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Multiplicity dependence in baryon-to-meson ratio

< Significant multiplicity dependence(5.30) for pr <12 GeV/c
region going from lowest to highest multiplicity class

+c Even in lowest multiplicity class, A}/D" is much higher than

e+e- collisions
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>H(2520)/20+1(2455) yield patio

+¢ First measurement of the X2t 1(2520) relative

production at the LHC
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Zg’++ in pp collisions *
et 0T RUN o data

0.4+
C% c

NEW!

(),—I——l— O,—I—+ (o) e . _I I | 1l | 1 | 11 | 111 | 1 | 11 I 111 | 1l | 11 | kk‘- “  | 3
T HH(2520)/20F(2455) yield patio | § T TS _
+¢ First measurement of the X2t 1(2520) relative T E/Ft‘/g.; 13.6 Tev PvTHAS T :
production at the LHC - Moo T oo Heielberg -
- SHM+RQM Mode? T H— = -
< In the measured pr region, the ratios between Tha Ty=170 MeV Mode3 T pelle (PRD 97, 072005) -
two Tt states in pr integrated e*e collisions OF T e:e_F,’r‘lo:_sm=pt1 ersel
_ + o Direct
and pp collisions are consistent with each others 5F 4 | -+ -
within the uncertainties | WW = T ]
o — 1 E
s ol b bv b b bvnn b b ben n I |
Moclel comparison 0% "2 4 6 8 10 12 14 16 18 20
+< PYTHIA 8 Monash overestimate data P (Gevic)

ALI-PREL-574270

< PYTHIA 8 Mode 0, 2, 3 and SHM+RQM
underestimate data
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ALICE Preliminary

pp, Vs = 13.6 TeV
|y| < 05 e Data

ZO in PP COIIlSlons

probQQ1toQQOjoin : arXiv : 2404.12040 and arXiv : 2405.19137

Tune on parametenr? T35

< PYTHIA 8 Mode 2 tune with modified
parameter related to amount of suppression for

PYTHIA 8, Mode 2

+*(2520)/5>
W
o
IIII|IIII|IIII|III

n probQQ1toQQOjoin_charm = 0.0275 (default)
: : : . <525 probQQ1toQQOjoin_charm = 0.5
heavy diquark spin 1 state with respect to spin O - probQQ1toQQOjoin_charm = 1
20~ Tuned parameter

o Modez +
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: 0.5 Mode 2
MOdEI compap'son O O:I | | | | | | | | | | | | | | | | | | | | | | | | | Iﬁ H | | | | | 1 | I
< PYTHIA 8 Monash overestimate data R S St/ S
< PYTHIA 8 Mode 0, 2, 3 and SHM+RQM
underestimate data en a"

LS M
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=T /D%in pp collisions

JHEP 12 (2023) 086
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Baryon-to-meson ratio
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- PYTHIA 8.243

-.—..Monash 2013
—— Mode 0

| --- Mode 2

—-Mode 3

BR unc.

sHM+RaQMm ALICE -
“+ Catania ly| <0.5_
— . QCM

— - POWLANG, HTL
— - POWLANG, 1QCD ]

=o/D°
m pp, Vs=13TeV —

=/D°, pp, Vs = 13 TeV i

®p > 4 GeV/c i

O 3< p, < 4 GeV/c (this paper)

ALI-PUB-567881
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Comparing to e+e- collisions
4 Enhancement in Z1%/DY ratio in

pp collisions

Model comparisons

< Poor description from models

which describe well the At/D" ratio

- Much larger enhancement than for

non-strange baryons?



https://link.springer.com/article/10.1007/JHEP12(2023)086

43 TeV @

‘P JHEP 12 (2023) 086
-g | | | | | | | | | | | | | | | | | | | | | [ [ | T T |
© I PYT|I\4A|A 8.2h4:23013 SHM+RQM ﬁlfICOE5 .
& S n Bananny ' < U.
5 06~ __ Mode 0 v 4 -
@ . --- Mode 2 |
= — - Mode 3 — — POWLANG, HTL
[e i — - POWLANG, IQCD .
- i BR unc. )
S\ =0/D°
g 0.4 m pp, Vs =13 TeV _
m

- O )

=/D°, pp, Vs = 13 TeV

i ®p > 4 GeV/c i

O 3< p, < 4 GeV/c (this paper)
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—0,+ /10 - : . s
(=) /DY in ppglllsmns

Comparing to e+e- collisions
4 Enhancement in Z1%/DY ratio in

pp collisions

Model comparisons

< Poor description from models

which describe well the At/D" ratio

- Much larger enhancement than for

non-strange baryons?

1< Catania gets closer to data

- Both coalescence and fragmentation

In hadronization process even in pp

collisions?



https://link.springer.com/article/10.1007/JHEP12(2023)086

= +/ D" vs. event multlpllcltg
Q‘geﬂ

n pp colhsuons

_ Pyow Multiplicity classes
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@) B | | | | |
= E ALICE Preliminary dN ./dn):
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. =./D o, flo o
B 04  aa Mul€iplicity dependence?
£ 0.35F A 315 < No strong multiplicity dependence in
O - T =9/D° 0
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2 0.3} D =" /D" ratio with in the current uncertainty
>0.25F —4— 315
(qv] - -
M g.oF = : -
Z [ S 7
0.150 —HF | —
0.1 ; ;*; E
0_05:_ + 44.4% BR uncertainty for E; not shown | _:
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https://indico.in2p3.fr/event/29792/contributions/137319/

=2/D" in p-Pb collisions

New on

S L L L B ,\
OQO AL'CE ﬁ =5.02 TeV Models o
[1] p-Pb: +22% BR unc. on = not shown —— p-Pb, QCM ]
1 pp: £28% BR unc. on Eg not shown — - pp, QCM |
" Data: o-Pb, POWHEG -
" @ p-Pb,-0.96< y,. .<0.04 + PYTHIA 6 + EPPS16 -
- O pp, lyI<0. 5 .
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Modification of pr spectra?

<+ Hint of enhanced = HO/DO ratio in p—PDb collisions

than that in pp collisions?

< Precision is not enough to conclude possible effect

as shown for AT/DY in p—Pb collisions

Model comparison

< Underestimated by QCM in both pp and p—Pb

collisions




Qg/ DV%in pp collisions

096 e Data | | | A|_I|CEI
Catani |.+f :
BR X Q(C)/ D" and model comparison «?@101 Catania Goa-fagm sres) PP fo- 13 Tey
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+c No measurement of BR(Q) — Q™ 7) ~ 1072 Monash [IMode2  BR(Q; » Q') = 0.51%
. BR(Q(C) - Q") = (O.Slf%‘%?) % from theory calculations

< Catania (+resonance states) is closer to data

L

+< BR measurement is needed! 10

1 I 1
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Theoretical calculation for BR : Y.Hisao et al. EPJC 80, 1066 (2020) L
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https://www.sciencedirect.com/science/article/pii/S0370269322007596?via=ihub
https://link.springer.com/article/10.1140/epjc/s10052-020-08619-y

0
arXiv: 2404.17272

1o
~ CLEO -
B ALICE ]
2.30 (5 =
e 0 ° 5 S = 13 TeV
Branching fraction Belle = PP
) — Light-front approach
< Measured ratio is ] _EF;&?S (2020) 11,1066
BR(Q) - Q7e*r,)/BR(Q! — Q 7) SUa), e T
= 1.12 £ 0.22 (stat.) £ 0.27 (syst.) ALICE L P S
PRL 89 (2020), 171803
A -©- Belle
w Agreement with measurement from CLEO | | | | Pﬂm?s (2022) 9|, 1091101 |
Collaboration and model calculations within 10 05 1 15 2 25 3 35 4
0 T At 0 — T+
and within 2.30 from BELLE measurement ALI-PUB-569964 BR(Q; — Qe* v,)/BR(Q, = Qn*)
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Charm fr'agmentatlon fractlon
Probability of a charm quark

(f.’:»} J to produce a hadron h.

f(c = h,) <




Charm fragmentatlon fr'actlon

9

In hadronic collisions

A : : : arXiv : 2405.14571
w Fragmentation fractions in pp and

< | | | |
o ALICE, pp, Vs =5.02 TeV

= ALICE, p-PDb, \/% =5.02 TeV

+ B factories, e'e”, Vs =10.5 GeV

+ LEP, e'e’, s =

0.6 % . HERA, ep, DIS

> HERA, ep, PHP

(= ) arXiv!

p—PDb collisions are consistent with each

others

O
N
IF

| | | | | | |

:/'\ V\P"Pb
—_ %+ - d-*
“Cipp =T - >t

E#E%u.llm

| | x 20 7

D° D' D! A = Jay D*
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Charm fragmentatlon fr'actlon

9

; JHEP 12 (2023) 086
| | | | | | |

>
— " ALICE, pp ly| <0.5
T " m(s5=13TeV
= 0.8 = (s=5.02TeV

uncertainties i + B factories, e'e’, Vs = 10.5 GeV
0.6 _3, + LEP, e'e’, Vs = m,

- e HERA, ep, DIS

- o HERA, ep, photoproduction

0.4 F 5.02 TeV 13 TeV
SEYINY .

02 Hm &

For different collisions energy

1< No energy dependence within the

gt o -mtll .
0 | | |@| |

DO D* D;r AZ T((:) Eé— J/W D i O +,++

ALI-PUB-567906



https://link.springer.com/article/10.1007/JHEP12(2023)086

Charm fr'agmentatlon fractlon

In different collisions energy

1< No energy dependence within the
uncertainties

Comparing to e*e- collisions

< Significantly increased baryon
production, decreased meson production

+< Indicate different hadronization
mechanism in hadronic collisions with
respect to leptonic collisions
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Outlook : HF in ALICE Run 3

/6 MeV/ c?

o
o
w
(6]
Counts / 4 MeV/ 2

Norma\'\sed counts

D" — K’ and charge conj.
e e Dala
Background
| __Total fit function

ALICE Performance
pp, Vs = 13.6 TeV 0

121-p. > 5GeV/c -
o= c

LS

2
(231 34 =L 0.53) MeV/C

(o) =
y v/ (fixed) 0)-'--'-

) e
Signal = 24798 % 1558

—
o

Normalised counts / 11 MeV/c?

Cc
U(d) =% — =+ and charge conj.

e
e Data

.- Background

8
c U(i)j — Total fit function
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i 026 028
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done !
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Charm baryon measurement with Run 2 data

< Charm baryons were measured in various collision system
with Run 2 data

1< Significantly enhanced charm baryon-to-meson ratio in
hadronic collisions with respect to leptonic collisions

< Charm fragmentation function is not universal!

Charm baryon measurement
with Run 3 data

+< Precise measurement

< More differential measurement and
extended pr reach

< Better understanding of charm
hadronization!
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A+/ DY vs. event multlpllcltg

m’pp colhsuons

13 TeV Phys Lett.B 829 (2022) 137065
Q”w S 09FALICE B S L
2 08—pp (s =13 TeV Nw mU“'p'lCIty classes ES pyoy Multiplicity classes E
8 0.7 &= 31 Ar/p° - —m— 44 4,0 =
GED : 378 T ——315 E
' = 38 (W) /eKk) E ] 5 46 (AWK
O S

2 —— 325 —o— 25.8 :
C —]
o .
o 0 =l :
4 I E

I I I 1 I 1 I | | | I | | | I | | I

5 10 15 20 5 10 15 20
ALI-PUB-530252 p_ (GeV/c) p_ (GeV/c)

Comparing to baryon-to-meson ratio of light-flavour hadrons

< Similar pr shape and magnitude of the ratios

< Similar hadron production mechanism in light- and heavy-flavour hadrons?



https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269322X00051/1-s2.0-S037026932200199X/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20240522T145521Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY5NFMOYUN/20240522/us-east-1/s3/aws4_request&X-Amz-Signature=66ea573a7f2aa4ed78afef7af31b4cb41ababf998c4c39b7d7049cebe6fa3d5c&hash=4589e3e99186083f550e9fcf49a71dba9ede06666344894bcad4acaa4f9c1860&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S037026932200199X&tid=spdf-69f21555-41a2-4cf6-8475-305d26a2e8ea&sid=3c3b24836d0dd846235b4441a1150c0d96e2gxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=050c575750020f5a5b03&rr=887da58bec253b57&cc=ch

AgL/ DYin Pb-Pb collisions

+
C 4

502 TeV Phys.Lett.B 839 (2023) 137796
@a O 1.4FALICE 0-10% Pb-PbF|y| <0.5  30-50% Pb-PbF sy, =5.02 TeV pp -
L1of T T g

SHMc + FastReso + corona

Catania
< QGP formation in both pp and

Pb—PDb collisions

+< Consider both coalescence and

fragmentation for hadronization

SHMe

< Consider only charm meson and

< Exploit SHM for pp collisions

< Consider both coalescence and fragmentation for hadronization for

charm baryon Pb—Pb collisions

» Core-corona approach < Consider excited state baryon from RQM for both pp and Pb-Pb collisions


https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269323X00033/1-s2.0-S0370269323001302/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20240522T145725Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY7JWXPCWW/20240522/us-east-1/s3/aws4_request&X-Amz-Signature=ff48d1ca1bf8e76f18ac52a0a0398131390b72ebe381e44c66b714e14d8923e3&hash=52205daccb33fc10b359655e1be4c82e2adcff8cb6473af270945af281ec06af&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0370269323001302&tid=spdf-49c0c8eb-28eb-499a-a1b8-618820623ca9&sid=3c3b24836d0dd846235b4441a1150c0d96e2gxrqb&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=050c575750020f575a52&rr=887da893cf1a3b57&cc=ch

> /D% in pp collisions

\
13 Tew Comparing to e*e- collisions

1< Remarkably enhanced baryon-to-meson ratio and

strong pr dependence in pp collisions

Phys.Rev.Lett. 128 (2022) 012001

80-8 _II T T I/IDIOIIII I ::Illlllllllollllllllll|O|||IIIII::I|IIIIIIlllIllolllllllllllll:
= - ALICE  AQ T =" x 321D = AY<=Z"TY x 3121 A]
T0.7F o pp.A5=5Tev T DepfetaTev Tosv Wppisintev 1| Feed-down AT fmrom XUt
S e~ e pp,Vs=13TeV T T N, : C C
206 M T ' PYTHIA 8.243, Monash 2013 T NS - )
| I PYTHIA 8.243, CR-BLC: i DRSS 11~ _ 400 + ,++
<05 L Niodeo - Moge2 —.-Mode3 T Vi, i | ~40% of A7 from 27" decay
37 I RN :

1 ’, SHM+RQM
T° 0 N Wy Catania

1< Enhanced feed-down partially

contribute to enhancement In

AF/DY in pp collisions
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.012001

in pp collisions

—0,+

—C

=>
W
=\
g

ﬂ Phys.Rev.Lett. 127 (2021) 272001 . . .
o ——————————3 | Production yield ratio to A
-I(:U E ALICE Eg/Ag Eg,+/zg,+,++ E )
- " pp, s=13TeV  pan . ) 1 | < No strong pr dependence
o - |y| < 0.5 PYTHIA8Monash —— — — - . :
- PYTHIA 8 Mode 2 v s w Models underestimate data
C 10 =3 Catania www w7 :
O - BRunc. QCM  -ereeee ceeenee .
a ———————___ 1 | Production yield ratio to >~
O ’ A
% AL 7 e > { | %< No strong pr dependence
m UM\ . : | |
\\\\\\\“ \\N+ 1 | < Catania and PYTHIA 8 Monash describe the data
10 &\W\W\\\\\\W\\\\\( P : Bg)th Cztania and PYTHIA 8 Monash underestimate the
L L =t /DY ratio
c 2 4 6 8 10 12 14 -
R p; (GeV/c) . Similar amount of suppression for 22 and X+ 2
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.272001

E(C) vs. event multlphcltg

in pp coll suons

3 TeV -
><0 L e
T 0'4-_ multiplicity classes = R-BLC Mode E
o o o DO A—l— . 0_35§_ Ntngch/ld?yly X\LIICE; PYTHIA + %gmﬂg Mojeg =
Production yleld ratio Go and C o el F | CRBLCMode3 E
< No strong multiplicity dependence in baryon- 0.25F i + :
0.2 . —+ | —
to-meson and baryon-to-baryon ratio within 0150 : ! E3 : ! E
the uncertainties 01F ;
0.05 3 ’
. ro o4 T T T R S T _
Model comparison S /
| | st Low e @ :
w PYTHIA 8 Monash doesn’t reproduce neither - /\
magnitude nor multiplicity dependence F + -
0.4 \
/< PYTHIA 8 CR-BLC tunes, which describe - R A
the Aj/ DY ratio significantly underestimate 0'2;__/, \®\

the data 5 10 5 10
T T

ALI-PREL-556423
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_‘C/ AC in p-Pb collisions

&0

arXiv : 2405.14538

New on
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| | | I | | | I | | | I | | | e «Q

<
14 ppbﬁ 5.02 TeV, 096<y <004_
oo "L ALICE . o o
S - p. Vs = 18 TeV, V<05 1 | Production yield ratio Go A;r
12 dala. odels. . i
-~ ® p-Pb — p-Pb, QCM 1 | »< No strong pr dependence in both pp and p—PDb collisions
1 - O pp — - pp, QCM -
" 2_;$+58\VZ'1EEGPPS16 1 1 Similar magnitude of Eg/ Aj in p-Pb collisions with respect
0.8 _ .
: —(H— +22% BR unc. on 32 not shown : tO pp COIIISIOnS
0.6~ ¥ o — - No appreciable additional modification of the hadronization
0. 45_ ? + T 4} _ process going from pp to p-Pb collisions
0ok — |« Underestimated by both QCM and POWHEG+PYTHIA 6
O i | | | I | | | I | | | I | | | I | | | I | | | |
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=0/ A+ - : ‘ %
=/l in p-Pb collisions

—_—

= = =

in différ—ent'rapidity interval

New on

- L Xivl v 240514538 ALICE 5.02 TeV % LHCDb, 8.16 TeV
< . i ’g\kv/’l | | TTT1 | TTT11 | TTT11 | TTT1 | TTT1 | L |_ _ 9 ® E_l_
.. [ ALICE p-Pb collisions 58 measurement c measurement

(T 1.2~ ] O 1.59<y <4.0

[ ALICE YA}, Sy =5.02TeV ® 096<y <0.04 °_ ® _0.96 < Y. < 0.04 cms

In - = 5.0 25
- LHCb E/A;, {syy = 8.16 TeV 018 <y <40 - <Y oms™
0.8 B 8-50<y <-25 ]

I BR uncertainty

Production yield ratio to /\_

< Ratios are compatible at mid, forward and backward

rapidity within the uncertainties

* 1.10 difference at 2-4 GeV/c pr interval

4 5 o6 7 8 9 10 11 12
pT(GeV/C)
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=0/ A+ - : ‘ %
=/l in p-Pb collisions

New on
arXiv! arXiv : 2405.14538
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'_ ALICE p-Pb collisions  —

- ALICE EJD’, (5 =5.02TeV ® -0.96<y_ <0.04 -

I 015 4.0
- LHCb E}/D°, {5 = 8.16 TeV < Y emsS

B -50<y_<-25

I BR uncertainty
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