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ECAL: CMS Electromagnetic CALorimeter

A homogeneus, hermetic, high granularity PbWO4 crystal calorimeter...
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https://link.springer.com/article/10.1007/JHEP07(2021)027

Ci(?)
N ‘ Extracted signal behavior
Energy reconstruction Homogeneus all over ECAL
4 A / \
(1)
Collect and measure energy L(1) G(n)

N deposits Account for radiation effects: Extracted signal reliable

S \_3 Reduced crystal transparency In terms of physics
More on clustering algos /

In Badder’s talk Energy calibration

. I
Today’s aim: il

Refi ts:
Walk through reconstruction & calibration ernements

Correct for shower leakage,
material effects,
death channels..

Legacy reprocessing for Run2 data /
With an eye on the future l Ee,;/ - Z [Ai(t) ' Li(t) ' Ci(t)] ' G(”) x4 e,y
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Run 2 -> Run3
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https://agenda.infn.it/event/28874/contributions/169201/

ECAL RunZ2 challenge: overlapping interactions

CMS Peak Luminosity Per Day, pp
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ECAL challenge:
number of overlapping signals - pile up -
iIncreased
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults
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Signal amplitude - prepare for reconstruction ~ Af®)

800

 Pedestals to the pulse shape:
 Recorded every 40 minutes
iIn Run2 using laser events

* Pulse shape
e crystal template pulse shapes
recomputed every 3-4 fb-1

Amplitude [ADC counts]

700
600

N W A O
© © O O
o O O O

-
(-
Q

e Catching spikes - APD anomalous signals
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Shape changes
with radiation damage

Pedestals change
with time

~ 40 MeVl/year increase

Swiss cross
Variables

El

Checks single crystal energy
Wrt to surroundings

Early pulses -
No scintillation


https://twiki.cern.ch/twiki/bin/view/CMSPublic/EcalDPGResults

Signal amplitude reconstruction- algorithm

https.//arxiv.org/abs/2006.14359
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https://arxiv.org/abs/2006.14359

Crystals ageing - transparency loss correction

CMS DPNotes 2017-023

CMS preliminary 2017
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https://cds.cern.ch/record/2273269/files/DP2017_023.pdf

Monitoring the monitoring system:

Run 2 challenge:

o
©
~
o

e Bulk of light monitoring correction
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Energy calibration

CMS DPNotes 2019-038
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https://cds.cern.ch/record/2701337/files/DP2019_038.pdf
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http://dx.doi.org/10.1088/1748-0221/16/05/P05014

ECAL RunZ2 legacy reprocessing

Standard calibration obtained by chunk of early data for each period

Legacy reprocessing: reconstruction & calibration using all Run2 data
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https://cds.cern.ch/record/2701337/files/DP2019_038.pdf

Energy measurements wrap up

2 1A - L - C0] - G - F,,

e Contributions to resolution @ Run2:
e |[ntercalibration almost negligible
. and significant and comparable:
e Run3: ML algo to control under development
e Contribution for unaccounted effects significant:

e Well described by gaussian smearing
e Stable over time
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https://cds.cern.ch/record/2273269/files/DP2017_023.pdf

ECAL performance

e Run 2 Legacy reprocessing:
Fine grained calibration in:

» detector volume
e time/luminosity
Essential to the highest quality resolution

* Run3 Goal: automatize calibration methods involving data

e Corrections specific for each data taking period

+ ECAL Timing - more in Stefano’s talk
e Excellent timing performances

e Already exploited in LLP searches, spikes hunt
e Pivotal in HL-LHC for rising pile up rejection
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https://cds.cern.ch/record/2717925/files/DP2020_021.pdf
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Summary

ECAL reconstruction and calibration are crucial
to deliver and preserve ECAL optimal performance

* Proven as a continuous, meticulous job
but extremely rewarding challenge

e Run2 Legacy reprocessing:
~ 1 year of work = 40% better overall performance

e Challenges ahead of us:
* Noise and Pile Up increasing levels
e Automatisation of calibration

e ECAL HL-LHC upgrade
 Barrel electronics substitutions:
e Cope with HL radiation rates
» Better exploit timing measurements

Raffaella Tramontano




Raffaella Tramontano

Backup
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Signals localization: clustering algorithms

photon/electron showers within CMS

An unperturbed photon/electron  Shower is spread due to e/y interactions with tracker
EM shower in ECAL crystals array Material effects..
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ES + ECAL clusters above
a certain energy threshold = seed clusters

e Algorithm hunts for nearest to seed clusters

e \Why a moustache: CMS solenoidal magnetic field
spreads radiated energy more in ¢ than inn

e Refining algorithm on top of mustache SC:

e ECAL x other detectors info

e Run2:

e Threshold for hits clustering retuned
e Pile up mitigation
* Noise contamination

 ES adjusted to cope with increasing irradiation
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http://dx.doi.org/10.1088/1748-0221/16/05/P05014

Pedestals behavior through time
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Towards higher luminosities

HL-LHC: LHC to overcome nominal LHC luminosity by a factor 5 to 7.5
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ECAL timing developments - more about this in Badder’s talk
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Refinements: ES for basic ID

ES: counter for charged particles

Essential for
Photons/neutral hadrons separation

Run2: to cope with irradiation
MIP response tuning:

In dedicated short runs
With high gain for MIP sensitivity
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