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Basic

• Dataset: 19.7 fb-1 at 8 TeV 

• Selection:

• Single muon trigger

• =1 isolated muon

• >= 4 AK (R=0.5) jets, >=2 b-
tagged

• Consider pairs of un-tagged jets as 
W candidate if 40 < m < 130 GeV

3

• Observables:

• Quark Gluon likelihood (QGL)
[CMS-PAS-JME-13-002]

• ptD:

• PF candidate multiplicity in jet

• σ2: Minor axis in η-phi plane of PF 
candidates

• Jet charge
[CMS-PAS-JME-13-006]

• Jet Pull Angle
[1001.5027]
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4.1 Event selection171

A sample of dijets from W boson decays in tt production is obtained from events triggered by172

a single muon of pT > 24 GeV and |h| < 2.1. The offline requirements are that the events173

have exactly one isolated muon and four or more AK5 jets, at least two of which are b-tagged.174

The event is vetoed if isolated electrons or additional muons are present. The offline muon is175

required to have pT > 30 GeV and |h| < 2.1, and must be matched to the muon object from176

the online trigger reconstruction. Jets are required to have pT > 30 GeV and |h| < 4.7. Pairs177

of non-b-tagged jets are considered to be W candidates if the dijet mass falls between 40 and178

130 GeV.179

4.2 Resolved jet observables180

The observables studied are outlined below, with explicit definitions and discussion of results181

provided in subsequent sections.182

• Quark/Gluon Likelihood, (QGL), first introduced by the CMS collaboration in [20],183

is a likelihood-based discriminator designed to distinguish between jets originating184

from quarks and from gluons.185

• Jet Charge, (q), is defined using the prescription in [1]. The quantity of interest is the186

sum of jet charges of the dijet pair.187

• Jet Pull Angle, (qP), as defined in [21], characterizes the color flow between two188

jets. Weak vector bosons are color singlets, and thus their daughter quarks are color-189

connected. This contrasts with the combinatorial background, which in most cases190

is not color-connected.191

4.2.1 Quark/Gluon likelihood192

The QGL can be used to reduce combinatorial background involving jets originating from glu-193

ons. Figure 1 shows the QGL distributions for jets from W candidates; both jets contribute to194

the histogram. A correction for the simulation has been applied to account for the mismodel-195

ing of gluons in PYTHIA 6. This correction is derived from a QCD dijet control sample [20], and196

the residual discrepancy in the plot is attributed to the difference in quark/gluon composition197

between dijet events and tt events. The plots show the high purity of tt events in the selected198

sample, and that a significant contribution to the combinatorial background involves gluon199

jets. Figure 1 also provides a performance curve derived from a scan of QGL cut thresholds200

applied to both jets in simulated tt events. The signal is dijet combinations that are matched to201

both quarks from W decay at generator-level, while background is dijet combinations that are202

not matched.203

4.2.2 Jet charge204

The jet charge is defined as,205

q = Â
i

qi ·
 

(pT)i
(pT)jet

!k

, (1)

where the sum is taken over the jet constituents and k is a parameter that is freely chosen.206

Figure 2 shows distributions for the sum of jet charges of the dijet W candidates. Of the values207

explored for the k parameter in the jet charge definition, the best separation (⇠ 1.8s in 10-event208

hypothesis tests) between W+ and W� candidates in simulation is found with k = 1. The209

charge sum distributions of data and simulation agree, and the separation power is found to210

have a mild dependence on W pT. Figure 2 also includes a performance curve of the charge211

6 4 Resolved jets

Figure 1: The QGL discriminant applied to resolved jets in data and simulation samples en-
riched in tt̄. Left: the simulation is separated into contributions from different physics pro-
cesses. Center: the simulation is separated into contributions from the underlying parton of
the jets. Right: the performance in simulation of applying a cut on the QGL on both jets in the
pair.

sum discriminant used for tagging W+ and W� bosons in simulated tt events. The curve is212

computed from scanning cut thresholds on the sum charge, accounting for the expected charge213

of the W candidate based on the charge of the identified muon. The signal is dijets matched to214

quarks from W decays at generator level and the background are unmatched dijets. Note that215

the discriminant performs better for W� because there is more positively charged background216

in a proton-proton environment.217

Figure 2: Left: Dijet charge distributions for W-enriched data and simulation. Right: The per-
formance of applying a cut on the dijet charge sum in simulation.

4.2.3 Jet pull angle218

Before defining the jet pull angle, it is necessary to define the jet pull vector [21], which is the219

weighted sum of jet constituent displacements from the jet axis:220

~t = Â
i

(pT)i |ri|
(pT)jet

~ri, (2)
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Basics

6

Algorithm Parameters Reference
Filtering R=0.2, 3 jets [0802.2470]

Trimming R=0.1, f=3% [0912.1342]

Pruning z=10%, rf=0.5 [0912.0033]

Soft Drop z=10%, beta={-1,0,1,2} [1402.2657]

QGL (see resolved) [CMS-PAS-JME-13-002]

Subjet QGL QGL for pruned subjets -

Energy Correlation Functions C_2, beta={0, 0.2, 0.5, 1, 2} [1305.0007]

tau2/tau1 kT subjets [1011.2268]

Q-jet volatility alpha=0.1 [1201.1914]

Jet Pull Angle (see resolved) [1001.5027]

Jet Pull Magnitude magnitude of pruned subjet pull-vector -

•Selection:
•ttbar: single muon, two b-tagged AK5 jets, 1 AK8 (pT>250 GeV) jet 
(no overlap with b-jets)
•Z+jets: 2 OS muons, with 65 < m 105 GeV 
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Control Distributions
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ROCs
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Pairs
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Train BDTs
Z score: 1/background efficiency 

for a signal efficiency of 50%

Signal: simulation
Background: Z+jets data

5.4 Study of correlations 17

Rank Z Pairs of variables

1. 38.5 ± 1.6 MPrune t2/t1

2. 37.9 ± 1.6 MFilt t2/t1

3. 37.8 ± 1.6 MTrim t2/t1

4. 37.7 ± 1.6 MTrim QGL Combo
5. 37.2 ± 1.6 MPrune QGL Combo
6. 36.7 ± 1.5 MSD b = �1 t2/t1

7. 36.3 ± 1.5 MSD b = 0 t2/t1

8. 35.8 ± 1.5 MSD b = 2 t2/t1

9. 35.3 ± 1.4 MSD b = 1 t2/t1

10. 35.0 ± 1.4 MSD b = �1 QGL Combo

Table 1: Performance of the top 10 pairs of variables in simulation.

with either N-subjettiness or subjet QGL performs best. Figure 12 shows the Z distribution for381

background jets taken from the Z + jets selection in simulation. The best combination is given382

by mFiltered, mPrune, and subjet QGL; however, many other combinations are statistically close in383

performance, as shown in Table 2 – which lists the top 20 highest scoring triplets. The resulting384

ranking of best triplets is quite interesting, as it shows that even though some variables, such385

as subjet QGL, seem not to have a good discrimination power when considered in isolation,386

they are in fact giving a boost to the tagging performances when combined to other variables,387

like mass and/or N-subjettiness.388

Figure 11 and Table 2 are also showing the difference in performance between the best pair/triplet389

and the full BDT, i.e. they also provide a quantitative estimation of the “minimality” of the se-390

lected sets of variables. As this difference is significant, we are interested in extending the391

performance studies beyond 2 and 3 variable configurations. To accomplish that, we use the392

variable ranking, described in Section 5.4, to train a series of BDTs where each variable is se-393

quentially appended in the order of their discriminating power. The performance gain versus394

appended variable is shown in Figure 12. This figure confirms again that the combination of395

mass and N-subjettiness provide the major contribution in W tagging, but also shows that a396

saturation in performance is observed at 11 variables. We can then conclude that in order to397

reach the highest performance we have to rely on a combination of a high number of observ-398

ables. This situation, where single variables are characterized by low discrimination power399

but their combination is performing well, typically arises in datasets where the variables are400

loosely correlated. Hence, we performed a deep study of variables correlation and present this401

in the next section.402

The ability to simulate the variables to accurately reflect the data has a critical importance. The403

level of agreement between data and simulation for the BDT score of the best performing triplet404

and the all variables is shown in Figure 13. The signal-background separation deteriorates405

slightly in data, but the overall agreement is very good.406

5.4 Study of correlations407

Correlations are an important means by which the discrimination of the individual variables408

can be better understood. To minimize the effect of hidden correlations, we first transform409

the variables by running a BDT on each variable, and then use the resulting BDT discriminant410

as a transformed version of the original variable. These transforms yield functions that are411

Run 2 V tagging baseline:
- AntiKt, R=0.8

-m pruned/softdrop (z=0.1, beta=0)
- N-subjettines tau2/tau1
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Top Tagging
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11

Samples

5

pT* |eta| cut QCD Z’ Fatjet Top size** Match R

200-300 2.4 170-300 750 CA/1.5 0.8 1.2

300-470 2.4 300-470 1000 CA/1.5 0.8 1.2

470-600 2.1 470-600 2000 AK/0.8 0.6 0.6

600-800 2.1 600-800 2000 AK/0.8 0.6 0.6

800-1000 1.5 800-1000 2000 AK/0.8 0.6 0.6

1000-1400 1.3 1000-1400 3000 AK/0.8 0.6 0.6

*pT: of matched parton from hard process
**Top size: maximal truth level deltaR of quark from decay and top-axis

Only reconstructed jets matched to partons from the hard process are considered. 

Thursday 16 July 15

13 TeV MCOverview

• Groomed masses (Filtering, Trimming, Pruning, Softdrop)

• N-Subjettiness

• Q-jet volatility

• Unclustering-based taggers

• CMS Top Tagger [CMS-PAS-JME-009-01]

• HEPTopTagger V2 [1503.05921]

• Shower Deconstruction [1211.3140]

Wednesday 12 August 15
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Softdrop Mass
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CMS TT/HTT/SD
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MI vs ROC
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Performance in Simulation
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Combining variables (cut based) yields similar 
performance frontier for different sets of variables
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Combined taggers offer similar stability at high pT and against pile up
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Investigating how mistag-rate 
depends on parton species.
light quark and gluon are 
similar, higher for b-quarks 

Background Source
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• Dataset: 19.7 fb-1 at 8 TeV 

• Selection:

• =1 isolated muon

• >= 1 AK (R=0.5) jets, b-tagged

• Consider the highest pT jet in the 
hemisphere opposite of the muon as top 
candidate

• CMS TopTagger:
C/A, R=0.8
pT > 400 GeV

• HEPTopTagger:
C/A, R=1.5
pT > 200 GeV

)2Minimum Pairwise Mass (GeV/c
0 20 40 60 80 100120140160180

Ev
en

ts
0

20

40

60

80

100

120 Data

tSemi-Leptonic t

tFully-Leptonic t

W+Jets

Z+Jets

Singletop

-1 = 8 TeV, 19.7 fbsCMS Preliminary 
CMS Top Tagger
Madgraph

|<2.4ηCA R=0.8 |
>400 GeV/c

T
p

2τ/3τ
0.2 0.4 0.6 0.8 1 1.2

Ev
en

ts

0
10
20
30
40
50
60
70
80

Data

tSemi-Leptonic t

tFully-Leptonic t

W+Jets

Z+Jets

Singletop

-1 = 8 TeV, 19.7 fbsCMS Preliminary 
CMS Top Tagger
Madgraph

|<2.4ηCA R=0.8 |
>400 GeV/c

T
p

Ev
en

ts

100
200
300
400
500
600
700
800 Data

tSemi-Leptonic t
tFully-Leptonic t

W+Jets
Z+Jets
Singletop

-1 = 8 TeV, 19.7 fbsCMS Preliminary 
HEP Top Tagger

|<2.4ηCA R=1.5 |
>300 GeV/c

T
p
 simulated with MADGRAPHtt

Top jet mass (GeV)
0 50 100 150 200 250 300 350

D
at

a 
/ M

C

0.5
1

1.5

Wednesday 12 August 15



Conclusions

20

• Softdrop mass adapted both for W, Z and top-tagging

• Improve V tagging performance further by combining masses, shape variables 
and QGL information

• Different approaches lead to similar efficiency ceiling for top tagging - also 
studying correlations/mutual information and stability

• Ready for 13 TeV and high pile-up!

Thank You!
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Variable Appended to MVA
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