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5 8 UNIVERSITY OF :
% %# CAMBRIDGE Overview

({ Calibration of Digitiser and PandoraPFA

1)  MIP Scale Digitiser _ _ ,
Calibrating energy estimators

for calorimeter hits.

2) “Digitisation”

3) MIP Scale PandoraPFA |

Calibrating energy estimators

| 4) Electromagnetic Scale Setting PandoraPFA  — for reconstructed particles.

5) Hadronic Scale Setting PandoraPFA

[\ 6) Retraining Likelihood Data PandoraPFA Sophisticated techniques to aid
| reconstruction and energy estimator

| > resolution. Not main focus of this talk, but
7) Software Compensation PandoraPFA slides included in backup for reference.
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http://flc.desy.de/lcnotes/notes/localfsExplorer_read?currentPath=/afs/desy.de/group/flc/lcnotes/LC-TOOL-2014-011.pdf
http://flc.desy.de/lcnotes/notes/localfsExplorer_read?currentPath=/afs/desy.de/group/flc/lcnotes/LC-TOOL-2014-011.pdf

wm Eﬁ'ﬁﬁﬁﬂ}’é’{; “Digitisation”

1‘ o We want the energy of the partlcle shower.

o But we only measure the energy deposited in the active layers of the sampling
| calorimeters. ‘

o Have to estimate the energy deposited in the absorber layers to account for sampling

fraction.
w C ey . |
o Processes loosely referred to as digitisation. |
‘ - o - 7 NN __|
100 GeV Ko " -
f
i Digitisation
- 'E |
— . ...—:* ]
': .=v - - = \
- - - Absorber m |
na - e.g steel, tungsten - ,
. R . . . e JE |
Active Layer Energies === - TR Combined Hit Energies. ™ |
e.qg. silicon, scintillator - |
| - What we measure. - What we need for physics. |
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5 CAMBRIDCE Digitisation Constants

What?
|

o Constant(s) used for converting the detector response, i.e. the active layer energies,
| into a
L

:; o Sampling calorimeters only measure the energy deposited in

| the active/sensitive layers, therefore an estimation of the
energy deposited in the absorber layers is required.

o Assuming the particle shower is uniform across a calorimeter
layer a multiplicative constant is used to estimate the

J combined (active+absorber)
%7 S———— : = e———

3 F
Il 'E14000
5 §

@ -
[ 12000f
| o

10000F
| 8000
i 6000F

4000F

2000

Events and Distributions for Calibration

\ o Simulate 10 GeV photons and 20 GeV long-lived neutral

| kaons (KO.)

o Create distribution of combined calorimeter hit energies.

o Selection cuts applied ensure that the particle showers are
fully confined to the calorimeter of interest (see backup for
details).

S.Green AWLC 2017 5



i CAMBRIDCE Digitisation Constants

' Definition
;1 o Reconstruction 10 GeV photons and 20 GeV long-lived neutral kaons (K°.) using trial
| digitisation constants ogca’ and orcal’.
| o Fit a Gaussian to the distribution of (combined) calorimeter hit energies and extract
the mean.

o Then rescale the digitisation constants.

o Repeat the full procedure using iteratively updated constants until the mean of the

I Gaussian falls within a specified tolerance of the true MC ene

8 F ' ] 5 F T T =
CE E g T00F Q 3 Nominal
| 12000 — Gaussian Fit - 600 F — Gaussian Fit \;§§§§ = d |
| - ] : ] procedure. |
| 00E 10 GeV y - s 20 GeV KoL = terat il b
| 8000 - 400F E erate until |
C ] C ] u
6000F- s 300f = EcaussianiS |
| 4000 E 200E : E within 5% of |
2000F- E 100¢ L l
- ] o AL Enmc. I
 S—— 0
o 5 0 10 20 30 ]
ECal Calorimeter Hit Energy [GeV] HCal Calorimeter Hit Energy [GeV] k
— 0 — 0 , |
aeca’—0eca=0eca’ X Emc/Ecaussian QHCal —OHCal=0Hcal” X Emc/EGaussian |
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5 UNIVERSITY OF Electromagnetic Scale
#CAMBRIDGE PandoraPFA

p——

R — = ——

‘What?
o Two multiplicative constants (one for ECal, one for HCal) applied to the energy of
| calorimeter hits associated to electromagnetic PFOs.

M o In final output this is applied just to photons as e* energies taken from tracks.

— — —— I

Why;?

Events and Distributions for Calibration

‘o Simulate 10 GeV photons.

|o Create distribution of electromagnetic PFO

| energy measured in ECal. (Reconstructed level
distribution, previously others are just sums of
calorimeter hits!)

o Selection cuts applied ensure that the particle

showers are fully confined to the calorimeter of

interest (see backup for details).

— Gaussian Fit

10 GeVy

S.Green AWLC 2017 9



5 UNIVERSITY OF Electromagnetic Scale
7 CAMBRIDGE PandoraPFA

tDeﬂnmon

© Reconstruction 10 GeV photons using trial scale factor constant Beca=".
o Fit a Gaussian to distribution of electromagnetic PFO energy measured in the ECal.

o Rescale the Beca™° constant.
' o Repeat the procedure using updated constant until mean of the Gaussian fit falls
within a specified tolerance of the true MC energy for each sample.

o Buca™ not vital to performance as almost all photon energy contained in ECal.
! 0 Typlcally set Bucat™ = BHca |Had to have one scale in HCaI

Entries
[S—
N
S
S
[
7 -
L1 I L1l
Q
|
“ﬂ
m U
I
I
|

L — Gaussian Fit
J -

‘ wof- 10 GeV Y

3 Beca™ - Beca™=Beca™° x Emc/Ecaussian |

3 Nominal procedure: lterate until l;,
: E caussian is Within 0.5% of Enc. ]
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S cAMBRIDGE ~ Hadronic Scale PandoraPFA

e — ——

What?
‘o Two multiplicative constants (one for ECal, one for HCal) applied to the energy of
| calorimeter hits associated to hadronic PFOs.

M o Applied to all neutral hadrons in reconstruction.

— —

'Why?

‘o Account for ‘inaccessible’ component of hadronic showers (e.g. nuclear binding
| energy losses, nuclear recoil...) causing hadronic showers to produce a weaker
m response in calorimeters than electromagnetic showers.
|

'Events and Distributions for Calibration
;} o Simulate 20 GeV KO.. |
|o Create 2D distribution of hadronic PFO energy in ECal §

vs HCal (Reconstructed level distribution!). \
o Selection cuts applied ensure that the particle showers | |

are fully confined to the calorimeter of interest (see
- backup for details). B T o

— DU—— — e — S | Hadronic Energy in ECal [GeV]

S.Green AWLC 2017 11



S cAMBRIDGE ~ Hadronic Scale PandoraPFA

*Deﬂnmon

0 Reconstruct of 20 GeV KO using trial scale factor constants Beca"2%° and Brcal™2%°.

‘o Fit straight line to 2D distribution of hadronic PFO energy in ECal vs HCal and extract
intercepts (Eecanadint/ EHcalHadint). |

| © Then rescale the Beca™24° and Brcal™? constants.
o Repeat the procedure using updated constants until intercepts falls within a specified

i tolerance of the MC kinetic energy.

= Becal™?%? X Ekinetic/ EECalHadInt

= BHcal"24 X Ekinetic/EHcanadint

Beca@9 09— Becaad

BHcal"?40—Brca™

EE/HcaHadint IS Within 0.5% of

EKmetlc

S.Green AWLC 2017 12



£ 8 UNIVERSITY OF A Brief Word on Software
A Compensation

'Why?

‘o Gives compensating calorimeter response, i.e. compensates for undetectable energy

| component in hadronic showers.

o 2nd Order Effect: Limits impact of Landau fluctuations (spuriously high energy

cells)

o Compensating response is achieved across a wider range of energies than when
using just the EM/Had scale setting in PandoraPFA, which only guarantees a
compensatmg response at a smgle energy (20 GeV in thls case)

Performance | Saap Is“bffﬁefg'éd’“eéﬁjﬁs =

~4 2 oItwarc Lompensation .

l‘ O GIVGS S|gn|f|Cant |mprovement |n Jet enel’gy 284.0_ Standard Reconstruction __
N resolution. = 38F
= S-36F
— £34F
Documentatlon % 32F
o Software Compensation Paper arXiv 3
o In the not too distant future (hopefully!) my  6E
0

thesis (including details on all calibration procedures
discussed here)

e

S.Green AWLC 2017 13


https://arxiv.org/abs/1705.10363

1 5 UNIVERSITY OF :
% CAMBRIDGE Conclusions

‘o Brief introduction to the calibration procedure used for calibrating the linear collider
detector model simulations.

o Outlined the procedures for

o Calibrating the energy of calorimeter hits.

o Determining the digitiser MIP response.

o Setting the electromagnetic and hadronic scales in PandoraPFA.

o Determining the MIP response in PandoraPFA.

Binaries in the LCPandoraAnalysis toolkit exist to help with calibration procedure.

| o Atex document containing information on how to use these binaries in the calibration procedure is made when
| building any local installation of the LCPandoraAnalysis package. The raw tex document can be found on the
LCPandoraAnalysis GitHub page.

O

found in the backup.

S.Green AWLC 2017 14


https://github.com/PandoraPFA/LCPandoraAnalysis/blob/master/doc/CalibrationPandoraAnalysisExplained.tex
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%8 UNIVERSITY OF
CAMBRIDGE

Contents:

1) Selection Cuts used in calibration

2) Likelihood Data Retraining

3) Examples of steering ILD reconstruction

¥ ambridgo Lo .
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2 UNIVERSITY OF Back Up D|g|t|Sat|0n
FEAMBRIDGE - Gonstants - ILD Specific HCal

‘o One digitisation constant for HCal barrel, endcap and other (ring).

© Run the digitisation constant calibration simultaneously applying cuts on angle of single
- KO,

| o Estimate HCal ring digitisation based on HCal endcap.
o L is thickness of active/absorber layers.

o Pis MIP peak.

o Cos0 is direction correction to cell normal.

— —_————

Absorber Active

o <COS (eendcap ) > P, endcap Lendc.ap L ring
HCal ring = *HCal endcap X 0 X P LA hsorber LA(’.ti'ne
(COS ( ring) > ring ring endcap

S.Green AWLC 2017 19



- Back Up: Electromagnetic
"% CAMBRIDGE Scale PandoraPFA -
Selection Cuts

I
|
|
|
|
|

o |

Entries
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| - 10°F R

. | 9000 §
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- 7000 §
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%
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%
XX
Lol

—
n
I
I

I

>
(B
e
8
1 L h 10 f - §>§§§§§§§§ = J‘
. Less than 1% of Emc - sl = 6000 1
| | RNetereteseseseveteresese: >
| is found ide th 2 Eesssasssd % |
| IS found outside the 10 Ry 3 = s
& IR = Q 1.0 _ 000
c SN R—— 3 =
Ny I BRI —4000
2 A sinale ohoton i NN ] *wwww;% . 2
—
: sSingie pnoton Is N Co > *
‘ SO\ i [N R KRR ELRXERXERXERKXK, —_ = 3000
O T N O ot ettt E ‘
N N R RRIRIRIRIRIRNININY] = a0 \
reconstructed. B\ N 1R ot eoatetorateoon = s 05 —] \
‘ N A st I . . |
N NN AN x’%xx%xx%xx%xx&xx\/xxxx i a E 2000 I
3. Co0s8<0.95 N DN S |
. . . R\ TN R - =
N NN NS x/x/xx/x/xx/\/xx/\/xx/xxx/xxxxm : -
4 N i N NN N 3 1000
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1{ o For conversions EM energy in ECaI IS zero as energy measurements WI|| come from
. tracks.

|' © The low energy tail is pattern recognition failures in conversion events where a single y is
reconstructed as yet+e-. In this case, the reported EM energy in the ECal will be the y

| energy, WhICh |s onIy a fraction of EMC
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5 UNIVERSITY OF Back Up: Hadronic Scale
P CAMBRIDGE ™ PandoraPFA - Selection Cuts

|
l

. Selection: 30 . W = 30 . .
1. Asingle neutral I350 _ _
u hadron is 25 250 . With Selection
I —1300
reconstructed. -

20

20 GeV KO

—1250

| 2. No energy in

Hadronic Energy in HCal [GeV]

outermost 10% of 15H —00 158 |
HCal |ayer —1150 — 1D
(leakage). 10 10 |

100

3. Total energy within
30 of true kinetic
energy where o =

o 10 T — 30 b 10 - 00 30
0.55X\/E Bgco - 7 Hadronic Energy in ECal [GeV]

50

LT

| o Low energy
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3 B UNIVERSITY OF Backup: Likelihood Data
FCAMBRIDEE PandoraPFA

— e — =5 e —

'What?
i‘ o Likelihood data used in reconstruction of photons in PandoraPFA.
l: o Trained for nominal ILD ECal.

Why?
o Improves the reconstruction of photons.

Events
o Simulate (~10,000) 500 GeV di-jet (Z—uds) events.

SS——

— = — - ——— ———

Definition
‘o Run PandoraPFA reconstruction using PandoraSettingsPhotonTraining.xml
(o This steering file writes out an xml file (default name

PandoralLikelihoodData9EBin.xml), which contains the likelihood data.
o To use the new likelihood data change the xml file (line 72 on
PandoraSettingsDefault.xml) to point to new file.

——— e
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https://github.com/PandoraPFA/MarlinPandora/blob/master/scripts/PandoraSettingsPhotonTraining.xml
https://github.com/PandoraPFA/MarlinPandora/blob/master/scripts/PandoraSettingsDefault.xml

¢ 5 UNIVERSITY OF Backup: Software
FEAMBRIDGE compensation PandoraPFA

What?
o Software compensation parameters.
‘o Default values trained for nominal ILD HCal.

'Why?

‘o Gives compensating calorimeter response, i.e. compensates for undetectable energy |

| component in hadronic showers.

o Compensating response is achieved across a wider range of energies than when
using just the EM/Had scale setting in PandoraPFA, which only guarantees a
compensating response at a single energy (20 GeV in this case).

o Limits impact of Landau fluctuations (spuriously high energy cells)

e

B

F{ o i
,:( E(,‘luster — Z Eh?(,-n.l Z

2
El!(,’al

WIE raw) £) = P1(ERaw) X exXp(P2(Eraw) X p) + P3(E paw)
j4 (Ef?a-u:) = P11 + P12 X ERa.u.' + Pia X E%mu

, 9
. - Pa(Fraw) = P21 + Poo X Epguy + Doy X gy
Epew = Z Elca | Z Eyca

DOal hits, i IICal hits, i - o P31
p3(E n.n.'u.') - F ’
P32 + exp(psz X Eraw)
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3.5 UNIVERSITY OF Backup: Software
FEAMBRIDGE compensation PandoraPFA

‘EvenAt;s&x - -
u 0 Slmulate (~10,000 for each energy) 10 to 100 GeV / (in steps of 10 GeV) KOL events.

2
2 L (ES’C,C'lustefr(paB) _ EMC’)
Events ' \/ MC
Approx. energy resolution of HCal
3Def|n|;[|on - o *

« o Reconstruct K°. samples using PandoraSettingsSoftwareCompensationTraining.xml|
“ o The writes out root files containing calo hit energies as used in Pandora for

determining software compensated energy.
1 © Minimise the x2 like function with respect to parameters pqg.
o Emc is MC energy of KO..

o Esc Cluster IS software compensated cluster energy of KOL
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https://github.com/PandoraPFA/MarlinPandora/blob/master/scripts/PandoraSettingsSoftwareCompensationTraining.xml

2B UNIVERSITY OF

o,

&% CAMBRIDGE




"% CAMBRIDGE

Digitiser

|
<processor name="MyILDCaloDigi" type="ILDCaloDigi">

| <1--ILD digitizer...-—>

<l-—Calibration coefficients for ECAL——> Digitisation
<parameter name="CalibrECAL" type="FloatVec'">42.76059266%6 85.5211853392</parameter> >
<!--Calibration coefficients for HCAL barrel, endcap, other—-> constant oecal

l(<parameter name="CalibrHCALBarrel" type="FloatVec">50.6027599854</parameter>
l|<parameter name="CalibrHCALEndcap" type="FloatVec">56.7729754469</parameter>

<parameter name="CalibrHCALOther" type="FloatVec">26.76</parameter> Digitisa’[ion
<!—— Realistic ECal --> onstants anca |
<parameter name="ECAL_apply_realistic_digi" type="int">1</parameter>

|(<parameter name="CalibECALMIP" type="float">8.@0081475</parameter>"> Digitiser MIP Scale ECal

<!=— Realistic HCal -->
| <parameter name="HCAL_apply_realistic_digi" type="int">1</parameter>
<parameter name="HCALThresholdUnit" type="string">MIP</parameter>
<parameter name="CalibHCALMIP" type="float">0.0004875</parameter>"> Digitiser MIP Scale HCal

|
</processor>




j <processar name="MyMarlinPandora" type="PandoraPFANewProcessor">
<parameter name="PandoraSettingsXmlFile" type="String">PandoraSettingsDefault.xml</parameter>

<|-- Collection names ——>

<l—-— Calibration constants ——>
' <parameter name="ECalToMipCalibration" type="float">160.0</parameter> >M|P Scale Pandora ECal
<parameter name="HCalToMipCalibration" type="float">34.8</parameter> and HCaI
<parameter name="ECalMipThreshold" type="float">0.5</parameter>
<parameter name="HCalMipThreshold" type="float">8.3</parameter>

<parameter name="ECalToEMGeVCalibration" type="float">0.9995</parameter EM Emi
<parameter name="HCalToEMGeVCalibration" type="float">1.076</parameter> EM Scale BECaI and BHCaI
| (<Parameter name="ECalloHadGeVCalibrationBarre ype="float">1.076</parameter>

<parameter name="ECalToHadGeVCalibrationEndCap" type="float">1.876</parameter>
<parameter name="HCalToHadGeVCalibration" tyvpe="float">1.075</parameter>

| (<parameter name="MuonToMipCalibration" type="float">10.0</parameter> ‘

;}prncessor> \V/ W
| Had Scale Beca™2® and Brca™@®
MIP Scale

Pandora Muon
Chamber




