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Introduction : What we want to do ?

ATLAS reconstructs physics objects (electrons, photons, jets, MET ) based on a combination of sub-
detectors: tracker, electromagnetic and hadronic calorimeters, muon spectrometer.

Goal : We want to calibrate the EM calorimeter !

Introduction

The ATLAS experiment

ATLAS reconstructs physics objects (electrons, photons, jets, MET ) based on a
combination of subdetectors: tracker, electromagnetic and hadronic calorimeters, muon
spectrometer.

ATLAS probes phenomena within the SM and beyond (SUSY, Dark matter,..)

Within the SM sector, the main focus of ATLAS is the search for the Higgs boson and

measurements of its properties.

Nihal BRAHIMI JRJC 2017 November 29, 2017 4 / 30
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Introduction : Why we need to do this ?

• Electromagnetic particles are heavily used in precision measurements due to the high precision reachable by 
the electromagnetic calorimeter (EM) :

Higgs mass measurement in H ! ��

Run 1: combination of H ! �� and H ! ZZ
⇤ ! 4` stat. dominated:

mH = 125.36± 0.37 (stat)± 0.18 (syst) GeV

Run 2: higher int. lumi. and higher cross-section ! reduced stat. error

ATLAS-CONF-2017-046

Run 2

Saskia Falke Higgs mass & photon calibration in ATLAS 12/2017 19 / 26
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To reach a high precision in property measurements, a precise calibration 
of the energy of electrons and photons is required.

The measurement of the properties of the 
Higgs boson (!⇾ ## and !⇾4l )

Measuring the mass of the W boson with 
an uncertainty less than 19 MeV

arXiv:1806.00242 ( Mʜ=124.97±0.24GeV )
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Introduction : Calibration Procedure

• The calibration procedure can be resumed in 6 steps :

JRJC
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MC based calibration : 
❶ The EM cluster properties are calibrated to the original electron and photon energy in simulated MC samples 
using multivariate techniques. 
❷ Since the EM calorimeter is longitudinally segmented : Equalise scales of different longitudinal layers between 
data/MC. 
❸ Apply MC response on data/mc clusters.

Introduction : Calibration Procedure

JRJC
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Difference between Data & MC : 

• Peak shifted ➔ distributions do not 
have the same energy response. 

• the two distributions do not have the 
same resolution.

Difference  data/mc
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MC based calibration : 
❶ The EM cluster properties are calibrated to the original electron and photon energy in simulated MC samples 
using multivariate techniques. 
❷ Since the EM calorimeter is longitudinally segmented : Equalise scales of different longitudinal layers between 
data/MC. 
❸ Apply MC response on data/mc clusters.

Introduction : Calibration Procedure
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MC based calibration : 
❶ The EM cluster properties are calibrated to the original electron and photon energy in simulated MC samples 
using multivariate techniques. 
❷ Since the EM calorimeter is longitudinally segmented : Equalise scales of different longitudinal layers between 
data/MC. 
❸ Apply MC response on data/mc clusters.
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with the Template  
method

EGAM-2018-004
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Template method for the in-situ Calibration : OverView

After Correction

1. The energy scale factors ($) : shift the absolute energy 
scale of each electron in data to match energy response of 
Monte Carlo. 

2. The additional constant term (c) : is added to the Monte 
Carlo resolution, to account for the larger resolution of the 
data.

To correct the residual discrepancies between data and Monte Carlo, we apply two correction Scale 
factors : 

JRJC
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Template method for the in-situ Calibration :

• Both Scale Factors, Energy scales and Additional constant term, are applied in bin of eta electron ηcalo :
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• A several 1D fit are used to determine the minimum of Chi-2, corresponds to the best agreement between the 
Template and simulation.

Template method: baseline method

Build distorted MC templates with known values of ↵i and ci

Compute �2 of each of these templates with data Z mass distribution

Fit �2-distribution in each ⌘calo
ij

-bin to get

minimum ↵ij :=
↵i+↵j

2 and cij :=
c
2
i
+c

2
j

2

c
0

c
0↵

�2 ↵

Invert equation system to obtain single-electron correction factors ↵i

and ci using a �2-minimisation
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Template method: baseline method
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is given by:270

⇣
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m
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data

' 1
4

⇣
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(8)

If one considers instead the e�ective correction c0i j to apply on both electrons (with independent random271

numbers), the additional constant term in the MC energy resolution has an e�ect on the mass resolution272

such that:273
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Which leads to:274

c02i j ⌘
c02i + c02j

2
(10)

3.4 Overview of the template method275

3.4.1 Computing the correction factors on the Z mass276

The template method has been introduced in [5] to compute the electrons’ scale factors. As presented277

before, this method is used to provide the final results. The correction terms c0i j and ↵i j on the Z mass278

are measured independently in each (⌘calo,i, ⌘calo, j) configuration, with a minimum of 10 events being279

required per configuration to perform the measurement. The electron scale factors can be deduced from280

the one measured on the Z mass during the inversion procedure (see Section 3.4.2).281

Modified di-electron invariant mass distributions are created from MC for each configuration and are282

called templates. This is done by injecting known values of scale factors using:283

mdata
ee = mMC

ee

q
(
⇣
1 + c0i ⇥Ni (0, 1)

⌘ ⇣
1 + c0j ⇥Nj (0, 1)

⌘
(1 + ↵i)(1 + ↵ j )) (11)

. Templates are then compared to the data distribution with a �2 test according to Equation (12).284

�2 =

NbinsX

k=1

(mMC
ee,k � mdata

ee,k )2

(�MC
k )2 + (�data

k )2
(12)

where 0 < k < Nbins is the number of bins used to plot the di-electron invariant mass, mMC
ee,k and �MC

k285

(resp. mdata
ee,k and �data

k ) are the MC (resp. data) k th bin content of the mass distribution and its related286

uncertainty.287

2nd February 2018 – 15:11 14
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Template method for the in-situ Calibration : Summary

• The idea used for the in-situ calibration can be resumed in 2 steps : 

invariant mass 
distribution - data 

invariant mass 
distribution - MC 

Templates

inject several 
correction factors to 
construct Templates

a Chi-2 Test is used to 
determine the best 
correction factor 

we inject 2 corrections factor (%,c) to 
correct the energy response in data 

and the resolution in simulation.

A procedure using several 1D fits is 
used to determine the minimum of the 

Chi-2 distribution. 

JRJC
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High-mu DataSet : Low-mu DataSet : 

• Pile-up : proton-proton collisions in addition to the collision of interest.

Electron & photon energy calibration for high-mu data : data-set

JRJC

Used for standard analyses: 

• Study of the Higgs boson properties.  

• Search for new physics. 

• ...

Used for precision measurements : 

• W mass measurement. 

• pT(W) and pT(Z) measurement. 

• ...
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Electron & photon energy calibration for high-mu data : Results

ATLAS DRAFT

3 Energy scales and resolution with Z->ee events136

3.1 Measurement results137

The final scale factors are measured with the template method, using the full 2015, 2016 and 2017138

datasets.139
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Figure 3: o�cial results of the SFs of 2015, 2016 and 2017

Statistical error on the final scale factors are measured with the template method, using the full 2015, 2016140

and 2017 datasets.141
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3.2 2015, 2016 and 2017 energy scale factors’ di�erence142

3.3 Data/MC comparison after corrections143

A significant improvement can be observed after applying the correction SFs144

8th October 2018 – 23:35 9
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• The difference between 2016 and 2015 in the end-cap ( due 
to a luminosity effect – right plot) is smaller than the 
difference between 2017 and 2015 because the luminosity 
in 2017 is bigger than in 2016.  

• Since the response in the end-cap is luminosity 
dependent, one can understand why the SF of 2017 are 
more different. 
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3.7.2 2015 and 2016 energy scale factors’ di�erence609

Several e�ects were considered in order to explain the di�erence between 2015 and 2016 energy scales610

and are described in [12]:611

• High voltage (HV) drop from luminosity induced currents: HV in the detector is reduced by R.i,612

where R is the total resistance seen by a HV line and i is the current dominated by luminosity e�ects.613

• Temperature e�ects: the overall temperature di�erence between 2015 and 2016 as well as the614

temperature variations in fill are used. The dependance of the response of the ECAL as a function615

of the luminosity is described in more details in Appendix A.616

A prediction of the di�erence between 2016 and and 2015 energy scale factors is shown in Figure 20. The617

prediction is not perfect, it uses only typical runs (with average luminosity, train structure), but reproduces618

the main features qualitatively.619
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Figure 20: Prediction of the di�erence between ↵2016 and ↵2015 using the high voltage drop and the temperature
e�ects. This prediction (red line) is compared to the di�erence between the two sets of energy scale factors (black
dots).

3.7.3 Data/MC comparison after corrections620

The energy scale factors and additional constant terms are then respectively applied on data and MC and621

the obtained Z mass distributions are shown in Figure 21. A significant improvement can be observed;622

data and MC distributions are compatible within the systematic uncertainties after calibration. The e�ect623

of this correction is further cross-checked and validated for smaller electron energies using J/ events,624

as explained in [13].625

2nd February 2018 – 15:11 30

• The correction scale factors for 2015, 2016 and 2017 :

JRJC
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• The additional constant terms : Lower values with 2017 data than 2016 data because the pile-up in the 
Calorimeter from MC Is mis-modeling the data. Therefore the additional constant term absorbs this mis-
modeling. 

ATLAS DRAFT

3 Energy scales and resolution with Z->ee events136

3.1 Measurement results137

The final scale factors are measured with the template method, using the full 2015, 2016 and 2017138

datasets.139
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Figure 3: o�cial results of the SFs of 2015, 2016 and 2017

Statistical error on the final scale factors are measured with the template method, using the full 2015, 2016140

and 2017 datasets.141
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3.2 2015, 2016 and 2017 energy scale factors’ di�erence142

3.3 Data/MC comparison after corrections143

A significant improvement can be observed after applying the correction SFs144

8th October 2018 – 23:35 9

• The Additional constant terms for 2015, 2016 and 2017 :

JRJC
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• Comparison Data/MC after correction : 
Template and Lineshape comparison : 2017

H.ATMANI (L.A.L) 14  August. 2018                4

Template 

Mean = 90.4427 
Rms = 3.534

Mean = 90.4489 
Rms = 3.562

Lineshape

Mean = 90.4317 
Rms = 3.534

Mean = 90.4485 
Rms = 3.563

Mean = 90.4403 
Rms = 3.505

Mean = 90.4452 
Rms = 3.533

                          
Mean = 90.4309 

Rms = 3.505

Mean = 90.4449 
Rms = 3.533

                          

2017

Template and Lineshape comparison : 2016

H.ATMANI (L.A.L) 14  August. 2018                5

Template Lineshape

Mean = 90.4194 
Rms = 3.512

Mean = 90.4445 
Rms = 3.518

Mean = 90.4257 
Rms = 3.513

Mean = 90.4438 
Rms = 3.523

                          
Mean = 90.4129 

Rms = 3.482

Mean = 90.4391 
Rms = 3.488

Mean = 90.4184 
Rms = 3.482

Mean = 90.4387 
Rms = 3.491

                          

2016

Template and Lineshape comparison : 2015

H.ATMANI (L.A.L) 14  August. 2018                6

Template Lineshape

Mean = 90.3722 
Rms = 3.479

Mean = 90.4425 
Rms = 3.543

Mean = 90.3902 
Rms = 3.480 

Mean = 90.4383 
Rms = 3.578

                          
Mean = 90.3682 

Rms = 3.448

Mean = 90.4375 
Rms = 3.512

Mean = 90.3826 
Rms = 3.449

Mean = 90.4341 
Rms = 3.543

                          

2015

JRJC

Better agreement in 2017 results than the 2016 and 2015, related principally to the high statistic of 2017.
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 Template method for energy Calibration.  

 Electron & photon energy calibration : low-mu runs. 

 Extrapolation study. 

 Conclusion. 
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Electron & photon energy calibration for low-mu data :

0 10 20 30 40 50 60 70 80
Mean Number of Interactions per Crossing

0
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500/0.
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pb

Online, 13 TeVATLAS -1Ldt=136.4 fb∫
> = 13.4µ2015: <
> = 25.1µ2016: <
> = 37.8µ2017: <
> = 37.3µ2018: <
> = 34.0µTotal: <

Initial 2018 calibration

• The same procedure applied to correct the difference observed between data and simulation for the high-mu 
dataset is applied also for the low-mu dataset. 

• Because of some problems in the correction procedure used for the low-mu dataset, related principally to the 
low-stat of low-mu dataset, another approach is used to calibration the low-mu dataset. 

• The approach used for the low-mu dataset, is based principally on the extrapolation of high-mu results to the 
low-mu.

low mu dataSet
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Electron & photon energy calibration for low-mu data : bais study

H.ATMANI (L.A.L) 08ᵗʰ  Jun. 2018         4/ 

  Low-mu run : bias between 24 and 48 bins.
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68 Bins 24 Bins 48 Bins

Low-mu runs study
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• the number of bins chosen for the high-mu 
analysis : 68, and because of the stat of low-mu 
runs, we change the number of bins to 48 -- Wider 
bins are used in the EC. 

• there is one idea to use wider bins - 24 Bins, and 
the results are similar with 48 Bins in the barrel. 
there seems still to be a small biais in the End-
Cap (to be understood). 

• All the low-mu analysis is currently done with 48 
Bins.

Low-mu runs study
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• the number of bins chosen for the high-mu 
analysis : 68, and because of the stat of low-mu 
runs, we change the number of bins to 48 -- Wider 
bins are used in the EC. 

• there is one idea to use wider bins - 24 Bins, and 
the results are similar with 48 Bins in the barrel. 
there seems still to be a small biais in the End-
Cap (to be understood). 

• All the low-mu analysis is currently done with 48 
Bins.

For 68 bins there is a bais  

• Average of Data is changing with number of bins 
and the difference Data/mc > 3e-4

• The number of bins chosen for the high-mu analysis : 68 bins, and because of the low-stat of low-mu runs, we 
change the number of bins to 48 bins ➔ Wider bins are used in the EC. 

• There is one idea to use wider bins - 24 bins, and the results are similar with 48bins in the barrel ➔ there 
seems still to be a small bias in the end-cap.

JRJC
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Extrapolation from the high-mu results to low-mu : Idea

2

High-mu Extrapolation 

interval <mu> Events
[ 0   :  24 ] 20.55 2265964
[ 24   :  28 ] 26.00 2136139
[ 28   :  34 ] 31.14 4089130
[ 34   :  40 ] 36.91 4190953
[ 40   :  47 ] 42.95 2452957
[ 47   :  54 ] 50.43 1303397
[ 54   :  .... ] 56.66 2810652

Plan : 

Compare the results of high-mu extrapolation(~0) with low-mu results.

Correct the extrapolation results with the difference between high and low noise threshold.

check if the high mu extrapolation improve the results.

• Because of some problems in the correction procedure used for the low-mu dataset, related principally to the 
low-stat of low-mu dataset, another approach is used to calibration the low-mu dataset. 

• The approach used for the low-mu dataset, is based principally on the extrapolation of high-mu results to the 
low-mu. 

JRJC

interval <mu> Events
[ 0   :  24 ] 20.55 11 %
[ 24   :  28 ] 26.00 12 %
[ 28   :  34 ] 31.14 22 %
[ 34   :  40 ] 36.91 21 %
[ 40   :  47 ] 42.95 13 %
[ 47   :  54 ] 50.43 7 %
[ 54   :  .... ] 56.66 14 %
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Extrapolation from the high-mu results to low-mu : Example 

2

High-mu Extrapolation 

interval <mu> Events
[ 0   :  24 ] 20.55 2265964
[ 24   :  28 ] 26.00 2136139
[ 28   :  34 ] 31.14 4089130
[ 34   :  40 ] 36.91 4190953
[ 40   :  47 ] 42.95 2452957
[ 47   :  54 ] 50.43 1303397
[ 54   :  .... ] 56.66 2810652

Plan : 

Compare the results of high-mu extrapolation(~0) with low-mu results.

Correct the extrapolation results with the difference between high and low noise threshold.

check if the high mu extrapolation improve the results.

4

Bin 1 Bin 2 Bin 3

Bin 23 Bin 24 Bin 25

Bin 46 Bin 47 Bin 48

Exemple of Extrapolation for 
bin=1 in eta : [-2.47 : - 2.44]

Different interval used of the 
distribution of mu

4

Bin 1 Bin 2 Bin 3

Bin 23 Bin 24 Bin 25

Bin 46 Bin 47 Bin 48

2

High-mu Extrapolation 

interval <mu> Events
[ 0   :  24 ] 20.55 2265964
[ 24   :  28 ] 26.00 2136139
[ 28   :  34 ] 31.14 4089130
[ 34   :  40 ] 36.91 4190953
[ 40   :  47 ] 42.95 2452957
[ 47   :  54 ] 50.43 1303397
[ 54   :  .... ] 56.66 2810652

Plan : 

Compare the results of high-mu extrapolation(~0) with low-mu results.

Correct the extrapolation results with the difference between high and low noise threshold.

check if the high mu extrapolation improve the results.
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1. We extract the SF's (alpha, c) for each interval of mu (the plot at the top). 
2. For a precise bin, we plot the different SF as a function of <mu>. 
3. A polynomial function is used to extrapolate the SF to  <mu> = 0. 

Procedure
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Extrapolation from the high-mu results to low-mu :

H.ATMANI (L.A.L) 08ᵗʰ  Jun. 2018          10/ 
H.ATMANI (L.A.L) 22ᵗʰ  May. 2018          10/ 

Preliminary results for the extrapolation :

2

High-mu Extrapolation 

interval <mu> Events
[ 0   :  24 ] 20.55 2265964
[ 24   :  28 ] 26.00 2136139
[ 28   :  34 ] 31.14 4089130
[ 34   :  40 ] 36.91 4190953
[ 40   :  47 ] 42.95 2452957
[ 47   :  54 ] 50.43 1303397
[ 54   :  .... ] 56.66 2810652

Plan : 

Compare the results of high-mu extrapolation(~0) with low-mu results.

Correct the extrapolation results with the difference between high and low noise threshold.

check if the high mu extrapolation improve the results.
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Extrapolation results & Next Goal:

The results of high-mu extrapolation must be corrected with the difference between low and 
high noise threshold.

Compare the corrected results of the extrapolation with low-mu results.

• For the extrapolation, we use polynomial functions of 
order 1. with a higher order of the polynomial function, 
the results start to diverge. 

• The results of high-mu extrapolation are not yet 
corrected with the difference between low and high 
noise threshold. 

• The extrapolation bring the high mu extrapolation 
results closer to low-mu. 

• residual difference to be understood ( low $ extraction 
problem due to number of bins, different threshold, 
extrapolation).

Bin 1 Bin 24 Bin 48

  Extrapolation of high-mu results :
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Extrapolation results & Next Goal:

The results of high-mu extrapolation must be corrected with the difference between low and 
high noise threshold.

Compare the corrected results of the extrapolation with low-mu results.

• For the extrapolation, we use polynomial functions of 
order 1. with a higher order of the polynomial function, 
the results start to diverge. 

• The results of high-mu extrapolation are not yet 
corrected with the difference between low and high 
noise threshold. 

• The extrapolation bring the high mu extrapolation 
results closer to low-mu. 

• residual difference to be understood ( low $ extraction 
problem due to number of bins, different threshold, 
extrapolation).
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  Extrapolation of high-mu results :

• For the extrapolation, we use polynomial function 
of order 1. with higher order of the polynomial 
function, the results start to diverge. 

• The extrapolation results (red) must be closer to 
the low-mu results (black). 

• residual difference to be understood (low & 
extraction problems due to number of bins, 
bais ...) 

• The extrapolation results must be corrected with 
the difference of threshold between high and low 
mu runs. 
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Extrapolation from the high-mu results to low-mu : Difference of Threshold
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Comparaison of the e+e- invariant mass distribution (Mee) for data and simulation between data recorded in November 
2017 at at reduced pileup corresponding to an average number of interactions  per bunch crossing (mu) of ~2 and data 
recorded in high pileup conditions during the whole 2017 year. The data distributions are corrected for the energy scale 
corrections derived from data-MC comparisons in the two datasets independently. The MC distributions are similarly 
corrected for the energy resolution corrections derived from the corresponding calibrations. For the low luminosity data, 
the thresholds for the energy cluster extension are lower and thus more energy is collected in the cluster and the 
reconstructed invariant mass is higher on average. The difference in resolution reflects the difference in the pileup 
fluctuations to the energy resolution.
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• For high and low pile-up runs, we use different threshold for the energy collected in the cluster. 

• The difference of threshold can be illustrated in the plot below : for the low luminosity data, the thresholds for 
the energy cluster extension are lower and thus more energy is collected in the cluster and the reconstructed 
invariant mass is higher on average. 
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Extrapolation from the high-mu results to low-mu : Difference of Threshold

H.ATMANI (L.A.L)

Low/High noise threshold :  difference E(TC~0) and E(TC~40)

Overview : 

➤ For the extrapolation results, we want to take into account the difference between the high-
mu runs and low-mu runs, because of the difference of noise threshold.

●We can compare the difference between the alphas low-mu : [ Δ"  = " (low-TC) - " (high-TC) ]
and subtract this difference Δ" from the extrapolation results. ( Option 1 )

●We can also compare the difference between the energy of high and low noise threshold
event-by-event ( ΔE / E ).  in this case, the difference Δ" can be written in this form :

Δ" = [ ( ΔE / E )ᵈªᵗª - ( ΔE / E )ᵐ   ]  ( Option 2 )

➤ We want to compare the high-mu results extrapolated to "0", after subtraction of the
difference Δ", to the low-mu results.

10ᵗʰ  Oct.2018           
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  Extrapolation of high-mu results : Correct threshold difference

H.ATMANI (L.A.L)

Extrapolation : updates 

Results & remarks: 

• The extrapolation results are ~ to the low-mu results with a difference of 2e-3 in the barrel. 
• We can also use the first approach using the difference of energy => take more time with this large 

samples.

05  July. 2018                3

Updates :  
• use of the full sample for low-pile high noise threshold
• calculate the difference [ delta (alpha) = alpha (low-TC) - alpha (high-TC) ] directly instead of using the 

difference of energy (low and high noise threshold) between data/MC.

H.ATMANI (L.A.L)

Extrapolation : updates 

Results & remarks: 

• The extrapolation results are ~ to the low-mu results with a difference of 2e-3 in the barrel. 
• We can also use the first approach using the difference of energy => take more time with this large 

samples.

05  July. 2018                3

Updates :  
• use of the full sample for low-pile high noise threshold
• calculate the difference [ delta (alpha) = alpha (low-TC) - alpha (high-TC) ] directly instead of using the 

difference of energy (low and high noise threshold) between data/MC.

This plots show the comparison between the results of : 

• Low-mu runs.

• High-mu runs extrapolated to 0.

• High-mu runs extrapolated to 0 after correction.

• High-mu runs.

Comparison direct between the results of :

• Low-mu runs.
• High-mu runs extrapolated to 0 after correction.

➜ If we exclude the crack, it seems that the extrapolation results are similar to low-mu results, with a 
dddifference of the order of 1e-3.

10ᵗʰ  Oct.2018           
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 Extrapolation of high-mu results : Cross-check 
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H.ATMANI (L.A.L)

Extrapolation : Cross-check

Strategy : 
• Apply the extrapolation results on data and compare them to to the corrected data with the standard 

results of low-pile up runs. (left plot) 
• Compare the corrected data to simulation. (right plot)

Results & remarks: 

• Difference of ~ 11.9 MeV between the data corrected with extrapolation and data corrected with the 
standard results of low-pile up runs, to be compared to do statistical error of low-mu ~12.9 MeV. 

• The comparison Data/Mc same to be similar for the extrapolation and the standard results of low-pile up 
runs. 

• Others tests for the extrapolation results ? any propositions or ideas !

05  July. 2018                410ᵗʰ  Oct.2018           
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Extrapolation from the high-mu results to low-mu : Validation
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Outline 

 Introduction. 

 Template method for energy Calibration.  

 Electron & photon energy calibration. 

 Extrapolation study. 

 Conclusion. 
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Conclusion :

• Some discrepancies are observed between data/simulation : energy response & resolution. 

• The Template method is used to correct these discrepancies. 

• The template method use several 1D fit to extract the correction scale factors. 

• The correction scale factors are luminosity dependent.

Electron momentum Calibration :

• Low-mu energy calibration is based on high-mu calibration with additional extrapolation 
and correction. 

• Energy scales factor difference '% between high/low noise threshold is directly measured 
with low-mu data and MC. 

• % central value is extrapolated from high-mu calibration with a linear fit.

Electron momentum Calibration for Low-mu runs :

JRJC
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Extrapolation from the high-mu results to low-mu :
• Idea : 

Back-up : Extrapolation 

Bin-1 Bin-2 Bin-3 Bin-4

Bin-5 Bin-6 Bin-7 Bin-8

Bin-9 Bin-10 Bin-11 Bin-12

24 Bins                              24 Bins +  
                                         symmetrisation 
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                                         symmetrisation 

24 Bins                              24 Bins +  
                                         symmetrisation 
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                                         symmetrisation 
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Back-up : Extrapolation 

Bin-1 Bin-2 Bin-3 Bin-4

Bin-5 Bin-6 Bin-7 Bin-8

Bin-9 Bin-10 Bin-11 Bin-12

24 Bins                              24 Bins +  
                                         symmetrisation 

24 Bins                              24 Bins +  
                                         symmetrisation 

24 Bins                              24 Bins +  
                                         symmetrisation 
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24 Bins                              24 Bins +  
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24 Bins                              24 Bins +  
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24 Bins                              24 Bins +  
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Extrapolation from the high-mu results to low-mu :

2

High-mu Extrapolation 

interval <mu> Events
[ 0   :  24 ] 20.55 2265964
[ 24   :  28 ] 26.00 2136139
[ 28   :  34 ] 31.14 4089130
[ 34   :  40 ] 36.91 4190953
[ 40   :  47 ] 42.95 2452957
[ 47   :  54 ] 50.43 1303397
[ 54   :  .... ] 56.66 2810652

Plan : 

Compare the results of high-mu extrapolation(~0) with low-mu results.

Correct the extrapolation results with the difference between high and low noise threshold.

check if the high mu extrapolation improve the results.

Idea :  

• Because of some problems in the correction procedure used for the low-mu dataset, related principally to 
the low-stat of low-mu dataset, another approche is used to calibration the low-mu dataset. 

• The approche used for the low-mu dataset, is based principally on the extrapolation of high-mu results to 
the low-mu.



H.ATMANI (L.A.L) 18  Oct. 2018        28H.ATMANI (L.A.L)

[E(TC~0) - E(TC~40)] / E(TC~0)  

!

48 Bins

Low/High noise threshold :  difference E(TC~0) and E(TC~40)

• The difference plot in the bottom panel, present the Δ" : difference between low and high noise 
threshold. 

• The difference is of the order of 1e-3 in the end-cap, and less than 1e-3 in the barrel.

!

24 Bins

[E(TC~0) - E(TC~40)] / E(TC~0) 

The difference between the high-noise threshold and low-noise threshold using ( Option 2 ) 

10ᵗʰ  Oct.2018           
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Extrapolation from the high-mu results to low-mu : Difference of Threshold

JRJC
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Initial 2018 calibration

backup : Data-set

data 2015 (3.21 fb⁻¹) 1.628 M 
data 2016 (32.9 fb⁻¹) 15.6 M 

data 2017 (43.9 fb⁻¹) 19.24 M 


simulation 2015 + 2016 6.53 M 

simulation 2017 18.5 M 


High mu DataSet : low mu DataSet : 

data 2017 (146.6 pb⁻¹)   1.628 M 
data 2018 (193.2 pb⁻¹)   15.6 M 


simulation 2017 6.53 M 

simulation 2018 18.5 M 




backup : bais study
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  Low-mu run : bias between 24 and 48 bins.
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68 Bins 24 Bins 48 Bins

Low-mu runs study
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• the number of bins chosen for the high-mu 
analysis : 68, and because of the stat of low-mu 
runs, we change the number of bins to 48 -- Wider 
bins are used in the EC. 

• there is one idea to use wider bins - 24 Bins, and 
the results are similar with 48 Bins in the barrel. 
there seems still to be a small biais in the End-
Cap (to be understood). 

• All the low-mu analysis is currently done with 48 
Bins.

Low-mu runs study
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• the number of bins chosen for the high-mu 
analysis : 68, and because of the stat of low-mu 
runs, we change the number of bins to 48 -- Wider 
bins are used in the EC. 

• there is one idea to use wider bins - 24 Bins, and 
the results are similar with 48 Bins in the barrel. 
there seems still to be a small biais in the End-
Cap (to be understood). 

• All the low-mu analysis is currently done with 48 
Bins.

For 68 bins there is a bais  

• Average of Data is changing with number of bins 
and the difference Data/mc > 3e-4

• The number of bins chosen for the high-mu analysis : 68❶, and because of the low-stat of low-mu runs, 
we change the number of bins to 48❷ ➔ Wider bins are used in the EC. 

• There is one idea to use wider bin - 24❸ bins, and the results are similar with 48bins in the barrel ➔ there 
seems still to be a small bais in the end-cap. 
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Comparison of 2017 results(alpha) using 
correction factor of 1.03 and 1.15

Comparison of 2017 results(C) using 
correction factor of 1.03 & 1.15 with 2015 

and 2016

backup : bais study
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  Low-mu run : bias between 24 and 48 bins.
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• the number of bins chosen for the high-mu 
analysis : 68, and because of the stat of low-mu 
runs, we change the number of bins to 48 -- Wider 
bins are used in the EC. 

• there is one idea to use wider bins - 24 Bins, and 
the results are similar with 48 Bins in the barrel. 
there seems still to be a small biais in the End-
Cap (to be understood). 

• All the low-mu analysis is currently done with 48 
Bins.
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• the number of bins chosen for the high-mu 
analysis : 68, and because of the stat of low-mu 
runs, we change the number of bins to 48 -- Wider 
bins are used in the EC. 

• there is one idea to use wider bins - 24 Bins, and 
the results are similar with 48 Bins in the barrel. 
there seems still to be a small biais in the End-
Cap (to be understood). 

• All the low-mu analysis is currently done with 48 
Bins.

For 68 bins there is a bais  

• Average of Data is changing with number of bins 
and the difference Data/mc > 3e-4
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Difference between 24 and 48 bins for low mu runs:

  Low-mu run : bias between 24 and 48 bins.

•  by comparing the corrected Data of low-mu runs, where 
alpha is calculated with 48 ou 24 bins, it seems that there 
is a difference of 0.0169GeV. 


[alpha(24)-alpha(48)]  ~ 1.8e-4


➜ Idea : we can directly compare the results of alpha of 24 
bins with the results of 48 weighted to 24 bins ➜ 
Alpha_weighted.


• Alpha_weighted : the results of 48 bins are weighted to 24 
bins (weighted with the stat erreur).

comparison : Corrected Data / Corrected MC for 
48 bins and 24 bins d'alpha.

48 Bins

24 Bins

JRJC
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