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ALICE

6. Highlights from small systems
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Signs of collectivity in small systems  aiice

Signs of collectivity in small systems
“discovered” at the LHC in terms of
long-range (2 < |A 7| < 4) near-side
(A ¢ =0) “ridge” in 2-particle
correlations, visible in high
multiplicity pp, p-Pb, Pb-p collisions

Are these long-range correlations
coming from (hydrodynamic) flow?

CMS MinBias, 1.0GeV/c<pT<3.0GeV/c

R(An,A9)
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Anisotropic flow

Coordinate space LICE

_}’ —x’ y
E="F5—> )
* Initial geometrical anisotropy ("almond" shape) in non- v +x? )-

central HI collisions — eccentricity wr
e
- Pressure gradients develop — more and faster WV o7/
particles along the reaction plane than out-of-plane i‘ . Reaction plane
: : : 2 Momentum space
Scatterings among produced particles convert anisotropy . | A &
In coordinate space into an observable momentum anisotropy ;

— anisotropic flow
— quantified by a Fourier expansion in azimuthal angle !

Vn= harmonics

d3N 1 d2N > / In-plane

L IOEI0

3
dp 27 prdprdy —
" Fig.2. (color online) Characteristic shapes of the deformed initial state v profile, corresponding to anisotropie:

fSS«‘:fandb(frmlft right).
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Elliptic flow from large to small systems a1

Elliptic flow from two(multi)-particle correlations:
V2{2} >0

Elliptic flow from multi-particle correlations in all systems

& F i o :
- subtract jets and other physical 2-particle & T Jpp— B Q'_zse%"é'co VA2, Iani> 1.4} 3
correlations due to non-flow T e e, 00 o ]
- measure with rapidity gap 0.08— 0 B XE'Xe Rk L R —
- - _P :
. o 0.06F4% 1 ‘? O'?a,;/,; A *x =
In AA collisions, collectivity originates from the B p.PbXe-XG Pb-Pb E
presence of a strongly-interacting QGP 0.04 1= 502 13 502 544 502 VS (TeV) —]
- el = B8 "0 ALICE
OPEN QUESTION: what is the origin of the o B GBS 1P-Glesma AMUSIGHLUIGHO ™
' u — PYTHIA 8 -
emerqging collectivity in pp, p-Pb collisions? 0= A ———
ging ynpp,p e 10 N (nl<08)

‘ PRL 123 (2019)142301
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ALICE

ture
ALICE: Nature Phys. 13 (2017) 535-539 | | fisics . LETTERS
E _I T e e | Enhanced production of multi-strange hadrons in
E # & a8 # ofel K high-multiplicity proton-proton collisions
o 1071 ?@0 mgwﬂ . ° — ALICE Collaboration’
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o I @@@WME %0 Eige A7 ]
o | 0¢ ] i -
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o - = p on o ndent hardeni P, distri-
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102 L = 3 r I ]
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B ] B L Op-Pb,\sy, =5.02TeV T
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ﬁ@*@ ALICE - D & 1"
1072 = O pp, (5=7TeV ¥ Pb-Pb \5y=276TeV 1 ﬂﬂi iﬁﬁ-i@ E %@%
C ® oo E-13TeV O pPb{Sm=502Tev 1 [ E 1
B W Preliminary Pb-Pb, sy, = 5.02 TeV i # " ]
T BT R BT 0.5L~T N | | ]
10 10° 10° 10* 10
N /dm, o (AN fdm, o

BRTE/NE Gt ppilp-PbillfEFRILNEI BT SR F - EifE 2 BEUERIIR, HoX-ZAlfE 8,
RENERE R, SRR AEEE R
YIERAREIME T AR (AL F = RYROATLE)

HRrrEitaE 2 QGPYIREKAYMES (thermalization, equilibration? )
5<‘.fﬁ+§%><*ﬁE’Ji‘E'E?FDI?r{%E’J—%EFHEﬁ*z (string overlap, color reconnection? Hadron scattering)
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i \\\g/,lDifferentiaI studies of strangeness production

g 1.8 e =» Does strangeness production increases with
— - ALICE Preliminar . TR .
T Yoo 4 tsa multiplicity independent of effective energy?
s e pp Vs =13 TeV E + E O syst. -
s o C VOM multiplicity: 05 -
Sls *E e oson hghmut s _ LEanivG RaRyon
Ol g 5 O 70-100%, low mult. < — > €=
S e Tetrereiet | * | e[ ighdNevdn i -
Rt 1 .. —] LEADING BARYON
3 b ]
~ 08 -
>\/A;§ 0.6 E_ (F <) I —E —
Ol M CF ¢ Q ¢ Q Q Eeff — \/E — (Eleadingl + Eleading2)
2SS, o4l —Jlow dNcn/dn
= [ LowEy < > HighEy 1 . . .
3 02 _I B | | L1l I | 1 I ! | | Yo s | l O | | | 15 I | S I | | 55 ] l llel 1 | e I | l_ Energy avallable for partICIe prOdUCtlon
~— 0 10 20 30 40 50 60 70 80 90 100 in the |n|t|a| state
(Vs - ZDC) percentile (%)

ALI-PREL-486025

» = to average charged-particle multiplicity
(normalized to INEL>0) ratio vs. effective
energy classes for given the multiplicity

20224E8H 13H-14H

» Effective energy does not play a significant role in
strangeness enhancement

» Effect driven by multiplicity
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Strange baryon-to-meson enhancement in p-Pb coll.

® Understanding hadronization & non-perturbative effects of the underlying event ALICE
® Baryon-to-meson enhancement observed in A+A: flowing medium + quark coalescence

CERNE%Eﬂ%ﬁm A Jet axis

COURIER

Hadron formation differs outside of jets

1 July 2021

p—Pb JSNN =5.02 TeV ALICE Lot
i i et cone
1.0 — Jet antik,, R=0.4, |Mjee] <0.35 inclusive
- | Vol s 2 o perp. cone
n < 0.

VP in jets R(VC, jet) < 0.4

, E [J L v PT > 10 GeV
aulally E B v PT jot > 20 GeV

b | i Jj

| " m f];

0
S

(A +A)/2K

0.5
e — L____ _ =
j/ BQB/EL;;B? # —— p = py+ pm
/ﬁ'/ — — PYTHIA8 "
0 T T T T T -
0 2 4 6 8 10 12 4
p, [GeV]

PLB 827 (2022) 136984, JHEP 07 (2023) 136

e Ratio in jets does not show a maximum at intermediate pr, ratio with UE selection is systematically higher
than the inclusive in 2 < pr <5 GeV/c

e PYTHIA 8 hard QCD is consistent with ratio in jets but does not reproduce the inclusive ratio at low and intermediate py

e No baryon-to-meson enhancement observed in jets , only soft contribution from bulk —> property of soft UE
e input to modelling (hadronization / coalescence
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‘ED) Charmed baryon/meson enhancement ratio observed in pp

o 1 [T T T T | T T T T | T T T T I T | T T | T T T T | T ] <DD | ‘ ‘ ‘ ‘ | |
)] - .. ] o
S 0.9 L ALICE Preliminary E 2 4L pp, Vs =5.02 TeV _ ALICE
< | E Iyl < 05 E i |y| < 05 (©) ALICE Preliminary ]
0.8 ?\ /s =13 TeV E - ®  ALICE (PRL 127 (2021) 202301)
0 7{ ik P Phys. Rev. Lett. 128, 012001 0.8/~ PYTHIA 8 (Monash) -
T o Preliminary . T e PYTHIA 8 (CR Mode 2) .
0.9t , Vs =5.02 TeV 3 o HERWIG 7 ]
I p.p Phys. Rev. Lett. 127, 202301 ] Catania, fragm.+coal. B
05 T o Preliminary —: M. He and R. Rapp:
] ﬁ ] SH model + PDG ]
0- : %‘H _: SH model + RQM B
0.3¢ 1 E N
+a— : 4t : *
0.2 T = i
e e e ] e 7
———I E .o —

0 5 10 15 20 _ 25
PRL 128 (2022) 012001 P; (GeV/c) 0 5 10
PRC 107 (2023) 064901

® A /DOsignificant enhancement observed in pp collisions relative to e*e™ results
> Largely underestimated by PYTHIA 8 Monash!!, which used e*e~ fragmentation functions
> Well described by PYTHIA 8 CR Mode2!, SHME+RQMU, Catanial® L Cemen. s ol HER 08 (2016 003
= PYTHIA 8 CR Mode2: color reconnection beyond leading color approximation  [3] M. He and R. Rapp, PLB 795 (2019) 117-121
= Catania: transport model with hadronization via coalescence+fragmentation 161 v. Minissle. ot . PLB 821 (2021) 136622
= SHM+RQM: statistical hadronization model with augmented set of charm-baryon states according to
relativistic quark model
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s ;)Strange-charm baryon/meson ratio enhancement in pp collisions

06 T ! ' T o T T T L T T T T T T
L ALCE . s R - O [ auce s é;ta | : ALICE
0 pp, Vs=13TeV , =po E o ) e, ‘
GO = 1 Woapwemsew Ssemel sope. cenn
E - V2 Catar?ia (coal.+fragm.) - - [ <05 ) PYTHIA 8 Mode 0 E
S 0.4 =0/p0 e OCM ' M - — g\éLHlABModes : seminar&iaiRs
£ o3k U BX/D0 MMemn 0'3;_ J&L 9 Cataria (ltaom) | |CHEP2020,
e I T s 7 - 1 samz021,
g 0.2+ u —_—— Hﬁﬂﬁi ] 0.2 % D % dg/DO I
> b , — - : [ TN i, ] ICHEP2022,
& 01 [R22:30) B : 0.11 ‘3}07% 1 QM2023iRE
ete = ..':;-_'::-.a.um__-—:.—::::-”;i_m-,{::- ] ete[: Lo
-—-§O_ . . PR IR | [ } - ; ghesasss "l it A
0 2 4 6 8 10 12 14 0 > 4 6 ) 10
p, (GeVic) JHEP 10 (2021) 159 P, (GeVi/c)
PRL 127 (2021) 272001; JHEP 12 (2023) 086
® =°/D°inagreement with £F/D°%; E2* /DO similar py trend as A¥ /D?, no energy dependence
> PYTHIAS8 Monashl!l largely underestimates data (1] P. Skands, et al., EPIC 74 (2014) 3024
I I [2] J. Christiansen, et al., JHEP 08 (2015) 003
» Catania[6] better describes measurements o M e ad & Reon oL 798 (5019, 117-121
- 1 [4] D. Ebert, et al., PRD 84:014025, 2011
» 3 CR-BLC Modes[2] and SHM[3]+RQM][4] predict (5] 3. Song, et al., EPIC (2018) 78 244

significantly larger ratio w.r.t. Monash, but largely underestimate data [6] V. Minissale, et al., arXiv:2012.12001

) _ [7] Belle e*e~: PRD 97 (2018) 7, 072005
» QCM([5], further enhanced, still NOT describe the data
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T T T T T T S o j ! ’ U )
« Data BR X ALICE ) enaa  DRIX L2 7=Y ALICE s g RLICE
[ Catania (coal.+fragm.) C s TeV L [ Catania (coal.+fragm.) F T 10 F ALICE * Data .
Catania (coal.+fragm.+res.) pp, ¥s=13Te &3 1 Catania (coal.+fragm.+res.) PP, 13 TeV © E pp.Vs=13TeV,ly| <05 PYTHIASB 3
QcMm vl < 0.5 e QCMm vl <0.5 2 1 d-ax Monash ]
g PYTHIA8 CR-BLC oo < 4 PYTHIA8 CR-BLC oo = * 1,6% lumi. unc. not shown CR-BLC 3
~1072 | [IMonash [IMode 2  BR(Q] — Q') = 0.51% 530 = 10 [IMonash [ ]Mode2 BR(Q] - Q") = 0.51% > 3re; S0 e Mose2 3
‘h' ‘ Qv— 2 e 3
S 400 ¢ 402 2t — ]
U T _ o 10°F 3
%10 ¥ T 2 :
~E10? T k1 ]
+ = é}i‘e_ E —— ;f; 10»55- BR(Q{ - Q') = 0.51%2 17 }
€ Goe 10 £ B ST I e, T
< 1 } - - - - (i) 0 2 4 6 8 10 12 14
= 6 F BR=051% —t— — = BF oo nreo -3 p, (GeVic)
© —  BR unc. not shown T 1T 3 © - BR=0.51% -
© 4= — = 4 | BRunc. not shown — 0 0
O = =5 ] O - ——— 3 -
e 2F EE R e e 3 Q2/At(pp) Qc/Sclpp) .
o 0f 3 o OfF——F— = ~ 0 /=0 -\
= N T N T R = 1 ] L. 1 1 1 B 0 + + A = +
8 0 2 4 6 8 0 12 14 & 0 2 4 6 8 0 iz 14 Qe/Ac(eTeT) Qc/Ec (eter)
P, (GeV/c) p. (GeV/c)
2 2 2 Ratio ALICE (pp 13 TeV) Belle (e*e~ 10.52 GeV) [25]
PLB 846 ( O 3) 1376 5 2<pr<12GeV/c visible

BR(Q! - Q 7") x o(Q)/o(A}) (1.96+£0.42+0.13) x 107°  (2.24+0.29+0.16) x 10~*
BR(Q? 5 Q 1) xo(Q))/c(EY) (3.99+£0.96+0.96) x 103 (8.58+1.15+1.98) x 10~*

Theoretical calculations: BR(Q2 - 77Q™) = 0.51%21%%

PYTHIA8S Monash!! largely underestimates Q2 /D° and Q2 /=2 [1] P. Skands, et al., EPJC 74 (2014) 3024
] [2] J. Christiansen, et al., JHEP 08 (2015) 003
* Do not reproduce strangeness enhancement in pp [3] J. Song, et al., EPIC (2018) 78: 344
- 4] V. Minissale, ., arXiv:2012.12001
PYTHIA8 CR-BLC[ NOT enough to describe the measurement {5} elle a'e + PRD 07 (2018) 7, 072005

Further enhancement with simple coalescence QCME! still shows a hint of underestimation
Catanial¥ closer to data points, additional resonances decay considered
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» Charm fragmentation fractions in hadronic
collisions at 5.02 TeV

= pp: PRD 105 (2022) 1, L011103
= p-Pb:
« DO A} (new): measured down to pr = 0

« D*, D{: extrapolated to pp = 0 using
POWHEG+PYTHIA

* Z¢ not measured — o,,(EQ) X 208
X Rpr (A-clz_)
> pp and p-Pb results compatible

» Significant baryon enhancement w.r.t.
ete"and e p

A challenge to the universality of
charm fragmentation fraction !
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[1] B factories: EPJC 76, (2016) 397 [2] LEP: EPJC 75, (2015) 19
2022488 13H-14H 20248 B RZZEHFR/ARE (CCNU)

Charm fragmentation fractions

| | | \ |
o ALICE, pp, Vs = 5.02 TeV
= ALICE, p—Pb, m =5.02 TeV
+ B factories, e'e”, Vs = 10.5 GeV
+ LEP, e'e’, Vs =m,
« HERA, ep, DIS
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+
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PRD 105 (2022) LO11103
JHEP 12 (2023) 086
arXiv:2405.14571 (Submitted to EPJC)

ALICE

[3] HERA: EPJC 76, (2016) 397  [4] ALICE: JHEP 10 (2021) 159
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The dead-cone effect in QCD
ALICE

Gluon emission of aheavy quark

Reduction of gluon radiation from heavy quarks

at small ang|e: Dokshitzer, Khoze, Troian,
J.Phys.G 17 (1991) 1602

» Gluon emission vertex
~~~ Emitted gluon
8,>0,> ... >0
>

)
(.&..) QCD dead cone effect:
- Gluon emission suppressed in a
\:\\\ ; » 3 Mm,/.// Fully reclustered jet cone with Bdc = Mg/ Eradiator
6.7 ER;;W\&/ 5 ~~~~~~~ | charm
T quak A fundamental QCD features
* = (holds for all gauge quantum field
—— Charm quark e Dead-cone effect  / theories)

Gluon emissions are
suppressed in a cone
with Oac = mQ/ERadiator

ERadiator,I e ERadiator,5
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In pp: dead-cone effect exposed by ALICE

ALICE
--- PYTHIA 8 LQ/inclusive
|
ALICE Data no dead-cone limit
— PYTHIA 8
— SHERPA - - SHERPA LQ / inCIUSive

no dead-cone limit

037 022 014 0.08 G

5 < Eggiator < 10 GeV

dn/d In 1/6]50 jers | ppVs=13TeV -

- small angle
dn/d In 1/6) larpe angle  ° el g

incl.,jets 1=_____________-. e 1

S
T

R(6) =

« First direct observation observed using jet
iterative declustering and Lund plane
analysis of jets that contain a soft D9 meson

How is it in QGP?

0.5 |

0 L1 1 1 I 1 1 1 1 I L1 1 1 I L1 1 1
1 1.5 2 25
ALICE: Nature 605 (2022) 7910, 440
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ALICE

FEREER: FAEREENE

FAERERIN . GiEEEERA NCPIIFRILE. IE%’%EIE??‘&#EQC Dwﬁa&ﬁ?ﬁ?l\ a4
8 S EEIR T AZAUE T LA & B PR SRS BFE A7 -

+ Y e [::>T:A —>
+ + B~MOWeiSHRR, EFRENFE+EFEHNFE ’ i
j :;‘fﬂm j :%p
— X“.)ia. N — [c'm lurati ' \' ' [ Ilmg, ' | |
- . , 1 i ALICE Preliminary |
L ALICE Preliminary ~ 0.2< p_<2.0 GeV/c . i o ]
+ + boul. 4% Pb-Pb 0.8< <08 - ol Pb-Pb s = 5.02 TeV 3
VAT s =5.02Te Voo IAD| = 0. i —@~— Data (statistical uncertainty) ]
+ o i aantis =S : - I systematic uncertainty (correlated) -
CMW §o,02 - / 1 % 1:_ + ------ 10-60% centrality (fit) _
Possible effect: Out—of—plane 4 ; 03_. .................. + ............ * ............ + ............. % I
quadrupole dipole moment ! — R ——
Observables: Charge asymmetry F e Fit band 68% C.L. (1) _1-_AL'CE 7
dependent Vv, B Y R XTI 20 40 60
2 Centrality (%)

| Av, = vy - vy ~ TA, o REHXHAEMHINGEE (ESE) BEDE
with A, = (N* - N) / (N* + N)

¢ EXIEHNH FEMIKRIESEE

FHGENEFRNEEHEBEATFIEES S
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ALICE. Nature 558 223- 238(2 20)
» Proton-hyperon (p-Y) strong interaction poorly known  a;s k

— Traditional scattering measurements mostly
limited to proton-proton

— Relevantto neutron star modeling in the case
of Aand X 2
MEANE—FEHAEREFZPSRRaEREMN

:D
F
—
e
rm

o ALICE data P-E 1
- Coulomb —:
Coulomb + p—=Z"HAL QCD ]
Coulomb + p—Q~HAL QCD elastic —:

3

2.5
- Coulomb + p-Q~HAL QCD elastic +inelastic 1

C ~I~] +p-Q° _:

C(k*®)

BT Z EMNERAEEER, ERYEPE—1HR
» Momentum-correlation of p-Y pairs

produced by a source of well-measured size
In pp and p-Pb - big jump inprecision

= -l - =1
- W To-1F T

» Latest result: attractive strong interaction
precisely measured for p-2-and p-Q-

—— Correlation peak at
\k small momentum
difference k* =|pa-pp|/2
induced by interaction

[EEN

oII|IIII|IIIIIIIIIIIIII

100 200 300
k* (MeV/c)

Pb
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ALICE: Nature 558 223-238(202

*

oL
—
O
™

-

- 1]
a b Interaction _ d 35 e
O Repulsive - o ALICE data P—= -
S | N \ — Attractive sl [ Coulomb -
% 0 B e Repulsive E Coulomb + p-2-HAL QCD | E
= , 2.5 Coulomb + p—Q~HAL QCD elastic -
S o N — Attractive ~ ] N
% pg g.. fx % , :_ - Coulor_nb + p—Q HAL QCD elastic +inelastic _:
M o' *\) .0 26 Ui i
\ 0 05 10 15 20 1f— > — o R
}* * (fm) e 5
Emission source S(*) Schrodinger equation 50 100 150 200 HH i
y K (MeVic) E
Two-particle wavefunction Correlation function -
vk, )| 51 3
J . -f
af 3
c ] [ 1 E E
N_ (k) 2 .
. Lo (b* o * |2 43 . same = ;
Clk) = | S| vk, )| 2 = E(k . E i
mixed( ) 0 00 200 300
k* (MeV/c)
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ALICE. Nature 558 223- 238(2 20)
» Proton-hyperon (p-Y) strong interaction poorly known  a;s k

— Traditional scattering measurements mostly
limited to proton-proton

— Relevantto neutron star modeling in the case
of Aand X 2
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—— Correlation peak at
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/. Summary and outlook

(g ] TPE

The evidence of the QGP formation observed in heavy-ion collisions

Strong jet quenching and medium-induced modification

Quarkonium suppression induced by melting of states at high temperature
Regeneration and partial thermalisation of charm

Collective behavior of a QGP with very low shear viscosity (n/s) observed

Statistical hadronisation production from Vsyy = 2 to 5040 GeV described — T, T;,
QGP-like effects observed in small colliding systems (pp and p-Pb)

QCD dead cone effect and baryon strong interaction also observed in pp collisions

Many open questions are expected to be addressed in Run 3, Run 4 and beyond:

Is there QGP in small systems?

Can we explain these effects without a QGP?

Can we describe these emerging phenomena in one unified picture across systems?
Temperature with in QGP system

The evolution of temperature in QGP system

20224E8H13H-14H 20248 B XZEHER/EARE (CCNU) 19



2010-2012
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2015-2018 2022-2025 2029-2032 2036-2042
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Run 3 —Run 6: RE. FE. EHEEXIERS

REE
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SR IR TSR E
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Fit. FbmeRFIER
RN R RSB AT
BTSRRI

=2
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LS2 upgrades for Run 3 (2022-2025) and Run 4 (2028-2030)

objective: operation at high interaction rates (50 kHz of Pb—Pb collisions)
==m) coNtinuous (i.e. untriggered) readout for core detectors—> x 50 faster readout ALICE

All-pixel Inner Tracking System Pixel Muon Forward Tracker

920 silicon pixel sensors (0.4 m?) on 280 ladders of 2 to § sensors each

10 Half-disks — 2 detection planes each

MFT doses

ll/nmnug

T - W//o

Monolithic Active Plxelge?ﬁM ﬁA f\/\l
W*“‘ ‘:‘M T

gy — S

. »
= 'hllll“ L

REEE 6
bl

1]
= I!!'l =

— A
P (£
e g (f

GEM- based TPC readout

....
A4

i B o i Ty ©
Q‘f'r 2 rrE S/ 4

... and muchmore:
« Fast InteractionTrigger

* New Online-Offlinesystem
« Readout upgrade of MUON

- thinner, more granular TOF, EMCAL, PHOS
20224E8 5 136 - 145 20248 BASBHZR/EARE (CCNU) - 49

GEM readout chambers

« Improve tracking resolution at low p+
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ALICE 2 — selected subsystems *

OLD Setup

20248 B RZZEHFR/ARE (CCNU)

ALICE

Reconfiguration of the
inner tracker region

New Inner Tracking System (ITS2)

* Improved pointing precision

* Monolithic CMOS sensors (ALPIDE)
* Smaller beampipe, 1%tlayer closer

uon Forward Tracker (MFT)
*New tracker based on ALPIDE
*Improved MUON pointing

*precision, promt vs. decay muons

New Trigger Detectors (FIT)

2 22



New Inner Tracker System and MFT installed

ALICE

The new Muon Forward Tracker

s r \ :
A
L % 4
Moresrinsrosoetbiin

@ "

" / \

L A.’..
~i.'.\v’ i
| DN
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¥ 3 Y

Outer barrel inserted [ 3 i P m - Ba
March 2021 Tl - | ‘ &% 19
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ALICE EEIzZH (2029-2032)

B=REREIR

. T R R RSB T IR
. MEESTHRERT

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

On track for TDR in 2022

2024%8H9H-12H

B (FBEFaF) =68

3.4<n<5.8
7 m fromIP

EF G EHPADRE; A S6EEE

* BRI D thiEREL
« JEEMQCDIESTE
 INRGEPERRIERERHIRIR

TDR-https://inspirehep.net/literature/2797164
Lol - CERN-LHCC-2020-009 : LHCC-I-036

20248 B RZZEHZK/ARE (CCNU) 24



ALICE EENzEHS ( 2036-2042)

» high-resolution, wide n coverage, high rates for precision QGP physics
» Heavy-ion physics to the fb-1 luminosity era* with unique kinematic reach

TOF

Superconducting gicH
magnet system

absorber

Muon
chambers

ALICE 3
EFHIER KRS

ROME, KRE., SFHI=

arXiv:1902.01211
2024%8H9H-12H

key requirements

* ultra-low material budget

for low prtracking
* X/Xo~0.05 % / layer

+ fast to sample large luminosity

* 50 - 100x Run 3/4

* large acceptance

+ || <4 = An = 8 (total)
* |n| < ~ 1.4 (central barrel)

+ excellent spatial resolution

for tracking and vertexing
* innermost layers: a <3 um
*» outer layers: ¢~ 5 pm

* precise time measurement

for particle identification
* g~20ps

e e

® I A QCDSE— %R
AR IS T IR IERR?

® HEEIEBRZIAIR P F-AIE
XITRIERIIRS?

*EHRIRPEEFEEFIAIC

BRRFERRIE, LAREL
IRERB RS IE ISR ?

REHIEESSLHRIALICEEE=X
BRNESR AR DRI {T A5

20248 B RZZHFR/EARE (CCNU)
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MEALICEAEE, EERFRIS=RITHE

7, £/
{"/, \ \-‘\/
Na NormN

ALICE
- B5Ehk - EES5STHE

- &Y (PHOS) KHEBumE S » BFITSSHNRRRTHES

- W EEEfEResy (DCal) #AH! FERERCRAVA

* BNRAZITRSE (ITS2) #HH!
s BIMZFFHTRS (MFT) SEHpERAREA S

« FoCalt:&=ERHA

- RFIGTRRFNSSRITIE
- BEAERFITSSHNRRR JESHEGETH
- 51t FoCal EBRZEREsSAITEEGR =R
« 25 ALICE 3 FREZAIRADFHRN=SHIEIS

20224E8H13H-14H 20248 B RZZEHFR/ARE (CCNU) 26



F6FiE (PHOS) KeRuimFE =t

SIEHHIALICEX FiZ{N IR FFRS (1999-20155F) ALICE
(IR, ARNSTEERFRRELESRIEY
* FHIMSER A TFHRERT

RIERIARR

- 27
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R EAESE (DCAL) RELEHBTS

SEFEIALICERR B BREEE R EIEHARA (2009-20156) i
*HRLEBIE S —MBRRREIELRS, FIE 7 ShashlikENFEaEsRHIRA
® MEWIEE, FoF-IEE

28
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Beam pipe e\ﬁis;

ITS upgrade HIC assembly at CCNU/Wuhan
20224E8H13H-14H 20248 B RZZEHFR/ARE (CCNU) 29



ALICE

gx—MFTEFZFEhRAH

* S5 RN R ST R 1TIEAR
® Ferk T IR DB FEFENIRIT SEIE
* AT ERENEES REREINR

20224F8H13H-14H 30 30



Ve -
un number:
First TF orbit: 692888
Date: Tue Jul 5 16:53:05 2022

Detectors: ITS,TPC,TRD,TOF,PHS,EMC,MFT,MCH,MID

AR XY

==




ALICE

Thanks for your attention!

and
Many thanks to Francesca Bellini, Jan Fiete Grosse-

Oetringhaus, Xiaoming Zhang, Jianhui Zhu, Yuanjie Li, Johanna
Stachel, Peter Braun-Munzinger, Andrea Dainese, Federico Antoniri,
Nuciano Musa, Xinye Peng, Siyu Tang for their inspiring previous lecture
slides and useful discussion, and to Yugang Ma, Jinhui Chen, Guoliang
Ma, Xuguang Huang, Jie Zhao, Dingyu Shao, Li Yan, xiankan Deng and
Fudan team for the nice organization of the summer school.

20224E8H13H-14H 20248 B RZZEHFR/ARE (CCNU) 32



ALICE
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ALICE

The strong centrality dependence of v, reflects the degree of “anisotropy” in initial geometry.

Fluctuations of the initial state energy-density lead to different shapes of the overlap region

— non-zero higher-order flow coefficients (*harmonics”)

c l\lllll\lllll\‘I\\Illl\\lllll‘llll

> L O vf2))an| > 1} ALICE Xe-Xe \sy, = 5.44 TeV
® v {2,|An| > 2} 0.2<p_<3.0GeV/c
= O vo{4} ml<0.8 .
W v,{4,3 sub-event} M '
0.1 o v.i6) —
| V{8 [ ® _
O vgf2,jan] > 1) e S
- @ vf2lam=2) .
i O v,{2,jan| > 1} (i (M D& l
i ® (e ':+ |
0.05— @ My —
o - . . J
- ° ® ) Q i
i | ]
o o o© o) o o Q |
0 1| 1 | 1 1 I 1 1 ‘ | | | Il 1| I L1 1 | ‘ 11 1 1
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Centrality (%)

20224E8H 13H-14H

Vn
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0.1
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" Fig.2. (color
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~"Radial flow

A collective motion Is superimposed to the thermal
motion of particles — the system as a medium

Radial flow in heavy-ion collisions }

Collective motion
NP e (explosive source)

Radial flow

radial expansion of a medium in the vacuum under a
common velocity field

— Affects the low prdistribution of hadrons and their
ratios depending on their mass

Thermal motion
(random)

explosive
mr = \/ (m? + p%) purely thermal source

source
dN

anninvr

R. Snellings
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/:
\ I
e
,
Cay,

s

‘Radial flow ALICE

At low pr the radial flow “pushes” particles to higher momenta

107 T T T T T T

—
Ll

% p+p1 — spectra get “harder” for more central collisions
o] 4 — mass dependence
S i
< - 1 Asimplified hydrodynamical model, the Boltzmann-Gibbs blast - wave model
s "::;. 1 is used to quantify radial flow and the kinetic freeze-out temperature.
= o E
- .:::;.‘-!
e =%y go"é""" More central (higher multiplicity)
1 ¢ 018 —
W o tarl : 31 events have
W @ ¢¢:";_” l\—“ 016_ =)
e °'°“‘"’;:! 0 14:_ R
*¢°0%¢- T F m, % ] i I
= *g,,:e-j 0.12F O U = lower Ty, and higher flow velocity
O T 1 E =
-2 Mg 0'1: Global Blast-Wave fit range: M ]
ﬁi 1= 0.08 :— 7 (0.5-1.0 GeV/c), K (0.2-1.5 GeV/c), p (0.3-3.0 GeV/c) —:
qj 0.065- ALICEPb " " Preliminary E
3 Bt o —Pb, \s\y=2.76 Te v Xe-Xe, |Sy =544 TeV ] L~ -
10‘8 T | |||!‘ 1 I I O | |||1|0 1 0.04:_ ‘ p—Pb,\;NN=5.02TeV & Pb—Pb,:sNN=5.O2TeV _: Tkm 100 140 MeV
E + pp,\s=7TeV I
pT (GGV/C) 0-025_ ® pp,\s=13TeV _E
%01 0z 03 04 05 06 07
B
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adronisation by fragmentation and
recombination

Ratios of production distribution of baryons to
mesons are sensitive to competing particle Figure from B. Hippolyte, EPJC (2009) 62: 237242
production mechanisms, depending on transverse ,
momentum

Fragmentation (a) of high-py partons into mid-pr
hadrons

Recombination (b,c) of low-pt partons close in
phase space into mid-pthadrons via coalescence

Ed% /d®p (mb.GeV-2¢c?)

+ influence of collective flow

20224E8H13H-14H 20248 B RZZEHFR/ARE (CCNU) 37
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Y Strengeness enhancement from small systems

ALICE
Nature Physics 13 (2017) 535-539, ¢

. . . L . EPJC 80, (2020) 167 d 693
® Multi-strange yields increase significantly and smoothly with ~ ; ( ). il

multiplicity in pp, p—Pb to saturation of Pb-Pb collisions i ! Zf] o4
v10—1
= .
. - [ﬂ] —
@® strangeness enhancement relative to pp suggested as 8 R Kﬂ(] 2)@@@:
QGP signature <
‘5 @ [H] @@
N - = - - .9 ':‘+~ X
® Particle composition evolves smoothly across collision 5 e
systems, depending only on final-state multiplicity i fﬁﬂ [M
104 Q40 (x16)
Challenge for models : ALiGE
On microscopic mechanisms for hadron production S Ty
(string overlap, color reconnection) to the onset of a By
QGP (thermalization, equilibration)? T TS ¥ coloropes
------------- PYTHIA8 Monash
5| ... PYTHIA8 Monash, NoCR
10 F a5 5 i iyl S poE ol —]
10 102 10°
<chh/ d n>|n|< 0.5
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| 4

(from 2029)

i

B NSRS K (0.05%X,)
B BSIAESA, RARGHRE
FARRRE, FNRRAELEE N

H—DRANTERGEH

20224E8H 13H-14H

hr B PR RE NSRS B

A Cylindrical

= ITS3 for Run 4 S

Structural Shell

/.
T

Half Barrels

H R T

20248 B RZZEHFR/ARE (CCNU)
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202.

L S3H

FoCal-H

FoCal-E

IBJALICEFHZk: FoCal

880

ALICE

 FoCal-E: 18EFIE Nixicm2iE F 2 BB =R

BURE R i B e A4S

EM and DIS measurements
T T TTTTm T T TTTTT T TTTTIT T T TTTTI T TTTTIT

* Focal -H: 1B +NFNAEBEAF HE E T ERESS

Hadronic+UPC measurements
T T TTTTIT T T TTTTm V' ABRBRAM T T TTTTm T TTTTTT

Q (GeV)
Q (GeV)

. FoCall R QiR
. BFS T R QCD

20248 B RZZEHFR/ARE (CCNU)
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B EIALICELSFENE . ALICES

o ALICE

Superconducting picH o * %%\ Eﬁ%éﬁi%ﬁg— L
magnet system ° %—ﬂjiﬁg$ﬁg j:l
* BRRPHEATR

- RERE
- MRATHATERGES (TOF+RICH)
« BFEH
- EZERELS GeV/c
- BT
© NREXZMFFMBHE
absorber ) %—ﬁgﬁﬁ%¥$
Muon * 2 TE@E%%?&?\—L

chambers « ESITH fuﬁ@j%%’i?}%&tfi%ﬁ

o ALICE3ZE: T8I H A K35 2 R 88 A 2 — Letter of Intent: CERN-LHCC-2022-009
o BT RERSREEE E T QeDY) R 24401
—Ilow-pT heavy-flavour
—electromagnetic radiation from QGP

| o TE A ST R B B2 T A,

=—(ECNU) 41
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B
o KFIEAC (PHOS) K X Bif v HE T 22 5l
o MU B ERERE (DCal) HIHTH
- BRATEREG (TS2) HIHFH]
« HIAZFIBERE (MFT) HIiEH 8RR B &1

0 FEALICEAER. EEMANRETERA T

ALICE
 FESS5RITE
« HFITSIM @ E R ~THI#EH
HEERSRFHNA
* FoCaliEFREENWH A

o RKK5E R TAE

- EERHHETITSSHRER
STHIBEREG RS

o 5VERFE HFoCal B R B2
HIEGRE

« 2 5 ALICE3IR I 2% I R&DFIHR
W23 ) 22 it

H{Z (CCNU)
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