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Heavy flavour production
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initial state parton pQCD partonic hadronization by P
distribution function cross section fragmentation

* pQCD models based on factorization approach use fragmentation functions

measured in €7e” collisions considering them universal

 Charm baryons essential for total charm cross section and fragmentation fraction (FF)
measurements

* Ratios of particle species: baryon-to-meson, baryon-to-baryon

* Sensitive to HF quark hadronization

Tiantian Cheng, CCNU ISMD2021 July. 12, 2021 p




ALICE detector G

Inner Tracking System
(ITS)

s ®  Tracking
= Vertex
reconstruction

- n v v
- - - (
X = y >
- -
: ’ illll” |:l'

* Event trigger _

— -

=
-
- v U
/ ‘-.
-~
v el
\ -
|
~ \
-

< T

Track reconstruction Time of F“ght_(TOF)
= PID (dE/dx) PID (time-of-flight)

Tiantian Cheng, CCNU ISMD2021 July. 12. 2021 3




Charm-hadron reconstruction
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D mesons

* The pr-differential production cross sections of D mesons compared to model predictions

* Prompt D mesons: on the upper edge of the FONLL uncertainty band

* Non-prompt D mesons: agreement with the central value of FONLL+ PYTHIA 8 Decayer
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https://arxiv.org/abs/2102.13601

Charm and beauty fragmentation to meson ot

* Fragmentation fraction ratios for charm and beauty mesons compatible

* No significant dependence on energy and collision system
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Charm-baryons: A;

ot

. AC/DO in pp collisions at 5.02 TeV compared with models that enhance the baryon formation
* PYTHIA 8 with CR beyond leading color approximation (Mode 0, Mode 2, Mode3)

* Catania with coalescence + fragmentation
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: statistical hadronization model (SHI) approach
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* HERWIG 7 with hadronizationn implemented via clusters
* OWGHEG matched to PYTHIA 6 to generate parton shower

« GM-VFNS pQCD calculation: same choice of pQCD scales for Al and DY
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Charm baryon-to-meson ratio shows clear

pt dependence and is larger than e"e™
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https://arxiv.org/abs/2011.06079

Charm-baryons:

0,4+
ZC

o« 3)+/DVand AF( « ZVtH)/AT in pp collisions at 13 TeV
o 30*/DY partially accounts for the A2/D enhancement in pp collisions
o 2)++/DY is well described by

o AT( « Z2tH)/AY is overestimated by CR modes
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and QCM

arXiv: 1206.082/8
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https://arxiv.org/abs/2106.08278

. = 0
Charm-baryons: E." & €2

« Z2/DY, (BR x QY)/D° in pp collisions at 13 TeV
*PYTHIA 8: even with enhanced CR tunes, still underestimate the data

o Coalescence models: largest ) enhancement
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https://arxiv.org/abs/2105.05187

Charm fragmentation fractions

 Now enable to measure charm FF and charm total cross section

» DY and D* measured down to p; = 0
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included for the first time Fragmentation fraction f(c — H_) NOT universal
HO o o , o e o
1 Ne [T Skl lo Il I RHL T [V [ RS — Sisnificant baryon enhancement in pp collisions
i | | | | |
I = ALICE, pp, Vs =5.02 TeV ] H. f(C — H)[%]
_ + B factories, e'e”, Vs = 10.5 GeV _
i +LEP, e'e”, Vs = m, ) DY 39.1+ 1.7(stat)+2 5(syst)
i e HERA, ep, DIS _ 117
24 o HERA, ep, PHP _ Dt  17.341.8(stat)",;(syst)
: : D  7.341.0(stat) {7 (syst)
Bk - AT 20.441.3(stat) )5 (syst)
i & . #* - 20 8.041.2(stat) 22 (syst)
I ; P T g A
% . [ — D*t  15.54+ 1.2(stat) " 5(syst)
| | | |
p° D' D A} = D¢ » Sum of FFs add up to unity, not counting here D", which feeds into D, D*
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Charm total production cross section ot

arXiv: 2105.06335

f%m " ) 7 * First measurement total charm cross section in pp
AT IS 20 ] ars.02Tev
> F o = do/dy | — 1165 =+ 44(stat.) 34 (syst.) ub
- -+ STAR - - y|<0.5 ~101
3 - /// 1 * Results previously published in pp @2.76 and 7 TeV from D
\ mesons

2
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-
\
\
\

updated with fragmentation fractions from 5.02 TeV analysis

- // - * 40% higher (Ep@2.76TeV JHEP 07 (2012) 191
- // - op@7 TeV EP|C 77 no. 8, (2017) 550)
FONLL - |
* Results on upper edge of FONLL and NNLO calculations
10 NNLO —
:I I I I | | | I || | | | [ 1 11 || :
4x10° 107'2x10™" 1T 2 34 10 FONLL (JHEP 1210 (2012) 137)

Vs (TeV) NNLP PRL 118 (2017), JHEP 03 (2021) 029
PHENIX Phys. Rev. C 84 (201 1) 044905
STAR  Phys. Rev. D 86 (2012) 072013

Tiantian Cheng, CCNU ISMD2021 July. 12. 2021 11
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Baryon-to-meson ratio in p-Pb and A R ph e

* First measurement of A7 down to p = 0 in p-Pb collisions
« AT/D:larger in mid-p; and lower in pr < 2 GeV/c in p-Pb collisions w.r.t. pp collisions
* R pp(AJ): systematically above unity in pp > 2 GeV/c

but significant suppression in pp < 2 GeV/c

= Possible modification due to radial flow or hadronization mechanism?
arXiv: 2011.06079
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Ty i T
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(EPJC 77 no.3,(2017) 163) 0.2 ; - 0_42:5- lzc.i)ari/ons ) _ﬂ_ BPOWHEGPYTHIAG oD (A, -
PyTHIAG [ INEW, 1 ,.E A% Preliminary k3  POWLANG with HTL transport -
(JHEP 09 (2007) |26) 0 _||||||||||||||||||||||||||||||||||||||||||||lll_ ' - (extrapolated pp reference) I EE I I coeffic:ents (chlarmed h?drons) .
P03 nlelae 0 2 4 6 81012141618202224 ° 2 4 6 8 012 > 4 6 8 10 12
! (2016) 123) p_ (GeV/c) p_ (GeVic) p. (GeV/c)

Tiantian Cheng, CCNU ISMD2021 July. 12. 2021 12



https://arxiv.org/abs/2011.06079

Summary

Z(C),++’ =(,+ QO

* First measurement of production cross section in pp at |13 TeV

* First measurement of A” down to p; = 0 in p-Pb at 5.02 TeV at the LHC

» Large enhancement of all charm-baryon production in pp collisions than e"e™ collisions
* Charm fragmentation fractions are NOT universal

* Total charm cross section in pp@ 5.02 TeV using all measured charm hadron states

* ALICE upgrade for Run3/4 will offer the opportunity to further investigate the

charm-baryon production

Tiantian Cheng, CCNU ISMD2021 July. 12. 2021
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Summary

0

» First measurement of X0+ B0+ QF

prodr action in pp at 13 TeV
* First measurement of A” down to p; = . . "at the LHC

* Large enhancement of all charn- n e"e” collisions

4

..‘/

e Total charm cross section 1 .1adron states

THANK You!

* ALICE upgrade for Run3/4 will offer . investigate the

* Charm fragmentation fractir

charm-baryon production
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ALICE

Additional Slides




Charm FF ine™e™ & ep

Eur. Phys. ], C76 (2016) no.7, 397

B Combinaton * In 2015, only LHCb A measurement available at LHC
v e'e Zdecays
—ceee for charm baryons
05 e Consistent with e*e™ - - - FF universal
0.5
o4 » Caveat

* No measurement of 6(2.), 6(E.), and o6(£2,)

Charm fragmentation fractions
o
w

* But now we have all of them in ALICE
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Charm H_/D" ratios

ot

PYTHIA 8 with different tunes similar for D mesons and describe measurements within uncertainties
Large effect found in PYTHIA 8 CR-BLC for charm baryons formation

SHM for charm mesons: small variations with two T and consistent with measurements

SHM for charm baryons: significant variations with two T and large variations with RQM
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arXiv: 2105.06335

* ALICE, pp, \s = 5.02 TeV

PYTHIA 8: JHEP 08 (2015) 003
—— Monash 2013
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arXiv: 2105.06335

= ALICE, pp, (s = 5.02 TeV

SHM: Phys. Lett. B 795 (2019) 117-121
------- PDG, T, = 160 MeV
------------- RQM, T, = 160 MeV
--- PDG, T, = 170 MeV
—— RQM, T, = 170 MeV
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Charm-baryon Z)+ & QY

o« Z)/AT, BOT/Z0+H (BR x QY)/DY in pp collisions at 13 TeV
o OO and describe the magnitude
* First measurement of charm baryon-to-baryon yield ratios at the LHC

» Similar enhancement for 2% and T, further enhancement for QY w.r.t ete™ collisions
arXiv: 1205.05187

O U ] s LI B S L R I S =

© = ALICE EYAL et W - ALIGE Preliminary PYTHIA 8 .

c [ ppVs=13TeV paa . ] 2 " pp, Vs=13TeV, |y <0.5 -~ MonashxBR 1

Q - |y| < 0.5 PYTHIA 8 Monash — 1 1l e Data CR-BLC ’

- V! PYTHIA 8 Mode 2 e s % 10 E  Catania (coal.+fragm.) x BR Mode 2xBR =
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(EPJC 74 (2014) 3024) CID . 2 BR unc. QCM e - IL, | --- QCM x BR NeW -

PYTHIA 8 CR Modes(0,2,3) & [ SMWRQM 22727771 G102k . E

(HEP 08 (2015)003) S [ FH—r = ——— %o : = 5

o < [ _

(PLB 795 (2019) 117-121) @ T ARG E NI Te i S _
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(arXiv: 2012.12001) ////_-._ t g - i i
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* BR(Q! - z7Q™) = (0.51 £ 0.07) % theoretical calculation ( EPJC 80, 1006(2020))
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HF baryon enhancement mechanism

* PYTHIA 8 with Colour Reconnection (CR) tunes JHEP 08 (2015) 003
* Colour reconnection mode with QCD SU(3) topology weights + string-length minimization
* Junction connection topologies enhance baryon formation

* Mode parameters: string reconnection, connection causality of dipoles, time dilation

No CR Old CR New CR
' (@) (%) &
ON> N0 D@ ©
° Partons Created in different MPIS * CR allowed between Partons fl’om different ° Minimization Of the string Iength over
do not interact MPIs to minimize string length all possible configuration
e Used in Monash tune  Enhancement of hadrons

e Used in CR mode X tunes
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HF baryon enhancement mechanism ot

» Statistical Hadronization Model (SHM) + additional baryon states ris 795 (2019) 117-121
« PDG:5 A (I=0),3 =_(I=1),8 E.(I=1/2),2 Q. (I=0)
* RQM (Relativistic Quark Model):Add 18 A_,42 2,62 E _, 34 €2, PRD84(2011) 014025

* Quark Recombination Mechanism (QCM) Eerjc 78 no.4 (2018) 344

* Combination of charm quarks with co-moving light quarks

 Catania model arxiv:2012.12001
* Coalescence process of heavy quarks with light quark based on the Winger
formalism + fragmentation process

* Blast wave parametrization for light quarks spectra, FONLL calculation for heavy quarks spectra
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Charmed baryons

Particle Valence quarks
AT 2.286 udc
28’++ 2.455 ddc, uuc
= 2.467 usc
C
=0 2.47 dsc
C
0 2.695
Qc SSC
E;'“" 3.621 ele
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