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B to scalar/tensor to measure γ 2 
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B to scalar/tensor to measure γ 3 

Motivation  and  importance  of  measuring γ	


Determination  of  γ   is  important  because  
(together  with  Vub  contraint)  it  selects  ρ-η  value  
valid  in  most  of  the  NP  extensions:	
     	α+β+γ=180°	
γ  is  still  the  less  precisely  known  CKM  angle	

γ   = (66±12) °	

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–  	
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γ  measurements  from  B→DK	

b→c (Vcb, 
real): 
favored 

b→u (Vub, = |Vub| 
e-iγ):suppressed 

Advantages: 
• Only tree decays. 
• Largely unaffected by New 
Physics scenarios 
• No hadronic uncertainties 

D CP eigenstate : 

K+K-/π+π- 
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γ  measurements  from  B→DK	

b→c (Vcb, 
real): favored 

b→u (Vub, = |Vub| e-iγ): 

suppressed 

≈  VcbV*
us×a1×fK×FBèD   

≈  VubV*
cs×a2×fD×FBèK   
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FIG. 1: Feynman diagrams for the color-suppressed contributions in the process B� ! D0K⇤�
0(2)(1430) (a), B� !

D̄0K⇤�
0(2)(1430) (b), and the color-allowed contributions in the B� ! D0K⇤�

0(2)(1430) (c). In the diagrams (a, b), the spec-

tator quark can also be a d̄ or s̄ quark, in which the light hadron consists of K⇤
0 (1430), f0(980) and f 0

2(1525).

amplitudes form two triangles in the complex plane, graphically representing the following identities
p
2A(B+ ! D

0
±K

+) = A(B+ ! D

0
K

+)

±A(B+ ! D̄

0
K

+),
p
2A(B� ! D

0
±K

�) = A(B� ! D

0
K

�)

±A(B� ! D̄

0
K

�), (1)

where the convention CP |D0i = |D̄0i has been adopted and D

0
+(D

0
�) denotes the CP even (odd) eigenstate. The

corresponding Feynman diagrams for these processes are given in Fig. 1. Measurements of the decay rates of the six
processes completely determine the sides and apexes of the two triangles, in particular the relative phase between
A(B� ! D̄

0
K

�) and A(B+ ! D

0
K

+) is 2�.
The shape of the two triangles is governed by two quantities

r

KJ
B ⌘

��
A(B� ! D̄

0
K

�
J )/A(B� ! D

0
K

�
J )

��
,

�

KJ
B ⌘ arg

⇥
e

i�
A(B� ! D̄

0
K

�
J )/A(B� ! D

0
K

�
J )

⇤
,

with KJ = K,K

⇤
0,2. The B

� ! D̄

0
K

� is both Cabibbo-suppressed and color suppressed. Thus the ratio r

K
B ⇠

|VubV
⇤
cs/(VcbV

⇤
us)a2/a1| ⇠ 0.1 is small and in fact the world averages for the parameters [2]

r

K
B = 0.107± 0.010, �

K
B = (112+12

�13)
�

indicate that the two triangles are squashed. Physical observables to be experimentally measured, defined as

R

K
CP± = 2

B(B� ! DCP±K
�) + B(B+ ! DCP±K

+)

B(B� ! D

0
K

�) + B(B+ ! D̄

0
K

+)

= 1 + (rKB )2 ± 2rKB cos �KB cos �,

A

K
CP± =

B(B� ! DCP±K
�)� B(B+ ! DCP±K

+)

B(B� ! DCP±K�) + B(B+ ! DCP±K+)

= ±2rKB sin �KB sin �/RK
CP±,

have a mild sensitivity to the angle �, and their values are expected to be R

K
CP± ⇠ 1 and A

K
CP± ⇠ 0.

Since the K

⇤
0(2) have the same flavor structure as the K meson, the relations given in Eq. (1) also apply to

B

± ! (D0
, D̄

0
, D

0
CP )K

⇤±
0(2)(1430). We wish to point out that, because of the suppression of the color-allowed decay

amplitudes, the low sensitivity problem is highly improved and in particular large CP asymmetries are expected.
Although the K

⇤
0(2)-emission diagram, as depicted in Fig. 1(c), has a large Wilson coe�cient a1 ⇠ 1, the emitted

meson is generated by a local vector or axial-vector current (at the lowest order in ↵s), whose matrix element between
the QCD vacuum and the K

⇤
0 (K

⇤
2 ) state is small (identically zero).

A crude and model-dependent estimate of the amplitudes can be made with the help of the factorization hypothesis

A(B� ! D̄
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K

⇤�
0 ) = �VubV

⇤
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A(B� ! D

0
K

⇤�
0 ) = �VcbV

⇤
us(C � T ), (2)
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0
K

⇤�
0 ) = �VubV

⇤
csGF fDa2(m

2
B �m

2
K⇤

0
)F

BK⇤
0

0 (m2
D)/

p
2,

A(B� ! D

0
K

⇤�
0 ) = �VcbV

⇤
usGF fK⇤

0
a1(m

2
B �m

2
D)FBD

0 (m2
K⇤

0
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p
2, (3)
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what  if  we  consider  a  different  
Kaon  resonance?	
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K0
*: small decay constants 
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FIG. 2: The dependence of R
K⇤

0
CP+ and A

K⇤
0

CP+ on �. In panels (a,b), r
K⇤

0
B = 2 is employed, in panels (c,d) r

K⇤
0

B = 1 and in panels

(e,f) r
K⇤

0
B = 0.3. The solid (green), dashed (black), dotted (blue) and dot-dashed (orange) lines in diagrams (a,c,e) correspond to

�
K⇤

0
B = (30, 60, 120, 150)� respectively, while the corresponding lines in diagrams (b,d,f) correspond to �

K⇤
0

B = (30, 60,�30,�60)�.
The shadowed (light-green) region denotes the current bounds on � = (68+10

�11)
� from a combined analysis of B± ! DK± [2],

in which the vertical (red) line corresponds to the central value.

where C = GF fDa2(m2
B �m

2
K⇤

0
)F

BK⇤
0

0 (m2
D)/

p
2, T = GF fK⇤

0
a1(m2

B �m

2
D)FBD

0 (m2
K⇤

0
)/
p
2, and GF is the Fermi

constant. The decay constant, defined via

hK⇤�
0 (1430)|s̄�µ

u|0i = fK⇤
0
p

µ
K⇤

0
,

vanishes in the SU(3) symmetry limit and may get a nonzero but small value due to the symmetry breaking e↵ects.
The current experimental data on ⌧ ! K

⇤�
0 (1430)⌫̄⌧ places an upper bound [10]

|fK⇤
0
| < 107MeV,

which is not very stringent. Adopting an estimate based on QCD sum rules [11]

fK⇤
0
= �24MeV, or fK⇤

0
= 36MeV,

which contains a sign ambiguity, we find the relation 2a1|fK⇤
0
| ⇠ a2fD, with the D meson decay constant extracted

from D

� ! µ⌫̄µ: fD = (221 ± 18)MeV [10]. Using one set of results for the B ! K

⇤
0 form factors calculated in

the perturbative QCD approach [12] (corresponding to fK⇤
0
= 36 MeV), the B ! D form factors from Ref. [13] and

a2 = 0.2, a1 = 1 we estimate C/T ⇠ 1.2 and

r

K⇤
0

B = |CVubV
⇤
cs/[VcbV

⇤
us(C � T )]| ⇠ 2. (4)

The corresponding BRs are roughly

B(B� ! D̄

0
K

⇤�
0 ) ⇠ 4⇥ 10�6

. (5)

Since the strong phase can not be computed at present, we take several benchmark values to illustrate the depen-

dence of R
K⇤

0
CP+ and A

K⇤
0

CP+ in Fig. 2. In panels (a,b), r
K⇤

0
B = 2 is employed, and in panels (c,d) r

K⇤
0

B = 1. In the last two

panels (e,f), we consider the case in which the ratio is not enhanced too much r

K⇤
0

B = 0.3. The solid (green), dashed

(black), dotted (blue) and dot-dashed (orange) lines in diagrams (a,c,e) are obtained with �

K⇤
0

B = (30, 60, 120, 150)�

respectively, while the corresponding lines in diagrams (b,d,f) correspond to �

K⇤
0

B = (30, 60,�30,�60)�. The shadowed
(light-green) region denotes the current bounds on � = (68+10

�11)
� from a combined analysis of B± ! DK

± [2], in
which the vertical (red) line corresponds to the central value. The CP odd quantities can be obtained similarly, for

instance R

K⇤
0

CP� = (R
K⇤

0
CP+)�K

⇤
0

B !180���
K⇤

0
B

.

Turning to the B

± ! DK

⇤±
2 mode in which the matrix element of the vector and the axial-vector current between

the QCD vacuum and the K⇤
2 state is zero, we find a vanishing color-allowed amplitude T . Accordingly, the ratio r

K⇤
2

B

b→c (Vcb, 
real): favored 

b→u (Vub, = |Vub| e-iγ): 

suppressed 

≈  VcbV*
us×a1×fK*0×FBèD   

≈  VubV*
cs×a2×fD×FBèK*0   

5
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| < 107MeV,
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0
= 36MeV,

which contains a sign ambiguity, we find the relation 2a1|fK⇤
0
| ⇠ a2fD, with the D meson

decay constant extracted from D

� ! µ⌫̄µ: fD = (221± 18)MeV [10].

Using one set of results for the B ! K

⇤
0 form factors calculated in the perturbative QCD

approach(corresponding to fK⇤
0
= 36 MeV), the B ! D form factors from light-front quark

model and a2 = 0.2, a1 = 1 we estimate C/T ⇠ 1.2 and
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Since the strong phase can not be computed at present, we take several benchmark
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K⇤

0
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0

CP+ in Fig. 2. In panels (a,b), r
K⇤

0
B = 2

is employed, and in panels (c,d) r
K⇤

0
B = 1. In the last two panels (e,f), we consider the case

in which the ratio is not enhanced too much r

K⇤
0

B = 0.3. The solid (green), dashed (black),

dotted (blue) and dot-dashed (orange) lines in diagrams (a,c,e) are obtained with �

K⇤
0

B =

(30, 60, 120, 150)� respectively, while the corresponding lines in diagrams (b,d,f) correspond

to �

K⇤
0

B = (30, 60,�30,�60)�. The shadowed (light-green) region denotes the current bounds

on � = (68+10
�11)

� from a combined analysis of B± ! DK

± [2], in which the vertical (red)

line corresponds to the central value. The CP odd quantities can be obtained similarly, for

instance R

K⇤
0

CP� = (R
K⇤

0
CP+)�K

⇤
0

B !180���
K⇤

0
B

.
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K0
*: small decay constants 
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�

K⇤
0

B ⇠ 0. If true, the CP asymmetries A
K⇤

0
CP± would be still close to 0 but R

K⇤
0

CP± can largely

deviate from 1.

The long-distance contributions in the form of final state interactions (FSI) might change

the factorization analysis in at least two aspects. First, FSI can give nontrivial strong phases

to C and T which are zero in the factorization approach. Second, FSI might also modify

the size of the amplitudes and the r

K⇤
0,2

B . Despite these changes, no hadronic uncertainties

will be introduced as the CKM matrix elements in the final state interactions are the same

as the ones in Eq. (3). To account for such e↵ects, we also show in Fig. 2 the dependence

of R
K⇤

0
CP+ and A

K⇤
0

CP+ on � with di↵erent ratios of amplitudes: r

K⇤
0

B = 1 and r

K⇤
0

B = 0.3. The

latter corresponds to the sign of Wilson coe�cient a2 reversed namely a2 = �0.2. In this

case, despite a small ratio r

K⇤
0

B = 0.3 the branching fractions B(B� ! D

0
K

⇤�
0,2) can reach

10�5.

The D

0
CP meson in the final state can be reconstructed in the CP eigenstates, including

the modes ⇡0
KS, ⇡

+
⇡

�
KS, K

+
K

�
, ⇡

+
⇡

�. These modes have quite large BRs, for instance,

B(D0 ! ⇡

+
⇡

�
KS) ' 3%.

Reversing the sign of a2, we obtain a smaller r
K⇤

0
B ' 0.3, which is still larger than r

K
B .

The K

⇤
0,2 have significant decay rates into K⇡, with B(K⇤

0 ! K⇡) = (93 ± 10)% and

B(K⇤
2 ! K⇡) = (49.9± 1.2)%, and the final mesons are also easy to detect in experiments

at hadron colliders.

Since the CKM matrix elements for the K

⇤
0 and K

⇤
2 are the same, no knowledge of the

resonance structure in this method is required and therefore the angle � can be extracted

without any hadronic uncertainty.

Compared with the BR of B� ! D̄

0
K

�, of order 10�6, which is an unavoidable entry in

the currently-adopted methods to determine �, the summed BRs for the channels involving

K

⇤
0 and K

⇤
2 , of order 10�5, are comparable or even larger, and hence their measurements

will not be statistically limited. The large amount of data accumulated by LHCb recently

and in future will lead to a promising prospect of the proposed method.

In the above discussion, we have neglected e↵ects caused by the CP violation in D

decays which is anticipated to be small in the standard model. Based on the 0.62 fb�1 of

data collected in 2011, the LHCb collaboration [17] has measured the di↵erence between

CP asymmetries in singly Cabibbo-suppressed decays D

0 ! K

+
K

� and D

0 ! ⇡

+
⇡

�,
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representing the following identities

p
2A(B+ ! D

0
±K

+) = A(B+ ! D

0
K

+)

±A(B+ ! D̄

0
K

+),
p
2A(B� ! D

0
±K

�) = A(B� ! D

0
K

�)

±A(B� ! D̄

0
K

�), (1)

where the convention CP |D0i = |D̄0i has been adopted and D

0
+(D

0
�) denotes the CP even

(odd) eigenstate. The corresponding Feynman diagrams for these processes are given in

Fig. 1. Measurements of the decay rates of the six processes completely determine the sides

and apexes of the two triangles, in particular the relative phase between A(B� ! D̄

0
K

�)

and A(B+ ! D

0
K

+) is 2�.

The shape of the two triangles is governed by two quantities

r

KJ
B ⌘

��
A(B� ! D̄

0
K

�
J )/A(B

� ! D

0
K

�
J )

��
,

�

KJ
B ⌘ arg

⇥
e

i�
A(B� ! D̄

0
K

�
J )/A(B

� ! D

0
K

�
J )

⇤
,

with KJ = K,K

⇤
0,2. The B

� ! D̄

0
K

� is both Cabibbo-suppressed and color suppressed.

Thus the ratio r

K
B ⇠ |VubV

⇤
cs/(VcbV

⇤
us)a2/a1| ⇠ 0.1 is small and in fact the world averages for

the parameters [2]

r

K
B = 0.107± 0.010, �

K
B = (112+12

�13)
�

indicate that the two triangles are squashed. Physical observables to be experimentally

measured, defined as

R

K
CP± = 2

B(B� ! DCP±K
�) + B(B+ ! DCP±K

+)

B(B� ! D

0
K

�) + B(B+ ! D̄

0
K

+)

= 1 + (rKB )2 ± 2rKB cos �KB cos �,

A

K
CP± =

B(B� ! DCP±K
�)� B(B+ ! DCP±K

+)

B(B� ! DCP±K�) + B(B+ ! DCP±K+)

= ±2rKB sin �KB sin �/RK
CP±,

have a mild sensitivity to the angle �, and their values are expected to be R

K
CP± ⇠ 1 and

A

K
CP± ⇠ 0.

Since the K

⇤
0(2) have the same flavor structure as the K meson, the relations given in

Eq. (1) also apply to B

± ! (D0
, D̄

0
, D

0
CP )K

⇤±
0(2)(1430). We wish to point out that, because

better sensitivities to gamma! 
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FIG. 2: The dependence of R
K⇤

0
CP+ and A

K⇤
0

CP+ on �. In panels (a,b), r
K⇤

0
B = 2 is employed, in panels

(c,d) r
K⇤

0
B = 1 and in panels (e,f) r

K⇤
0

B = 0.3. The solid (green), dashed (black), dotted (blue) and

dot-dashed (orange) lines in diagrams (a,c,e) correspond to �
K⇤

0
B = (30, 60, 120, 150)� respectively,

while the corresponding lines in diagrams (b,d,f) correspond to �
K⇤

0
B = (30, 60,�30,�60)�. The

shadowed (light-green) region denotes the current bounds on � = (68+10
�11)

� from a combined analysis

of B± ! DK± [2], in which the vertical (red) line corresponds to the central value.

Turning to the B

± ! DK

⇤±
2 mode in which the matrix element of the vector and the

axial-vector current between the QCD vacuum and the K⇤
2 state is zero, we find a vanishing

color-allowed amplitude T . Accordingly, the ratio r

K⇤
2

B is from the product of CKM matrix

elements:

r

K⇤
2

B = 0.5.

An estimate of the branching ratios can be made by using the data on the B ! J/ K

⇤
2

B(B� ! D

0
K

⇤�
2 )

B(B ! J/ K

⇤0
2 )

' xK⇤
2

����
VcbV

⇤
us

VcbV
⇤
cs

fD

fJ/ 

����
2

⇠ 0.8%,

with xK⇤
2
being the ratio of the form factor products which is evaluated from a recent

calculation of B ! K

⇤
2 form factor in the PQCD approach: xK⇤

2
' 0.5. The branching ratio

B(B ! J/ K

⇤0
2 ) = (4.0± 2.4)⇥ 10�4 extracted from the data on B

� ! J/ K

�
⇡

+
⇡

� gives

B(B� ! D

0
K

⇤�
2 ) ' 3⇥ 10�6

.

The method to use the two triangles formed by the six decay amplitudes for determining �

is also valid in the neutral Bd decays into DK

⇤0
0,2, in which the tree amplitude T is identically

B->DK2* 
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of B± ! DK± [2], in which the vertical (red) line corresponds to the central value.

Turning to the B

± ! DK

⇤±
2 mode in which the matrix element of the vector and the

axial-vector current between the QCD vacuum and the K⇤
2 state is zero, we find a vanishing

color-allowed amplitude T . Accordingly, the ratio r

K⇤
2

B is from the product of CKM matrix

elements which is roughly 0.5.

An estimate of the branching ratios can be made by using the data on the B ! J/ K

⇤
2

B(B� ! D

0
K

⇤�
2 )

B(B ! J/ K

⇤0
2 )

' xK⇤
2

����
VcbV

⇤
us

VcbV
⇤
cs

fD

fJ/ 

����
2

⇠ 0.8%,

with xK⇤
2
being the ratio of the form factor products which is evaluated from a recent

calculation of B ! K

⇤
2 form factor in the PQCD approach: xK⇤

2
' 0.5. The branching ratio

B(B ! J/ K

⇤0
2 ) = (4.0± 2.4)⇥ 10�4 extracted from the data on B

� ! J/ K

�
⇡

+
⇡

� gives

B(B� ! D

0
K

⇤�
2 ) ' 3⇥ 10�6

.

The method to use the two triangles formed by the six decay amplitudes for determining �

is also valid in the neutral Bd decays into DK

⇤0
0,2, in which the tree amplitude T is identically

zero. The K

⇤
0,2 is self-tagging, thus no time-dependent measurement is required. Since the

amplitudes involving D

0 and D̄

0 arise from the same type of diagram, one expects that
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PQCD estimate (in units of 10-6) by Z.T. Zou,X.Yu and C.D.Lu  (1205.2971) 

C           3.7±1.7            1.3           1.2  

T           33±16            8.7           7.3  

[14] Sharma Dhir, Verma, Phys. Rev.D 83, 014007 (2011) 
[15] Kim, Lim S. Oh, Phys. Rev. D 67, 014011 (2003). 

QCD corrections enhanced the 
branching ratios of 

5

The current experimental data on ⌧ ! K

⇤�
0 (1430)⌫̄⌧ places an upper bound

|fK⇤
0
| < 107MeV,

which is not very stringent. Adopting an estimate based on QCD sum rules

fK⇤
0
= �24MeV, or fK⇤

0
= 36MeV,

which contains a sign ambiguity, we find the relation 2a1|fK⇤
0
| ⇠ a2fD, with the D meson

decay constant extracted from D

� ! µ⌫̄µ: fD = (221± 18)MeV [10].

Using one set of results for the B ! K

⇤
0 form factors calculated in the perturbative QCD

approach(corresponding to fK⇤
0
= 36 MeV), the B ! D form factors from light-front quark

model and a2 = 0.2, a1 = 1 we estimate C/T ⇠ 1.2 and

r

K⇤
0

B = |CVubV
⇤
cs/[VcbV

⇤
us(C � T )]| ⇠ 2.

The corresponding BRs are roughly

B(B� ! D̄

0
K

⇤�
0 ) ⇠ 4⇥ 10�6

B

� ! D̄

0
K

⇤�
2 B

� ! D

0
K

⇤�
2 (4)

Since the strong phase can not be computed at present, we take several benchmark

values to illustrate the dependence of R
K⇤

0
CP+ and A

K⇤
0

CP+ in Fig. 2. In panels (a,b), r
K⇤

0
B = 2

is employed, and in panels (c,d) r
K⇤

0
B = 1. In the last two panels (e,f), we consider the case

in which the ratio is not enhanced too much r

K⇤
0

B = 0.3. The solid (green), dashed (black),

dotted (blue) and dot-dashed (orange) lines in diagrams (a,c,e) are obtained with �

K⇤
0

B =

(30, 60, 120, 150)� respectively, while the corresponding lines in diagrams (b,d,f) correspond

to �

K⇤
0

B = (30, 60,�30,�60)�. The shadowed (light-green) region denotes the current bounds

on � = (68+10
�11)

� from a combined analysis of B± ! DK

± [2], in which the vertical (red)

line corresponds to the central value. The CP odd quantities can be obtained similarly, for

instance R

K⇤
0

CP� = (R
K⇤

0
CP+)�K

⇤
0

B !180���
K⇤

0
B

.
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�

K⇤
0

B ⇠ 0. If true, the CP asymmetries A
K⇤

0
CP± would be still close to 0 but R

K⇤
0

CP± can largely

deviate from 1.

The long-distance contributions in the form of final state interactions (FSI) might change

the factorization analysis in at least two aspects. First, FSI can give nontrivial strong phases

to C and T which are zero in the factorization approach. Second, FSI might also modify

the size of the amplitudes and the r

K⇤
0,2

B . Despite these changes, no hadronic uncertainties

will be introduced as the CKM matrix elements in the final state interactions are the same

as the ones in Eq. (3). To account for such e↵ects, we also show in Fig. 2 the dependence

of R
K⇤

0
CP+ and A

K⇤
0

CP+ on � with di↵erent ratios of amplitudes: r

K⇤
0

B = 1 and r

K⇤
0

B = 0.3. The

latter corresponds to the sign of Wilson coe�cient a2 reversed namely a2 = �0.2. In this

case, despite a small ratio r

K⇤
0

B = 0.3 the branching fractions B(B� ! D

0
K

⇤�
0,2) can reach

10�5.

The D

0
CP meson in the final state can be reconstructed in the CP eigenstates, including

the modes ⇡0
KS, ⇡

+
⇡

�
KS, K

+
K

�
, ⇡

+
⇡

�. These modes have quite large BRs, for instance,

B(D0 ! ⇡

+
⇡

�
KS) ' 3%.

The K

⇤
0,2 have significant decay rates into K⇡, with B(K⇤

0 ! K⇡) = (93 ± 10)% and

B(K⇤
2 ! K⇡) = (49.9± 1.2)%, and the final mesons are also easy to detect in experiments

at hadron colliders.

Since the CKM matrix elements for the K

⇤
0 and K

⇤
2 are the same, no knowledge of the

resonance structure in this method is required and therefore the angle � can be extracted

without any hadronic uncertainty.

Compared with the BR of B� ! D̄

0
K

�, of order 10�6, which is an unavoidable entry in

the currently-adopted methods to determine �, the summed BRs for the channels involving

K

⇤
0 and K

⇤
2 , of order 10�5, are comparable or even larger, and hence their measurements

will not be statistically limited. The large amount of data accumulated by LHCb recently

and in future will lead to a promising prospect of the proposed method.

In the above discussion, we have neglected e↵ects caused by the CP violation in D

decays which is anticipated to be small in the standard model. Based on the 0.62 fb�1 of

data collected in 2011, the LHCb collaboration [17] has measured the di↵erence between

CP asymmetries in singly Cabibbo-suppressed decays D

0 ! K

+
K

� and D

0 ! ⇡

+
⇡

�,



Conclusion 

γ  is  the  less  precisely  known  CKM  angle.	

I proposed that BèDK*0,2 can be used to extract γ 
 

 

 

 
I also hope that this proposal can be fleshed out as part of, say, a 
graduate student Masters project with some experimental group. 

Thank you for your attention! 
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