
BOOST2014

Constituent Subtraction

Peter Berta1), Martin Spousta1), David Miller2), Rupert Leitner1)

1)Charles University in Prague
2)Enrico Fermi Institute, University of Chicago

21st Aug 2014

P. Berta (Charles University in Prague) Constituent Subtraction 21st Aug 2014 1 / 29



Outline

1. Basic ingredients to Constituent Subtraction

2. Overview of methods using background density and ghosts

3. Constituent subtraction

4. Performance of the constituent subtraction

5. Future plans

P. Berta (Charles University in Prague) Constituent Subtraction 21st Aug 2014 2 / 29



Basic ingredients to Constituent
Subtraction
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Constituent subtraction

basic ingredients:

background pT density,
ghosts.
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Background pT density

ρ - background (pileup) pT density - amount of pT from pileup particles per
unit area in the rapidity - azimuth (y − φ) space

expected pileup deposition in a small region of size ∆y∆φ is a 4-momentum:

ρ · [cosφ, sinφ, sinh y, cosh y] ·∆y∆φ, (1)

(assuming massless particles)

ρ may be a function of y and φ.
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Ghosts

ghosts - infinitesimally soft massless particles uniformly distributed in the
y − φ space. The 4-momentum of ghost k is:

gµ,k = pgT · [cosφgk, sinφ
g
k, sinh ygk, cosh ygk], (2)

pgT - ghost transverse momentum

each ghost occupies an area Ag in the y − φ space,

the ghosts may be clustered into the jet with arbitrary jet algorithm,

ghosts mimick pileup =⇒ they can be used to subtract pileup.
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Overview of methods using
background density and ghosts
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Methods using background pT density and ghosts

Area 4-vector correction

corrects the jet 4-momentum
[G. Salam, M. Cacciari, 2007]

Shape-expansion method

corrects any jet shape
[G. Soyez, G. Salam, J. Kim, S. Dutta, M. Cacciari, 2011]

NEW: Constituent subtraction

corrects the jet constituents
[P. Berta, M. Spousta, D. W. Miller, R. Leitner, 2014]
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http://arxiv.org/abs/1211.2811
http://arxiv.org/abs/1403.3108


Area 4-vector correction

4-momentum of jet with pileup:

[px, py, pz, E]. (3)

corrected jet 4-momentum:

pµcorr = [px − ρAx, py − ρAy, pz − ρAy, E − ρAE ]. (4)

where area 4-vector Aµ is defined:

Aµ =
Ag
pgT

∑
k∈ghosts

gµ,k (5)
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Shape-expansion method

to subtract background, it makes sense to set for each ghost pgT = −ρAg
it is cumbersome to work with negative particles ⇒ extrapolation is used,

jet shape S - arbitrary function of jet constituents. Its corrected value:

Scorr =

∞∑
k=0

(−ρAg)k ·
∂kS(pgT)

∂pgT
k

∣∣∣∣
pgT=0

(6)
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Constituent subtraction
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The basic idea

Constituent Subtraction provides a rule for associating the background pT
density with a given constituent, independent of any tracking information

P. Berta (Charles University in Prague) Constituent Subtraction 21st Aug 2014 12 / 29



The correction procedure

for each event
1 estimate the background pT density, ρ, in the event,
2 add ghosts (infinitesimally small pgT) among particles in the event and apply

jet clustering algorithm to all particles and ghosts ⇒ the jets are composited
from particles and ghosts,

for each jet in the event
3 set for each ghost pgT = ρAg
4 evaluate distance ∆Ri,k between particle i and ghost k for each possible

particle-ghost pair and sort them in ascending order:

∆Ri,k = pαTi ·
√

(yi − ygk)2 + (φi − φgk)2. (7)

α - free parameter
5 iteratively change transverse momenta by applying the following procedure for

each ghost-particle pair until no more pairs remain or ∆Ri,k > ∆Rmax:

If pTi ≥ pgTk : pTi → pTi − pgTk,
pgTk → 0; ∣∣∣∣∣

otherwise: pTi → 0,

pgTk → pgTk − pTi.
(8)

6 after the iterative process, discard all particles with zero transverse momentum.
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Example jet clustered with anti-kt with R=0.7
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Properties of the constituent subtraction method

output = new jet with corrected constituents - any jet shape or
operation can be evaluated on it

independent of charged particle tracking,

accounts for fluctuations in pileup

longitudinally invariant

can work with rapidity-dependent ρ

can be applied to whole event - before applying the clustering algorithm,

it can be extended to correct massive particles (the mδ variable),

in most cases, faster than shape-expansion method

free parameters:

ghost area Ag - the smaller the better, but also slower, optimal value
Ag = 0.01
parameter α - configuration with α > 0 prefers to subtract lower pT particles,
maximal distance ∆Rmax- restricts subtraction between ghost-particle pairs
with large distance - useful when correcting the whole event
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Performance of the constituent
subtraction
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Testing the method

Pythia8 simulated samples of dijets and Z ′ −→ tt̄ with Z ′ mass of 1500 GeV
at 8 TeV,

simulation without underlying event,

using clustering algorithms anti-kt with R = 0.7 and R = 1.0 and C/A with
R = 1.2,

pseudorapidity cut on jets |η| ≤ 2,

the performance is compared to the area 4-vector and shape-expansion
methods,

using Ag = 0.01, α = 0 and ∆Rmax = 10.
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Background estimation

Same as in [G. Soyez, G. Salam, J. Kim, S. Dutta, M. Cacciari, 2011]

patches obtained as jets clustered with kt algorithm with R = 0.4

pTpatch =
∑

i∈patch

pTi, mδpatch =
∑

i∈patch

(√
m2
i + p2Ti − pTi

)
, (9)

the estimated background densities:

ρ = medianpatches

{
pTpatch

Apatch

}
, ρm = medianpatches

{
mδpatch

Apatch

}
, (10)

using only jets with |y| < 2.0

jet area = Voronoi area
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Transverse momentum and jet position resolution
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similar jet momentum response and resolution than area 4-vector method

slightly better jet position resolution and jet finding efficiency than area
4-vector method
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Jet mass
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top figures: full distributions of mass

bottom figures: dependence of mean and standard deviation of
∆m =(corrected mass - mass without pileup) on number of pileup events.
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Shape variables
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constituent subtraction has better performance than shape-expansion method
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Future plans
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Future plans

improve on the background pT density estimate,

plug in the information from tracking,

make the constituent subtraction faster - learn from jet clustering algorithms
in FastJet,

few tweaks to implement:

decide what to do with unsubtracted ghosts (due to finite ∆Rmax)
decide what to do for particles with zero corrected pT but non-zero corrected
mδ

correction of the whole event:

missing transverse momentum
jet multiplicity
event shapes
lepton isolation (independent of tracking information)
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Correction of the whole event

Straightforward extension to correct the whole event:

1 add ghosts to the whole event before any clustering,

2 apply constituent subtraction for all particles in the event,

3 cluster with any algorithm.

the clustering is influenced by pileup (back-reaction),

constituent subtraction for the whole event may partly remove this problem.
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Jet pT, dijets sample
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constituent subtraction of the whole events brings improvement
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Jet mass, dijets sample
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Summary

presented a new pileup removal technique at the level of jet constituents:
constituent subtraction,

independent of charged particle tracking,

jet 4-momentum: similar performance as the area 4-vector method,

jet shapes: better performance than shape-expansion method,

potential to improve the event level observables like missing transverse
energy.

ConstituentSubtractor:

available at FastJet Contrib - very positive experience with FJContrib
handles rapidity-dependent background densities
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http://fastjet.hepforge.org/svn/contrib/contribs/ConstituentSubtractor/


BACK-UP
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Extension to account for massive particles

in case of massive particles, the expected pile-up deposition in a small region
of size ∆y∆φ is a 4-momentum:

[ρ cosφ, ρ sinφ, (ρ+ ρm) sinh y, (ρ+ ρm) cosh y] ·∆y∆φ, (11)

where ρm is the density of variable mδ =
√
m2 + p2T − pT in y − φ space

the constituent subtraction incorporates correction for mδ in similar way as
for pT.
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