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Outline

• Calorimeters : A crash course 
• The ATLAS experiment 
• Overview of EM calorimeter  
• The ATLAS electron/photon calibration   

• The presampler scale recipe 
• Upstream material corrections A(η)
• PS/Accordion material effects b1/2 (η)
•PS scale stability

• Conclusions
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Calorimeters : a crash course

• Dominant process at high energies : pair production, 
bremsstrahlung  

• Radiation length X0 : when the energy of incident particle 
reduces by 1/e

• Common detector in particle/nuclear physics where the particles are fully absorbed by the 
detector (destructive)  

• Particles deposit energy in various ways : heat, scintillation, Cherenkov radiation .. 

• “Detection” is the conversion the incident particle energy to a response in the detector  

• Location of energy deposit is used to “track” neutral particles 

Calorimeters

• Two main designs :

Detector
LAr, Si, scintillator

Passive material (Pb, CU ..)

absorber/detector
( PbWO4, BGO)

photodiode or PMT

Sampling Homogenous 

Electromagnetic calorimeter a simple shower development model
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Outline

• A Toroidal Lhc ApparatuS  
• One of two general purpose detectors at the Large Hadron Collider in CERN 
• The biggest LHC experiment with ~ 3000 physicists 

P+

P+

ATLAS
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OutlineATLAS
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ATLAS electromagnetic calorimeter

Lead liquid Aragon (LAr) 
sampling calorimeter with 
accordion geometry  
• Divided into two regions  
• Barrel (EMEB) 0<|η|<1.475 
• Endcap (EMEC) 1.375<|η|<3.2 
• HV system provides (1 kV/mm) 

to ionise electrons

32 

Cu electrodes (+HV) 
Spacers define LAr 
Gap 
Pb absorber

Marco Delmastro Diphoton searches in ATLAS 31

E 

A photon showers in 
the EMC. Most of its 
energy is lost in Pb

Electrons in EM 
shower ionize LAr

Ionization electrons 
produce current

Current is collected, 
amplified, shaped, 
sampled and digitized 
for each EMC cell

Cluster energy is 
corrected for loss to 
get photon energy

Cluster energies are 
corrected for 
detectors effects

Cells are grouped in 
clusters

Energy in a cell is 
reconstructed from 
signal samples

Photon energy scale 
is adjusted to EM 
scale from Z!ee 
events

electronic 
calibration

clustering

cluster 
corrections

MVA 
calibration

“in-situ” 
intercalibration
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ATLAS electromagnetic calorimeter -2

• S0 (Presampler) 
• S1 (Strips) : γ/π0 separation 

• S2 (Middle) : Main energy deposit 

• S3 (Back) : High energy showers 

S3

S2

S1

S0

• The Presampler (PS) recovers part of the energy for particles that started showering before 
reaching the calorimeter 

• Does not contain any absorber material  

• Covers |η| <1.8 

• 0<|η|<1.52 Barrel, 1.5<|η|<1.8 Endcaps
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Calibration scheme

Electron and photon energy calibration with the ATLAS detector using LHC Run 1 data 5

simulation!

data!

J/ψ!ee Z!llγ#
data-driven scale validation!

calibrated !
e/γ !

energy!

Z!ee #
resolution 
smearing !

Z!ee #
scale 

calibration!

EM !
cluster!
energy!

training of !
MC-based !

e/γ calibration!

1!

uniformity 
corrections!

4!
longitudinal 
layer inter-
calibration!

2!

MC-based !
e/γ energy!
calibration!

3! 5!

5!

6!

Fig. 1 Schematic overview of the procedure used to calibrate the energy response of electrons and photons in ATLAS.

ticles with matter are accurately described in the
simulation. The material distribution is measured in
data using the ratio of the first-layer energy to the
second-layer energy in the longitudinally segmented
EM calorimeter (E1/2). Measuring E1/2 in data with
di↵erent samples (electrons and unconverted pho-
tons) allows a precise determination of the amount
of material in front of the calorimeter and provides
some sensitivity to its radial distribution as descri-
bed in Sect. 8.

2. Since the EM calorimeter is longitudinally seg-
mented, the scales of the di↵erent longitudinal layers
have to be equalised in data with respect to simula-
tion, prior to the determination of the overall energy
scale, in order to ensure the correct extrapolation of
the response in the full pT range used in the various
analyses (step 2). The procedure to measure the EM
calorimeter layer scales is reviewed in Sect. 7.

3. The MC-based e/� response calibration is applied
to the cluster energies reconstructed both from
collision data and MC simulated samples (step 3).

4. A set of corrections are implemented to account for
response variations not included in the simulation in
specific detector regions (step 4), e.g. non-optimal
HV regions, geometric e↵ects such as the inter-
module widening (IMW) or biases associated with
the LAr calorimeter electronic calibration. These
corrections are discussed in Sect. 6, where the sta-
bility of the calorimeter response as a function of �,
time and pile-up is also presented.

5. The overall electron response in data is calibrated so
that it agrees with the expectation from simulation,
using a large sample of Z ! ee events as discussed in
Sect. 9. Per-electron scale factors are extracted and

applied to electron and photon candidates in data
(step 5). Using the same event sample it is found
that the resolution in data is slightly worse than
that in simulation, and appropriate corrections are
derived and applied to simulation to match the data.
The electron and photon calibration uncertainties
are summarised in Sect. 10.

6. The calibrated electron energy scale is validated
with electron candidates from J/ ! ee events in
data (step 6). The scale dependence with ⌘ and
pT, and its associated systematic uncertainties are
summarised in Sect. 11. The scale factors extracted
from Z ! ee events are assumed to be valid also
for photons, while photon-specific systematic uncer-
tainties are applied, as discussed in Sect. 12. This
approach is validated with photon candidates from
Z ! ``� events in data, and discussed in Sect. 13.

The determination of the electron and photon energy
resolution, and the associated uncertainties, are des-
cribed in Sect. 14. Finally, the potential for improving
the electron energy resolution, by combining the cluster
energy with the momentum measured by the ID, is
described in Sect. 15.

4 Collision data and simulated samples

The results presented in this paper are primarily based
on 20.3 fb�1 of pp collision data at

p
s = 8 TeV,

collected by ATLAS in 2012. The results of the appli-
cation of the same methods to 4.7 fb�1 of pp collision
data taken in 2011 at

p
s = 7 TeV are described in

Appendix A.

MC based calibration 
1- calibrate EM clusters to original electron/
photon energy using multivariate analysis

2- Equalise scales of different longitudinal 
layers between data/MC  
- Intercalibration of the first and Second 

layer and the presampler 
3- Apply MC response (from MVA) on data/
MC clusters

Data based calibration 
photon/electron energy 
scale adjusted to EM scale 
Z->ee events

Validation 
Validate method with 
election candidate at low 
energy
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PS scale determination

Presampler scale: The ratio of the presampler energy between data and simulation 

•  Energy deposited in the PS is very sensitive to the presence of extra 
material ahead of the calorimeter 

• Different material between data and simulation will bias the scale estimation 

Recap
Photons/electrons can 
interact with material 
upstream calorimeter 

and cause early 
shower

Add a sensitive 
calorimeter (PS) to 
correct for energy 

loss due to 
material

Need to 
calibrate PS (i.e. 

sensitive to 
material)

“Who guards the guards ?”

Introduction



10

ɣ/e-
L1 L2 L3

 Material

 PS

More Material → Early shower development → Larger energy deposits in L1 compared to L2 
Solution  : Use information from the ratio first and second layers energies E1/E2 (E1/2) ! 

There’s also material (cables) between PS and L1
Solution  : Use unconverted photons with low PS activity to probe this region 

Low E0

ɣ
L1 L2 L3 Cryo.  PS  CablesInner 

Detector

Unconverted 

Muons are insensitive to upstream material but the energy deposit is too low in the PS (MIP) 
⇒ Scale is determined from electrons from Z decays.

PS scale determination
Challenges
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PS scale 
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Figure 31: Profiles of E0 and E1/2 in 2012 Z ! ee data, normalized to the nominal simulation. The
binning in h corresponds to 2 cells of the second layer of the accordion (Dh=0.05)

fect relative calibration of the calorimeter samplings, and/or imperfect modeling of the passive material
between the Presampler and the Accordion. Based on the above parametrization we derive a material-
corrected prediction for E0:

Ecorr
0 (h)

Enom
0 (h)

= 1+A(h)

 
Edata

1/2 (h)

Enom
1/2 (h) b1/2(h)

�1

!
(5)

where Ecorr
0 (h) corresponds to the amount of expected Presampler energy in the simulation, after cor-

rection for the material-induced bias. The Presampler scale is then defined by:

aPS(h) =
Edata

0 (h)

Ecorr
0 (h)

(6)

This parameter will be determined in section 8.5 with a granularity reflecting the size of the presampler
modules, i.e. Dh = 0.2 for the barrel modules, and Dh = 0.3 for the module covering 1.5 < |h |< 1.8.

The impact of the presampler scale on the calibrated electron and photon energy response is obtained by
scaling the raw Presampler energy by aPS, and recalculating the calibrated energy as described in [8]. The
impact of the correction and its uncertainty depend on the energy fraction deposited in the Presampler,
and hence depends on the incoming particle energy.

8.2 Geometry variations

The different geometry configurations used in this analysis are listed in Table 3. They correspond to
mc10b samples.
These geometries can be classified into three categories:

• Material is added upstream of the calorimeter only (configurations A to L).

• Material is added between the presampler and the accordion (configuration M).
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Figure 31: Profiles of E0 and E1/2 in 2012 Z ! ee data, normalized to the nominal simulation. The
binning in h corresponds to 2 cells of the second layer of the accordion (Dh=0.05)

fect relative calibration of the calorimeter samplings, and/or imperfect modeling of the passive material
between the Presampler and the Accordion. Based on the above parametrization we derive a material-
corrected prediction for E0:

Ecorr
0 (h)

Enom
0 (h)

= 1+A(h)

 
Edata

1/2 (h)

Enom
1/2 (h) b1/2(h)

�1

!
(5)

where Ecorr
0 (h) corresponds to the amount of expected Presampler energy in the simulation, after cor-

rection for the material-induced bias. The Presampler scale is then defined by:

aPS(h) =
Edata

0 (h)

Ecorr
0 (h)

(6)

This parameter will be determined in section 8.5 with a granularity reflecting the size of the presampler
modules, i.e. Dh = 0.2 for the barrel modules, and Dh = 0.3 for the module covering 1.5 < |h |< 1.8.

The impact of the presampler scale on the calibrated electron and photon energy response is obtained by
scaling the raw Presampler energy by aPS, and recalculating the calibrated energy as described in [8]. The
impact of the correction and its uncertainty depend on the energy fraction deposited in the Presampler,
and hence depends on the incoming particle energy.

8.2 Geometry variations

The different geometry configurations used in this analysis are listed in Table 3. They correspond to
mc10b samples.
These geometries can be classified into three categories:

• Material is added upstream of the calorimeter only (configurations A to L).

• Material is added between the presampler and the accordion (configuration M).

34

η
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C
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1.1
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0E

2/E1E

Proof of principle 
E0 and E1/2 show similar 
patterns between data and 
simulation 

Corrected MC

A(η) : E0, E1/2 
Correlation 

slope

b1/2(η) : Material after 
the PS correction

PS scale determination
Recipe

ATLAS work in progress 
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Upstream material correction A(η)

• A(η) is the slope of the linear fit of the correlation between E1/2 and E0 
•  Estimated from geometry variations upstream the calorimeter 
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DRAFT

Config ID ID-EC Pixel S SCT S SCT/TRT-EC PS/S1-B PS/S1-EC Cryo 1 Calo-EC
A 5% - - - - - - - -
N - - - - - - 5% - -
C’+D’ - - 10% 10% - - - - -
E’+L’ - - - - 7.5% - - 5% -
F’+M+X - 7.5% - - - 5% - - 30%
G’ 5% 7.5% 10% 7.5% 5% 5% 5% 5% 30%
IBL Improved IBL geometry
PP0 50% increase in IBL + pixel services

Table 3: Di�erent distorted geometries used for the estimation of the material correction factor A(⌘) expressed in
fractions of the radiation length (X0).

E

corr
0 is extracted to compute the PS scale ↵PS. The PS scale is determined as a function of ⌘ in binning368

matching the size of the presampler modules which is �⌘ = 0.2 in the barrel modules and �⌘ = 0.25 for369

the end-cap.370

3.1.1 Samples and distorted geometries371

The determination of the PS study is based on electrons from Z decays. The data samples are derived from372

the full 2016 and 2015 datasets, whereas the MC samples are derived from large samples of Z ! ee events373

generated with P����� interfaced with P����� and reweighed with pileup profiles matching those of 2015374

and 2016. The selected electrons are required to have p

T

> 27 GeV and lie within a region |⌘ | < 2.47.375

The electrons are also required to pass the medium likelihood identification and loose isolation criteria.376

In addition to the nominal geometry simulations, MC samples with distorted geometry configurations are377

used for the study of the correlation between E0 and E1/2. The samples are re-reconstructed with MC15c378

conditions and include 10M of events. The list of material configuration used in this analysis is shown in379

Table(3). The added material is expressed in terms of fractions of radiation lengths (X0) added in di�erent380

regions of the detector. The (ID) region represents material added in the inner detector (0 < |⌘ | < 2.4), or381

in the end cap (1.8 < |⌘ | < 2.4) denoted (ID-EC). The regions (SCT/Pixel S) include increased material382

in the pixel or SCT servies. The region (SCT/TRT-EC) include added material at the end of the SCT/TRT383

end caps (1.6 < |⌘ | < 2.2). The region (Cryo 1) denotes material added radially in barrel cryostat before384

the calorimeter (0 < |⌘ | < 1.6). Other configuration include also material added between the PS and the385

accordion either in the barrel (PS/S1-B) or in the end caps (PS/S1-EC). The region (Calo-EC) include386

added material in the end caps.In addition, the configuration (IBL) includes improved description of the387

IBL geometry, and configuration (PP0) that includes increased IBL and Pixel services.388

3.2 Upstream Material Correction A(⌘)389

As explained earlier, A(⌘) is estimated from relative variations of E0 and the corresponding variation390

in E1/2 in Monte Carlo samples with distorted geometries as a function of ⌘ with a binning suitable to391

26th June 2017 – 18:06 32

Samples 
with material 
after the PS

35

Geometries

(almost) non-overlapping combinations

A

ex. Config A MC15 geometry. 5% 
ID materials scale
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Upstream material correction A(η)

• A(η) is the slope of the linear fit of the correlation between E1/2 and E0 
•  Estimated from geometry variations upstream the calorimeter 

|η|
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1
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ATLAS work in progress ATLAS work in progress 
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Upstream material correction A(η)
E1/2, E0 correlation plot

• Example of correlation plots :

1/2
nom/E1/2E

0.8 0.85 0.9 0.95 1 1.05 1.1 1.15

0no
m

/E 0E

0.8

0.85

0.9

0.95

1

1.05

1.1

1.15
|<0.700000η0.600000<|

E'+L
C+D
A
IBL
PP0
F+M+X
N
G'
Data

Samples with 
material after 
the PS

ATLAS work in progress 
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PS/Accordion material effects b1/2(η)

• Use photo samples from different sources (different pT ranges) 
• Hight pT : Single photon samples  
• Low pT   : Radiative-Z samples 

• Select only unconverted photons and veto events E0 < 1.2 GeV
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Figure 40: (left) Data/MC ratio for E1/2 for inclusive photons case in blue, radiative-Z in red and their combination
in black. The combination is estimated using weighted average. (right) Fitted values of the combined b1/2 to be
used in the final material correction as b

barrel

1/2 , bEC

1/2 . The variation within the modules are used as a systematic
uncertainty.

since the PS scale is the ratio between PS energies between data (G’ in this case) and corrected MC as497

shown in figure (42). Slight deviation of about 2% is observed in the barrel, and this can be justified by498

the ⇡ 1 � 2% uncertainty for using photons to correct for electrons which was found in , similar study to499

confirm this e�ect is being carried out.500

Another check was also performed on the PS scalue formula to check the e�ect of the E1/2 intercalibration501

corrections. This is done using E1/2 intercalibration corrections derived from E1/2 data/MC ratio from502

muons as mis-calibration to the MC. Initially, the PS estimation formula is derived in a way that eliminates503

the E1/2 corrections between electrons and photons, this is is shown in figure (43) where the E1/2 mis-504

calibrations cancels because the material corrections is done using binned b1/2. However, since the formula505

uses fitted values of b1/2 in the barrel and the EC (bbarrel1/2 ,bEC

1/2 ), remaining e�ect of E1/2 miscalibration506

is observed though the general trend of the scale is close to 1, this is summarized in figure (43) where the507

e�ect of E1/2 miscalibration is imprinted on the PS scale.508
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Figure 41: (left) Ratio of E1/2 from Z ! ee electrons between G’ and nominal geometry. The high ratio in the
end-cap is from the 30% added material in front of the end caps in geometry G’. (right) fitted value of b1/2 estimated
from E1/2 ratio between G’ and nominal MC using inclusive photons after PS veto.

26th June 2017 – 18:06 39
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HV Investigation

• Unexpected discrepancy observed with the simulation when PS veto is applied  
• No extra material is added in the region PS-strips 
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• Discrepancy in HV mapping between data and simulation found ! 
• Real situation : one HV line power two gaps of one cell  
• Simulation : one HV line power one gap of two cells (similar to the rest of the calorimeter)

ATLAS work in progress 
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• Closure test on the recipe was performed using distorted geometry G’ MC 
• 𝛼PS is calculated from the formula

17

Closure test using G’ sample 

PS scale where:

Electrons
ATLAS work in progress 

ATLAS work in progress ATLAS work in progress 

ATLAS work in progress 



PS scale
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Figure 44: Final material correction estimated from A(⌘), b1/2 and E1/2 from electrons as function of ⌘.
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Figure 45: Final PS energy scale after material correction in binning of �⌘ = 0.05 and final average in ⌘ modules
is shown in blue lines for 2016 data (left) and 2015 (right).

3.6 PS Scale Stability521

3.6.1 PS scale variation in ⌘ and �522

The PS scale was estimated using E0 and E1/2 as function of the pseudorapidity (⌘) to examine the523

symmetry of the scale around ⌘. The scale was found symmetric within the uncertainty of the module524

average as shown in figure (47), and hence the final PS scale is estimated only as function of the absolute525

value of the pseudorapdidity.526

The PS scale was also checked along � using a � dependent material correction on the MC E

nom

0 for each527

⌘ bin using the formula528

E

corr
0 (⌘, �)

E

nom
0 (⌘, �)

= 1 + A(⌘)
✓

E

data
1/2 (⌘, �)

E

nom
1/2 (⌘, �)b1/2(⌘)

� 1
◆
, (3)

the correction was done using the � integrated values of A(⌘) and b1/2(⌘). The material correction in529

this case properly corrects the E

data

0 /Enom

0 distributions and hence it’s su�cient to have the PS scale as530
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Combining E0, E1/2 with fitted 
values of b1/2 the total material 
correction is derived

ATLAS work in progress 

ATLAS work in progress 
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PS scale stability along φ

• PS scale along φ 
• performing φ dependent material correction for 

each η bin  
• using A(η), b1/2(η)

φ
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RawCorrected  0.005427±Fitted value : 0.996967 
 0.006375± bin value : 0.997979 η0.825000

Example bin :
η [0.8 - 0.85]

ATLAS work in progress 
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Material mis-modeling η≃ 0.6

3− 2− 1− 0 1 2 3

0
 X

∆

0.1−

0

0.1

0.2

0.3

0.4

• Periodic structure was observed along phi for η≃0.6  
• Material effect is corrected using using PS scale material correction ⇒ doesn’t affect 

PS scale 
• Data-MC discrepancy in E0 and E12 indicate material issue

• Material estimates in terms of ΔX0 : 
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Material mis-modeling η=0.6

• The mis-modelling is related to Transition Radiation Tracker services 
• Aluminium “pillars” used to slide  the TRT barrel in case of LAr leakage 
• Exact TRT services budget is not included in the simulation
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Conclusions

• PS scale can be measured by using the correlation with the strips 
and the second layer and estimate A(η) 

• Unconverted photons with low PS activity can probe material after 
the presampler b1/2(η) 

• Combining A(η) , b1/2(η) and E1/2(η) removes material effect and the 
PS scale is measured 

• PS scale is found symmetric along η, φ 
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Back up
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PS/Accordion material effects b1/2(η)

• Radiative Z samples (Z→𝞵𝞵𝞬) 
• 𝞵 pT > 12 GeV, 𝞬 pT > 10 GeV  
•  FSR : m𝞵𝞵 ∈ [50-83] GeV, m𝞵𝞵𝞬 ∈ [80-100] 

GeV 
• f1 > 0.1 

• Inclusive photon ntuples (v12) 
•  pT > 147 GeV 

• Tight, FixedcutTight Isolation and 
unconverted 

• Remove PS HV faulty cells  
• E0 veto
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Figure 34: (left) A simple estimation of the noise in the presampler taken from the standard deviation of a gaussian
fit around zero of the raw E0. The 500 MeV used in run-1 will be too low since it’ll cut through events of interest.
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Figure 35: Ratio of E

dist/nom
1/2 between config-G’ and F’+M+X under di�erent PS veto. The figure shows the e�ect

of di�erent PS vetos in removing upstream material e�ects.

EC HV problem Investigation of E

data

1/2 /E
MC

1/2 showed unexpected behaviour in the EC bin compared to460

run-1. This unexpected behaviour appeared with the application of the PS veto as shown in figure (36).461

No change in material between the PS and the accordion was done between run-1 and the current run.462

Further investigation of E1/2 in data compared to MC in the EC in both ⌘ and � showed a localised excess463

followed by a declination of energy deposits in data. Similar behaviour was observed for radiative-Z464

photons as well. It was observed that the excess of the ratio E

data

1/2 /E
MC

1/2 is noticed only when applying465

the PS veto. The ⌘ � � distribution revealed the localisation of problematic cells in � extending across ⌘.466

This issue was traced back to wrong interpretation of the HV mapping in the EMEC. The HV cells in the467

PS is divided into 32 modules in � with 2 cells in each module and 2 gaps/cell. There is one HV line that468

powers the two gaps of the one cell. However, in simulation it’s assumed that one HV line powers one469
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Figure 34: (left) A simple estimation of the noise in the presampler taken from the standard deviation of a gaussian
fit around zero of the raw E0. The 500 MeV used in run-1 will be too low since it’ll cut through events of interest.
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1/2 between config-G’ and F’+M+X under di�erent PS veto. The figure shows the e�ect

of di�erent PS vetos in removing upstream material e�ects.
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run-1. This unexpected behaviour appeared with the application of the PS veto as shown in figure (36).461

No change in material between the PS and the accordion was done between run-1 and the current run.462

Further investigation of E1/2 in data compared to MC in the EC in both ⌘ and � showed a localised excess463

followed by a declination of energy deposits in data. Similar behaviour was observed for radiative-Z464

photons as well. It was observed that the excess of the ratio E
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1/2 is noticed only when applying465

the PS veto. The ⌘ � � distribution revealed the localisation of problematic cells in � extending across ⌘.466

This issue was traced back to wrong interpretation of the HV mapping in the EMEC. The HV cells in the467

PS is divided into 32 modules in � with 2 cells in each module and 2 gaps/cell. There is one HV line that468

powers the two gaps of the one cell. However, in simulation it’s assumed that one HV line powers one469
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Figure 40: (left) Data/MC ratio for E1/2 for inclusive photons case in blue, radiative-Z in red and their combination
in black. The combination is estimated using weighted average. (right) Fitted values of the combined b1/2 to be
used in the final material correction as b

barrel

1/2 , bEC

1/2 . The variation within the modules are used as a systematic
uncertainty.

since the PS scale is the ratio between PS energies between data (G’ in this case) and corrected MC as497

shown in figure (42). Slight deviation of about 2% is observed in the barrel, and this can be justified by498

the ⇡ 1 � 2% uncertainty for using photons to correct for electrons which was found in , similar study to499

confirm this e�ect is being carried out.500

Another check was also performed on the PS scalue formula to check the e�ect of the E1/2 intercalibration501

corrections. This is done using E1/2 intercalibration corrections derived from E1/2 data/MC ratio from502

muons as mis-calibration to the MC. Initially, the PS estimation formula is derived in a way that eliminates503

the E1/2 corrections between electrons and photons, this is is shown in figure (43) where the E1/2 mis-504

calibrations cancels because the material corrections is done using binned b1/2. However, since the formula505

uses fitted values of b1/2 in the barrel and the EC (bbarrel1/2 ,bEC

1/2 ), remaining e�ect of E1/2 miscalibration506

is observed though the general trend of the scale is close to 1, this is summarized in figure (43) where the507

e�ect of E1/2 miscalibration is imprinted on the PS scale.508
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Figure 41: (left) Ratio of E1/2 from Z ! ee electrons between G’ and nominal geometry. The high ratio in the
end-cap is from the 30% added material in front of the end caps in geometry G’. (right) fitted value of b1/2 estimated
from E1/2 ratio between G’ and nominal MC using inclusive photons after PS veto.
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Impact of E1/E2 layer intercalibration 
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• Introducing η dependent E1/2 mis-calibration                            to                                      
to both electrons and photons (b1/2) of MC G’ [mis-calibration taken from data] 

• Material correction formula implemented in order to cancel out E1/2 inter-calibration 
corrections between electrons and photons 

       b1/2 is fitted, hence E1/2 inter-calibration corrections don’t fully cancel

ATLAS work in progress 
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PS scale stability along η
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• PS scale found symmetric along η

2015 2016

ATLAS work in progress ATLAS work in progress 
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Dataset selection and configuration

DS

Electrons  
2016 Data (All year (A-L)   Lumi: 33.9 fb-1) 
data16_13TeV.*.physics_Main.merge.DAOD_EGAM1.f694_m1583_p2667 

2015 Data 
data15_13TeV.*.physics_Main.merge.DAOD_EGAM1.r7562_p2521_p2667* 

MC 
nominal geo. : mc15_13TeV.361106.PowhegPythia8EvtGen_AZNLOCTEQ6L1_Zee.merge.DAOD_EGAM1.e3601_s2576_s2132_r7725_r7676_p2666 
modified geo. : list in backup

GRL  data16_13TeV.periodAllYear_DetStatus-v83-pro20-15_DQDefects-00-02-04_PHYS_StandardGRL_All_Good_25ns.xml 
data15_13TeV.periodAllYear_DetStatus-v79-repro20-02_DQDefects-00-02-02_PHYS_StandardGRL_All_Good_25ns.xml

Trigger HLT_2e17_lhvloose_nod0
Likelihood Medium
Isolation Loose

PRW
Conf file: CalibrationSelection/user.turra.mc15_13TeV.361106.PowhegPythia8EvtGen_AZNLOCTEQ6L1_Zee.merge.AOD.e3601_s2576_s2132_r7725_r7676_prw.root 
LumiCalc: CalibrationSelection/ilumicalc_histograms_None_297730-308084_OflLumi-13TeV-005.root

ESM model es2016PRE
η |η| < 2.47
pT pT > 27 GeV

PV Zmax 150
Z0 2 opposite charge electrons, 80 < mee <100 GeV


