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Outline
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Why do we care about jets?
Anything that decays to quarks and gluons will produce jets!

Lots of interesting new, old particles have decays including jets!
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High-pT: heavy particles in single jets
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How are QCD and heavy particle jets different?

• Jet mass

• Heavy particles: mjet ~ mX

• QCD: mjet ~ # pT

• Subjet kinematics

• Heavy particle: roughly symmetric subjets

• QCD: typically hard core with diffuse radiation; asymmetric subjets

• Color flow

• Heavy particle: if color singlet, decay products are color connected

• QCD: often contains color connections to rest of event

All jet substructure methods use some combination of these properties!

Also: spin, charge
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Problem 1: algorithm biases

• Jet algorithm shapes substructure, distorts kinematics 
you might expect from a decay

• One solution: don’t use subjets!

• Jet shapes

• Other solution: .....?
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Problem 2: Splash-in distorts masses

pp collisions:
extra radiation from ISR, UE, PU

Shifts mass distributions 
upward, broadens peaks!
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Jet substructure: “the early days”

• Seymour (Z. Phys. C62 (1994) 127): boosted Ws

• jet mass, subjet separation angle, filtering, jet areas, variable R

• Butterworth, et al. (hep-ph/0201098, hep-ph/0702150): boosted Ws

• ycut -- subjet separation in kT

• Butterworth, Davison, Rubin, Salam (0802.2470): boosted Higgs

• Mass drop:  msubjet < μ mjet  (if not, discard soft subjet and repeat)

• Filtering: recluster with smaller R, keep 3 hardest subjets

• Related: 0906.0728 (neutralinos)
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Extension to 2-step decays (tops)

• Brooijmans (ATL-PHYS-CONF-2008-008): “Y-Splitter”

• kT measures for last three mergings in kT jets

• Kaplan, Rehermann, Schwartz, Tweedie (0806.0848): “Top tagging”

• Identify hard splittings by discarding soft, wide-angle branchings

• Find W in subjets, then cut on top, W masses

• CMS variant: 0909.4894*

• Thaler, Wang (0806.0023)

• Several substructure variables, mostly energy sharing (z)

(*see Jim Dolen’s talk yesterday)
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Generic methods: “Jet grooming”

• Ellis, CV, Walsh (0903.5081, 0912.0033): “Pruning”

• Similar to first step in top-tagging, but bottom up

• Remove soft, large angle mergings as you go

• No attempt to find a specific number of subjets

• Krohn, Thaler, Wang (0912.1342): “Trimming”

• Adaptive filtering

• Recluster with small R, keep subjets with pTi > f pTjet

(Filtering can also be put in this category)
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Jet shapes -- more general than subjets

• Almeida, et al. (0807.0234, 0810.0934)

• Several jet shapes for QCD, top jets

• Mass, “planar flow”*

• Chekanov, Proudfoot (+Levy, Yoshida) (1002.3982, 1009.2749)

• Eccentricity and related geometrical measures

• Almeida, et al. (1006.2035): “Template Overlap”

• Find some set of variables that characterizes signal (tops)

• Kim (1011.2268); Thaler,  Van Tilburg (1011.2268): “N-Subjettiness”**

• Smooth interpolation between N subjets

Generically, jet shape = f( {pTi} )

(*see several talks this workshop)

(**see talks by Kim, Van Tilburg)
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Color flow

• Gallichio, Schwartz (1001.5027): “Pull”*
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Seeing in Color: Jet Superstructure

Jason Gallicchio and Matthew D. Schwartz
Department of Physics, Harvard University,Cambridge, Massachusetts 02138, USA

A new class of observables is introduced which aims to characterize the superstructure of an
event, that is, features, such as color flow, which are not determined by the jet four-momenta alone.
Traditionally, an event is described as having jets which are independent objects; each jet has some
energy, size, and possible substructure such as subjets or heavy flavor content. This description
discards information connecting the jets to each other, which can be used to determine if the jets
came from decay of a color-singlet object, or if they were initiated by quarks or gluons. An example
superstructure variable, pull, is presented as a simple handle on color flow. It can be used on an
event-by-event basis as a tool for distinguishing previously irreducible backgrounds at the Tevatron
and the LHC.

Hadron colliders, such as the LHC at CERN, are
fabulous at producing quarks and gluons. At energies
well above the confinement scale of QCD, these colored
objects are produced in abundance, only hadronizing
into color-neutral objects when they are sufficiently far
apart. The observed final-state hadrons collimate into
jets which, at a first approximation, are in one-to-one cor-
respondence with hard-partons from the short-distance
interaction. In fact, this description is so useful that
it is usually possible to treat jets as if they are quarks
or gluons. Conversely, in a first-pass phenomenological
study, it is possible simply to simulate the production
of quarks and gluons, assuming they can be accurately
reconstructed experimentally from observed jets.
In certain situations, the jet four-momenta alone do

not adequately characterize the underlying hard process.
For example, when an unstable particle with large trans-
verse momentum decays hadronically, the final state may
contain a number of nearly collinear jets. These jets may
then be merged by the jet-finder. Or, due to contami-
nation from the underlying event, the energy of the re-
constructed jet may not optimally represent the energy
of the hard parton, thereby obscuring the short-distance
event topology. Over the last few years, a number of im-
proved jet algorithms and filtering techniques have been
developed to improve the reconstruction of hard scatter-
ing kinematics [1–4], with experimentally endorsed suc-
cesses including reviving a Higgs to bb̄ discovery channel
at the LHC [1] (implemented by ATLAS [5]) and making
top-tagging as reliable as b-tagging [2] (implemented by
CMS [6]). Nevertheless, there is still a horde of informa-
tion in the events which these substructure techniques
ignore. Jets have color, and are color-connected to each
other, providing the event with an observable and char-
acterizable superstructure.
The term color-connected comes from a graphical pic-

ture of the way SU(3) group indices are contracted in
QCD amplitudes. To be concrete, consider the produc-
tion of a Higgs boson at the LHC with the Higgs decaying
to bottom quarks. The hard process is qq̄ → H → bb̄.
Since the Higgs is a color singlet, the color factor in the
leading order matrix element for this production has the

FIG. 1: Possible color connections for signal (pp → H → bb̄)
and for background (pp → g → bb̄).

form Tr[TATB]Tr[TCTD], where TA are generators of
the fundamental representation of SU(3), A and B index
the initial state quarks and C and D index the final-state
b’s. Since Tr[TCTD] ∝ δCD, the color of C must be the
same as D, which can be represented graphically as a
line connecting quark C to quark D. This color string
or dipole is shown in Figure 1. An example background
process is qq̄ → g → bb̄. Here, there are two possibili-
ties for the color connections: Tr[TATC ]Tr[TBTD] and
Tr[TATD]Tr[TBTC ], both of which connect one incoming
quark to one outgoing quark, as shown also in Figure 1.
The color string picture treats gluons as bifundamentals,
which is correct in the limit of a large the number of col-
ors, NC → ∞. Subleading corrections are included in
simulations through color-reconnections, which amount
to a 1/N2

C ∼ 10% effect.

Since color flow is physical, it may be possible to ex-
tract the color connections of an event. Such informa-
tion would be complimentary to the information in the
jets’ four-momenta and therefore may help temper oth-
erwise irreducible backgrounds. For example, one ap-
plication would be in cascade decays from new physics
models. In supersymmetry, one often has a large number
of jets, originating from on-shell decays like q̃ → qχ or
from color-singlet gauge boson or gaugino decays. One of
the main difficulties in extracting the underlying physics
from these decays is the combinatorics: which jets come
from which decay? Mapping the superstructure color
connections of the events could then greatly enhance our
ability to decipher the short-distance physics.

(*see Andy Haas’s talk)
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Applications

• 0909.3855: Polarization of boosted tops

• 0910.5472: tth with filtering+

• 0912.4731: Higgs searches with filtering+

• 1005.0417: Combining filtering, pruning, trimming on H/t

• 1006.1151: H -> 2X -> 4g

• 1006.1650: “Unburied Higgs”

• 1006.1656: MSSM Higgs

• 1006.2833: Stops with tops

• 1006.3213: Boosted tops from UED

• 1007.2221: Boosted semileptonic tops

• 1010.0676: Semileptonic ZZ

• 1008.2202: Higgs -> semileptonic ZZ

• 1010.3698: Multivariate H+W/Z

• 1010.5253: Z’ -> W/Z

• 1011.4523: Ditau, boosted Higgs

(June 2010: 
BOOST)

More on multivariate later...
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Multivariate approaches

Cui, Han, Schwartz: 1012.2077 -- “W-jet Tagging”  (builds on 1005.0417, 1010.3698)

Why not throw everything at the wall and see what sticks?

TMVA finds optimal set of 25 variables:

method which appears fast and reliable, and particularly well suited for high energy theory

analyses. Details of this method as used in particle physics can be found, for example,

in [36]. As we will see, using our variables and BDTs is significantly better than filtering

alone, with an additional factor of 2− 3 improvement in SIC. One can then apply the cuts

giving the maximal SIC to data samples from different processes (we will show two examples

later: Z ′ discovery and Wj as signal vs. jj). Such applications also test the robustness of

multivariate methods.

For various jet pT ’s we begin with ∼ 105 signal events and ∼ 106 background events

after the filtered mass cut as input samples. We first rank the individual variables based

on the SIC when they are individually used. Then among those at the top we try to find

a combination of variables for which the improvement in S/
√
B almost saturates (adding

even more variables on top has little effect). Some variables, like the pull angles, girth, or

mass R-cores tend not to help on top of other top variables, so they are not used for the

final list. A nice feature of the BDT method is adding useless variables does not particularly

downgrade the training speed or final efficiencies. A set of 25 variables that saturate the

efficiencies is

mjet, cpT (0.2− 0.11), sensm,pT
filt,trim,prun, Pf , Pf(0.4),

psub1,sub2T

pT
,
msub1,sub2

m
, ∆Rsub, nsub. (4)

We use 10 pT R-cores, from R = 0.2 to R = 1.1 by 0.1 and 6 grooming sensitivities.

Figure 14 shows the SIC curves (εS/
√
εB functions of εS) for these variables, as each one

(or set) are added. The curves are cumulative. The big jumps in the lower curves come from

adding 10 R-cores and then the two filtering sensitivities as groups. Naturally, the discrimi-

nation efficiency of the variables is pT dependent, so plots for pT ∈ (200, 250), (500, 550) and

(1000, 1050) GeV are shown separately. Figure 15 shows the maximal SIC using these 25

variables as a function of pT . We see the improvement gets more appreciable towards higher

pT .

In practice if one prefers to use fewer variables and be less ambitious about significance

gain, one can do almost as well with a subset of these variables. For example, if we take the

7 variables

m(0.5), m(0.4), mfilt, m
sub1, msub2,

psub2T

psub1T

, Pf(0.4), (5)

we can achieve a significance gain of ∼ 1.9 over the filtered sample, as compared to ∼ 2.4
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New: 
“R-Cores” See talk by 

Zhenyu Han 
today!
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Outline

• A short history of jet substructure techniques

• Results from BOOST 2010

• What’s next? (BOOST 2011 homework...)

Proceedings:1012.5412
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First accomplishment: common samples

http://www.lpthe.jussieu.fr/~salam/projects/boost2010-events/  (and UW mirror)

Signal is all-hadronic ttbar; BG is dijet, generated with:

HERWIG 6.510 + JIMMY (ATLAS tune)
Pythia 6.4 x DW, DWT, Perugia0 tunes  (Perugia0 is pT-ordered)

Narrow pT bins: {200-300, 300-400, ... 1500-1600} GeV

Even more remarkable -- common jet definition:
anti-kT R=1.0 jets
no detector
at most 2 jets
pT > 200

Friday, January 14, 2011
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Monte Carlo sensitivity (dijets)
M. Karagoz, M. Spannowsky, M. Vos (editors): Boosted objects: a probe of BSM physics 17
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Fig. 2. Jet invariant mass mj before (a-c) and after grooming (d-f), and (ungroomed) splitting scales
√

d12 (g-i) and
√

d23 (j-l)
for anti-kT jets with R=1 reconstructed on dijet samples with an approximately flat distribution in jet pT . The three histograms
in the plots of the leftmost column correspond to three different shower models: Q2 and pT ordered showers in PYTHIA with
the DW and Perugia tune, respectively, and the default HERWIG shower model. In the central column, two Pythia underlying
event tunes are compared to default Herwig/Jimmy. In the rightmost column particle-level jets are compared to cluster-level
jets. In the small inset underneath each histogram, the relative deviations from a reference histogram are given ((data-ref)/ref),
where the result for PYTHIA Q2-ordered showers (leftmost column), the PYTHIA DW tune (central column) and particle
level jets (rightmost column) as the reference.

no UE!
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Fig. 2. Jet invariant mass mj before (a-c) and after grooming (d-f), and (ungroomed) splitting scales
√

d12 (g-i) and
√

d23 (j-l)
for anti-kT jets with R=1 reconstructed on dijet samples with an approximately flat distribution in jet pT . The three histograms
in the plots of the leftmost column correspond to three different shower models: Q2 and pT ordered showers in PYTHIA with
the DW and Perugia tune, respectively, and the default HERWIG shower model. In the central column, two Pythia underlying
event tunes are compared to default Herwig/Jimmy. In the rightmost column particle-level jets are compared to cluster-level
jets. In the small inset underneath each histogram, the relative deviations from a reference histogram are given ((data-ref)/ref),
where the result for PYTHIA Q2-ordered showers (leftmost column), the PYTHIA DW tune (central column) and particle
level jets (rightmost column) as the reference.
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(e) groomed jets - UE
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(f) groomed jets - detector
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(i) 1 → 2 split - detector
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(j) 2 → 3 split - PS
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(k) 2 → 3 split - UE
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Fig. 2. Jet invariant mass mj before (a-c) and after grooming (d-f), and (ungroomed) splitting scales
√

d12 (g-i) and
√

d23 (j-l)
for anti-kT jets with R=1 reconstructed on dijet samples with an approximately flat distribution in jet pT . The three histograms
in the plots of the leftmost column correspond to three different shower models: Q2 and pT ordered showers in PYTHIA with
the DW and Perugia tune, respectively, and the default HERWIG shower model. In the central column, two Pythia underlying
event tunes are compared to default Herwig/Jimmy. In the rightmost column particle-level jets are compared to cluster-level
jets. In the small inset underneath each histogram, the relative deviations from a reference histogram are given ((data-ref)/ref),
where the result for PYTHIA Q2-ordered showers (leftmost column), the PYTHIA DW tune (central column) and particle
level jets (rightmost column) as the reference.

GROOM

(groom = trim)
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“Detector” effects
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(e) groomed jets - UE
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(f) groomed jets - detector
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(k) 2 → 3 split - UE
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Fig. 2. Jet invariant mass mj before (a-c) and after grooming (d-f), and (ungroomed) splitting scales
√

d12 (g-i) and
√

d23 (j-l)
for anti-kT jets with R=1 reconstructed on dijet samples with an approximately flat distribution in jet pT . The three histograms
in the plots of the leftmost column correspond to three different shower models: Q2 and pT ordered showers in PYTHIA with
the DW and Perugia tune, respectively, and the default HERWIG shower model. In the central column, two Pythia underlying
event tunes are compared to default Herwig/Jimmy. In the rightmost column particle-level jets are compared to cluster-level
jets. In the small inset underneath each histogram, the relative deviations from a reference histogram are given ((data-ref)/ref),
where the result for PYTHIA Q2-ordered showers (leftmost column), the PYTHIA DW tune (central column) and particle
level jets (rightmost column) as the reference.
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(c) jet mass - detector
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(e) groomed jets - UE
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(f) groomed jets - detector
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Fig. 2. Jet invariant mass mj before (a-c) and after grooming (d-f), and (ungroomed) splitting scales
√

d12 (g-i) and
√

d23 (j-l)
for anti-kT jets with R=1 reconstructed on dijet samples with an approximately flat distribution in jet pT . The three histograms
in the plots of the leftmost column correspond to three different shower models: Q2 and pT ordered showers in PYTHIA with
the DW and Perugia tune, respectively, and the default HERWIG shower model. In the central column, two Pythia underlying
event tunes are compared to default Herwig/Jimmy. In the rightmost column particle-level jets are compared to cluster-level
jets. In the small inset underneath each histogram, the relative deviations from a reference histogram are given ((data-ref)/ref),
where the result for PYTHIA Q2-ordered showers (leftmost column), the PYTHIA DW tune (central column) and particle
level jets (rightmost column) as the reference.

Groomed jets: easier to calibrate?
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Comparing grooming methods
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(a) tt̄, 300–400 GeV
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(b) dijets, 300–400 GeV
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(c) tt̄, 500–600 GeV
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Fig. 1. Jet invariant mass distribution for three grooming methods. Each groomed analysis begins with anti-kT jets with
R = 1.0. The red curve represents these jets without grooming. The distributions correspond to tt̄ or di-jet quarks or dijet
samples with parton-level pT of 300–400 GeV and 500–600 GeV.

original parameters are obviously not sensible. Likewise,
filtering has typically been used in the context of fur-
ther grooming the already identified subjets of a decay.
For trimming and filtering, we have chosen reasonable
values based on a superficial exploration of the param-
eter space, requiring good performance in the higher of
the two pT bins. A careful optimisation of parameters
requires a more thorough study. For trimming, we take
{Rsub = 0.35, fcut = 0.03 × pjet

T }. For filtering, we take
{Rfilt = 0.35, Nsubjets = 3}.

In Fig. 1 we compare the mass distribution for groomed
jets with that for ungroomed jets, for hadronic top decays
(a,c) and QCD dijets (b,d). We find that grooming clearly
improves the mass resolution when compared to the raw
jet mass. The number of entries of the top mass peak

for highly boosted top quarks is similar before and after
grooming, but the peak is narrower for groomed jets. The
same effect is also seen in the lower pT bin (c), except
that now a peak at the W boson mass is also significant.
Meanwhile, for high-pT dijets (d), the jet mass distribu-
tion is forced downward, with the largest background re-
duction in the intermediate mass region around 100 GeV.
At the high end of the distribution, large jet masses often
come from hard, perturbative emissions that will not be
“groomed away”, so grooming diminishes in effectiveness.
For low-pT dijets (b), the same effects are present but the
overall distributions are shifted downward.

Comparing the three grooming methods, we find all
three perform comparably in top quark mass resolution,
improving significantly on ungroomed jets. Pruning acts

[Pruning: “standard” parameters; trimming and filtering: 
rough optimization for this sample]
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Top-tagging comparison
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Mistag vs. efficiency (tops over dijet): 500 GeV < pT < 600
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Caveats!

* Not all taggers scanned all 
parameters (easier to scan cuts than 
parameters...)

* Not all ways to find tops 
represented (jet shapes?!?)

* BG is just dijets -- do we trust the 
Monte Carlo for this?

Still a lot to do to understand -- 
and believe -- the differences!
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Outline

• A short history of jet substructure techniques

• Results from BOOST 2010

• What’s next? (BOOST 2011 homework...)
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What did we do?  What’s left?

• Compared some methods, for one signal/BG, with one MC

• Started to explore differences in MC models of substructure

• More complete set of techniques, especially jet shapes

• Other signals

• More consistent parameter scans

Aside:  A tool to explore many jet tools would be useful!  (See Brian’s talk...)
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(Some) outstanding issues in jet substructure

• What do these techniques look like in real data?

• How do we calibrate all of these jet substructure variables? 

• What signals are good testbeds?

• Will theorists make better use of the detector?

• (Detector != 0.1 x 0.1 HCAL...)

• Can we enhance substructure techniques with ECAL resolution, tracking info?

• (How much) can we trust the Monte Carlos?

• Study jet masses and jet substructure in early data and compare to MC

• Does matching make things better?  Does matching make things worse?!

• Need a better understanding of how MCs differ on substructure

(Giant MC review: 1101.2599)
Friday, January 14, 2011



Jet Substructure at the Large Hadron Collider:

Harder, Better, Faster, Stronger
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Bonus slides
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(a) all pT samples
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(b) all pT samples
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(c) 300–400 GeV
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(d) 500–600 GeV

Fig. 3. Mistag rate versus efficiency after optimisation for the studied top-taggers in linear scale (a) and logarithmic scale (b).
Tag rates were computed averaging over all pT subsamples (a,b) and for the subsample containing jet with pT range 300–400
GeV (c) and 500–600 GeV (d)
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(d) ATLAS, Thaler/Wang, ε = 50 %
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Fig. 4. Efficiency and mistag rate as function of jet pT for working points with overall efficiency of 20% (left) and 50% (right).
Results correspond to the ATLAS and Thaler/Wang taggers (a,b), the Hopkins and CMS taggers (c,d) and the pruning tagger
(e,f). The mistag rate has been multiplied by a factor 5 to make it visible on the same scale.Friday, January 14, 2011
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Fig. 2. Jet invariant mass mj before (a-c) and after grooming (d-f), and (ungroomed) splitting scales
√

d12 (g-i) and
√

d23 (j-l)
for anti-kT jets with R=1 reconstructed on dijet samples with an approximately flat distribution in jet pT . The three histograms
in the plots of the leftmost column correspond to three different shower models: Q2 and pT ordered showers in PYTHIA with
the DW and Perugia tune, respectively, and the default HERWIG shower model. In the central column, two Pythia underlying
event tunes are compared to default Herwig/Jimmy. In the rightmost column particle-level jets are compared to cluster-level
jets. In the small inset underneath each histogram, the relative deviations from a reference histogram are given ((data-ref)/ref),
where the result for PYTHIA Q2-ordered showers (leftmost column), the PYTHIA DW tune (central column) and particle
level jets (rightmost column) as the reference.
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Tagger Parameters at 20% working point Parameters at 50% working point

δp = 0.1, δr = 0.19 δp = 0.04, δr = 0.19
Hopkins 170 < mtop < 195 GeV, 160 < mtop < 265 GeV,

cos θh < 0.675 , 75 < mW < 95 GeV cos θh < 0.95, 60 < mW < 120 GeV
170 < mjet < 200 GeV 164 < mjet < 299 GeV

CMS mmin > 75 GeV mmin > 42.5 GeV
zcut = 0.1, Dcut/(2m/pT ) = 0.2 zcut = 0.05, Dcut/(2m/pT ) = 0.1

Pruninga 68 < mW < 88 GeV 28 < mW < 128 GeV
150 < mtop < 190 GeV 120 < mtop < 228 GeV

ATLASb N/A N/A
mW > 68 GeV mW > 59 GeV

Thaler/Wang 0.249 < zcell < 0.664 0.0498 < zcell < 0.509
183 < mjet < 234 GeV 162 < mjet < 265 GeV

a The optimal zcut found is near the “standard” value of 0.1, but much smaller values of
Dcut are found (the original value was 0.5). This is due to a trade-off between the pruning
and mass cut parameters. With wide mass windows and high efficiencies, it turns out to be
better to “over-prune”. The fact that Dcut decreases from the 20% efficiency point to the
50% point is likely an artifact of the low resolution of the parameter scan (cf. Fig. 3).

b The variant of the ATLAS tagger in these proceedings is based on a cut on the likelihood
value from TMVA and hence parameter values are not applicable.

Table 1. Optimised parameters at different working points for different top-taggers.

in Fig. 4 for two working points chosen to yield 20% and
50% overall top-tagging efficiency. We find the tag rate to
be relatively flat for pT ! 500 GeV after a steep turn-on
for lower pT . The small pT dependence at higher pT in the
taggers which do not employ grooming is further reduced
in these grooming-based taggers.

We finally consider a top-tagger that employs pruning
to groom the jets (described in detail in Section 3.3). For
the purposes of this study, we included an additional step:
To identify the W boson subjet, the final jet is unclustered
to three subjets (by undoing the last merging) and the
minimum-mass pairing is chosen to be the W boson, as in
the CMS tagger.

To generate the pruning tagger efficiency curves in
Fig. 3, the parameters zcut and Dcut are scanned over the
ranges 0.01–0.2 and (0.1–0.85)×(2m/pT )jet. We then scan
the cuts on the jet and W boson subjet masses, with the
only constraint being that the top jet mass is always re-
quired to be greater than 120 GeV. We define two working
points, that yield an average efficiency of 20% and 50%.
The tagger parameters of both working points are given
in Table 1. The tagging rates for signal and background
as functions of anti-kT jet pT are shown in Fig. 4. The tag
rates are relatively flat for pT ! 400 GeV, after a turn-on
for lower pT .

In general all grooming-based taggers that we tested
have a flatter efficiency above pT of 400 GeV than the
ungroomed approaches. This reflects the relative stabil-
ity of the groomed variables as a function of pT . Splitting
scales, in particular, are sensitive to the pT of the initial
jets, however groomed masses correspond closely to phys-
ical quantities and hence are Lorentz-boost invariant.

The overall mistag rates for the different taggers at
the different working points are summarised in Table 2.
For the 20% working point it is clear that the groom-
ing based taggers perform strongly, suppressing the back-

ground by a factor of 20–100. For the samples we chose,
the pruning approach performs best. The ungroomed tag-
ging approaches are more competitive at the 50% work-
ing point, which is often at the limit of the applicable
range for the grooming-based approaches. It can be seen
that the pruning-based approach actually performs worst
at this working point. This seems to be the reflection of
the fact that grooming approaches produce a narrow top
mass peak, typically containing around 60% of the signal
for top jets. To produce an overall efficiency of around
50% , in combination with the mjet > 120 GeV require-
ment, we must then choose a large mass window. This
partly negates the advantages of the grooming approaches
and leads to worse relative performance compared to tech-
niques without grooming.

Tagger Mistag rate
working point ε = 20 % ε = 50 %

Hopkins 0.4% 4.9%
CMS 0.4% 5.2%

Pruning 0.3% 7.6%
ATLAS 0.7% 4.6%

Thaler/Wang 1.5% 6.0%

Table 2. Summary of mistag rates at different working points
for different top-taggers.

These studies are limited by the fact that the sam-
ples used do not include detector effects. Nonetheless the
choice of common samples means that tagging approaches
can be compared on a level playing field. We recommend
that future taggers be tested using these samples. This
enables direct comparison with the existing taggers.

BOOST working points
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2-4 parton matched vs. dijet
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Background subtraction 
may be a challenge!

Friday, January 14, 2011


