YAl _AS

EXPERIMENT

Mitigating experimental challenges in using
pileup for physics

Antti Pirttikoski, Carlos Moreno Martinez, Mario Alves Cardoso,
Steven Schramm, Vilius Cepaitis

SPS Annual Meeting 2024

UNIVERSITE
DE GENEVE

This presentation is part of a project that has received funding from the European Research Council (ERC) under the European Union’s Horizon 2020 research and
innovation programme (Grant agreement No. 948254)

_ Mitigating experimental challenges in using pileup for physics

European Research Council

Established by the European Commission




Turning noise into data: pileup collisions

e Each proton-proton (pp) collision is independent.

* |If we are able to reconstruct the pileup collisions separately and remove the triggering vertex, we can
build trigger-unbiased data of low energy hadronic processes.

* Pileup data has superior statistics for pr < 60 GeV compared to single-jet triggers
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Pileup data reconstruction

» Standard reconstruction technique:

* Mitigate all other vertices keeping a single Primary Vertex (PV)
* Match charged components (tracks) and calorimeter clusters to TPV
* Cluster jets from tracks and calorimeter clusters
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Tracker
| | | | | | | | | | | | | Ibeampipe |
PVO
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Pileup data reconstruction

» Standard reconstruction technique:

 Mitigate all other vertices keeping a single Primary Vertex (PV)
 Match charged components (tracks) and calorimeter clusters to TPV
* Cluster jets from tracks and calorimeter clusters
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Pileup data reconstruction

* Goal: Adapt the standard jet reconstruction for multiple Primary Vertices (PVs) within a single bunch
crossing.

* Procedure:

1. Select the current PV for jet reconstruction.
Calorimeter
(only showing

. ‘ ' neutral PFOs)
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Pileup data reconstruction

* Procedure:

2. Cluster jets from tracks and calorimeter clusters consistent with current vertex Loop this step for

all vertices.
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Pileup data reconstruction

* Procedure:

3. Remove jets that don’t pass a threshold of charged activity encompassed within it (Jet Vertex
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Pileup data reconstruction: overlapped jets
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Mitigating overlapping signals

* A new quantity, fjgfv, is defined to measure the

fraction of pt from the current PV (CPV)
compared to the overlapping jets from other PVs
within a distance of AR < 0.4 .

probe
FCPV Pt
jet probe overlap
Py t LDy

jetoverlap

Fraction of jets / 0.01
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Mitigating overlapping signals

Mitigation strategy:

CPV<1

f

et

J

Imposing a strict requirement offjgfv = 1 ensures that only

jets uniguely associated with their original PV are retained.

Jets failing this requirement are vetoed to avoid double-
counting energy deposits.

Fraction of jets with

We only retain Pileup PV’s (PPV’s) where there is no double use
of calorimeter energy deposits.
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Jet Calibration in the Pileup Dataset
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Validation of Pileup dataset: comparing jets from different vertices

* A useful quantity for comparing jets belonging to
different PPV’s is the charged fraction.

* |t mixes both tracking and calorimeter information.
* |s one of the variables used in the jet calibration
procedure.

Fraction of events / 0.01

* Good agreement, which shows that reconstructed jets
are independent from the pp collision from which they
originate.
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Validation of Pileup dataset: comparing jets from different vertices

* A useful quantity for comparing jets belonging to E 0.0 IR
different PP\/’s is the charged fraction. = [ ATLAS | ]
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Jet Calibration in the Pileup Dataset
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Validation of Pileup dataset: comparing vertices from different Bunch Crossings
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Summary

Most of ATLAS reconstruction is oriented around the single PV mentality.

* We present an alternative: using pileup collisions.
* For this we need a new event reconstruction strategies: vertex-by-vertex reconstruction.

* By comparing pt response of different PVs in MonteCarlo we show that each PPV is independent
from each other: trigger-unbiased dataset.

* Validation of the pileup dataset is given by the jet charged fraction between jets of different
vertices.

* We understand how to mitigate the vertex ordering bias that we impose when comparing
individual vertices

* Pileup dataset shows improved statistical precision and promising studies for low-energy hadronic
physics in ATLAS!

* For more info go check our paper!
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