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Electroweak particle X decaying  
hadronically into two jets. 

m2
X = E2

X z(1 − z) 2(1 − cosθ)

The two prongs end up in a single jet if :  

ΔR ∼
m
pT

1
z(1 − z)

∼
2m
pT
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Better we get rid of this



Feature of boosted particle decay
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for �R ⇠ 1.0

• Large R jets originating from decay of boosted heavy  
particle have different characteristics compared to  
fat jets from light flavor quarks or gluons.   

• The major challenge with large R jets are heavy 
contamination due to pileup & large QCD background.�R ⇠ 2m/pT
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Event with boosted jets
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muon, pT ~ 50 GeV

MET ~ 470 GeV

R = 0.4 jet, pT ~ 70 - 300 GeV

LAr & Tile energy  
deposits

R = 1.0 fat jet 
pT = 600 GeV, m = 180 GeV
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The variable of interest is , where 
1
σ

dσ
dv

v =
m2

j

E2
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The generic class of substructures
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How do we quantify a tagger performance?
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Receiver Operator Characteristics 



Pileup mitigation methods
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Different methods that evolved over edges
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Cleaning large-R jets 1
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The first step is to clean the hadronic jets via grooming : mass drop, trimming & pruning

Mass Drop : It seeks to isolate concentrations of energy within a jet by identifying 
relatively symmetric sub-jets.

Trimming : Based on the idea that contamination from pileup, ISR, MPI in a jet  
should be much softer than the hard scattered constituents.

y =
min[(pj1

T )2, (pj2
T )2]

(mjet)2
⇥�R2

j1,j2
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Cleaning large-R jets 2
The popular grooming techniques studied are : mass drop, trimming & pruning

Pruning: Pruning is similar to trimming in terms of rejecting soft radiations. On top  
of that additional veto is applied on wide angle radiation.

Parameters used in ATLAS analysis for different groomers
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Impact of jet cleaning
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How well we can reconstruct “fat”-jets?
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Is grooming sufficient?
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Variables for identifying boosted tops
Jet Mass: The invariant mass of the jet built from constituents :  

Kt Splitting Scale: scale of the last recombination steps in the Kt  algorithm. 
 Large R jet constituents are reclustered using Kt algorithm.  

p
dij = min(pT,i,pT,j)⇥�Rij

Sensitive to whether the last recombination steps correspond to the merging of the decay 
products of massive particles.

For hadronic top case :                 and  
p
d12 = mt/2

p
d23 = mW/2

N-subjettiness:     quantifies how well jets can be described as containing N or fewer 
subjets.  

with                          .                 with              characterising a N prong fat jet. 

⌧N

⌧N =
1

d0

X

k

pTk ⇥�Rmin
k

d0 ⌘
X

k

pTk ⇥R

Shower Deconstruction: ratio of likelihoods that measure the compatibility of the shower with a  
top quark decay over the same for a background process.  

⌧ij = ⌧i/⌧j ⌧N/⌧N�1

�({pk
i }) =

P
perm P({pk

i }|signal)P
perm P({pk

i }|background)

Computation of SD is CPU intensive.
Tagging is done by putting a 

threshold value on SD variable. 

JHEP 1606 (2016) 093

m2 =
⇣ X

i2jet

pi

⌘2

https://inspirehep.net/search?p=find+eprint+1603.03127
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Discriminating power of jet shapes
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Substructure based taggers

The jet grooming & parameters used by different taggers.  

JHEP 1606 (2016) 093

https://inspirehep.net/search?p=find+eprint+1603.03127
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Distribution of tagger variables

60 80 100 120 140 160 180 200 220 240

Ev
en

ts
 / 

10
 G

eV

100
200
300
400
500
600
700
800
900 Data

 (matched)tt
 (not matched)tt

Single top
W+jets
Z + jets
Syst. uncertainty
Exp. uncertainty
Mod. uncertainty

ATLAS
 = 8 TeVs, -1 L dt = 20.3 fb∫
 R=1.0tTrimmed anti-k

Tagger I

Large-R jet Mass [GeV]
60 80 100 120 140 160 180 200 220 240D

at
a/

Si
m

.

0.5
1

1.5 6− 4− 2− 0 2 4 6 8 10

Ev
en

ts

100

200

300

400

500

600

Data
 (matched)tt
 (not matched)tt

Single top
W+jets
Syst. uncertainty
Exp. uncertainty
Mod. uncertainty

ATLAS
 = 8 TeVs, -1 L dt = 20.3 fb∫

 R=1.0tanti-k
C/A R=0.2 subjets

 > 350 GeV
T

p

)χSD ln(
6− 4− 2− 0 2 4 6 8 10D

at
a/

Si
m

.

0
1
2

0 20 40 60 80 100 120 140 160 180 200

Ev
en

ts
 / 

10
 G

eV

100
200
300
400
500
600
700
800
900 Data

 (matched)tt
 (not matched)tt

Single top
W+jets
Z + jets
Syst. uncertainty
Exp. uncertainty
Mod. uncertainty

ATLAS
 = 8 TeVs, -1 L dt = 20.3 fb∫
 R=1.0tTrimmed anti-k

 [GeV]12dLarge-R jet 
0 20 40 60 80 100 120 140 160 180 200D

at
a/

Si
m

.

0.5
1

1.5 0 0.2 0.4 0.6 0.8 1 1.2

Ev
en

ts
 / 

0.
06

100
200
300
400
500
600
700
800
900 Data

 (matched)tt
 (not matched)tt

Single top
W+jets
Z + jets
Syst. uncertainty
Exp. uncertainty
Mod. uncertainty

ATLAS
 = 8 TeVs, -1 L dt = 20.3 fb∫
 R=1.0tTrimmed anti-k

32τLarge-R jet 
0 0.2 0.4 0.6 0.8 1 1.2D

at
a/

Si
m

.

0.5
1

1.5

JHEP 1606 (2016) 093

https://inspirehep.net/search?p=find+eprint+1603.03127
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HEP Top-tagger

James Dolen Boston Jet Workshop,  Jan 22, 2013

HEP Top Tagger details

12

James Dolen

Mass drop 
decomposition

Step 1:

James Dolen 18

Repeat reclustering and filtering procedure for all combinations of 3 
mass drop subjets

Step 5:

James Dolen

Loop over all 
combinations of 

3 mass drop 
subjets

Step 2:

James Dolen 16

ΔRmin

Recluster with 
Rfilt=min(0.3,ΔRmin/2) 

Step 3:

James Dolen 17

Filtering: keep only 
the 5 leading 

subjets

Step 4:

James Dolen 19

Pick the combination 
with filtered mass 

closest to the top mass. 
Recluster to force 3 

subjets

Step 6:

James Dolen JetMET Algorithms and Reconstruction Meeting - Jan 17, 2013 1

Save output 
subjet

yes

Input 
cluster

Is input 
mass < 30?

no

Save output 
subjet
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Does input 

have 2 
parent 

clusters?
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Split 
input into 
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clusters

Subjet 1 Subjet 2
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m1 < 0.8 minput  ?
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Remove 
subjet 2

HEP Top Tagger 
Mass drop decomposition

The HEPTopTagger algorithm is designed to identify a top quark with a hadronically decaying W boson 
daughter over a large multi-jet background
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HEP Top-tagger performance
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Performance of the tagger

Top quark tagging efficiency
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Higgs tagging algorithm

VR
Track jets

Track jets

ex-kT sub jets

COM sub jets

yij = 2⇥
⇣
1� cos✓ij

⌘
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Higgs Tagging performance

Performance of the Higgs taggers 


