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BBss→→J/J/ψψ φφBBss→→J/J/ψψ φφ
Bs and Bs created as oscillating pairs with mass eigenstates BH and BL

_

Oscillation frequency is not directly measurable in Bs→J/ψ φ - look at 
other parameters
Eigenstates decay to the same final state particles.Eigenstates decay to the same final state particles.

J/J/ψψ φφ
BB00SS

BB00SS

μμ++μμ--

BB SS KK++KK--

• Scalar particle decays to 
two vector particles:

• gives three possible final A┴ A║ A0
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Angular AnalysisAngular AnalysisAngular AnalysisAngular Analysis

To extract mixingTo extract mixingμ To extract mixing To extract mixing 
parameters, must parameters, must 
separate eigenstate separate eigenstate 
amplitudesamplitudes
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Decay ParametrisationDecay ParametrisationDecay ParametrisationDecay Parametrisation
33 transversitytransversity amplitudesamplitudes
–– 44 independentindependent parametersparameters -- 22 magnitudesmagnitudes andand 22

phasesphases::
–– |A|A║║|| |A|A┴┴|| δδ11 δδ22

33 mixingmixing parametersparameters andand weakweak phasephase::
ΓΓ ΔΓΔΓ ΔΔMM–– ΓΓss ΔΓΔΓss ΔΔMMss φφSS

Parameters are extracted via maximum likelihood
fitfit
Take into account 8 free parameters (in probability
distribution), also wrongtag fraction & background
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Lifetime FittingLifetime FittingLifetime FittingLifetime Fitting
• The normalised maximum likelihood estimator is:

Decay timeB k d1 ( t )Probability Decay timeB k d1 ( t )Probability Decay time 
resolutionBackground1-(wrong tag)Probability 

distribution
Decay time 
resolutionBackground1-(wrong tag)Probability 

distribution
Complicated Complicated 
PDFPDF
Fit to all 8Fit to all 8Fit to all 8 Fit to all 8 
free free 
parameters is parameters is 
difficultdifficult
Fix 6 Fix 6 
parameters parameters 
and fit 2 and fit 2 
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Decay time resolutionDecay time resolutionDecay time resolutionDecay time resolution

Accuracy of lifetime measurement depends on Accuracy of lifetime measurement depends on y py p
finding secondary vertex where meson decaysfinding secondary vertex where meson decays
Granularity of detectors causes “smearing” in dataGranularity of detectors causes “smearing” in data
C t t thi ff t f d t b f i fit tC t t thi ff t f d t b f i fit tCan extract this effect from data by performing fit to Can extract this effect from data by performing fit to 
negative lifetime measurementsnegative lifetime measurements
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Misalignment in the Inner Misalignment in the Inner 
DetectorDetector

Misalignment occurs Misalignment occurs gg
where detector where detector 
components are out of components are out of 
place in reconstructionplace in reconstruction
Affects precision of Affects precision of 
secondary vertex secondary vertex 
measurementmeasurement
For early data For early data 
misalignment in inner misalignment in inner 
detector will not be welldetector will not be welldetector will not be well detector will not be well 
understoodunderstood

Reconstruction precision will improve with more Reconstruction precision will improve with more 
datadata
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H o w  t o  a c c o u n t  f o r  s y s t e m a t i c  How to account for systematic 
errorserrors

“Decay time resolution” term takes account of “Decay time resolution” term takes account of ecay t e eso ut o te ta es accou t oecay t e eso ut o te ta es accou t o
detector resolution effectsdetector resolution effects
Can we take account of other systematic effects Can we take account of other systematic effects 
i h ?i h ?in the same way?in the same way?
Maximum likelihood estimator takes single Maximum likelihood estimator takes single 
gaussian convolutiongaussian convolutiongaussian convolutiongaussian convolution

Decay time Background1 (wrong tag)Probability Decay time Background1 (wrong tag)Probability Systematic 
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F i t t o d a t aFit to dataFit to dataFit to data

Will reconstruct data with two misalignment setsWill reconstruct data with two misalignment setseco st uct data t t o sa g e t setseco st uct data t t o sa g e t sets
Sets created by the Inner Detector Alignment Sets created by the Inner Detector Alignment 
Group as estimates of initial and final detector Group as estimates of initial and final detector 

i lii limisalignmentsmisalignments
In acceptIn accept--reject Monte Carlo studies, large reject Monte Carlo studies, large 
convolution values sometimes caused fit to failconvolution values sometimes caused fit to failconvolution values sometimes caused fit to failconvolution values sometimes caused fit to fail
Extract convolution term from fit to misaligned Extract convolution term from fit to misaligned 
datadatadatadata
Current model uses single gaussian as Current model uses single gaussian as 
convolution term convolution term –– may try double gaussianmay try double gaussian
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F t W kFuture WorkFuture WorkFuture Work

Over next few weeks will be running fit forOver next few weeks will be running fit forOver next few weeks will be running fit for Over next few weeks will be running fit for 
data reconstructed for different detector data reconstructed for different detector 
misalignmentsmisalignmentsmisalignmentsmisalignments
Will determine whether this analysis Will determine whether this analysis 
method gives good resultsmethod gives good results particularlyparticularlymethod gives good results method gives good results -- particularly particularly 
for early datafor early data
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