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Flavour dependence of QCD showers

/ Gluon-initiated shower \ / Quark-initiated shower\

Broader shower profile Narrower shower profile
Higher number of emissions Fewer emissions in the shower
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Flavour dependence of QCD showers

/ Quark-initiated shower\ / Heavy-quark-initiated shower \

Narrower shower profile Suppression of small angle emissions

Fewer emissions in the shower Harder fragmentation

P, e
N _

z  z2(1- z)m?

2 k2 4 22m?

1+ (1—2)? ot
Pysgy=Cr (1-2) Poqe=Crl; —1+ ]

The dead-cone effect

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

Sizeable effect for low energy heavy quarks
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Flavour dependence of QCD showers

/ Quark-initiated shower\ / Heavy-quark-initiated shower \

Suppression of small angle emissions

Narrower shower profile
Fewer emissions in the shower Harder fragmentation
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The dead-cone effect

A suppression of emissions in a cone of size
/ 8 = m/E around the direction of the emitter

Low energy heavy-flavour Sizeable effect for low energy heavy quarks
jets can maximise
sensitivity to mass effects
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% How can we experimentally tag heavy-flavour showers?| 5

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

Presence of a charm hadron in the final state is an unambiguous
L signature of a charm quarkin the shower
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% How can we experimentally tag heavy-flavour showers?| 6

Mass of the charm quark suppresses charm production at

anti-kyjets with R=0.4 prqpjee > 5GeV/ic hadronisation ~ 10'! suppression relative to up and down quarks
p; D°: 1-48 GeV/c Presence of a charm hadron in the final state is an unambiguous
pr/\;:1-32GeV/c signature of a charm quarkin the shower
Identify charm decay products Reconstruct the charm hadron Perform jet finding "
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% Improved performance for charm hadron reconstruction

Significant improvement in data acquisition:
~ 6 pb MB data (excluding rare triggers) for
charm hadron reconstruction

MB sample more than 150x larger than Run 2

The Run 3 upgrades of ALICE resultin a much
better secondary-vertex resolution:

Better rejection of background candidates
and separation of prompt and non prompt
Time Projection Chamber Inner Tracking System 2

GEM based readout 7 layer pixel inner tracker

DY 5 KTn™

pointing angle Gpointin

Charm hadrons tagged using
topological and PID information

impact parameters ~100 L m lima Zardoshti - QM2025



% Improved performance for charm hadron reconstruction
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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
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Accessing the building blocks of the shower
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Accessing the building blocks of the shower

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
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Accessing the building blocks of the shower

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

L)
L I [ '\_:, The presence of a heavy-flavour hadron allows us to trace the
'“'c.{.' S~ through the shower
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Accessing the building blocks of the shower

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

——— e o = = —

s
Build up the intermediate shower | ~-*.
e S ,.C—Cg!
°o......:i\§ \ C;Z?-‘- '\.:, The presence of a heavy-flavour hadron allows us to trace the
g ", ~.s through the shower
' .-.,..'. :,. Isolate high purity sample of ¢ > cg splittings
.."lko
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Probing the charm splitting function

- df
dP;jk = Fdz P jk(2) Y

1> 2 QCD splitting function

The splitting function encodes the properties underpinning
QCD showers

Fundamental observable with which to probe flavour effects
in the shower

s 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
.."l.!‘o
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Accessing the charm splitting function

Soft Drop grooming condition

B
= P12 >z AR, ,
Pt P12 "\ R

Zcut — 0176 =0

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

AR, \

R

< Zeut

Zcut — 0176 =0

A.J. Larkoski et al., JHEP 1405 (2014) 146
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Steeper splitting function
for charm emissions —as
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Accessing the charm splitting function

expected from mass effects
Soft Drop grooming condition
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Accessing the charm splitting function
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Run 2

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



Accessing the charm splitting function
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Zcut — 0176 =0

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



Accessing the charm splitting function

df
dPijx = -dz Py k(2) | 7
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Accessing the charm splitting function

do
0

dP,jx = —dz P jk(2) | 07

——— e ———

Cc—cg:
c% :l T [ T T T T [ T T T T I T T T T T T T T [ T T T T I T l:
_g 1.2— ALICE Preliminary, pp —
E B D°-tagged charged-particle jets, anti-k;, R=0.4 7
1o 0 7
~ O 12pY (GeVic) <48, Iy | <08, In [ <05 ]
5 o5 SOMdop (26, = 0.1, 5 =0) E
< C 18] Vs - 18Tev, 15< " (GeVic) < 30 ]
# Emission is groomed away Z . 6:— Jil V5 -136Tev, 15 Spj:tch (GeV/c) <30 _:
</ Emission satisfies Soft Drop [ I8 V51367, 30< pj:t " (GeV/o) <50 .
04 8 =
. e e B - é ]
Soft Drop grooming condition 0of © o i
- ﬂ:l —
5 - W o .
P12 AR, , 00 | . | s 7
= > Zeut = 20 o E
P11+ Pro R o 158 E
o 1.0;—-5-——-#———3———;———-&-—— —
Zowt = 0.1, =0 § 05 3 E
A. ). Larkoski et al. , JHEP 1405 (2014) 146 0 1 2 3 4 °
SD

Nima Zardoshti - QM2025

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 p; where observable
is cleaner

-> emissions furtherin the
splitting tree remain
perturbative



% Probing hadronisation phenomena with heavy-flavour jets |22

Evolution of a collision

- D

K Shower evolution /
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% Probing hadronisation phenomena with heavy-flavour jets |23

Evolution of a collision

/.5\, P Hadronisation remains one of the most poorly
%‘&9\ 9 understood features of QCD
.‘2000 @@mi{’.\\l . . . . . .
'\ %p_cf, An experimentally-driven field due to limitations
'o_ : of calculations in the non-perturbative regime

K Hadronisation /

production ratios at hadronisation « Dueto the suppressed production via string breaking, heavy-flavour
u:d:s:c measurements provide a unique link between the scattered parton and the
1:1:0.3:10™" 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

.ECharm

' {\_/! +had . . . .
---------- N = 17" e Gather as much information as possible experimentally : here we focus on
i et the differences between hadronisation into charm baryons and mesons
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Improvement in reconstruction of charm baryons
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Is charm hadronisation universal across collision systems?| 25
L

ALICE

Compare fragmentation measurements of
baryons and mesons
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Is charm hadronisation universal across collision system

Compare fragmentation measurements of
baryons and mesons

T T I T T T T [ T T T T T T T T I T T T T l T T
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Conclusions

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

Evolution of the splitting function with jet p; -> probing the energy-dependence of flavour effects
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For more results probing the flavour dependence
of parton showers see Preeti’s talk next!

Softer fragmentation for

Nima Zardoshti - QM2025
charm baryons than mesons
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