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Heavy flavor jets

In theory

mass dependent shower
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Heavy flavor jets

INn practice
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Jet substructure

The primary Lund jet plane
» Recluster jet constituents in angular order
» Decluster from larger to smaller angles

following the harder subjet

AR? = Ay? + Adp?
K, = P, AR

Softer subjet

Pr2 Lund jet plane regions

Harder subjet
p'm > p'[z

In(k, /GeV)

Dead cone

‘hadronization

large angle In(1/AR1 2) small angle
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https://arxiv.org/abs/1807.04758

Jet substructure
Soft drop grooming O P fg) 4
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in the shower
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https://arxiv.org/abs/1402.2657

Heavy flavor decay impact
Heavy hadron decay daughters do not follow angular ordering

subjet 2
(softer)

subjet 1

shower and decay
kinematics intertwined

Detector
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Heavy flavor decay impact
Heavy hadron decay daughters do not follow angular ordering

g CMS Simulation Preliminary PYTHIA8 CP5 (pp 5.02 TeV)
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Heavy flavor decay impact
Heavy hadron decay daughters do not follow angular ordering

CMS Simulation Preliminary PYTHIA8 CP5 (pp 5.02 TeV) CMS Simulation Preliminary PYTHIA8 CP5 (pp 5.02 TeV)
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Previously on b jet substructure...

b jet shapes b jet groomed observables g to bbar
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See also
Jelena’s talk on D-tagged jets
Wed 25/09 09:20
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.092014
https://indico.cern.ch/event/1339555/contributions/6040768/
https://link.springer.com/article/10.1007/JHEP05(2021)054
https://arxiv.org/pdf/1812.09283

Partial b hadron reconstruction

Treat b hadron decays by identifying the decay products in the jet
and cluster them into partially reconstructed b hadron

per-track
classification
with BDT

partial
b hadron
reconstruction

initial jet
constituents

final jet
constituents

Signal () = from b hadron decay
Background (X) = from primary interaction
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Partial b hadron reconstruction

Treat b hadron decays by identifying the decay products in the jet
and cluster them into partially reconstructed b hadron
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Analysis workflow

Inclusive jets b-tagged jets b-tagged single-b jets

Unfolded b-tagged
single-b jets

Unfolded
single-b jets

Jets passing
ParticleNet XXT
working point

Single-b fraction
extraction via
template fit

AK4Chs jets in
kinematic region

Unfolding with o t.agg'“g
. ; efficiency

matrix inversion )
correction

Dataset and jet kinematics
5.02 TeV low PU pp collisions

100 < pJ°t <120 GeV, || < 2

Soft drop parameters
z. . =01,p=0

= P,/ (Pry * Pp,) > O]

Observables
charged particle Rg, Z,

= b,ch jet,ch
and z, ., = p""/ ps

CM .
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1-prong (fail soft drop) or
k. <1GeV (hadronization) in
dedicated bin for unfolding

Lund jet plane regions
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b jet selection and corrections CMS Preliminary op 301 pb™ (5.02 TeV)
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https://arxiv.org/abs/1902.08570

Inclusive jet results
Groomed jet radius

CMS Preliminary pp 301 pb (5 02 TeV) 45 CMS Prellm/nary pp 301 pb (5 02 TeV)
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Inclusive jet results

Groomed jet radius Groomed momentum balance
CMS PreI/m/nary pp 301 pb™ (5.02 TeV) 45 CMS Prellmlnary pp 301 pb (5 02 TeV)
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b jet results
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b jet results
Groomed jet radius

Groomed momentum balance

pp 301 pb (5 02 TeV)
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Ratio to inclusive
Groomed jet radius

CM

CMS Preliminary pp 301 pb™ (5.02 TeV)
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b /inclusive jets
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CMS Preliminary

1-prong or low k. ~38% for inclusive
and ~68% for b jets
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Ratio to inclusive
Groomed jet radius
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b /inclusive jets

CMS Preliminary pp 301 pb™ (5.02 TeV)
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Suppressed small angle radiation
= dead cone manifestation
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1-prong or low k. ~38% for inclusive
and ~68% for b jets
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Ratio to inclusive
Groomed momentum balance

CMS Preliminary pp 301 pb™ (5.02 TeV)
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1-prong or low k. ~38% for inclusive
and ~68% for b jets
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Ratio to inclusive
Groomed jet radius

2 CMS Preliminary pp 301 pb™ (5.02 TeV) 16 CMS Preliminary
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Ratio to inclusive

CMS Prellmlnaly

Groomed jet radius
pp 301 pb (5 02 TeV)
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Groomed momentum balance
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Prospects in HI collisions

Isolate medium induced radiation in dead cone region
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https://arxiv.org/abs/2211.11789

Conclusion

b hadron decays crucial for b jet substructure measurements
= developed a tool to partially reconstruct the b hadron

subjet 1

subjet 2

decay vertex<""" "~
subjet 1

= b
v

v
hard splitting hard splitting
subjet 2

First time we clearly observe the suppression of collinear emissions for b jets
(dead cone)

Separation of b hadron decay from QCD cascade can be used for other observables
in the future (EECs, generalized angularities, masses)
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CM

Backup
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Decay product identification

CMS Simulation Preliminary PYTHIA8 CP5 (pp 5.02 TeV)
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Agreement between the detector and the particle level

Particle level In(R/R,)

CM

Impossible to “unfold” the decay effects

CMS Simulation Preliminary ~ PYTHIA8 CP5 (pp 5.02 TeV)
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Systematic uncertainties

Both for inclusive and b jets

v

Statistical uncertainty

Matrix response statistical uncertainty (jackknife resampling)

> (unfolding with HERWIG7 CH3 vs PYTHIA8 CP5)

FSR and ISR scale (x2 or x1/2 independently in PYTHIA8S CP5)

Jet energy resolution (vary JER scale factors)

» Jet energy scale (vary JEC per source)

> (randomly discard 3% of reconstructed tracks in PYTHIA8 CP5)

v

v

v

Only for b jets

» b jet fraction model dependence (template fit with HERWIG7 CH3 vs PYTHIA8 CP5)
> (vary light+c fraction in template fit)
> (vary b tagging efficiency scale factors)
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Systematic uncertainties

Leading sources related to physics model and b tagging

> (unfolding with HERWIG7 CH3 vs PYTHIA8 CP5)
» FSR and ISR scale (x2 or x1/2 independently in PYTHIA8 CP5)
> (vary b tagging efficiency scale factors)
CMS Preliminary pp 301 pb™ (5.02 TeV)
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Other substructure observables

b hadron decay effect in energy-energy correlators
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Oleh Fedkevych, BOOST 2023
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https://indico.physics.lbl.gov/event/975/contributions/8281/attachments/4052/5445/BOOST_talk_OFedkevych_ECF.pdf

