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Reminder of recent results
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Motivation for EWK penguins
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��� In the SM, b→ s FCNC decays
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��� SM BF of the order of 10−6
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��� With angular analysis offers
variety of observables
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��� Allows to test some underlying
details of the NP
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��� Form factors make prediction of
some observables less precise
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��� But many observables are free of
form factor uncertainties
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��� Today, new results on
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��� B0 → K∗0µ+µ−
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��� B0 → K∗0e+e−
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��� B0

s → φµ+µ−
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��� All use 1 fb−1 of data from 2011
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Selection with dimuons
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��� Uses BDT to combine kinematic,
topological and PID inputs
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��� Trained on resonant (J/ψ ) signal
in data
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��� Relatively complicated removal
of cc̄ regions
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��� Decays via J/ψ used for
normalization

B0 → K∗0µ+µ−

B0
s → φµ+µ−

LHCb-PAPER-2013-019

LHCb-PAPER-2013-017



B0 → K∗0µ+µ− — q2 bins
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��� Extended maximum likelihood fit
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��� Signal: double Crystal ball function fixed from J/ψ decays
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��� Bg: combinatorial (exponential), B0

s → K∗0µµ, B0
s → φµµ and

B0 → J/ψK∗0 from MC
LHCb-PAPER-2013-019

140± 13

73± 11 271± 19

168± 15 115± 12 116± 13



B0
s → φµ+µ− — q2 bins
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��� Extended maximum likelihood fit
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��� Signal: double Gaussian function fixed from J/ψ decays
��
��
��
��
��

��
��
��
��
��

���
���
���
���
���

���
���
���
���
��� Bg: combinatorial (exponential)
��
��
��
��
��

��
��
��
��
��

���
���
���
���
���

���
���
���
���
��� Clear signal in all q2 bins
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��� First time we see signal in all q2 bins
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Differential BF
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B0
s
→ φµ+µ−
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��� For B0

s → φµµ we measure
integrated rate
(7.07+0.64

−0.59 ± 0.17± 0.71)× 10−7



Differential BF
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B0
s
→ φµ+µ−
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Low q2 region
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��� Low q2 region particularly sensitive to γ polarization
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��� Decay B0 → K∗0e+e− can reach lower q2 as decay with dimuons
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��� Before moving to angular analysis, measure differential BF in 30 <
m(ℓ+ℓ−) < 1000 MeV
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��� Analysis more challenging by significantly larger brehmstralung
⇒ Try to recover radiated photons
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��� Use of BDT for selection, trained on simulated signal and bg from
data



B0 → K∗0e+e− at low q2
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��� Main physics background from
B0 → K∗0γ with γ conversion
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��� Partially reconstructed bg from
simulation
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Angular analysis
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��� Angular distribution

Ss
1 sin

2 θK + Sc
1 cos

2 θK +

Ss
2 sin

2 θK cos 2θℓ + Sc
2 cos

2 θK cos 2θℓ +

S3 sin
2 θK sin2 θℓ cos 2φ+ S4 sin 2θK sin 2θℓ cosφ +

S5 sin 2θK sin θℓ cosφ+ S6 cos
2 θK cos θℓ +

A7 sin 2θK sin θℓ sinφ+ A8 sin 2θK sin 2θℓ sinφ +

A9 sin
2 θK sin2 θℓ sin 2φ
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��� Helicity angles θl and θK defined by
µ+ (µ−) and K for B0 (B̄0)

��
��
��
��

��
��
��
��

���
���
���
���
���

���
���
���
���
��� Angle φ is given by
sinφ = (p̂µ+ × p̂µ−).p̂K∗0

sinφ = (p̂µ− × p̂µ+).p̂K∗0



Angular analysis

11 9 April 2013 Michal Kreps – Electroweak penguins with di-leptons

��
��
��
��

��
��
��
��

���
���
���
���
���

���
���
���
���
��� Assuming q2 >> 4m2

µ and transforming φ as φ+π if φ < 0 one can
write

FL cos
2 θK +

3

4
(1− FL)(1− cos2 θK) − FL cos

2 θK(2 cos
2 θℓ − 1) +

1

4
(1− FL)(1− cos2 θK)(2 cos

2 θℓ − 1) +

S3(1− cos2 θK)(1− cos2 θℓ) cos 2φ̂ +
4

3
AFB(1− cos2 θK) cos θℓ +

A9(1− cos2 θK)(1− cos2 θℓ) sin 2φ̂
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��� The observables have to satisfy:
|AFB| ≤

3

4
(1− FL), |A9| ≤

1

2
(1− FL), |S3| ≤

1

2
(1− FL)
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��� The statistical uncertainties estimated using Feldman-Cousins
technique
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��� At lowest q2 bin one needs also correction from breakdown of q2 >>
4m2

µ assumption



B0
s angular analysis
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��� After adding decay rate for Bs and B̄s it looks very similar to B0

angular distribution
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��� Main difference is that Bs → φµ+µ− is not self-tagging
→ No sensitivity to AFB unless production flavour is tagged
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��� Also full angular analysis difficult with current statistics
→ Look to 1D distributions instead

θK :
3

4
(1− FL)(1− cos2 θK) +

3

2
FL cos

2 θK ,

θℓ :
3

8
(1− FL)(1 + cos2 θℓ) +

3

4
FL(1− cos2 θℓ) +

3

4
As

6 cos θℓ,

dφ :
1

2π
+

1

2π
S3 cos 2φ+

1

2π
A9 sin 2φ
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��� Subsequently fit all three distributions
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��� I would also say that B0 and Bs look
consistent
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B0 → K∗0µ+µ−

LHCb-PAPER-2013-019
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s →
φµ+µ−

��
��
��
��
��

��
��
��
��
��

���
���
���
���
���

���
���
���
���
��� Within limited statistics consistent
with SM

��
��
��
��

��
��
��
��

���
���
���
���
���

���
���
���
���
��� I would also say that B0 and Bs look
consistent
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��� Probably best known of angular
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��� Early measurements caused some
excitements
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��� With increased statistical power of LHCb,
fully consistent with SM

For B0
s → φµµ

no sensitivity without
flavour tagging

q20 = (4.9± 0.9) GeV2
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form-factor uncertainties
���
���
���
���
���

���
���
���
���
���

���
���
���
���
���

���
���
���
���
��� It is not easy to handle correlations while maintaining solid meaning
of uncertainties

→ Extract also A2
T and ARe

T
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→ But placing strong constraints on new physics
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��� Papers to be submitted soon
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��� B0 theory based on JHEP 07 (2011) 067, NP B612 (2001) 25, PR D70 (2004)

114005, EPJ C71 (2011) 1635, PR D71 (2005) 014029, JHEP 11 (2008) 032
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prediction from JHEP 01 (2009) 019, JHEP 0807 (2008) 106, PR D71 (2005)
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