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Blue and green cone: recombined by jet clustering algorithm

h

N

\
Event: 1031263761 \ 4
2018-06-12 03:24:20 CEST \

Run: 352514




Muon = = == Neutrino Charged hadron - Electron = === Neutral hadron e Plhoton

Electromagentic calorimeter Hadronic calorimeter Monitored drift Resistive plate chambers (RPC)

tubes (MDT) M S—

Transition radiation Solenoid
tracker (TRT) magent

Parton level

Pixel detectors

; q Bgam
\ ) -r pipe
AN N .”‘.«. \
\ - PRl A
o0
p ... 2 et

L.-"W_ 3

Ak \ Particle Jet Energy depositions '";jf;;'e

P in calorimeters = | i

tracker (SCT)

o

Hard Scattering —> Parton Shower —> Hadronization > Detection H ’ 1‘m ‘ Jm ‘ ’ ‘

<«—— Inner detector —> <«————— Calorimeters Muon spectrometer ——>

Note: This illustration shows a section of the barrel region of the ATLAS detector, and the scaling is non-linear in order to show all sub-detector systems.
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Virtual Diagrams 3 Real Emissions

9 —+99,9 —*qq

‘ o Theory: safe
KLN guarantees the sum

Infrared and Collinear Divergences of real and virtual process
B Qg d? in NLO is valid and finite
d04g9 % 00~ 50 - Op - Pyg(2) - dz - % #—0 cross section

Collinear Divergence: g - o
1 Experlmeqt: trouble
Need special process

1+ 22
1—2=2

Py(z) =

Infrared Divergence: 0 - o

1-z: radiative quark moment fraction
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As color-charged partons recede from each other, the color field is
squeezed into a high-tension "color string"

potential energy increases linearly with distance.

When this string becomes sufficiently stretched, it snaps by
spontaneously creating new quark-antiquark pairs from the vacuum
transforming the remnant energy into a collimated spray of stable,

colorless hadrons.
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Inputs to jet algorithm

A jet algorithm maps the momenta of the final state particles
into the momenta of a certain number of jets:

{P } |et algorithm o k}

particles, jets
4-momenta,
calorimeter towers, ....

Most algorithms contain a resolution parameter, R,
which controls the extension of the jet

“Jet [definitions] are legal contracts between theorists and experimentalists™

== M| Tannenbaum

e WHERE X, RV AR SRV 2K 2% N EE & H

Small jet R=0.4:

Topoclusters Particle flow (PFlow) objects
Clusters of topologically Combines tracks and
connected calorimeter signals topoclusters
Trackers:

o Better resolution for low p,, particle:

o Better angular resolution

o Traces particles to hard-scatter
interaction or pile-up

Calorimeters:
o Better resolution for high p,
o Captures neutral particles

Combining information
o Improves energy and angular
resolution
o Reduces pile-up contributions



Jet clustering algorithm: Clustering algorithm development
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Anti-Kt: definition and procedures
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Anti-kt in action min | —-, —

anti-kt, d = 1.00e-100 | anti-kt, d = 1.00e-06 |

~ High pt object first -

anti-kt, d = 4.28¢-06 |

anti-kt, d = 7.85e-05 |

Until d_iB becomes the least
Making dij = 1e100
And do pt cut
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General behavior for boundary

* Take a section of an event with
two hard particles (a, B) and
several soft particles (1-6)

e Assume ko > kep > k16
1 1 1
* Therefore - < —+— «
k?cz ktzﬁ ktzl—ﬁ
* The distances d ;¢ are
dependant on the transverse
momentum of the hard particle,
not the soft particles (soft
resilience)

min

* If the distance A,p< R, then
both hard particles will be
clustered into the same jet

* The boundary will then depend
on their relative momenta:
* If kyq > kip then the resulting jet
will be conical centered on a
* If kiq = k¢p then the resulting jet
will be centered on the midpoint

between the two pseudo jets that
each particle creates

1 1\ AR
P P%‘j R

* If the distance A,p > 2R, each

hard particle will have a conical jet
with a regular boundary

* Drawing the boundaries where

dﬂ‘.’l—ﬁ < dOSB and dﬁl—ﬁ < dﬁB we
get the green and orange circles
(respectively)

* In this case, neither particle 1 or 4

are included in the jets

* If the distance is in between:
R < Agp< 2R, then both hard
particles will produce a jet, but they
cannot both be conical:
* If k¢g > k¢p then the a jet will be
conical and the B jet will have a crescent

shaped boundary where the two jets
overlap

* If k;q = k¢p then the resulting boundary
will be more complicated, depending on
the distances of the particles within the
overlap

* If kye = k¢p then the resulting boundary
will simply be a straight line
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Area-related properties |

Passive Area (a): Measures the jet's sensitivity to isolated point

radiation (such as a single perturbation soft gluon).

Active Area (A): Measures the jet's susceptibility to diffuse

background radiation in the detector (such as low-event UEs, pile-up

noise). 5
Aanti—kt = Qanti-k, — TR
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Area-related properties I

' sisCone (=075) [ * Pythia6.4
""" E[amm,achen | LHC (high lumi)
—~ anti-k, 2;?25;1:;5 Other algorithms(SISCone, kt, C/A)::
g O o | F “we2 ] * Susceptible to back-reaction
E * The misassignment probability scale is directly
Z 001 | governed by the pile-up background density
< : - Anti-kt:
oy e Strongly suppresses back-reaction.
u.um_Ea' e o s o . m 5 * Fluctuations are actively suppressed by the

Ap®) (GeV) jet's own hard scale p_tJ instead of
background fluctuations.

» Back-Reaction: jet includes additional noise
and impact the clustering order of PFOs

» Anti-kt: high pt PFOs first
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Other properties

Anti-kt: Non-Global Logarithms

 Theoretical Bottleneck: Traditional soft-adaptable
boundaries dynamically distort under soft emissions,
causing highly complex, non-linear coupling in all-
order single-logarithmic resummations

e Anti-kt Solution: Because its boundaries are
completely unaffected by soft radiation, the jet
behavior mathematically reduces to that of an ideal,
rigid geometric cone.

* Theoretical Edge: This rigid boundary immensely
decouples the single-logarithmic non-global terms,
significantly simplifying higher-order perturbative
QCD calculations.

Anti-kt: Milan Factor

Physical Essence: The Milan factor (M) is a universal
correction coefficient used in non-perturbative
hadronization calculations to account for soft gluon
branchings at large angles.

Traditional Bottleneck: In most algorithms, the random
clustering of soft particles near the jet boundaries
destroys the strict linear dependence on soft momenta,
completely breaking the universality of M

Anti-kt Solution: Thanks to its soft-resilient rigid
boundary, the linear momentum relation is perfectly
preserved

Phenomenological Edge: It miraculously restores the
universal value of the Milan factor (M=1.49), making
non-perturbative theoretical predictions exceptionally
robust and precise
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Example application: top reconstruction

0.012 - : . : ) :
Pythia 6.4 SISCone (f=0.75) -
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Figure 5: Top mass reconstruction in Pythia-simulated LHC tf events. Both the ¢ and the £
decay hadronically, ¢ — bW — bgg and £ — bW~ — bqg. All jet algorithms have been used with

R=04.

-7 Physics Context & Strategy

o

Motivation: Evaluate if the soft-resilient (rigid) boundary of anti-k; compromises mass
resolution in complex multi-jet environments. PDF + 3

Channel: Fully hadronic top-quark pair decay (tf — bbggqq), generating at least 6 hard jets (
pr > 10 GeV, |y| < b). PDF

Analysis Setup: Standard small radius R = 0.4; b-jets are tagged, and light jets are paired to
minimize the W and top mass differences. PDF +1

-7 Key Performance Findings

o

Mass Spectrum Performance: All four IRC-safe algorithms behave remarkably similarly in
terms of the reconstructed top-mass peak. PDF

The Winner: Cambridge/Aachen and anti-k; perform marginally better than k; and SISCone.
PDF

Physics Outlook: While differences are small in this no-pileup threshold scenario , anti-k; is
expected to excel significantly in multi-scale processes with large pileup , as its rigid
boundary effectively cuts out background energy fluctuations. PDF + 3
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Summary

» Overview of jet origin and evolution

» Anti-kt successfully bridges the gap between theoretical safety and experimental feasibility

delivering the regular conical shape of ideal cone algorithms

maintaining strict infrared and collinear (IRC) safety

possessing a soft-resilient, rigid boundary that is completely unaffected by soft radiation
achieving an active jet area exactly equal to its passive area (TR?)

Excellence performance in test, rigid boundary does not sacrifice mass resolution.

Mathematically safe, Fast( O(NInN) ), Robust
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Rough description of references

PDF from Matteo Cacciari FeynRules/MadGraph School November 2018, Hefei
Material from Gavin Salam and Grégory Soyez
lllustration of the detection of particles in the ATLAS experiment from Lakmin Wickremasinghe
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KLN - Experiment

Infrared Collinear

Original Jet

IRC Safe Observable: Insensitive to IR or C emissions

ERM QCD iTEH, BNEBEE—TSROFOEE. TATMEM (NLO) BNFETERTES:

ONLO = / doea + / doirtual

1 LEHE (Real): —TER EHE, HTAIVHEER, EBHET—THENE - 00
MBF . XTENRTERE +oo.

2 EEREE (Viral): 2B RSASNF, EREEESENNIHEE, AEHEGRT—T
MF (BER7D). XTENRTERE —oo,

#iEgE, REMEXNTRNNESENFREXTHRF T2 R (BIEE1H Inclusive), P
LERZERSRTE, XM TTsAEmn:

(+00) + (—o00) = —AHRAP LN BRAE (40 0.5 pb)

KLN FIBEEF L ESEHF,

2. LRFEZEABIT R XFMOER? (LM Z 2R H)
REBNHELIBSIRNEE, ATREEREN Jet,
BIOHENER R E T NERNT (1% A TERB), EIRBLEE.

o fER— (WRER): AZFRBXMIER, REBYIRF. MOEEEENEMAT 2
THRILAY Jet,

o fERZ (MEXE): BTLNMRE, XM TEZPERABSET —TEEME (E — 0)
BISERREL T .

MRMONFEEZANTRER (EEMELHA) Seeded Cone #EIE)
T REEXREIT 0 K F, SREMSEPEERFRER, SHEEIEEZA, #1ZB
MXTREFEBITEE—E, REBHLET 1TEXRR Jet,

RERET:

o THEEEER, EBREFEMLT 214 Jet;

o THEXEE, LREEMLT 11 Jet,

LR CEeYIER RN HITA) BERME 2-Jet (O ERE"H :

o MERTFHRMT 21 Jet, HBEIRSD (—oo) Wit ATIRHAZHA.

o SEEBRTFEMT 117 Jet, ERIMNEZERETET 2-Jet B, EMTER (+oo) HMHHRTE
fRE9 2-Jet DT Z5H!

FRATEIRIC FROZFRIF—RIEEN (+00) 7 (—o00), #HIFNEHRENEZETREE T RN
PESRE (—THDET 1-Jetfl, —THDET 2-Jet 18).

ERWME, E2-JetNNEBER, AR TTEERN —oco, EBAERE, BSHEWERER (8
T RIS ANER) .
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