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Eigenvalues of Σ: λL = ML − i
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∆Γ = ΓH − ΓL
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∆M = MH −ML

∆Γ = ΓH − ΓL

φ ≡ arg

(

−M12

Γ12

)

∆M ≈ 2|M12|

asl =

∣

∣

∣

∣

Γ12

M12

∣

∣

∣

∣

sin(φ)

∆Γ ≈ 2|Γ12|cos(φ)
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The observables ∆Γd ,s

Experimental results vs theoretical prediction for ∆Γs :
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= (1.5± 1.8)%(BABAR(2006) and Belle(2012)).
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∆ΓHFAGs = (0.081± 0.011) ps−1(LHCb(2013), ATLAS(2012), CDF (2012) and D0 (2012)).

∆ΓTheos = (0.087± 0.021) ps−1(A. Lenz and U. Nierste, arXiv:1102.4274).

Experimental results vs theoretical prediction for ∆Γd :

∆ΓHFAG
d

Γd
= (1.5± 1.8)%(BABAR(2006) and Belle(2012)).

∆ΓD0
d

Γd
= (0.50± 1.38)%(2014).

∆ΓLHCb
d

Γd
= (−4.4± 2.7)%(2014).

∆ΓTheo
d

Γd
= (0.42± 0.08)%(A. Lenz and U. Nierste, arXiv:1102.4274).
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How big can ∆Γd be?

Enhancements in ∆Γd arise from:
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let λu = V ∗
ud
Vub, λc = V ∗

cd
Vcb, λt = V ∗

td
Vtb .

In the SM: λu + λc + λt = 0

λu + λc + λt + δCKM = 0

As a very rough estimate (4th family studies)

δdCKM = λ3

δsCKM = λ3

λ ≈ 0.23

=⇒ enhancement by a factor of 4 in ∆Γd
=⇒ enhancement by a factor of 1.4 in ∆Γs .
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How big can ∆Γd be?
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New Physics at tree level decays.

The effective Hamiltonian approach

(

g2

2
√
2

)2 1

k2 −M2
W

≈ −
(

g2

2
√
2

)2 1

M2
W

≡ GF√
2
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≡ GF√
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qq′

2 =
(

d̄iγµPLqi
) (

q̄′j γ
µPLbj

)

QCD corrections

After integrating out the W boson we get: Q
qq′

1 =
(

d̄jγµPLqi
) (

q̄′
i
γµPLbj

)
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New Physics at tree level decays.

Heff =
4GF√

2

∑

q,q′=u,c

λqq′

∑

i=1,2

C
q,q′

i
(MW , µ)Qqq′

i
+ h.c.
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∑

q,q′=u,c

λqq′

∑

i=1,2

C
q,q′

i
(MW , µ)Qqq′

i
+ h.c.

with
λqq′ = V ∗

qdVq′b .

Wilson Coefficients

C1(µ) = −3αs(µ)

4π
Ln

(

M2
W

µ2

)

C2(µ) = 1 +
3

Nc

αs(µ)

4π
Ln

(

M2
W

µ2

)
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Constraints over the Wilson coefficients

C cc
1 and C cc

2

Q = (d̄γµPLc)(c̄γµPLb)
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Constraints over the Wilson coefficients

C cc
1 and C cc

2

Q = (d̄γµPLc)(c̄γµPLb)

Channels and Observables
B → Xdγ =⇒ Operator Mixing

Sin
(

2βd

)

= Im
(

Md
12

|Md
12|

)

=⇒ Double insertion of ∆B = 1 operators.

Gilberto Tetlalmatzi (IPPP Durham) New Physics in ∆Γd October 31, 2014 12 / 23



Constraints over the Wilson coefficients

C cc
1 and C cc

2

Q = (d̄γµPLc)(c̄γµPLb)

Channels and Observables
B → Xdγ =⇒ Operator Mixing

Sin
(

2βd

)

= Im
(

Md
12

|Md
12|

)

=⇒ Double insertion of ∆B = 1 operators.

ad
sl
= Im

(

Γd12
Md

12

)

Gilberto Tetlalmatzi (IPPP Durham) New Physics in ∆Γd October 31, 2014 12 / 23



Constraints over the Wilson coefficients

C cc
1 and C cc

2

Q = (d̄γµPLc)(c̄γµPLb)

Channels and Observables
B → Xdγ =⇒ Operator Mixing

Sin
(

2βd

)

= Im
(

Md
12

|Md
12|

)

=⇒ Double insertion of ∆B = 1 operators.

ad
sl
= Im

(

Γd12
Md

12

)

SM

-4 -2 0 2
-4

-2

0

2

4

Re DC2
cc

Im
D

C
2cc

Gilberto Tetlalmatzi (IPPP Durham) New Physics in ∆Γd October 31, 2014 12 / 23



New Physics at tree level decays.
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i
+ h.c.

Γd12 =
1

2MBd

< B̄d |Im
(

i

∫

d4xT̂
[

H∆B=1
eff (x)H∆B=1

eff (0)
]

)

|Bd >

= −
(

λ2
cΓ

cc,d
12 (C cc

1 ,C cc
2 ) + 2λcλuΓ

uc,d
12 (Cuc

1 ,Cuc
2 ) + λ2

uΓ
uu,d
12 (Cuu

1 ,Cuu
2 )
)

,

∆Γd ≈ 2|Γd12|cos(φd )
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Effect of C1, C2 on ∆Γ

Up to an enhancement of 1.5 possible.
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How big can ∆Γd be?

Enhancements in ∆Γd arise from:
1 CKM Unitarity violations.
2 New Physics at tree level decays.

3 (d̄b)(τ̄ τ) operators.
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(

bd̄
)

(τ̄ τ) Operators
The contributions from NP on ∆Γd can be estimated by analyzing effective operators well
suppressed in the SM.
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b

d̄

d

b̄

τ

τ̄

QS,AB =
(

d̄ PA b
)
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d̄
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τ

τ̄

QS,AB =
(

d̄ PA b
)

(τ̄ PB τ) ,

QV ,AB =
(

d̄ γµPA b
)

(τ̄ γµPB τ) ,

QT ,A =
(

d̄ σµνPA b
)

(τ̄ σµνPA τ) ,

The effective Hamiltonian involving these operators is

Heff = −4GF√
2
λd
t

∑

i,j

Ci,j (µ)Qi,j
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(

bd̄
)

(τ̄ τ) Operators

Example: Vector contribution QV ,AB =
(

d̄ γµPA b
)

(τ̄ γµPB τ)
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Q9 =
e2

(4π)2

(

d̄ γµPL b
) (

ℓ̄ γµ ℓ
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B → Xdτ
+τ− and B+ → π+τ+τ−

(

τBs
τBd

− 1
)

SM
vs
(

τBs
τBd

− 1
)

exp
=⇒ Br(Bd → X ) < 1.5%

Indirect Bounds

B+ → π+µ+µ− =⇒ Br(B+ → π+µ+µ−)

Q9 =
e2

(4π)2

(

d̄ γµPL b
) (

ℓ̄ γµ ℓ
)

,

C9,A(mb) =
(

0.1− 0.2 η−1
6

) (

CV ,AL(Λ) + CV ,AR (Λ)
)
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(

bd̄
)

(τ̄ τ) Operators

Γd12 = Γd,SM12 ∆̃d

∆Γd

∆ΓSM
d

≤ |∆̃d |
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Dependence of ∆̃d on the Wilson coefficients

|∆̃d |S,AB < 1 + (0.41+0.13
−0.08)|CS,AB (mb)|2 ≤ 1.6

|∆̃d |V ,AB < 1 + (0.42+0.13
−0.08)|CV ,AB (mb)|2 ≤ 3.7

|∆̃d |T ,AB < 1 + (3.81+1.21
−0.74)|CT ,A(mb)|2 ≤ 1.2
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(

bd̄
)

(τ̄ τ) operators

Expected values for Br
(

B → π+τ+τ−
)

and

Br
(

B → Xdτ
+τ−

)

in order to compete against Br
(

Bd → τ+τ−
)

Bd ® Τ
+
Τ
-

B ® XdΤ
+
Τ
-

B+ ® Π+Τ+Τ-

2.´ 10-6 0.00001 0.0001 0.001 0.01
1

2

3

4

5

7

10

Br

ÈD
G

d
�
D
G

dSM
È

V

Allowed region from Bd ® Τ
+
Τ
-

|∆̃d |V ,AB ≤ 3.7 =⇒ Br(B → Xdτ
+τ−) ≤ 2.6× 10−3
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Like-sign dimuon asymmetry
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size of the hadronic uncertainties.
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4 CKM unitarity violations.

16 Current-current operators.

3.7 (bd)(ττ) operators.

The interference contribution to the like sign dimuon asymmetry comes from Γcc12 rather
than from ∆Γd .

Main differences:

2|λ2
cΓ

cc
12| is a bit bigger than ∆Γd in the SM

There are different phases

Sin(2β + 2θλc
)

attached with the components of ∆Γd .
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Constraints over the Wilson coefficients

Cuc
1 and Cuc

2

Q = (d̄γµPLu)(c̄γµPLb)
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Constraints over the Wilson coefficients

Cuc
1 and Cuc

2

Q = (d̄γµPLu)(c̄γµPLb)

Channels and Observables

B̄0 → D+π− =⇒ RB̄0→D∗+l−ν̄l
=

Γ(B̄0→D∗+π−)

dΓ(B̄0→π+l−ν̄l )/dq
2
∣

∣

q2=0
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Constraints over the Wilson coefficients
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B− → ρ−ρ0 and B̄0 → ρ+ρ− =⇒ R(ρ−ρ0/ρ+ρ−) =
Br(B−→ρ−ρ0)

Br(B̄0→ρ+ρ−)
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