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  Topics	
  to	
  be	
  looked	
  at	
  (coming	
  years):	
  
	
  
•  SM	
  looks	
  to	
  be	
  complete	
  
•  KM	
  mechanism	
  established	
  but	
  NP???	
  
•  Hierarchy	
  problem	
  
•  Neutrino	
  mass/	
  parameters	
  
•  Dark	
  MaSer	
  
•  Baryon	
  Asymmetry	
  of	
  the	
  Universe	
  (BAU)	
  
•  New	
  Expt.	
  Improve	
  precision/sensi2vity	
  
•  NP-­‐sensi2ve/	
  Mod.	
  independent	
  observables	
  	
  
	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  



Flavor	
  Factory/	
  LHCb/	
  Belle	
  II	
  

•  Precision	
  CKM	
  (electron-­‐positron	
  collider)	
  
•  New	
  Sources	
  of	
  CPV,	
  huge	
  data	
  set	
  
•  Lepton	
  Flavor	
  Viola2on/	
  Lepton	
  Universality	
  
•  Exo2cs/	
  Spectroscopy	
  
•  BeSer	
  Tagging	
  (beSer	
  efficiency	
  than	
  LHCb)	
  
•  Clean	
  environment	
  to	
  decipher	
  NP	
  	
  
•  Improve	
  precision/sensi2vity	
  of	
  Super-­‐FF	
  :	
  3-­‐10	
  
•  Test	
  CKM	
  paradigm	
  and	
  determine	
  VCKM@	
  1%	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Belle	
  II	
  complimentary	
  to	
  LHCb	
  



Flavor	
  Physics	
  &	
  CP	
  ViolaAon	
  
•  	
  Huge	
  data	
  with	
  e+	
  -­‐	
  e-­‐	
  colliders	
  +	
  LHCb	
  +	
  Belle	
  II	
  
•  Discrepancies/	
  puzzles	
  
•  B	
  à	
  Kπ	
  	
  (	
  ΔACP	
  )	
  (hadronic	
  modes)	
  
•  B	
  à	
  K(*)ll,	
  b	
  à	
  sll	
  ,	
  RK,	
  P5’	
  	
  	
  	
  	
  

•  B	
  à	
  D(*)τν,	
  B	
  à	
  τν	
  and	
  τ	
  decays	
  
•  B	
  àφKs,	
  B	
  	
  à	
  η’K0	
  ,	
  B	
  à	
  J/ψKs	
  
•  Bs	
  à	
  µµ,	
  φφ,	
  	
  J/ψφ,	
  	
  φ	
  γ	
  ,	
  	
  γγ	
  	
  
•  Kaon,	
  Charm,	
  Tau	
  and	
  LFV	
  decays	
  
•  Neutrino	
  Physics	
  
•  Precision	
  CKM	
  	
  	
  àà	
  	
  	
  	
  NP	
  (?????)	
  	
  



t =0 

How	
  to	
  Measure	
  Time	
  Dependent	
  
Decay	
  Rates	
  

We	
  need	
  to	
  know	
  the	
  flavour	
  of	
  the	
  B	
  at	
  a	
  reference	
  t=0.	
  

B 0 

ϒ(4S) 

The two mesons oscillate 
coherently : at any given 

time, if one is a B0 the 
other is necessarily a B0 

In this example, the tag-
side meson decays first.  

It decays semi-leptonically 
and the charge of the 

lepton gives the flavour of 
the tag-side meson :  

l - = B 0      l + = B 0.  
Kaon tags also used. 

     tag B 0 
l - (e-, µ -) βγ =0.56 

Δz = Δt γβc 
        rec 

sKψ

Δt picoseconds 
later, the B 0 (or 

perhaps it is 
now a B 0) 
decays. 

B 0 

−l
lν

d
0B b

−W

At t=0 we 
know this 

meson is B0 



•  CP violation in decay: direct 
–  can take place both for 

neutral and charged B’s  
–  can have time-dependent and -independent 

manifestations 
–  Need two competing diagrams of different 

CP-violating and –conserving phases 

•  CP violation in mixing: indirect 
–  only neutral B’s are possibly  

affected 
–  SM predicts very small effects 

•    violation from mixing/decay interference: 
–  only neutral B’s possibly affected 
–  purely time-dependent effect 
–  arises due to interference between decay 

with and without mixing   
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A1 = |A1|	



A2 = |A2| eiδ eiφ	



A1 = |A1|	



A2 = |A2| eiδ e-iφ	



δ → δ     (CP-conserving) 
φ → -φ   (CP-violating) 

δ 

δ - φ 

δ + φ 
A = A1+ A2 A = A1+ A2 ≠ A 
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The CKM model: 

The weak states d', s' and b' are related to flavor states d, s, b  

The	
  3	
  family	
  scenario:	
  



where    
                                                                                         
 
 
 
 
Ø  The  mixing matrix V called the CKM (Cabibbo, 
  Kobayashi and Maskawa) matrix contains three real 
  parameters (Cabibbo-like mixing angles) and a phase 
  factor δ .  Due to the phase  δ, the matrix is complex  
  and this introduces the important possibility of  
CP violating amplitudes in the SM.  
                          V is UNITARY 



                UNITARITY TRIANGLE :      
                                                               

 The unitarity of CKM matrix implies 
various relations between its elements. 

•  Unitarity of CKM matrix: V †V = V V † = 1 
•  It gives 12 eqns (6 normalization and 6 

orthogonal) 
•  Orthogonality condns. can be represented by 

6 triangles in the complex plane. 
•  The triangle which can be explored by B 

decays is 



d       s       b 

u 

c 

t 

d       s       b 

u 

c 

t 

magnitudes  phases 









CKM	
  fiSer	
  



The	
  Unitarity	
  Triangle:	
  all	
  constraints	
  

A consistent picture across a huge array of measurements 
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  Problem???	
  

An	
  effec2ve	
  theory	
  approach	
  	
  to	
  explain	
  	
  the	
  problem:	
  	
  
	
  RD,	
  AB	
  and	
  	
  AG	
  ,	
  PRD,	
  88,	
  114023	
  	
  (2013);	
  JPG	
  (2014)	
  



















Tau	
  Physics	
  
	
  	
  	
  	
  LFV	
  is	
  severely	
  suppressed	
  in	
  the	
  SM	
  
	
  	
  	
  	
  LFV	
  τ	
  decays,	
  clean	
  and	
  unambiguous	
  probes:	
  NP	
  
	
  	
  	
  	
  	
  Devia2on	
  from	
  V-­‐A	
  theory	
  can	
  originate:	
  
	
  	
  	
  a)	
  CPV	
  in	
  lepton	
  sector	
  
	
  	
  	
  b)	
  Scalar	
  contribu2on	
  from	
  H+-­‐	
  

	
  	
  	
  c)	
  mixing	
  of	
  right	
  and	
  lep	
  hand	
  current	
  (WL,	
  WR)	
  
	
  	
  	
  	
  	
  τ	
  -­‐	
  >	
  3	
  l	
  ,	
  	
  	
  	
  	
  	
  τ	
  -­‐>	
  	
  l	
  γ	
  γ,	
  	
  	
  	
  	
  τ	
  -­‐>	
  l	
  ν	
  ν,	
  	
  	
  	
  	
  	
  	
  	
  τ	
  	
  -­‐>	
  l	
  ν	
  ν	
  γ	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (CP	
  viola2on	
  has	
  tension	
  with	
  
the	
  experiment	
  2.8	
  sigma)	
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  X	
  Y	
  Z	
  and	
  all	
  that	
  
•  	
  	
  	
  	
  	
  	
  	
  	
  Y	
  (4260)	
  	
  à	
  Dπ	
  ,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Z	
  (3900)	
  à	
  J/ψ	
  pi	
  
•  	
  	
  	
  	
  	
  	
  	
  	
  Z	
  (3885)	
  à	
  D	
  D*,	
  	
  	
  	
  	
  	
  	
  	
  Z(4020)à	
  D*	
  D*	
  
•  	
  	
  	
  	
  	
  	
  	
  	
  Z(4025)	
  à	
  h	
  ππ,	
  	
  	
  	
  	
  	
  	
  	
  	
  Y(4065)à	
  γ	
  X(3872)	
  
•  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Molecules,	
  Hybrids,	
  Tetra-­‐quarks	
  ……….	
  



















Outlook	
  

•  No	
  new	
  physics	
  signature	
  
•  Few	
  devia2ons	
  observed	
  
•  New	
  physics	
  models???	
  
•  Exci2ng	
  2me	
  ahead	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Thanks	
  


