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Heavy-flavour jets at low p;

Mq >> Aqcp allows for a perturbative description of _
heavy-flavour production even for py-> 0 GeV/c / O\, {c) ./'
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Flavour dependence of QCD showers

/ Gluon-initiated shower \ / Quark-initiated shower\ /Heaw-quark-initiated shower\

Broader shower profile Narrower shower profile Suppression of small angle emissions
Higher number of emissions Fewer emissions in the shower Harder fragmentation
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Casimir Colour factors The dead-cone effect

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

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

quarks and gluons
Sizeable effect for low energy heavy quarks
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Take advantage of the long lifetime of heavy hadrons
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Tagging heavy-flavour jets with high efficiency

parameter
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primary vertex ..., -<:*
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Take advantage of the long lifetime of heavy hadrons

Discriminate based on impact parameter of jet constituents
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Tagging heavy-flavour jets with high efficiency

Impact

parameter ...0"
e "a. . i -
prlmal‘y vertex LI <.

Take advantage of the long lifetime of heavy hadrons

Discriminate based on impact parameter of jet constituents
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Discriminate based on impact parameter of jet constituents

Discriminate based on displacement of reconstructed secondary vertex
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Can measure global jet properties such as the cross section

Pushing down measurements to low py

Good agreement of MC with data -> non-perturbative effects less
important than in inclusive jets
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Limitations of displaced jet tagging
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decay products of
heavy-flavour hadron

Significant part of the jet py might be missed
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Decay products smear the jet substructure
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Limitations of displaced jet tagging

These tagging methods have severe limitations for characterising jet substructure

Significant differences in reconstructed
jet substructure
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decay products of
heavy-flavour hadron

angular distribution of splittings inside b-jets
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% Tagging via fully-reconstructed heavy-flavour hadrons

D° s K 7t (3.95%)  2<pR <36 GeV/e

pointing angle epointin
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Probing the universality of charm fragmentation
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Probing the universality of charm fragmentation

Is hadronisation universal across collision systems?
Does the surrounding colour impact fragmentation?

=\
Mq >> Aqcp suppressed hadronisation production— can connect hadron to parton nO) ] ©
g
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Probing the universality of charm fragmentation

Is hadronisation universal across collision systems?

Does the surrounding colour impact fragmentation?
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Probing the universality of charm fragmentation

Is hadronisation universal across collision systems?

Does the surrounding colour impact fragmentation?
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Displacement of hadrons from the jet axis

Distance between jet axis and hadron
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% Unravelling the flavou

r-dependent properties of the shower |18

Angularities probe the momentum and spatial profile of the final state constituents
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The free parameters can be tuned to increase or decrease the impact of different flavour effects
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% Unravelling the flavour-dependent properties of the shower |19

Angularities probe the momentum and spatial profile of the final state constituents )\g — E(ﬂ %(%)a
DT jet R
The free parameters can be tuned to increase or decrease the impact of different flavour effects
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% Reconstructing the evolution of a parton : heavy-flavour tracing|20

Phys. Rev. D 99, 074027 (2019)
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% Reconstructing the evolution of a parton : heavy-flavour tracing|21

, , Phys. Rev. D 99, 074027 (2019)
Recluster jet using C/A to reconstruct the shower
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% Reconstructing the evolution of a parton : heavy-flavour tracing|22

, , Phys. Rev. D 99, 074027 (2019)
Recluster jet using C/A to reconstruct the shower

Heavy-flavour hadron maps directly to a heavy-quark in the shower

At each reclustering step the subjet containing the heavy-flavour
hadron is the heavy quark in the shower
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% Reconstructing the evolution of a parton : heavy-flavour tracing|23

, , Phys. Rev. D 99, 074027 (2019)
Recluster jet using C/A to reconstruct the shower

Heavy-flavour hadron maps directly to a heavy-quark in the shower

At each reclustering step the subjet containing the heavy-flavour
hadron is the heavy quark in the shower
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% Reconstructing the evolution of a parton : heavy-flavour tracing|24

Phys. Rev. D 99, 074027 (2019)
Recluster jet using C/A to reconstruct the shower

Heavy-flavour hadron maps directly to a heavy-quark in the shower

Ateach reclustering step the subjet containing the heavy-flavour " R
hadron is the heavy quarkin the shower =~ k

Follow the heavy quark as it evolves through the shower
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% Reconstructing the evolution of a parton : heavy-flavour tracing|25

Phys. Rev. D 99, 074027 (2019)
Recluster jet using C/A to reconstruct the shower

Heavy-flavour hadron maps directly to a heavy-quark in the shower

At each reclustering step the subjet containing the heavy-flavour " ]
hadron is the heavy quarkin the shower =~ k
. = ....-"’_'"_,(: 5: -
Follow the heavy quark as it evolves through the shower . I" C —>cg : :r‘
........ el I; :// :

..... > 5 i :
fraction of momentum e, C "t N\ >\::’ cg .3 :
carried by the emitted gluon el \TLF<:
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energy of the
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(el
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transverse scale
of the splitting

emission angle
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% Reconstructing the evolution of a parton : heavy-flavour tracing|26
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Uncovering the dead-cone effect

1 dnP’iets 1 dpinclusive jets Compare the angular distribution of charm-quark
= NDCets dIn(1/6) /Ninclusivejets din(1/6) emissions to those of light quarks and gluons

kT ) ERadiator
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Uncovering the dead-cone effect

1 dnP’jets 1 dpinclusive jets Compare the angular distribution of charm-quark
R(0) = NDCets dIn(1/6) /N'mclusivejets din(1/6) emissions to those of light quarks and gluons

kT ) ERadiator

Nature 605 (2022) 440-446
Observation of the QCD dead

. . N _ ch,leading track
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no dead cone limit _ _
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Uncovering the dead-cone effect

1 dnP’jets 1 dpinclusive jets Compare the angular distribution of charm-quark
R(0) = NDCets dIn(1/6) /N'mclusivejets din(1/6) emissions to those of light quarks and gluons

kT ) ERadiator
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Increasing energy

» Decreasing suppression
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Uncovering the dead-cone effect

1 anOjets
R(6) = —
ND’jets dIn(1/0)

dninclusive jets

1
Ninclusive jets dln( 1 / 9)

/

Compare the angular distribution of charm-quark
emissions to those of light quarks and gluons
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of a charm quark with a mass of 1.275 GeV/c
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Uncovering the dead-cone effect

1 dnP’jets 1 dpinclusive jets Compare the angular distribution of charm-quark
R(0) = NDCets dIn(1/6) /N'mclusivejets din(1/6) emissions to those of light quarks and gluons

kT ) ERadiator

Nature 605 (2022) 440-446
Observation of the QCD dead
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Sensitive to both Casimir colour factors and mass effects
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Isolating mass effects

Dead cone of B* - tagged jets
Dead cone of DO - tagged jets

'O 2 | B L | IRE L) | T 5 | PR R ) | U I LI ] L l | F B I | B LI I_4
S - ALICE Upgrade Prolectlon . , , ,
> 1.8 U 0t - Comparing charm and beauty jets will
8 18 pp Vs= 14TeV(200pb B, B") | iem , ,
o 6— pp (s=5.5TeV (3 pb™, D°) o & E allow for the isolation of mass effects
e F .
g 145 R=04,20<p" <100GeV |
"? 1.2 e 10< Ef:dlator < 20 GeV — .
ghe — 1 Baseline of no mass effects
o 1 —kr>2'Aqep | ——
e & =kt > Agep .
T osl = —kr>Agep/2
C 8 | ] .
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1 12 14 16 18 2 22 24 26 28 3
ALICE-PUBLIC-2020-005 ; CERN-LHCC-2020-018 |og ( 1 /9)

Run 3 projection from ALICE
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Converging on to the ¢ -> cg splitting function

do
sz’—>jk = —dz Pz'—)jk(z)

"""""

Soft Drop grooming condition

p
= Pr2 507, ARy,
pPrit P12 “\ R

z2=0.1,6=0

\A. J. Larkoski et al. , JHEP 1405 (2014) 146/
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Converging on to the ¢ -> cg splitting function

dé
sz’—>jk — Wdz Pi%jk@

/ I e L L L
N - - -
Converges onto the\ T gp ALICE.pp, ls=13Tev 3
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QCD splitting function | 7E 15 < p"* <30 Gevic, n <05 Blinclusive
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\A. J. Larkoski et al. , JHEP 1405 (2014) 146/ 01 015 02 025 03 035 04 045 ZO.5
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Converging on to the ¢ -> cg splitting function

dé
sz—>_7k — Odz P’L—Uk( )
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Converging on to the ¢ -> cg splitting function

Towards isolating the perturbative physics of heavy-flavour fragmentation functions

..................... = T T T I I -
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\A. ). Larkoski et al. , JHEP 1405 (2014) 1%/ 0 1 > 3 4
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Going beyond c -> cg splittings

PRL. 132 (2024) 21

Pg—)gg

9

g—qq
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Gluon splitting contamination

The low efficiency of reconstructing heavy-flavour hadrons makes the
final state of these two processes often indistinguishable

Charm hadron

At low prearly splittings are most problematic
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Possible solutions for substructure

Purity of c-> cg splittings should increase deeper into the shower

Charm hadron
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Possible solutions for substructure

One way of tackling the problem is to tag the back-to-back jet using high efficiency taggers
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Possible solutions for substructure
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Detector upgrades for heavy-flavour tagging

Positional resolution is paramount for accurate tagging of displaced tracks and reconstruction of secondary vertices
ALICE 3 Iris Tracker

g

Ei A%CE1

>

L))

= ALICE 2

* ® Run3

? : " { Auce2
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e @

8 ALICE 3

£ ITS3 | ) N

8 1 - - radius [mm]
1 10 100 1000

AEPRERRIRS [ e e aCean TG ey The tracker will be inside the beampipe

Excellent pointing angle resolution
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Detector upgrades for heavy-flavour tagging

For supressing background when identifying reconstructed hadrons PID is vital

ALICE 3

Absorber ECAL

Muon chambers Magnet RICH
O U1 eixsoseparation =k ' Kimoseparaion o i ' pK3oseparaon ] FCT
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n n n Vertex detector

Excellent separation of particle species over a wide range of psuedo-rapidities
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most strongly-coupled

First foray of heavy-flavour jets in heavy-ions

liquid ever observed

QCD coupling

,7 75N gas of quarks and
\ 1
L 299 ) gluons
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N - -

Energy

Casimir Colour factors

Mg >> Toee

The medium couples differently to

quarks and gluons
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Decreasing momentum scale

o

Traceable through the shower with heavy-flavouré

The dead-cone effect

How does the dead-cone interplay
with medium emissions?



First foray of heavy-flavour jets in heavy-ions

Ratio of yield in Pb-Pb collisions 1.4
compares to (scaled) pp
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Hint of flavour-dependent energy-loss
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10°
P, (GeV/c)

substructure of heavy-flavour
jets in PbPb accessible in Run 3



Summary

Measurements of heavy-flavour jets at low prwhere mass effects can significantly dictate the shower pattern
Focus on jet tagging via a reconstructed heavy-flavour hadron

Targeting hadronisation effects and shower-related flavour effects

Run 3 brings the promise of much better precision for pp collisions as well as the extension to heavy-ion collisions

ALICE will continue to grow in terms of heavy-flavour tagging capabilities with each new run
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