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Heavy flavor decays

Bound states of b and light quarks 
b

Heaviest stable bound states in QCD 

(B−, B0, Bs)

(Λb,Ξ
−

b
,Ξ0

b)

mesons 

baryons 

Rich spectrum, many decay channels 

Important source of information about CP 
violation, CKM parameters, new physics
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•

•

•

•
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(≥ 5.28 GeV)

B Physics 



B Experiments 



B factories  
•  B factories ，Starting in 1999，asymmetric collision 
•  KEKB (Belle)，e+ energy 8GeV,  e– energy 3.5GeV 
•  PEP-II (BaBar),  e+ energy 9GeV,  e– energy 3.1GeV 



Super B and LHCb 

•  Super B(Italy)  
•  Super KEKB (Belle II) 
•  LHC-b@CERN  
•  … … 
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Experiments  providing  most  of  
analyses  today	


Experiments  that  start	

  collecting  results  recently	


Planned  facilities	


3.5  GeV  e+    	

8  GeV  e–  	


3.1  GeV  e+  	

9  GeV  e–  	


Prospect: B experiments in future 

Experimental prospect is very promising! 

109  events, leading to Nobel in 2008 

1011  events, what will happen? 



Why B physics? 



We need C and 
CP asymmetry! 
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C:Matter-AntiMatter 

CP 

What is the origin for matter-antimatter asymmetry in 
our universe? 



Quark mixing and CKM 
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CP violation in K,D,B 

•  In Kaon CP violation is about 0.2% 
•  In D meson decays, CPA at 1% (LHCb and 

CDF) is argued to be New physics.  
•  In B decays sin(2β) =0.672! Large CPA 
 
     Good test of SM from B physics. 
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Where is New Physics? 



Physics Goal 
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Tree-level B decays: 
extract SM parameters 



|Vub| 
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B->pi lnu 

Hadronic Form factors:  
 
Lattice QCD: pion has a soft momentum 
 
Light-Cone Sum Rules: pion has to move fast  

mB=5.28 GeV 
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3σ Tension in |Vub| 

UTfit

CKMfitter

Exclusive

Inclusive

Leptonic

2.0 2.5 3.0 3.5 4.0 4.5 5.0

2.0 2.5 3.0 3.5 4.0 4.5 5.0
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B->Dlnu for Vcb 



22 

B->Dlnu 
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Charged Higgs to B->D\tau\nu 

Decay amplitudes 



Theory 



Theory 



Flavor Changing Neutral Current: 
hunt for/constrain New Physics 



How do we study B decays? 
 

Separation of long-distance and short-distance 
physics: EFT 

 



The weak and strong interactions of the SM contain 
many disparate scales

The good success of the SM -> low energy 
predictions must be insensitive to the high-

energy theory

ΛQCD

W
±

Z
0

t

b

c

s

u, d

?

Effective field theories

Effective theory approach:

•

•

identify small expansion parameters.

mu,d,s,c,b ! mW,Z,t

ΛQCD/mb,c ! 1
Heavy quark 

effective theory

Effective theory of 
weak interactions



Above mb 



Fermi 4-quark interaction

W
+

b

c

d

u

A = [d̄γµPLu]
g2

M2

W − q2
[c̄γµPLb] →

g2

M2

W

[d̄γµPLu][c̄γµPLb] + O(p2

q/M
2

W )
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u

GF =

g2

M2

W

Fermi constant
Local interaction

Weak interactions



W
+

b

c

d

u

b

c

d

u

?
g

Does this picture survive the introduction of radiative 
corrections?

C(µ/MW ) = Wilson coefficient containing the 
contributions of the hard loop momenta

W
+

b

c

d

u

b

c

d

u

Σi
Ci(

µ

MW

) × Oi

Can be computed in perturbation theory at 
any order in αs(MW ) Matching

Radiative corrections



Typical diagrams contributing to matching beyond 
tree level





Bd,s->µ+µ- 

V-A: proportional to lepton mass! 
 

sensitive to Scalar/Pseudo-Scalar 
interaction 

B Curernts 23

C The rest will be deleted!!!: Conventions 25

D some details to derive ⌧ ! K⇡⌫ partial widths 26

E currents 27

xxx A very important question: how do we present scalar/vector form factors??? A:
pay particular attention to tensor, and updating scalar/vector form factorxxx

xxx We solve the coupled-channel Omnes problem, using the scattering phase from Roy
equation or unitarized approach. xxx

1 Introduction

2 Framework

2.1 Chiral Perturbation theory

Chiral perturbation theory provides a systematic framework to investigate strong interac-
tion at low energies. The basis of the �PT is the global SU(3)L ⇥ SU(3)R symmetry of
the QCD Lagrangian in the vanishing mass limit for the u, d, s quarks. This symmetry is
believed to spontaneously break down to the SU(3)V which gives rise to eight Goldstone
bosons. These degrees of freedom are the main focus at low energy.

h0| ¯d�µ�5b| ¯B(p)i = ifBpµ, (2.1)

The leading-order (LO) effective Lagrangian is constructed as

L =

f

2

4

Tr[DµUD

µ
U

†
] +

f

2

4

Tr[�U

†
+ �

†
U ] (2.2)

where f is the tree-level pion decay constant

h0|ū�µ�5d|⇡�
(p)i = i

p
2fpµ, (2.3)

and

� = 2B0(
ˆ

M + s), (2.4)
DµU ⌘ @µU + iUlµ � irµU. (2.5)

The s is the scalar external source, while the lµ and rµ are the left-handed and right-handed
sources. The exponential field U is given as

U = exp

"

i

p
2�

f

#

, (2.6)
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SM: 3-Loops 

Data: 



BèK*l+l- & NP 

1. V/A interference: forward-backward asymmetry 
 
Tr[VpAp] ~ cos(θK) 
 
 
2. q2 dependence: 
 

   A-B/q2 

 



BèK*l+l- & 
NP 

in high precision frontier 



arXiv:1112.3515 

Comparison of data and theory 



1304.6325 LHCb 

Comparison of data and theory 



Bd,s mixing 
 

Bs->J/psi phi 


