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Space time evolution of A-A collision

[0 Thermal freeze-out

Elastic interactions
cease

Particle dynamics
g“momentum spectra”)
ixed

Tfo ~ 110-120 MeV

[0 Chemical freeze-out
B Inelastic interactions

cease
B Particle abundances
(“chemical
pre-Equibrivem composition”) are fixed
Phase (< 1,) B T, ~ 155 MeV

Z

[0 Thermalization time

B System reaches local
A B equilibrium

B ., ~ 0.5fm/c
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Hard probes of A-A collision
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[0 Hard probes in nucleus-
nucleus collisions:

produced at the very early
stage of the collisions in
partonic processes with

large Q2
pQCD can be used to

calculate initial cross
sections

traverse the hot and
dense medium

can be used to probe the
properties of the medium
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Hard probes of A-A collision

k = n, K,p...u_ M+ =

e, D T// [0 Hard probes in nucleus-
Jet Y f Tro nucleus collisions:
57 m produced at the very early

Bl == 7 stage of the collisions in
o partonic processes with

large Q2
B pQCD can be used to

. (L | DC
High calculate initial cross
momentu 0 sections

parton N B traverse the hot and
c quark doa e dense medium
B can be used to probe the

b qua{k Tz properties of the medium
/ \ PbPb measurement
A B

R = 1 dN,, /dp, 1 dN i /dp. QCD medium @#@
2 Ny dN o/dpr T, do, /dp, QCD vacuum ==
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NUcClear modirication or unidentitied
charged particles

|
[0 The easiest way to study the “jet quenching”

B a3 few days of data taking > Runl result

E 2»""]""]""E""l':"l""l""l""l""l""_
L [ u b, Pb-Pb (ALICE) ® N’ P-Pb Sy =502 TeV, NSD (ALICE) ]
T 1.8} 4 h PoPb(CMS) ., * v,Pb-Pb s, =276 TeV,0-10% (CMS) -
a 16 [ 5, =276 TeV, 05%| | & W, Pb-Pb s, =276 TeV, 0-10% (CMS),
s U ¥ 2’ Po-Pb s, =2.76 TeV, 0-10% (CMS) 1
C " :

-—h
NS
T
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p. (GeV/c) or mass (GeV/c?)

[l

physics
Interpretation:

B scattered parton
(high p,) looses
energy while
traversing the
medium

O collisional energy
loss

0 radiative energy
loss

(gluonstrahlung)

| o
1%

A+A
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NUClear modirication or unidentifried

charged particles

|
[0 The easiest way to study the “jet quenching”

B a3 few days of data taking > Runl result

0 P L B e B B I B I L I
o [ : . - i
% " = h', Pb-Pb (ALICE) ® h*, p-Pb s, =5.02 TeV, NSD (ALICE) 1

QT 1.8} 4 1, Po-Pb(CMS) . * 7.Pb-Pb s, =276 TeV, 0-10% (CMS) -
s 1 Bl Sw=276TeV,05% | & W' PO-PD s, =276TeV, 0-10% (CMS)]
s U ¥ 2° Pb-Pb s, =2.76 TeV, 0-10% (CMS)

C

1.4F it :

4
4
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0 ........ | | ] |

PR T BT SR ' R
0 60 70 80 90 100
p. (GeV/c) or mass (GeV/c?)

[0 physics
Interpretation:

B scattered parton
(high p,) looses
energy while
traversing the
medium

O collisional energy
loss

O radiative energy
loss

(gluonstrahlung)

For light flavour
Neon scaling doesn’t
hold at low pt
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Raa fOr heavy flavour

i cms pp 5.02 TeV + PbPb 5,02 TeV
N I TTI1 I | T T TTI T T TTI B - -
S 1.6-D° Cent. 0-100% B*, Cent. 0-90% More difficult!
= $ 4 eyl <1 5 15<]y|<24 ]
N 1.4} h*, Cent. 0-100% = lyl<24 B i
2 i< BY Cent. 0-90% | It has required the
a 1.2F %15<|y|<24__ full LHC Run2
15_3Iobal uncertainty [ o lyl<24 ]
| I e BSOS B At high p: Ry, of
< [ } T+ Raa
< o080 i"*‘***+ - all flavor identified
T % . § hadrons tend to
0.6 H FF il %“—‘ - converge above ~
: !,ae“‘““* T - 20-30 GeV
0.4 4 :[F —
0.2F -
O:Illll ] | | IIIII| | ] | IIIII| | | I:
05 1 2 34 10 20 100 200
P, (GeV/c)
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P+ range drives the phys

CS

E 1 .4 | 1 ] 1 l I 1 1 L] I I | 1 I I 1 ] 1 1 I | I ] 1 I—

“1 i ALICE V| <05 -

1'2 Il Pb‘Pb, VSNN = 5.02 TeV ;

I Centrality 0-10% 3

g IR SRR —— l_—

= Average D°, D*, D* 3

N .o .

~ 0.8 o  Charged particles g

~ ¢ Jhy, 0-20%, |y < 0.9 .

S 06| o PromptJhy, ly| < 2.4, CMS o

o o Non-prompt J/y, |y| < 2.4, CMS ]

— -

© 04 g — =

0 — ]

T - # 2

— 0.2 =

O 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 L 1 1 l 1 1 1 1 I =

10 20 30 40 50
ALI—-PUB—4§8679 o E PT (GeV/c)

dE/dx relevant Radiative dE/dx dominates

<>

Bulk of production

recombination relevant (even dominant for J/w)

the lower

the better !

also for other
observables,

e.g. v,
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p- range drives the physi

CS

E 1 4 | I I 1 I I | 1 I l I | 1 I I 1 I 1 I I | I ] 1 l—
T i ALICE V| <05 -
I Centrality 0-10% ]
g SRR R S SR ——— ';
»  Average D°, D*, D** :
N . - i
~ 0.8 o  Charged particles —_
N o Jhy, 0-20%, ly| < 0.9 .
S 0.6 o Prompt Jiy, ly| < 2.4, CMS -
o o Non-prompt J/y, |y| < 2.4, CMS ]
— -
< 04 0 — =]
5 — :
T - # 2
— 0.2 —
0 B 1 1 1 1 1 L 1 1 1 l L 1 1 L l 1 L 1 1 l 1 1 1 1 3

10 20 30 40 50

ALI-PUB-498679 p-r (GeV/C)

dE/dx relevant

<>

Bulk of production

Radiative dE/dx dominates

recombination relevant (even dominant for J/w)

Energy loss depends on:

e Color charge AE; > AE, 4
e Parton mass AE. > AE,
At the parton level:

AEg > AEu,d,s = NE. > AE,

~

Naive expectation:
Raa(m) > Raa(D) > Ran(B)

But different production
kinematics and
fragmentation of light and
heavy quarks to be taken
into account
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Azimuthal anisitropy

T84 Py dN
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Azimuthal anisitropy

Light ® ¢ (ALICE) lyl <0.5

Charm = Prompt D° (CMS) lyl <1 |
(5.36 TeV) = Prompt D (ALICE) lyl < 0.8

0.2

Beauty * (b—) D° (CMS) Iyl < 1
# (b—) u (ATLAS) Inl<2 _|

- . (b—) e (ALICE) lyl <0.8 |

s

Cent. 30-50% A

3N [E% I :
N
O U odled
I PbPb 5.02 TeV ~ |
1 1 1 1 1 111 |
1 10
pr (GeV/c)

Py

dN

d(@—=ygp)

o1+ 22 v, cos(n[@ -1y, )

n=1

Px

Open HF

éollective floﬁpath dependent dE/d%

3/10/24

v, =(cos[2(@ =) ])

[0 Charm quarks definitely

O

take part in collective
motion

B Strong coupling
Beauty flows to a much
lesser extent

B because of inherited
flow from light quark
partner in coalescence?

V
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Open HF and quarkonia

=

Charm quarks definitely take part

in collective motion
®m J/y has a sizable flow!

extent

Beauty flows to a much lesser

B because of inherited flow from
light quark partner in
coalescence?

Bottomonia: vo(Y(1S)) ~0

B Negligible recombination

0~o(Y(1 S)<V2(b—>e)~V2(InCI W) < voDl<wph at low pr
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Prompt D meson R,, and v,

-
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vl <05 7

JHEP 01 (2022) 174

< T T T T T L ] 1] T T L L | T ™ ]
= "OF ALICE 1 > o020k 'II_'IPISI\(/IDU t/lé)T@sHQ+EPOSZ ]
. | = ] [ -- ]

141 Pb-Pb, vS_NN .5'02 Te°V n I - - PHSD --- POWLANG-HTL
3 Centrality 0-10% . 0 15-_ DAB-MOD LGR h
1.2 Prompt D°, D*, D** average "°p =+ Catania 1

MC@sHQ+EPOS2: PRC89 (20 )5

014) 014905

LR (R0

& LIDO: PRC98(2018) 064901
& PHSD: PRC 93 (2016) 034906

& Catania: PLB 805(2020) 135460

$ POWLANG: EPJC (2019) 79:494
$ LBT: PRC94(2016) 014909
7 ; '
| R ey 1 Model ingredients:
4x10 1 2 34567 10 2(:)1—3((256\//0) 1 2 3 4 5678910 pTZ(OGeS/(;C) D transport Of C ql:larks in
an hydrodynamically
— ) - expanding medium (via
- I By Sliperees 3 Boltzmann or Langevin
1..25— Prompt DE);,eSEr,aI;t’}i %Slef:;/; —; 0.25 :- (I:J’Qtz}l'\i/fliOD - HoR _ _% D iqquuaat:_inesr)]ergy IOSS
<05 : 0.20
(elastic and/or inelastic
collisions)
P e O c-quark hadronisation
i 3 via coalescence
r E Centrality 30-50%, |y| < 0.8
| L | L -0.10k . vl . .
R R R e bR T e This is “state of the art”
after LHC run2
25/11/21 Giuseppe E. Bruno 13



Charm spatial diffusion coefficient

[0 Kkey transport parameter (quantifies drag, thermal, recoil forces)

19 2

10

2nT D,

ALICE ® LQCD, charm
QPM, charm ® LQCD, bottom
QPM, bottom 0 LQCD, M - o0
QPM, M — o0

~— T-matrix, charm

T-matrix, bottom
T-matrix, M — oo

200 250 300 350 400
T [MeV]

From that one
derives the drag and
momentum diffusion
coefficients:

N 1 T
1
(T = A7T3,
KT) = 57 47

Further discussed in
the talk of V. Greco
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Angular correlations

[0 Characterise energy-loss of heavy quarks in QGP medium, with
sensitivity to specific AE mechanisms
u D-Dbar correlations sensitive to parton-level initial angular correlation

[0  sensitive to parton-level initial angular correlation
O A very tough measurement
[ huge combinatorial background in Pb-Pb
u out of reach with fully reconstructed hadron decay in LHC run3&4
D-D or B-B b-jet - b-jet D-e (or D-p) e-e (or p-p)
L |
| \
5 = | %
D* A

— 10 r e o [T —'4] GeV '= T3 10 ¢ T ™ [1-4] GeV " S

I coll+rad, K =0.8 = eV === A r coll+rad, K =08 [1- eV ===
S o K GV e 3 | s Gy eas
< - i S S L ]
(o] ~ 10! —— £ ~ 107! F - b -
o 4 B s - I bb, 0 — 20% 1
? —% 10-2 F ce, 0 — 20% gy | % 10-2
8, = 100 // ‘,-';‘\\\ My ® U
8 10— E‘ // “‘II \\\. \\ \ ; 10—4 :

L 5l L \ ] I
g 10-5 L L k oA . 10-° L—u.
o 0 1 2 3 | ) 6 0 1 2 3 | 5 6

ad Pb-Pb @ 2.76 TeV, LO only Ad

- Initial distrib.: Ap=mt
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Angular correlations

[0  Characterise energy-loss of heavy quarks in QGP medium, with

sensitivity to specific AE mechanisms

] D-Dbar correlations sensitive to parton-level initial angular correlation

[0  sensitive to parton-level initial angular correlation
O A very tough measurement
[ huge combinatorial background in Pb-Pb
u out of reach with fully reconstructed hadron decay in LHC run3&4
e-e (or p-p)
SLC Q Born TLC 3
g Q g Q 9 A
Q 3
g g Y Q g g N\
@ ®) © - -
sy my \puy mayp \1uy ot =
15 T T T T T T 15— T T T T T 1.0 T T T T T
PbPb, \/;:5.02TeV, ly|<4 PbPb, \/;:5.02TeV, lyl<4 PbPb, 4/sny =5.02TeV,0-10%,|y|<4
s cC at creation e DD ~ 0.8-DD
by Pr.c>4GeVic,2< pr; < 4GeV/5; / i pro>4GeVic, 2 < prp < 4GeV{c = =
he] | = = Flavor creation / _| o | = = Flavor creation | o
s 1.0 -==- Flavor excitation / e 1.0 ===+ Flavor excitation s
; illluon splitting  / ; fllluon splitting ; 0.6
— rocesses — rocesses
3 e - ' 3
Z 05 Zo. Z 04
£ £ = i
00 o T 00 T 0.0 [T DU DTN DUU D
00 05 1.0 15 20 25 3.0 00 05 10 15 20 25 30 00 05 10 15 20 25 3.0
A¢ (rad) A¢ (rad) A¢ (rad)

§ i Séme'-siglrl pairs T A'fLAS

Q | Pb+Pb5.02TeV,1.94 nb’ p,>5 GeV
021 0-10% 7
0.18
0.16

§ | Same-sign pairs '

Q | pp5.02TeV,0.26 b

Ag

| AtLas’ " Same'sign pairs |
- Pb+Pb5.02TeV,1.94nb”" p_>5GeV
| pp5.02TeV,0.26 fb™

'No indication of broadening

o.s—: _,_ﬁ,__tﬁ_._[:]._.i._;_._.i.'__-

O I (Pb+Pb)
— * POWHEG bb+cg
L m I (pp) i
L L L 1 1 1 1 1 L L " 1 n L L
% 20 40 60 80
(./ (. Centrality [%]
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Baryons (the HF baryons)

{

~ lyl<0.5

o T T T T T T
n

~ = ALICE pp, Vs = 5.02 TeV PRL 132 (2024) 8, 081901
< 1] I | | T I L]

LHCb pp Vs =13 TeV
p.>0 54 fb! ‘

: +++++++Fr I

—=— PRL 127 (2021) 202301 T
0.8_— —&— This paper i

i —— PYTHIA 8 (Monash)
-------- PYTHIA 8 (CR Mode 2) |
...... Catania, fragm.+coal. ]
SH model + RQM

— QCM 7
0.4 R —
0.2: R o ; + pp—bb + X, global uncertainty: +1zz
L T (:) cto—s7°—sbh
| | | | | I | 1 | ‘ | | | I l L 'l I I
. 5 10 (GeV/e) 2 4 6
p ev/c VELO VELO
! Ntracks /<Ntracks >NB

Already in pp unexpected results

B fragmentation functions are not universal
among different collision systems

HF baryon/meson ratio enhanced in p+p compared to e*e, ep
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Baryons in pPb and PbPb

ALICE, PLB839 (2023) 137796

T T T T I T T T T I T T T T

o
()]
S 14F
~ 14CALICE \{sN _5.02 TeV, ly| <05:
< of 3 CMS Preliminary bPb 97.8 nb” (816 Te
T N - Supp/ementary i
i i —=— 0-10% Pb-Pb - = 2SN <E -
ok - —80-50%Pb-Pb 1 & .. e
OF i L i ST PbPb (5.02 TeV) 1
- pp 1 <4
N - = o6 Cent. 0-10% ]
0.6 o ] > F ~+- Cent. 0-90% 1
- ﬁ:*‘ 1 3. Hm%g :
0.2 :_ ® —: 0.2 :_ :i’—?..l—:——%ﬂ%f _:
: 1 1 1 L I 1 1 1 1 I L 1 1 1 I 1 L 1 L I 1 1 L L : 0 IIIIIIII 1|0| - I1|5III I2|0I = I2|5I = I3|0I II—I3|5TI I4|0
0 5 10 15 20 GeV
p. (GeVic) Pr (GeV)
Further discussed later in this session
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Quarkonia

[wo «discoveries» at the LHC
1. Sequential dissociation of the Y(nS) states

PRL 133 (2024) 022302

PLB 790 (2019) 270

p PbPb 1,61 nb bp 300 pb (502TeV) PbPb 1.61 nb, pp 300 pb’! (5. 02 Tev)
%10° PbPb 368 ub' (5.02 TeV) T e e T . e e e e
9:—\ T T \ T I. T T | L ‘ T 17T | LI | L J_: 12? p <30 GeV/C CMS ij i 1'2T lyl <2 4 CMS —7
E piu <30 GeV CMS ] [ |y| <24 T cent [ Cent. 0-90% ]
8E FoyMe2a = N == 500% L =
C A B Y(1S) (2015 PbPb/pp)T ] r Y(1S) (2015 PbPb/pp) 7
= 7F i1 pp>4GeV ] —+ . 0.8+ —
% E Pomt <24 R M Y(2S) < f ® Y(2S)
OIS {1 Centrality0-100% ¢ PbPb Data Y(39) - 4 Tosl Y(39) -
- g — Total ft
S 5 otal fi E al - 1s E ; .
- E ----Background 7 L ® @ @
w4 - [ T ] ]
c C ---- Ry, scaled s ] .
o g3 AA i ®F wm w1 e i -
= e b b b b b by B 1 s b v b b by
L E 00 50 100 150 200 250 300 350 400 15 20 25 30
oF (Npan> P, (GeV/c)
i ¢o @ @
oS | Ll | |
8 9

10 11 12 13 14
M- (GeV) « larger suppression with increasing

Y(1S) suppression as due to centrality and at low pr

suppression of its feed-down
components
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Quarkonia

[wo «discoveries» at the LHC

2. Bulk of charmonia produced via ccbar
recombination from the QGP

ALICE, PLB 734 (2014) 314

ALICE, PLB 734 (2014) 314

14 <4
TTL| molusive dny - s, Po-P \ s, = 2.76 TeV and Au-Au |5, = 0.2 TeV I< [ Inelusive JAy =~ u’, Pb-Pb Sy, =276 TeV and Au-Au (S = 02 TeV
t|  m ALICE (PLB 734 (2014) 314), 2.5<y<4, 0<p <8 GoV/c global syst.= + 15% 127 m ALICE 25<<4,0-20% global syst.= = 8%
1.2 5 [J PHENIX (PRC 84(2011) 054912), 1.2<y1<2.2, p >0 GeVic  global syst=£9.2% 1 ¢ PHENIX, 12<y1<2.2,0-20%  global syst. = = 10%
_ F LHC Vsnn=2.76 TeV 2.5<y<4
11441 HC- sy =2:76-TeV.-2.5<y<4... NINRBIC V=200 GeV 1.2<y<2.2
i HIC Vsyy=200 GeV 1.2<y<2.2
0.8
ity
0.67 @ E‘ e e
S |21
0.4j @' @' ﬂ' ’ E
i m m 00‘ 1 H2H 3 5 “6””7”
0.2
r & 8] = P, (GeV/c)
Lo v b v b v b b b v by by v
00 50 100 150 200 250 300 350 400 P! " ALICE | T r
x 2r ]
‘. ‘. @ (Npa W [ Pbpb iy =502V
| Inclusive J/y b’l <0.9 25< y<4
© Data 0-10% ® Data 0-20%
Smaller suppression at @J&L&L e
higher Vs (= higher T) i 7
. e
- Itis alow-p; effect "
- - - - +
Higher R, at mid-rapidity —— | Teaeeeellios
0 L e s S s s s s s S S W S 1
- Larger dN d 0 5 o 1520
g ccbar/ Yy p. (GeV/c)

S O L B L L L L L B
2 _
Y i el CMS, ly_1<1.6,0-100%
[ ALICE,25<y, <4,090%  (Ep)C78(3018)509)
12 Jy UHEP2002(2020) 041) o iy
P e y(2S) y(2S)
1 —
: TAMU ]
08 EJ/(‘ZS) 3
v ]
0.6 BEB .
—f—
0.4 _B_ - .
0.2 - - ]
o)) S | YT T T N T T T N T TN W Y ST SN L |:
0 5 10 15 20 25 30
p; (GeV/e)

Sequential
suppression of y(2S)
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Detecor upgrades

2015-2018 2022-2025 2026-2028 2029-2032 2033-2034 2035-2041

ALICE: LHCb:
® new ITS & new Muon Forward Tracker (MFT) ® VELO & Upstream tracker upgrades
® TPC upgrade + continuous readout @ Calorimeter. & muon upgrades

@ Forward Calorimeter (FoCal)
@ Smaller detector consolidation & enhancements
@ ITS3: ultralight cylindrical vertexer

@ ALICE 3: completely new detector ® LHCb Upgrade I

ATLAS: CMS:

® Muon New Small Wheels (MSW) ® New GEM detectors

® Re-designed AFP TOF ® New innermost barrel pixel layer

® Upgraded triggers & DAQ, HGTD ® Upgraded triggers & DAQ, MTD

® New Inner Tracker + new u chambers + lumi detectors @ New Inner tracker + calo. endcap + u detector

3/10/24 Giuseppe E. Bruno 21



Detecor upgrades: HF view

120

E& ATLAS/CMS Run2 ATLAS/CMS Run 3
> 100 - :
(]
Q)
it 80 ATLAS Run 4-6
|_
e ALICE Run 2 =
? ATLAS
e o CMS Run 4-6
o LHCb Run 2
@) 40 ﬁﬁc
5 N*Cb Run 3
3 & ALICE Run 3
2 2 S un
S LHCb Run 4-6 ALICE 3 Run 5-6
S \
8 0 ALICE Run 4
1 10 100 1000

Acceptance (An)X Pb-Pb interaction rate (kHz)

Overview in the talk of F. Jonas. I will focus on the upgrades with big
impact on Heavy Flavour (for high density QCD physics)
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CMS in LS3: MTD

1 7cms Phase-2 Pbe (5 5 TeV)
. ; | | S/mu/atlon 10°
L Hydjet
L. 5 m <15
A MIP Timing Detector o
= 1.4 10°
for the CMS Phase-2 Upgrade a . BTL

1.2F
10

0% 1 2 3 4 5!
p [GeV]

CMS Phase-2 PEPD (55 Te)
fCMS . ; | | | S/mu/atlon 10°
- e} Hydjet

1.5; i mi>1.6

1-4; 10°

Experiment | r or | r/op (x100) =N
(m) | (ps) | (m x ps™?) =
RHIC | STAR-TOF | 22 | 80 2.75 12
LHC | AUCE-TOF | 37 | 56 6.6 ya N
CMS-MTD | 1.16 | 30 3.87 15
0.90E 1
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eField (GeV/fm)

CMS in LS3: MTD

Initial Magnetic Field

Reaction . /_.
B

plane
(\}/R)

ﬁ
V (defines ¥.)

o]
Z=] A
dN
oc 1+ ZEvn cos(n[@ =g,
d((p - wRP) n=1
CMS Phase-2 Simulation PbPb 3 nb™ (5.5 TeV)

0-100%, p.>0 GeV

® MTD, dv /dy = (-1.22+0.10) x 10
no MTD, dv,/dy = (-1.2240.13) x 10

10-40%, pY>0 GeV

— D°, HTL, dv,/dy = -0.80 x 10 \]*\
—=D°, 1QCD, dv /dy = -1.22 x 10 l \\%

o = : G g «-e= 7, dv /dy = -0.08 x 102
[ LHC: Pb+Pb@2.76 TeV ] C A RPN PR EPEEPE U B B B
0.08 b=9.5fm, n=1.0 - - ,
; — ] 0.04F- ® MTD, dA v,/dy = (0.00£0.14) x 10°
[ ‘B‘ ] . - no MTD, dA v,/dy = (0.0040.18) x 10
0.06 pr— = o 002 I [
[ ] >~ F I 1 | I I ) S
004 ¢ =0.023 fm-! h Q’D‘ 0: l+ l+ 1* l‘ l‘ 1* l+ l+
‘ ] =-0.02— -
> E  Search for strong magnetic field
0.02 l 004k S. Das et. al. PLB 768 (2017) 250
=F=ue 0 0, 1 - 0 = y(0°)
t (fm/c)
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CMS in LS3: MID
CMS Phase-2 Siii/lation Preliminary |
N D D
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04 Al D° ]
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LHCDb

Important upgrade in LS2 (Upgrade 1) - results being delivered in Run3

LHCb Upgrade I

< | Major upgrade

Side View Tungsten

Magnet & NEHF“’DCUAL M3
Magnet Stations  §¢iFi TORCH  spieiding
H

Tracking with high efficiency
v in most central Pb-Pb collisions

1.2 Ll 1 I l I Ll 1 | 1 1 1 | I 1 1 i

E: 26 | Preliminary
Vertex - L .
g 10
/ N eoe e e st iinks &5 28
L et §
0.8 gre g
H+  PbPb efficiency
Phase-II Upgrade 0 0.6 [ PbPb recoble tracks N
L H+  pp efficiency
. i pp recoble tracks
Mighty Tracker L .
1 02f .
O 0 [ 1 1 1 I 1 1 | 1 1 | 1 1 1 i
0 20000 40000 60000 80000
p [MeV/c?)
0 2 4 (m) 6 8 10
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LHCD

Expected ~ 10 nb! luminosity for PbPb during run 5-6,

T T T T I T T T | T T T

' ' 1
PbPb 10 nb™! 0-100%

1

2 1”i o 'Yl(lsl)-l Upgrade $u rade 11 ] 'IE'IO_3;E —;
cza.. “r LHCD projection ’ pera .pg ] < - 3872)—sJ/ 7Z'+7Z'_ 3
) . PbPb mﬁ]‘ev Y (2S): “Upgradel +LpgradeII _ > B ch( ) W 7]
— i 1.4 __ q.) _
C Y(3S): UpgradeI Upgrade Il - () 10~ =/ + LHCb projection =
O 8 - I x * » ¥ » ¥ - — E
g — =~ PLB 797, 134836 (2019) i
0.6 N | LHCB-FIGURE-2024 osv;| : _g-l 1 0_5 | Statistical Hadronization _
: TITREE . . .o %\ E EPJA 57, 122 (2021) E
04 — - 2 > B T Tetraquark }
N 1 £ 107 F - E
N i - = Molecule =
02F—* % » = = - » x ¥ — i) - — s
- ] - PRC 107, 014906 (2023) e .
e U S N
‘. - <Npan> E mmmm==_ Molecule + E
1 0_8 1 1 1 1 | 1 1 1 1 Z 1 1 1 1 I 1
- N Xcb Should be doable 0 5 10 15

P, [GeV/c]

0 LHCb to become full player for HI physics in forward rapidity region!
[0 Also rich program with (polarized) fixed target
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ALICE in Run3

New Inner Tracking system (ITS2) New Fast Interaction Trigger (FIT) | Long Shutdown 2
https://arxiv.org/abs/2302.01238

-19.5m from IP New Muon Forward Tracker (MFT)

-0.8 m from IP

Disk2 - Disk4

Disk1

17 m from IP 3.5m from IP

Disk0

Upgrade of Time Projection Chamber
(TPC) with GEM ampilification chnology
ITS2

Disk3 Power Supply Unit

GEML GEM2

TPC drift volume

New data acquisition and reconstruction
- framework —(Online —Offline , 02)

electrons

Continuous data taking of min. bias Pb-Pb
data at 50 kHz

2010-2013 2015-2018

ALICE major [l unt SRS w2 XD 170 XED 1) XD
upgrade in LS2
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f non-prompt

f non-prompt

ALICE in Run3

P-P
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000 B v 1 v v = - : -0. - L : .
0 5 10 15 107 1 10 1 2 3 4567 10 20 3040
P, (GeV/c) R (GeV/c)
g [T
0,20_...|...|..|‘..|...|,.. 1 — — QU ALICE Preliminary
L ALICE Preliminary i 2 16| ALICE Performance, 2023 o e 0.6/ 30-50% Pb-Pb, |5,y = 5.02 TeV .
: Do meson, Iyl <05 : .5 4 Pb-Pb, VS—NN =536 TeV § L Reaction plane
0.15— < pp, Vs =13 TeV (JHEP 10 (2023) 092) — £ Recorded: 1535.5 pb™ 10 8 . -
T = pp Vs=13.6TeV B 22 s
[ D o L i
= g s E
- o =4 0.4 -
0.10— E
r 0.8 6 r 1
06 i 1
R 7 4
0.05H PYTHIA 8 . - .
L Monash CR-BLCO -+ 0.4 02 _& o Prompt D', 0.3 <|y| < 0.8
: ERsc:  @cRacD ] : o I A
r |:|Epos4 Golour B 1 0.2 O ARSI AARLN AAAAE RS KARAN RAARS MM
vy Jhy poyilBoesyd] vy o ey oloyunelion yae e oo Lopupmyiliyes il oo il gopeyel] 0 o o of ——————
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GeV/c) = E
pT( evie T 2+ :
Qg_4}11_?_11111|J||A11111111111[1\11[117:
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ALICE major . (GeVio
upgrade i% LS2 First Pb-Pb run in Oct. 2023, first preliminary results out
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ALICE next upgrades

TRC _ New experiment
ALICE 3

Absorber
Magnet

:«chnology
ITS2

Muon chambers
FCT

TOF
Outer Tracker
Vertex detector

Cylindrical
Structural Shell .

P
iy

Half Barrels

2010-2013 2015-2018 2022-2025 2029-2032 2035-2038

ALICE 1 ALICE 2 ALICE 2.1 ALICE 3

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 824093.
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ALICE upgrades for Run 4

goal of ITS3 project: 1192
replacing inner barrel
of ITS2 with silicon-
only wafer-scale

truly-cylindrical layers

in 65 nm CMOS technology

Beam pipe

Other
0.7 4 m Water
EEm Carbon
- 0.6 Aluminum
v mmm Kapton
= m Glue
< 05 Silicon
% —— mean =0.35%
S o4
8
<03
E
X 0.2

o
o

o
)

(') 1'0 2'0 3I0 4I0 5I0 6IO
Azimuthal angle [°]

2010-2013 2015-2018 2022-2025

ALICE 1 ALICE 2 ALICE 2.1

This project has received funding .. ... . ..
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ALICE 3
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ALICE upgrades for Run 4

goal of ITS3 project: 1192
replacing inner barrel
of ITS2 with silicon-
only wafer-scale

truly-cylindrical layers 7 =SS

in 65 nm CMOS technology szt O | T

Silicon
0.7 1 —— mean = 0.05 %

X/Xo [%] for tracks in |n| <1
o o o o o
N w N w o

©
=

o
o

10 20 30 40 50 60
Azimuthal angle [°]

o

2010-2013 2015-2018 2022-2025 2035-2038

D ID ID o IED IZD
ALICE 1 ALICE 2 ALICE 2.1 ALICE 3

This project has received funding .
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ALICE upgrades for Run 4

goal of ITS3 project: 1192

ITS3 _ ‘ R
o AN replacing inner barrel
we o g Of ITS2 with silicon-

only wafer-scale
truly-cylindrical layers

in 65 nm CMOS technology ezttt sgifiE - g Outor Baro

2010-2013 2015-2018 2022-2025 2035-2038

ALICE 1 ALICE 2 ALICE 2.1
This project has received funding . . __ S
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ALICE upgrades for Run 4

goal of ITS3 project: 1192
replacing inner barrel
of ITS2 with silicon-
only wafer-scale

truly-cylindrical layers

in 65 nm CMOS technology

Beam pipe

2035-2038

ALICE 3

2010-2013 2015-2018 2022-2025

ALICE 1 ALICE 2 ALICE 2.1

This project has received funding .. ... . ..

g meem g m e — e e
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ALICE upgrades for Run 4

goal of ITS3 project: 1192
replacing inner barrel
of ITS2 with silicon-
only wafer-scale truly-
cylindrical layers

in 65 nm CMOS technology

R =18, 24,30 mm Beam pipe
llbeam pipe: 16

2010-2013 2015-2018 2022-2025

ALICE 1 ALICE 2 ALICE 2.1

This project has received funding .. ... . ..

2035-2038

ALICE 3

— e

g mm e m e

Outer Barrel

3/10/24 Giuseppe E. Bruno
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rg pointing resolution [um]

This project has received funding .

3/10/24

ALICE upgrades for Run 4

103

pointing resolution

102 4

101 4

10°

ITS2 standalone
ITS2+TPC

O ITS2 standalone (full MC)
ITS3 standalone
ITS3+TPC

ITS3 standalone (full MC)

Q
0
-
»
..

S
o3 R
------
.....
o
.....
& oS
e >

>
oy

~~~~~
‘‘‘‘
§§§§§
________

0.05 '
ALICE-PUBLIC-2018-01:Flr§nsverse momentum [GeV/c] pT (GeV/C)

0.1

0.2 0.3 05 1 2 3 5 10 20 30

2010-2013 2015-2018

ALICE 1

O

2022-2025

ALICE 2

g m e m el e e — o

Improvement of pointing
resolution by:

B drastic reduction of material
budget (0.3 — 0.05%
X0/layer)

B being closer to the interaction
point (24 — 18 mm)

m thinner and smaller beam pipe
(700 —- 500 pm; 18 — 16 mm)

Directly boosts the ALICE core

physics program that is largely

based on:

B |ow momenta

B secondary vertex reconstruction

E.g. A. S/B improves by factor
10, significance by factor 4

2035-2038

ALICE 3

g m g mm e — e e m — e — o —

ALICE 2.1

Giuseppe E. Bruno
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Significance

ALICE upgrades for Run 4

L e e e LA B e o e IR
35f-  Upgrade i
E = |TS3 E
0 e ITS2 + -
251 + =
25 A 4
151 B N =
C ALICE Simulation ]
10 l Pb-Pb, ﬁ 55TeV ]
C L,m_10nb 0-20% 3
5:_ Ay-NT (Aj—>pKT?) E
ST N RN BN R IR B
02 4 6 14 6
pTA(GeV/c)
I1S3
Structural Shell
Half Barrels
2010-2013

This project has received funding ..

@ ALICE Upgrade Projection ~ BY 5 b; -
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i Il 1
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F CJUnc. backlground estimatio? 1 ]
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P e
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Expected significance
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D
o
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10

uncertainty

- LHCb: arXiv:2007.12096v1 [hep-ex]
- Belle: Phys. Rev. D 100, 031101 (2019)
- Fu-Sheng Yu et al 2018 Chinese Phys. C 42 051001

T T T | T T T I T T T I T T T l T T T I T T T l T
ALICE Upgrade Projection

0-10%, Pb-Pb, |5, = 5.5 TeV
L,=10nb"

= — pKn*
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[J Uncertainty from signal and background estimation
] Uncertainty related to branching ratio
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300

250

n
o
o

Temperature (MeV)
o

A parenthesis: HF at the SPS

SPS provides p and

Pb beams to the LHC

and to WA and NA
B Fixed target program

The Phases of QCD

o

400 600 800 1000 1200 1400

Baryon Chemical Potential p;(MeV)

-

1600

LEP/LHC

;Nnrth Area
////"S?\

LHC Large Hadron Collider &
n-ToF Neutrons Time of Flight v
CNGS Cern Neutrinos Grand Sasso

AD Antiproton Decelerator
n PS Proton Synchrotron

neutrinos SPS Super Proton Synchrotron

:arch and innovation programme under grant agreement No 824093.
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A parenthesis: HF at the SPS

'_|108 T T T T T 1 11 [ T T T T T 1T 177 N T
N
I — Heavy ion collisions 3 NA60+ vertex detector
1075 e . Vodkoh—kokV
_‘% : J-PARC-HI E . .
o g ]
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N
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o

D, » ¢ » KK

accessible also at low /s, yields measurement, few feasible, improvement with J/\V > Uu
10 S S - Sy o P
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- 10° o ¢ o< Nﬁeotﬁbﬂiz a 50 GeV
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This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 824093.

3/10/24 Giuseppe E. Bruno 39




ALICE 3: Run 5 and beyond

- |

tracker

B Pointing resolution ~3-4 um
and pr resolution< 1% @1

TOF

Superconducting
magnet system

GeV/c
[l Large acceptance, |n|<4,
p:>0.02 GeV/c
[J Superconducting magnet
system
B Maxfield:B=2T (0.5 T runs
foreseen)
baaor. 0 Continuous readout and
Muon online processing

chambers - s . .
[J Particle Identification (PID) in
ALICEZ, -0 a wide range of p;and|n|<4
e
2010-2013 2015-2018 2022-2025 2029-2032 2035-2038
=
reived funding
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https://arxiv.org/abs/2211.02491v1

ALICE 3: vertex detector

action energy — ro: 15 mm

“Iris” vertex detector

In vacuum, retractable, tracker (3
layers + 3 disks): in closed position
first layer at 5 mm from the beam

Wafer-size sensors based on CMOS
MAPS technology (synergy with ITS3
R&D)

Pixel pitch of about 10 um (2.5 pm
intrinsic resolution ) and ~0.1%
X0/layer

Max. radiation load per operational
year ~ 1.5 101> 1 MeV neq/cm?

Cooling on the outer surface of the
3rd layer (micro-channel) while the
layer 0 and 1 cooled via conduction
on the petals

Beam injection

Full scale prototypes
being developed

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 824093.
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mechanics, cooling & services




ALICE 3: vertex detector

“Iris” vertex detector

L1 Invacuum, retractable, tracker (3
layers + 3 disks): in closed position
first layer at 5 mm from the beam

[0 Wafer-size sensors based on CMOS

MAPS technology (synergy with ITS3
R&D)

[0 Pixel pitch of about 10 pm (2.5 pm s
intrinsic resolution ) and ~0.1% o TP LI
X0/layer = SiSEy @

2 PE = = cm

[0 Max. radiation load per operational 50 i

year ~ 1.5 10> 1 MeV neq/cm? A — s
. o 10 : .

[J Cooling on the outer surface of the £ F.BN - ALICE Run 3
3rd layer (micro-channel) while the 2 10l ALICE Run 4
layer 0 and 1 cooled via conduction f
on the petals 1_ ALICE 3 vertex detector 3

R&D challenges: rad. hardeness, 10_,: O P S S,
mechanics, cooling & services 107 107 1 10 10°
P (GeV/c)

This project has received funding from the European Union’s Horizon 2020 rese: No 824093.
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3c separation

ALICE 3: PID systems

Time-of-flight % o =i
[1 Barrel TOF: two layers at 19 cm and - &/
at 85 cm. Time resolution 20 ps,

|n|<1.75. Total surface ~ 31.5 m? b
[l Two forward disks: 1.75<|n|<4 with
rn=15cm, r =50 cm at z = +405 o

cm Tot. surface ~ 14 m?
R&D challenges: depends on technology, If MAPS uniform and

fast charge collection + fast readout electronics and high S/N ratio

RICH for higher p; reach

[J 2 cm thick aerogel tile and photo-
detection layer (SiPMs) at 20 cm n
from the radiator

L1 Aerogel radiator refraction index n =
1.03 (barrel) and n=1.006 (forward)
— determine the p; reach

16¥COTTCCAIXIB - 600-CC0C-DOHTT-NY3D

R&D challenges: quality of the aerogel over

production cycle, digital SiPMs radiation resistant ok
0 1 2 3 4

This project has received funding from the European Union’s Horizon 2020 research and innovation n:nt No 824093.
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counts/(5 MeV/c?)

ALICE 3: physics performance

Strangeness tracking

Multi-charm baryons W &

L1 =_*reconstructed in the channel:
S RE U DIt Wy

L0 Q.+ reconstructed in the channel:
Qcc+éncon+én-n+n+ : |

[l Performance for Q. studies ongoing .0
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m
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400F E 800~ - = —e— =22 standard 3
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g | E sooF- ‘ E - ALICE 3 Study ]
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ALICE 3 LOI arXiv:2211.02491 p. (GeV/c)

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 824093.
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ALICE 3: physics performance

D
QAT

D°—DY azimuthal correlation

measure angular
(de)correlation

B direct probe of HF

interaction with the )

QGP £
Strongest signal at 5
low Pt =

Very challenging
measurement:

B good purity, efficiency
and n coverage

In heavy-ion collisions doable only
with ALICE 3

N EEEEN EEREE Y EEEEN R
ALICE 3 Study, L, = 35 nb™

PYTHIA 8.2, \/s,, = 5.5 TeV, 0-100% central
D°-D° azimuthal correlations, bkg-subtracted

p¥' >4 GeV/c, 2<p” <4, ly | <4

e

_Illlllllll#llilllllllllllllllll_

l |

|
R T
:_ Correl. unc. + 1.8e-04 (indep. c-cbar contrib.)
& Unc. NS width + 18.0%, AS width + 3.8%
— Unc. NS yield + 19.3%, AS yield + 3.4%
B I 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1

-1 0 1 2 3 4
A (rad)

ALICE 3 LOI arXiv:2211.02491
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Not just p and Pb at the LHC!

Lighter systems like Ar-Ar, Kr-Kr or Xe-Xe
B smaller size and shorter lifetime of the QGP
B can offer nice opportunities, e.g.:

| StudY the approach of HF quarks to thermal equlibration
with lighter partons in the QGP

[0 Emergence of decoherence in DDbar angular correlation

[0 test-bench for hadronization mechanisms
m Multi-charmed baryons, B¢, strange HF hadrons

Very light system like O-0O
B Bridge between pp (and p-Pb) and heavy ions

[0 onset of energy-loss effects in small colliding systems,
which has not been observed yet

Better experimental conditions

o “@
X i 543
e A

- Discussed since long, see e.qg. arXiv:1812.06772

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 824093.
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Not just p and Pb at the LHC!

Estimate in signal gain with basic scaling assumptios
O-O|Ar-Ar|Ca—Ca|Kr-Kr|Xe-Xe|Pb-Pb

A 16 40 40 78 129 208
Lint (nb~" /month) 1600| 340 310 84 26 5.6
Tinel 1.41 2.6 26| 4.06| 5.67 7.8
G events/month 2250 880 810| 340 150 44

Light part. [Saa/Spupp for A5® scaling| 4.0] 3.9] 35] 29 21 1
D & tot Cc |[Saa/Seopb for AZscaling | 1.7] 22[ 20[ 21 1.8 1
=cc Saa/Spbpb for A7/ scaling| 0.7 1.3 1.2 1.5 1.5 1
cex Saa/Spupb for A%/ scaling| 0.3| 0.7] 0.7 11| 1.3 1

é 10°=ALICE 3, scaling to lighter ions o I ]

> E A-A, 0-10% : % L ‘., ;@ O_O 0—10% ]

23 =t —, —_ b 09: — 7 \(\l')n —— ° -

€ [ g En - Envnm cc g :®a - —o— Ar-Ar 0-10% =

%2 | Full acceptance over |n|<4 2 osF Kr-Kr 0-10% -

4 - particle + antiparticle g E —e— Pb-Pb 0-100% 1

2 07F 3

= E % ﬁ g pT(DO)“> 4 GGV/C g

Assum|ng C % ; 0.6¢ 2 GeV/c < pr(D°) < 4 GeV/c]

same selection o I § osF :

efficiency 5 g o4f E

r — Pb-Pb, ALICE 3 Lol, for 1 month D C .

as for Pb-Pb [ | scaeome 03 E

0-0, {5 =7.00TeV  — Kr—Kr, {5, = 6.46 TeV E =

1= Ar-Ar, {5,,=6.30 TeV — Xe-Xe, 5.;=5.86 TeV 0'2:40—' —— 3

E — Ca-Ca, 5, =7.00 TeV 0,12— =

Lo bv v by b b v b vy by E '7$7.7$

A eV NS yield ASyield NSwidth AS width

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 824093.
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Conclusions and remarks

Heavy Flavour plays a key role in the Heavy
Ion programme of the HL LHC (and SPS)

B Access to the microscopic dynamics of the
collisions and the QGP since its earliest phase

B Strong theoretical grounds

Experimental requirements:

B |arge statistics “on tape”:
[0 Trigger-less selection (= continuous readout)
0 Luminosity hungry: Run3+4 x2-3; Run5+6 x2-3

B Cutting-edge micro-vertex detector

B Excellent PId for hadrons (and leptons)
Quantum jump in the precision with ALICE 3
B A few runs with lighter ions relevant
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EXTRA




What can we learn from HI collisions ?

Credits: W. Busza et al. Annu. Rev. Nucl. Part. Sci. 2018.68:339-376

QCD in Cosmology

[0 heavy ion collisions recreate droplets of the state of matter of
our Universe 1us after the Big Bang
B state at this time and its evolution to hadronic phase (cross-over vs.

1st order phase transition) had severe influence on the entire history
of our Universe

History of the Universe

Quantum
Fluctuations

[+

P

g :

> o

5 e o
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@ % v g

et & 4 s >

2 = - z

- (= < o o
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© & = 3 =
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— = 8 o
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©

14

0.01s 3 min 380,000 yrs 200 Million yrs 13.8 Billion yrs
Age of the Universe

BICEP2 Collaboration/CERN/NASA
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What can we learn from HI collisions ?

Emergence of Complex Quantum Matter

final detected
partic Ig,,.df's?ribuﬁons
Kinetic
freeze-out

[}

ulllbmu hvdrod
namrcs viscous us hydrodynami ynamics | free streaming
collision evolution | =

t~0fm/c T~1fm/c T ~10 fm/c T ~ 1015 fm/c
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not just HI...

[0 study of “reference” colliding
systems like pp and d-Au is a
fundamental part of any HI
programme

starling-starling

At the LHC, not just “reference”: extreme pp and p-Pb events have
revealed unexpected features

Giuseppe E. Bruno 52



P+ range drives the physics

jG 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
% 10 ALICE prompt D°
9,'_ 4 Pb—Pb, Vs,, = 5.-02 TeV
= lyv| = O.5 Centrality 0-10%
= ‘- s Pb_Pb
— 10 B m pp-reference x { T AA)
T 1 o2 + 3.2% T ,, syst. unc.
< = o Centrality 30-50% (x 10™)
™~ o= L - o Pb—Pb
—_ o E = | e pp-reference x(T,,)
N - S — - +3.7% T ,, syst. unc.
o 1077 E o =
S : < - - the lower
— -
o _F < the better !
LiJ 10"
- — S
1077 > also for other
= += 0.8 BR syst. unc. not shown
1 0—8 B 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I Observables,
o E 10 E 20 30 40 50 eg VZ
= P (GeV/c)
Collisional
dE/dx relevant Radiative dE/dx dominates

Bulk of production

recombination relevant (even dominant for J/vy)
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v2 of Heavy Flavor in PbPb

CMS Preliminary PbPb 1.6 nb” (5.02 TeV)

0.25 __ Charged hadrons Prompt J/p, Cent. 10-60%  __|

° Nonprompt DO < prompt DO ) C [ il <1, Cent. 10-30% O 16<lyl<24 7]

B Y(19) ¢ lyl<24 i

O 2 __ + lyl <24, Cent. 10-30% Nonprompt J/y, Cent. 10-60% |

r O 1.6<lyl<24 ]

e Nonprompt J/Y¥ < prompt J/¥ C ¢ lyl<24 .

015 . Prompt D’ ]

-V u '. W Iyl <1, Cent. 10-30% -

N " Nonprompt D’ ]

® Y(IS) ~ 0 e . [ g * lyl <1, Cent. 10-30% ]

| IE .

e Consistent picture of charm flow 0.05- - 1% mEAC -
* Less clear for beauty quarks - 4 =SSR ERIN

OF=—i——— ) s v g T Y

C | + %:l _

/f:-:iﬁ“ - .

-J/Effﬁss .| HIN-21-008 Submitted to JHEP —0.051 | E

'};,” E | 1 I | | 1 | 1 | | 1 1 |
w Milan Stojanovic’s talk 1 G 1{)//
NoMYZ - eVv/c
9%/ |Wed, 16:30, Ballroom D P ( ) 38
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CMS in LS3: MTD
PbPb 10 nb™ /(5.02 TeV)

M,
0

_l LI I LI I LI I LU I L I LI I LILELIL I LILELIL I l__ i
1.2 p; <30 GeV/c CMS -+ -
I ly"l < 2.4 Projection | Cont i
[ ent. -
L Krouppa, Strickiland o y(15) E‘”031_0_03/;__
s 4 m/s=1 T :
0.8 — 45 n/s=2 = Y(29) T n
:(t s, ’EEEEE 4mt m/s=3 4 Y(39) T ]
T 06f T -
041\ N, e T ]
L\ =N\, @ T 1 = Z
0.2F W ... o + A
L e T TS - - —— ' -
O—I L1 1 I L1 11 I L1 11 I | . [ | .| | ! l_— # |
0 50 100 150 200 250 300 350 400
Npart
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2D,

Charm spatial diffusion coefficient

30

20

10

0

I |’”I,-I“'T I | T T

-

I

1 1 1 1 I
LGR (Model-A)

LGR (Model-B)

LQCD: Static

LQCD: Static, Continuum
LQCD: Charm

Charm, CUJETS3

Charm, LIDO (Bolt.+Bayesian)

« Charm, Bolt. (2<>2)

D-meson, HRG

IIIIIIllIIIllI

|
1

Li, Liao, EPJC 80 (2020) 671

[0 Kkey transport parameter (quantifies drag, thermal, recoil forces)

From that one
derives the drag and
momentum diffusion
coefficients:

N 1 T
1
(T = A7T3,
KT) = 57 47

ALICE data (including vy), JHEPO1 (2022) 1 74:1.5<2rT .D<4.5
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IT S 3 I a y e r Stucturlhell 7 4
™

Wafer-size thin
silicon sensor

C-side FPC
A-side FPC

Longerons
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ALICE 3: physics performance

Thermal radiation and chiral
symmetry restoration

5\400 T T T T I T T T l
2 | ALICE 3 Study I ]
. . = 0-10% Pb-Pb, =5.02 TeV
[0 access to time evolution of the QGP ~ o Vo
350/ L, =5.6nb 1
temperatu re
300
< 10
) ALICE 3 Study , L4
% 0-10% Po-Pb, fiy; = 5,02 TeV | ta=sEm
% 1B~ TOFLRICH Mo, mi). B=05T Syst Uncertainties 250
5:I t:’-;p,;;l(‘:ovtcgﬂ& I]‘c { 5%) + bikg. (0.02%) | A
£ oca a1 e [Jecos%) « 1 10%) ]
s —Fitof the spectnum
" 10 200[  Fit Range: 1.1 < m,, < 1.8 GeV/c? |
e T, (stat. unc. only) il 1
0? — "mal _J
Ll......l.l......l.l‘.t...l.ll_._
. 1500 0.5 1 1.5 2 2.5 3 0-4
’ “
[ (GeV/c)
g 12:
g
8
S 0sf
’ e, (o) ALICE Coll. arXiv:2211.02491
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ALICE 3: physics performance

Thermal radiation and chiral

P L e L B B BN BN R
I Ng ; ALICE 3 Study === vacuum p SF E
symmetry restoration S [ ooeroramseeTev TN e
N 1:—1-0':"":“0'_i (40, re]), B=05T _ in med. SF w/o x-mixing —|
Zg = 02< pT’e<4GeV/cj‘, <08 4| _56nb'measured 7
& B goCAbremisthahlung included Syst. Uncertainties: 7]
. : 3, | Plhe=lzo [ sig. ( 5%) + bkg. (0.02%) |
[0 access to time evolution of the QGP 3 Dot (159%)  LF (10%)
temperature T e _ i
10_25_ ....................... _E
[J Spectral function of low mass o5l ]
dielectrons determined with 6-8% unc.
in the region 0.4< m_, <1.3 GeV/c? I A R A
<
[J Chiral mixing would produce a 20-25% 8
change versus vacuum spectral S o. | S i s
. . 5 .6 0.8 1 1.2 1.4
functions (0.8< m,, <1.2 GeV/c2) e 0 . (GoVICY)

ALICE Coll. arXiv:2211.02491
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ALICE 3: physics performance

Multi-charm baryons: why?

different models to describe charm
equilibration and hadronisation:

H. He et al. PLB 746 (2015) 59

A. Andronic et al. JHEP 07 (2021) 035
J. Zhao et al. PLB 771 (2017) 349

X. Yao et al. PRD 97 (2018) 074003

S. Cho et al. PRC 101 (2020) 024902

etc...

study of multi-charm baryons over

different collisions systems (e.g. from O-O

to Pb-Pb) very sensitive to the non-
equilibrium features of charm quarks

1072}

>
2
Z
©

1078}

V. Minnisale et al. arXiv:2305.03687

T T
—{1— coalescence

T T T
] coal. ArAr-Krkr-OO
=~ WIPbPb distribution /—EPD
&— SHM >
C-1 Kr—Kr .27
----- scaling N_(N/V)

A PbPb  —

ccc H o Kk —

Y| y - 0.12 ArAr —

& EOJO 0o
S
Q
. Ar-Ar g°%°r charm
</ ©0.08 [-
- Zoo4|
O 002
O AT
4] 035 1 15 2 25
pr [GeV]
2 25 3 35 4 45 5 55 6
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ALICE 3: physics performance

D°—DY azimuthal correlation

ALICE 2(.1) Run 3 + 4 projection

-3
- X1 Q T T T [ T T T T T T T T T | L L o
v 120~ Expected ALICE 2 performance, L, = 13 nb" g 60
O PYT_HlAZ]s.z, S = 5.5 TeV, 0-100% central =
g 100 D°-D° azimuthal correlations, bkg-subtracted ] g 50
- pO° 54 GeVic,2<p2 <4, |y | <0.8 2 | o
L T T D “,2 %
o S° 40
| (=]
o
- b, g
B P4
- 30
L 20
10
0

In heavy-ion collisions doable only
with ALICE 3

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 824093.

. 2.
A=
)”r \'A{ . \[Su

1>
Jc

—t+— No quenching
Full thermalisation

T I T T T T I T T T T
ALICE 3 Study, L;,, = 35nb’
PYTHIA 8.2, s, = 5.5 TeV, 0-100% central
D°-D° azimuthal correlations, bkg-subtracted

0> 4GeVic,2<p° <4 4
p; >4GeVic,2<p <4,y | <

IIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIII_

Correl. unc. £+ 1.8e-04 (indep. c-cbar contrib.)
Unc. NS width + 18.0%, AS width + 3.8%

Unc. NS yield + 19.3%, AS yield + 3.4%
1 I 1 1 1 1 I

llllllll
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A (rad)

ALICE 3 LOI arXiv:2211.02491
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P+ range drives the physics

/G : T T T T | T T T T | T T T T | T T T T | T T T T | I:
=  ALICE vl <0.5  __
> 10 = 0—10% Pb—Pb, |5y = 5.02 TeV =
g ;‘g prompt D° ¢ vertexing .
o 1 = m w/o vertexing =
] - O - : . . : : _ -
5 10_1 ;_ % (a'm 1?;: R = yield (w/o vert.)/yield (with vert.) :; _; pT range drives
= = % 2b o & # 7 3 the physics
© ol % o BE TR 5 4] 5 TR
107 £ % #
— S = 0.45— _E ]
10° = —0— 0252 4 6 8 10 12 =
= MEVSEEENN the lower
— —Q— —
1077 & =l the better !
10° | =
E + 0.8% BR syst. unc. not shown o E also for other
10—6 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | |
0 10 20 30 40 50 observables,
e— p_ (GeV/c) e.g. v
dE/dx relevant Radiative dE/dx dominates
=
Bulk of production
recombination relevant (even dominant for J/vy)
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