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1.	
  	
  Introduc,on	
  	
  &	
  	
  Mo,va,on	
   



From	
  the	
  historic	
  view,	
  flavor	
  physics	
  had	
  played	
  important	
  roles	
  in	
  
searching	
  for	
  the	
  “	
  New	
  Physics” 
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Main	
  Driving	
  Force	
  for	
  Flavour	
  Studies 
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Challenging	
  the	
  Standard	
  Model	
  through	
  Flavour	
  Studies 
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Where	
  Do	
  We	
  Study	
  in	
  Flavor	
  Phyiscs 
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2.	
  Flavor	
  physics	
  at	
  CEPC	
  as	
  a	
  super	
  
Z	
  factory	
  

On	
  the	
  way	
  to	
  the	
  CEPC	
  proposed	
  	
  
as	
  a	
  Higgs	
  factory,	
  it	
  starts	
  with	
  a	
  Z0	
  
factory	
  &	
  very	
  high	
  luminosity,	
  

which	
  tests	
  the	
  detector.	
  	
  
	
  

Luminosity:	
  8	
  x	
  1035	
  cm	
  -­‐2s-­‐1	
  
Integrated:	
  40	
  ab-­‐1	
  in	
  2	
  years	
  



Status	
  of	
  	
  Rb	
  and	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   
•  Exp:	
  
•  SM:	
  	
  Global	
  fit	
  combining	
  LEP,	
  SLC	
  and	
  LHC	
  by	
  GfiOer Discrepancy: 

SM 

If	
  we	
  take	
  the	
  data	
  seriously,	
  it	
  
indicates	
  new	
  physics	
  	
  	
  
·∙	
  to	
  enhance	
  the	
  gR	
  value,	
  or	
  	
  
·∙	
  to	
  introduce	
  new	
  systema,c	
  
effect,	
  e.g.,	
  new	
  vector	
  like	
  
quarks	
  mixing	
  with	
  the	
  b	
  
quark,	
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extensions 

•  one	
  can	
  measure	
  the	
  total	
  &	
  regional	
  ra-os	
  of	
  	
  

•  It	
  would	
  be	
  very	
  interes-ng	
  to	
  measure	
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Γ Z→ bbbb( ) Γ Z→ bb( ) Γ Z→ cccc( ) Γ Z→ cc( )

Γ Z→ bbcc( ) Γ Z→ bb( )

Γ Z→ l+l−bb( ) Γ Z→ l+l−cc( )



The expected numbers of b−hadrons are estimated by
 assuming an instantaneous luminosity of 8×1035cm−2s−1 at
 Z0 factory with two-year running at two collision points.
 For comparison, we also list the number of b-hadrons at
 the Belle-II with an integrated luminosity of about 50 ab−1

 at Υ(4S) or Υ(5S) peak.  
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CP	
  Viola,on	
  in	
  the	
  SM 
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Experiment	
  Informa,on	
  on	
  CKM 



Looks	
  good	
  	
  
(except	
  for	
  an	
  issue	
  with	
  |Vub	
  |)	
  

But	
  a	
  10-­‐20%	
  NP	
  amplitude	
  in	
  Bd	
  
mixing	
  is	
  perfectly	
  compa-ble	
  
with	
  all	
  current	
  data.	
  

Great progress on ϕ3 or γ (first 
from B factories and now in the 
last two years from LHCb). 
These measure the phase of Vub 

NP/SM	
  	
  amplitude	
  ra-o	
  

NP	
  
Phase	
  

Similar	
  results	
  from	
  UTFIT	
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Results	
  from	
  Global	
  Fits	
  to	
  Data	
  (CKMFiOer	
  Group)	
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SM	
  Predic,on	
  Vs	
  Data	
  



R.	
  Aaij:	
  Does	
  not	
  include	
  arXiv:	
  1405.4140	
  using	
  
	
  J/ψππ	
  decays,	
  which	
  are	
  dominantly	
  S-­‐wave.	
  

Does	
  not	
  include	
  new	
  CMS	
  
result	
  at	
  ICHEP2014	
  (G.	
  Fedi)	
   17	
  15/1/21	
  

	
  
Results	
  on	
  the	
  phase	
  of	
  Bs-­‐an,	
  Bs	
  mixing	
  (i.e.	
  phase	
  of	
  Vts)	
  



Bs	
  àJ/ψϕ	
  is	
  a	
  pseudo-­‐scalar	
  to	
  V	
  V	
  decay	
  (mixture	
  of	
  two	
  CP	
  
eigenstates).	
  This	
  requires	
  mul--­‐dimensional	
  angular	
  analysis.	
   18	
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Golden	
  Process	
  to	
  Search	
  for	
  NP	
  in	
  Bs-­‐Mixing	
  



Stone	
  &	
  Zhang	
  pointed	
  out	
  that	
  this	
  mode	
  provides	
  more	
  sta-s-cs	
  
and	
  a	
  more	
  straighforward	
  analysis.	
  Phys.	
  Rev.	
  D79	
  (2009)	
  074024	
  	
  

Asymmetry	
  

arXiv:	
  1405.4140	
  	
   19	
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However,	
  Bs	
  àJ/ψ	
  f0(980)	
  is	
  a	
  pure	
  CP	
  eigenstate	
  since	
  the	
  f0	
  is	
  a	
  scalar	
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3.	
  	
  	
  	
  Rare	
  Decays	
  of	
  B(s)	
  Meson 
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Example:	
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Example:	
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Sensi-vity	
  to	
  new	
  physics	
  
from	
  a	
  charged	
  Higgs	
  

The	
  B	
  meson	
  decay	
  constant,	
  determined	
  by	
  the	
  B	
  
wavefunc-on	
  at	
  the	
  origin.	
  

B+àτ + υτ 
(Decays with Large Missing Energy) 

(|Vub|	
  taken	
  from	
  indep.	
  measurements.)	
   31	
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However, the measurement of  Βàτν is non-trivial  

ϒ(4S) B- B+ 
ντ

e+ 

ντ

νe

B+→τ+ντ,  τ+→e+νeντ 

B-→X 

The experimental signature is rather difficult: B decays to 
a single charged track + nothing  

Most	
  of	
  the	
  
sensi-vity	
  is	
  
from	
  tau	
  modes	
  
with	
  1-­‐prong	
  

(This	
  may	
  be	
  hard	
  at	
  a	
  hadron	
  collider)	
  
32	
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Topologies	
  &	
  Classifica,on 
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It makes even more sense to measure CP asymmetries
 in many-body final states , especially in Bs decays 
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Bc	
  Meson/Unique	
  from	
  super	
  B	
  factory 
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•  The	
  spectrums	
  of	
  	
  Bc	
  mesons	
  
•  The	
  life	
  -me	
  and	
  decay	
  width	
  	
  
•  The	
  weak	
  decays	
  of	
  Bc	
  meson	
  with	
  Charm	
  
•  The	
  weak	
  decays	
  of	
  Bc	
  meson	
  without	
  Charm	
  
•  The	
  Produc-on	
  of	
  Bc	
  meson	
  in	
  future	
  colliders 

15/1/21	
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More	
  Topics	
  on	
  Bc	
  Meson 



•  first	
  and	
  second	
  classes	
  that	
  are	
  CKM	
  suppressed.	
  	
  
•  In	
  the	
  first	
  class	
  of	
  Λb	
  decays	
  one	
  gets	
  pπ−,	
  pπ−π0,	
  p
K−K0,	
  ΛK−,	
  pπ−π+π−,	
  pπ−K+K−,	
  	
  etc.	
  	
  

•  In	
  the	
  second	
  class	
  one	
  probes	
  pK−,	
  pK−π0,	
  pKSπ−,	
  ΛK+K−
	
  etc.	
  	
  

•  Ξ−b	
  decays	
  lead	
  to	
  Λ0π−,	
  Λ0π−π0	
  etc.	
  and	
  Λ0K−,	
  Λ0K−π0,
	
  Λ0K	
  0̄π−	
  etc.	
  	
  

•  For	
  Ξ0b	
  decays	
  one	
  probes	
  Σ+π−,	
  Λ0π+π−	
  ,Σ+K−,	
  Λ0π+K−
	
  etc.	
  	
  

•  For	
  obvious	
  reasons	
  we	
  list	
  only	
  first	
  class	
  of	
  Ω−
b	
  ,

	
  namely	
  Ξ0π−,	
  Ω−K0	
  	
  
41	
  

CP	
  asymmetries	
  in	
  beauty	
  baryons’	
  decays	
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D	
  phyiscs 
•  Belle	
  II	
  produces	
  first	
  compe--on,	
  and	
  one
	
  think	
  about	
  the	
  impact	
  of	
  huge	
  boosts	
  at	
  a	
  Z0
	
  factory.	
  	
  

•  No	
  CPV	
  has	
  been	
  found	
  yet	
  anywhere	
  in	
  D(s)
	
  and	
  charm	
  baryons’	
  decays.	
  	
  

•  With	
  huge	
  data,	
  CP	
  asymmetry	
  study	
  in	
  mul-
-­‐body	
  D	
  decays	
  are	
  also	
  possible.	
  

•  The	
  semi-­‐inclusive	
  decay	
  of	
  Z0	
  →	
  ΛcX	
  is	
  listed
	
  as	
  be	
  (1.53±0.33)%	
  in	
  the	
  PDG.	
  We	
  expect
	
  that	
  about	
  3	
  ×	
  1010	
  Λc	
  baryons	
  will	
  be
	
  produced	
  at	
  the	
  Z0	
  factory	
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•  High	
  boost	
  of	
  τ lepton	
  in	
  Z	
  factory	
  help	
  some
	
  measurements	
  

•  One	
  goal	
  is	
  to	
  probe	
  CP	
  viola-on	
  
•  Studying	
  τ−	
  →	
  KSπ−ντ	
  ,	
  τ−	
  →	
  K−π−π+ντ	
  ,	
  τ−	
  →	
  π−

K−K+ντ	
  ,	
  τ−	
  →	
  (3π)−ντ	
  or	
  τ−	
  →	
  (4π)−ντ	
  will	
  allow
	
  to	
  constrain	
  the	
  CP	
  viola-ng	
  sector	
  of	
  some
	
  models	
  involving	
  several	
  Higgs	
  doublets,	
  ley
-­‐right	
  symmetry	
  or	
  leptoquarks.	
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τ physics (1010 τ+τ−) 



•  MEG experiment: Br(µ+ → e+γ) < 5.7 × 10−13 (90%
 CL)  

•  τ → µγ in Z factory, one expects to reach a
 sensitivity on the branching ratio of 10−10 

•  we can probe charged lepton flavor violation in τ
 production of Z0 → τ±µ∓/τ±e∓ & even in H0 → τ±µ∓
/τ±e∓.  

•  the hadronic τ LFV modes τ → lP or τ → lPP are
 sensitive to a large number of BSM operators:
 scalar, pseudo scalar, vector, axial-vector, gluonic
 ones  

15/1/21	
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Charged	
  Lepton	
  Flavor	
  Viola-on	
  	
  



Anomalous	
  magne-c	
  moment	
  of	
  τ	
  	
  (g-­‐2) 

•  the	
  very	
  short	
  life-me	
  of	
  the	
  τ	
  lepton	
  (2.9	
  ×
	
  10−13	
  s)	
  makes	
  impossible	
  for	
  the	
  determina-on	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  high	
  boost	
  in	
  Z	
  factory	
  makes	
  it	
  easier	
  
•  more	
  precise	
  measurements	
  of	
  e+e−	
  →	
  e+γ∗γ∗e−
	
  →	
  e+τ+τ−e−	
  at	
  a	
  machine	
  such	
  as	
  CEPC	
  will
	
  certainly	
  allow	
  for	
  a	
  remarkable	
  improvement
	
  in	
  the	
  exis-ng	
  experimental	
  bound	
  	
  

We	
  are	
  expec-ng	
  to	
  reach	
  a	
  similar	
  sensi-vity	
  of
	
  EDM	
  with	
  the	
  Belle	
  II	
  project.	
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Flavor	
  physics	
  at	
  SPPC,	
  if	
  we	
  have	
  a	
  LHCb
-­‐like	
  detector 

SPPC 
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Summary 

p 	
  	
  	
  Heavy	
  flavor	
  physics	
  offers	
  an	
  opportunity	
  to	
  probe	
  
NP	
  far	
  above	
  1	
  TeV.	
  It	
  is	
  also	
  a	
  necessary	
  ingredient	
  to	
  
fully	
  understand	
  the	
  Higgs	
  sector	
  and	
  mass	
  genera,on	
  
mechanism.	
  	
  

p 	
  Huge	
  boosts	
  at	
  a	
  Z0	
  factory	
  will	
  help	
  significantly	
  in	
  the	
  
compe--on	
  with	
  Belle	
  II	
  about	
  the	
  informa-on	
  for	
  
underlying	
  dynamics.	
  	
  

p 	
  This	
  Z	
  factory	
  would	
  produce	
  excellent	
  landscapes	
  for	
  
baryons’	
  decays	
  with	
  no	
  compe--on.	
  	
  

p 	
  One	
  can	
  probe	
  rare	
  decays	
  in	
  beauty	
  &	
  charm	
  hadrons	
  
(including	
  baryons)	
  and	
  τ.	
  	
  

p 	
  To	
  probe	
  EDMs	
  lepton	
  flavor	
  viola-on	
  of	
  the	
  τ	
  leptons	
  	
  
15/1/21	
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