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Summary

Lifetime measurements of the B0s → K+K−, B0→ K+π− and B0s → π+K−.
Measurement of polarization amplitudes and CP asymmetries in B0 → φ K* (892)0
CP violation in B ∓ → π ∓ π + π

–

and B ∓ → π ∓ K + K – decays.

Conclusion and Perspectives
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Lifetime measurements of the
B0s → K+K−, B0→ K+π− and B0s → K-π+
LHCb-PAPER-2014-011

Previous result for B0s → K+K− lifetime with 2011 data: neural network based pre scaled
trigger in order to avoid bias in the lifetime. Phys. Lett. B 716 (2012) 393-400
Now all sample with regular trigger using data driven approach to efciency correction
to the decay time bias, introduced by the selection procedure.
The acceptance function is determined per event.
Move primary vertices along direction of B momentum.
Trigger and Selection re-run for all hypothetical lifetimes with the Swimming technique.
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Lifetime measurements of the
B0s → K+K−, B0→ K+π− and B0s → K-π+
B0s → K+K−

B0→ K+π−

B0s → π+K−

Yields:
N(B0s → K+K−) = 10,471 ± 121
N(B0→ K+π− ) = 26,220 ± 200
N(B0s → π+K− ) = 1,891 ± 85
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B0s → K+K− Lifetime

B0s → K+K− decay is dominated by the light component of the decay time eigenstate:

Ignoring high order of ΔΓs /Γs

With:

⇒

AΔΓ(SM) = -0972 ± 0.012 and ΔΓs(SM) = 0.123 ± 0.017(HFAG arXiv:1207.1158)

Γs

SM prediction
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B0s → K+K− Lifetime
Particular behaviour for B0s → K+K− decay time, related to the strong B0s oscillation:

τK+K-(Data) = 1.407 ± 0.016(stat) ± 0.007(sys) ps

τK+K-(SM) = 1.425 ± 0.016 ps

LHCb-PAPER-2014-011

Substantial reduction of the error bars.
Good agreement with Standard Model.
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B0→ K+π− and B0s → K-π+ Lifetime
Counting to the B0 and B0s average lifetime

τK+π-(B0) = 1.524 ± 0.011(stat) ± 0.004(sys) ps
LHCb-PAPER-2014-011

τK+π-(B0) = 1.519 ± 0.007 ps PDG-online

τK-π+(B0s) = 1.60 ± 0.06(stat) ± 0.01(sys) ps
LHCb-PAPER-2014-011

τK+π-(B0) = 1.516 ± 0.011 ps PDG-online
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Polarization amplitudes
and CP asymmetries in B0→ φK* (K-π+)
LHCb-hep/ex 1403.2888

Three P-wave contributions to the angle dependence term:

Two S-wave contributions, one
associated to B0→ K+K-K* , the
other to B0→ φK-π+

We can also measure the
relative strong phases

The mass term are given by Breit-Wigner's.
Complete defnitions are in the backup slides
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B0→

φK* Polarization amplitudes
LHCb-hep/ex 1403.2888

B0→ φK* = 1655 ± 42 events

B0s→ φK*

40±9 events

fL = 0.497 ± 0.019(stat) ±0.015(sys),
f⊥ = 0.221 ± 0.016(stat) ±0.013(sys),
Dominance of longitudinal amplitude. Compatible
with, BaBar (PRD 78(2008)092008) and Belle (PRD
88(2013)072004).
Substantial reduction of the error bars
fs (Kπ) = 0.143 ± 0.013(stat) ±0.012(sys),
fs (KK) = 0.122 ± 0.013(stat) ±0.008(sys),
Signifcant S-wave contribution.

Relative strong phases to δ0 :
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B0→

φK* Triple Product analyses

M. D. London, N. Sinha and R. Sinha. Phys. Rev. D84 (2011) 096013
M. Gronau and J.L. Rosner. Phys. Rev. D84 (2011) 096013

With this results, four scalars triple products of spatial vectors, momentum or spin, can be
generated, as example the product P1XP2 . P3 . These can be combined:

due T-violation (“True”) or
fnal state interaction (“Fake”).

This measurements can be evaluated using
combination of the polarization amplitudes
and phases that we obtained before.

LHCb-hep/ex 1403.2888

All True Triple product are consistent with zero: non observation of T-violation.
Signifcant fake triple product, indicating fnal state interaction.
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Directly CP asymmetry in B0→ φK* decay
Time integrated rate of the raw asymmetry
raw
CP

A

=

N(B0→ φK* ) - N(B0→ φK* )
N(B0→ φK* ) + N(B0→ φK* )

Taking in accounting:

1- The dilution of the S wave component is corrected using the results of the angular analysis.
2- Instrumental and production asymmetries with a control channel. We get the final result:

ACP= + 1.5 ± 3.2(stat) ± 0.5(sys).
LHCb-hep/ex 1403.2888

As expected there is no significant CP asymmetry in B0→ φ K*.
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Evidences of directly CP asymmetry in
B± → π± π+ π- and B± → π± K+ K- decays.
LHCb-phys. Rev. Lett. 112 (2014) 011801

N(B± → π± π+ π- ) = 4904 ± 148 events

B

-

B

+

We take in account the instrumental and production asymmetries trough
B+→ J/Ψ K+. We got to the global CP asymmetry:

ACP(πππ) = 0.117 ± 0.021(stat) ± 0.009(syst) ± 0.007( J/ψK)
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CP asymmetry in B± → π± π+ π- in Dalitz phase space.

B

-

B

+

ACP(πππ) = 0.584 ± 0.082(stat) ± 0.0027syst) ± 0.007( J/ψK)
LHCb-Phys. Rev. Lett. 112 (2014) 011801

13

Evidences of directly CP asymmetry in
B± → π± π+ π- and B± → π± K+ K- decays.
Phys. Rev. Lett. 112 (2014) 011801

N(B± → π± K+ K- ) = 1870 ± 133 events

B

-

B

+

ACP(KKπ) = – 0.141 ± 0.040(stat) ± 0.018(syst) ± 0.007( J/ψK)
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CP asymmetry in B± → π± K+ K- in Dalitz phase space.

B

-

B

+

ACP(πKK) = -0.648 ± 0.070(stat) ± 0.0013syst) ± 0.007( J/ψK)
Phys. Rev. Lett. 112 (2014) 011801
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CP asymmetry in B± → π± K+ K- and B± → K± K+ Kin Dalitz phase space.
Comparing with previous publication:
B± → K± K+ K-

B± → π± K+ K-

Phys. Rev. Lett. 111 (2013) 101801

Phys. Rev. Lett. 112 (2014) 011801

-

Similar patterns seen between B± → π± K+ K- and B± → K± K+ K- .
- Large localised asymmetries, not associated with a resonance.
- Both decays with local and global negative asymmetries.
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CP asymmetry in B± → π± π+ π- and B± → K± π+ πin Dalitz phase space.
Comparing with previous publication:
B ± → π± π + π -

B± → K ± π + π -

Phys. Rev. Lett. 112 (2014) 011801

Phys. Rev. Lett. 111 (2013) 101801

-

Similar patterns between B± → π± π+ π- and B± → K± π+ π- .
- Large localised asymmetries, part associated with the ρ and other non
clearly associated with a resonance.
- Both the decays with local and global positive asymmetries.
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CP asymmetry in B± → π± h+ h- vs B± → K± h+ hin Dalitz phase space.
Phys. Rev. Lett. 112 (2014) 011801 and Phys. Rev. Lett. 111 (2013) 101801
B± → K± K+ K-

B± → K± π+ π-

B± → K± π+ π-

B± → π± π+ π-

- Asymmetries have opposite sign between the modes in both, global and local:
positive involving mππ and negative to mKK..
- Possible that π π ↔ KK re-scattering is playing a role in generating the strong phase diference.
- Amplitude analysis of these modes will be crucial to understand these efects in more details.
- Taking in account the non symmetric CP violation distribution, can be possible that the
18
relationship between Tree and Penguin could change along the Dalitz plot.

Penguin

Tree

+

Factorization presents a strong dependence
with the Dalitz variables:
Amplitude to the decay B± → π± ρ0 in the fnal
state B± → π± π+ π- Cheng and Chua, PRD 88D (2013) 114014

1- Directly relationship between m2Kπ and the
gluon momentum.
2- Penguin amplitude: strong dependence with
gluon momentum.

α

Gerard and Hu, PRD 43D (1991) 2909

sij

sij
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sjk

sjk

Conclusions
Lifetime measurements of the B0s → K+K−, B0→ K+π− and B0s → π+K−.
Substantial reduction of the error bars on the B 0→ K+K- lifetime measurement.
Good
agreement with Standard Model with comparable errors from both, theory and experiment.

Measurement of polarization amplitudes and CP asymmetries in B0 → φ K* (892)0
Dominance of the longitudinal amplitude B0→ φ K* decay.
Vectorial components compatible with previous experimental results.
Substantial reduction of error bars.
Signifcant scalar contribution fs (Kπ) and fs (KK).

Non observation of T-violation and directly CP violation in B 0→ φ K* decay.

CP violation in

B∓ → π∓π

+

π

–

and B ∓ → π ∓ K

+

K – decays.

Evidence of global CP violation in B± → π± π+ π- and B± → π± K+ K- .
Strong local CP asymmetry in both decays.
Similar CP violation patterns between B± → π± π+ π- and B± → K± π+ πalso between B± → π± K+ K- and B± → K± K+ KIgnacio Bediaga
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Perspectives
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General Polarization Amplitude

Ki are the polarisation amplitude, f i are the angle dependent term,
Mi are the mass dependent and dΦ4 the phase space.
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General Polarization Amplitude
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Triple Product Defnition.
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