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Introduction

JSS observables

Motivations

Consistency Checks

Vector mesons productionVector mesons production 0.5 
vs 0.75

Old HV vs new HV IRC safety

Evolution of JSS in the process

IRC Safety Checks

 Outline
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Infer radiation pattern

arXiv:1901.10342

arXiv:1712.07124

(*) NOT ALL ARE IRC SAFE 

Map of generalized angularities (*) 

 Looking inside jets
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 Motivations for the study
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(*) probVector is the probability to produce a vector meson from HV

HOW JSS CHANGES 
WITH NEW HV MODULE ?

 Motivations for the study
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(*) vector meson is taken to decay to dark pions(*) Image adapted from E. Bernreuther paper [arXiv:1907.04346v2]

 Process
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 Testing JSS observables

Samples for testing

OLD VS NEW PY8

Sample 1: 1 diagonal pion decay

Sample 2: 2 diagonal pions decay

Sample 3: 3 diagonal pions decay

Sample 1: 1 diagonal pion decay

Changing probVector (NEW PY8)

Sample 2: 2 diagonal pions decay

Sample 3: 3 diagonal pions decay

decreasing invisible fraction
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 Samples
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 Jets & constituents

Gen-level jets and constituents in Delphes

AK4 jets : R = 0.4

Minimum pt : 25 GeV

Constituents: status 1 SM particles
within jet cone 

R



101010                    Jet substructure study with new Hidden Valley Pythia module                                          Snowmass dark showers         24/02/2022 10

  Comparing old & new HV module
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 Generalized angularities

● Some systematic discrepancies for LHA > 0.35
● Higher discrepancies for 3 pions decay (smaller invisible fraction)
● Discrepancies also observed in AK8 gen jets (could not confirm for pT>200 GeV due to limited statistics, see backup)
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 Generalized angularities

● Some systematic discrepancies
● Higher discrepancies for 3 pions decay (smaller invisible fraction)
● Discrepancies also observed in AK8 gen jets (could not confirm for pT>200 GeV due to limited statistics, see backup)
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 Generalized angularities

● No obvious discrepancies
● Peak at 0.7  is certainly due to jets with 2 high pT SM pions with equal pT: 
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 Axis minor and major

● Narrower jets with new HV 
Pythia version

● Seems consistent with jet 
angularities (lower 
angularities)

● Same differences observed 
for AK8 gen jets (see 
backup)
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 Comparing probVector = 0.5 & probVector = 0.75
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 Comparing probVector=0.5 and probVector=0.75 (new Pythia)
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 Comparing probVector=0.5 and probVector=0.75 (new Pythia)
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 Comparing probVector=0.5 and probVector=0.75 (new Pythia)
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 Axis minor and major

● Narrower jets with higher 
probVector
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 Comparing 1, 2 & 3 dark pions decays
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 Comparing 1, 2 and 3 dark pions decays
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 Comparing 1, 2 and 3 dark pions decays

● Energy fractions, number of tracks / constituents change significantly as the number of unstable dark pions changes
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 Test of IRC safety
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 IRC safety

IRC for JSS observables

Take a generalized angularity V: only for κ = 1 the collinear 
splitting of M1 into D1 and D2 must not change the value of V

We expect large fluctuations for IRC unsafe observables 
looking at the evolution of the shower from dark sector to SM

Some IRC unsafe observables which were used in standard 
quark-gluon discriminant can introduce large model 
dependence if used in dark sector analysis

Phys. Rev. D 17, 2773
Phys. Rev. D 17, 2789
Phys. Rev. Lett. 111, 102002

Generalized angularities
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 Test of IRC safety
Strategy: Check how substructure variables evolve with showering from dark sector to SM

Procedure
● Compute JSS at 3 levels:

○ (1) Unstable dark hadrons decaying to SM quarks (multiplicity N1)
○ (2) SM quarks from dark hadrons (multiplicity N2)
○ (3) SM hadrons from hadronization of the SM quarks

● Plot ratios (1)/(2), (2)/(3) and (1)/(3)

● Levels defined based on Pythia particle status and PDG ID of daughters or 
mothers

● To make the comparison fair between each level, looked only at jets for 
which N2 = 2N1

○ So that there is no bias from not taking all SM quarks from 
unstable dark hadrons

○ Most jets have N2 = 2N1

● Used new Pythia 8 version with probVector = 0.75
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 Test of IRC safety - LHA

● Peak at 1 in all ratios
➜ LHA is IRC safe (as expected)
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 Test of IRC safety - Girth

● Peak at 1 in all ratios
➜ Girth is IRC safe (as expected)

● Values close to 0 certainly due to jets with 1 unstable dark hadron (ΔR≈0)
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 Test of IRC safety - pTD

● Ratios not consistent with
➜ pTD varies at different stages during the showering
➜ pTD is not IRC safe (as expected)
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 Conclusions

● Some differences observed for JSS observables between old and new Hidden Valley Pythia module
○ Enhanced discrepancies for smaller invisible fraction
○ Observed for both AK4 and AK8 gen jets with low pT cut (25 GeV)

● Jets seems narrower with higher probVector and with new HV Pythia version

● Some substructure observables (energy fractions, number of constituents) can show large variations for different 
values of probVector

● Could check IRC safety of some JSS observables (generalized angularities): pTD shows large variations - is it 
safe to use it in analysis? [originally used for the limited purpose of quark-gluon discrimination]
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 Backup
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 Number of tracks
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 Number of dark hadrons

● When changing probVector, the total number of 
dark hadrons does not change, but ratio of dark 
pions to dark rhos changes, as expected.
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 Dark pions and rhos pT
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 Supplementary material for GenJet with R=0.4
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 Comparing probVector=0.5 and probVector=0.75 (new Pythia)
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 Comparing probVector=0.5 and probVector=0.75 (new Pythia)
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 Comparing probVector=0.5 and probVector=0.75 (new Pythia)
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 GenJet with R=0.8 study
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 Comparing old and new Pythia Hidden Valley module
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No jet 
pT cut

pT > 
200 GeV

 Generalized angularities for AK8 GenJets
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 Generalized angularities for AK8 GenJets

No jet 
pT cut

pT > 
200 GeV
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No jet 
pT cut

pT > 
200 GeV

 Generalized angularities for AK8 GenJets
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No jet 
pT cut

pT > 
200 GeV

 Axis minor for AK8 GenJets
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No jet 
pT cut

pT > 
200 GeV

 Axis major for AK8 GenJets
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 Comparing 1, 2 and 3 dark pions decays
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 Comparing 1, 2 and 3 dark pions decays
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 Comparing 1, 2 and 3 dark pions decays
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 Comparing 1, 2 and 3 dark pions decays
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 Test of IRC safety - LHA
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 Test of IRC safety - Girth
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 Test of IRC safety - pTD
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 Kinematic variables
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 MET
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 Transverse mass
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 Min azimuthal angle between jets and MET


