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Time-dependent CP violation measurements in B->DX,,,, 
decays at LHCb

Alex Birnkraut 
on behalf of the LHCb collaboration
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‣ measurement of CP violation as precision test of  the SM 

‣ transition amplitudes of weak interactions described  
by CKM matrix 
- 4 parameters (3 real parameters + complex phase) 

- unitary  
→ triangle in the complex plane 

‣ discrepancy in position of the apex  
→ physics beyond SM 

‣ weak phase g is the least well measured angle 

‣ can be tested in tree-level decays: g= 72.1 

- interference of b->c,, and b->u,, transitions 
- time-dependent measurements in B2Dpi  

and Bs2DsK

Motivation
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‣ 4 possible transitions:    

- Af   B 
- Abarf   B 

- Afbar  B 
- Abarfbar B 

‣ time-dependent final state asymmetries  
 

‣ Bs2DsK,,,,,,,: both interfering amplitudes are of similar size  

‣ Bd2Dpi,,,,, ,,: low oscillation frequency and high statistics

Interference CP violation
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‣ oscillation terms: sensitivity from events with known initial flavour 

‣ hyperbolic terms: sensitivity from all events

CP observables
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‣ sample based on 3fb,,, from 2011 & 2012 ( 7and 8 TeV ) 

‣ B2Dpi,,,,,,,,,, reconstructed in D2Kpipi 

‣ main offline selection of all (B,,PV) pairs 

‣ split dataset into two disjoint subsets according to  
PID information (only considering tagged candidates) 
- B->Dpi,,,,,,,,, with B,,,,,,,,,,,,,,,,,, cross-feedB->DK 
- B->DK,,,,,,,,,, with a fraction of B 

->Dpi 

‣ samples fitted simultaneously 

‣ reduce range for sWeight extraction: 5 
- #tagged signal candidates: 479,000±700 

- #background candidates: 34,400±300

Selection  & Massfit
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‣ using both SS taggers 

‣ retrain both taggers on B B 

‣ for training reweighted to B  

‣ using full set of available OS taggers:  

- single track taggers: OOS 
- OS vertex charge 

- OS charm 

‣ overall tagging power: e    5.59  

‣ bb-pairs are produced incoherently  
→ no effects from tag-side interference

Flavour tagging
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sensitive region

‣ control channel used to determine functional  
form of calibration 
→possible due to fixed C 

‣ generalised linear models  

- link function: modified logistic function maps mistag into [0, 0.5] 
- basis function:  

• OS: 5th order polynomial 

• SS: 1st order polynomial

Flavour tagging calibration
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‣ decay-time resolution determined on fake B, -candidates:  
→ genuine D,, -meson + charged track 

‣ decay-time distribution peaking at 0      , width representing resolution 

‣ width determined in bins of decay-time uncertainty 

‣ average decay-time resolution: 54.9±0.4 ps  

‣ decay-time dependent efficiency 

‣ modelled with segments of cubic b-splines: 9 free parameters 

‣ external inputs: 

- oscillation frequency: 0.505 
- B, lifetime: 1.518

Other ingredients 
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‣ free parameters: 

- CP parameters S, and Sfbar 
- detection and production asymmetry: A 

- 7 pairs of tagging calibration parameters: () 
- tagging efficiencies for the OS and SS: e 
- 9 parameters for the acceptance: v 

‣ B, decay-time and oscillation frequency Gaussian constrained 

‣ resulting CP parameters: 

‣ systematic uncertainties estimated with Gaussian constraints, 
pseudoexperiments and  variation of mass fit model

Decay-time fit
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‣ final state asymmetries mainly dominated by cosine function  

‣ asymmetry between B, and B,  for favoured and suppressed transitions: 

‣ significance of 2.7s, for CP violation 

‣ result in agreement with Belle & BaBar 

‣ more precise than Belle & BaBar

CP asymmetries

 11

Decay time [ps]
5 10

) FA
Si

gn
al

 y
ie

ld
 a

sy
m

m
et

ry
 (

0.2−

0.15−

0.1−

0.05−

0
0.05

0.1
0.15
0.2

0.25

LHCb

Decay time [ps]
5 10

) SA
Si

gn
al

 y
ie

ld
 a

sy
m

m
et

ry
 (

0.2−

0.15−

0.1−

0.05−

0
0.05

0.1
0.15
0.2

0.25

LHCb

B0
<latexit sha1_base64="4ZWn/pxDwG4w6d+lYJYs/F0OcZA="></latexit><latexit sha1_base64="4ZWn/pxDwG4w6d+lYJYs/F0OcZA="></latexit><latexit sha1_base64="4ZWn/pxDwG4w6d+lYJYs/F0OcZA="></latexit><latexit sha1_base64="4ZWn/pxDwG4w6d+lYJYs/F0OcZA="></latexit>

B0
<latexit sha1_base64="rFqKy/t7v5mrx8Ey1Za7tVASnic="></latexit><latexit sha1_base64="rFqKy/t7v5mrx8Ey1Za7tVASnic="></latexit><latexit sha1_base64="rFqKy/t7v5mrx8Ey1Za7tVASnic="></latexit><latexit sha1_base64="rFqKy/t7v5mrx8Ey1Za7tVASnic="></latexit>

2.7�
<latexit sha1_base64="rA8WFzDRSpHr8rExI3XZCrDEu80="></latexit><latexit sha1_base64="rA8WFzDRSpHr8rExI3XZCrDEu80="></latexit><latexit sha1_base64="rA8WFzDRSpHr8rExI3XZCrDEu80="></latexit><latexit sha1_base64="rA8WFzDRSpHr8rExI3XZCrDEu80="></latexit>

A� =
�B0!f (t)� �B0!f̄ (t)
�B0!f (t) + �B0!f̄ (t)

A� =
�B0!f (t)� �B0!f̄ (t)
�B0!f (t) + �B0!f̄ (t)

<latexit sha1_base64="yABsTAYOmGnITjXoPgVjcedAoxc="></latexit><latexit sha1_base64="yABsTAYOmGnITjXoPgVjcedAoxc="></latexit><latexit sha1_base64="yABsTAYOmGnITjXoPgVjcedAoxc="></latexit><latexit sha1_base64="yABsTAYOmGnITjXoPgVjcedAoxc="></latexit>

�=DD= �9�9J 
	�:

Sf [%] 6.8± 3.1 �2.3± 5.0 5.8± 2.3
Sf [%] 3.1± 3.2 4.3± 4.8 3.8± 2.1

<latexit sha1_base64="r+MujJmY1hX9WQNvP5rV86xfKtg="></latexit><latexit sha1_base64="r+MujJmY1hX9WQNvP5rV86xfKtg="></latexit><latexit sha1_base64="r+MujJmY1hX9WQNvP5rV86xfKtg="></latexit><latexit sha1_base64="r+MujJmY1hX9WQNvP5rV86xfKtg="></latexit>

PRD 73 (2006) 092003       PRD 73 (2006) 111101

JHEP 06 (2018) 084

nominal fit 
no CPV

nominal fit 
no CPV



Alex Birnkraut | Time-dependent CP violation in B->DX,,,, | July 6th, 2018 /16B! DX
<latexit sha1_base64="5irS35vcMgPOQhz8Z6qDnNX+IN8="></latexit><latexit sha1_base64="5irS35vcMgPOQhz8Z6qDnNX+IN8="></latexit><latexit sha1_base64="5irS35vcMgPOQhz8Z6qDnNX+IN8="></latexit><latexit sha1_base64="5irS35vcMgPOQhz8Z6qDnNX+IN8="></latexit>

BS->DSK

 12

B0s! D⌥s K±
<latexit sha1_base64="w4PrBTyOScj86KqcYLpMUfYOYnE="></latexit><latexit sha1_base64="w4PrBTyOScj86KqcYLpMUfYOYnE="></latexit><latexit sha1_base64="w4PrBTyOScj86KqcYLpMUfYOYnE="></latexit><latexit sha1_base64="w4PrBTyOScj86KqcYLpMUfYOYnE="></latexit>



/16Alex Birnkraut | Time-dependent CP violation in B->DX,,,, | July 6th, 2018B! DX
<latexit sha1_base64="5irS35vcMgPOQhz8Z6qDnNX+IN8="></latexit><latexit sha1_base64="5irS35vcMgPOQhz8Z6qDnNX+IN8="></latexit><latexit sha1_base64="5irS35vcMgPOQhz8Z6qDnNX+IN8="></latexit><latexit sha1_base64="5irS35vcMgPOQhz8Z6qDnNX+IN8="></latexit>

‣ sample based on 3fb,,, from 2011 & 2012 ( 7and 8 TeV ) 

‣ multidimensional fit to different Ds, final states  

‣ all single track taggers (O,,,,,,,,,,,,,,,,,,,,,,,) + OS vertex charge + SS kaon 

‣  calibration performed on B,,,,,,,,,,,,,,,,, 
- performance: e 

‣ per-event  decay time resolution determined on fake B, -candidates 

‣ decay time acceptance taken from Bs2Dspi,,,,, and weighted by ratio  
from simulation 

‣ external inputs:   

Sample preparation
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‣ external inputs fixed to central values 

‣ tagging calibration parameters floating within  
Gaussian constraints 

‣ obtained CP parameters:  

‣ systematic uncertainties estimated using  
pseudoexperiments and simulation 

‣ CP asymmetries folded into one mixing period 
→ evidence of oscillation

Decay time fit & asymmetries
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‣ frequentist approach 

‣ B2Dpi             using external input for r (and B) 

‣ confidence intervals at 68% CL: 

- g                   185 
- delta        41 
- sin(2beta+gamma) 

‣ For BBs2DsK,,,,,only external input for B, needed 
- g= 128 

- delta=  358 
- r_Bs2DsK 0.37
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‣ presented time-dependent results on g from B2Dpi,,,,,,,,, and Bs2DsK 

‣ Bd2Dpi,,,,,,, :  

- g 
- agrees quite well with world average 

‣ Bs2DsK s     : 
- g 
- shows some tension with world average  

‣ measurements statistically limited  
→ Run II data will improve sensitivity 

‣ LHCb collaboration provides its own g combination 

- See Mark Whitehead’s talk!

� 2 [5, 86]� [ [185, 266]�­68% �

<latexit sha1_base64="JCdkpiD66o/RtT9xx8nQ6QYIoGc="></latexit><latexit sha1_base64="JCdkpiD66o/RtT9xx8nQ6QYIoGc="></latexit><latexit sha1_base64="JCdkpiD66o/RtT9xx8nQ6QYIoGc="></latexit><latexit sha1_base64="JCdkpiD66o/RtT9xx8nQ6QYIoGc="></latexit>

Conclusion

 16

�
<latexit sha1_base64="CLgTe5C4OU/+SnxYiWQU/MqkvoQ="></latexit><latexit sha1_base64="CLgTe5C4OU/+SnxYiWQU/MqkvoQ="></latexit><latexit sha1_base64="CLgTe5C4OU/+SnxYiWQU/MqkvoQ="></latexit><latexit sha1_base64="CLgTe5C4OU/+SnxYiWQU/MqkvoQ="></latexit>

B0! D⌥⇡±
<latexit sha1_base64="G6JoTVlL5fG/1DrFXcGLfOLfOC0="></latexit><latexit sha1_base64="G6JoTVlL5fG/1DrFXcGLfOLfOC0="></latexit><latexit sha1_base64="G6JoTVlL5fG/1DrFXcGLfOLfOC0="></latexit><latexit sha1_base64="G6JoTVlL5fG/1DrFXcGLfOLfOC0="></latexit>

B0s! D⌥s K±
<latexit sha1_base64="w4PrBTyOScj86KqcYLpMUfYOYnE="></latexit><latexit sha1_base64="w4PrBTyOScj86KqcYLpMUfYOYnE="></latexit><latexit sha1_base64="w4PrBTyOScj86KqcYLpMUfYOYnE="></latexit><latexit sha1_base64="w4PrBTyOScj86KqcYLpMUfYOYnE="></latexit>

B0! D⌥⇡±
<latexit sha1_base64="G6JoTVlL5fG/1DrFXcGLfOLfOC0="></latexit><latexit sha1_base64="G6JoTVlL5fG/1DrFXcGLfOLfOC0="></latexit><latexit sha1_base64="G6JoTVlL5fG/1DrFXcGLfOLfOC0="></latexit><latexit sha1_base64="G6JoTVlL5fG/1DrFXcGLfOLfOC0="></latexit>

B0s! D⌥s K±
<latexit sha1_base64="w4PrBTyOScj86KqcYLpMUfYOYnE="></latexit><latexit sha1_base64="w4PrBTyOScj86KqcYLpMUfYOYnE="></latexit><latexit sha1_base64="w4PrBTyOScj86KqcYLpMUfYOYnE="></latexit><latexit sha1_base64="w4PrBTyOScj86KqcYLpMUfYOYnE="></latexit>

� = (128+17�22)
�

<latexit sha1_base64="xZJJhraPciiNp9MSfuB8m60ehT4="></latexit><latexit sha1_base64="xZJJhraPciiNp9MSfuB8m60ehT4="></latexit><latexit sha1_base64="xZJJhraPciiNp9MSfuB8m60ehT4="></latexit><latexit sha1_base64="xZJJhraPciiNp9MSfuB8m60ehT4="></latexit>

→ uncertainties still quite large for both results
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‣ external inputs fixed to central values 

‣ tagging calibration parameters floating within  
Gaussian constraints 

‣ obtained CP parameters:  

‣ systematic uncertainties estimated using  
pseudoexperiments and simulation 

‣ CP asymmetries folded into one mixing period 
→ evidence of oscillation

Decay time fit & asymmetries
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‣ incoherent production of bb-pairs 

‣ precise pi/K identification 
- e(K->K)~95 

- misID(

The LHCb detector
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Chapter 2

The LHCb Detector

2.1 Detector layout

LHCb is a single-arm spectrometer with a forward angular coverage from approximately 10 mrad
to 300 (250) mrad in the bending (non-bending) plane. The choice of the detector geometry is
justified by the fact that at high energies both the b- and b-hadrons are predominantly produced in
the same forward or backward cone.

The layout of the LHCb spectrometer is shown in figure 2.1. The right-handed coordinate
system adopted has the z axis along the beam, and the y axis along the vertical.

Intersection Point 8 of the LHC, previously used by the DELPHI experiment during the LEP

Figure 2.1: View of the LHCb detector.
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‣ sample based on 3fb,,, from 2011 & 2012 ( 7and 8 TeV ) 

‣ B2Dpi,,,,,,,,,, reconstructed in D2Kpipi 

‣ loose preselection 

‣ main offline selection of all (B,,PV) pairs: 
- vetoing physical backgrounds  
- reduction of combinatorial background with a BDT 

‣ FoM: statistical uncertainty of CP violation parameters 
- apply selection 

- perform massfit to extract yields 
- generate toy sample 

- perform decay time fit to extract uncertainties 

‣ overall signal efficiency: 70.7±0.1% 

‣ combinatoric background rejection: 99.911±0.002%

Selection & Datasample
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‣ considered 10 sources of systematic uncertainties 

- uncertainties estimated by Gaussian constraints: 
Δ, t, PID efficiencies 
- uncertainties estimated with toys: 

• tagging calibration models 

• tagging efficiency asymmetries 

• decay-time resolution & acceptance model 

• assumptions on ΔΓ and C/Cbar 

- varied background subtraction 
- fit biases: entire analysis validated on MC showing  

biases up to given values 

‣ largest uncertainty from external input for oscillation  
frequency 

‣ measurement statistically limited

Systematic uncertainties B
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‣ sample based on 3fb,,, from 2011 & 2012 ( 7and 8 TeV ) 

‣ physical backgrounds suppressed using combination of PID information and kinematic vetoes 

‣ combinatoric background suppressed with a BDT 

‣ multidimensional fit to different Ds, final states  

‣ #signal candidates: 5955±90

Selection & Massfit B
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‣ effective tagging efficiency on B,,,,,,,,,,,,,,,,,,: 

‣ control channel B,,,,,,,,,,,,,,,,,,: 

‣ calibration parameters obtained on B,,,,,,,,,,,,,,,,, :

Tagging performance B
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�� GFDQ 12.94± 0.11 1.41± 0.11
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�GL9D 76.85± 0.24 5.80± 0.25
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h⌘i p0 p1 "L9?�Å�

�� 0.370 0.3740± 0.0061± 0.0004 1.094± 0.063± 0.012 37.15± 0.17
�� 0.437 0.4414± 0.0047± 0.0002 1.084± 0.068± 0.006 63.90± 0.17

� �p0 �p1 �"L9?�Å�

�� � 0.0138± 0.0060± 0.0001 0.126± 0.062± 0.002 �1.14± 0.72
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‣ estimated using large sets of pseudoexperiments 

- generated with central values from decay time fit 
- fitted with same procedure as on data - varying fit model by systematic effect

Systematic uncertainties Bs2DsK

 23

�GMJ;= Cf A��f A��
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Sf S f

�=L=;LAGF 9KQEE=LJQ 0.02 0.28 0.29 0.02 0.02
�ms 0.11 0.02 0.02 0.20 0.20
�9??AF? 9F< K;9D= >9;LGJ 0.18 0.02 0.02 0.16 0.18
�9??AF? 9KQEE=LJQ 0.02 0.00 0.00 0.02 0.02
�GJJ=D9LAGF 9EGF? G:K=JN9:D=K 0.20 0.38 0.38 0.20 0.18
�DGKMJ= L=KL 0.13 0.19 0.19 0.12 0.12
�;;=HL9F;=� KAEMD9LAGF J9LAG 0.01 0.10 0.10 0.01 0.01
�;;=HL9F;= <9L9 rL� �s � ��s 0.01 0.18 0.17 0.00 0.00

�GL9D 0.32 0.55 0.55 0.35 0.35
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