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The LHCb collaboration
• ~850 authors from  78 institutes in 18 countries
•  ~440 publications, some with very high impact
• Main focus on heavy flavour…but plenty of other physics 

in the forward direction
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Why heavy (quark) flavour?
• A very rich field, and a vast laboratory to test the SM 

• Heavy b mass → Easier to understand theoretically (αs(mb) ≈ 0.2, ΛQCD/mb ≈ 0.1)

• b (and c) lifetimes long enough for experimental detection (τb~1.5 10-12 s) 

• Sizeable CP violation expected in many b decays 
- Large CPV effects expected in processes which involve quarks from all three 

generations 

• Most TeV new physics contains new sources of CP and flavour 
violation 

• The observed baryon asymmetry of the Universe requires CPV 
beyond the SM  
- Not necessarily in flavour changing processes, nor necessarily in quark sector, it 

could originate from lepton sector

 3



Why heavy (quark) flavour (II)?
• In the SM, some rare decays are forbidden at tree level and can only 

occur at loop level (penguin and box), e.g. Bs →μ+μ-       

• A new particle, too heavy to be produced at the LHC, can give sizeable 
effects when exchanged in a loop (e.g. modify branching fractions, angular 
distributions,…) 

  

• Strategy: use well-predicted observables to look for deviations 
• Indirect approach to New Physics searches, complementary to that of 

ATLAS/CMS  4

No FCNCs

(Talk by João Coelho)



A window on 
NP at high 

scales



LHCb detector: the essentials
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VELO

RICH

MUON

MAGNET

TRACKING

CALO

• Forward acceptance  
• Efficient trigger for hadronic and 

leptonic modes 
• Acceptance down to low pT 
• Precision tracking and vertexing 

(VELO@8 mm from beam) 
• Excellent PID 

JINST 3 (2008) S08005



Luminosity @ LHCb

• Experiment designed to run at constant luminosity throughout fills                                    
- 4 x1032 cm-2 sec -1 (to be raised to 2 x1033 cm-2 sec -1 in Run 3) 
- mean number of interactions/bunch crossing ~1     
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Run 1  
~3 fb-1 

Run 2 
~5 fb-1 

bb̄

cc̄

~1011         decays/fb 
  in acceptance 
~1012       decays/fb

….
Z
L dt ⇠ 9 fb�1

<latexit sha1_base64="Xxvwi/HKNh0KgccMC1+/f5D/r80="></latexit><latexit sha1_base64="Xxvwi/HKNh0KgccMC1+/f5D/r80="></latexit><latexit sha1_base64="Xxvwi/HKNh0KgccMC1+/f5D/r80="></latexit><latexit sha1_base64="Xxvwi/HKNh0KgccMC1+/f5D/r80="></latexit> (reached ~8 fb-1)



Last year of LHCb as we know it!
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• LHCb is building its Upgrade I to be installed during Long Shutdown 2 
(2019-20)→Factor 5 increase in Lumi: 2 x1033 cm-2 sec -1

• Possible LHCb detector consolidation and modest enhancements in LS3 (2025) -      
ATLAS/CMS Phase II upgrades also in LS3 

• Major LHCb Upgrade II in LS4 (2030) →Factor 10 increase in instantaneous Lumi:            
2 x1034 cm-2 sec -1 (Expression of Interest in CERN-LHCC-2017-003 and physics 
document in CERN/LHCC 2018-027)

Run1 Run2 Run3 Run4 Run5LS1 LS2 LS3 LS4 LS5

2012 2014 2018 2020 2023 2025 2029 2031 2034

LHCb
Upgrade

HL-LHC

7,8 TeV    13 TeV 14 TeV

We are 
here !
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Last year of LHCb as we know it!
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VELO 
pixel 

RICH new 
photodetectors 

Upstream Tracker 
(UT) 

Tracker 
scintillating fibres

Calorimetry and muons: 
replace RO electronics 
 & remove redundant 

components

The upgraded detector
• Less than 10% of all channels will be kept! 
• New RO electronics 
• New DAQ & data centre

40 MHz Readout 
Software trigger only
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components

The upgraded detector!
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• New RO electronics 
• New DAQ & data centre

40 MHz Readout 
Software trigger only

NEW
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Installation starts in six months!
VELO sensor tiles 
testing device

VELO module
SciFI module SciFI Readoout

CALO electronics

UT sensor

UT staves 
construction

Test of MUON 
electronics

RICH MaPMTs 
under test

PCIe40 boards



Measurement of the 
CKM parameters (γ)

More in the talk by          
Fernando Ferreira Rodrigues



CKM Matrix
• The CKM matrix VCKM  describes the decay of one quark to another by the emission of a W 

• VCKM depends on 3 mixing angles and 1 phase, which is the only source of CP violation in SM 

• Phase only present with N≥3 generations (Nobel prize 2008) 

- With N=2, all phases can be removed→matrix real→no CPV 

• These 4 parameters (3 angles, 1 phase) must be determined experimentally 

• VCKM unitary: unitarity constraints can be seen as sum of three complex numbers closing a 
triangle in complex plane 

• Check  consistency of Unitary Triangles through                                                                     
precise measurements                                                                                                                         
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• Probability of b to c decay  ~ |Vcb|2  

X

i

VijV
⇤
jk = 0 for j 6= k
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j = d, k = bMost open triangle:



Measuring γ
• γ from tree-level processes is SM “standard candle” 

- theoretically very clean δγ/γth~𝒪(10-7)  
- yields results unpolluted by NP 

• Golden mode 
- Sensitivity from interference of            and             amplitudes through final 

states accessible to both       and        

- Many different methods and decay modes 
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B− → DK−

D0 D̄0
b → c b → u

Vub ∼ e−iγVcb

(Kπ, K3π, KK, K0
s ππ, . . . )

Derived from combination of 
observables in many  
decay channels

B → DK

Indirect prediction 
from rest of triangle 
(~2° precision)

• Uncertainty on world average 
~5°, driven by LHCb 

• Consistent with indirect 
precision but.. not as precise

Asup/Afav = rBe
i(�B±�)

<latexit sha1_base64="3owFsfk4zQE+VwU5tO6YOXKE4Ek="></latexit><latexit sha1_base64="kVhjxP6oouYaX852TwsKCpuB1gA="></latexit><latexit sha1_base64="kVhjxP6oouYaX852TwsKCpuB1gA="></latexit><latexit sha1_base64="lgfFALaYFOFSRYfWIchvSe6Zr5s=">AAACHXicbZBNS8NAEIY3flu/qh69LBZBLzURQS+C1ovHClaFpobJdlIXd5OwuymUkD/ixb/ixYMiHryI/8akzUFbX1h4eGeG2Xn9WHBtbPvbmpqemZ2bX1isLC2vrK5V1zeudZQohi0WiUjd+qBR8BBbhhuBt7FCkL7AG//hvKjf9FFpHoVXZhBjR0Iv5AFnYHLLqx6eeamrJNVJnO2XHEA/O1FeA+9Svut2URjwGm4s3R5ICXtZxavW7Lo9FJ0Ep4QaKdX0qp9uN2KJxNAwAVq3HTs2nRSU4UxgVnETjTGwB+hhO8cQJOpOOrwuozu506VBpPIXGjp0f0+kILUeSD/vlGDu9XitMP+rtRMTHHdSHsaJwZCNFgWJoCaiRVS0yxUyIwY5AFM8/ytl96CAmTzQIgRn/ORJuD6oO3bdubRrp40yjgWyRbbJLnHIETklF6RJWoSRR/JMXsmb9WS9WO/Wx6h1yipnNskfWV8/7oGhxw==</latexit>

ratio of interfering B 
amplitudes ~0.10

strong phase 
difference



   Measuring γ in B➝DK decays with           

• D reconstructed using the three-body, self-conjugate final state 
• Sensitivity to γ by comparing Dalitz plot distributions for B+ and B- 
• Input on strong phase difference between                                   decay amplitudes across 

Dalitz plot taken from quantum correlation of             pairs from ψ(3770) 
decays  →   model independent measurement 

• Analysis of ~4500 decays from 2 fb-1 in Run 2
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D ! K0
s⇡

+⇡�, K0
sK

+K�
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arXiv:1806.01202

D0, D
0
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<latexit sha1_base64="5BzxHhoQ51i0RpDqXIbHDMcGvMo=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVw0yFT+9yV6kJwU8HWQqctmTRtQzMPkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPW7ImVQIfRiptfWNza30dmZnd2//wDw8askgEoQ2ScAD0XaxpJz5tKmY4rQdCoo9l9N7d3KZ+PdTKiQL/Ds1C2nXwyOfDRnBSkt906z3co4K4BW86eWg42T6ZhZZyLbLpSJE1kW1hMoVTcrFfLVgQ9tCC2TBCo2++e4MAhJ51FeEYyk7NgpVN8ZCMcLpPONEkoaYTPCIdjT1sUdlN15cPodnWhnAYSB0+Qou1O8TMfaknHmu7vSwGsvfXiL+5XUiNax0Y+aHkaI+WS4aRhzqV5MY4IAJShSfaYKJYPpWSMZYYKJ0WEkIX5/C/0krb9nIsm8L2Vp9FUcanIBTcA5sUAY1cA0aoAkImIIH8ASejdh4NF6M12VryljNHIMfMN4+AeexkeQ=</latexit><latexit sha1_base64="5BzxHhoQ51i0RpDqXIbHDMcGvMo=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVw0yFT+9yV6kJwU8HWQqctmTRtQzMPkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPW7ImVQIfRiptfWNza30dmZnd2//wDw8askgEoQ2ScAD0XaxpJz5tKmY4rQdCoo9l9N7d3KZ+PdTKiQL/Ds1C2nXwyOfDRnBSkt906z3co4K4BW86eWg42T6ZhZZyLbLpSJE1kW1hMoVTcrFfLVgQ9tCC2TBCo2++e4MAhJ51FeEYyk7NgpVN8ZCMcLpPONEkoaYTPCIdjT1sUdlN15cPodnWhnAYSB0+Qou1O8TMfaknHmu7vSwGsvfXiL+5XUiNax0Y+aHkaI+WS4aRhzqV5MY4IAJShSfaYKJYPpWSMZYYKJ0WEkIX5/C/0krb9nIsm8L2Vp9FUcanIBTcA5sUAY1cA0aoAkImIIH8ASejdh4NF6M12VryljNHIMfMN4+AeexkeQ=</latexit><latexit sha1_base64="5BzxHhoQ51i0RpDqXIbHDMcGvMo=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVw0yFT+9yV6kJwU8HWQqctmTRtQzMPkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPW7ImVQIfRiptfWNza30dmZnd2//wDw8askgEoQ2ScAD0XaxpJz5tKmY4rQdCoo9l9N7d3KZ+PdTKiQL/Ds1C2nXwyOfDRnBSkt906z3co4K4BW86eWg42T6ZhZZyLbLpSJE1kW1hMoVTcrFfLVgQ9tCC2TBCo2++e4MAhJ51FeEYyk7NgpVN8ZCMcLpPONEkoaYTPCIdjT1sUdlN15cPodnWhnAYSB0+Qou1O8TMfaknHmu7vSwGsvfXiL+5XUiNax0Y+aHkaI+WS4aRhzqV5MY4IAJShSfaYKJYPpWSMZYYKJ0WEkIX5/C/0krb9nIsm8L2Vp9FUcanIBTcA5sUAY1cA0aoAkImIIH8ASejdh4NF6M12VryljNHIMfMN4+AeexkeQ=</latexit><latexit sha1_base64="5BzxHhoQ51i0RpDqXIbHDMcGvMo=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVw0yFT+9yV6kJwU8HWQqctmTRtQzMPkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPW7ImVQIfRiptfWNza30dmZnd2//wDw8askgEoQ2ScAD0XaxpJz5tKmY4rQdCoo9l9N7d3KZ+PdTKiQL/Ds1C2nXwyOfDRnBSkt906z3co4K4BW86eWg42T6ZhZZyLbLpSJE1kW1hMoVTcrFfLVgQ9tCC2TBCo2++e4MAhJ51FeEYyk7NgpVN8ZCMcLpPONEkoaYTPCIdjT1sUdlN15cPodnWhnAYSB0+Qou1O8TMfaknHmu7vSwGsvfXiL+5XUiNax0Y+aHkaI+WS4aRhzqV5MY4IAJShSfaYKJYPpWSMZYYKJ0WEkIX5/C/0krb9nIsm8L2Vp9FUcanIBTcA5sUAY1cA0aoAkImIIH8ASejdh4NF6M12VryljNHIMfMN4+AeexkeQ=</latexit>
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<latexit sha1_base64="69r1gOeOBRDlfeJO6ZdEuUpsFNo=">AAAB/nicdVDLSgMxFL3js9ZXVVy5CYogiENG7WtX1IXgRsFaoS8yaaaGZh4kGaEMBX/FjQtF3Pod7gQXfoqZVkFFDyQczrmXe+9xI8GVxvjVGhufmJyazsxkZ+fmFxZzS8sXKowlZVUailBeukQxwQNW1VwLdhlJRnxXsJrbO0z92jWTiofBue5HrOmTbsA9Tok2Uju3etTQITpp4bZqRLy1nX472XZuA9vYcYqFPML2XrmAiyVDivnd8r6DHBsPsVFZ33p7B4DTdu6l0Qlp7LNAU0GUqjs40s2ESM2pYINsI1YsIrRHuqxuaEB8pprJcP0B2jRKB3mhNC/QaKh+70iIr1Tfd02lT/SV+u2l4l9ePdZeqZnwIIo1C+hokBcLZC5Os0AdLhnVom8IoZKbXRG9IpJQbRJLQ/i6FP1PLnZtB9vOmUnjAEbIwBqswxY4UIQKHMMpVIFCArdwDw/WjXVnPVpPo9Ix67NnBX7Aev4AtMyW5g==</latexit><latexit sha1_base64="YZhWCCvQZEoopE9amtXha7y1EkI="></latexit><latexit sha1_base64="YZhWCCvQZEoopE9amtXha7y1EkI="></latexit><latexit sha1_base64="F3L8ItYpOS6HQMDKruBMRpuWbic=">AAAB/nicdVDLSgMxFM3UV62vqrhyEyyCIA6ZajvtrqgLwU0F+4BOWzJp2oZmHiQZoQwFf8WNC0Xc+h3u/BszbQUVPZBwOOde7r3HDTmTCqEPI7WwuLS8kl7NrK1vbG5lt3fqMogEoTUS8EA0XSwpZz6tKaY4bYaCYs/ltOGOLhK/cUeFZIF/q8YhbXt44LM+I1hpqZvdu3RUAK87qCudkHWOk+8k083mkIksyy4WIDJPy0VklzSxC/nymQUtE02RA3NUu9l3pxeQyKO+IhxL2bJQqNoxFooRTicZJ5I0xGSEB7SlqY89KtvxdP0JPNRKD/YDoZ+v4FT93hFjT8qx5+pKD6uh/O0l4l9eK1L9Ujtmfhgp6pPZoH7Eob44yQL2mKBE8bEmmAimd4VkiAUmSieWhPB1Kfyf1POmhUzrBuUq5/M40mAfHIAjYAEbVMAVqIIaICAGD+AJPBv3xqPxYrzOSlPGvGcX/IDx9gmj/ZSg</latexit>

Binning chosen to 
maximize γ sensitivity



   Measuring γ in B➝DK decays with           

• D reconstructed using the three-body, self-conjugate final state 
• Sensitivity to γ by comparing Dalitz plot distributions for B+ and B- 
• Input on strong phase difference between                                   decay amplitudes across 

Dalitz plot taken from quantum correlation of             pairs from ψ(3770) 
decays  →   model independent measurement 

• Analysis of ~4500 decays from 2 fb-1 in Run 2
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<latexit sha1_base64="GU3cfW338lo5WLy1gN7/0IxfAAA=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFXbisYB/QjiWTZtrQTDIkmUIZ+iduXCji1j9x59+YaWehrRcCJ+ece3NzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH7uFRS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc3+Z6e0KVZlI8mmlCgxgPBYsYwcZSfde9e/J60jryAche+m7Vq3nzQqvAL0AVimr03a/eQJI0psIQjrXu+l5iggwrwwins0ov1TTBZIyHtGuhwDHVQTbffIbOLDNAkVT2CIPm7O+ODMdaT+PQOmNsRnpZy8n/tG5qousgYyJJDRVk8VCUcmQkymNAA6YoMXxqASaK2V0RGWGFibFhVWwI/vKXV0HrouZ7Nf/hslq/KeIowwmcwjn4cAV1uIcGNIHABJ7hFd6czHlx3p2PhbXkFD3H8Keczx9Z2JLP</latexit><latexit sha1_base64="GU3cfW338lo5WLy1gN7/0IxfAAA=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFXbisYB/QjiWTZtrQTDIkmUIZ+iduXCji1j9x59+YaWehrRcCJ+ece3NzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH7uFRS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc3+Z6e0KVZlI8mmlCgxgPBYsYwcZSfde9e/J60jryAche+m7Vq3nzQqvAL0AVimr03a/eQJI0psIQjrXu+l5iggwrwwins0ov1TTBZIyHtGuhwDHVQTbffIbOLDNAkVT2CIPm7O+ODMdaT+PQOmNsRnpZy8n/tG5qousgYyJJDRVk8VCUcmQkymNAA6YoMXxqASaK2V0RGWGFibFhVWwI/vKXV0HrouZ7Nf/hslq/KeIowwmcwjn4cAV1uIcGNIHABJ7hFd6czHlx3p2PhbXkFD3H8Keczx9Z2JLP</latexit><latexit sha1_base64="GU3cfW338lo5WLy1gN7/0IxfAAA=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFXbisYB/QjiWTZtrQTDIkmUIZ+iduXCji1j9x59+YaWehrRcCJ+ece3NzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH7uFRS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc3+Z6e0KVZlI8mmlCgxgPBYsYwcZSfde9e/J60jryAche+m7Vq3nzQqvAL0AVimr03a/eQJI0psIQjrXu+l5iggwrwwins0ov1TTBZIyHtGuhwDHVQTbffIbOLDNAkVT2CIPm7O+ODMdaT+PQOmNsRnpZy8n/tG5qousgYyJJDRVk8VCUcmQkymNAA6YoMXxqASaK2V0RGWGFibFhVWwI/vKXV0HrouZ7Nf/hslq/KeIowwmcwjn4cAV1uIcGNIHABJ7hFd6czHlx3p2PhbXkFD3H8Keczx9Z2JLP</latexit><latexit sha1_base64="GU3cfW338lo5WLy1gN7/0IxfAAA=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFXbisYB/QjiWTZtrQTDIkmUIZ+iduXCji1j9x59+YaWehrRcCJ+ece3NzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH7uFRS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc3+Z6e0KVZlI8mmlCgxgPBYsYwcZSfde9e/J60jryAche+m7Vq3nzQqvAL0AVimr03a/eQJI0psIQjrXu+l5iggwrwwins0ov1TTBZIyHtGuhwDHVQTbffIbOLDNAkVT2CIPm7O+ODMdaT+PQOmNsRnpZy8n/tG5qousgYyJJDRVk8VCUcmQkymNAA6YoMXxqASaK2V0RGWGFibFhVWwI/vKXV0HrouZ7Nf/hslq/KeIowwmcwjn4cAV1uIcGNIHABJ7hFd6czHlx3p2PhbXkFD3H8Keczx9Z2JLP</latexit>

[CLEO, PRD 82 (2010) 112006]
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<latexit sha1_base64="69r1gOeOBRDlfeJO6ZdEuUpsFNo=">AAAB/nicdVDLSgMxFL3js9ZXVVy5CYogiENG7WtX1IXgRsFaoS8yaaaGZh4kGaEMBX/FjQtF3Pod7gQXfoqZVkFFDyQczrmXe+9xI8GVxvjVGhufmJyazsxkZ+fmFxZzS8sXKowlZVUailBeukQxwQNW1VwLdhlJRnxXsJrbO0z92jWTiofBue5HrOmTbsA9Tok2Uju3etTQITpp4bZqRLy1nX472XZuA9vYcYqFPML2XrmAiyVDivnd8r6DHBsPsVFZ33p7B4DTdu6l0Qlp7LNAU0GUqjs40s2ESM2pYINsI1YsIrRHuqxuaEB8pprJcP0B2jRKB3mhNC/QaKh+70iIr1Tfd02lT/SV+u2l4l9ePdZeqZnwIIo1C+hokBcLZC5Os0AdLhnVom8IoZKbXRG9IpJQbRJLQ/i6FP1PLnZtB9vOmUnjAEbIwBqswxY4UIQKHMMpVIFCArdwDw/WjXVnPVpPo9Ix67NnBX7Aev4AtMyW5g==</latexit><latexit sha1_base64="YZhWCCvQZEoopE9amtXha7y1EkI="></latexit><latexit sha1_base64="YZhWCCvQZEoopE9amtXha7y1EkI="></latexit><latexit sha1_base64="F3L8ItYpOS6HQMDKruBMRpuWbic=">AAAB/nicdVDLSgMxFM3UV62vqrhyEyyCIA6ZajvtrqgLwU0F+4BOWzJp2oZmHiQZoQwFf8WNC0Xc+h3u/BszbQUVPZBwOOde7r3HDTmTCqEPI7WwuLS8kl7NrK1vbG5lt3fqMogEoTUS8EA0XSwpZz6tKaY4bYaCYs/ltOGOLhK/cUeFZIF/q8YhbXt44LM+I1hpqZvdu3RUAK87qCudkHWOk+8k083mkIksyy4WIDJPy0VklzSxC/nymQUtE02RA3NUu9l3pxeQyKO+IhxL2bJQqNoxFooRTicZJ5I0xGSEB7SlqY89KtvxdP0JPNRKD/YDoZ+v4FT93hFjT8qx5+pKD6uh/O0l4l9eK1L9Ujtmfhgp6pPZoH7Eob44yQL2mKBE8bEmmAimd4VkiAUmSieWhPB1Kfyf1POmhUzrBuUq5/M40mAfHIAjYAEbVMAVqIIaICAGD+AJPBv3xqPxYrzOSlPGvGcX/IDx9gmj/ZSg</latexit>

Binning chosen to 
maximize γ sensitivity

B+-B- yields

Assuming 
no CPV



   Measuring γ in B➝DK decays with           

• D reconstructed using the three-body, self-conjugate final state 
• Sensitivity to γ by comparing Dalitz plot distributions for B+ and B- 
• Input on strong phase difference between                                   decay amplitudes across 

Dalitz plot taken from quantum correlation of             pairs from ψ(3770) 
decays  →   model independent measurement 

• Analysis of ~4500 decays from 2 fb-1 in Run 2
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[CLEO, PRD 82 (2010) 112006]

B+-B- yields

Assuming 
no CPVCombining with Run-1



   Measuring γ in B➝DK decays with           

• D reconstructed using the three-body, self-conjugate final state 
• Sensitivity to γ by comparing Dalitz plot distributions for B+ and B- 
• Input on strong phase difference between                                   decay amplitudes across 

Dalitz plot taken from quantum correlation of             pairs from ψ(3770) 
decays  →   model independent measurement 

• Analysis of ~4500 decays from 2 fb-1 in Run 2

 19

D ! K0
s⇡

+⇡�, K0
sK

+K�
<latexit sha1_base64="vb7K5KSGQhYdKtqu4Rr8FA72ryQ="></latexit><latexit sha1_base64="vb7K5KSGQhYdKtqu4Rr8FA72ryQ="></latexit><latexit sha1_base64="vb7K5KSGQhYdKtqu4Rr8FA72ryQ="></latexit><latexit sha1_base64="vb7K5KSGQhYdKtqu4Rr8FA72ryQ="></latexit>

arXiv:1806.01202

D0, D
0

<latexit sha1_base64="eFsR6OH127NlBNc7Ap7cheqYjnI=">AAAB+nicbVDLSgMxFL3js9bXVJdugkVwIWVGBF0WdeGygn1AO5ZMmmlDM8mQZJQy9lPcuFDErV/izr8x03ahrRcCJ+ece3NzwoQzbTzv21laXlldWy9sFDe3tnd23dJeQ8tUEVonkkvVCrGmnAlaN8xw2koUxXHIaTMcXuV684EqzaS4M6OEBjHuCxYxgo2lum7p+t476UhryScge+u6Za/iTQotAn8GyjCrWtf96vQkSWMqDOFY67bvJSbIsDKMcDoudlJNE0yGuE/bFgocUx1kk9XH6MgyPRRJZY8waML+7shwrPUoDq0zxmag57Wc/E9rpya6CDImktRQQaYPRSlHRqI8B9RjihLDRxZgopjdFZEBVpgYm1bRhuDPf3kRNE4rvlfxb8/K1ctZHAU4gEM4Bh/OoQo3UIM6EHiEZ3iFN+fJeXHenY+pdcmZ9ezDn3I+fwDEt5MF</latexit><latexit sha1_base64="eFsR6OH127NlBNc7Ap7cheqYjnI=">AAAB+nicbVDLSgMxFL3js9bXVJdugkVwIWVGBF0WdeGygn1AO5ZMmmlDM8mQZJQy9lPcuFDErV/izr8x03ahrRcCJ+ece3NzwoQzbTzv21laXlldWy9sFDe3tnd23dJeQ8tUEVonkkvVCrGmnAlaN8xw2koUxXHIaTMcXuV684EqzaS4M6OEBjHuCxYxgo2lum7p+t476UhryScge+u6Za/iTQotAn8GyjCrWtf96vQkSWMqDOFY67bvJSbIsDKMcDoudlJNE0yGuE/bFgocUx1kk9XH6MgyPRRJZY8waML+7shwrPUoDq0zxmag57Wc/E9rpya6CDImktRQQaYPRSlHRqI8B9RjihLDRxZgopjdFZEBVpgYm1bRhuDPf3kRNE4rvlfxb8/K1ctZHAU4gEM4Bh/OoQo3UIM6EHiEZ3iFN+fJeXHenY+pdcmZ9ezDn3I+fwDEt5MF</latexit><latexit sha1_base64="eFsR6OH127NlBNc7Ap7cheqYjnI=">AAAB+nicbVDLSgMxFL3js9bXVJdugkVwIWVGBF0WdeGygn1AO5ZMmmlDM8mQZJQy9lPcuFDErV/izr8x03ahrRcCJ+ece3NzwoQzbTzv21laXlldWy9sFDe3tnd23dJeQ8tUEVonkkvVCrGmnAlaN8xw2koUxXHIaTMcXuV684EqzaS4M6OEBjHuCxYxgo2lum7p+t476UhryScge+u6Za/iTQotAn8GyjCrWtf96vQkSWMqDOFY67bvJSbIsDKMcDoudlJNE0yGuE/bFgocUx1kk9XH6MgyPRRJZY8waML+7shwrPUoDq0zxmag57Wc/E9rpya6CDImktRQQaYPRSlHRqI8B9RjihLDRxZgopjdFZEBVpgYm1bRhuDPf3kRNE4rvlfxb8/K1ctZHAU4gEM4Bh/OoQo3UIM6EHiEZ3iFN+fJeXHenY+pdcmZ9ezDn3I+fwDEt5MF</latexit><latexit sha1_base64="eFsR6OH127NlBNc7Ap7cheqYjnI=">AAAB+nicbVDLSgMxFL3js9bXVJdugkVwIWVGBF0WdeGygn1AO5ZMmmlDM8mQZJQy9lPcuFDErV/izr8x03ahrRcCJ+ece3NzwoQzbTzv21laXlldWy9sFDe3tnd23dJeQ8tUEVonkkvVCrGmnAlaN8xw2koUxXHIaTMcXuV684EqzaS4M6OEBjHuCxYxgo2lum7p+t476UhryScge+u6Za/iTQotAn8GyjCrWtf96vQkSWMqDOFY67bvJSbIsDKMcDoudlJNE0yGuE/bFgocUx1kk9XH6MgyPRRJZY8waML+7shwrPUoDq0zxmag57Wc/E9rpya6CDImktRQQaYPRSlHRqI8B9RjihLDRxZgopjdFZEBVpgYm1bRhuDPf3kRNE4rvlfxb8/K1ctZHAU4gEM4Bh/OoQo3UIM6EHiEZ3iFN+fJeXHenY+pdcmZ9ezDn3I+fwDEt5MF</latexit>

D0D
0

<latexit sha1_base64="GU3cfW338lo5WLy1gN7/0IxfAAA=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFXbisYB/QjiWTZtrQTDIkmUIZ+iduXCji1j9x59+YaWehrRcCJ+ece3NzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH7uFRS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc3+Z6e0KVZlI8mmlCgxgPBYsYwcZSfde9e/J60jryAche+m7Vq3nzQqvAL0AVimr03a/eQJI0psIQjrXu+l5iggwrwwins0ov1TTBZIyHtGuhwDHVQTbffIbOLDNAkVT2CIPm7O+ODMdaT+PQOmNsRnpZy8n/tG5qousgYyJJDRVk8VCUcmQkymNAA6YoMXxqASaK2V0RGWGFibFhVWwI/vKXV0HrouZ7Nf/hslq/KeIowwmcwjn4cAV1uIcGNIHABJ7hFd6czHlx3p2PhbXkFD3H8Keczx9Z2JLP</latexit><latexit sha1_base64="GU3cfW338lo5WLy1gN7/0IxfAAA=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFXbisYB/QjiWTZtrQTDIkmUIZ+iduXCji1j9x59+YaWehrRcCJ+ece3NzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH7uFRS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc3+Z6e0KVZlI8mmlCgxgPBYsYwcZSfde9e/J60jryAche+m7Vq3nzQqvAL0AVimr03a/eQJI0psIQjrXu+l5iggwrwwins0ov1TTBZIyHtGuhwDHVQTbffIbOLDNAkVT2CIPm7O+ODMdaT+PQOmNsRnpZy8n/tG5qousgYyJJDRVk8VCUcmQkymNAA6YoMXxqASaK2V0RGWGFibFhVWwI/vKXV0HrouZ7Nf/hslq/KeIowwmcwjn4cAV1uIcGNIHABJ7hFd6czHlx3p2PhbXkFD3H8Keczx9Z2JLP</latexit><latexit sha1_base64="GU3cfW338lo5WLy1gN7/0IxfAAA=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFXbisYB/QjiWTZtrQTDIkmUIZ+iduXCji1j9x59+YaWehrRcCJ+ece3NzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH7uFRS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc3+Z6e0KVZlI8mmlCgxgPBYsYwcZSfde9e/J60jryAche+m7Vq3nzQqvAL0AVimr03a/eQJI0psIQjrXu+l5iggwrwwins0ov1TTBZIyHtGuhwDHVQTbffIbOLDNAkVT2CIPm7O+ODMdaT+PQOmNsRnpZy8n/tG5qousgYyJJDRVk8VCUcmQkymNAA6YoMXxqASaK2V0RGWGFibFhVWwI/vKXV0HrouZ7Nf/hslq/KeIowwmcwjn4cAV1uIcGNIHABJ7hFd6czHlx3p2PhbXkFD3H8Keczx9Z2JLP</latexit><latexit sha1_base64="GU3cfW338lo5WLy1gN7/0IxfAAA=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFXbisYB/QjiWTZtrQTDIkmUIZ+iduXCji1j9x59+YaWehrRcCJ+ece3NzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH7uFRS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc3+Z6e0KVZlI8mmlCgxgPBYsYwcZSfde9e/J60jryAche+m7Vq3nzQqvAL0AVimr03a/eQJI0psIQjrXu+l5iggwrwwins0ov1TTBZIyHtGuhwDHVQTbffIbOLDNAkVT2CIPm7O+ODMdaT+PQOmNsRnpZy8n/tG5qousgYyJJDRVk8VCUcmQkymNAA6YoMXxqASaK2V0RGWGFibFhVWwI/vKXV0HrouZ7Nf/hslq/KeIowwmcwjn4cAV1uIcGNIHABJ7hFd6czHlx3p2PhbXkFD3H8Keczx9Z2JLP</latexit>

[CLEO, PRD 82 (2010) 112006]

Combining with Run-1
� = (87+11
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Most precise measurement 
  from a single analysis 
(fixes a single, narrow solution)



Updated LHCb γ combination
• Nice complementarity of the input methods, which vary in 

precision and number of solutions
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LHCb-CONF-2018-002 

New

New

New

The power of the combination (B+)



Updated LHCb γ combination
• Breakdown by B meson type (results consistent at 2σ level) 

• Indirect constraints give 
- Slight tension to be monitored as precision improves  
- Measurement statistically dominated   (3° to 4° precision at the end of Run 2)                    
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� = (74.0+5.0
�5.8)
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 Dominating the WA:
γ = (73.5.0+4.2

−5.1)
∘

γ = (65.8 ± 2.2)∘

(HFLAV, winter ’18) 

 (UTfit, summer 2018, prel.)

B±, B0, Bs
<latexit sha1_base64="miGkoJCkuJApDO3SDKaTDPjPlk0=">AAAB+XicbVDLSgNBEOz1GeNr1aOXIUHwEMKuFz2GeNBjBPOQZLPMTibJkJnZZWY2EJb8iRcPinj1T7z5N04eB00saCiquunuihLOtPG8b2djc2t7Zze3l98/ODw6dk9OGzpOFaF1EvNYtSKsKWeS1g0znLYSRbGIOG1Go9uZ3xxTpVksH80koYHAA8n6jGBjpdB1q92sk4hpCVW7Xqka6tAtemVvDrRO/CUpVgpPNQQAtdD96vRikgoqDeFY67bvJSbIsDKMcDrNd1JNE0xGeEDblkosqA6y+eVTdGGVHurHypY0aK7+nsiw0HoiItspsBnqVW8m/ue1U9O/CTImk9RQSRaL+ilHJkazGFCPKUoMn1iCiWL2VkSGWGFibFh5G4K/+vI6aVyVfa/sP/jFyh0skINzKMAl+HANFbiHGtSBwBie4RXenMx5cd6dj0XrhrOcOYM/cD5/AGjVk6U=</latexit><latexit sha1_base64="wOT/mJMG357UmpX8JoQsbqTi9Hg=">AAAB+XicbVC7SgNBFL3rM8bXRkubIUGwCGHXRguLEAsFmwjmIclmmZ1MkiEzu8vMbCAs+Qc/wMZCEVv/xM6/cfIoNPHAhcM593LvPUHMmdKO822trW9sbm1ndrK7e/sHh3buqK6iRBJaIxGPZDPAinIW0ppmmtNmLCkWAaeNYHg99RsjKhWLwgc9jqkncD9kPUawNpJv25VO2o7FpIgqHadY8ZVvF5ySMwNaJe6CFMr5x2ru6e6q6ttf7W5EEkFDTThWquU6sfZSLDUjnE6y7UTRGJMh7tOWoSEWVHnp7PIJOjVKF/UiaSrUaKb+nkixUGosAtMpsB6oZW8q/ue1Et279FIWxommIZkv6iUc6QhNY0BdJinRfGwIJpKZWxEZYImJNmFlTQju8surpH5ecp2Se+8WyjcwRwZOIA9n4MIFlOEWqlADAiN4hld4s1LrxXq3Puata9Zi5hj+wPr8AcnKlK0=</latexit><latexit sha1_base64="wOT/mJMG357UmpX8JoQsbqTi9Hg=">AAAB+XicbVC7SgNBFL3rM8bXRkubIUGwCGHXRguLEAsFmwjmIclmmZ1MkiEzu8vMbCAs+Qc/wMZCEVv/xM6/cfIoNPHAhcM593LvPUHMmdKO822trW9sbm1ndrK7e/sHh3buqK6iRBJaIxGPZDPAinIW0ppmmtNmLCkWAaeNYHg99RsjKhWLwgc9jqkncD9kPUawNpJv25VO2o7FpIgqHadY8ZVvF5ySMwNaJe6CFMr5x2ru6e6q6ttf7W5EEkFDTThWquU6sfZSLDUjnE6y7UTRGJMh7tOWoSEWVHnp7PIJOjVKF/UiaSrUaKb+nkixUGosAtMpsB6oZW8q/ue1Et279FIWxommIZkv6iUc6QhNY0BdJinRfGwIJpKZWxEZYImJNmFlTQju8surpH5ecp2Se+8WyjcwRwZOIA9n4MIFlOEWqlADAiN4hld4s1LrxXq3Puata9Zi5hj+wPr8AcnKlK0=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="4wn93qH/jCbPG91MDJ1cneen3SU=">AAAB7nicbZBLSwMxFIXv1FetVUe3boJFcFFKxo0upW5cVrAPaKdDJk3b0CQzJJlCGfpP3LhQxJ/jzn9j+lho64HAxzkJ9+bEqeDGYvztFXZ29/YPioelo/Lxyal/Vm6ZJNOUNWkiEt2JiWGCK9a03ArWSTUjMhasHU8eFnl7yrThiXq2s5SFkowUH3JKrLMi36/3814q51VU7+NqPTKRX8E1vBTahmANFVirEflfvUFCM8mUpYIY0w1wasOcaMupYPNSLzMsJXRCRqzrUBHJTJgvN5+jK+cM0DDR7iiLlu7vFzmRxsxk7G5KYsdmM1uY/2XdzA7vwpyrNLNM0dWgYSaQTdCiBjTgmlErZg4I1dztiuiYaEKtK6vkSgg2v7wNrZtagGvBE4YiXMAlXEMAt3APj9CAJlCYwgu8wbuXe6/ex6qugrfu7Rz+yPv8AYYKkRQ=</latexit><latexit sha1_base64="4wn93qH/jCbPG91MDJ1cneen3SU=">AAAB7nicbZBLSwMxFIXv1FetVUe3boJFcFFKxo0upW5cVrAPaKdDJk3b0CQzJJlCGfpP3LhQxJ/jzn9j+lho64HAxzkJ9+bEqeDGYvztFXZ29/YPioelo/Lxyal/Vm6ZJNOUNWkiEt2JiWGCK9a03ArWSTUjMhasHU8eFnl7yrThiXq2s5SFkowUH3JKrLMi36/3814q51VU7+NqPTKRX8E1vBTahmANFVirEflfvUFCM8mUpYIY0w1wasOcaMupYPNSLzMsJXRCRqzrUBHJTJgvN5+jK+cM0DDR7iiLlu7vFzmRxsxk7G5KYsdmM1uY/2XdzA7vwpyrNLNM0dWgYSaQTdCiBjTgmlErZg4I1dztiuiYaEKtK6vkSgg2v7wNrZtagGvBE4YiXMAlXEMAt3APj9CAJlCYwgu8wbuXe6/ex6qugrfu7Rz+yPv8AYYKkRQ=</latexit><latexit sha1_base64="ghXYdqs0ZQuB6dRMAOZuya73ER8=">AAAB+XicbVA9SwNBEJ3zM8avU0ubxSBYhLBno2WIhZYRzAckl2Nvs0mW7N4du3uBcOSf2FgoYus/sfPfuEmu0MQHA4/3ZpiZFyaCa4Pxt7OxubW9s1vYK+4fHB4duyenTR2nirIGjUWs2iHRTPCINQw3grUTxYgMBWuF47u535owpXkcPZlpwnxJhhEfcEqMlQLXrfWybiJnZVTr4XIt0IFbwhW8AFonXk5KkKMeuF/dfkxTySJDBdG64+HE+BlRhlPBZsVuqllC6JgMWcfSiEim/Wxx+QxdWqWPBrGyFRm0UH9PZERqPZWh7ZTEjPSqNxf/8zqpGdz6GY+S1LCILhcNUoFMjOYxoD5XjBoxtYRQxe2tiI6IItTYsIo2BG/15XXSvK54uOI94lL1Po+jAOdwAVfgwQ1U4QHq0AAKE3iGV3hzMufFeXc+lq0bTj5zBn/gfP4A1DeSeQ==</latexit><latexit sha1_base64="CuuTvvzFzZ062EQ4Rwvb2/ix28E=">AAAB+XicbVA9SwNBEJ3zM8avU0ubxSBYhHBno2WIhZYRzAckl2Nvs0mW7O4du3uBcOSf2FgoYus/sfPfuEmu0MQHA4/3ZpiZFyWcaeN5387G5tb2zm5hr7h/cHh07J6cNnWcKkIbJOaxakdYU84kbRhmOG0nimIRcdqKxndzvzWhSrNYPplpQgOBh5INGMHGSqHr1npZNxGzMqr1vHIt1KFb8ireAmid+DkpQY566H51+zFJBZWGcKx1x/cSE2RYGUY4nRW7qaYJJmM8pB1LJRZUB9ni8hm6tEofDWJlSxq0UH9PZFhoPRWR7RTYjPSqNxf/8zqpGdwGGZNJaqgky0WDlCMTo3kMqM8UJYZPLcFEMXsrIiOsMDE2rKINwV99eZ00ryu+V/Ef/VL1Po+jAOdwAVfgww1U4QHq0AACE3iGV3hzMufFeXc+lq0bTj5zBn/gfP4A1IeSeg==</latexit><latexit sha1_base64="wOT/mJMG357UmpX8JoQsbqTi9Hg=">AAAB+XicbVC7SgNBFL3rM8bXRkubIUGwCGHXRguLEAsFmwjmIclmmZ1MkiEzu8vMbCAs+Qc/wMZCEVv/xM6/cfIoNPHAhcM593LvPUHMmdKO822trW9sbm1ndrK7e/sHh3buqK6iRBJaIxGPZDPAinIW0ppmmtNmLCkWAaeNYHg99RsjKhWLwgc9jqkncD9kPUawNpJv25VO2o7FpIgqHadY8ZVvF5ySMwNaJe6CFMr5x2ru6e6q6ttf7W5EEkFDTThWquU6sfZSLDUjnE6y7UTRGJMh7tOWoSEWVHnp7PIJOjVKF/UiaSrUaKb+nkixUGosAtMpsB6oZW8q/ue1Et279FIWxommIZkv6iUc6QhNY0BdJinRfGwIJpKZWxEZYImJNmFlTQju8surpH5ecp2Se+8WyjcwRwZOIA9n4MIFlOEWqlADAiN4hld4s1LrxXq3Puata9Zi5hj+wPr8AcnKlK0=</latexit><latexit sha1_base64="wOT/mJMG357UmpX8JoQsbqTi9Hg=">AAAB+XicbVC7SgNBFL3rM8bXRkubIUGwCGHXRguLEAsFmwjmIclmmZ1MkiEzu8vMbCAs+Qc/wMZCEVv/xM6/cfIoNPHAhcM593LvPUHMmdKO822trW9sbm1ndrK7e/sHh3buqK6iRBJaIxGPZDPAinIW0ppmmtNmLCkWAaeNYHg99RsjKhWLwgc9jqkncD9kPUawNpJv25VO2o7FpIgqHadY8ZVvF5ySMwNaJe6CFMr5x2ru6e6q6ttf7W5EEkFDTThWquU6sfZSLDUjnE6y7UTRGJMh7tOWoSEWVHnp7PIJOjVKF/UiaSrUaKb+nkixUGosAtMpsB6oZW8q/ue1Et279FIWxommIZkv6iUc6QhNY0BdJinRfGwIJpKZWxEZYImJNmFlTQju8surpH5ecp2Se+8WyjcwRwZOIA9n4MIFlOEWqlADAiN4hld4s1LrxXq3Puata9Zi5hj+wPr8AcnKlK0=</latexit><latexit sha1_base64="wOT/mJMG357UmpX8JoQsbqTi9Hg=">AAAB+XicbVC7SgNBFL3rM8bXRkubIUGwCGHXRguLEAsFmwjmIclmmZ1MkiEzu8vMbCAs+Qc/wMZCEVv/xM6/cfIoNPHAhcM593LvPUHMmdKO822trW9sbm1ndrK7e/sHh3buqK6iRBJaIxGPZDPAinIW0ppmmtNmLCkWAaeNYHg99RsjKhWLwgc9jqkncD9kPUawNpJv25VO2o7FpIgqHadY8ZVvF5ySMwNaJe6CFMr5x2ru6e6q6ttf7W5EEkFDTThWquU6sfZSLDUjnE6y7UTRGJMh7tOWoSEWVHnp7PIJOjVKF/UiaSrUaKb+nkixUGosAtMpsB6oZW8q/ue1Et279FIWxommIZkv6iUc6QhNY0BdJinRfGwIJpKZWxEZYImJNmFlTQju8surpH5ecp2Se+8WyjcwRwZOIA9n4MIFlOEWqlADAiN4hld4s1LrxXq3Puata9Zi5hj+wPr8AcnKlK0=</latexit><latexit sha1_base64="wOT/mJMG357UmpX8JoQsbqTi9Hg=">AAAB+XicbVC7SgNBFL3rM8bXRkubIUGwCGHXRguLEAsFmwjmIclmmZ1MkiEzu8vMbCAs+Qc/wMZCEVv/xM6/cfIoNPHAhcM593LvPUHMmdKO822trW9sbm1ndrK7e/sHh3buqK6iRBJaIxGPZDPAinIW0ppmmtNmLCkWAaeNYHg99RsjKhWLwgc9jqkncD9kPUawNpJv25VO2o7FpIgqHadY8ZVvF5ySMwNaJe6CFMr5x2ru6e6q6ttf7W5EEkFDTThWquU6sfZSLDUjnE6y7UTRGJMh7tOWoSEWVHnp7PIJOjVKF/UiaSrUaKb+nkixUGosAtMpsB6oZW8q/ue1Et279FIWxommIZkv6iUc6QhNY0BdJinRfGwIJpKZWxEZYImJNmFlTQju8surpH5ecp2Se+8WyjcwRwZOIA9n4MIFlOEWqlADAiN4hld4s1LrxXq3Puata9Zi5hj+wPr8AcnKlK0=</latexit><latexit sha1_base64="CuuTvvzFzZ062EQ4Rwvb2/ix28E=">AAAB+XicbVA9SwNBEJ3zM8avU0ubxSBYhHBno2WIhZYRzAckl2Nvs0mW7O4du3uBcOSf2FgoYus/sfPfuEmu0MQHA4/3ZpiZFyWcaeN5387G5tb2zm5hr7h/cHh07J6cNnWcKkIbJOaxakdYU84kbRhmOG0nimIRcdqKxndzvzWhSrNYPplpQgOBh5INGMHGSqHr1npZNxGzMqr1vHIt1KFb8ireAmid+DkpQY566H51+zFJBZWGcKx1x/cSE2RYGUY4nRW7qaYJJmM8pB1LJRZUB9ni8hm6tEofDWJlSxq0UH9PZFhoPRWR7RTYjPSqNxf/8zqpGdwGGZNJaqgky0WDlCMTo3kMqM8UJYZPLcFEMXsrIiOsMDE2rKINwV99eZ00ryu+V/Ef/VL1Po+jAOdwAVfgww1U4QHq0AACE3iGV3hzMufFeXc+lq0bTj5zBn/gfP4A1IeSeg==</latexit>

                  combination  
is an LHCb triumph 

(Ph.Urquijo, ICHEP’18)



Tests of Lepton 
Flavour Universality

(Talk by Beatriz Garcia Plana)



Lepton Flavour Universality
• The property that the three charged leptons (e, µ , τ) couple 

in a universal way to the SM gauge bosons 

• In the SM the only flavour non-universal terms are the three 
lepton masses:  mτ /mμ /me  ↔ 3477 / 207/ 1 

• If NP couples in a non-universal way to the three lepton 
families, then we can discover it by comparing classes of 
rare decays involving different lepton pairs (e.g. e/µ or µ/τ )
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The family of R ratios
• Comparing the rates of                           and                             allows precise 

testing of lepton flavour universality 

•                flavour-changing neutral currents with amplitudes involving loop diagrams 

• These ratios are clean probes of NP : 

- Sensitive to possible new interactions that couple in a non-universal way to electrons 
and muons   

- Small theoretical uncertainties because hadronic uncertainties cancel:                                                                
in SM,                  neglecting lepton masses, with QED corrections at ~% level
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• LHCb performed 
measurement in two q2 bins: 

- Low-q2 bin: [0.045,1.1] GeV2 

- Central-q2 bin: [1.1,6.0] GeV2
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A very challenging measurement!
• Lepton identification is anything but 

universal! 
- Electrons emit a large amount of 

bremsstrahlung, degrading mass 
resolution→ need to recover energy 
using clusters in the calorimeter  

- Due to higher occupancy of 
calorimeters, trigger thresholds are 
higher for electrons (~2.5 to 3.0 GeV) than 
for muons (~1.5 to 1.8 GeV) →             
decays with electrons also selected 
using hadron trigger either fired by K* 
products or by any other particle in the 
event not associated with signal

 26

JHEP 08 (2017) 055



• To mitigate muon and electron differences due to bremsstrahlung and 
trigger, measurement performed as a double ratio with “resonant” control 
modes                      which are not expected to be affected by NP:                        

→ Relevant experimental quantities: yields & efficiencies for the four decays 

• Similarities between the experimental efficiencies of the non resonant and 
resonant modes ensure a substantial reduction of systematic uncertainties in 
the double ratio 
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RK⇤0 =
B(B0 ! K⇤0µ+µ�)

B(B0 ! K⇤0J/ (! µ+µ�))

,
B(B0 ! K⇤0e+e�)

B(B0 ! K⇤0J/ (! e+e�))

Measure as a double ratio

B0 ! J/ K⇤



Results
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RK⇤ =

(
0.66+0.11

�0.07 (stat)± 0.03 (syst) for 0.045 < q2 < 1.1GeV2

0.69+0.11
�0.07 (stat)± 0.05 (syst) for 1.1 < q2 < 6.0GeV2

BaBar:     PRD 86 (2012) 032012 
Belle:       PRL 103 (2009) 171801

BIP:        arXiv:1605.07633 
CDHMV: arXiv:1510.04239, 1605.03156, 1701.08672 
EOS:       arXiv:1610.08761, https://eos.github.io 
flav.io:  arXiv:1503.05534, 1703.09189, flav-io/flavio 
JC:       arXiv:1412.3183

2.1 - 2.3 σ 
2.4 - 2.5 σ

LHCb:     JHEP 08 (2017) 055

Comparison with SM predictions Comparison with BaBar & Belle

Z
L dt ⇠ 3 fb�1

<latexit sha1_base64="0cc4cTQCaYDo+r0u/vnA6yPtfjI="></latexit><latexit sha1_base64="YWw0GlRM50lsz5DXU9pe4yETZN8="></latexit><latexit sha1_base64="YWw0GlRM50lsz5DXU9pe4yETZN8="></latexit><latexit sha1_base64="d27yz7WppzimmS+kscf/n5vRkfE=">AAACIHicbVC7TsMwFHXKq5RXgZHFUCExlCqBoYwVLAwMRaIPqS6V4zqtVTuJbAepsvIpLPwKCwMIwQZfg9N2gJYjWTo651753OPHnCntul9Obml5ZXUtv17Y2Nza3inu7jVVlEhCGyTikWz7WFHOQtrQTHPajiXFwue05Y+uMr/1QKViUXinxzHtCjwIWcAI1lbqFauIhRqiQ2gQwRyamzSFqAyRwHoohemn1lRMnKOyQVLAwE/vzamXFnrFkltxJ4CLxJuREpih3it+on5EEkFDTThWquO5se4aLDUjnKYFlCgaYzLCA9qxNMSCqq6ZHJjCY6v0YRBJ+2zcifp7w2Ch1Fj4djILrua9TPzP6yQ6uOgaFsaJpiGZfhQkHOoIZm3BPpOUaD62BBPJbFZIhlhiom2nWQne/MmLpHlW8dyKd+uWapezOvLgAByBE+CBKqiBa1AHDUDAI3gGr+DNeXJenHfnYzqac2Y7++APnO8fhSih7w==</latexit>



 Crosschecks
•                                                                                              

- very stringent test of absolute scale of efficiencies that does not benefit from 
the cancellation of the experimental systematics from the double ratio  

- compatible with being independent of decay kinematics (pT, η of the B0 
candidate) and track multiplicity                                                                             

•                           

•                                in agreement with JHEP 04 (2017) 142 

•                           compatible with expectations 

• If corrections to simulation are not accounted for, the ratio of the efficiencies 
(and thus       ) changes by less than 5%
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rJ/ =
B(B0 ! K⇤0J/ (! µ+µ�))

B(B0 ! K⇤0J/ (! e+e�))
= 1.043± 0.006± 0.045

B(B0 ! K⇤0µ+µ�)

R (2S) =
B(B0 ! K⇤0 (2S)(! µ+µ�))

B(B0 ! K⇤0J/ (! µ+µ�))

,
B(B0 ! K⇤0 (2S)(! e+e�))

B(B0 ! K⇤0J/ (! e+e�))
→ compatible with 

expectation

B(B0 ! K⇤0�)

RK⇤

JHEP 08 (2017) 055



A reminder: RK
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BaBar:     PRD 86 (2012) 032012 
Belle:       PRL 103 (2009) 171801

LHCb:    PRL 113 (2014) 151601

RK = 0.745+0.090
�0.074 (stat)± 0.036 (syst)

•  LHCb published an analysis of RK based on Run 1 (                ) 

• Also measured as a double ratio wrt B+ → J/ψ( → ℓ+ℓ−)K+

Z
L dt ⇠ 3fb�1
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What happens next?
• Work very advanced on RK update with additional Run 2 data     

(5 fb-1 in total) with much improved sensitivity (rel. uncertainty 
reduced by ~40%) 

• Run 2 update of RK* 
• Can make analogous measurement with                             and 

other similar modes 

   

• ATLAS/CMS also getting more interested, e.g. CMS has in place 
a new trigger strategy wrt flavour with sizeable fraction of trigger 
bandwidth dedicated to flavour physics since beginning of this 
year  31
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The Belle II Physics Book (in preparation) 
LHCb: LHCb-PUB-2018-009 (in preparation)



Anothe

Another puzzling result 
in tree-level b → c transitions



LFU studies in                     decays          
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• Different class of decays (tree-level charged current 

• Not at all rare:                                                      

• Lepton-universality ratio R(D*) :                                                                        

• Predicted theoretically at ~1%, e.g.  

• Studied by Belle, BaBar and LHCb  
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Berlochner et al 
arXiv:1703.05330
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with Vcb suppression)

, problem is the background

-  sensitive to any NP model coupling preferentially to third generation leptons

[R(D*) ~4%, according to Bigi et al, arXiv:1707.09509]



Experimental challenges          
• At least two neutrinos in the final state (three if using                ) 

• At the LHC, as opposed to B factories, the rest of the event does 
not provide any useful kinematic constraint. However, profit from 
large boost and huge B production 

• Latest LHCb measurement: 

  

- A semileptonic decay with no (charged) lepton in final state (one K, five π) 
→ Zero background from  

- However,  signal to noise ratio less than 1% → need at least 103 rejection! 
- Large background, notably from                                 (ΒF~100 x signal)  

and                                  (BF~10 x signal, same vertex topology)      
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Background reduction
• Separation between B and 3π vertices (Δz>4σΔz) crucial to 

obtain the required rejection of                         
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Signal Background
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~1.1σ > SM

B ! D⇤3⇡X

B ! D⇤�3⇡X
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• Remaining double-charm background 
(D*D(s)X) suppressed by employing a 
multivariate classifier 

• Signal normalised to                    to 
minimize experimental systematics               
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R(D) vs R(D*) 

• All experiments see an excess wrt SM predictions  
• Tension at ~3.8 σ level  (according to Bigi et al, arXiv:1707.09509)          INTRIGUING! 

• ~20% effect on R(D*)

• Extend to full Run2 statistics 
- from ~1300 to ~6000 events 
- goal is to be competitive with 

world average 
• A whole programme of semi-tauonic 

measurements, e.g. 

LHCb Prospects

Waiting for Belle II 
• ~1.5% projected sensitivity 

on R(D*) with 5 ab-1

R(D)&R(D⇤)

R(D(⇤)
s ) : B0

s ! D(⇤)
s ⌧+⌫⌧

R(⇤b) : ⇤b ! ⇤(⇤)
c ⌧+⌫⌧
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fit to 



Testing LFU with Bc decays
• Generalization of R(D*) to Bc : 

• Signal reconstructed using τ→μνν,                           as  normalisation
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Higher by 2σ than SM 
prediction (0.25-0.28)

PRL120 (2018) 121801



Intriguing set of results in differential 
branching fractions for b→sµµ transitions 
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Bs ! �µ+µ�

JHEP 09 (2015) 179

⇤0
b ! ⇤0µ+µ�

JHEP 06 (2015) 115

CMS:   PLB 753 (2016) 424 
LHCb: JHEP 11 (2016) 047, JHEP 04 (2017) 142 
ΒaBar: PRD 86 (2012)  032012 
Belle:   PRL 103 (2009) 171801 
CDF:    PRL 107 (2011) 201802   

JHEP 06 (2014) 133                         

LHCb: JHEP 06 (2014) 133   
ΒaBar: PRD 86 (2012) 032012 
Belle:   PRL 103 (2009) 171801 
CDF:    PRL 107 (2011) 201802                  

• In general, data tend to be lower than theory predictions at low q2 
• Comparison limited by theoretical knowledge of form factors

Lanfranchi 
arXiv:1805.05399

Lanfranchi 
arXiv:1805.05399

q2 = m2
µ+µ�
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Possible explanations of the anomalies
• Statistical fluctuations: unlikely given the number and pattern of the effects? 

• Experimental artefacts: these are difficult measurements; have the systematic 
errors been correctly estimated? 

• Theoretical uncertainties: large theoretical uncertainties from                     
hadronic form factors on but LFU tests should be robust? 

•A cocktail of the above? 

•New Physics once all the above have been excluded...  
• Many NP models proposed (leptoquarks,…), see for example: “B-physics 

anomalies: a guide to combined explanations” D. Buttazzo et al., JHEP 1711 
(2017) 044, arXiv:1706.07808  

- “the case of an SU(2)L-singlet vector leptoquark emerges as a particularly 
simple and successful framework.” 

•  The large amount of data still to be analysed by LHCb and high-pT LHC 
experiments, as well as from future Belle II, will certainly shed more light on the 
origin of the B-physics anomalies 
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Spectroscopy
Talk byAntonio Augusto Alves Junior

Much more than 
flavour!
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New results on 
• Observed for the first time in the decay                                                  

but lifetime left for later studies 
• Now measured relative to                                    [1.7 fb-1 in Run 2], 

consistent with expectations from weak decay 

• Recently  re-observed in                              [1.7 fb-1 in Run 2] 

• Combined mass:
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<latexit sha1_base64="fde+O/zvgy0bOaUdV4YuF3qgYQU="></latexit><latexit sha1_base64="oDItriFoeqZWwpRyW3IrPYKDO8c="></latexit><latexit sha1_base64="oDItriFoeqZWwpRyW3IrPYKDO8c="></latexit><latexit sha1_base64="fjFByMkkADK36AcRJwEDy90SxNU="></latexit>

PRL 121 (2018) 052002 

⌅++
cc ! ⌅+

cc⇡
+

<latexit sha1_base64="btI+SjTUAryUIAbyEy3H850AqdM=">AAACE3icbVC7SgNBFL0bNcb4WrXTZjAIYiDs2ijaBGwsI5gHZDfL7GQ2GTL7YGZWCMv+g42/YmOhiK2NnX/j5FFo4oGBwzn3cuccP+FMKsv6Ngorq2vF9dJGeXNre2fX3NtvyTgVhDZJzGPR8bGknEW0qZjitJMIikOf07Y/upn47QcqJIujezVOqBviQcQCRrDSkmeeOR3mZY4IESF5L6tWc0fFaEHMnYT1qp5ZsWrWFGiZ2HNSqR9eF0Gj4ZlfTj8maUgjRTiWsmtbiXIzLBQjnOZlJ5U0wWSEB7SraYRDKt1smilHJ1rpoyAW+kUKTdXfGxkOpRyHvp4MsRrKRW8i/ud1UxVcuhmLklTRiMwOBSlHOvakINRnghLFx5pgIpj+KyJDLDBRusayLsFejLxMWuc126rZd3alfgUzlOAIjuEUbLiAOtxCA5pA4BGe4RXejCfjxXg3PmajBWO+cwB/YHz+ABWKnlM=</latexit><latexit sha1_base64="54D30wE50RQUq27Uw3+OdkP56X0=">AAACE3icbVDLSsNAFJ1Uq219Rd3pZrAIYqEkbhTdFNy4rGAf0KRhMp20Q2eSMDMRSsg/uPFX3LhQpFs37vwG/8CV08dCWw8MHM65lzvn+DGjUlnWp5FbWc2vrReKpY3Nre0dc3evKaNEYNLAEYtE20eSMBqShqKKkXYsCOI+Iy1/eD3xW/dESBqFd2oUE5ejfkgDipHSkmeeOm3qpY7gEOOsm1YqmaMiuCBmTky7Fc8sW1VrCrhM7Dkp1w6u8t9f42LdMz+cXoQTTkKFGZKyY1uxclMkFMWMZCUnkSRGeIj6pKNpiDiRbjrNlMFjrfRgEAn9QgWn6u+NFHEpR9zXkxypgVz0JuJ/XidRwYWb0jBOFAnx7FCQMKhjTwqCPSoIVmykCcKC6r9CPEACYaVrLOkS7MXIy6R5VrWtqn1rl2uXYIYCOARH4ATY4BzUwA2ogwbA4AE8gRfwajwaz8abMZ6N5oz5zj74A+P9B7EAoQQ=</latexit><latexit sha1_base64="54D30wE50RQUq27Uw3+OdkP56X0=">AAACE3icbVDLSsNAFJ1Uq219Rd3pZrAIYqEkbhTdFNy4rGAf0KRhMp20Q2eSMDMRSsg/uPFX3LhQpFs37vwG/8CV08dCWw8MHM65lzvn+DGjUlnWp5FbWc2vrReKpY3Nre0dc3evKaNEYNLAEYtE20eSMBqShqKKkXYsCOI+Iy1/eD3xW/dESBqFd2oUE5ejfkgDipHSkmeeOm3qpY7gEOOsm1YqmaMiuCBmTky7Fc8sW1VrCrhM7Dkp1w6u8t9f42LdMz+cXoQTTkKFGZKyY1uxclMkFMWMZCUnkSRGeIj6pKNpiDiRbjrNlMFjrfRgEAn9QgWn6u+NFHEpR9zXkxypgVz0JuJ/XidRwYWb0jBOFAnx7FCQMKhjTwqCPSoIVmykCcKC6r9CPEACYaVrLOkS7MXIy6R5VrWtqn1rl2uXYIYCOARH4ATY4BzUwA2ogwbA4AE8gRfwajwaz8abMZ6N5oz5zj74A+P9B7EAoQQ=</latexit><latexit sha1_base64="5bX0Fw1K+o+EPUR95PUN2fKfY0c=">AAACE3icbVDLSsNAFL3xWesr6tLNYBHEQkncKK4KblxWsA9o0jCZTtuhM0mYmQgl5B/c+CtuXCji1o07/8Zpm4W2Hhg4nHMvd84JE86Udpxva2V1bX1js7RV3t7Z3du3Dw5bKk4loU0S81h2QqwoZxFtaqY57SSSYhFy2g7HN1O//UClYnF0rycJ9QUeRmzACNZGCuxzr8OCzJMCEZL3smo193SMFsTcS1ivGtgVp+bMgJaJW5AKFGgE9pfXj0kqaKQJx0p1XSfRfoalZoTTvOyliiaYjPGQdg2NsKDKz2aZcnRqlD4axNK8SKOZ+nsjw0KpiQjNpMB6pBa9qfif10314MrPWJSkmkZkfmiQcmRiTwtCfSYp0XxiCCaSmb8iMsISE21qLJsS3MXIy6R1UXOdmnvnVurXRR0lOIYTOAMXLqEOt9CAJhB4hGd4hTfryXqx3q2P+eiKVewcwR9Ynz9DaZ24</latexit>

arXiv:1707.01919

m(⌅++
cc ) = 3621.24± 0.65 (stat)± 0.31 (syst)MeV/c2

<latexit sha1_base64="FKHC0Yo+Sd8MGK9kYcxMlMQxz6c="></latexit><latexit sha1_base64="gnnyfDCjC2VNZo83CrypvKQWp2k="></latexit><latexit sha1_base64="e04p3ccbOy+giy2yYa7z6gBlldQ="></latexit>



lifetime
• Least well measured charmed baryon lifetime 
• ~1000 decays  
• Measured relative to                              with        from semileptonic B 
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⌦0
c

<latexit sha1_base64="kS5RmaoRtzRa4X8fE+12v8WBPZU=">AAAB8nicdVDLSkMxEJ1btdb6qrrTTbAIri5JtS/dFNy4s4J9QFtLbpq2obkPklyhlH6GGxeKuPVr3Pk3pq2Cih4YOJwzw5wZL5JCG4zfncTS8kpyNbWWXt/Y3NrO7OzWdRgrxmsslKFqelRzKQJeM8JI3owUp74necMbXcz8xh1XWoTBjRlHvOPTQSD6glFjpVb7yucDeou7LN3NZLGLCSkW8gi7J+UCLpYsKeZz5VOCiIvnyFb2z5NgUe1m3tq9kMU+DwyTVOsWwZHpTKgygkk+TbdjzSPKRnTAW5YG1Oe6M5lHnqIjq/RQP1S2AoPm6veJCfW1Hvue7fSpGerf3kz8y2vFpl/qTEQQxYYHbLGoH0tkQjS7H/WE4szIsSWUKWGzIjakijJjvzR7wtel6H9Sz7kEu+SaZCtnsEAKDuAQjoFAESpwCVWoAYMQ7uERnhzjPDjPzsuiNeF8zuzBDzivH3atkWg=</latexit><latexit sha1_base64="uIsli1/khqNuzEePtvA4Wa67VT8=">AAAB8nicdVDLSgMxFM1Uq219Vd3pJlgEV0NS7Us3BTfurGAfMK0lk6ZtaOZBkhHK0M9w40IRt36GX+DOb/APXJm2Cip64MLhnHu55143FFxphF6txMJicmk5lc6srK6tb2Q3txoqiCRldRqIQLZcopjgPqtrrgVrhZIRzxWs6Y5Op37zmknFA/9Sj0PW8cjA531OiTaS0z732IBcoS7NdLM5ZCOMS8UCRPZhpYhKZUNKhXzlCENsoxly1Z2T5Pvbc7rWzb60ewGNPOZrKohSDkah7sREak4Fm2TakWIhoSMyYI6hPvGY6sSzyBO4b5Qe7AfSlK/hTP0+ERNPqbHnmk6P6KH67U3Fvzwn0v1yJ+Z+GGnm0/mifiSgDuD0ftjjklEtxoYQKrnJCumQSEK1+dL0CV+Xwv9JI29jZOMLnKsegzlSYBfsgQOAQQlUwRmogTqgIAA34A7cW9q6tR6sx3lrwvqc2QY/YD19ABIylBk=</latexit><latexit sha1_base64="uIsli1/khqNuzEePtvA4Wa67VT8=">AAAB8nicdVDLSgMxFM1Uq219Vd3pJlgEV0NS7Us3BTfurGAfMK0lk6ZtaOZBkhHK0M9w40IRt36GX+DOb/APXJm2Cip64MLhnHu55143FFxphF6txMJicmk5lc6srK6tb2Q3txoqiCRldRqIQLZcopjgPqtrrgVrhZIRzxWs6Y5Op37zmknFA/9Sj0PW8cjA531OiTaS0z732IBcoS7NdLM5ZCOMS8UCRPZhpYhKZUNKhXzlCENsoxly1Z2T5Pvbc7rWzb60ewGNPOZrKohSDkah7sREak4Fm2TakWIhoSMyYI6hPvGY6sSzyBO4b5Qe7AfSlK/hTP0+ERNPqbHnmk6P6KH67U3Fvzwn0v1yJ+Z+GGnm0/mifiSgDuD0ftjjklEtxoYQKrnJCumQSEK1+dL0CV+Xwv9JI29jZOMLnKsegzlSYBfsgQOAQQlUwRmogTqgIAA34A7cW9q6tR6sx3lrwvqc2QY/YD19ABIylBk=</latexit><latexit sha1_base64="zyZqTbLh9ZFTf4hEoCA0AQSImSk=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GpJqO62rght3VrAPmI4lk2ba0MyDJCOU0s9w40IRt36NO//GTFtBRQ9cOJxzL/fe4yeCK43Qh5VbWV1b38hvFra2d3b3ivsHbRWnkrIWjUUsuz5RTPCItTTXgnUTyUjoC9bxx5eZ37lnUvE4utWThHkhGUY84JRoI7m965ANyR3q00K/WEI2wtipViCyz+pV5NQMcSrl+jmG2EZzlMASzX7xvTeIaRqySFNBlHIxSrQ3JVJzKtis0EsVSwgdkyFzDY1IyJQ3nZ88gydGGcAglqYiDefq94kpCZWahL7pDIkeqd9eJv7luakOat6UR0mqWUQXi4JUQB3D7H844JJRLSaGECq5uRXSEZGEapNSFsLXp/B/0i7bGNn4BpcaF8s48uAIHINTgIEDGuAKNEELUBCDB/AEni1tPVov1uuiNWctZw7BD1hvn6SMkM0=</latexit>

⌦�
b ! ⌦0

cµ
�⌫̄µX, ⌦0

c ! pK�K�⇡+
<latexit sha1_base64="Y78R+eIvOFFCCRt1aNIScOMDDlI="></latexit><latexit sha1_base64="TTDrucORHSfDS3WLD4K2lzw8HYA="></latexit><latexit sha1_base64="TTDrucORHSfDS3WLD4K2lzw8HYA="></latexit><latexit sha1_base64="kZ/xxU1a39V3c19DtWKT/fXAbQg="></latexit>

D+ ! K�⇡+⇡+
<latexit sha1_base64="/MoaELjBAQ9ynkZyGTA9/KiWgG4=">AAAB/XicbVDLSsNAFL3xWesrPnZugkUQxJK4UdxY0IXgpoJ9QJOWyXTSDp1MwsxEqKH4K4K4UMStW7/Bjfg3TtoutPXADIdz7uXee/yYUals+9uYmZ2bX1jMLeWXV1bX1s2NzaqMEoFJBUcsEnUfScIoJxVFFSP1WBAU+ozU/N555tduiZA04jeqHxMvRB1OA4qR0lLL3L5oHrgqsq6ah25MNc++llmwi/YQ1jRxxqRw9vH4BRrllvnptiOchIQrzJCUDceOlZcioShmZJB3E0lihHuoQxqachQS6aXD7QfWnlbaVhAJ/biyhurvjhSFUvZDX1eGSHXlpJeJ/3mNRAUnXkp5nCjC8WhQkDBLn5tFYbWpIFixviYIC6p3tXAXCYSVDiyvQ3AmT54m1aOiYxeda6dQOoURcrADu7APDhxDCS6hDBXAcAcP8Awvxr3xZLwab6PSGWPcswV/YLz/ANATll8=</latexit><latexit sha1_base64="0CbMHxTZXTsjskvgmMEpHkJvipE=">AAAB/XicbVDLSsNAFJ34rPEVHzs3g0UQxJK4UQSxoAvBTQX7gCYtk+mkHTpJhpmJUEPxVwR1oYhbt36DG/FvnLRdaOuBGQ7n3Mu99/icUals+9uYmp6ZnZvPLZiLS8srq9baekXGicCkjGMWi5qPJGE0ImVFFSM1LggKfUaqfvcs86s3REgaR9eqx4kXonZEA4qR0lLT2jxv7LkqhpeNfZdTzbOvaeXtgj0AnCTOiORPPx6+zBP+WGpan24rxklIIoUZkrLu2Fx5KRKKYkb6pptIwhHuojapaxqhkEgvHWzfhztaacEgFvpFCg7U3x0pCqXshb6uDJHqyHEvE//z6okKjryURjxRJMLDQUHCoD43iwK2qCBYsZ4mCAuqd4W4gwTCSgdm6hCc8ZMnSeWg4NgF58rJF4/BEDmwBbbBLnDAISiCC1ACZYDBLbgHz+DFuDOejFfjbVg6ZYx6NsAfGO8/n3CXug==</latexit><latexit sha1_base64="0CbMHxTZXTsjskvgmMEpHkJvipE=">AAAB/XicbVDLSsNAFJ34rPEVHzs3g0UQxJK4UQSxoAvBTQX7gCYtk+mkHTpJhpmJUEPxVwR1oYhbt36DG/FvnLRdaOuBGQ7n3Mu99/icUals+9uYmp6ZnZvPLZiLS8srq9baekXGicCkjGMWi5qPJGE0ImVFFSM1LggKfUaqfvcs86s3REgaR9eqx4kXonZEA4qR0lLT2jxv7LkqhpeNfZdTzbOvaeXtgj0AnCTOiORPPx6+zBP+WGpan24rxklIIoUZkrLu2Fx5KRKKYkb6pptIwhHuojapaxqhkEgvHWzfhztaacEgFvpFCg7U3x0pCqXshb6uDJHqyHEvE//z6okKjryURjxRJMLDQUHCoD43iwK2qCBYsZ4mCAuqd4W4gwTCSgdm6hCc8ZMnSeWg4NgF58rJF4/BEDmwBbbBLnDAISiCC1ACZYDBLbgHz+DFuDOejFfjbVg6ZYx6NsAfGO8/n3CXug==</latexit><latexit sha1_base64="qgAqQe5UQzMY/IAvmtAZH7KS5ug=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEQSyJG8VVQReCmwr2AU1aJtNJO3QyCTMToYbir7hxoYhb/8Odf+Ok7UKrB2Y4nHMv994TJJwp7ThfVmFhcWl5pbhaWlvf2Nyyt3caKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gyGl7nfvKdSsVjc6VFC/Qj3BQsZwdpIXXvvqnPs6RjddE68hBmef1277FScCdBf4s5IGWaode1PrxeTNKJCE46VartOov0MS80Ip+OSlyqaYDLEfdo2VOCIKj+bbD9Gh0bpoTCW5gmNJurPjgxHSo2iwFRGWA/UvJeL/3ntVIfnfsZEkmoqyHRQmHJkzs2jQD0mKdF8ZAgmkpldERlgiYk2gZVMCO78yX9J47TiOhX31i1XL2ZxFGEfDuAIXDiDKlxDDepA4AGe4AVerUfr2Xqz3qelBWvWswu/YH18A3f1k+Y=</latexit>

D+
<latexit sha1_base64="p1ZOEUNjI8nCLv9M0dGCe2utCJs=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiCEKZcaO4saALlxXtBdqxZNIzbWgmMyQZoZQ+ghsXirjUB/EZ3IhvY3pZaOsPgY//P4ecc4JEcG1c99vJLCwuLa9kV3Nr6xubW/ntnaqOU8WwwmIRq3pANQousWK4EVhPFNIoEFgLehejvHaPSvNY3pp+gn5EO5KHnFFjrZvLu6NWvuAW3bHIPHhTKJx/vH2BVbmV/2y2Y5ZGKA0TVOuG5ybGH1BlOBM4zDVTjQllPdrBhkVJI9T+YDzqkBxYp03CWNknDRm7vzsGNNK6HwW2MqKmq2ezkflf1khNeOoPuExSg5JNPgpTQUxMRnuTNlfIjOhboExxOythXaooM/Y6OXsEb3bleageFz236F17hdIZTJSFPdiHQ/DgBEpwBWWoAIMOPMATPDvCeXRenNdJacaZ9uzCHznvPwahj9M=</latexit><latexit sha1_base64="XBCqYXlomwEi9RjyPFtM/KnlZOs=">AAAB6nicbZDLSsNAFIZP6q3GW9Wlm8EiCEJJ3CiCWNCFy4r2Am0sk+mkHTqZhJmJUEIfwY0LRVzaB/EZ3Ihv47TpQlt/GPj4/3OYc44fc6a043xbuYXFpeWV/Kq9tr6xuVXY3qmpKJGEVknEI9nwsaKcCVrVTHPaiCXFoc9p3e9fjvP6A5WKReJOD2LqhbgrWMAI1sa6vbo/aheKTsmZCM2DO4Xixcf7l30ejyrtwmerE5EkpEITjpVquk6svRRLzQinQ7uVKBpj0sdd2jQocEiVl05GHaID43RQEEnzhEYT93dHikOlBqFvKkOse2o2G5v/Zc1EB6deykScaCpI9lGQcKQjNN4bdZikRPOBAUwkM7Mi0sMSE22uY5sjuLMrz0PtuOQ6JffGLZbPIFMe9mAfDsGFEyjDNVSgCgS68AjP8GJx68l6td6y0pw17dmFP7JGP9XvkS4=</latexit><latexit sha1_base64="XBCqYXlomwEi9RjyPFtM/KnlZOs=">AAAB6nicbZDLSsNAFIZP6q3GW9Wlm8EiCEJJ3CiCWNCFy4r2Am0sk+mkHTqZhJmJUEIfwY0LRVzaB/EZ3Ihv47TpQlt/GPj4/3OYc44fc6a043xbuYXFpeWV/Kq9tr6xuVXY3qmpKJGEVknEI9nwsaKcCVrVTHPaiCXFoc9p3e9fjvP6A5WKReJOD2LqhbgrWMAI1sa6vbo/aheKTsmZCM2DO4Xixcf7l30ejyrtwmerE5EkpEITjpVquk6svRRLzQinQ7uVKBpj0sdd2jQocEiVl05GHaID43RQEEnzhEYT93dHikOlBqFvKkOse2o2G5v/Zc1EB6deykScaCpI9lGQcKQjNN4bdZikRPOBAUwkM7Mi0sMSE22uY5sjuLMrz0PtuOQ6JffGLZbPIFMe9mAfDsGFEyjDNVSgCgS68AjP8GJx68l6td6y0pw17dmFP7JGP9XvkS4=</latexit><latexit sha1_base64="8/xPWjJUXY9x8GFQhTYUEYITwF4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEriRfFU0IPHivYD2lg22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo+up33ri2ohYPeA44X5EB0qEglG00v3N41mvXHGr7gxkmXg5qUCOeq/81e3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz2akTcmKVPgljbUshmam/JzIaGTOOAtsZURyaRW8q/ud1Ugwv/UyoJEWu2HxRmEqCMZn+TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPK96btW78yq1qzyOIhzBMZyCBxdQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4ArnSNWg==</latexit>

⌧(⌦0
c) = 268± 24 (stat)± 10 (syst)± 2(D+) fs

<latexit sha1_base64="fu2Ot4eG43mpSTMPTFxe5/hfb0A="></latexit><latexit sha1_base64="NdJfKhRHXmCSFhr8PXrG3x37K+I="></latexit><latexit sha1_base64="NdJfKhRHXmCSFhr8PXrG3x37K+I="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="71ve1DU6sr493rmLt6DBByzSY7s="></latexit><latexit sha1_base64="ZprQaKy6vYAsikZqzpNeL5gvreE="></latexit><latexit sha1_base64="h1Iq20O8vH0m2JwQRlUzYQAtQAA="></latexit><latexit sha1_base64="42kYlJcQ1Orm/SE5OXC6qRxqQcY="></latexit><latexit sha1_base64="NdJfKhRHXmCSFhr8PXrG3x37K+I="></latexit><latexit sha1_base64="NdJfKhRHXmCSFhr8PXrG3x37K+I="></latexit><latexit sha1_base64="NdJfKhRHXmCSFhr8PXrG3x37K+I="></latexit><latexit sha1_base64="NdJfKhRHXmCSFhr8PXrG3x37K+I="></latexit><latexit sha1_base64="42kYlJcQ1Orm/SE5OXC6qRxqQcY="></latexit>

arXiv:1807.02024



lifetime
• Least well measured charmed baryon lifetime 
• ~1000 decays  
• Measured relative to                              with        from semileptonic B 
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⌦0
c

<latexit sha1_base64="kS5RmaoRtzRa4X8fE+12v8WBPZU=">AAAB8nicdVDLSkMxEJ1btdb6qrrTTbAIri5JtS/dFNy4s4J9QFtLbpq2obkPklyhlH6GGxeKuPVr3Pk3pq2Cih4YOJwzw5wZL5JCG4zfncTS8kpyNbWWXt/Y3NrO7OzWdRgrxmsslKFqelRzKQJeM8JI3owUp74necMbXcz8xh1XWoTBjRlHvOPTQSD6glFjpVb7yucDeou7LN3NZLGLCSkW8gi7J+UCLpYsKeZz5VOCiIvnyFb2z5NgUe1m3tq9kMU+DwyTVOsWwZHpTKgygkk+TbdjzSPKRnTAW5YG1Oe6M5lHnqIjq/RQP1S2AoPm6veJCfW1Hvue7fSpGerf3kz8y2vFpl/qTEQQxYYHbLGoH0tkQjS7H/WE4szIsSWUKWGzIjakijJjvzR7wtel6H9Sz7kEu+SaZCtnsEAKDuAQjoFAESpwCVWoAYMQ7uERnhzjPDjPzsuiNeF8zuzBDzivH3atkWg=</latexit><latexit sha1_base64="uIsli1/khqNuzEePtvA4Wa67VT8=">AAAB8nicdVDLSgMxFM1Uq219Vd3pJlgEV0NS7Us3BTfurGAfMK0lk6ZtaOZBkhHK0M9w40IRt36GX+DOb/APXJm2Cip64MLhnHu55143FFxphF6txMJicmk5lc6srK6tb2Q3txoqiCRldRqIQLZcopjgPqtrrgVrhZIRzxWs6Y5Op37zmknFA/9Sj0PW8cjA531OiTaS0z732IBcoS7NdLM5ZCOMS8UCRPZhpYhKZUNKhXzlCENsoxly1Z2T5Pvbc7rWzb60ewGNPOZrKohSDkah7sREak4Fm2TakWIhoSMyYI6hPvGY6sSzyBO4b5Qe7AfSlK/hTP0+ERNPqbHnmk6P6KH67U3Fvzwn0v1yJ+Z+GGnm0/mifiSgDuD0ftjjklEtxoYQKrnJCumQSEK1+dL0CV+Xwv9JI29jZOMLnKsegzlSYBfsgQOAQQlUwRmogTqgIAA34A7cW9q6tR6sx3lrwvqc2QY/YD19ABIylBk=</latexit><latexit sha1_base64="uIsli1/khqNuzEePtvA4Wa67VT8=">AAAB8nicdVDLSgMxFM1Uq219Vd3pJlgEV0NS7Us3BTfurGAfMK0lk6ZtaOZBkhHK0M9w40IRt36GX+DOb/APXJm2Cip64MLhnHu55143FFxphF6txMJicmk5lc6srK6tb2Q3txoqiCRldRqIQLZcopjgPqtrrgVrhZIRzxWs6Y5Op37zmknFA/9Sj0PW8cjA531OiTaS0z732IBcoS7NdLM5ZCOMS8UCRPZhpYhKZUNKhXzlCENsoxly1Z2T5Pvbc7rWzb60ewGNPOZrKohSDkah7sREak4Fm2TakWIhoSMyYI6hPvGY6sSzyBO4b5Qe7AfSlK/hTP0+ERNPqbHnmk6P6KH67U3Fvzwn0v1yJ+Z+GGnm0/mifiSgDuD0ftjjklEtxoYQKrnJCumQSEK1+dL0CV+Xwv9JI29jZOMLnKsegzlSYBfsgQOAQQlUwRmogTqgIAA34A7cW9q6tR6sx3lrwvqc2QY/YD19ABIylBk=</latexit><latexit sha1_base64="zyZqTbLh9ZFTf4hEoCA0AQSImSk=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GpJqO62rght3VrAPmI4lk2ba0MyDJCOU0s9w40IRt36NO//GTFtBRQ9cOJxzL/fe4yeCK43Qh5VbWV1b38hvFra2d3b3ivsHbRWnkrIWjUUsuz5RTPCItTTXgnUTyUjoC9bxx5eZ37lnUvE4utWThHkhGUY84JRoI7m965ANyR3q00K/WEI2wtipViCyz+pV5NQMcSrl+jmG2EZzlMASzX7xvTeIaRqySFNBlHIxSrQ3JVJzKtis0EsVSwgdkyFzDY1IyJQ3nZ88gydGGcAglqYiDefq94kpCZWahL7pDIkeqd9eJv7luakOat6UR0mqWUQXi4JUQB3D7H844JJRLSaGECq5uRXSEZGEapNSFsLXp/B/0i7bGNn4BpcaF8s48uAIHINTgIEDGuAKNEELUBCDB/AEni1tPVov1uuiNWctZw7BD1hvn6SMkM0=</latexit>

⌦�
b ! ⌦0

cµ
�⌫̄µX, ⌦0

c ! pK�K�⇡+
<latexit sha1_base64="Y78R+eIvOFFCCRt1aNIScOMDDlI="></latexit><latexit sha1_base64="TTDrucORHSfDS3WLD4K2lzw8HYA="></latexit><latexit sha1_base64="TTDrucORHSfDS3WLD4K2lzw8HYA="></latexit><latexit sha1_base64="kZ/xxU1a39V3c19DtWKT/fXAbQg="></latexit>

D+ ! K�⇡+⇡+
<latexit sha1_base64="/MoaELjBAQ9ynkZyGTA9/KiWgG4=">AAAB/XicbVDLSsNAFL3xWesrPnZugkUQxJK4UdxY0IXgpoJ9QJOWyXTSDp1MwsxEqKH4K4K4UMStW7/Bjfg3TtoutPXADIdz7uXee/yYUals+9uYmZ2bX1jMLeWXV1bX1s2NzaqMEoFJBUcsEnUfScIoJxVFFSP1WBAU+ozU/N555tduiZA04jeqHxMvRB1OA4qR0lLL3L5oHrgqsq6ah25MNc++llmwi/YQ1jRxxqRw9vH4BRrllvnptiOchIQrzJCUDceOlZcioShmZJB3E0lihHuoQxqachQS6aXD7QfWnlbaVhAJ/biyhurvjhSFUvZDX1eGSHXlpJeJ/3mNRAUnXkp5nCjC8WhQkDBLn5tFYbWpIFixviYIC6p3tXAXCYSVDiyvQ3AmT54m1aOiYxeda6dQOoURcrADu7APDhxDCS6hDBXAcAcP8Awvxr3xZLwab6PSGWPcswV/YLz/ANATll8=</latexit><latexit sha1_base64="0CbMHxTZXTsjskvgmMEpHkJvipE=">AAAB/XicbVDLSsNAFJ34rPEVHzs3g0UQxJK4UQSxoAvBTQX7gCYtk+mkHTpJhpmJUEPxVwR1oYhbt36DG/FvnLRdaOuBGQ7n3Mu99/icUals+9uYmp6ZnZvPLZiLS8srq9baekXGicCkjGMWi5qPJGE0ImVFFSM1LggKfUaqfvcs86s3REgaR9eqx4kXonZEA4qR0lLT2jxv7LkqhpeNfZdTzbOvaeXtgj0AnCTOiORPPx6+zBP+WGpan24rxklIIoUZkrLu2Fx5KRKKYkb6pptIwhHuojapaxqhkEgvHWzfhztaacEgFvpFCg7U3x0pCqXshb6uDJHqyHEvE//z6okKjryURjxRJMLDQUHCoD43iwK2qCBYsZ4mCAuqd4W4gwTCSgdm6hCc8ZMnSeWg4NgF58rJF4/BEDmwBbbBLnDAISiCC1ACZYDBLbgHz+DFuDOejFfjbVg6ZYx6NsAfGO8/n3CXug==</latexit><latexit sha1_base64="0CbMHxTZXTsjskvgmMEpHkJvipE=">AAAB/XicbVDLSsNAFJ34rPEVHzs3g0UQxJK4UQSxoAvBTQX7gCYtk+mkHTpJhpmJUEPxVwR1oYhbt36DG/FvnLRdaOuBGQ7n3Mu99/icUals+9uYmp6ZnZvPLZiLS8srq9baekXGicCkjGMWi5qPJGE0ImVFFSM1LggKfUaqfvcs86s3REgaR9eqx4kXonZEA4qR0lLT2jxv7LkqhpeNfZdTzbOvaeXtgj0AnCTOiORPPx6+zBP+WGpan24rxklIIoUZkrLu2Fx5KRKKYkb6pptIwhHuojapaxqhkEgvHWzfhztaacEgFvpFCg7U3x0pCqXshb6uDJHqyHEvE//z6okKjryURjxRJMLDQUHCoD43iwK2qCBYsZ4mCAuqd4W4gwTCSgdm6hCc8ZMnSeWg4NgF58rJF4/BEDmwBbbBLnDAISiCC1ACZYDBLbgHz+DFuDOejFfjbVg6ZYx6NsAfGO8/n3CXug==</latexit><latexit sha1_base64="qgAqQe5UQzMY/IAvmtAZH7KS5ug=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEQSyJG8VVQReCmwr2AU1aJtNJO3QyCTMToYbir7hxoYhb/8Odf+Ok7UKrB2Y4nHMv994TJJwp7ThfVmFhcWl5pbhaWlvf2Nyyt3caKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gyGl7nfvKdSsVjc6VFC/Qj3BQsZwdpIXXvvqnPs6RjddE68hBmef1277FScCdBf4s5IGWaode1PrxeTNKJCE46VartOov0MS80Ip+OSlyqaYDLEfdo2VOCIKj+bbD9Gh0bpoTCW5gmNJurPjgxHSo2iwFRGWA/UvJeL/3ntVIfnfsZEkmoqyHRQmHJkzs2jQD0mKdF8ZAgmkpldERlgiYk2gZVMCO78yX9J47TiOhX31i1XL2ZxFGEfDuAIXDiDKlxDDepA4AGe4AVerUfr2Xqz3qelBWvWswu/YH18A3f1k+Y=</latexit>

D+
<latexit sha1_base64="p1ZOEUNjI8nCLv9M0dGCe2utCJs=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiCEKZcaO4saALlxXtBdqxZNIzbWgmMyQZoZQ+ghsXirjUB/EZ3IhvY3pZaOsPgY//P4ecc4JEcG1c99vJLCwuLa9kV3Nr6xubW/ntnaqOU8WwwmIRq3pANQousWK4EVhPFNIoEFgLehejvHaPSvNY3pp+gn5EO5KHnFFjrZvLu6NWvuAW3bHIPHhTKJx/vH2BVbmV/2y2Y5ZGKA0TVOuG5ybGH1BlOBM4zDVTjQllPdrBhkVJI9T+YDzqkBxYp03CWNknDRm7vzsGNNK6HwW2MqKmq2ezkflf1khNeOoPuExSg5JNPgpTQUxMRnuTNlfIjOhboExxOythXaooM/Y6OXsEb3bleageFz236F17hdIZTJSFPdiHQ/DgBEpwBWWoAIMOPMATPDvCeXRenNdJacaZ9uzCHznvPwahj9M=</latexit><latexit sha1_base64="XBCqYXlomwEi9RjyPFtM/KnlZOs=">AAAB6nicbZDLSsNAFIZP6q3GW9Wlm8EiCEJJ3CiCWNCFy4r2Am0sk+mkHTqZhJmJUEIfwY0LRVzaB/EZ3Ihv47TpQlt/GPj4/3OYc44fc6a043xbuYXFpeWV/Kq9tr6xuVXY3qmpKJGEVknEI9nwsaKcCVrVTHPaiCXFoc9p3e9fjvP6A5WKReJOD2LqhbgrWMAI1sa6vbo/aheKTsmZCM2DO4Xixcf7l30ejyrtwmerE5EkpEITjpVquk6svRRLzQinQ7uVKBpj0sdd2jQocEiVl05GHaID43RQEEnzhEYT93dHikOlBqFvKkOse2o2G5v/Zc1EB6deykScaCpI9lGQcKQjNN4bdZikRPOBAUwkM7Mi0sMSE22uY5sjuLMrz0PtuOQ6JffGLZbPIFMe9mAfDsGFEyjDNVSgCgS68AjP8GJx68l6td6y0pw17dmFP7JGP9XvkS4=</latexit><latexit sha1_base64="XBCqYXlomwEi9RjyPFtM/KnlZOs=">AAAB6nicbZDLSsNAFIZP6q3GW9Wlm8EiCEJJ3CiCWNCFy4r2Am0sk+mkHTqZhJmJUEIfwY0LRVzaB/EZ3Ihv47TpQlt/GPj4/3OYc44fc6a043xbuYXFpeWV/Kq9tr6xuVXY3qmpKJGEVknEI9nwsaKcCVrVTHPaiCXFoc9p3e9fjvP6A5WKReJOD2LqhbgrWMAI1sa6vbo/aheKTsmZCM2DO4Xixcf7l30ejyrtwmerE5EkpEITjpVquk6svRRLzQinQ7uVKBpj0sdd2jQocEiVl05GHaID43RQEEnzhEYT93dHikOlBqFvKkOse2o2G5v/Zc1EB6deykScaCpI9lGQcKQjNN4bdZikRPOBAUwkM7Mi0sMSE22uY5sjuLMrz0PtuOQ6JffGLZbPIFMe9mAfDsGFEyjDNVSgCgS68AjP8GJx68l6td6y0pw17dmFP7JGP9XvkS4=</latexit><latexit sha1_base64="8/xPWjJUXY9x8GFQhTYUEYITwF4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEriRfFU0IPHivYD2lg22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo+up33ri2ohYPeA44X5EB0qEglG00v3N41mvXHGr7gxkmXg5qUCOeq/81e3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz2akTcmKVPgljbUshmam/JzIaGTOOAtsZURyaRW8q/ud1Ugwv/UyoJEWu2HxRmEqCMZn+TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPK96btW78yq1qzyOIhzBMZyCBxdQg1uoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4ArnSNWg==</latexit>

⌧(⌦0
c) = 268± 24 (stat)± 10 (syst)± 2(D+) fs

<latexit sha1_base64="fu2Ot4eG43mpSTMPTFxe5/hfb0A="></latexit><latexit sha1_base64="NdJfKhRHXmCSFhr8PXrG3x37K+I="></latexit><latexit sha1_base64="NdJfKhRHXmCSFhr8PXrG3x37K+I="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="71ve1DU6sr493rmLt6DBByzSY7s="></latexit><latexit sha1_base64="ZprQaKy6vYAsikZqzpNeL5gvreE="></latexit><latexit sha1_base64="h1Iq20O8vH0m2JwQRlUzYQAtQAA="></latexit><latexit sha1_base64="42kYlJcQ1Orm/SE5OXC6qRxqQcY="></latexit><latexit sha1_base64="NdJfKhRHXmCSFhr8PXrG3x37K+I="></latexit><latexit sha1_base64="NdJfKhRHXmCSFhr8PXrG3x37K+I="></latexit><latexit sha1_base64="NdJfKhRHXmCSFhr8PXrG3x37K+I="></latexit><latexit sha1_base64="NdJfKhRHXmCSFhr8PXrG3x37K+I="></latexit><latexit sha1_base64="42kYlJcQ1Orm/SE5OXC6qRxqQcY="></latexit>

arXiv:1807.02024

~ four times larger than, and inconsistent with, the 
current world-average value of 69 ± 12 fs



Observation of a new      resonance
• In the quark model, radially and orbitally excited          resonances 

are expected  
• First observation of a new state decaying into                              in 

both fully hadronic (Λb) and semileptonic (Λb, Ξb) decays  
• Mass and width from fully hadronic channel  (no JP analysis yet)                 
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⌅�
b

<latexit sha1_base64="kXwr/55ZsCEnZlHWzU94aPUEWIQ=">AAAB73icdVC7SkNBEJ0bXzG+opYWLgbBxstuNC+rgI1lBBMDSQx7NxuzZO/D3b1CCPEjbCwUsfV37Ows/BA3iYKKHhg4nDPDnBkvkkIbjF+dxMzs3PxCcjG1tLyyupZe36jpMFaMV1koQ1X3qOZSBLxqhJG8HilOfU/yc69/PPbPr7nSIgzOzCDiLZ9eBqIrGDVWqjfr4mK/7aXa6Qx2MSGFfA5h96CUx4WiJYVctnRIEHHxBJny9vvNGwBU2umXZidksc8DwyTVukFwZFpDqoxgko9SzVjziLI+veQNSwPqc90aTvKO0K5VOqgbKluBQRP1+8SQ+loPfM92+tT09G9vLP7lNWLTLbaGIohiwwM2XdSNJTIhGh+POkJxZuTAEsqUsFkR61FFmbEvGj/h61L0P6llXYJdckoy5SOYIglbsAN7QKAAZTiBClSBgYRbuIcH58q5cx6dp2lrwvmc2YQfcJ4/APDIkiQ=</latexit><latexit sha1_base64="UJ6cfZk6qPk8wd61WYx2LU21Mq8=">AAAB73icdVC7SgNBFJ31GeMramnhYBBsXGaieVkFbCwjmGQhiWF2MkmGzD6cmRVCiB9hY6GIrV9g6ScIdvY2/oWziYKKHrhwOOde7rnXDQVXGqFXa2p6ZnZuPrGQXFxaXllNra1XVRBJyio0EIF0XKKY4D6raK4Fc0LJiOcKVnP7R7Ffu2BS8cA/1YOQNT3S9XmHU6KN5DQcfrbXcpOtVBrZCON8LguRvV/MoXzBkHw2UzzAENtojHRp6+3y+f3xqdxKvTTaAY085msqiFJ1jELdHBKpORVslGxEioWE9kmX1Q31icdUczjOO4I7RmnDTiBN+RqO1e8TQ+IpNfBc0+kR3VO/vVj8y6tHulNoDrkfRpr5dLKoEwmoAxgfD9tcMqrFwBBCJTdZIe0RSag2L4qf8HUp/J9UMzZGNj7B6dIhmCABNsE22AUY5EEJHIMyqAAKBLgCN+DWOreurTvrftI6ZX3ObIAfsB4+AAVAlHI=</latexit><latexit sha1_base64="UJ6cfZk6qPk8wd61WYx2LU21Mq8=">AAAB73icdVC7SgNBFJ31GeMramnhYBBsXGaieVkFbCwjmGQhiWF2MkmGzD6cmRVCiB9hY6GIrV9g6ScIdvY2/oWziYKKHrhwOOde7rnXDQVXGqFXa2p6ZnZuPrGQXFxaXllNra1XVRBJyio0EIF0XKKY4D6raK4Fc0LJiOcKVnP7R7Ffu2BS8cA/1YOQNT3S9XmHU6KN5DQcfrbXcpOtVBrZCON8LguRvV/MoXzBkHw2UzzAENtojHRp6+3y+f3xqdxKvTTaAY085msqiFJ1jELdHBKpORVslGxEioWE9kmX1Q31icdUczjOO4I7RmnDTiBN+RqO1e8TQ+IpNfBc0+kR3VO/vVj8y6tHulNoDrkfRpr5dLKoEwmoAxgfD9tcMqrFwBBCJTdZIe0RSag2L4qf8HUp/J9UMzZGNj7B6dIhmCABNsE22AUY5EEJHIMyqAAKBLgCN+DWOreurTvrftI6ZX3ObIAfsB4+AAVAlHI=</latexit><latexit sha1_base64="+IeLW1Mr8me0CGEWySQUzoiQcg0=">AAAB73icdVDLSgMxFM34rPVVdekmWAQ3Dkm1ndZVwY3LCvYB7VgyaaYNzTxMMkIZ+hNuXCji1t9x59+YaSuo6IELh3Pu5d57vFhwpRH6sJaWV1bX1nMb+c2t7Z3dwt5+S0WJpKxJIxHJjkcUEzxkTc21YJ1YMhJ4grW98WXmt++ZVDwKb/QkZm5AhiH3OSXaSJ1eh9+e9r18v1BENsLYqZQhss9qFeRUDXHKpdo5hthGMxTBAo1+4b03iGgSsFBTQZTqYhRrNyVScyrYNN9LFIsJHZMh6xoakoApN53dO4XHRhlAP5KmQg1n6veJlARKTQLPdAZEj9RvLxP/8rqJ9qtuysM40Syk80V+IqCOYPY8HHDJqBYTQwiV3NwK6YhIQrWJKAvh61P4P2mVbIxsfI2L9YtFHDlwCI7ACcDAAXVwBRqgCSgQ4AE8gWfrznq0XqzXeeuStZg5AD9gvX0CZKCPgw==</latexit>

⌅�
b

<latexit sha1_base64="mjfbKMxrdPoolokgYPvMXFCWaC8=">AAAB73icbZC9TsMwFIVv+C3lr8DIgEWFxEKVsICYKrEwFom2kdpQOa7TWrWdYDtIVVQegoUBhFh5HTY2Bh4Ep+0ALUey9Omce+V7b5hwpo3rfjoLi0vLK6uFteL6xubWdmlnt6HjVBFaJzGPlR9iTTmTtG6Y4dRPFMUi5LQZDi7zvHlPlWaxvDHDhAYC9ySLGMHGWn7bZ7cnnbDYKZXdijsWmgdvCuXqwffDFwDUOqWPdjcmqaDSEI61bnluYoIMK8MIp6NiO9U0wWSAe7RlUWJBdZCN5x2hI+t0URQr+6RBY/d3R4aF1kMR2kqBTV/PZrn5X9ZKTXQeZEwmqaGSTD6KUo5MjPLlUZcpSgwfWsBEMTsrIn2sMDH2RPkRvNmV56FxWvHcinftlasXMFEB9uEQjsGDM6jCFdSgDgQ4PMIzvDh3zpPz6rxNShecac8e/JHz/gN75pHT</latexit><latexit sha1_base64="sO9pv/qf+Nd56hrpNfMlPq2ixCY=">AAAB73icbZC9SgNBFIXvxr8Y/6KWFg4Gwcawa6NYBWwsI5hkIVnD7GQ2GTI7u87MCmGJD2FjoYitT2DpIwh29ja+hbNJCk08MPBxzr3MvdePOVPatj+t3Nz8wuJSfrmwsrq2vlHc3KqrKJGE1kjEI+n6WFHOBK1ppjl1Y0lx6HPa8PtnWd64oVKxSFzqQUy9EHcFCxjB2lhuy2VXh22/0C6W7LI9EpoFZwKlyu7X7fv361u1XfxodSKShFRowrFSTceOtZdiqRnhdFhoJYrGmPRxlzYNChxS5aWjeYdo3zgdFETSPKHRyP3dkeJQqUHom8oQ656azjLzv6yZ6ODES5mIE00FGX8UJBzpCGXLow6TlGg+MICJZGZWRHpYYqLNibIjONMrz0L9qOzYZefCKVVOYaw87MAeHIADx1CBc6hCDQhwuIMHeLSurXvryXoel+asSc82/JH18gOQT5Qh</latexit><latexit sha1_base64="bz1cmqyuhbfnGYd/W0TmvsHEXP4=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSReFE8FLx4r2DbQxrLZbtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5YSqFQdf9dlZW19Y3Nktb5e2d3b39ysFhyySZZrzJEploP6SGS6F4EwVK7qea0ziUvB2ObqZ++4lrIxJ1j+OUBzEdKBEJRtFKftcXD+e9sNyrVN2aOwNZJl5BqlCg0at8dfsJy2KukElqTMdzUwxyqlEwySflbmZ4StmIDnjHUkVjboJ8du+EnFqlT6JE21JIZurviZzGxozj0HbGFIdm0ZuK/3mdDKOrIBcqzZArNl8UZZJgQqbPk77QnKEcW0KZFvZWwoZUU4Y2omkI3uLLy6R1UfPcmnfnVevXRRwlOIYTOAMPLqEOt9CAJjCQ8Ayv8OY8Oi/Ou/Mxb11xipkj+APn8wfvr48y</latexit>

[b, d, s]
<latexit sha1_base64="e5kb4eERk6Dh4cGReLuZkkFCjSM=">AAAB73icbZDLSsNAFIZP6q3WW9Sdbgar4KKUxI3iquDGZQV7gTSUyWTSDp1M4sxEKKFLX8CNC0Xc+jrufBsnbRfa+sPAx/+fw5xzgpQzpR3n2yqtrK6tb5Q3K1vbO7t79v5BWyWZJLRFEp7IboAV5UzQlmaa024qKY4DTjvB6KbIO49UKpaIez1OqR/jgWARI1gbq+sFtbCm/Erfrjp1Zyq0DO4cqo2jp1Mwavbtr16YkCymQhOOlfJcJ9V+jqVmhNNJpZcpmmIywgPqGRQ4psrPp/NO0JlxQhQl0jyh0dT93ZHjWKlxHJjKGOuhWswK87/My3R05edMpJmmgsw+ijKOdIKK5VHIJCWajw1gIpmZFZEhlphoc6LiCO7iysvQvqi7Tt29c6uNa5ipDMdwAufgwiU04Baa0AICHJ7hFd6sB+vFerc+ZqUla95zCH9kff4AHQ2QFQ==</latexit><latexit sha1_base64="aLhPtpYp+KMFw7ZJbXBg3waPfhA=">AAAB73icbZC7SgNBFIbPeo3xFrXTZnARLELYtVGsAjY2QgRzgc0SZmcnyZDZ2XVmVghLsPIFbCwUsfUlfAg7X8Ta2SSFJv4w8PH/5zDnnCDhTGnH+bIWFpeWV1YLa8X1jc2t7dLObkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweAiz5t3VCoWixs9TKgf4Z5gXUawNlbLC8phWfnFTsl2Ks5YaB7cKdjV/Qf7+/7qo9YpfbbDmKQRFZpwrJTnOon2Myw1I5yOiu1U0QSTAe5Rz6DAEVV+Np53hI6ME6JuLM0TGo3d3x0ZjpQaRoGpjLDuq9ksN//LvFR3z/yMiSTVVJDJR92UIx2jfHkUMkmJ5kMDmEhmZkWkjyUm2pwoP4I7u/I8NE4qrlNxr127eg4TFeAADuEYXDiFKlxCDepAgMMjPMOLdWs9Wa/W26R0wZr27MEfWe8/dI6SlA==</latexit><latexit sha1_base64="aLhPtpYp+KMFw7ZJbXBg3waPfhA=">AAAB73icbZC7SgNBFIbPeo3xFrXTZnARLELYtVGsAjY2QgRzgc0SZmcnyZDZ2XVmVghLsPIFbCwUsfUlfAg7X8Ta2SSFJv4w8PH/5zDnnCDhTGnH+bIWFpeWV1YLa8X1jc2t7dLObkPFqSS0TmIey1aAFeVM0LpmmtNWIimOAk6bweAiz5t3VCoWixs9TKgf4Z5gXUawNlbLC8phWfnFTsl2Ks5YaB7cKdjV/Qf7+/7qo9YpfbbDmKQRFZpwrJTnOon2Myw1I5yOiu1U0QSTAe5Rz6DAEVV+Np53hI6ME6JuLM0TGo3d3x0ZjpQaRoGpjLDuq9ksN//LvFR3z/yMiSTVVJDJR92UIx2jfHkUMkmJ5kMDmEhmZkWkjyUm2pwoP4I7u/I8NE4qrlNxr127eg4TFeAADuEYXDiFKlxCDepAgMMjPMOLdWs9Wa/W26R0wZr27MEfWe8/dI6SlA==</latexit><latexit sha1_base64="9q0TL5ZezNoWWfaLfFsj0RCy+gw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KCXxongqePFYwX5AGspms2mXbnbj7kYooX/CiwdFvPp3vPlv3LQ5aOuDgcd7M8zMC1POtHHdb2dtfWNza7uyU93d2z84rB0dd7XMFKEdIrlU/RBrypmgHcMMp/1UUZyEnPbCyW3h956o0kyKBzNNaZDgkWAxI9hYqe+Hjaihg+qwVneb7hxolXglqUOJ9rD2NYgkyRIqDOFYa99zUxPkWBlGOJ1VB5mmKSYTPKK+pQInVAf5/N4ZOrdKhGKpbAmD5urviRwnWk+T0HYm2Iz1sleI/3l+ZuLrIGcizQwVZLEozjgyEhXPo4gpSgyfWoKJYvZWRMZYYWJsREUI3vLLq6R72fTcpnfv1Vs3ZRwVOIUzuAAPrqAFd9CGDhDg8Ayv8OY8Oi/Ou/OxaF1zypkT+APn8we+a48S</latexit>

⇤0
bK

�and ⌅0
b⇡

�
<latexit sha1_base64="0G+0D13/lKA+dB6O8Htqlhhsw8Y=">AAACEnicbVBLSwMxGMz6rPW16tFLsAgKtuyKoMeiF0EPFewDug+y2Wwbms0uSVYopb/Bi3/FiwdFvHry5r8x3e5BWycEhpn5SL4JUkalsqxvY2FxaXlltbRWXt/Y3No2d3ZbMskEJk2csER0AiQJo5w0FVWMdFJBUBww0g4GVxO//UCEpAm/V8OUuDHqcRpRjJSWfPPYudXhEPmBZ8EbrwodEUPEQ+ckPx3qWX7gpNSr+mbFqlk54DyxC1IBBRq++eWECc5iwhVmSMqubaXKHSGhKGZkXHYySVKEB6hHuppyFBPpjvKVxvBQKyGMEqEvVzBXf0+MUCzlMA50MkaqL2e9ifif181UdOGOKE8zRTiePhRlDKoETvqBIRUEKzbUBGFB9V8h7iOBsNItlnUJ9uzK86R1WrOtmn13VqlfFnWUwD44AEfABuegDq5BAzQBBo/gGbyCN+PJeDHejY9pdMEoZvbAHxifP7Wim5k=</latexit><latexit sha1_base64="0G+0D13/lKA+dB6O8Htqlhhsw8Y=">AAACEnicbVBLSwMxGMz6rPW16tFLsAgKtuyKoMeiF0EPFewDug+y2Wwbms0uSVYopb/Bi3/FiwdFvHry5r8x3e5BWycEhpn5SL4JUkalsqxvY2FxaXlltbRWXt/Y3No2d3ZbMskEJk2csER0AiQJo5w0FVWMdFJBUBww0g4GVxO//UCEpAm/V8OUuDHqcRpRjJSWfPPYudXhEPmBZ8EbrwodEUPEQ+ckPx3qWX7gpNSr+mbFqlk54DyxC1IBBRq++eWECc5iwhVmSMqubaXKHSGhKGZkXHYySVKEB6hHuppyFBPpjvKVxvBQKyGMEqEvVzBXf0+MUCzlMA50MkaqL2e9ifif181UdOGOKE8zRTiePhRlDKoETvqBIRUEKzbUBGFB9V8h7iOBsNItlnUJ9uzK86R1WrOtmn13VqlfFnWUwD44AEfABuegDq5BAzQBBo/gGbyCN+PJeDHejY9pdMEoZvbAHxifP7Wim5k=</latexit><latexit sha1_base64="0G+0D13/lKA+dB6O8Htqlhhsw8Y=">AAACEnicbVBLSwMxGMz6rPW16tFLsAgKtuyKoMeiF0EPFewDug+y2Wwbms0uSVYopb/Bi3/FiwdFvHry5r8x3e5BWycEhpn5SL4JUkalsqxvY2FxaXlltbRWXt/Y3No2d3ZbMskEJk2csER0AiQJo5w0FVWMdFJBUBww0g4GVxO//UCEpAm/V8OUuDHqcRpRjJSWfPPYudXhEPmBZ8EbrwodEUPEQ+ckPx3qWX7gpNSr+mbFqlk54DyxC1IBBRq++eWECc5iwhVmSMqubaXKHSGhKGZkXHYySVKEB6hHuppyFBPpjvKVxvBQKyGMEqEvVzBXf0+MUCzlMA50MkaqL2e9ifif181UdOGOKE8zRTiePhRlDKoETvqBIRUEKzbUBGFB9V8h7iOBsNItlnUJ9uzK86R1WrOtmn13VqlfFnWUwD44AEfABuegDq5BAzQBBo/gGbyCN+PJeDHejY9pdMEoZvbAHxifP7Wim5k=</latexit><latexit sha1_base64="0G+0D13/lKA+dB6O8Htqlhhsw8Y=">AAACEnicbVBLSwMxGMz6rPW16tFLsAgKtuyKoMeiF0EPFewDug+y2Wwbms0uSVYopb/Bi3/FiwdFvHry5r8x3e5BWycEhpn5SL4JUkalsqxvY2FxaXlltbRWXt/Y3No2d3ZbMskEJk2csER0AiQJo5w0FVWMdFJBUBww0g4GVxO//UCEpAm/V8OUuDHqcRpRjJSWfPPYudXhEPmBZ8EbrwodEUPEQ+ckPx3qWX7gpNSr+mbFqlk54DyxC1IBBRq++eWECc5iwhVmSMqubaXKHSGhKGZkXHYySVKEB6hHuppyFBPpjvKVxvBQKyGMEqEvVzBXf0+MUCzlMA50MkaqL2e9ifif181UdOGOKE8zRTiePhRlDKoETvqBIRUEKzbUBGFB9V8h7iOBsNItlnUJ9uzK86R1WrOtmn13VqlfFnWUwD44AEfABuegDq5BAzQBBo/gGbyCN+PJeDHejY9pdMEoZvbAHxifP7Wim5k=</latexit>

m⌅b(6227)� = 6226.9± 2.0(stat)± 0.3(syst)± 0.2(⇤0
b)MeV/c2

�⌅b(6227)� = 18.1± 5.4(stat)± 1.8(syst)MeV/c2
<latexit sha1_base64="g3QLYJLfxa22U9VlZJT+PHL7ZoY="></latexit><latexit sha1_base64="g3QLYJLfxa22U9VlZJT+PHL7ZoY="></latexit><latexit sha1_base64="g3QLYJLfxa22U9VlZJT+PHL7ZoY="></latexit><latexit sha1_base64="g3QLYJLfxa22U9VlZJT+PHL7ZoY="></latexit>

PRL121(2018)072002



“Fixed-target like” geometry very well suited for. . .  
fixed-target physics! 
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• With SMOG (System for Measuring 
Overlap with Gas) a small amount of 
noble gas is injected in beam pipe 
around (∼ ±20 m) the collision region 

Turns LHCb into a fixed-target experiment!  
• Possible targets:                 

He, Ne, Ar,….
•  Gas pressure ~10-7mb,      

~2 orders of magnitude 
larger than vacuum pressure      
(only local temporary degradation 
of LHC vacuum)



Link with cosmic ray physics
• Cosmic-ray flux of antiprotons is 

measured with high precision by 
AMS-02  and PAMELA 

• Its interpretation requires a correct 
description of the dominant 
production process for antiprotons, 
i.e. the interaction of cosmic-ray 
protons with the interstellar medium 
(H, He) 

• LHCb performed first measurement 
of cross-section for  

• Results cover                                                                         

• Precision well below the spread
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JCAP09(2015)023

p+He ! p+X at
p
sNN ⇠ 100GeV

<latexit sha1_base64="WfhIgZMuCqIteLeDUv5tGqhjvGA="></latexit><latexit sha1_base64="WfhIgZMuCqIteLeDUv5tGqhjvGA="></latexit><latexit sha1_base64="WfhIgZMuCqIteLeDUv5tGqhjvGA="></latexit><latexit sha1_base64="WfhIgZMuCqIteLeDUv5tGqhjvGA="></latexit>

among models for p production
<latexit sha1_base64="OP7qm9WZIzgty//2kP9J4OZbPr0=">AAACB3icbVDLSgMxFM3UV62vqktBgkVwIWVGBF0W3bisYGuhM5RMmmlD8yLJCGXozo2/4saFIm79BXf+jZl2Ftp6Q+BwHiT3xIpRY33/2ystLa+srpXXKxubW9s71d29tpGpxqSFJZO6EyNDGBWkZallpKM0QTxm5D4eXef6/QPRhkpxZ8eKRBwNBE0oRtZRvephKJ2cpzM1CU/d0RwqLfspnhlqft2fDlwEQQFqoJhmr/oV9iVOOREWM2RMN/CVjTKkLcWMTCphaohCeIQGpOugQJyYKJvuMYHHjunDRGp3hYVT9nciQ9yYMY+dkyM7NPNaTv6ndVObXEYZFSq1RODZQ0nKoJUwLwX2qSbYsrEDCGvq/grxEGmErauu4koI5ldeBO2zeuDXg9vzWuOqqKMMDsAROAEBuAANcAOaoAUweATP4BW8eU/ei/fufcysJa/I7IM/433+AH72mbE=</latexit><latexit sha1_base64="OP7qm9WZIzgty//2kP9J4OZbPr0=">AAACB3icbVDLSgMxFM3UV62vqktBgkVwIWVGBF0W3bisYGuhM5RMmmlD8yLJCGXozo2/4saFIm79BXf+jZl2Ftp6Q+BwHiT3xIpRY33/2ystLa+srpXXKxubW9s71d29tpGpxqSFJZO6EyNDGBWkZallpKM0QTxm5D4eXef6/QPRhkpxZ8eKRBwNBE0oRtZRvephKJ2cpzM1CU/d0RwqLfspnhlqft2fDlwEQQFqoJhmr/oV9iVOOREWM2RMN/CVjTKkLcWMTCphaohCeIQGpOugQJyYKJvuMYHHjunDRGp3hYVT9nciQ9yYMY+dkyM7NPNaTv6ndVObXEYZFSq1RODZQ0nKoJUwLwX2qSbYsrEDCGvq/grxEGmErauu4koI5ldeBO2zeuDXg9vzWuOqqKMMDsAROAEBuAANcAOaoAUweATP4BW8eU/ei/fufcysJa/I7IM/433+AH72mbE=</latexit><latexit sha1_base64="OP7qm9WZIzgty//2kP9J4OZbPr0=">AAACB3icbVDLSgMxFM3UV62vqktBgkVwIWVGBF0W3bisYGuhM5RMmmlD8yLJCGXozo2/4saFIm79BXf+jZl2Ftp6Q+BwHiT3xIpRY33/2ystLa+srpXXKxubW9s71d29tpGpxqSFJZO6EyNDGBWkZallpKM0QTxm5D4eXef6/QPRhkpxZ8eKRBwNBE0oRtZRvephKJ2cpzM1CU/d0RwqLfspnhlqft2fDlwEQQFqoJhmr/oV9iVOOREWM2RMN/CVjTKkLcWMTCphaohCeIQGpOugQJyYKJvuMYHHjunDRGp3hYVT9nciQ9yYMY+dkyM7NPNaTv6ndVObXEYZFSq1RODZQ0nKoJUwLwX2qSbYsrEDCGvq/grxEGmErauu4koI5ldeBO2zeuDXg9vzWuOqqKMMDsAROAEBuAANcAOaoAUweATP4BW8eU/ei/fufcysJa/I7IM/433+AH72mbE=</latexit><latexit sha1_base64="OP7qm9WZIzgty//2kP9J4OZbPr0=">AAACB3icbVDLSgMxFM3UV62vqktBgkVwIWVGBF0W3bisYGuhM5RMmmlD8yLJCGXozo2/4saFIm79BXf+jZl2Ftp6Q+BwHiT3xIpRY33/2ystLa+srpXXKxubW9s71d29tpGpxqSFJZO6EyNDGBWkZallpKM0QTxm5D4eXef6/QPRhkpxZ8eKRBwNBE0oRtZRvephKJ2cpzM1CU/d0RwqLfspnhlqft2fDlwEQQFqoJhmr/oV9iVOOREWM2RMN/CVjTKkLcWMTCphaohCeIQGpOugQJyYKJvuMYHHjunDRGp3hYVT9nciQ9yYMY+dkyM7NPNaTv6ndVObXEYZFSq1RODZQ0nKoJUwLwX2qSbYsrEDCGvq/grxEGmErauu4koI5ldeBO2zeuDXg9vzWuOqqKMMDsAROAEBuAANcAOaoAUweATP4BW8eU/ei/fufcysJa/I7IM/433+AH72mbE=</latexit>

arXiv:1808.06127

12 < p < 110GeV/c, pT > 0.4GeV/c
<latexit sha1_base64="NudjG5tszloCU8lu3jP/ykuWXq4=">AAACGHicbVDLSgMxFM34rPU16tJNsAguSpuUgi6KFF3oskJf0BmGTJq2oZkHSUYoQz/Djb/ixoUibrvzb0wfC9t64MLhnHu59x4/FlxphH6sjc2t7Z3dzF52/+Dw6Ng+OW2qKJGUNWgkItn2iWKCh6yhuRasHUtGAl+wlj+8n/qtZyYVj8K6HsXMDUg/5D1OiTaSZxdxqRJXMEZOPnVkAB9Yc1ykeejknXzs1W9RobzkeHYOFdAMcJ3gBcmBBWqePXG6EU0CFmoqiFIdjGLtpkRqTgUbZ51EsZjQIemzjqEhCZhy09ljY3hplC7sRdJUqOFM/TuRkkCpUeCbzoDogVr1puJ/XifRvRs35WGcaBbS+aJeIqCO4DQl2OWSUS1GhhAqubkV0gGRhGqTZdaEgFdfXifNUgGjAn4q56p3izgy4BxcgCuAwTWogkdQAw1AwQt4Ax/g03q13q0v63veumEtZs7AEqzJL9SSnIs=</latexit><latexit sha1_base64="NudjG5tszloCU8lu3jP/ykuWXq4=">AAACGHicbVDLSgMxFM34rPU16tJNsAguSpuUgi6KFF3oskJf0BmGTJq2oZkHSUYoQz/Djb/ixoUibrvzb0wfC9t64MLhnHu59x4/FlxphH6sjc2t7Z3dzF52/+Dw6Ng+OW2qKJGUNWgkItn2iWKCh6yhuRasHUtGAl+wlj+8n/qtZyYVj8K6HsXMDUg/5D1OiTaSZxdxqRJXMEZOPnVkAB9Yc1ykeejknXzs1W9RobzkeHYOFdAMcJ3gBcmBBWqePXG6EU0CFmoqiFIdjGLtpkRqTgUbZ51EsZjQIemzjqEhCZhy09ljY3hplC7sRdJUqOFM/TuRkkCpUeCbzoDogVr1puJ/XifRvRs35WGcaBbS+aJeIqCO4DQl2OWSUS1GhhAqubkV0gGRhGqTZdaEgFdfXifNUgGjAn4q56p3izgy4BxcgCuAwTWogkdQAw1AwQt4Ax/g03q13q0v63veumEtZs7AEqzJL9SSnIs=</latexit><latexit sha1_base64="NudjG5tszloCU8lu3jP/ykuWXq4=">AAACGHicbVDLSgMxFM34rPU16tJNsAguSpuUgi6KFF3oskJf0BmGTJq2oZkHSUYoQz/Djb/ixoUibrvzb0wfC9t64MLhnHu59x4/FlxphH6sjc2t7Z3dzF52/+Dw6Ng+OW2qKJGUNWgkItn2iWKCh6yhuRasHUtGAl+wlj+8n/qtZyYVj8K6HsXMDUg/5D1OiTaSZxdxqRJXMEZOPnVkAB9Yc1ykeejknXzs1W9RobzkeHYOFdAMcJ3gBcmBBWqePXG6EU0CFmoqiFIdjGLtpkRqTgUbZ51EsZjQIemzjqEhCZhy09ljY3hplC7sRdJUqOFM/TuRkkCpUeCbzoDogVr1puJ/XifRvRs35WGcaBbS+aJeIqCO4DQl2OWSUS1GhhAqubkV0gGRhGqTZdaEgFdfXifNUgGjAn4q56p3izgy4BxcgCuAwTWogkdQAw1AwQt4Ax/g03q13q0v63veumEtZs7AEqzJL9SSnIs=</latexit>



Conclusions
• Lots of measurements from LHCb in flavour and beyond, only a few of which were 

highlighted here, e.g. nothing on charm (covered by Mike Sokoloff), heavy ions, EW, 
exotic searches… 

• Dramatic improvements to the already impressive knowledge accumulated by the B-
factories and Tevatron. Healthy competition from Belle II, ATLAS & CMS very welcome! 

• Precise measurements of flavour observables provide a powerful way to probe for NP 
effects beyond the SM, complementing direct searches for NP 

• Most of these results show good compatibility with the SM, but some signs of tension 
are emerging 

• Need more data to test these hints. These data are arriving in Run 2! 

• Working hard to prepare for the future: getting ready to instal the  LHCb upgraded 
detector in ’19-20 and also thinking about a possible Upgrade II for the the ultimate 
exploitation of the LHC for flavour physics in the HL-LHC era
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A few extra slides



Projected sensitivities
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A very challenging measurement

• Due to bremsstrahlung  the reconstructed B mass is shifted towards 
lower values and events leak into the central-q2 bins
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Partially rec.
background

Central-q2

Low-q2

 (2S)

J/ 

Number of candidates for 
B0 ! K⇤0µ+µ� B0 ! K⇤0e+e�

Number of candidates for 

Partially rec.
background

JHEP 08 (2017) 055



 Results R(D*)
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New world average: 
<latexit sha1_base64="MAKFzNwP39OiUt3TX+7SAIQqI+E=">AAACHHicbZDLSgMxFIYzXmu9jbp0EyxCK1oyVqgboagLl1WsCp1aMmnaBpOZITkjlKEP4sZXceNCETcuBN/GjO3C2w+BP985h+T8QSyFAUI+nInJqemZ2dxcfn5hcWnZXVm9MFGiGW+wSEb6KqCGSxHyBgiQ/CrWnKpA8svg5iirX95ybUQUnsMg5i1Fe6HoCkbBorZbOSseX6dbO8PSASlXyJ4fK1ImXsXfLvpaYQMUSiNGqpaZgYFS2y1k90z4r/HGpoDGqrfdN78TsUTxEJikxjQ9EkMrpRoEk3yY9xPDY8puaI83rQ2p4qaVfi03xJuWdHA30vaEgL/o94mUKmMGKrCdikLf/K5l8L9aM4HufisVYZwAD9nooW4iMUQ4Swp3hOYM5MAayrSwf8WsTzVlYPPM2xC83yv/NRe7ZY+UvdO9Qu1wHEcOraMNVEQeqqIaOkF11EAM3aEH9ISenXvn0XlxXketE854Zg39kPP+CaFfnWQ=</latexit>



     One of the milestones of 
flavour programme     

• Very suppressed in the SM 

- Loop, CKM (          for Bs ) and helicity 

• Theoretically “clean” → precisely predicted 

• Sensitive to NP 
- A large class of NP theories, such as SUSY, predict significantly 

higher values for the B(s) decay probability  

•  Very clean experimental signature 
- Studied by all high-energy hadron collider experiments
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B(s) ! µ+µ�

⇠
✓
mµ

MB

◆2

Bobeth et al. 
PRL 112 (2014) 101801

|Vts|2

(~6%)B(B0
s ! µ+µ�) = (3.65± 0.23)⇥ 10�9

B(B0 ! µ+µ�) = (1.06± 0.09)⇥ 10�10



Era of precision measurements  
                    of      
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B(s) ! µ+µ�
ATLAS, EPJC

 76 (2016) 513 
C

M
S & LH

C
b, N

ature 522 (2015) 68



LHCb update with Run 2 data
• LHCb analysis based on Run 1 and Run 2 data (3+1.4 fb-1) 

• First observation from a single experiment with a significance of 7.8 σ 

• Consistent with SM expectation at current level of precision

B(B0
s ! µ+µ�) = (3.0± 0.6+0.3

�0.2)⇥ 10�9 ( 20%)

B(B0 ! µ+µ�) < 3.4⇥ 10�10 at 95% CL

BSM = (3.65± 0.23)⇥ 10�9

PRL 118 (2017) 191801
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projections
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B(s) ! µ+µ�
<latexit sha1_base64="91wRzrDSgy46OmOOrMxwHxyvjWk=">AAAB/nicdVDLSgMxFM3UV62vUXHlJliEijjM1NbqrtSNywr2AZ1xyKSZNjTzIMkIZSj4K25cKOLW73Dn35hpK6jogYSTc+4l9x4vZlRI0/zQcguLS8sr+dXC2vrG5pa+vdMWUcIxaeGIRbzrIUEYDUlLUslIN+YEBR4jHW90mfmdO8IFjcIbOY6JE6BBSH2KkVSSq+813LQkjia2jKAdJLfH2XXi6kXTMMun1fIFNI2KZdXOqorU1LtiQcswpyiCOZqu/m73I5wEJJSYISF6lhlLJ0VcUszIpGAngsQIj9CA9BQNUUCEk07Hn8BDpfShH3F1Qgmn6veOFAVCjANPVQZIDsVvLxP/8nqJ9M+dlIZxIkmIZx/5CYNq1ywL2KecYMnGiiDMqZoV4iHiCEuVWEGF8LUp/J+0y4ZlGtZ1pVhvzOPIg31wAErAAjVQB1egCVoAgxQ8gCfwrN1rj9qL9jorzWnznl3wA9rbJ05nlRI=</latexit><latexit sha1_base64="91wRzrDSgy46OmOOrMxwHxyvjWk=">AAAB/nicdVDLSgMxFM3UV62vUXHlJliEijjM1NbqrtSNywr2AZ1xyKSZNjTzIMkIZSj4K25cKOLW73Dn35hpK6jogYSTc+4l9x4vZlRI0/zQcguLS8sr+dXC2vrG5pa+vdMWUcIxaeGIRbzrIUEYDUlLUslIN+YEBR4jHW90mfmdO8IFjcIbOY6JE6BBSH2KkVSSq+813LQkjia2jKAdJLfH2XXi6kXTMMun1fIFNI2KZdXOqorU1LtiQcswpyiCOZqu/m73I5wEJJSYISF6lhlLJ0VcUszIpGAngsQIj9CA9BQNUUCEk07Hn8BDpfShH3F1Qgmn6veOFAVCjANPVQZIDsVvLxP/8nqJ9M+dlIZxIkmIZx/5CYNq1ywL2KecYMnGiiDMqZoV4iHiCEuVWEGF8LUp/J+0y4ZlGtZ1pVhvzOPIg31wAErAAjVQB1egCVoAgxQ8gCfwrN1rj9qL9jorzWnznl3wA9rbJ05nlRI=</latexit><latexit sha1_base64="91wRzrDSgy46OmOOrMxwHxyvjWk=">AAAB/nicdVDLSgMxFM3UV62vUXHlJliEijjM1NbqrtSNywr2AZ1xyKSZNjTzIMkIZSj4K25cKOLW73Dn35hpK6jogYSTc+4l9x4vZlRI0/zQcguLS8sr+dXC2vrG5pa+vdMWUcIxaeGIRbzrIUEYDUlLUslIN+YEBR4jHW90mfmdO8IFjcIbOY6JE6BBSH2KkVSSq+813LQkjia2jKAdJLfH2XXi6kXTMMun1fIFNI2KZdXOqorU1LtiQcswpyiCOZqu/m73I5wEJJSYISF6lhlLJ0VcUszIpGAngsQIj9CA9BQNUUCEk07Hn8BDpfShH3F1Qgmn6veOFAVCjANPVQZIDsVvLxP/8nqJ9M+dlIZxIkmIZx/5CYNq1ywL2KecYMnGiiDMqZoV4iHiCEuVWEGF8LUp/J+0y4ZlGtZ1pVhvzOPIg31wAErAAjVQB1egCVoAgxQ8gCfwrN1rj9qL9jorzWnznl3wA9rbJ05nlRI=</latexit><latexit sha1_base64="91wRzrDSgy46OmOOrMxwHxyvjWk=">AAAB/nicdVDLSgMxFM3UV62vUXHlJliEijjM1NbqrtSNywr2AZ1xyKSZNjTzIMkIZSj4K25cKOLW73Dn35hpK6jogYSTc+4l9x4vZlRI0/zQcguLS8sr+dXC2vrG5pa+vdMWUcIxaeGIRbzrIUEYDUlLUslIN+YEBR4jHW90mfmdO8IFjcIbOY6JE6BBSH2KkVSSq+813LQkjia2jKAdJLfH2XXi6kXTMMun1fIFNI2KZdXOqorU1LtiQcswpyiCOZqu/m73I5wEJJSYISF6lhlLJ0VcUszIpGAngsQIj9CA9BQNUUCEk07Hn8BDpfShH3F1Qgmn6veOFAVCjANPVQZIDsVvLxP/8nqJ9M+dlIZxIkmIZx/5CYNq1ywL2KecYMnGiiDMqZoV4iHiCEuVWEGF8LUp/J+0y4ZlGtZ1pVhvzOPIg31wAErAAjVQB1egCVoAgxQ8gCfwrN1rj9qL9jorzWnznl3wA9rbJ05nlRI=</latexit>

CMS PAS FTR-14-015

~10 %

LHCb
(23/300 fb-1)

ATLAS-PHYS-PUB-2018-005

3000 fb-1

CMS PAS FTR-14-015

~34 %

⌧e↵
<latexit sha1_base64="2xNNUwfFJ7odjA0QhEVY5Jg2jL4=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUse2u6MZlBfuAzlAyaaYNTWaGJCPUoV/ixoUibv0Ud/6NmbaCih64cDjnXu69J0gE1wahD6ewtr6xuVXcLu3s7u2X3YPDro5TRVmHxiJW/YBoJnjEOoYbwfqJYkQGgvWC6VXu9+6Y0jyObs0sYb4k44iHnBJjpaFb9gxJh5mnJGRhOC8N3QqqIoQwxjAnuH6BLGk2GzXcgDi3LCpghfbQffdGMU0liwwVROsBRonxM6IMp4LNS16qWULolIzZwNKISKb9bHH4HJ5aZQTDWNmKDFyo3ycyIrWeycB2SmIm+reXi395g9SEDT/jUZIaFtHlojAV0MQwTwGOuGLUiJklhCpub4V0QhShxmaVh/D1KfyfdGtVjKr45rzSulzFUQTH4AScAQzqoAWuQRt0AAUpeABP4Nm5dx6dF+d12VpwVjNH4Aect0+XZpMK</latexit><latexit sha1_base64="2xNNUwfFJ7odjA0QhEVY5Jg2jL4=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUse2u6MZlBfuAzlAyaaYNTWaGJCPUoV/ixoUibv0Ud/6NmbaCih64cDjnXu69J0gE1wahD6ewtr6xuVXcLu3s7u2X3YPDro5TRVmHxiJW/YBoJnjEOoYbwfqJYkQGgvWC6VXu9+6Y0jyObs0sYb4k44iHnBJjpaFb9gxJh5mnJGRhOC8N3QqqIoQwxjAnuH6BLGk2GzXcgDi3LCpghfbQffdGMU0liwwVROsBRonxM6IMp4LNS16qWULolIzZwNKISKb9bHH4HJ5aZQTDWNmKDFyo3ycyIrWeycB2SmIm+reXi395g9SEDT/jUZIaFtHlojAV0MQwTwGOuGLUiJklhCpub4V0QhShxmaVh/D1KfyfdGtVjKr45rzSulzFUQTH4AScAQzqoAWuQRt0AAUpeABP4Nm5dx6dF+d12VpwVjNH4Aect0+XZpMK</latexit><latexit sha1_base64="2xNNUwfFJ7odjA0QhEVY5Jg2jL4=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUse2u6MZlBfuAzlAyaaYNTWaGJCPUoV/ixoUibv0Ud/6NmbaCih64cDjnXu69J0gE1wahD6ewtr6xuVXcLu3s7u2X3YPDro5TRVmHxiJW/YBoJnjEOoYbwfqJYkQGgvWC6VXu9+6Y0jyObs0sYb4k44iHnBJjpaFb9gxJh5mnJGRhOC8N3QqqIoQwxjAnuH6BLGk2GzXcgDi3LCpghfbQffdGMU0liwwVROsBRonxM6IMp4LNS16qWULolIzZwNKISKb9bHH4HJ5aZQTDWNmKDFyo3ycyIrWeycB2SmIm+reXi395g9SEDT/jUZIaFtHlojAV0MQwTwGOuGLUiJklhCpub4V0QhShxmaVh/D1KfyfdGtVjKr45rzSulzFUQTH4AScAQzqoAWuQRt0AAUpeABP4Nm5dx6dF+d12VpwVjNH4Aect0+XZpMK</latexit><latexit sha1_base64="2xNNUwfFJ7odjA0QhEVY5Jg2jL4=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUse2u6MZlBfuAzlAyaaYNTWaGJCPUoV/ixoUibv0Ud/6NmbaCih64cDjnXu69J0gE1wahD6ewtr6xuVXcLu3s7u2X3YPDro5TRVmHxiJW/YBoJnjEOoYbwfqJYkQGgvWC6VXu9+6Y0jyObs0sYb4k44iHnBJjpaFb9gxJh5mnJGRhOC8N3QqqIoQwxjAnuH6BLGk2GzXcgDi3LCpghfbQffdGMU0liwwVROsBRonxM6IMp4LNS16qWULolIzZwNKISKb9bHH4HJ5aZQTDWNmKDFyo3ycyIrWeycB2SmIm+reXi395g9SEDT/jUZIaFtHlojAV0MQwTwGOuGLUiJklhCpub4V0QhShxmaVh/D1KfyfdGtVjKr45rzSulzFUQTH4AScAQzqoAWuQRt0AAUpeABP4Nm5dx6dF+d12VpwVjNH4Aect0+XZpMK</latexit>

~8 %
~2 %

LHCb: Physics case for an LHCb 
Upgrade II (in preparation)

<latexit sha1_base64="wmV+Ddhx5We/KFuOcSHqYpWxTr0=">AAACJ3icbZDLSsNAFIYn9VbrrerSzWARWgglKaLiQooudFmhF6GJYTKdtkNnkjAzEUrI27jxVdwIKqJL38Rp2oW2/jDw851zOHN+P2JUKsv6MnJLyyura/n1wsbm1vZOcXevLcNYYNLCIQvFnY8kYTQgLUUVI3eRIIj7jHT80dWk3nkgQtIwaKpxRFyOBgHtU4yURl7xohx5iSM4bKb3icNjz07NOVJLK+fljJw45jVpm45pW5lLK16xZFWtTHDR2DNTAjM1vOKr0wtxzEmgMENSdm0rUm6ChKKYkbTgxJJECI/QgHS1DRAn0k2yO1N4pEkP9kOhX6BgRn9PJIhLOea+7uRIDeV8bQL/q3Vj1T9zExpEsSIBni7qxwyqEE5Cgz0qCFZsrA3Cguq/QjxEAmGloy3oEOz5kxdNu1a1rap9e1yqX87iyIMDcAjKwAanoA5uQAO0AAaP4Bm8gXfjyXgxPozPaWvOmM3sgz8yvn8A6K6kBg==</latexit>

Trigger thresholds:

<latexit sha1_base64="sUpwz9MftngfqxfMl11Tzi8a030=">AAACLnicbVDLSgMxFM3UV62vUZdugkWoiGVGBF2WiuCyon1AZzpk0kwbmnmQ3BHK0C9y46/oQlARt36G6WNhqwfu5XDOvST3+IngCizrzcgtLa+sruXXCxubW9s75u5eQ8WppKxOYxHLlk8UEzxideAgWCuRjIS+YE1/cDX2mw9MKh5H9zBMmBuSXsQDTgloyTOvnS4TQJxAEpplDiUCV0elasdyIHbCtHMybqfHoznPu1twPbNola0J8F9iz0gRzVDzzBenG9M0ZBFQQZRq21YCbkYkcCrYqOCkiiWEDkiPtTWNSMiUm03OHeEjrXRxEEtdEeCJ+nsjI6FSw9DXkyGBvlr0xuJ/XjuF4NLNeJSkwCI6fShIBYYYj7PDXS4ZBTHUhFDJ9V8x7ROdHOiECzoEe/Hkv6RxVratsn17XqxUZ3Hk0QE6RCVkowtUQTeohuqIokf0jN7Rh/FkvBqfxtd0NGfMdvbRHIzvH082qAk=</latexit>



• In the SM, larger BF due to larger τ mass 

• Experimentally challenging due to undetected neutrinos in final state
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Bs,d ! ⌧+⌧�

Bobeth et al. 
PRL 112 (2014) 101801

⌧� ! ⇡�⇡+⇡�⌫⌧
• Searched by LHCb through the decay                              

• Bs,d unresolvable in mass → analysis 
optimised for Bs  

• Exploit intermediate ρ(770)0 resonance to 
define signal/control regions of             , 
then fit MVA 

• Limits set:

m⇡�⇡+

(m2
⌧/M

2
B)

B(Bs ! ⌧+⌧�) < 6.8⇥ 10�3 at 95% C.L.

B(Bd ! ⌧+⌧�) < 2.1⇥ 10�3 at 95% C.L.

→ first direct limit 
→ best limit

PRL 118 (2017) 251802

B(B0
s ! ⌧+⌧�) = (7.73± 0.49)⇥ 10�7

B(B0 ! ⌧+⌧�) = (2.22± 0.19)⇥ 10�8



Another interesting rare decay: 

• A b →s transition that can only proceed via loop diagrams 

• NP can be competitive with SM processes 

• Four final state particles with rich phenomenology, plethora of 
observables, which can be built from the measured amplitudes 

• Rates, angular distributions and asymmetries sensitive to NP 

• A lot of phenomenological work invested in defining observables 
with “clean” theoretical predictions. 
- Observables form-factor free at leading order 
- Still susceptible to non-factorisable corrections 

• Question: how clean?
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B0 ! K⇤0(! K+⇡�)µ+µ�

   
c 

   γ
g



The curious case of P5’
• One such observable is so-called P’5, not intuitive, but constructed 

from angular observables to be robust from ‘form-factor uncertainties’ 

• Is the SM prediction less precise than what is claimed?
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Fit to the invariant masses

• Precision of measurement driven by statistics of electron sample : ~90 and 
110 signal candidates in low-q2 and central-q2 , muon sample 3-5 times larger
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Central-q2

Low-q2

B
0
!

K
⇤0
µ
+
µ
�

B
0
!

K
⇤0
e+

e�

285± 18 353± 21

89± 11 111± 14

274 k

58 k

Low-q2 Central-q2 B0 ! K⇤J/ (! `+`�)

JHEP 08 (2017) 055


