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Physics motivation

•A rich set of physics processes contribute to the B0 → π+π− and
Bs→ K+K− decays

Tree and penguin decay
topologies
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Neutral B-mixing
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•Time-dependent (TD) CPV observables are sensitive to the CKM
angle γ and the mixing phases φs and φd

•Presence of loop diagrams:

– makes the CPV observables sensitive to New Physics [1]

– results can be compared with decays dominated by tree-level

CPV observables

•TD CPV asymmetries of B0 → π+π− and
Bs→ K+K− decays

A(t) =
Γ
B0

(s)→f
(t)−ΓB0

(s)
→f(t)

Γ
B0

(s)→f
(t)+ΓB0

(s)
→f(t)
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−Cf cos (∆md(s)t)+Sf sin (∆md(s)t)
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)

Cf =
1−|λf |2
1+|λf |2

Direct CPV

Sf =
2Imλf
1+|λf |2

Induced CPV

•Time-integrated (TI) CPV asymmetries of
B0 → K+π− and Bs→ π+K− decays

ACP (t) =
|Āf̄ |2−|Af |2

|Āf̄ |2+|Af |2

State of the art

•First measurement of Cππ and Sππ on
B0 → π+π− performed by B factories [2,3]

•LHCb performed a measurement on the
B0 → π+π− and Bs → K+K− decays using
data collected in 2011 (1 fb−1) [4]
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Contours give -2∆(ln L) = ∆χ
2
 = 1, corresponding to 39.3% CL for 2 dof
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Analysis strategy

Event selection

•Particle identification (PID) requirements:

– π+π− & K+K−: reduce B0 → K+π− to
∼ 10% of the signal

–K+π−: reduce cross-feeds to ∼ 10% of
Bs→ π+K−

•BDT optimisation:

– Signal from MC samples

– Background from upper mass sideband

– FoM = S/
√
S + B 5 5.2 5.4 5.6 5.8
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CP asymmetries of B0 → K+π− and Bs→ π+K−

•TD measurement allows to disentangle the experimental effect due to B/B̄ production
asymmetry

A(t) ≈ Araw + AP cos(∆md(s)t) Araw = ACP + APID + AD

• asymmetry introduced by PID cuts: AKπ
PID = (−0.04± 0.25)%

•detection asymmetry: (using D+ → K−π+π+ and D+ → K0π+ as calibration modes)

AKπ
D (B0 → K+π−) = (−0.900± 0.141)% AKπ

D (Bs→ π+K−) = (−0.924± 0.142)%

Flavour Tagging

Flavour Tagging plays a crucial role:

– Cobs
f and Sobs

f are connected to the mistag
fraction ω

– Sensitivity on Cobs
f and Sobs

f is propor-
tional to the tagging power ε(1 − 2ω)2

(where ε is the tagging efficiency)

e.g: Cobs
f = (1− 2ω)Cf

σ(Cf) ∝ 1√
ε(1−2ω)2

SSp & SSπBDT: previously calibrated on
B0 → K+π−

=⇒ combined in a unique SS tagger

OS & SS: calibrated on the B0 → K+π−

during the fit

SSkNN calibrated using Bs→ D−s π
+

=⇒ differences between two decay modes
taken in account through a reweighting

Tagger ε(1− 2ω)2

OS (2.94± 0.17)%
SS (1.17± 0.11)%

SSkNN (0.71± 0.12)%

Total B0 → π+π− (4.08± 0.20)%
Total Bs→ K+K− (3.65± 0.21)%

LHCb Unofficial

Simultaneous fit (LHCb Unofficial)

•Determination of Cf , Sf , A∆Γ and ACP from
multidimensional fits performed simultaneously
to the Kπ, ππ and KK spectra

•Observables: invariant mass, decay-time, decay-time error,
flavour tagging decision and predicted mistag probability

Kπ spectrum
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K+π− final state K−π+ final state

ACP (B0 → K+π−) = −0.084± 0.004± 0.003
ACP (Bs→ π+K−) = 0.213± 0.015± 0.007

ππ spectrum
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Cπ+π− = −0.34± 0.06± 0.01
Sπ+π− = −0.63± 0.05± 0.01

KK spectrum

5 5.2 5.4 5.6 5.8
]2 [GeV/cKKm

0

1000

2000

3000

 )2
C

an
d

id
at

es
 / 

( 
5 

M
eV

/c

-K+ K→0
sB

π K→0B

-K+ K→0B

,- pK→0
bΛ

3-Body bkg.

Comb. bkg.

LHCb
LHCb Unofficial

0 0.1 0.2 0.3
) [ps]sm∆/π)mod(2

0
(t-t

0.15−

0.1−

0.05−

0

0.05

0.1

0.15

A
sy

m
m

et
ry

LHCbLHCbLHCb Unofficial

0 0.1 0.2 0.3
) [ps]sm∆/π)mod(2

0
(t-t

0.15−

0.1−

0.05−

0

0.05

0.1

0.15

A
sy

m
m

et
ry

LHCbLHCbLHCb Unofficial

OS tagger SSkNN tagger

CK+K− = 0.20± 0.06± 0.02
SK+K− = 0.18± 0.06± 0.02
A∆Γ
K+K− = −0.79± 0.07± 0.10

Conclusions

•Measurements are very well in agreement with previous results

•Most precise measurement of ACP from single experiment

• Strongest evidence of TD CPV in Bs decays
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