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ATLAS Refresher

A Toroid, Lousy Acronym & Solenoid

Interaction lengths

25m

1 L 1
06 1 15 2 25 3 35 4 45 5
Pseudorapidity

Each calo. Readout defines
a cell(Energy,location)

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

B co Each shower deposits

Toroid magnets | LAr electromagnetic calorimeters | energy inm any ¢ ells.
Solenoid magnet |Trqnsih'on radiation fracker |

Muon chambers

| Semiconductor tracker |

Inner Detector EM Calorimeter Hadronic Calorimeter
Charged particle tracks EM Showers *  HAD showers

Decay vertices e.g. e/y Energy & direction » Charged & neutral hadron
Hard-Scatter vertex "PV" Inl < 4.9 Energy & direction
In| < 2.5 An x Ap = 0.025x1/128 | + |nl < 4.9

5/19/2023 Holly Pacey, University of Oxford 2






Jet Introduction

Calorimeter hits are the basis of ATLAS jet reconstruction

» Anti-Kt algorithm: R=0.4 (default “small-R”), or R=1.0 (“large-R")

» Since ~2020 default Particle Flow algorithm, using both Calorimeter + Track inputs.
* Now improving PFlow reconstruction for Jet Substructure (UFQOSs)

* More ideas to improve calibration/tagging/... with ML

e e m et = — e g e e — =

Parton jet

Particle jet Track jet _ .
Calorimeter jet
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Topo-Clustering Run-1 Paper 5

-/ Jet Constituents

£ [rymasass ™ E [MeV]
g i dijet event - 10°
Topo-Clusters: most common jet inputs o ]
« 3D clusters of noise-suppressed Calo. Cells "
e How? R
. i anifi .M Ecal ATLAS simulation 2010
Define significance for cell: {7} = aﬁgﬂz » T R E [MeV]
. . . EM v x - |etevr—.:\nt ! a 10°
» Pick cells with high {27 > 4 5 sl i
« Add neighbouring cells with &Y > 2 w
« Add neighbouring cells
» Final step breaks up large topoclusters with
multiple local maxima.
\tg}?eswcosm
ATLAS simulation 2010
e [ pmacazs T T e 7 E [MeV]
4 L dijetﬂgv?m H 10°
Eo.os_ @
-0.05 -—:'I-, :“-ﬁf-ji;-

0.05
|tan B] x cos ¢
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., 1 Pileup Contamination

\J
4

2 parts: Bias HS object energy, add PU jets to event!

PU removal at every level:

1. Whilst reconstructing jet constituents
Noise suppression in Topoclusters
Cut charged objects not from PV with PFlow
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2 parts: Bias HS object energy, add PU jets to event!

PU removal at every level: « Constituent area subtraction
2. On jet constituents * Add ‘ghosts’ to event with p/ = 4, x p
« PUPP * p Median E-density
« A, ghost area fixed to An x A¢ = 0.1

* Voronoi Subtraction (Vor)
X 0.1

* Constituent Subtraction (C5)| Subtract ghost contributions from closest

constituent
* Until AR(g, constituent) > AR 4y

%, Constituent level pileup mitigation CONF 2017 « & neverlet p; <0
= Particle-level Eileug subtraction Pager 2014
‘ a ] a
— Hard scatter — Hard scatter
200 — Pileup 200 — Pileup
Ghosts Ghosts
=P
oJL“III lll”;ilm HI‘IIJLII'I 0—1 1 Il j llll I l|. le |
| |
0 2 0 2
o L
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', 1 Pileup Contamination

2 parts: Bias HS object energy, add PU jets to event!

PU removal at every level: :
. ) * Remove soft p; constituents
2. On jet constituents « Define "soft” per-event:
« PUPPI * Put constituents in n — ¢ grid
- Voronoi Subtraction (Vor) + Require half of entries to be cut.

e Constituent Subtraction (CS)
« SoftKiller (SK)
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Constituent level pileup mitigation CONF 2017
Particle-level pileup subtraction Paper 2014
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JVT paper Run-1 9
Pflow JVT Run-2 plots 2021

2 parts: Bias HS object energy, add PU jets to event!

PU removal at every level:

3. On jets
» Jet Area subtraction
« Grooming (trimming, softDrop) (backup)
« Forward Jet Vertex Tagger (fJVT)

P53 | A e o e e s s s e e
) [ | I \ \ \
e . . -
. o ~ ATLAS Simulation Preliminary
Jet Vertex Tagger (JVT) s S e Sl
hj Particle Flow jets
g 4107 20 GeV < p, <60 GeV, 1.5<|n| <2.5 7
- @
a
track ) ) = B Max Az sin(@,,)|:
_ Z"pT’k (PVo) kNN Likelihood b 107 — 3 mm (Default) ]
pT = jet . o —2mm
Pr « Trained on —1.5mm
e B —1mm
E [rack(PV ) MC dU ets 210" \IJDVI-IilI(teIihood
— Detau
corrJVF = m P 710 — y TrUth_tag - -Retrained
n> rac Pv" .
5 plEk(pV ) 4 2z 2 (V) HS/PU jets
’ (knlrack) . . .
JVT discriminant
IS
g 1025 ATLAS Simulation 3 102E . ! chj
R E e TSl /\MiNg (O upgrade g
2 f <24, 20. p,<30Gev [IHS jet S <34,20<p <30Gev [JHS jets .
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5 810 more info o 086 088 09 092 004 008 008
g £ Hard-Scatter Jet Efficiency
107

4
7 107, .
corrJVF Rer
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4 Combining with Tracks

_ /4
i/ f 4 8

.\'\ 'H Y
Sl /', ' Qc’k
=

==""42 Calorimeter & Tracker provide complementary info.

;;"/

Neutral Particles v X
Charged Particles \/ \/
PU rejection x \/
Best low p; resolution x \/
Best high p; resolution \/ x
0'12_);('| I"‘I‘i"l""l

N o'(—) pr = 0.036% - pr & 1.3% u ]

0.1j .. - o

 Leads to alternative jet algorithms: g4 * = " [« Gatorimeter |

= * Particle Flow (PFlow) S oosl. 7. " = Tracking | ]

e Track Calo-Clusters (TCC) & o.0al- . Tk L

. e . N - | -

Unified Flow Objects (UFO) ooef = " $=%$3-4%$%5

0550700 150 200 250 300 40" 400

P (GeV) atn=0
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d a ATLAS Antik, R=0.47]
Particle Flow Jets
s 03 — EM4JES insitu E
< 0.25 EM+JES total uncertainty
-% g PFlow+JES in situ ]
S 0.2 I PFlow+JES total uncertainty |
® 0.15F .
5 of
Combine Calo+Tracks w/o double counting § .t
» Associate Tracks with > 1 Topoclusters Y S S
20 30 10 2x10° 10° 2x10®

Particle Flow Jets Paper 2017

Subtract calo energy deposits matching a track. pr [GeV]
Remove PU tracks at the end using Charged Hadron Subtraction (CHS)

Better performance/resolution at low p;

TileBarl TileBarl

TileBarl

Tilel

Selected

Track
Match Track [— ! t
Select Tracks —m o Clugter _______ ompute E/p [

amanmy
H
H
i
H

Cluster

| Modified
iClusfcrs; i P e > | Add Clusters ﬁ Compute E/p

Clusters

Clusters
: nchanged
Unmatched Clusters

Clusters
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[rack Calo Clusters O ahins S iy

= ATLAS Simulation Preliminary ]

° 0.6:— \5=13 TeV . R _:

g - anti k; R=1.0, WZ — qqqq Comblﬂed ' ]

Sm 0.5 i_ n*'|<2.0, pj‘>zoo GeV - _i

5 0'45_ ' LC Topo _5

TCCs Improve angular resolution @ high p  °% " Aitcgpm-m- 3

0.2 e -

« Aim: better sub-jet definitions QAT T T L oo (immed s cabrated )

" r == All TCCs (trimmed + not calibrated) -

* Reconstructing boosted t/W/Z/H decays b e Toge el immer ot
500 1000 1500 2000 2500

e How? Truth jet p, [GeV]

« Match tracks to topoclusters
« Build 4-vector from matched objects: tracker (n,¢) + calo (py,m)
« Use track p; to determine sharing fraction of calo energy

(5] 15
(85) I’f ) b h 1)1:
TCCy =|p* —————. 1", ", m? ——— =
N (rm[p’2+p’~‘l pr(p”+p"]

SOLENOID

INNER DETECTOR
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Large-R Jet Paper 2020

Unified Flow Objects

r Y

Combine the best of PFlow and TCC?

Start with Tracks, PFOs

Inner-detector
tracks

: Charged PFO
Neutral PFOs

Particle-flow < B Neutral PFO

onjects 7o Charged PFOs i Hard scatter track

* Pile-up track

5/19/2023 Holly Pacey, University of Oxford 14
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Large-R Jet Paper 2020

Unified Flow Objects

i1 v

Combine the best of PFlow and TCC?

CHS applied, CS+SK
remove PU tracks (non-PV)

Inner-detector
tracks

Charged PFO

Neutral PFOs .
Particle-flow Neutral PFO
objects (PFOs) <
Charged PFOs Y Hard scatter track

F * Pile-up track
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Unified Flow Objects

Combine the best of PFlow and TCC?

Charged PFOs in sparse regions become UFOs

Large-R Jet Paper 2020

i1 v

Inner-detector Charged
tracks PFO?

Neutral PFOs

Particle-flow Unified
objects (PFOs) Flow

Charged PFOs Objects

(UFOs)

=

Charged PFO
- Neutral PFO

* Hard scatter track

@ .o
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Unified Flow Objects

Combine the best of PFlow and TCC?

Unused tracks and neutral PFOs go through TCC split.

Large-R Jet Paper 2020

Inner-detector
tracks

TCC cluster

Neutral PFOs splitting on neutral
Particle-flow < PFOi‘ wnt:\ per::y. Uied
objects (PFOs) vertex tracks Flow
Charged PFOs charged PFOs. Objects

(UFOs)
N
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UFO Performance

Improves Jet Mass resolution & PU dependence

Large-R Jet Paper 2020

g 0,4: T | T T T | T T T | T T T T T T T T ]
= " = |C Topo Trimmin ATLAS Simulation Preliminary
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© - r———
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UFO Performance

UFO with CS+SK and SoftDrop default large-R jets @ Run-3

Amongst best at W-tagging
Soft-drop particularly good for top-tagging

>2x better rejection at 50% signal eff

g " LB | T 1T I L ] LI I LU l L I T ] TTrorT ] L l T 'l_
s | ATLAS Simulation i
2 Vs=13TeV, W - g
O] S T 300 GeV < p"”e < 500 GeV _
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=Syl ..h"'& “tay, % Baseline LC Topo 50% signal eff. |
o - B S ]
O - o....\ -
m — -
m - i
| === LC Topo Trimming ]
TP TCC Trimming -
- CS+SK UFO Trimming RN
oL e CS+SKUFO SoftDrop "™
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T = CS+SK UFO Bottom-up SD | | | |
I T T R T T T T I T T T T T O Y L1 1 1 L1 1 | L1l 11 0
02 025 03 035 04 045 05 055 0.6 0.65
W-tagging efficiency
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UFO for R=0.4 Jets?

{1 1)
l.\
New study: works as well as PFlow © ,' “‘
|
| |
* Pythia Dijets, PU+JET+JMS Calibration
« Best Mass resolution @ high p; & no detriment to Energy Resolution
» Best Mass response @ high p; & good in all ||
§ 9 A as Simulation Prefmin m og F  _chHsPFlow 1]
5 . 14: o 13T|$ua ion Preliminary J.*‘ 1 2s N = CS+SK DFlow 7
Rk =il 4 g€ 1.05F HS UF .
o 0120 Anti-k, R = 0.4 jets, PU+JES+IMS i ] E“E B 8s+sL+J< Spo i
% ’ " I:>yth|a8 dIJetS a,l‘; :‘"': n \&J/ 1__ _______________________ STRCI R S S C 1
E  04000<|n [<02 R 1 ¢ : s B Y Y gy o]
o - 40 <my,, <200 GeV | & ¥ ] a 095:_: o +-'-+-|-+-'|'-_:
2 008p ; & " 1 - ATLAS Simulation Preliminary a
s 0.06F —-CHSPFlow 3 & . F Vs=13TeVv -
= - v CS+SKPFlow 1 £ "F Anti-k, R = 0.4 jets, PU+JES+JMS ]
0.04- 4 5 C Pythia8 dijet x
- ~ CHS UFO 1 7 ossfp oo GIeE =
0.021- - YL 00<pp ]<0.2,40 <my,, <200 GeV .
= CS+SKUFO - true .
- L 1 a 0.8C ' - ' =
3x10° 10° 2x10°  3x10° 3x10% 10° 2x10°  3x10°
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Small-R Jet

Calibration




JES/JER Calibration small-R jets Paper 2020

Small-R Jet Calibration

Jet finding applied to Applied as a function of Removes residual pile-up Corrects jet 4-momentum  Reduces flavour dependence A residual calibration

Residual in situ
calibration

Absolute MC-based
calibration

pr-density-based
pile-up correction

Residual pile-up
correction

Global sequential
calibration

tracking- and/or event pile-up p; density dependence, as a to the particle-level energy ~ and energy leakage effects ~is applied only to data
calorimeter-based inputs. and jet area. function of p and N, scale. Both the energy and  using calorimeter, track, and  to correct for data/MC
; direction are calibrated. muon-segment variables. differences.
Default
PFlow+CHS
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JES/JER Calibration small-R jets Paper 2020

Reconstructed pr-density-based Residual pile-up
jets pile-up correction = correction

Residual in situ
calibration

Absolute MC-based
calibration

Global sequential
calibration

Jet finding applied to Applied as a function of Removes residual pile-up Corrects jet 4-momentum  Reduces flavour dependence A residual calibration
tracking- and/or event pile-up p; density dependence, as a to the particle-level energy ~ and energy leakage effects ~is applied only to data
calorimeter-based inputs. and jet area. function of p and N, scale. Both the energy and  using calorimeter, track, and  to correct for data/MC
direction are calibrated. muon-segment variables. differences.

Npy = # primary vertices ~ in-time PU
u = interactions / bunch crossing

corr reco ~ out-of-time PU
= —|p X A|l—=|laX (Npy —1) — B X et i, ,j
pT pT ,0 ( PV ) ﬁ lu p= Mediani{p%et l/A{et}

ATLAS Simulation

b_

I T
TLAS Simulation

> 0.8F 34 3 08F =
% o6k VS =13 TeV, Pythia8 dijet E % 06L 'S =13TeV, Pythia8 dijet E
£ nti-k, R = 0.4 (PFlow) ER Antik, R = 0.4 (PFlow) E
T - S-S 5
T 021 —0—1—'_ - 0.2F —
Qs A A A —— A ] OF ~— QA A A A
~02f = 02 g o -
04 :_ —@— Before any correction _: 0.4 :_ —@— Before any correction _:
C —— After p,-density-based carrection ] E —Jll— After p_-density-based correction E
0.6 —— After residual corrections . 0.6 —— After residual corrections =
_0.8:1 v by e by P P e P P Py i By 1: -0.8 :I ool s b b b by b s T v by |:

0 0.5 1 1.5 2 2.5 3 35 4 45 0 0.5 1 1.5 2 25 3 35 4 4.5
. Myef
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Small-R Jet Calibration New Methods Paper 2023

S I-R Jet Calibrati
Reconstructed pr-density-based Residual pile-up
jets pile-up correction = correction

Residual in situ
calibration

Absolute MC-based
calibration

Global sequential
calibration

Jet finding applied to Applied as a function of Removes residual pile-up Corrects jet 4-momentum  Reduces flavour dependence A residual calibration
tracking- and/or event p:!e;up p; density dependence, as a to the particle-level energy  and energy leakage effects is applied only to data
calorimeter-based inputs. and jet area. function of y and N, scale. Both the energy and  using calorimeter, track, and  to correct for data/MC
direction are calibrated. muon-segment variables. differences.
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Small-R Jet Calibration

Reconstructed
jets

Jet finding applied to
tracking- and/or
calorimeter-based inputs.

pr-density-based
pile-up correction

Applied as a function of
event pile-up p; density
and jet area.

Residual pile-up
correction

Removes residual pile-up
dependence, as a
function of y and N,,.

Absolute MC-based
calibration

Corrects jet 4-momentum

to the particle-level energy

scale. Both the energy and
direction are calibrated.

JES/JER Calibration small-R jets Paper 2020

Global sequential
calibration

Reduces flavour dependence
and energy leakage effects
using calorimeter, track, and
muon-segment variables.

Residual in situ
calibration

A residual calibration
is applied only to data
to correct for data/MC
differences.

Determine Energy response
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Small-R Jet Calibration New Methods Paper 2023

Small-R Jet Calibration

Reconstructed pr-density-based Residual pile-up Absolute MC-based Global sequential Residual in situ
jets pile-up correction correction calibration calibration calibration

Jet finding applied to Applied as a function of Removes residual pile-up Corrects jet 4-momentum ~ Reduces flavour dependence A residual calibration
tracking- and/or event p:!e;up p density dependence, as a to the particle-level energy  and energy leakage effects is applied only to data
calorimeter-based inputs. and jet area. function of p and N, scale. Both the energy and o using calorimeter, track, and to correct for data/MC
direction are calibrated. muon-segment variables. differences.

New Ideas!

Change fit used to determine R(EjZ#™", n4¢¢) function

*  Polynomials -> Penalised Splines
* Improves general closure
*  Worse in a few ng4.: bins where response changes quickly

LA L L B L L B L

E e = 30 GeV

E e = 50 GeV

E e = 110 GeV
Eipe = 500 GeV

Eyue = 1200 GeV ]

L L R R I T
r ATLAS Simulation

s = 13 TeV, Pythia8 dijet
- Anti-k, R = 0.4 (PFlow)
:—pgue > 20 GeV

- Polynomial fit

A L IR R I i
- ATLAS Simulation E. =30GeV

Vs = 13 TeV, Pythia8 dijet Eos = 50 GeV

- Anti-k; R = 0.4 (PFlow) E\. = 110 GeV
}ptTf”e > 20 GeV Eiue =500 GeV
- p-spline fit E, = 1200 GeV 1

e » « 4+ 1

true

Jet energy response (R)

©
(O]
w
c
(@]
o
(2]
(O]
—
>
(@]
—
Q
c
()]
o
(]
>

Jet energy response (R)

5/19/2023 Holly Pacey, University of Oxford 26


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/JETM-2022-01/

JES/JER Calibration small-R jets Paper 2020

Small-R Jet Calibration

Reconstructed
jets

Jet finding applied to

pr-density-based
pile-up correction

Applied as a function of

correction

Residual pile-up

Removes residual pile-up

Absolute MC-based
calibration

Global sequential Residual in situ
calibration calibration

Reduces flavour dependence A residual calibration

Corrects jet 4-momentum

tracking- and/or event pile-up p density dependence, as a to the particle-level energy ~ and energy leakage effects ~is applied only to data
calorimeter-based inputs. and jet area. function of p and N, scale. Both the energy and ~ using calorimeter, track, and  to correct for data/MC
direction are calibrated. muon-segment variables. differences.
—~  0.25 : 2 — 5 - - l
x _ ATLAS Simulation ® MCJES i Improve JER without changing response
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Small-R Jet Calibration New Methods Paper 2023

Global sequential Residual in situ
calibration calibration

Small-R Jet Calibration

Absolute MC-based
calibration

Residual pile-up
correction

pr-density-based
pile-up correction

Reconstructed
jets

Jet finding applied to Applied as a function of Removes residual pile-up Corrects jet 4-momentum  Reduces flavour dependence A residual calibration
tracking- and/or event p:!e;up p; density dependence, as a to the particle-level energy  and energy leakage effects is applied only to data
calorimeter-based inputs. and jet area. function of p and N, scale. Both the energy and  using calorimeter, track, and  to correct for data/MC
direction are calibrated. muon-segment variables. differences.
€ 7 F ATLAS Simulation
o S E imulation
s New Ideas! £0.035- Vs = 13 TeV, Pythia 8 dijet
B 3 E Anti-k, R = 0.4 jets (PFlow) " GS
~ : o S 003 02<[n <07 o
=l Global Sequential Calibration -> B0.025
:.g GlObaI Neu ral NetWO rk Calibration 089- 0022_'- Oresponse =fg(Rg,PYTHIA8 _(Rg,HEme),
2 @ 0.02
*@ ° Add more observables So015E T
[0} . go015E
l ° Account for correlations & oo
Q” .. : : S e e U
§ 1 DNN trained in each |n4.¢| region -> correct jet pr I " ZXB

Improves Response & Resolution & JES Flavour uncs. P [Gev]

-
—
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Vs = 13 TeV, Pythia 8 dijet — MCJES
Anti-k, R = 0.4 jets (PFlow) ..... GSC
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JES/JER Calibration small-R jets Paper 2020

Residual in situ
calibration

Small-R Jet Calibration

Absolute MC-based
calibration

Reconstructed
jets

pr-density-based
pile-up correction

Residual pile-up
correction

Global sequential
calibration

Jet finding applied to Applied as a function of Removes residual pile-up Corrects jet 4-momentum  Reduces flavour dependence A residual calibration
tracking- and/or event pile-up p density dependence, as a to the particle-level energy ~ and energy leakage effects ~is applied only to data
calorimeter-based inputs. and jet area. function of p and N, scale. Both the energy and  using calorimeter, track, and  to correct for data/MC
direction are calibrated. muon-segment variables. differences.

4

Consider p; balance between jet and well-measured reference object: iy _ir (7<) = p2 /03!

Define data-MC differences with double ratio & calibrate with inverse: c(py/) = (rgata,  /rMC ..} = c 1)

n —intercalibration to make scale same in forward region. Balance for Z + jet, y + jet, Multijet (cover full phase-space)
Compare dijet with tag-central jet and probe forward-jet
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Small-R Jet Calibration New Methods Paper 2023

Small-R Jet Calibration

Reconstructed pr-density-based Residual pile-up Absolute MC-based Global sequential Residual in situ
jets pile-up correction correction calibration calibration calibration
Jet finding applied to Applied as a function of Removes residual pile-up Corrects jet 4-momentum  Reduces flavour dependence A residual calibration
tracking- and/or event pﬂe-up p; density dependence, as a to the particle-level energy  and energy leakage effects is applied only to data
calorimeter-based inputs. and jet area. function of p and N, scale. Both the energy and  using calorimeter, track, and  to correct for data/MC
direction are calibrated. muon-segment variables. differences.

New Ideas!

b-jet JES in PFlow jets via y + jet
« Direct Balance method b-jet recoils photon.

ATLAS |

[ Vs=13TeV, 140 o™, y+jet
A-Anti-k, R = 0.4 (PFlow+JES)

L [7"®'| < 0.8, DL1r 77% b-tag efficiency

Tt
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* Data
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[ Antik, R = 0.4 (PFlow+JES)
L 17" <08
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— Photon resolution |
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JVT

— Second-jet veto
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----- Photon purity

—— Statistical

----- MC generator

[ Total uncertainty
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r ATLAS
L Vs=13TeV, 140 b, y+jet
L Anti-k, R = 0.4 (PFlow+JES)
| ™| < 0.8, 77% b-tag efficiency

Fractional JES uncertainty

T ——TT
— Photon resolution 1
— Photon scale
VT
—— Second-jet veto |
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-« Photon purity
—— Statistical
MC generator
— b-tagging ]
[ Total uncertainty —|

Newish correction of b-jet energy scale "b-JES" - backup
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New Jet

Tagging




Boosted Top Tagging

Constituent-based Top tagger PUB 2022 !

Jet constituent-based rather than high-level quantities

MC available for you to play with!

« Input Variables: constituents 7, ¢, R, log(pr), log(En) ,log< o ),10g (L)

z:jet En Zjet pr

6 Architectures:

il
Ve
31

High-Level quantity baseline hIDNN (similar to current tagger)
Densely connected MLP: 0-padded py-ordered vectors for each variable.

Energy Flow Network (EFN) Deep Set: variable length, permutation inv. lists. IRC
safe only — no E inputs. B mem——
Particle Flow Network (PFN): Like EFN but can have pE

IRC-unsafe E inputs. . - E
ResNet50 large CNN: granular n, ¢ maps of const. py. oof- _. “’:_p A
ParticleNet GNN: const.=node, const. features = node e
properties, edges connect k nearest neighbours.

2.0

Pre-processed ¢
5

13 = 0 1 2
Pre-processed n
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Constituent-based Top tagger PUB 2022

Boosted Top Tagger Performance

ParticleNet best, though some increase in modelling uncs.

2-3x better rejection @ 50-80% efficiency

1.0

o 1 07 T 1
‘T-!c
W ATLAS Simulation Preliminary ParticleNet

106 V5 =13 TeV, Pythia8 PFN —

anti-k;, R=1.0 UFO SD jets DNN
1052 pr> 350 GeV, |n] < 2.0, m > 40 GeV hIDNN —

EFN
10412 ResNet50 |
103 ]
102|— ]
10— —
100 —

1 0—1 | 1 I I
0.0 0.2 0.4 0.6 0.8

Esig

Ratio to Z* = ff

1.0

0.8

0.6

0.4
1.0
0.9

0.%.

ATLAS simulation Preliminary —_— 7L

Vs =13 TeV, ParticleNet, £5,=0.8 - .

anti-k;, R=1.0 UFO SD jets === SMii, Powheg+Pythia8
—-= 8M ft, aMC@NLO ]

SM tf, Powheg+Herwig7
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What is piss 2

Missing transverse momentum: ‘Detector signature’ for invisible particles...

- Negative vector sum of p; of H-c Coupling ATLAS paper
objects in the event.
 Real piiss:
* neutrinos
+ stable BSM particles e.g. DM
« Or Fake pMss:
» Pileup (PU)
» Detector resolution
« Detector acceptance
« Aim: measure Real p™ss +
reduce Fake piss

035~ ATLAS Preliminary Powheg+Pythia8 Z — ppr
V5=13.6TeV, 681" ¢ 2022 Data

Candidate event for the process WH — evcc

Bin

0.30

MET Performance ]
2022

Normalised Events /
s o

0.10=

Data/MC o o

100 7
PSS [GeV]
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MET Performance 2015-16 CONF

p™iss Reconstruction P = P

mm (p’

I'l'll"\‘s ml'\‘s)
’

Object based approach built in a specific order.

» Analyses decide on what definitions to use for muons/electrons/....
* Input them to MET reconstruction algorithm

« Algorithm adds objects to pr sum in this order to use the best energy
measurement/interpretations available:

pqussz Z pf{.-{- Z p,;f-}- Z p.}:+ Z ’[‘+ Z pl Z track

selected accepted accepted selected accepted unused
electrons photons T~leptons H jets tracks
N—_ —
hard term soft term

» Performing its own overlap removal on whole/parts of objects, removing

tracks/clusters that have been used already in the p; sum.
-> avoids double-counting!

 Remaining unused tracks become the ‘Track soft term’.
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Working Points

Multiple WPs supported to
optimize performance

, RMS [GeV]

miss
y

E

miss
X

« Jet requirements added in addition
to analysis definitions.

« Each optimal for different topologies

 Most ATLAS results use ‘Tight’

» Tighter constraints on jets
improve pileup resilience,
but may remove more hard-scatter

sgn(o,-o, )| o2-0?

2017 Data Plots

jets as collateral.

e — —_—
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- 3317, {s=13 TeV o*Y

24 [ Z — uutopology, 2017 Data 0' 1
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pr [GeV] for jets with:

Selections

Working point || <24 2.4 <|n| <4.5 JVT for jets with |n| < 2.4
Loose > 20 > 20 > 0.5 for pr < 60GeV jets

| Tight | > 20 > 30 > 0.5 for pr < 60GeV jets
Tighter > 20 > 35 > 0.5 for pr < 60GeV jets
Tenacious > 20 > 35 > 0.91 for 20 < pr < 40 GeV jets

> 0.59 for 40 < pr < 60 GeV jets
> (.11 for 60 < pp < 120 GeV jets
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METNet PUB 2021
MET CNN Pileup-Mitigation PUB 2019

Machine Learning p™ss

Use a NN to combine the WPs optimally.

« NN inputs: different WPs p™s$ event kinematics and pileup conditions.

» NN target: pf**>T™¢ NN outputs: pJ***>*¥ vector, |pf***""| = METNet .
« Alternative NN option studied also adds a Sinkhorn Loss (Sk).

- Improved resolution, and reduction of fake p™ss,
- Improving issues with bias & extrapolation to v. high p™55 via Classifier combo of WPs.
- Also investigating NNMET Significance to measure real p**s : get NN resolution output.

— T L L R S B R — 108 — T T T T T T T
?, 3D_ATLAS %/@u_lahon Preliminary < Tight 4+ Tenacious ] S ATLAS Simulation Preliminary True —— Tenacious
% Z-pu, Vs =13TeV > Tighter ~ # METNet ] G 107e Z > pp, VS =13TeV —« Tight  —e— METNet

OE) - Loose & METNet (Sk) ] f 105k —»— Tighter ~ —m— METNet (Sk)
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https://arxiv.org/abs/1306.0895
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https://cds.cern.ch/record/2684070

\)

LS

o
(

i\ 1 Conclusion

a/‘ \; — JetEtMiss @ ATLAS: a huge effort with active dev.

! il 4 « Jets & pMs$ ongoing improvements for Run-3
11/ « Modern ML based calibrations, tagging, regressions, reconstruction,

« Use of tracks to help mitigate growing pileup via UFOs (new default
large-R jet!), JVT, ...

« ML Pion ID via Point-Cloud representation

* More improvements still to come
« Finalising calibration improvements for PFlow/UFOs.
 Investigating TST calibration.
« Topo-tower inputs to improve granularity in forward region
« Topocluster timing cut to reject pileup further

— -
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Questions & Answers

PU subtraction Rho definition?

Charged PFOs passing the impact parameter requirement
All neutral PFOs
new methods paper section 4.2

JER info: Eur. Phys. J. C 81 (2021) 689
What is calo timing resolution such that a topocluster timing cut is possible?

ATL-TILECAL-PROC-2021-016 ~0.4ns above 100GeV

When/How is MC other than Powheg+Pythia8 used?

Small-R jet Calibration Paper 2020, Large-R jet Calibration Paper 2018 : Generator differences between Pythia/
Sherpa/Herwig in In-Situ used for uncs. Pythia for nominal.

Impact of hadronisation model: ATLAS-PUB-2022-021

Can/How does the 3-layer Calo. in the forward region help remove PU?

Can reconstruct topoclusters with noise cuts still.
Have fJVT to tag PU vs HS jets.
PU area subtraction only for central jets, but residual PU correction still applicable

Is the particleNet version the same as the pheno paper?

code available no mention of mass-decorrelation in the PUB

Why is the half-empty grid requirement chosen for softKiller?

CONF details. Equivalent to the lowest pT threshold that corrects the median flow density per bin to zero.
Related to assumption that pileup is evenly distributed over an event

What are the penalised splines penalising?

Small-R Jet Calibration New Methods Paper 2023 section 4.4.2. overfitting Etrue to data

How to deal with uncertainties for METNet?

Inputs are e.g. the jet term of the met so we can propagate the jet uncertainties through the NN in the same wa
y as for normal MET. Will validate the NN stability seems sensible though.


https://arxiv.org/pdf/2303.17312.pdf
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https://cds.cern.ch/record/2790319/files/ATL-TILECAL-PROC-2021-016.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/JETM-2018-05/
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https://gitlab.cern.ch/atlas/ATLAS-top-tagging-open-data
https://cds.cern.ch/record/2281055/files/ATLAS-CONF-2017-065.pdf
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Point Cloud PUB 202242

J Point Clouds for Pion ID
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Classifying ° v n£ key step in hadronic reconstruction

. . . . 3...................................----
« & Regressing Energy distribution. " A
L 2 \I-‘nualﬁll reliminary :
* Improve over previous DNN/CNN approaches: - ?"ﬁ;ié“ﬁ%h”&%‘,’%},;8:c’fﬂsters .
H H . SR i< i
«  Suits non-uniform 3D calo. deposit structure g L SRR '
. O F Teel T
« Particle Flow Network (Deep Set) 9
* perm. Invariant (not arbitrary p; ordered cells) G 10'F PEM E
£ clus
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[ —— GNN
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PU removal at every level:

3. On jets
« Jet Area subtraction
* Grooming (trimming, softDrop)

Grooming PUB 2017 43

-/ Pileup Contamination

2 parts: Bias HS object energy, add PU jets to event!

Remove PU/UE wide-angle E-deposits in
Large-R jets

Run-2: Trimming
* Recluster sub-jets with R=0.2
» Keep those passing some threshold

Run-3: SoftDrop
,. » Define sub-jet splits with Cambridge-Aachen alg (priorities closest stuff)
« Start from 15t splitting
NN * Reach passing condition to keep both splits, else drop constituents
SN min(pry,p72) (ARlz)f” o
W N pT1+PT2 UL\ Ro — "4[
ey, i,/ . Jn _;_}—
.,' oy S { : _E
y/ — _ _ : n
Y === — 0 B e
-ﬁ”ﬂ
N .‘_'v‘
@ First fails Second passes
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UFO for R=0.4 Jets? &

NS
1A
.
1 WP
New study: works as well as PFlow © | ] :
» Pythia Dijets, PU+JET+JMS Calibration

« Best Mass resolution @ high pr & no detriment to Energy Resolution

« CS+SK more flavour diffs: soft components in jet more prevalent in g-jets
(but less PU dependence)
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UFO for R=0.4 Jets?
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In-situ

e

Also have dijet and Z+jet balances
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GNNC Detalls

To improve the performance based on the detector geometry, a DNN is trained for each |;9!| region used
to derive the GSC to provide a correction to the jet pr based on various jet- and event-level features. The
DNNs are trained with Keras [55], using the Adam [56] optimisation algorithm. The network has three
hidden layers with swish activation functions [57] and a single-node output layer with linear activation.
The number of nodes is optimised for each |79| bin, and ranges between 100 and 300. The network uses
the leaky Gaussian kernel (LGK) loss function [58]

gl g 1 ( ylarget _ xpred)z — - 42? [ T T T T 1 I. T | . T T T T T T 17T I T T B
Loss (5%, 374) = - —enp (- EE ) ¢ e e € 0.12 ATLAS Simulation -
o | g 8 [ Vs=13TeV, Pythia 8 dijet MCJES
where x'*# is the jet pr response, xP™¢ is the corresponding NN prediction, and « and S are tunable o 0 1_ . \ I G SC T
parameters. As @ — 0, the LGK loss learns the mode, and the second term ensures that the gradient of the (&) il Ant|‘k t R = 0 4 jetS (P FlOW) ]
error function relative to the current weight does not vanish for large x?€<t — xPd_ [ earning the mode is c B 0 2 < | n | < 0 7 LEULL GNNC T
less biased by cases where the response is not a perfect Gaussian distribution, resulting in better closure S 0 . 0 8 __ ) det ’ —
than a loss function that learns the mean of the distribution. g ;|"'I'+ 1
= - -
‘@ 0.06Fzxw i —
Calorimeter JLAW0-3« The Efrac measured in the Oth-3rd layer of the EM LAr calorimeter (@) : e P Rq _ Rg 7]
Tile0s—2 The Efye measured in the Oth-2nd layer of the hadronic tile calorimeter o I Tcomposition = Tg m -
JHEC.0-3 The Efye measured in the Oth-3rd layer of the hadronic end cap E 0 . 04 — .fg 8 8/ —
calorimeter O C T
freaLo-2 | The Eg,. measured in the Oth-2nd layer of the forward calorimeter (& - ]
Nooge The minimum number of clusters containing 90% of the jet energy S 0 . 02 — ]
Jet kinematics | pJES * The jet py after the MCJES calibration o C _!"r"r.‘.‘,_‘ - ]
n° The detector > C — e e L e
Tracking Wirack ® The average pp-weighted transverse distance in the 7-¢ plane C_U 0 I — — ]
between the jet axis and all tracks of pr > 1 GeV ghost-associated L C — —_ ]
with the jet - — —_— -
Nirack ™ The number of tracks with pp > 1 GeV ghost-associated with the jet _0 . 02 C S ]
Jehargea™ The fraction of the jet pr measured from ghost-associated tracks 1 ol I 1 oo | 1 1
Muon segments | N, # | The number of muon track segments ghost-associated with the jet 2 2 3 3
Pile-up H The average number of interactions per bunch crossing 30 1 O 2)(1 0 1 0 t 2X1 0
Npy The number of reconstructed primary vertices p rue [GeV]
Table 1: List of variables used as input to the GNNC. Variables with a * correspond to those that are also used by the T
GSC.
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MM Eta-Intercalibration

Calibration factor R measures in bins of n4.¢, intercalibration factor c

left right
e

Pt T
A = avg

' _ cright
 C = cleft

igh
(p1E = (P + o) /2).

l,:.right ~ 7+ (:’_70 - (p$ft

ceft — 2 _(A) " (p;ight)

R =
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b-Jet energy scale calibration CONF 2022

Small-R Jet Calibration

Reconstructed pr-density-based Residual pile-up Absolute MC-based Global sequential Residual in situ
jets pile-up correction correction calibration calibration calibration
Jet finding applied to Applied as a function of Removes residual pile-up Corrects jet 4-momentum  Reduces flavour dependence A residual calibration
tracking- and/or event pile-up p; density dependence, as a to the particle-level energy ~ and energy leakage effects ~is applied only to data
calorimeter-based inputs. and jet area. function of p and N, scale. Both the energy and  using calorimeter, track, and  to correct for data/MC
direction are calibrated. muon-segment variables. differences.

4

Newish study to test separate in-situ correction of b-jet energy scale "b-JES" via tt — luqgbb
Find residual JES correction a to apply after normal calibration: gpata corrected — gbata ;1 4 gy o,... nominal.
(main body b-JES via photon+Jet is newer).
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Small-R Jet Uncertainties

Fractional JES uncertainty

Uncertainties <2% at 200 GeV!

0.08———
- ATLAS
- Data 2015-2017, Vs =13 TeV
| Anti-k, R = 0.4 (PFlow+JES)
[ 1=0.0

Inclusive jets

IIIIII T
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0.04

o
o
R

T IIIIIII T

I Total uncertainty

== Absolute in situ JES |
* Relative in situ JES |
= Flav. composition
Flav. response
Pile-up i
== Punch-through

102 2x10?

* New p def. for PFlow avoid Charged PFOs near PV

* Improving single-particle uncertainties through more

measurements:

Measure response to =¥ from W->taunu
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Holly Pacey, University of Oxford
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Large-R jet Calibration Paper 2018

Large-R Jet Calibration

Groomed
grooming large-R jets
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Large-r Jet uncertainties

Fractional JES uncertainty
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Fractional JMS uncertainty
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Boosted top tagger performance

Model AUC | ACC s,;,lg @ gy = 0.5 a;,ig @ gy, =0.8 | #Params | Inference Time
ResNet 50 | 0.885 | 0.803 21.4 5.13 1,486,209 9 ms
EFN 0.901 | 0.819 26.6 6.12 1,670,451 4 ms
hIDNN 0.938 | 0.863 51.5 10.5 93,151 3 ms
DNN 0.942 | 0.868 67.7 12.0 876,641 3 ms
PEN 0.954 | 0.882 108.0 159 689,801 4 ms
ParticleNet 0.961 0.894 153.7 20.4 764,887 38 ms

b0/ 2823

-1

€bkg

25

20

15

10

— ATLAS Simulation Preliminary ParticleNet —
V5 =13 TeV, Pythia8 PFN
anti-k;, R=1.0 UFO SD jets hIDNN
| pr»>350GeV, |n|<2.0, m> 40 GeV |
gSig > (0.8
0.5 1.0 1.5 2.0 2.5 3.0

Holly Pacey, University of Oxford
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MET Soft term Uncertainties Run-2 2020

TST Uncertainties

Track Soft Term uncertainties with Full Run-2

« Look at Z — ee no true p?”ss 7 AR —P%qoft

* Binned in hard p; , parametrised in 3 variables: soft term projection on the hard term:

«  Parallel scale: <p|f°ft>

- Parallel resolution: o(p; ")

\ Soft ;‘ 6: T TT | T TTT | T |l T j I T T 1T 1 T T 1T I T T 1T ] T T 1T ] T T 1T ] T T1TT UL :
- Transverse resolution: o(pi”’") & [ ATLAS Preliminary e (RO .
- B 5 = miss,softTerm 1
soft > 5__139 _fb s=13Tev .. G(EH frrerm) ]
‘p/v % B Particle FIOW Jets L G(Emiss,saﬂTerm) :
ﬁ%oft E 4 :_Tight E?ISS ik _:
_ soft § - Z — ee selection .
PT — af ]
smiss _ A7 SOft — ol -
jijf)f'r.r1'11(* ET =ApT (|LJ - : """ 5.. SRR Fimimias Z ]
e o T _
« TST uncertainties = MC/data C LT . e tereeney
envelope over several generators. 13:'--* -------------- ‘ R -
» Future: refined TST calibration? - greneee - .
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TST Uncertainties PUBLIC PLOTS LINK
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MET Significance PUB 2018
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Machine Learning p#ss Significance
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Events

Insipiration Slepton search

Look at sensitivity significance for lower-bou
nd cuts on the variables for SUSY v SM.
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METNet Architecture

Table 6: MET'Net neural network achitecture and hyperparameters.

Layer Nodes Activation Parameters
Input 60 None 0
Hidden 1 100 SELU 6100 Hyperparameter Value
LayerNorm 1 100 SELU 200 Optimiser Adam [67]
Hidden 2 100 SELU 10100 Weight initialization Kaiming He [68]
LayerNorm 2 100 SELU 200 Learning rate 0.001
Hidden 3 100 SELU 10100 Batch size 256
LayerNorm 3 100 SELU 200 Huber loss & 1.5
Output 2 Linear 202 (b) METNet hyperparameters
Total 27,102
(a) METNet architecture.
L = Luuber

;=97 . ly=3l<é
sly — 9| - 16% . otherwise rer s
= L Huber Sinkhorn-

5/19/2023 Holly Pacey, University of Oxford



METNET plots:
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METNetSig Architecture

Otherwise same as METNet Architecture

METNetSig = p?&' NN/o

.

Lone =logo +0.5 ('T ﬂ__"') L = Loniw + Lsinkhor- P s \/(p;niss. NNy (pimiss NNy
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