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OUTLINE  
OF A BIASED AND INCOMPLETE  

VUE OF b PHISICS 
 

•  The strategy and role of flavor physics 
•  A detector dedicated to flavor physics: LHCb 
•  A selection of LHCb results from run1 
•  Perspectives for run2 and for the upgrade 
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THE b QUARK IN THE STANDARD MODEL
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THE STRATEGY OF FLAVOR PHYSICS
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THE STRATEGY OF FLAVOR PHYSICS


NP?	
  

NP?	
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EXAMPLE FROM THE PAST: CHARM PREDICTION


SM	
  with	
  u,d,s	
  only	
  was	
  predic6ng	
  10-­‐4	
  ….	
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EXAMPLE FROM THE PAST: THIRD QUARK FAMILY
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2000s : THE KINGDOM OF THE B-FACTORIES…
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Source:	
  h?p://www.quantumdiaries.org/2011/11/14/what-­‐exactly-­‐is-­‐cp-­‐violaKon/	
  

THE C AND P OPERATORS
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CP	
  violaKon	
  in	
  the	
  decay	
  is	
  the	
  only	
  one	
  possible	
  for	
  charged	
  mesons	
  

Measure:	
  

If:	
  

CP	
  is	
  violated!	
  	
  	
  

CP VIOLATION IN THE DECAY
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CP VIOLATION IN THE MIXING


Arises	
  from	
  masse	
  eigenstates	
  being	
  different	
  from	
  flavor	
  eigenstates	
  

For	
  a	
  generic	
  neutral	
  meson	
  P	
  	
  (K0,	
  D0,	
  B0)	
  



Expliquer	
  la	
  violaKon	
  de	
  CP!!!!!	
  
OUTLINE	
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CP VIOLATION IN THE MIXING AND DECAY
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CP VIOLATION IN THE STANDARD MODEL
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THE UNITARITY TRIANGLE
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A GROWING PRECISION, A STRONGER TEST
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…LEADING TO A NOBEL PRIZE
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THE ROLE OF THE FLAVOR TODAY
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DO WE STILL NEED FLAVOR PHYSICS? YES!


18	
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A DETECTOR DEDICATED TO FLAVOR PHYSICS : 

LHCb
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EXPLOITING LHC AS AN HEAVY FLAVOR FACTORY
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LHCb: THE TRACKING SYSTEM
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THE POWER OF THE VELO
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LHC: PARTICLE IDENTIFICATION


π/K	
  separaKon	
  over	
  2-­‐100	
  GeV	
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THE POWER OF THE RICH
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THE TRIGGER SYSTEM
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PERFORMANCES IN RUN1
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WHICH KIND OF PHYSICS WE DO WITH LHCb?


Large spectrum for the physics program: 
-  Rare B, D, K decays 
-  CP parameters measurements 
-  Charm physics 
-    Spectroscopy and exotic states 
-  Forward electroweak physics 
 
 
 
•  We have not only B, but Bs, Bc,  
     b-hadrons (Λb) 
•  Channels with muons are easier to 

trigger on and cleaner, but we learning 
working with electrons, taus and even 
channels containing neutrinos. 

•  Ks and  other neutral reconstructions 
has improved 
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Common features of many analysis at LHCb:  
•  Dedicated trigger (if muons in the final 

state: clean signature, easy to trigger on) 
•  “stripping”, i.e. central preselection 
•  Combinatorial background suppression 

based on multivariate techniques 
exploiting information from kinematic 
variables 

•  Specific vetoes to remove or reduce peaking 
backgrounds  

•  Particle Identification requirements 
•  Control channels whenever possible to not 

rely on simulations only  
•  Normalization channels to reduce 

systematics (no absolute BR measurements) 
•  Statistical methods (likelihood fit, method 

of moments) to be applied on final set of 
discriminating variables and/or physics 
properties (mass, proper time, angular 
distributions,…) 
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A TYPICAL ANALYSIS AT LHCb
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A SELECTION OF RESULTS FROM RUN1
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LET’S START WITH SOME GREAT CLASSICS IN FLAVOR…..
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THE γ ANGLE FROM GLW and ADS


INTERFERENCE 

NO loops => SM 
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GLW MODES
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ADS MODES
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γ  FROM DALITZ-PLOT ANALYSES
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γ COMBINATIONS
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sin 2β
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FLAVOR TAGGING AT LHCb
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FLAVOR TAGGING AT LHCb
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sin 2β AT LHCB
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sin 2β FROM LHCB INTO THE GLOBAL FIT
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CP VIOLATING PHASE φs
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CP VIOLATING PHASE φs
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CP VIOLATING PHASE φs
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CP VIOLATING PHASE φs
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B(s) è µµ 
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A CANDIDATE FOR  B(s) è µµ 
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B(s) è µµ : A COMBINED ANALYSIS WITH CMS
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AND NOW LET’S SPICE IT UP! 
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Bè K*µµ 
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Bè K*µµ ANGULAR ANALYSIS
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Bè K*µµ WITH 3fb-1
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Bè K*µµ : THEORISTS GETS EXCITED!
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Bè K*ee SAME GAME WITH THE ELECTRONS!
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•  B -> πµµ: the rarest B decay observed

      => start testing de b->dll transitions


OTHER RARE DECAYS
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R(K*): QUESTIONING LEPTON FLAVOR UNIVERSALITY
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R(D*) = B -> D* τ ν / B -> D* µ ν
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R(D*) = B -> D* τ ν / B -> D* µ ν
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THE EXCLUSIVE MEASUREMENT OF Vub
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Vub  FROM Λb -> p µ ν
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PERSPECTIVE FOR RUN2
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FIRST LHCb Vub EXCLUSIVE MEASUREMENT 
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BUT THIS EXPERIMENT IS RATHER A FOUR SEASONS
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SPECTROSCOPY: THE Z(4430) -


•  An exotic particle which cannot be classified within the traditional quark model

•  Observed by Belle in 2008

•  Not confirmed nor excluded by BaBar

•  LHCb confirms Belle results and measurement of JP = 1+ with large significance

•  LHCb establish its resonance structure, proving it is a particle, and specifically a 

state c cbar d ubar
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Z AND W PRODUCTION IN pp COLLISIONS
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Z AND W SEEN BY LHCb
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EVEN HIGGS IS SEEN AT LHCb!!! 
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THE RUN2 JUST STARTED!
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FIRST COLLISIONS IN JUNE 2015
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RUN2 CHALLENGES


•  Stay	
  at	
  	
  L=4×1032cm-­‐2s-­‐1	
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SPLIT HLT
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Lots of new data: 
-  cross sections bb and cc  x 1.6  
-  improved triggers 
 
The physics programs continues on the already designed pattern: 
•  Improve precision on CP measurement, expecially γ	


•  Understand the current deviations from theory: 
      -   B->K*µµ anomaly 
•  Lepton flavor universality tests  
      - Searches for charged lepton flavor violating decays 
•  Also rare kaon decays 
•  Plus: new particles, forward physics, etc… 

Channels with electrons, taus and neutrals are expected to play a larger role  
than before. 
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PHYSICS PERSPECTIVES FOR RUN2
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UPGRADING THE DETECTOR
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WHY WE NEED AN UPGRADE?
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TRIGGER UPGRADE
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DETECTOR UPGRADE




~8/fb ~50/fb 

•  Actuellement	
  presque	
  toutes	
  les	
  mesures	
  sont	
  limitées	
  staKsKquement.	
  	
  
•  IncerKtudes	
  10	
  fois	
  plus	
  peKtes	
  après	
  10	
  ans	
  d’upgrade	
  
•  Les	
  incerKtudes	
  seront	
  très	
  proches	
  des	
  erreurs	
  théoriques	
  après	
  l’upgrade.	
  
•  Le	
  défi	
  deviendra	
  réduire	
  les	
  incerKtudes	
  systémaKques.	
  	
  

~3/fb Framework TDR for the LHCb upgrade: Technical Design Report 

Erreurs statistiques 
Theory 
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PHYSICS POTENTIAL
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ECFA	
  (octobre	
  2013,	
  Aix	
  les	
  Bains)	
  

COMPARISON WITH OTHER EXPERIMENTS
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…and maybe we are 
not so far from 
catching the cat hiding 
among the penguins….
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Stay	
  tuned	
  here	
  for	
  prompt	
  updates:	
  	
  hOp://lhcb-­‐public.web.cern.ch/lhcb-­‐public/	
  

CONCLUSION


•  B physics has a strong potential of unveiling new physics phenomena.


•  The indirect searches paradigm, complementary to direct search, has 
been proved successful in the past and is still providing important 
constraints to the theories or interesting puzzles to solve. 


•  At the LHC we have a clear and long flavor research program ahead.



