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Introduction

Factorization-Assisted Topological-amplitude approach

Summary 

 Extraction of the CKM phase γ in FAT approach



Measure CKM parameters:
• SM:   VCKM is unitary
• SM+NP:   VCKM  may not be unitary

➡  thus to test the closure of the 
unitarity triangle

quite precise ; still room for ↵ ,� �

�•         : might be to use      decayB0
s B0

s ! ⇢KS

be strongly diluted by the large             mixing B0
s � B̄0

s

•         : mixing- induced CP violation of a single mode ↵ ,�

ACP (t, f) = ⌘f sin(2�D � 2�M ) sin(�Mt) B0 ! J/ Ks , B
0 ! ⇡⇡ , ⇢⇡ , ⇢⇢

�3



Standard    extraction : two-body charmed �

•              B± ! DK± , B± ! D⇡± ,

D ! 2P, 3P, ...•              
D0•  Interference: intermediate states     and             mesons              D̄0

Standard    extraction methods:�

•  GLW (Gronau-London-Wyler)             D decays to CP-eigenstates 

•  ADS  (Atwood-Danietz-Soni)              doubly Cabibbo suppressed decays

•  GGSZ (Giri-Grossman-Sofer-Zupan)  three-body D decays to self-conjugate modes

•  HFLAV � = (71.1+4.6
�5.3)

�  CKMfitter � = (73.5+4.2
�5.1)

�  Utfit � = (70.0± 4.2)�

•  Theoretically clean  tree +higher order EW �� . O(10�7)

• Experiment : statistically limited, small ratio of amplitude  

The world average values   ⇠ 5�
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    extraction : two-body charmless �

•  tree +penguin 

•  The problem: how to calculate or extract the different strong phases…

Flavor SU(3) symmetry/ U-spin flavor symmetry

γ is limited by the theoretical uncertainties from the flavor 

SU(3) breaking effects or U-spin-breaking corrections. 

• R. Fleischer, Phys. Lett. B 459, 306 (1999) . 

•  Large branch rations (                               ), CP asymmetry O(10�5 � 10�6)

•  The problem: how to extract the different strong phases…

Bd → π+π− and Bs → K+K− U-spin pair:

� , |a1| , |a2| , �4 unknown: 

5 observables: Bd ,Bs , A
d
CP , As

CP , 2Ain
CP
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Observables ≥ Unknown parameters   



Factorization-assisted topological-amplitude approach        
It is model-independent 

➡ Flavor SU(3) breaking effects is introduced, assuming that the hadronic decay amplitudes 

are factorizable, characterized by different decay constants (f) and form factors (F). 

➡ parameterize all the contributions in charmless B decays by topological diagrams, 

fitted from the experimental measurements instead of perturbative QCD calculation.  

I. Topological diagrams:

II. The amplitude of topological diagram:

A ⇠ f F� ei�� Number of parameter is reduced

III. Global Fit for      together with hadronic parameters  � � ,�

Bu ,d ! PP , PV➡ All                            decays from the current experimental data
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�

        universal



B ! PP , PV , V PTwo-body charmless B decay                           in FAT

I. Topological diagrams:

Distinct by weak interaction and flavor flows with all 


strong interaction encoded, including non-perturbative ones.
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• Color-favored tree emission diagram T
↵s

II. The amplitude of topological diagram:

Effective Wilson  
coefficient  

decay constants and form factors 

characterize the SU(3)breaking effects.  
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TP1P2 = i
GFp
2
VubVuq0a1(µ)fp2(m

2
B �m2

p1
)FBP1

0 (m2
p2
),

TV P =
p
2GFVubVuq0a1(µ)fPmV A

B�V
0 (m2

P )("
⇤
V · pB),

TPV =
p
2GFVubVuq0a1(µ)fV mV F

B�P
1 (m2

V )("
⇤
V · pB),



• Color-suppressed tree emission diagram C
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Unknown  gamma Unknown Parameters for  
magnitude and strong phase Input Parameters 

CP1P2 = i
GFp
2
VubVuq0�

Cei�
C

fp2(m
2
B �m2

p1
)FBP1

0 (m2
p2
),

CV P =
p
2GFVubV

⇤
uq0

�Cei�
C

fPmV A
B�V
0 (m2

P )("
⇤
V · pB),

CPV =
p
2GFVubV

⇤
uq0

�C0
ei�

C0

fV mV F
B�P
1 (m2

V )("
⇤
V · pB),



• The annihilation type diagrams E and A

EP1P2 = i
GFp
2
VubV

⇤
uq0

�Eei�
E

fBm
2
B(

fp1fp2

f2
⇡

),

EPV,V P =
p
2GFVubV

⇤
uq0

�Eei�
E

fBmV (
fP fV
f2
⇡

)("⇤V · pB),

•  As discussed in conventional topological diagram approach, 
A contribution is negligible.
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1-loop penguin diagram

•  color-favored penguin emission diagram P
leading contribution

  “chiral enhanced” penguin contributions

PPP = �i
GFp
2
VtbV

⇤
tq0

h
a4(µ) + �P ei�

P

r�
i
fp2(m

2
B �m2

p1
)FBP1

0 (m2
p2
),

PV P = �
p
2GFVtbV

⇤
tq0

h
a4(µ)� �P ei�

P

r�
i
fPmV A

B�V
0 (m2

P )("
⇤
V · pB),

PPV = �
p
2GFVtbV

⇤
tq0

a4(µ)fV mV F
B�P
1 m2

V ("
⇤
V · pB),
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• Power correction to P-penguin annihilation diagram PA

PA

PA �P ei�
P

B ! PV

PPP = �i
GFp
2
VtbV

⇤
tq0

h
a4(µ) + �P ei�

P

r�
i
fp2(m

2
B �m2

p1
)FBP1

0 (m2
p2
),

PV P = �
p
2GFVtbV

⇤
tq0

h
a4(µ)� �P ei�

P

r�
i
fPmV A

B�V
0 (m2

P )("
⇤
V · pB),

PPV = �
p
2GFVtbV

⇤
tq0

a4(µ)fV mV F
B�P
1 m2

V ("
⇤
V · pB),

PPV
A = �

p
2GFVtbV

⇤
tq0

�PAei�
PA

fBmV (
fP fV
f2
⇡

)("⇤V · pB).
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Br(Bs ! ⇡+⇡�) = (0.76± 0.19)⇥ 10�6

⌘ , ⌘0 ,! ,�

PPP
C = �i

GFp
2
VtbV

⇤
tq0

�PC ei�
PC

fp2(m
2
B �m2

p1
)FBP1

0 (m2
p2
),

PV P
C = �

p
2GFVtbV

⇤
tq0

�PC ei�
PC

fPmV A
B�V
0 (m2

P )("
⇤
V · pB)

PPV
C = �

p
2GFVtbV

⇤
tq0

�P 0
C ei�

P 0
C fV mV F

B�P
1 (m2

V )("
⇤
V · pB),
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PPP
EW = �i

GFp
2
VtbV

⇤
tq0

eq
3

2
a9(µ)fp2(m

2
B �m2

p1
)FBP1

0 (m2
p2
),

PV P
EW = �

p
2GFVtbV

⇤
tq0

eq
3

2
a9(µ)fPmV A

B�V
0 (m2

P )("
⇤
V · pB),

PPV
EW = �

p
2GFVtbV

⇤
tq0

eq
3

2
a9(µ)fV mV F

B�P
1 (m2

V )("
⇤
V · pB),

where           is the effective Wilson coefficienta9(µ)
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�C ,�C

�C0
,�C0

�E ,�E

�P ,�P

�PC ,�PC

�P 0
C ,�P 0

C

�PA ,�PA

Vub V
⇤
ud(s)

Weak CKM phase      �

 14 strong interaction parameters

Vtb V
⇤
td(s) = �(Vub V

⇤
ud(s) + Vcb V

⇤
cd(s))

Except                                , all other CKM matrix elements are are approximately

 real numbers without electroweak phase.    

Vub ⌘ |Vub| e�i�

•  15 unknown theoretical parameters in topological amplitudes 



•  Input parameters

|Vud| = 0.97420± 0.00021 , |Vus| = 0.2243± 0.0005 , |Vub| = 0.00394± 0.00036 ,

|Vcd| = 0.218± 0.004 , |Vcs| = 0.997± 0.017 , |Vcb| = 0.0422± 0.0008 .

CKM from PDG-2019 

Decay constants and Form factor  
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• The above various topological amplitudes appear in all processes 
of charmless B decay in the form of some linear combinations,  

A⇡�⇡0 =
1p
2
(C + P + PEW )e.g.

B(B ! M1M2) =
�(B ! M1M2) + �(B̄ ! M̄1M̄2)

2
⇥ ⌧B ,

Acp(t) = Sf sin(�mBt)� Cfcos(�mBt),

Cf =
1� |�f |2

1 + |�f |2
,

Sf =
2Im(�f )

1 + |�f |2
,

Observables:

37

11

15 parameters

48 observables
Observables as the  

function of parameters
    extracted with a fit�



III. Global Fit for      together with 14 hadronic parameters �

• the best-fitted parameters as:

�C = 0.41± 0.06, �C = �1.74± 0.09,

�C0
= 0.40± 0.17, �C0

= 1.78± 0.10,

�E = 0.06± 0.006, �E = 2.76± 0.13,

�P = 0.09± 0.003, �P = 2.55± 0.03

�PC = 0.045± 0.003, �PC = 1.53± 0.08,

�P 0
C = 0.037± 0.003, �P 0

C = 0.67± 0.08,

�PA = 0.006± 0.0008, �PA = 1.49± 0.09,

� = (69.8± 2.1)�
�

2
/d.o.f = 1.4with

transmitted from the 
experimental uncertainty 

� = (69.8± 2.1± 0.9)�

• The major source of theoretical uncertainties: Vub , Vcb , f , F
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• We use FAT to extract gamma from charmless B decays

• We try to parametrize the decay amplitudes into different 
topological diagrams

• To improve the precision of the global fit, we factorize the 
corresponding decay constant and form factors to characterize 
the flavor SU(3) breaking effect. 

• The determined value is (69.8 ± 2.1 ± 0.9)◦ 

• We extract the CKM weak angle γ using all the measured two 
body charmless B → PP, PV decays 

As the LHCb upgrade, additional and the increasing precision of the collected data 
sets, especially the CP asymmetries introduced by mixing and decay of B^0 meson,  
are expected to improve constraints on the CKM  CP-violating phase gamma.



BACKUP
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