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Recent progress on pileup removal

A lot of recent activity:

» CMS Voronoi method (Lai, unpubl.)

» Cleansing (Krohn, Schwartz, Low,Wang, 1309.4777)

» corr]VF (ATLAS-PHYS-PUB-2014-001)

» Constituent Subtraction (Berta, Spousta, Miller, Leitner; 1403.3108)
» NpC (MC, Salam, Soyez, 1404.7353)

» PUPPI (Bertolini, Harris, Low, Tran, 1407.601 3)

» SoftKiller (MC, Salam, Soyez, 1407.0408)

) ...

Various methods reviewed and compared at the CERN pileup workshop in May
https://indico.cern.ch/event/306 1 55/
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Pileup subtraction methods
Full jet/Observable level Subjet/particle level

» Determination of susceptibility to
contamination of each specific
observable needed

» Basic example: transverse momentum
PcSUP = p@W = pA (MC, Salam 0707.1378)

» Other examples:

» Analytical calculations of susceptibility
for selected jet shapes (Sapeta et al.
1009.1143, Alon et al. 1101.3002)

» Moments of jet fragmentation functions
(MC, Quiroga, Salam, Soyez, 1209.6086)

» Generic (numerical) approach to
susceptibility determination for any
shape (Soyez et al, [211.2811)
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Subjet/particle level

» The event is modified before
calculating observables (jets, shapes,
etc). Corrections applied to subjets or
even to particles

» Examples:
» Cleansing (Krohn, Schwartz, Low,Wang,
1309.4777)
» corrJVF (ATLAS-PHYS-PUB-2014-001)
» NpC (MC, Salam, Soyez, 1404.7353)

» CMSVoronoi method (Lai, unpubl.)

» Constituent Subtraction (Berta, Spousta,
Miller, Leitner, 1403.3108)

» PUPPI (Bertolini, Harris, Low, Tran,
1407.6013)

» SoftKiller (MC, Salam, Soyez, 1407.0408)
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Pileup subtraction methods
Full jet/Observable level Subjet/particle level

» Pros:
» Subtraction is unbiased by
construction
» Not too sensitive to detector
effects (works at the jet/subjet
level)

» Cons:
» Need to cluster (e.g. to calculate
areas), hence time-consuming
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Full jet/Observable |level

» Pros:
» Subtraction is unbiased by
construction
» Not too sensitive to detector
effects (works at the jet/subjet
level)

» Cons:

» Need to cluster (e.g. to calculate
areas), hence time-consuming
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Subjet/particle level

» Pros:
» Often no need to cluster
» Dispersion usually reduced
» If left with a ‘subtracted’ event,
one can then calculate any
observable

» Cons:
» Potentially sensitive to detector
effects
» Potentially biased (but can usually
be tuned)
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Area-median

» Working hypothesis: pileup energy flow is distributed
sufficiently uniformly over the event

» Estimate pileup transverse momentum density p,

using measurements of energy flow in patches of given size
» Possibly rescale p as a function of rapidity and azimuth

» Calculate area Ay of each jet

» Subtract pileup contamination using

iet,sub __ .jet full
pletsub — pietfull _ 4

(This method can be adapted to jet shapes)
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Neutral proportional to Charged
» Working hypotheses: arXiv:1404.7353

|. one can detect all charged particles from pileup,
and therefore measure p,Jjet-chg-PU

2. the momentum from the unseen heutral component of

pileup is proportional to the measured charged one,i.e.
there exists a fixed charged fraction Yo = p<"&-PY ,,PU

» Then, two options:
» Use full event, and subtract pileup as

. . 1 .
b full hg-PU
pjluet,su _ pjit, ull p]/ft,c g

70

» Use CHS (= charged hadron subtracted) event, i.e. without charged
particles from pileup (technically, scaled by £ << 1) and subtract as

' led-chg-P
1 p]luet,resca ed-chg-PU

pjet,sub _ pjet,CHS (1 — Yo
o = S (1) P
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area-median v. NpC

When can one expect things to work well?

» For area-median, if point-to-point pileup
energy-flow fluctuations are moderate (since p is
estimated globally)

» For NpC, if energy flows from neutral and
charged pileup particles are really spatially well
correlated

Which one wins!?
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area-median v. NpC

Check how well each method estimates the neutral
component of pileup transverse momentum

|. Estimate p"t"in a patch of radius R using
p either p"A

»or pc" (1-Y0)/Yo

2. Determine quality of estimation by looking
p at the correlation coefficient between p:"" and

pntrA or PtChg
p at the dispersion of the “misestimations’”:
Ptntr _ pntr A or I:)tntr' _ PtChg ( | 'YO) /YO
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area-median v. NpC

Correlation coefficient (normalized) dispersion
1 v L v L L L L L L
LHC 14 TeV, Pythia8(4C)
0.9 f e T T T j 1.5 o e e .
osf S —
g ooTpo S e 1 =
2 o
5 06y /7 . } =
3 Z
c 05 iy o A b o
9 : : : — : ; o :
S o4l J E— S —— 1 = Area-median
= g lepf e I }
S 03 e o ‘ ‘ - S i ‘ ‘
© 3 ntr.vchg. (w= 20) - - - ntr. -resc. chg. (w= 20) - - -
02 bff — ntr. v chg. (w = 100) ——— - M ntr. - resc. chg. (u=100) —— |
o4 b/ 777777777 Mr. v ppe A(w= 20) = = = ntr. - ppe A (w= 20) - - -
' . ontr.vpy A(w=100) —— ntr. - ppy A (W =100) ———
O||| 1.0....i....|....|....
0 0.5 1 1.5 2 0 0.5 1 1.5 2
R (patch radius) R (patch radius)

NpC is no better than area-median at estimating the
neutral component of pileup p""" in a patch

In fact, area-median is slightly better at all values of R,
and especially at small R ( < 0.5)
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Why is NpC no better?

Short answer: because local correlation between
neutral and charged is not that great for pileup

———

LHC 14 TeV, Pythia8(4C), R=0.4
[ ] zero-bias, 1 particle
[ 1 zero-bias, 2 particles
B zero-bias, > 2 particles
- ==~ dijets, pPmin=20 GeV

dijets, pPmin=100 GeV

0.4
r = charged p; fraction

0.6 0.

8

Charged pt fraction in
» a patch of pileup of radius 0.4
» anti-kt jet with R=0.4

Most of the time, the pileup patch
contains only a few charged or a few
neutral particles from a given PU
vertex, and the charged fraction is
not peaked around a single value as
in the case of the hard jets
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Why is NpC no better?

Marginally longer answer: because decays of pileup
particles tend to take place at large angle

hard jet
P+ > Aqep

hadronisation

Charged and neutral energy tend
to go in the same direction
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particles tend to take place at large angle

hard jet
P+ > Aqep

hadronisation

Charged and neutral energy tend
to go in the same direction
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ileu
) pileup
1T+\ T o, ~0.5-2 GeV

Opening angle ~ 2mp/pp ~ |

p+
one step of
hadronisation
Emissions at large angles break

local correlation
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Performance of NpC

Pileup subtraction in dijet production
Observable: jet p¢

Offset Dispersion
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Addition of grooming
Study effect of adding trimming (f=0.05)

. jet p;: offset (dijet events) jet p;: dispersion (dijet events)
I I I I
LHC14, Pythia8(4C), noUE, CHS eve:mt I 20 LHC1I4, Pythi;8(4C), :10UE, CIHS eve:ﬂ I _
anti-kt(R=1), p>150 GeV anti-kt(R=1), p>150 GeV
Or———ee - - - - - - - - - - - - - - - - - -1
no trimmmg
3 5 .
O,
5-10_ ~======I:im j _ _
$ IR = :g.:f::OLO )
15 |k T
Anti-k, R=1
-20 ] ] ] ] ] ]
O 20 40 60 80 100 120 140 O 20 40 60 80 100 120 140
Npy Npy

As expected, trimming reduces the dispersion (only some subjets are retained)
at the price of increasing the offset (it cuts into hard perturbative radiation)
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Take-home message

» Area-median and NpC perform similarly

» Perhaps contrary to intuition, NpC does not work better,
because large angle emissions of low-pt pileup particle tend to
destroy local correlation between neutral and charged
particles

» The dispersion of both methods scales with +/Npy
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SoftKiller

arXiv:1407.0408

» A very simple, and fast, event-level pileup removal
method

p Essentially a pt cut with a dynamically-determined
threshold
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An event: particle level

M Hard
B Pileup

l Wl
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An event: jet level

M Hard
B Pileup
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Background determination

M Hard
B Pileup
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BOOST - London - August 2014 18



o
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A

Background subtraction

B Hard
B Pileup

- e
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Use subjets instead

M Hard
B Pileup
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Use subjets instead

M Hard
B Pileup
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Use subjets instead

B Hard
B Pileup

Same average (~ 0) and dispersion on the scale of the full jet,
but some subjets are negative
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Use subjets instead

B Hard
B Pileup

_ al o

-l -

Most naive noise reduction approach: cut away the negative part.
Biased.
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Use subjets instead

B Hard
B Pileup

N

Recover local unbiasedeness by rebalancing negative energy flow
into neighbouring areas
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cut g Ll

SoftKiller

Act directly on particles rather than subjets

B Hard
B Pileup

Al

Progressively remove softest particles from event, until p = 0

Matteo Cacciari - LPTHE
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w ot

Soft Killer

M Hard
B Pileup

N .
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cut

Soft Killer

M Hard
B Pileup

1l I
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Soft Killer

cut . max
p;" = median {pj;**}
1Epatches
B Hard
B Pileup
TS T R I TR
— | ] SN N N
empty . : empty . : empty . empty . empty .

Half of the event is empty = p = 0 (because it’s the median)

NB. SK needs tuning of the size of the patches used to calculate p.
0.4 was found to be a good choice for R=0.4 jets
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Soft Killer performance

Jet mass distributions, 140 average PU events, R=0.4
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Addition of grooming

SoftKiller with trimming in ttbar events, R=1I
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Soft Killer performance
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SoftKiller with a calorimeter

Two steps:
towers area-median subtruction, followed by soft killing

t b cut,sub . tower,sub, max
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4 20
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1000

100

—_l
o

0.1

SoftKlller speed

clusterlng W|th areas

t  ——— plain clustering - ]
SoftKiller + clustering

F ———— clustering after SoftKiller 3
| e SoftKiller A :

SoftKiller (no y,¢ init)

‘-__————-g-—————————————ﬁ-—————
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SK is very fast (no clustering is involved).
Almost two orders of magnitude faster that area-median
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{ Area-median
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] Soft Killer
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Comparlsons and conclusions
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» Subjet/particle-based background subtraction methods tend to perform
better in terms of dispersion than full jet-based ones
» can be made reasonably unbiased and robust
» can be fast
» allow one to calculate any observable

» Many tools are already public and available in FastJet Contrib
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