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Introduction
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Flavor structure in the quark sector
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New Physics:
Minimal Flavor Violation

No other flavor violation 
Non-MFV

New source(s) of flavor violation

Standard Model:
Yukawa couplings ⇒ charged current

VCKM =




Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb





LCC =
g√
2
W+

µ ūLγµVCKMdL + h. c.
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Hierarchy

VCKM =




1− λ2

2 λ λ3A(ρ− iη)
−λ 1− λ2

2 λ2A
λ3A(1− ρ− iη) −λ2A 1





14 11. CKM quark-mixing matrix
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Figure 11.2: Constraints on the ρ̄, η̄ plane. The shaded areas have 95% CL. Color
version at end of book.

These values are obtained using the method of Refs. [6,95]. Using the prescription
of Refs. [102,118] gives λ = 0.2246 ± 0.0011, A = 0.832 ± 0.017, ρ̄ = 0.130 ± 0.018,
η̄ = 0.350± 0.013 [119]. The fit results for the magnitudes of all nine CKM elements are.

VCKM =




0.97428± 0.00015 0.2253 ± 0.0007 0.00347+0.00016

−0.00012

0.2252 ± 0.0007 0.97345+0.00015
−0.00016 0.0410+0.0011

−0.0007

0.00862+0.00026
−0.00020 0.0403+0.0011

−0.0007 0.999152+0.000030
−0.000045



 , (11.27)

and the Jarlskog invariant is J = (2.91+0.19
−0.11) × 10−5.

Fig. 11.2 illustrates the constraints on the ρ̄, η̄ plane from various measurements and
the global fit result. The shaded 95% CL regions all overlap consistently around the
global fit region, though the consistency of |Vub/Vcb| and sin 2β is not very good.
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Vub

may be affected by Non-MFV new physics

the smallest element
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Right-handed current in b→u

Model-indep. effective Lagarangian of dim. 6

L6 =
C

Λ2
ūRγµbR Φ̃†iDµΦ + h. c.

Effective charged current interaction

Leff
cc = − g√

2

�
V L

ubūLγµbL + V R
ubūRγµbR

�
W+

µ + h. c.

V R
ub = C

v2

2Λ2
∼ 3× 10−2C

�
1TeV

Λ

�2

possible∼ λ3
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|Vub| Determinations
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Present experimental status
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6

5

4

3

2

B → τν

B → πlν

B → ρlν

|Vub|× 103

B → Xu�ν

CKM unitarity

Right-handed current
explains the situation well.

A. Crivellin, PRD81, 031301(R), 2010.
A. Buras, K. Gemmler, G. Ishidori, NPB843(2011),107.

C.-H. Chen,  S.-H. Nam, PLB666,462,2008.



Minoru TANAKA

Effects of the right-handed current
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B → τν

|V exp
ub |2 = |V L

ub − V R
ub|2 = |V L

ub|2
�
1− 2Re

�
V R

ub

V L
ub

�
+

����
V R

ub

V L
ub

����
2
�axial vector current only

B → π�ν vector current only

|V exp
ub |2 = |V L

ub + V R
ub|2 = |V L

ub|2
�
1 + 2Re

�
V R

ub

V L
ub

�
+

����
V R

ub

V L
ub

����
2
�

B → ρ�ν vector and axial vector

|V exp
ub |2 = |V L

ub|2
�
1− 1.17 Re

�
V R

ub

V L
ub

�
+

����
V R

ub

V L
ub

����
2
�

LCSR
Ball, Zwicky

B → Xu�ν no interference mu � 0

|V exp
ub |2 = |V L

ub|2 + |V R
ub|2 = |V L

ub|2
�
1 +

����
V R

ub

V L
ub

����
2
�
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        from CKM unitarity
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|V L
ub|

V L

B − B̄ mixing

Assumptions:

No new physics in

Unitarity of

b→ cc̄s
0.5 1.0 1.5 2.0

!1.0

!0.5

0.5

1.0

φ1

φ2

φ3 ρ

η

sin 2φ1 = sin 2β =
2η(1− ρ)

(1− ρ)2 + η2

∆m(Bd)
∆m(Bs)

= ξ−2λ2{(1− ρ)2 + η2}

arg V L∗
ub � 72◦

|V L
ub| � 3.4× 10−3
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                     case
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!0.4 !0.3 !0.2 !0.1 0.0 0.1 0.2 0.3
1

2

3

4

5

6

τνπlν

ρlν

1

2

3

4

5

6

0.10−0.1−0.2 0.2 0.3−0.3−0.4

Re(V R
ub/V L

ub)

|V L
ub|× 103

SM

Xu�ν

unitarity

Im(V R
ub/V L

ub) = 0
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                     case
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Im(V R
ub/V L

ub) �= 0

!0.4 !0.3 !0.2 !0.1 0.0 0.1 0.2 0.3
1

2

3

4

5

6

τν
πlν

ρlν
1

2

3

4

5

6

0.10−0.1−0.2 0.2 0.3−0.3−0.4

Re(V R
ub/V L

ub)

|V L
ub|× 103 Im(V R

ub/V L
ub) = 0.63

Xu�ν
unitarity

B → ρ�ν  difficult to explain by V R
ub

form factor? (LCSR)

!0.6 !0.4 !0.2 0.0 0.2 0.4 0.6
0.0
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1.4

−0.2−0.4−0.6 0.2

0.4

0.6

0

Im(V R
ub/V L

ub)

Re(V R
ub/V L

ub)

χ2/d.o.f. = 8.9
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                     without 
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Im(V R
ub/V L

ub) �= 0 B → ρ�ν

!0.4 !0.3 !0.2 !0.1 0.0 0.1 0.2 0.3
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τν

πlν

1
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5
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0.10−0.1−0.2 0.2 0.3−0.3−0.4

|V L
ub|× 103

Im(V R
ub/V L

ub) = 0.79

Re(V R
ub/V L

ub)

works well.V R
ub
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χ2/d.o.f. = 0.33
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Effect on B➞DK
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Diagrams
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V R
ub

V L∗
cs

ū

b

ū
s
ū
c

B−

K−

D0
V L

cb

V L∗
us

ū

b

ū
s
c̄
u

B−

K−

D̄0

V L
ub,
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Amplitudes
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A(B− → D0K−) = a (a > 0)

φ = φL = φ3 = γSM

= aLe−iφLeiδL + aRe−iφReiδR

φL = arg V L∗
ub φR = arg V R∗

ub

A(B− → D̄0K−) = a−e−iφeiδ

= aLeiφLeiδL + aReiφReiδR

A(B+ → D̄0K+) = a

A(B+ → D0K+) = a+eiφeiδ

Interference: D0, D̄0 → X
GLW, ADS, Dalitz plot

a, a±,φ, δ
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Flavor specific direct CP violation
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ACP =
Γ(B− → D̄0K−)− Γ(B+ → D0K+)
Γ(B− → D̄0K−) + Γ(B+ → D0K+)

50 100 150 200 250 300 350

!1.0

!0.5

0.5

1.0

∆δ

sin(2(φ− φL))

(a) sin(2(φ − φL))
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!0.5

0.5

ADK

∆δ

(b) ADK

!0.5 0.5

!1.0

!0.5

0.5

1.0

sin(2(φ− φL))

ADK

(c) ADK と sin(2(φ − φL))の関係

図 4.3: 赤色が∆φ = 118◦、青色が∆φ = 98◦、黄色が∆φ = −98◦、緑色が∆φ =

−118◦の図
27

δR − δL

ACP

|φL − φR| = [95◦, 115◦]

=
2R sin(φR − φL) sin(δR − δL)

1 + 2R cos(φR − φL) cos(δR − δL) + R2

R =
aR

aL
=

����
V R

ub

V L
ub

���� h

� 0.66
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Discrepancy in          measurement
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φ3 (γ)

tan θ± =
R sin(δR − δL ± (φR − φL))

1 + R cos(δR − δL ± (φR − φL))

= R cos(δR − δL) sin(φR − φL) + O(R2)

φ− φL = (θ+ − θ−)/2
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sin(2(φ− φL))

(a) sin(2(φ − φL))
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(b) ADK
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sin(2(φ− φL))

ADK

(c) ADK と sin(2(φ − φL))の関係

図 4.3: 赤色が∆φ = 118◦、青色が∆φ = 98◦、黄色が∆φ = −98◦、緑色が∆φ =

−118◦の図
27

sin 2(φ− φL)

δR − δL

|φL − φR| = [95◦, 115◦]
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Combination
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A2
CP + sin2 2(φ− φL) = 4R2 sin2(φR − φL) + · · ·

no strong phase

!1.0 !0.5 0.5 1.0

!1.0

!0.5

0.5

1.0
sin 2(φ− φL)

ACP

SM

|φL − φR| = [95◦, 115◦]

current     data
φ− φL = [−9◦, 15◦]

φ3
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Summary
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V R
ub works well for |Vub| determinations by

B → Xu�ν, B → π�ν, B → τν, and unitarity.

V R
ub appears in B→DK as:

New direct CP violation in B− → D̄0K−

and/or

Discrepancy in          measurementφ3 (γ)

B → ρ�ν does not match with this scheme. 
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Backup
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Input parameters
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Br = (1.64± 0.34)× 10−4
B → τν

HFAG 2010
fB = 205(12) MeV Tantalo 2011

B → Xu�ν

|V exp
ub | = (4.46 ± 0.16+0.18

−0.17)× 10−3 HFAG 2009

B → π�ν

|V exp
ub | = (3.63 ± 0.12+0.59

−0.40)× 10−3 BABAR 2011

B → ρ�ν

|V exp
ub | = (2.65 ± 0.38)× 10−3 BABAR 2011
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B − B̄ mixing
∆m(Bd) = 0.507± 0.004 ps−1

∆m(Bs) = 17.77± 0.10± 0.07 ps−1

HFAG 2010
HFAG 2010

ξ = 1.258(25)(21) HPQCD 2009

CPV in B → J/ψKS , · · ·

φ3(B → DK)

φ1 = β = 21.4◦ ± 0.8◦

sin 2φ1 = sin 2β = 0.68± 0.02
HFAG 2011

UTfit 2010φ3 = γ = 74◦ ± 11◦
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Distribution in 
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B → Xu�ν

0.2 0.4 0.6 0.8 1.0

0.5

1.0

1.5

2.0

y =
2E�

mB

1
Γ

dΓ
dy

V −A

V + A

����
V R

ub

V L
ub

���� = 0.82


