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The Boost Reports Series 
•  And now…Boost2013  
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Arriving at the Scope of this Report 
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•  After Boost13 discussion session we had a number of topics… 
•  …but final scope determined largely by the interests of those people 

with time to work on the report, and what can realistically be done 
with the limited manpower/computing resources available. 



2014 Report Overview 
•  A systematic exploration of the correlations/overlap/complementarity 

between different groomed jet mass definitions and substructure 
variables in the context of: 
–  W tagging 
–  Top tagging (including HTT and John Hopkins tagging algorithms) 
–  q/g discrimination 

•  Exploration of correlations done largely through examining the ROC 
curves for BDT combinations of the groomed masses/variables. 
–  If two variables are strongly correlated the BDT combination ROC 

will not improve on the single variable ROC curves. Variables 
which do not share a lot of information will improve in combination. 

•  Correlations and performance are explored as a function of anti-kT jet 
radius and jet pT, going beyond pT > 1 TeV. 
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2014 Report Overview 
•  We are not trying to make quantitative statements about which 

groomed mass + variable combination makes the best tagger 
–  No pile-up.  
–  No detector simulation/emulation. 
–  No rigorous comparison between generators. 

•  But statements on the correlations, and how these evolve with 
different pT and R, should not be too dependent on these factors. 
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W-tagging Studies 

All studies by Nhan Viet Tran 
 
 

Fastjet 3.03 jet framework used 



W-Tagging MC Samples 
•  All samples at √s = 8 TeV using the CTEQ6L1 PDF. 
•  QCD background samples: 

–  Madgraph5 + Pythia8 (Tune 4C). 
–  Only ppgg samples used (will check results with qq). 
–  Generated in exclusive parton pT bins, with additional cut on 

leading (ungroomed) jet. 
•  Resonant (scalar) XWWqqqq signal samples: 

–  JHU Generator + Pythia8 (Tune 4C). 
–  Generated in exclusive in W pT bins, with additional cut on leading 

(ungroomed) jet. 

•  Exclusive pT bins generated: 
–  300-400 GeV, 500-600 GeV, 1.0-1.1 TeV. 

•  Range of anti-KT jet radii used R=0.4, 0.8, 1.2. 
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Single Variables: Mass 
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R=0.8, pT 500-600 GeV 

C/A Pruning 
Rcut = 0.5 
zcut = 0.1 

kT trimming 
R = 0.2 

fcut = 3% 

Soft Drop 
β = 2 

zcut = 0.1 
µ = 1.0 

mMDT 
zcut = 0.1 
µ = 1.0 

•  Fixed grooming 
parameters 
used. 

•  No optimization 
of grooming 
parameters. 



Single Variables: Substructure 
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R=0.8, pT 500-600 GeV 

Found that the β=2 
variants of these 

discriminants were not 
as performant as β=1. 



ROC Curves 

•  Clearly much to be gained from combining the variables… 
•  …but combinations produced too many ROC curves to digest! 
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Combined Variable Performance 

•  Background rejection at signal efficiency of 50% for each combination 
of variable (and for single variables along the diagonal). 
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R=0.8,  
pT 500-600 
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Combinations 
of substructure 
variables are 
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powerful 

as 
combinations 
of groomed 
mass and 

substructure  

C2 is particularly 
complementary 
to the groomed 
masses (but this 
is R dependent!) 
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Dependence on pT 
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•  As pT increases the power of the 
groomed masses stays relatively 
constant (up to x 2) 

•  But the power of mass+substructure 
combination increases dramatically. 
–  Addition of substructure 

information increasingly 
important to get best tagging at 
higher pT. 



Dependence on pT 
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•  Individual power of C2 increases 
dramatically with increased pT. 

•  But individual power of τ21 and ΓQjet 
gets worse. 

•  Interesting differences in the 
performance of mass+shape 
taggers, especially evident at higher 
pT. 



Dependence on R 
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•  Again, individual power of groomed masses 
stays relatively constant. 

•  But dramatic changes in the power of 
substructure variables as R changes. 
–  At R=0.4 and 0.8 C2 is by far the most 

powerful… 
–  …but this all changes for R=1.2. τ21 

becomes most powerful in combination. 
•  Power of groomed mass + shape taggers 

varies substantially with jet radius. 



Main Conclusions from W Tagging 
•  Individually, groomed masses are more powerful discriminants than 

the substructure variables examined: 
–  Exception to this is C2

β=1, as powerful as groomed masses for R=0.4, 
R=0.8. 

–  Groomed mass power does not vary too much with pT or R. 

•  Taggers should be built from a combination of groomed mass + 
substructure variable: 
–  Great improvements in rejection power, especially at high pT. 
–  Performance of combined taggers improves with pT…. 
–  …but varies substantially with jet radius R. 
–  Most performant substructure variable depends on R 

•  For R=0.8 it is C2 
•  For R=1.2 it is τ21 

–  Different substructure variables prefer to be used in combination with 
different groomers e.g. C2 best with msd

β=2 
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Top tagging Studies 

All studies by Brian Shuve 
 
 

Fastjet 3.03 jet framework used 
 



Top Tagging MC Samples 
•  All samples at √s = 14 TeV. 

•  Three different exclusive pT bins: 
–  600-700 GeV, 1-1.1 TeV and 1.5-1.6 TeV. 

•  QCD background samples: 
–  Sherpa 2.0.0, 22+2 generation (both qq and gg). 
–  pT cut on leading parton-level jet pT. 

•  All-hadronic ttbar samples: 
–  Sherpa 2.0.0 
–  pT cut on top/anti-top pT. 
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Top Tagging Options Explored 
•  Study the performance of the following Top tagging strategies: 

–  HepTopTagger (HEP) 
–  John Hopkins Tagger (JH) 
–  Trimming & Pruning 

•  First compare the “mass” performance of these taggers.  
–  Across different pT bins, with different jet radii (R=0.4,0.8,1.2). 

•  Then investigate adding shape information: 
–  n-subjettiness (τ21 and τ32) 
–  ECF ratios (C2 and C3) 
–  Qjet volatility 
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“Mass” Tagging 
•  HEP and JH taggers: 

–  Output (when tagging requirements pass) a Top mass (mtop) and 
W mass (mW) hypothesis, as well as a helicity angle. 

–  We study the performance when mtop, mW and helicity angle are 
combined in a BDT…(similar to Boost2011 report). 

•  Trimming/Pruning “mass” top tagging works as follows: 
–  mtop = the full groomed jet mass. 
–  mW =  lowest mass pair (if >=3 subjets) or highest mass subjet (if 

==2 subjets). 
–  Combine mtop and mW in a BDT discriminant. 
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Continuous Optimisation 

•  For each point on each ROC curve the tagger “inputs” are scanned 
over to give the optimal background rejection at that efficiency. 
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Tagger Performance 

30 
pT 1000-1100 GeV bin, R=0.8 

•  All approaches are similar in performance. 
•  JH appears to perform slightly better than HEP. 
•  Trimming slightly better than pruning. 
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 Correlations Between Taggers 

31 
pT 1000-1100 GeV bin, R=0.8 

•  The JH tagger can be improved by BDT combination of the JH 
outputs with the HEP tagger outputs. 

•  There is complementary information in the outputs of these taggers! 

sig∈
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
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1

jmass prune_mt_mw

trim_mt_mw JH

HEP HEP_JH



Shape-Only Performance 

•  Jet shape/substructure variables not as powerful as the ungroomed 
mass. 
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sig∈
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

bk
g

∈

-410

-310

-210

-110

1

jmass tau32b1

tau21b1 C3b1

C2b1 Qjet

pT 1000-1100 GeV bin, 
R=0.8 



Adding Shape Information 
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•  Use BDT from mtop, mW, helicity and single (or all) shape variable(s). 
•  Both HEP and JH are complimented by additional shape info… 

pT 1000-1100 
GeV bin, R=0.8 

sig∈
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

bk
g

∈

-410

-310

-210

-110

1

jmass HEP

HEP_tau HEP_C

HEP_Qjet HEP_shape

sig∈
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

bk
g

∈

-410

-310

-210

-110

1

jmass JH

JH_tau JH_C

JH_Qjet JH_shape

HEP tagger 
shows bigger 
improvement 
when adding 

shape. No one 
shape variable 

dominant. 

JH tagger shows 
less 

improvement.  



Adding Shape Information 
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•  Use BDT from mtop, mW and single (or all) shape variable(s). 
•  Trimming and pruning complimented by shapes also. 

pT 1000-1100 
GeV bin, R=0.8 

sig∈
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

bk
g

∈

-410

-310

-210

-110

1

jmass trim_mt_mw

trim_mt_mw_tau trim_mt_mw_C

trim_mt_mw_Qjet trim_mt_mw_shape

sig∈
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

bk
g

∈

-410

-310

-210

-110

1

jmass prune_mt_mw

prune_mt_mw_tau prune_mt_mw_C

prune_mt_mw_Qjet prune_mt_mw_shape

C2/C3 and Tau21/
Tau23 seem to be 

the most 
complementary 
shape variables. 



Adding Shape Information 
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pT 1000-1100 GeV bin, R=0.8 

•  Performance of the various strategies very close after adding all 
shape information (at least all explored here). 

sig∈
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
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g

∈

-410

-310

-210

-110

1

jmass JH_shape

HEP_shape trim_mt_mw_shape

prune_mt_mw_shape



 HEP pT dependence (R=0.8) 

36 

sig∈
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

bk
g

∈

-410

-310

-210

-110

1

HEP.pT.600

HEP.pT.1000

HEP.pT.1500

sig∈
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

bk
g

∈

-410

-310

-210

-110

1

HEP_shape.pT.600

HEP_shape.pT.1000

HEP_shape.pT.1500

Compare 
performance of 

taggers in 
different pT bins 

(each pT bin 
individually 
optimised). 

 
 

In all taggers, 
optimal 

performance 
stays fairly 

constant with pT. 



 HEP R dependence (pT = 1.5 TeV) 
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sig∈
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

bk
g

∈

-410

-310

-210

-110

1

HEP.R.0.4

HEP.R.0.8

HEP.R.1.2

sig∈
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

bk
g

∈

-410

-310

-210

-110

1

HEP_shape.R.0.4

HEP_shape.R.0.8

HEP_shape.R.1.2

Compare tagger 
performance as a 

function of jet 
radius in the most 

boosted bin. 

Taggers prefer 
smaller jet radius 
(as also observed 

in W-tagging) 



Optimization Transfer Studies 
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sig∈
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

bk
g

∈

-410

-310

-210

-110

1

JH.pT.600

JH.pT.1000

JH.pT.1500

sig∈
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

bk
g

∈

-410

-310

-210

-110

1

JH.pT.1500

JH.pT.1000

JH.pT.600

Individually 
optimised in each 

pT bin 

Only optimised in 
the pT 1.5 TeV 

bin. Performance 
is very similar! 



Optimization Transfer Studies 
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sig∈
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

bk
g

∈

-410

-310

-210

-110

1

JH.R.0.4

JH.R.0.8

JH.R.1.2

sig∈
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

bk
g

∈

-410

-310

-210

-110

1

JH.R.1.2

JH.R.0.8

JH.R.0.4

Individually 
optimised for 
each jet radius 

Only optimised 
for R=1.2. 

Performance is 
very similar! 



Main Conclusions Top Tagging 
•  When optimising over all inputs HEP, JH, trimming and pruning 

“mass” taggers can produce similar Top tagging performance. 
–  Performance does not vary strongly with pT, but does vary strongly 

with R (lower R preferred).  
–  There is complementary information between these taggers. 

•  All of the “mass-based” taggers can be improved using additional 
shape information. 
–  Performance of taggers becomes very close when shape added.  
–  C2/C3 and tau21/tau32 are most complementary to trimming/

pruning. 

40 

Conclusions in common with W-
tagging study 



Summary 



Report Status 

•  A lot of material already in the report. 
–  Current draft is 58 pages, with 62 figures! 

•  More work needed to distill the plots and fill in the text. 
•  Nothing shown here on q/g tagging – plots produced but not digested. 
•  Aiming to wrap this up by Autumn/Fall (meaning journal submission). 

42 



Summary 
•  The Boost13 Report systematically examines the complementarity 

and overlap in different tagging approaches, and how this changes as 
a function of pT and jet radius, for W, Top and q/g tagging. 

•  Hopefully it can be instructive for both phenomenological and 
experimental communities. 
–  What is there left to exploit? 
–  How can we build a better tagger? 

•  Expect a complete first draft in next 4 weeks. 
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Backups 



Dependence on pT (R=0.8) 
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11.8

132.9 28.3

225.7 62.6 25.8

125.2 31.5 61.0 19.2

98.0 180.6 379.2 162.9 31.7

54.3 206.9 326.1 179.6 83.5 40.1

90.0 174.9 371.1 166.1 56.1 64.8 40.3

35.1 218.7 360.4 174.8 78.9 42.7 73.7 29.9

observable
m =1β

21τ
=1β

2C QjetΓ trimm mmdtm prunm =2β
sdm

m

=1β
21τ

=1β

2C

QjetΓ

trimm

mmdtm

prunm

=2β
sdm

1

10

210

310

410

 = 0.50sigεfixed 

)
bkg
ε

bkg. rejection (1/

Wg, pT = 300-400 GeV, AK8

8.0

189.2 17.6

372.9 129.9 65.1

132.9 18.8 82.3 13.0

156.1 324.7 702.6 263.4 38.7

190.2 338.1 803.0 277.1 113.6 62.9

322.9 299.3 725.9 255.6 104.2 91.1 54.9

75.0 362.7 901.2 265.5 104.3 79.9 121.0 40.7

observable
m =1β

21τ
=1β

2C QjetΓ trimm mmdtm prunm =2β
sdm

m

=1β
21τ

=1β

2C

QjetΓ

trimm

mmdtm

prunm

=2β
sdm

1

10

210

310

410

 = 0.50sigεfixed 

)
bkg
ε

bkg. rejection (1/
Wg, pT = 500-600 GeV, AK8

12.3

390.6 12.1

710.8 187.8 184.6

215.8 12.4 186.5 9.4

256.3 733.3 1654.8 463.6 51.4

563.5 680.6 1656.2 648.2 347.4 88.1

827.2 583.7 1477.5 448.4 313.1 94.1 66.9

270.1 711.2 2235.9 438.2 123.8 201.8 217.4 53.5

observable
m =1β

21τ
=1β

2C QjetΓ trimm mmdtm prunm =2β
sdm

m

=1β
21τ

=1β

2C

QjetΓ

trimm

mmdtm

prunm

=2β
sdm

1

10

210

310

410

 = 0.50sigεfixed 

)
bkg
ε

bkg. rejection (1/

Wg, pT = 1000-1100 GeV, AK8

R=0.8,  
pT 300-400 GeV 

R=0.8,  
pT 500-600 GeV 

R=0.8,  
pT 1-1.1 TeV 

•  As pT increases the power of the 
groomed masses stays relatively 
constant (up to x 2) 

•  But the power of mass+substructure 
combination increases dramatically. 
–  Addition of substructure 

information increasingly 
important to get best tagging at 
higher pT. 



Dependence on pT (R=1.2) 
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4.0

63.5 13.2

59.5 28.7 17.2

43.6 14.1 21.7 8.3

59.1 176.8 135.2 124.8 28.6

65.6 199.0 138.4 146.3 85.7 45.7

73.5 200.4 143.4 149.7 78.5 57.2 45.9

32.1 206.8 143.8 142.2 100.8 60.5 79.8 27.3
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ε

bkg. rejection (1/

Wg, pT = 300-400 GeV, AK12

5.3

90.8 9.7

53.8 25.5 19.1

48.8 10.2 21.9 7.1

92.6 375.3 177.2 206.2 43.2

136.8 408.0 197.2 212.1 105.1 68.5

133.0 372.7 167.4 193.4 89.5 76.8 57.3

60.2 417.9 181.5 216.7 120.9 120.7 137.9 42.8

observable
m =1β

21τ
=1β

2C QjetΓ trimm mmdtm prunm =2β
sdm

m

=1β
21τ

=1β
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QjetΓ
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=2β
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1
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13.1

153.9 7.1

58.5 21.7 16.4

88.1 8.4 22.0 6.9

128.8 710.7 208.7 377.5 56.4

255.3 695.3 222.4 431.2 266.2 96.9

233.1 389.0 223.4 313.1 156.6 115.4 59.9

108.3 559.6 227.3 369.3 126.7 359.4 210.8 58.2

observable
m =1β

21τ
=1β

2C QjetΓ trimm mmdtm prunm =2β
sdm

m

=1β
21τ

=1β

2C

QjetΓ

trimm

mmdtm

prunm

=2β
sdm

1

10

210

310

410

 = 0.50sigεfixed 

)
bkg
ε

bkg. rejection (1/

Wg, pT = 1000-1100 GeV, AK12

R=1.2,  
pT 300-400 GeV 

R=1.2,  
pT 500-600 GeV 

R=1.2,  
pT 1-1.1 TeV 

•  C2 loses power relative to the other 
variables as pT increases. 

•  Tau21 is the most powerful variable 
in combination at all pT when using 
R=1.2. 



Single Variable mtop Performance 

•  Just using the reconstructed top mass for discrimination. 
•  Trimming and pruning perform very comparably. 
•  JH outperforms HEP. 
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sig∈
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

bk
g

∈

-410

-310

-210

-110

1

jmass JH_mt

HEP_mt trim

prune

pT 1000-1100 GeV bin, 
R=0.8 



Single Variable mtop Performance 

•  The HEP sculpts the QCD mass distribution to look more like Top. 
–  Due to selection of subjet “triplet” closest to Top mass. 

•  Therefore you don’t get such a good Top mass discrimination. 
48 

Bottom: A particular 
optimised point on 
the ROC, where 

mtop only is used in 
discrimination 

Top: A particular 
optimised point on the 

ROC, where full 3 
variable (mtop, mW, 

helicity) BDT is used 
in discrimination 

pT 1500-1600 GeV bin, R=0.8 



Single Variable Performance 
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pT 1000-1100 GeV bin, 
R=0.8 

•  Just using the reconstructed W mass for discrimination (except 
“jmass” curve, which always uses ungroomed full jet mass) 

•  Trimming is better than pruning here (very close to JH). 
•  JH again outperforms HEP. 

sig∈
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
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jmass JH_mw

HEP_mw trim_mw

prune_mw



 JH pT dependence (R=0.8) 
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sig∈
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

bk
g

∈

-410

-310

-210

-110

1

JH.pT.600

JH.pT.1000

JH.pT.1500

sig∈
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

bk
g

∈

-410

-310

-210

-110

1

JH_shape.pT.600

JH_shape.pT.1000

JH_shape.pT.1500

JH performance 
improves very 
slightly with pT 



 Trimming pT dependence (R=0.8) 

51 

sig∈
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
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trim_mt_mw.pT.600

trim_mt_mw.pT.1000

trim_mt_mw.pT.1500

sig∈
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trim_mt_mw_shape.pT.600

trim_mt_mw_shape.pT.1000

trim_mt_mw_shape.pT.1500

Trimming 
performance 

improves slightly 
with pT 



 Pruning pT dependence (R=0.8) 
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sig∈
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prune_mt_mw_shape.pT.1500

Pruning 
performance 

improves slightly 
with pT 



 JH R dependence (pT = 1.5 TeV) 
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sig∈
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 Prune R dependence (1.5 TeV) 
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sig∈
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 Trim R dependence (1.5 TeV) 
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