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LHCb overview

  

VELO
Primary and secondary 

vertices separation

RICH
Particle ID

Tracking System 
& Magnet

Momentum measurement

Calorimeters
Trigger, e, h ID

Muon detectors
Trigger, μ ID

Excellent IP and decay time resolution through the VErtex LOcator

Excellent momentum and mass resolution

Accurate particle ID provided by RICH detectors
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P. Álvarez Cartelle

Introduction

LHCb overview

Penguin decays

B → V V
decay rate

B0
s → φ φ

B0
s →K∗K̄∗

Summary

Backup

4 / 25

4 / 20

Penguin decays

Loops are particularly sensitive to
New Physics: New heavy particles
can enter them

Deviations from the Standard
Model prediction can be detected.

Mixing induced CP–Violation:
Measurement of the weak phase φs
(B0

s → φφ, B0
s → K∗0K∗0)
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B → V V decay rate

In B → V1V2 decays, V1 and V2 can have relative orbital angular
momentum L = 0, 1, 2. The decay amplitude (P–wave):

A (B → V V ) = A0 cos θ1 cos θ2 +
A‖√

2
sin θ1 sin θ2 cosϕ+ i

A⊥√
2

sin θ1 sin θ2 sinϕ

Ā
(
B̄ → V̄ V̄

)
= Ā0 cos θ1 cos θ2 +

Ā‖√
2

sin θ1 sin θ2 cosϕ− i
Ā⊥√

2
sin θ1 sin θ2 sinϕ

The final state is identical to decays with intermediate scalar resonances,
B → SV , B → V S or B → SS (S–wave)

...+
ASV√

3
(cos θ1 + cos θ2) +

ASS

3
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B → V V decay rate

Squaring the amplitude the decay rate is:

dΓ

ΓdΩdt
=

∑
i

Ki(t)fi(Ω)

fi(Ω) are angular functions and Ki(t) are time dependent terms

Time dependent terms contain the interesting parameters

Polarization fractions: |A0|2, |A‖|2, |A⊥|
Strong phases: δ‖, δ⊥

S–wave parameters: |ASV |2, |ASS |2, δSV , δSS

CP–violating phase: φS (CP eigenstates)
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B0
s → φφ

Sensitive to CP–violation in
interference between mixing
and decay.

b→ ss̄s transition ⇒ SM
expectation of φs is zero as
cancellation of mixing and
decay weak phases.

Mixture of CP–odd and
CP–even components in the
final state → Time dependent
angular analysis

801± 31 candidates observed
in KKKK final state using
1fb−1 of 2011 LHCb data.
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LHCb–PAPER–2013–007, arXiv:1303.7125[hep–ex]

http://arxiv.org/pdf/1303.7125v1.pdf
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B0
s → φφ: Time–dependent analysis

Time dependent terms

were ai, bi, ci, di depend on the strong phases (δ‖, δ⊥, δSV , δSS)
and the weak phase φS

Analysis requirements:

Terms of the form sinφS sin(∆mSt) are the most sensitive for
φS measurement ⇒ Flavour tagging

Angular and lifetime acceptances and resolutions.
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B0
s → φφ: Time–dependent analysis

Flavour tagging: “opposite side” and “same side kaon” taggers are
used. Total tagging power εtagD2 = (3.29± 0.48)% where
D = (1− 2ωmistag)

  

Same side

Opposite side

proton protonPrimary vertex

Signal B
S

K from b jet

Opposite B

negative lepton taggers
(e-, μ-) from b-quark

positive leptons from
b→c→l cascade

opposite Kaon
tagger (K-)

vertex-charge tagger
from inclusive vertexing

K+

K-

K+

K-
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P. Álvarez Cartelle

Introduction

LHCb overview

Penguin decays

B → V V
decay rate

B0
s → φ φ

B0
s →K∗K̄∗

Summary

Backup

10 / 25

10 / 20

B0
s → φφ: Time–dependent analysis

Time resolution: Single gaussian convolution (39.7 fs from
simulation)

Time and angular acceptances

Forward geometry of the detector and momentum cuts in the
selection introduce a bias in the helicity angles (< 20%).

Biases in the decay time distribution arise from requirements in the
kaons impact parameter with respect to the PV used to select
signal from background.

Both acceptance functions are taken from simulation.
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B0
s → φφ: S-P-wave coupling

The amplitudes Ai contain a hidden
dependence on the KK invariant mass.

P–wave: Breit–Wigner shape
S–wave: Flatté model

Since we consider a finite mass window
(±15 MeV/c2) around the φ nominal mass ⇒
Correction factor in the interference terms
between different partial waves.

The mKK spectra were studied to crosscheck
the amount of S–wave obtained with the
angular fit.

The final result assumes no B0
s → f0f0

(SS–wave) contamination.
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B0
s → φφ: Time–dependent analysis

Decay time [ps]
0 5 10

C
an

di
da

te
s 

/ (
0.

33
 p

s)

1

10

210
LHCb(a)

 [rad]Φ
-2 0 2

C
an

di
da

te
s 

/ (
0.

26
 r

ad
)

0

10

20

30

40

50

60

70

LHCb(b)

1θcos 
-1 -0.5 0 0.5 1

C
an

di
da

te
s 

/ 0
.1

0

10

20

30

40

50

60

70

LHCb(c)

2θcos 
-1 -0.5 0 0.5 1

C
an

di
da

te
s 

/ 0
.1

0

10

20

30

40

50

60

70

LHCb(d)

Total
CP–even
CP–odd
S–wave

ΓS and ∆ΓS from B0
s → J/ψφ

LHCB-PAPER-2013-002 in preparation.

∆mS = (17.73± 0.05)ps−1, LHCb-CONF-2011-050.

LHCb–PAPER–2013–007, arXiv:1303.7125[hep–ex]

http://arxiv.org/pdf/1303.7125v1.pdf
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B0
s → φφ: Time–dependent analysis

Dominant systematic uncertainties from time acceptance and S–wave

The likelihood profile for φS is not parabolic ⇒ A 68% CL is quoted

φS ∈ [−2.46,−0.76] rad at 68% CL

Systematic uncertainties included

p–value of the SM hypothesis: 16%
 [rad]
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http://arxiv.org/pdf/1303.7125v1.pdf
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B0
s → K∗0K∗0

Unobserved b→ s decay

Interesting for precision CP–violation studies, where
B0 → K∗0K∗0 is used to control theoretical uncertainties

Theoretical prediction for its BF [Beneke, Rohrer and Yang]

B(B0
s → K∗0K∗0) = (9.1+11.3

−6.8 )× 10−6

Searched for at SLD: B(B0
s → K∗0K∗0) < 1.68× 10−3 (90% CL)

Analysis based on 35pb−1 of 2010 LHCb data

LHCb Collaboration, R. Aaij et al., Phys. Lett. B709 (2012) 50

http://arxiv.org/abs/hep-ph/0612290
http://arxiv.org/pdf/1111.4183v3.pdf
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B0
s → K∗0K∗0

Cut–based selection + Geometrical Likelihood (B IP, B lifetime, track
IP, B pT )

Possible peaking backgrounds under control:

Resonant structures in KK or ππ spectra

3–body resonances (B0
s → Ds(KKπ)π)

Fit model:

B0
s and B0 signals (Gaussian)

Partially reconstructed background (ARGUS)

Combinatorial background (Exponential)

We observe

Ns = 50.1± 7.5

Nd = 11.2± 4.3

Signal significance of 10.9σ
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B0
s → K∗0K∗0

Final state contains Kπ S–wave
contributions

ML fit to M(K+π−)×M(K−π+)

purity = (62± 18)%

  

K*0 

S - wave

Combinatorial background shape from the sidebands of the B0
s mass

spectrum.

Nonresonant component (linear x phase space)

S(m) = (1 + bm)P (m)
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B0
s → K∗0K∗0: Branching Fraction

The BF is calculated using B0 → J/ψK∗0 as a normalization channel
using

B
(
B0
s → K∗0K∗0

)
= λfL ×

εB0→J/ψK∗0

εB0
s→K∗0K∗0

×
NB0

s

NB0

×Bvis(B0 → J/ψK∗0)× fd
fs
×

(
3

2

)2

NB0
s

and NB0 are the number of candidates found for the signal
and control channel

S–wave contribution per K∗0 from B0 → J/ψK∗0

LHCb-CONF-2011-002

Ratio of efficiencies estimated using simulation

λfL acceptance correction due to different polarization

fs/fd = 0.253± 0.031, LHCb collaboration, PRL 107 (2011)
211801

(Updated measurement: LHCb, JHEP 04 (2013) 001 )
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B0
s → K∗0K∗0: Angular Analysis

Untagged and time-integrated angular fit

Acceptance as a function of the helicity angles from simulation

S–wave contribution is neglected in the fit (systematic uncertainty)

|A0|2 = 0.30± 0.12(stat)± 0.04(syst)

|A⊥|2 = 0.38± 0.11(stat.)± 0.04(syst.)

Remarkable difference with its U-spin partner B0 → K∗0K∗0

(BaBar: |A0|2 = 0.80± 0.13)
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B0
s → K∗0K∗0: Branching Fraction
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B(B0
s → K∗0K∗0) = (2.81±0.46(stat)±0.45(syst)±0.34(fs/fd))×10−5

Dominant systematics arise from the trigger efficiency determination and
the polarization measurement.
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Summary

Penguin mediated P → V V decays are very sensitive to BSM
physics.

LHCb has reported first observation of B0
s → K∗0K∗0, measuring

its branching fraction and polarization amplitudes.

A first time–dependent tagged analysis of CP–violation in the
interference between mixing and decay for the B0

s → φφ decay has
been performed:

φS ∈ [−2.46,−0.76]rad at 68% CL

Extension of these CP–violation analyses and new ones
(B0 → φK∗0, Bd,s → ρρ) are expected with 2011+2012 data.

Charmless B → V V decays are golden channels for LHCb analyses
(σ(φS) ∼ 0.02 rad in B0

s → K∗0K∗0 and B0
s → φφ expected for

upgrade).
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BACKUP
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B → V V decay rate

dΓ

ΓdtdΩ
=

∑
i

Ki(t)fi(Ω)
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B0
s → φφ time–dependent terms
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B0
s → K∗0K∗0 angular model

d3Γ

d cos θ1d cos θ2dϕ
∝ |A0|2

ΓL
cos2 θ1 cos2 θ2

|A‖|2

ΓL

1

2
sin2 θ1 sin2 θ2 cos2 ϕ

|A⊥|2

ΓH

1

2
sin2 θ1 sin2 θ2 sin2 ϕ

|A0||A‖|
ΓL

1

2
√

2
cos δ‖ sin 2θ1 sin 2θ2 cosϕ

where ΓL and ΓH are the decay widths of the light and the heavy
B0

s mass eigenstates.
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B0
s → K∗0K∗0 systematics
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