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Physics program
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Test the self-consistency of the Standard Model of particle physics

CMS cross section results

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
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Reference

66Geoffrey GILLESGeoffrey GILLES

State of the art of ((̅ cross section measurements

Top-pair 
branching ratios

Dilepton Lepton+jets

All-hadronic

• Most precise results

• Wt, fake leptons, diboson, 
Z→ ττ	bakgrounds

• Limited constrains on 
modelling uncertainties

• Infinite statistics

• Single top t-channel,
W+jets, Multi-jet backgrounds

• Possibility to exploit multiple 
control regions

• Significantly less precise
• Possibility to probe highly-boosted top quarks 

Main systematic uncertainties

• Signal modelling (generators, QCD scales, radiation, hadronisation)
• Object efficiencies & calibrations (leptons, jets, flavour-tagging)
• Background estimates  • Luminosity (2-3%)

Analysis channels
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Figure 11: Differential tt production cross section as a function of mjet compared to predictions
obtained with POWHEG: absolute (left) and normalised (right). For the normalised measure-
ment, the data are compared to predictions with different mt . The vertical bars represent the
total uncertainties, and the statistical uncertainties are shown by short horizontal bars. The
long horizontal bars reflect the bin widths. Theoretical uncertainties in the prediction are indi-
cated by the bands. The lower panels show the ratio of the theoretical prediction to data.

negative correlations.

In order to validate that the determination of mt is unbiased, we perform the mt measurement
using simulated samples with various values of mt . The obtained value of mt is compared to
the true value in Fig. 13. In this comparison, all extracted values agree with the respective true
values of mt , demonstrating the validity of the mass extraction.

Performing the extraction on collision data and considering all sources of uncertainties, we
extract mt using the POWHEG+PYTHIA simulation,

mt = 173.06 ± 0.24 (stat) ± 0.61 (exp) ± 0.47 (model) ± 0.23 (theo) GeV

= 173.06 ± 0.84 GeV.

With respect to the previous CMS measurement at 13 TeV [36], this corresponds to an improve-
ment by more than a factor of three in terms of precision. This measurement from boosted
top quark production has an uncertainty comparable with the most precise mt extractions from
fully resolved final states [9–15].

When unfolding the 2016, 2017 and 2018 data separately and extracting mt from these three
independent measurements, we find agreement between the extracted values of mt to better
than one standard deviation. All three values are compatible with the combined value to better
than one half standard deviation. We find the same when unfolding the electron and muon
channels separately.

The individual sources of uncertainty and their impact on the mass extraction are detailed in
Table 1. The dominant experimental uncertainties are connected to the calibration of the JER,
the JMS calibration, and the JMS b flavour uncertainty, also visible in Fig. 10. The dominant
modelling uncertainties arise from the choice of the mt and hdamp parameters in the tt simula-
tion. Compared to the previous measurement, the dedicated measurement of the JMS leads to

CMS-TOP-21-012

• Events with leptons, especially muons are more clean and precise

• However, hadronic decays offer more statistics

• First measurement of the top quark mass with hadronic boosted tops with Full 

Run2 data: 173.06 ± 0.84 GeVmt =

https://cds.cern.ch/record/2314658/files/ATL-PHYS-SLIDE-2018-190.pdf
https://arxiv.org/abs/2211.01456
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From detector signals to jet calibration
Hadronisation of quarks and gluons leads to collimated showers (jets) in the detector
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Pileup adds additional energy to the whole detector

CMS-PHO-EVENTS-20216-008

CMS-PHO-EVENTS-20216-008

https://cds.cern.ch/record/2231915?ln=en
https://cds.cern.ch/record/2231915?ln=en


Anna Benecke & Andrea Malara

More data, more pileup

16

3

energy of reconstructed photons, electrons, and hadrons. Algorithms for the rejection of this
noise are further discussed in Section 5.2.

3 Data and simulated samples

In this paper, data corresponding to an integrated luminosity of 35.9 fb�1 [1] taken in 2016 are
used. Figure 1 shows the PU conditions in the years 2016–2018. The number of pp interactions
is calculated from the instantaneous luminosity based on an estimated inelastic pp collision
cross section of 69.2 mb. This number is obtained using the PU counting method described in
the inelastic cross section measurements [11, 12]. In the following sections of this paper, we
distinguish between two definitions: “mean number of interactions per crossing” (abbreviated
“number of interactions” and denoted µ) and “number of vertices” (denoted Nvertices). Vertices
are reconstructed through track clustering using a deterministic annealing algorithm [8]. The
number of interactions is used to estimate the amount of PU in simulation. The number of
vertices can be determined in both data and simulation. Further details on the relationship
between µ and Nvertices are provided in Section 5.3. The studies presented in this paper focus
on the PU conditions in 2016, though the trends towards higher PU scenarios with up to 70
simultaneous interactions are explored as well. The trigger paths used for the data taking are
mentioned in each section.

Mean number of interactions per crossing
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Figure 1: Distribution of the mean number of inelastic interactions per crossing (pileup) in data
for pp collisions in 2016 (dotted orange line), 2017 (dotted dashed light blue line), 2018 (dashed
navy blue line), and integrated over 2016–2018 (solid grey line). A total inelastic pp collision
cross section of 69.2 mb is chosen. The mean number of inelastic interactions per bunch crossing
is provided in the legend for each year.

Samples of simulated events are used to evaluate the performance of the PU mitigation tech-
niques discussed in this paper. The simulation of standard model events composed uniquely of
jets produced through the strong interaction, referred to as quantum chromodynamics (QCD)
multijet events, is performed with PYTHIA v8.212 [13] in standalone mode using the Lund
string fragmentation model [14, 15] for jets. For studies of lepton isolation, dedicated QCD mul-
tijet samples that are enriched in events containing electrons or muons (e.g., from heavy-flavor
meson decays) are used. The W and Z boson production in association with jets is simulated
at leading-order (LO) with the MADGRAPH5 aMC@NLO v2.2.2 [16] generator. Production of
top quark-antiquark pair (tt) events is simulated with POWHEG (v2) [17–19]. Single top quark
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140-200

CMS-JME-18-001

https://arxiv.org/abs/2003.00503
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PU affects jet substructure, jet counting, lepton isolation…
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Figure 7.1: The impact of NPU on the jet mass distribution. Top row: the raw jet mass distribution
for Z 0

! tt̄ final states with mZ0 = 1.5 TeV, in the presence of pileup with µ = 30, 60, 100, and 140,
before (left) and after (right) area–median pileup subtraction. The second and third rows show the
same results after trimming (middle row) and filtering (lower row). vertical size of the graphs
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Top 1

https://arxiv.org/abs/1801.09721
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Lepton Isolation

PUPPI with lepton 
PU dependent eff. due to PU particles 
that get not down-weighted enough

PUPPI no lepton 
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rate due to down weighting of LV 
particles 
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gets removed All sorts of PU  
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Click me 

https://cms.cern/news/how-cms-weeds-out-particles-pile
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1. Define variable ⍺ to discriminate pileup 
from leading vertex

PUPPI in Detail

2. Assume charged pileup has the same 
shape as neutral pileup 

3.  Use ⍺ on an event-by-event basis to 
calculate a per-particle weight
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from leading vertex
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1. Define variable ⍺ to discriminate pileup 
from leading vertex

CMS-JME-18-001

https://arxiv.org/abs/2003.00503
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2. Assume charged pileup has the same 
shape as neutral pileup 
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3.  Use ⍺ on an event-by-event basis to 
calculate a per-particle weight

1. Calculate Median and RMS 
of charged PU shape (blue)


ᾱPU,  RMSPU

α

a.
u.

4−10

3−10

2−10

1−10

1

10 | < 2.5ηJet sample, |
Data, charged PU
Simulation, charged PU
Data, charged LV
Simulation, charged LV
Data, neutral
Simulation, neutral

α
0 5 10 15 20 25

Si
m

ul
at

io
n

D
at

a

0
0.5

1
1.5

 (13 TeV)-10.364 fb

CMS
CMS-JME-18-001

https://arxiv.org/abs/2003.00503


Anna Benecke 27

2. For each particle calculate 

3.  Use ⍺ on an event-by-event basis to 
calculate a per-particle weight

χ2
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RMS2
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1. Calculate Median and RMS 
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2. For each particle calculate 

3.  Use ⍺ on an event-by-event basis to 
calculate a per-particle weight

3. Assign a weight to each  
particle

wi = Fχ2,NDF=1(χ2
i )

1. Calculate Median and RMS 
of charged PU shape (blue)


ᾱPU,  RMSPU

Pileup Hard scattering

χ2
i =
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Performances of PUPPI jets/MET  were extensively studied and compared to CHS jets/PF MET 
in JME-18-001

CMS-JME-18-001

https://arxiv.org/abs/2003.00503
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Table 3: Fraction of noise jets rejected when applying jet ID criteria to PUPPI and CHS jets
yielding a genuine jet efficiency of 99% in different regions of |h|.

Region of |h| Fraction of noise jets rejected
|h| < 2.7 99.9%

2.7 < |h| < 3.0 97.6%
3 < |h| < 5 15% (PUPPI) 35% (CHS)
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Figure 6: The charged- and neutral-particle multiplicities for CHS and PUPPI in a dijet (genuine
jets) and minimum bias (noise jets) selection in data. The multiplicities are shown for AK4
jets using CHS reconstructed real jets (red dashed), CHS reconstructed noise jets (black long
dashed), PUPPI reconstructed genuine jets (blue circles), and PUPPI reconstructed noise jets
(orange triangles). The upper plots show the charged (left) and neutral particle multiplicities
(right) for jets with |h| < 0.5. The lower left plot shows the neutral particle multiplicity for jets
with 3 < |h| < 5. The lower right plot shows the neutral particle multiplicity of AK4 jets with
|h| < 0.5 in a dijet selection in data using CHS and PUPPI for 15–20 and 35–50 interactions.
The error bars correspond to the statistical uncertainty.
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jets using CHS reconstructed real jets (red dashed), CHS reconstructed noise jets (black long
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(orange triangles). The upper plots show the charged (left) and neutral particle multiplicities
(right) for jets with |h| < 0.5. The lower left plot shows the neutral particle multiplicity for jets
with 3 < |h| < 5. The lower right plot shows the neutral particle multiplicity of AK4 jets with
|h| < 0.5 in a dijet selection in data using CHS and PUPPI for 15–20 and 35–50 interactions.
The error bars correspond to the statistical uncertainty.
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6.1 Jet substructure reconstruction 21
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Figure 10: The LV jet efficiency (upper) and purity (lower) in Z+jets simulation as a func-
tion of the number of interactions for PUPPI (blue closed squares), CHS (red closed triangles),
CHS+tight PU jet ID (magenta open squares), CHS+medium PU jet ID (orange crosses), and
CHS+loose PU jet ID (black triangles). Plots are shown for AK4 jets pT > 20 GeV, and (left)
|h| < 2.5 and (right) |h| > 3. The LV jet efficiency is defined as the number of matched
reconstruction-level jets with pT > 20 GeV divided by the number of particle-level jets with
pT > 30 GeV that originate from the main interaction. For the lower plots, the purity is defined
as the number of matched particle-level jets with pT > 20 GeV divided by the number of recon-
structed jets that have pT > 30 GeV. The error bars correspond to the statistical uncertainty in
the simulation.
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Figure 10: The LV jet efficiency (upper) and purity (lower) in Z+jets simulation as a func-
tion of the number of interactions for PUPPI (blue closed squares), CHS (red closed triangles),
CHS+tight PU jet ID (magenta open squares), CHS+medium PU jet ID (orange crosses), and
CHS+loose PU jet ID (black triangles). Plots are shown for AK4 jets pT > 20 GeV, and (left)
|h| < 2.5 and (right) |h| > 3. The LV jet efficiency is defined as the number of matched
reconstruction-level jets with pT > 20 GeV divided by the number of particle-level jets with
pT > 30 GeV that originate from the main interaction. For the lower plots, the purity is defined
as the number of matched particle-level jets with pT > 20 GeV divided by the number of recon-
structed jets that have pT > 30 GeV. The error bars correspond to the statistical uncertainty in
the simulation.
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Figure 10: The LV jet efficiency (upper) and purity (lower) in Z+jets simulation as a func-
tion of the number of interactions for PUPPI (blue closed squares), CHS (red closed triangles),
CHS+tight PU jet ID (magenta open squares), CHS+medium PU jet ID (orange crosses), and
CHS+loose PU jet ID (black triangles). Plots are shown for AK4 jets pT > 20 GeV, and (left)
|h| < 2.5 and (right) |h| > 3. The LV jet efficiency is defined as the number of matched
reconstruction-level jets with pT > 20 GeV divided by the number of particle-level jets with
pT > 30 GeV that originate from the main interaction. For the lower plots, the purity is defined
as the number of matched particle-level jets with pT > 20 GeV divided by the number of recon-
structed jets that have pT > 30 GeV. The error bars correspond to the statistical uncertainty in
the simulation.
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Figure 10: The LV jet efficiency (upper) and purity (lower) in Z+jets simulation as a func-
tion of the number of interactions for PUPPI (blue closed squares), CHS (red closed triangles),
CHS+tight PU jet ID (magenta open squares), CHS+medium PU jet ID (orange crosses), and
CHS+loose PU jet ID (black triangles). Plots are shown for AK4 jets pT > 20 GeV, and (left)
|h| < 2.5 and (right) |h| > 3. The LV jet efficiency is defined as the number of matched
reconstruction-level jets with pT > 20 GeV divided by the number of particle-level jets with
pT > 30 GeV that originate from the main interaction. For the lower plots, the purity is defined
as the number of matched particle-level jets with pT > 20 GeV divided by the number of recon-
structed jets that have pT > 30 GeV. The error bars correspond to the statistical uncertainty in
the simulation.
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Figure 12: Median soft drop jet mass (upper left), median t21 (upper right), and soft drop jet
mass resolution (lower) for AK8 jets from boosted W bosons with 400 < pT < 600 GeV for CHS
(red triangles) and PUPPI (blue squares) jets in a bulk graviton decaying to WW signal sample,
as a function of the number of vertices. The error bars correspond to the statistical uncertainty
in the simulation.
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Figure 13: W boson identification performance using a selection on t21 for CHS (red triangles
and dark red crosses) and PUPPI (blue squares and circles) AK8 jets as a function of the num-
ber of vertices for loose and tight selections, respectively. Shown on the left is the W boson
identification efficiency evaluated in simulation for a bulk graviton decaying to a WW boson
pair and on the right the misidentification rate evaluated with QCD multijet simulation. The
error bars correspond to the statistical uncertainty in the simulation.
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Figure 14: Top quark identification efficiency (left) and misidentification rate (right) as a func-
tion of the number of vertices for CHS (open symbols) and PUPPI (closed symbols) jets, using
different combinations of substructure variables: soft drop mass cut between 105 and 210 GeV
(blue rectangles), t32 < 0.54 (orange circles), and both requirements together (red triangles).
The error bars correspond to the statistical uncertainty in the simulation.
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Figure 14: Top quark identification efficiency (left) and misidentification rate (right) as a func-
tion of the number of vertices for CHS (open symbols) and PUPPI (closed symbols) jets, using
different combinations of substructure variables: soft drop mass cut between 105 and 210 GeV
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The error bars correspond to the statistical uncertainty in the simulation.
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Pileup Mitigation Techniques in CMS

Lepton Isolation

PUPPI with lepton 
PU dependent eff. due to PU particles 
that get not down-weighted enough

PUPPI no lepton 
PU dependent misidentification 
rate due to down weighting of LV 
particles 

Anna Benecke  
on behalf of the CMS collaboration

CHS PUPPI

Neutral PU  

stays

Charged PU  
gets removed All sorts of PU  

gets removed

Muon

LV

PU

CMS-PAS-JME-18-001
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• full validation of PUPPI shows a good performance, especially at 
high PU


• PUPPI is the standard pileup mitigation technique for CMS in Run 3
CMS-DP-21-001

CMS-JME-18-001

https://cds.cern.ch/record/2751563?ln=en
https://arxiv.org/abs/2003.00503
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Starting point: cleaned PF candidates
[Albrecht, AB, Kogler, work in progress] 

Top 1

b-quark Quarks from W

Top 2

End point: two jets representing the top 
quark kinematics
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low$pT high$pT

AK8$
jet

subjets
b jet

b jet

jets$from$Wjets$from$W
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Table 2.3 Numerical values of ρ and α for top quark decays for the approximation in (2.19). Shown
are the values for the minimum value that #Rmax can take, and the 70th, 80th and 90th percentiles
of #Rmax. All values are obtained for a quark threshold of pT,q > 20GeV

a requirement of pT,q > 30GeV leads to a drop of the efficiency to 70%, and with
pT,q > 40GeV the efficiency is only 60%.

Similar to the case of vector boson and H decays, a pT threshold on the quarks
leads to a change in the distribution of the angular distance between the quarks.
Since there are three quarks involved, the relevant quantity is the maximum angular
distance

#Rmax = max
[
#R(b, q),#R(b, q ′),#R(q, q ′)

]
, (2.18)

which represents a proxy for fully merged final states. Obviously, approxima-
tion (2.14) will not yield an accurate prediction for#Rmax. Surprisingly, it still gives
a relatively good estimate for the MPV of #Rmax, as can be seen in Fig. 2.10. How-
ever, the 1/pT scaling does not give an accurate description of the minimum value
#Rmax can take, and also cannot be used to predict a given percentile of the #Rmax

distribution. A better phenomenological approximation is obtained by modifying the
scaling with an exponent α, similar to (2.16),

#Rmax =
ρ

p α
T
. (2.19)

Numerical values for ρ and α are given in Table2.3, for the three percentiles shown
in Fig. 2.10. The values given approximate the shape of the three percentiles to within
1% in the range 200 < pT < 1500GeV.

Fig. 2.10 Maximum angular
distance #Rmax of the three
quarks from the hadronic top
quark decay, as a function of
the top quark pT. The
transverse momenta of the
three quarks b, q and q ′ are
required to be
pT,q > 20GeV. The fraction
of events contained within a
given interval in #Rmax are
shown by shaded areas, the
MPV is depicted by a dashed
line. For comparison, also
shown are the expressions
2mt/pT (solid line) and
(800GeV)/pT (dotted line)  [GeV]

T
p

200 400 600 800 1000 1200 1400

')q
(b

q
m

ax
R∆

0

1

2

3

'q bq→ bW →t
 > 20 GeV:

T,q
Percentiles for p

70% 80% 90%

 MPV
1−

T
pt 2m

1−
T

 (800 GeV) p

ATLAS
CMS

Advances in Jet Substructure at the LHC, R. Kogler

https://link.springer.com/book/10.1007/978-3-030-72858-8


Anna Benecke & Andrea Malara

Fixed R clustering

48

φ
3− 2− 1− 0 1 2 3

η
3−

2−

1−

0

1

2

3
Event 2
clustered with CA

φ
3− 2− 1− 0 1 2 3

η

3−

2−

1−

0

1

2

3
Event 1
clustered with CA

Cambridge-Aachen Cambridge-Aachen

 GeVpT ≈ 240  GeVpT ≈ 850

do
i:1

0.
11

40
/e

pj
c/

s1
00

52
-0

16
-4

44
3-

8

do
i:1

0.
11

40
/e

pj
c/

s1
00

52
-0

16
-4

44
3-

8

https://link.springer.com/article/10.1140/epjc/s10052-016-4443-8
https://link.springer.com/article/10.1140/epjc/s10052-016-4443-8


Anna Benecke & Andrea Malara

Variable R jet clustering

49

φ
3− 2− 1− 0 1 2 3

η
3−

2−

1−

0

1

2

3
HOTVREvent 2

clustered with HOTVR

φ
3− 2− 1− 0 1 2 3

η

3−

2−

1−

0

1

2

3
HOTVREvent 1

clustered with HOTVR

HOTVR HOTVR

 GeVpT ≈ 240  GeVpT ≈ 850

do
i:1

0.
11

40
/e

pj
c/

s1
00

52
-0

16
-4

44
3-

8

do
i:1

0.
11

40
/e

pj
c/

s1
00

52
-0

16
-4

44
3-

8

https://link.springer.com/article/10.1140/epjc/s10052-016-4443-8
https://link.springer.com/article/10.1140/epjc/s10052-016-4443-8


Anna Benecke

Jet reconstruction

50

arxiv:0802.1189

https://arxiv.org/abs/0802.1189


Jet calibration

51



Anna Benecke

Jet Calibration in Run3

100 1000
(GeV)jet

T
p

0.96

0.98

1

1.02

1.04

Po
st

-fi
t j

et
 re

sp
on

se
 (r

at
io

)  (13 TeV)-12016 early Legacy, 20 fb

CMS
Preliminary
AK4, PF+CHS

 < 1.0α| < 1.3, η|

30 300 3000

  MPF
)leading

T
(pMultijet 

)recoil

T
(pMultijet 

+jetγ
Z+jet

 qq'→W 

DB
 
 
 
 
 

2016 early avg.
Total unc.
Absolute unc.

 / n.d.f. = 96.4 / 1512χ  / n.d.f. = 96.4 / 1512χ

Run2 Run3

Absolute pT-dependent Residual Correction

100 1000
 [GeV]

T
p

0.8

0.9

1

1.1

1.2

1.3

Je
t r

es
po

ns
e 

ra
tio

 (13.6 TeV)-12022 , 20.6 fb

CMS
Preliminary
AK4 PUPPI

| < 1.3η|

30 300 3000

Total unc. Run 2

2022 Era C (ref.)
2022 Era F
2022 Era G

I Data-to-simulation comparison for
the jet response dependence on pjet

T .

I Z(! µµ)+jet events are utilized,
after calibrating Z mass with respect
to the Z boson pT.

I MPF and DB methods combined, but
(Z+jet) MPF dominates precision.

I Consistent with HB scale shift prior
to it being applied, as measured from
IsoTrack.

I HB scale has a progressively larger impact as pjet
T increases due to measuring half the

energy of high pT jets from HCAL, contrary to low pT jets for which their energy is
almost entirely measured with the tracking system and ECAL.

I HB scale calibration is foreseen to be improved in future reconstruction of data.

10

, .,, 0,, 2,, 4,, -,,,
Kbbheja�ha]`ejc�fap�lP�WCaRY

,*,

,*.

,*0

,*2

,*4

-*,

-*.

-*0

Ab
be_
ea
j_
u

=G0LB�fap�sepd�
�lP : 1,, CaR

/0*/ b^͍-(�.,..�$-/*2�PaR%?IO �Lnaheiej]nu?IO
lna)D?=H�ql`]pa
lkop)D?=H�ql`]pa

CMS-DP-2022-054CMS-DP-2021-033 CMS-DP-2023-016

Applied to  
data

Applied to  
simulation

Pileup

MC

Response ( )pT, η Residuals ( )η Residuals ( )pT Resolution Calibrated 

dijets 
Z+jet Jets

MC
MC + RC dijets /Z+jet, MJBγ

https://cds.cern.ch/record/2841534?ln=en
http://cds.cern.ch/record/2792322
https://cds.cern.ch/record/2856238


Anna Benecke

η
0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05

ϕ 
(r

ad
)

-2.7

-2.65

-2.6

-2.55

-2.5

-2.45

-2.4

-2.35

π+

π−

0π
γ

γ

T2
T1

H2

H1

K0L

CMS 
Simulation

Summary & Outlook

53

Figure 3: Jet energy resolution as a function of the number of pileup interactions for W+jets events.
We compare the TOTAL algorithm (violet line) and the PUPPI algorithm (orange line) with the
ideal scenario of zero pileup interactions (black line). TOTAL is trained with fixed number of pileup
interactions, denoted by the vertical red line.

close to the beam axis. A predominant background in this search is the production (mediated by
the strong interaction) of a Z boson that decays into neutrinos. In Fig. 5, we demonstrate the
improvement in significance, which is defined as the signal yield S divided by the square root of
the background yield B, as a function of a selection on a linear classifier constructed from pmiss

T
and the dijet invariant mass. We find the improvement from TOTAL to be in the order of 15%
compared to PUPPI, consistent with the improvements in resolution for jets and pmiss

T . This would
lead to a better sensitivity in the search for such decays and significantly improve the expected
upper limit on the branching ratio of Higgs bosons to invisible particles quoted by the ATLAS and
CMS collaborations [24, 25].

Table 1: JER and pmiss
T resolutions for di↵erent loss function choices in the TOTAL algorithm and

for the PUPPI algorithm. In parentheses, we report the relative improvement of TOTAL with
respect to PUPPI.

QCD tt̄
JER pmiss

T res. JER pmiss
T res.

PUPPI 0.088 – 0.073 0.244
SWD 0.074 (-16%) – 0.060 (-18%) 0.221 (-9%)

SWD + pmiss
T 0.066 (-25%) – 0.053 (-27%) 0.186 (-24%)
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7.1 Robustness of tagging algorithms 27
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Figure 16: The efficiency eS as a function of the generated particle pT for a working point
corresponding to eS = 30 (50)% for t quark (W/Z/H boson) identification. Upper left: t quark,
upper right: W boson, lower left: Z boson, lower right: H boson. The error bars represent
the statistical uncertainty in each specific bin, due to the limited number of simulated events.
Additional fiducial selection criteria applied to the jets are listed in the plots.
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