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CKMfitter and CKMlive

group
Group of theorists and experimentalists in flavour physics
Determination of the parameters of the CKM matrix from
experimental data and theoretical inputs
Based on a frequentist statistical framework with specific model
for theoretical uncertainties

CKMlive
Web-interface for simplified analyses
Determination of theoretical parameters with numerical and
graphic outputs
Will be the main focus of this tutorial

Please go first to http://ckmlive.in2p3.fr
using Firefox in order to register (sign in)
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The current status of CKM
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Summer 18

CKM
f i t t e r

|Vud |, |Vus|, |Vcb|, |Vub|SL

B → τν

∆md , ∆ms, εK

α, sin 2β, γ

A = 0.840+0.005
−0.020

λ = 0.2247+0.0003
−0.0001

ρ̄ = 0.158+0.010
−0.007

η̄ = 0.349+0.010
−0.007

(68% CL)
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Two decades of CKM

dm6

K¡

K¡

sm6 & dm6

ubV

_

`a

l
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

d

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5
excluded area has CL > 0.95

1995

CKM
f i t t e r

dm6

K¡

K¡

sm6 & dm6

ubV

`sin 2

_

`a

l
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

d

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5
excluded area has CL > 0.95

Summer 2001

CKM
f i t t e r

_ _

dm6

K¡

K¡

sm6 & dm6

ubV

`sin 2

_

`a

l
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

d

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5
excluded area has CL > 0.95

2004

CKM
f i t t e r

1995 2001 2004

a

a

_

_

dm6

K¡

K¡

sm6 & dm6

ubV

`sin 2

(excl. at CL > 0.95)
 < 0`sol. w/ cos 2

excluded at CL > 0.95

_

`a

l
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

d

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5
excluded area has CL > 0.95

2006

CKM
f i t t e r

a

a

_

_

dm6

K¡

K¡

sm6 & dm6

ubV

`sin 2

(excl. at CL > 0.95)
 < 0`sol. w/ cos 2

excluded at CL > 0.95
_

`a

l
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

d

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5
excluded area has CL > 0.95

2009

CKM
f i t t e r

a

a

_

_

dm6
K¡

K¡

sm6 & dm6

ubV

`sin 2

(excl. at CL > 0.95)
 < 0`sol. w/ cos 2

excluded at CL > 0.95

_

`a

l
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

d

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5
excluded area has CL > 0.95

FPCP 13

CKM
f i t t e r

2006 2009 2013

The CKMfitter group (2019) CKMlive tutorial 5



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

The CKMfitter group (2019) CKMlive tutorial 7



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

The CKMfitter group (2019) CKMlive tutorial 13



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
Focus of this tutorial

The CKMfitter group (2019) CKMlive tutorial 16



First exercise
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First exercise
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Use the same data as
the global fit for EPS15
Perform the fit for ⌘̄
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



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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First exercise (alternative version)
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First exercise (alternative version)
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using only tree-level
inputs
Obtain the data file, the
plot and confidence
interval

The CKMfitter group (2019) CKMlive tutorial 19



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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Second exercise
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Second exercise

γ

γ

α

α

dm∆
Kε

Kε

sm∆ & dm∆

SLubV

ν τubV

bΛubV

βsin 2

(excl. at CL > 0.95)
 < 0βsol. w/ cos 2

excluded at CL > 0.95

α

βγ

ρ
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

η

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5
excluded area has CL > 0.95

EPS 15

CKM
f i t t e r

Use the same data as
the global fit for EPS15
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Obtain the data file and
the plot
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1.Fill the fields one  
after the other

2. Continue



1.Select the 
observable 

or the 
parameter to 

scan

2.Select the  
scan ranges 

and the  
abscissa

3. Continue



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

2. Continue



1.Give a nickname 
and a title

2. Continue



Possibility to have more  
information or to customise 

the analysis



Show parameter 
dependence of obs



Show simple 
analysis datacard



Information similar to data file 
obtained after the fit

Inputs and their 
value



Inputs and their 
value

Scan and plot 
information





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





Data file obtained as before



Plot file obtained as before
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Third exercise
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Third exercise
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Use the same data as
the global fit for EPS15
Perform the fit for |Vcb|
with different inputs

Global: all inputs
Indirect: all inputs but
no input on |Vcb| from
semileptonic decays
Exclusive: all inputs,
with input for |Vcb|
from exclusive
semileptonic decays
Inclusive: all inputs,
with input for |Vcb|
from inclusive
semileptonic decays

Compare the plots
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Third exercise

Fits on |Vcb|
Global: all inputs of the global fit
Indirect: all inputs but no input on |Vcb| from semileptonic decays
Exclusive: all inputs, with input for |Vcb| from exclusive
semileptonic decays
Inclusive: all inputs, with input for |Vcb| from inclusive semileptonic
decays
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Global fit for Vcb









Additional information as  
the target is also an input 

as can be checked  
in the « Inputs » tab



Input for the target from EPS15





Third exercise

Fits on |Vcb|
Global: all inputs of the global fit
Indirect: all inputs but no input on |Vcb| from semileptonic decays
Exclusive: all inputs, with input for |Vcb| from exclusive
semileptonic decays
Inclusive: all inputs, with input for |Vcb| from inclusive semileptonic
decays
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We could start from scratch, 
but easier to use  

the « Copy/Duplicate » 
feature of CKMlive







There is _copy_ of  
the previous analysis, 
still under construction



We can rename it



This will be the indirect determination of Vcb 
coming from the global fit  

without any input from semileptonic decays



We must remove the input from Vcb, 
which comes from semileptonic decays



The input from Vcb is now removed 
Before submitting 

we have to give the details for the plot





indirect  
determination of Vcb



Once the inputs and the plot 
are fixed, we can submit





Third exercise

Fits on |Vcb|
Global: all inputs of the global fit
Indirect: all inputs but no input on |Vcb| from semileptonic decays
Exclusive: all inputs, with input for |Vcb| from exclusive
semileptonic decays
Inclusive: all inputs, with input for |Vcb| from inclusive semileptonic
decays
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We can use again   
the « Copy/Duplicate » feature of CKMlive 

starting from the initial analysis 
and changing the input from Vcb







There is _copy_ of  
the previous analysis, 
still under construction



We can rename it



This will be the determination of Vcb 
coming from the global fit  

without input from exclusive semileptonic decays



We must change the input from Vcb, 
only from exclusive semileptonic decays



We can change  
the input from Vcb



1. Give the 
input values

2. Continue



We can check that our value is 
taken into account



The input from Vcb is now changed 



Before submitting 
we have to give the details for the plot





determination of Vcb 
based on exclusive 

semileptonic decays



Once the inputs and the plot 
are fixed, we can submit





Third exercise

Fits on |Vcb|
Global: all inputs of the global fit
Indirect: all inputs but no input on |Vcb| from semileptonic decays
Exclusive: all inputs, with input for |Vcb| from exclusive
semileptonic decays
Inclusive: all inputs, with input for |Vcb| from inclusive semileptonic
decays
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We can use again   
the « Copy/Duplicate » feature of CKMlive 

starting from the initial analysis 
and changing the input from Vcb







There is _copy_ of  
the previous analysis, 
still under construction



We can rename it



This will be the determination of Vcb 
coming from the global fit  

without input from inclusive semileptonic decays



We must change the input from Vcb, 
only from inclusive semileptonic decays



We can change  
the input from Vcb



1. Give the 
input values

2. Continue



We can check that our value is 
taken into account



The input from Vcb is now changed 



Before submitting 
we have to give the details for the plot





determination of Vcb 
based on inclusive 

semileptonic decays



Once the inputs and the plot 
are fixed, we can submit
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Fourth exercise
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Fourth exercise
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Use the same data as
the global fit for EPS15
Perform the fit for
Br(B ! ⌧⌫)

Determine the
confidence intervals
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CI for B(B->tau nu) from the global fit 
(one could compute also the indirect 

prediction for this quantity)
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