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Jets@LesHouches

•  Jet studies at Les Houches has been very productive! 

• LH15 featured a systematic studies of q/g discrimination exploiting MC 
studies of angularities 
• limitations in modelling gluon radiation were discovered 
• follow-up study featured analytic predictions as well  

• LH17 concentrated on two aspects of jet substructure 
• measurements & precision: towards strong coupling extraction 
• more reliable tools: understanding performance and robustness 

http://inspirehep.net/record/1459079
http://inspirehep.net/record/1591528
http://inspirehep.net/record/1663483


•  look at analyses where q/g is or could be employed 
•  main question: are other analysis cuts already purifying the sample?  
• e.g. requiring two forward jets with large mJJ already suppresses gluon jets for 

VBF/VBS  

• other examples:  
• X→gg 
• SUSY cascades 
• ISR tagging 
• boson tagging 
• top tagging 

Where is q/g tagging actually 
useful?
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FIG. 4: Energy profile of the most central jet
(upper panel) and of the leading pT jet (lower
panel) in the H +2 jets events that have passed
the tight cuts with Mjj > 500 GeV, in the SM
and in the hypothetical cases of a Higgs pro-
duced via pure GF and via pure VBF.
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FIG. 5: Energy profile of the most central jet
in the H + 2 jets events which satisfy tight cuts
withMjj > 250 GeV, in the SM and in the hypo-
thetical cases of a Higgs produced via pure GF
and via pure VBF.
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FIG. 6: Upper Panel: Fraction of H + 2 jets
events where the most central jet is a gluon, fg,
as function of the Mjj cut (all the other cuts
are the same as in the tight selection), in the
SM and in the hypothetical case of a Higgs pro-
duced via pure GF. Lower Panel: Cross-sections
as function of the Mjj cut.

statistical errors are obtained by studying the
substructure of the reconstructed more cen-
tral jet (of the two leading pT jets) in the full
event sample including e↵ects from parton
showering and hadronization through Pythia
v6.4 [9] with the default tune.

We simulate Higgs +1,2,3 jets events with
MadGraph, then we pass them to Pythia
for showering and hadronization and we ap-
ply the MLM prescription [15] for matching3.
Jets are reconstructed using SpartyJet [17], a
wrapper for FastJet [18], using the anti-kt al-
gorithm with R = 0.7. We first apply the
selection cuts described in Sec. II to the two

3 We have used a cuto↵ scale QCUT=15 GeV and a

xqcut=10 GeV scale. We refer the reader to [16] for

details on how to use matching inside MadGraph.
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sub-topic: q/g and PDFs

• the inclusive jet cross-section is currently the only jet observable 
entering PDF fits 

• can we gain q/g separation in the initial state by tagging the flavour of 
a final state jet, i.e. looking at the pT distribution of a gluon jet? 

• experimental issue: how much q/g performance do we need? 

• theory issue: we need a flavour tagger that we can calculate with 
decent precision



Extracting SM parameters

• Groomed observables are resilient against non-perturbative corrections 

• some groomers (e.g. soft-drop) are amenable to precision calculations       
(see Felix Ringer’s review talk on Thursday afternoon)
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Fig. III.21: Mass distribution after grooming for the three groomers considered in this paper.
The distributions are shown at parton level, at hadron level, and at truth level (i.e. including
both hadronization and the underlying event).

2.5.1 Hadronization
We begin by studying the robustness of di�erent tagging techniques to hadronization. As dis-
cussed in Sec. 2.2, this must be interpreted with some care, since the unhadronized events are
not themselves physical. Nevertheless, the comparison of hadronized and unhadronized distri-
butions is the best proxy for understand the impact of hadronization short of performing an
analytic calculation. To ensure that our conclusions are robust, ideally we would consider parton
shower generators which implement di�erent hadronization models. For example, the Pythia
shower uses the string model [828,829], while Herwig++ uses the cluster model [703,830]. See
for example Refs. [831–833] for a more detailed discussion. Due to the restricted scope of this
report, here we only consider Pythia. The e�ect of hadronization on two-prong substructure
observables has been studied in Refs. [780,784,785,801].

Before studying robustness under hadronization quantitatively, we begin by showing sev-
eral distributions with and without hadronization. This will help to introduce the di�erent
observables, as well as to give the reader a feeling for the robustness at the level of the shape of
the distribution, and how this compares to our resilience measure.

In Fig. III.21, we show the jet-mass distribution for the three grooming strategies consid-
ered in this paper, for parton, hadron, and truth levels. Although we will not focus directly on
the mass distribution in this paper, it plays an important role since all of our studies will be per-
formed with jet mass cuts. Here we see two primary features. First, all three groomers give rise
to significantly di�erent mass distributions. This has been discussed in detail in Refs. [644,645].
Second, with both tight and loose grooming, the distributions are robust to hadronization. This
is particularly true for tight grooming where hadronization has almost no e�ect, except at ex-
tremely small values of the observable. On the other hand, the trimmed mass distribution is
less robust to hadronization e�ects.

In Fig. III.22, we show distributions for our benchmark observables, namely D(1)
2 , N (1)

2 ,
and a dichroic version of D(2)

2 , measured on both background and signal jets. In all cases, we
see that hadronization has a sizable e�ect on the shape of the distribution, pushing it to larger
values. For the D2 observable, hadronization is mostly isolated to small values of the observable,
and at larger values reduces simply to a shift of the distribution. This has been discussed in detail
for the case of D2 in Refs. [780,784,785]. For the N2 observable, hadronization e�ects are larger
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• one of the topics studied at LH17 was the extraction 
of strong coupling constant from groomed jet shape 
started to be investigated 

• can we investigate this in more detail and reach 
firmer conclusions?  

• we can study different observables / groomers / 
event selections



sub-topic: top mass & the 
inclusive measurements

•  another place where grooming techniques are being investigated is top 
mass extraction 

• there is a long-standing discussion about the size of non-perturbative 
corrections (see e.g. Hoang et al., Ferrario Ravasio et al.) 

• does grooming reduce non-perturbative ambiguities? Figure 4: Comparison of �mMC
t for subsets of A14 tunes, pp tunes and e+e� tunes, for soft

drop, trimming and no grooming for optimized grooming parameters.

Table 2: Uncertainties on mMC
t after various corrections are included. Percentage change

from no grooming, without W -calibration is shown in parenthesis. We estimate around a 50
MeV uncertainty on these numbers due to statistical fluctuations and fitting inaccuracies.

without W calibration with W-calibration

No grooming 530 MeV 200 MeV (�62%)

Trimming 530 MeV (0.0%) 170 MeV (�68%)

Soft drop 390 MeV (�26%) 140 MeV (�74%)

e+e� 110 MeV (�79%) 50 MeV (�90%)

After optimizing the grooming parameters, we study the e↵ect of grooming for each of
the A14 groups of tunes. In Fig. 4 we show a comparison of the calculated �mMC

t with
soft drop, trimming and no grooming, both with and without W -calibration. Our results
are summarized in Table 2. In Fig. 4 we also include the uncertainty coming from envelope
over tunes Tune:pp = 14 � 18 (using the A14 optimized groomer parameters). That the
uncertainty is in the range of the other tunes indicates that improvements from grooming
does not crucially depend on fine tuning of groomer parameters. We also show the envelope
over tunes Tune:ee = 1, 3, 7 for e+e� ! tt̄ events.

For trimming, we see that without W -calibration, trimming only makes the uncertainty
worse. After W -calibration, trimming helps in almost all of the tunes. Adding the A14 tune
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http://inspirehep.net/record/1683019
http://inspirehep.net/record/1700425


Tuning with jet substructure

• which observables are actually sensitive to which parameters?  
• what has been measured? 
• what is the interplay with grooming? (we know from tagging that observables 

good without grooming do not necessarily perform well after grooming) 
• IRC safe / unsafe observables?
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sub-topic: jet pull

• Jet pull is a shape that is sensitive to colour flow 
• can we understand the ATLAS jet pull angle measurement from the point of 

view of parameter variations? (quite significant tension between Pythia and 
data).

• the pull angle is not IRC safe, can safe projection of the pull vector help?

http://inspirehep.net/record/844004?ln=en
http://inspirehep.net/record/1723896
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-13/


Machine Learning for jets

• In LH17 there was a big effort to understand light 2-prong tagging in terms of 
performance and resilience 

• meanwhile the use of machine-learning techniques in jet substructure has 
become mainstream 
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Fig. III.29: The performance-resilience plane for the di�erent observables scanned in our study
at (a) 500 GeV and (b) 1000 GeV. The ATLAS- and CMS-like observables are marked in black
and green, respectively. In both cases, more robust, and more performant observables can be
selected, and a number of such observables are marked.

which are the most performant, but less robust, through D(2)
2 , to M (2)

2 , which is more robust,
but less performant. This was also clearly observed in the distributions of Fig. III.22. We
believe that this is due to the fact that N2 has a hard phase space boundary, and therefore
non-perturbative e�ects are not isolated at small values of the observable, although it would be
interesting to understand this behavior in more detail.

A second pattern that is observed is that, in almost all cases, dichroic variants of the
observables of the form t ¢

p
t or t ¢

¸
t exhibit improved performance without significant loss

in resilience. We believe that it is worthwhile for the experiments to consider some of the
dichroic observables that were newly introduced in Sec. 2.4.2 with simultaneous performance
and resilience in mind. We have highlighted in Fig. III.29 that a whole interesting phase space
of such observables exist, which map out the performance-resilience plane. Di�erent observables
could be chosen depending on the particular needs of a given study. Note finally, that the above
study has been carried using a specific choices of grooming strategies (loose and tight). There is
therefore a potential additional gain that can be achieved by studying alternative (more or less
aggressive) options.

2.6 Experimental Robustness
Having discussed robustness to theoretical issues, we now continue through our chain of realism
of Fig. III.18 and consider robustness to detector e�ects. In Sec. 2.6.1 we describe our detector
model. In Sec. 2.6.2 we describe pileup removal. In Sec. 2.6.3 we study the robustness of jet
mass to detector e�ects. A more comprehensive study is left to a dedicated publication.
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• in a recent review a detailed comparisons of ML 
techniques in the context of top tagging was 
performed 

•  we could perform a similar study for two-prong 
taggers  

• can we boost the sensitivity of Higgs taggers using 
ML?

http://inspirehep.net/record/1722059


Plan for this workshop

•  if you have other ideas for projects, they are more than welcome! 
• out of the list just presented, some topics are very “jetty”, other ones 

can naturally be of interests for MC or PDFs experts 

• experience (=Jesse Thaler) teaches us that the best strategy for LH is to 
concentrate on a couple of projects  

•  this way can have enough people to actively work here in LH and make 
good progress 

• details and refinement can be done after LH for the proceedings, but we 
think it is crucial that we leave LH already with a good story to tell 

come to the brainstorming session!


