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Flavoured jets hot topic in LH2023! 
A dedicated paper in preparation

+ others (E. Lesser, G. Salam, …)
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A lot of discussions (and headaches)  
around flavoured jets…
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…and even the LH2023 song  
“I.R.C. safe” (to the tune of YMCA)  

was dedicated to flavoured jets
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[Caletti, Larkoski, Marzani, Reichelt (2205.01109)] SDF 

[Czakon, Mitov, Poncelet (2205.11879)] CMP 

[Gauld, Huss, Stagnitto (2208.11138)] GHS


[Caola, Grabarczyk, Hutt, Salam, Scyboz, Thaler (2306.07314)] IFN

Phenomenological studies both at fixed-order and with (N)LO+PS simulations 
 in this talk I will focus on (N)LO+PS simulations  

see talk by Arnd tomorrow about fixed-order calculations
→

Ongoing studies started in Les Houches

Compare new generation of theory-friendly flavour-dependent jet algorithms: 
infrared safe to all orders (or up to high order)  

and with exact (or close to exact) anti-  kinematics.kt
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https://github.com/jetflav

First step:  
common framework with FastJet implementation of the four algorithms 

A FastJet contribution (fjcontrib) is in preparation

https://github.com/jetflav
https://fastjet.hepforge.org/contrib/
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+ -jet in the central region: detail of the analysisZ b

MC@NLO sample of ( ) + jet events with SHERPA (100M events) 
LHC @ 13 TeV, PDF4LHC21, scale choice  

 
Generation cuts:  

 > 20 GeV; < 2.4; 71 GeV <  < 111 GeV;  
 > 20 GeV (avoid jet requirement at generation level) 

 
Samples both at parton and stable heavy-hadron level  

 
Rivet analysis FlavAlgAnalysis (https://github.com/DReichelt/LH23FlavAlgs) 

Based on https://rivet.hepforge.org/analyses/CMS_2017_I1499471 
 

Jet reconstructed with anti-  and then tagged (e.g. GHS, SDF)  
or directly reconstructed and tagged with a flavoured algorithm (e.g. CMP, IFN) 

,  > 30 GeV,  < 2.4 

Z → μ+μ−

ET(Z)

pT(μ±) |y(μ±) | m(μ+μ−)
pT(μ+μ−)

kt

R = 0.5 pT( j) |η( j) |

https://github.com/DReichelt/LH23FlavAlgs
https://rivet.hepforge.org/analyses/CMS_2017_I1499471
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[Caletti, Larkoski, Marzani, Reichelt (2205.01109)] SDF 

,  (soft-drop parameters) 

[Czakon, Mitov, Poncelet (2205.11879)] CMP 

 (anti- -like distance) 

[Gauld, Huss, Stagnitto (2208.11138)] GHS 

,  (flavour- -like and beam distance)


[Caola, Grabarczyk, Hutt, Salam, Scyboz, Thaler (2306.07314)] IFN 

,  (flavour- -like distance)

β = 1 zcut = 0.1

a = 0.1 kt

α = 1 ω = 2 kt

α = 1 ω = 2 kt

In plots, AKT is the naive IRC-unsafe flavour tagging of anti-  jets 
(does the jet contain a flavoured parton/hadron?) 

kt

Default parameter choice for the algorithms
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+ -jet in the central region: comparison of algorithmsZ b

For many distributions, difference between algorithms negligible, both at parton and hadron levels: 
once you require IRC safety, constrained behaviour in most of the phase space?
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Visible difference at high- : CMP and IFN outliers compared to AKT/GHS/SDFpT

+ -jet in the central region: comparison of algorithmsZ b
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Unfolding correction as simple K-factor: similar to AKT for most distributions, 
  CMP behaviour at high  to be understoodpT(Z)

+ -jet in the central region: comparison of algorithmsZ b
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AKT:  
check if flavoured particle / hadron is inside the anti-  jet 

 
 

CONE:  
ATLAS-style tagging  

 (heavy hadron with   < 0.3 and with  > 5 GeV) 
  

TAG:  
CMS-style tagging  

(bTagged method with ghost-tagging in Rivet)

kt

ΔR( j, h) pT

+ -jet in the central region: comparison of (unsafe) tagging strategiesZ b
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Effect of multi-  tags important at high- : by requiring presence of 2 -jets, we 
have a reduced probability of double tags, mostly coming from first splitting

b pT b

+ -jet in the central region: comparison of (unsafe) tagging strategiesZ b



14

+ -jet in the central region: understanding the high-  behaviourZ b pT

+ -jet 
NLO+PS
Z b + -jet 

LO+PS
Z b

As we increase the , the difference between algorithms is enhancedpT
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Likely genuine b-jets

Fake b-jets

Naive AKT will tag  
both “genuine” and “fake” b-jets

“Genuine” and “fake” b-jets 
can be disentangled in a  
( , ) planepT,b/pT,j ΔRb,b̄

+ -jet in the central region: understanding the high-  behaviourZ b pT
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+ -jet in the central region: understanding the high-  behaviourZ b pT
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Fraction of retained  pairs depends on the value of the parameter entering the algorithm 
As it become larger, more  pairs are neutralised
bb̄

bb̄

+ -jet in the central region: understanding the high-  behaviourZ b pT
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+ -jet in the forward region: detailsZ c

We first create LHEF with MadGraph5_aMC@NLO 
[LHC @ 13 TeV, PDF4LHC21, scale choice ] 

with very loose generation cuts (no requirement on rapidity of particles) 
 

We then shower with Pythia8  
and we apply analysis cuts similar to LHCb 2109.08084: 

  > 20 GeV; 2.0 <  < 4.5; 60 GeV <  < 120 GeV 
 

Jets are clustered with  and are required to have: 
20 GeV <  < 100 GeV; 2.2 <  < 4.2;  > 0.5  

 
Same algorithms with default parameters as before,  

but we now consider both charm and bottom as flavoured particles

ET(Z)

pT(μ±) η(μ±) m(μ+μ−)

R = 0.5
pT( j) η( j) ΔR(μ±, j)
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+ -jet in the forward region: comparison of algorithmsZ c

We note good agreement between algorithms in case of bottom, 
and significant differences in the whole phase space in case of charm
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We note good agreement between algorithms in case of bottom, 
and significant differences in the whole phase space in case of charm

+ -jet in the forward region: comparison of algorithmsZ c
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We note good agreement between algorithms in case of bottom, 
and significant differences in the whole phase space in case of charm

+ -jet in the forward region: comparison of algorithmsZ c
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We note good agreement between algorithms in case of bottom, 
and significant differences in the whole phase space in case of charm

+ -jet in the forward region: comparison of algorithmsZ c
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The difference we observe in case of charm 
needs to be understood, but one can make 

some considerations: 
 

- more  splittings compared to  
 stressing algorithms 

 
- charm in the LHCb fiducial region likely to 

come from gluon splitting  
 

- IFN undershooting other algorithms 
 it tends to neutralise  pairs more  

 
- interesting to vary parameters and perform a 

study similar to the + -jet one

g → cc̄ g → bb̄
→

→ cc̄

Z b

+ -jet in the forward region: comparison of algorithmsZ c
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Tagging efficiency at LHCb

Rate of -jet events in events with a  meson ( , , )c D0 R = 0.5 2 < η(D0) < 5 2.5 < η( j) < 4.5

Pythia8  
QCD 2->2 events

Pythia8  
+jet eventsZ

Exp. accessible  
region

Exp. accessible  
region
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Jet substructure observables: rescaled jet mass m( j) ≡ m/pT

+ -jet 
ATLAS/CMS 

NLO+PS

Z b + -jet 
LHCb  

NLO+PS

Z c
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Jet substructure observables: jet mass

Pythia8, LHCb  
10 GeV <  < 20 GeVpT,jc

All algorithms remove the second peak 
(probably due to  within the jet)g → cc̄
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Performance studies of current FastJet implementations
Clustering time of +jet Pythia8 eventsZ

GHS/CMP slower with higher multiplicities 
(some optimisation done in IFN, implementation of GHS/CMP to be improved)
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Performance studies of current FastJet implementations
Clustering time of +jet Pythia8 eventsZ

Physical  
rate of g → bb̄

Unphysical: 
~ 50% of  into g bb̄

Current implementations of 
GHS/CMP scale like N2

Also IFN scaling is worsening 
with many flavoured particles
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Conclusions (?)

Many thanks to Ezra, Gavin, Ludo, Rene for providing me with material for this talk!

Next steps: 
- Compare fixed-order predictions with NLO+PS ones

- Explore NLO+PS samples with other showers e.g. Herwig  
- …

Many studies started in Les Houches, preliminary results available,  
to be finalised and collected in a dedicated paper

Comparison between algorithms crucial  
to assess size of MC corrections needed for theory-data comparison  

and to explore adoption of “improved” labels for flavour tagging
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BACKUP
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