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Calorimeter Response to Isolated Charged Hadrons

» Important for validation of hadronic shower modeling
(e.g. GEANT4 comparisons) and detector geometry

» Important input to jet energy scale uncertainty (JES)

JES from multijet balance Bottom-up JES
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Calorimeter Response to Isolated Charged Hadrons
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» Momentum from tracks, 1.e. 1solated charged hadrons (pions, Kaons,
protons) from the inner detector

» Extrapolate tracks to the calorimeter and sum energy in a cone of
AR<0.2 to form E/p

» Track-1solation: no other tracks within AR<0.4

» Subtract neutral backgrounds (mainly due to Kaons or neutral pions)
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Track Extrapolation and Track-Cluster Matching

1. Track parameters and
their associated errors are
propagated to the ATLAS
calorimeter

2. Track n,¢ coordinates are
stored for each

calorimeter layer .. It
3. Most energetic sampling \\M ’

layer of a cluster 1s o

identified: If the track 7, ¢ erereep ET

are within AR =0.2 of the bl g~ |

energy-weighted center —— Y,

of the cluster, the track

and cluster are matched paapcromeanete
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Neutral Background Subtraction

Assumption: Energy in the EM calorimeter from neutral hadrons
Is Independent of the energy deposited by the selected track

1. Select late-showering hadrons by  E,,,
requiring a small amount of energy in ™
the EM calorimeter, ERy; < 1.1 GeV,
and 0.4 < EHAD/p < 0.9 E.(MIP)

2. Measure Egm 1n an annulus with
0.1 <AR <0.2 over many events in
a given p and 7 bin

3. The corrected E/p becomes:

(E/p) = (E/p)raw — % x (E/p)Ba

3
EO.2 o EO.l
where (E/p)pa = ( o o

DPF2017 @ Fermilab | Joakim Olsson (University of Chicago) 5




(E/p >RAW

Data/MC

(E/P)ys

Data/MC

O OO — a4 a
A OO 0 O N A

|
© o 0o
N O N

o
o

0

VU {s=13TeV, 1.6 nb™

© O 0O
» O

|
© © o
N O N

o
o

— —h
o o
TTTITTTT[T

Measured Average E/p Response

TLAS Work -in- progress
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Measured Average E/p Response Compared with Run-I

» Work 1s ongoing to update the Run-I E/p results
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https://arxiv.org/pdf/1607.08842v1.pdf

N(E <0)/N Compared with Run-I
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The ATLAS Hadronic Tile Calorimeter (TileCal)

» Hadronic non-compensating sampling calorimeter

« Composed of steel absorbers and ~500,000 scintillating tiles
 Read out via fibers coupled to ~10,000 photo-multiplier tubes (PMTs)
o 2 PMTs per cell ~ 5000 cells

» TileCal (together with the LAr EM calorimeter) 1s crucial for
measuring energy and direction of hadrons

Tile barrel Tile extended barrel

Photomultiplier

L ——— == Wavelength-shifting fibre

Scintillator Steel

LAr hadronic
end-cap (HEC)

LAr electromagnetic
end-cap (EMECQ)

ey
%%,

LAr eleciromagnetic
barrel
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TileCal Studies: Measured Average E/p Response

Source: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ApprovedPlotsTileSingleParticleResponse

Low (~1) number of pp collisions per bunch crossing
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» Selections to reject background

« Charged hadrons: No other tracks allowed within a cone of AR < 0.4 of selected track
* Neutral hadrons: Energy in EM calo compatible with minimum ionizing particle
 Muons: Require a 70% of the energy to be deposited in TileCal

» Good agreement between Data and MC
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TileCal Studies: Measured Average E/p Response

Source: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ApprovedPlotsTileSingleParticleResponse

Multiple pp collisions per bunch crossing (plle up)
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» Measurements of the calorimeter response to single
1solated charged hadrons (E/p) 1s useful for
validation of hadronic shower modeling and
detector geometry and provides an important input
to the jet energy scale uncertainty

» ATLAS 13 TeV E/p measurements where presented

» Measurements of the average E/p as a function of
momentum and pseudo-rapidity in the ATLAS
hadronic (Tile) calorimeter show good agreement
between simulation and data
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Additional material



The ATLAS Experiment

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters
Pixel detector

Toroid magnets LAr eleciromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiatfion fracker

Semiconductor fracker
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The ATLAS Experiment

Muon

Muon Neutrino
Spectrometer
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ATLAS Jet Energy Scale Uncertainty @ 13 TeV

arXiv:1703.09665 [hep-ex]
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E/p Measurements in ATLAS

» Calorimeter response in Run-I determined using

 Combined test beam measurements, Monte Carlo, and in-situ E/p
measurements for m+

* |n-situ measurements of Z to ee decays using 2010 data for 1

» Run-II E/p measurements performed using 1.6 nb-1 of
2015 low-p mimimum bias data

* My studies mostly focused on the Tile Calorimeter
(which was ATLAS authorship qualification task)

* |I'm also part of an effort of deriving more general ATLAS E/p results,
hopefully public results should be ready within a few months.

 The planis to also include 2016 (and at some point 2017) data.
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TileCal Studies: Event and Track Selections

» Standard ATLAS event and track selections

e Using Minimum bias trigger

» Track 1solation

 No other tracks are allowed within a cone of AR < 0.4 of the selected track

» Track-cluster/cell matching

e Energy deposits associated with a cluster are matched to a track if AR < 0.2
between the cluster/cell and the track (extrapolated to the most energetic sampling
layer of a cluster)

» Reject background from neutral hadrons and muons and ensure that a
significant fraction of the total energy 1s deposited in TileCal

e Track p>2GeVandinl<1.7 GeV
Increase fraction of particles depositing significant energy fraction in TileCal)

* Eem<1 GeV

Energy deposited in EM calo compatible with minimum ionizing particle
* Erile/ Etot. > 0.7

Reject background contamination from muons
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Measured E/p Response Compared with Run-I

» Work 1s ongoing to update the Run-I E/p results
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