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Method

Considering the improved sensitivity of the high energy experiments nowadays, it is important to revise
unquestioned assumptions that were valid 20 years ago.

How suppressed is new physics at tree level, in view of current experimental results?

b → dX

b → sX

Two possibilities for exploring possible new tree level effects

1 Do an investigation using different models.

2 Look at the constraints from current experimental data in a model independent way.
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Investigating for new physics in a model independent way

Effective theory approach

Heff =
GF√

2

( ∑
p,p′=u,c

λ
(D)

pp′

∑
i=1,2

C pp′
i (µ)Qpp′

i

+
∑

p=u,c

λ
(D)
p

[ 10∑
i=3

Ci (µ)Qi + C7γQ7γ + C8g Q8g

])
+h.c.

Introduce deviations at the matching scale µW = MW .

C1 = C SM
1 + ∆C1

C2 = C SM
2 + ∆C2

Evolving Ci down from µW ≈ MW to µb ≈ mb

propagates the deviations to other operators as well.

Ci (µb) = Û(µb, µW )ij Cj (µW )
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Constraints

In order to get stronger bounds we consider constraints on ∆C1 and ∆C2 for the generic operators(
d̄γµPLq

) (
q̄′γµPLb

)
and (s̄γµPLq)

(
q̄′γµPLb

)
b → dX b → sX

Constraints from:

b → uūd



B → ππ: Sππ,Rππ = Γ(B−→π0π−)

dΓ(B̄→π+ l−ν̄l )/dq2|
q2=0

B → πρ: Sπρ

B → ρρ: R(ρ−ρ0/ρ+ρ−) = Br(B−→ρ−ρ0)

Br(B̄0→ρ+ρ−)

b → cūd


B̄ → Dπ: RD∗π = Γ(B̄→D∗+π−)

dΓ(B̄→D∗+ l−ν̄l )/dq2|
q2=m2

π

B → D(∗)h with h = π, η, ω: S
D(∗)h

b → cc̄d



Br(B → Xdγ)

Sin
(

2βd

)
= Im

(
Md

12
|Md

12
|

)
ad

sl = Im
(

Γd
12

Md
12

)
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
B̄ → Dπ: RD∗π = Γ(B̄→D∗+π−)

dΓ(B̄→D∗+ l−ν̄l )/dq2|
q2=m2

π

B → D(∗)h with h = π, η, ω: S
D(∗)h

b → cc̄d



Br(B → Xdγ)

Sin
(

2βd

)
= Im

(
Md

12
|Md

12
|

)
ad

sl = Im
(

Γd
12

Md
12

)

Gilberto Tetlalmatzi Joachim Brod, Alexander Lenz, Martin Wiebusch (IPPP Durham)Possible new physics in tree level decays and its implications in γNovember 5, 2015 4 / 13



Constraints

In order to get stronger bounds we consider constraints on ∆C1 and ∆C2 for the generic operators(
d̄γµPLq

) (
q̄′γµPLb

)
and (s̄γµPLq)

(
q̄′γµPLb

)
b → dX b → sX

Constraints from:

b → uūd
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

B → ππ: Sππ,Rππ = Γ(B−→π0π−)

dΓ(B̄→π+ l−ν̄l )/dq2|
q2=0

B → πρ: Sπρ

B → ρρ: R(ρ−ρ0/ρ+ρ−) = Br(B−→ρ−ρ0)

Br(B̄0→ρ+ρ−)

b → cūd
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Constraints

Extra constraints from:

Total life-time of b-hadrons.

Transition b → cc̄s =⇒ Br(B → Xsγ)

Decay rate difference for the Bs meson ∆Γs

Semileptonic asymmetry as
sl .
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We analyzed the effects of possible new physics at tree level on two observables:

The decay width ∆Γd associated with Bd meson oscillations

The CKM angle γ
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Effects on ∆Γd

i
d

dt

(
|Bd〉∣∣B̄d

〉) = Σd

(
|Bd〉∣∣B̄d

〉)

Σq = Mq − i
2 Γq ; Mq and Γq are hermitian matrices.

Σd =

(
M11 −

iΓ11
2 M12 −

iΓ12
2

M∗12 −
iΓ∗12

2 M11 −
iΓ11

2

)
=⇒ Eigenvalues

{
λL = ML − i

2 ΓL

λH = MH − i
2 ΓH

Oscillation observables: ∆Md ≡ MH −ML ≈ 2|M12| ∆Γd ≡ ΓH − ΓL ≈ 2|Γ12|cos(φ)

with φ ≡ arg
(
−M12

Γ12

)
ad

sl =
∣∣∣ Γ12

M12

∣∣∣ sin(φ)
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The observable ∆Γd

Motivation: the like-sign dimuon asymmetry ACP

Standard interpretation: CP violation in mixing ACP ∝ Ab
sl = Cd ad

sl + Cs as
sl

Ab,D0
sl = (−0.787± 0.172± 0.093)% Phys. Rev. D 84, 052007 (2011)

3.9 σ deviation from the SM

Include CP violation in interference between mixing and decay

First approximation ACP ∝ Cd ad
sl + Cs as

sl + CΓd

∆Γd
Γd

+ CΓs
∆Γs
Γs

G. Borissov1 and B. Hoeneisen, Phys. Rev. D 87, 074020 (2013)

Combining experimental data from

Belle, BABAR, D0, DELPHI and LHCb, (2014)
=⇒ ∆ΓHFAG

d
Γd

=
(

0.1± 1.0
)

%

Standard model prediction

Lenz and Nierste, arxiv: 1102.4274
=⇒ ∆ΓSM

d
Γd

=
(

0.42± 0.08
)

%

Possible enhancements on ∆Γd by several hundred percent with respect to the SM

Main reason: unconstrained deviations at tree level in transitions b → cc̄d
Bobeth, Haisch, Lenz, Pecjak, Tetlalmatzi, JHEP 1406 (2014) 040

CP violation in mixing+CP violation in interference between mixing and decay.

φd = (−0.075± 0.024) as
sl = (0.0019± 0.0003)%

∆Γd

Γd

= (2.63± 0.66)%

Phys. Rev. D 89, 012002 (2014)
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The CKM phase γ
The sensitivity to γ arises from the interference of the decay amplitudes for

b → cūs: A(B− → D0K−) = A1e iδ1 =⇒ VcbV ∗us

b → uc̄s: A(B− → D̄0K−) = A2e i(δ2−γ) =⇒ VubV ∗cs


δ1,2 Strong phases

Relative weak phase γ

The D and the D̄ then decay into a common final state f which leads to interference.

B− → D0K− → fK− B− → D̄0K− → fK−

rB e i(δB−γ) =
A(B− → D̄0K−)

A(B− → D0K−)

with rB = A2/A1 and δB = δ2 − δ1

The B → DK transitions receive contributions only from tree level operators and not from penguins

=⇒ very clean determination of γ.
Different extraction possibilities depending on the final state f considered

f can be a CP eigenstate: GLW method.

Cabibbo suppressed D0 → f against Cabibbo allowed D̄0 → f . f = K +π−, K +ρ− :ADS method.

f is a multi body final state: KSπ
+π−, KS K−K +, KSπ

−π+π0: GGSZ method.
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b → cūs: A(B− → D0K−) = A1e iδ1 =⇒ VcbV ∗us

b → uc̄s: A(B− → D̄0K−) = A2e i(δ2−γ) =⇒ VubV ∗cs


δ1,2 Strong phases

Relative weak phase γ

The D and the D̄ then decay into a common final state f which leads to interference.

B− → D0K− → fK− B− → D̄0K− → fK−

rB e i(δB−γ) =
A(B− → D̄0K−)

A(B− → D0K−)

with rB = A2/A1 and δB = δ2 − δ1

The B → DK transitions receive contributions only from tree level operators and not from penguins

=⇒ very clean determination of γ.
Different extraction possibilities depending on the final state f considered

f can be a CP eigenstate: GLW method.

Cabibbo suppressed D0 → f against Cabibbo allowed D̄0 → f . f = K +π−, K +ρ− :ADS method.

f is a multi body final state: KSπ
+π−, KS K−K +, KSπ

−π+π0: GGSZ method.

Gilberto Tetlalmatzi Joachim Brod, Alexander Lenz, Martin Wiebusch (IPPP Durham)Possible new physics in tree level decays and its implications in γNovember 5, 2015 9 / 13



The CKM phase γ
The sensitivity to γ arises from the interference of the decay amplitudes for
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b → cūs: A(B− → D0K−) = A1e iδ1 =⇒ VcbV ∗us

b → uc̄s: A(B− → D̄0K−) = A2e i(δ2−γ) =⇒ VubV ∗cs


δ1,2 Strong phases

Relative weak phase γ

The D and the D̄ then decay into a common final state f which leads to interference.

B− → D0K− → fK− B− → D̄0K− → fK−

rB e i(δB−γ) =
A(B− → D̄0K−)

A(B− → D0K−)

with rB = A2/A1 and δB = δ2 − δ1

The B → DK transitions receive contributions only from tree level operators and not from penguins

=⇒ very clean determination of γ.
Different extraction possibilities depending on the final state f considered

f can be a CP eigenstate: GLW method.

Cabibbo suppressed D0 → f against Cabibbo allowed D̄0 → f .

f = K +π−, K +ρ− :ADS method.

f is a multi body final state: KSπ
+π−, KS K−K +, KSπ

−π+π0: GGSZ method.

Gilberto Tetlalmatzi Joachim Brod, Alexander Lenz, Martin Wiebusch (IPPP Durham)Possible new physics in tree level decays and its implications in γNovember 5, 2015 9 / 13



The CKM phase γ
The sensitivity to γ arises from the interference of the decay amplitudes for
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The CKM phase γ

Sources of reducible uncertainty:

D − D̄, K − K̄ mixing, QED corrections.

Sources of irreducible uncertainty:Higher order electro-weak corrections

δγ/γ < O(10−7) for B → DK transitions.

Brod and Zupan, JHEP 1401, 051 (2014)

Current experimental precision achieved by LHCb: γ = (73+9
−10)◦

Expected sensitivity at LHCb and Belle II of 1◦ arXiv: 1011.0352

How large can be the corrections on γ due to new physics effects at tree level?
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The CKM phase γ

A(B− → D0K−) =< D0K−|Hc̄us
eff |B

−
> A(B− → D̄0K−) =< D̄0K−|Hūcs

eff |B
−
>

A(B− → D̄0K−)

A(B− → D0K−)
= rB e i(δB−γ) =

VubV ∗cs < D̄0K−|Q ūcs
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1 |B
− >

< D̄0K−|Q ūcs
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Effects on γ
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δγ ≈ ±4◦ not excluded by current experimental data.

Gilberto Tetlalmatzi Joachim Brod, Alexander Lenz, Martin Wiebusch (IPPP Durham)Possible new physics in tree level decays and its implications in γNovember 5, 2015 12 / 13



Effects on γ

SM

-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5
-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

Re ΔC1(MW )

Im
Δ
C
1
(M

W
)

SM

-1.5 -1.0 -0.5 0.0
-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

Re ΔC2(MW )

Im
Δ
C
2
(M

W
)

Im∆C1 ∈
[
−0.62; +0.14

]
Re∆C1 ∈

[
−0.19; +0.13

]
Im∆C2 ∈

[
−0.19; +0.11

]
Re∆C2 ∈

[
−0.066; +0.022

]

δγ ≈ ±4◦ not excluded by current experimental data.

Gilberto Tetlalmatzi Joachim Brod, Alexander Lenz, Martin Wiebusch (IPPP Durham)Possible new physics in tree level decays and its implications in γNovember 5, 2015 12 / 13



Effects on γ

SM

-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5
-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

Re ΔC1(MW )

Im
Δ
C
1
(M

W
)

SM

-1.5 -1.0 -0.5 0.0
-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

Re ΔC2(MW )

Im
Δ
C
2
(M

W
)

Im∆C1 ∈
[
−0.62; +0.14

]
Re∆C1 ∈

[
−0.19; +0.13

]
Im∆C2 ∈

[
−0.19; +0.11

]
Re∆C2 ∈

[
−0.066; +0.022

]

δγ ≈ ±4◦ not excluded by current experimental data.

Gilberto Tetlalmatzi Joachim Brod, Alexander Lenz, Martin Wiebusch (IPPP Durham)Possible new physics in tree level decays and its implications in γNovember 5, 2015 12 / 13



Conclusions and outlook

We have investigated the uncertainty in tree level transitions -space for new physics- b → d, s

We considered different observables to constrain the tree level Wilson coefficients C1,2.

Deviations of O(10%) on C1,2 not ruled out by current experimental measurements.

Less constrained Wilson coefficient is C1.

Possible new physics effects at tree level not excluded by current experimental data lead to |δγ| ≈ 4◦.

∆Γd can be enhanced by several hundred percent due to the allowed deviations at tree level.

|δγ| can be reduced if the accuracy in different measurements is improved.

Example: Reducing the error in ad
sl by 20 % cuts sizably the space allowed for Im

(
∆C1

)
.

Preliminary results from a deeper statistical analysis provide similar conclusions.
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