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Flavour dependence of QCD showers
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Gluon-initiated shower

Broader shower profile
Higher number of emissions

Quark-initiated shower

Narrower shower profile
Fewer emissions in the shower

Casimir Colour factors

Different emission properties due to the 
different amount of colour charge carried by 

quarks and gluons
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Quark-initiated shower

Narrower shower profile
Fewer emissions in the shower

The dead-cone effect

A suppression of emissions in a cone of size 
θ = m/E around the direction of the emitter

Sizeable effect for low energy heavy quarks

Y. L. Dokshitzer, J. Phys. G17 (1991) 1602

Heavy-quark-initiated shower

Suppression of small angle emissions
Harder fragmentation
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Quark-initiated shower

Narrower shower profile
Fewer emissions in the shower

The dead-cone effect

A suppression of emissions in a cone of size 
θ = m/E around the direction of the emitter

Sizeable effect for low energy heavy quarks

Y. L. Dokshitzer, J. Phys. G17 (1991) 1602

Heavy-quark-initiated shower

Suppression of small angle emissions
Harder fragmentation

Low energy heavy-flavour 
jets can maximise 

sensitivity to mass effects



How can we experimentally tag heavy-flavour showers?
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C

Mass of the charm quark suppresses charm production at 
hadronisation ~ 10-11 suppression relative to up and down quarks

Presence of a charm hadron in the final state is an unambiguous 
signature of a charm quark in the shower

Charm hadron
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C

Mass of the charm quark suppresses charm production at 
hadronisation ~ 10-11 suppression relative to up and down quarks

Presence of a charm hadron in the final state is an unambiguous 
signature of a charm quark in the shower

Decay 
products

Charm hadron

Decay 
products

Charm hadron

Reconstruct the charm hadronIdentify charm decay products Perform jet finding

How can we experimentally tag heavy-flavour showers?

anti-kT jets with R = 0.4    pT,ch jet > 5 GeV/c

pT D0 : 1-48 GeV/c
pT Λc : 1-32 GeV/c



Improved performance for charm hadron reconstruction 7

C
Time Projection Chamber

GEM based readout
Inner Tracking System 2
7 layer pixel inner tracker

Significant improvement in data acquisition:  
~ 6 pb-1 MB data (excluding rare triggers) for 
charm hadron reconstruction 
MB sample more than 150x larger than Run 2

The Run 3 upgrades of ALICE result in a much 
better secondary-vertex resolution:
Better rejection of background candidates 
and separation of prompt and non prompt 

Charm hadrons tagged using 
topological and PID information

Nima Zardoshti - QM2025
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C

Charm hadrons tagged using 
topological and PID information

Significant improvement on 
topological discrimination

Improved performance for charm hadron reconstruction



Accessing the building blocks of the shower
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Take advantage of angular ordering in QCD – successive emissions 
are bounded in angle by previous emissions

Later emissions have smaller angles

D0
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Take advantage of angular ordering in QCD – successive emissions 
are bounded in angle by previous emissions

Later emissions have smaller angles

Use the Cambridge/Aachen algorithm to identify closest 
constituents and recluster them

D0
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Take advantage of angular ordering in QCD – successive emissions 
are bounded in angle by previous emissions

Later emissions have smaller angles

Use the Cambridge/Aachen algorithm to identify closest 
constituents and recluster them

Build up the intermediate showerD0
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Take advantage of angular ordering in QCD – successive emissions 
are bounded in angle by previous emissions

Later emissions have smaller angles

Use the Cambridge/Aachen algorithm to identify closest 
constituents and recluster them

Build up the intermediate shower

The presence of a heavy-flavour hadron allows us to trace the path 
of the charm quark through the shower

D0
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c     cg

c     cg

c     cg
c     cg

Take advantage of angular ordering in QCD – successive emissions 
are bounded in angle by previous emissions

Later emissions have smaller angles

Use the Cambridge/Aachen algorithm to identify closest 
constituents and recluster them

Build up the intermediate shower

The presence of a heavy-flavour hadron allows us to trace the path 
of the charm quark through the shower

Isolate high purity sample of c → cg splittings

D0



Probing the charm splitting function
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c     cg

c     cg

c     cg
c     cg

c     cg

The splitting function encodes the properties underpinning 
QCD showers

Fundamental observable with which to probe flavour effects 
in the shower

Properties of the first perturbative splitting in the shower can 
be mapped onto the splitting function

First perturbative splitting is selected using the Soft Drop 
grooming algorithm

1 → 2 QCD splitting function

D0



Accessing the charm splitting function
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Soft Drop grooming condition

A. J. Larkoski et al. , JHEP 1405 (2014) 146
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Soft Drop grooming condition

A. J. Larkoski et al. , JHEP 1405 (2014) 146

First measurement of a 
flavour-enriched splitting 
function

Steeper splitting function 
for charm emissions – as 
expected from mass effects

PRL 131 (2023) 192301

Run 2

+
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Soft Drop grooming condition

A. J. Larkoski et al. , JHEP 1405 (2014) 146

First measurement of a 
flavour-enriched splitting 
function

Steeper splitting function 
for charm emissions – as 
expected from mass effects

More jets pass Soft Drop at 
higher pT, ch jet -> reduction of 
the dead-cone effect

High precision 
measurements of flavour 
effects accessible with Run 
3 in ALICE

Run 3

~ 1/6 of total MB statistics 
from 2022 and 2023



Accessing the charm splitting function

Nima Zardoshti - QM2025

18

Soft Drop grooming condition

A. J. Larkoski et al. , JHEP 1405 (2014) 146

The splitting function for 
charm quarks has a narrower 
angular distribution

At large angles dominated by 
Casimir colour effects

At small angles a competition 
between the dead cone and 
Casimir effects is observed

PRL 131 (2023) 192301

Run 2



Accessing the charm splitting function

Nima Zardoshti - QM2025

19

Soft Drop grooming condition

A. J. Larkoski et al. , JHEP 1405 (2014) 146

The splitting function for 
charm quarks has a narrower 
angular distribution

At large angles dominated by 
Casimir colour effects

At small angles a competition 
between the dead cone and 
Casimir effects is observed

Run 3 allows for the 
investigation of the different 
evolutions of mass and 
Casimir effects

Run 3
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Soft Drop grooming condition

A. J. Larkoski et al. , JHEP 1405 (2014) 146

PRL 131 (2023) 192301

Run 2

The number of perturbative 
splittings along the shower is 
connected to the perturbative 
part of the fragmentation 
function

Charm quarks emit less 
frequently along their 
evolution
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Soft Drop grooming condition

A. J. Larkoski et al. , JHEP 1405 (2014) 146

Run 3

The number of perturbative 
splittings along the shower is 
connected to the perturbative 
part of the fragmentation 
function

Charm quarks emit less 
frequently along their 
evolution

Run 3 allows for the extension 
to high jet pT where observable 
is cleaner    
-> emissions further in the 
splitting tree remain 
perturbative



Probing hadronisation phenomena with heavy-flavour jets
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Evolution of a collision
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Evolution of a collision

Hadronisation remains one of the most poorly 
understood features of QCD

An experimentally-driven field due to limitations 
of calculations in the non-perturbative regime

production ratios at hadronisation
u   :  d  :  s  : c

1 : 1: 0.3 : 10-11

• Due to the suppressed production via string breaking, heavy-flavour 
measurements provide a unique link between the scattered parton and the 
final hadron it ends up in

• The multi scale and multi-dimensional nature of jets is our best tool to 
achieve a microscopic understanding of hadronisation

• Gather as much information as possible experimentally : here we focus on 
the differences between hadronisation into charm baryons and mesons

Charm 
hadron

Charm quark



Improvement in reconstruction of charm baryons
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Significant improvement on 
topological discrimination

Charm baryon reconstructed via 
the decay

c𝛕 ~ 60 µm

Very sensitive to improvement of 
spatial resolution in Run 3

Large significances down to low pT



Is charm hadronisation universal across collision systems?
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PRD 109 (2024) 072005

Run 3 Compare fragmentation measurements of 
baryons and mesons

Much better precision to probe hadronisation 
mechanisms

~1/6 of total statistics

See Vit  Kucera’s poster



Is charm hadronisation universal across collision systems?
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PRD 109 (2024) 072005

Model tuned on e+e-

Run 3 Compare fragmentation measurements of 
baryons and mesons

Much better precision to probe hadronisation 
mechanisms

~1/6 of total statistics

Softer fragmentation for baryons 
compared to mesons

Additional hadronisation mechanisms 
sensitive to surrounding colour density

See Vit  Kucera’s poster



Conclusions
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Run 3 is an exciting  period for heavy-flavour jet measurements at ALICE

Data well understood and validated against Run 2 results

High precision differential measurements underway using full dataset to probe new physics phenomena

Extension of flavour effects to heavy-ion collisions coming soon

Run 3

For more results probing the flavour dependence 
of parton showers see Preeti’s talk next!

Softer fragmentation for 
charm baryons than mesons

Evolution of the splitting function with jet pT -> probing the energy-dependence of flavour effects
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