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Summer 18

CKM
f i t t e r

Determining the CKM matrix parameters (physics and statistics)
Implementing in a software (CKMfitter and 1st tutorial)
Using the web-based interface (CKMlive 2nd tutorial)
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CKMfitter and fastfitter

Sébastien Descotes-Genon (LPT-Orsay) CKMfitter and CKMlive 22/02/19 3



A frequentist framework to implement

p = (A, λ, ρ̄, η̄ . . .) = (q, r)

q parameters of interest (CKM), r nuisance parameters (hadronic)
Omeas ± σO experimental values of observables
Oth(p) theoretical description in a given model

L(p) =
∏
O
LO(p) T (p) = −2 lnL(p) =

∑
O

(
Oth(p)−Omeas

σO

)2

χ2(q) = min
r

T (q, r)

Central value: estimator q̂ max likelihood χ2(q̂) = minq χ
2(q)

Range: confidence level (p-value) for q0 computed from
∆χ2(q0) = χ2(q0)−minq χ

2(q), assuming χ2 law with N = dim(q)

Specific (Rfit) treatment of theoretical uncertainties modifying L,
and impacting the procedure to average measurements
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CKMfitter software

General objectives for
Experimentalists and theorists working together
Frequentist determination of CKM parameters from observables
Large number of inputs, significant theoretical uncertainties
Numerically demanding, with many scans and minimisations

(in particular w.r.t nuisance parameters)

First version of the software (up to 2005)
Fortran code + Minuit minimisation
Fortran: legibility/modularity difficult to maintain
Minuit: numerical determination of first derivatives (gradient)

Second version of the software (from 2005)
Fastfitter=Mathematica code + Fortran routines
Mathematica: building of χ2 and computation of first derivatives
Fortran: minimisation using publicly available, MINUIT-like routines
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CKMfitter current implementation

Theory packages: express observables (branching ratios. . . ) in
terms of parameters (A, λ . . .)
Libraries: compactification algo to identify subexpressions
repeated in obs and derivatives for quick numerical computation
Fortran code: numerical minimisation
Tools: ROOT routines to draw the plots
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Elements for an analysis

Mathematica theory packages
observables (branching ratios. . . ) in terms of parameters (A, λ . . .)
compute derivatives and simplify expressions once and for all
possibility to define several models (SM, NP)

Input datacards
list of inputs at a given date (PDG, HFLAV, FLAG. . . )
observables (measurements) but also parameters (lattice QCD
inputs for hadronic params)

Analysis datacard
Theories to be considered
Inputs to be considered
Parameter(s) to be scanned and constrained
Plots to be drawn

Modularity of the approach, allowing to add new elements easily
χ2 function to be minimised build for the analysis chosen
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Analysis flow chart
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Theory packages

Express observables in terms of parameters, in a given model
Compute observables and first derivatives after simplification
Store the results in anciliary files used later to build χ2
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Structure of theory package
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Input datacard
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Input datacard format

Range corresponds to Rfit treatment of theoretical uncertainties
LUT corresponds to table for inputs with specific treatments (α, γ)
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Analysis datacard
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From CKMfitter to CKMlive

CKMfitter ckmfitter.in2p3.fr

fastfitter software very powerful and modular
but complicated to apprehend and to maintain
still implementing new features (large expressions, alternative
treatments of theo uncertainties)
often requests: how the global fit would change with this input ?

CKMlive (2015) ckmlive.in2p3.fr

Web interface for standard analyses (SM global fit)
Based on same elements as CKMfitter, more user friendly
(hopefully)
Less powerful, only limited subsets of analyses available
Main focus of the rest of the tutorial
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Apologies

Bugs in Summer 16 and Summer 18 datacards, which will be
solved next week
=⇒we will work today with EPS15 data (old, but still valid)
Computer server in France, so time of connection from Japan
might take some time
=⇒we may have to wait at some point. . .
Unusual to have so many requests at the same time
=⇒could you form teams of two/three people to run analyses on a
single computer ?
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A first fit with CKMlive
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First exercise
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EPS 15

CKM
f i t t e r

Use the same data as
the global fit for EPS15
Perform the fit for η̄
Obtain the data file, the
plot and confidence
interval
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1.Sign in2.Your analyses/Start an analysis



1.Fill the fields one  
after the other

2. Continue



1.Select the observable  
or the parameter to scan

Info on params





1.Select the observable  
or the parameter to scan

2.Select the  
scan range

3. Continue



1.Select the inputs of the fit 
(recommended global fit)

2. Continue



1.Give a nickname 
and a title

Plot : optional

2. Continue



The process is launched



After a while, 2 mails, 
one for the data file, 
the other for the plot



Advertisement
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The ckmfitter.in2p3.fr web page
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Regular updates of CKM in the SM
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Regular updates of CKM in the SM

Sébastien Descotes-Genon (LPT-Orsay) CKMfitter and CKMlive 22/02/19 21



Regular updates of CKM in the SM
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Determination of constraints on NP
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Who we are
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Back to our first fit
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The process is achieved and the results can be retrieved

In « Your analyses/Ongoing analyses »



For the data file



Information on 
analysis, 

parameters, 
observables, 
scan and plot

Value of the inputs



Global minimum 
and confidence 

intervals

p-value curve



For the plot



For the plot
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Any questions ?
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A first fit with CKMlive (bonus track)
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First exercise (bonus track)
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CKM
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Use the same data as
the global fit for EPS15
Perform the fit for η̄
using only tree-level
inputs
Obtain the data file, the
plot and confidence
interval
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1.Fill the fields one  
after the other

2. Continue



1.Select the observable  
or the parameter to scan

Info on params



2. Continue

1.Select the inputs of the fit 
(tree observables  

from recommended global fit)



1.Give a nickname 
and a title

2. Continue





The process is launched



When you get the mails telling you  
that the process is achieved, 
the results can be retrieved
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Any questions ?
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