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Why heavy-flavour jets?

e Heavy-Flavours

e Heavy-flavour jets minimize dependence on hadronization process
due to including all particles from parton shower.

What do we learn by investigating different systems?

e pp collisions
Test for pQCD calculations
Investigate fragmentation and hadronization models
Mass dependence of parton radiation
Differences between quark-initiated and gluon initiated showers

e p-Pb Collisions
Modification due to Cold Nuclear Matter (CNM) effects, gluon

saturation effect.

e Pb-Pb collisions e\ Fadiiibog
Modification due to the interaction with the Quark Gluon - Fragmentation ~hadrons
Plasma (QGP), such as energy loss mechanisms. e partons @ @O ...
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How the jets can help? 7
Gluon initiated jets ALICE
e Smaller dependence on the hadronization models
allows for a better comparison to QCD. Casimir colour factors
Gluon initiated jets — broader fragmentation C /C_=9/4
Quark initiated jets — more collimated AT

e Inclusive jets
Well constrained at high p., low p. experimentally Quark jets
challenging.
Mostly gluon initiated.

™

e Heavy-flavour jets:

Heavy quarks are conserved through the parton shower _ .
Quark initiated Heavy-flavour jets

e Inclusive vs heavy-flavour jets
Effect of Casimir factors and dead cone
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Heavy-flavour (HF) correlation | ws %

e HF correlations represents an alternative method to study the HF parton shower.
Advantage over jet: s -
e Better access to low p.. parton showers 9 . g |
e Description of peak shapes and width
o Give access to the production mechanisms:
o  Pair Creation (LO):
m  quarks are produced back-to-back
m  “Near Side” peak at Agp = 0: Produced by the particle associated with
high p.. trigger particle.
m  “Away side” peak at Ap = m: Produced by the particles associated with
the recoiled jet.
o  Hard gluon radiation (NLO):
m Broadening of both peaks
o Gluon splitting (NLO):
m Heavy-flavours are produced close in phase space
o  Flavour excitation (NLO):
m Flat Ap contribution.
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The ALICE Detector — Inner Tracking System %

Detectors ALICE
e B e e N, ITS || <0.9

Vertexing and tracking
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The ALICE Detector (Time Projection Chamber)

ALICE
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The ALICE Detector — Time of Flight

ALICE

RTREL W FIST S T Sy WL W /Y 1

TOF |7 < 0.9
PID
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The ALICE Detector — Calorimeters

ALICE
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The ALICE Detector — VO

ALICE
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Dead-cone effect

Reclustering step 1 —. Reclustering step 2
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https://www.nature.com/articles/s41586-022-04572-w

HF jets to look into fragmentatlon
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. Hint of a softer fragmentation in data with respect to model predictions (especially NLO) for low Prechie .and large R.

. The core of the jet (R=0.2) is dominated by the HF hadron, as expected from the suppression of smaII angle emissions.
. Atlarge angle (R>0.2) the charm quark emissions are recovered.
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D-meson and charged particle

azimuthal correlation

— Yield: indication of charm-shower multiplicity
— Width: angular distribution of charm-shower

Fitting procedure:
sconstant term (Baseline) + Generalized
Gaussian (Near-side) + Gaussian (Away-side)
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Consistent values of the near-side observables in
pp and p-Pb collisions are observed for all
kinematic ranges.

no significant impact from cold-nuclear-matter
effects on the charm fragmentation is observed
with current statistics.
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D-meson and charged particle azimuthal correlation

Comparison with different centrality classes and collision energies ALICE
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e Anincreasing trend is observed with p.~. PP (GeV/c) PP (GeVic)

e Charm fragmentation and hadronization show no dependence on collision centrality and energy.
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D-meson and charged particle azimuthal correlation

Comparison with different models and investigation of partonic processes

ALICE
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Medium effects: D%-jets in 0-10% Pb-Pb
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ALICE

e Baseline: D%jet p; differential cross section in pp at 5.02 TeV
with same jet reconstruction as in Pb-Pb.
e An area based background subtraction performed in Pb-Pb.

Sizeable suppression of D%jets in central Pb-Pb collisions
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Medium effects: D°%-jets in 0-10% Pb-Pb

. Higher R,, of D%jet compared to inclusive jets in Pb-Pb?

ALICE
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ALICE 3 Detector

* ALICE 3: a next-generation heavy-ion experiment for LHC Run 5 and 6. Heavy-flavour hadrons AQLICE
« Compact all-silicon tracker with high-resolution vertex detector. (b;—0, wide n range)
TOF — vertexing, tracking, hadron ID

Superconducting RIcH
magnet system

Muon
absorber

Muon
chambers

Particle identification over a

large acceptance. Letter of intent for ALICE 3
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Expected performance of D°-D%azimuthal correlation in
Pb-Pb collisions
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e Includes background subtraction and weights to account for D°-D° reconstruction and selection
efficiencies. Normalization to the number of trigger D® mesons.

e Correlation patterns in Pb-Pb collisions will be accurate enough to assess the effects of in-medium
broadening and thermalisation, using pp collisions as a reference.
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Summary:

e HF -tagged jets:
v  Softer fragmentation at low Pxch jet is observed by looking at the fragmentation function.
v Nuclear modification factor in D- meson tagged jets shows suppression up to 70%.

e D-h azimuthal correlation distribution:
v Comparison between pp and p-Pb measurements showing consistency with each other.
v No significant modifications were observed due to the CNM effect.
v Jet-fragmentation dependency on multiplicity and collision energy not observed.
v PYTHIA and POWHEG+PYTHIA provide the best description of data.

e ALICE3 Detector

v Wide n range

v  Correlation patterns in Pb-Pb collisions will be accurate
enough to assess the effects of in-medium broadening an
and thermalisation. 0
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Medium effects: D% jets in 0-10% Pb-Pb

e Invariant mass was used to extract D%jet raw signal spectrum with

G 700~ .
side-band subtraction. % C 0-10% Pb-Pb, 5y = 5.02 TeV/N ALICE Preliminary
. 0 - .. 0 . = 600~ ! “ n 10<p. < 12GeVic
Correction for the D"-jet efficiency and D"-reflections. ©w [ D°~Kn'andchageconj. | bl ,
. . £ s | s
Subtraction of feed-down D°-jet component. E L o - TesnE0aTHete
. . . L E
POWHEG predictions convoluted with measured non-prompt D° 400F" £ signal region 3
R % - 777) Background region 7
oF-
AA [E NN
e Jet-p, spectra corrected for detector effects and background 200; B ‘ f
fluctuations 100:% \ & i gt
e Unfolding using aniterag | . . DN a
‘E 104;:32"._:-_:_._ ALICE Prellmlnary 0T 18 1.85 19 /135‘ - 2,
w T E T 0-10%Pb-Pb, {5, = 5.02TeV M(Kr)(GeV/c")
r == D°- K'm* and charge conj.
:w*_”"‘ﬁ— +I in charged jets, Anti-ky, R = 0.3
' T mi<os
10° B = 4<p<5GeVic
E == e
. ; Fiper. i e D%-meson 3 <p. <36 GeV/c
Raw jet spectr%m i T N e Charged jets, anti-k. algorithm with R = 0.3
corrected for D™-jet O tH +, e Jet5<p. <50GeV/c
. . E ignal region m)| < 20 | e
eﬁ:ICIenCy ' —4— Background 40 < |M(Kn) <80 _r ++
: % Signal - Background T +$
TOLG-IllJIIIIIIIIIIILLIlllli}Illlllll|IIII\1L+#\1I
0 5 10 15 20 25 30 35 40 45 50
p. . (GeVlc) 21

T,ch jet



- baseline (rad")

gN3assoe

L

1ASSOC
LN paseline (rad)

- baseline (rad™)

1 dNEe

Comparison of correlation distributions in pp and p—Pb
collisions

L e e 7 e e
F T T T T T T " T T T T T T - B 9
L Average D°,D*,D* ALICE | 8<pP<16GeV/c, pi=>>0.3GeVic t pp, Is=7TeV ALICE 1 p-Pb, Vs = 5.02 TeV ALICE 1
o Hpp Ts=7TeV, 2 <05 1 Mibaseline-subraction uncerainty (pp) | 25 5<P><8GeVic, Y2 | <05 ] 6 8<pP<16GeV/c, 0.96<y° <0.04 -
= p-Pb, ﬁsTN =5.02 TeV, -0.96 < chms <0.04] baseline-subtraction uncertainty (p-Pb) “t 2SS0C q assoc =}
L 5<p0<8GeVic, p5 > 03 GeVie A » _ - Py > 1 GeV/c, |an| < 1 ] P2 > 1 GeVie, Jan| < 1 ]
A 71 T i 1% scale uncertainty (pp) 5 i 5 0.l ]
< _— F +14% : B _— % : i
o n 3% Scale uncertainty (pp) Jﬁ* 9% scale uncertainty (p-Pb) - ol 2 —4—0D s '3y, Scale uncertainty pl —4— D s T1ay, SCale uncertainty
’ 0% scal tainty (p-Pb) | © C o : ] © o ) ]
E ﬂﬁ‘ “jox eealoncertalmty (DFL): - +t = C —— D, 1o scale uncertainty 1 = 4 —0— D*, 1% scale uncertainty ]
o r "‘” T 8 r . ’ ] 8 ¥ ) ]
= o Ww"'-% *I """""" = 21515k —4— D, 7|¥ scale uncertainty | & g —4— D", 7}¥ scale uncertainty | 1
F } t t t t H+HH t } t } } f pd ] h 1 2o U =
[ T ] © © 8¢ == —t—
15 5<PP <8GeV/c,0.3 < pie® < 1 GeVic I 8 < pP < 16 GeV/c, 0.3 < p2*° < 1 GeV/c ] o f ‘ a [ —t= =
F 1o scale uncertainty (pp) + 147 scale uncertainty (pp) < C — 7 < o #I%‘: ‘ -
1:— j}g;/: scale uncertainty (p-Pb) _-J] t;g:j; scale uncertainty (p-Pb) ] C + —— ] C E
05 # = # ] Gapr . 1 3
o T 1 3 E o h
.g I g - o e - i
= 0 R T = =y p o L ;! | PR I I PR PR S B | P I I I R B B
= T 1 0 0.5 1 1.5 2 25 0 0.5 1 1.5 2 25
05 — T~ Ao (rad) Ao (rad)
oF e ]
5< p$< 8 GeV/c, p2** > 1 GeV/c ] 8 <p$ <16 GeV/c, p3**° > 1 GeV/c
1.5F f}goj scale uncertainty (pp) . fﬁz“: scale uncertainty (pp) 1
[ “1oe scale uncertainty (p-Pb) $ 107 scale uncertainty (p-Pb) EPJC 77 2017 245
o
4
O
o
=

22


https://link.springer.com/article/10.1140/epjc/s10052-017-4779-8
https://link.springer.com/article/10.1140/epjc/s10052-020-8118-0?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20201025

Near-side yield and widths in p—Pb collisions at 5.02 TeV
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Comparison of near-side observables in pp and p—Pb
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D-meson Baseline comparison with models in pp at 5.02 TeV
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HFe-charged particles azimuthal correlation distributions
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Model comparisons of D-charged particle correlation
distribution in at 5.02 and 7 TeV
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D-meson and charged particle azimuthal correlation
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HFe-charged particles azimuthal correlation distributions

HF-electron sources are:
e semi-electronic decayS of heavy-flavour hadrons. e NS yleld is very well reproduced by the PYTHIAS. HLICE
Main background contributions come from:

e Dalitz decays of light neutral mesons.

e Photon conversion in the detector material.
e The azimuthal correlation distribution undergoes a correction

e Both the widths are underestimated by the
PYTHIAS8 predictions.

v F e m e T L RSN
. . . . . e F E ]
- > C _ ALICE Preliminary 7 > + ALICE Preliminary -
procedure similar to that of the D-meson distribution. 3 [ e is-soemev o ceaee 1 8 [ [Woepis=s02Tev ook Sk
i . : S | — PYTHIA8, Monash B <1 s — PYTHIA8, Monash JAn| <1
e Fitting procedure is same as in D-meson. ' ol <30,, L : noltss,
o 1E 2 F 1
g F g
— - T - - - T :_; T T T T T T f; 0. 3 z
812k (chi- echarged partcie A distribution Sosk 2<p¥ec<3Gevic ] 8 .
s | pp V5=502Tev & 202 w
3 1 4<p®<i12Gevic ] T 0.4f ® pp E © 10 -
& Py ! 8 — PYTHIAB, Monash g 0. 107 3
% osf 1<p¥** <2GeVic ] ¢ 03fF corr. sys. unc. +14% ] LS
3 JAn| <1 3 Zo.15
2 0.6 corr. sys. unc. = 1.4% $ 0.2F % | | i
1 2 . $ od P e
So04f =% b 3 g R -
S - 009 = — & I aanaamEEEEEE
L oF w L b} £ 14F
0.2 o E 3 12E eyl
3 E
E s s ] 2 e G i piamlii el §oH @
Y IR B 0f Emjuem otk eyt w W B
1 1 1 1 T T T T ol S At L
B e R T R R 2 4 0 1 2 3 4 s f ‘ AILICEP [-‘- . £ 2 4 : O -
Ao (i) A ) Ao (rad) 3 r [4] pp, (s = 5.02 Tev 4<pe<r1e2|r(r;v;1\allz ] ,21 RS A AR A SRR EARE:
505 o 1 244 [a]pp, s=5.02Tev ALICE Preliminary ]
2 [ — PYTHIA8 Monash |An| <1 ] 2 *E 4<p?<12GeVic 7
F 1§ (£ — PYTHIAB Monash = E
= P rr————" R 0.4 4 <k al<t 3
8 0.14F E ] il 0.95 3
g a0 S o007k 3 ] - E
s 012k 4<py=* <5GeVic 1 ;0407 5(p?ssoc(7GeV,C osk F GE: E
3 S BT 2 o.08f S 3f . : ]
§\ 01 L] . o = -~ CoIT. sys. unc. +22% : 07:_ _:
2 0.2f - 0.6F E
2 - E
B 0.5 -
0.1~ - G4E- =
B [P P L | |
< 1o T i i { (0.37 L T ; : =
d < 14 o VIV SN B
%ggj ® ® & L E 1 ® | '
& oaf B3 e w b ®
= 025 ""':‘3 “J" é e ERY: ..I‘VH\H‘.I....I.K"I.‘<J9
Ao (rad) 2 3 4 5 6

3 3
pf““ (GeV/c)

pT‘“"‘ (GeV/c)



Ratio to Associated yield

5.02 TeV

Peak width

Ratio to
5.02 TeV

T T T rrreorsrsnj]resxrxfrrer
5 'ALICE Average D, D*, D** 2 1<0.5, |An| <1
L 0.3< p$55°° <1GeV/ic 1< p$55°° <2GeVic
1.5F . —-pp, \s =5.02 TeV
- Near side +-pp.V5=7 TeV :
1: —Q—pp,\s=13TeV_B_Z
0.5F e ]
: 3.5 ;_ AL'ICE T I—I- _;_ T T T T T K3 T T T T T = = T T T T
ok . . . ©  3F Near side ! 3 PP, is=13Tev 3 ol <05 lani<1 §
151 2, o5F P2°°>0.3 GeV/cH 3 0.3 <p¥°<1GeV/c 1 < p2%e¢ < 2 GeV/c 2 < p2%° < 3 GeV/c
Tt E E B E D° meson E
) ) L 2F =+ + F —e—VOMclass |
1 N H o E $ E —=— VOM class Il
05+ -H- S L= 3 ﬁ E E3 T —e—VOMclass lIl
S D 1E =3 + + —+VOMclass IV
wn o 3
i ' ' ' g E il
C < o5 2 g =+ i* = 1 ‘*$ i ——
0.8 oF : N0~ FONNTOUTTIRTIIIER S IooUCTORTONTTIONR W _ov e
i — 16F E2 k3 Ed
L = 3 E
C S 1.4F =+ + S H
0.6¢ = 1.2F =+ + @ +
[ o E <
L = AF s - - - - =+ -- -+ - L= = +-m-- -
0.4} 2o0af %@Fﬂ:$ R =N
Iaed o =
I = 0.6F = —H— ¥ ¥
0.2F B 04F =3 ¥ # kS %
.2f @ " 7F —=— VOMII/VOM | E
L S 0.2F —— VOMII/VOM I —+ + +
- 0 b YO I YO et i
: f * cosE S
ZE B oak E
050 T = 04 E
. . . —é 0.3F _;_
0 10 20 3 @&oz2f Ed m
p? (GeVlc) 01F 4
0 e -
o) 5 10 15 20 250 5 10 15 20 250 5 10 15 20 250 10 15 20 25
D% /AN ) D /AN A D% AN A D% AN A

30



Ratio to Associated yield

5.02 TeV

Peak width

Ratio to
5.02 TeV

T T T LI LR B U B O NN |
3 0 + e e e fmaecs s e P
5 f‘LlCE Average D°, D", D" | |chms| SEALICE Nearside § 1o <05 Ani<1 § —e pp\s-13Tev  § ]
[ 03< p?—ssoc <1 GeV/c T 1 < p¥ % A3 - i 0.3< pfs"c <1GeV/c i 1< pfs‘” <2GeV/c 1 2< pfs"‘ <3GeV/c i ' . , . , .
- -+ >
o T—-pp B +ﬂi —#— PYTHIAB, Perugia 2011 HERWIG E3 E
1.5 Near side T g % _, Ed T PvTHiAg Tuneac - POwHEG:PYTHIAS 77| <1 % E
o +
: ISR I QT { P hevie £ 2 < pree <3 GeVie
r 1-@-pp < »* —_ 2 . T
1 C 0 1 ’i P05 0.3 GeVic T T = T 3 F —e—VOMclass | 3
L :k 1 0 . st g;ﬁ E —=— VOM class II
C T 3F T data uncertainty T T = e T —— VOMclass Il E
05 - - _ L) 4+ —— VOMclass IV E
B 1 T m %
- -+ T = =N
: 1 3 gg of e 1 ) T 1 1 B =]
0 . . . Py 5y - T * - N P e e OO
B T =3 —o—8— o« o —a— g + E
1 5 B T g% 1+ &——n —e— 1 = e 1 o 1 —— e ]
s — g —a—— O — —— ——_ . —— + E
1 O L nl Lovatead L Liss Py
os5L ' 1 i T T 0 - —
E T =)
- -+ ¥ e -
0.8 I g 04—.5;8;%—-'& — 1 T 1
L ok 2 - ———— —a— ; + E
B T K] +EE +ﬁ ! i = f ! ! ! L
0 6 __ __'_ nq_) 02 - - N - " il T T E3 T T T T T E
N T O prevrrretrrrrrsterr et LM LA LA L LAl L AR Ll s L s L IR A L L L L + E
0.4F -+ vof + o i ! i i
L 1 ﬁ% T o 14f 1 0 i —u— i ] +
L 1 b _a_ = =
=1 : ;@; |
021 T Se1? o gemm] go Tl - ‘ i ;
5 1 HR = =t == T aa 1E ——
' L ; = 08F - —— 1 f 1 —f— 1 s ] b ]
0 ©=osp 4 — L e pas ST
1_5_ —+ 0.6k 1 1 1 1+ Tt T LRI B T T
1-* —— $ =g 056752025 30°3570 5 10 15 20 253035 0 5 10 15 202530 35 0 5 10 15 20 25 30 35
0 5 B # 1 A p? (GeV/c) p$ (GeV/c) pg (GeV/c) p[T’ (GeV/c) I E
. . . o F
0 10 20 30 0 2 15f - t
pP (GeVic) E et P % ==l
2 o5k i 4
“0 5 10 15 20 250 5 10 15 20 250 5 10 15 20 250 5 10 15 20 25
D% /AN ) D /AN A D% AN A D% AN A 1y | IR IR




Near-side observables and baseline in pp

collisions at 7 TeV
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Associated yield

Peak width (rad)

d particle azimuthal correlation

ALICE

Consistent values of the fit observables in pp
and p-Pb collisions are observed in all
kinematic ranges.
no significant impact from cold-nuclear-matter
effects on the charm fragmentation is observed
with current statistics.
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Heavy-flavour fragmentation with ALICE
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D-meson and charged particle azimuthal correlation
Comparison among partonic processes with PYTHIA8 and POWHEG+PYTHIAS8
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