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1.  Standard  Model  and  Flavor  Physics

Standard  Model  is  based  on  SU(3)CxSU(2)LxU(1)Y  gauge  interaction.

In  SM  mis-match  of  weak  and  mass  
eigen-bases,  leads  to  flavor  mixing  
and  CP  violation,  the  core  of  the  of  
flavor  physics.  

When  going  beyond  SM,  
more  possibilities!
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Number  of  SM  generations

In  the  SM,  only  3  generations  of  quarks  and  leptons  are  allowed.

gg  ->  Higgs  ~  (number  of  heavy  quarks)2,  if  fourth  generation  
exist,  their  mass  should  be  large,  9  times  bigger  production  of  
Higgs.  LHC  data  ruled  out  more  than  3  generations  of  quarks.

LEP  already  ruled  out  more  than  3  neutrinos  with  mass  less  than  mZ/2.

Cosmology  and  astrophysics,  number  of  light  neutrinos  also  less  than  4.

SM,  triangle  anomaly  cancellation:  equal  number  of  quarks  and  leptons!

There  are  only  three  generations  of  sequential  quarks  and  leptons!

Why  3  generations?  How  do  they  mix  with  each  other?
Beyond  SM,  conclusions  may  change,  X-G  He  and  G.  Valencia,  PPLB707  (2012)   4
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Dark matter cannot be the 
particle in the standard 
model, which has to be:

Dark Matter: 26.8%

Massive

WIMP

Non baryonic

No charge (electric or color)

Stable (τ > 1026 s, τuniverse ~ 1017 s)

Axion
Sterile neutrino
. . . . . .
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Quark  and  Lepton  mixing  patterns  
The  mis-match  of  weak  and  mass  eigen-state  bases  lead  quark  and        
lepton  mix  within  generations.                                            
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Status  of  Quark  and  Lepton  
Quark  Mixing                                                                                        Neutrino  MixingPDGPDG

Why  they  mix  the  pattern  shown  above?  Some  understanding.



The  125  GeV  Higgs  is  consistent  with  SM  one!
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SM  explains  many  particle  phenomena  well,  

but  there  are  anomalies.
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The  RK*  Anomaly S.  Bifani,  CERN  Seminar,  18th April,  2017

LHCb arXiv:  1705.05802
9

B  and  lepton  physics  anomalies



More  B  physics  anomalies
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All  these  processes  
are  induced  by  
b  ->  s  ll interaction.  
Consistently  lower  
than  SM  predictions.  

Combined  effects  
are  now  about  4σ !LHCb arXiv:1705.03274



More

4σ effects!

RD(*) =B(B->D(*)τν)/B(B->D(*)lν)

SM prediction

The  longstanding  problem  of  (g-2)µ

PDG



To  solve  these  anomalies,  one  needs  to  go  beyond  SM.

Most  of  the  models  will  come  with  additional  Higgs  bosons.

Higgs  sector  is  the  less  known  part  of  the  SM.

May  be  a  good  place  to  look  for  new  physics:

- Direct  search  at  high  energy  colliders

- Precision  measurements,  such  in  flavor  physics
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2.  Beyond  SM  Higgs  Couplings  to  Fermions

When  going  beyond  SM,  there  many  ways  to  introduce  FCNC  Higgs  
interactions

Examples:  Multi-Higgs  doublet  model,  higher  dimensional  operators.
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There  is  no  flavor  changing  Higgs  interaction  with  fermions  in  the  SM



Model  independent  dimension  6  operators  analysis
Grzadkowski,  Iskrzynski,  Misiak  and  Rosiek,  JHEP  10(2010)085

At  dimension  6  order,  there  are  59  
independent  operators.  Only  the  ones  on  
the  right  Higgs  interacts  with  fermions.

Only  the  top  3  operators  can  generate  
tree  level  single  Higgs  interaction  with  
fermions.
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General  Higgs  couplings  to  fermions

Flavor  Physics  with  Higgs  is  largely  related  to  the  Yukawa  couplings. 15

Or
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D’Ambrosio,  Giudice,  Isidori, Strumia,  arXiv:  0207036

Minimal  Flavor  Violation
A  Systematic  way  for  organizing  FCNC  interactions

is  an  arbitrary  3x3  matrix,  many  free  parameters
May  be  all  originate  from  minimal  SM  VKM,  VPMNS
MFV  hypothesis      

MFV:  Only  terms  are  singlet  under  Gq is  allowed  in  the  effective  Largrangian

How  to  construct  such  terms?
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allowed!

For  pratical  analysis,  the  first  two  terms  are  sufficient.

Colangelo, etal., Eur, Phys. J. C59, 75(2009); Mercolli et al., Nucl. Phys. B817, 1(2009)
X-G He, etal., PRD89, 091901(2014); JHEP 1408, 019(2014).



Previous  one  

Redefined  to  be  
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These  are  the  leading  Higgs  flavor  couplings  in  MFV
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Cirigliano,  Grinstein,  Isidori,  arXiv:0507001



The  most  general  leading  order  Higgs  
couplings  to  quarks  and  charged  leptons  are
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With  MFV  the  leading  order  Higgs  couplings  are  

YL are  arbitrary  3x3  matrices



Experimental  data

Relevant  processes  to  be  discussed,  
constraints  and  predictions
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Input  parameters
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3.  Flavor  Violating  Higgs  Interaction  without  MFV
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Higgs  to  µ τ anomaly  is  going  away!

2016  CMS  result:  Br(h  ->  tua  mu)  
=  (-0.76+-0.81)%  in  May

24

Cepeda,	  Higgs	  Tasting,2016,Benasque,Spain	  



Going  back  to  the  normal
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Higgs  contribution  to  Bs ->  µ+µ− and  Bs-antiBs  mixing
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Constraint  from  Bs –antiBs mixing



Constraints                                            Predictions  
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li ->  lj γ

28



µ – e  conversions
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µ to  e  γ and  µ – e  conversion  constrain  the  couplings  will  discuss  related  
next  section  when  discussing  constraints  with  MFV.  
The  general  case  has  some  unknown  parameters  at  two  loop.
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CP  violation  in  h  ->  ττ

(He,  Ma,  McKellar,  Mod.  Phys  Lett.  A9,  205(1994);;  Berge,  Bereuther,  Kirchner,  PRD92,096012(2015)) 31

Models  beyond  SM usually  generate  correction  to  h  ->  ττ coupling.  If  the  
corrections  is  CP  violating,  effects  can  show  up  in  h  ->  ττ decay.  
(Hayreter,  He,  Valencia,  arXiv:1603.06326,  arXiv:1606.00951)

Br(h  ->ττ)  ~  5x10-2  ,   Br(τ −> π ν)  ~  0.1  

106 Higgs  bosons,  sensitivity  to  Aπ can  
be  10%  at  CEPC.

Data  still  allow  A  to  be  as  large  as  π/8
Experiments  should  look  such  CPV.
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4.  Flavor  Violating  Higgs  Interaction  with  MFV



The  most  general  leading  order  couplings  to  quarks  and  charged  leptons  are
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With  MFV  the  leading  order  Higgs  couplings  are  

YL are  arbitrary  3x3  matrices

Scenario I the quark sector is the same as in the SM.  Scenario II is general case. 



Higgs  couplings  to  quarks

Constrain  FCNC
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Constrain  FCNC  the  strongest  with  

Flavor  conserving  constraint  
from  Higgs  properties  global  fit

Predictions:



µ to  e  γ and  µ – e  conversion  constraints
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Combined=Data  from  MEG  II
µ to  e  γ
and  
Au  µ – e  conversion  constraints

Current  Au  µ – e  conversion  data  
weaker  than  MEG  II  µ to  e  γ .

But  future  Al  data  will  provide    
much  better  constraints.



Predictions  
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5.  Conclusions
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Without MFV With  MFV
（assuming 4 MeV  for  Higgs  width)

Higgs  property  studies  is  entering  “precision”  measurement  era.
Recent  LHC  searches  for  Bs  → l1l2 and  h  → l1l2,  has  interesting  
implications  for  Higgs  FCNC  interactions  with  fermions.  

With  and  without  the  MFV  hypothesis,  we  investigate  effects  on
Bs −  antiBs,  Bd −  antiBd and  K0 −  antiK0 mixing,  li→ lj g,  and  μ  → e  
conversion

38More  precise  data  can  tell  more
µ-e  conversion  future  Al  data  will  provide  very  strong  constraints.


