEuz5yIukdV61L6q1u1q5fp3XUUSH6AhVkI0uUR3dogZqIoom6Bm9ojfjyXgx3o2P2WjByHf20R8Ynz9xGJUJ</latexit>

b ! s(d)`+`�
<latexit sha1_base64="qkX2nzSXiLJoIPsKFRlVvbcxHlA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotYoYRE6mNZdCO4qWIf0MYwmU7boZNJmJkIIdRfceNCEbd+iDv/xmmbhbYeuHA4517uvcePGJXKtr+N3NLyyupafr2wsbm1vWPu7jVlGAtMGjhkoWj7SBJGOWkoqhhpR4KgwGek5Y+uJn7rkQhJQ36vkoi4ARpw2qcYKS15ZrF8591UYP0hPRp7pxVoWdaxZ5Zsy54CLhInIyWQoe6ZX91eiOOAcIUZkrLj2JFyUyQUxYyMC91YkgjhERqQjqYcBUS66fT4MTzUSg/2Q6GLKzhVf0+kKJAyCXzdGSA1lPPeRPzP68Sqf+GmlEexIhzPFvVjBlUIJ0nAHhUEK5ZogrCg+laIh0ggrHReBR2CM//yImmeWM6ZVb2tlmqXWRx5sA8OQBk44BzUwDWogwbAIAHP4BW8GU/Gi/FufMxac0Y2UwR/YHz+AL9NkkI=</latexit>

(RK , P
0

5, ...)
<latexit sha1_base64="I/ttxuhwlpXguxy1mhWaC2ICQDY=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoioh6LXjxWsB/QhLLZbtqlu5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrW9sbpW3Kzu7e/tV9+CwrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040vp35nUeqNEvkg5mkNBR4KFnMCDZW6rvVCAUmQRoFQywERn235tW9OdAq8QtSgwLNvvsVDBKSCSoN4Vjrnu+lJsyxMoxwOq0EmaYpJmM8pD1LJRZUh/n88Ck6tcoAxYmyJQ2aq78nciy0nojIdgpsRnrZm4n/eb3MxNdhzmSaGSrJYlGccWRfnaWABkxRYvjEEkwUs7ciMsIKE2OzqtgQ/OWXV0n7vO5f1i/uL2qNmyKOMhzDCZyBD1fQgDtoQgsIZPAMr/DmPDkvzrvzsWgtOcXMEfyB8/kDU3OSPQ==</latexit>

b ! s�

<latexit sha1_base64="NkPMgp/J8Y3KYxi6nUVnqrxsAAk=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0Wol5JIUY9FLx4r2A9oQtlsN+3SzSbsboQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n21pb39jc2i7tlHf39g8O7aPjjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3M7z5SqVgsHnSWUD/CI8FCRrA20sCuBJ6OEUG19Bx5lHNPpGhgV526MwdaJW5BqlCgNbC/vGFM0ogKTThWqu86ifZzLDUjnE7LXqpogskEj2jfUIEjqvx8fvwUnRlliMJYmhIazdXfEzmOlMqiwHRGWI/VsjcT//P6qQ6v/ZyJJNVUkMWiMOXI/DtLAg2ZpETzzBBMJDO3IjLGEhNt8iqbENzll1dJ56LuXtYb941q86aIowQncAo1cOEKmnAHLWgDgQye4RXerCfrxXq3Phata1YxU4E/sD5/AMfEk5Q=</latexit>

b ! c(u)`⌫
<latexit sha1_base64="MkcXLQgYbEWxwMzPbc+0AaEOf7s=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBGqlJBIUZdFXbisYh/QxjCZTtqhk0mYmYgl5FfcuFDErT/izr9x2mahrQcuHM65l3vv8WNGpbLtb2NpeWV1bb2wUdzc2t7ZNfdKLRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn7o6uJ334kQtKI36txTNwQDTgNKEZKS55ZuqtcP5wcV2HLSxM/q1qW5Zll27KngIvEyUkZ5Gh45levH+EkJFxhhqTsOnas3BQJRTEjWbGXSBIjPEID0tWUo5BIN53ensEjrfRhEAldXMGp+nsiRaGU49DXnSFSQznvTcT/vG6iggs3pTxOFOF4tihIGFQRnAQB+1QQrNhYE4QF1bdCPEQCYaXjKuoQnPmXF0nr1HLOrNptrVy/zOMogANwCCrAAeegDm5AAzQBBk/gGbyCNyMzXox342PWumTkM/vgD4zPH8zAkl0=</latexit>

R(D⇤), Vub, ...

Pentaquarks, tetra quarks, quarkonia… 

W mass measurement, vector boson production, 
dark photons,..

Proton-lead, lead-lead and also fixed target (SMOG)

Charm 
<latexit sha1_base64="4mgvUGC7TNCjgS6Y7rVdBOUz4Ak=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4sexKUY9Fe/BYwX5Auy3ZNNuGJtklySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD0e3Ubz5SpVkkH8w4pr7AA8lCRrCxUrfadc87AVZpddJ1Ua9QdEvuDGiZeBkpQoZar/DV6UckEVQawrHWbc+NjZ9iZRjhdJLvJJrGmIzwgLYtlVhQ7aezqyfo1Cp9FEbKljRopv6eSLHQeiwC2ymwGepFbyr+57UTE177KZNxYqgk80VhwpGJ0DQC1GeKEsPHlmCimL0VkSFWmBgbVN6G4C2+vEwaFyXvslS+LxcrN1kcOTiGEzgDD66gAndQgzoQUPAMr/DmPDkvzrvzMW9dcbKZI/gD5/MH+f6RiQ==</latexit>

D0 � D̄0 mixing, first observation of CPV in charm,  …

US-Focus 
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Electroweak Penguins

Standard Model  

Suppressed in the SM as mediated via loop diagrams

<latexit sha1_base64="Sgo9m7w7P1CGg4tZc0CtFpWi1EY=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaq616+QFxSKZOLCl6QUnFFCPZcMkcBLVHr5T+6/ZilEUjDBNW645HE+BOqDGcCprluqiGhbEQH0LFU0gi0P5kfOsVnVunjMFa2pMFz9fvEhEZaj6PAdkbUDPVvbyb+5XVSE5b9CZdJakCyxaIwFdjEePY17nMFzIixJZQpbm/FbEgVZcZmk7MhrD7F/5Nm0fUu3VK9VKheL+PIohN0is6Rh65QFd2iGmoghgA9omf04tw7T86r87ZozTjLmWP0A877F0uZjUk=</latexit>s
<latexit sha1_base64="IDkaAo05edRWuslrZ5GhYtFLnYw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaqB718gbikUiYXFbwgpeKKEOy5ZI4CWqLWy390+zFLI5CGCap1xyOJ8SdUGc4ETHPdVENC2YgOoGOppBFofzI/dIrPrNLHYaxsSYPn6veJCY20HkeB7YyoGerf3kz8y+ukJiz7Ey6T1IBki0VhKrCJ8exr3OcKmBFjSyhT3N6K2ZAqyozNJmdDWH2K/yfNoutduqV6qVC9XsaRRSfoFJ0jD12hKrpFNdRADAF6RM/oxbl3npxX523RmnGWM8foB5z3LzHVjTg=</latexit>

b

<latexit sha1_base64="rI6/SWxwhXUJo6idqVdVlnkBKQE=">AAAB+3icdVDLSgMxFM34rPU11qWbYBEEccjUou2u6MZlBfuAzlgyaaYNzWSGJCOW0l9x40IRt/6IO//GdNqCih5IOJxzL/feEyScKY3Qp7W0vLK6tp7byG9ube/s2nuFpopTSWiDxDyW7QArypmgDc00p+1EUhwFnLaC4dXUb91TqVgsbvUooX6E+4KFjGBtpK5dCDwdQ+VRzu9Osv+0axeRg6oVdFaFM1IuLQiCroMyFMEc9a794fVikkZUaMKxUh0XJdofY6kZ4XSS91JFE0yGuE87hgocUeWPs90n8MgoPRjG0jyhYaZ+7xjjSKlRFJjKCOuB+u1Nxb+8TqrDij9mIkk1FWQ2KEw5NOdOg4A9JinRfGQIJpKZXSEZYImJNnHlTQiLS+H/pFly3HOnfFMu1i7nceTAATgEx8AFF6AGrkEdNAABD+ARPIMXa2I9Wa/W26x0yZr37IMfsN6/AJPTlCs=</latexit>

b ! s`+`�
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Electroweak Penguins

Suppressed in the SM as mediated via loop diagrams

New Physics Standard Model  

Suppression = very sensitive to New Physics diagrams

<latexit sha1_base64="Sgo9m7w7P1CGg4tZc0CtFpWi1EY=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaq616+QFxSKZOLCl6QUnFFCPZcMkcBLVHr5T+6/ZilEUjDBNW645HE+BOqDGcCprluqiGhbEQH0LFU0gi0P5kfOsVnVunjMFa2pMFz9fvEhEZaj6PAdkbUDPVvbyb+5XVSE5b9CZdJakCyxaIwFdjEePY17nMFzIixJZQpbm/FbEgVZcZmk7MhrD7F/5Nm0fUu3VK9VKheL+PIohN0is6Rh65QFd2iGmoghgA9omf04tw7T86r87ZozTjLmWP0A877F0uZjUk=</latexit>s
<latexit sha1_base64="IDkaAo05edRWuslrZ5GhYtFLnYw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaqB718gbikUiYXFbwgpeKKEOy5ZI4CWqLWy390+zFLI5CGCap1xyOJ8SdUGc4ETHPdVENC2YgOoGOppBFofzI/dIrPrNLHYaxsSYPn6veJCY20HkeB7YyoGerf3kz8y+ukJiz7Ey6T1IBki0VhKrCJ8exr3OcKmBFjSyhT3N6K2ZAqyozNJmdDWH2K/yfNoutduqV6qVC9XsaRRSfoFJ0jD12hKrpFNdRADAF6RM/oxbl3npxX523RmnGWM8foB5z3LzHVjTg=</latexit>

b <latexit sha1_base64="Sgo9m7w7P1CGg4tZc0CtFpWi1EY=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaq616+QFxSKZOLCl6QUnFFCPZcMkcBLVHr5T+6/ZilEUjDBNW645HE+BOqDGcCprluqiGhbEQH0LFU0gi0P5kfOsVnVunjMFa2pMFz9fvEhEZaj6PAdkbUDPVvbyb+5XVSE5b9CZdJakCyxaIwFdjEePY17nMFzIixJZQpbm/FbEgVZcZmk7MhrD7F/5Nm0fUu3VK9VKheL+PIohN0is6Rh65QFd2iGmoghgA9omf04tw7T86r87ZozTjLmWP0A877F0uZjUk=</latexit>s
<latexit sha1_base64="IDkaAo05edRWuslrZ5GhYtFLnYw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaqB718gbikUiYXFbwgpeKKEOy5ZI4CWqLWy390+zFLI5CGCap1xyOJ8SdUGc4ETHPdVENC2YgOoGOppBFofzI/dIrPrNLHYaxsSYPn6veJCY20HkeB7YyoGerf3kz8y+ukJiz7Ey6T1IBki0VhKrCJ8exr3OcKmBFjSyhT3N6K2ZAqyozNJmdDWH2K/yfNoutduqV6qVC9XsaRRSfoFJ0jD12hKrpFNdRADAF6RM/oxbl3npxX523RmnGWM8foB5z3LzHVjTg=</latexit>

b

<latexit sha1_base64="rI6/SWxwhXUJo6idqVdVlnkBKQE=">AAAB+3icdVDLSgMxFM34rPU11qWbYBEEccjUou2u6MZlBfuAzlgyaaYNzWSGJCOW0l9x40IRt/6IO//GdNqCih5IOJxzL/feEyScKY3Qp7W0vLK6tp7byG9ube/s2nuFpopTSWiDxDyW7QArypmgDc00p+1EUhwFnLaC4dXUb91TqVgsbvUooX6E+4KFjGBtpK5dCDwdQ+VRzu9Osv+0axeRg6oVdFaFM1IuLQiCroMyFMEc9a794fVikkZUaMKxUh0XJdofY6kZ4XSS91JFE0yGuE87hgocUeWPs90n8MgoPRjG0jyhYaZ+7xjjSKlRFJjKCOuB+u1Nxb+8TqrDij9mIkk1FWQ2KEw5NOdOg4A9JinRfGQIJpKZXSEZYImJNnHlTQiLS+H/pFly3HOnfFMu1i7nceTAATgEx8AFF6AGrkEdNAABD+ARPIMXa2I9Wa/W26x0yZr37IMfsN6/AJPTlCs=</latexit>

b ! s`+`�
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Electroweak Penguins

Standard Model  

Suppression = very sensitive to New Physics diagrams

<latexit sha1_base64="Sgo9m7w7P1CGg4tZc0CtFpWi1EY=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaq616+QFxSKZOLCl6QUnFFCPZcMkcBLVHr5T+6/ZilEUjDBNW645HE+BOqDGcCprluqiGhbEQH0LFU0gi0P5kfOsVnVunjMFa2pMFz9fvEhEZaj6PAdkbUDPVvbyb+5XVSE5b9CZdJakCyxaIwFdjEePY17nMFzIixJZQpbm/FbEgVZcZmk7MhrD7F/5Nm0fUu3VK9VKheL+PIohN0is6Rh65QFd2iGmoghgA9omf04tw7T86r87ZozTjLmWP0A877F0uZjUk=</latexit>s
<latexit sha1_base64="IDkaAo05edRWuslrZ5GhYtFLnYw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaqB718gbikUiYXFbwgpeKKEOy5ZI4CWqLWy390+zFLI5CGCap1xyOJ8SdUGc4ETHPdVENC2YgOoGOppBFofzI/dIrPrNLHYaxsSYPn6veJCY20HkeB7YyoGerf3kz8y+ukJiz7Ey6T1IBki0VhKrCJ8exr3OcKmBFjSyhT3N6K2ZAqyozNJmdDWH2K/yfNoutduqV6qVC9XsaRRSfoFJ0jD12hKrpFNdRADAF6RM/oxbl3npxX523RmnGWM8foB5z3LzHVjTg=</latexit>

b
<latexit sha1_base64="Sgo9m7w7P1CGg4tZc0CtFpWi1EY=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaq616+QFxSKZOLCl6QUnFFCPZcMkcBLVHr5T+6/ZilEUjDBNW645HE+BOqDGcCprluqiGhbEQH0LFU0gi0P5kfOsVnVunjMFa2pMFz9fvEhEZaj6PAdkbUDPVvbyb+5XVSE5b9CZdJakCyxaIwFdjEePY17nMFzIixJZQpbm/FbEgVZcZmk7MhrD7F/5Nm0fUu3VK9VKheL+PIohN0is6Rh65QFd2iGmoghgA9omf04tw7T86r87ZozTjLmWP0A877F0uZjUk=</latexit>s

<latexit sha1_base64="IDkaAo05edRWuslrZ5GhYtFLnYw=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZmNQZNb0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uIBFcG0I+ncza+sbmVnY7t7O7t3+QPzxq6jhVDBosFrFqB1SD4BIahhsB7UQBjQIBrWB0M/NbD6A0j+WdGSfgR3QgecgZNVaqB718gbikUiYXFbwgpeKKEOy5ZI4CWqLWy390+zFLI5CGCap1xyOJ8SdUGc4ETHPdVENC2YgOoGOppBFofzI/dIrPrNLHYaxsSYPn6veJCY20HkeB7YyoGerf3kz8y+ukJiz7Ey6T1IBki0VhKrCJ8exr3OcKmBFjSyhT3N6K2ZAqyozNJmdDWH2K/yfNoutduqV6qVC9XsaRRSfoFJ0jD12hKrpFNdRADAF6RM/oxbl3npxX523RmnGWM8foB5z3LzHVjTg=</latexit>

b

<latexit sha1_base64="rI6/SWxwhXUJo6idqVdVlnkBKQE=">AAAB+3icdVDLSgMxFM34rPU11qWbYBEEccjUou2u6MZlBfuAzlgyaaYNzWSGJCOW0l9x40IRt/6IO//GdNqCih5IOJxzL/feEyScKY3Qp7W0vLK6tp7byG9ube/s2nuFpopTSWiDxDyW7QArypmgDc00p+1EUhwFnLaC4dXUb91TqVgsbvUooX6E+4KFjGBtpK5dCDwdQ+VRzu9Osv+0axeRg6oVdFaFM1IuLQiCroMyFMEc9a794fVikkZUaMKxUh0XJdofY6kZ4XSS91JFE0yGuE87hgocUeWPs90n8MgoPRjG0jyhYaZ+7xjjSKlRFJjKCOuB+u1Nxb+8TqrDij9mIkk1FWQ2KEw5NOdOg4A9JinRfGQIJpKZXSEZYImJNnHlTQiLS+H/pFly3HOnfFMu1i7nceTAATgEx8AFF6AGrkEdNAABD+ARPIMXa2I9Wa/W26x0yZr37IMfsN6/AJPTlCs=</latexit>

b ! s`+`�

<latexit sha1_base64="9y1zXJW5dkKwl4J+6jQsTv+yJok=">AAAB9XicdVDLTgIxFL2DL8QX6tJNIzHBzWRmQMAd0Y07MREwgZF0SoGGziNtR0Mm/IcbFxrj1n9x59/YAUzU6EmanJxzb+7p8SLOpLKsDyOztLyyupZdz21sbm3v5Hf3WjKMBaFNEvJQ3HhYUs4C2lRMcXoTCYp9j9O2Nz5P/fYdFZKFwbWaRNT18TBgA0aw0tJt18dqRDBPLqdF+7iXL1jmaa3inDjIMi2r6pQqKXGqZaeEbK2kKMACjV7+vdsPSezTQBGOpezYVqTcBAvFCKfTXDeWNMJkjIe0o2mAfSrdZJZ6io600keDUOgXKDRTv28k2Jdy4nt6Mk0pf3up+JfXidWg5iYsiGJFAzI/NIg5UiFKK0B9JihRfKIJJoLprIiMsMBE6aJyuoSvn6L/Scsx7YpZvioX6meLOrJwAIdQBBuqUIcLaEATCAh4gCd4Nu6NR+PFeJ2PZozFzj78gPH2CS13klI=</latexit>

O(1)
Direct searches 

<latexit sha1_base64="46Q7KOdwixts5jLsGLiEcYoJ2Z0=">AAAB+HicdVDLTgIxFO3gC/HBqEs3jcQEN5MOMIg7oht3YiJIAhPSKR1o6DzSdkxwwpe4caExbv0Ud/6NHcBEjZ6kyck59+aeHi/mTCqEPozcyura+kZ+s7C1vbNbNPf2OzJKBKFtEvFIdD0sKWchbSumOO3GguLA4/TWm1xk/u0dFZJF4Y2axtQN8ChkPiNYaWlgFvsBVmOCeXo1K9voZGCWkIXqTvXMgchykN2oZKTi2AhVoW2hOUpgidbAfO8PI5IENFSEYyl7NoqVm2KhGOF0VugnksaYTPCI9jQNcUClm86Dz+CxVobQj4R+oYJz9ftGigMpp4GnJ7OY8reXiX95vUT5DTdlYZwoGpLFIT/hUEUwawEOmaBE8akmmAims0IyxgITpbsq6BK+fgr/J52KZdet2nWt1Dxf1pEHh+AIlIENTkETXIIWaAMCEvAAnsCzcW88Gi/G62I0Zyx3DsAPGG+fDHSStQ==</latexit>

O(10)

<latexit sha1_base64="tmW9/kHUpOvtvd5tPFfWaTTvAe0=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWomyHTdmrdFd24s4J9QDuUTJppQzMPkkyhDP0TNy4UceufuPNvzLQVVPRA4HDOvdyT48WcSYXQh5FbW9/Y3MpvF3Z29/YPzMOjtowSQWiLRDwSXQ9LyllIW4opTruxoDjwOO14k+vM70ypkCwK79Uspm6ARyHzGcFKSwPT7AdYjQnm6e28ZCN0PjCLyEI1p3LpQGQ5yK6XM1J2tFmBtoUWKIIVmgPzvT+MSBLQUBGOpezZKFZuioVihNN5oZ9IGmMywSPa0zTEAZVuukg+h2daGUI/EvqFCi7U7xspDqScBZ6ezHLK314m/uX1EuXX3ZSFcaJoSJaH/IRDFcGsBjhkghLFZ5pgIpjOCskYC0yULqugS/j6KfyftMuWXbOqd9Vi42pVRx6cgFNQAja4AA1wA5qgBQiYggfwBJ6N1Hg0XozX5WjOWO0cgx8w3j4Bf4mS7w==</latexit>

O(100)

Mass of NP in TeV 
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B0 ! K⇤0µ+µ�
<latexit sha1_base64="heAaCAPK7QdRVkWDQdnOWT1BcPI=">AAACDnicbVC7SgNBFL0bXzG+Vi0sbAZDQBTDro1WErQRbCKYBySbMDuZJENmH8zMKmHZL7DxV2wsFLG1tvMn8g1Osik08cDlHs65l5l73JAzqSzr28gsLC4tr2RXc2vrG5tb5vZOVQaRILRCAh6Iuosl5cynFcUUp/VQUOy5nNbcwdXYr91TIVng36lhSB0P93zWZQQrLbXNwmUrtpKmYL2+wkIED+imFR9pxYta8XHaTpK2mbeK1gRonthTki/tjUYIAMpt86vZCUjkUV8RjqVs2FaonBgLxQinSa4ZSRpiMsA92tDUxx6VTjw5J0EFrXRQNxC6fIUm6u+NGHtSDj1XT3pY9eWsNxb/8xqR6p47MfPDSFGfpA91I45UgMbZoA4TlCg+1AQTwfRfEeljgYnSCeZ0CPbsyfOkelq0raJ9q9O4gBRZ2IcDOAQbzqAE11CGChB4hGd4hTfjyXgx3o2PdDRjTHd24Q+Mzx9CNp5w</latexit><latexit sha1_base64="FjwbO/0ElOpbQOPD5Yexb0e7b0I=">AAACDnicbVC7SgNBFJ2NrxgfWbWwsBkMAVEMuzZaiARtBJsI5gHJJsxOZpMhszvLzKwSlv0CG39FBAtFbK3t/ADbfIOTR6GJBy73cM69zNzjhoxKZVlfRmpufmFxKb2cWVldW8+aG5sVySOBSRlzxkXNRZIwGpCyooqRWigI8l1Gqm7vYuhXb4mQlAc3qh8Sx0edgHoUI6Wllpk/b8ZW0hC001VICH4Hr5rxvlb8qBkfjNth0jJzVsEaAc4Se0Jyxe3BIHv69F1qmZ+NNseRTwKFGZKybluhcmIkFMWMJJlGJEmIcA91SF3TAPlEOvHonATmtdKGHhe6AgVH6u+NGPlS9n1XT/pIdeW0NxT/8+qR8k6cmAZhpEiAxw95EYOKw2E2sE0FwYr1NUFYUP1XiLtIIKx0ghkdgj198iypHBVsq2Bf6zTOwBhpsAN2wR6wwTEogktQAmWAwT14BC/g1Xgwno034308mjImO1vgD4yPH5wLoDM=</latexit><latexit sha1_base64="FjwbO/0ElOpbQOPD5Yexb0e7b0I=">AAACDnicbVC7SgNBFJ2NrxgfWbWwsBkMAVEMuzZaiARtBJsI5gHJJsxOZpMhszvLzKwSlv0CG39FBAtFbK3t/ADbfIOTR6GJBy73cM69zNzjhoxKZVlfRmpufmFxKb2cWVldW8+aG5sVySOBSRlzxkXNRZIwGpCyooqRWigI8l1Gqm7vYuhXb4mQlAc3qh8Sx0edgHoUI6Wllpk/b8ZW0hC001VICH4Hr5rxvlb8qBkfjNth0jJzVsEaAc4Se0Jyxe3BIHv69F1qmZ+NNseRTwKFGZKybluhcmIkFMWMJJlGJEmIcA91SF3TAPlEOvHonATmtdKGHhe6AgVH6u+NGPlS9n1XT/pIdeW0NxT/8+qR8k6cmAZhpEiAxw95EYOKw2E2sE0FwYr1NUFYUP1XiLtIIKx0ghkdgj198iypHBVsq2Bf6zTOwBhpsAN2wR6wwTEogktQAmWAwT14BC/g1Xgwno034308mjImO1vgD4yPH5wLoDM=</latexit><latexit sha1_base64="eZAM4O0BJ4jA8gnr+vAnr7Z9hXg=">AAACDnicbVDLSgMxFM34rPU16tJNsBREsWTc6EqKbgQ3FewD2mnJpJk2NJMMSUYpw3yBG3/FjQtF3Lp259+YPhbaeuByD+fcS3JPEHOmDULfzsLi0vLKam4tv76xubXt7uzWtEwUoVUiuVSNAGvKmaBVwwynjVhRHAWc1oPB1civ31OlmRR3ZhhTP8I9wUJGsLFSxy1etlOUtRTr9Q1WSj7Am3Z6ZJUoaafHk3aSddwCKqEx4DzxpqQApqh03K9WV5IkosIQjrVueig2foqVYYTTLN9KNI0xGeAebVoqcES1n47PyWDRKl0YSmVLGDhWf2+kONJ6GAV2MsKmr2e9kfif10xMeO6nTMSJoYJMHgoTDo2Eo2xglylKDB9agoli9q+Q9LHCxNgE8zYEb/bkeVI7LXmo5N2iQvliGkcO7IMDcAg8cAbK4BpUQBUQ8AiewSt4c56cF+fd+ZiMLjjTnT3wB87nDx5ynB0=</latexit>

B0
s ! �µ+µ�

<latexit sha1_base64="KfD7mwrdyYCowCZ8ys68V44ylgw=">AAACD3icbVDLSsNAFL2pr1pfUTeCIMGiCGJJ3OhKirpwWcE+oEnDZDpph04ezEyUEvIHbvwDv8GNC0XcunXn3zhNu1Drgcs9nHMvM/d4MaNCmuaXVpiZnZtfKC6WlpZXVtf09Y2GiBKOSR1HLOItDwnCaEjqkkpGWjEnKPAYaXqDi5HfvCVc0Ci8kcOYOAHqhdSnGEklufr+eSc1MzcVmc1pry8R59GdHfepHSSd9DDL21Hm6mWzYuYwpok1IeXqzuXWIwDUXP3T7kY4CUgoMUNCtC0zlk6KuKSYkaxkJ4LECA9Qj7QVDVFAhJPm92TGnlK6hh9xVaE0cvXnRooCIYaBpyYDJPvirzcS//PaifRPnZSGcSJJiMcP+QkzZGSMwjG6lBMs2VARhDlVfzVwH3GEpYqwpEKw/p48TRrHFcusWNcqjTMYowjbsAsHYMEJVOEKalAHDPfwBC/wqj1oz9qb9j4eLWiTnU34Be3jGy4ons0=</latexit><latexit sha1_base64="MCPZkU5NNaN5ZP5r4K4Z0YO3oVI=">AAACD3icbVDLSsNAFJ3UV62vqBtBkGBRBLEkbnQlRV24rGAf0KRhMp22YycPZm6UEvIHbsQ/cePCIm7duvNvnKZdqPXA5R7OuZeZe7yIMwmm+aXlZmbn5hfyi4Wl5ZXVNX19oybDWBBaJSEPRcPDknIW0Cow4LQRCYp9j9O6178Y+fU7KiQLgxsYRNTxcTdgHUYwKMnV989biZm6iUxtwbo9wEKE93bUY7Yft5LDNGtHqasXzZKZwZgm1oQUyzuXW08wvK24+qfdDkns0wAIx1I2LTMCJ8ECGOE0LdixpBEmfdylTUUD7FPpJNk9qbGnlLbRCYWqAIxM/bmRYF/Kge+pSR9DT/71RuJ/XjOGzqmTsCCKgQZk/FAn5gaExigco80EJcAHimAimPqrQXpYYAIqwoIKwfp78jSpHZcss2RdqzTO0Bh5tI120QGy0AkqoytUQVVE0AN6Rq9oqD1qL9qb9j4ezWmTnU30C9rHN0CUoFo=</latexit><latexit sha1_base64="MCPZkU5NNaN5ZP5r4K4Z0YO3oVI=">AAACD3icbVDLSsNAFJ3UV62vqBtBkGBRBLEkbnQlRV24rGAf0KRhMp22YycPZm6UEvIHbsQ/cePCIm7duvNvnKZdqPXA5R7OuZeZe7yIMwmm+aXlZmbn5hfyi4Wl5ZXVNX19oybDWBBaJSEPRcPDknIW0Cow4LQRCYp9j9O6178Y+fU7KiQLgxsYRNTxcTdgHUYwKMnV989biZm6iUxtwbo9wEKE93bUY7Yft5LDNGtHqasXzZKZwZgm1oQUyzuXW08wvK24+qfdDkns0wAIx1I2LTMCJ8ECGOE0LdixpBEmfdylTUUD7FPpJNk9qbGnlLbRCYWqAIxM/bmRYF/Kge+pSR9DT/71RuJ/XjOGzqmTsCCKgQZk/FAn5gaExigco80EJcAHimAimPqrQXpYYAIqwoIKwfp78jSpHZcss2RdqzTO0Bh5tI120QGy0AkqoytUQVVE0AN6Rq9oqD1qL9qb9j4ezWmTnU30C9rHN0CUoFo=</latexit><latexit sha1_base64="Dv3g1g4eVbuU8WtA3uhi7VMCu98=">AAACD3icbVC7TsMwFHV4lvIKMLJEVCAkRJWwwIQqWBiLRB9Sk0aO6zRWHTuyHVAV5Q9Y+BUWBhBiZWXjb3DTDNBypKt7dM69su8JEkqksu1vY2FxaXlltbJWXd/Y3No2d3bbkqcC4RbilItuACWmhOGWIoribiIwjAOKO8HoeuJ37rGQhLM7NU6wF8MhIyFBUGnJN4+u+pmd+5nMXUGGkYJC8Ac3iYgbp/3sJC/aae6bNbtuF7DmiVOSGijR9M0vd8BRGmOmEIVS9hw7UV4GhSKI4rzqphInEI3gEPc0ZTDG0suKe3LrUCsDK+RCF1NWof7eyGAs5TgO9GQMVSRnvYn4n9dLVXjhZYQlqcIMTR8KU2opbk3CsQZEYKToWBOIBNF/tVAEBURKR1jVITizJ8+T9lndsevOrV1rXJZxVMA+OADHwAHnoAFuQBO0AAKP4Bm8gjfjyXgx3o2P6eiCUe7sgT8wPn8AWyCdcw==</latexit>

⇤0
b ! ⇤µ+µ�

<latexit sha1_base64="v6mrtqkE7snMvgPUxdfitgmTYsY=">AAACGXicbVDLSgMxFL1TX7W+Rt0IggSLIIhlxo2upKALFy4q2Ad0piWTpm1o5kGSUcowv+HGjR/ixoUiLnXl35hOu9DWAyGHc84luceLOJPKsr6N3Nz8wuJSfrmwsrq2vmFubtVkGAtCqyTkoWh4WFLOAlpVTHHaiATFvsdp3RtcjPz6HRWShcGtGkbU9XEvYF1GsNJS27Scax3u4FZipe3ESx3Ben2FhQjv0cRy/LiVHKXZdZy2zaJVsjKgWWJPSLG8d7nzBACVtvnpdEIS+zRQhGMpm7YVKTfBQjHCaVpwYkkjTAa4R5uaBtin0k2yzVJ0oJUO6oZCn0ChTP09kWBfyqHv6aSPVV9OeyPxP68Zq+6Zm7AgihUNyPihbsyRCtGoJtRhghLFh5pgIpj+KyJ9LDBRusyCLsGeXnmW1E5KtlWyb3Qb5zBGHnZhHw7BhlMowxVUoAoEHuAZXuHNeDRejHfjYxzNGZOZbfgD4+sHbTSimw==</latexit><latexit sha1_base64="cHbjZIxk62zyJrSwTlf2Am9mLNc=">AAACGXicbVDLSgMxFM3UV62vqhtBkGARBLHMuNGVFHThwkUF+4DOtGTStI3NPEjuKGWYrxDc+CvduFDEpa78G9NpF9p6IORwzrkk97ih4ApM89vIzM0vLC5ll3Mrq2vrG/nNraoKIklZhQYikHWXKCa4zyrAQbB6KBnxXMFqbv9i5NfumVQ88G9hEDLHI12fdzgloKVW3rSvdbhNmrGZtGI3sSXv9oBIGTzgiWV7UTM+StLrOGnlC2bRTIFniTUhhdLe5c4jDO/Krfyn3Q5o5DEfqCBKNSwzBCcmEjgVLMnZkWIhoX3SZQ1NfeIx5cTpZgk+0EobdwKpjw84VX9PxMRTauC5OukR6KlpbyT+5zUi6Jw5MffDCJhPxw91IoEhwKOacJtLRkEMNCFUcv1XTHtEEgq6zJwuwZpeeZZUT4qWWbRudBvnaIws2kX76BBZ6BSV0BUqowqi6AkN0St6M56NF+Pd+BhHM8ZkZhv9gfH1A3+gpCg=</latexit><latexit sha1_base64="cHbjZIxk62zyJrSwTlf2Am9mLNc=">AAACGXicbVDLSgMxFM3UV62vqhtBkGARBLHMuNGVFHThwkUF+4DOtGTStI3NPEjuKGWYrxDc+CvduFDEpa78G9NpF9p6IORwzrkk97ih4ApM89vIzM0vLC5ll3Mrq2vrG/nNraoKIklZhQYikHWXKCa4zyrAQbB6KBnxXMFqbv9i5NfumVQ88G9hEDLHI12fdzgloKVW3rSvdbhNmrGZtGI3sSXv9oBIGTzgiWV7UTM+StLrOGnlC2bRTIFniTUhhdLe5c4jDO/Krfyn3Q5o5DEfqCBKNSwzBCcmEjgVLMnZkWIhoX3SZQ1NfeIx5cTpZgk+0EobdwKpjw84VX9PxMRTauC5OukR6KlpbyT+5zUi6Jw5MffDCJhPxw91IoEhwKOacJtLRkEMNCFUcv1XTHtEEgq6zJwuwZpeeZZUT4qWWbRudBvnaIws2kX76BBZ6BSV0BUqowqi6AkN0St6M56NF+Pd+BhHM8ZkZhv9gfH1A3+gpCg=</latexit><latexit sha1_base64="VPaKmSVzkDd9rxV9XQvekKsps9o=">AAACGXicbVA7T8MwGHTKq5RXgJHFokJCQlQOC0yoEgsDQ5HoQ2rSyHGc1qrzkO2Aqih/g4W/wsIAQoww8W9w0wzQcpLl0919sr/zEs6kQujbqCwtr6yuVddrG5tb2zvm7l5HxqkgtE1iHouehyXlLKJtxRSnvURQHHqcdr3x1dTv3lMhWRzdqUlCnRAPIxYwgpWWXBPZNzrs40GGcjfzcluw4UhhIeIHWFp2mA6yk7y4TnPXrKMGKgAXiVWSOijRcs1P249JGtJIEY6l7FsoUU6GhWKE07xmp5ImmIzxkPY1jXBIpZMVm+XwSCs+DGKhT6Rgof6eyHAo5ST0dDLEaiTnvan4n9dPVXDhZCxKUkUjMnsoSDlUMZzWBH0mKFF8ogkmgum/QjLCAhOly6zpEqz5lRdJ56xhoYZ1i+rNy7KOKjgAh+AYWOAcNME1aIE2IOARPINX8GY8GS/Gu/Exi1aMcmYf/IHx9QOaLKFB</latexit>

Same pattern, decay rate too low!!
JHEP 06 (2014) 

Summary of   branching fractionsb → sμ+μ−

 = q2 m2(μ+μ−)



LHCb B0 PRL 125, 011802 (2020) . LHCb B+  PRL 161802 (2021)  ATLAS: JHEP 10 (2018) 047


Belle: PRL 118 (2017), CMS:PLB 781 (2018) 517541
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Angular analysis of B0 ! K⇤0(! K+⇡�)µ+µ�
<latexit sha1_base64="XaiZeO1zEf7+JWeANxPMvNvLtHI=">AAACGHicbVDLSgMxFM3UV62vUZduBotQldaMCLosdSO4qWAf0JmWTJppQzMPkoxQhvkMN/6KGxeKuO3OvzEznYW2Xgg5Oedebs5xQkaFhPBbK6ysrq1vFDdLW9s7u3v6/kFbBBHHpIUDFvCugwRh1CctSSUj3ZAT5DmMdJzJbap3nggXNPAf5TQktodGPnUpRlJRA/2i0Y9hYsnAuO/HZzCp5PA8sULaj6vJqeVF2TO9qslAL8MazMpYBmYOyiCv5kCfWcMARx7xJWZIiJ4JQ2nHiEuKGUlKViRIiPAEjUhPQR95RNhxZiwxThQzNNyAq+NLI2N/T8TIE2LqOarTQ3IsFrWU/E/rRdK9sWPqh5EkPp4vciNmKPNpSsaQcoIlmyqAMKfqrwYeI46wVFmWVAjmouVl0L6smbBmPlyV6408jiI4AsegAkxwDergDjRBC2DwDF7BO/jQXrQ37VP7mrcWtHzmEPwpbfYDUpSfVw==</latexit><latexit sha1_base64="XaiZeO1zEf7+JWeANxPMvNvLtHI=">AAACGHicbVDLSgMxFM3UV62vUZduBotQldaMCLosdSO4qWAf0JmWTJppQzMPkoxQhvkMN/6KGxeKuO3OvzEznYW2Xgg5Oedebs5xQkaFhPBbK6ysrq1vFDdLW9s7u3v6/kFbBBHHpIUDFvCugwRh1CctSSUj3ZAT5DmMdJzJbap3nggXNPAf5TQktodGPnUpRlJRA/2i0Y9hYsnAuO/HZzCp5PA8sULaj6vJqeVF2TO9qslAL8MazMpYBmYOyiCv5kCfWcMARx7xJWZIiJ4JQ2nHiEuKGUlKViRIiPAEjUhPQR95RNhxZiwxThQzNNyAq+NLI2N/T8TIE2LqOarTQ3IsFrWU/E/rRdK9sWPqh5EkPp4vciNmKPNpSsaQcoIlmyqAMKfqrwYeI46wVFmWVAjmouVl0L6smbBmPlyV6408jiI4AsegAkxwDergDjRBC2DwDF7BO/jQXrQ37VP7mrcWtHzmEPwpbfYDUpSfVw==</latexit><latexit sha1_base64="XaiZeO1zEf7+JWeANxPMvNvLtHI=">AAACGHicbVDLSgMxFM3UV62vUZduBotQldaMCLosdSO4qWAf0JmWTJppQzMPkoxQhvkMN/6KGxeKuO3OvzEznYW2Xgg5Oedebs5xQkaFhPBbK6ysrq1vFDdLW9s7u3v6/kFbBBHHpIUDFvCugwRh1CctSSUj3ZAT5DmMdJzJbap3nggXNPAf5TQktodGPnUpRlJRA/2i0Y9hYsnAuO/HZzCp5PA8sULaj6vJqeVF2TO9qslAL8MazMpYBmYOyiCv5kCfWcMARx7xJWZIiJ4JQ2nHiEuKGUlKViRIiPAEjUhPQR95RNhxZiwxThQzNNyAq+NLI2N/T8TIE2LqOarTQ3IsFrWU/E/rRdK9sWPqh5EkPp4vciNmKPNpSsaQcoIlmyqAMKfqrwYeI46wVFmWVAjmouVl0L6smbBmPlyV6408jiI4AsegAkxwDergDjRBC2DwDF7BO/jQXrQ37VP7mrcWtHzmEPwpbfYDUpSfVw==</latexit><latexit sha1_base64="XaiZeO1zEf7+JWeANxPMvNvLtHI=">AAACGHicbVDLSgMxFM3UV62vUZduBotQldaMCLosdSO4qWAf0JmWTJppQzMPkoxQhvkMN/6KGxeKuO3OvzEznYW2Xgg5Oedebs5xQkaFhPBbK6ysrq1vFDdLW9s7u3v6/kFbBBHHpIUDFvCugwRh1CctSSUj3ZAT5DmMdJzJbap3nggXNPAf5TQktodGPnUpRlJRA/2i0Y9hYsnAuO/HZzCp5PA8sULaj6vJqeVF2TO9qslAL8MazMpYBmYOyiCv5kCfWcMARx7xJWZIiJ4JQ2nHiEuKGUlKViRIiPAEjUhPQR95RNhxZiwxThQzNNyAq+NLI2N/T8TIE2LqOarTQ3IsFrWU/E/rRdK9sWPqh5EkPp4vciNmKPNpSsaQcoIlmyqAMKfqrwYeI46wVFmWVAjmouVl0L6smbBmPlyV6408jiI4AsegAkxwDergDjRBC2DwDF7BO/jQXrQ37VP7mrcWtHzmEPwpbfYDUpSfVw==</latexit>
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⇠ 3�
<latexit sha1_base64="9av37yQOO4n1M2AZCpuC02GqKJY=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuA6VAyaaYNTSZDkhHK0M9w40IRt36NO//GTFtBRQ8kHM65l3vviVJGlXacD2ttfWNza7u0U97d2z84rBwdd5XIJCYdLJiQ/QgpwmhCOppqRvqpJIhHjPSi6XXh9+6JVFQkd3qWkpCjcUJjipE2UjBQlNfMN+ZoWKk69mWz7vl16NiO03A9tyBew6/50DVKgSpYoT2svA9GAmecJBozpFTgOqkOcyQ1xYzMy4NMkRThKRqTwNAEcaLCfLHyHJ4bZQRjIc1LNFyo3ztyxJWa8chUcqQn6rdXiH95QabjZpjTJM00SfByUJwxqAUs7ocjKgnWbGYIwpKaXSGeIImwNimVTQhfl8L/SdezXcd2b/1q62oVRwmcgjNwAVzQAC1wA9qgAzAQ4AE8gWdLW4/Wi/W6LF2zVj0n4Aest0+P3JFv</latexit><latexit sha1_base64="9av37yQOO4n1M2AZCpuC02GqKJY=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuA6VAyaaYNTSZDkhHK0M9w40IRt36NO//GTFtBRQ8kHM65l3vviVJGlXacD2ttfWNza7u0U97d2z84rBwdd5XIJCYdLJiQ/QgpwmhCOppqRvqpJIhHjPSi6XXh9+6JVFQkd3qWkpCjcUJjipE2UjBQlNfMN+ZoWKk69mWz7vl16NiO03A9tyBew6/50DVKgSpYoT2svA9GAmecJBozpFTgOqkOcyQ1xYzMy4NMkRThKRqTwNAEcaLCfLHyHJ4bZQRjIc1LNFyo3ztyxJWa8chUcqQn6rdXiH95QabjZpjTJM00SfByUJwxqAUs7ocjKgnWbGYIwpKaXSGeIImwNimVTQhfl8L/SdezXcd2b/1q62oVRwmcgjNwAVzQAC1wA9qgAzAQ4AE8gWdLW4/Wi/W6LF2zVj0n4Aest0+P3JFv</latexit><latexit sha1_base64="9av37yQOO4n1M2AZCpuC02GqKJY=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuA6VAyaaYNTSZDkhHK0M9w40IRt36NO//GTFtBRQ8kHM65l3vviVJGlXacD2ttfWNza7u0U97d2z84rBwdd5XIJCYdLJiQ/QgpwmhCOppqRvqpJIhHjPSi6XXh9+6JVFQkd3qWkpCjcUJjipE2UjBQlNfMN+ZoWKk69mWz7vl16NiO03A9tyBew6/50DVKgSpYoT2svA9GAmecJBozpFTgOqkOcyQ1xYzMy4NMkRThKRqTwNAEcaLCfLHyHJ4bZQRjIc1LNFyo3ztyxJWa8chUcqQn6rdXiH95QabjZpjTJM00SfByUJwxqAUs7ocjKgnWbGYIwpKaXSGeIImwNimVTQhfl8L/SdezXcd2b/1q62oVRwmcgjNwAVzQAC1wA9qgAzAQ4AE8gWdLW4/Wi/W6LF2zVj0n4Aest0+P3JFv</latexit><latexit sha1_base64="9av37yQOO4n1M2AZCpuC02GqKJY=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuA6VAyaaYNTSZDkhHK0M9w40IRt36NO//GTFtBRQ8kHM65l3vviVJGlXacD2ttfWNza7u0U97d2z84rBwdd5XIJCYdLJiQ/QgpwmhCOppqRvqpJIhHjPSi6XXh9+6JVFQkd3qWkpCjcUJjipE2UjBQlNfMN+ZoWKk69mWz7vl16NiO03A9tyBew6/50DVKgSpYoT2svA9GAmecJBozpFTgOqkOcyQ1xYzMy4NMkRThKRqTwNAEcaLCfLHyHJ4bZQRjIc1LNFyo3ztyxJWa8chUcqQn6rdXiH95QabjZpjTJM00SfByUJwxqAUs7ocjKgnWbGYIwpKaXSGeIImwNimVTQhfl8L/SdezXcd2b/1q62oVRwmcgjNwAVzQAC1wA9qgAzAQ4AE8gWdLW4/Wi/W6LF2zVj0n4Aest0+P3JFv</latexit>

+ 7 other observables 

Angular analysis of B0 ! K⇤0(! K+⇡�)µ+µ�
<latexit sha1_base64="XaiZeO1zEf7+JWeANxPMvNvLtHI=">AAACGHicbVDLSgMxFM3UV62vUZduBotQldaMCLosdSO4qWAf0JmWTJppQzMPkoxQhvkMN/6KGxeKuO3OvzEznYW2Xgg5Oedebs5xQkaFhPBbK6ysrq1vFDdLW9s7u3v6/kFbBBHHpIUDFvCugwRh1CctSSUj3ZAT5DmMdJzJbap3nggXNPAf5TQktodGPnUpRlJRA/2i0Y9hYsnAuO/HZzCp5PA8sULaj6vJqeVF2TO9qslAL8MazMpYBmYOyiCv5kCfWcMARx7xJWZIiJ4JQ2nHiEuKGUlKViRIiPAEjUhPQR95RNhxZiwxThQzNNyAq+NLI2N/T8TIE2LqOarTQ3IsFrWU/E/rRdK9sWPqh5EkPp4vciNmKPNpSsaQcoIlmyqAMKfqrwYeI46wVFmWVAjmouVl0L6smbBmPlyV6408jiI4AsegAkxwDergDjRBC2DwDF7BO/jQXrQ37VP7mrcWtHzmEPwpbfYDUpSfVw==</latexit><latexit sha1_base64="XaiZeO1zEf7+JWeANxPMvNvLtHI=">AAACGHicbVDLSgMxFM3UV62vUZduBotQldaMCLosdSO4qWAf0JmWTJppQzMPkoxQhvkMN/6KGxeKuO3OvzEznYW2Xgg5Oedebs5xQkaFhPBbK6ysrq1vFDdLW9s7u3v6/kFbBBHHpIUDFvCugwRh1CctSSUj3ZAT5DmMdJzJbap3nggXNPAf5TQktodGPnUpRlJRA/2i0Y9hYsnAuO/HZzCp5PA8sULaj6vJqeVF2TO9qslAL8MazMpYBmYOyiCv5kCfWcMARx7xJWZIiJ4JQ2nHiEuKGUlKViRIiPAEjUhPQR95RNhxZiwxThQzNNyAq+NLI2N/T8TIE2LqOarTQ3IsFrWU/E/rRdK9sWPqh5EkPp4vciNmKPNpSsaQcoIlmyqAMKfqrwYeI46wVFmWVAjmouVl0L6smbBmPlyV6408jiI4AsegAkxwDergDjRBC2DwDF7BO/jQXrQ37VP7mrcWtHzmEPwpbfYDUpSfVw==</latexit><latexit sha1_base64="XaiZeO1zEf7+JWeANxPMvNvLtHI=">AAACGHicbVDLSgMxFM3UV62vUZduBotQldaMCLosdSO4qWAf0JmWTJppQzMPkoxQhvkMN/6KGxeKuO3OvzEznYW2Xgg5Oedebs5xQkaFhPBbK6ysrq1vFDdLW9s7u3v6/kFbBBHHpIUDFvCugwRh1CctSSUj3ZAT5DmMdJzJbap3nggXNPAf5TQktodGPnUpRlJRA/2i0Y9hYsnAuO/HZzCp5PA8sULaj6vJqeVF2TO9qslAL8MazMpYBmYOyiCv5kCfWcMARx7xJWZIiJ4JQ2nHiEuKGUlKViRIiPAEjUhPQR95RNhxZiwxThQzNNyAq+NLI2N/T8TIE2LqOarTQ3IsFrWU/E/rRdK9sWPqh5EkPp4vciNmKPNpSsaQcoIlmyqAMKfqrwYeI46wVFmWVAjmouVl0L6smbBmPlyV6408jiI4AsegAkxwDergDjRBC2DwDF7BO/jQXrQ37VP7mrcWtHzmEPwpbfYDUpSfVw==</latexit><latexit sha1_base64="XaiZeO1zEf7+JWeANxPMvNvLtHI=">AAACGHicbVDLSgMxFM3UV62vUZduBotQldaMCLosdSO4qWAf0JmWTJppQzMPkoxQhvkMN/6KGxeKuO3OvzEznYW2Xgg5Oedebs5xQkaFhPBbK6ysrq1vFDdLW9s7u3v6/kFbBBHHpIUDFvCugwRh1CctSSUj3ZAT5DmMdJzJbap3nggXNPAf5TQktodGPnUpRlJRA/2i0Y9hYsnAuO/HZzCp5PA8sULaj6vJqeVF2TO9qslAL8MazMpYBmYOyiCv5kCfWcMARx7xJWZIiJ4JQ2nHiEuKGUlKViRIiPAEjUhPQR95RNhxZiwxThQzNNyAq+NLI2N/T8TIE2LqOarTQ3IsFrWU/E/rRdK9sWPqh5EkPp4vciNmKPNpSsaQcoIlmyqAMKfqrwYeI46wVFmWVAjmouVl0L6smbBmPlyV6408jiI4AsegAkxwDergDjRBC2DwDF7BO/jQXrQ37VP7mrcWtHzmEPwpbfYDUpSfVw==</latexit>

PRL 125, 011802

Express “global” agreement 
of all 8 observables with SM 
in terms of  underlying 
effective couplings

SM

p-value ~0.001

Cbs``
9,10

<latexit sha1_base64="SdpnF3GO/ihSbJERyVdTLX7uOwk=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgQsKk1Nrsit24rGAf0MYwmU7aoZMHMxOhhIK/4saFIm79Dnf+jZO2gooeuHA4517uvcdPOJMKoQ9jaXlldW29sFHc3Nre2TX39tsyTgWhLRLzWHR9LClnEW0ppjjtJoLi0Oe0448bud+5o0KyOLpRk4S6IR5GLGAEKy155mHjNvNln3Ke19TLnDMbTT2zhCynVkWVMkQWQrUyqmpyjmzHdqCtlRwlsEDTM9/7g5ikIY0U4VjKno0S5WZYKEY4nRb7qaQJJmM8pD1NIxxS6Waz86fwRCsDGMRCV6TgTP0+keFQykno684Qq5H87eXiX14vVUHNzViUpIpGZL4oSDlUMcyzgAMmKFF8ogkmgulbIRlhgYnSiRV1CF+fwv9Ju2zZyLKvK6X65SKOAjgCx+AU2OAC1MEVaIIWICADD+AJPBv3xqPxYrzOW5eMxcwB+AHj7RP995WA</latexit><latexit sha1_base64="SdpnF3GO/ihSbJERyVdTLX7uOwk=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgQsKk1Nrsit24rGAf0MYwmU7aoZMHMxOhhIK/4saFIm79Dnf+jZO2gooeuHA4517uvcdPOJMKoQ9jaXlldW29sFHc3Nre2TX39tsyTgWhLRLzWHR9LClnEW0ppjjtJoLi0Oe0448bud+5o0KyOLpRk4S6IR5GLGAEKy155mHjNvNln3Ke19TLnDMbTT2zhCynVkWVMkQWQrUyqmpyjmzHdqCtlRwlsEDTM9/7g5ikIY0U4VjKno0S5WZYKEY4nRb7qaQJJmM8pD1NIxxS6Waz86fwRCsDGMRCV6TgTP0+keFQykno684Qq5H87eXiX14vVUHNzViUpIpGZL4oSDlUMcyzgAMmKFF8ogkmgulbIRlhgYnSiRV1CF+fwv9Ju2zZyLKvK6X65SKOAjgCx+AU2OAC1MEVaIIWICADD+AJPBv3xqPxYrzOW5eMxcwB+AHj7RP995WA</latexit><latexit sha1_base64="SdpnF3GO/ihSbJERyVdTLX7uOwk=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgQsKk1Nrsit24rGAf0MYwmU7aoZMHMxOhhIK/4saFIm79Dnf+jZO2gooeuHA4517uvcdPOJMKoQ9jaXlldW29sFHc3Nre2TX39tsyTgWhLRLzWHR9LClnEW0ppjjtJoLi0Oe0448bud+5o0KyOLpRk4S6IR5GLGAEKy155mHjNvNln3Ke19TLnDMbTT2zhCynVkWVMkQWQrUyqmpyjmzHdqCtlRwlsEDTM9/7g5ikIY0U4VjKno0S5WZYKEY4nRb7qaQJJmM8pD1NIxxS6Waz86fwRCsDGMRCV6TgTP0+keFQykno684Qq5H87eXiX14vVUHNzViUpIpGZL4oSDlUMcyzgAMmKFF8ogkmgulbIRlhgYnSiRV1CF+fwv9Ju2zZyLKvK6X65SKOAjgCx+AU2OAC1MEVaIIWICADD+AJPBv3xqPxYrzOW5eMxcwB+AHj7RP995WA</latexit><latexit sha1_base64="SdpnF3GO/ihSbJERyVdTLX7uOwk=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgQsKk1Nrsit24rGAf0MYwmU7aoZMHMxOhhIK/4saFIm79Dnf+jZO2gooeuHA4517uvcdPOJMKoQ9jaXlldW29sFHc3Nre2TX39tsyTgWhLRLzWHR9LClnEW0ppjjtJoLi0Oe0448bud+5o0KyOLpRk4S6IR5GLGAEKy155mHjNvNln3Ke19TLnDMbTT2zhCynVkWVMkQWQrUyqmpyjmzHdqCtlRwlsEDTM9/7g5ikIY0U4VjKno0S5WZYKEY4nRb7qaQJJmM8pD1NIxxS6Waz86fwRCsDGMRCV6TgTP0+keFQykno684Qq5H87eXiX14vVUHNzViUpIpGZL4oSDlUMcyzgAMmKFF8ogkmgulbIRlhgYnSiRV1CF+fwv9Ju2zZyLKvK6X65SKOAjgCx+AU2OAC1MEVaIIWICADD+AJPBv3xqPxYrzOW5eMxcwB+AHj7RP995WA</latexit>
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B0 ! K⇤0µ+µ�
<latexit sha1_base64="HTM+eNDtrEzL2vt8KPEzZ5hOKlM=">AAACBnicbVDLSgMxFL1TX7W+Rl2KMFgEUSwzIuiy1I3gpoJ9QDstmTStoUlmSDJCGWblxl9x40IRt36DO//GtJ2Fth4IOZxzL8k5QcSo0q77beUWFpeWV/KrhbX1jc0te3unrsJYYlLDIQtlM0CKMCpITVPNSDOSBPGAkUYwvBr7jQciFQ3FnR5FxOdoIGifYqSN1LX3K53ETds6dG46ybFhPO4kJ9PrNO3aRbfkTuDMEy8jRchQ7dpf7V6IY06Exgwp1fLcSPsJkppiRtJCO1YkQniIBqRlqECcKD+ZxEidQ6P0nH4ozRHamai/NxLElRrxwExypO/VrDcW//Nase5f+gkVUayJwNOH+jFzTOpxJ06PSoI1GxmCsKTmrw6+RxJhbZormBK82cjzpH5W8tySd3teLFeyOvKwBwdwBB5cQBmuoQo1wPAIz/AKb9aT9WK9Wx/T0ZyV7ezCH1ifP2TPmG8=</latexit><latexit sha1_base64="HTM+eNDtrEzL2vt8KPEzZ5hOKlM=">AAACBnicbVDLSgMxFL1TX7W+Rl2KMFgEUSwzIuiy1I3gpoJ9QDstmTStoUlmSDJCGWblxl9x40IRt36DO//GtJ2Fth4IOZxzL8k5QcSo0q77beUWFpeWV/KrhbX1jc0te3unrsJYYlLDIQtlM0CKMCpITVPNSDOSBPGAkUYwvBr7jQciFQ3FnR5FxOdoIGifYqSN1LX3K53ETds6dG46ybFhPO4kJ9PrNO3aRbfkTuDMEy8jRchQ7dpf7V6IY06Exgwp1fLcSPsJkppiRtJCO1YkQniIBqRlqECcKD+ZxEidQ6P0nH4ozRHamai/NxLElRrxwExypO/VrDcW//Nase5f+gkVUayJwNOH+jFzTOpxJ06PSoI1GxmCsKTmrw6+RxJhbZormBK82cjzpH5W8tySd3teLFeyOvKwBwdwBB5cQBmuoQo1wPAIz/AKb9aT9WK9Wx/T0ZyV7ezCH1ifP2TPmG8=</latexit><latexit sha1_base64="HTM+eNDtrEzL2vt8KPEzZ5hOKlM=">AAACBnicbVDLSgMxFL1TX7W+Rl2KMFgEUSwzIuiy1I3gpoJ9QDstmTStoUlmSDJCGWblxl9x40IRt36DO//GtJ2Fth4IOZxzL8k5QcSo0q77beUWFpeWV/KrhbX1jc0te3unrsJYYlLDIQtlM0CKMCpITVPNSDOSBPGAkUYwvBr7jQciFQ3FnR5FxOdoIGifYqSN1LX3K53ETds6dG46ybFhPO4kJ9PrNO3aRbfkTuDMEy8jRchQ7dpf7V6IY06Exgwp1fLcSPsJkppiRtJCO1YkQniIBqRlqECcKD+ZxEidQ6P0nH4ozRHamai/NxLElRrxwExypO/VrDcW//Nase5f+gkVUayJwNOH+jFzTOpxJ06PSoI1GxmCsKTmrw6+RxJhbZormBK82cjzpH5W8tySd3teLFeyOvKwBwdwBB5cQBmuoQo1wPAIz/AKb9aT9WK9Wx/T0ZyV7ezCH1ifP2TPmG8=</latexit><latexit sha1_base64="HTM+eNDtrEzL2vt8KPEzZ5hOKlM=">AAACBnicbVDLSgMxFL1TX7W+Rl2KMFgEUSwzIuiy1I3gpoJ9QDstmTStoUlmSDJCGWblxl9x40IRt36DO//GtJ2Fth4IOZxzL8k5QcSo0q77beUWFpeWV/KrhbX1jc0te3unrsJYYlLDIQtlM0CKMCpITVPNSDOSBPGAkUYwvBr7jQciFQ3FnR5FxOdoIGifYqSN1LX3K53ETds6dG46ybFhPO4kJ9PrNO3aRbfkTuDMEy8jRchQ7dpf7V6IY06Exgwp1fLcSPsJkppiRtJCO1YkQniIBqRlqECcKD+ZxEidQ6P0nH4ozRHamai/NxLElRrxwExypO/VrDcW//Nase5f+gkVUayJwNOH+jFzTOpxJ06PSoI1GxmCsKTmrw6+RxJhbZormBK82cjzpH5W8tySd3teLFeyOvKwBwdwBB5cQBmuoQo1wPAIz/AKb9aT9WK9Wx/T0ZyV7ezCH1ifP2TPmG8=</latexit>

B+ ! K⇤+µ+µ�
<latexit sha1_base64="ylHL/GAs0BVEBDX1kxWkkO6FQIQ=">AAACBnicbVBLSwMxGMzWV62vVY8iBIsgimVXBD2WehG8VLAPaLclm6Y1NMkuSVYoy568+Fe8eFDEq7/Bm//G7HYP2joQMsx8H8mMHzKqtON8W4WFxaXlleJqaW19Y3PL3t5pqiCSmDRwwALZ9pEijArS0FQz0g4lQdxnpOWPr1K/9UCkooG405OQeByNBB1SjLSR+vZ+rRefJF0dwJtefGwYjzIhvU6Tvl12Kk4GOE/cnJRBjnrf/uoOAhxxIjRmSKmO64Tai5HUFDOSlLqRIiHCYzQiHUMF4kR5cRYjgYdGGcBhIM0RGmbq740YcaUm3DeTHOl7Neul4n9eJ9LDSy+mIow0EXj60DBi0KROO4EDKgnWbGIIwpKav0J8jyTC2jRXMiW4s5HnSfOs4joV9/a8XK3ldRTBHjgAR8AFF6AKrkEdNAAGj+AZvII368l6sd6tj+lowcp3dsEfWJ8/VN+YZQ==</latexit><latexit sha1_base64="ylHL/GAs0BVEBDX1kxWkkO6FQIQ=">AAACBnicbVBLSwMxGMzWV62vVY8iBIsgimVXBD2WehG8VLAPaLclm6Y1NMkuSVYoy568+Fe8eFDEq7/Bm//G7HYP2joQMsx8H8mMHzKqtON8W4WFxaXlleJqaW19Y3PL3t5pqiCSmDRwwALZ9pEijArS0FQz0g4lQdxnpOWPr1K/9UCkooG405OQeByNBB1SjLSR+vZ+rRefJF0dwJtefGwYjzIhvU6Tvl12Kk4GOE/cnJRBjnrf/uoOAhxxIjRmSKmO64Tai5HUFDOSlLqRIiHCYzQiHUMF4kR5cRYjgYdGGcBhIM0RGmbq740YcaUm3DeTHOl7Neul4n9eJ9LDSy+mIow0EXj60DBi0KROO4EDKgnWbGIIwpKav0J8jyTC2jRXMiW4s5HnSfOs4joV9/a8XK3ldRTBHjgAR8AFF6AKrkEdNAAGj+AZvII368l6sd6tj+lowcp3dsEfWJ8/VN+YZQ==</latexit><latexit sha1_base64="ylHL/GAs0BVEBDX1kxWkkO6FQIQ=">AAACBnicbVBLSwMxGMzWV62vVY8iBIsgimVXBD2WehG8VLAPaLclm6Y1NMkuSVYoy568+Fe8eFDEq7/Bm//G7HYP2joQMsx8H8mMHzKqtON8W4WFxaXlleJqaW19Y3PL3t5pqiCSmDRwwALZ9pEijArS0FQz0g4lQdxnpOWPr1K/9UCkooG405OQeByNBB1SjLSR+vZ+rRefJF0dwJtefGwYjzIhvU6Tvl12Kk4GOE/cnJRBjnrf/uoOAhxxIjRmSKmO64Tai5HUFDOSlLqRIiHCYzQiHUMF4kR5cRYjgYdGGcBhIM0RGmbq740YcaUm3DeTHOl7Neul4n9eJ9LDSy+mIow0EXj60DBi0KROO4EDKgnWbGIIwpKav0J8jyTC2jRXMiW4s5HnSfOs4joV9/a8XK3ldRTBHjgAR8AFF6AKrkEdNAAGj+AZvII368l6sd6tj+lowcp3dsEfWJ8/VN+YZQ==</latexit><latexit sha1_base64="ylHL/GAs0BVEBDX1kxWkkO6FQIQ=">AAACBnicbVBLSwMxGMzWV62vVY8iBIsgimVXBD2WehG8VLAPaLclm6Y1NMkuSVYoy568+Fe8eFDEq7/Bm//G7HYP2joQMsx8H8mMHzKqtON8W4WFxaXlleJqaW19Y3PL3t5pqiCSmDRwwALZ9pEijArS0FQz0g4lQdxnpOWPr1K/9UCkooG405OQeByNBB1SjLSR+vZ+rRefJF0dwJtefGwYjzIhvU6Tvl12Kk4GOE/cnJRBjnrf/uoOAhxxIjRmSKmO64Tai5HUFDOSlLqRIiHCYzQiHUMF4kR5cRYjgYdGGcBhIM0RGmbq740YcaUm3DeTHOl7Neul4n9eJ9LDSy+mIow0EXj60DBi0KROO4EDKgnWbGIIwpKav0J8jyTC2jRXMiW4s5HnSfOs4joV9/a8XK3ldRTBHjgAR8AFF6AKrkEdNAAGj+AZvII368l6sd6tj+lowcp3dsEfWJ8/VN+YZQ==</latexit>

B0
s ! �µ+µ�

<latexit sha1_base64="PEjY4LWQ/QDHYaoRkRcpP88QVUg=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkUQxJKIoMtSNy4r2Ac0aZhMJ+3QeYSZiVBCdm78FTcuFHHrL7jzb5ymXWj1wOUezrmXmXuihBKlXffLKi0tr6yuldcrG5tb2zv27l5biVQi3EKCCtmNoMKUcNzSRFPcTSSGLKK4E42vp37nHktFBL/TkwQHDA45iQmC2kihfdjoZ24eZir3tfCTEfFZ2s9O86Kd5aFddWtuAecv8eakCuZohvanPxAoZZhrRKFSPc9NdJBBqQmiOK/4qcIJRGM4xD1DOWRYBVlxR+4cG2XgxEKa4top1J8bGWRKTVhkJhnUI7XoTcX/vF6q46sgIzxJNeZo9lCcUkcLZxqKMyASI00nhkAkifmrg0ZQQqRNdBUTgrd48l/SPq95bs27vajWG/M4yuAAHIET4IFLUAc3oAlaAIEH8ARewKv1aD1bb9b7bLRkzXf2wS9YH9+dT5nF</latexit><latexit sha1_base64="PEjY4LWQ/QDHYaoRkRcpP88QVUg=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkUQxJKIoMtSNy4r2Ac0aZhMJ+3QeYSZiVBCdm78FTcuFHHrL7jzb5ymXWj1wOUezrmXmXuihBKlXffLKi0tr6yuldcrG5tb2zv27l5biVQi3EKCCtmNoMKUcNzSRFPcTSSGLKK4E42vp37nHktFBL/TkwQHDA45iQmC2kihfdjoZ24eZir3tfCTEfFZ2s9O86Kd5aFddWtuAecv8eakCuZohvanPxAoZZhrRKFSPc9NdJBBqQmiOK/4qcIJRGM4xD1DOWRYBVlxR+4cG2XgxEKa4top1J8bGWRKTVhkJhnUI7XoTcX/vF6q46sgIzxJNeZo9lCcUkcLZxqKMyASI00nhkAkifmrg0ZQQqRNdBUTgrd48l/SPq95bs27vajWG/M4yuAAHIET4IFLUAc3oAlaAIEH8ARewKv1aD1bb9b7bLRkzXf2wS9YH9+dT5nF</latexit><latexit sha1_base64="PEjY4LWQ/QDHYaoRkRcpP88QVUg=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkUQxJKIoMtSNy4r2Ac0aZhMJ+3QeYSZiVBCdm78FTcuFHHrL7jzb5ymXWj1wOUezrmXmXuihBKlXffLKi0tr6yuldcrG5tb2zv27l5biVQi3EKCCtmNoMKUcNzSRFPcTSSGLKK4E42vp37nHktFBL/TkwQHDA45iQmC2kihfdjoZ24eZir3tfCTEfFZ2s9O86Kd5aFddWtuAecv8eakCuZohvanPxAoZZhrRKFSPc9NdJBBqQmiOK/4qcIJRGM4xD1DOWRYBVlxR+4cG2XgxEKa4top1J8bGWRKTVhkJhnUI7XoTcX/vF6q46sgIzxJNeZo9lCcUkcLZxqKMyASI00nhkAkifmrg0ZQQqRNdBUTgrd48l/SPq95bs27vajWG/M4yuAAHIET4IFLUAc3oAlaAIEH8ARewKv1aD1bb9b7bLRkzXf2wS9YH9+dT5nF</latexit><latexit sha1_base64="PEjY4LWQ/QDHYaoRkRcpP88QVUg=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkUQxJKIoMtSNy4r2Ac0aZhMJ+3QeYSZiVBCdm78FTcuFHHrL7jzb5ymXWj1wOUezrmXmXuihBKlXffLKi0tr6yuldcrG5tb2zv27l5biVQi3EKCCtmNoMKUcNzSRFPcTSSGLKK4E42vp37nHktFBL/TkwQHDA45iQmC2kihfdjoZ24eZir3tfCTEfFZ2s9O86Kd5aFddWtuAecv8eakCuZohvanPxAoZZhrRKFSPc9NdJBBqQmiOK/4qcIJRGM4xD1DOWRYBVlxR+4cG2XgxEKa4top1J8bGWRKTVhkJhnUI7XoTcX/vF6q46sgIzxJNeZo9lCcUkcLZxqKMyASI00nhkAkifmrg0ZQQqRNdBUTgrd48l/SPq95bs27vajWG/M4yuAAHIET4IFLUAc3oAlaAIEH8ARewKv1aD1bb9b7bLRkzXf2wS9YH9+dT5nF</latexit>

PRL 125, 011802

PRL 125, 011802

⇠ 2�
<latexit sha1_base64="RCnLgcMXnQeYjIe4L/n/QaK+1Eg=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmbGoa27ohuXFewDpkPJpJk2NMkMSUYoQz/DjQtF3Po17vwbM20FFT2QcDjnXu69J0oZVdpxPqzS2vrG5lZ5u7Kzu7d/UD086qokk5h0cMIS2Y+QIowK0tFUM9JPJUE8YqQXTa8Lv3dPpKKJuNOzlIQcjQWNKUbaSMFAUe6Zb8zRsFpz7Mtm3fPr0LEdp+F6bkG8hn/hQ9coBWpghfaw+j4YJTjjRGjMkFKB66Q6zJHUFDMyrwwyRVKEp2hMAkMF4kSF+WLlOTwzygjGiTRPaLhQv3fkiCs145Gp5EhP1G+vEP/ygkzHzTCnIs00EXg5KM4Y1Aks7ocjKgnWbGYIwpKaXSGeIImwNilVTAhfl8L/SdezXcd2b/1a62oVRxmcgFNwDlzQAC1wA9qgAzBIwAN4As+Wth6tF+t1WVqyVj3H4Aest0+OUpFu</latexit><latexit sha1_base64="RCnLgcMXnQeYjIe4L/n/QaK+1Eg=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmbGoa27ohuXFewDpkPJpJk2NMkMSUYoQz/DjQtF3Po17vwbM20FFT2QcDjnXu69J0oZVdpxPqzS2vrG5lZ5u7Kzu7d/UD086qokk5h0cMIS2Y+QIowK0tFUM9JPJUE8YqQXTa8Lv3dPpKKJuNOzlIQcjQWNKUbaSMFAUe6Zb8zRsFpz7Mtm3fPr0LEdp+F6bkG8hn/hQ9coBWpghfaw+j4YJTjjRGjMkFKB66Q6zJHUFDMyrwwyRVKEp2hMAkMF4kSF+WLlOTwzygjGiTRPaLhQv3fkiCs145Gp5EhP1G+vEP/ygkzHzTCnIs00EXg5KM4Y1Aks7ocjKgnWbGYIwpKaXSGeIImwNilVTAhfl8L/SdezXcd2b/1a62oVRxmcgFNwDlzQAC1wA9qgAzBIwAN4As+Wth6tF+t1WVqyVj3H4Aest0+OUpFu</latexit><latexit sha1_base64="RCnLgcMXnQeYjIe4L/n/QaK+1Eg=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmbGoa27ohuXFewDpkPJpJk2NMkMSUYoQz/DjQtF3Po17vwbM20FFT2QcDjnXu69J0oZVdpxPqzS2vrG5lZ5u7Kzu7d/UD086qokk5h0cMIS2Y+QIowK0tFUM9JPJUE8YqQXTa8Lv3dPpKKJuNOzlIQcjQWNKUbaSMFAUe6Zb8zRsFpz7Mtm3fPr0LEdp+F6bkG8hn/hQ9coBWpghfaw+j4YJTjjRGjMkFKB66Q6zJHUFDMyrwwyRVKEp2hMAkMF4kSF+WLlOTwzygjGiTRPaLhQv3fkiCs145Gp5EhP1G+vEP/ygkzHzTCnIs00EXg5KM4Y1Aks7ocjKgnWbGYIwpKaXSGeIImwNilVTAhfl8L/SdezXcd2b/1a62oVRxmcgFNwDlzQAC1wA9qgAzBIwAN4As+Wth6tF+t1WVqyVj3H4Aest0+OUpFu</latexit><latexit sha1_base64="RCnLgcMXnQeYjIe4L/n/QaK+1Eg=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmbGoa27ohuXFewDpkPJpJk2NMkMSUYoQz/DjQtF3Po17vwbM20FFT2QcDjnXu69J0oZVdpxPqzS2vrG5lZ5u7Kzu7d/UD086qokk5h0cMIS2Y+QIowK0tFUM9JPJUE8YqQXTa8Lv3dPpKKJuNOzlIQcjQWNKUbaSMFAUe6Zb8zRsFpz7Mtm3fPr0LEdp+F6bkG8hn/hQ9coBWpghfaw+j4YJTjjRGjMkFKB66Q6zJHUFDMyrwwyRVKEp2hMAkMF4kSF+WLlOTwzygjGiTRPaLhQv3fkiCs145Gp5EhP1G+vEP/ygkzHzTCnIs00EXg5KM4Y1Aks7ocjKgnWbGYIwpKaXSGeIImwNilVTAhfl8L/SdezXcd2b/1a62oVRxmcgFNwDlzQAC1wA9qgAzBIwAN4As+Wth6tF+t1WVqyVj3H4Aest0+OUpFu</latexit>

⇠ 3�
<latexit sha1_base64="9av37yQOO4n1M2AZCpuC02GqKJY=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuA6VAyaaYNTSZDkhHK0M9w40IRt36NO//GTFtBRQ8kHM65l3vviVJGlXacD2ttfWNza7u0U97d2z84rBwdd5XIJCYdLJiQ/QgpwmhCOppqRvqpJIhHjPSi6XXh9+6JVFQkd3qWkpCjcUJjipE2UjBQlNfMN+ZoWKk69mWz7vl16NiO03A9tyBew6/50DVKgSpYoT2svA9GAmecJBozpFTgOqkOcyQ1xYzMy4NMkRThKRqTwNAEcaLCfLHyHJ4bZQRjIc1LNFyo3ztyxJWa8chUcqQn6rdXiH95QabjZpjTJM00SfByUJwxqAUs7ocjKgnWbGYIwpKaXSGeIImwNimVTQhfl8L/SdezXcd2b/1q62oVRwmcgjNwAVzQAC1wA9qgAzAQ4AE8gWdLW4/Wi/W6LF2zVj0n4Aest0+P3JFv</latexit><latexit sha1_base64="9av37yQOO4n1M2AZCpuC02GqKJY=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuA6VAyaaYNTSZDkhHK0M9w40IRt36NO//GTFtBRQ8kHM65l3vviVJGlXacD2ttfWNza7u0U97d2z84rBwdd5XIJCYdLJiQ/QgpwmhCOppqRvqpJIhHjPSi6XXh9+6JVFQkd3qWkpCjcUJjipE2UjBQlNfMN+ZoWKk69mWz7vl16NiO03A9tyBew6/50DVKgSpYoT2svA9GAmecJBozpFTgOqkOcyQ1xYzMy4NMkRThKRqTwNAEcaLCfLHyHJ4bZQRjIc1LNFyo3ztyxJWa8chUcqQn6rdXiH95QabjZpjTJM00SfByUJwxqAUs7ocjKgnWbGYIwpKaXSGeIImwNimVTQhfl8L/SdezXcd2b/1q62oVRwmcgjNwAVzQAC1wA9qgAzAQ4AE8gWdLW4/Wi/W6LF2zVj0n4Aest0+P3JFv</latexit><latexit sha1_base64="9av37yQOO4n1M2AZCpuC02GqKJY=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuA6VAyaaYNTSZDkhHK0M9w40IRt36NO//GTFtBRQ8kHM65l3vviVJGlXacD2ttfWNza7u0U97d2z84rBwdd5XIJCYdLJiQ/QgpwmhCOppqRvqpJIhHjPSi6XXh9+6JVFQkd3qWkpCjcUJjipE2UjBQlNfMN+ZoWKk69mWz7vl16NiO03A9tyBew6/50DVKgSpYoT2svA9GAmecJBozpFTgOqkOcyQ1xYzMy4NMkRThKRqTwNAEcaLCfLHyHJ4bZQRjIc1LNFyo3ztyxJWa8chUcqQn6rdXiH95QabjZpjTJM00SfByUJwxqAUs7ocjKgnWbGYIwpKaXSGeIImwNimVTQhfl8L/SdezXcd2b/1q62oVRwmcgjNwAVzQAC1wA9qgAzAQ4AE8gWdLW4/Wi/W6LF2zVj0n4Aest0+P3JFv</latexit><latexit sha1_base64="9av37yQOO4n1M2AZCpuC02GqKJY=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuA6VAyaaYNTSZDkhHK0M9w40IRt36NO//GTFtBRQ8kHM65l3vviVJGlXacD2ttfWNza7u0U97d2z84rBwdd5XIJCYdLJiQ/QgpwmhCOppqRvqpJIhHjPSi6XXh9+6JVFQkd3qWkpCjcUJjipE2UjBQlNfMN+ZoWKk69mWz7vl16NiO03A9tyBew6/50DVKgSpYoT2svA9GAmecJBozpFTgOqkOcyQ1xYzMy4NMkRThKRqTwNAEcaLCfLHyHJ4bZQRjIc1LNFyo3ztyxJWa8chUcqQn6rdXiH95QabjZpjTJM00SfByUJwxqAUs7ocjKgnWbGYIwpKaXSGeIImwNimVTQhfl8L/SdezXcd2b/1q62oVRwmcgjNwAVzQAC1wA9qgAzAQ4AE8gWdLW4/Wi/W6LF2zVj0n4Aest0+P3JFv</latexit>

⇠ 3�
<latexit sha1_base64="9av37yQOO4n1M2AZCpuC02GqKJY=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuA6VAyaaYNTSZDkhHK0M9w40IRt36NO//GTFtBRQ8kHM65l3vviVJGlXacD2ttfWNza7u0U97d2z84rBwdd5XIJCYdLJiQ/QgpwmhCOppqRvqpJIhHjPSi6XXh9+6JVFQkd3qWkpCjcUJjipE2UjBQlNfMN+ZoWKk69mWz7vl16NiO03A9tyBew6/50DVKgSpYoT2svA9GAmecJBozpFTgOqkOcyQ1xYzMy4NMkRThKRqTwNAEcaLCfLHyHJ4bZQRjIc1LNFyo3ztyxJWa8chUcqQn6rdXiH95QabjZpjTJM00SfByUJwxqAUs7ocjKgnWbGYIwpKaXSGeIImwNimVTQhfl8L/SdezXcd2b/1q62oVRwmcgjNwAVzQAC1wA9qgAzAQ4AE8gWdLW4/Wi/W6LF2zVj0n4Aest0+P3JFv</latexit><latexit sha1_base64="9av37yQOO4n1M2AZCpuC02GqKJY=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuA6VAyaaYNTSZDkhHK0M9w40IRt36NO//GTFtBRQ8kHM65l3vviVJGlXacD2ttfWNza7u0U97d2z84rBwdd5XIJCYdLJiQ/QgpwmhCOppqRvqpJIhHjPSi6XXh9+6JVFQkd3qWkpCjcUJjipE2UjBQlNfMN+ZoWKk69mWz7vl16NiO03A9tyBew6/50DVKgSpYoT2svA9GAmecJBozpFTgOqkOcyQ1xYzMy4NMkRThKRqTwNAEcaLCfLHyHJ4bZQRjIc1LNFyo3ztyxJWa8chUcqQn6rdXiH95QabjZpjTJM00SfByUJwxqAUs7ocjKgnWbGYIwpKaXSGeIImwNimVTQhfl8L/SdezXcd2b/1q62oVRwmcgjNwAVzQAC1wA9qgAzAQ4AE8gWdLW4/Wi/W6LF2zVj0n4Aest0+P3JFv</latexit><latexit sha1_base64="9av37yQOO4n1M2AZCpuC02GqKJY=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuA6VAyaaYNTSZDkhHK0M9w40IRt36NO//GTFtBRQ8kHM65l3vviVJGlXacD2ttfWNza7u0U97d2z84rBwdd5XIJCYdLJiQ/QgpwmhCOppqRvqpJIhHjPSi6XXh9+6JVFQkd3qWkpCjcUJjipE2UjBQlNfMN+ZoWKk69mWz7vl16NiO03A9tyBew6/50DVKgSpYoT2svA9GAmecJBozpFTgOqkOcyQ1xYzMy4NMkRThKRqTwNAEcaLCfLHyHJ4bZQRjIc1LNFyo3ztyxJWa8chUcqQn6rdXiH95QabjZpjTJM00SfByUJwxqAUs7ocjKgnWbGYIwpKaXSGeIImwNimVTQhfl8L/SdezXcd2b/1q62oVRwmcgjNwAVzQAC1wA9qgAzAQ4AE8gWdLW4/Wi/W6LF2zVj0n4Aest0+P3JFv</latexit><latexit sha1_base64="9av37yQOO4n1M2AZCpuC02GqKJY=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXw8x0aOuu6MZlBfuA6VAyaaYNTSZDkhHK0M9w40IRt36NO//GTFtBRQ8kHM65l3vviVJGlXacD2ttfWNza7u0U97d2z84rBwdd5XIJCYdLJiQ/QgpwmhCOppqRvqpJIhHjPSi6XXh9+6JVFQkd3qWkpCjcUJjipE2UjBQlNfMN+ZoWKk69mWz7vl16NiO03A9tyBew6/50DVKgSpYoT2svA9GAmecJBozpFTgOqkOcyQ1xYzMy4NMkRThKRqTwNAEcaLCfLHyHJ4bZQRjIc1LNFyo3ztyxJWa8chUcqQn6rdXiH95QabjZpjTJM00SfByUJwxqAUs7ocjKgnWbGYIwpKaXSGeIImwNimVTQhfl8L/SdezXcd2b/1q62oVRwmcgjNwAVzQAC1wA9qgAzAQ4AE8gWdLW4/Wi/W6LF2zVj0n4Aest0+P3JFv</latexit>

Summary of angular analysis 

JHEP 11 (2021) 043 

Same pattern, negative definitions in effective coupling
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Global fit to underlying effective couplings 

• Results across angular 
observables and branching 
fractions consistent 

• Overall deviation from SM at 
the 4-5  levelσ

JHEP 09 (2022) 133 •

• Brand-new result (LHCb-
PAPER-2023-032) favours  
shift in  also 
accounting for non-local QCD

C9
B0 → K*0μ+μ−



Time-dependent, time independent 

(                          )
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The LHCb physics program 

Rare Decays 

Semi-leptonic

Spectroscopy  

Spectroscopy  

QCD,EW, 
exotica  

Heavy Ions  

CP violation 

and
<latexit sha1_base64="6S73J6ArCEGfCqEMrYbW6N6ylhc=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUBHLjBR1WXTjsoJ9QGcsmcxtG5p5kGSEMnTjr7hxoYhbP8Odf2M6nYW2Hkg4nHMvyTlezJlUlvVtFJaWV1bXiuuljc2t7R1zd68lo0RQaNKIR6LjEQmchdBUTHHoxAJI4HFoe6Obqd9+BCFZFN6rcQxuQAYh6zNKlJZ65oGHHRVhWfFPHOD84TS7z3DPLFtVKwNeJHZOyihHo2d+OX5EkwBCRTmRsmtbsXJTIhSjHCYlJ5EQEzoiA+hqGpIApJtmASb4WCs+7kdCn1DhTP29kZJAynHg6cmAqKGc96bif143Uf0rN2VhnCgI6eyhfsKxjjxtA/tMAFV8rAmhgum/YjokglClOyvpEuz5yIukdV61L6q1u1q5fp3XUUSH6AhVkI0uUR3dogZqIoom6Bm9ojfjyXgx3o2P2WjByHf20R8Ynz9xGJUJ</latexit>

b ! s(d)`+`�
<latexit sha1_base64="qkX2nzSXiLJoIPsKFRlVvbcxHlA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotYoYRE6mNZdCO4qWIf0MYwmU7boZNJmJkIIdRfceNCEbd+iDv/xmmbhbYeuHA4517uvcePGJXKtr+N3NLyyupafr2wsbm1vWPu7jVlGAtMGjhkoWj7SBJGOWkoqhhpR4KgwGek5Y+uJn7rkQhJQ36vkoi4ARpw2qcYKS15ZrF8591UYP0hPRp7pxVoWdaxZ5Zsy54CLhInIyWQoe6ZX91eiOOAcIUZkrLj2JFyUyQUxYyMC91YkgjhERqQjqYcBUS66fT4MTzUSg/2Q6GLKzhVf0+kKJAyCXzdGSA1lPPeRPzP68Sqf+GmlEexIhzPFvVjBlUIJ0nAHhUEK5ZogrCg+laIh0ggrHReBR2CM//yImmeWM6ZVb2tlmqXWRx5sA8OQBk44BzUwDWogwbAIAHP4BW8GU/Gi/FufMxac0Y2UwR/YHz+AL9NkkI=</latexit>

(RK , P
0

5, ...)
<latexit sha1_base64="I/ttxuhwlpXguxy1mhWaC2ICQDY=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoioh6LXjxWsB/QhLLZbtqlu5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrW9sbpW3Kzu7e/tV9+CwrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040vp35nUeqNEvkg5mkNBR4KFnMCDZW6rvVCAUmQRoFQywERn235tW9OdAq8QtSgwLNvvsVDBKSCSoN4Vjrnu+lJsyxMoxwOq0EmaYpJmM8pD1LJRZUh/n88Ck6tcoAxYmyJQ2aq78nciy0nojIdgpsRnrZm4n/eb3MxNdhzmSaGSrJYlGccWRfnaWABkxRYvjEEkwUs7ciMsIKE2OzqtgQ/OWXV0n7vO5f1i/uL2qNmyKOMhzDCZyBD1fQgDtoQgsIZPAMr/DmPDkvzrvzsWgtOcXMEfyB8/kDU3OSPQ==</latexit>

b ! s�

<latexit sha1_base64="NkPMgp/J8Y3KYxi6nUVnqrxsAAk=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0Wol5JIUY9FLx4r2A9oQtlsN+3SzSbsboQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n21pb39jc2i7tlHf39g8O7aPjjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3M7z5SqVgsHnSWUD/CI8FCRrA20sCuBJ6OEUG19Bx5lHNPpGhgV526MwdaJW5BqlCgNbC/vGFM0ogKTThWqu86ifZzLDUjnE7LXqpogskEj2jfUIEjqvx8fvwUnRlliMJYmhIazdXfEzmOlMqiwHRGWI/VsjcT//P6qQ6v/ZyJJNVUkMWiMOXI/DtLAg2ZpETzzBBMJDO3IjLGEhNt8iqbENzll1dJ56LuXtYb941q86aIowQncAo1cOEKmnAHLWgDgQye4RXerCfrxXq3Phata1YxU4E/sD5/AMfEk5Q=</latexit>

b ! c(u)`⌫
<latexit sha1_base64="MkcXLQgYbEWxwMzPbc+0AaEOf7s=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBGqlJBIUZdFXbisYh/QxjCZTtqhk0mYmYgl5FfcuFDErT/izr9x2mahrQcuHM65l3vv8WNGpbLtb2NpeWV1bb2wUdzc2t7ZNfdKLRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn7o6uJ334kQtKI36txTNwQDTgNKEZKS55ZuqtcP5wcV2HLSxM/q1qW5Zll27KngIvEyUkZ5Gh45levH+EkJFxhhqTsOnas3BQJRTEjWbGXSBIjPEID0tWUo5BIN53ensEjrfRhEAldXMGp+nsiRaGU49DXnSFSQznvTcT/vG6iggs3pTxOFOF4tihIGFQRnAQB+1QQrNhYE4QF1bdCPEQCYaXjKuoQnPmXF0nr1HLOrNptrVy/zOMogANwCCrAAeegDm5AAzQBBk/gGbyCNyMzXox342PWumTkM/vgD4zPH8zAkl0=</latexit>

R(D⇤), Vub, ...

Pentaquarks, tetra quarks, quarkonia… 

W mass measurement, vector boson production, 
dark photons,..

Proton-lead, lead-lead and also fixed target (SMOG)

Charm 
<latexit sha1_base64="4mgvUGC7TNCjgS6Y7rVdBOUz4Ak=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4sexKUY9Fe/BYwX5Auy3ZNNuGJtklySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD0e3Ubz5SpVkkH8w4pr7AA8lCRrCxUrfadc87AVZpddJ1Ua9QdEvuDGiZeBkpQoZar/DV6UckEVQawrHWbc+NjZ9iZRjhdJLvJJrGmIzwgLYtlVhQ7aezqyfo1Cp9FEbKljRopv6eSLHQeiwC2ymwGepFbyr+57UTE177KZNxYqgk80VhwpGJ0DQC1GeKEsPHlmCimL0VkSFWmBgbVN6G4C2+vEwaFyXvslS+LxcrN1kcOTiGEzgDD66gAndQgzoQUPAMr/DmPDkvzrvzMW9dcbKZI/gD5/MH+f6RiQ==</latexit>

D0 � D̄0 mixing, first observation of CPV in charm,  …
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Heavy ion runs at LHCb: Quark Gluon Plasma 

LHCb-PAPER-2023-031

➤ Harmonic coefficients  hydrodynamic of quark-gluon plasma 


➤First LHCb results of the second- and the third-order flow harmonic coefficients of 
charged hadrons as a function of transverse momentum in the forward region

→

 PbPb collisions in 2018 at a center-of-mass energy of 5.02 TeV
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Heavy ion runs at LHCb:  productionη(′￼)

Differential cross section of  in pp (5TeV and 13TeV) and pPb 
collisions (8 TeV)

Used to calculate nuclear modification factors 

η(′￼)

LHCB-PAPER-2023-030


https://cds.cern.ch/record/2877059


Time-dependent, time independent 

(                          )

and

26

The LHCb physics program 

Rare Decays 

Semi-leptonic

Charm 

Spectroscopy  

Spectroscopy  

QCD,EW, 
exotica  

Heavy Ions  

CP violation 

<latexit sha1_base64="6S73J6ArCEGfCqEMrYbW6N6ylhc=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUBHLjBR1WXTjsoJ9QGcsmcxtG5p5kGSEMnTjr7hxoYhbP8Odf2M6nYW2Hkg4nHMvyTlezJlUlvVtFJaWV1bXiuuljc2t7R1zd68lo0RQaNKIR6LjEQmchdBUTHHoxAJI4HFoe6Obqd9+BCFZFN6rcQxuQAYh6zNKlJZ65oGHHRVhWfFPHOD84TS7z3DPLFtVKwNeJHZOyihHo2d+OX5EkwBCRTmRsmtbsXJTIhSjHCYlJ5EQEzoiA+hqGpIApJtmASb4WCs+7kdCn1DhTP29kZJAynHg6cmAqKGc96bif143Uf0rN2VhnCgI6eyhfsKxjjxtA/tMAFV8rAmhgum/YjokglClOyvpEuz5yIukdV61L6q1u1q5fp3XUUSH6AhVkI0uUR3dogZqIoom6Bm9ojfjyXgx3o2P2WjByHf20R8Ynz9xGJUJ</latexit>

b ! s(d)`+`�
<latexit sha1_base64="I/ttxuhwlpXguxy1mhWaC2ICQDY=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoioh6LXjxWsB/QhLLZbtqlu5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrW9sbpW3Kzu7e/tV9+CwrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040vp35nUeqNEvkg5mkNBR4KFnMCDZW6rvVCAUmQRoFQywERn235tW9OdAq8QtSgwLNvvsVDBKSCSoN4Vjrnu+lJsyxMoxwOq0EmaYpJmM8pD1LJRZUh/n88Ck6tcoAxYmyJQ2aq78nciy0nojIdgpsRnrZm4n/eb3MxNdhzmSaGSrJYlGccWRfnaWABkxRYvjEEkwUs7ciMsIKE2OzqtgQ/OWXV0n7vO5f1i/uL2qNmyKOMhzDCZyBD1fQgDtoQgsIZPAMr/DmPDkvzrvzsWgtOcXMEfyB8/kDU3OSPQ==</latexit>

b ! s�
<latexit sha1_base64="qkX2nzSXiLJoIPsKFRlVvbcxHlA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotYoYRE6mNZdCO4qWIf0MYwmU7boZNJmJkIIdRfceNCEbd+iDv/xmmbhbYeuHA4517uvcePGJXKtr+N3NLyyupafr2wsbm1vWPu7jVlGAtMGjhkoWj7SBJGOWkoqhhpR4KgwGek5Y+uJn7rkQhJQ36vkoi4ARpw2qcYKS15ZrF8591UYP0hPRp7pxVoWdaxZ5Zsy54CLhInIyWQoe6ZX91eiOOAcIUZkrLj2JFyUyQUxYyMC91YkgjhERqQjqYcBUS66fT4MTzUSg/2Q6GLKzhVf0+kKJAyCXzdGSA1lPPeRPzP68Sqf+GmlEexIhzPFvVjBlUIJ0nAHhUEK5ZogrCg+laIh0ggrHReBR2CM//yImmeWM6ZVb2tlmqXWRx5sA8OQBk44BzUwDWogwbAIAHP4BW8GU/Gi/FufMxac0Y2UwR/YHz+AL9NkkI=</latexit>

(RK , P
0

5, ...)

<latexit sha1_base64="NkPMgp/J8Y3KYxi6nUVnqrxsAAk=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0Wol5JIUY9FLx4r2A9oQtlsN+3SzSbsboQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzpR3n21pb39jc2i7tlHf39g8O7aPjjopTSWibxDyWvQArypmgbc00p71EUhwFnHaDye3M7z5SqVgsHnSWUD/CI8FCRrA20sCuBJ6OEUG19Bx5lHNPpGhgV526MwdaJW5BqlCgNbC/vGFM0ogKTThWqu86ifZzLDUjnE7LXqpogskEj2jfUIEjqvx8fvwUnRlliMJYmhIazdXfEzmOlMqiwHRGWI/VsjcT//P6qQ6v/ZyJJNVUkMWiMOXI/DtLAg2ZpETzzBBMJDO3IjLGEhNt8iqbENzll1dJ56LuXtYb941q86aIowQncAo1cOEKmnAHLWgDgQye4RXerCfrxXq3Phata1YxU4E/sD5/AMfEk5Q=</latexit>

b ! c(u)`⌫
<latexit sha1_base64="MkcXLQgYbEWxwMzPbc+0AaEOf7s=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBGqlJBIUZdFXbisYh/QxjCZTtqhk0mYmYgl5FfcuFDErT/izr9x2mahrQcuHM65l3vv8WNGpbLtb2NpeWV1bb2wUdzc2t7ZNfdKLRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn7o6uJ334kQtKI36txTNwQDTgNKEZKS55ZuqtcP5wcV2HLSxM/q1qW5Zll27KngIvEyUkZ5Gh45levH+EkJFxhhqTsOnas3BQJRTEjWbGXSBIjPEID0tWUo5BIN53ensEjrfRhEAldXMGp+nsiRaGU49DXnSFSQznvTcT/vG6iggs3pTxOFOF4tihIGFQRnAQB+1QQrNhYE4QF1bdCPEQCYaXjKuoQnPmXF0nr1HLOrNptrVy/zOMogANwCCrAAeegDm5AAzQBBk/gGbyCNyMzXox342PWumTkM/vgD4zPH8zAkl0=</latexit>

R(D⇤), Vub, ...

Pentaquarks, tetra quarks, quarkonia… 

W mass measurement, vector boson production, 
dark photons,..

Proton-lead, lead-lead and also fixed target (SMOG)

<latexit sha1_base64="4mgvUGC7TNCjgS6Y7rVdBOUz4Ak=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4sexKUY9Fe/BYwX5Auy3ZNNuGJtklySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD0e3Ubz5SpVkkH8w4pr7AA8lCRrCxUrfadc87AVZpddJ1Ua9QdEvuDGiZeBkpQoZar/DV6UckEVQawrHWbc+NjZ9iZRjhdJLvJJrGmIzwgLYtlVhQ7aezqyfo1Cp9FEbKljRopv6eSLHQeiwC2ymwGepFbyr+57UTE177KZNxYqgk80VhwpGJ0DQC1GeKEsPHlmCimL0VkSFWmBgbVN6G4C2+vEwaFyXvslS+LxcrN1kcOTiGEzgDD66gAndQgzoQUPAMr/DmPDkvzrvzMW9dcbKZI/gD5/MH+f6RiQ==</latexit>

D0 � D̄0 mixing, first observation of CPV in charm,  …
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• Simultaneously measure           ,          
via 

<latexit sha1_base64="1HUBcrJA1u8ZzNXDtHiW5hmu2JU=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqsxIUZdFNy4r2Ad0hpJJM21okhnyUMrYT3HjQhG3fok7/8ZMOwttPSRwOOde7r0nShlV2vO+ndLa+sbmVnm7srO7t3/gVg87KjESkzZOWCJ7EVKEUUHammpGeqkkiEeMdKPJTe53H4hUNBH3epqSkKORoDHFSFtp4FYDjUygExhwE4j8DdyaV/fmgKvEL0gNFGgN3K9gmGDDidCYIaX6vpfqMENSU8zIrBIYRVKEJ2hE+pYKxIkKs/nqM3hqlSGME2m/0HCu/u7IEFdqyiNbyZEeq2UvF//z+kbHV2FGRWo0EXgxKDYM2lPzHOCQSoI1m1qCsKR2V4jHSCKsbVoVG4K/fPIq6ZzX/Yt6465Ra14XcZTBMTgBZ8AHl6AJbkELtAEGj+AZvII358l5cd6dj0VpySl6jsAfOJ8/bOCUHw==</latexit>

⌧ ! µ⌫⌫

• Challenge: neutrinos, missing energy 

• We know flight direction of B: use missing 
transverse momentum, as well as energy 
of muon, to separate signal/background

<latexit sha1_base64="z9lZEb3q10Usw7885GjBfXrsXnk=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCHsiuIeqRqAePaOQjgZV0S4FKt920XROy4T948aAxXv0/3vw3FtiDgi+Z5OW9mczMCyLOtHHdbyeztLyyupZdz21sbm3v5Hf36lrGitAakVyqZoA15UzQmmGG02akKA4DThvB8GriN56o0kyKezOKqB/ivmA9RrCxUv2ueP1wctzJF9ySOwVaJF5KCpCi2sl/tbuSxCEVhnCsdctzI+MnWBlGOB3n2rGmESZD3KctSwUOqfaT6bVjdGSVLupJZUsYNFV/TyQ41HoUBrYzxGag572J+J/Xik3vwk+YiGJDBZkt6sUcGYkmr6MuU5QYPrIEE8XsrYgMsMLE2IByNgRv/uVFUj8teWel8m25ULlM48jCARxCETw4hwrcQBVqQOARnuEV3hzpvDjvzsesNeOkM/vwB87nDxwkji4=</latexit>

R(D⇤)
<latexit sha1_base64="vCgKpnlzc9Exz9xDfBFxUqhFkg4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY1IPHKvYD2rVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aPXBwOO9GWbmBTFn2rjul5NbWl5ZXcuvFzY2t7Z3irt7TS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDn1W49UaSbFnRnH1I/wQLCQEWys1LwtX927x71iya24M6C/xMtICTLUe8XPbl+SJKLCEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcAR1X46u3aCjqzSR6FUtoRBM/XnRIojrcdRYDsjbIZ60ZuK/3mdxITnfspEnBgqyHxRmHBkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrYELzFl/+S5knFO61Ub6ql2kUWRx4O4BDK4MEZ1OAa6tAAAg/wBC/w6kjn2Xlz3uetOSeb2YdfcD6+ASVCjjQ=</latexit>

R(D0)

Joint measurement of  and  at LHCbR(D*) R(D0)
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• Simultaneously measure           ,          
via 

<latexit sha1_base64="1HUBcrJA1u8ZzNXDtHiW5hmu2JU=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqsxIUZdFNy4r2Ad0hpJJM21okhnyUMrYT3HjQhG3fok7/8ZMOwttPSRwOOde7r0nShlV2vO+ndLa+sbmVnm7srO7t3/gVg87KjESkzZOWCJ7EVKEUUHammpGeqkkiEeMdKPJTe53H4hUNBH3epqSkKORoDHFSFtp4FYDjUygExhwE4j8DdyaV/fmgKvEL0gNFGgN3K9gmGDDidCYIaX6vpfqMENSU8zIrBIYRVKEJ2hE+pYKxIkKs/nqM3hqlSGME2m/0HCu/u7IEFdqyiNbyZEeq2UvF//z+kbHV2FGRWo0EXgxKDYM2lPzHOCQSoI1m1qCsKR2V4jHSCKsbVoVG4K/fPIq6ZzX/Yt6465Ra14XcZTBMTgBZ8AHl6AJbkELtAEGj+AZvII358l5cd6dj0VpySl6jsAfOJ8/bOCUHw==</latexit>

⌧ ! µ⌫⌫

LHCb-preliminary LHCb-preliminary 

• Challenge: neutrinos, missing energy 

• We know flight direction of B: use missing 
transverse momentum, as well as energy 
of muon, to separate signal/background

<latexit sha1_base64="z9lZEb3q10Usw7885GjBfXrsXnk=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCHsiuIeqRqAePaOQjgZV0S4FKt920XROy4T948aAxXv0/3vw3FtiDgi+Z5OW9mczMCyLOtHHdbyeztLyyupZdz21sbm3v5Hf36lrGitAakVyqZoA15UzQmmGG02akKA4DThvB8GriN56o0kyKezOKqB/ivmA9RrCxUv2ueP1wctzJF9ySOwVaJF5KCpCi2sl/tbuSxCEVhnCsdctzI+MnWBlGOB3n2rGmESZD3KctSwUOqfaT6bVjdGSVLupJZUsYNFV/TyQ41HoUBrYzxGag572J+J/Xik3vwk+YiGJDBZkt6sUcGYkmr6MuU5QYPrIEE8XsrYgMsMLE2IByNgRv/uVFUj8teWel8m25ULlM48jCARxCETw4hwrcQBVqQOARnuEV3hzpvDjvzsesNeOkM/vwB87nDxwkji4=</latexit>

R(D⇤)
<latexit sha1_base64="vCgKpnlzc9Exz9xDfBFxUqhFkg4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY1IPHKvYD2rVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aPXBwOO9GWbmBTFn2rjul5NbWl5ZXcuvFzY2t7Z3irt7TS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDn1W49UaSbFnRnH1I/wQLCQEWys1LwtX927x71iya24M6C/xMtICTLUe8XPbl+SJKLCEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcAR1X46u3aCjqzSR6FUtoRBM/XnRIojrcdRYDsjbIZ60ZuK/3mdxITnfspEnBgqyHxRmHBkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrYELzFl/+S5knFO61Ub6ql2kUWRx4O4BDK4MEZ1OAa6tAAAg/wBC/w6kjn2Xlz3uetOSeb2YdfcD6+ASVCjjQ=</latexit>

R(D0)

<latexit sha1_base64="z9lZEb3q10Usw7885GjBfXrsXnk=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCHsiuIeqRqAePaOQjgZV0S4FKt920XROy4T948aAxXv0/3vw3FtiDgi+Z5OW9mczMCyLOtHHdbyeztLyyupZdz21sbm3v5Hf36lrGitAakVyqZoA15UzQmmGG02akKA4DThvB8GriN56o0kyKezOKqB/ivmA9RrCxUv2ueP1wctzJF9ySOwVaJF5KCpCi2sl/tbuSxCEVhnCsdctzI+MnWBlGOB3n2rGmESZD3KctSwUOqfaT6bVjdGSVLupJZUsYNFV/TyQ41HoUBrYzxGag572J+J/Xik3vwk+YiGJDBZkt6sUcGYkmr6MuU5QYPrIEE8XsrYgMsMLE2IByNgRv/uVFUj8teWel8m25ULlM48jCARxCETw4hwrcQBVqQOARnuEV3hzpvDjvzsesNeOkM/vwB87nDxwkji4=</latexit>

R(D⇤)
<latexit sha1_base64="vCgKpnlzc9Exz9xDfBFxUqhFkg4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY1IPHKvYD2rVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aPXBwOO9GWbmBTFn2rjul5NbWl5ZXcuvFzY2t7Z3irt7TS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDn1W49UaSbFnRnH1I/wQLCQEWys1LwtX927x71iya24M6C/xMtICTLUe8XPbl+SJKLCEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcAR1X46u3aCjqzSR6FUtoRBM/XnRIojrcdRYDsjbIZ60ZuK/3mdxITnfspEnBgqyHxRmHBkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrYELzFl/+S5knFO61Ub6ql2kUWRx4O4BDK4MEZ1OAa6tAAAg/wBC/w6kjn2Xlz3uetOSeb2YdfcD6+ASVCjjQ=</latexit>

R(D0)

Joint measurement of  and  at LHCbR(D*) R(D0)
	 PHYS. REV. LETT. 131 (2023) 111802
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<latexit sha1_base64="Hrb1pWloPd//VMgC6o49TrduDbo=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2ARqosyU4p2IxR14bKKvUA7lkyaaUOTzJBkhDJ068ZXceNCEbe+gTvfxrSdhbYeCPn4/3NIzu9HjCrtON9WZml5ZXUtu57b2Nza3rF39xoqjCUmdRyyULZ8pAijgtQ11Yy0IkkQ9xlp+sPLid98IFLRUNzpUUQ8jvqCBhQjbaSuDW8LV/cnx/AcOsVSxe1E3IDjVlIolbt23tzTgovgppAHadW69lenF+KYE6ExQ0q1XSfSXoKkppiRca4TKxIhPER90jYoECfKS6abjOGRUXowCKU5QsOp+nsiQVypEfdNJ0d6oOa9ifif1451UPESKqJYE4FnDwUxgzqEk1hgj0qCNRsZQFhS81eIB0girE14OROCO7/yIjRKRfe0WL4p56sXaRxZcAAOQQG44AxUwTWogTrA4BE8g1fwZj1ZL9a79TFrzVjpzD74U9bnD/1WlXY=</latexit>

R(D⇤) = 0.281± 0.018± 0.024
<latexit sha1_base64="vpNxC1FJniacpUK4avHmVqebd3c=">AAACB3icbZDLSgMxFIYzXmu9jboUJFiEuikzMlQ3QlEXLqvYC7RDyaSZNjTJDElGKEN3bnwVNy4UcesruPNtTNsRtPVAyMf/n0Ny/iBmVGnH+bIWFpeWV1Zza/n1jc2tbXtnt66iRGJSwxGLZDNAijAqSE1TzUgzlgTxgJFGMLgc+417IhWNxJ0exsTnqCdoSDHSRurYB7fFq2N4Dp2S57ntmBtwys4PlDt2wdyTgvPgZlAAWVU79me7G+GEE6ExQ0q1XCfWfoqkppiRUb6dKBIjPEA90jIoECfKTyd7jOCRUbowjKQ5QsOJ+nsiRVypIQ9MJ0e6r2a9sfif10p0eOanVMSJJgJPHwoTBnUEx6HALpUEazY0gLCk5q8Q95FEWJvo8iYEd3bleaiflNxyybvxCpWLLI4c2AeHoAhccAoq4BpUQQ1g8ACewAt4tR6tZ+vNep+2LljZzB74U9bHN9XHlNs=</latexit>

R(D) = 0.441± 0.060± 0.066
<latexit sha1_base64="/aikagha1oJH/0QUHI/BTQssQdg=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi8uuFvUiFL14rGA/oF1KNk3b0GyyJtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDmTBvP+3ZyK6tr6xv5zcLW9s7uXnH/oK5logitEcmlaoZYU84ErRlmOG3GiuIo5LQRDu+mfmNElWZSPJpxTIMI9wXrMYKNlYK2GkiEbtCZ55YvOsWS53ozoGXiZ6QEGaqd4le7K0kSUWEIx1q3fC82QYqVYYTTSaGdaBpjMsR92rJU4IjqIJ0dPUEnVuminlS2hEEz9fdEiiOtx1FoOyNsBnrRm4r/ea3E9K6DlIk4MVSQ+aJewpGRaJoA6jJFieFjSzBRzN6KyAArTIzNqWBD8BdfXib1c9e/dMsP5VLlNosjD0dwDKfgwxVU4B6qUAMCT/AMr/DmjJwX5935mLfmnGzmEP7A+fwB4JSQOQ==</latexit>

⇢ = �0.43Correlation coeff:

Joint measurement of  and  at LHCbR(D*) R(D0)
	PHYS. REV. LETT. 131 (2023) 111802
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<latexit sha1_base64="Hrb1pWloPd//VMgC6o49TrduDbo=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2ARqosyU4p2IxR14bKKvUA7lkyaaUOTzJBkhDJ068ZXceNCEbe+gTvfxrSdhbYeCPn4/3NIzu9HjCrtON9WZml5ZXUtu57b2Nza3rF39xoqjCUmdRyyULZ8pAijgtQ11Yy0IkkQ9xlp+sPLid98IFLRUNzpUUQ8jvqCBhQjbaSuDW8LV/cnx/AcOsVSxe1E3IDjVlIolbt23tzTgovgppAHadW69lenF+KYE6ExQ0q1XSfSXoKkppiRca4TKxIhPER90jYoECfKS6abjOGRUXowCKU5QsOp+nsiQVypEfdNJ0d6oOa9ifif1451UPESKqJYE4FnDwUxgzqEk1hgj0qCNRsZQFhS81eIB0girE14OROCO7/yIjRKRfe0WL4p56sXaRxZcAAOQQG44AxUwTWogTrA4BE8g1fwZj1ZL9a79TFrzVjpzD74U9bnD/1WlXY=</latexit>

R(D⇤) = 0.281± 0.018± 0.024
<latexit sha1_base64="vpNxC1FJniacpUK4avHmVqebd3c=">AAACB3icbZDLSgMxFIYzXmu9jboUJFiEuikzMlQ3QlEXLqvYC7RDyaSZNjTJDElGKEN3bnwVNy4UcesruPNtTNsRtPVAyMf/n0Ny/iBmVGnH+bIWFpeWV1Zza/n1jc2tbXtnt66iRGJSwxGLZDNAijAqSE1TzUgzlgTxgJFGMLgc+417IhWNxJ0exsTnqCdoSDHSRurYB7fFq2N4Dp2S57ntmBtwys4PlDt2wdyTgvPgZlAAWVU79me7G+GEE6ExQ0q1XCfWfoqkppiRUb6dKBIjPEA90jIoECfKTyd7jOCRUbowjKQ5QsOJ+nsiRVypIQ9MJ0e6r2a9sfif10p0eOanVMSJJgJPHwoTBnUEx6HALpUEazY0gLCk5q8Q95FEWJvo8iYEd3bleaiflNxyybvxCpWLLI4c2AeHoAhccAoq4BpUQQ1g8ACewAt4tR6tZ+vNep+2LljZzB74U9bHN9XHlNs=</latexit>

R(D) = 0.441± 0.060± 0.066
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Joint measurement of  and  at LHCbR(D*) R(D0)
	PHYS. REV. LETT. 131 (2023) 111802
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Searches for dark photons: A′￼

W mass

Phys. Rev. Lett. 120, 061801
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Example: A′￼ → μ+μ−



33

First measurements of Zc jets in forward region

Z-rapidity 

Prediction with no intrinsic 
charm 

Prediction with intrinsic charm 

Prediction with intrinsic charm, 
mean momentum fraction 1% Physical Review Letters 128 (2022) 082001
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Z-tagged jet fragmentation functions

➤ First measurement of jet fragmentation fractions for charged pions, 
kaons, and protons within jets recoiling against a Z boson. 


➤ Charged-hadron distributions studied longitudinally + transversely to 
the jet direction for jets with transverse momentum 20 < pT < 100 
GeV and in the pseudorapidity range 2.5 < η < 4.

PRD108, L031103 (2023)
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64/72 discovered by LHCb, many US-led
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64/72 discovered by LHCb, many US-led

Exotic +conventional hadrons discovered at LHC



38

Phys. Rev. Lett. 122, 222001 (2019)

Observation of new 
pentaquark states

Observations of four new 
excited  statesΩ−

b

PHYS. REV. LETT. 124 (2020) 082002


Exotic +conventional hadrons discovered at LHC
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b ! c(u)`⌫
<latexit sha1_base64="MkcXLQgYbEWxwMzPbc+0AaEOf7s=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBGqlJBIUZdFXbisYh/QxjCZTtqhk0mYmYgl5FfcuFDErT/izr9x2mahrQcuHM65l3vv8WNGpbLtb2NpeWV1bb2wUdzc2t7ZNfdKLRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn7o6uJ334kQtKI36txTNwQDTgNKEZKS55ZuqtcP5wcV2HLSxM/q1qW5Zll27KngIvEyUkZ5Gh45levH+EkJFxhhqTsOnas3BQJRTEjWbGXSBIjPEID0tWUo5BIN53ensEjrfRhEAldXMGp+nsiRaGU49DXnSFSQznvTcT/vG6iggs3pTxOFOF4tihIGFQRnAQB+1QQrNhYE4QF1bdCPEQCYaXjKuoQnPmXF0nr1HLOrNptrVy/zOMogANwCCrAAeegDm5AAzQBBk/gGbyCNyMzXox342PWumTkM/vgD4zPH8zAkl0=</latexit>

R(D⇤), Vub, ...

Pentaquarks, tetra quarks, quarkonia… 

W mass measurement, vector boson production, 
dark photons,..

Proton-lead, lead-lead and also fixed target (SMOG)

Charm 
<latexit sha1_base64="4mgvUGC7TNCjgS6Y7rVdBOUz4Ak=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4sexKUY9Fe/BYwX5Auy3ZNNuGJtklySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzgpgzbVz321lZXVvf2Mxt5bd3dvf2CweHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD0e3Ubz5SpVkkH8w4pr7AA8lCRrCxUrfadc87AVZpddJ1Ua9QdEvuDGiZeBkpQoZar/DV6UckEVQawrHWbc+NjZ9iZRjhdJLvJJrGmIzwgLYtlVhQ7aezqyfo1Cp9FEbKljRopv6eSLHQeiwC2ymwGepFbyr+57UTE177KZNxYqgk80VhwpGJ0DQC1GeKEsPHlmCimL0VkSFWmBgbVN6G4C2+vEwaFyXvslS+LxcrN1kcOTiGEzgDD66gAndQgzoQUPAMr/DmPDkvzrvzMW9dcbKZI/gD5/MH+f6RiQ==</latexit>

D0 � D̄0 mixing, first observation of CPV in charm,  …



Studies of  
baryons via  measurements 

of integrated 

Λ0
b → K̄0pπ−

ACP =
Γ − Γ̄
Γ + Γ̄
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CP violation  

• 	 JHEP 07 (2023) 138


Most precise 
measurement of 
direction CP 
asymmetry in

  
puzzle
B+ → K+π0 →Kπ

Phys. Rev. Lett. 126 (2021) 091802

J. High Energy Phys. 04 (2014) 087
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A few words on Upgrade II 

➤ By end of Upgrade I many observables will still be inaccessible or 
statistics-limited: Upgrade II needed to realise full physics potential


➤ TDR for Upgrade II released (2021),  R&D programmed approved 
(2022), sub-detector TDRs expected ~ 2026


➤ Aiming for same performance as Run 3 but with ~40 (as opposed to 
~6) pile-up (!)

http://cdsweb.cern.ch/record/2776420?ln=en
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A few words on Upgrade II 

Upgrade II requirements:

➤ Better granularity 

➤ Fast timing (tens of ps)

➤ Radiation hardness



43

A few words on Upgrade II 

Upgrade II requirements:

➤ Better granularity 

➤ Fast timing (tens of ps)

➤ Radiation hardness

➤ Likely only general purpose flavour-facility on this time-scale

➤ US-led effort for R&D into ECAL (Spaghetti Calorimeter with timing)

pile-up 1 pile-up 20 pile-up 50
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Conclusions

LHCb (2011-2018) LHCb Upgrade I (2022-2032)

LHCb ‘original’ has 
surpassed expectations, 
producing leading results in 
wide range of physics 
programs (*many* not covered today)

Run 3 has started and 
commissioning is underway! 

Expect significant gains from 
increased lumi + upgraded 
detector and trigger system
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Upstream Tracker 

Silicon-strip detector sitting just before magnet 


Longer lived particles decay past end of VELO, UT allows for their 
momentum to be measured + improves the track resolution of particles 
decaying inside velo
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LHCb Upgrade I 
➤ Lumi increase means that ~24% (2%) of events will have a 

reconstructable      (   ) pair 
bb
<latexit sha1_base64="XZzJqNsB8HuE25Wxh8HBVP7MfJY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUA7lCTNtKGZZEwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zDvTkkEdxY3//21tY3Nre2Szvl3b39g8PK0XHLqFRT1qRKKN0h2DDBJWtabgXrJJrhmAjWJuO73G9PmDZcyUc7TVgY46HkEafYOikkPeXcPJyRWb9S9Wv+HGiVBAWpQoFGv/LVGyiaxkxaKrAx3cBPbJhhbTkVbFbupYYlmI7xkHUdlThmJszmR8/QuVMGKFLaPWnRXP2dyHBszDQmbjLGdmSWvVz8z+umNroJMy6T1DJJF4uiVCCrUN4AGnDNqBVTRzDV3N2K6AhrTK3rqexKCJa/vEpal7XArwUPV9X6bVFHCU7hDC4ggGuowz00oAkUnuAZXuHNm3gv3rv3sRhd84rMCfyB9/kDXDWSeA==</latexit><latexit sha1_base64="XZzJqNsB8HuE25Wxh8HBVP7MfJY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUA7lCTNtKGZZEwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zDvTkkEdxY3//21tY3Nre2Szvl3b39g8PK0XHLqFRT1qRKKN0h2DDBJWtabgXrJJrhmAjWJuO73G9PmDZcyUc7TVgY46HkEafYOikkPeXcPJyRWb9S9Wv+HGiVBAWpQoFGv/LVGyiaxkxaKrAx3cBPbJhhbTkVbFbupYYlmI7xkHUdlThmJszmR8/QuVMGKFLaPWnRXP2dyHBszDQmbjLGdmSWvVz8z+umNroJMy6T1DJJF4uiVCCrUN4AGnDNqBVTRzDV3N2K6AhrTK3rqexKCJa/vEpal7XArwUPV9X6bVFHCU7hDC4ggGuowz00oAkUnuAZXuHNm3gv3rv3sRhd84rMCfyB9/kDXDWSeA==</latexit><latexit sha1_base64="XZzJqNsB8HuE25Wxh8HBVP7MfJY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUA7lCTNtKGZZEwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zDvTkkEdxY3//21tY3Nre2Szvl3b39g8PK0XHLqFRT1qRKKN0h2DDBJWtabgXrJJrhmAjWJuO73G9PmDZcyUc7TVgY46HkEafYOikkPeXcPJyRWb9S9Wv+HGiVBAWpQoFGv/LVGyiaxkxaKrAx3cBPbJhhbTkVbFbupYYlmI7xkHUdlThmJszmR8/QuVMGKFLaPWnRXP2dyHBszDQmbjLGdmSWvVz8z+umNroJMy6T1DJJF4uiVCCrUN4AGnDNqBVTRzDV3N2K6AhrTK3rqexKCJa/vEpal7XArwUPV9X6bVFHCU7hDC4ggGuowz00oAkUnuAZXuHNm3gv3rv3sRhd84rMCfyB9/kDXDWSeA==</latexit><latexit sha1_base64="XZzJqNsB8HuE25Wxh8HBVP7MfJY=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUA7lCTNtKGZZEwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zDvTkkEdxY3//21tY3Nre2Szvl3b39g8PK0XHLqFRT1qRKKN0h2DDBJWtabgXrJJrhmAjWJuO73G9PmDZcyUc7TVgY46HkEafYOikkPeXcPJyRWb9S9Wv+HGiVBAWpQoFGv/LVGyiaxkxaKrAx3cBPbJhhbTkVbFbupYYlmI7xkHUdlThmJszmR8/QuVMGKFLaPWnRXP2dyHBszDQmbjLGdmSWvVz8z+umNroJMy6T1DJJF4uiVCCrUN4AGnDNqBVTRzDV3N2K6AhrTK3rqexKCJa/vEpal7XArwUPV9X6bVFHCU7hDC4ggGuowz00oAkUnuAZXuHNm3gv3rv3sRhd84rMCfyB9/kDXDWSeA==</latexit>

cc
<latexit sha1_base64="jzdPFSFSpi7ovEZxDaTWa9iooik=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuyowIuiy6cVnBPqAdSibNtKGZZEwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zDvTlhIrixnveN1tY3Nre2Szvl3b39g8PK0XHLqFRT1qRKKN0JiWGCS9a03ArWSTQjcShYOxzf5X57wrThSj7aacKCmAwljzgl1kkB7Snn5uGMzvqVqlfz5sCrxC9IFQo0+pWv3kDRNGbSUkGM6fpeYoOMaMupYLNyLzUsIXRMhqzrqCQxM0E2P3qGz50ywJHS7kmL5+rvREZiY6Zx6CZjYkdm2cvF/7xuaqObIOMySS2TdLEoSgW2CucN4AHXjFoxdYRQzd2tmI6IJtS6nsquBH/5y6ukdVnzvZr/cFWt3xZ1lOAUzuACfLiGOtxDA5pA4Qme4RXe0AS9oHf0sRhdQ0XmBP4Aff4AX0qSeg==</latexit><latexit sha1_base64="jzdPFSFSpi7ovEZxDaTWa9iooik=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuyowIuiy6cVnBPqAdSibNtKGZZEwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zDvTlhIrixnveN1tY3Nre2Szvl3b39g8PK0XHLqFRT1qRKKN0JiWGCS9a03ArWSTQjcShYOxzf5X57wrThSj7aacKCmAwljzgl1kkB7Snn5uGMzvqVqlfz5sCrxC9IFQo0+pWv3kDRNGbSUkGM6fpeYoOMaMupYLNyLzUsIXRMhqzrqCQxM0E2P3qGz50ywJHS7kmL5+rvREZiY6Zx6CZjYkdm2cvF/7xuaqObIOMySS2TdLEoSgW2CucN4AHXjFoxdYRQzd2tmI6IJtS6nsquBH/5y6ukdVnzvZr/cFWt3xZ1lOAUzuACfLiGOtxDA5pA4Qme4RXe0AS9oHf0sRhdQ0XmBP4Aff4AX0qSeg==</latexit><latexit sha1_base64="jzdPFSFSpi7ovEZxDaTWa9iooik=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuyowIuiy6cVnBPqAdSibNtKGZZEwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zDvTlhIrixnveN1tY3Nre2Szvl3b39g8PK0XHLqFRT1qRKKN0JiWGCS9a03ArWSTQjcShYOxzf5X57wrThSj7aacKCmAwljzgl1kkB7Snn5uGMzvqVqlfz5sCrxC9IFQo0+pWv3kDRNGbSUkGM6fpeYoOMaMupYLNyLzUsIXRMhqzrqCQxM0E2P3qGz50ywJHS7kmL5+rvREZiY6Zx6CZjYkdm2cvF/7xuaqObIOMySS2TdLEoSgW2CucN4AHXjFoxdYRQzd2tmI6IJtS6nsquBH/5y6ukdVnzvZr/cFWt3xZ1lOAUzuACfLiGOtxDA5pA4Qme4RXe0AS9oHf0sRhdQ0XmBP4Aff4AX0qSeg==</latexit><latexit sha1_base64="jzdPFSFSpi7ovEZxDaTWa9iooik=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuyowIuiy6cVnBPqAdSibNtKGZZEwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zDvTlhIrixnveN1tY3Nre2Szvl3b39g8PK0XHLqFRT1qRKKN0JiWGCS9a03ArWSTQjcShYOxzf5X57wrThSj7aacKCmAwljzgl1kkB7Snn5uGMzvqVqlfz5sCrxC9IFQo0+pWv3kDRNGbSUkGM6fpeYoOMaMupYLNyLzUsIXRMhqzrqCQxM0E2P3qGz50ywJHS7kmL5+rvREZiY6Zx6CZjYkdm2cvF/7xuaqObIOMySS2TdLEoSgW2CucN4AHXjFoxdYRQzd2tmI6IJtS6nsquBH/5y6ukdVnzvZr/cFWt3xZ1lOAUzuACfLiGOtxDA5pA4Qme4RXe0AS9oHf0sRhdQ0XmBP4Aff4AX0qSeg==</latexit>

➤ Significant efficiency gains, particularly for low-PT hadrons 
+ electrons


Comput.Softw.Big Sci. 4 (2020) 1, 7 
HLT1 (software trigger) selection efficiency 

https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201912.09161

