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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.
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Goal: We want to calibrate the EM calorimeter to rush a high precision for the W mass 
measurement (thesis topic)
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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

JRJC

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
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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

using a “boxlike” PDF defined as a double Fermi-Dirac
function. This choice is compatible with the fact that for
these uncertainties the data do not suggest a preferred value
within the systematic error range. In this case the compat-
ibility between the two masses increases to 7.5%,
equivalent to 1.8σ. The compatibility between the two
measurements increases to 11% (1.6σ) if the two signal
strengths are set to the SM value of 1, instead of being
treated as free parameters.
With respect to the value published in Ref. [15], the

compatibility between the measurements from the
individual channels has changed from 2.5σ to 2.0σ.

VIII. CONCLUSIONS

An improved measurement of the mass of the Higgs
boson has been derived from a combined fit to the
invariant mass spectra of the decay channels H → γγ
and H → ZZ! → 4l. These measurements are based on
the pp collision data sample recorded by the ATLAS
experiment at the CERN Large Hadron Collider at center-
of-mass energies of

ffiffiffi
s

p
¼ 7 TeV and

ffiffiffi
s

p
¼ 8 TeV, cor-

responding to an integrated luminosity of 25 fb−1. As
shown in Table V, the measured values of the Higgs
boson mass for the H → γγ and H → ZZ! → 4l channels
are 125.98# 0.42ðstatÞ # 0.28ðsystÞ GeV and 124.51#
0.52ðstatÞ # 0.06ðsystÞ GeV, respectively. The compatibil-
ity between the mass measurements from the two individ-
ual channels is at the level of 2.0σ corresponding to a
probability of 4.8%.
From the combination of these two channels, the value of

mH ¼ 125.36# 0.37ðstatÞ # 0.18ðsystÞ GeV is obtained.

These results are based on improved calibrations for
photons, electrons and muons and on improved analysis
techniques with respect to Ref. [15], and they supersede the
previous results.
Upper limits on the total width of the Higgs boson

are derived from fits to the mass spectra of the H → γγ
and H → ZZ! → 4l decay channels, under the assumption
that there is no interference with background processes.
In the H → γγ channel, a 95% CL limit of 5.0 (6.2) GeV
is observed (expected). In the H → ZZ! → 4l channel,
a 95% CL limit of 2.6 (6.2) GeV is observed
(expected).
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TABLE IV. Principal systematic uncertainties on the combined
mass. Each uncertainty is determined from the change in the
68% CL range for mH when the corresponding nuisance
parameter is removed (fixed to its best-fit value), and it is
calculated by subtracting this reduced uncertainty from the
original uncertainty in quadrature.

Systematic
Uncertainty on
mH [MeV]

LAr syst on material before presampler (barrel) 70
LAr syst on material after presampler (barrel) 20
LAr cell nonlinearity (layer 2) 60
LAr cell nonlinearity (layer 1) 30
LAr layer calibration (barrel) 50
Lateral shower shape (conv) 50
Lateral shower shape (unconv) 40
Presampler energy scale (barrel) 20
ID material model (jηj < 1.1) 50
H → γγ background model (unconv rest low pTt) 40
Z → ee calibration 50
Primary vertex effect on mass scale 20
Muon momentum scale 10

Remaining systematic uncertainties 70
Total 180

TABLE V. Summary of Higgs boson mass measurements.

Channel Mass measurement [GeV]

H→γγ 125.98#0.42ðstatÞ#0.28ðsystÞ¼125.98#0.50
H→ZZ!→4l 124.51#0.52ðstatÞ#0.06ðsystÞ¼124.51#0.52
Combined 125.36#0.37ðstatÞ#0.18ðsystÞ¼125.36#0.41

MEASUREMENT OF THE HIGGS BOSON MASS FROM THE … PHYSICAL REVIEW D 90, 052004 (2014)

052004-21

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

Eur. Phys. J. C 78 (2018) 110
DOI: 10.1140/epjc/s10052-017-5475-4

CERN-EP-2016-305
9th November 2018

Measurement of the W-boson mass in pp collisions

at
p

s = 7 TeV with the ATLAS detector

The ATLAS Collaboration

A measurement of the mass of the W boson is presented based on proton–proton collision
data recorded in 2011 at a centre-of-mass energy of 7 TeV with the ATLAS detector at the
LHC, and corresponding to 4.6 fb�1 of integrated luminosity. The selected data sample
consists of 7.8 ⇥ 106 candidates in the W ! µ⌫ channel and 5.9 ⇥ 106 candidates in the
W ! e⌫ channel. The W-boson mass is obtained from template fits to the reconstructed
distributions of the charged lepton transverse momentum and of the W boson transverse
mass in the electron and muon decay channels, yielding

mW = 80370 ± 7 (stat.) ± 11 (exp. syst.) ± 14 (mod. syst.) MeV
= 80370 ± 19 MeV,

where the first uncertainty is statistical, the second corresponds to the experimental system-
atic uncertainty, and the third to the physics-modelling systematic uncertainty. A meas-
urement of the mass di↵erence between the W+ and W� bosons yields mW+ � mW� =

�29 ± 28 MeV.

c� 2018 CERN for the benefit of the ATLAS Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-4.0 license.
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Introduction : Motivation
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• Electromagnetic particles are heavily used in precision measurements due to the high precision 
reachable by the electromagnetic (EM) calorimeter.

arXiv:1701.07240
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https://arxiv.org/abs/1701.07240
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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

JRJC

• Last step in calibration chain (step 5).
• Correct residual data-MC differences by energy 

scale/resolution factors applied to data and MC.
• Use good knowledge of Z mass to extract the scale 

factors : compare electrons from Z→ee.

Introduction : Why we need to do this ?Introduction : Calibration procedure. 
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Template method : Correction scale factors

• To correct the residual difference between data and simulation, we apply two eta-dependent 
correction scale factors (i=index of the 𝞰 bin).

➣   Energy scale factor 𝞪ᵢ : ➣   Additional constant term Cᵢ :

A first correction is applied on both electrons 
coming from the Z decay in order to shift the 
central value of the data distribution. 
 
Scale correction of electron energy in data :

additional constant term "Cᵢ" is used to enlarge 
the MC resolution up to the data one. Both MC 
electrons undergo the correction.

Smearing of electron energy in MC :

In situ calibration from Z ! e+e� events

Scale correction of electron energy in data:

E data
i = EMC

i · (1 + ↵i )

mdata
ij = mMC

ij

p
(1 + ↵i )(1 + ↵j)

Smearing of electron energy in MC:

E data
i = EMC

i · (1 + N(0, ci ))

mdata
ij = mMC

ij

p
(1 + Ni (0, ci ))(1 + Nj(0, cj))
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Example: EPS recommendations
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Saskia Falke Z ! ee scales EGammaWS – 07/11/17 6 / 25

with 𝓝(0,1) a Gaussian distribution.

Resolution constant term

�

E
=

a
p

E
�

b
E

� c

a:sampling/stochastic term. Linked to the development of the EM shower
in the ECAL
b:electronic noise and pile-up term
c: constant term, describes non-uniformities in the detector and
electronics

Data distribution is larger than MC
) additional constant term C is used to enlarge the MC width up to the
data one. Both MC electrons undergo the correction:

Resolution constant term C

Ecorr = Etrue(1 +N (0, 1) ⇤ C)

with N (0, 1) a Gaussian distributed random number

Antinéa Guerguichon (LAL) Electrons energy scales 2016 EGamma workshop 6 / 34

1 2
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Introduction : Calibration Procedure

JRJC

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

Initial 2018 calibration

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)   150 k 

simulation 2017 350 k 


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

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

JRJC

Electron energy calibration : datasets

e/gamma Workshop

Electron scale factors for high pile-up runs : datasets.

Hicham ATMANI (LAL) 28 Jan 2019           11

high pile-up dataset
mc16a 17.9M
mc16d 17.2M
mc16e 28.9M

data 15 1.5M
data 16 14.8M
data 17 19.1M
data 18 25.5M

PHENIICS Fest 29 May 2019           8
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Correction scale factors: 
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The additional constant term c’: The 
constant c’ depend on the pile-up: this effect 
is due to an overestimation of the pile-up 
noise is MC ⇒ the constant c’ absorbs this 
mis-modeling.

PHENIICS Fest 29 May 2019           9

The energy scale factors 𝛼:  results are 
compatible between different years in the 
barrel region, the observed effect in the end-
cap is explained by the small luminosity 
dependence of the calorimeter response.
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Electron scale factors for high pile-up : data/MC comparison 

 05/12/18  -  Page 9D. Delgove (LAL)

Mass distribution : Data/MC : m
W
 region

Mass distribution after application of the scale factor (data) and constant term (MC)

2016

2017
2018

2015

Mean : 90.4354 
Mean : 90.4576

Mean : 90.4711 
Mean : 90.4962

Mean : 90.477 
Mean : 90.4977

Mean : 90.4856 
Mean : 90.5025

• Inclusive  di-electron  invariant  mass  distribution  from  Z→ee  decays  in  data  compared  to  MC  for  the  
high-mu  runs  after applying the full calibration.

• Small but non negligible difference (~2 e-4) between average of data and MC.

PHENIICS Fest 29 May 2019           10
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low pile-up run : dataset.

Hicham ATMANI (LAL) 28 Jan 2019           16

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

• Because of some problems in the correction procedure 
used for the low-mu dataset, related mainly to the low-
stat of low pile-up dataset, another alternative approach 
is also used to calibrate the low-mu dataset.

• This complementary approach used for the low-mu 
dataset, is based mainly on the extrapolation of high-
mu results to the low-mu.

PHENIICS Fest 29 May 2019           12

• Because of some problems in the correction procedure 
used for low pile-up dataset, related principally to the 
low stat of low pile-up dataset, another approach is used 
to calibrate the low pile runs. 

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

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 study : results
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Extrapolation Study :
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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
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[ 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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Correct the extrapolation results with the difference between high and low noise threshold.

check if the high mu extrapolation improve the results.

5

η

α

0.02−

0.01−

0

0.01

0.02

0.03

η
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

0
-h nh

0.015−

0.01−

0.005−

0

0.005

Alpha17 - Low mu -
Alpha17 - Polpolynomial of order 1 - High-mu - Extrapolation ~ 0

ATLAS  Internal

η

α

0.02−

0.01−

0

0.01

0.02

0.03

η
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

0
-h nh

0.015−

0.01−

0.005−

0

0.005

Alpha17 - Low mu -
Alpha17 - Polpolynomial of order 1 - High-mu - Extrapolation ~ 0
Alpha17 - High-mu

ATLAS  Internal

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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Preliminary results for the extrapolation :
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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 :

• 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. 

JRJC
H.ATMANI (L.A.L)

24 Bins

  Extrapolation of high-mu results : 24 bins + symmetrisation

24 Bins + symmetrisation of "

 We recompute the High / low mu results with 24 
bins to avoid statics problem ➜ the results are ~ 
similar than 48 bins ➜ the gain is small

24ᵗʰ  July. 2018          12/ 

We can also redo this study by symmetrising the 
24 bins = 12 bins ➜ it's not clear if there is an 
important gain by doing this.

toto
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Residual

bias

• From now on : 24 bins in 𝞰 for 𝞪 (baseline).

For the extrapolation, a linear function is used ( 
higher order is used to define a systematic). 

The extrapolation results must be corrected 
with the difference in the topocluster noise 
threshold between high and low pile-up runs.
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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           

�

JRJC

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

Hicham ATMANI (LAL) 28 Jan 2019           24

Extrapolation study : Results.

• If we exclude the transition region, it seems that the extrapolation results are similar to low pile-up results, with a 
difference of the order or smaller of 1e-3.

PHENIICS Fest 29 May 2019           14

Examples of the energy scale extrapolation from high pile-up to low pile-up in the barrel (a) and end-cap (b). 
The blue points show the energy scale factors ! for the high pile-up dataset as a function of <μ> (average 
number of pp-interactions per bunch crossing), the black lines show the extrapolation of " to <μ> ~ 2 using a 
linear function and 5 intervals of <μ>, the band represents the uncertainty in the extrapolation. The 
extrapolation results are compared to the energy scale factors " extracted from the low pile-up dataset, 
represented by the red point.

(a) (b)

-0.01

-0.009

-0.008

-0.007

-0.006

-0.005

-0.004

-0.003

0 10 20 30 40 50 60
µ

α

ATLAS
work in progress

−2.1 < η < −1.8

Data - Low µ

(147 pb−1)

Data - High µ

(44.3 fb−1)

-0.01

-0.009

-0.008

-0.007

-0.006

-0.005

-0.004

-0.003

0 10 20 30 40 50 60
µ

α

ATLAS
work in progress

−1.2<η<−1.0

Data  - Low µ

(147 pb−1)

Data - High µ

(44.3 fb−1)

> ><<

η

α

0.015−

0.01−

0.005−

0
0.005

0.01
0.015
0.02

0.025

η
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

αΔ

0.008−
0.006−
0.004−
0.002−

0
0.002
0.004
0.006

low pile-up results
 ~ 2µhigh pile-up extrapolated to 

ATLAS  Internal
> ~ 37, 44.3 fb-1)µHigh mu (<
> ~ 2, 147 pb-1)µLow mu (<

η

α

0.015−

0.01−

0.005−

0
0.005

0.01
0.015
0.02

0.025

η
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

αΔ

0.008−
0.006−
0.004−
0.002−

0
0.002
0.004
0.006

low pile-up results
 ~ 2µhigh pile-up extrapolated to 

ATLAS  Internal
> ~ 37, 44.3 fb-1)µHigh mu (<
> ~ 2, 147 pb-1)µLow mu (<

200
400
600
800

1000
1200
1400
1600
1800
2000
2200
2400

310×

Eve
nts 

/ 0.5
 Ge

V

Calibrated data
Corrected MC
Scale factor uncert.

ATLAS Preliminary
-1 = 13 TeV, 79.9 fbs

 ee→Z

80 82 84 86 88 90 92 94 96 98 100
 [GeV]eem

0.9
0.95

1
1.05

1.1

Dat
a/M

C

200
400
600
800

1000
1200
1400
1600
1800
2000
2200
2400

310×

Eve
nts 

/ 0.5
 Ge

V

Calibrated data
Corrected MC
Scale factor uncert.

ATLAS Preliminary
-1 = 13 TeV, 79.9 fbs

 ee→Z

80 82 84 86 88 90 92 94 96 98 100
 [GeV]eem

0.9
0.95

1
1.05

1.1

Dat
a/M

C

Examples of the energy scale extrapolation from high pile-up to low pile-up in the barrel (a) and end-cap (b). 
The blue points show the energy scale factors ! for the high pile-up dataset as a function of <μ> (average 
number of pp-interactions per bunch crossing), the black lines show the extrapolation of " to <μ> ~ 2 using a 
linear function and 5 intervals of <μ>, the band represents the uncertainty in the extrapolation. The 
extrapolation results are compared to the energy scale factors " extracted from the low pile-up dataset, 
represented by the red point.
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Low pile-up uncertainties : summary

• Extrapolation uncertainty: related to the choice of the extrapolation function and the number of μ intervals. 
• Temperature uncertainties: related to the non-linear variation of the LAr temperature with μ. 
• Threshold correction: related to the difference of threshold between low and high pile-up runs. 
• The total uncertainty on the extrapolated energy scale factors is about 0.05% in the barrel, and on average 

0.15% in the end-cap.
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➡Uncertainties on the energy scale corrections as a function of η for the low-pileup data.
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1. Introduction : 

• Motivation 
• Calibration procedure. 

2. Template method : 

• Scale factors. 
• Description. 

3. Electron energy calibration :  

• energy scale factors. 
• additional constant term. 

4. Low pile up calibration : 

• Extrapolation Study. 
• Extrapolation Systematics. 

5. Conclusion.
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Conclusion : 
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• 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 fits to extract the correction scale factors. 
• The correction scale factors are luminosity dependent.

Electron energy Calibration for standard runs:

• low pileup energy calibration can also be done with high pileup calibration with additional 
extrapolation and correction. 

• Energy scales factor difference 𝝳𝝰 between high/low noise threshold is directly measured 
with low pile-up simulation and data. 

• 𝝰 central value is extrapolated from high pile-up calibration with a linear fit. 
• Extrapolation systematics are of the order of few 5**-4.

Electron energy calibration for low pile-up runs :

PHENIICS Fest 29 May 2019           17
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Extrapolation study : difference of threshold.
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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 bellow : 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. 

JRJCHicham ATMANI (LAL) 28 Jan 2019           21

•  For high and low pile-up runs, we use different topo-cluster noise threshold for the energy reconstruction.  

• The difference of threshold can be illustrated in the plot below : for the low pile-up data, the threshold for the 
energy reconstruction is lower ans thus more more energy is collected in the cluster and the reconstructed 
invariant mass in higher on average.
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Electron & photon energy calibration for low-mu data : bais study
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  Low-mu run : bias between 24 and 48 bins.
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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 bin - 24 bins, and the results are similar with 48bins in the barrel ➔ there seems 
still to be a small bais in the end-cap.

JRJC
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• The number of bins chosen for the high-mu analysis : 68 
bins, and because of low-stat of low pile-up runs, we 
change the number of bins to 48bins →  wider bin size is 
used in the EC.

• With even wider bin size (24bins) the results are similar with 
48bins in the barrel → there seems still to be a small bias in 
the end-cap.

• 24 bins are the baseline for low pile-up runs.

η

α

0.03
− 0.02
−

0.01
−

0

0.01

0.02

0.03

0.04

0.05

η
2−

1.5
−

1−
0.5
−

0
0.5

1
1.5

2

0-hnh

0.02
− 0.015
−

0.01
− 0.005

−

0
0.005

 ee
→

2015 data - Electrons from
 Z 

 ee
→

2016 data - Electrons from
 Z 

 ee
→

2017 data - Electrons from
 Z 

 ee
→

2018 data - Electrons from
 Z 

A
TLA

S
 Internal

-1
,  L (2015) = 3.21 fb

-1
,  L (2016) = 32.9 fb

-1
 = 13 TeV, L (2017) = 43.9 fb

s
• Because of some problems in the correction procedure 

used for low pile-up dataset, related principally to the 
low stat of low pile-up dataset, another approach is used 
to calibrate the low pile runs. 

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

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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Template method
Used to measure ↵ij and Cij at the same time.

Create distorded MC (= templates) with test
values of ↵ij and Cij

Compute �2 between Z mass

distribution of data and template

Fit the minimum of the �2 distribution in
the (↵ij , Cij ) plane. Fit performed in 2 steps
of 1D fits:

I fit �2 = f (↵ij) at constant Cij (lines) !
(↵ij,min, �2

min)
I fit �2

min = f (Cij) ! (Cij ,�Cij)
I project Cij in ↵ij,min = f (Cij), corresponding

bin giving (↵ij ,�↵ij )

α
0.011− 0.0105− 0.01− 0.0095− 0.009−

2 χ

40

60

80

100

120

140

c
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014

2 χ

20

40

60

80

100

120

140

c
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014

α
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0.01−

0.0099−

0.0098−

eeM
80 82 84 86 88 90 92 94 96 98 1000

0.02

0.04

0.06

0.08

0.1

0.12

0.14
Data

Template : alpha=-11089

Template : alpha=-8758

α
0.011− 0.0105− 0.01− 0.0095− 0.009−

σ

0

0.002

0.004

0.006

0.008

0.01

0.012

0.014
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6.4. In situ Z! ee calibration 83

In a Z configuration, the template method consists in injecting arbitrary correc-
tion factors in the MC distribution and comparing the resulting distribution (the
template) with the data with a �2 test. One can consider the �2 as a function of ↵
and c (�2(↵, c)) which can be profiled by the various tests of templates. By definition
of the �2, the best agreement between template and data is achieved at the minimum
of this function. The most probable value of ↵ and c then correspond to the fitted
minimum of �2(↵, c).

The template method only allows to measure the effective correction on Z mass
in a single configurations. By combining the information from all available config-
urations, one can then measure the electrons correction factors as a function of ⌘. A
likelihood or an equivalent �2 is constructed independently for ↵ and c as in eq. 6.8,
where �Xij corresponds to the (statistical) uncertainty on the effective configuration-
level correction Xij . The most probable value of the correction factors, given the
measured effective factors ↵ij and cij, minimise their respective likelihood. Given
the linear relation for ↵, the likelihood can be minimised analytically using matrix
algebra (see appendix A) and the covariance matrix can also be computed to obtain
uncertainties. In the case of c, the minimisation algorithm MINUIT [68] is used. The
performances of the algorithm are presented in section 7.3.

Given the number of possible (i, j) configurations and the distribution of events
in these configurations, it is frequent to have configurations with very few events
in the fitting range. Selection may also induce highly distorted mass distributions
for which fits may not converge or badly behave. These configurations must be re-
moved from the inversion procedure. For the constant term, it is simply a removal
of the configuration from the likelihood. The energy scale factor requires all con-
figurations for the analytic solution. Because each configuration is weighted by the
uncertainty on its factor, an effective removal of a configuration can be achieved by
imposing an arbitrary large uncertainty compared to the statistical uncertainty in
usual configurations (0.1). Different values for this uncertainty have been tried and
the number 100 has been chosen. The default central value for both ↵ and c for bad
configurations has been set to 0 (however the exact values have no impact on the
result).

�2
↵ =

P
i,ji

(
↵i+↵j

2 �↵ij)
2

(�↵ij)
2

�2
c =

P
i,ji

(

r
c2i+c2j

2 �cij)2

(�cij)2

(6.8)

6.4.5 Results

The results presented are the official ones used for the H boson precision of analyses
at the EPS 2017 conference. They have been integrated in the H ! �� couplings
analysis [124], on combined H ! �� and H ! 4l production [125] and on the mass
analysis [126]. Other analyses involving electrons and photons use the calibration
provided for the Moriond 2017 conference.

The 2017 calibration results make use of both 2015 (3.2 fb-1) and 2016 (32.9 fb-1)
data, for a total integrated luminosity of 36.1 fb-1. The data taking conditions of
both years were slightly different. For example, the liquid argon temperature has

Correlation                       ➜ 

Inversion procedure

Obtaining scale factors of electrons from the Z ones requires the minimization
of the following �2:

↵i + ↵j = 2↵ij ) �2 =
P

i,ji

(↵i+↵j�2↵ij )
2

(�↵ij )2

C2
i + C2

j = 2C2
ij : not linear! ) 3 different methods can be used for the

inversion procedure:

I Analytical minimization of �2 =
P

i,ji

(
C2

i +C2
j

2 �C2
ij )

2

�2C2
ij

, but the possibility to have

C2
i < 0 exists (used in Run 1)

I Fit minimization of �2 =
P

i,ji

(
C2

i +C2
j

2 �C2
ij )

2

�2Cij
, imposing C2

i > 0

I Fit minimization of �2 =
P

i,ji

(

r
C2

i +C2
j

2 �Cij )
2

�2Cij
, with Ci > 0

NB:In blue, the current implemented parametrization.
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Pile-up distribution

Pile-up distribution comparison between data and MC : 

2015 2016

2017 2018
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Initial 2018 calibration

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)   150 k 

simulation 2017 350 k 


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

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

JRJC

Electron energy calibration : datasets

e/gamma Workshop

Electron scale factors for high pile-up runs : datasets.
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High mu DataSet : low mu DataSet : 

data 2017 (146.6 pb⁻¹)  150 k 

simulation 2017 350 k 


• Pile-up : proton-proton collisions in addition to the collision of interest.
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  Low-mu run : bias between 24 and 48 bins.

ev
en

ts

0

0.02

0.04

0.06

0.08

0.1

 [MeV]eem
80 82 84 86 88 90 92 94 96 98 100

310×

0h
0-h nh

0.2−

0.1−

0

0.1

0.2

0.3

Corrected MC_16c - C (alpha with 68)
Corrected Data 2017 - Alpha 68

ATLAS  Internal

| < 1.3ηExcluding |

ev
en

ts

0.02

0.04

0.06

0.08

0.1

 [MeV]eem
80 82 84 86 88 90 92 94 96 98 100

310×

0h
0-h nh

0.1−

0.05−

0
0.05

0.1
0.15

Corrected MC_16c - C (alpha with 48)
Corrected Data 2017 - Alpha 48

ATLAS  Internal

| < 1.3ηExcluding |

ev
en

ts

0.02

0.04

0.06

0.08

0.1

 [MeV]eem
80 82 84 86 88 90 92 94 96 98 100

310×

0h
0-h nh

0.15−
0.1−

0.05−
0

0.05
0.1

0.15
0.2

Corrected MC_16c - C (alpha with 24)
Corrected Data 2017 - Alpha 24

ATLAS  Internal

| < 1.3ηExcluding |

Entries : 1382348 
Mean : 90.88 
rms : 3.479

Entries : 80107 
Mean : 90.57 
rms : 3.492

Entries : 1382348 
Mean : 90.88 
rms : 3.476

Entries : 80107 
Mean : 90.84 
rms : 3.495

Entries : 1382348 
Mean : 90.88 
rms : 3.474

Entries : 80107 
Mean : 90.85 
rms : 3.498

3

eve
nts

0

0.02

0.04

0.06

0.08

0.1

 [MeV]eem
80 82 84 86 88 90 92 94 96 98 100

310×

0h
0-h nh

0.2−

0.1−

0

0.1

0.2

0.3

Corrected MC_16c - C (alpha with 68)
Corrected Data 2017 - Alpha 68

ATLAS  Internal

| < 1.3ηExcluding |

ev
en

ts

0.02

0.04

0.06

0.08

0.1

 [MeV]eem
80 82 84 86 88 90 92 94 96 98 100

310×

0h
0-h nh

0.1−

0.05−

0
0.05

0.1
0.15

Corrected MC_16c - C (alpha with 48)
Corrected Data 2017 - Alpha 48

ATLAS  Internal

| < 1.3ηExcluding |

eve
nts

0.02

0.04

0.06

0.08

0.1

 [MeV]eem
80 82 84 86 88 90 92 94 96 98 100

310×

0h
0-h nh

0.15−
0.1−

0.05−
0

0.05
0.1

0.15
0.2

Corrected MC_16c - C (alpha with 24)
Corrected Data 2017 - Alpha 24

ATLAS  Internal

| < 1.3ηExcluding |

Entries : 1382348 
Mean : 90.88 
rms : 3.479

Entries : 80107 
Mean : 90.57 
rms : 3.492

Entries : 1382348 
Mean : 90.88 
rms : 3.476

Entries : 80107 
Mean : 90.84 
rms : 3.495

Entries : 1382348 
Mean : 90.88 
rms : 3.474

Entries : 80107 
Mean : 90.85 
rms : 3.498

3

ev
en

ts

0

0.02

0.04

0.06

0.08

0.1

 [MeV]eem
80 82 84 86 88 90 92 94 96 98 100

310×

0h
0-h nh

0.2−

0.1−

0

0.1

0.2

0.3

Corrected MC_16c - C (alpha with 68)
Corrected Data 2017 - Alpha 68

ATLAS  Internal

| < 1.3ηExcluding |

ev
en

ts

0.02

0.04

0.06

0.08

0.1

 [MeV]eem
80 82 84 86 88 90 92 94 96 98 100

310×

0h
0-h nh

0.1−

0.05−

0
0.05

0.1
0.15

Corrected MC_16c - C (alpha with 48)
Corrected Data 2017 - Alpha 48

ATLAS  Internal

| < 1.3ηExcluding |

ev
en

ts

0.02

0.04

0.06

0.08

0.1

 [MeV]eem
80 82 84 86 88 90 92 94 96 98 100

310×

0h
0-h nh

0.15−
0.1−

0.05−
0

0.05
0.1

0.15
0.2

Corrected MC_16c - C (alpha with 24)
Corrected Data 2017 - Alpha 24

ATLAS  Internal

| < 1.3ηExcluding |

Entries : 1382348 
Mean : 90.88 
rms : 3.479

Entries : 80107 
Mean : 90.57 
rms : 3.492

Entries : 1382348 
Mean : 90.88 
rms : 3.476

Entries : 80107 
Mean : 90.84 
rms : 3.495

Entries : 1382348 
Mean : 90.88 
rms : 3.474

Entries : 80107 
Mean : 90.85 
rms : 3.498

3

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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  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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  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.
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• 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           

�

Stat error for low-mu and extrapolation
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Extrapolation Systematics : Stat Error
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Formules

X1 = Fit[ 5ᵗʳ(1) ]                 : Extrapolation using 5 intervals of " and polynomial function of order 1.  
X2 = Fit[ 5ᵗʳ(2) ]                 : Extrapolation using 5 intervals of " and polynomial function of order 2. 
X3 = Fit[ 3ᵗʳ(1) ]                 : Extrapolation using 3 intervals of " and polynomial function of order 1. 

X4 = Fit[ 5ᵗʳ(1) + low " ]   : Extrapolation using 5 intervals of " and polynomial function of order 1 + low " results. 
X5 = Fit[ 5ᵗʳ(2) + low " ]   : Extrapolation using 5 intervals of " and polynomial function of order 2 + low " results. 
X6 = Fit[ 3ᵗʳ(1) + low " ]   : Extrapolation using 3 intervals of " and polynomial function of order 1 + low " results. 

X7 = low "                        : low pileup results.  

X8 = [ X7/ #² (X7) + X1/ #² (X1) ] / [ 1/#² (X7) +1/#² (X1) ]   : Combinaison of low mu and extrapolation results.

➣ Events after selections :  
 
2017 :   data low mu = 79.9 k                                   2018 :   data low mu  = 107.2 k 
             MC   low mu = 1.38 M                                               MC   low mu = 1.41 M  


