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Violazione di CP nel Modello Standard

• Nel Modello Standard i decadimenti
deboli con cambiamento di sapore sono
descritti dalla matrice 3x3 unitaria
CKM

• È caratterizzata da tre angoli e una
fase, la sola sorgente di CPV nel settore
dei quark

• Buon accordo tra misure sperimentali e
previsioni del Modello Standard per i
parametri del triangolo unitario

• Potenzialità per migliorare la precisione
delle misure
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Fenomenologia della Violazione di CP

La Violazione di CP si può verificare in tre casi:
•
�� ��Violazione Diretta o di Decadimento: considerando uno stato finale flavour specific
questa violazione si realizza quando esiste una differenza tra un processo e il suo CP
coniugato∣∣Af /Āf̄

∣∣ 6= 1 ACP =
Γ(P −→ f )− Γ(P̄ −→ f̄ )

Γ(P −→ f ) + Γ(P̄ −→ f̄ )
= (1−

∣∣Āf̄ /Af

∣∣2)/(1 +
∣∣Āf̄ /Af

∣∣2)

•
�� ��Violazione Indiretta o di Mixing: questa violazione si realizza quando esiste una
differenza tra gli autostati di massa e quelli di CP

|q/p| 6= 1 ACP (t) =
Γ(P(t) −→ f )− Γ(P̄(t) −→ f̄ )

Γ(P(t) −→ f ) + Γ(P̄(t) −→ f̄ )
= (1− |q/p|4)/(1 + |q/p|4)

•
�� ��Violazione per Interferenza: per uno stato finale di CP questa violazione si realizza
a causa di un’interferenza tra il decadimento con o senza mixing

λf = (q/p) · (Āf /Af ) ACP (t)∆Γ=0 = SCPsin(∆mt) + CCPcos(∆mt)

dove

SCP =
2Im(λfCP )

1+ | λfCP |2
CCP =

1− | λfCP |2

1+ | λfCP |2

N. Belloli CPV nei mesoni B neutri IFAE 2017 4 / 26



Etichettatura di sapore per i mesoni B alla produzione (Flavour Tagging)
EUR. PHYS. J. C (2012)72:2022, JINST10(2015)P10005, JINST11(2016)P05010, arXiv:1610.06019

Le misure relative alle oscillazioni di sapore e alle asimmetrie di CP dipendenti dal tempo
richiedono la conoscenza del sapore del b alla produzione.

• Same Side Taggers (SS)
• Opposite Side Taggers (OS)

Ogni algoritmo di tagging fornisce una decisione di tagging, relativa al sapore iniziale del
mesone B e una probabilità che la decisione sia sbagliata (η)
• efficienza di tagging: frazione di eventi con una decisione di tagging
εtag =

Ntagged

Ntagged +Nuntagged

• mistag: frazione di eventi con una decisione di tagging sbagliata ω =
Nwrong

Ntagged

• efficienza effettiva di tagging: fattore di riduzione del campione statistico in
un’analisi con tagging εeff = εtag (1− 2ω)2

• funzione di calibrazione: ω(η) = p0 + p1(η+ < η >)

• incertezza statistica: σstat ∝ 1/
√
εeff N
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Status della misura di β

• β angolo di uno dei triangoli unitari

• β = arg
[
−Vcd V∗cb

Vtd V∗
tb

]
• φd ≈ 2β

• φd fase di mixing nel sistema B0
d − B̄0

d

• βwa = (21.9± 0.7)◦

•
�� ��Bd → J/ψK 0

s

• Bd → J/ψK∗

• Bd → D∗+D∗−Ks

• Bd → Dπ0

• Bd → J/ψπ0

•
�� ��Bd → D(∗)+D(∗)−

• · · ·
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Misura della Violazione di CP nel decadimento B0 → J/ψK 0
s

PRL 115, 031601 (2015)

• Decadimento dominato dalla
transizione b → cc̄s a tree-level

• Golden mode per la misura dell’angolo
β del Triangolo Unitario

• La misura dell’asimmetria dipendente
dal tempo tra i tassi di decadimento
per B0 − B̄0�



�
	A(t) =

Γ(B̄0→J/ψK0
s )−Γ(B0→J/ψK0

s )

Γ(B̄0→J/ψK0
s )+Γ(B0→J/ψK0

s )�
�

�
�= S sin(∆mt)−C cos(∆mt)

cosh( ∆Γ
2 )+A∆Γ sinh( ∆Γ

2 )

fornisce l’accesso alle osservabili
associate alla Violazione di CP

• Campione dati del Run I

m (MeV/c2)
5240 5260 5280 5300 5320

C
an

d
id
at
es
/
(1

M
eV

/c
2
)

0

500

1000

1500

2000

2500

3000

3500
LHCb
(a)

NB0→J/ψK0
s

= 41560± 270

• Flavour Tagging : (εOS+SSπ
eff ∼ 3%)
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Risultato
PRL 115, 031601 (2015)

• I parametri S e C sono ottenuti da un
fit sugli eventi di segnale aventi una
decisione di tagging�� ��S = 0.731± 0.035(stat.)± 0.020(syst.)�� ��C = −0.038± 0.032(stat.)± 0.005(syst.)

• Risultato consistente e con simile
precisone rispetto alle misure effettuate
da Babar e Belle

• Principali contributi alle sistematiche
. asimmetria di tagging nella

componente di fondo (S)
. sistematica da ∆m (C)
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Misura della Violazione di CP nel decadimento B0 → D+D−

PRL 117, 261801 (2016)

• Misura di sin(2β), contributo dominante a
tree-level, transizione b → cc̄d

• Violazione di CP descritta dalle osservabili
S e C

S√
1− C2

= − sin(φd + ∆φd )

• SM, tree-level : φd = 2β

• Contributo da correzioni al SM di ordine
superiore : ∆φd

• La misura dipendente dal tempo del tasso
di decadimento fornisce l’accesso a queste
osservabili

dΓ(t, d, ω)

dt
∝ e−t/τ

[
1−d(1−2ω)

(
S sin(∆mt)−C cos(∆mt)

)]

• Campione dati dell’intero Run I (3 fb−1)

• Mesoni D ricostruiti negli stati finali
D → Kππ,KKπ
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Figure 2: Illustration of topologies contributing to the B0
d(s) ! D+

d(s)D
�
d(s) decays. Taken

from Ref. [2].

taggers with the established OS combination are determined in the B0! D+
s D� channel51

(see Sec. 4). The sFit method [12] is used to determine the CP violation parameters (see52

Sec. 5). In the end possible sources of systematic uncertainties are studied (Sec. 6). The53

(not yet) unblinded fit results are put into a context in the closing conclusions (see Sec. 7).54
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B0 → D+
s D− come canale di controllo

PRL 117, 261801 (2016)

• La calibrazione del Flavour Tagging
viene realizzata sul canale flavour
specific B0 → D+

s D−

• Selezione simile a quella del canale di
segnale

• I mesoni D sono ricostruiti negli stati
finali D → Kππ e Ds → KKπ

• Nell’analisi sono impiegate le
combinazioni dei tagger OS e
(SSp+SSπ)

• L’efficienza effettiva ottenuta è la più
alta, ad ora, tra le analisi dipendenti dal
tempo ad LHCb�� ��εOS+SSp+SSπ

eff = (8.1± 0.6)%
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combination {0.25, 0.34, 0.40, 0.45, 0.50} are chosen in order to have the same number of684

events in each of them. Fig. 35 shows the calibration fits for SS and OS tagger combinations.685
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Figure 35: Measured mistag for the OS tagger (left) and SS tagger (right) combinations
as a function of the predicted mistag ⌘.

686

the nominal, unbinned calibration is used as an estimate of the systematic uncertainty for687

the calibration method.688

Decay time acceptance: In the fit, the B0 lifetime is fixed to its known values while689

the parameters of the acceptance function, which is implemented as a spline function,690

are being floated. In the nominal fit, the position of the knots are identical as in the691

acceptance in the B0! D+D� fit. To check the robustness of the results, an alternative692

acceptance function with five knots at positions {0.2, 0.5, 2.3, 9, 12 ps} is used.693

Decay time resolution: The B0 oscillation period of roughly 12 ps is much larger than694

the typical decay time resolution at LHCb of 50 fs. The dilution from the decay time695

resolution is therefore at the level of 0.9997, and even a resolution of 0.1 ps would only696

lead to a dilution of 0.9987. Thus, no large influence from over- or underestimating the697

resolution is expected. To assign a systematic for the calibration parameters, the nominal698

model for the resolution is replaced with a double Gaussian model, as described in Eq. (33).699

R(t � t0) =
2X

1=1

fi · 1p
2⇡ · �i

exp

✓
�(t � t0 � µ)

2 · �2
i

◆
. (33)

The resolution parameters are fixed from a fit on B0! D+
s D� Monte Carlo sample, the700

results are reported in Table 21.701

Fixed parameters: The fixed parameters (production asymmetry, detection asymmetry,702

physics parameters) from Table 18 are changed by 1� and the calibration is repeated, the703

change in calibration parameters is listed as systematic in Table 23.704
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as a function of the predicted mistag ⌘.
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are being floated. In the nominal fit, the position of the knots are identical as in the691

acceptance in the B0! D+D� fit. To check the robustness of the results, an alternative692

acceptance function with five knots at positions {0.2, 0.5, 2.3, 9, 12 ps} is used.693

Decay time resolution: The B0 oscillation period of roughly 12 ps is much larger than694

the typical decay time resolution at LHCb of 50 fs. The dilution from the decay time695

resolution is therefore at the level of 0.9997, and even a resolution of 0.1 ps would only696

lead to a dilution of 0.9987. Thus, no large influence from over- or underestimating the697

resolution is expected. To assign a systematic for the calibration parameters, the nominal698

model for the resolution is replaced with a double Gaussian model, as described in Eq. (33).699
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The resolution parameters are fixed from a fit on B0! D+
s D� Monte Carlo sample, the700

results are reported in Table 21.701

Fixed parameters: The fixed parameters (production asymmetry, detection asymmetry,702

physics parameters) from Table 18 are changed by 1� and the calibration is repeated, the703

change in calibration parameters is listed as systematic in Table 23.704
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Risultato
PRL 117, 261801 (2016)

• I parametri S e C sono ottenuti da un fit al
tempo di decadimento per i candidati taggati�� ��S = −0.54+0.17

−0.16(stat.)± 0.05(syst.)�� ��C = 0.26+0.18
−0.17(stat.)± 0.02(syst.)

• Conservazione della simmetria di CP esclusa a
4σ

• Questo risultato, combinato con la misura in
B0 → J/ψK 0

s , vincola la differenza di fase al suo
valore più preciso al mondo�� ��∆φ = −0.16+0.19

−0.21 rad

• Piccolo contributo dai diagrammi di ordine
superiore

• Simmetria SU(3) ⇒ ∆φd = ∆φs , la misura può
essere trasferita al canale B0 → D+

s D−s
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Status della misura di φs

• φs fase di mixing nel sistema B0
s − B̄0

s

• φs ≈ −2βs

• βs angolo di uno dei triangoli unitari

• βs = arg
[
− Vts V∗tb

Vcs V∗
cb

]
• φwa

s = -0.030 ± 0.033 rad

• φGlobal Fit
s = −0.0376+0.007

−0.0008 rad

•
�� ��B0

s → J/ψK+K−

•
�� ��B0

s → J/ψπ+π−

• B0
s → D+

s D−s

• B0
s → ψ(2S)φ

• · · ·
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s → D+
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φs in B0
s → J/ψK+K−(π+π−)

PRL 114, 041801 (2015)

• Golden mode per la misura della fase φs

• Decadimento che procede attraverso la
transizione b → cc̄s a tree-level

• Campione dati Run I (3 fb−1)

• Possibili configurazioni per gli stati
finali :

. B0
s → J/ψφ (configurazione in

onda-P, CP-pari/CP-dispari)
. B0

s → J/ψK +K− (configurazione in
onda-S, CP-dispari)

• Flavour Tagging :
εOS+SSK

eff = (3.73± 0.15)%
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Risultato
PRL 114, 041801 (2015)

Parameter Value

�s [ps�1] 0.6603 ± 0.0027 ± 0.0015

��s [ps�1] 0.0805 ± 0.0091 ± 0.0032

|A?|2 0.2504 ± 0.0049 ± 0.0036

|A0|2 0.5241 ± 0.0034 ± 0.0067

�k [rad] 3.26 +0.10 +0.06
�0.17 �0.07

�? [rad] 3.08 +0.14
�0.15 ± 0.06

�s [rad] �0.058 ± 0.049 ± 0.006

|�| 0.964 ± 0.019 ± 0.007

�ms [ps�1] 17.711 +0.055
�0.057 ± 0.011
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• B0
s → J/ψπ+π−

. φππs = 0.070± 0.068 rad

. | λππ |= 0.89± 0.05± 0.01

• Combinando (B0
s → J/ψK+K−) con (B0

s → J/ψπ+π−)�� ��φs = −0.010± 0.039 rad | λ |= 0.957± 0.017

• Nessuna evidenza di Violazione di CP nel decadimento (λ ∼1)
• Accordo con la previsione del SM (contributi agli ordini superiori trascurabili)
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Misura della Violazione di CP nel decadimento B0
s → D∓s K±

LHCb-CONF-2016-015

• Determinazione di (γ + φs) da
osservabili associate a CPV

• Contributo dominante a tree-level,
transizioni b → csū/b → uc̄s

• Misura del tasso di decadimento
dipendente dal tempo per le quattro
configurazioni di B-flavour e stato finale
dΓ

B0→f
(t)

dt
∝ e
−Γs t

[
cosh

(
∆Γs t

2
)

A∆Γ
f sinh

(∆ΓS t
2

)
Cf cos

(
∆ms t

)
−Sf sin

(
∆ms t

)]

• Campione dati del Run I

• Stati finali considerati :
Ds → KKπ,Kππ, πππ

• Fit di massa simultaneo (m(B0
s ),

m(Ds ), ln | L(π/K) |) usato per
separare fondo da segnale

• Flavour Tagging :
εOS+SS

eff = (4.98± 0.26)%

1 Introduction1

LHCb measured the time-dependent CP -violation observables in B0
s ! D⌥

s K± by using2

1 fb�1 of data collected in 2011 [1, 2]. In this note we document the major updates of3

the analysis on the full Run-I sample from 2011 and 2012, corresponding to a total4

integrated luminosity of 3 fb�1. The 2011 dataset is re-analysed, taking full advantage5

of improvements in the analysis in various areas, superseding the published result from6

Ref. [1]. For the convenience of the reader, we summarize the physics motivation below.7

The time-dependent analyses of neutral B0 and B0
s tree-level decays [3–6] provide8

sensitivity to the measurement of the CKM angle � = arg
h
�Vud Vub

⇤

Vcd Vcb
⇤

i
, without theoretical9

complications of penguin contributions or other hadronic uncertainties. The time-dependent10

analysis of B0
s ! D⌥

s K± decays provides a complementary measurement of � with respect11

to the time-integrated analyses using the B ! DK decays, where the charged and neutral12

B modes need di↵erent auxiliary inputs in the final determination of � [7].13

Sensitivity to the CKM angle � arises from the interference of b ! u and b ! c14

amplitudes. In the case of the time-dependent � measurements with neutral B-mesons,15

the B0 (B0
s ) mixing provides the interfering amplitudes. In practice, the sum of � and the16

mixing phase are thus measured, namely � + 2� and � � 2�s in the B0 and B0
s systems,17

respectively. The CP -parameters sin 2� and 2�s are measured accurately, and are used as18

external input to the determination of the weak phase �.19

Pioneering time-dependent measurements using the B0 ! D±(⇤)⇡⌥ decays were per-20

formed by both BaBar [8, 9] and Belle [10, 11]. In these decays the amplitude ratios21

rD⇡ = |A(B0 ! D�(⇤)⇡+)/A(B0 ! D+(⇤)⇡�)| are expected to be small, rD⇡ ⇡ 0.02,22

reducing the interference and thus limiting the sensitivity to �. In the tree-level decays23

B0
s ! D⌥

s K±, however, both the B0
s ! D�

s K+ (b ! csū) and B0
s ! D+

s K� (b ! uc̄s)24
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Figure 1: (a) Both the B0
s and B0

s meson can decay to the same final state D�
s K+, which

allows for interference e↵ects when the B0
s oscillates. The relative phase between the two

amplitudes leads to sensitivity to � = arg
h
�Vud Vub

⇤

Vcd Vcb
⇤

i
. (b) Illustration of the �DsK in the

complex plane, together with the CP -asymmetry observables S, C and D described in the
text.
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g from B0
s ! D⌥

s K± Agnieszka Dziurda

The different D�
s final states are distinguished by using the particle identification information

from LHCb’s Ring Imaging Cherenkov (RICH) detector. This selection is necessarily different
for each D�

s decay mode and strongly suppresses cross-feed and peaking backgrounds from other
misidentified decays of b-hadrons to c-hadrons. In addition, the B0

s and D�
s candidates are required

to be within m(B0
s ) 2 [5300,5800] MeV/c2 and m(D�

s ) 2 [1930,2015] MeV/c2, respectively.

3. Multivariate fit to B0
s ! D⌥

s K± and B0
s ! D�

s p+

The signal and background component yields in the samples of B0
s ! D⌥

s K± and B0
s ! D�

s p+

candidates are obtained from a three-dimensional simultaneous extended maximum likelihood fit
in the B0

s mass, the D�
s mass, and the log-likelihood difference L(K/p) between the pion and

kaon hypotheses for the companion particle. The total PDF for the multivariate fit is built from
the product of the PDFs in each of the three fit dimensions, since correlations between the fitting
variables are measured to be small in simulation.

The dominant backgrounds are related to random combinations of D�
s mesons with pions

or kaons, partially reconstructed decays of the type B0
s ! D�

s (p,K)+X , and decays of B0 and
L0

b hadrons in which the D� or L�
c candidates are misidentified as D�

s candidates. Almost all
background yields are left free to float, however the backgrounds whose yields are below 2% of
the signal yield are fixed from known branching fractions and relative efficiencies measured using
simulated events. The multivariate fit results in a signal yield of 96942 ± 345 B0

s ! D�
s p+ and

5955 ± 90 B0
s ! D⌥

s K± decays, shown in Fig. 1. The multivariate fit is checked for biases using
large samples of data-like pseudoexperiments, and none are found.
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Figure 1: The multivariate fit to the (top) B0
s !D�

s p+ and (bottom) B0
s !D⌥

s K± candidates for all D�
s decay

modes combined. From top to bottom : distributions of candidates in B0
s invariant mass, D�

s invariant mass,
absolute value of companion PIDK. The blue solid line represents the sum of the fit components. The dashed
red line represents the signal, while the other shaded areas represent different background components.
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The different D�
s final states are distinguished by using the particle identification information

from LHCb’s Ring Imaging Cherenkov (RICH) detector. This selection is necessarily different
for each D�

s decay mode and strongly suppresses cross-feed and peaking backgrounds from other
misidentified decays of b-hadrons to c-hadrons. In addition, the B0

s and D�
s candidates are required

to be within m(B0
s ) 2 [5300,5800] MeV/c2 and m(D�

s ) 2 [1930,2015] MeV/c2, respectively.

3. Multivariate fit to B0
s ! D⌥

s K± and B0
s ! D�

s p+

The signal and background component yields in the samples of B0
s ! D⌥

s K± and B0
s ! D�

s p+

candidates are obtained from a three-dimensional simultaneous extended maximum likelihood fit
in the B0

s mass, the D�
s mass, and the log-likelihood difference L(K/p) between the pion and

kaon hypotheses for the companion particle. The total PDF for the multivariate fit is built from
the product of the PDFs in each of the three fit dimensions, since correlations between the fitting
variables are measured to be small in simulation.

The dominant backgrounds are related to random combinations of D�
s mesons with pions

or kaons, partially reconstructed decays of the type B0
s ! D�

s (p,K)+X , and decays of B0 and
L0

b hadrons in which the D� or L�
c candidates are misidentified as D�

s candidates. Almost all
background yields are left free to float, however the backgrounds whose yields are below 2% of
the signal yield are fixed from known branching fractions and relative efficiencies measured using
simulated events. The multivariate fit results in a signal yield of 96942 ± 345 B0

s ! D�
s p+ and

5955 ± 90 B0
s ! D⌥

s K± decays, shown in Fig. 1. The multivariate fit is checked for biases using
large samples of data-like pseudoexperiments, and none are found.
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Figure 1: The multivariate fit to the (top) B0
s !D�

s p+ and (bottom) B0
s !D⌥

s K± candidates for all D�
s decay

modes combined. From top to bottom : distributions of candidates in B0
s invariant mass, D�

s invariant mass,
absolute value of companion PIDK. The blue solid line represents the sum of the fit components. The dashed
red line represents the signal, while the other shaded areas represent different background components.
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The different D�
s final states are distinguished by using the particle identification information

from LHCb’s Ring Imaging Cherenkov (RICH) detector. This selection is necessarily different
for each D�

s decay mode and strongly suppresses cross-feed and peaking backgrounds from other
misidentified decays of b-hadrons to c-hadrons. In addition, the B0

s and D�
s candidates are required

to be within m(B0
s ) 2 [5300,5800] MeV/c2 and m(D�

s ) 2 [1930,2015] MeV/c2, respectively.

3. Multivariate fit to B0
s ! D⌥

s K± and B0
s ! D�

s p+

The signal and background component yields in the samples of B0
s ! D⌥

s K± and B0
s ! D�

s p+

candidates are obtained from a three-dimensional simultaneous extended maximum likelihood fit
in the B0

s mass, the D�
s mass, and the log-likelihood difference L(K/p) between the pion and

kaon hypotheses for the companion particle. The total PDF for the multivariate fit is built from
the product of the PDFs in each of the three fit dimensions, since correlations between the fitting
variables are measured to be small in simulation.

The dominant backgrounds are related to random combinations of D�
s mesons with pions

or kaons, partially reconstructed decays of the type B0
s ! D�

s (p,K)+X , and decays of B0 and
L0

b hadrons in which the D� or L�
c candidates are misidentified as D�

s candidates. Almost all
background yields are left free to float, however the backgrounds whose yields are below 2% of
the signal yield are fixed from known branching fractions and relative efficiencies measured using
simulated events. The multivariate fit results in a signal yield of 96942 ± 345 B0

s ! D�
s p+ and

5955 ± 90 B0
s ! D⌥

s K± decays, shown in Fig. 1. The multivariate fit is checked for biases using
large samples of data-like pseudoexperiments, and none are found.
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Figure 1: The multivariate fit to the (top) B0
s !D�

s p+ and (bottom) B0
s !D⌥

s K± candidates for all D�
s decay

modes combined. From top to bottom : distributions of candidates in B0
s invariant mass, D�

s invariant mass,
absolute value of companion PIDK. The blue solid line represents the sum of the fit components. The dashed
red line represents the signal, while the other shaded areas represent different background components.
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Risultato
LHCb-CONF-2016-015

g from B0
s ! D⌥

s K± Agnieszka Dziurda
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Figure 2: Result of the decay-time fit to the B0
s ! D⌥

s K± candidates.

Table 1: Fitted values of the CP observables to the B0
s ! D⌥

s K± decay-time distribution where the first
uncertainty is statistical, the second is systematic.

Parameter Value
Cf 0.735±0.142±0.048
ADG

f 0.395±0.277±0.122
ADG

f 0.314±0.274±0.107

S f �0.518±0.202±0.073
S f̄ �0.496±0.197±0.071

tection asymmetry, the decay time resolution and acceptances and due to ignoring the correlations
among observables. In addition, the sensitivity of the so-called closure test performed to the fully
simulated signal events is assigned as a systematic uncertainty. Since the acceptance parameters
are determined from the fit to B0

s ! D�
s p+ candidates, where Gs and DGs are fixed, the systematic

uncertainty on the acceptance is strongly anti-correlated with Gs and DGs. The correlations be-
tween them are taken into account and quoted together. The summary of systematic uncertainties
described as a fraction of statistical uncertainties are shown in Table 2.

Table 2: Total systematic uncertainties, relative to the statistical uncertainty.
Parameter Cf ADG

f ADG
f S f S f̄

Detection asymmetry 0.01 0.23 0.26 0.02 0.03
Dms 0.06 0.01 0.01 0.17 0.18
Tagging and resolution 0.15 0.06 0.06 0.22 0.16
Correlation among observables 0.27 0.25 0.18 0.20 0.23
Closure test 0.12 0.19 0.19 0.12 0.12
Acceptance, Gs, DGs 0.07 0.19 0.06 0.01 0.02
Total 0.34 0.44 0.39 0.36 0.36

6. Interpretation

The measurement of the CP-sensitive parameters is interpreted in terms of g � 2bs and sub-
sequently g . The value of bs is constrained to the LHCb measurement, fs = (�0.01 ± 0.039) rad
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s K± candidates.

Table 1: Fitted values of the CP observables to the B0
s ! D⌥

s K± decay-time distribution where the first
uncertainty is statistical, the second is systematic.

Parameter Value
Cf 0.735±0.142±0.048
ADG

f 0.395±0.277±0.122
ADG

f 0.314±0.274±0.107

S f �0.518±0.202±0.073
S f̄ �0.496±0.197±0.071

tection asymmetry, the decay time resolution and acceptances and due to ignoring the correlations
among observables. In addition, the sensitivity of the so-called closure test performed to the fully
simulated signal events is assigned as a systematic uncertainty. Since the acceptance parameters
are determined from the fit to B0

s ! D�
s p+ candidates, where Gs and DGs are fixed, the systematic

uncertainty on the acceptance is strongly anti-correlated with Gs and DGs. The correlations be-
tween them are taken into account and quoted together. The summary of systematic uncertainties
described as a fraction of statistical uncertainties are shown in Table 2.

Table 2: Total systematic uncertainties, relative to the statistical uncertainty.
Parameter Cf ADG

f ADG
f S f S f̄

Detection asymmetry 0.01 0.23 0.26 0.02 0.03
Dms 0.06 0.01 0.01 0.17 0.18
Tagging and resolution 0.15 0.06 0.06 0.22 0.16
Correlation among observables 0.27 0.25 0.18 0.20 0.23
Closure test 0.12 0.19 0.19 0.12 0.12
Acceptance, Gs, DGs 0.07 0.19 0.06 0.01 0.02
Total 0.34 0.44 0.39 0.36 0.36

6. Interpretation

The measurement of the CP-sensitive parameters is interpreted in terms of g � 2bs and sub-
sequently g . The value of bs is constrained to the LHCb measurement, fs = (�0.01 ± 0.039) rad
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�� ��γ = (127+17
−22)◦ δ = (358+15

−16)◦ rDs K = 0.37+0.10
−0.09 (68.3%CL)

g from B0
s ! D⌥

s K± Agnieszka Dziurda

[12]. This assumes that penguin pollution and BSM contributions are negligible, which is a good
approximation at the present statistical sensitivity. The resulting confidence intervals are:

g = (127+17
�22)

�, d = (358+15
�16)

�, rDsK = 0.37+0.10
�0.09, (68.3%CL)

g = (127+33
�50)

�, d = (358+31
�33)

�, rDsK = 0.37+0.19
�0.19, (95.4% CL)

where the intervals for the angles are expressed modulo 180�. The quoted uncertainties are the sum
in quadrature of the statistical and systematic components. The results are shown in Fig. 3.
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Figure 3: Graph showing 1-CL for g , together with the central value and the 68.3% CL interval as obtained
from the frequentist method described in the text (left). Profile likelihood contours of rDsK vs. g (middle),
and d vs. g (right). The contours are the 1s (2s ) profile likelihood contours, where Dc2 = 1 (Dc2 = 4),
corresponding to 39% CL (86% CL) in Gaussian approximation. The markers denote the best-fit values.
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• Evidenza di Violazione di CP a 3.6 σ

• Risultato compatibile con la
combinazione di γ ottenuta dalle altre
misure di LHCb (escl. B0

s → D∓s K±)
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Conclusioni e Prospettive

β

•
�� ��B0 → J/ψK0

s

• B0 → D±D∓

• Run I : β = (0.41± 0.02) rad

=⇒ Run II : β = ( ±0.01) rad

=⇒ Upgrade : β = ( ±0.003) rad

φs

•
�� ��B0

s → J/ψK +K−(π+π−)

• B0
s → ψ(2S)φ

• B0
s → Ds Ds

• Run I : φs = (−0.010± 0.039) rad

=⇒ Run II : φs = ( ±0.02) rad

=⇒ Upgrade : φs = ( ±0.006) rad

γ

•
�� ��B0

s → D±s K∓

• Run I : γ = (127+17
−22)◦

=⇒ Run II : γ ∼ ( ±11)◦

=⇒ Upgrade (50 fb−1) :
γ ∼ ( ±2)◦

γ (LHCb combination)

• γ = (72.2+6.8
−7.3)◦

=⇒ Run II : γ ∼ ( ±4)◦

=⇒ Upgrade (50 fb−1) : γ ∼ ( ±0.9)◦
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Backup
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Backup - Il Rivelatore LHCb (Caratteristiche)
Int. J. Mod. Phys. A 30, 1530022 (2015)

• LHCb è un rivelatore a braccio singolo,
uno spettrometro in avanti (2 < η < 5)

• Ottimizzato per la rivelazione dei
decadimenti di adroni B

• Il 25 % di coppie bb̄ prodotte nelle
collisioni è contenuta nella sua
accettanza

• In grado di ottenere misure di alta
precisione nella fisica del flavour

2 - The LHCb experiment

0
/4π

/2π
/4π3

π

0
/4π

/2π

/4π3
π  [rad]1θ

 [rad]2θ

1θ

2θ

b

b

z

LHCb MC
 = 7 TeVs

Figure 2.3: Azimuthal angle distribution of the bb quark pairs. The red part of the distribution is the

LHCb acceptance.

2.3 The LHCb detector

The LHCb detector is a single arm spectrometer optimized to maximize the detection ef-

ficiency of b-hadrons produced at LHC. The layout of the detector is shown in Figure 2.4

[12]. The coordinate system is chosen such that the z axis corresponds to the beam pipe axis,

the y axis is the vertical (non-bending plane) one and x is horizontal (bending plane). The

acceptance in the x-z plane is 10 � 300 mrad and 10 � 250 mrad in the y-z plane. It consists

of several sub detectors:

• Vertex Locator (VELO)

• Tracking system

• Dipolar magnet

• Two Ring Imaging Cherenkov detectors (RICH1 and RICH2)

• Electromagnetic Calorimeter (ECAL)

• Hadronic Calorimeter (HCAL)

23

• Risoluzione sul tempo di decadimento
→ σt ∼ 50 fs

• Risoluzione in impulso → σp

p
∼

0.5− 0.8 % (p<100 GeV/c)

• Risoluzione sul Parametro d’Impatto →
σIP ∼ 20 µm (pT elevato)

• Efficienza di Identificazione → εK ∼
95%, εmisid

π ∼ 5 % (p<100 GeV/c)
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Backup - Il Rivelatore LHCb (Struttura)
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Backup - φs in B0
s → ψ(2S)φ

PLB762(2016)253-262

• Prima misura di φs usando risonanza
cc̄ superiore

X (t, Ω) =
d4Γ(B0

s → ψ(2S)φ)

dtdΩ
∝

10∑
k=1

hk (t)fk (Ω)

λ = ηi (q/p)(Āi Ai ) φs = −arg(ηiλ)

• Flavour Tagging :
εOS+SSK

eff = (3.88± 0.13± 0.12)%
]2c) [MeV/−K+K)S(2ψ(m
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Backup - φs in B0
s → DsDs

PRL 113, 211801 (2014)

• Transizione b → cc̄s, stato finale CP-pari,
analisi non angolare

• Mesoni Ds ricostruiti negli stati finali

. Ds Ds → (KKπ)(KKπ)

. Ds Ds → (KKπ)(πππ)

. Ds Ds → (KKπ)(Kππ)

. Ds Ds → (πππ)(πππ)

• Boosted decision tree per la soppressione del
fondo combinatorio

• Flavour Tagging :
εOS+SSK

eff = (5.33± 0.18± 0.17)%

• Misura dipendente dal tempo del tasso di
decadimento

Γ(t) ∝ e−Γt
[
cosh

(∆Γs t

2

)
−

2 | λ | cosφs

1+ | λ |2
sin
(∆Γt

2

)
+

1− | λ |2

1+ | λ |2
cos
(

∆ms t
)
−

2 | λ | sinφs

1+ | λ |2
sin
(

∆ms t
)]
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�� ��φs = 0.02± 0.17(stat)± 0.02(syst)rad | λ |= 0.91+0.18
−0.15(stat)± 0.02(syst)
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