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M22 − iΓ22
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Γ12 On-shell

M12 Off-shell
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∆M = MH −ML

∆Γ = ΓL − ΓH

φ ≡ arg

(
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)

∆M ≈ 2|M12|
∆Γ ≈ 2|Γ12|cos(φ)
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fBd
= (190.5 ± 4.2)MeV . Aoki et al. ArXiv:1310.8555.
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∆MTheo
d = (0.543± 0.091) ps−1. Lenz and Nierste, arXiv:1102.4274.

∆M
Exp
d

= (0.510± 0.004) ps−1. Online update of HFAG.

∆MTheo
s = (17.3± 2.6) ps−1. Lenz and Nierste, arXiv:1102.4274.

∆M
Exp
s = (17.69± 0.08) ps−1.Online update of HFAG.

The main source of the theoretical uncertainty comes from the hadronic matrix elements.

The hadronic uncertainties allow space for new physics.
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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).
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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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Room for new physics in ∆Γd

New Physics (NP) effects in ∆Γs are strongly constrained in comparison with ∆Γd because:

∆Γs triggered by b → cc̄s ∆Γd triggered by b → cc̄d

Br(b → cc̄s) = (23.7 ± 1.3)% || Br(b → cc̄d) = (1.31 ± 0.07)%

=⇒ 100% enhancement on Γ(b → cc̄s) leads to sizable effect on Γtot

=⇒ 100% enhancement on Γ(b → cc̄d) hidden in the hadronic uncertainties.
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=⇒ 100% enhancement on Γ(b → cc̄s) leads to sizable effect on Γtot

=⇒ 100% enhancement on Γ(b → cc̄d) hidden in the hadronic uncertainties.

Enhancements in ∆Γd arise from:

CKM Unitarity violations.

New Physics at SM tree level decays.

(d̄b)(τ̄ τ) operators.

Bobeth, Haisch, Lenz, Pecjak and Tetlalmatzi-Xolocotzi, arXiv:1404.2531.
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Enhancement factor: 16 for ∆Γd .
Gilberto Tetlalmatzi (IPPP Durham) Mixing of B mesons April 30, 2014 9 / 16



Room for new physics in ∆Γd

Gilberto Tetlalmatzi (IPPP Durham) Mixing of B mesons April 30, 2014 10 / 16



Room for new physics in ∆Γd

Cuu bounds from:

B0 → π+π−

B− → π−π0

B0 → ρ+ρ−

B0 → ρ+/−π−/+

Gilberto Tetlalmatzi (IPPP Durham) Mixing of B mesons April 30, 2014 10 / 16



Room for new physics in ∆Γd

Cuu bounds from:

B0 → π+π−

B− → π−π0

B0 → ρ+ρ−

B0 → ρ+/−π−/+

Cuc bounds from:

B̄d → D∗+π−

Γ(Bd )

Gilberto Tetlalmatzi (IPPP Durham) Mixing of B mesons April 30, 2014 10 / 16



Room for new physics in ∆Γd

Cuu bounds from:

B0 → π+π−

B− → π−π0

B0 → ρ+ρ−

B0 → ρ+/−π−/+

Cuc bounds from:

B̄d → D∗+π−

Γ(Bd )

C cc bounds from:

B → Xdγ

sin(2β)

adsl
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Room for new physics in ∆Γd

(d̄b)(τ̄ τ) operators

QS,AB =
(

d̄ PA b
)

(τ̄ PB τ) ,

QV ,AB =
(

d̄ γµPA b
)

(τ̄ γµPB τ) ,

QT ,A =
(

d̄ σµνPA b
)

(τ̄ σµνPA τ) ,

b

d̄

d

b̄

τ

τ̄
Bounds from the following channels
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QS,AB =
(

d̄ PA b
)

(τ̄ PB τ) ,

QV ,AB =
(

d̄ γµPA b
)

(τ̄ γµPB τ) ,

QT ,A =
(

d̄ σµνPA b
)

(τ̄ σµνPA τ) ,

b

d̄

d

b̄

τ

τ̄
Bounds from the following channels

Bd → τ+τ−

B → Xdτ
+τ− and B+ → π+τ+τ−

B+ → π+µ+µ−

Enhancement factor: 3.7 for ∆Γd .
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Semileptonic asymmetries a
q

sl

a
q
sl

=
Γ(B̄(t)q → f )− Γ(B(t)q → f̄ )

Γ(B̄(t)q) → f ) + Γ(B(t)q → f̄ )
= |

Γq12
M

q
12

|sin(φq)
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β and βs
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β = arg
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−
VcdV

∗
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VtdV
∗
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)

Prob(B̄d → J/ψK 0
S ) 6= Prob(Bd → J/ψK 0

S )

Γ[B̄0(t) → J/ψK 0
S
]− Γ[Bd (t) → J/ψK 0

S
]

Γ[B̄d (t) → J/ψK 0
S
] + Γ[Bd (t) → J/ψK 0

S
]

= CJ/ψK0
S
cos(∆Md t) + SJ/ψK0

S
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12 |∆q|e iφ

∆
q

sin(2β) → sin(2β + φ∆
d
)

∆d : Deviation from the SM less than 2σ, φ∆
d
< 10◦.

∆s : Consistent with the SM, −20◦ < φ∆s < 20◦.
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Conclusions

Good agreement between SM and experiment for: ∆Md , ∆Ms , ∆Γs .
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There is room for new physics in ∆Γd .

Current experimental constraints allow the following enhacements:

∆Γd

∆ΓSM
d

≤











4 CKM unitarity violations.

16 Current-current operators.

3.7 (bd)(ττ) operators.

Direct measurements for sin(2β) show a small deviations with respect to indirect
determinations.

βs is in good agreement with the SM.

Further studies required to reduce uncertainties in hadronic parameters.
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