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Context of project: Run 3 Forward Electron Energy Calibration in ATLAS

Dedicated study of pileup noise in the forward calorimeter in ATLAS, corresponding to electron with eta>2.47 and reconstructed in the forward part of the

calorimeter. The goal is to estimate and better understand the pileup noise in the simulation.

ATLAS Pile-UP
EM Calorimeters: o/E ~ 10%/|E ® 0.7%

excellent e/y identification Precision Muon Spectrometer: o/p: =~ 10% @ 1 TeV
good energy resolution (e.g. for H = yy) fast trigger response

good momentum resolution

(e.9. VZ' = pp, H = 4y)

Hadron Calorimeter:
0/E = 50%/{E ® 3%
good jet resolution
good missing Er resolution
9. H—TT)

Inner Detector:
Si Pixel & strips; TRT = 1000
a/pt=~5 - 10 pt ® 0.001
good impact parameter res., i.e.
0(do) = 15 pm @ 20 GeV
(e.g. H — bb)

ATLAS Online
B 2015-18: (Wi, ,, = 34/29
= 13TeV, 14710
B 202224: (0, = 54/63
5=136TeV, 183"

Magnets:

Solenoid (inner detector): 2 T
Toroid (muon spectrometer): 0.5 T
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20 30 40 50 60 70 80

Mean Number of Interactions per Crossing

DESY. Page 2



Forward (fwd) electron: cluster only outside tracing acceptance || > 2.5
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Physics of forward electron

* Proton Parton Distribution Function with highand + Measurement of EW mixing angle sinfw,

low Bjorken x values (TBC as Ludovica mentioned with the Z—e(central)e(forward)
during lunch yesterday)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-037/fig_01b.png

Cluster reconstruction
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Energy loss correction
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Cluster reconstruction

4 cellindex

In the central case ...

To guarantee a linear lateral response (eg. lateral leakage (the fraction of true shower
energy not contained in a cluster) roughly constant with increasing energy) restrict n
width to 3 (5) cells in barrel (end-cap) — also limit growth in the number of cells vs E (and

pileup-robustness).

Epu=1619GeV,E,  =18.04GeV,n  =-1.02

E,, =1562GeV, £, =18.04GeV, 1, =-1.02
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Bremsstrahlung recovery by capturing the energy of the

satellite cluster (¢ direction)
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To select the cells of a supercluster: only
use cells from the EM calorimeter (+
presampler and E4 scintillator in the crack)
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How energy is reconstructed

Reconstructed efy clusters are
calibrated to correct for:

energy lost in the upstream
material

energy deposited in the
neighbours eta/phi cells
energy lost beyond the LAr
calorimeter

DESY.

Energy resolution = Spread between the

material before material between the PS
the calorimeter and the Strips (cables,
D, averyesit]  etetmonioalAl True energy and the reconstructed energy
é PS | |Strips Middle Back
Relative energy resolution
©® The relative energy resolution for electrons and photonsis given by:
p ] *
10% 250 MeV
OF a b 0.7%
—=—o_ac
E JVE E -
N ~ constant term
\
L samplingterm noise term
energy lost energy lost between
before the PS the Pgsyand the Strips out-of-cluster ® a-> due to the stochastic behaviourof shower evolution
P energy ©® Theterms a, b, c depend on pseudorapidity ndue to
accordion leakage ® b - due to electronicand pile-up noise the amount of material encountered by the particle
PS energy energy energy
(Eacc) ® ¢~ dueto non-uniformitiesin the detector, radiation n=— In |:tan <Q>:|
damage etc.
E reco https://www.desy.de/~schleper/lehre/Det_Dat/SS_2018/06_lecture

calorimetry EM.pdf

Etrue
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https://www.desy.de/~schleper/lehre/Det_Dat/SS_2018/06_lecture_calorimetry_EM.pdf
https://www.desy.de/~schleper/lehre/Det_Dat/SS_2018/06_lecture_calorimetry_EM.pdf

Energy resolution
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https://cds.cern.ch/record/2651890/files/ATL-COM-PHYS-2018-1720.pdf
https://cds.cern.ch/record/2651890/files/ATL-COM-PHYS-2018-1720.pdf
https://cds.cern.ch/record/2651890/files/ATL-COM-PHYS-2018-1720.pdf
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https://indico.cern.ch/event/780184/contributions/3252257/attachments/1770615/2877462/2018-12-13_eGamma_calibration_photonResolution_.pdf
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https://arxiv.org/pdf/1603.02934

How the pileup noise affects energy resolution ?
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https://arxiv.org/pdf/1603.02934
https://cds.cern.ch/record/2866487/files/Boost23_SignalNoise_fig1-b.gif?subformat=icon-640
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How the pileup noise affects energy resolution ? .5

* Indications that super-clusters could bring increased robustness with pileup

* Interquartile efficiencies (IQE) show little sensitivity to pileup by construction
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- Very important to have noise thresholds already tuned for individual topo-clusters — “Eeeeen ;

[ topo-cluster noise threshold tuned for {u) ~ 40 ]
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+ With increasing <p>, the performance of both clustering algorithms degrades due
to clusters containing more noise on average, in addition to the true shower energy.
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How the pileup noise affects energy resolution ?

* Indications that super-clusters could bring increased robustness with pileup
- Very important to have noise thresholds already tuned for individual topo-clusters

[ topo-cluster noise threshold tuned for {u) ~ 40 ]

* Interquartile efficiencies (IQE) show little sensitivity to pileup by construction

« With increasing <p>, the performance of both clustering algorithms degrades due
to clusters containing more noise on average, in addition to the true shower energy.
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How to quantify Pileup noise

Previous CC studies here

Pileup noise receives contribution from bunch crossing number
(u)-dependent part and constant part:

“EE (n) = Bn)VE® o

with B(n) = pileup noise per /i1 in E;, expected to depend weakly
on n and E; for superclusters.
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https://indico.cern.ch/event/658401/contributions/2683943/attachments/1506709/2348113/Beam_Pres.pdf
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Calorimeter

Simplified ATLAS Calorimeter geometry
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