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Topics

The purpose of this session is to have a lively discussion! We have
prepared these slides to help guide the conversation, but by no means are
we bound to this outline.

• Jet inputs
→ Topological Clusters

• Jet reconstruction and grooming
→ R = 0.4 anti-kt is the standard. Many variants with anti-kt and C/A

• Correcting jets - calibration and PU removal
→ Areas Subtraction; Jet Vertex Fraction/Tagger

• Calorimeter-based tagging
→ The standard in ATLAS; n-subjetiness, splitting scales, etc.

• Track-based substructure
→ Ghost-match tracks to jets. Some unique to tracking, e.g. jet charge.

• Systematic Uncertainties
→ Calo/track double ratio as the standard.
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Jet Inputs: Topological clusters

• Topoclsuters ∼ follow shower development

• Building: 3D Nearest neighbor algorithm.
• Seed with cells with E > 4σnoise
• Expand with cells with E > 2σnoise
• Finish with cells with E > 0σnoise

• Splitting (right)
• High multiplicity → large cells
• Split into clusters around local maxima

Jet&reconstruction&at&ATLAS3
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•  Topological clusters:  
o  3D nearest-neighbor algorithm that clusters calorimeter cells with energy 

significance (|Ecell|/�) >4 for the seed, >2 for neighbors, and >0 at the 
boundary 

•  Sigma noise (�): electronic + pileup noise 
o  Adjusted with � for  pileup noise suppression 

2010: �(�=0) 
2011: �(�=8) 
2012: �(�=30) 

Jet%Inputs.
•  Topoclusters ~ hadrons 
•  Building (left) 

o  Seed with cells with E > 4*�noise 

o  Expand with cells with E > 2*�noise 

o  Finish with cells with E > 0*�noise 

•  Splitting (right) 
o  High multiplicity ! large cells 
o  Split into clusters around local maxima 

  

A word a jet reconstruction

To reconstruct jets we need to :

- have a reconstruction algorithm

- specify what kind of input we use to feed the algorithm

● Many theoretical improvements 

   Over the past years

→ appearance of SISCone 

           and AntiKt 

● ATLAS uses AntiKt R=0.4, 0.6 

→ this is a major difference w.r.t. 

          previous experiments

Reconstruction Algorithm Inputs used in ATLAS

● Topological Clusters : 

● Topological Towers = Calorimeter   

   towers built with cells in topo           

   clusters only
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Figure 2: Per-cell electronics noise (left) and total noise at high luminosity (right), in MeV, for each
calorimeter layer.

complementary error function of the seed threshold tseed:

Nclus = FsignNcells

√
2
π

∞∫

tseed

e−t
2/2 dt. (1)

Here, Fsign = 1 for the “420” parameter set (which uses |E| to define cluster seeds) and 0.5 for “633”
(which uses E). Ncells is the number of input cells; this is 187562 (all calorimeters) for “420” and 172160
(EM calorimeters only with |η | < 2.5) for “633”.

For the “420” cluster, 11.9 noise clusters are expected for the full set of 187652 cells. The distribution
of these pure noise clusters as a function of η strictly follows the average granularity in each region, as
shown in Figure 3.

The algorithm described so far is adequate for isolated signals, such as single particle beam tests. An
early version of this algorithm with slightly different noise threshold choices was successfully used in
the 2002 combined beam test with sections of the EM and hadronic endcap calorimeters [9].

2.2.2 Cluster Splitter

The ideal situation of isolated clusters is however not typical for most ATLAS events. Especially in the
endcaps and forward calorimeters, clusters could grow to cover large areas of the detector if sufficient en-
ergy is present between incident particles. However, even in the case of overlapping showers, individual
particles may still be separable if they are far apart enough to form local maxima in the calorimeter.

The cluster splitting algorithm is designed for such situations and acts on the cells comprising the
previously found topological clusters. The algorithm splits individual clusters, but the current implemen-
tation processes all clusters at once.

Finding local maxima : A set of local maximum cells are defined as those clustered cells satisfying:

• E > 500 MeV;
• Energy greater than that of any neighboring cell; and

10

  

A word a jet reconstruction

To reconstruct jets we need to :

- have a reconstruction algorithm

- specify what kind of input we use to feed the algorithm

● Many theoretical improvements 

   Over the past years

→ appearance of SISCone 

           and AntiKt 

● ATLAS uses AntiKt R=0.4, 0.6 
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          previous experiments

Reconstruction Algorithm Inputs used in ATLAS

● Topological Clusters : 

● Topological Towers = Calorimeter   

   towers built with cells in topo           

   clusters only
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- have a reconstruction algorithm

- specify what kind of input we use to feed the algorithm

● Many theoretical improvements 
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→ appearance of SISCone 
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● ATLAS uses AntiKt R=0.4, 0.6 

→ this is a major difference w.r.t. 

          previous experiments

Reconstruction Algorithm Inputs used in ATLAS

● Topological Clusters : 

● Topological Towers = Calorimeter   

   towers built with cells in topo           

   clusters only

Building( Spli+ing( σ is the sum of electronic
and pileup noise, which is
adjusted with µ.
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•  Topological clusters:  
o  3D nearest-neighbor algorithm that clusters calorimeter cells with energy 

significance (|Ecell|/�) >4 for the seed, >2 for neighbors, and >0 at the 
boundary 

•  Sigma noise (�): electronic + pileup noise 
o  Adjusted with � for  pileup noise suppression 
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Jet reconstruction and grooming

ATLAS Standards for large-R jets:

• R = 1.0 anti-kt trimmed (Rsub = 0.3, fcut = 5%)

• R = 1.2 C/A BDRS (µ12 < 2/3,
√
yf > 0.3)
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Correcting jets - calibration and PU removal

For the nominal R = 0.4 jets,
areas-correction is the standard

• Also documented for other R
values: ATLAS-CONF-2013-083

• For substructure variables:
ATLAS-CONF-2013-085

Standard in ATLAS for large R jets is
to apply no further corrections
beyond grooming.

• When 〈µ〉 is not too large, this
does well to remove pileup
dependance (Public Plots)
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Correcting jets - calibration and PU removal II
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Figure 9: (a) Distribution of the mass of the jet matched to the truth Z boson for di↵erent trimming
configurations based on corrJVF and fcut. The blue shaded histogram shows the ungroomed jet mass. 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 bullets 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.

9

• In fact, for Run I pileup conditions, it does not matter all that much
which pileup mitigation technique is used ATL-PHYS-PUB-2014-001.
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Calorimeter-based tagging

• Chose seven variables to pair with jet algorithms
• τ21,

√
d12, µ12,

√
y12, νQJets, width, Planar Flow

• Optimal defined as maximal BG rejection at 50% Sig. eff.
• Two methods to optimize pairing of groomer+tagger

1 Fix tagger → scan jet algorithms for optimal performance
2 Fix jet algorithm → scan taggers for optimal performance

Calo:Based%Tagging.
•  Chose seven variables to pair with jet algorithms 

o  Tau21, sqrt(d12), mu12, sqrt(y12), volatility(qjets), width, PlanarFlow 

•  Optimal defined as maximal BG rejection at 50% Sig. eff.  
•  Two methods to optimize pairing of groomer+tagger 

o  (1) Fix tagger ! scan jet algorithms for optimal performance 

o  (2) Fix jet algorithm ! scan taggers for optimal performance 
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•  Chose seven variables to pair with jet algorithms 

o  Tau21, sqrt(d12), mu12, sqrt(y12), volatility(qjets), width, PlanarFlow 

•  Optimal defined as maximal BG rejection at 50% Sig. eff.  
•  Two methods to optimize pairing of groomer+tagger 

o  (1) Fix tagger ! scan jet algorithms for optimal performance 

o  (2) Fix jet algorithm ! scan taggers for optimal performance 
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Calorimeter-based taggers

• Learn from looking at performance by considering tagger only and
groomer+tagger mix

• Conclusion for method 1
• We can say what a bad tagger is
• It is difficult to say that any one groomer+tagger is truly optimal

Calo%Based%Taggers.
•  Learn from looking at performance by considering 

tagger only and groomer+tagger mix 
•  Conclusion for method #1 

o  We can say what a bad tagger is 
o  It is difficult to say that any one groomer+tagger is truly optimal 
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Calorimeter-based taggers II

• Learn from looking at performance by considering tagger only and
groomer+tagger mix

• Conclusion for method 2
• We can say what a bad tagger is
• It is difficult to say that any one groomer+tagger is truly optimal

Calo%Based%Taggers.
•  Learn from looking at performance by considering 

tagger only and groomer+tagger mix 
•  Conclusion for method #2 (more interesting to theorists – 

Steve Ellis) 
o  We can say what a bad tagger is 
o  It is difficult to say that any one groomer+tagger is truly optimal 
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Calorimeter-based taggers III

• Can further optimization be gained by leveraging correlations?

• Initial answer – no – correlations between signal and background are
not drastically different

• NOTE : More investigation required
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Track-based substructure

Jets are build from the calorimeter and jets are ghost associated.
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Figure 5: The charge of a boosted hadronically-decaying W boson in simulated semileptonic tt̄ events
for  = 1.0 (left) and  = 0.3 (right). The hashed distributions are for the extension of the jet charge
definition to large-R jets. The solid line histograms show the distribution of the large-R jet charge after
trimming and the dashed lines show the sum of the charge of the two leading R = 0.3 kt subjets.

fined, as above, by summing over the tracks according to Eq. 1, with the (calorimeter) trimmed jet pT

in the denominator. The trimmed large-R jet charge is shown in Fig. 5 for  = 1.0 and  = 0.3 for the
same selection as for the untrimmed distribution. The trimmed and untrimmed jets have very similar
distributions, with the untrimmed distributions being slightly wider. The reason why there is not much
di↵erence in the charge distributions is that trimming only removes 20% of tracks, all of which have a
low ptrack

T /pjet
T weight (. O(1%)) and thus do not contribute significantly to the charge. Trimming re-

moves more than 20% of calorimeter clusters, but the tracks are required to match to the primary vertex
and are thus significantly protected against pileup.

In the process of trimming, R = 0.3 subjets associated with each large-R jet are clustered together.
This gives rise to a third natural definition of the hadronic W charge, namely, the sum of the jet charge
of the two leading kt subjets. Tracks are already matched with subjets from the ghost association to the
R = 1.0 jets. This subjet charge is shown in Fig. 5 for  = 1.0 and  = 0.3. The subjet charge is much
more spread out than the (trimmed) large-R jet charge. Part of the stretching comes simply from the
definitions. To see this, consider an example in which the large-R jet transverse momentum P is parallel
to the two subjet momenta p and q and assume that p+ q = P. Then, since 1/p+ 1/q > 1/(p+ q) = 1/P,
the subjet charge will tend to have a larger spread.

The performance of hadronic W charge-tagging in the boosted regime is shown in Fig. 6 in terms
of the inverse e�ciency (rejection) to identify a W� as a function of the e�ciency to identify a W+. As
expected, since the large-R charge and trimmed large-R charge distributions are very similar for the two
definitions, the performance is similar. For a 50% W+ e�ciency, a factor of four rejection is obtained.
The subjet charge performs significantly worse than the (trimmed) large-R jet charge. There are several
factors that contribute to the di↵erence in performance. For example, there are many selected large-R
jets with three or more subjets. In these cases, the jet charge calculation does not include information
beyond what is contained in the two leading subjets. In addition, the decay products of the W may not
be fully merged into the R = 1.0 cone. The large-R jet charge may take this partial contribution into
account, but the subjet charge may miss information from tracks on the edge of the jet.
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Figure 10: Distribution of three tracking variables in two different jet pT bins, for experimental data
collected by ATLAS during 2011 (solid black points), and simulated data (filled histograms). The ratio
data over simulation is shown at the bottom of each plot.
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Systematic Uncertainties

The standard prescription in ATLAS is to compute the double ratio
between track jets/MC track jets and calo jets/MC calo jets (r is the
calo/track ratio).
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Figure 9. Mean values of rm
track jet as a function of jet mass for (a) C/A, R = 1.2 jets and (b)

anti-kt, R = 1.0 trimmed jets (fcut = 0.05, Rsub = 0.3) in the range 500 GeV  pjet
T < 600 GeV and

in the central calorimeter, |⌘| < 0.8. The mean ratios between the data and MC distributions (the

double ratios Rm
r track jet) are shown in the lower section of each figure. The error bars and bands

represent the statistical uncertainty only.

The weighted average deviation of Rm
r track jet from unity ranges from approximately

2% to 4% for the set of jet algorithms and grooming configurations tested for jets in the

range 500 GeV  pjet
T < 600 GeV and in the central calorimeter, |⌘| < 0.8. The results are

fairly stable for the slightly less central ⌘ range 0.8  |⌘| < 1.2.

Figure 10 presents the full set of jet mass scale systematic uncertainties for various jet

algorithms estimated using the calorimeter-to-track-jet double ratios. The total relative

uncertainty includes the 3% uncertainty on the precision of the jet mass scale calibration

(see figure 7(b)) as well as the uncertainty on the track measurements themselves. The

latter uncertainty takes into account the knowledge of tracking ine�ciencies and their

impact on the pjet
T and mjet measurements using track-jets. Each of these two additional

components is assumed to be uncorrelated and added in quadrature with the uncertainty

determined solely from the calorimeter-to-track-jet double ratios. The uncertainties are

smoothly interpolated between the multiple discrete ⌘ ranges in which they are estimated.

Figure 10 shows the uncertainty evaluated at two points |⌘| = 0.0 (solid) and |⌘| = 1.0

(dashed) as a function of pjet
T .

The impact of the tracking e�ciency systematic uncertainty on rm
track jet is evaluated

by randomly rejecting tracks used to construct track-jets according to the e�ciency uncer-

tainty. This is evaluated as a function of ⌘ and mjet for various pjet
T ranges. Typically, this

results in a 2–3% shift in the measured track-jet kinematics (both pT and mass) and thus

a roughly 1% contribution to the resulting total uncertainty, since the tracking uncertainty

is taken to be uncorrelated to that determined from the double ratios directly.

The total systematic uncertainty on the jet mass scale is fairly stable near 4–5% for all

– 22 –

Calibrations exist in bins of m/pT for anti-kT 1.0 and C/A R = 1.2.
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Fix Variable, Find Optimal Algorithm
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Fix Algorithm, Find Optimal Variable
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