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Why UFO Jets? $ATLAS

XPERIMENT
Calorimeter only: Combined with
e LCTopo: Topological e PFlow: Particle Flow Objects
calorimeter clusters e Low pr: Use 4-vector for

charged particles, subtract energy
W seed cells  []> 4o from cluster 4-vectors
M growth cells |E[>20
[ boundary cells

O final topoclusters

e High pr: Use cluster 4-vectors,

n Schramm, BOOST 2020

1% 6 = dynamic ignore
e TCC: Track Calo Clusters
Topo-clusters
5 e Low pr: Use cluster 4-vectors, ignore
|\L ICanrimeter| [ /] ] 1

AN —

Tracker

o<

from: Ste

e High pr: Split clusters using
get energy from clusters but angles
from

1

Combining PFlow and TCC:

e UFO combines TCC and PFlow to achieve optimal performance
over a broad kinematic (pr) range
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More info in poster by Nathan Lalloue


https://indico.cern.ch/event/775951/contributions/3903461/
https://indico.cern.ch/event/1144064/contributions/4940287/

Optimisation of Jet Definition ATLA

EXPERIMENT

Background rejection for various pileup mitigations and groomings:
Here: 2-variable top tagger, high-pt range

(plots for W and low-p in backup)
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Best background rejection with:

o

e R =1.0 anti-k7 UFO jets
e Pileup Mitigation: Constituent Subtraction + SoftKiller (CS+SK)
e Grooming: Soft Drop (SD) with  =1.0 z,,; = 0.1

Other factors: Good pileup stability, mass resolution, ... 2/1


https://link.springer.com/article/10.1140/epjc/s10052-021-09054-3
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3-Variable Tagger ATLAS

EXPERIMENT

Mass window 3-variable tagger: W
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> [ ATLAS simulation Preliminary’ 1 pper masscutht 3
8 jgof F-nTvw. vz v wenswoe] @ pr-dependent cuts on 3 features
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[ P, >200GeV, In<2.0
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http://cds.cern.ch/record/2777009

3-Variable Tagger

ATLAS

EXPERIMENT
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DZ

Mass window
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[ P, >200GeV, Inf<2.0 9
120F W
100 E
80fm - 5- 4 4
Proacdodcaca g, ]

C LRt ST 1
60— -k
200 E
C L L L L L L |

500 1000 1500 2000 2500 3000

Large-R jet p, [GeV]

Energy correlation ratio D,

2

TLAS Simulation Prefminary’ RSP

5=13TeVW - W2 4 D;cuts binned
inti-k, R=1.0 UFO Soft-Drop CS + SK jets

tagger 50% signal efficiency

>200 GeV, 1] <2.0

[NENEN)

\

I L I l
500 1000 1500 2000 2500

Large-R jet P, [GeV]

3-variable tagger: Z

e pr-dependent cuts on 3 features

e Maximise background rejection while
keeping 50% signal efficiency per bin

e D, nearly flat in pr

e Thanks to angular resolution of UFO
constituents
e Fixed D> cut possible

Number of tracks mq

= F "aTLAS simdiation Preliminary” et |
45F- F=13Tevw . wz A N, cutbinned
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http://cds.cern.ch/record/2777009

DNN-Based Tagger
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XPERIMENT

ne learning based (NN):

e Various substructure variables

Dz N Cz
21
R;VV
P

as

A
Zeut
Vi

Energy correlation ratios
N-subjettiness
Fox-Wolfram moment
Planar flow

Angularity

Aplanarity

Z—Splitting scales
d—Splitting scales
ke-subjet AR

backup for definitions)

— €& improved by factor 2-3 in NN UFO tagger w.r.t. LCTopo tagger
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http://cds.cern.ch/record/2777009
https://arxiv.org/abs/1609.0748
https://arxiv.org/abs/1609.0748
https://arxiv.org/abs/1011.2268
https://arxiv.org/abs/1011.2268
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.41.1581
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.41.1581
https://arxiv.org/abs/0810.0934
https://arxiv.org/abs/0810.0934
https://arxiv.org/abs/1206.5369
https://arxiv.org/abs/1206.5369
https://arxiv.org/abs/1112.2567
https://arxiv.org/abs/1112.2567
https://arxiv.org/abs/0806.0023
https://arxiv.org/abs/0806.0023
http://arxiv.org/abs/1302.1415
http://arxiv.org/abs/1302.1415
https://doi.org/10.1016/0550-3213(93)90166-M
https://doi.org/10.1016/0550-3213(93)90166-M

The Need for Mass Decorrelation
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Data-driven background estimates:
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e Define mass side-bands as
control regions (CR)

e Fit smooth function to data
from left to right side-band

e Estimate background in signal
region from fit

Problem: Tagger may introduce unwanted shaping of background,

de-populating the sideband regions

Solution: Decorrelate tagger decision from my:

e Adversarial neural networks (ANN) for NN tagger
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https://arxiv.org/abs/1708.04445

Decorrelation with Adversarial Training

NN: Correlated to m; ANN: Active decorrelation

3 ‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ > ‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
O ATLAS Simulation Preliminary o ATLAS Simulation Preliminary

0 0

— Vs =13 TeV, W jet tagging - Vs =13 TeV, W jet tagging

2 antik, R=1.0 UFO Soft-Drop CS+SK jets 2 antik, R=1.0 UFO Soft-Drop CS+SK jets.

5 Cuts at £} = 50%, p, (1[500,1000] GeV/ 5 Cuts at &f% = 50%, p, ([500,1000] GeV

< [ Qcpjets < [ QCDjets

2 W jets 2 W jets

g1 ——— QCD jets after z,,, cut g ——— QCD jets after z{yy,” cut
I i N cut

~-+ QCD jets after D, cut +++ QCD jets after D}

107
10° 5 A7 B 10°
: 0
U %
" W o J
10° VAN AN A /,%451:5%’// nlg UYL 4
50 200 150 200 250 300
Large-R jet mass [GeV] Large-R jet mass [GeV]

e Background mass distribution shaped according to signal by NN

e Adversarial Neural Network (ANN) successfully decorrelates

ATL-PHYS-PUB-2021-029
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http://cds.cern.ch/record/2777009

Tagger Performance: UFO vs

Low pr High pt

= R B R R R = T T e
5 5
i [ ATLAS simulation Preliminary 7 i [ ATLAS simulation Preliminary 7
S 100 E S 100 e
z E V5=13TeV, W jet tagging E E 0" F (s=13Tev, W jettagging 3
E4 £ truthw definition based on LCTopo strategy ] K4 E tuthw definition based on LCTopo strategy E
2 [ P, (500, 1000] Gev UFo LCTopo 2 [ P, (1000, 2000] Gev uFo LCTopo
g T i g e m
L “10) S0 L S0 “10
5 10g “z Zann 5 10 “Zawn 2
2 E ] 2 [ i 2
] F ] 5 F 1 €
2 2 7
o} r q o} r Jd =
s s a8
E1f E o 1r 4 8
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Signal efficiency &[5} Signal efficiency &%) =
e

e Bkg rejection with UFO improved by a factor of 2-3 w.r.t. LCTopo!
e Mass decorrelation (ANN) comes with tradeoff of reduced efficiency

e But may be better option for data-driven background estimates on
my distribution
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http://cds.cern.ch/record/2777009

NN/ANN Tagger with n @ U

XPERIMENT
Previously: Now:
ATL-PHYS-PUB- 2021 029 With ny as additional feature
755 [ ATLas 5"““'5‘"’" Preliminary p :;E [ atLas S‘mu\;l\on Preliminary ]
§ I ¥s=13TeV, W jet tagging, Multijets 1 s L 5= 13TeV, W jet tagging, Multijets 4
g L antik, R=1.0 UFO Soft-Drop CS+SK jets 4 3 | anti-k, R=1.0 UFO Soft-Drop CS+SK jets 4
3 £ = 50% Analytical MVA 3 €5 =50% Anaiytical
I Cuton m, from 3var tagger . wa | Citonm,fom3vartagger i =
% v &2 @ % 2 3var™
@ 107 = 8 3-var™ = 3“ a | ‘E«
L L | :E [ 1 1 ] %
1000 2000 3000 5 1000 2000 3000 a
Large-R jet p, [GeV] ﬁ Large-Rijetp_[GeV] =
e Previously: 3-variable tagger showed better performance than NN
e Now: NN much better after including ny as additional feature!
e ANN comparable with 3-variable tagger, but with decorrelation!
e Reason for such strong improvement:

e Most other features exploit 2-prongedness of W /Z decay
® i is good quark/gluon discriminator
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Truth Labelling: Inclusive/Contained ATLAS

EXPERIMENT

Two types of DNN-based top taggers defined:
Inclusive: Purely defined by AR matching:
o AR(jre°, jtruth) < 0.75 and AR(jtruth, ttruth) < 0.75
Contained: Extra cuts to ensure t — ggb fully contained within jet:

* Same AR requirement Contained top labelling efficiency:

° NB 2 1 9g 15‘ T T T T
truth BS osp
ru T o £
® mungroomed > 140 GeV &2 osf
PT 2 ’% E
__PT__ 3 E
o +/ d23 > 27e  mwncev GeV Eg 07; ATLAS Simulation Preliminary
o< E Vs=13Tev,Z -
o ® 0.6F
5o £ anti-k R = 1.0 UFO SD jets
c2 C
% § 0'5: Label based on partons
. . @ < o Groomed: m,,,,, > 140 GeV,N,, > 0
Non-contained Contained £§ o4 L ook s s ot .y o
0.3} ;
t—— t —— 02‘\HH\HH\HH\HH\*é
= 500 1000 1500 2000 2500 o
Ungroomed truth jetp__[GeV] ;
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http://cds.cern.ch/record/2776782

DNN Top Taggers: Definition

Inclusive: UFO vs LCT:
2 taggers: Inclusive and contained nelusive \{S ope

Ti, T2, T3, Ta N-subjettiness
Vdia, V/das  Splitting scales
ECF;, ECF,, ECF3; Energy correlation functions
Gy, D, Energy correlation ratios

é 90E- ?juizTs\\/muplanhun;;ehmmavy gg:/:.tgiﬂpnmmme:é

. . . s 9 5= 13 TeV, Pythiad diets 6. LCTopo rimmed |

e Fixed working points: 50% and 80% g UE maniive ot 3
o Defined as function of pr o 3

o E

e DNN features optimised for UFO jets: 0E- E
20 =

Ratio to LCTopo

1500 2000 2500 3000
Reconstructed jet p. [GeV]

Ly, L3 Generalised energy correlation ratios

Qw Invariant mass / virtuality Contained: UFO vs LCTopo
Tm  Thrust major 5

g 140? ATLAS Smmlanon Pvehmmavy 50%, Lcmpommmeaf

(see backup for definitions) S F (5= 13 TeV, Pythia8 dijet 80%, LCTopo trimmed |

£ 120 anti-k, R = 1.0 jets 50%, UFO SoftDrop  —

. el I o oo
Observations: UFO vs LCTopo g 100 4 «
e 80% working point: £ E:
o Inclusive: ~ 20% better rejection c =
at pr < 1.5 TeV g =l
e Contained: Better over whole range H ER=

e 50% working point: €I R se et p (6]
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e Clear improvement for both


https://arxiv.org/abs/1011.2268
https://arxiv.org/abs/1011.2268
http://arxiv.org/abs/1302.1415
http://arxiv.org/abs/1302.1415
http://arxiv.org/abs/1305.0007
http://arxiv.org/abs/1305.0007
https://arxiv.org/abs/1609.07483
https://arxiv.org/abs/1609.07483
http://cds.cern.ch/record/2776782
http://cds.cern.ch/record/2776782
https://arxiv.org/abs/0806.0023
https://arxiv.org/abs/0806.0023
https://arxiv.org/abs/1112.2567
https://arxiv.org/abs/1112.2567
http://cds.cern.ch/record/2776782
http://cds.cern.ch/record/2776782

Constituent-Based Top Tagger

AL

ATL-PHYS-PUB-2022-39: Constituent-Based Top-Quark Tagging

DNN top tagger (prev. slides):

e Set of high-level features
(substructure variables)

e Used as baseline (hIDNN)

Constituent-based taggers:

e Low-level features based on
4-vectors of jet constituents

More info in poster by Kevin Greif

Ebkg

200 —

150 —

100 —

50—

0

ATLAS simulation Preliminary ParticleNet
250 V5 =13TeV, Pythia8 PEN —
antik, R=1.0 UFO SD jets hIDNN
pr>350 GeV, || <2.0, m> 40 GeV.
0.5 1.0 1.5 2.0 25 3.0
Jet pT (TeV)

— Up to x2 improvement over baseline (hIDNN)!
Dynamic Graph-CNN

Particle Flow Network

LS

log pr
n

log &

log(pr/ Y pr)
et

log(E, X E)

R e

Kevin Greif

from poster by

2022-39

ATL-PHYS-PUB
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XPERIMENT
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https://indico.cern.ch/event/1144064/contributions/4940286/
https://indico.cern.ch/event/1144064/contributions/4940286/

Constituent-Based Top Tagger @EATLAS

XPERIMENT

Based on: The Machine Learning landscape of top taggers
doi:10.21468/SciPostPhys.7.1.014

00 01 02 03 04 05 06 07 08 09 1.0
Signal efficiency &5

. V\ —— ParticleNelt
e Comparison of many modern 1\;\ TN
. . i —-- ResNeXt
ML techniques applied to the 10t - PR
Ry CNN
. S
top tagging task AN Neubie}
e LR NSub(6)
5.3 P-CNN
= 10 N LolLa
. s . . ® 3 —- EFN
e Simplified detector simulation s R it
with Delphes + ATLAS card 5 N ~77 Tomoon i B
? 10? . ~
e Calorimeter information only 3
) . . 10t 3
— No tracking as in UFO jets z

— Best performance with and ResNeXt
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https://scipost.org/SciPostPhys.7.1.014
https://scipost.org/SciPostPhys.7.1.014

Constituent-Based Top Tagger @AT
EXPERIMENT
ATL-PHYS-PUB-2022-39 More info in poster by Kevin Greif

New: How do these algorithms perform on ATLAS simulated UFO jets?

o 107 ‘ ‘ : ‘ . L
3 | ATLAS Simuiston Pretiminry ParticloNot e hIDNN: Baseline similar to DNN top tagger
10°[— Vs=13 TeV, Pythia8 PFN — —> ATL-PHYS-PUB-2021-028
anti-k;, R=1.0 UFO SD jets DNN
1052 pr>350 GeV, |n| < 2.0, m > 40 GeV hIDNN . .
EFN ° : Using constituent 4-momenta
ResNet50
10%— — —>  arxiv.org/abs/1704.02124
108 . i
e EFN/PFN: Energy/Particle-flow networks
102~ — ;} —> arxiv.org/abs/1810.05165
1 19 o
10 S o ResNet50: CNN using jet images
10— ¢ —> arxiv.org/abs/1512.03385
-1 L L L L o .
%0 02 04 06 08 T0C e : Dynamic Graph-CNN
Esig —%  anxiv.org/abs/1902.08570
° and PFN show best performance

e ResNet50 & EFN underperform — Do not translate well from Delphes study
Simulated data made public for ML experts along with PUB-note!
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https://indico.cern.ch/event/1144064/contributions/4940286/
https://arxiv.org/abs/1704.02124
https://arxiv.org/abs/1810.05165
https://arxiv.org/abs/1512.03385
https://arxiv.org/abs/1902.08570

ATLAS

Constituent-Based Top Tagger

Model dependence

Esig

Ratioto Z/ i

Different parton shower and
hadronisation models

€58 measured at threshold for
€58 = 50% in nominal sample
: Slightly
more model dependent than
baseline hIDNN

and
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EXPERIMENT

baseline: hIDNN

0.6

0.4

ATLAS Simulation Preliminary
Vs =13 TeV, hiDNN, £55=0.5

anti-k, A=1.0 UFO 8D jets

— 7z

~=- SMfi, Powheg+Pythia8

—:= SMfi, aMC@NLO —
SM i, Powheg+Herwig?

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

Jetpr (TeV)

08—

0.6

04—

ATLAS Simuation Preliminary
V'S =13 TeV, ParticleNet, €5,=0.5
antik, A=1.0 UFO SD jets

—_— 2

-~ SM i, Powheg+Pythia8

—- SMf,aMC@NLO  —
SM 1, Powheg+Herwig?

0509 1o T
Jet pr (TeV)

39

2022-

ATL-PHYS-PUB-

14/11



Summary



Summary @&I!Tﬁé
W/Z taggers:

e 3-variable cut-based, NN-based with/without mass-decorrelation
e Clear advantage of NN tagger w.r.t. 3-variable when including ng

e Background rejection improved by factor 2-3 in UFO NN tagger
w.r.t. previous NN tagger using LCTopo jets!

Top taggers:

e Inclusive and contained DNN tagger, new: Constituent-based
taggers

e Clear improvement of DNN tagger using UFO w.r.t. LCTopo,
especially at 50% working point

e Constituent-based ParticleNet tagger may add x2 improvement on
top of that!
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The UFO Algorithm

Don't use twice

-<.

Charged

Primary
vertex?

Inner-detector
tracks

Neutral PFOs
Charged PFOs

Particle-flow
objects (PFOs)

PFO?

Dense

environment?

TCC cluster
splitting on neutral
PFOs with primary-
vertex tracks &
charged PFOs.

Unified
Flow
Objects
(UFOs)



https://link.springer.com/article/10.1140/epjc/s10052-021-09054-3

Why UFO lJets?

Background Rejection

Extensive effort in ATLAS to find best jet definition for tagging:

Eur. Phys. J. C 81, 334 (2021)

e Expected tagger performance evaluated for simple 2-variable cuts:

o W/Z tagger: m, D,
e Top tagger: m, T3

UFO jets show best performance for simple top tagger:

T T T T T T

ATLAS Simulation 1
Vs =13 TeV, t > qgb
500 GeV < p™* < 1000 GeV _
[ne[ <12 3
No jet calibrations applied E
. * Baseline LC Topo 50% signal eff. ]
S, 1
~<
e s 3
" . s, 3
— — LC Topo Trimming it ]
TCC Trimming ~ i, 1
EM PFlow Trimming ~ Lo, 1
- UFO Trimming

L L 1 L L L L | |
02 025 03 035 04 045 05 055 06 065
Top-tagging efficiency

500 GeV < pie < 1000 GeV

Background Rejection

2l
10 R )

C ~

E SN

L SN~

~
[ === LC Topo Trimming™~<
F TCC Trimming
EM PFlow Trimming

10 - UFO Trimming

aan

T T T T T
ATLAS Simulation
Vs =13 TeV, t - qib
1000 GeV < p[™* < 1500 GeV
|7 <12
No et calibrations applied
* Baseline LC Topo 50% signal eff.

e

1000 GeV <

L 1 L I L L Liiail L
02 025 03 035 04 045 05 055 06 065

Top-tagging efficiency

true < 1500 GeV

Phys. J. C 81, 334 (2021)

Eur

N

XPERIMENT


https://link.springer.com/article/10.1140/epjc/s10052-021-09054-3

Why UFO Jets? @E \

XPERIMENT
Extensive effort in ATLAS to find best jet definition for tagging:
Eur. Phys. J. C 81, 334 (2021)

e Expected tagger performance evaluated for simple 2-variable cuts:
o W/Z tagger: m, D,
e Top tagger: m, T3

...as well as simple W tagger:

s f ] 5 =
8 [ ATLAS Simulation T ., ATLAS Simulation S
ko . Vs=13TeV, W - qq 1 o 100 Vs=13TeV, W - qq - IS
[} 300 GeV < p!™ < 500 GeV i o) | 1000 GeV < p™ < 1500 GeV B -
@ |nel<12 | 14 I || <1.2 4 3
T < No jet calibrations applied T r . No jet calibrations applied b L
3 2l S * Baseline LC Topo 50% signal eff. _ 5 NS T, * Baseline LC Topo 50% signal eff. A —
3 10°F - 3 [T . ]
5} £ ] 5} S~ v
2 [ ] 2 ~ -
3 F ] 8 107 Ty - =
o F g o E >~ E v

[ === LC Topo Trimming i [ === LC Topo Trimming ] =

F TCC Trimming 4 F TCC Trimming 1 R

EM PFlow Trimming L EM PFlow Trimming 1 2
++ UFO Trimming Y =+ UFO Trimming
101 N
E 4 10
L | 1 1 ! 1 I | ;| L L L L I L L | k|
02 025 03 035 04 045 05 055 0.6 065 02 025 03 035 04 045 05 055 06 065
W-tagging efficiency W-tagging efficiency

500 GeV < pie < 1000 GeV 1000 GeV < pirUe < 1500 GeV


https://link.springer.com/article/10.1140/epjc/s10052-021-09054-3

Optimisation

Jet Grooming Algorithm

Jet Grooming Algorithm

Soft Drop

Recursive SD
2

Botiom-up SO
Pruning

Trimming

of Jet Definition
2-variable W tagger
low-pt
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W /Z Taggers



Truth Labelling ATLAS

EXPERIMENT

Truth jet definition:

o . T T T T i
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W/Z Tagger: k-NN Method ATLAS

EXPERIMENT
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W /Z Tagger: Effect of A

ATLAS Simulation Preliminary

T

L B e e B

ol
£l = 50%

P |
1000 2000 3000
Large-R jet P, [GeV]

Ys = 13 TeV, W jet tagging, Multijets

anti-k, R=1.0 UFO Soft-Drop CS+SK jets

T

TT HHTW

T

LA e e s s

el _
€ = 80%

T

N

P IR B
1000 2000
Large-R jet Py

3000
[GeV]

1-029

02

ATL-PHYS-PUB


http://cds.cern.ch/record/2777009

W/Z Tagger: ROC Curves ATLAS
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W/Z Tagger: Modelling
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W/Z Tagger: Modelling
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W/Z Tagger: Modelling
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W/Z Tagger: Z vs
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Top Taggers



DNN Top Tagger: Truth Labelling ATLAS

EXPERIMENT
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DNN Top Tagger: Truth Labelling ATLAS

EXPERIMENT
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DNN Top Tagger: ROC Curves
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DNN Top Tagger: Modelling ATLAS

EXPERIMENT
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DNN Top Tagger: Modelling ATLAS

EXPERIMENT
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DNN Top Tagger: Modelling
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DNN Top Tagger: Modelling for Truth Labelling ATLAS

EXPERIMENT
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DNN Top Tagger: Truth Labelling ATLAS

EXPERIMENT

Low pr: High pr:
— optimal cut: v/dbs = 21 GeV — optimal cut: /dhz = 7 GeV

3 F T T T g 3 T
8 o007t 3 & o pa|
s = ATLAS Simulation Preliminary 1 o r ATLAS Simulation Preliminary 7|
~ 0.06F 5=13Tev, Z - & 3 ~ L 5=13Tev, 2 - & 4
2 E anti-k R = 1.0 UFO SD jets £ 0.08- anti-k R =10 UFO SDjets  —|
E' 005 350 <pl™ " < 500 Gev E L 1500 <p!™ “"<2000Gev ]
E 0_04; Mingr wurn > 140 GV E 0.06[— Mongr, wan > 140 GeV ! @
2 E —qab ab 2 r —qab ® 1 2
8 @ - 2 0.04- qd i B
£ i F 1 g
) 0.02 4 2
e [ R
E — S ] [ 1 >
o s S T ) ] P i e N W , T
0() 20 40 60 80 100 120 140 20 40 60 80 100 120 140 160 180 200 °©-
Ungroomed truth| d,; [GeV] Ungroomed truth\/d,; [GeV] =


http://cds.cern.ch/record/2776782

nt-Based Top Tagger: Performance

EXPERIMENT

Model AUC | ACC s,’)k'g @ g5, =0.5 g,:,!g @ g4, =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 | 0.863 515 10.5 93,151 3ms
DNN 0.942 | 0.868 67.7 12.0 876,041 3 ms é
PFN 0.954 | 0.882 108.0 15.9 689,801 4 ms é
ParticleNet | 0.961 | 0.894 153.7 20.4 764,887 38 ms ;




Substructure Variables



Substructure Variables @EATLAS

XPERIMENT

W/Z tagger (NN/ANN) Top tagger (DNN)
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as  Angularity Ly, L3  Generalised EC ratios
A Aplanarity Qw Invariant mass / virtuality
Zewt  Z—Splitting scales Tm  Thrust major

Vdiz  d—Splitting scales
KtAR  ki-subjet AR
ngk  number of tracks



Energy Correlation Functions ECF(N, () ATLAS

EXPERIMENT

arxiv.org/abs/1305.0007
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Generalised Energy Correlation Functions ,ei — L,, L3 ATLAS
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h<ih<..<iyéJ \a=1 m=

(m)
Where mXin denotes the mth smallest element in the set X

Reduces to nominal ECF in the case v = (g) :

wwwn- £ (f) (I 15

h<i<..<iyeJ \a=1 b=1 c=b+1

B

— Ve,f, are sensitive to hierarchy of distinct angular (R) scales m in jet

e ECF average over them

. . 36;3:1 B=1

Ratios to separate 2- & 3-prong jets: L, = #);
18y )2
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e Add dense coverage of Ghost associated areas of k; jets

"infinitely’ soft 'ghost’
constituents

e Count how many are clustered
within the jet
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