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Introduction

S. Bass

Initial conditions Partonic matter — QGP Kinetic freeze-out

Tracks in detector

Initial hard interactions Hadronization and chemical freeze-out

&> Pb-Pb collisions

&d Partonic degree of freedom, hot QCD matter
&> p-Pb collisions

&d CNM effect, hadronic process, link pp to Pb-Pb
&> p-p collisions

&d Test pQCD, fragmentation and hadronization, reference for HI
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Outline

{> Heavy-ion collisions for hot QCD matter
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Identified hadrons in Xe-Xe and Pb-Pb

& p/n ratio at fixed py: sensitive to radial flow

&d Ratio in Xe—Xe consistent with Pb—Pb for similar Nch-
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10< P 1.1 GeV/c (full symbols)
3.2< (L 3.4 GeV/c (empty symbols)

<& Elliptic flow v, vs. multiplicity 03
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ALICE EPJC 81 (2021) 584
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Light and strange hadrons in Pb-Pb

0-10% | 10-20% ALICE

<> More suppression in more central L 15 Pb-Pb |y = 5.02 TeV
i o'+

= K+ K

¢pt+p

K*

collisions.

<& Similar suppression level for all
particles at high p-.

- medium does not modify
particle composition in the light

quark sector.

<& Difference at low pr.

- radial flow and rescatterings.

—r T T T T T T T

ALICE arXiv: 2106.13113
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A Polarization in Pb-Pb

<& Longitudinal polarization:

(PzSin(2¢ — 2‘{12»

~ S. A. Voloshin,
EPJ Web Conf.
171 07002 (2018)

<& Signal similar at STAR & ALICE

<& Evidence of a significant hyperon polarization
along the beam direction due to elliptic flow
induced vorticity

ALICE arXiv: 2107.11183
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- Pb-Pb \s, =5.02 TeV 30-50%
[ ® ALICE(A+R)

| == AMPT + MUSIC (S quark) "
- == AMPT + MUSIC (A)

™ Au-Au |s,, = 200 GeV 20-60% n ®
L+ STAR x 0.856 (A + A) I*I I

I~ STAR, PRL, 123, 132301 (2019)

x10°_

- Pb-Pb |5, =5.02 TeV 30-50% Au-Au |5, = 200 GeV 20-60%
[ ®ALICE(A+]) % STAR x 0.856 (A + A) ]

- =AMPT + MUSIC (S quark)  STAR, PRL, 123, 132301 (2019) -
- == AMPT + MUSIC (A) i




Spin alignment of vector mesons in Pb-Pb

&> Large angular momentum L in non-central collisions

= | !
Y L
- spinning QGP (~102?" revolutions per second) 0.6/~ Pb-Pb, VSnn

I
=2.76 TeV  ALICE —

Event plane ly| < 0.5
0.5 @K™, 10-50 % -
11 Kg, 20-40 %

Poy= 1/3
0.4

0.3

pp, Vs =13 TeV
Proguction plane
oK™

0.2
&> Spin-orbit interactions expected to polarize quarks

If quarks recombine to produce vector mesons, spin
alignment could appear

0.1

&> Measurement using K°—Kr decays shows a 3¢ effect P; (GeV/c)

at low momentum. While it is not seen for K.°
ALICE PRL 125, 012301 (2020)
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K-p strong interaction in Pb-Pb

—~~ T T T T I T T T T I T T T T l T T —_~ | I
£ 1.5- - X [ ‘
% | [@]ALICE O Borasoy et al. | o | ALICE Pb-Pb |s = 5.02 TeV
; <~ SIDDHARTA O Ikeda et al. | 1.2+ _ _]
lkeda et al. x Livetal. ] <L ——Kp ® pK’, 30-40% ]
[(B]ltoetal. B Martin - \ — - SIDDHARTA ~—— Borasoy et al.
¢¢ Hoshino et al. b - sl apaw .
1_ ] | eda et al. Liu et al.
i + | 1.1 -== Ito etal. — - Ikeda et al.
B =} r W = Hoshino et al.
L O &l “““ Martin
0.5 ]
0.9 ) Ry, =5.2.£0.11(stat) *(syst) fm |
1 1 1 1 | 1 1 1 L | 1 1 1 1 ] L 1 1 1 1 l 1 1 1 1 l 1 }
-1.5 -1 -0.5 0 0 50 100
R £, (fm) k* (MeV/c)

ALICE PLB 822 (2021) 136708

<> Significant strong interaction between kaon and proton in Pb-Pb at 5.02 TeV.
<> The scattering length between kaon and proton is around 1 fm via a Lednicky—Lyuboshitz fit.

More in Qiye Shou' talk @ Sat. morning session
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‘OL" ALICE
16 Pb-Pb, {sy,=5.02TeV  + 0-10% 30-50%
- Average D", D", D * 60-80% * p-Pb
1.4 |y|<05

Heavy flavor R,, in Pb-Pb
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5 10 15 20 25 30 35 40 45 50
P, (GeV/c)

ALICE arXiv: 2110.09420

é 1 .4 T T T T | T T T T T T T T | T T T T | T T T T I ]
i ALICE <05 ]
12 Pb—Pb, s, = 5.02 TeV ]
Centrality 0-10% ]
] 0000000000000000000000000 SRRSO l__
. Average D°, D", D** i
. nt _
0.8 o Charged particles ~
o Jhy, 0-20%, |y| < 0.9 ]
0.6 0 Prompt Jiy, ly| < 2.4, CMS —
o Non-prompt J/y, |y| < 2.4, CMS ]
04 ! ﬂﬁ.‘ﬁ"ﬂ_—n—'—ﬂ—— f} =3 # __
0.2 dai, uj2 ]
®egsem™ B
1 1 | 1 l 1 1 1 1 I 1 1 1 1 I 1 1 | 1 ] 1 | 1 1 I N

10 20 30 40 50

P, (GeV/c)

&> More suppression observed in hotter medium.

<& In low and intermediate p; region, R of non-prompt J/¥ > J/¥ >~ D > r/h

=> Mass-dependent parton energy loss.
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Prompt D_.* in Pb-Pb
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ALICE arXiv:2110.10006

&> Hit of less suppression of strange D-meson compared to non-strange.

- Strangeness enhancement in intermediate pt region.

&> No significant difference between strange and non-strange D-mesons. b R o s
l 1 1 1 1 1 1l II 1 1 1
. T vy s v 1 2 3 4567810 20 30 40
4 Comparable with TAMU and PHSD predictions within uncertainties. p. (GeVic)
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Non-prompt D? and D.* in Pb-Pb
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&> Hint of less suppression of non-prompt D* than non-prompt D°
=> Possible b-quark coalescence and strangeness enhancement
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Inclusive muon R,

= C T T T T T T T T T | LR B | T T T T
R ' ALICE PLB 820 (2021) 136558.
o =t Al TR it o N MC@sHQ: PRC 89 (2014) 014905;
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<> High pr , bottom contributions dominant, indication of bottom energy loss.
&> No clear energy dependence. Harder spectra and denser medium counterbalance.

> New constraints on models.

]
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Hidden charm R,,
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B o e —
o Pb-Pb Vsyy =5.02 TeV - E statistical recombination g = § §
i Inclusive Jiy Iyl < 0.9 25< y<4 | B a 5 5 B
® Data 0-10% ® Data 0-20% o Lo § <
L 4 Y S
TAMU TAMU Q; ! NEgsg
IR @4 o= e e e [ [
r SHM SHM | S S 2%C R
= [ NECN Y o)
1 BHEER A - - -~~~ ---=--cc-ccccccmcccccccacaaaa- pr— g SR
more :H- 8 § ZDU £ ;
3 i — _— O =
regeneration| % "B’-E- Sereeming | ] ~ w38
= energy loss > _ o o~ =
regéneration NS —=#— 7 < thermal dissociation hadrgeni s
i -—— e -=F=+ = g E Z
)
ol . s, L S IS £
()]
0 5 10 15 20 E : S°
nergy Densi (SPES
p. (GeV/c) gy $ 5D E
T S o >
E LI L L L L L Y L L L L BB L :8@
o Inclusive J/y — pu ] ~ o
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[\S)

O PHENIX, Au-Au s = 0.2 TeV, 1.2 < [y| < 2.2, p_> 0 GeV/c _
* <> Color screening / energy loss

smoking gun of QGP formation
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0.4 3 — _
e e : <> cc regeneration: LHC > RHIC
0.2 oA g P E
°o""5'0"'ic')é"is'sé"é<')6'"zéé"é(')é"'séé'éléc')é; D. Zhou, X. Bai @ QPT21
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Flavor dependence of v, in Pb-Pb

0.05

30 ALICE 30-50% Pb-Pb, |s,, = 5.02 TeV -

|III|IlI|III|ItI|IIt|III|III|III|III_

<> Non-zero v, of electron from open beauty

0.25:_ data TAMU _:
- g * = - hadron decays

0.20 .ﬂj} #@} Prompt D o _: . . .

@ Q @} Inclusive Jip - & vy of Y(1S) is compatible with zero and

P b—e . .
0.15 o @ Y(15)5-60% = [N lower than J/y
0.10 % ¥ - , .

1 <& Precise measurements of different hadron

0.00

IIIlll:‘:IIIIlIIIESJIEEJIIIIIIIIIII

-0.05

; species crucial for setting constraints to
T models

1.5<2mT.Ds<7

2 4 6 8 10 12 14 16 18

ALICE PLB
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Outline

<> Small system for beyond QGP physics
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Direct observation of dead-cone in pp

Dead cone effect: 0.37 0.22 0.14 0.08 @ (rad)
. . . . — LU T T 1 LI 1T T 1
Gluon emission suppressed in a cone with S | | I |
B4c = Ma / Eradiator > @ 5 < Epagiator < 10 GeV
/ 1 .5 i I
pp Vs=13 TeV
* 5 Fully reclustered jet | o ssassEskemzzzal
2 | e 3\ ‘ \“ 1 — N E = =\
6/‘ ERadiator 4" | 5 e . B ~~ | charm !
‘ quark - — ——] 1
/q .
== e e Dead-cone effect 0.5 | |
*  Gluon emission vertex Gluon emissions are
Emitted gluon suppressed in a cone
0[ - 02 > > 95 with 84c = my/Egadiator new
Epvdiator1 = = Epadiators (gL [ vovv v by v v by v
1 1.5 2 2.5

In(1/6)
<& Afundamental QCD feature (holds for gauge quantum field theories) _
ALICE arXiv: 2106.05713
&> Clear dead-cone effect observed for low charm quark energies

AE, < AE, < AE, 4, in the QGP
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Dissecting soft charm jets in pp

O :lllllIITITIIT]IIIIIIIITIIIIIIIIII]]TIIIIIII|TIIq

min(p_,_ 1,P1 2) Cw 07t ALICE Preliminary, pp, Vs = 13 TeV 0 ‘

2g = : : zg > 0.1 B [ S ©D-tagged

P1L1+DpL2 - 0 6—_charged jets, anti-k;, R=0.4 Hinclusive -

O [ 15<p]"<30GeVic,|n, (<05 .

@ - D° ]

2-— O.S—SSPT <30 GeV/c,inU| <0.8 ]

~ B leading track >5.33 GeV/c N

e C pT. incl.ch. jet — .

0.4 Soft Drop (z.,, = 0.1, 8 = 0) -

- ¢ +«—= All jets :

C p <«—20 A

03~  Charm jets .

&> Jet grooming techniques used to count the number of hard C . .

0.2 by

splittings in jet fragmentation : — :

ngy = No. of splittings with > 10% pr radiation 0.1 % —= 3

T & -

<> Charm 'ets ha eleSS hards |'tt'n Sthan 'nCI S' e'ets 0:11lllllllllllLiLlillllllllllllllLllllllllLlllli:
| Y plitting inclusive j 0 1 > 3 4

- connection to harder fragmentation of heavy wrt light Nsp

quarks/gluons

O
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Charm hadronization in pp

arXiv:2106.08278
o, 0.8 T
o - ALICE o pp, \s=5TeV ]
< 07F <05 e pp, \s=13TeV
0.65 L PYTHIA 8.243, Monash 2013

PYTHIA 8.243, CR-BLC:

411 N — Mode 0 - Mode 2
0'5: -=-- Mode 3 oce
» SHM+RQM
0.4 o CatarTiaQ
- — QCM
03 e
GiE 02 -
[ e ]
—p 0.1F i
: 1 1 1 I A 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1
0 5 10 15 20 25
P, (GeV/c)

<> Production of charm baryons enhanced in pp w.r.t. ee and ep

- hadronisation is different in the dense pp environment
<> Models with “high-density” effects describe /. but fail to describe =.and Q.

{» Catania (coalescence+fragmentation) closer to the data

November 26, 2021
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arXiv:2105.05187
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S 03F Monash - C’:F: 12
> 3 === Mode 0 ] OC}U 10_4
= G, — Mode2 4 &
0 g 2oF ‘$‘$ g__ T Medes J @@

[ et L ] © s

- ‘ ‘~ 4 T 40

o | SE— .. e P
A e o —E—  Je‘e:
ete" [ == A y 5 10
. m— () Cooeed 1 I s i s
0 2 4 6 8 10 12 14
P, (GeV/c)

E T I T ‘I ] T I ' T I T I T g
3 ALICE Preliminary PYTHIA 8 3
pp, Vs=13TeV, |y| < 0.5 Monash x BR
- N |
E .+ Data CR-BLC 3
= R 3
5 Catania (coal.+fragm.) x BR Moceexb 7
E - Catania (coal.+fragm.+res.) x BR 3
- --- QCM x BR 3
E Bl i PSS S K
T E!
F o — .
E BR(Q? — Q") = (0.51+ 0.07)% [EPJC 80, 1066 (2020)] 3
PR ENU ERA NI NI NI !

0 2 4 6 8 10 12 14

P, GeV/c
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Charm fragmentation in pp

ALICE JHEP 2110 (2021) 159 R = e
arXiv:2105.06335 accepted by PRD f L ALCE pp, (s=5.02TeV | 53 - ALICE g B
o P | Y10° | .
<08 - + B factories, e'e”, (s = 10.5 GeV | == £ o PHENIX H —
H f(c— Ho)[%] - +LEP, e'e”, s =m, } }? - = STAR .
i « HERA, ep, DIS | ks i
D°  39.141.7(stat) "33 (syst) 06 - 34 < HERA, ep, PHP l i
Dt 17.341.8(stat) ) [ (syst) i A BT & .
0.4 B .
D 7.3+ 1.0(stat)*]](syst) i il |
I K 4
AF 204+ 1.3(stat) 1S (syst) o2 ¥ =3 | s
2.5 I ] 10 === NNLO A
E) 8.0+ 1.2(stat) T3 (syst) - | Cal S (] l A
4x1072 107 "2x10™ 1 234 10
D*t  15.541.2(stat) 15 (syst) D° D" Df A} =2 D* (s (TeV)

&> Precision measurement on charm fragmentation ratios in pp at 5.02 TeV.
<> Not universal compared to ee and ep collisions.
&> First midrapidity charm production cross section in pp collisions at 5.02 TeV
Consistent with FONLL/NNLO upper edge do® /dy]|y .05 = 1165 + 44(stat) "3} (syst) ub

D ]
November 26, 2021 Yifei Zhang / USTC 20



Strange baryon-to-meson ratio in pPb

o w T T T T T T T T T T T A Jet axis
I p-Pb @ 5.02 TeV ALICE |

~~

< 1-Jet: anti-k;, R =0.4, I | <035 * Inclusive — ~
= S IV1<075 o Perp. cone |

%& Vs in jets R(V’, jet) < 0.4 .
ch -
ps" >10 GeV/c

(A

— — PYTHIA8 .
'l l 'S A A l 'S 'S A l A 'S L
6 8 10 12

P, (GeV/c)

ALICE arXiv:2105.04890

{» Clear enhancement seen for inclusive strange b-to-m ratio compared to PYTHIAS
- possible coalescence hadronization mechanisms in pPb (need deeper model study)

<> No enhancement observed in jets , hard process does not enhance b-to-m ratio.
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Charm and beauty in pPb

- [ I

ALICE arxiv:21 05.04957 % [~ ALICE p_Pb, V?W = 5.02 TeV OD —l TT I TTT I TTT I TTT I TTT I TTT I TTT I TTT I TTT I TTT I TTT I TTT
o 10t ;H Prompt A%, -0.96 < y < 0.04 = T 1| ALICE p-Pb, \[s,, = 5.02 TeV

B [ e L L L A L B O P - 3 < . ) |
S e ] F —e— A} (arXiv: 2011.06079) ] i —e— A; (arXiv: 2011.06079) ]
; : p_Pb, S = 502 TeV N 7 —— A;, Preliminar: ] | i . . |
8 e reon | 810 owerIe ot 08 " A Prelminary ]
g 10g = ATLASY,—2'<y<<y1<.5‘ -9, ] i pp, Vs = 5.02 TeV i
g crpstoue, 5 17 7 : e A% (arXiv: 2011.06079) ]
EPPS16 unc. o 10°F = | arAaiv: . |
% _EE._E- 5 : . AC+ - 0.6 i Hﬂ:ﬂﬂ’ﬂ c .
o) 1 xR = L ] B T
N s 5 10¢ E 0.4F Hﬂ + -
Non-prompt Jiy = - . § ﬁﬂ 4 ]
—=— L _ 1 :
0 2 4 6 8 10 12 14 16 18 20 = ot carany rtshown : 0.2 " =
P, (GeV/c) 8 | L i
% I O -l 11 I 111 I 111 I 111 l 111 l 111 l 111 I 111 I 111 I 111 l 111 l 11 l-

Q% """ v [ i 0 2 4 6 81012141618 2022 24

o

p. (GeV/c)

ALI-PREL-486511

20
P, (GeV/c)

ALI-PREL-486420

<> FONLL+nPDF describe non-prompt J/y measurement in p-Pb collisions over wide pt and y range
<> First measurements of A, down to zero p+ in p-Pb collisions!
- pQCD calculations underestimate data especially at low p; — different FF in p-Pb wrt ee

& N/DC: significant difference wrt to pp — radial flow or multiplicity dependence of hadronisation?
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R,pp, for A, and Jiy

0 [ X % U I O | I LU ] | A I L I LU I T il i T 17T I L I | . L I LU ] | [ O I T . -Q LI I LA I L I LI I LA I LI I LA I LI I L I L I_
o o

o 2.2f ALICE p-Pb, V5, = 5.02 TeV + = IQ 1.6 [—e ALICE prompt J/y, —1.37 < y < 0.43 -]
23_ -0.96 <y <0.04 A + F 3 o ALICE inclusive J/y, -1.37 < y < 0.43 J/\V N
] 8:— C I E 1.4 m ATLAS promptJ/y,2<y <15 .
FI S 5 S B :
1.4 = , : Y 1B e e e —
1.2F - ] .
C ¢ 11, ] -
1: Y : ofolefetiorfoE T [ 0.8 .
F D T _ V _ ]
0.8 JHrE%S%?z (2019) 092, 2019 0.6F Y Pb’ SnN = 5.02 TeV -
C —4— D (average D°, D", D) T ] : .

0.6F, 4 .
(e N Ta B SR P Tike E EPPS16 reweight (Lansberg et al.) ]
0.4 j— o b _‘# = with CT14:\.ILO+EPPS16 PDF (A,) 5 04 nCTEQ15 reweight (Lansberg et al.) .
C -~ A (arXiv: 2011.06079) T ) ] 7]
0.2k AS. Preliminary S _ POWLANG with HTL transport 0.2 [ Energy loss (Arleo et al.) s
F : (extrapolated pp reference) i [ T I | coefflc;ents (Chf""ed h?drons) L ’ [7] Energy loss + EPS09 NLO (Arleo et al.) 7]
G 2 4 6 8 1 0 12 2 4 6 8 1 0 12 O poa v by v by v byvv s byvvn by v byovn by v by oy 17
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ALICE arXiv:2105.04957

(4 Rppp larger than unity for 4 < py <8 GeV/c for A, — radial flow, Cronin effect or hadronization?
- similarities with strange sector (CMS: Phys. Rev. C 101, 064906 (2020), ALICE: arXiv:2011.06079)
&> Significant suppression of A; and J/y for pr < 2 GeV/c - radial flow, shadowing?

D,
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ALICE2 upgrade
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D. Zhou @QPT21

a uch moré:
» Fast InteractionTrigger

: : * New Online-Offlinesystem
operation at high interaction rates Improve tracking resolution at low pr « Readout upgradeofl)\//lUON

(50 kHz of Pb—Pb collisions) -> thinner, more granular TOF, EMCAL, PHOS

x 50 faster readout GEM readout chambers
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Next generation of Si detector

Courtesy of L. Musa

Ultra low material budget ~ 0.05%X/layer

fast to sample large luminosity
~50 — 100x Run 3/4

excellent spatial resolution
innermost layer: c <3 mm
Silicon Genesis: 20 micron thick wafer outer layers: ¢ ~ 5 mm

All Silicon design as an option for
ALICE ITS3

Letter of Intent https://cds.cern.ch/record/2703140

On track for TDR in 2022

More in Hua Pei ‘s talk@ Nov. 28 morning
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Summary

&> Many new results in heavy-ion and small system collisions with ALICE

for QGP study and beyond QGP physics (new insights to QCD).

<> 30 ALICE papers this year and China contribution is 16.7% (much higher

in this talk).

O High energy and precision frontier with ALICE upgrades/future plans.

November 26, 2021

Well on track for Run3
New ultra-thin inner tracker layers on track for Run 4

Forward calorimetry — nucleon structure at smallest x in Run 4

ALICE 3 for Run 5 and beyond — in preparation

Yifei Zhang / USTC
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My apology to those not be mentioned in this talk!
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Thanks for your attention !



