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• Two important goals of the heavy flavor physics program 
are (a) to verify the KM picture of CP violation and (b) to 
understand better strong interactions at low energies.

• Precision of many branching fractions of PP and VP 
decays currently reaches 5−10% level.

• 6 CPA’s exceed 5σ (all but S(φKS) from PP), and 
7 CPA’s at 3−5σ level.

 useful in fixing strong phases

• Examine what existing data tell us, check the consistency, 
and make predictions for yet unmeasured observables.

• Check whether flavor SU(3) symmetry is a good working 
principle.
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Flavor Diagram Approach

PP Decays

VP Decays

Summary



4



Cheng-Wei Chiang @ IHEP, 2015

• Classify decay amplitudes according to the topology of 
flavor flows and relate decay diagrams, both sizes and 
strong phases, using flavor SU(3) symmetry.

• Model-independent.

• Encoded with all strong interaction and rescattering effects 
(not Feynman diagrams, thus non-perturbative per se).

• Clear weak interaction structure and thus weak phases.

• Good guide for perturbative approach based on EFT’s.

• Indispensable for D systems.

• Predictive as other approaches.
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• Diagrams for two-body hadronic B 
decays can be classified according 
to flavor topology into the tree- and 
loop-types:

Zeppenfeld 1981
Chau and Cheng 1986, 1987, 1991
Savage and Wise 1989
Grinstein and Lebed 1996
Gronau et. al. 1994, 1995, 1995
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Tree-type

Loop-type
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• T and C are expected to be the most dominant amplitudes, 
with C being naively smaller than T by a color factor of 3.
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• E and A are suppressed by Λ/mB due to the helicity and/or 
hadronic form factors.
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• E and A are suppressed by Λ/mB due to the helicity and/or 
hadronic form factors.

• A is not called for by current data, thus ignored.
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• E and A are suppressed by Λ/mB due to the helicity and/or 
hadronic form factors.

• A is not called for by current data, thus ignored.

• 3 tree-level amplitudes left.
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• These diagrams are suppressed by loop factors.

• Moreover, the EW penguin diagram is one order higher in 
weak interactions and thus even smaller in strength.
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for EW penguins, one gluon line is replaced by a Z or γ line
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• These diagrams are suppressed by loop factors.

• Moreover, the EW penguin diagram is one order higher in 
weak interactions and thus even smaller in strength.

• PEWC, PE, PEEW, and PAEW are ignored.

• 4 loop-level amplitudes considered.
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for EW penguins, one gluon line is replaced by a Z or γ line
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• We are left with T, C, P, S, PEW, E, and PA, listed roughly 
in the naive order of their magnitudes.

• However, the above hierarchy is not supported by data.
 hint of nonperturbative strong dynamics at play

• They are sufficient for the observed PP modes.
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• In the case of VP modes, both E and PA are not required 
by data at current precision level, but the number of 
diagrams are otherwise doubled.

• The two sets of amplitudes are different a priori.

• They can be related under the assumption of factorization 
and with a specific model for form factors.
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• By convention, we fix T (for PP) and TP (for VP) to be real, 
and all the other strong phases, denoted by δX for 
amplitude X, are relative to these amplitudes; i.e.,

15

X = |X|eiδX



Cheng-Wei Chiang @ IHEP, 2015

• In physical processes, the above-mentioned flavor 
amplitudes always appear in certain combinations, 
multiplied by appropriate CKM factors:

t = Y u
dbT − (Y u

db + Y c
db)P

C
EW

c = Y u
dbC − (Y u

db + Y c
db)PEW

e = Y u
dbE

p = −(Y u
db + Y c

db)(P − 1

3
PC
EW )

s = −(Y u
db + Y c

db)(S − 1

3
PEW )

pa = −(Y u
db + Y c

db)PA

t′ = Y u
sbξtT − (Y u

sb + Y c
sb)P

C
EW

c′ = Y u
sbξcC − (Y u

sb + Y c
sb)PEW

e′ = Y u
sbE

p′ = −(Y u
sb + Y c

sb)(ξpP − 1

3
PC
EW )

s′ = −(Y u
sb + Y c

sb)(ξsS − 1

3
PEW )

pa′ = −(Y u
sb + Y c

sb)PA

Y q′
qb ≡ Vq′qV

∗
q′b with q = d, s and q′ = u, c

strangeness-conserving (ΔS = 0) strangeness-changing (|ΔS| = 1)
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• ξ’s are introduced to account for SU(3) breaking in 
amplitude magnitudes.  preferred to be ~1 by data

• Strong phases are assumed to be the same.

t = Y u
dbT − (Y u

db + Y c
db)P

C
EW

c = Y u
dbC − (Y u

db + Y c
db)PEW

e = Y u
dbE

p = −(Y u
db + Y c

db)(P − 1

3
PC
EW )

s = −(Y u
db + Y c

db)(S − 1

3
PEW )

pa = −(Y u
db + Y c

db)PA

t′ = Y u
sbξtT − (Y u

sb + Y c
sb)P

C
EW

c′ = Y u
sbξcC − (Y u

sb + Y c
sb)PEW

e′ = Y u
sbE

p′ = −(Y u
sb + Y c

sb)(ξpP − 1

3
PC
EW )

s′ = −(Y u
sb + Y c

sb)(ξsS − 1

3
PEW )

pa′ = −(Y u
sb + Y c

sb)PA

Y q′
qb ≡ Vq′qV

∗
q′b with q = d, s and q′ = u, c

strangeness-conserving (ΔS = 0) strangeness-changing (|ΔS| = 1)
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• The CKM factors are evaluated using

t = Y u
dbT − (Y u

db + Y c
db)P

C
EW

c = Y u
dbC − (Y u

db + Y c
db)PEW

e = Y u
dbE

p = −(Y u
db + Y c

db)(P − 1

3
PC
EW )

s = −(Y u
db + Y c

db)(S − 1

3
PEW )

pa = −(Y u
db + Y c

db)PA

t′ = Y u
sbξtT − (Y u

sb + Y c
sb)P

C
EW

c′ = Y u
sbξcC − (Y u

sb + Y c
sb)PEW

e′ = Y u
sbE

p′ = −(Y u
sb + Y c

sb)(ξpP − 1

3
PC
EW )

s′ = −(Y u
sb + Y c

sb)(ξsS − 1

3
PEW )

pa′ = −(Y u
sb + Y c

sb)PA

strangeness-conserving (ΔS = 0) strangeness-changing (|ΔS| = 1)

Y q′
qb ≡ Vq′qV

∗
q′b with q = d, s and q′ = u, c

A = 0.813+0.015
−0.027 λ = 0.22551+0.00068

−0.00035

ρ = 0.1489+0.0158
−0.0084 η = 0.342+0.013

−0.011

CKMfitter 2014



Cheng-Wei Chiang @ IHEP, 2015

• A few examples of flavor amplitude decomposition and 
observed data:

Mode Flavor Amplitude BF (×10−6) ACP

B+ → π+π0 − 1√
2
(t+ c) 5.48+0.35

−0.34 0.026± 0.039

K+K
0

p 1.19± 0.18 (1.02) −0.086± 0.100

ηπ+ cφ√
2
[t+ c+ 2p+ (2−√

2tφ)s] 4.02± 0.27 −0.14± 0.05 (1.42)

η′π+ sφ√
2
[t+ c+ 2p+ (2 +

√
2

tφ
)s] 2.7+0.5∗

−0.4 (1.36) 0.06± 0.15∗

B0 → K+K− −(e+ 2pa) 0.12± 0.05 -

K0K
0

p+ 2pa 1.21± 0.16 0.06± 0.26 (1.38)
−1.08± 0.49(

η
η′

)
=

(
cosφ − sinφ
sinφ cosφ

)(
ηq
ηs

)

ηq =
1√
2
(uu+ dd) , ηs = ss , φ = 46◦

Michael, Ottnad, Urbach 2012

data too poor 
to include in fits

scale factor

direct / indirect 
CPA’s
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• Fit to observed Bu,d decays and make predictions for as 
yet unmeasured quantities, particularly those for the Bs 
decays.

• Due to the hierarchy in CKM factors,
• T and C: mainly determined by ΔS=0 processes;

• P, S, and PEW: mainly determined by |ΔS|=1 processes;

• E and PA: only present in and determined by ΔS=0 processes.
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Parameter Scheme A Scheme B Scheme C Scheme D

|T | 0.625+0.013
−0.014 0.692+0.054

−0.085 0.627+0.013
−0.014 0.690+0.049

−0.062

|C| 0.500± 0.049 0.480+0.087
−0.084 0.607+0.036

−0.037 0.608± 0.054
δC −60+9

−8 −68± 9 −77± 5 −83+6
−5

|P | 0.123± 0.001 0.124± 0.001 0.124± 0.001 0.124± 0.001
δP −24± 2 −22+2

−4 −24± 2 −22+2
−3

|PEW | 0.012+0.005
−0.002 0.011+0.004

−0.002 0.018+0.006
−0.005 0.020± 0.006

δPEW
−6+29

−42 −23+40
−39 −77+20

−11 −81+16
−9

|E| - 0.098+0.022
−0.024 - 0.101+0.020

−0.022

δE - −135+52
−44 - −129+36

−32

|PA| - 0.011+0.004
−0.006 - 0.012± 0.004

δPA - −123+27
−25 - −130+23

−21

|S| - - 0.080± 0.007 0.079± 0.006
δS - - −101± 6 −98± 6

χ2
min/dof 23.41/14 19.48/11 45.80/23 37.08/20

Fit quality 5.40% 5.30% 0.32% 1.14%
δEW 0.019± 0.006 0.016± 0.004 0.029± 0.009 0.029± 0.009
|C/T | 0.80± 0.08 0.69± 0.14 0.97± 0.06 0.89± 0.11

limited fits (no S) global fits

Magnitudes of the amplitudes are quoted in units 
of 104 eV, and the strong phases in units of degree.

13
 t

he
or

y 
pa

ra
m

et
er

s



Cheng-Wei Chiang @ IHEP, 2015

 
Parameter Scheme A Scheme B Scheme C Scheme D

|T | 0.625+0.013
−0.014 0.692+0.054

−0.085 0.627+0.013
−0.014 0.690+0.049

−0.062

|C| 0.500± 0.049 0.480+0.087
−0.084 0.607+0.036

−0.037 0.608± 0.054
δC −60+9

−8 −68± 9 −77± 5 −83+6
−5

|P | 0.123± 0.001 0.124± 0.001 0.124± 0.001 0.124± 0.001
δP −24± 2 −22+2

−4 −24± 2 −22+2
−3

|PEW | 0.012+0.005
−0.002 0.011+0.004

−0.002 0.018+0.006
−0.005 0.020± 0.006

δPEW
−6+29

−42 −23+40
−39 −77+20

−11 −81+16
−9

|E| - 0.098+0.022
−0.024 - 0.101+0.020

−0.022

δE - −135+52
−44 - −129+36

−32

|PA| - 0.011+0.004
−0.006 - 0.012± 0.004

δPA - −123+27
−25 - −130+23

−21

|S| - - 0.080± 0.007 0.079± 0.006
δS - - −101± 6 −98± 6

χ2
min/dof 23.41/14 19.48/11 45.80/23 37.08/20

Fit quality 5.40% 5.30% 0.32% 1.14%
δEW 0.019± 0.006 0.016± 0.004 0.029± 0.009 0.029± 0.009
|C/T | 0.80± 0.08 0.69± 0.14 0.97± 0.06 0.89± 0.11

limited fits (no S) global fits

not much difference >3 times better
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Parameter Scheme A Scheme B Scheme C Scheme D

|T | 0.625+0.013
−0.014 0.692+0.054

−0.085 0.627+0.013
−0.014 0.690+0.049

−0.062

|C| 0.500± 0.049 0.480+0.087
−0.084 0.607+0.036

−0.037 0.608± 0.054
δC −60+9

−8 −68± 9 −77± 5 −83+6
−5

|P | 0.123± 0.001 0.124± 0.001 0.124± 0.001 0.124± 0.001
δP −24± 2 −22+2

−4 −24± 2 −22+2
−3

|PEW | 0.012+0.005
−0.002 0.011+0.004

−0.002 0.018+0.006
−0.005 0.020± 0.006

δPEW
−6+29

−42 −23+40
−39 −77+20

−11 −81+16
−9

|E| - 0.098+0.022
−0.024 - 0.101+0.020

−0.022

δE - −135+52
−44 - −129+36

−32

|PA| - 0.011+0.004
−0.006 - 0.012± 0.004

δPA - −123+27
−25 - −130+23

−21

|S| - - 0.080± 0.007 0.079± 0.006
δS - - −101± 6 −98± 6

χ2
min/dof 23.41/14 19.48/11 45.80/23 37.08/20

Fit quality 5.40% 5.30% 0.32% 1.14%
δEW 0.019± 0.006 0.016± 0.004 0.029± 0.009 0.029± 0.009
|C/T | 0.80± 0.08 0.69± 0.14 0.97± 0.06 0.89± 0.11

limited fits (no S) global fits

The amplitudes satisfy the hierarchy:

 |E| is comparable to |P|
 |S| is larger than |PEW|, required by BF(η’K)

|T | ∼> |C| > |P |, |E| > |S| > |PEW | ∼ |PA|
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Parameter Scheme A Scheme B Scheme C Scheme D

|T | 0.625+0.013
−0.014 0.692+0.054

−0.085 0.627+0.013
−0.014 0.690+0.049

−0.062

|C| 0.500± 0.049 0.480+0.087
−0.084 0.607+0.036

−0.037 0.608± 0.054
δC −60+9

−8 −68± 9 −77± 5 −83+6
−5

|P | 0.123± 0.001 0.124± 0.001 0.124± 0.001 0.124± 0.001
δP −24± 2 −22+2

−4 −24± 2 −22+2
−3

|PEW | 0.012+0.005
−0.002 0.011+0.004

−0.002 0.018+0.006
−0.005 0.020± 0.006

δPEW
−6+29

−42 −23+40
−39 −77+20

−11 −81+16
−9

|E| - 0.098+0.022
−0.024 - 0.101+0.020

−0.022

δE - −135+52
−44 - −129+36

−32

|PA| - 0.011+0.004
−0.006 - 0.012± 0.004

δPA - −123+27
−25 - −130+23

−21

|S| - - 0.080± 0.007 0.079± 0.006
δS - - −101± 6 −98± 6

χ2
min/dof 23.41/14 19.48/11 45.80/23 37.08/20

Fit quality 5.40% 5.30% 0.32% 1.14%
δEW 0.019± 0.006 0.016± 0.004 0.029± 0.009 0.029± 0.009
|C/T | 0.80± 0.08 0.69± 0.14 0.97± 0.06 0.89± 0.11

limited fits (no S) global fits

Most parameters are stable across the 
fits, except for C and PEW.  This is 
because S also contains PEW:

c = Y u
dbC − (Y u

db + Y c
db)PEW

s = −(Y u
db + Y c

db)(S − 1

3
PEW )
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Parameter Scheme A Scheme B Scheme C Scheme D

|T | 0.625+0.013
−0.014 0.692+0.054

−0.085 0.627+0.013
−0.014 0.690+0.049

−0.062

|C| 0.500± 0.049 0.480+0.087
−0.084 0.607+0.036

−0.037 0.608± 0.054
δC −60+9

−8 −68± 9 −77± 5 −83+6
−5

|P | 0.123± 0.001 0.124± 0.001 0.124± 0.001 0.124± 0.001
δP −24± 2 −22+2

−4 −24± 2 −22+2
−3

|PEW | 0.012+0.005
−0.002 0.011+0.004

−0.002 0.018+0.006
−0.005 0.020± 0.006

δPEW
−6+29

−42 −23+40
−39 −77+20

−11 −81+16
−9

|E| - 0.098+0.022
−0.024 - 0.101+0.020

−0.022

δE - −135+52
−44 - −129+36

−32

|PA| - 0.011+0.004
−0.006 - 0.012± 0.004

δPA - −123+27
−25 - −130+23

−21

|S| - - 0.080± 0.007 0.079± 0.006
δS - - −101± 6 −98± 6

χ2
min/dof 23.41/14 19.48/11 45.80/23 37.08/20

Fit quality 5.40% 5.30% 0.32% 1.14%
δEW 0.019± 0.006 0.016± 0.004 0.029± 0.009 0.029± 0.009
|C/T | 0.80± 0.08 0.69± 0.14 0.97± 0.06 0.89± 0.11

limited fits (no S) global fits

Large |C/T|, as partially required to explain the K  puzzle
(but also modes involving singlet amplitudes).

 cf. hadronic D decays
Typical perturbative calculations give ~0.2−0.3
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Parameter Scheme A Scheme B Scheme C Scheme D

|T | 0.625+0.013
−0.014 0.692+0.054

−0.085 0.627+0.013
−0.014 0.690+0.049

−0.062

|C| 0.500± 0.049 0.480+0.087
−0.084 0.607+0.036

−0.037 0.608± 0.054
δC −60+9

−8 −68± 9 −77± 5 −83+6
−5

|P | 0.123± 0.001 0.124± 0.001 0.124± 0.001 0.124± 0.001
δP −24± 2 −22+2

−4 −24± 2 −22+2
−3

|PEW | 0.012+0.005
−0.002 0.011+0.004

−0.002 0.018+0.006
−0.005 0.020± 0.006

δPEW
−6+29

−42 −23+40
−39 −77+20

−11 −81+16
−9

|E| - 0.098+0.022
−0.024 - 0.101+0.020

−0.022

δE - −135+52
−44 - −129+36

−32

|PA| - 0.011+0.004
−0.006 - 0.012± 0.004

δPA - −123+27
−25 - −130+23

−21

|S| - - 0.080± 0.007 0.079± 0.006
δS - - −101± 6 −98± 6

χ2
min/dof 23.41/14 19.48/11 45.80/23 37.08/20

Fit quality 5.40% 5.30% 0.32% 1.14%
δEW 0.019± 0.006 0.016± 0.004 0.029± 0.009 0.029± 0.009
|C/T | 0.80± 0.08 0.69± 0.14 0.97± 0.06 0.89± 0.11

limited fits (no S) global fits

Make preferred predictions based on Scheme D.
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• We have tried to include the SU(3) breaking factor fK/fπ for 
factorizable T and C amplitudes, but found no significant 
change in fit quality.

 flavor SU(3) symmetry is a sufficiently good working 
principle

• Our predictions generally agree well with measured 
observables.

• In the following, we highlight some observables that have 
disagreements among data and theories.
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Observable BF (B+ → η′π+) BF (B0 → π0π0) BF (B0 → η′π0)

Data 2.7+0.5
−0.4 (1.36) 1.17± 0.13 1.2± 0.4

This Work 5.59± 0.54 1.88± 0.42 1.21± 0.16

QCDF 3.8+1.3+0.9
−0.6−0.6 1.1+1.0+0.7

−0.4−0.3 0.42+0.21+0.18
−0.09−0.12

pQCD 2.4+0.8
−0.5 ± 0.2± 0.3 ∼ 1.2 0.19± 0.02± 0.03+0.04

−0.05

SCET 2.4± 1.2± 0.2± 0.4 0.84± 0.29± 0.30± 0.19 2.3± 0.8± 0.3± 2.7

due to constructive 
interference between S 
and other amplitudes

due to large |C|;
smaller predictions in 
perturbative calculations

due to constructive 
interference between P 
and S amplitudes

QCDF: Beneke, Buchalla, Neubert, Sachrajda 2001
           Beneke, Neubert 2003
pQCD: Keum, Li, Sanda 2001
SCET: Bauer, Fleming, Pirjol, Stewart 2001
         Bauer, Pirjol, Stewart 2001
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Observable ACP (B
+ → η′π+) ACP (B

0 → π+π−) ACP (B
0 → π0π0)

Data 0.06± 0.15 0.31± 0.05 0.03± 0.17 (1.94)

This Work 0.374± 0.087 0.326± 0.081 0.611± 0.113

QCDF 0.016+0.050+0.094
−0.082−0.111 0.170+0.013+0.043

−0.012−0.087 0.572+0.148+0.303
−0.208−0.346

pQCD −0.33+0.07
−0.08 ∼ 0.17 ∼ 0.36

SCET 0.21± 0.12± 0.10± 0.14 0.20± 0.17± 0.19± 0.05 −0.58± 0.39± 0.39± 0.13

diverse predictions;
all far from data;
pQCD gets wrong sign

agreeing with data;
others smaller by at 
least 30%

data recently updated;
scale factor = 1.94; 
opposite sign in SCET

>6σ
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Observable ACP (B
+ → ηK+) ACP (B

+ → η′K+) S(B0 → η′π0)

Data −0.37± 0.08 0.013± 0.017 —

This Work −0.426± 0.043 −0.027± 0.008 0.385± 0.114

QCDF −0.145+0.103+0.155
−0.260−0.107 0.0045+0.0069+0.0120

−0.0055−0.0098 −0.073+0.010+0.176
−0.018−0.140

pQCD −0.117+0.068+0.039+0.029
−0.096−0.042−0.056 −0.062+0.012+0.013+0.013

−0.011−0.010−0.010 −0.36+0.11
−0.10

SCET 0.33± 0.30± 0.07± 0.03 −0.010± 0.006± 0.007± 0.005 −0.24± 0.10± 0.19± 0.24

agreeing with data;
others off central value;
SCET gets wrong sign

diverse predictions; awaiting better data;
some wrong signs

~4.6σ
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Observable BF (π+K−) BF (K+K−) BF (π+π−)

Data 5.4± 0.6 24.5± 1.8 0.73± 0.14

This Work 5.86± 0.78 17.90± 2.98 0.80± 0.55

QCDF 5.3+0.4+0.4
−0.8−0.5 25.2+12.7+12.5

−7.2−9.1 0.26± 0.00+0.10
−0.09

pQCD 7.6+3.2
−2.3 ± 0.7± 0.5 13.6+4.2+7.5+0.7

−3.2−4.1−0.2 0.57+0.16+0.09+0.01
−0.13−0.10−0.00

SCET 4.9± 1.2± 1.3± 0.3 18.2± 6.7± 1.1± 0.5 —

agreeing with data;
pQCD larger in central 
value

diverse predictions; 
awaiting better data

dominated by PA;
agreeing well with data;
BF( 0 0) predicted to 
be half of this value
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Observable BF (π+K−) BF (K+K−) BF (π+π−)

Data 5.4± 0.6 24.5± 1.8 0.73± 0.14

This Work 5.86± 0.78 17.90± 2.98 0.80± 0.55

QCDF 5.3+0.4+0.4
−0.8−0.5 25.2+12.7+12.5

−7.2−9.1 0.26± 0.00+0.10
−0.09

pQCD 7.6+3.2
−2.3 ± 0.7± 0.5 13.6+4.2+7.5+0.7

−3.2−4.1−0.2 0.57+0.16+0.09+0.01
−0.13−0.10−0.00

SCET 4.9± 1.2± 1.3± 0.3 18.2± 6.7± 1.1± 0.5 —

agreeing with data;
pQCD larger in central 
value

diverse predictions; 
awaiting better data

dominated by PA;
agreeing well with data;
BF(�0�0) predicted to 
be half of this value

It is claimed that large flavor symmetry 
breaking effects between the PA amplitudes 
of Bs and Bu,d decays are needed in order to 
explain data of Bs→�+�− and Bd→K+K−.
This is not the case as we find.

Zhu 2011
Wang, Zhu 2013
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Observable ACP (π
+K−) A(K+K−) S(K+K−)

Data 0.26± 0.04 −0.14± 0.11 0.30± 0.13

This Work 0.266± 0.033 −0.090± 0.021 0.140± 0.030

QCDF 0.207+0.050+0.039
−0.030−0.088 −0.077+0.016+0.040

−0.012−0.051 0.22+0.04+0.05
−0.05−0.03

pQCD 0.241+0.039+0.033+0.023
−0.036−0.030−0.012 −0.233+0.009+0.049+0.008

−0.002−0.044−0.011 0.28± 0.03± 0.04+0.02
−0.01

SCET 0.20± 0.17± 0.19± 0.05 −0.06± 0.05± 0.06± 0.02 0.19± 0.04± 0.04± 0.01

agreeing better with 
data than others

>6σ

awaiting better data since this 
decay has a large BF
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limited fit (no S, E) global fit (no E) global fit 

Parameter Scheme A Scheme B Scheme C

|TP | 1.173+0.063
−0.066 1.193+0.060

−0.063 0.909+0.499
−0.331

|TV | 0.880+0.058
−0.063 0.883+0.057

−0.060 0.704+0.294
−0.275

δTV
3± 4 1± 4 −6+28

−39

|CP | 0.341+0.135
−0.130 0.284+0.092

−0.081 0.524+0.294
−0.301

δCP
−24+41

−32 −36+29
−23 −54+32

−44

|CV | 0.668+0.325
−0.276 0.735+0.164

−0.161 1.120+0.416
−0.339

δCV
−89+27

−16 −91+13
−10 −93+15

−17

|PP | 0.083± 0.003 0.083± 0.002 0.083± 0.003

δPP
−25± 6 −21± 5 −37+17

−39

|PV | 0.066± 0.005 0.069± 0.004 0.070± 0.004

δPV
165± 9 159+7

−8 142+17
−35

|PEW,P | 0.035+0.010
−0.011 0.031± 0.010 0.030+0.009

−0.010

δPEW,P 51+12
−16 44+11

−15 25+20
−35

|PEW,V | 0.061+0.029
−0.024 0.058+0.017

−0.015 0.064+0.020
−0.018

δPEW,V −100+35
−23 −83+22

−15 −105+26
−34

Parameter Scheme A Scheme B Scheme C

|SP | - 0.015+0.006
−0.005 0.014± 0.006

δSP
- −142+13

−21 −154+21
−38

|SV | - 0.033± 0.004 0.035+0.005
−0.004

δSV
- −73± 24 −89+24

−27

|EP | - - 0.266+0.829
−0.266

δEP
- - 120± 180

|EV | - - 0.467+0.526
−0.375

δEV
- - −65+27

−86

χ2
min/dof 15.53/12 40.22/32 37.57/28

Fit quality 12.36 % 15.08% 10.67%

Magnitudes of the amplitudes are quoted in units 
of 104 eV, and the strong phases in units of degree.

23 theory parameters
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limited fit (no S, E) global fit (no E) global fit 

Parameter Scheme A Scheme B Scheme C

|TP | 1.173+0.063
−0.066 1.193+0.060

−0.063 0.909+0.499
−0.331

|TV | 0.880+0.058
−0.063 0.883+0.057

−0.060 0.704+0.294
−0.275

δTV
3± 4 1± 4 −6+28

−39

|CP | 0.341+0.135
−0.130 0.284+0.092

−0.081 0.524+0.294
−0.301

δCP
−24+41

−32 −36+29
−23 −54+32

−44

|CV | 0.668+0.325
−0.276 0.735+0.164

−0.161 1.120+0.416
−0.339

δCV
−89+27

−16 −91+13
−10 −93+15

−17

|PP | 0.083± 0.003 0.083± 0.002 0.083± 0.003

δPP
−25± 6 −21± 5 −37+17

−39

|PV | 0.066± 0.005 0.069± 0.004 0.070± 0.004

δPV
165± 9 159+7

−8 142+17
−35

|PEW,P | 0.035+0.010
−0.011 0.031± 0.010 0.030+0.009

−0.010

δPEW,P 51+12
−16 44+11

−15 25+20
−35

|PEW,V | 0.061+0.029
−0.024 0.058+0.017

−0.015 0.064+0.020
−0.018

δPEW,V −100+35
−23 −83+22

−15 −105+26
−34

Parameter Scheme A Scheme B Scheme C

|SP | - 0.015+0.006
−0.005 0.014± 0.006

δSP
- −142+13

−21 −154+21
−38

|SV | - 0.033± 0.004 0.035+0.005
−0.004

δSV
- −73± 24 −89+24

−27

|EP | - - 0.266+0.829
−0.266

δEP
- - 120± 180

|EV | - - 0.467+0.526
−0.375

δEV
- - −65+27

−86

χ2
min/dof 15.53/12 40.22/32 37.57/28

Fit quality 12.36 % 15.08% 10.67%

some difference in fit quality

23 theory parameters
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limited fit (no S, E) global fit (no E) global fit 

Parameter Scheme A Scheme B Scheme C

|TP | 1.173+0.063
−0.066 1.193+0.060

−0.063 0.909+0.499
−0.331

|TV | 0.880+0.058
−0.063 0.883+0.057

−0.060 0.704+0.294
−0.275

δTV
3± 4 1± 4 −6+28

−39

|CP | 0.341+0.135
−0.130 0.284+0.092

−0.081 0.524+0.294
−0.301

δCP
−24+41

−32 −36+29
−23 −54+32

−44

|CV | 0.668+0.325
−0.276 0.735+0.164

−0.161 1.120+0.416
−0.339

δCV
−89+27

−16 −91+13
−10 −93+15

−17

|PP | 0.083± 0.003 0.083± 0.002 0.083± 0.003

δPP
−25± 6 −21± 5 −37+17

−39

|PV | 0.066± 0.005 0.069± 0.004 0.070± 0.004

δPV
165± 9 159+7

−8 142+17
−35

|PEW,P | 0.035+0.010
−0.011 0.031± 0.010 0.030+0.009

−0.010

δPEW,P 51+12
−16 44+11

−15 25+20
−35

|PEW,V | 0.061+0.029
−0.024 0.058+0.017

−0.015 0.064+0.020
−0.018

δPEW,V −100+35
−23 −83+22

−15 −105+26
−34

Parameter Scheme A Scheme B Scheme C

|SP | - 0.015+0.006
−0.005 0.014± 0.006

δSP
- −142+13

−21 −154+21
−38

|SV | - 0.033± 0.004 0.035+0.005
−0.004

δSV
- −73± 24 −89+24

−27

|EP | - - 0.266+0.829
−0.266

δEP
- - 120± 180

|EV | - - 0.467+0.526
−0.375

δEV
- - −65+27

−86

χ2
min/dof 15.53/12 40.22/32 37.57/28

Fit quality 12.36 % 15.08% 10.67%

large errors on E amplitudes
 not called for by data

also resulting in large errors 
on other amplitudes

 prefer Scheme B

23 theory parameters
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limited fit (no S, E) global fit (no E) global fit 

Parameter Scheme A Scheme B Scheme C

|TP | 1.173+0.063
−0.066 1.193+0.060

−0.063 0.909+0.499
−0.331

|TV | 0.880+0.058
−0.063 0.883+0.057

−0.060 0.704+0.294
−0.275

δTV
3± 4 1± 4 −6+28

−39

|CP | 0.341+0.135
−0.130 0.284+0.092

−0.081 0.524+0.294
−0.301

δCP
−24+41

−32 −36+29
−23 −54+32

−44

|CV | 0.668+0.325
−0.276 0.735+0.164

−0.161 1.120+0.416
−0.339

δCV
−89+27

−16 −91+13
−10 −93+15

−17

|PP | 0.083± 0.003 0.083± 0.002 0.083± 0.003

δPP
−25± 6 −21± 5 −37+17

−39

|PV | 0.066± 0.005 0.069± 0.004 0.070± 0.004

δPV
165± 9 159+7

−8 142+17
−35

|PEW,P | 0.035+0.010
−0.011 0.031± 0.010 0.030+0.009

−0.010

δPEW,P 51+12
−16 44+11

−15 25+20
−35

|PEW,V | 0.061+0.029
−0.024 0.058+0.017

−0.015 0.064+0.020
−0.018

δPEW,V −100+35
−23 −83+22

−15 −105+26
−34

Parameter Scheme A Scheme B Scheme C

|SP | - 0.015+0.006
−0.005 0.014± 0.006

δSP
- −142+13

−21 −154+21
−38

|SV | - 0.033± 0.004 0.035+0.005
−0.004

δSV
- −73± 24 −89+24

−27

|EP | - - 0.266+0.829
−0.266

δEP
- - 120± 180

|EV | - - 0.467+0.526
−0.375

δEV
- - −65+27

−86

χ2
min/dof 15.53/12 40.22/32 37.57/28

Fit quality 12.36 % 15.08% 10.67%
The amplitudes satisfy the hierarchy:

 unlike PP sector, |SP,V| is smaller than |PEW,PV|

|TP,V | > |CP,V | > |PP,V | ∼ |PEW,V | > |PEW,P | , |SP,V |

23 theory parameters
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limited fit (no S, E) global fit (no E) global fit 

Parameter Scheme A Scheme B Scheme C

|TP | 1.173+0.063
−0.066 1.193+0.060

−0.063 0.909+0.499
−0.331

|TV | 0.880+0.058
−0.063 0.883+0.057

−0.060 0.704+0.294
−0.275

δTV
3± 4 1± 4 −6+28

−39

|CP | 0.341+0.135
−0.130 0.284+0.092

−0.081 0.524+0.294
−0.301

δCP
−24+41

−32 −36+29
−23 −54+32

−44

|CV | 0.668+0.325
−0.276 0.735+0.164

−0.161 1.120+0.416
−0.339

δCV
−89+27

−16 −91+13
−10 −93+15

−17

|PP | 0.083± 0.003 0.083± 0.002 0.083± 0.003

δPP
−25± 6 −21± 5 −37+17

−39

|PV | 0.066± 0.005 0.069± 0.004 0.070± 0.004

δPV
165± 9 159+7

−8 142+17
−35

|PEW,P | 0.035+0.010
−0.011 0.031± 0.010 0.030+0.009

−0.010

δPEW,P 51+12
−16 44+11

−15 25+20
−35

|PEW,V | 0.061+0.029
−0.024 0.058+0.017

−0.015 0.064+0.020
−0.018

δPEW,V −100+35
−23 −83+22

−15 −105+26
−34

Parameter Scheme A Scheme B Scheme C

|SP | - 0.015+0.006
−0.005 0.014± 0.006

δSP
- −142+13

−21 −154+21
−38

|SV | - 0.033± 0.004 0.035+0.005
−0.004

δSV
- −73± 24 −89+24

−27

|EP | - - 0.266+0.829
−0.266

δEP
- - 120± 180

|EV | - - 0.467+0.526
−0.375

δEV
- - −65+27

−86

χ2
min/dof 15.53/12 40.22/32 37.57/28

Fit quality 12.36 % 15.08% 10.67%

The relative phase between TV and TP is consistent with 0.

23 theory parameters
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limited fit (no S, E) global fit (no E) global fit 

Parameter Scheme A Scheme B Scheme C

|TP | 1.173+0.063
−0.066 1.193+0.060

−0.063 0.909+0.499
−0.331

|TV | 0.880+0.058
−0.063 0.883+0.057

−0.060 0.704+0.294
−0.275

δTV
3± 4 1± 4 −6+28

−39

|CP | 0.341+0.135
−0.130 0.284+0.092

−0.081 0.524+0.294
−0.301

δCP
−24+41

−32 −36+29
−23 −54+32

−44

|CV | 0.668+0.325
−0.276 0.735+0.164

−0.161 1.120+0.416
−0.339

δCV
−89+27

−16 −91+13
−10 −93+15

−17

|PP | 0.083± 0.003 0.083± 0.002 0.083± 0.003

δPP
−25± 6 −21± 5 −37+17

−39

|PV | 0.066± 0.005 0.069± 0.004 0.070± 0.004

δPV
165± 9 159+7

−8 142+17
−35

|PEW,P | 0.035+0.010
−0.011 0.031± 0.010 0.030+0.009

−0.010

δPEW,P 51+12
−16 44+11

−15 25+20
−35

|PEW,V | 0.061+0.029
−0.024 0.058+0.017

−0.015 0.064+0.020
−0.018

δPEW,V −100+35
−23 −83+22

−15 −105+26
−34

Parameter Scheme A Scheme B Scheme C

|SP | - 0.015+0.006
−0.005 0.014± 0.006

δSP
- −142+13

−21 −154+21
−38

|SV | - 0.033± 0.004 0.035+0.005
−0.004

δSV
- −73± 24 −89+24

−27

|EP | - - 0.266+0.829
−0.266

δEP
- - 120± 180

|EV | - - 0.467+0.526
−0.375

δEV
- - −65+27

−86

χ2
min/dof 15.53/12 40.22/32 37.57/28

Fit quality 12.36 % 15.08% 10.67%

PV and PP essentially opposite in strong phase
 consistent with the assumption made in 

early analyses based on G-parity argument
 interfering constructively and destructively 

in the ηK* and η’K*, respectively
Lipkin 1981, 1991, 1997, 1998
CWC, Gronau, Luo, Rosner, Suprun 2004

23 theory parameters
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limited fit (no S, E) global fit (no E) global fit 

Parameter Scheme A Scheme B Scheme C

|TP | 1.173+0.063
−0.066 1.193+0.060

−0.063 0.909+0.499
−0.331

|TV | 0.880+0.058
−0.063 0.883+0.057

−0.060 0.704+0.294
−0.275

δTV
3± 4 1± 4 −6+28

−39

|CP | 0.341+0.135
−0.130 0.284+0.092

−0.081 0.524+0.294
−0.301

δCP
−24+41

−32 −36+29
−23 −54+32

−44

|CV | 0.668+0.325
−0.276 0.735+0.164

−0.161 1.120+0.416
−0.339

δCV
−89+27

−16 −91+13
−10 −93+15

−17

|PP | 0.083± 0.003 0.083± 0.002 0.083± 0.003

δPP
−25± 6 −21± 5 −37+17

−39

|PV | 0.066± 0.005 0.069± 0.004 0.070± 0.004

δPV
165± 9 159+7

−8 142+17
−35

|PEW,P | 0.035+0.010
−0.011 0.031± 0.010 0.030+0.009

−0.010

δPEW,P 51+12
−16 44+11

−15 25+20
−35

|PEW,V | 0.061+0.029
−0.024 0.058+0.017

−0.015 0.064+0.020
−0.018

δPEW,V −100+35
−23 −83+22

−15 −105+26
−34

Parameter Scheme A Scheme B Scheme C

|SP | - 0.015+0.006
−0.005 0.014± 0.006

δSP
- −142+13

−21 −154+21
−38

|SV | - 0.033± 0.004 0.035+0.005
−0.004

δSV
- −73± 24 −89+24

−27

|EP | - - 0.266+0.829
−0.266

δEP
- - 120± 180

|EV | - - 0.467+0.526
−0.375

δEV
- - −65+27

−86

χ2
min/dof 15.53/12 40.22/32 37.57/28

Fit quality 12.36 % 15.08% 10.67%

|CV / CP| ~ 2 while |TP| > |TV|
correspondingly |PEW,V / PEW,P|, |SV / SP| ~ 2

23 theory parameters
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limited fit (no S, E) global fit (no E) global fit 

Parameter Scheme A Scheme B Scheme C

|TP | 1.173+0.063
−0.066 1.193+0.060

−0.063 0.909+0.499
−0.331

|TV | 0.880+0.058
−0.063 0.883+0.057

−0.060 0.704+0.294
−0.275

δTV
3± 4 1± 4 −6+28

−39

|CP | 0.341+0.135
−0.130 0.284+0.092

−0.081 0.524+0.294
−0.301

δCP
−24+41

−32 −36+29
−23 −54+32

−44

|CV | 0.668+0.325
−0.276 0.735+0.164

−0.161 1.120+0.416
−0.339

δCV
−89+27

−16 −91+13
−10 −93+15

−17

|PP | 0.083± 0.003 0.083± 0.002 0.083± 0.003

δPP
−25± 6 −21± 5 −37+17

−39

|PV | 0.066± 0.005 0.069± 0.004 0.070± 0.004

δPV
165± 9 159+7

−8 142+17
−35

|PEW,P | 0.035+0.010
−0.011 0.031± 0.010 0.030+0.009

−0.010

δPEW,P 51+12
−16 44+11

−15 25+20
−35

|PEW,V | 0.061+0.029
−0.024 0.058+0.017

−0.015 0.064+0.020
−0.018

δPEW,V −100+35
−23 −83+22

−15 −105+26
−34

Parameter Scheme A Scheme B Scheme C

|SP | - 0.015+0.006
−0.005 0.014± 0.006

δSP
- −142+13

−21 −154+21
−38

|SV | - 0.033± 0.004 0.035+0.005
−0.004

δSV
- −73± 24 −89+24

−27

|EP | - - 0.266+0.829
−0.266

δEP
- - 120± 180

|EV | - - 0.467+0.526
−0.375

δEV
- - −65+27

−86

χ2
min/dof 15.53/12 40.22/32 37.57/28

Fit quality 12.36 % 15.08% 10.67%

|PEW,V| is comparable to |PV| !
 playing a crucial role so that 

CPA’s of K*+ 0 and K*+ − have same 
sign, in contrast to the PP sector where 
CPA’s of K+ 0 and K+ − have opposite 
signs

c′V = Y u
sbCV − (Y u

sb + Y c
sb)PEW,V

23 theory parameters
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limited fit (no S, E) global fit (no E) global fit 

Parameter Scheme A Scheme B Scheme C

|TP | 1.173+0.063
−0.066 1.193+0.060

−0.063 0.909+0.499
−0.331

|TV | 0.880+0.058
−0.063 0.883+0.057

−0.060 0.704+0.294
−0.275

δTV
3± 4 1± 4 −6+28

−39

|CP | 0.341+0.135
−0.130 0.284+0.092

−0.081 0.524+0.294
−0.301

δCP
−24+41

−32 −36+29
−23 −54+32

−44

|CV | 0.668+0.325
−0.276 0.735+0.164

−0.161 1.120+0.416
−0.339

δCV
−89+27

−16 −91+13
−10 −93+15

−17

|PP | 0.083± 0.003 0.083± 0.002 0.083± 0.003

δPP
−25± 6 −21± 5 −37+17

−39

|PV | 0.066± 0.005 0.069± 0.004 0.070± 0.004

δPV
165± 9 159+7

−8 142+17
−35

|PEW,P | 0.035+0.010
−0.011 0.031± 0.010 0.030+0.009

−0.010

δPEW,P 51+12
−16 44+11

−15 25+20
−35

|PEW,V | 0.061+0.029
−0.024 0.058+0.017

−0.015 0.064+0.020
−0.018

δPEW,V −100+35
−23 −83+22

−15 −105+26
−34

Parameter Scheme A Scheme B Scheme C

|SP | - 0.015+0.006
−0.005 0.014± 0.006

δSP
- −142+13

−21 −154+21
−38

|SV | - 0.033± 0.004 0.035+0.005
−0.004

δSV
- −73± 24 −89+24

−27

|EP | - - 0.266+0.829
−0.266

δEP
- - 120± 180

|EV | - - 0.467+0.526
−0.375

δEV
- - −65+27

−86

χ2
min/dof 15.53/12 40.22/32 37.57/28

Fit quality 12.36 % 15.08% 10.67%

|CV / TP| and |CP / TV| ratios:

Scheme A Scheme B

|CV /TP | 0.57± 0.26 0.62± 0.14

|CP/TV | 0.39± 0.15 0.32± 0.10

23 theory parameters
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Observable BF (B+ → K∗+π0) BF (B0 → K∗+π−) BF (B0 → ρ0π0)

Data 9.2± 1.5 8.5± 0.7 2.0± 0.5

This Work 9.79± 2.95 8.35± 0.50 2.24± 0.93

QCDF 6.7± 0.7+2.4
−2.2 9.2± 1.0+3.7

−3.3 1.3+1.7+1.2
−0.6−0.6

pQCD 4.3+5.0
−2.2 6.0+6.8

−2.6 ∼ 1.1

SCET 6.5+1.9
−1.7 ± 0.7 9.5+3.2+1.2

−2.8−1.1 1.5± 0.1± 0.1

due to constructive 
interference between 
CP and CV amplitudes

most theories predict smaller rate for former 
due to �0 wavefunction
our results has a sizeable c′V amplitude which 
contributes constructively to B+→K*+�0 

wrong
relative 
sizes?
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Observable ACP (B
+ → ρ0π+) ACP (B

+ → K∗+π0) ACP (B
0 → ρ+η)

Data 0.18+0.09
−0.17 −0.52± 0.15 0.11± 0.11

This Work −0.239± 0.084 −0.116± 0.092 0.162± 0.072

QCDF −0.098+0.034+0.114
−0.026−0.102 0.016+0.031+0.111

−0.017−0.144 −0.085± 0.004+0.065
−0.053

pQCD ∼ −0.31 −0.32+0.21
−0.28 0.019+0.001+0.002+0.001+0.006

−0.000−0.003−0.000−0.005

SCET −0.192+0.155+0.017
−0.134−0.019 −0.129+0.120

−0.122 ± 0.008 −0.091+0.167+0.009
−0.158−0.008

all theories have wrong 
sign in central values

diverse predictions that are far 
off from current data

only by BaBar only by BaBar
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Observable BF (K∗−π+) BF (φπ0)

Data 3.3± 1.2 —

This Work 7.92± 1.02 1.94± 1.14

QCDF 7.8+0.4+0.5
−0.7−0.7 0.12+0.02+0.04

−0.01−0.02

pQCD 7.6+2.9+0.4+0.5
−2.2−0.5−0.3 0.16+0.06

−0.05 ± 0.02± 0.00

SCET 6.6+0.2
−0.1 ± 0.7 0.09± 0.00± 0.01

all theories consistent with one 
another, but more than twice larger 
than the central value of current data

larger than others due 
to our large PEW,V ;
signal of new physics?

Hofer, Scherer, Vernazza 2011

more on next page
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• When EP,V amplitudes are ignored, we have the following 

predictions relating Bs and B0 decays

where the numbers are given by current data.

BF (Bs → K∗−π+) � BF (B0 → ρ−π+) � 8× 10−6 ,

ACP (Bs → K∗−π+) � A(B0 → ρ−π+) � 0.14

BF (Bs → ρ+K−) � BF (B0 → ρ+π−) � 15× 10−6 ,

ACP (Bs → ρ+K−) � A(B0 → ρ+π−) � 0.12

largest in Bs decays
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• Latest B→PP,VP modes are analyzed in flavor SU(3) framework.

• Fit to Bu,d decay data and predict all observables, particularly for Bs.

• C is larger than previously known (|C/T| ≳ 0.7), and has a strong 
phase of ∼ −70º −− partially due to ACP(Kπ) data

• S is essential for explaining BF(η′K), and has a strong phase ∼ −100º.

• We have extracted for the first time the E and PA amplitudes in PP.

• CV has a large size and a strong phase of ∼ −90º; PEW,V also has a 
similar strong phase and a magnitude comparable to PV.

• EP,V are not called for under current data precision.

• A detailed comparison of our predictions with data and perturbative 
calculations is made.
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