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Introduction — Quarkonia in AA collisions

b and c quark

* Quark-gluon plasma (QGP) is a state of matter predicted by QCD where quarks and roduction

gluons are deconfined produced in relativistic heavy-ion collisions

* Heavy quarks are produced at the beginning of the collision
=>»experience the entire medium evolution

* Theory predicts that quarkonia, bound states of a c¢ pair or a bb pair,

are dissociated in a QGP because of the color screening and dissociation
Matsui & Satz, Phys. Lett. B 178 (1986{ 416)
Rothkopf, Phys. Rep. 858 (2020) 1-117

Suppression

6 o o ¢ 0
If there are enough quark-antiquark pairs, quarkonium states can be formed, either P ps
at the freeze-out or inside the QGP "9
=>» quarkonium regeneration TR OGP
Braun-Munzinger & Stachel, Phys. Lett. B 490 (2000) 196, Statistical Hadronization Model)
Thews, Schroedter & Rafelski, Phys. Rev. C 63, 054905, Transport Model) Recombination
| | o | | | T NIE¥ L
Different quarkonium properties (binding energies, Debye radius, ...) might lead to @ ® o ®
different behaviors in the QGP 0 - @.
| L S
® O ¢ o
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Introduction — Quarkonia in AA collisions

Inclusive J/y — p*u’
® ALICE, Pb-Pb\s,,=5.02TeV,25<y <4, p. < 8 GeV/c
m ALICE, Pb-Pb \Syn = 2-76 TeV,25<y <4, pT <8 GeV/c

Bl O PHENIX, Au-Au s, =02TeV, 1.2<ly| <2.2,p_> 0 GeV/c ]
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PLB766 (2017) 212 (ALICE), Phys. Rev. C 84 (2011) 054912 (PHENIX)

* The effect of the medium is quantified using the nuclear modification

factor:
dNaa/dy
RAA -
(Neon) X dep/dy

* Raa # 1 = nuclear effects at play

* ALICE and PHENIX observed a clear J/{ suppression at forward rapidity

* Smaller suppression for central events in ALICE despite a collision energy
more than 10 times higher

=>First clear sign of charmonium regeneration

* Quarkonium polarization in AA (as compared to the one in pp) can also
probe regeneration

* In addition, quarkonium polarization (vs Event Plane) can probe initial
stages of HI collisions: impact of strong magnetic field in QGP and large
vorticity
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(®  Introduction — Quarkonia in small systems

ALICE

* Measurements in pp collisions :
* Provide a reference for the measurement in p—Pb and Pb—Pb collisions

* Study of quarkonium production mechanisms: both perturbative (i.e. gq formation) and non-perturbative
(formation of the quarkonium state) QCD processes involved
=>» Measurements of quarkonium production in pp allows to refine QCD based models

* Measurements in p—Pb collisions:

* Investigate cold nuclear matter (CNM) effects (shadowing, coherent parton energy loss,...)
=>»Help the interpretation of the measurements in Pb—Pb collisions

» High multiplicity pp/p—Pb collisions:
* Multiparton interactions may occur and affect heavy flavor production
* Study of collective effects



E Introduction — The ALICE detector

ALICE

ACORDE

* Muon Arm :
* J/U, P(2S), Y(nS) > urw
* Acceptance: 2.5<y<4.0
* Inclusive quarkonia down to p;=0

e Central Barrel:
 J/p>ete
* Acceptance: |y| <0.9
* Inclusive quarkonia down to p;=0

* Separation of prompt and non-prompt J/{
down to very low p;

DIPOLE
MAGNET,

ABSORBER
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Prompt and non-prompt J/U in pp collisions @-N-o

ALICE

JHEP 03 (2022) 190

2 F pp,|\8=5~flJ2 Tev. | | ? ) F | op, (5=502TeV | | ]
. <0.9,L . =19.4nb" +2% | - ALICE, ly| < 0.9, L, = 19.4nb" + 2% - .
3oL amumeewesslg 0 s | MSTRV.
g S GUSIS0R e = BOPE S0 £ % oL B EVI0s bammorr==n 1« Both cross-sections are in good
‘@13:_10-‘:— o Pomptdy | = F =4 NonpromptJy : agreement with ATLAS and CMS
. g ERLIESS i === ] ;
- . SIS i St - measurements in the common pr
B T 1 Ol
L T 4 -2 | |
10”E - nRaco, S = : R 3 range
g , Ma et al. 3 C ’ . .
F MIAQCD CGC, e et R - ~~m | * PromptlJ/{ cross-section described
- B , Cheung et al. mEAELE r = T ely -
1073 [ |NRQCD CS + CO, Butenschoen et al. 3 10_3 L FONLL, M. Cacciari et al. ==l by NRQCD and ICEM models W|th|n
g NlROCD Ikaactolrisation,I LipatO\T etal. | |§ EL | | | 3 uncertainties
© 4 T T T T T . © T T
= = 2 _| .
§ 3F s ‘;5’ 150 | | * Non-prompt J/{ cross-section
I 1 3, B i described by FONLL calculations
B i ] e : . . .
T i O %4 6 & 0 12 1'4V/ 16 * Uncertainties on model calculations
Py (GeVic) Py (GeVic) do not allow to discriminate among
NRQCD CS+CO : Butenschoen et al, Phys. Rev. Lett. 106 (2011) 022003
NRQCD : Ma et al, Phys. Rev. Lett. 106 (2011) 042002 models for prompt J / l])

NRQCD krfactorization : Lipatov et al, Phys. Rev. D 100 no. 11, (2019) 114021
NRQCD + CGC : Ma et al, Phys. Rev. Lett. 113 no. 19, (2014) 192301

ICEM : Cheung et al, Phys. Rev. D 98 no. 11, (2018) 114029

FONLL : Cacciari et al, JHEP 10 (2012) 137
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Inclusive quarkonia in pp collisions Q-N-o

ALICE
arXiv:2109.15240 forward rapidity
} 1_ T . : I , : . I : . . I . . . I . . . | . . . 3 E | I P A § I T TT | L | LI | | E T G | [ T T ‘ LI ‘ | A O [:
b% [ —@— ALICE, pp Vs =5.02 TeV, Inclusive J/y, y(2S),25 <y <4 ] = pp Vs =5.02 TeV, Inclusive Y (x4) (x2)
5 0.9 Ly, =1.23pb" + 1.8%, BRunc. : 7.5% 3 % ALICE (L, = 1.23 pb ™'+ 1.8%) ®Y(1S) eY(2S) @Y (3S)
s F [ ] Uncor. syst. unc. 1 ) CMS (L, =28.0pb™' £2.3%) ©Y(1S) OY(2S) °Y(39)
o 0.8 . © 10°r [u : % 8.8 o
- [ NRQCD (M. Butenschon et al) + FONLL ] : ncor.syst.unc.  BRunc. 2.0% 8.8% 9.6%
0.7 F [ ]ICEM (V.Cheung et al) + FONLL -
0.6 Eoeeee Jhy, y(2S) from B, FONLL (M.Cacciari et al.) ] === o, o e
i : 10°F E
0.5F - r — ==
) - : ——
03f T 3 10¢ E
0.2p" -a- E__¢p‘$'r‘$‘ . - ICEM (V. Cheung et al.) =
T ] [ OYS)4) CIYRS)6@) [IY(3S) ’
is: ] 1= =
0 . P R S NSNS N NN SN SN TN NN NN SN SN (S ST S N S S ] o b b b b b bov i Lo d
0 2 4 6 8 10 12 0 05 1 1.5 2 2.5 3 3.5 4
p; (GeV/c) y

» (2S)-to-J/ cross-section ratio described by NRQCD and ICEM models within uncertainties
* Y(nS) cross-sections as a function of rapidity show a drop-off from a plateau at forward rapidity, as
predicted by ICEM model
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Y polarization in pp collisions O'N'O

Collins-Soper
I
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P (GeV/ce)

Polarization, i.e. the alignment of the particle spin with respect
to a chosen axis, is studied via the polar angle distribution of the
dilepton decay products of the charmonium:

W(0) « Tl/lg (14 29 cos? 6 + A sin? 6 cos 2¢ + Agy sin 26 cos ¢)

First ALICE measurement of Y(1S) polarization in pp collisions
No polarization observed within uncertainties

Results compatible with LHCb measurements
(JHEP 12 (2017) 110)
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% J/U as a function of multiplicity in pp collisions @-N-o

ALICE

New J/Y->uu measurement at forward rapidity
JHEP 06 (2022) 015

2 20IIII[lllllll||||||‘[|||l[!1||Ill'|||||_||||I|||||||l||llIIIIIlI][lIllIIIIlIIIIII||||II]lIIIIIlIIl]IIIIlIllI]Illiz
° Correlations between the J/LIJ ‘é_ .el. ALICE pp, Vs =5.02 TeV } ALICE pp, V5 = 13 Tev 1 ALICE pp. Vs = 13 TeV 7
. . L~ Inclusive J/y - pu'u,25<y <4 [ Inclusive Jly — u'n,25<y<4 Inclusive J/y — e'e, |y | < 0.9
YIe|d and the ChargEd partl(:Ie § 5 6 Mult. Classels: nl<1 g I Mult. classes: [n| <1 ’ 1 Mult. classels:\n <1 g
multiplicity are useful to EE Bt A == pae /] o /
constrain the interplay between | 3|3 Egymse /‘ | Emrvmine /~ | Ermme // ]
hard and soft particle 12t B Peroolation T BB Perodaton b B rorvoion £
production mepchanisms in pp Al E-——Jgr)on:clroncec o ] %S?sziitrglw CGC ’ £~ S gchgz:,}rgncec 1
” - _ggsucm / / _gggucem / : _gggncem ./
collisions o g . /E’ A R
i //{ & Peal
* The normalized J/{ vyield at T ‘ / i
forward rapidity approximatively o | 1
grOWS“near'yasanHCtion Of 0 nlnnlnul..nlnnlnulnnln.: i IRERIERERA RER R FRRNI ARRR1 ARATA NRAT)
the event multiplicity, % I BR o2 e, 12 3 ¥ 8 B9 R 8 M 5 & 7 B
independently of the collision Sx'—gj’) ) ONg /dy | NE ONg /iy |
energy st (AN, /A L AN,/ dm) L

CPP : Kopeliovich et al, Phys. Rev. D 101 no. 5, (2020) 054023 Percolation : Ferreiro et al, Phys. Rev. C 86 (2012) 034903
CGC with ICEM : Ma et al, Phys. Rev. D 98 no. 7, (2018) 074025 EPOS3 : Werner et al, Phys. Rev. C 89 no. 6, (2014) 064903
3-Pomeron CGC : Levin et al, Eur. Phys. J. C 80 no. 6, (2020) 560 PYTHIA 8.2 : Sjéstrand et al, Comput. Phys. Commun. 191 (2015) 159-177

* Models including either initial state effects or both initial and final state effects can describe qualitatively
the data trend and the different behaviour at forward and midrapidity
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P(2S) as a function of charged particle multiplicity
in p—Pb collisions

ALICE
Pb-going, -4.46<ycus<-2.96 p-going, 2.03<y¢us<3.53
5§ [T g [T arXiv:2204.10253v1
o e fe e 1 o poee foesee — . ..
3[E [ ey 3 [V * The self-normalized (2S) yield increases
3R o[ lmmmrem 1 3B e lEa . with an approximately linear trend, with the
r i slope close to unity
4- o B 4,7 7 ] H
; ﬁp ; )y * The results can be described by models
2r /.;,,.,FE#“"” ] 2 g P § within uncertainties (those on the models
v [ AL wrom e are due to EPS09 nPDFs uncertainties)
% 2 T4 6 % 2 4« &
chh / dn NSD chh / d’l NSD
AN,/ dn) Ly« (dN, / dn) |w|<1
. 2 SN l * The normalized {(2S)-to-J/Y ratio is
Bl P compatible with unity as a function of
SIS 1 E[3n charged particle multiplicity
<= =>Similar multiplicity dependence for )(2S)
; Al and J/{ states
e \250_5; ALICE, p-Pb \/s*NN=s.1sTev,: E §0_5; ALICE, p-Pb \/sT,N=8.16Tev,: * Data.is Comanble with comover model
SN L e - 1S L dwves-w oo ] predictions within uncertainties
F A8 < Y g <2 Comover r 03 < Yoy <35 omover
oL e . ol (Ferreiro, Phys. Lett. B 749 (2015) 98—103)
0 2 4 6 0 2 4 6
AN, /dy N0 ANy, /dn
(AN, 7 dn) | (AN, / dn) Lyt
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J/Ll) Rpr at \/SNN = 5.02 TeV

ALICE
midrapidity £, ,F7 T T T T T T
JHEP 06 (2022) 011 s AL el 15723 <043 5
1‘4:_I ATLAS prompt J/y, 2<y <15 —:
12F =
e Ny bt 1
pPb (Nco1)xdNpp/dy 08f 3
I ) ) ) _ a6 p-Pb, {5y = 5.02 TeV 3
* Similar Rypp, for prompt and inclusive J/, with a clear suppression E oS 16 reweight (Lansberg ot o) E
for pr< 3 GeV/c 0‘25_ — i b E
. . . ' E [ ] Energy loss + EPS09 NLO (Arleo et al.) E
 Results for non-prompt J/ indicate a smaller suppression gompared e T T
to prompt J/Y, as well as no p; dependence within uncertainties p, (GeVic)
o 16 RS LD AL LN R L AL ER L BLE L
* ALICE data is compatible with ATLAS for p; > 8 GeV/c o ,F p-Pb, (s =5.02 TeV k
(Eur. Phys. J. C78 no. 3, (2018) 171) ]
1.2 ]

* Theoretical calculations, including various combinations of cold
nuclear matter effects, reproduce the data within uncertainties

04/07/2022

Energy Loss : Arleo et al, J. High Energ. Phys. 05 (2013) 155

EPPS16 & nCTEQ15 reweight : Lansberg et al, Phys. Rev. Lett. 121 no. 5, (2018) 052004
EPP16+ FONLL : Eskola et al, Eur. Phys. J. C 77 no. 3, (2017) 163

o o o
o = D e¢] oy
o_lIl|IIIIIII[IIIIIIIEFIIIIIIIIIII

o
N
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® ALICE, -1.37<y <043 ]
m ATLAS,-2<y<15 ]
FONLL + EPPS16 2
non—prompt J/l]l EPPS16 reweight (Lansberg et al.) _:
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Ll)(ZS) in Pb—Pb at \VSNN — 5.02 TeV

* As a function of py, increasing trend of the J/{ and {(2S) Ra, at low py & ,F P fesoerey T

CMS, |y |<1.6,0-100% -

= indication of recombination F ALICE, 25<y, <4, 090% (EPJC7§T§018)509)
1.2 A" (JHEP.20.02 (2020) 041) e Jy -
e ALICE and CMS results in good agreement at high p; in the overlapping (ES ves) freimnam) ves) '
range, in spite of the different rapidity coverage osl 1
oo RGPty o b w1 b(25) shows a stronger suppression os :

Pb-Pb, {5y, =5.02 TeV, 25 <y__ 5 than the J/ in all centralities 04f

TAMU SHMc .

C Oy —dy @ J/\p,0.3<pT<8GeV/c(PLB766(2017)212) ] e llJ(ZS) RAA doeS not ShOW any trend 02:

1_25. [Ow(@S) —w(2S) e ¥(28),03 < p < 12GeVic - -

: ' as a function of centrality within N T T T S
. 4 0 5 10 15 20 25 30
the current uncertainties p_ (GeVic)

1.4

* Transport Model (TM) is in good agreement with results as a function
: of pr and centrality
ol o oL oo o Ld o SHVIc model tends to underestimate data in central collisions

Nea e In SHMc, charmonia are produced from deconfined charm quarks at
A e rort v 16 130855 the QCD phase boundary whereas TM includes recombination in the

QGP phase
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Prompt and non-prompt J/U in Pb—Pb
at AVSNN = 5.02 TeV

Q::E 23_ ALI(l:E Prelin|1inary | | | . . . . .
1 g Pb-Pb. syy=5.02TeV, 1.5 < p, < 10 GeVie 1 Similar suppression for prompt and non-prompt J/{ in peripheral
1.6V e M<09 4 and semi-central collisions
145 e Prompt J/y E
121:@ 7777777777777777777777 ~Nonpromptdry 2 * Non prompt J/y are more suppressed than prompt J/ in central
0.8 0 0 E__ collisions, prompt J/U are less suppressed at low p; than at higher
0.6 DE pr (and even enhanced at low py)
i 7 =>indication of recombination
0™~"56" 400 150 200 250 300 350
(N . : .
part * Prompt J/ data is compatible with SHMc
= 25;'AL.'ae'ér‘eii.;'i.{a‘r{,”"”""”""”"”‘; & 2‘§§_"AL'.éé;=;e'.i'm'i'n;r'y'"""""""‘”'"""_5 model at low pr and with a model
18ERY Prampte. o O, - .02 Te, 0-10% E 185 “TPRCE e 0 = including quarkonium dissociation at high-
1.6 — 16 ¥ CMS, Jiy — py, ly| < 2.4 (EPJC 78 (2018) 509) -
1:iH : 2";/'1_8/\;/1’/; i ﬁ‘le;ingE:Jés7§?;§:;03;2) :g :Z% ) XATIZT_lch::\A‘Zn;::.;J&V.lo:i: E)EF:J:';%\ZTQ:j\)/:zzoz.ooms):% p T
OQ_EE """""" e = il SueEE ., T3« Non-prompt J/\ data is compatible with
y3 : 3 e = models implementing beauty quark
3 3 0.20;* 57901520 2530 35 Eo energy loss at hlgh Pr
pi(Gevio) L 101’; ;izv)/c) « ALICE data is compatible with ATLAS and
Vitev et al: arXiv:1906.04186,arXiv:1709.02372 ET: Shi et al, Chinese Phys. C 43 044 . .
SHMc: Andronilcvet al, JIHEPO7 (2012‘/1) 035 Djordjevic et al: arxiv:2110.01544 CMS in the ove rlapplng pr range
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J/U polarization in Pb—Pb as a function of Event Plane

ALICE
J Y — e I arXiv:2204.10171v1
1 ALICE Pb-Pb ﬁ 5,02 TeV. ] . . .
04 Inclusive Jiy - w ; * Polarization of quarkonia may be altered by the QGP’s strong
03 2<p<6GeVic,25<y<4 ] magnetic fields and large vorticity
0.2F ]
: _ﬁ]_—*— : . . : 1
o E * Polarization studied with : W (0) « i (1 + Ag cos? 0)
: 6
e
o1l + Stat uncert ] * The direction perpendicular to the event plane of the collision used as
ook D uncert Eventplane the polarization axis
0 10 20 30 40 50 60 70 80 90 100
Centrality (%)
£ 06 TAUCE o T 502 Tow ]  As a function of centrality, a significant non-zero polarization is found
0.5F » PO NN = O 3 . . . .
o4l Inclusive Jy w25 <y <4 ; from central collisions to the centrality interval 40—-60%
0.32—
0.2F H
0.1 —#— ] * The results as a function of pr may indicate that the deviation from
ok ; zero is larger at small transverse momentum
o2k b 20w oo planeé = indication that effects at play in the early stages of the collision
] contribute less to the polarization, but lack of theoretical predictions

P, (GeV/c)
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% Conclusion and outlook

ALICE

* A wide variety of new quarkonium results by ALICE:
» Quarkonium cross-sections in pp collisions is well described by models within uncertainties

» Similar multiplicity dependence for J/ and {(2S) state in p—Pb collisions. Within the experimental uncertainties, the
comover models which predicts a Y(2S)-to-J/U ratio below unity at large multiplicities, is still compatible with data

» J/ and Y(2S) R, in Pb—Pb collisions show an enhancement at low-p;, indicating recombination for prompt charmonia,
compatible with model predictions

» Significant J/ polarization w.r.t the event plane observed in central Pb—Pb collisions

* Prospects for Run 3 and 4 (first physics collisions of Run 3 this week) :
* Significantly higher statistics compared to Run 1 and 2 expected (L;,= 10 nb* in Pb—Pb, 200 pb in pp)
* New MFT at forward rapidity will enable the separation of prompt and non-prompt charmonia
* Improved tracking and vertexing capabilities at midrapidity thanks to the upgraded ITS

* Relevant improvement expected for all current quarkonium measurements and new observables wil|
become accessible (prompt/non-prompt charmonium elliptic flow, improved precision on (2S)
measurement in Pb—Pb, measurement of . at midrapidity, double quarkonium/HF production via
correlations at mid and forward rapidities ;l’

THANK YOU FOR YOUR ATTENTION !



04/07/2022

BACK-UP

Victor Feuillard - Overview of quarkonium production with
ALICE - QCD22

16



% Introduction - Quarkonia

Pre-equilibrium : multiple QGP Formation and rapid Temperature decrease:
interaction leading to an increase expansion quarks are confined in
of the temperature hadrons

b and c production

Freeze-out: particles stop
interacting with each other
and continue to travel

» Because of their large mass, heavy quarks are produced at the beginning of the collision

* They face all the medium evolution and are affected by it
=>» Measurement of the particle production can provide information on the QGP properties
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ALICE

Prompt and non-prompt J/U in pp collisions Q-N-o

model / data

JHEP 03 (2022) 190

10E L L B BB ALES LIS | — 1€ '|"'|"'|"w~'"':At13TeV:
E 3 ) C _ ] H
- ALCEpp1s=13TeV | 3 i . e s 1 * Prompt J/ cross-section
1= e A A B O] ¢PE Loy = 322007+ 1.6% I described by NRQCD models
: Ly=322nb"+16% 3 3§ i o] i ithi -
- G, 1 = 10 4 ; within uncertainties
E 1 9 N L [— — i .
- 1 °ls ~ | Non-prompt J/ cross-section
107 BINRQCD, Mz of sl — - I | described by FONLL
= NRQCD + CGC, Ma et al. . 10_2 | |
L [ZZ]ICEM, Cheung et al. i E ﬁz 3 1
10—3 L NRQCD CS + CO, Butenschoen et al. _ E FONLL, M. Cacciari et al. ] CaICUIat|OnS
E NRQCD k; factorisation, Lipatov et al. 3 - | | | | | .
Cov v lv v b b v b vy O ©
: . : : : : g oF ]
41— — =~ 1.5 —
% 1 [Ejj ¢ %1 [ I + ] —
2r . S 050 -
i S Oo 2 4 6 8 10 12 14 16
0 2 4 6 8 10 12 14 16
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Prompt and non-prompt J/U in pp collisions Q-N-o

JHEP 03 (2022) 190

[ L L L B 3‘IITI'IIIIIIITI'ITII'!II\III!

bf:i 14;— P.rormt éJF/EW p,>0 s op, 15 = 13 TeV—: g - Non-prompt Jiy, p_ > 0 o, 15 = 13 TeV At 13 TeV : . N
S s -~ ICE Chaung e ™ 1 S50 & how 1 = Asafunction of rapidity, models are
: : : FONLL M. Cassarietal. ] compatible within uncertainties with
1or E 2f g ALICE and LHCb measurements.
TR o R — - -
6 5 ] i =1, 1 The I'f]rge_uncertalntl.es prevent from
- B 1 n . drawing firm conclusions
4r- _ . r ] ]
2:_ open points: reflected _: 0.55_ ALIGE extr-une. = E
e L e R S R
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ALICE

Inclusive Quarkonia in pp collisions

0

d?c/dp_dy (ub/(GeV/c))

=

107

—51\|‘Jll|\l||1|\|l
105" 24 6 8

-

®
107'¢

arXiv:2109.15240

* New measurement of the inclusive quarkonia in pp collisions at 5 TeV at forward rapidity

7\I‘\I\l\lll\l\ll\l‘l\\‘!\I‘\l\l\lll\l!
- —— ALICE, pp Vs = 5.02 TeV, Inclusive J/y, 2.5 < y < 4

; . [ ]Uncor. syst. unc. 7
L, =1.23 pb”" £ 1.8%, BR unc.: 0.6% 1

N

-
B ]

e - =

= _._ =
-

————
g [ JNRQCD (Y-Q. Ma et al) + FONLL

" BINRQCD+CGC (Y-Q. Ma et al) + FONLL
E DNROCD (M. Butenschon et al.) + FONLL E

= [[Juny from B, FONLL (M. Cacciari et af.)

11 ‘ 111 J 111 ‘ T | | | - | | | . | l‘
10 12 14 16 18 20
P, (GeV/c)
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d?s/dp_dy (ub/(GeV/c))

107°

10

LI Y N L R N L B B

Fe ALICE, pp Vs = 5.02 TeV, Inclusive y(2S), 2.5 < y < 4 ]
I L, =123 pb"+1.8%, BRunc. : 7.5% |
[JUncor. syst. unc.

[ INRQCD (Y-Q.Ma et al) + FONLL

- RYINRQCD+CGC (Y-Q.Ma et al) + FONLL

3 DNROCD (M. Butenschon et al.) + FONLL

- [Jw(2S) from B, FONLL (M.Cacciari et al)
L

2 4 6 8

p; (GeV/c)

J/U cross-section described by
NRQCDmodels within
uncertainties

Non-prompt J/ cross-section
described by FONLL
calculations
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Prompt and non-prompt J/U in pp collisions Q-N-o

JHEP 03 (2022) 190

* The beauty quark production cross section at mid rapidity can be extrapolated from the non-
prompt J/ cross-section

T T IlIIIlI T T Illllll T

] .  The computed cross-section is compatible with other ALICE
mmmm ALICE extr. unc.

measurements.

T Illlllll

| Illlllll

* Results are compatible with model calculations

T T |l|||||
\\\\
1 | IIIIIII

//w FONLL, M. Cacciari et al.

g NNLO, S. Catani et al.
5

/" @ ALICEpp, ly| <09
O ALICE pp, ly| < 0.9 (average)
4 4 ALICE pp, ly| < 0.8 (PLB 763, 507 (2016))
m ALICE pp, ly| < 0.8 (PLB 763, 507 (2016))
¢ CDF pp, ly| < 0.6 (PRD 71, 032001 (2005))
* UA1 pp, ly| < 1.5 (PLB 256, 121 (1991))
o PHENIX pp, |y| < 0.35 (PRL 103, 082002 (2009)) |

| IIIIII|

T lIIllIIl

Dielectrons, |y| < 0.5: * PYTHIA © POWEG

-1
107 E pp, \s = 13 TeV (PLB 788 505 (2019))

u pp, \s = 7 TeV (JHEP 064 1809 (2018))

N pp, \s = 5.02 TeV (PRC 102 055204 (2020))

| IIIIIII| | IIlIIIl| |

IIIIII|

107" 1 10
s (TeV)
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J/U as a function of multiplicity in pp collisions @-N-o

ALICE
JHEP 06 (2022) 015 33 ALICIlEppIIIII'
e [ Inclusive J/ly — p*p,25<y <4 ]
:52 20_— Mult. classes: || < 1 .
. . T|T i * {s=502TeV (INEL>0) :
* At forward rapidity same linear close to 1 trend (sl 4 FrTTevoEy $ ~
. . . ': ® ys=13TeV (INEL>0) ‘.
observed in different energies [ Inclusive Jiy - e%e’, Iy | < 0.9

10' ¢ Vs =13 TeV (INEL > 0, SPD) Hi ]
I Vs = 13 TeV (INEL > 0, VO) Bf ]
. : : : @  omoT ]
* At forward rapidity there is no faster than linear 5F o e % ]
increased as is the case at mid-rapidity M _f_.“'-*’g"' ]
il APETETETS IR AT S AT ST AN B AT AT AT APET AT SN ATSTATET S AR A
00 1 2 3 4 5 6 7 8

dN_, /dn

@N_7dnp
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Charmonium Qp, at 1/SNN

38.16 TeV

ALICE
A L B L B DL LI B
= | ALICE, p—Pb W:SJGT V, Inclusive J/y, y(2S) — pu'y |

JHEP 02 (2021) 002 S [omey, <ashpmovic ]

iy Transport Model (Du and Rapp) "\ J/y y(2S) ]

° Q — dNPbe/dy : Comovers + EPS09LO (Ferreiro)  J/y y(2S)

pPb NCOHXdep/dy 151 EPS09SNLO + CEM (Vogtetal) =~ Jiy 1= w(2S) .

* At forward rapidity, the Qp, is similar for the {(2S) and the s
J/P. ;

0.5? 1

* At backward rapidity, a systematically stronger suppression of : 5
the (2S) relative to the J/Y is observed N S S S S N 12‘</Iv|1>4

-02'5"'N"‘I"'I"'I'"["'N"'
O% [ ALICE, p—Pb \sy, = 8.16 TeV, Inclusive J/y, y(2S) — w'n- ]
« EPS09s NLO + CEM calculations fail to describe {(2S) behavior e o o v ]
. | Comovers + EPS09LO (Ferreiro)  J/ 2S)

* Transport Model describes both J/{ and (25) at forward but JSE ErsoseiLG oLH (i5getal Yy BEVES)
overestimate (2S) suppression in peripheral collisions at ; < 5
backward rapidity T %t

* Comovers + EPSO9LO model describes well the stronger °5F s ¥ .

04/07/2022

suppression of the (2S) suppression at backward rapidity

o J/y

0 2 4 6 8
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Upsilon at \/syy = 5.02 TeV

ALICE
T 120 Pb-Pb {5~ 5.02TeV, 25< y <40 4 Phys. Lett. B822 (2021) 136579
,,,,,, A L'CEWS’T(?S)‘ , _
S Dhdogemcs (M) The suppression of Y(1S) production gets stronger towards more
res)  ZETIT central collisions
N E
b M . . . S .
oo FNITn. == * The Ry, of Y(1S) is compatible with unity in the most peripheral
by e ] interval and decreases to a plateau ~0.32 for N, > 200
0 50 100 150 200 250 30 350 400>
5(1.2;""\';“\"':'1.‘"'\""‘\<"‘<‘|. ““““ \; .
| iﬁ,g’;ﬁg?“ YV@;” 40 _______________ ‘  The R, 0f Y(2S) is smaller by about a factor 2—3
: N Transport model ]
0.8 [l %, Y(1S)  with 77 without regeneration 7
i ,//\\ Y(2S) I with ZZwithout regeneration 1
Ly Coupled Bolzmamn eavatons | o The different models reproduce the trend of the data within
A .. ~ uncertainties.
:
o(; ]
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Upsilon at \/syy = 5.02 TeV

ALICE
& 121 ALIGE (0-80% p, < 15 GeVic) + T(1S) = T(25) Phys. Lett. B 822 (2021) 136579
- CMS (0-100%, p_ < 30 GeV/c)  Y(1S) = Y(25) 7
L =
- Pb-Pb \s,=5.02 TeV Hydrodynamics .
0.8 C ::::E:;4n n/s=3 7 . L. ..
i Syl o ] * The Y(1S) Ry, as a function of rapidity combining
" A ALICE and CMS measurements indicates a plateau
04 between0<y< 3
020 s e . e
0_ 11
* The decrease at forward rapidity seems not to be
s [T . described by models
® 1.2~ ALICE (0-90%, p_ < 15 GeV/c) * Y(18) = ¥(2S) —
©  CMS (0-100%, p, < 30 GeV/c) « Y(1S) = Y(25)
L =
- Pb-Pb s,y =5.02 TeV :
L CouE)1IeSc)| Boltzn(gg? equations E i The Y(ZS) RAA |S |ndependent Of rap|d|ty W|th|n
C WY =r ] .
06— ] uncertainties
04 ;Eﬂl—ﬁ ¢ =t * ! %@%’;__
02F ——
S e S—(—
) Sl B A T T e i P
o 05 1 15 2 25 3 35 4
y
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