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In this presentation
•Physics Motivations


•The LHCb detector


•Measurement of  violation 
in the decay  
[Phys.Rev.Lett. 126 (2021) 9, 091802]


•Observation of  violation  
in two-body -mesons decays 
to charged pions and kaons [JHEP 03 (2021) 075]


•Conclusions and outlook

CP
B+ → K+π0

CP
B0

(s)

1st measurement at hadron collider, 
more precise than  

the previous world average

 1st observation  
of time-dependent CP violation  

in the Bs sector

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.091802
https://doi.org/10.1007/JHEP03(2021)075
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Generalities
20 13. CP Violation in the Quark Sector
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Figure 13.2: Feynman diagrams for (a) tree and (b) penguin amplitudes contributing to B0 æ f
or B0

s æ f via a b æ qqqÕ quark-level process.

Table 13.1: Summary of b̄ æ q̄qq̄Õ modes with qÕ = s or d. The second and third columns
give examples of hadronic final states (usually those which are experimentally most convenient to
study). The fourth column gives the CKM dependence of the amplitude Af , using the notation of
Eqs. ((13.91), (13.93), (13.95)), with the dominant term first and the subdominant second. The
suppression factor of the second term compared to the first is given in the last column. “Loop”
refers to a penguin versus tree-suppression factor (it is mode-dependent and roughly O(0.2 ≠ 0.3))
and ⁄ ƒ 0.23 is the expansion parameter of Eq. (13.48).
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Figure13.2:Feynmandiagramsfor(a)treeand(b)penguinamplitudescontributingtoB0æf
orB0

sæfviaabæqqqÕquark-levelprocess.
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ūus̄

fi 0
K

S

K +
K

≠
(V úc

b V
c
s )P

c
+

(V úu
b V

u
s )T

⁄ 2
/loop

b̄ æ
c̄cd̄

D +
D ≠

Â
K

S

(V úc
b V

c
d )T

+
(V útb V

td )P
t

loop

b̄ æ
s̄sd̄

K
S K

S

„K
S

(V útb V
td )P

t+
(V úc

b V
c
d )P

c

≥< 1

b̄ æ
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•The  tree-level transitions and  
the  penguin transitions  
dominate the charmless -hadron decays


Similar magnitudes due to CKM suppression

Physics BSM in the loops may be revealed by comparison 
of measured quantities and SM predictions


•Relevant quantities: branching fractions,  
time-integrated and time-dependent  asymmetries 


Sensitive to UT angles and  mixing phases,

but the combination of several measurements is necessary  
to extract the CKM parameters

b → u
b → s(d)

B

CP
B0

(s)
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The LHCb detector
•LHCb is a forward spectrometer, operating at LHC ( )


High geometrical efficiency in collecting  and  quark pairs

Excellent time resolution, momentum resolution, PID performances

s = 13 TeV

bb̄ cc̄

∼10 m

∼20 m

Interaction
Region

σt ∼ 45 fs δp/p ∼ 0.4 − 0.6 % RICH

[JINST 3 S08005]
[Int. J. Mod. Phys. A 30 (2015)1530022]

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227


Measurement of  violation  
in the decay  

[Phys.Rev.Lett. 126 (2021) 9, 091802 - arXiv:2012.12789] 

CP
B+ → K+π0

5

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.091802
https://arxiv.org/abs/2012.12789


 violation in charmless two-body decays at LHCbCPdaniele.manuzzi@cern.ch 24th November 2021 6

Motivations
•The long-standing  puzzle: 

Isospin relations           


The experimental state of the art was [HFLAV2019]: 
 



Is it due to strong phases and amplitudes 
or is new physics emerging from the loops? 

Full  puzzle sum rule [PLB627(2005)82]:

B → Kπ

ACP(B+ → K+π0) = ACP(B0 → K+π−)

AWA
CP (B+ → K+π0) = (+4.0 ± 2.1) %

AWA
CP (B0 → K+π−) = (−8.4 ± 0.4) %

B → Kπ

Almost 6  discrepancy!σ
ΔACP(Kπ) = (12.4 ± 2.1) %

ACP(B0 → K+π−) + ACP(B+ → K0π+)
B(B+ → K0π+)
B(B0 → K+π−)

τ0

τ+
= ACP(B+ → K+π0)

2B(B+ → K+π0)
B(B0 → K+π−)

τ0

τ+
+ ACP(B0 → K0π0)

2B(B0 → K0π0)
B(B0 → K+π−)

τ0

τ+

ACP(B+ → K+π) =
Γ(B− → K−π0) − Γ(B+ → K+π0)
Γ(B− → K−π0) + Γ(B+ → K+π0)

any deviation from  
this would be a sign of new physics

https://link.springer.com/article/10.1140/epjc/s10052-020-8156-7
https://www.sciencedirect.com/science/article/abs/pii/S0370269305013274?via=ihub
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Figure 11: Raw asymmetries for B+ ! K+⇡0
separated by year and whether the magnetic field

is aligned vertically upwards (MU) or downwards (MD)

Oct 3rd, 2014 Primary 
vertex

K+

B+ momentum 
trajectory

π0

Figure 12: Diagram of the B+ ! K+⇡0
decay topology. The solid blue line represents the K+

track, and the wide dashed purple line represents the reconstructed ⇡0
momentum. They are

combined to form the B+
momentum trajectory shown as a narrow red dashed line, which is

assumed to originate from the primary vertex also shown in red.
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Figure 9: Signal and background distributions of K+ pT after the initial candidate selection,

normalized to unit area.
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7

Candidates reconstruction and selection
•Data collected during the Run2 of LHCb 

( @ )


•Challenging signal reconstruction:

No displaced secondary vertex to identify B meson

Background due to  reconstruction


• Idea: look for a  inconsistent with PV, but 
consistent with  trajectory


Momentum of  candidate 
from  and  momenta  
(  constrained to the closest PV to the  track)

B candidate trajectory constrained to PV

Distance of closest approach between 

 and  candidates is required to be small

Candidate isolation criteria are applied

BDT trained to optimise the final selection

5.4 fb−1 s = 13 TeV

π0
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B+
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π0 K+
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Figure 5: Signal and background distributions of pT asymmetry in a cone of �R = 1.7 around

the B+
candidate trajectory after the initial candidate selection, normalized to unit area.
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[LHCb-PAPER-2020-040 supplementary material]

https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Directory_LHCb-PAPER-2020-040/supplementary/Supplementary.pdf
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•Candidates separated 
by charge:


Independent yields  
and asymmetries

Common shape parameters


•Background sources:

• Combinatorial

• Partially Reconstructed

• Peaking Partially Reconstructed  

, , 


• , i.e.  mis-ID


• Total signal yield: ~16k

B+ → (K*+ → K+π0)π0 B0 → (K*0 → K+π−)π0 B0 → K+(ρ− → π−π0)

B+ → π+π0 π+ →K+

8

Extraction of  the Raw Asymmetries
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Figure 1: Invariant-mass distribution of the selected candidates with fit projections overlayed.
The data set is divided by the charge of the B meson, with B+ ! K+⇡0 shown on the left and
B� ! K�⇡0 on the right.

be corrected for in order to extract ACP from Araw. The combined e↵ect of the nuisance
asymmetries is measured with a control sample of B+ ! (J/ ! µ+µ�)K+ decays, using
the same data sample as the signal channel.

In the hardware trigger, events with a B+ ! (J/ ! µ+µ�)K+ decay are required
to trigger on particles other than the kaon, in order to avoid introducing additional
trigger asymmetries. At the software stage the event must trigger on the kaon in the
same manner as signal events. The o✏ine selection requires that the B-meson lifetime be
greater than 0.1 ps and that the kaon and muons have a significant IP with respect to all
PVs. Additional requirements on the momentum of the kaon and B candidates as well as
kaon particle identification are imposed to match the signal selection. The momentum
distributions of the B+ and K+ candidates are weighted to match those of the signal
candidates using the GBR technique [33], as the production and detection asymmetries
may depend on kinematics of the decay.

The raw asymmetry in the B+ ! J/ K+ signal yields is determined via an unbinned
maximum-likelihood fit in which the invariant-mass distribution of the B+ ! J/ K+

candidates is modeled by the sum of two Gaussian functions sharing a common mean,
while the combinatorial background is modeled by an exponential distribution. The total
yield of B+ ! J/ K+ decays is measured to be 372874 ± 776 for Magnet Down and
306821± 699 for Magnet Up data samples with a purity of approximately 99%. The raw
asymmetry is found to be �0.009± 0.002 for Magnet Up, and �0.012± 0.002 for Magnet
Down samples. The CP asymmetry for the decay B+ ! (J/ ! µ+µ�)K+ is taken to be
ACP (B+ ! J/ K+) = 0.002± 0.003 from Ref. [38]. After subtracting ACP , the remaining
asymmetry is attributed to the combination of production, detection, reconstruction, and
triggering e↵ects, which can then be determined from

AB
prod. + AK

det. = Araw(B
+ ! J/ K+)� ACP (B

+ ! J/ K+). (5)

This estimate of the nuisance asymmetry is then used in Eq. 4 to determine ACP (B+ !

5

[Phys.Rev.Lett. 126 (2021) 9, 091802]

[Phys.Rev.Lett. 126 (2021) 9, 091802]

B+ → K+π0 B− → K−π0

due to resonance  
polarisation

low rate, estimated  
with calib. sample

( ) D0 → K−π+
( ) B+ + B− [Phys.Rev.Lett. 126 (2021) 9, 091802]

AMagUp
raw (B+ → K+π0) = (0.5 ± 2.2) %

AMagDw
raw (B+ → K+π0) = (1.9 ± 2.1) %

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.091802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.091802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.091802
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Nuisance Asymmetries
• 


•Total effect of nuisance asymmetries measured with  decays:

High statistics (~680k) and purity (>99%)

Momentum distributions of  and  reweighted to those of signal candidates 


ACP(B+ → K+π0) = Araw(B+ → K+π0)−(AB
prod. + AK

det.)

B+ → (J/ψ → μ+μ−)K+

B+ K+

AB
prod. + AK

det. = Araw(B+ → J/ψK+)−ACP(B+ → J/ψK+)

Supplementary material for LHCb-PAPER-2020-040

This appendix contains supplementary material that will posted on the public CDS record
but will not appear in the paper. Figure 1 shows the fit to B+ ! J/ K+ decays used to
determine nuisance asymmetries. Figure 2 is the invariant mass of all candidates after
the trigger and stripping, before additional cuts and BDT selection. Figures 3-4 are
critical variables to the event selection, used in the trigger, BDT, or both. The signal
component corresponds to simulated B+! K+⇡0decays, background is data from the
mass sidebands (m(K+⇡0) < 4860MeV/c2, m(K+⇡0) > 5700MeV/c2). Figure 11 shows
the raw B+! K+⇡0 asymmetry between years and magnet polarities. Figure 12 shows
the topology of the B+! K+⇡0 decay.
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Figure 1: Invariant mass distribution of B+ ! J/ K+
candidates used to correct for nuisance

asymmetries. The data is divided by the charge of the B meson, with B+ ! J/ K+
shown on

the left and B� ! J/ K�
on the right.

1

from the world average

AMagDw
raw (B+ → J/ψK+) = (−1.2 ± 0.2) %

[Phys.Rev.Lett. 126 (2021) 9, 091802]

[LHCb-PAPER-2020-040 supplementary material]

B+ → J/ψK+ B− → J/ψK−

AMagUp
raw (B+ → J/ψK+) = (−0.9 ± 0.2) %

ACP(B+ → J/ψK+) = (0.2 ± 0.3) %

https://pdg.lbl.gov/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.091802
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Directory_LHCb-PAPER-2020-040/supplementary/Supplementary.pdf
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•The direct  asymmetry has been measured to be: 

                      


•New world average: , which implies: 

                    


•From full -puzzle sum rule:  
               
while the experimental determination is:  
             

CP

ALHCb
CP (B+ → K+π0) = (2.5 ± 1.5 ± 0.6 ± 0.3) %

AWA
CP (B+ → K+π0) = (3.1 ± 1.7) %

AWA
CP (B+ → K+π0) − AWA

CP (B0 → K+π−) = (11.5 ± 1.4) %

Kπ
ASR

CP(B0 → K0π0) = (−13.8 ± 2.5) %

AWA
CP (B0 → K0π0) = (1 ± 10) %

10

Results

stat. syst. ext.

nonzero  
at 8σ

nonzero  
at 5.5σ More insight needed  

to uncover new physics

[JHEP01(2018)074, PLB785(2018)525]

[Phys.Rev.Lett. 126 (2021) 9, 091802]

[HFLAV2019]

[HFLAV2019]

Most precise 
determination  

to date

https://link.springer.com/article/10.1007/JHEP01(2018)074
https://www.sciencedirect.com/science/article/pii/S037026931830707X?via=ihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.091802
https://link.springer.com/article/10.1140/epjc/s10052-020-8156-7
https://link.springer.com/article/10.1140/epjc/s10052-020-8156-7


Observation of  violation  
in two-body -mesons decays 

to charged pions and kaons 
 [JHEP 03 (2021) 075]

CP
B0

(s)

11

https://doi.org/10.1007/JHEP03(2021)075
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Motivations
(h = K, π)

DIFFICULT SM 
PREDICTIONSHIGH POTENTIAL FOR 

INDIRECT SEARCH 
FOR NEW PHYSICS 
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[PLB459(1999)306, PJC71(2011)1532, JHEP10(2012)029, PRD94(2016)113014]  

•The  violation observables in the  
decays carry information about the angles  

 and  of the Unitary Triangle and the 
 mixing phase,  

 


•Several topologies of Feynman diagrams contribute:

New physics may emerge from the loops

Hadronic uncertainties make CKM 
parameter estimations highly non-trivial 

Need to combine several quantities  
from different decays

CP B0
(s) → h+h−

α γ
B(s) β(s)

http://PLB459(1999)306
https://link.springer.com/article/10.1007/JHEP10(2012)029
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.113014
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Goals
•Time-integrated  asymmetries 

of  and  
decays


•Time-dependent  asymmetries 
of  and  
decays

CP
B0 → K+π− B0

s → π+K−

CP
B0 → π+π− B0

s → K+K−

AB0
(s)

CP =
| Āf̄ |

2 − |Af |
2

| Āf̄ |
2 + |Af |

2

=
Sf sin(Δmd(s)t)−Cf cos(Δmd(s)t)

cosh ( ΔΓd(s)

2 t)+AΔΓ
f sinh ( ΔΓd(s)

2 t)

ACP(t) =
ΓB̄0

(s)→f(t) − ΓB0
(s)→f(t)

ΓB̄0
(s)→f(t) + ΓB0

(s)→f(t)
 in the decayCP

 in interference of 
mixing and decay

CP

Unitarity bound: (Cf)
2

+ (Sf)
2

+ (AΔΓ
f )

2
= 1 Control check  

a posteriori Note:   
[Eur. Phys. J. C77, 895 (2017)]

ΔΓd ≈ 0

 sim.CPT

B0
(s) → f ≡ K+π−(K−π+)

B̄0
(s) → f̄ ≡ K−π+(K+π−)

NO 

in mixing

CP

https://link.springer.com/article/10.1140/epjc/s10052-017-5058-4
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Dataset
•Data collected during 2015 and 2016 ( @ )


Final results combined with the corresponding 
ones, from the analysis of LHCb Run1 data 
( @ )


•Background sources:

• Cross-feed


• Random tracks


• Partially reconstructed  
3-body decays

1.9 fb−1 s = 13 TeV

3.0 fb−1 s = 7 − 8 TeV

Crucial PID performance 
 to distinguish the spectra

BDT to suppress the 
combinatorial bkg.
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 SPECTRUMKK

[J. H
igh Energ. Phys. 2021, 75 (2021)]
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 SPECTRUMππ

[J. H
igh Energ. Phys. 2021, 75 (2021)]

5 5.2 5.4 5.6 5.8 6 6.2
]2c) [GeV/

±

 π± K(m

0

2000

4000

6000

8000

10000

12000

14000

 )2 c
C

an
di

da
te

s /
 ( 

0.
00

5 
G

eV
/

-1Data 1.9 fb

− π +K→0B

 +π− K→0sB

− π +π→0B
,− K +K→0sB

3-Body bkg.

Comb. bkg.

LHCb

 SPECTRUMKπ

[J. H
igh Energ. Phys. 2021, 75 (2021)]

~46k ~70k~140k ~11k
B0 → π+π− B0 → K+π− B0

s → π+K− B0
s → K+K−

FINAL SIGNAL YIELDS
[J. High Energ. Phys. 2021, 75 (2021)]

[PRD98(2018)032004]

https://link.springer.com/article/10.1007/JHEP03(2021)075
https://link.springer.com/article/10.1007/JHEP03(2021)075
https://link.springer.com/article/10.1007/JHEP03(2021)075
https://link.springer.com/article/10.1007/JHEP03(2021)075
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.032004
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Experimental Effects
• Production Asymmetry


•Detection Asymmetries


• Final state misidentification


•Wrong flavour tagging


•Decay-time resolution


•Decay-time acceptance

Extracted from the final fit
Studied on prompt  

 and  
 decays

D+ → K+π+π−

D+ → K0
Sπ+

From calibration datasets

[JHEP 07 (2014) 041]

Various methods, 
crucial role for  

time-dependent   
 measurements 

(next slide)
CP

https://link.springer.com/article/10.1007/JHEP07(2014)041
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Analysis Strategies
•Two methods are used to cross-check each other:

“Simultaneous”* “Per-event”

Fit

Decay Time 
Resolution

Flavour  
Tagging

Acceptance 
correction

Simultaneous fit 
 to all the spectra

Independent fit  
to bkg.-subtracted 

  and  spectraπ+π− K+K−

Averaged resolution 
for all events

Per-event resolution 
as a function of  

the decay time error

Distinct OS and SS taggers,

calibrated during the fit  

with candidatesB0 → K+π−
Single combined tagger, 
calibrated before the fit

Calibrated using 
candidatesB0 → K+π−

Per-event swimming method 
(see backup slides)

*: results from this method are used for combination with previous LHCb results. 

Calibrated with prompt 
 and  
 decays

J/ψ → μ+μ−

Υ(4S) → μ+μ−
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Results for B0
(s) → K±π∓
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3-Body bkg.

Comb. bkg.

LHCb

AB0

CP = (−8.31 ± 0.34) %

AB0
s

CP = (+22.5 ± 1.2) %

Δ =
AB0

CP

AB0
s

CP

+
B(B0

s → π+K−)τd

B(B0 → K+π−)τs
= − 0.085 ± 0.025±0.035 No evidence 

of new physics

from external inputs

These results fulfil  
the SM consistency test 
proposed in [PLB 621 (2005) 126]

from ACP

[J. High Energ. Phys. 2021, 75 (2021)]
Final combinations with Run1 results:

[LH
C

b-PAPER-2020-029 SU
PPLEM

EN
TARY M

ATERIAL]

[LH
C

b-PAPER-2020-029 SU
PPLEM

EN
TARY M

ATERIAL]

stat.+syst. 
uncertainty

[Run1: PRD98(2018)032004]

Most precise 
determination of these 

quantities to date

https://arxiv.org/abs/hep-ph/0503022
https://link.springer.com/article/10.1007/JHEP03(2021)075
https://cds.cern.ch/record/2747103
https://cds.cern.ch/record/2747103
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.032004
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Results for  and B0 → π+π− B0
s → K+K−

Cππ = (−32.0 ± 3.8) %

Sππ = (−67.2 ± 3.4) %

CKK = (17.2 ± 3.1) %

SKK = (13.9 ± 3.2) %

AΔΓ
KK = (−89.7 ± 8.7) %

(CKK)2 + (SKK)2 + (AΔΓ
KK)2 = 0.93 ± 0.08
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[J. H
igh Energ. Phys. 2021, 75 (2021)]

[J. H
igh Energ. Phys. 2021, 75 (2021)]

[J. High Energ. Phys. 2021, 75 (2021)]
Final combinations with Run1 results:

[Run1: PRD98(2018)032004]

Most precise 
determination of these 

quantities to date

1st OBSERVATION OF 
TIME-DEPENDENT 
CP VIOLATION 

IN THE Bs SECTOR!!! 
(CKK, SKK, AΔΓ

KK) ≠ (0,0, − 1) at 6.5σ

Decay time is folded into 1 oscillation period

stat.+syst. 
uncertainty

Plots from the  
“per-event” method 

in the backup

https://link.springer.com/article/10.1007/JHEP03(2021)075
https://link.springer.com/article/10.1007/JHEP03(2021)075
https://link.springer.com/article/10.1007/JHEP03(2021)075
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.032004
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Conclusions & Outlook
•The latest LHCb results about  violation measurements in charmless two-body 

B-hadron decays have been presented

They are all consistent with the previous determinations


•  violation in :

Very challenging analysis at hadronic collider

Measurement more precise than previous world average

Prospects are strongly dependent on performance at the higher occupancies 
expected in the upcoming Run3 and beyond (especially ECAL performance)


•  violation in  ( ):

First observation ever of time-dependent  violation in the  sector

Will benefit a lot from including data collected in 2017 and 2018

Explore time-dependent measurements of rarer modes like 

CP

CP B+ → K+π0

CP B0
(s) → h+h− h ≡ K, π

CP B0
s

B0
s → π+π−

news expected soon



Backup slides

20



 violation in charmless two-body decays at LHCbCPdaniele.manuzzi@cern.ch 24th November 2021 21

Plans for the near future
•LHCb Upgrade will start taking data soon


Plan to collect x5 more data in the same time, 
working with x5 more populated events

Almost completely redesigned detector and trigger

A look to the near future
• LHCb Upgrade will restart together with LHC soon 

– Plan to collect x5 more data in the same time 
working with x5 more complicated events

– Almost completely redesigned detector and trigger
– See Federico Alessio’s talk on Thursday for more 

details

19

LHC era HL-LHC era

Run 1
(2010-12)

Run 2
(2015-18)

Run 3
(2022-24)

Run 4
(2027-30)

3 fb-1 9 fb-1 23 fb-1 46 fb-1

If it pleases Covid-19

30 MHz inelastic event rate 
(full rate event building)

Software High Level Trigger

2-5 GB/s to storage

Full event reconstruction, inclusive and 
exclusive kinematic/geometric selections

Add offline precision particle identification 
and track quality information to selections

Output full event information for inclusive 
triggers, trigger candidates and related 
primary vertices for exclusive triggers

LHCb Upgrade Trigger Diagram

Buffer events to disk, perform online 
detector calibration and alignment

A look to the near future
• LHCb Upgrade will restart together with LHC soon 

– Plan to collect x5 more data in the same time 
working with x5 more complicated events

– Almost completely redesigned detector and trigger
– See Federico Alessio’s talk on Thursday for more 

details
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LHC era HL-LHC era

Run 1
(2010-12)

Run 2
(2015-18)

Run 3
(2022-24)

Run 4
(2027-30)

3 fb-1 9 fb-1 23 fb-1 46 fb-1

If it pleases Covid-19

30 MHz inelastic event rate 
(full rate event building)

Software High Level Trigger

2-5 GB/s to storage

Full event reconstruction, inclusive and 
exclusive kinematic/geometric selections

Add offline precision particle identification 
and track quality information to selections

Output full event information for inclusive 
triggers, trigger candidates and related 
primary vertices for exclusive triggers

LHCb Upgrade Trigger Diagram

Buffer events to disk, perform online 
detector calibration and alignment
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Systematics uncertainties on ALHCb
CP (B+ → K+π0)

Table 1: Systematic uncertainties on ACP (B+! K+⇡0).

Systematic Value (⇥10�3)
Signal modeling shape 4.3
Combinatorial background shape 1.3
Partial reco. background shape 1.3
Peaking partial reco. background shape 1.2
Peaking partial reco. background o↵set 1.3
Peaking partial reco. background resolution 1.4
B+ ! ⇡+⇡0 yield 1.3
B+ ! ⇡+⇡0 CP asymmetry 1.5
Multiple candidates 1.3
Production/detection asymmetry stat. 2.1
Production/detection asymmetry weights 0.5

Sum in quadrature 6.1

K+⇡0).This is done separately for the Magnet Up and Magnet Down data. By averaging
the Magnet Up and Magnet Down results, the direct CP asymmetry is determined to be
ACP (B+! K+⇡0) = 0.025± 0.015, where the uncertainty is statistical only.

To assess the systematic uncertainty due to mismodeling of the signal and background
line shapes, pseudoexperiments are generated for variations of the m(K+⇡0) fit model.
The leading source of systematic uncertainty is from modeling the signal component
in the fit. This uncertainty is assessed by replacing the default model with a single
Gaussian distribution. Systematic uncertainties are assessed for numerous fit variations:
replacing the exponential distribution for the combinatorial background with a linear
function, individually replacing each low-mass background model with an Argus function,
allowing the position and resolution of the peaking low-mass background to vary freely
and independently of the signal distribution, and varying the yield and asymmetry of
B+ ! ⇡+⇡0 background. Pseudoexperiments are also generated to assess the systematic
uncertainty due to including events with multiple candidates in the base analysis.

The statistical uncertainty on the determination of the raw B+ ! J/ K+ asymmetry
is also considered as a systematic uncertainty, and is the subdominant source of systematic
uncertainty. Additionally, the di↵erence between the nuisance asymmetries with and
without applying the GBR weights is taken to be a systematic uncertainty. The estimated
values for all systematic uncertainties are shown in Table 1, where the common value
of 0.0013 is from the statistical uncertainty of the pseudoexperiments generated. The
ACP (B+ ! J/ K+) precision of 0.003 is considered separately as an external-input
uncertainty.

In conclusion, the direct CP asymmetry of the decay B+! K+⇡0 has been measured
with the LHCb detector using a data sample corresponding to a luminosity of 5.4 fb�1. It
is found to be

ACP (B+! K+⇡0) = 0.025± 0.015± 0.006± 0.003,

where the first uncertainty is statistical, the second is systematic and the third due to
external inputs, exceeding the precision of the current world average [22]. This result
is consistent with the world average and consistent with zero at approximately 1.5 �.

6
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CP-violation in  decaysB0 → π+π−
CP-violation in 𝑩(𝒔)

𝟎 → 𝒉+𝒉′− decays
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CP-violation in  decaysB0 → K+K−
CP-violation in 𝑩(𝒔)

𝟎 → 𝒉+𝒉′− decays
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Decay time is folded into 1 oscillation period
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CP-violation in  decays: methods compatibilityB0
(s) → h+h−

•Compatibility between the two method is determined with pseudo 
experiments


Generate pseudo data with one fitting model and fit with both

Largest difference for  but large uncorrelated systematic uncertainties

Global compatibility at 1.5 , dominated by difference in 

AΔΓ
KK

σ AΔΓ
KK

• Compatibility between the two methods is determined with 
pseudoexperiments
– Generate pseudodata with one fitting model and fit with both
– Largest difference for 𝐴ΔΓKK but large uncorrelated systematic uncertainties
– Global compatibility is at 1.5s dominated by difference in 𝐴ΔΓKK

CP-violation in 𝑩(𝒔)
𝟎 → 𝒉+𝒉′− decays
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Systematics on  in  decays CP B0
(s) → h+h−

CP-violation in 𝑩(𝒔)
𝟎 → 𝒉+𝒉′− decays
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Systematic uncertainties for simultaneous method
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Per-event swimming methodPer-event decay-time efficiency
(Swimming)

• Acceptance corrected on per-event basis

• B-hadrons are moved along their momentum 
vector and decay time biasing selections are re-evaluated 
(“swimming method”)

• Each hypothetical decay time is assigned a 0 (not accepted) 
or 1 (accepted). Transition times are called turning points
– Acceptance is a step function within the “start” and ”end”

turning points of the event

• Biasing selections are:

– Mother and daughter IP 𝛘2

– DIRA

– Flight distance 𝛘2

– BDT

• Additional requirements on:

– Radial flight distance

– VELO acceptance

– HLT1TrackMVA (it’s an OR of the selected tracks)
30


