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@) In-jet fragmentation

!

decreasing scale (p1/Q?)

® Evolution of a highly-virtual parton from hard scattering described by a parton shower

e probabilities for splittings described by splitting functions dP,_; = %‘9 dz P;_, 4(2)

¢ Evolution at non-perturbative scales, incl. hadronisation, evades pQCD

® characterisation through phenomenological modelling
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®) In-jet fragmentation

Heavy-flavour jets ?
c/c |
ito probe mass/colour effects|

in jet evolution |

I

decreasing scale (p1/Q?)

® Evolution of a highly-virtual parton from hard scattering described by a parton shower

® probabilities for splittings described by splitting functions dP,_; = %9 dz P;_, 4(2)

¢ Evolution at non-perturbative scales, incl. hadronisation, evades pQCD

® characterisation through phenomenological modelling

¢ Heavy-flavour content retained and traceable through jet evolution

® selective access to heavy-quark jets and splittings
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& Reconstruction of heavy-flavour

® Heavy-flavour candidates (D+, D9, A¢*) reconstructed

using topological variables and particle identification
in a two-step selecton: T T B

pointing angle

® preselection with rectangular cuts

® refined selection with boosted decision trees
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®  Correlation of D+ and hadrons

® Azimuthal correlation of D+ meson with charged hadrons
® probes fragmentation of charm quarks, incl. hadronisation
® improved precision, extended kinematic reach
® PYTHIA 8 reproduces distributions well
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&) Reconstruction of heavy-flavour jets

 : analogous
for At
< -
Q Ppo = P T Ps

decreasing scale (p1/Q?)

® Heavy-flavour daughters replaced by candidates

® Heavy-flavour jets reconstructed with anti-kt algorithm
e R =04
e pi* > 150MeV/c
e |1 < 0.5
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— A. Nambrath, A. Rai

& Energy-energy correlators "
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" AA: charged jet "
® Energy-energy correlators capture 25k | = = aa: Do i
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information of full jet evolution while separating scales | [o—o e _
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@) Fnergy-energy correlators ==

pp, \/E = 13TeV
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@) Soft drop grooming

o
_ ®
c/C angular

@
—_—m—

decreasing scale (p1/Q?)

® Recluster jet constituents to access splitting tree

e using Cambridge/Aachen algorithm to replicate angular ordering

e Groom away soft splittings based on momentum fraction (soft drop)
p

p AR
& == ], here Z. = 0.1, =0

cut
pT,c T pT,g R

Heavy-flavour jet fragmentation in ALICE | Hard Probes 2024 | jochen klein@cern.ch

Use soft drop grooming|

to access

perturbative splittings |

[JHEP 05 (2014) 146]
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Groomed momentum fraction

¢ Momentum fraction
of first splitting passing soft drop criterion

Z:

® converges to splitting function

dp i—jk = —dz P i—ik(2)

v
e DO jets
® 7, converges onto charm splitting function
e improved precision, extended kinematic range

® steeper than inclusive = mass effects

e integral increasing for larger p!ret

— more jets passing soft drop (mass)
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(1/Nigy o) dN/dZ,

ratio to &
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®  Groomed momentum fraction

e Momentum fraction

of first splitting passing soft drop criterion
pT,g

Zg —
pT,c T pT,g

® converges to splitting function

dp i—jk = —dz P i—ik(2)

v
e DO jets
® 7, converges onto charm splitting function
e improved precision, extended kinematic range

® steeper than inclusive = mass effects

e integral increasing for larger p!ret

— more jets passing soft drop (mass)
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&) Groomed opening angle [

e Opening angle R,
of first splitting passing soft drop criterion

® targets 6 dependence

dé
dPi—>jk = 7dZ Pi—>jk(Z)
® DO jets

® improved precision,
extended kinematic range

® more collimated than inclusive jets
— Casimir effect

e wider jets for lower p!ret
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— V. Kucera
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— V. Kucera

&) Groomed opening angle "

e Opening angle R,

pp, \/E = 13.6 TeV

of first splitting passing soft drop criterion
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& Number of groomed splittings

¢ Number of splittings
passing soft drop criterion ngp

® targets number of perturbative emissions

® qualitatively probes perturbative part
of the fragmentation function

® DO jets
® extended kinematic range

® fewer emissions compared to inclusive
— mass effect

e number of emissions increase with p!ret
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— V. Kucera

& Number of groomed splittings ™

¢ Number of splittings
passing soft drop criterion ngp

pp, \/E = 13.6 TeV
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3 Fragmentation function

parton shower

—had

c/C

I

projection pet
onto jet axis

decreasing scale (p1/Q?)

¢ Longitudinal momentum fraction of jet carried by heavy-tlavour hadron
>jet ~ had

PP

4R eyp——
pjet . p]€t

® targets heavy-flavour fragmentation functions

® tests (non-)universality of fragmentation
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RILLCE

® Acjets

® improve sensitivity to hadronisation mechanisms

® possib

Fragmentation function

e Comparison of Ac and D? jets

(describing hadron yields)

(1/Nigy on) dN/dZz,

L L UL L L L L
| ALIGE Preliminary, pp
| Al-tagged charged-particle jets, anti-k;, R = 0.4
- 7<pf " (GeV/c) < 15, 7l <05
— 3gp¢g (GeV/c) < 15, ly, | < 0.8
® Vs =13 TeV

~ B s=136Tev

----------- PYTHIA 8 Monash, Vs = 13 TeV

L emmmmaa PYTHIA 8 CR Mode 2, Vs = 13 TeV

0.4 0.5 0.6 0.7 0.8 0.9 1

e tension with colour reconnection modes

(1/Niy o) IN/dZ,

pp, \/E = 13.6 TeV

A/D?

© oowoNP,,moOON O
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—h

® comparison of baryon and meson

e tension with models less pronounced

I I | I | I I I I
ALICE Preliminary, pp
HF-tagged charged-particle jets, anti-k-, R =0.4

jetch

< p (GeV/c) < 15, |njet Ch| <05

7 <
3 < ptF (GeVic) < 15, Iy, | < 0.8 Ol D', Vs =13 TeV

DB AL Vs=13.6TeV

III|IIII|IIII|IIII

Q
— D
=+ e e e —
= PEN data 000 e PYTHIA 8 Monash, s = 13 TeV =
= ---- PYTHIA 8 CR Mode 2, Vs = 13 TeV =

PYTHIA: [arXiv:2203.11601, arXiv:1404.5630, arXiv:1505.01681]

14


mailto:jochen_klein@cern.ch

S Jet axes differences

I

decreasing scale (p1/Q?)

¢ Radial distance between different axis definitions in jets

2
((paxis,l o C”axis,Z) T (naxis,l o

with standard, winner-takes-all, soft drop, D0 hadron axes

® probes radial structure of jet and fragmentation
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<D,

RILLCE

® Inclusive jets

e soft drop and standard axes mostly close
for jets surviving grooming

e DO jets
® DO adds axis in the core of the jet

¢ D0 and WTA axes aligned
AR < 0.01 for 99% = 1% of the jets

® Jets with smaller axis differences more suppressed
by soft drop grooming

® stanc

® stanc

arG

arG

dNQC

dNQC

soft drop axes always closer

DO axes spread farther apart

® Data described by PYTHIA 8 and SHERPA

(better with Lund fragmentation)
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dN

Z.,;=0.2

Jet axes differences

— L. Yeats
(poster)
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SHERPA: [SciPost Phys., 7(3):034, 2019, JHEP, 05:026, 2006]
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@ Conclusions & Outlook

e Heavy-flavour jets give access to colour and mass effects with multitude of techniques
® energy-energy correlators
® soft groomed substructure observables
¢ [ongitudinal momentum fractions

® jct axes
¢ Great potential of Run 3 data demonstrated by new measurements

e Extension of kinematic reach and observables with improved Run 3 performance ongoing

Thank you
for your attention!
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