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Clustering Algorithms

Cone Clustering Algorithms
Fixed Cone Algorithm
Iterative Cone
MidPoint Algorithm
Seedless Infrared-Safe Cone jet algorithm

Sequential Re combination Algorithms
kT clustering
Cambridge 
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Infrared (IR) Safety 

Stability up emission of soft particles is 
required for perturbative computing to make 
sense.

• In the iterative cone algorithms used in 
Tevatron Run I  is not IR safe.
• Additional seed at MidPoint  between two 
stable cones are added to make the algorithm 
safe to only NLO for inclusive jet cross section. 
(Run II jet physics hep-ex/0005012)
• Midpoint algorithm is un-safe at NNLO for 
inclusive jet cross section (3 partons + 1 to 
balance pt            ).
•Some process are un-safe even at LO/NLO.
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SisCone Algorithm

No seed, use all input objects
GenJets: All stable Gen Particles 
CaloJets: CaloTowers Et>0.5 GeV, noise suppression thresholds

1. Use all particles (current particles)

2. repeat
Find all stable cones of radius R from the current set of particles.
For each stable cone, create a protojet from current particles contained in 
the cone, and add it to the list of protojets
Remove all particles that are in stable cones from the list of current 
particles.

3. until no new stable cones are found or one has gone around the loop 
Npass times.  

4. Run a Tevatron Run II type split-merge procedure on full list of 
protojets with overlap parameter f (=0.75) and transverse momentum 
threshold  pt,min (=0)
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SISCone  Stable Cones
Check stability for each and every subset of particles.
Brute force approach, manageable  for small number (N)of particle but  
unrealistic for large N. It is used in MCFM (N ≤4).

( Complexity Ο(N2N) 1017 years for N = 100)
A circle enclosing a set of particles can be moved around such that two of 
the particles lie on it circumference and it still encloses the same set of 
particles.
For given  particle i,

find all circles with i, j (j=1,N Rij<2R) on the circumference. 
Calculate Pt-weighted centroid of all the particles in this circle.
This subset of particles is stable if the cone centered on this centroid (y,φ)
contains all the initial particles and no additional particle. 
Complexity is O(Nn ln n), n is number of particles in cone R.
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Timing Issue Fedor Ratnikov (Maryland) 
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Energy distribution in a jet Pelin Kurt  (Cukurova)

30<PtJet<50 GeV

Distance from jet center Distance from jet center

Particles Jets Calorimeter Jets

SIScone jets include 
all stable particles 
without any threshold.
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Unclustered Energy Huseyin Topakli (Cukurova)

MCone does not cluster all the energy in an event (dark towers/jets)
In SIScone, multi-pass scheme, all towers are clustered.
SIScone with single pass behaves like MCone.
QCD dijet 2000 events, 1.0 TeV <pt-hat <1.4 TeV. 

Dark towers clustered with simple cone algorithm.
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Z’ (700 GeV) Events Manoj Jha  (Delhi) 

Generated Jets Calorimetry Jets

Similar behaviour is observed.
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Dijet Invariant Mass Manoj Jha  (Delhi)

Calorimetry JetsGenerated Jets

Z’ 700 GeV

Similar behaviour is observed.
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Diff. in Invariant Mass at GenJet & CaloJet Manoj Jha  (Delhi) 

Both algorithms have similar calorimeter dijet mass resolution
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QCD Jets with/without pile-up Manoj

Pt of Jets for Pt > 35 GeV    Private sample Pt-hat 120-135 GeV

MidPoint5 SISCone5

Mean ~ 85.27Mean ~ 85.46
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Hadronic Top Events Frank Chlebana (Fermi lab)
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Similar behaviour is observed.
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Hadronic Top Events Frank Chlebana (Fermi lab)

Jet by jet difference between MCone and SISCone

CMSSW 1.6.0pre7dR dφ

dη dPt
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Hadronic top events Frank Chlebana (Fermilab)

dR(parton-CaloJet)<0.3

Similar performance  for MCone5  and SISCone 
algorithms.
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Summary

MidPoint Algorithm is not infrared safe and the QCD 
measurements performed using this algorithms will 
introduce unnecessary uncertainty when comparing to 
theory calculation. 
Seedless-Infrared-safe Cone (SISCone) clustering algorithm 
is theoretically better behaved and thus preferred.
SISCone algorithms has similar CPU cost as MidPoint.
MCone and SISCone perform similarly (see Marek’s talk).
Using SISCone algorithm may make comparison with 
ATLAS easier.
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Unclustered Energy Huseyin Topakli (Cukurova)

MCone does not cluster all the energy in an event (dark towers/jets)
In Siscone, multi-pass scheme, all towers above threshold are clustered.
Siscone with single pass behaves like Mcone.
QCD dijet 2000 events, 80  <pt-hat <120 GeV. 

Dark towers clustered with simple cone algorithm.
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