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Pileup suppression in ATLAS: 
jet-vertex tagging &  
track-based grooming
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Introduction
• Pileup is one of the main challenges at the LHC!
• Especially for jets: jet resolution, pileup jets, jet shapes and jet mass, … 
• Major area of research for experimentalist and theorists! 
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Track-based pileup jet suppression Track-based grooming

• Talk is organized in two themes: pileup jet suppression & track-based grooming!
• more details in recently approved CONF note: ATLAS-CONF-2014-018

ATLAS-CONF-2014-018 ATLAS-CONF-2014-018
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http://cds.cern.ch/record/1700870/


Pileup jet suppression
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The need for pileup jet suppression
• Pileup effect on jets are mitigated by applying the jet-area pileup correction!
• Local fluctuations in the event-by-event pileup activity can give rise to pileup jets

4

• Mean number of jets per event after jet-
area based correction!
• increases with μ  
• ATLAS simulation over-predicts

JVT

• After suppressing pileup jets using 
tracking information:!
• <Nj> is flat!
• good agreement between data and MC 

ATLAS-CONF-2014-018



Pileup jet suppression with JVF
• Pileup jet suppression in ATLAS used to be entirely 

based on the jet-vertex fraction JVF!
• JVF itself is pileup dependent: pT sum of 

associated pileup tracks is pileup dependent
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1 Introduction19

At the Large Hadron Collider (LHC) the collisions of proton (p) bunches result not only in hard-scatter20

(signal) pp interactions, but also in additional collisions accompanying the signal. Such additional low21

transverse momentum pp collisions are referred to as pileup interactions. We di↵erentiate between in-22

time and out-of-time pileup. While in-time pileup arises from additional pp interactions in the current23

bunch-crossing, out-of-time pileup refers to energy deposits in the ATLAS calorimeter [1] from previous24

and following bunch crossings relative to the triggered event to which the calorimeter is susceptible. For25

this note, in-time and out-of-time pileup will be referred to collectively as pileup.26

The additional transverse energy flow from pileup interactions is typically subtracted on average27

from the signal interaction of interest. Local fluctuations in the pileup activity, however, may result in28

spurious pileup jets. In Ref. [2] it was shown that pileup jets can be e↵ectively removed by a minimal29

jet-vertex-fraction (JVF) requirement. The JVF variable is defined as the scalar transverse momentum30

(pT) sum of the tracks that are associated to the jet and originate from the hard-scatter vertex divided by31

the scalar pT sum of all associated tracks:32

JVF =
P

k ptrkk
T (PV0)

P
l ptrkl

T (PV0) +
P

n�1
P

l ptrkl
T (PVn)

(1)

Here, PV0 is the hard-scatter vertex (see section 2.2) and PVj, j � 1 corresponds to primary vertices due33

to pileup interactions in the same bunch crossing. JVF is bound between 0 and 1, but a value of �1 is34

assigned to jets with no associated tracks. It follows from its definition that JVF measures the fractional35

pT from tracks associated to the hard-scatter vertex. As the denominator of JVF increases with NVtx,36

due to an increase in the number of pileup tracks associated to the jet, the mean JVF for signal jets is37

shifted to smaller values, as shown in Fig. 1(a). The explicit pileup dependence of JVF results in a NVtx38

dependent signal jet e�ciency when a minimal JVF criterion is imposed to reject pileup jets. This e↵ect39

is illustrated in Figure 1(b) for a JVF > 0.5 requirement.
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Figure 1: (a) The JVF distribution for hard-scatter jets (see Section 2.2) in simulated dijet events for
di↵erent bins in truth vertex multiplicity Ntruth

Vtx . (b) The e�ciency of a JVF > 0.5 requirement for hard-
scatter jets as a function of Ntruth

Vtx , for three di↵erent jet pT bins.
40

• Track-based pileup jet suppression:!
• associate tracks with vertices 
• associate tracks with calorimeter jets

• find alternative variables variables that … !
• optimize performance 
• give NVtx insensitive hard-scatter jet efficiencies

ATLAS-CONF-2014-018 ATLAS-CONF-2014-018



from JVF to corrJVF
• Correcting JVF (in average) for its pileup dependence:
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generation as well as for the modeling of the parton shower and hadronization of Z(! µµ)+jets events.
Additionally, an alternative sample of Z(! µµ)+jets events is generated with PowHegV1.0 and showered
with Pythia8 [20]. W +jets production is based on Alpgen V2.14 [21], with the parton shower modelled
with PYTHIA 6.4 and the Perugia2011C tune. QCD dijet events are produced with the Pythia8 generator
(version 8.160) using the CT10 PDF set and the AU2 CT10 underlying-event tune [22]. The e↵ect of
pileup jet suppression is studied in an example physics case using a sample of qq0 ! Hqq0, H ! ZZ.
These events are produced using PowHeg interfaced with Pythia8, using the CT10 PDF set and the AU2
CT10 underlying-event tune. The use of tracking information to suppress pileup jets in large-R jets is
studied using a simulated sample of W0 !WZ! qqqq events with a W0 mass of 1 TeV, generated with
Pythia8 and the MSTW 2008 PDF set [23].

For all samples of simulated events, the e↵ect of in-time as well as out-of-time pileup is simulated
using minimum-bias events generated with Pythia8 to reflect the pileup conditions during the 2012 data-
taking period. All generated events were processed with a detailed simulation of the ATLAS detector
response [24] based on geant4 [25] and subsequently reconstructed and analyzed in the same way as the
data.

3 New variables

Two new variables to separate hard-scatter (HS) from pileup (PU) jets are introduced: corrJVF, which is
a pileup-corrected JVF variable, and RpT, which combines both calorimeter and tracking information.

3.1 corrJVF

The quantity corrJVF is a variable similar to JVF, but corrected for the NVtx dependent average scalar
sum pT from pileup tracks associated with a jet (hpPU

T i). It is defined as

corrJVF =
P

k ptrkk
T (PV0)

P
l ptrkl

T (PV0) +
P

n�1
P

l ptrkl
T (PVn)

(k·nPU
trk )

. (2)

where
P

k ptrkk
T (PV0) is the scalar pT sum of the tracks that are associated with the jet and originate from

the hard-scatter vertex. The term pPU
T =

P
n�1
P

l ptrkl
T (PVn) denotes the scalar pT sum of the associated

tracks that originate from any of the pileup interactions. To correct for the linear increase of hpPU
T i with

the total number of pileup tracks per event (nPU
trk ), we divide pPU

T in the corrJVF definition by (k · nPU
trk )

with k = 0.01. The total number of pileup tracks per event is computed from all tracks associated with
vertices other than the hard-scatter vertex. The scaling factor k is roughly taken as the slope of hpPU

T i
with nPU

trk , but the resulting discrimination between hard-scatter and pileup jets is insensitive to the choice
of k5.

Figure 2(a) shows the corrJVF distribution for pileup and hard-scatter jets in simulated dijet events.
A value corrJVF = �1 is assigned to jets with no associated tracks. About 1% of hard-scatter jets with
20 < pT < 30 GeV have no associated hard-scatter tracks and thus corrJVF = 0.

Figure 2(b) shows the hard-scatter jet e�ciency as a function of the number of reconstructed primary
vertices in the event when imposing a minimal corrJVF or JVF requirement such that the NVtx inclusive
e�ciency is 90%. For the full range of NVtx considered, the hard-scatter jet e�ciency after a selection
based on corrJVF is stable at 90% ± 1%, whereas for JVF the e�ciency degrades by about 20%, from
97% to 75%. The choice of the scaling factor k in the corrJVF distribution does not a↵ect the stability of
the hard-scatter jet e�ciency with NVtx.

5With this particular choice of k, the resulting corrJVF shapes for hard-scatter and pileup jets are similar to the correspond-
ing ones of JVF.

4

• mean pT from pileup tracks associated with jets increases 
linearly with the total number of pileup tracks in the 
event (ntrkPU)!
• ntrkPU is a proxy for the event pileup activity: 
• tried different variables: μ, NVtx, pT density ρ

ATLAS-CONF-2014-018 ATLAS-CONF-2014-018



The charged fraction RpT
• RpT is the charged pT of a jet and defined as: !
!
!
!
!
• constructed from pileup corrected / insensitive variables 
• excellent discrimination between hard-scatter and pileup jets
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Figure 2: (a) Distribution of corrJVF for pileup and hard-scatter jets with 20 < pT < 30 GeV. (b)
Primary-vertex dependence of the hard-scatter jet e�ciency for 20 < pT < 30 GeV (solid markers) and
30 < pT < 40 GeV (open markers) jets for fixed cuts of corrJVF (blue) and JVF (violet) such that the
inclusive e�ciency is 90%. The cut values imposed on corrJVF and JVF, which depend on the pT bin,
are specified in the legend.

3.2 RpT

The variable RpT is defined as the scalar pT sum of the tracks that are associated with the jet and originate
from the hard-scatter vertex divided by the fully calibrated jet pT, which includes pileup subtraction:

RpT =

P
k ptrkk

T (PV0)

p jet
T

. (3)

RpT is peaked at 0 and steeply falling for pileup jets, where no or only little pT from tracks from
the hard-scatter vertex is expected. For hard-scatter jets, however, RpT has the meaning of a charged pT
fraction and its mean value and spread is larger than for pileup jets. Since RpT involves only tracks that
are associated with the hard-scatter vertex, its definition is at first order independent of NVtx. The RpT
distributions for pileup and hard-scatter jets are shown in Figure 3(a). Figure 3(b) shows the hard-scatter
jet e�ciency as a function of NVtx when imposing a minimal RpT and JVF requirement such that the NVtx
inclusive e�ciency is 90%. For the full range of NVtx considered, the hard-scatter jet e�ciency after a
selection based on RpT is stable at 90% ± 1%.

Figures 4(a) and 4(b) show the 2-dimensional correlation of RpT and corrJVF for hard-scatter and
pileup jets, respectively. Hard-scatter jets are characterized by large corrJVF and large RpT, whereas
pileup jets are concentrated at low RpT and low corrJVF values. Jets with corrJVF = �1 (i.e. no associated
tracks) or RpT > 1.5 are omitted in these plots. Most pileup jets (and about 1% of hard-scatter jets) have
no tracks that originate from the hard-scatter vertex and thus corrJVF = RpT = 0.

5

hard-scatter tracks only

fully calibrated (pileup corrected) calorimeter pT

ATLAS-CONF-2014-018 ATLAS-CONF-2014-018



the JVT likelihood
• constructing the jet-vertex tagger (JVT) as a 2D likelihood from corrJVF and RpT !
• using a nearest neighbor algorithm to avoid statistical fluctuations
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• hard-scatter jet efficiency & pileup fake rate are  
stable with pileup!
• no need to re-optimize cut values as beam  

conditions change!

ATLAS-CONF-2014-018
ATLAS-CONF-2014-018
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Efficiency vs. fake-rate curves
• efficiency vs. fake-rate curves (ROC) for JVF and JVT!
• large improvement in pileup jet rejection at fixed efficiency 
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• performance is worse for light (uds)-quark initiated jets than for b-quark and gluon jets!
• light quark jets have higher response and radiate less 

ATLAS-CONF-2014-018 ATLAS-CONF-2014-018



Data to MC comparison in Z(μμ)+jets
• Validate modeling of JVT (and corrJVF and RpT) using Z(μμ)+jets and semileptonic ttbar events!
• separately in hard-scatter and pileup dominated regions
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• Hard-scatter jet dominated region! • Pileup jet dominated region!

excellent  

agreement

pileup is  

overestimated!

• Ultimately care about modeling of corrJVF, RpT and JVT for hard-scatter, which is good. !
• Rate of pileup jets are too high in simulation, corrJVF, RpT and JVT shapes are reasonably well modeled  

ATLAS-CONF-2014-018 ATLAS-CONF-2014-018



JVT efficiency measurement
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• JVT efficiency measurement from tag & probe in Z+jets 
events:!

!
• JVT efficiency measured in the signal region with  

|Δφ(Z, jet)| > 2.8!
!
• pileup background in the signal region estimated from 

data using a pileup control region |Δφ(Z, jet)| < 1.2!

• dominant systematics:!
• difference in efficiency between Sherpa &  

Powheg+Pythia (different fragmentation model)
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• provide efficiency measurements for:!
• three different operating points 
• vs pt and vs. η 
!

• scale factors are consistent with unity!
• 1% to 2% uncertainty

ATLAS-CONF-2014-018



Physics application: VBF Higgs
• Application of JVT to a VBF H->4l analysis:!

!
• Typical event selection!
• require two pT > 30 GeV jets to be  

separated in η by more than 3 units 
!

• Define the jet-veto efficiency as:!
• fraction of events with no additional  

(third) jet within the tracker coverage 
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• Veto efficiency for pT > 20 GeV jets spoilt 
by pileup jets!
!

• Flat efficiency is recovered if JVT is used 
to suppress pileup jets

JVT
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Pileup jet rates: where do we stand? 
• Pileup jet rates as a function of jet pT threshold and η in ATLAS simulation
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• This is for an average number of truth 
interactions of 23 (ranging between 0 and 
50) !

!
!
• Pileup jet rates in the forward region are 

strongly suppressed w.r.t. the central 
region:!
• Mainly due to granularity and noise 

thresholds of the ATLAS calorimeter 
!
!
• Using JVT the pileup jet rate is 

suppressed by factor ~ 100 in the central 
region!
• Forward region now become important 
• As of today: No calorimeter (jet shape) 

based pileup jet suppression in the 
forward region in ATLAS 

!

ATLAS-CONF-2014-018
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Track-based grooming
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Track-based grooming
• Event display of a W’ at m=1 TeV, decaying via WZ -> qqqq!
• reconstruct anti-kt R=1.0 jets and their kt R=0.3 subjets 
• ghost associate hard-scatter and pileup tracks to the subjets: calculate corrJVF and related variables

15
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Figure 21: (a) Rapidity - ' view of a simulated event of a W0 boson with a mass of 1 TeV decaying to a
W and a Z. (b) Zoom-in version of (a).

and is matched in �R to the truth Z boson. While all three subjets have active areas overlapping with356

the y � ' positions of pileup tracks, only two subjets have associated hard-scatter tracks. The invariant357

mass reconstructed from the two subjets with hard-scatter tracks is 88.7 GeV and the one from all three358

subjets is 119.2 GeV. This event display shows that tracking information can provide complementary359

information to calorimeter-based trimming. Track-assisted trimming would allow to reject the third360

subjet, which is likely to originate from pileup, while keeping the two subjets from the Z boson.361

Figure 22 shows the ratio of the subjet pT and the ungroomed jet pT on a log-scale as a function of362

the subjet corrJVF in simulated W0 ! WZ ! qqqq events. The 2-dimensional distribution is normalized363

to unit area. About 4% of subjets that have no associated tracks (corrJVF = �1) are omitted. Ungroomed364

jets are selected that have a pT of at least 300 GeV, |⌘| < 1.5, and are matched in �R to the truth Z. The365

corrJVF of the subjets is calculated from the associated hard-scatter and pileup tracks. Most subjets with366

significant pT ratio also have large corrJVF, indicating that most of their charged pT comes from the367

hard-scatter vertex. A large fraction of subjets with a low pT ratio < 5% (log10[psub
T /p

ungroomed
T ] < �1.3)368

and a few subjets with a significant pT ratio, however, have small corrJVF values. Most such subjets369

are consistent with pileup and should be excluded in a track-based jet grooming procedure. Similarly,370

subjets with small pT ratio and large corrJVF that would be removed by calorimeter-based trimming,371

should be kept by the track-based trimming algorithm.372

In Figure 23(a), the performance of track-based grooming is evaluated by comparing the distribution373

of jet mass using di↵erent cuts of subjet corrJVF and combinations of corrJVF and fcut. The same374

selection criteria as in Figure 22 are used. In this procedure, and for the 2012 pileup conditions with an375

average of about 21 pp interactions per bunch crossing, a fcut of 4% in addition to the requirement of376

corrJVF > 0.6 is found to optimize the mass resolution of the groomed jet.377

Figure 23(b) compares the performance of the track-assisted grooming procedure with a recently378

proposed jet grooming technique called “jet cleansing” [33]. Standard calorimeter-based trimming with379

fcut = 0.05 is also shown for reference. In JVF cleansing, the 4-momentum of each subjet is scaled by380

the subjet JVF, aiming to approximate the momentum of the subjet arising from neutral and charged381

particles from the hard-scatter vertex only. In linear cleansing, the subjet 4-momentum from the hard-382

scatter vertex is approximated by scaling the reconstructed 4-momentum based on the assumption that383
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Track-based grooming
• Event display of a W’ at m=1 TeV, decaying via WZ -> qqqq!
• reconstruct anti-kt R=1.0 jets and their kt R=0.3 subjets 
• ghost associate hard-scatter and pileup tracks to the subjets: calculate corrJVF and related variables
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Figure 21: (a) Rapidity - ' view of a simulated event of a W0 boson with a mass of 1 TeV decaying to a
W and a Z. (b) Zoom-in version of (a).

and is matched in �R to the truth Z boson. While all three subjets have active areas overlapping with356

the y � ' positions of pileup tracks, only two subjets have associated hard-scatter tracks. The invariant357

mass reconstructed from the two subjets with hard-scatter tracks is 88.7 GeV and the one from all three358

subjets is 119.2 GeV. This event display shows that tracking information can provide complementary359

information to calorimeter-based trimming. Track-assisted trimming would allow to reject the third360

subjet, which is likely to originate from pileup, while keeping the two subjets from the Z boson.361

Figure 22 shows the ratio of the subjet pT and the ungroomed jet pT on a log-scale as a function of362

the subjet corrJVF in simulated W0 ! WZ ! qqqq events. The 2-dimensional distribution is normalized363

to unit area. About 4% of subjets that have no associated tracks (corrJVF = �1) are omitted. Ungroomed364

jets are selected that have a pT of at least 300 GeV, |⌘| < 1.5, and are matched in �R to the truth Z. The365

corrJVF of the subjets is calculated from the associated hard-scatter and pileup tracks. Most subjets with366

significant pT ratio also have large corrJVF, indicating that most of their charged pT comes from the367

hard-scatter vertex. A large fraction of subjets with a low pT ratio < 5% (log10[psub
T /p

ungroomed
T ] < �1.3)368

and a few subjets with a significant pT ratio, however, have small corrJVF values. Most such subjets369

are consistent with pileup and should be excluded in a track-based jet grooming procedure. Similarly,370

subjets with small pT ratio and large corrJVF that would be removed by calorimeter-based trimming,371

should be kept by the track-based trimming algorithm.372

In Figure 23(a), the performance of track-based grooming is evaluated by comparing the distribution373

of jet mass using di↵erent cuts of subjet corrJVF and combinations of corrJVF and fcut. The same374

selection criteria as in Figure 22 are used. In this procedure, and for the 2012 pileup conditions with an375

average of about 21 pp interactions per bunch crossing, a fcut of 4% in addition to the requirement of376

corrJVF > 0.6 is found to optimize the mass resolution of the groomed jet.377

Figure 23(b) compares the performance of the track-assisted grooming procedure with a recently378

proposed jet grooming technique called “jet cleansing” [33]. Standard calorimeter-based trimming with379

fcut = 0.05 is also shown for reference. In JVF cleansing, the 4-momentum of each subjet is scaled by380

the subjet JVF, aiming to approximate the momentum of the subjet arising from neutral and charged381

particles from the hard-scatter vertex only. In linear cleansing, the subjet 4-momentum from the hard-382

scatter vertex is approximated by scaling the reconstructed 4-momentum based on the assumption that383

mj =119 GeV

mj =89 GeV

• The gray subjets pass a  
fCut = pTsubj / pTungroomed  > 5%

• Only two subjets have associated  
hard-scatter tracks and thus corrJVF > 0

ATLAS-CONF-2014-018



corrJVF-based grooming
• corrJVF-based grooming!
• use subjet corrJVF in combination  

with trimming to groom large-R jets
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to unit area. About 4% of subjets that have no associated tracks (corrJVF = �1) are omitted. Ungroomed
jets are selected that have a pT of at least 300 GeV, |⌘| < 1.5, and are matched in �R to the truth Z. The
corrJVF of the subjets is calculated from the associated hard-scatter and pileup tracks. Most subjets with
significant pT ratio also have large corrJVF, indicating that most of their charged pT comes from the
hard-scatter vertex. A large fraction of subjets with a low pT ratio < 5% (log10[psub

T /p
ungroomed
T ] < �1.3)

and a few subjets with a significant pT ratio, however, have small corrJVF values. Most such subjets
are consistent with pileup and should be excluded in a track-based jet grooming procedure. Similarly,
subjets with small pT ratio and large corrJVF that would be removed by calorimeter-based trimming,
should be kept by the track-based trimming algorithm.
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Figure 22: Distribution of the mass of the jet matched to the truth Z boson for di↵erent trimming con-
figurations based on corrJVF and fcut. The blue shaded histogram shows the ungroomed jet mass. (a) In
the histograms with magenta, blue and green markers, the groomed jet mass is computed from subjets
that satisfy a corrJVF > 0.6 requirement, i.e. excluding subjets from pileup interactions. In the blue and
green histograms, the subjets are further required to have psubj

T /p
ungroomed
T ( fcut) of at least 4% and 10%

respectively. (b) Distribution of jet mass for calorimeter- and track-based trimming configurations and
jet cleansing. The histogram represented by magenta markers shows the trimmed jet mass, where the
mass is computed from the subjets that have a psubj

T /p
ungroomed
T of at least 5% ( fcut = 0.05). For the green

and black histograms, jet cleansing is used.

In Figure 22(a), the performance of track-based grooming is evaluated by comparing the distribution
of jet mass for di↵erent subjet corrJVF cuts and combinations of corrJVF and fcut. The same selection
criteria7 as in Figure 21 are used for all track-based grooming configurations. For the 2012 pileup
conditions with an average of about 21 pp interactions per bunch crossing, an fcut of 4% in addition
to the requirement of corrJVF > 0.6 is found to optimize the mass resolution of the groomed jet. A
grooming configuration based solely on corrJVF (with no fcut applied) is found to be suboptimal.

Figure 22(b) compares the performance of the track-assisted grooming procedure with a recently
proposed jet grooming technique called “jet cleansing” [34]. Standard calorimeter-based trimming with
fcut = 0.05 is also shown for reference. In JVF cleansing, the 4-momentum of each subjet is scaled by
the subjet JVF, aiming to approximate the momentum of the subjet arising from neutral and charged

7The event selection e�ciency is about 80% for the considered signal.
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• for 2012 pileup conditions, no improvement observed w.r.t. 
calorimeter-only based trimming!
• similar conclusion for jet cleansing [1309.4777] 

(updated due to bug) 

corrJVF < cut

• this is different  
not a ‘neutral-proportional-to-charge’ 
approach!

ATLAS-CONF-2014-018
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• truth-level study at high pileup: this is *not* ATLAS material!
• Z’-> ttbar (all hadronic), MZ’ = 1 TeV 
• looking at leading anti-kt R=1.0 jets, with pileup corrected pT > 300 GeV

NPV = 100

• in trimming, fcut is defined as pTsubjet (pileup corrected) / pTungroomed !
• fcut = 5% is too tight for high NVtx !
• losing subjets from the hard-scatter

truth-level study for corrJVF grooming

fCut = 5%



truth-level study for corrJVF grooming
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• Only small fraction of subjets have corrJVF < 0.6!
• it seems it’s not very likely to get a pileup subjet within the anti-kt R = 1.0 jet …  

• cutting on corrJVF allows to lower the fcut !
• improvement in mass resolution is marginal at NVtx = 100  
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Summary
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• Key advantages of JVT-based PU jet suppression!
• resulting hard-scatter efficiency is NVtx independent 
• excellent performance (fake-rate vs. efficiency)
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Figure 21: (a) Rapidity - ' view of a simulated event of a W0 boson with a mass of 1 TeV decaying to a
W and a Z. (b) Zoom-in version of (a).

and is matched in �R to the truth Z boson. While all three subjets have active areas overlapping with356

the y � ' positions of pileup tracks, only two subjets have associated hard-scatter tracks. The invariant357

mass reconstructed from the two subjets with hard-scatter tracks is 88.7 GeV and the one from all three358

subjets is 119.2 GeV. This event display shows that tracking information can provide complementary359

information to calorimeter-based trimming. Track-assisted trimming would allow to reject the third360

subjet, which is likely to originate from pileup, while keeping the two subjets from the Z boson.361

Figure 22 shows the ratio of the subjet pT and the ungroomed jet pT on a log-scale as a function of362

the subjet corrJVF in simulated W0 ! WZ ! qqqq events. The 2-dimensional distribution is normalized363

to unit area. About 4% of subjets that have no associated tracks (corrJVF = �1) are omitted. Ungroomed364

jets are selected that have a pT of at least 300 GeV, |⌘| < 1.5, and are matched in �R to the truth Z. The365

corrJVF of the subjets is calculated from the associated hard-scatter and pileup tracks. Most subjets with366

significant pT ratio also have large corrJVF, indicating that most of their charged pT comes from the367

hard-scatter vertex. A large fraction of subjets with a low pT ratio < 5% (log10[psub
T /p

ungroomed
T ] < �1.3)368

and a few subjets with a significant pT ratio, however, have small corrJVF values. Most such subjets369

are consistent with pileup and should be excluded in a track-based jet grooming procedure. Similarly,370

subjets with small pT ratio and large corrJVF that would be removed by calorimeter-based trimming,371

should be kept by the track-based trimming algorithm.372

In Figure 23(a), the performance of track-based grooming is evaluated by comparing the distribution373

of jet mass using di↵erent cuts of subjet corrJVF and combinations of corrJVF and fcut. The same374

selection criteria as in Figure 22 are used. In this procedure, and for the 2012 pileup conditions with an375

average of about 21 pp interactions per bunch crossing, a fcut of 4% in addition to the requirement of376

corrJVF > 0.6 is found to optimize the mass resolution of the groomed jet.377

Figure 23(b) compares the performance of the track-assisted grooming procedure with a recently378

proposed jet grooming technique called “jet cleansing” [33]. Standard calorimeter-based trimming with379

fcut = 0.05 is also shown for reference. In JVF cleansing, the 4-momentum of each subjet is scaled by380

the subjet JVF, aiming to approximate the momentum of the subjet arising from neutral and charged381

particles from the hard-scatter vertex only. In linear cleansing, the subjet 4-momentum from the hard-382

scatter vertex is approximated by scaling the reconstructed 4-momentum based on the assumption that383

• New ATLAS CONF note on pileup jet suppression: !
• ATLAS-CONF-2014-018

• corrJVF-based grooming:!
• rejecting pileup subjets allows to lower the trimming fcut  
• performance improvement w.r.t. trimming is marginal 
• test-version of fastjet contribution is on svn (implementation & interface not yet stable…)
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