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Heavy-flavour physics

Heavy-flavour (HF) quark mass of the order of ~GeV/c?
— mainly produced in hard-scattering processes
— thermal production/annihilation negligible

In Pb-Pb collisions, produced before the QGP formation
Toep ~ 1fM/c (production timescale: At ~1/Q ~ 1/2m)

— Full evolution of the system experienced

Measurement of HF hadrons: access to charm and beauty quarks dynamics

S 5§ §1

Test for pQCD Cold Nuclear Matter (CNM) effects Hot nuclear matter effects
Reference for Pb-Pb Modification of PDFs in nuclei Energy loss in the OGP
Hadronisation Hot nucleaHnattereffects Modification to hadronisation
ow
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From HF quarks to hadrons

Hard scattering
(example: LO)

$

A From heavy-quark production to final state particles ALICE
__________________________ >
Parton shower
S '
e
3»@/
N1 o underlying
§7 /%; event (UE)
MP|
beam
remnants
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Azimuthal correlations between HF particles %

@ Footprints of HF-quark production mechanisms - —pvtHA  anvomnve ALICE
5
£
LO: pair production NLO: gluon splitting | | NLO: flavour excitation 2.
(PP) (GS) (FE) K]
A g ©

B

0 0.5 1 1.5 2 2.5 3
Aé(cC) [rad]

= arXiv:hep-ph/0311048

Correlations between:

> HF -HF — ideal probe
> HF-h — sensitivity
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https://arxiv.org/abs/hep-ph/0311048

Azimuthal correlations of HF and charged particles %

Investigation of heavy-flavour quark fragmentation

The heavy-flavour jet is characterised with: hadron

— Angular opening
— Multiplicity of particles .
— Momentum distribution among its constituents Underlying

event

7_""[""I""I""l""l""l'_

- Average D°, D", D" ALICE ]

. . 6 ——pp, \s =5.02 TeV ]
@ Validation of parton-shower models and © bR <05, Ay <1 i
Monte Carlo generators Sl T pkle s I
g C lendf=138 — Total fit B 2
o A — - Near side mll'e)
2 =S~ — Away side (e}
23 3;&k ------ Baseline = S
° C f N
. e . . . . BN =~ B cYPPPO RO gy il (=]
@ Possible modifications induced in the charm-jet by a = ot 18
different hadronisation mechanisms g 18

1 il

?\\\ +4% scale uncertainty __.E

) U By ST Y PO it I B
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https://doi.org/10.1140/epjc/s10052-020-8118-0

Enhanced A _*/D° production ratio in pp

Open heavy-flavour hadron production cross section calculated by factorisation approach: ALICE
dotle do* . .
- (Prites i) = PDF (a1, ) ® PDF (@, 05) @ e (pripr pr) ® Desw. (2 = pH./Pes HF) Assumed universal across
T o .
Parton distribution Hard scattering Fragmentation function collision systems ( ee,..., AA)
functions cross section ( hadronisation ) »
= PRL 128 (2022) 012001
(pQCD)
OD 0_8 C T T T T | T T T T | T T T T | T VI—I T | T T T T | T ]
= F o pp, ls=5TeV ] L -
<0.7¢F @,:‘LCOE_5 . EB s=13TeV — p;-dependent enhancement of /\C+/DO ratioin pp than e’e
0.6 ; ““““““““““ PYTHIA 8.243, Monash 2013 —f
. PYTHIA 8.243, CR-BLC: 1 X PYTHIA 8 Monash, tuned on e*e’, significantly underestimates the data
0.5 FHEA Mode 0  --- Mode 2 N
11 AN Mode 3 ]
C SHM+RQM 7
0.4 ? Catar;riaQ B
E —— QcM .
0.3 -
02 =
eer 0 T N e s—1 ]
0.1F= * = r o o e i
L | L | L.

LEP:(0.113+0.013+0.006) == EPJC 75(2015)19
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https://doi.org/10.1103/PhysRevLett.128.012001
https://doi.org/10.1140/epjc/s10052-014-3250-3

Enhanced A _*/D° production ratio in pp

Open heavy-flavour hadron production cross section calculated by factorisation approach: ALICE
Z;g: (pripr, pr) = PDF (21, pp) ® PDF (22, pr) & Z%CT (pripr pr) ® Desn, (2 =PH,/Pe; F) Ass.u.med universal across
Parton distribution Hard scattering Fragmentation function collision systems( ee,..., AA)
R A functions cro(s;(;s(e:g;lon ( hadronisation ) »
ODO-S""I""I""I""I"“I‘
207 ﬁ‘,:‘LCOE_S . ES: Ejﬁg\, p,~dependent enhancement of A _*/D° ratio in pp than e*e”

0.6FH o PYTHIA 8.243, Monash 2013 — . . . .
s PYTHIA 8.243, CR-BLC: 1 Different hadronisation mechanism proposed:
0.5 Efeton Mode O  --- Mode 2 i
T MU\ - Mode 3 ]
04l siurom 1 |/ CRmodes in PYTHIAS ./ Coalescence in:
il Catania ] & JHEP 1508(2015) 003 :
- —— QCM 1 — Catania
03 E @) @) £ arXiv:2012.12001
02F | = — QCM
eteT R e e . @@ ® @@ ® = EPJC (2018) 78:344
0= » = s = s = s =

A I B I B \/ Augmented charm feed-down in
p, (GeVic) — PDG: BA, 3%, 8=, 20 =
o PHIBANT 423F 62 =", 34 07

LEP:(0.113+0.013+0.006) == EPJC 75(2015)19
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https://arxiv.org/abs/2012.12001
https://link.springer.com/article/10.1007/JHEP08(2015)003
https://epjc.epj.org/articles/epjc/abs/2018/04/10052_2018_Article_5817/10052_2018_Article_5817.html
https://www.sciencedirect.com/science/article/pii/S037026931930382X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S037026931930382X?via%3Dihub
https://doi.org/10.1103/PhysRevLett.128.012001
https://doi.org/10.1140/epjc/s10052-014-3250-3

Charm-tagged jets

— Probe the fragmentation of charm quarks into charm mesons and baryons ALICE

- = B= E ALICE oo 1o o 13Ty
T Pch jet * PHF N BE-ALICE Ph. (8= 13 ToV O] Ai-tagged jets
Longitudinal momentum == — S 4.5 charged jets, anti-ky, A =0.4 0| D*-tagged jets
H . . . E jet ch
fraction Pch jet * Pch jet O 4 7< Pl <15 GeVic, |1, | <05
A > 355 3<pl<15GeVic,|y"| <08
Y E 3
2.5

x
-
o N
RN R LT DU I
——D—
O
—_—
==
O

1 —_—O—
L1 | L1l | L1 III|IIII|IIIIIIIII|IIII|III!|IIII|IIII‘IIH|II

; ¢
PYTHIA 8 Monash
- = PYTHIA 8 CR-BLC Mode 2
> | hint of softer fragmentationinto A " than DO [ S s B } ......
. . ) . 1 = e — — —
— does this reflect in azimuthal correlations? pre— [l + .

0.5

> Betterreproduced by PYTHIA8, CR mode 2 than Monash
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https://arxiv.org/abs/2301.13798

)

ALICE

y

Charm hadron - charged particles
azimuthal correlation analyses
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A Large lon Collider Experiment %

VO: ALICE
trigger anq event Time Projection Chamber (TPC):
selection tracking and PID via dE/dx

Time-0f-Flight

D (TOF) System ' Year /3an (TeV) Lint
etector : 2010-2011 2.76 ~ 75 b1
. . Pb-Pb 2015 5.02 ~ 250 b1
PID via time of flight e =i o i
2000-2013 0.9, 2.76 _ ~200nb T, ~ 100nb ?
PP 7,8 ~1.5pb~1, ~ 2.5pb~1
2015-2017 5.02 ~ 1.8pb_!
. 2015-2018 13 ~ 25pb~1
Inner Tracking System (ITS): 4 =
. . S
tracking, vertexing ¢ o ‘x%g% \\ | Selected pp minimum-bias events:
2 N, =178, L _~29nb”
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Trigger candidate reconstruction

L (DU.);';’?' SV

PV%

Rectangular
selections

Fpp, Vs =13 TeV 5< p,(D% <6 GeVic

eV/ c?
[
o
o

= D% - Kn*
; [(and charge conj.)
ahoor Signal (3.0 o) 4
@ = . . ignal (3.0 o) = 3231.9 + 63,
€ This thesis °
3 Bk (30 0) = 810.3 +7.8
3001 Significance(3.0 ) = 50.9 +0.6
S/B(3.0 0) = 4.0
2001~ 1 =1868.67 +0.28 (MeVic?)

6 =12.46 £ 0.25 (MeVic?)

5]
=1
LBV e e

I R I
175 18 185

T e swac s
19 195 2 205 21
M (Kn) [GeV/c?]

Two trigger charm hadron cases are analysed:

ALICE

Hadron Mass (MeV/¢) er (pm)
DY 1864.84+0.05 123

AF 2286.46+0.14 60.4

Decay (BR)
K- 7" ((3.9520.03)%)
pK—7% ((6.26+£0.29) %)

C
— Identification performed through variables related to
ity 4 — the displaced decay topology
vertex — daughter PID information in TPC and TOF detectors
do(*)

ML dmic
selections XGBoost

10°
| pp, Vs=13TeV
A} - pKT+

Associated particles

5< p(A;)<6GeVic "y " . 1 .
Only “primary” particles ' considered:

—|n1<0.8 (Barrel acceptance)

d M -k — satisfying tracking requirements (ITS, TPC)
— DCAW<1 cm

14 Thisthesis

I Signal (3.0 o) = 1374.4 +118.3 |1 =2289.10 £ 0.56 (MeV/c?)

[ Bkg (3.0 o) = 10759.4 +36.2
0.8 Significance(3.0 ) = 125 £1.0
S/B(3.0 6) = 0.13

Levvw b v bve e e b e Lo e B
2.15 2.2 2.25 23 2.35 24 2.45
M (pKn*) [GeV/c?]

6 =6.31%0.57 (MeV/c?)

=|> 1) ALICE “primary” particles
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https://inspirehep.net/files/4c26ef5fb432df99bdc1ff847653502f

Building (Agp,An) angular correlation distributions

The angular separation (A@,An)between each candidate and charged Charm ALICE
associated particles is stored in 2D angular correlation distributions. hadron
Each correlation pair is weighted by: Ag
Trigger candidate reconstruction efficiency Associated particle tracking efficiency
exAcc (tracklets mult, p;) € \ Py N 2
Iisbgh(e_s)ii'qg/,/;/jif;/j\t?tz\\\ 8 "This Thesis g 095 This Thesis
s < B B X [pp f5=13Tev S [ppis=18Tev
‘5 S :D° S Knt — g ol t::::I:-:
10— '--"': 085
[~ . —=— Prompt
[ - —— Feed-Down L —«— MC species abund.
: T{ o —— 7TeV pjm abund.
g (o9 B e .
p®’ (GeVic) P (GeV/c)

Angular correlation distributions (Ag,An) are then built in separate transverse momentum intervals.
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Event-mixing & background subtraction

AM,  basedanalysisis performed to extrapolate signal correlation distributions

— The Evt. Mixing correction is applied considering events with similar features (pool)
in terms of event multiplicity, and z _position.

Same Event

D-h (Ag, An) - SIGNAL REGION, SE

Mixed Event

D-h (Ag, An) - SIGNAL REGION, ME

Evt. Mixing corrected

D-h (A9, An) - SIGNAL REGION, SE-ME

Signal region

Background (SB)

x10°
45— pp, ¥s=13TeV

2 Poa e | ALICE

%_ i (and charge conj.) S\G Oﬁ

é 305 This thesis REG\

S S
20 $0
15 OQQP‘

o

o o

1.75

4.9 1

95 2
1 _Mkmcbvicy

After pool integration and background
subtraction:
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Secondary particle contamination

)

Interaction primaries HLICE
Stable particles surviving DCA cuts, generally coming from: ot secondaries
- interaction of primary tracks with the detector material & \KO /V
S /7-[ —Y
- products of weak decays (excluding HF fragments) Pt N
__.-—>B0 " Tt
& DK (892)
The contamination is estimated from Monte Carlo simulations 71_‘;/\'// T K™
p i1 !

A@-distributions computed considering only primaries and
associated inclusive sample to determine the Ag@-modulation

The moving average (Ag)is considered as a bin-by-bin modulation
of the azimuthal correlation distribution.

0.95/— i i This Thesis
§ o % % pp, Vs =13 TeV
3 % %#%ﬁ: 3<p<5GeVic
~ ff ﬁ pEssee > 0.3 GeVle
h f
0.948—
Ag distr. ratio: fH: iﬂ%
— Raw values -
— Moving Average f‘;# :HJF
R s zj,:‘[‘;
Ao (rad)
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Beauty feed-down subtraction

Contamination from beauty feed-down is subtracted considering: ALICE
D{Bfeed-down
— fraction of non-prompt charm hadrons | forompt =1 — — T,
NFQW
— non prompt H_-h correlation MC templates Cprompt (A¢) = 7—— (Cinctusive(Ap) — (1= Forompt)Chien-amen(A%) )
S [ This Thesis % | This Thesis 3<p” <5GeV/c
0.95— L
5 - ;T °F pp. s=13Tev P2 > 0.3 GeV/c
a L + [ [ 4|15 T o h 0
5 C { I gt D°-h: (b—)D’-h templates
s 09 2. - Data |— PYTHIA 8, tune 4C |
5 B ‘—|ZD 5 —=— FD corrected —— PYTHIA 6, Perugia 2010
o = Il —— PYTHIA 6, Perugia 2011
[V |- -
0.85 — -
- Vs =13 TeV T &
- , ¥§ = e I
o8- PP -
B D’ 5Kt i + e O ¥
0.75— (and charge conj.) i
T 4 e | [ { I I | | S T | | | I Y 1 | S S S | | | S | I s S SR | | | | _\ 1 | 1 1 1 1 | | 1 1 1 ] 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ‘ 1 1 1
5 10 15 20 25 30 35 -1 0 1 2 3 4
p? (GeV/c) A (rad)

*A,: beauty do"™™/dp, FF(b—A,)LHCb, A — A_ performed by PYTHIA 8
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Beauty bias in azimuthal correlations

From MC simulations:

— difference between generated and reconstructed level <

in A correlation distributions with

] enhancement at Ag ~ 0, followed by a depletion

— induced by topological selections on the
non-prompt hadron (mainly cos 0, )

D flight
line

ALICE
T T T T | T T T T | T T T T I T T T T I T T T T I T T T T | T
. Thi i o 0 |<0.5, 1]
) This Thesis 3< p$ <5GeV/g Vol <05 Wnl<
ﬁ%g 151 2.0 < p25° < 3.0 GeV/c _
T e el —e— NotHF |
— L —e— D(«c), track(e-c) —e— D(«c):
e s e s D(«b), track(«b) D(<b) T
o
N
Zl3
©
v—lzD P
——— T
M B R T P | P I [
0 0.5 1 15 2 2.5 3¢C
A (rad)
c— Dolamplit b— D0|amplit (1- fprompt)
C (A“P)corr =C (A(p)mw ’ (b+c)— D0|amp“L * Fprompt + (b4c¢)— DO|ampm " modul

A Agp-dependent modulation around A@~0, is therefore applied to the correlation distribution.
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Fit of the azimuthal correlation distributions

DO distributions averaged with D* and D* results Y
- 9 % 8 This Thesis il
g | ]
The fully corrected azimuthal correlation distribution are then ile o 3-€pg <5 GeVie b
fitted considering the periodic function: 23 °[ p3*° > 0.3 GeV/c ]
" T ]
. . . 4 _
Baseline_ Near-side Away-side e SOOI
8 (Ap—m)?2 ™ %2/ndf = 21. AS Y = 0.547+0.039 7
f(A‘P) —la [+ Yns X B % e‘(%) L Yas % e_ 2?%5 2:’&;3'::;53034 AS 0 =0682:0050 |
2a F(l/ :8 ) V2o AS el 0.420:0.024 E:s;i;zs:ig'.oaz(;io.o17 N
0 _. i L el ....J71--T-».-'-:"1"1"}"',"'['['_
Generalized Gaussian — g is fixed to Monte Carlo templates 0 @ 1 18 2 28 3
Ao (rad)
The properties of the peaks are described by: /- Near Side
— Yo Y, arethe per-trigger associated particle yields
— O, 0,5 the widths of the two peaks HF
hadron‘ _
' Ag Away Side
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D-h near-side properties comparison with v's %

Near-Side: description of charm-jet constituents, their momentum and angular displacement wrt the trigger ALICE
LO: pair production NLO: gluon splitting :_ALICE' Average DY, D, D,,,}_’ ; "yrcD;\J TN
0.3 < p:SSOC <1GeVic {1 1< p?ssoz: <2 GeV/c
1.5 :_ Near side [—4pp,\s=5.02 TeV

T—--pp,\s=7 TeV
B I ,\8=13T V+
na _-_-0-pp \s € k

Associated yield

LI

With increasing p,”: 0.5

— More energetic parton
— more phase space for other fragments 0.8

LA L L

— increasing yields = 0.6 - 1
— Larger heavy-quark boost 2 ]
— more collimated shower ® 04 i
— sharpening of the peak o 0.2 - ]
Ont

% . 0 10 20 30
No centre-of-mass energy dependence p° (GeVic)
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D-h away-side properties comparison with Vs

LO: pair production

NLO: gluon splitting

Away-Side provide description of the recoil-jet, not necessarily developed by a charm

)

ALICE

"ALICE Averaée D°, DL, D**

N
T m ]
. |ycm$|<0.5, |An| < 1

Y % 0.3< piss"c <1GeVic ] 1< pj_ss°° <2 GeVic
43;;”%% ; 1.51 Away side T
© 13_+pp, \s=5.02TeV I
8 - e-pp,\s=13TeV .
wn + 4
U’ - -
I . 05F p—@—H#— =5
As for the NS, with increasing pTD: % ! i@ / 1
. Or : . ,
— More energetic parton i ]
0.8} -+
— more phase space for other fragments - : -
— increasing yields g 0.6 Ecﬁzgz e
— more collimated shower = [ +
. s 0.4 = + = B
— sharpening of the peak 2 i ]
0.2f 1
: 0: .
No centre-of-mass energy dependence A, e
P, (GeV/c)
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Near-side characterisation in MC predictions %

Validation of charm-jet description by Monte Carlo generators

NS yields: s V,I<05 Anl<T § 3
o E 03<p™c<1GeVic I 1<p™®<2GeVic | 2<p™*<3GeV/c
2 af ! 1 ! t !
=>  Larger values at high-p.(D) by POWHEG+PYTHIA8 3 Lf § —#— PYTHIAG, Perugia 2011 § —+— HERWIG
than PYTHIA8 because of GS contribution 3 2; ekl Sl 5 syl
3 E T T EPOS3.117 ]
-  About 10% larger yields for POWHEG+PYTHIA8 R gﬁ : — i ]
w.r.t. POWHEG+PYTHIA8 LO NI oAU & . SroartOE s, eSO
— more collinear production via GS 3r datauncertainty T T = ]
— - o
= HERWIG tends to underestimate the NS yields at §§ 2 ] ;
low p,(D)and at high p.(assoc) s2 f | T
N o R - S L ~I R DU
- EPOS overestimates the yields over the whole pT 2> 1 pebin— | == ] ==t |
ran ' ° N e ] i= =aaanaal
ge [ ] ]
05 1015202530350 5 101520253035 0 5 10 15 20 25 30 35
p$ (GeV/c) p? (GeVl/c) p$ (GeV/c)
PYTHIA8 and POWHEG+PYTHIAS8 provide the best description In BaCkuP
more details
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Comparison A " vs D measurements

A'-h

(o

D mesons - h

Eur. Phys. J. C 82, 335(2022)

— good agreement between the Ag
distribution for p (A" )>5 GeV/c
— small deviations in NS peaks

— Significant deviation for low-p_(A )
from D-h measurements

*Other transverse momentum intervals in backup

- baseline (rad™)

dAe

dNassoc

1

Ny -

R I I e L B [

=T

This Thesis

pp, {5=13 TeV |y2 *(<0.5, |ani<

3 3< p: ~ < 5GeVic
assoc
of iy 0.3 GeV/c
#¢ 5= scale unc.
1 e J_+ I
o= [ i
L ..*-o- +_i'_l._.._-o-£--0-
oF +I£*++*
2

3< p?' » < 5GeVic
03< pfs‘” <1GeVic

- scale unc.

5% +5
5% 6%

—e— Average D°, D, D**
EPJ C 82 (2022) 335
+

- Ac .
5< p: * <8 GeVic
pfs"c > 0.3 GeV/c

4% 459

4. .. Scale unc.

5< p?' A <8 GeVic
03< pf“" <1GeVic

ALICE

p+(D., A

Approved by ALICE
1

baseline-subtraction
uncertainties

8<p, ™ <16GeVic
pfs“ >0.3GeV/c

e scale unc+
4

T

44’;“':"*"** ‘ "‘f

8<p; ™ <16 GeVic
03 < p:““ <1GeVic

*

5% 5%

1 e = scaleunc re S o scale unc. ol
8 \%3 _L+ "H' + - 4 a
2 |e o 0 | - a |
= 3 L "+' T g - & ap et I PT g
£ = R E e -1 ' +"'| RS I ol
IE Ny e e
2 i \ ]
O R WA XA ORI I R R I T R X
A (rad) A (rad) A (rad)

PTG TR TR R TR N ST S PO | M ot pog S pepey wellycy g fleg gy
e e e e e |
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https://link.springer.com/article/10.1140/epjc/s10052-022-10267-3

Characterisation of the A\ "-jet

Higher NS yields in A_"-h than D-h at low-p_: e — : — .

[ This Thesis Near side | 061 his Thesis Near side_|
o F 1,,D, As = D, Al
a) different energy of the charm quark as a [ Y gms 1< 0.5, [A7] < 1 i -l ol < 0.5, [An < 1 .
. — aSS0oC — assoc

consequence of a softer A_* fragmentation o IR M. T D-3pp*eel GEVio
s | MWE T 1
b) decay of higher mass charm states (SHM+RQOM) | & m Al B 04 —Hr—Tt— -
g L i (g L ’_h Ji
2 [ e 18 L |
c) hadronisation by coalescence < Bl pp, 15 = 13 TeV M= L pp. 15 =13 TeV |
L & e —— Average D°, D¥, D** | 681 —— Average D°, D", D**_
i EPJ C 82 (2022) 335 | ' EPJ C 82 (2022) 335
I e p ] i Ao Ay 1
Ot e e L o o S ENEN S
C . - _ i
< 3F Jﬁt ——Aj-h/D-h = ——Ag-h/D-h ]
soft 2 a 1@ e o e ]
particle o of 1 = == ]
© | © ] 1
N o 1 ILJ o 05_ ——
R S T R S [ R |

o p? A (GeV/c) p?‘ * (GeV/c)
C .
quark’
{:\? *Other transverse momentum intervals in backup
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Characterisation of the recoil-jet

The difference between /A" and D fragmentation and/or hadronisation oy ALICE ALICE
reflects also in the AS. This Thesis | Away side]
T I.I | T I.f 1 LI B | L | 1 & & o LI | T 1T a_lyi)r'n:;l <O'5, lAn|<1 pp’ VS‘: 13 Tev |
a) different energy of the charm quark as a zflT[["fl T:‘:SE - P o 1o [ osepmmcicevic ]
. y - Al < 0. i 17 < == 3 3 O [ T 4
consequence of a softer A * fragmentation = EPycs2(022)35 | | 2 [ —— Average D', D", D" |
€ g L 8,58 —— Ag i B 2 EPJ C 82 (2022) 335 |
5 ~ s Ac © r T 1
Less probable hypothesis: E %3' 230, 4s Bevie 118 1 fe 1
- T 4 %3 0.3 < p*° < 1 GeV/c =l E ]
b) decay of higher mass charm states (SHM+RQM) g | e Sl ] 1 % -
3| i E+E 59 _gv, Scale unc. ++ | I i
c) hadronisation by coalescence %%’ L, f + . I E% ]

== TS S T A T ST TN NS SO SR MY
Tkl T T J5 SO | NP SReE=STRUIITE
S0l BERES e o T 11 . er —— A%h/D-h ]
i ME T 1
b C + L + + I baseline-subtraction 2 4; % é
(o /\ b * | | | | | uncenalinties .% i ]
C el o A A | i | I R | i I | | | S B (| | I ) I o e = |
NS 0 0.5 1 1.5 2 25 3 o cssnssandd % SOOI A [

/’f N — % 5 10 15

& 2 P2 (GeVre)
o,’fo"','/’
# -
< p Difference between charm-to-meson and
NN So ‘ charm-to-baryon fragmentation
\‘\\J \\\:\\ "
~Y *Other transverse momentum intervals in backup
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Associated yield

/\C*-h in MC simulations

This Thesis

1

ALICE

. |y'c‘;;s| <05, |Ag] < —e—Pp, (s=13TeV
PYTHIA 8 expectations could be tested 3 pisee 5 0.3 GoVio 03% P <1 GoVic i > 1 Gevio
— Monash, CR modes, POWHEG+PYTHIAS8 i T TPYTHIA 8.304: 1
8 t =g= fhio, s
. . .g — o— i -
PYTHIA 8 Monash+Reso including SHM+RQM baryons g L e 1 # 3 rarMonasheRes-atHELCR,
[} i
< = Near side e ==
At small p,#**°¢, discrepancies in the NS & AS = : : = , , - , .
yields 0.8F T T ]
— Hierarchies in models: c ogf 1 T ]
NS: Monash < mode 3 < < mode 0 3 & -
i 2 o
AS: opposite 30 === ﬁ% s | Em—m— ]
: . - T B T
— Reso impacts more for p(A_*)>5 GeV/c “ 1 1 —
0 5 10 15 0 510 15 0 5 _ 10 15
py: (GeVic) py* (GeVic) Py (GeVic)
3:_ThisThesis 1 |y:‘;s|<0.5, An| <1 —e—pp, Is=13TeV
L pI>03GeVie ] 03<pi€<1GeVic | pI°>1GeV/c charm-to-baryon fragmentation not properly
L ] 1PYTHIA 8.304: .
2 J&}L :B: 1 ot =-cREoe described by MC generators
L == | il Monash+Res - CR-BLC 3
o 1 1 —— . . L.
L - p R — - / espilte realctin
T :!:% ] J& , _ — PYTHIA 8 CR-BLC modes, despite predicting
]! - : : %..“‘;_ the/\c"/DOpT-dependence,arenotabletofully
0 5 10 15 0 5 10 15 0 5 10 15

pf (GeV/c) Py (GeVic) Py (GeVic)

describe the charm-jet fragmentation
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Summary %
»

Charm fragmentation detailed with D-h correlations in pp at Vs=13 TeV
— no modification depending on the centre-of-mass energy
— sharpening of correlation peaks with increasing trigger p;
— PYTHIAS and POWHEG+PYTHIAS8 reproducing within uncertainties the data
— confirming what observed in D-jets

Hint of softer fragmentation A’ -h correlations asin A" - jets Approvedb\é);‘fa\g’gﬂ
— discrepanciesin A’ -h can help in constraining Monte Carlo models Papet iy
— PYTHIA8 CR modes despite reproducing the in-jet /\C+/D0 ratio, fails with
correlations
— in contact with authors for modified hadronisation predictions

Thanke for your aftention!

11/04/2024 PhD Final Examination - Antonio Palasciano



Participation to conferences

TALKs
> 10" International Workshop on CHARM Physics - CHARM2020 ALICE

“Charm jet and correlation measurements with ALICE in pp and p-Pb collisions at the LHC"

> Quark-Gluon Plasma Characterisation with Heavy Flavour Probes, ECT* Workshop, Trento, Nov 2021,
“Charm fragmentation studies with ALICE at the LHC"

> 108° Congresso Nazionale della Societa Italiana di Fisica, SIF 2022, Milano, Set 2022,
“Charm jets and correlations with ALICE at the LHC”

> 11" International Conference on Hard and Electromagnetic Probes of High-Energy Nuclear Collisions, Mar 2023
“First measurements of in-jet fragmentation and correlations of charmed mesons and baryons in pp collisions
with ALICE”

POSTERs

> XXIXth International Conference on Ultra-relativistic Nucleus-Nucleus Collisions, Krakow, April 2022,
"Beauty measurement prospects with ALICE 3"(POSTER)

> Quinto Incontro Nazionale di Fisica Nucleare, Laboratori Nazionali del Gran Sasso, May 2022,
“Investigating heavy-flavour fragmentation and hadronization with jets and correlation measurements with ALICE"
(POSTER)

> 152th LHCC meeting, Nov 2023
"Azimuthal correlation between D mesons and charged particles in pp collision at vs =13 TeV with ALICE" (POSTER)
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/\C*-h correlations: Near-side

ALICE
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A.-h correlations: Away-side

ALICE
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/\C*-h correlations: Baseline

Baseline (rad™”)

Ratio
to D-h
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Ap comparison with model predictions
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Near-side

Eur. Phys. J. C 82, 335(2022)
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Away-side

Eur. Phys. J. C 82, 335(2022)
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Softer fragmentation, why?
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particles in the charm jet hadronisation?
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Is it coalescence?

LA O L I Y L
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any not-correlated particles charm shower jet related to fragmentation
e d - . .
y P — smaller yields in NS — LARGER OBSERVED
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Enhancementin AS, tells us

the coalescence is NOT a
good hypothesis
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Influence of event multiplicity?

_ [ThisThess 1 [ 1ALICE
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in-jet particle production? : = e s o
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larger baseline in 5-87

% CR-BLC Mode 2
CR-BLC Mode 3
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In case of QGP droplets(Catania) Q
what we would see?
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Candidate selection with Machine Learning

Trigger particle:

+

Tt

N, — pK

A, decay mode

Branching RatioT';/T:)  Pre-Selections':

pK— "
pK'(892)°
A(1232)**K~
A(1520)7*

pK~ 7" nonResonant

(6.23£0.33)%
(2.13£0.30)%
(1.18£0.27)%
(2.4340.6)%
(3.8+£0.4)%

-7 pA, )intervals: 3-4, 4-5,5-6, 6-7, 7-8, 8-12, 12-16 GeV/c

- Binary classification algorithm: XGBOOST, through hype4ml package
Topological and PID variables were considered for the discrimination
(more info on variables are in the Additional Material)

ALICE
AF —pK™wt pr interval (GeV /c)
pr(K) (GeV/c) >04
pr(p) (GeV/c) > 0.5
pr(m) (GeV/c) >04
DCA <0.05
dist| > 0.01
oy < 0.06
decay length > 0.005
cos 6, > 0.

Number of signal and background for
train and test of the model

Pr # prompt A, # Background

3-4 6.5-10° 3 - Nsig
4-5 6.0-10° 3 - Niig
5-6 4.8-10° 3 - Niig
6—7 3.3-10° 3 - Nsig
7-8 2.3-10° 5 - Niig
8—12 4.1-10° 5 - Nsig
12-16  1.2-10° 8 - Nsig

Antonio Palasciano



https://github.com/hipe4ml/hipe4ml

Model performances %

The trained model provides a BDT score for the classification between background and ALICE
signal candidates

i This thesis ﬁT I & . Thisthesis
=} i raining Set: backgroun — g ——
S0k 5<p T(A°) <6GeVic [ Training Set: signal é = s
e F —e— Test Set: background o [
§ E —e— Test Set: signal 6:“ 0.8
o T s T
[
== a 0.6/—
F [} -
= e T
- L
L 0.4 5 < pT(A;) < 6 GeV/C
10"5— I Test — ROC (AUC = 0.9023)
E 02— A+ ——— ----- Train - ROC (AUC = 0.9231)
= Luck
10—2_ 0_ L PRI BT P IR S S SR N | PRI B
1 0 0.2 0.4 0.6 0.8 1
BDT score False Positive Rate (FPR)
— the agreement between training and test The ROC (and the ROC(AUC)) give indication about
samples is a test against overfitting the discrimination performances of the model

— the separation between classes provides
indication on the BDT cut value
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Definition of the ML working point

The expected significance and the S/B were computed:

dUFONLL,A;" Jdprd
Signal (ML): Sy, =2 —2 o prdy . AprAy - BR - (e x Acc)

Background (ML): integral under the peak region ( +30) obtained from the
M., sideband fit function
Max of S/B and Significance (per-event)not best choice:
— correlation distributions built up to the background subtraction;
— ascanin BDT score to test possible A@ dependence on BDT value

—BDT score inducing smaller stat. fluctuation was chosen

Pseudo-Significance (a.u.)

B
o

x10°®

@
o

[<2]
o

20f

This Thesis

- 5< pT(Ag) <6 GeV/c

1072

Significance
e o6 T w50 I wss | wa el o5
0 0.2 0.4 06 0.8 1
BDT score
This Thesis
= 5<pT(A§) <6 GeV/c
S/B
] B B ] B
0 0.2 0.4 0.6 08 1
BDT score
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Associated charged particles

“Associated particles” ALICE
Physics selection: Physical primary » prompt particles produced at the primary vertex”
Kinematic cuts: —0.8 <1 < 0.8 Interaction
Quality cuts: SetRequireSigmaToVertex(kFALSE); . .
SetRequireTPCRefit(kTRUE); _7T+ : p rimaries
SetRequirel TSRefit(kFALSE); L. Y
SetMinNClustersITS(2); Kg : 7[0 i
SetMinNCrossedRowsTPC(70); j / Y
SetMinRatioCrossedRowsOverFindableClustersTPC(0.8); BO/ p \)7T+ e
SetMaxChi2PerClusterTPC(4); . D 3K (892)
SetMaxDCAToVertexZ(1.); H >~y
—— AL/ = l(-.L
SetMaxDCATo VertexXY(1.); Tt 7 / T
P n

In these analyses, only e, 4, T, K, p are taken into account
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Tracking Efficiency

Associated particle efficiency

-

- This Thesis 8 | This Thesis
C - < b W=13TeV
. pp, Vs=13TeV 8§ t=_bp Vs
: S E~—
Qo C
© =
0.9 B [T
*%107‘;,/»%.. N O
& Q. g
0.8, R
[ e —s—HE T
E N R — 3
0.7 10 E g [ S
o - Pions —— Electrons [ W“d‘w‘ —— Pions — Electrons
0.6[~ -~ Kaons Muons \37 — Kaons Muons
L —— Protons 10 E —— Protons
P R U A P N AP WO I T U N EBiooloanlnasfosalopnippploalansaiilssslopplons
2 4 6 8 10 12 14 16 18 20 22 24 0 16 18 20 22 24

p; (GeV/c) p; (GeVic)

Because of difference in particle abundance with respect to data, a reweighting
procedure is considered

m, K, p: relative reweight to data abundancies,

then the sum is scaled to its overall MC fraction e (MC abundancy) p (MC abundancy)
A X AL A
' ¥ s Y N M N J — period
nKp NData NME' (p) NMC NMC ()
" Z (pr) n+K+p\PT j. (pr) o, (pr
AllsPart — ata MC #
ik +p (1) 7 — Njlipare 1) Nalispare ®r)

A weighted average on the number of event per data acquisition period is then
performed for the extraction of the final tracking efficiency

Starting  from MC  simulations,

ALICE

the

efficiency per species is computed and

averaged with its relative abundance

& 095 This Thesis
K} B
% - pp, Vs=13TeV S
(o)} = i_._:|:4‘7
c ——
g 09— .
© Pl
= L s
[
0.85%
R —— MC species abund.
0.8—
u —=— 7 TeV p,k,n abund.
ol e b b b b b b e e a by

2 4 6 8 10 12 14 16 18

p3ssec (GeVic)

24
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Beauty bias in azimuthal correlations

Difference between generated and reconstructed

level in correlation distributions with

- enhancement at Ag ~ O, followed by a depletion

— induced by topological selections (mainly cos 0, )

D flight
line

— 03< p$55°° <1.0GeV/c

—e— All=0.964 + 0.001
—ae— D(«c), track(«—c) = 0.956 + 0.002

—+— D(¢-b), track(«b) = 0.990 £ 0.001 |

—e— Not HF = 0.960 + 0.001
—a— D(¢c) =0.959 + 0.001
D(«b) = 0.967 £ 0.001

10< p$55°° <2.0GeV/c

—e— All=0.968 + 0.001

—a— D(«c), track(«c) = 0.964 + 0.003

——a— D(«b), track(«b) = 0.976 + 0.002

—e— Not HF = 0.966 + 0.001 1l

—&— D(¢c) = 0.965 + 0.002
D(«b) = 0.967 + 0.001

|

assocC
P+ ALICE
;' S RS RS e
- This Thesis 2.l <05, lanl <1 T )
F 3<pY <5GeVic - 3<pY <5GeVic ]

I

3< pg" <5GeVic

20< p:ss"c <3.0GeV/c

—e— All=0.964 + 0.002
—a— D(«c), track(«—c) = 0.958 + 0.006
& D(¢b), track(«b) = 0.940 + 0.003
—e— Not HF = 0.966 + 0.003
—a— D(¢c) =0.961+ 0.003
D(«b) = 0.958 + 0.002

\0 I I
5< p? <8 GeV/c p D
20<p°<30GeVic | |

—e— All=0.964 + 0.002
—e— D(«c), track(<c) = 0.968 + 0.006
s D(e-b), track(«b) = 0.921 + 0.004
—e— Not HF = 0.980 + 0.004
—&— D(ec) = 0.975 £ 0.004
D(«b) = 0.953 + 0.003

A Ap-dependent modulation around Ag~0, is therefore applied to the correlation distribution.
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Soft-mt subtraction

0810

ALICE
0.7F pp, {5 =13 TeV
D* - D’r* - Kn'n* and charge conj.
TST< 2 GeVic

0.6

Counts per 4 MeV/c?

0.14 0.145

A
0.15

P l:
0.155

M(Knr) — M(Kn) (GeV/c?)

Cut on the D%track M.

> if (m”-30)<M,_<(m”+30)

— assoc. track not accounted in correlations

F

10°

2ot ‘ ] @08p : .
F At ] (7, JAV 2 o I ww L L L LB LN LA
§ 22 [ ALICE Tt m AL = e [ + 0,++ 3/2/ Al -IC E
2 fpp fs-13Tey  andeharsecon 3 g7 FRits AYZ™) x A ]
E N El IO : M, ¢ pp, fs=13TeV
S 18Ty e = 183 [1.89] MeV/c? (ixed) | S 0.6 F e -
2 16 Ogauee = 100 MeV/c? (fixedtoMC) o T~ F v
S Tt =0.22 MeV/c? (fixed) »l ¥ F N,
8 14F & ' o 3 w05F ~\~\ » ]
g 1 304 MR ™
s : 4<pr <6GeVic 80. 3 {H» ey
0.8 W, = (0.1669 + 0.0003) GeV/c* 0.3f N e
06 S=12183+175 S/6(S)=69 - : ) §
] | | | 0.2f W
- L

ool s vl el aaa Leaa by slia s

2 4 6 8 10 12 14
! p, (GeVic)

0.75 0.16 0.17 0.18
MM (GEV/C?)

or the A_ thisis not feasible
— Monte Carlo driven approach
a) simulation of the £ °*(2465) — A_"+ 11" (11') decay kinematics
b)  computation of \dphi A_"- 1" distributions
c) subtraction from data correlation distributions

— N\ ZCO'“) measured spectrum

— 1t efficiency correction over reweighted eff. map
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ALICE

More about
Introduction




' Overview %
ALICE

Initial hard parton
scattering
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HF azimuthal correlations %

Footprints of charm production mechanisms ALICE

LO: pair production (PP) NLO: gluon splitting (GS) | [NLO:flavour excitation(FE)

dolAd(gF) [mblrad

[
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A_'/D° ratio in pp

[ L .. ]
°>=°p Significant enhancement of A _*/D° ratio in pp than e’e ALICE
R A B s observed at different collision energy
21.0 ~ PYTHIA8.243 C,IrLC(I)E_g,j
[ = jionashautis sieram | P& PYTHIA8 Monash, tuned on e’e’, underestimates data
. mggg wmn Catania .
0.8 — - QcMm N ./ CR-BLC reconciles PYTHIA predictions with measurements:
— — POWLANG, HTL | - _ .
I — _ POWLANG. IQCD | — “junction” topologies in MPl enhance baryon production
06 _
g — 13 TeV 7 A good agreement is observed:
: T>1 GeVic 7
0.4 1w L < 1 GeV/c (this paper) N ) . )
ol _ J Catania: thermalized system of u,d,sand g
i — Hadronization via interplay of fragmentation and coalescence
0.2 - ,
e+e' frmr === === 0 J ) . . . Lo .
I i /" SHM: quark hadronisation driven by statistical weights
| T | 1| | | ‘ L1 11 | | | 1| | | ‘ 1 . H
0.0, s 10 15 20 . +ROM: Augmented set of excited charm baryon states
p; (GeV/c)

J Quark (re)combination Mechanism
- charm is combined with co-moving light antiquark or two quarks.

LEP:(0.113+0.013 £ 0.008) - charm baryon abundances determined by thermal weights.
EPJC 75(2015)19
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S S
T ALICE
pp, Vs =13 TeV, |y| <0.5

A\ _'/D° ratio vs Multiplicity

L B
o—> <0
N, multiplicity classes

LI B e L
] PLB 829(2022) 137065 ALICE
PYTHIA 8.243 en and M. He g
i === Monash 1 CE-SH model 1
~\ [ CR-BLC Mode 0
(%8 CR-BLC Mode 2
e Iy B M\ CRrBLe Modes

— Multiplicity dependence observed
in T<p,<12GeV/c

(dN,/dn): ALICE; PYTHIA; SH model
—B—

— enhancement of /\C+/DD ratios in pp w.r.t. LEP measurements also in the lowest multiplicity interval.
From the comparison with models:

7€ PYTHIA Monash does not reproduce the multiplicity dependence, underestimating the ratios

\/ PYTHIA CR-BLC, CE-SH provide qualitative good description of the p_ evolution and multiplicity dependence.
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Charm-tagged jets

@ Production of charm-jets ALICE

% R=0.6 (x10)
. R=0.4
|I| g(_)(\)/vzH(é(c)a 1h) PYTHIA
vq + 8
...... PYTHIA 8 Ha?dQCD Monash 2013
...... PYTHIA 8 SoftQCD Mode 2

= 10T T N
5 i ALICE op, 15 = 13 TV ]
> o - (] 1|
h d jets with D°, 2 36 GeV/
& 10 c ?rze jets wi 09,F“< P < eV/c & S<
_g | anti-kg, |nchie‘|< .9- @,) <
E F N
s 107 = |
= (@)
b_go = >
o 8107 3
= 5 K el =
- E1(©2]
) 105 o lllllaled 1]~
= e — 1—
107 |y R =
5 10 15 20 25 30 35 40 45 50
P (GeV/c)

> MC generators providing overall
good description of the spectrum

PYTHIA: JHEP 1508(2015)003 POWHEG: JHEP 06(2010) 043
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https://arxiv.org/abs/2204.10167

Charm-tagged jets

: . . ALICE
@ Production of charm-jets @ Fragmentation of charm
p ) e Longitudinal momentum 2| = Dch jet * PHF
O ) 9 - S —
@ fraction Pch jet * Pch jet
KN 8EALCE pp.¥5=13Tev 333, . 5Gevic E
9 3 . " == 4 3.0F 8 5 7 GeVic
§ % 7§ charged jets, anti-k; TR g O
< 2 6' 5<PTchjet<7GeV/C o 1 25F } =
§ = 5 p.,>2GeVic E 2.0;—'-.-::7.-r=il'=|=n=, —
N T Y Re02 11— o E={ o]
o i3 B - W .,
- 3 1 1.0F S
% 2F 3 E [ POWHEG hvg + PYTHIA 8 s 5
1: 3 05:_ = « PYTHIA 8 HardQCD Monash 2013 _::.
: E - - PYTHIABSoRQCDMode2 ... L3
o ~704 0506 07 08 09 1
zﬁh
> > R=0.2,smallp_ . — D°carries alarge fraction of p.
chjet

chjet

> R=0.6 — hint of softer fragmentation wrt models

PYTHIA: JHEP 1508(2015)003 POWHEG: JHEP 06(2010) 043
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https://arxiv.org/abs/2204.10167

D° - jets

arXiv:2204.10167

B Aaaas s s b b e o NS Aaits st s b b L S i b b e R iiaaadiaaa sy HLICE
2|5 | ALICE + e  R=02 + ]
815 10 charged jets with D°, 2 < p, <36 GeVic [ E— o ]
o = - 1 =0. i )

> o TR T =] POWHEG hvq + PYTHIA 8
o g anti-kr, g, ol < T = - PYTHIA 8 HardQCD Monash 2013 1. ]
< (8 - -~ PYTHIA 8 SoftQCD Mode 2 - ]

D -+ -

P13 TeV
de,ch jetdnch j

:.llllll IIIIIIII | I B | I IR

TR R I e T

, ﬁ%ﬁ—u—#ml—-* e B e

MC/data

05; 3 F —o 7 3
i PTTE PTEEE PETTE FPEEE PEETE PEETS PETTE PTTr PRl f. S ST AT SRRl PR NI AR PEN T SRR PR FRTEE FL U FEETE FETTE SETTS PETEY FEETE FETTE TR TS PR FrEe P

5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50

P chjet (GeV/c) Py eh e (GeV/e) Pr ehiot (GeV/c)

Hardening of the p; chiet spectra with increasing centre-of-mass energy.
— PYTHIA SoftQCD correctly reproduce the data
— POWHEG + PYTHIA 8 simulation tends to underestimate the measured cross section ratios

PYTHIA: JHEP 1508(2015) 003
POWHEG: JHEP 06(2010) 043
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https://arxiv.org/abs/2204.10167

D°-jets: longitudinal momentum fraction

Dch jet - DHF ALICE

_— Pt
Longitudinalmomentum 2 == - Tchjet
fraction Pch jet * Pch jet &  ofiice mfo-137sv ¥ 7., iocevie PPN
% 7E charged jets, anti-k; ;—1::: i, c >v4lGeV/c o >A16 Ny i X
g % B+ Prener < ke R == E]T :’JOWHEG hvq + PYTHIA 8 ERN
Z_ i Pryp> 2GeV/c E3 — - PYTHIA 8 HardQCD Monash 2013 § B
b8 A mm R-0.2 E R:O,Z = = PYTHIA 8 SoftQCD Mode 2 S i g
2 + b ile
1 =g=2 F E*’uo-u'—'-' == 3 g
1 1 1 1 1 1 1 W L 1 1 1
s ‘122 o c
§ 8225 = == S TR B T
%: 35? ;JT 5 > 2 G'eV/c .p OI> 3 (I3eV/t:* I l I IpT o I> 5 C-;eV/cl I I 3
2 3.0F wum R=06 R-0.6 E
> Forb<pT, chjet<10GeV/cand R=0.2 : 2t o B ﬁ E
0 . . N < 2.0;—:.'..'::'..'J=+:q=n=, T 3
D" carries a large fraction of p , .., T e == EFIE E
1.03_ l""l:.'-—l e Lol 3
/91?' i ==
> Hint of softer fragmentation compared g 20T e e i 5 L
. . T {0F inamaap et £ TS
to model predictions % pisE =———— ;
04 05 06 0.7 08 09 1 04 05 06 07 08 09 1 04 05 06 0.7 08 09 1

PYTHIA: JHEP 1508(2015) 003
POWHEG: JHEP 06(2010) 043
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https://arxiv.org/abs/2204.10167

First measurement of D_'-jets

Highlight possible differences in the charm fragmentation due to the strange-quark content of the tagged ALICE
meson

> (Good compatibility between models and data

S gF T T T T
N  ALICE Preliminary Di-tagged jets N
g - pp Vs=13TeV o Data -
B " : = POWHEG+PYTHIA 6 ]

E 5 n charged jets, anti-k;, R=0.4 PYTHIA 8: .
= - 7< pJTe(ch. <15 GeVic, mjetchl 0.5 sess Monash 7

L D, ' — - CR-BLC Mode 2 -

< 4| e<p<i5ceviely <08 =
Z ]

MC/data

PYTHIA: JHEP 1508(2015) 003
POWHEG: JHEP 06(2010) 043
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First measurement of D_'-jets

Highlight possible differences in the charm fragmentation due to the strange-quark content of the tagged ALICE

meson
> (Good compatibility between models and data > hint of harder fragmentation with respect to DY
S— eF T T T £ BT T T
'B - ALICE Preliminary D;-tagged jets . % E ALICE Preliminary §61 D;-tagged jets E
2 [ P e 1.3 v , - ggt\?VHEG+PYTHIA6 . = 5 PP f8=18Tev B D°tagged jets -
S S¢ Chargecjh‘ets‘ antikr, A =04 PYTHIA 8: = ° T charged jets, anti-k;, R = 0.4 ]
3 - 7<p,:«c-<15GeV/c, |nie‘ch_|so.5 ...... Monash 7 ko 4: st ch. =
< 4 3<p}<15Gevie, Iy, <08 — - CRBLCMode2 1 < E 7<p; " <15GeVic,In | <05 :
- r ’ ] - 35 3< p2< 15 GeV/e, [yhl <0.8 -
3F - .
C 2F O ST
L C s Z
C C = —-—-— ]
2 1B =
= S P P S B
n 2 " Daa =~ POWHEG +PYTHIAG B
© o E e PYTHIA 8 Monash ]
o O 15F — . PYTHIA 8 CR-BLC Mode 2 3
-o : m.m;
< = I AW, e e v F -
LEJ 1: % T *n : it :
0.5E , , , , , -
ch 0.4 0.5 0.6 0.7 0.8 0.9 h1

A P

PYTHIA: JHEP 1508(2015) 003
POWHEG: JHEP 06(2010) 043
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N -jets

— Probe the fragmentation of charm quarks into charm baryons

> glightly harder fragmentation in PYTHIA8 Monash
> good agreement with PYTHIA8 CR-BLC, mode 2

D B T
. .g 4'5; ALICE, pp, Vs = 13 TeV Ai-tagged jets B
(o) E L charged jets, anti-k;, R = 0.4 I data ] m
N S 4F oo PYTHIA 8: -
™ . C 7SpJT <15G6V/C,|77iet|S0.5 ...« Monash J
~ o - ]
| S>a503<p<15Gevic,|y¥| <08 — CR-BLC Mode 2+
ol = C ]
3= . —
= B =
< - ]
[ _ -
@ 25— —]
- TR saseas CECTLET
SET=EEET ke : ]

1 55 E':'-':':i_ _:..... sssnnn E

B | S | =

1? ..................... I f:

Cy P N L

© 2F ; e

- C . .

© = a

O 1.5 3

S B s : ]

S ‘——*F g ) S e T

04 05 0.6 0.7 08 0.9 1

zﬁh

PYTHIA: JHEP 1508(2015) 003
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https://arxiv.org/abs/2301.13798

N -jets

— Probe the fragmentation of charm quarks into charm baryons ALICE
> glightly harder fragmentation in PYTHIA8 Monash > hint of softer fragmentation into /\ * than D°
> good agreement with PYTHIA8 CR-BLC, mode 2 > Correctly reproduced by PYTHIAS, CR BLC mode 2

© :g=4'5;_ALICEI pp‘\f} 1|3ITIe\I/ i A+ tagged JPltSI B _; g_AL'CE PP, /5 - 13 TeV Ol Al tagged jets _;
o 3 4 F charged jets, anti-kr, R = 0.4 P%Td:f: N E E—chargjzcthets, anti-ky, A =0.4 £ D*-tagged jets E
c"\') 2 7<pf <15 Gevie,|m,,| <05 ....Monash 1 §7<pr < 15 GeVig, [, | =05 é
E 2§3'5:_3<pf<15GeV/c,|yAz|S0.8 — CR-BLC Mode 2 = 3<pl<15GeV/c,|y"| <038 =
ol I = 7 = =
8= F : - :
g F E 3 % E
>§ C - == =
@®© 25— —: ;_ % o $ $ d _;
E___ —_. I |§ ;_ (:) _§
4= —_— Eveeegenenet B e | : ——
I R T U . CWOW data  seeeee PYTHIA 8 Monash ]
1.5 ] I_L_ = — — = PYTHIA 8 CR-BLC Mode 2 —
15:......... T I_#_:f /\ Softer fragm 15:_ _:
© 2F ['; than D° === | g
8 150 3 — = e — — —

O o FTTTT CTTCT PP H ] Fessssnusnsnfunnnnnnnunnd o

= 1“*? . ....... - .:;i;l—wg'“——-%—-—-%“—%

PYTHIA: JHEP 1508(2015) 003
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https://arxiv.org/abs/2301.13798

Non-prompt A */D° ratio

o T T T | T T T l T T T I T T T I T T T | T T T I ]
D [ . . ] O L T T T T ‘ T T T T I T T T T | T T T T | T T T T I ]
< 1 g ALICE Preliminary ly| <0.5 Q  { 4[-ALICE Preliminary ~0.96<y<0.04 _ ALICE
< L pp, Vs =13TeV ] L [ pPo(s=502Tev ]
1.6 o—> <0 - r o—> b
- FONLL + PYTHIA8 Decayer . 1.2 ]
1.4 0 + - L —e— Non- t AY/D° ]
. S IO BRHSA, : Lok on-promp 0 E
f(b—>/\ +) 120 Ao < Ay ] L —s=— Prompt A}/D ]
iy AT e EN Y s
Phys. Rev. D 100, F AL« B%4B*+B! ] C ]
031102(R) 0.8 Data E 0.6 k
r ‘EE‘ = prompt ] T E} 1
0.6~ ol e non-prompt W ]
P M E “3 E
04¢ = : ool i — .
e G o 2 -
e'e’ _.0'2: . r o ]
e e e e e e o e e e O T T T D B
L L o 5 10 15 20 25
p.. (GeVic) [ (GeV/ce)

— Similar baryon-to-meson enhancement between prompt and non-prompt /\C+/DO ratio
— Measurement compatibility between collision systems

Non-prompt A" simulations with FONLL (LHCb FF b—A, *)+ PYTHIA8 decayer
-2- most of non-prompt A "from /A, " decays — access to beauty-baryon production
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N’/ D° ratio in Pb-Pb

[T T Frrr T ]
‘l|}/| <05 30_5'00/0 Pb—Pb- 1~4:_AL|CE ['syw =5.02 TeV, |y| < 0.57 ALICE

SHMc + FastReso + corona C
= & 1.2[
+ 2\ Catania 4 B Pp
I ] E A arXiv:i2211.14032

1_
ju 4 PRL 127 (2021) 202301
0.8 Pb-Pb (PLB 839 (2023) 137796)

AL1D°

Phys. Lett. B 839

- 1 (2023) 137796
i Il = 0-10% b
0.6: ;‘ ~$» % e  30-50% 7
0.4 gy =
P - ]
0.2~— N @ -
E " PRSI ST S S T T TN ST ST S (T TR S S S T SR ]
0 5 10 15 20
P, (GeV/c)

\/enhancement in /\C+/DO ratios observed in Pb-Pb collisions
— in central (0-10%) Pb—Pb collisions, for 4 < p. <8 GeV/c, larger than pp (3.70)

J (statistical hadronization + charm)and Catania models able to catch the evolution with [olt

\/ Best description by TAMU (hydro. + fragmentation + coalescence + extra c-baryons)

Baryon-to-meson enhancement due to an interplay of radial flow and recombination?
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https://www.sciencedirect.com/science/article/pii/S0370269323001302
https://www.sciencedirect.com/science/article/pii/S0370269323001302

P_-integrated A _"/D°ratio

pp, p-Pb, Pb-Pb as function of

o : T T LI Ill T T LI |l| T T T TTT I|| T T l:
O 5E ALICE ly| < 0.5
+ I g
<19 .8 e pp, {s=13TeV ——stat. @2 SHMc
1.6E ¥ pp, Vs =5.02 Tev [ Jsyst. # Catania 7
- A p-Pb, s, = 5.02 TeV extr. & TAMU
1.45 2 Po-po, Vs = 5.02 TeV XY total PYTHIA8
1.2 ¢ Au-Au, \s,, = 200 GeV —Monash
1:_ STAR, PRL 124 (2020) 172301 —CR-BLC 21
0.8F = 3
0.6 ) N L
2 e @ N E -
0.4 ® n =
0.2F -
: 1 l_ L1 1 Illr l_ l_l | . O] lll 1 1 Ll lllll 1 1 l:

1 10 102 10°

(AN, /A 05

p—Pb: Phys. Rev. C 104, 054905 Pb—Pb: Phys. Lett. B 839 (2023) 137796

)

ALICE

Q?P No dependence of the p_-integrated ratio on

00

~/J collision system and energy within uncertainties

vy

\@{) Momenta redistribution can justify the differences

in the p_-differential ratio across collision systems

J Flat trend reproduced by Catania, TAMU
( hadronization via fragmentation+recombination)

X Monash fails to describe the data
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https://www.sciencedirect.com/science/article/pii/S0370269323001302
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.104.054905

' Models in details %

ALICE
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PYTHIA 8: Lund fragmentation model %

ALICE

6 e— 1) Agiven colour charge stretched in a confinement field to
A (piece of) string nearest anti-colour charge

2) Given sufficient energy, confinement field can break down by

o—p —— o spontaneous qq pair creation
String breaks

? Between which partons should confining potentials form?

Starting point for MC generators = Leading Colour limit N_—o°
- Probability for any given colour charge to accidentally be
same as any other — 0.
- Each colour appears only once & is matched by a unique anticolour. "

Corrections are expected to be about ~ 1/N, ~10 % !
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PYTHIA 8: Lund fragmentation model

Multi-Parton Interactions (MPI)
How many parton systems are there in pp collisions? ® £

ALICE

—> can have very many parton systems within a single
pp collision (esp. in high-multiplicity events)

— All within ~ transverse size of a proton
(=right on top of each other) ®

From:

> Skands, QCD-Based CRin
Pythia & Close-Packing

Probability for
uncorrelated gg
pair to
accidentally be in
colour-singlet

e state follows from
e 3@3=8@1
riin9w

= 1 /Nr::‘

Alternative possibility

I é
fal

Leading Colour

Antonio Palasciano


https://agenda.infn.it/event/21267/contributions/143173/attachments/86603/115529/Skands-2021-CR.pdf
https://agenda.infn.it/event/21267/contributions/143173/attachments/86603/115529/Skands-2021-CR.pdf

PYTHIA 8: Lund fragmentation model %

MPI + showers — partons with LC connections ALICE

Idea: restore missing (1/N¢?) colour correlations stochastically. Approximate all LC-

unconnected partons as uncorrelated and consider SU(3) rules: From:
_ > Skands, QCD-Based CRin
(1) 3® 3 =8 1 for uncorrelated colour-anticolour pairs (allows “dipole CR") Pythia & Close-Packing

(2) 3® 3 = 6@ 3 for uncorrelated colour-colour pairs (allows “junction CR")

Technically: done by assigning all partons “colour indices” from 0 to 8.

E.g., any parton given colour index O can be confined with any parton with anti-index 0.

This reproduces the 1/9 stochastic probability in eq.(1).
Index O can also combine with two other partons (with indices 3 and 6) representing the
confining (colour-neutral) combination of R, G, and B

This gives a decent approximation to the 3/9 probability in eq.(2).

Represented by “string junctions” in Pythia thep-phs02122641 = a new source of baryons and anti-baryons.

Finally, choose between which ones to actually set up confining potentials

Smallest measure of “invariant string length” o« number of hadrons produced (“4 measure”)

Antonio Palasciano
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PYTHIA 8: Color-reconnections beyond leading color

Parameter Monash Mode 0 Mode 2 ]ﬂL’I C E

Reconnections occur between two string pieces

StringPT:sigma =0335 =0.335 =0.335 =0.335
— only if in causal contact (compatible formation time Teorm ™ 1/m - ) StringZ:aLund =068 =036 =036 =036
2l SUING ™ SyringZ:bLund =098 =056 =056 =056
StringFlav:probQQtoQ =0.081 =0.078 =0.078 =0.078
I Resolve each other in between formation and hadronisation t BRRE R i I ..
. . =05, =0.0275, =0.0275, =0.0275,
(+ relative string boost) R 0 07, 00275, 00275, 00275,
VRERENETD et 0.9, 00275,  0.0275,  0.0275,
1.0 0.0275  0.0275  0.0275
¢/ Mode 0:|no time-dilation constraints. mq controls the amount of CR (mode 0); MultiPartonInteractions:pTORef =228 =212 =2.15 =2.05
BeamRemnants:remnantMode =0 =1 = =1
| Mode 2:time dilation using the boost factor obtained from the final-state mass of the dipoles, BeamRemnants:saturation - = =5 =5
requiring all dipoles involved in a reconnection to be causally connected (strict); S louiecee N it " » -
ColourReconnection:allowDoubleJunRem =on = off = off = off
p St p 5 3 5 . ColourReconnection:m0Q - =29 =0.3 =0.3
¢/ Mode 3:| time dilation as in Mode 2, but requiring only a single connection to be causally L | .
ColourReconnection:allowJunctions =on =on =on
connected (IOOSC). ColourReconnection:junctionCorrection =143 =1.20 =115
ColourReconnection:timeDilationMode | =0 =2 =3
=0.18 =0.073

|LolourKeconnecuon:tlmeL)llatlonPar |

Relative boost causal contact condition

v e
MstringThad

% String Formation Beyond Leading Colour

Y Tform < C'time Thad = < Ctime

Clime| size of the allowed relative boost factor for reconnections to occur

- - A
Mhad™ Thag C = TTM MMy
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PYTHIA 8: Color-reconnections beyond leading color %

B s D
= pp, s=13TeV

+ PYTHIA 8.243, Monash 2013

PYTHIA 8.243, CR-BLC:
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¢ Mode 0:|no time-dilation constraints. mg controls the amount of CR (mode 0);

requiring all dipoles involved in a reconnection to be causally connected (strict);

connected (loose).

o Mode 2: |time dilation using the boost factor obtained from the final-state mass of the dipoles,

ol Mode 3:| time dilation as in Mode 2, but requiring only a single connection to be causally

2 4 6 8 10 12 14

“Neither CR nor

specifically designed/optimised for heavy quarks”
“Needs further thought & theoretical work”

unction fragmentation were

ased CR in Pythia & Close-Packing

= Skands, 0CD-B
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