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The context

• ILD collaboration entering in a new MC production process as for the DBD
studies

• Multiple geometries and detector technologies are going to be supported

TPC outer radius : large (1769.8 mm) and small (1426.8 mm)
Electromagnetic calorimeters : SiWEcal and SciEcal
Hadronic calorimeters : AHcal and SDHcal

• Number of possible geometries : 8 variants

• Need to calibrate each of them

• Calibration may also depend on other parameters

Geant4 version
Geant4 physics list
Reconstruction algorithm (timing cuts, reconstruction parameters, etc ...)

... but these are fixed parameters for a given production
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The calibration procedure
Current status in ILCSoft

• Implemented in separate binaries in the LCPandoraAnalysis package by
Steven Green (Cambridge)

• Strong focus on main calorimeters calibration

• Current procedure is manual

• Some calibration steps require iterations. E.g Ecal energy calibration :

1 Run full reconstruction chain on single photon samples
2 Get mean reconstructed energy
3 Compute ratio of reconstructed energy over true energy
4 If precision is not ”good enough” :
→ rescale calibration constants accordingly and go back to step 1

• Heavy and non-robust procedure

Time consuming
Can introduce mistakes while doing copy/paste of constants in steering
files

• Need an automated approach to calibrate all detector variants!
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The calibration procedure
Calibration steps in a nutshell

• Strong focus on calorimeters and PandoraPFA energy calibration :

1 Mip scale (ecal/hcal/muon)
2 Ecal energy factors (barrel/endcap/ring)
3 Hcal energy factors (barrel/endcap/ring)
4 PandoraPFA mip scale (ecal/hcal/muon)
5 PandoraPFA EM scale (EcalToEM and HcalToEM)
6 PandoraPFA Hadronic scale (EcalToHad and HcalToHad)
7 PandoraPFA software compensation weights

• Note that :

The steps order matters
The 3 first steps are totally independant of PandoraPFA
The PandoraPFA energy corrections are shutdown during steps 4, 5 and 6

• Samples used during the process (20k events) :

10 GeV µ−

10 GeV γ
20 GeV KL

0

[10, 90] GeV KL
0 for SC tunning

• More detailed information in Steven Green’s PhD thesis
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The calibration procedure
Toward an automated software - LCCalibration

• Built on top LCPandoraAnalysis calibration binaries

• Requires the use of Marlin and DD4hep

• Set of python scripts :

Run simulation with ddsim. Generate all needed samples to run a full calibration
Automatize all calibration steps in one configurable script
Utilities to extract/replace calibration parameters from/to Marlin steering file

• Detailed documentation on calibration

• Scripts to send jobs on NAF2

• Current implementation works for ILD
→ Small modifications for SiD and CLIC are needed

Software not yet included in ILCSoft. Ongoing ...
Current repository : https://github.com/rete/LCCalibration

Documentation : doc/HowToRunCalibration.md
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The calibration procedure
Calibration steps - Mip scale

Calibrate the mean energy deposit by a MIP in single cells.

Done per sub-detector and region :

• ECal barrel, endcap and ring

• HCal barrel, endcap and ring

Constants mainly depends on the cell thickness.

10 GeV muon

Output :

• 3 calibration mip constants in ECal (RealisticCaloDigiSilicon)

• 3 calibration mip constants in HCal (RealisticCaloDigiScinPpd)
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The calibration procedure
Calibration steps - ECal calibration

Calibrate the constants that measure the real energy deposit (+ abs.)

Iterative procedure :

1 Run reconstruction on single photons

2 Calculate Etot with current calibration

3 Calculate ratio Etot
Etrue

4 If the precision is not ”good enough” :
→ Rescale calibration constants accordingly
→ Go back to step 1

Remarks :

• 2 sets of layer stack (20 + 10) in ILD ECal design → 2 x constants

• Ring factors set to the same as ECal endcap

• Barrel and endcap done separately
→ Effect from B field and layer direction [LCWS2016 cont. 37878]

• Select only photons contained in the ECal

Output :

• 3 calibration factorsMipGev constants x 2 (RealisticCaloRecoSilicon)
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The calibration procedure
Calibration steps - HCal calibration

Calibrate the constants that measure the real energy deposit (+ abs.)

Iterative procedure :

1 Run reconstruction on single KL
0

2 Calculate Etot with current calibration

3 Calculate ratio Etot
Etrue

4 If the precision is not ”good enough” :
→ Rescale calibration constants accordingly
→ Go back to step 1

Remarks :

• Procedure done only for barrel and endcap

• Ring factor scaled according to endcap factor :

fRing = fEndCap .
〈θEndCap〉
〈θRing〉

.
mipEndCap

mipRing

.
fabs,EndCap

fabs,Ring

.
fsens,Ring

fsens,EndCap
(1)

• Select only KL
0 contained in the HCal

Output :

• 3 calibration factorsMipGev constants (RealisticCaloRecoScinPpd)
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The calibration procedure
Calibration steps - PandoraPFA calibration

Problematic :

1 Previous calibration steps for ECal and HCal uses all energy deposit in calorimeters.
When reconstructing particles with PFA, not all hits are clustered in PFOs.
→ Missing energy in PFO !

2 Hadrons also shower in ECal and EM particles in the HCal (but not so much).
e/h ratio not 1 in these calorimeters.
→ Calibration depends on particle type and calorimeter type !

PandoraPFA calibration :

• PandoraPFA processor requires 4 constants to compensate these effects :

ECalToEMGeVCalibration : Correct for missing energy of EM particles in ECal
HCalToEMGeVCalibration : Scale the energy of EM particles in HCal
ECalToHadGeVCalibration : Scale the energy of hadrons in ECal
HCalToHadGeVCalibration : Correct for missing energy of hadrons in HCal

• For the ILC energies, photons are mostly contained in the ECal.
→ Approximation ECalToEMGeVCalibration = HCalToEMGeVCalibration

• Two energies are assigned to each hit, e.g in the ECal :

EEM
pandora = ECalToEMGeVCalibration × Edigit

EHAD
pandora = ECalToHadGeVCalibration × Edigit

R. Ete — DESY — October 24, 2017 — Page 10



The calibration procedure
Calibration steps - PandoraPFA calibration

Problematic :

1 Previous calibration steps for ECal and HCal uses all energy deposit in calorimeters.
When reconstructing particles with PFA, not all hits are clustered in PFOs.
→ Missing energy in PFO !

2 Hadrons also shower in ECal and EM particles in the HCal (but not so much).
e/h ratio not 1 in these calorimeters.
→ Calibration depends on particle type and calorimeter type !

PandoraPFA calibration :

• PandoraPFA processor requires 4 constants to compensate these effects :

ECalToEMGeVCalibration : Correct for missing energy of EM particles in ECal
HCalToEMGeVCalibration : Scale the energy of EM particles in HCal
ECalToHadGeVCalibration : Scale the energy of hadrons in ECal
HCalToHadGeVCalibration : Correct for missing energy of hadrons in HCal

• For the ILC energies, photons are mostly contained in the ECal.
→ Approximation ECalToEMGeVCalibration = HCalToEMGeVCalibration

• Two energies are assigned to each hit, e.g in the ECal :

EEM
pandora = ECalToEMGeVCalibration × Edigit

EHAD
pandora = ECalToHadGeVCalibration × Edigit

R. Ete — DESY — October 24, 2017 — Page 10



The calibration procedure
Calibration steps - PandoraPFA calibration

Problematic :

1 Previous calibration steps for ECal and HCal uses all energy deposit in calorimeters.
When reconstructing particles with PFA, not all hits are clustered in PFOs.
→ Missing energy in PFO !

2 Hadrons also shower in ECal and EM particles in the HCal (but not so much).
e/h ratio not 1 in these calorimeters.
→ Calibration depends on particle type and calorimeter type !

PandoraPFA calibration :

• PandoraPFA processor requires 4 constants to compensate these effects :

ECalToEMGeVCalibration : Correct for missing energy of EM particles in ECal
HCalToEMGeVCalibration : Scale the energy of EM particles in HCal
ECalToHadGeVCalibration : Scale the energy of hadrons in ECal
HCalToHadGeVCalibration : Correct for missing energy of hadrons in HCal

• For the ILC energies, photons are mostly contained in the ECal.
→ Approximation ECalToEMGeVCalibration = HCalToEMGeVCalibration

• Two energies are assigned to each hit, e.g in the ECal :

EEM
pandora = ECalToEMGeVCalibration × Edigit

EHAD
pandora = ECalToHadGeVCalibration × Edigit

R. Ete — DESY — October 24, 2017 — Page 10



The calibration procedure
Calibration steps - PandoraPFA calibration

Problematic :

1 Previous calibration steps for ECal and HCal uses all energy deposit in calorimeters.
When reconstructing particles with PFA, not all hits are clustered in PFOs.
→ Missing energy in PFO !

2 Hadrons also shower in ECal and EM particles in the HCal (but not so much).
e/h ratio not 1 in these calorimeters.
→ Calibration depends on particle type and calorimeter type !

PandoraPFA calibration :

• PandoraPFA processor requires 4 constants to compensate these effects :

ECalToEMGeVCalibration : Correct for missing energy of EM particles in ECal
HCalToEMGeVCalibration : Scale the energy of EM particles in HCal
ECalToHadGeVCalibration : Scale the energy of hadrons in ECal
HCalToHadGeVCalibration : Correct for missing energy of hadrons in HCal

• For the ILC energies, photons are mostly contained in the ECal.
→ Approximation ECalToEMGeVCalibration = HCalToEMGeVCalibration

• Two energies are assigned to each hit, e.g in the ECal :

EEM
pandora = ECalToEMGeVCalibration × Edigit

EHAD
pandora = ECalToHadGeVCalibration × Edigit

R. Ete — DESY — October 24, 2017 — Page 10



The calibration procedure
Calibration steps - PandoraPFA calibration

Problematic :

1 Previous calibration steps for ECal and HCal uses all energy deposit in calorimeters.
When reconstructing particles with PFA, not all hits are clustered in PFOs.
→ Missing energy in PFO !

2 Hadrons also shower in ECal and EM particles in the HCal (but not so much).
e/h ratio not 1 in these calorimeters.
→ Calibration depends on particle type and calorimeter type !

PandoraPFA calibration :

• PandoraPFA processor requires 4 constants to compensate these effects :

ECalToEMGeVCalibration : Correct for missing energy of EM particles in ECal
HCalToEMGeVCalibration : Scale the energy of EM particles in HCal
ECalToHadGeVCalibration : Scale the energy of hadrons in ECal
HCalToHadGeVCalibration : Correct for missing energy of hadrons in HCal

• For the ILC energies, photons are mostly contained in the ECal.
→ Approximation ECalToEMGeVCalibration = HCalToEMGeVCalibration

• Two energies are assigned to each hit, e.g in the ECal :

EEM
pandora = ECalToEMGeVCalibration × Edigit

EHAD
pandora = ECalToHadGeVCalibration × Edigit

R. Ete — DESY — October 24, 2017 — Page 10



The calibration procedure
Calibration steps - PandoraPFA calibration

Problematic :

1 Previous calibration steps for ECal and HCal uses all energy deposit in calorimeters.
When reconstructing particles with PFA, not all hits are clustered in PFOs.
→ Missing energy in PFO !

2 Hadrons also shower in ECal and EM particles in the HCal (but not so much).
e/h ratio not 1 in these calorimeters.
→ Calibration depends on particle type and calorimeter type !

PandoraPFA calibration :

• PandoraPFA processor requires 4 constants to compensate these effects :

ECalToEMGeVCalibration : Correct for missing energy of EM particles in ECal
HCalToEMGeVCalibration : Scale the energy of EM particles in HCal
ECalToHadGeVCalibration : Scale the energy of hadrons in ECal
HCalToHadGeVCalibration : Correct for missing energy of hadrons in HCal

• For the ILC energies, photons are mostly contained in the ECal.
→ Approximation ECalToEMGeVCalibration = HCalToEMGeVCalibration

• Two energies are assigned to each hit, e.g in the ECal :

EEM
pandora = ECalToEMGeVCalibration × Edigit

EHAD
pandora = ECalToHadGeVCalibration × Edigit

R. Ete — DESY — October 24, 2017 — Page 10



The calibration procedure
Calibration steps - PandoraPFA EM scale

Procedure similar as for ECal calibration :

1 Run reconstruction on single photons

2 Calculate Erec using PFO

3 Calculate ratio Erec
Etrue

4 If the precision is not ”good enough” :
→ Rescale ECalToEMGeVCalibration accordingly
→ Go back to step 1

Remarks :

• Select only photons contained in the ECal

• PandoraPFA energy corrections switched-off during this process

• Same constant ECalToEMGeVCalibration (and HCalToEMGeVCalibration) for all regions
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The calibration procedure
Calibration steps - PandoraPFA Hadronic scale

Calibrate ECalToHadGeVCalibration and HCalToHadGeVCalibration simultaneously

• Procedure :

1 Run reconstruction on 20 GeV single KL
0

2 Plot PFO hadronic energy in HCal versus in ECal
3 Perform a linear fit and get intersection with x axis

Hint and y axis Eint

4 New calibration factors given by :

ECalToHadGeVCalibration =
Emc

Eint

HCalToHadGeVCalibration =
Emc

Hint

5 If the precision is not ”good enough” :
→ Apply new constants ECalToHadGeVCalibration
and HCalToHadGeVCalibration
→ Go back to step 1

Remarks :

• PandoraPFA energy corrections switched-off during this process

• Select only KL
0 contained in the ECal + HCal
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The calibration procedure
Calibration steps - PandoraPFA software compensation

Software compensation in a nutshell :

• Software compensation is a technique applied for
compensating the EM / Had response, shower per shower.

• Implemented in LCContent as an hadronic energy correction
plugin.

• It has shown that it improves linearity and resolution up to
20% on single particles
→ CALICE AHCal and LC Cambridge [arxiv:1705.10363]

How does it work ?

• Plot the hcal hit energy density distribution and bin the
distribution in 10 bins

• Calculate corrected energy as :

Esc =
∑
i

E i
ecal+∑

i

E i
hcal × ω(ρi )

9 parameters to adjust !

ω(ρ) = α.exp(β.ρ) + γ

α = α1 + α2.Esum + α3.E
2
sum

β = β1 + β2.Esum + β3.E
2
sum

γ =
γ1

γ2 + exp(γ3.Esum)
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The calibration procedure
Calibration steps - PandoraPFA software compensation

Procedure :

• Run reconstruction for each energy point

• Minimize the following χ2 :

χ2 =
∑
events

(
Ehadron − Esc

)2

(0.5)2Ehadron

with

Ehadron the hadronic energy after a proper PandoraPFA calibration
Esc the corrected energy by software compensation technique
(0.5)2Ehadron the approximate stochastic resolution term squared

Remarks :

• Use KL
0 particles with energies in range [10, 90] GeV

• Select contained events in ECal and HCal

• Use LCContent training algorithm to get SC info event by event
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ILD performances
Mokka VS DD4hep re-calibrated
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• Similar (or better) results compare to
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ILD performances
ILD l4 v02 VS ILD s4 v02
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• As expected, small degradation for
the ILD s4 v02 model

• Jet energy scale within 2%
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Conclusion and perspectives

Conclusion :

• LC detector calibration has been developped in the past

• Software compensation optimization added in calibration

• The whole calibration procedure has been automatized

More robust, faster and generic
Current repository https://github.com/rete/LCCalibration
→ Soon in ILCSoft ...
Documentation : doc/HowToRunCalibration.md

• New detector performances show

Similar (or better) JER compared to Mokka version
Small degradation of JER for the ILD s4 v02 model
Jet energy scale within 2%

Perspective :

• Muon system not included in the calibration process
→ How to calibrate it ? As tail catcher for hadrons ? For muon only ?

• Forward calorimetry not treated at all

• Others calorimeter options for incoming geometries l/s5 ? SDHCal ? ScEcal ?

• Common calibration framework with SiD, CLIC and other detectors ?
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