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Flavour dependence in the QCD shower
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| Gluon-initiated showers are expected |
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Flavour dependence in the QCD shower

Gluon-initiated shower Quark-initiated shower Heavy-quark-initiated shower

Gluon-initiated showers are expected
to have a broader and softer
fragmentation profile than quark-
|n|t|ated showers
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A harder fragmentation is expected in low

'L the presence of a dead cone which
~ suppresses radlatlon close to the heaw quark
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Mass effects are domlnant at Iow pT
4+ — ALICE has excellent capabilities of heavy-flavor physics down at low pt



ALICE, Nature 605 (2022) 440-446

First direct observation of the dead-cone effect
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significant suppression of small-angle emissions
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Heavy-flavor jet tagging with ALICE

DO-meson selection: Fully

DY 5> K=+ 77t reconstructing hadronic decay
 topological cuts on the DO decay
K- e particle ID on decay daughters
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Heavy-flavor jet tagging with ALICE

DV > K + 7t

J-’

DO-meson selection: Fully
reconstructing hadronic decay

 topological cuts on the DO decay
e particle ID on decay daughters

Kz pairs replaced by DO
candidate

* Full DO momentum always inside
the jet cone



Heavy-flavor jet tagging with ALICE
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DO-meson selection: Fully
reconstructing hadronic decay

 topological cuts on the DO decay
* particle ID on decay daughters

Kz pairs replaced by DO
candidate

* Full DO momentum always inside
the jet cone

Jet finding:
e anti-kt algorithm
— DO-tagged charged jets



Heavy-flavor in-jet fragmentation

Fraction of jet momentum carried by the DO meson
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P 1y is the total DO-meson
momentum

D e it I8 the total jet
momentum
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Heavy-flavor in-jet fragmentation
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Heavy-flavor in-jet fragmentation
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Heavy-flavor in-jet fragmentation
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Heavy-flavor in-jet fragmentation

o Hint of a softer fragmentation in
data with respect to model
predictions for low p1chjet and

larger R.
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Heavy-flavor in-jet fragmentation
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Heavy-flavor in-jet fragmentation

o0 Hint of a softer fragmentation Iin
data with respect to model
predictions for low prchjet and

larger R.

o For R =0.2 and low prchjet, DY
. . —>
carries a large fraction of p ., i

—the core of the jet is dominated
by the HF hadron.

o At large angles (R>0.2) the charm
quark emissions are recovered

1/N, o, AN/ 5"

| Increaslng B
1/N., dN/d zeh

oOU1O _LI\)CD-D-O'IG\IOO
TEIQERRIeannanini=t r e gornenmia | BB EE BB |

3 charged Jets ant| k

-—ALICE pp, Ys =13 TeV

: IZI POWHEG hvg + PYTHIA 8

EE ==+ PYTHIA 8 HardQCD Monash 2013
=+ = = PYTHIA 8 SoftQCD Mode 2 -
] = -

16

Increasing Prch et




What are the jet angularities? I Bt
o A set of substructure observables which are dependent on the pt and angular
distribution of tracks within jets:

pr Z ( pT,i >K< ARjet,i )a
. pT,jet R

IE€jet

Jet pt fraction carried by constituent i

AR, ; distance of constituent i to the jet axis
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https://link.springer.com/content/pdf/10.1007/JHEP11(2014)129.pdf
https://indico.physics.lbl.gov/event/975/contributions/8298/

What are the jet angularities? [ il Bictmeil
o A set of substructure observables which are dependent on the pt and angular
distribution of tracks within jets:

pr 2 ( pT,i >K< ARjet,i )a
. pT,jet R

IE€jet

Jet pt fraction carried by constituent i

AR, ; distance of constituent i to the jet axis

o Infra-Red and Collinear (IRC) safe observable for
k=1, a >0 — calculable from pQCD.
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https://link.springer.com/content/pdf/10.1007/JHEP11(2014)129.pdf
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What are the jet angularities? RISl B

o A set of substructure observables which are dependent on the pt and angular
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https://link.springer.com/content/pdf/10.1007/JHEP11(2014)129.pdf
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DO-tagged vs. semi-inclusive jet angularity
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o Fully unfolded measurement

o Semi-inclusive baseline requires pt > 5.33 GeV/c for the leading track
o Corresponds to transverse mass of a D9 meson with pt =5 GeV/c
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DO0-tagged vs. semi- mcluswe et angularlty
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o DO-tagged jets have lower
angularities than semi-
inclusive jets

o HF jets more ‘collimated’
than semi-inclusive jets
o Collimation due to:

o The smaller color
charge of quarks
compared to gluons

o The dead cone around
the charm quark: charm
quark fragments less
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o DO-tagged jets have lower

angularities than semi-
inclusive jets

o HF jets more ‘collimated’
than semi-inclusive jets
o Collimation due to:

o The smaller color
charge of quarks
compared to gluons

o The dead cone around
the charm quark: charm
quark fragments less

© Do PYTHIA simulations do a

better job of describing
charm-tagged jet angularities
compared to semi-inclusive?



Tuning the flavor dependence by varying alpha == Y s
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© With increasing a the impact of mass effects is reduced : DO-tagged and quark-initiated distributions
become more similar — cleaner sensitivity to Casimir colour effects

© At lower o where the core of the jet has a higher weight — large angle radiation has a lower weight,
mass effects are more prominent
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Scanning the anqular profile of jets

Higher a — more weight on wide angle emissions
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o With increasing a the shape of the charm-tagged and semi-inclusive angularities begin

to converge
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Scanning the anqular profile of jets
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d With increasing ¢

to convergoe

ape of the charm-tagged and semi-inclusive angularities begin

o Suggests that the largest differences are in the jet core arising from mass effects
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Summary

O The in-jet fragmentation of D mesons in pp was investigated
O provide more Insight into the hadronization mechanisms.
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Summary

O The in-jet fragmentation of D mesons in pp was investigated
O provide more Insight into the hadronization mechanisms.

o Comparisons of D0-tagged and semi-inclusive jets angularities is sensitive to
both mass and Casimir color effects in the shower.
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Summary

O The in-jet fragmentation of D mesons in pp was investigated
O provide more Insight into the hadronization mechanisms.

o Comparisons of D0-tagged and semi-inclusive jets angularities is sensitive to
both mass and Casimir color effects in the shower.

© Scanning through different & parameters can control the impact of
each of the flavor effects

o DO-tagged jets have narrower angularities than semi-inclusive jets, with
the distribution shapes becoming more similar at large values of a.
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Summary

O The in-jet fragmentation of D mesons in pp was investigated
O provide more insight into the hadronization mechanisms.

o Comparisons of D0-tagged and semi-inclusive jets angularities is sensitive to
both mass and Casimir color effects in the shower.

© Scanning through different @ parameters can control the impact of
each of the flavor effects

o DO-tagged jets have narrower angularities than semi-inclusive jets, with
the distribution shapes becoming more similar at large values of @.

O These measurement are good baseline for p-Pb and Pb-PDb.
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A Large lon Collider Experiment
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Data-driven signal extraction
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Data-driven signal extraction
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Data-driven signal extraction
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D9 reconstruction efficiency correction
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» Efficiency of the DO cut selections
Is strongly dependent on D%-meson

PT
e sideband-subtracted distributions
are corrected by the DO

reconstruction and selection
efficiency in narrow DO pt intervals

» Efficiency-corrected angularity
distributions are integrated over DO
pT intervals



down fraction
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 Beauty feed-down contribution
estimated using POWHEG + PYTHIA 8.

 Simulation distribution corrected for
non-prompt DO reconstruction efficiency
and folded to detector level

* The presence of additional track from

B — DY decays pushes the angularity

to larger values for non prompt DO-
tagged jet.



ALICE, Nature 605 (2022) 440-446

First direct observation of the dead-cone effect
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https://www.nature.com/articles/s41586-022-04572-w

Heavy-flavor in-jet fragmentation
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