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Neutral Meson Mixing
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! m = mH ! mL

�� = �L ! �H

Neutral mesons oscillate into their own antiparticle:

Heavy and light mass eigenstates:

Different masses and decay widths:
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CP Violation in Mixing

3

Flavour specific asymmetry:

Semileptonic decays are flavour-specific: CP violation 
if |q/p|≠1

! afs is very 
small in SM

afs =
!( øBq ! Bq ! f ) " !( Bq ! øBq ! øf )
!( øBq ! Bq ! f ) + !( Bq ! øBq ! øf )

=
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Experimental Overview
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Measuring      in LHCbas
sl
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"  rapid oscillations dilute  
production asymmetry

We start with a different 
amount of       and         
mesons: 
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How to measure     .  

Expanding phase space 
compared to previous 
measurement of      :

as
sl
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Bs " (Ds "  K K π) μ νμ
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Araw = (1 ! f bkg)
as
sl

2
+ f bkgAbkg + AD
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Cross-check and analysis 
on its own:            .   

• Divided in the same bins of phase space 
• Same background cuts have been applied (when applicable)  
• Similar methods to determine detection asymmetry 
• Similar fit strategy 
• Splitting in kinematic bins

AP (D +
s )

AP =
�(pp! D+

s )� �(pp! D�
s )

�(pp! D+
s ) + �(pp! D�

s )
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Detection Asymmetries

8

Adet =
! (f ) ! ! ( øf )
! (f ) + ! ( øf )

Due to: 
• left-right asymmetric detector 
• interaction asymmetries 
• asymmetric pattern recognition
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Detection Asymmetries
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Adet =
! (f ) ! ! ( øf )
! (f ) + ! ( øf )

• largely measured by !
reversing magnet polarity 

• measure the remaining asymmetry !
using data-driven methods
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Example of Detection Asymmetry:!
Aμπ track using J/ψ" μ+μ-
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Signal Extraction
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Background Contributions 
and Asymmetries for      .
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Backgrounds from: 
• prompt Ds decays 
• double D decays 
• b-hadron decays

Bs " Ds ("  K K π) μ νμ
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= 1 .23± 0.09
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1
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fbkg Abkg = (�0.037 ± 0.028)%

LHCb Simulation

These backgrounds come with their own 
asymmetries, which need to be corrected



Preliminary blinded results 
of  aslas

sl
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blinded by setting this Araw to 0 

blinded by setting this Araw to 0 

as
sl = ( XX ± 0.26(stat) ± 0.18(syst)%
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Background Contributions 
and Asymmetries for           .

"  Very small

AP (D +
s )
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Comparing to MC 
predictions

• Generator level MC 
also includes a non-
zero production 
asymmetry 

• Will compare this to 
our measurement 
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Conclusion and Outlook
• World’s most precise measurement of       is coming soon !

!

• Measurement of               around the same time

as
sl
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Projection of outcome 
with same asymmetry as 
before, but uncertainties 
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• Expected 0.26% statistical and 
0.18% systematic uncertainty 
for 
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Back-Up



Selection and 
Reflection Vetoes



Selection for       .
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Reflection Vetoes for      .
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Reflection Vetoes Example
Misidentified p 

Λc+ Misidentified  
D+" KKπ

21

LHCb Unofficial LHCb Unofficial



Selection for         .AP (D +
s )
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• L0 Global_TIS 
• HLT1 TrackAllL0_TOS 
• HLT2 CharmHadD2HHH 
• Stripping D2hhh_KKPLine



Reflection Vetoes               .AP (D +
s )
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Signal Extraction



Splitting in bins of pT and y
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Bins in pT and y, same as 
for 2011 measurement:  

Phys. Lett. B 713 (2012) 186-195

y

pT [MeV]

If the detection asymmetries and backgrounds are treated correctly:                
Ap (D  s) is the same in each Dalitz region, within each (pT,y) bin AP (D +

s )
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Measuring Araw for     .
Two strategies: 

• φπ region: 2D fit in m(KKπ) and log(IP) in bins of pμ 

• φπ, K*K and NR: 1D fits in m(KKπ) + cut on log(IP)!
!
more signal, but in K*K and NR regions also:!
"  more combinatorial background!
"  contributions from mis-ID ΛC and D+

26
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Signal Extraction for    .
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Signal Extraction for           .
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φπ 2D fit

29

fits in bins of muon momentum
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Signal: Bifurcated Gaussian 
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Detection 
Asymmetries



Gathering all detection 
asymmetries            .

• Atrack (μ and π): 3 methods 

• Aμ, using J/ψ "  μμ 

• AHLT1, 2 trigger lines:  

• AKK, using AKπ  

• APID, using PIDcalib

HLT1TrackMuon

HLT1TrackAllL0

D* "  D0π, ratio: D0 " Kμν
D0 " Kπ

J/ψ "  μμ
D* "  D0 (" Kπππ) πs

Same for   AP (D +
s )

31
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Aμπ track using  
D*"  D0("  Kπππ)πs

compare partially (missing π) and fully reconstructed decays

Aµ!
track =

Z
d! (Pµ sig (! ) ! (P ! sig (! )) Atrack (! )

32

D ! ! D 0(! K !!! )! sUsing:
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Aμ using J/ψ" μ+μ-

33

tag-and-probe method using                       decaysJ/ ! µ+ µ�

Measures the μ ID, L0 
and HLT1 asymmetry as 
a function of p and pT
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μπ Detection Asymmetries

"(µ+⇡�)

"(µ�⇡+)
=

N(D0 ! K�µ+⌫µ)

N(D
0 ! K+µ�⌫µ)

⇥ N(D
0 ! K+⇡�)

N(D0 ! K�⇡+)

• Efficiency ratios:

Large samples for!
D*" D0 (" K π) πs: 

• Use ratio to cancel 
AP (D*) and AD (K)
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μπ Detection Asymmetries
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Large samples also for!
D*" D0 (" K μ νμ) πs 
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AKK =
!

d! { POS (!) ! PSS (!) } AK (!)

looks at the global difference in momentum spectra for the 
same-sign and opposite-sign kaons.

AKK

36

Kaon p [GeV/c]
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APID

• Using PIDcalib; D* tagged D0" Kπ for K and π!
                          J/ψ "  μμ for μ 

• Currently evaluating the effect of sWeights in 
PIDcalib on the raw asymmetry

Large PID asymmetries, 
that are dependent on 
the background vetoes
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