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Outlook

Large Hadron Collider
I proton-proton collisions, pileup, event size, bandwidth and

triggering.
ATLAS detector

I Calorimeters : electromagnetic and hadronic
Jet definition, reconstruction and calibration

I jet algorithms, infra-red stability, pileup mitigation, topo-clusters, jet
energy calibration

Jet cross-section measurements at 13 TeV
I trigger strategy, event selection, detector effects, theory model,

quantitative data to theory comparison
Searches for a low-mass dijet resonance at 13 TeV

I trigger strategy, data analysis, fit model, interpretation
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LHC vs FCC
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Standard Model
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Beyond Standard Model
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Beyond Standard Model

Pavel Starovoitov (KIP HD) Physics at the LHC University Heidelberg 10 / 59



Pavel Starovoitov (KIP HD) Physics at the LHC University Heidelberg 11 / 59



ATLAS detector
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ATLAS Calorimeters
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LAr Calorimeter
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LAr Calorimeter
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Tile Calorimeter
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Tile Calorimeter
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Pileup NPV = 17
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Pileup NPV = 230
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Data acquisition system

L1Calo : any
EM/HAD objects
L1Muon :
thresholds and
multiplicities
L1Topo :
Combines
information from
L1Calo/L1Muon
CTP : final
decision
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Trigger system
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L1Calo trigger system

L1Calo : Fixed
latency 2µs, HW
based on custom
electronics
∼300 VME modules
of 10 different types
housed in 17 crates
Off detector

I PPr : digitisation
and BCID

I CP : elec-
trons/photons/single
hadrons

I JEP: Jet findings
and energy
sums
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CP vs JEP

LHC, ATLAS & L1Calo Timing Calibration Internal Calibration Energy Calibration 1st Beam Summary

Region of Interests (RoIs) : Algorithms

The CP and JEP processors

Sliding, overlapping window algorithms

Local ET maximum with multiple thresholds & isolation

RoIs sent to Level-2 for further processing

Cluster Processor

e/γ or τ/single hadron

Granularity 0.1 x 0.1

Jet/Energy-sum Processor

Jets, Missing & total ET

Granularity 0.2 x 0.2

Summation of EM + Had

10 / 23
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L1Calo
LHC, ATLAS & L1Calo Timing Calibration Internal Calibration Energy Calibration 1st Beam Summary

L1Calo in USA15

Receivers & PreProcessors Processors Readout Drivers
11 / 23Receivers& PPr Processors Readout drives
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Preprocessor

LHC, ATLAS & L1Calo Timing Calibration Internal Calibration Energy Calibration 1st Beam Summary

A PreProcessor module

12 / 23
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MCM

LHC, ATLAS & L1Calo Timing Calibration Internal Calibration Energy Calibration 1st Beam Summary

A PreProcessor Multi Chip Module (MCM)

Each FADC chip represents a L1Calo trigger tower

13 / 23
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Timing calibration

The pp collisions take
place at the interaction
point
Time of flight to
calorimeters is
η-dependent
Large variation in cable
lengths from
calorimeters to L1Calo
Need to buffer early signals and process everything in time
If we get the timing wrong we record the wrong event
Timing calibration

I For high physics acceptance everything must be in time
I Coarse timing set in FIFO : Steps of 25 ns
I Fine timing set by Phos4 : Steps of 1 ns
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Finite Impulse response (FIR) filters

Calorimeter signal
pulses span many
bunch-crossings
The FIR
filter cofficients
improve:

I BCID
I Noise rejection
I Energy

measurement

LHC, ATLAS & L1Calo Timing Calibration Internal Calibration Energy Calibration 1st Beam Summary

FIR filter coeffs - optimising bunch-crossing ID

Finite Impulse Response (FIR)

Calorimeter signal pulses span
many bunch-crossings

The FIR filter coeffs improves:

BCID
Noise rejection
Energy measurement

Use FIR filter coeffs matched to
pulse shapes:

Coeffs ∝ pulse height
Filter “sharpens” the pulses

Each trigger tower can have its
own FIR filter coeff setting

19 / 23
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Proton-proton collision : Monte Carlo event

Intro to MC Event Generation L4: Underlying Event

A Monte Carlo Event

t

t̄

Hard Process, usually
calculated at leading order

Peter Richardson Intro to MC Event Generation L4: Underlying Event
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Proton-proton collision : Monte Carlo event

Intro to MC Event Generation L4: Underlying Event

A Monte Carlo Event

t

t̄

Initial- and final-
state parton showerp, p̄

p, p̄

Peter Richardson Intro to MC Event Generation L4: Underlying Event
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Proton-proton collision : Monte Carlo event

Intro to MC Event Generation L4: Underlying Event

A Monte Carlo Event

t

t̄ b̄

W−

b
W+

νℓℓ+

Perturbative decays
of heavy particles

p, p̄

p, p̄

Peter Richardson Intro to MC Event Generation L4: Underlying Event
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Proton-proton collision : Monte Carlo event

Intro to MC Event Generation L4: Underlying Event

A Monte Carlo Event

t

t̄ b̄

W−

b
W+

νℓℓ+

Secondary hard
processes

p, p̄

p, p̄

Peter Richardson Intro to MC Event Generation L4: Underlying Event
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Proton-proton collision : Monte Carlo event

Intro to MC Event Generation L4: Underlying Event

A Monte Carlo Event
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Proton-proton collision : Monte Carlo event

Intro to MC Event Generation L4: Underlying Event

A Monte Carlo Event
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Peter Richardson Intro to MC Event Generation L4: Underlying Event
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Hadron jet

JET is a collimated spray of energetic
hadrons
HEP phenomena involving strong
force→ quarks/gluons
partons fragment and hadronise into
particles
parton↔ jet (both ambiguous)
Jet algorithm : set of rules to group
constituents together

A good algorithm can be applied to experimental objects (cells,
clusters, towers) AND fixed order calculations (LO, NLO, NNLO,. . . )
AND parton shower MCs providing a common ground for the
description of different types of events.
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Jets should be stable against theory (radiation, underlying event,
hadronisation) and experiment (noise, pile-up) effects
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Jets as proxies to initiating partons
Jets (p. 8)

Introduction

Background Knowledge
Jets as projections

jet 1 jet 2

LO partons

Jet Def n

jet 1 jet 2

Jet Def n

NLO partons

jet 1 jet 2

Jet Def n

parton shower

jet 1 jet 2

Jet Def n

hadron level

π π

K

p φ

Projection to jets should be resilient to QCD effectsJets should be stable against theory (radiation, underlying event,
hadronisation) and experiment (noise, pile-up) effects
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Jet algorithm : IRC safety

jet 2
jet 1jet 1jet 1 jet 1

αs x (+ )∞
n

αs x (− )∞
n

αs x (+ )∞
n

αs x (− )∞
n

Infinities cancel Infinities do not cancel

a) b) d)c)

Collinear safe jet alg. Collinear unsafe jet alg

iterative cone-progressive removal alg

W

jet

soft divergence

W

jet jet

W

jet jet

(a) (b) (c)

iterative cone-split/merge alg
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Different jet algorithms
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