
Study of penguin’s contribution in the
measurement of the phase φs in B0

s→ J/ψφ
decays at LHCb

Walaa Kanso
Supervisor: Olivier Leroy

JRJC 2013
CPPM, Aix-Marseille Université CNRS/IN2P3, Marseille, France

W. Kanso Penguin’s pollution in B0
s → J/ψφ 04/12/2013 1 / 24



Outline

1 Introduction

2 LHCb detector at LHC

3 Analysis of penguin’s contribution in B0
s → J/ψφ

4 Phenomenological interpretation

5 Conclusions and prospects

W. Kanso Penguin’s pollution in B0
s → J/ψφ 04/12/2013 2 / 24



Introduction

Standard Model

Successes and limits
Standard Model: describes
particles and their interactions
Validated by the experience so far
But many questions remain
unanswered:

mass hierarchy of elementary
particles
predominance of matter on
anti-matter...

⇒ We search for New Physics beyond
the Standard Model
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Introduction

CP Violation?

CKM Matrix
CKM matrix accounts for CP violation and quark mixing0@ d
s
b

1Asaveur

=

0@ Vud Vus Vub
Vcd Vcs Vcb
Vtd Vts Vtb

1A 0@ d
s
b

1Amasse

Wolfenstein parametrization of the CKM matrix:

VCKM =

0@ 1− λ2/2 λ Aλ3(ρ− iη)
−λ 1− λ2/2 Aλ2

Aλ3(1− ρ− iη) −Aλ2 1

1A +O(λ4)

λ ∼ 0.22
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Introduction

CP violating phase φs in B0
s→ J/ψφ decay

Interference between B0
s

decaying directly to J/ψφ
OR first oscillates to B0

s
and then decays to the
same final state.

φs = φM − 2φD =
−2βs + ∆φpeng

s + δNP

βs = arg(− VtsV?tb
VcsV?cb

)

λ ∼ 0.22

"tree" "penguin"
∼ λ2 ∼ λ4
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Introduction

WHAT?
Study of penguin contributions in the measurement of the CP
violating phase φs in B0

s → J/ψφ decays

WHY?

Indirect SM determination via global fits to experimental data,
ignoring penguins: φSM no Peng

s = −2βs = −0.0364± 0.0016

φLHCb
s (1 fb−1) = 0.01± 0.07(stat)± 0.01(syst)

With LHCb upgrade, σφs ' 0.008 ⇒ mandatory to estimate penguin
contribution to disentangle SM effects from possible NP!

HOW?
Estimate the penguin’s contribution using
the control channel B0

s → J/ψK
∗0

[Faller,arXiv:0810.4248]
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Introduction

The B0
s→ J/ψφ channel

∼ λ2 ∼ λ4

b → ccs
penguins suppressed by λ2

relative to tree

ai and θi : penguin’s parameter for B0
s → J/ψφ

aieiθi ' ′′Penguin/Tree ratio′′, polarization of final states: i = 0,⊥, ‖
λ ∼ 0.22
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Introduction

The control channel B0
s→ J/ψK

∗0

∼ λ2 ∼ λ2

b → ccd
penguins are not suppressed
relative to tree

a′i and θ′i : penguin parameters for B0
s → J/ψK

∗0

i = 0,⊥, ‖, λ ∼ 0.22
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Introduction

Connecting B0
s → J/ψφ and B0

s → J/ψK
∗0

Penguin parameters:
ai and θi for B0

s → J/ψφ
a′i and θ′i for B0

s → J/ψK
∗0

Approximations of SU(3) flavour (quarks u,d , s are identical)

ai = a′i , θi = θ′i

i = 0,⊥, ‖

Effect of penguin processes

Shift on φs due to penguin diagrams

tan(∆φi,peng
s ) = f (ai , θi)

i = 0,⊥, ‖

What do we measure?
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Introduction

Observables

We have 2 observables for each polarization (i = 0,⊥, ‖):

The observable Hi

Hi = 1−2ai cos θi cos γ+ai
2

1+2εai cos θi cos γ+ε2ai
2 = 1−λ2

λ2

∣∣∣ Ai
A′ i

∣∣∣2 f i
J/ψK∗ .BR(B0

s→J/ψK∗0
)

f i
J/ψφ.BR(B0

s→J/ψφ)

Direct CP violation in B0
s → J/ψK

∗0

ACP
i = 2ai sin θi sin γ

1−2ai cos θi cos γ+a2
i

=
Γi

B0
s
−Γi

B0
s

Γi
B0

s
+Γi

B0
s

Hi and ACP
i form a non trivial system of two equations with two

unknowns : ai and θi ⇒ ∆φi,peng
s
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LHCb detector at LHC

LHCb detector

LHC: Large Hadron Collider
1 fb−1, collected in 2011 at√

s = 7 TeV
2 fb−1, collected in 2012 at√

s = 8 TeV

LHCb
Physics program:

CP violation (beauty/charm)
Rare decays

Forward geometry:
VELO:
Vertex reconstuction (σIP ∼ 14µm)

proper time measurement (σt ∼ 40 fs)

Tracker & magnet
track’s reconstruction & momenta

(δp/p ∼ 0.4%)

2 RICH: K − π identification

2 → 100 GeV/c
Calorimeters:
energy measurement, identify π0,γ

Muon systems:
detect & reconstruct µ
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LHCb detector at LHC

Opposite-side taggers (OST)

pp collisions at LHC ⇒ production of b quarks, always created in
pairs, bb
Uses the Opposite B0

s (B0
s) to determine the flavour of the Signal

B0
s (B0

s)

µ, e from semi-leptonic modes, Kaon (K ) from b → c → s,
inclusive secondary vertex form B decay products

W. Kanso Penguin’s pollution in B0
s → J/ψφ 04/12/2013 12 / 24



LHCb detector at LHC

Same-side Kaon tagger (SSKT)

Exploits the hadronization process of the b(b)̄ quark forming the
Signal B0

s (B0
s)

b quark fragmentation ⇒ s quark available to form a hadron
which leads to a charged kaon (K )
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LHCb detector at LHC

Tagging algorithms

Use mainly the charge of the taggers to identify each
reconstructed event as either a B0

s (q = +1) or
a B0

s (q = −1) at production
Calculate the probability that the tagging determination is wrong
(predicted mistag η) using simulated events and then calibrate
with real data.
Determine tagging efficiency (ε) and tagging power (εD2), which
represents the effective reduction of the signal sample size due
to tagging

Mistag Efficiency Tagging power
OST 39.2% (33.0± 0.3)%(stat) (36.8± 0.2)%(stat)

SSKT 35.0% (10.3± 0.2)%(stat) (0.9± 0.2)%(stat)
Total 35.9% (39.4± 0.3)% (3.1± 0.1± 0.2)%
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Analysis of penguin’s contribution in B0
s → J/ψφ

Analysis of penguin’s
contribution in B0

s→ J/ψφ
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Analysis of penguin’s contribution in B0
s → J/ψφ

Analysis Methodology

The control channel B0
s → J/ψK

∗0
is a P2VV decay ⇒

angular analysis required to disentangle the polarization
amplitudes

Presence of P and S-wave in the Kπ system

Fit to mass, angles and split into K +π− and K−π+ to extract:
polarization amplitudes and phases
polarization-dependent CP asymmetries

Starting point [LHCb,PRD.86(2012)071102]: 0.37 fb−1 of
B0

s → J/ψK
∗0

analyzed to extract BR and polarization fractions
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Analysis of penguin’s contribution in B0
s → J/ψφ

Fit 2011+2012 real data (Preliminary!)

Full m(J/ψ,K−π+) and angles fit
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Analysis of penguin’s contribution in B0
s → J/ψφ

Results of Simultaneous fit to 2011+2012 data
(preliminary!)

3 fb−1(preliminary) 0.37 fb−1
[LHCb,PRD.86(2012)071102]

N
B0

s
NB0

(0.88± 0.03)% (0.85± 0.09)%

BR(B0
s→J/ψK∗0

)

BR(B0→J/ψK∗0)
(4.74± 0.16 (stat)) .10−5 (4.42± 0.45 (stat)± 0.80 (syst)) .10−5

f0(B0
s ) 0.56± 0.02(stat) 0.50± 0.08(stat)± 0.02(syst)

f‖(B0
s ) 0.18± 0.03(stat) 0.19± 0.09(stat)± 0.02(syst)

ACP
‖ (B0

s ) xxx±0.15(stat) −
ACP
⊥ (B0

s ) xxx±0.11(stat) −
ACP

0 (B0
s ) xxx±0.05(stat) −

ACP(B0
d) −0.002± 0.003(stat) −

Signal yields and polarization fractions consistent with previous
results
BR(B0

s→J/ψK∗0
)

BR(B0→J/ψK∗0)
= fd

fs

NB0
s

NB0
× corr(B0

s ,B0)

f⊥ = 1− f‖ − f0
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Analysis of penguin’s contribution in B0
s → J/ψφ

Direct CP violation

ACP = Araw + AD(K−π+)− κsAP(B0
s ) [LHCb,PRL.108(2012)201601]

Observable What we measure Corrections
ACP Araw AD(K−π+), κs,AP(B0

s )

AD is the detection asymmetry and AP is the production
asymmetry
The dilution factor κs is due to the mixing in B0

s mesons:
|κsAP(B0

s )| � |AD(K−π+)|, |Araw |

ACP
0 = Araw

0 + AD (longitudinal polarization)
⇒ ACP

0 = xxx ± 0.052(exp)
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Phenomenological interpretation

Determination of the
observables Hi and ACP

i
⇒ ∆φ

i ,peng
s = f (Hi ,ACP

i )

W. Kanso Penguin’s pollution in B0
s → J/ψφ 04/12/2013 20 / 24



Phenomenological interpretation

H0

H0 = 1−λ2

λ2

∣∣∣ A0
A′0

∣∣∣2 f
J/ψK∗

0 .BR(B0
s→J/ψK∗0

)

f J/ψφ
0 .BR(B0

s→J/ψφ)

Observable What we measure Corrections

H0 BR(B0
s → J/ψφ),BR(B0

s → J/ψK
∗0

), f J/ψφ
0 , f J/ψK∗

0
1−λ2

λ2 ,
˛̨̨
A0
A′0

˛̨̨2

Branching fractions
BR(B0

s → J/ψK
∗0

) = (4.74± 0.16 (stat)± 0.80 (syst))× 10−5

BR(B0
s → J/ψφ) = (1.05± 0.11)× 10−3

[ LHCb-PAPER-2012-040]

Polarization fractions
f J/ψK∗

0 = 0.56± 0.02
f J/ψφ
0 = 0.52± 0.01 [LHCb-PAPER-2013-002]

SU(3) breaking factor:
˛̨̨
A′0
A0

˛̨̨
= 0.42± 0.27 [Faller et al.,arXiv:0810.4248]

⇒ H0 = 1.36± 0.57 (exp)± 0.88 (theo)

W. Kanso Penguin’s pollution in B0
s → J/ψφ 04/12/2013 21 / 24



Phenomenological interpretation

∆φpeng
s , blinded results

Hi and ACP
i form a non trivial system of two equations with two

unknowns : ai and θi ⇒ ∆φi,peng
s

SOLUTION Value Experimental error Theoretical error
∆φ0

s xxx 0.02 0.06
∆φ

‖
s xxx 0.04 0.06

∆φ⊥s xxx 0.02 0.03

Experimental uncertainties on ∆φi
s in the order of 0.02−0.04

Actual numbers depend a lot on theoretical inputs and central
values
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Phenomenological interpretation

Effect of ∆φpeng
s

Zoom in previous figure

It’s mandatory to control penguin contribution in φs!!
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Conclusions and prospects

Conclusions

First look at angular analysis of B0
s → J/ψK

∗0
with 3 fb−1 to

estimate penguin contribution in φs: BR, polarization amplitudes
and direct CP asymmetry
My contributions: fit, direct CP violation and phenomenological
interpretation

Prospects

Selection re-optimization using MVA ongoing
Various analyses improvements/cross-checks ongoing (angular
acceptance, sFit, helicity basis, fit in bins of mKπ...)
Evaluate systematics

Normalize BR(B0
s → J/ψK

∗0
) to BR(B0

s → J/ψφ)
Control theoretical error in SU(3)
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Backups
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SU(3) factors

[Fleischer,arXiv:0810.4248] [Y.Xie,arXiv:1309.0313]∣∣∣A′0A0

∣∣∣ 0.42± 0.27 0.86± 0.20

|A
′
‖

A‖
| 0.70± 0.29 0.85± 0.20

|A
′
⊥

A⊥ | 0.38± 0.16 0.87± 0.09
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Fit 2011 real data

Full m(J/ψ,K−π+) and angles fit
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Fit model

Pq(mJ/ψKπ,Ω) = Pq(mJ/ψKπ)Pq(Ω),
Ω = ψ, θ, ϕ angles in transversity basis

q = s, d

Mass distribution

Psig(Bq) =

f × Apolonio(mi ,MBq , σ1, a, b, n) + (1− f )× Apolonio(mi ,MBq , σ2, a, b, n)

Apolonio(m,m0, σ, a, b, n) ' exp
„
−b

q
1 + ( m−m0

σ
)2

«

Pbkg(mi) = eκbkg mi
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Signal angular distribution

P(Ω) = Acc(Ω)× Phys(Ω)
Acc(Ω) = Accψ(ψ) Accθ(θ) Accϕ(ϕ)

Acceptances taken from MC
Accψ(ψ), Accθ(θ): polynomial functions
Accϕ(ϕ): sinusoidal function

Background angular distribution

PBkg(Ω) = Accψ(ψ)× Accθ(θ)×
“

1 +
P3

n=1 kpnϕ
n
”

Accψ(ψ), Accθ(θ) same as signal
Accϕ(ϕ) left free in the fit to the B0

s right−hand mass sideband
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Update on BR(B0
s→ J/ψK

∗0
)

BR(B0
s→J/ψK∗0

)
BR(B0→J/ψK∗0)

= fd
fs

εtot
B0

εtot
B0

s

λB0

λB0
s

f (d)

K∗

f (s)

K∗

NB0
s

NB0

Parameter Name Value
Hadronization fractions fd/fs 3.91± 0.31 [LHCb–PAPER-2012-037]

Efficiency ratio εtot
B0/ε

tot
B0

s
0.97± 0.01 [LHCb-PAPER-2012-014]

Angular corrections λB0/λB0
s

1.01± 0.04 [LHCb-PAPER-2012-014]

Ratio of K∗ fractions f (s)
K∗ /f

(d)
K∗ 1.09± 0.08 [LHCb-PAPER-2012-014]]

B signal yields NB0
s
/NB0 (8.76± 0.29)× 10−3, fit to 3 fb−1 data

Magenta numbers taken from the analysis with 0.37 fb−1,
update ongoing...

⇒ BR(B0
s → J/ψK

∗0
) = (4.74± 0.16 (stat))× 10−5

compatible with previous result with 0.37 fb−1 :
BR(B0

s → J/ψK
∗0

) = (4.42± 0.45 (stat)± 0.80 (syst))× 10−5

[LHCb-PAPER-2012-014]
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Direct CP violation

ACP = Araw + AD(K−π+)− κsAP(B0
s ) [LHCb-PAPER-2013-018]

AD is the detection asymmetry and AP is the production
asymmetry
The dilution factor κs is due to the mixing in B0

s mesons:

κs =
R∞

0 e−Γs t cos(∆ms t)εs(t)dtR∞
0 e−Γs t cosh(∆Γs

2 t)εs(t)dt

κs is small (' −0.033± 0.003 in B0
s → K−π+

[LHCb-2013-PAPER-018]) so |κsAP(B0
s )| � |AD(K−π+)|, |Araw |
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Detection asymmetry

ACP
0 = Araw

0 + AD

AD = (−1.22± 0.21)% in B0
s → K−π+ [LHCb-PAPER-2013-018]

we did many cross-checks on B0
s and B0 kinematics

Re-use the detection asymmetry measured in
B0

s → K−π+ [LHCb-PAPER-2013-018] :
AD measured in D∗+ → D0π+ with D0 → K−π+

The kinematics of the D∗+ sample reweighted to match those of
B0

s → K−π+ and B0 → K +π−

⇒ ACP
0 = 0.020± 0.052(exp)

W. Kanso Penguin’s pollution in B0
s → J/ψφ 04/12/2013 32 / 24



∆φpeng
s , blinded results

Hi and ACP
i form a non trivial system of two equations with two

unknowns : ai and θi ⇒ ∆φi,peng
s

SOLUTION 1 value experimental error theoretical error
H0 2.180 0.454 1.401
ACP

0 0.020 0.052 0.000
a0 0.786 0.189 0.583
θ0 3.139 0.081 0.009

∆φ0
s −0.023 0.019 0.059

SOLUTION 2 value experimental error theoretical error
H0 2.180 0.454 1.401
ACP

0 0.020 0.052 0.000
a0 1.663 0.209 0.645
θ0 0.078 0.041 0.008

∆φ0
s 0.202 0.019 0.060

same for parallel and perpendicular polarizations
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SOLUTION 1 value experimental error theoretical error
∆φ0

s −0.023 0.019 0.059
∆φ

‖
s 0.123 0.036 0.056

∆φ⊥s −0.018 0.021 0.030

Green numbers are blinded with same blinding string
Experimental uncertainties on ∆φi

s in the order of 0.02−0.04
Actual numbers depend a lot on theoretical inputs and central
values
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s
φ

-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3

SM ignoring penguins = -0.0364 +/- 0.0016

SM penguins included, 2013, BLINDED central value

Red = total uncertainty. Green = theo. uncertainty

LHCb 1fb-1

LHCb 3fb-1 (expected)

LHCb upgrade
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Fit 2011 real data

Full m(J/ψ,K +π−) and angles fit
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Fit 2012 real data
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SOLUTION 1 value experimental error theoretical error
H0 2.180 0.454 1.401

ACP
0 0.030 0.052 0.000

a0 1.663 0.209 0.645
θ0 0.078 0.041 0.008

∆φ0
s 0.202 0.019 0.060

H‖ 0.952 0.253 0.395
ACP
‖ −0.040 0.150 0.000

a‖ 0.811 0.376 0.586
θ‖ 0.027 0.106 0.008

∆φ
‖
s 0.123 0.036 0.056

H⊥ 2.340 0.568 0.985
ACP
⊥ 0.084 0.110 0.000

a⊥ 0.907 0.227 0.391
θ⊥ 2.565 0.173 0.034

∆φ⊥s −0.018 0.021 0.030
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Solving the 2-fold ambiguity in (ai , θi)

1 Measuring mixing induced CPV in B0 → J/Ψρ [Faller et al., arXiv:0810.4248]

BR(B0 → J/Ψρ) = (2.49± 0.33± 0.28)× 10−5
[LHCb, PRD87,052001 (2013)]

2 Hints of the physical solution can also been obtained from the
expectations ai < 1
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Decay amplitude of B0
s → J/ψφ [Faller,arXiv:0810.4248]

A(B0
s → J/ψφ) = (1− λ2

2
)A[1 + εaieiθi eiγ ]

A = |Vcb|[Tc + Pc − Pt ], ε =
λ2

1− λ2

Penguin parameters are ai et θi (f = 0,⊥, ‖)

aieiθi = (1− λ2

2
) |Vub/(λVcb)|

[
P f

u + P f
t

T f
c + P f

c − P f
t

]
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Effect of penguin processes

Shift on φs due to penguin diagrams

tan(∆φi,peng
s ) =

2εai cos θi sin γ + ε2ai
2 sin 2γ

1 + 2εai cos θi cos γ + ε2ai
2 cos 2γ

ε = λ2

1−λ2 , i = 0,⊥, ‖
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Decay amplitude
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Mass fit with RooApollonios

Function invented by Diego to describe the mass distribution, m.
See (23 May 2013)
depends on 5 parameters: m0, σ,a,b,n
Define:

ξ =
m −m0

σ

B =
n
√

1 + a2

ab
− a

A = exp
(
−b

√
1 + a2

)
(B + a)n

If ξ > −a, Apollonios(m,m0, σ,a,b,n) = exp
(
−b

√
1 + ξ2

)
Else, Apollonios(m,m0, σ,a,b,n) = A/(B − ξ)n
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1

Mass resolution model

• The mass resolution has not a single 
value   a Gaussian model is not 
enough

• We assume that the distribution of 
the mass resolution has the same 
functional form as that of the mass 
error ( Amoroso/ LogGamma)

• In this case, the mass pdf, instead of 
a gaussian, should follow

And this looks 
Very much like 
an 
hyperbola…

Gaussian with
Wider tails… Log 

Scale
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2

Introducing new function

Gaussian 
peaks

LHCb 
mass 
peaks?

J/ψΦ Mass 
(no J/ψ constr.)

Propertime resolution
DsK (courtesy of Vava)

   Then we add a Crystalball like tail for radiative effects
   Sadly, after J/psi mass constrain, the mass distribution 
   becomes a bit  more complex…

•  We define Pdf = exp^{hyperbola} =  
         (hereafter Apollonios distribution)

• i.e, basicaly we change the choice of “conic” 
function (Gaussian is exp^{parabola})

• Converges to a gaussian of σ = θ/b close to the 
peak

• Tails converge to exponential

•  Fits very well certain resolution cases 
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Selection criteria for B0
s → J/ψK

∗0
candidates

Decay mode Cut parameter Final selection
all tracks GLsb >0.2

J/ψ → µ+µ− χ2
FD(J/ψ) > 169

DOCA(J/ψ) < 0.3
χ2

vtx(J/ψ) < 9
χ2

IP(µ) > 25

K
∗0 → K−π+ ∆ lnLKπ(K ) < −6

∆ lnLπK (π) < −6
pT (K +) > 500 MeV/c
pT (p−) > 500 MeV/c

M(K−π+) ∈ [826, 966] MeV/c2

χ2
IP/(K +) > 4
χ2

IP(p−) > 4

B0
s → J/ψK

∗0
M(B0

s ) ∈ [5200, 5450] MeV/c2

χ2
IP(B0

s ) < 25
B+→ J/ψK +veto |M(J/ψ,K )− 5279| > 60 MeV/c2
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f1(Ω) = 2 cos2 ψ(1− sin2 θ cos2 ϕ)

f2(Ω) = sin2 ψ(1− sin2 θ sin2 ϕ)

f3(Ω) = sin2 ψ sin2 θ

f4(Ω) = − sin2 ψ sin 2θ sinϕ

f5(Ω) =
1√
2

sin 2ψ sin2 θ sin 2ϕ

f6(Ω) =
1√
2

sin 2ψ sin 2θ cosϕ

f7 =
2
3

[1− sin2 θ cos2 ϕ]

f8 =

√
6

3
sinψ sin2 θ sin(2ϕ)

f9 =

√
6

3
sinψ sin(2θ) cosϕ

f10 =
4
√

3
3

(cosψ) [1− sin2 θ cos2 ϕ]
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d3 Γ(K−π+)

dΩ
∝ 2|A0|2 cos2

ψ(1−sin2
θ cos2

ϕ)+|A‖|
2 sin2

ψ(1−sin2
θ sin2

ϕ)+|A⊥|2 sin2
ψ sin2

θ

− |A‖||A⊥| sin(δ⊥ − δ‖) sin2
ψ sin(2θ) sinϕ +

1
√

2
|A0||A‖| cos(δ‖ − δ0) sin 2ψ sin2

θ sin 2ϕ

+
1
√

2
|A0||A⊥| sin(δ⊥ − δ0) sin 2ψ sin(2θ) cosϕ +

2
3
|AS|2(1− sin2

θ cos2
ϕ)

+

√
6

3
|A‖||AS| cos(δ‖−δS) sinψ sin2

θ sin(2ϕ) +

√
6

3
|A⊥||AS| sin(δS − δ⊥) sinψ sin(2θ) cosϕ

+
4
√

3
3
|A0||AS| cos(δS − δ0) cosψ (1− sin2

θ cos2
ϕ)

d3 Γ(K +π−)

dΩ
∝ 2|Ā0|2 cos2

ψ(1−sin2
θ cos2

ϕ)+|Ā‖|
2 sin2

ψ(1−sin2
θ sin2

ϕ)+|Ā⊥|2 sin2
ψ sin2

θ

+ |Ā‖||Ā⊥| sin(δ⊥ − δ‖) sin2
ψ sin(2θ) sinϕ +

1
√

2
|Ā0||Ā‖| cos(δ‖ − δ0) sin 2ψ sin2

θ sin 2ϕ

−
1
√

2
|Ā0||Ā⊥| sin(δ⊥ − δ0) sin 2ψ sin(2θ) cosϕ +

2
3
|ĀS|2(1− sin2

θ cos2
ϕ)

+

√
6

3
|Ā‖||ĀS| cos(δ‖−δS) sinψ sin2

θ sin(2ϕ) −
√

6
3
|Ā⊥||ĀS| sin(δS−δ⊥) sinψ sin(2θ) cosϕ

+
4
√

3
3
|Ā0||ĀS| cos(δS − δ0) cosψ (1− sin2

θ cos2
ϕ)
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Definition of transversity angles

µ: polar angle θ, azimuthal angle ϕ in the rest frame of J/Ψ
K +: polar angle Ψ in the rest frame of φ
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Definition of helicity angles

Thehelicity anglesaredenoted byΩ= (θK ,θµ,φh) and their definition isshown in Fig. 7.
Thepolar angleθK is theanglebetween theK + and theaxis in thedirection oppositeto
theB0s in theK

+K − center-of-mass system. Similarly, θµ is defined in theµ+µ− centre-
of-mass systemwith thedirection of theµ+. The relativeorientation of theK +K − and
µ+µ− systems is given by φh, the azimuthal angle between the two decay planes. This
angle is defined by a rotation fromtheK − sideof theK +K − planeto theµ+ sideof the
µ+µ− plane. Therotation is positive in theµ+µ− direction in theB0s rest frame.
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We have checked (see my talk on 14/03) that:
AD doesn’t change ACP uncertainty
AD has no sizable effect on ∆φpeng

s
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Kinematic variables of B0
s and B0 in REAL DATA 2012
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Kinematic variables of B0
s and B0 in REAL DATA 2012
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Kinematic variables of B0
s and B0 in REAL DATA 2012
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Kinematic variables of B0
s and B0 in REAL DATA 2012, Magnet UP
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Kinematic variables of B0
s and B0 in REAL DATA 2012, Magnet UP
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B0
s and B0 decay chain have similar kinematic properties so B0 can

be used instead of B0
s to reweight the D∗ sample

Same distributions for data 2012, magnet DOWN and for real data 2011,
magnet DOWN, UP and DOWN+UP
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Kinematic variables of B0
s and B0 in REAL DATA 2011

Bs_data
Entries  39846

Mean     3021± 1.056e+05 

RMS      2136± 4.923e+04 
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Entries  39846

Mean     3021± 1.056e+05 

RMS      2136± 4.923e+04 
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Entries  39846

Mean     3021± 1.056e+05 

RMS      2136± 4.923e+04 

Bd_data
Entries  39988

Mean    279.1± 1.122e+05 

RMS     197.3± 5.538e+04 

Bd_data
Entries  39988

Mean    279.1± 1.122e+05 

RMS     197.3± 5.538e+04 

Bd_data
Entries  39988

Mean    279.1± 1.122e+05 

RMS     197.3± 5.538e+04 

 awayσMeans are: 2.2 
 awayσRMS are: 2.9 

Kolmogrov probability  : 0.367189
 probability  : 0.3671892χ
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Entries  39846

Mean      225±   6885 

RMS     159.1±   3681 

Bs_data
Entries  39846

Mean      225±   6885 

RMS     159.1±   3681 

Bd_data
Entries  39988

Mean    21.25±   7513 

RMS     15.03±   4218 

Bd_data
Entries  39988

Mean    21.25±   7513 

RMS     15.03±   4218 

Bd_data
Entries  39988

Mean    21.25±   7513 

RMS     15.03±   4218 

 awayσMeans are: 2.8 
 awayσRMS are: 3.4 

Kolmogrov probability  : 0.0235047
 probability  : 0.02350472χ
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Kinematic variables of B0
s and B0 in REAL DATA 2011

Bs_data
Entries  39846

Mean     1310± 4.357e+04 

RMS     926.4± 2.153e+04 
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Entries  39846

Mean     1310± 4.357e+04 

RMS     926.4± 2.153e+04 

Bs_data
Entries  39846

Mean     1310± 4.357e+04 

RMS     926.4± 2.153e+04 

Bd_data
Entries  39988

Mean    116.7± 4.386e+04 

RMS      82.5± 2.321e+04 

Bd_data
Entries  39988

Mean    116.7± 4.386e+04 

RMS      82.5± 2.321e+04 

Bd_data
Entries  39988

Mean    116.7± 4.386e+04 

RMS      82.5± 2.321e+04 

 awayσMeans are: 0.22 
 awayσRMS are: 1.8 

Kolmogrov probability  : 6.92527e-05
 probability  : 6.92527e-052χ
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Entries  39846

Mean    96.43±   3470 

RMS     68.18±   1577 

Bs_data
Entries  39846

Mean    96.43±   3470 

RMS     68.18±   1577 

Bd_data
Entries  39988

Mean    8.613±   3534 

RMS      6.09±   1711 

Bd_data
Entries  39988

Mean    8.613±   3534 

RMS      6.09±   1711 

Bd_data
Entries  39988

Mean    8.613±   3534 

RMS      6.09±   1711 

 awayσMeans are: 0.66 
 awayσRMS are: 2 

Kolmogrov probability  : 0.257883
 probability  : 0.2578832χ
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Kinematic variables of B0
s and B0 in REAL DATA 2011

Bs_data
Entries  39846

Mean    831.3± 2.416e+04 

RMS     587.8± 1.362e+04 
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Entries  39846

Mean    831.3± 2.416e+04 

RMS     587.8± 1.362e+04 

Bs_data
Entries  39846

Mean    831.3± 2.416e+04 

RMS     587.8± 1.362e+04 

Bd_data
Entries  39988

Mean    70.47± 2.32e+04 

RMS     49.83± 1.399e+04 

Bd_data
Entries  39988

Mean    70.47± 2.32e+04 

RMS     49.83± 1.399e+04 

Bd_data
Entries  39988

Mean    70.47± 2.32e+04 

RMS     49.83± 1.399e+04 

 awayσMeans are: 1.1 
 awayσRMS are: 0.62 

Kolmogrov probability  : 0.093926
 probability  : 0.0939262χ

Kplus_P[MeV/c]
0 10000 20000 30000 40000 50000 60000 70000 80000

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6
Bin by Bin Ratio of Bs and Bd histogramsBin by Bin Ratio of Bs and Bd histograms

Bs_data
Entries  39846

Mean      748± 1.888e+04 

RMS     528.9± 1.227e+04 
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Bs_data
Entries  39846

Mean      748± 1.888e+04 

RMS     528.9± 1.227e+04 

Bs_data
Entries  39846

Mean      748± 1.888e+04 

RMS     528.9± 1.227e+04 

Bd_data
Entries  39988

Mean    62.87± 2.017e+04 

RMS     44.46± 1.248e+04 

Bd_data
Entries  39988

Mean    62.87± 2.017e+04 

RMS     44.46± 1.248e+04 

Bd_data
Entries  39988

Mean    62.87± 2.017e+04 

RMS     44.46± 1.248e+04 

 awayσMeans are: 1.7 
 awayσRMS are: 0.41 

Kolmogrov probability  : 0.00985306
 probability  : 0.009853062χ
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Kinematic variables of B0
s and B0 in REAL DATA 2011, Magnet UP

Bs_data
Entries  16996

Mean     4719± 1.06e+05 

RMS      3337± 4.825e+04 
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Entries  16996

Mean     4719± 1.06e+05 

RMS      3337± 4.825e+04 

Bs_data
Entries  16996

Mean     4719± 1.06e+05 

RMS      3337± 4.825e+04 

Bd_data
Entries  17058

Mean    430.6± 1.131e+05 

RMS     304.4± 5.577e+04 

Bd_data
Entries  17058

Mean    430.6± 1.131e+05 

RMS     304.4± 5.577e+04 

Bd_data
Entries  17058

Mean    430.6± 1.131e+05 

RMS     304.4± 5.577e+04 

 awayσMeans are: 1.5 
 awayσRMS are: 2.2 

Kolmogrov probability  : 0.448211
 probability  : 0.4482112χ
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Bs_data
Entries  16996

Mean    341.9±   6771 

RMS     241.8±   3528 
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Entries  16996

Mean    341.9±   6771 

RMS     241.8±   3528 

Bs_data
Entries  16996

Mean    341.9±   6771 

RMS     241.8±   3528 

Bd_data
Entries  17058

Mean    32.62±   7524 

RMS     23.06±   4223 

Bd_data
Entries  17058

Mean    32.62±   7524 

RMS     23.06±   4223 

Bd_data
Entries  17058

Mean    32.62±   7524 

RMS     23.06±   4223 

 awayσMeans are: 2.2 
 awayσRMS are: 2.9 

Kolmogrov probability  : 0.436972
 probability  : 0.4369722χ
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Kinematic variables of B0
s and B0 in REAL DATA 2011, Magnet UP

Bs_data
Entries  16996

Mean     1970± 4.41e+04 

RMS      1393± 2.042e+04 
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Entries  16996
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RMS      1393± 2.042e+04 

Bs_data
Entries  16996

Mean     1970± 4.41e+04 

RMS      1393± 2.042e+04 

Bd_data
Entries  17058

Mean    178.1± 4.395e+04 

RMS     125.9± 2.311e+04 

Bd_data
Entries  17058

Mean    178.1± 4.395e+04 

RMS     125.9± 2.311e+04 

Bd_data
Entries  17058

Mean    178.1± 4.395e+04 

RMS     125.9± 2.311e+04 

 awayσMeans are: 0.074 
 awayσRMS are: 1.9 

Kolmogrov probability  : 0.835692
 probability  : 0.8356922χ
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Entries  16996

Mean    161.9±   3518 

RMS     114.5±   1679 
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Entries  16996

Mean    161.9±   3518 

RMS     114.5±   1679 

Bs_data
Entries  16996

Mean    161.9±   3518 

RMS     114.5±   1679 

Bd_data
Entries  17058

Mean     13.2±   3533 

RMS     9.336±   1712 

Bd_data
Entries  17058

Mean     13.2±   3533 

RMS     9.336±   1712 

Bd_data
Entries  17058

Mean     13.2±   3533 

RMS     9.336±   1712 

 awayσMeans are: 0.09 
 awayσRMS are: 0.29 

Kolmogrov probability  : 0.553021
 probability  : 0.5530212χ
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Kinematic variables of B0
s and B0 in REAL DATA 2011, Magnet UP

Bs_data
Entries  16996

Mean     1288± 2.608e+04 

RMS       911± 1.337e+04 
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Entries  16996

Mean     1288± 2.608e+04 

RMS       911± 1.337e+04 

Bs_data
Entries  16996

Mean     1288± 2.608e+04 

RMS       911± 1.337e+04 

Bd_data
Entries  17058

Mean    107.7± 2.325e+04 

RMS     76.15± 1.395e+04 

Bd_data
Entries  17058

Mean    107.7± 2.325e+04 

RMS     76.15± 1.395e+04 

Bd_data
Entries  17058

Mean    107.7± 2.325e+04 

RMS     76.15± 1.395e+04 

 awayσMeans are: 2.2 
 awayσRMS are: 0.64 

Kolmogrov probability  : 0.0752988
 probability  : 0.07529882χ
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Bs_data
Entries  16996

Mean     1209± 1.812e+04 

RMS     854.6± 1.254e+04 
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RMS     854.6± 1.254e+04 

Bs_data
Entries  16996

Mean     1209± 1.812e+04 

RMS     854.6± 1.254e+04 

Bd_data
Entries  17058

Mean    96.29± 2.024e+04 

RMS     68.09± 1.248e+04 

Bd_data
Entries  17058

Mean    96.29± 2.024e+04 

RMS     68.09± 1.248e+04 

Bd_data
Entries  17058

Mean    96.29± 2.024e+04 

RMS     68.09± 1.248e+04 

 awayσMeans are: 1.8 
 awayσRMS are: 0.073 

Kolmogrov probability  : 0.00516716
 probability  : 0.005167162χ
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Kinematic variables of B0
s and B0 in REAL DATA 2011, Magnet DOWN

Bs_data
Entries  22850

Mean     3924± 1.06e+05 

RMS      2774± 5.053e+04 
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Bs_data
Entries  22850

Mean     3924± 1.06e+05 

RMS      2774± 5.053e+04 

Bs_data
Entries  22850

Mean     3924± 1.06e+05 

RMS      2774± 5.053e+04 

Bd_data
Entries  22930

Mean    366.8± 1.116e+05 

RMS     259.4± 5.508e+04 

Bd_data
Entries  22930

Mean    366.8± 1.116e+05 

RMS     259.4± 5.508e+04 

Bd_data
Entries  22930

Mean    366.8± 1.116e+05 

RMS     259.4± 5.508e+04 

 awayσMeans are: 1.4 
 awayσRMS are: 1.6 

Kolmogrov probability  : 0.546651
 probability  : 0.5466512χ
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Bs_data
Entries  22850

Mean    290.8±   6964 

RMS     205.7±   3746 
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Entries  22850

Mean    290.8±   6964 

RMS     205.7±   3746 

Bs_data
Entries  22850

Mean    290.8±   6964 

RMS     205.7±   3746 

Bd_data
Entries  22930

Mean    28.05±   7505 

RMS     19.83±   4214 

Bd_data
Entries  22930

Mean    28.05±   7505 

RMS     19.83±   4214 

Bd_data
Entries  22930

Mean    28.05±   7505 

RMS     19.83±   4214 

 awayσMeans are: 1.9 
 awayσRMS are: 2.3 

Kolmogrov probability  : 0.000446608
 probability  : 0.0004466082χ
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Kinematic variables of B0
s and B0 in REAL DATA 2011, Magnet DOWN

Bs_data
Entries  22850

Mean     1732± 4.344e+04 

RMS      1225± 2.24e+04 
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RMS      1225± 2.24e+04 
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Entries  22850

Mean     1732± 4.344e+04 

RMS      1225± 2.24e+04 

Bd_data
Entries  22930

Mean    154.6± 4.378e+04 

RMS     109.3± 2.327e+04 

Bd_data
Entries  22930

Mean    154.6± 4.378e+04 

RMS     109.3± 2.327e+04 

Bd_data
Entries  22930

Mean    154.6± 4.378e+04 

RMS     109.3± 2.327e+04 

 awayσMeans are: 0.19 
 awayσRMS are: 0.71 

Kolmogrov probability  : 1.33726e-11
 probability  : 1.33726e-112χ
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RMS     83.28±   1511 
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Entries  22850

Mean    117.8±   3440 

RMS     83.28±   1511 

Bd_data
Entries  22930

Mean    11.37±   3535 

RMS     8.043±   1711 

Bd_data
Entries  22930

Mean    11.37±   3535 

RMS     8.043±   1711 

Bd_data
Entries  22930

Mean    11.37±   3535 

RMS     8.043±   1711 

 awayσMeans are: 0.8 
 awayσRMS are: 2.4 

Kolmogrov probability  : 0.127055
 probability  : 0.1270552χ
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Kinematic variables of B0
s and B0 in REAL DATA 2011, Magnet DOWN

Bs_data
Entries  22850

Mean     1067± 2.296e+04 

RMS     754.5± 1.374e+04 
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Entries  22850

Mean     1067± 2.296e+04 

RMS     754.5± 1.374e+04 

Bs_data
Entries  22850

Mean     1067± 2.296e+04 

RMS     754.5± 1.374e+04 

Bd_data
Entries  22930

Mean    93.25± 2.316e+04 

RMS     65.93± 1.401e+04 

Bd_data
Entries  22930

Mean    93.25± 2.316e+04 

RMS     65.93± 1.401e+04 

Bd_data
Entries  22930

Mean    93.25± 2.316e+04 

RMS     65.93± 1.401e+04 

 awayσMeans are: 0.19 
 awayσRMS are: 0.36 

Kolmogrov probability  : 0.333343
 probability  : 0.3333432χ
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Bs_data
Entries  22850

Mean      938± 1.947e+04 

RMS     663.2± 1.208e+04 
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Entries  22850

Mean      938± 1.947e+04 

RMS     663.2± 1.208e+04 

Bd_data
Entries  22930

Mean    83.08± 2.011e+04 

RMS     58.75± 1.249e+04 

Bd_data
Entries  22930

Mean    83.08± 2.011e+04 

RMS     58.75± 1.249e+04 

Bd_data
Entries  22930

Mean    83.08± 2.011e+04 

RMS     58.75± 1.249e+04 

 awayσMeans are: 0.69 
 awayσRMS are: 0.61 

Kolmogrov probability  : 0.588562
 probability  : 0.5885622χ
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Kinematic variables of B0
s and B0 in REAL DATA 2012, Magnet UP

Bs_data
Entries  28513

Mean     3307± 9.538e+04 

RMS      2339± 4.174e+04 
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Kolmogrov probability  : 0.198635
 probability  : 0.1986352χ
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 awayσMeans are: 4.4 
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Kinematic variables of B0
s and B0 in REAL DATA 2012, Magnet DOWN
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 awayσMeans are: 2.2 
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Kolmogrov probability  : 0.0074805
 probability  : 0.00748052χ
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 probability  : 0.004339722χ
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Kinematic variables of B0
s and B0 in REAL DATA 2012, Magnet DOWN
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Kinematic variables of B0
s and B0 in REAL DATA 2012, Magnet DOWN
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Errors calculation
∂ tan ∆φs

∂θ
= −

2aε sin γ sin θ

1 + a2 cos(2γ)ε2 + 2a cos γε cos θ)

+
2a cos γε(a2ε2 sin(2γ) + 2aε sin γ cos θ) sin θ

(1 + a2 cos(2γ)ε2 + 2a cos γε cos θ)2

∂ tan ∆φs

∂a
=

2aε2 sin(2γ) + 2ε sin γ cos θ

1 + a2 cos(2γ)ε2 + 2a cos γε cos θ

−
(2a cos(2γ)ε2 + 2 cos γε cos θ)(a2ε2 sin(2γ) + 2aε sin γ cos θ)

(1 + a2 cos(2γ)ε2 + 2a cos γε cos θ)2

σ
2
tan ∆φs = (

∂ tan ∆φs

∂θ
)2σ2

θ + (
∂ tan ∆φs

∂a
)2σ2

a + 2(
∂ tan ∆φs

∂θ
)(
∂ tan ∆φs

∂a
)σ(a,θ)
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