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Overview

o Developments in the reconstruction and
calibration of hadronic signals and missing
transverse momentum

v legacy p;™ss performance

v testing response to b-jets

v improvements in reconstruction of calorimeter
signals...

v ...and in their calibration

o Boosted object identification and other
ML-based results: see talk by Jad!
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ATLAS Preliminary LAr Endcap A
Run 427394 #Events: 137
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LArCaloPublicStableBeam2022
https://atlas.cern/Updates/News/Summary-BOOST-2023

The legacy of Run 2
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Missing transverse momentum (p;™'s)

Estimate p; of invisible particle through momentum conservation in x-y plane

Negative sum of reconstructed and calibrated physics objects plus un-
associated tracks (soft term)

Using tracks was new to Run 2
* Ambiguity resolution procedure to avoid double counting
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2023-002/
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pM'ss performance in Run 2

?5 ATLAS Preliminary 140 fo™' {s=13 TeV
~ Z — uu, jet inclusive selection
2 Tight WP, PFlow p["™®
o = Total SM
o Legacy performance studies CI0E N tzfi;aMSherpa)
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resolution of physics objects in p;™s definition 105 ppa
First introduced in ATLAS-CONF-2018-038 10* e o
Separation power improved by about 25% 10° E%VVZQ
with respect to previous definition 10°
10
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described (53151 fessshnandie
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https://cds.cern.ch/record/2630948
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2023-002/
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Run 3 and future prospects
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-025/
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Hadronic signal reconstruction
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Topo-clusters:
cluster connected calorimeter

cells around cells with high
signal-to-noise ratio

ATLAS public plots
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Particle-flow objects
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Eur. Phys. J. C77 (2017) 490

v" More recent approach
also exploits tracks’
angular resolution in
dense environment:
Unified Flow Objects

J
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Jets build with anti-k;

algorithm.

R=0.4 or 1.0

v’ In this talk, focus on
R=0.4

anti-k,, R=1 |

y
JHEP 2008 (2008) 063

J



https://link.springer.com/article/10.1140/epjc/s10052-017-5004-5
https://link.springer.com/article/10.1140/epjc/s10052-017-5004-5
https://iopscience.iop.org/article/10.1088/1126-6708/2008/04/063
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PERF-2010-01/fig_14.png

The jet calibration chain

Residual pile-up
correction

Reconstructed
jets

pr-density-based
pile-up correction

Absolute MC-based
calibration

Jet finding applied to Applied as a function of Removes residual pile-up Corrects jet 4-momentum
tracking- and/or event pile-up p; density dependence, as a to the particle-level energy
calorimeter-based inputs. and jet area. function of u and N, scale. Both the energy and

direction are calibrated.

Global sequential Residual in situ

Eur. Phys. J. C 81 (2021) 689

calibration calibration

Reduces flavour dependence A residual calibration
and energy leakage effects s applied only to data
using calorimeter, track, and to correct for data/MC
muon-segment variables. differences.

o Many new techniques developed building on Run 2 expertise [arXiv:2303.17312]

* e.g. improved pile-up correction, Neural-Network based Global Calibration (GNNC),
in-situ correction for b-jets

* Very important input to Run 3 calibration

31/07/23 Margherita Spalla - BOOST 2023 8


https://arxiv.org/abs/2303.17312
https://link.springer.com/article/10.1140/epjc/s10052-021-09402-3

b-jet calibration using Run 2 data

bJES

Dedicated in-situ correction for

b-tagged jets

* Direct balance method used: jets
tested against well measured y

b-jets correction found to differ
from the one for inclusive jets

Residual in situ
-> . .
calibration

"ATLAS e Pythia8

[ Vs=13TeV, 140 b, y + jet + Sherpa 2-2-2:
| Anti-k; R = 0.4 (PFlow+JES)

| ®| < 0.8, DL1r Working Point = 60%
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[Vs=13TeV, 140", y +jet  * Sherpa 2.2.27
| Anti-k, R = 0.4 (PFlow+JES)
| ™| < 0.8, DL1r Working Point = 85%

Very interesting area worth
exploring in more depth

bJES — RMC
inclusive inclusive

arXiv:2303.17312
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https://arxiv.org/abs/2303.17312

New for Run 3
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Calorimeter topo-clusters

o Building method based on cell energy significance E/a;
* Topo-cluster seed: cell passing |E|/o>4
* Neighbouring cells iteratively collected

o Improvement: further suppress out-of-time pile-up using

calorimeter time measurement ATLAS-CONF-2023-042
o Time 2Z.of ATLAS Prelimindry Next
. . +—~ t {s=13 TeV ! bunch
resolutionis 3 | 2017 data | 3 _
good for large 40:' 5000 events 1 10° crossing
L | i
enough E 50 Iéérlfyl\grbarre ol
significance o_ """""""""""" 2
el b MM Previous
= 0:— T bunch
+12.5ns —~40f crossings
[ B <O
—60- 1
-IIIIII 1 |IIIIIII 1 |IIIII|I 1 |IIIIII- L
10° 10> 10 1 1 10 102 10°
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-042/

The cell ‘time cut’

o Requirement for seeding a cluster modified to:
| Ecell| /o > 4
|tce11| < 12.5 ns

» Cells passing |E..;|/o:>4 but failing |t..|<12.5 ns are also vetoed from
being collected as neighbouring cells

OR |Ecen|/or > XuL

o Cut switched off for E significance greater than x,, to avoid
rejecting phase space potentially sensitive to Long-Lived-
Particles signals with higher significance ATLAS-CONF-2023-042
* Multiple x,, tested:

cell t [ns]
o

Xy = 10, 20 and 40

o Multiple cuts compared on
both data and MC 20

o Xy, = 20 ultimately preferred -

31/07/23 10° 10° 10 1 1 10 10 10° ©»
cell IEl/og cell IEl/o,


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-042/
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The time cut: an example
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topo-clustering
with time cut

o Spurious contributions are removed
o Signal cluster becomes cleaner
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LArCaloPublicResults2015

Topo-clusters per event

Cut / No-cut

The time cut performance

Suppresses out-of-time jets while preserving in-time signals
* About -60% at p;=20 GeV

Overall reduces disk size by about -6% per event

(including effect on other physics objects not described here)

ATLAS-CONF-2023-042
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-042/

Moving towards the future
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Topo-cluster calibration

o Calibrating cluster: correct for energy

losses and calorimeter non-
compensation

Current version (Local hadronic Cell

Weighting or LCW)

* has been used widely for boosted
analysis, e.g. jet sub-structure

* LCW: identification of EM vs HAD
clusters and calibration based on
look-up table

Wide interest in ML-based
alternatives

* Earlier results have looked at point-
cloud + GNN approaches using cells
and tracks

(e.g. ATL-PHYS-PUB-2022-040)

ATL-PHYS-PUB-2023-019
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cluster signal density
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https://cds.cern.ch/record/2825379
https://link.springer.com/article/10.1140/epjc/s10052-017-5004-5
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-019/

Topo-cluster calibration with Neural-Network

M d :
o NN learns the topo-cluster energy EI\‘ZSC:E energy.

EM
response R clus EM (i.e. e response=1)

; EM clus
o Trained on topo-cluster moments R elus d:p
Weighted average over cells in the E < —. Energy deposited in
clusters topo-cluster (truth-level)
* Same approach as LCW ATLPHYSPUB2023.009
= 5 C . . P EM -
pi|e_up information (,Ll, NPV) also '‘® 4.5F ATLAS Simulation Preliminary - <R°E'h”f>sm 3
: = Vs =13 TeV Anti-k, R = 0.4 EMTopo jets “ R mes =
considered 45 0= 5 20 Gov, Iy <2, E° 5300 MoV = (R moce E
v'Can apply to data formats not 3.5F — (R =
including cells (accessible at analysis 3E voee o E
level) 25F [t T 2
2F E
1.5F -
o Architectures: 1E =
» fully connected Deep Neural O T
Network (DNN) ~40 -20 0 20 40
: Cluster ti t
* Bayesian Neural Network (BNN) uster time 1, [ns]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-019/
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Topo-cluster calibration with Neural-Network (2)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-019/

Summary

o Multiple improvements building on Run 2
* To be applied during Run 3
* As well as moving towards HL-LHC

o Reconstruction and calibration of
low-level objects getting increasing
interest

* Thanks to ML developments as well as
never-before used information

o Stay tuned for more developments to
come!
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acquired knowledge

ATLAS Preliminary LAr Endcap A
Run 427394 #Events: 137
Date: 05-06 Jul 2022
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LArCaloPublicStableBeam2022

Backup
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https://link.springer.com/article/10.1140/epjc/s10052-017-5004-5

ML scheme

ATL-PHYS-PUB-2023-019

Topo-cluster

. . Formation
LCW calibration
cell signal weighting
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Corrections - @
Dead Material ML-derived calibration

clus

Corrections
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-019/

