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Relativistic Heavy-lon Collisions: time evolution

Particle detection

Kinetic

))))))) freeze-out

Hadronization

collision
overlap zone Initial state

Hadron
gas phase

Probing quark gluon plasma
parton energy loss, collectivity
((((((( transport coefficients, temperature

Pre-equilibrium dynamics Viscous hydrodynamics Hadronic rescattering

I MMM
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e World’s highest-energy heavy-ion collisions o T
e Large interaction volumes and long lifetimes

e |deal conditions for studying QGP properties




e World’s highest-energy heavy-ion collisions
e Large interaction volumes and long lifetimes

e |deal conditions for studying QGP properties

LHC 7 TeV c-10 km/h

Geiger and Marsden 1 MeV ¢c*5%
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Yield dN/dy/(2J+1)

A Large lon Collider Experiment

THERMAL PARTICLE PRODUCTION

Highest multiplicity ALICE

| I | | | | I | | | | I | | | |

107N Pb-Pb |5, =2.7 1 QCD-analog of Planck spectrum
; K* o -
102 .. ) oII|S|ons o0 = T=156.2 + 2 MeV
E A E
0 é— ..... " — N« (2] + 1) eXp(—mczlkBT) _% pbm, Johanna, et al. Nature 561, 321 (2018)
- 1; ’:‘. . pbm, Johanna, et al. nucl-th/0304013
1 * . ) = . .
", Q - Baryo-chemical potential
107 == d e
5 -3 4y =071 045 MeV
1072 ¢ ’ E
(o3[ Data ALICE 1 Particle and antiparticles created at
- : *. 3 = ° . o
- particles ‘He s * almost identical yields
4 - . _
107 = antiparticles e S
- - arXiv:2311.13332
10> ¢ Statistical Hadronization O
(o€ ;_ total (after decays) .. He_é
E e primordial - Lattice-QCD results agree
—7 | | | | | | | | | | | | | | I |1 | | | | | | | I | | | | | | |1 | I | | | |
% 05 1 15 2 25 3 35 4 T, =156.51.5MeV

E — m62 (G@V) ————— A. Bazavov et al. (Hot QCD) arXiv:1812.08235

10-October-2026
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https://www.nature.com/articles/s41586-018-0491-6
https://arxiv.org/abs/nucl-th/0304013
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A Large lon Collider Experiment

HEAVY - FLAVOR: A UNIQUE PROBE

S:'m5
S
— 104
(7))
(7))
=
3
o 10
-
©
o>
2
o 10
o)
D
I:10
1

i
| t
Higgs Vacuum ()
. Electroweak symmetry breaking
b
O
C
S
d QCD Vacuum
4 ...'...-...'...'...'...'...'...'....' ya symmetry breaking
u
2 3 = 5
1 10 10 10 10 10

Total quark mass (MeV)

X. Zhu, M. Bleicher, S.L. Huang, K.S., H. Stocker,
N. Xu, and P. Zhuang, PLB 647 (2007) 366.

10-October-2026
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A Large lon Collider Experiment

Higgs quark mass (MeV)

HEAVY - FLAVOR: A UNIQUE PROBE

' Mc b » Nacp : hew scale

Higgs Vacuum O
10 5 |. Electroweak symmetry breaking
10 * b

O
C
S
102
10 d QCD Vacuum
' % Symmetry breaking
u
L 2 3 < : 5
1 10 10 10 10 10

Total quark mass (MeV)

X. Zhu, M. Bleicher, S.L. Huang, K.S., H. Stocker,
N. Xu, and P. Zhuang, PLB 647 (2007) 366.
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A Large lon Collider Experiment

Higgs quark mass (MeV)

HEAVY - FLAVOR: A UNIQUE PROBE

ALICE
E ; 4 Mcb » Nacp : new scale
Higgs Vacuum ()
10 S| Electroweak symmetry breaking mC,b ~ const., mU,d,S # const.
initial conditions

4

10 2 test pQCD, pr, Ur
¢ probe gluon distribution
10° O :
S
102
10 d QCD Vacuum
' %, Symmetry breaking
u
1 2 3 4 ‘ 5
1 10 10 10 10 10

Total quark mass (MeV)

X. Zhu, M. Bleicher, S.L. Huang, K.S., H. Stocker,
N. Xu, and P. Zhuang, PLB 647 (2007) 366.
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A Large lon Collider Experiment

Higgs quark mass (MeV)

HEAVY - FLAVOR: A UNIQUE PROBE

Higgs Vacuum ‘
10 ° |- Electroweak symmetry breaking
10 ¢ b

O
C
10° °
S
102
10 d QCD Vacuum
' % Symmetry breaking
u
1 2 3 ~ 5
1 10 10 10 10 10

Total quark mass (MeV)

X. Zhu, M. Bleicher, S.L. Huang, K.S., H. Stocker,
N. Xu, and P. Zhuang, PLB 647 (2007) 366.

10-October-2026

Mec,b »

’

N\qcp : hew scale
Mc,b = const., my 4s# const.
initial conditions

test pQCD, Ug, Ur

probe gluon distribution
early partonic stage

diffusion (y), drag (a)

flow, jets, correlations

probe thermalization

kai.schweda@cern.ch




A Large lon Collider Experiment

Higgs quark mass (MeV)

HEAVY - FLAVOR: A UNIQUE PROBE

Higgs Vacuum ‘
10 ° |- Electroweak symmetry breaking
10 * b

o
C
10° O
S
102
10 d QCD Vacuum
i@ ¥, Symmetry breaking
u
L 2 3 “ 5
1 10 10 10 10 10

Total quark mass (MeV)

X. Zhu, M. Bleicher, S.L. Huang, K.S., H. Stocker,
N. Xu, and P. Zhuang, PLB 647 (2007) 366.

10-October-2026

Mc b » Nacp : hew scale
Mc,b = const., my 4s# const.
initial conditions

test pQCD, Ug, UF

probe gluon distribution
early partonic stage

diffusion (y), drag (a)

flow, jets, correlations

probe thermalization
hadronization

chiral symmetry restoration

confinement

statistical coalescence

J/U enhancement / suppression

kai.schweda@cern.ch
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A Large lon Collider Experiment

WHERE DOES ALL THE CHARM GO ?

charmonium
1.5

17.4

21.3

15.2 doubly charmed baryons << 1

in vacuo (ete-collisions): about 56% of all charm quarks fragment into D® mesons

10-October-2026 kai.schweda@cern.ch



A Large lon Collider Experiment

CHARM PRODUCTION AND FRAGMENTATION

Charm fragmentation fraction

O 1 | | | | |

<+ "~ ALICE, pp ly| < 0.5 i
!  w(s=13TeV ]
= 0.8 = (s=5.02TeV —

¢+ B factories, e'e”, \s = 10.5 GeV
+ LEP, e'e”, Vs =m, _
e HERA, ep, DIS -
o HERA, ep, photoproduction

10-October-2026 kai.schweda@cern.ch

RILICE

Charmed baryon production larger
in pp than in ete-
N, =c, Zc measured

charm hadronization not universal

pbm, Johanna, Natasha Sharma et al. arXiv:2408.07496
ALICE arXiv:2308.04877



https://arxiv.org/abs/2408.07496
http://arxiv.org/abs/2308.04877

A Large lon Collider Experiment

THE QGP EXPANDS: COLLECTIVE FLOW

RLLCE

- N | | | T _
9P _ .
% ALICE Preliminary
>~ 03— B
 Pb-Pb,|y|<0.5 )
_ . _
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[ J )

- @)
- ® Run2(5.=502TeV  Run3, |5 =5.36 TeV
vo

| VOM, 30-40% FTOC, 30-40%
T V4{SP, 1A nI>2.0} vASP, IAn>1.3} ]
— ¢
JAC YA . —

. K l

ALI-PREL-601047
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A Large lon Collider Experiment

THE QGP EXPANDS: COLLECTIVE FLOW

VASP}

0.3

0.2

0.1

_I | I | | | | I | | | | | | | | I | | | | I | | | | |
. ALICE Preliminary bal‘y()ns -
- R A B I I I e
 Pb-Pb,|y1<05 - m - _
u . T - e _
L - . ! ' \\\\\SOOS —
- . T ¢ >
n ® \ @ =

B o ? -
: B Run?2, S = 502 TeV Run 3,\(s = 5.36 TeV :

o ® VoM, 30-40% FTOC, 30-40%

n V,{SP, IAnI>2.0} V,{SP, IAnI>1.3}

| — ¢
— 0! T JAC YA ¢ =
o A 0 _

A 0
A K* Ks K _
_ - - NEw [
_I | I | | | | I | | | | I | | | | I | | | | I | | | | ]
1 2 3 4 5 6

P (GeV/ce)

10-October-2026

RLICE

* Nearly all particle species participate in collective
flow
* quantified via a Fourier decomposition:

d_Noc 1+220 cos_n(qa—‘lfn)_

« Leading term: v,, “elliptic flow”

- Light flavour sector: =*, K, p, K¢, A, ¢, K*
* |low pr:mass-dependent & common velocity field
* high pt: baryon/meson grouping — quark
coalescence

kai.schweda@cern.ch 10



A Large lon Collider Experiment

THE QGP EXPANDS: COLLECTIVE FLOW

$0-35_].'ll"l]"]I‘lI"'IT]‘I"""]]'lllTTilyy]]'lT_
— - ALICE Preliminary < PromptA; = PromptD® -
A - —
= 035 pb_Pb, 30-50% :
< 0.25F |su=5.36 TeVv RUN 3 E
o : :
(,_f?_, 0.2 ﬂ‘*’ E
o — - -
S el _
015;— — " B
- &= :
0.05F" SR L+ _|—_

lill

lLJI

o

» World-first measurement of A_” baryon v,

[

* Viable with Run 3 samples + upgraded precision (ITS2)

Lll llL lLlIllJLLJ

N
2 4 6

10 12 14 16 18 20 22 24

e A :cTt= 60
P (GeV/c) et CF HiT

* Significantly different vs DO baryon / meson effect

10-October-2026

 demonstrates that charm quarks take part in ggp expansion
arXiv:2603.18966

and hadronize via coalescence with light quarks from the QGP

kai.schweda@cern.ch 11


https://arxiv.org/abs/2603.18966

A Large lon Collider Experiment

THE QGP EXPANDS: COLLECTIVE FLOW

60.35__TTT1IIT1IT1IT1III1ITT1IUT1I1TTTIll[TYYITTTTY1'_—
— ~  ALICE Preliminary  « PromptA; = promptD® -
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Viable with Run 3 samples + upgraded precision (ITS2)
« A,.:ct=60um
* Significantly different vs DO baryon / meson effect

demonstrates that charm quarks take part in qgp expansion
66

10-October-2026

kai.schweda@cern.ch

and hadronize via coalescence with light quarks from the QGP

12


https://arxiv.org/abs/2603.18966

A Large lon Collider Experiment

J/W (CHARM-ANTICHARM) PRODUCTION

start of collision qguark gluon plasma hadronization

Low energy (SPS, RHIC):
screening of J/{ = suppression

High energy (LHC):
generation at phase boundary

= enhancement

P. Braun-Munzinger and J. Stachel, Nature 448 (2007) 302.

10-October-2026 kai.schweda@cern.ch

1.2-

AA

0.2-

Charmonium suppression factor, R

LHC model E
- —— — RHIC model

@ RHIC data

| | | | | |
50 100 150 200 250 300 350
Number of nucleons in collision

13



A Large lon Collider Experiment

J/W (CHARM-ANTICHARM) PRODUCTION

start of collision qguark gluon plasma hadronization

1.2-

Low energy (SPS, RHIC):
screening of J/{ = suppression

AA

High energy (LHC):

Charmonium suppression factor, R

generation at phase boundary LHC model g
0.2- - —— — RHIC model
= enhancement ® RHIC data
0+——

| | | | | |
0 50 100 150 200 250 300 350
Number of nucleons in collision

additional production mechanism at high-energy
P. Braun-Munzinger and J. Stachel, Nature 448 (2007) 302.

10-October-2026 kai.schweda@cern.ch 13



A Large lon Collider Experiment

J/W (CHARM-ANTICHARM) PRODUCTION

start of collision qguark gluon plasma hadronization

RLLCE

1.2-

Low energy (SPS, RHIC):
screening of J/{ = suppression

AA

High energy (LHC):

Charmonium suppression factor, R

generation at phase boundary LHC model
0.2- - —— — RHIC model
= enhancement ® RHIC data

O I | | I | | |
0 50 100 150 200 250 300 350

Number of nucleons in collision

additional production mechanism at high-energy
P. Braun-Munzinger and J. Stachel, Nature 448 (2007) 302.

fingerprint of de-confinement

10-October-2026 kai.schweda@cern.ch 13



A Large lon Collider Experiment

CHARM QUARK HADRONIZATION

Time

t ~ 1025sec t ~10%sec t ~1012sec

statistical combination in quark-gluon plasma fragmentation in vacuo
signals charm quark deconfinement and thermalization

10-October-2026 kai.schweda@cern.ch 14



A Large lon Collider Experiment

CHARMED BARYONS - SU(4

v

c=2
c=3

c=1
c=2
c=1 c=0
c=0

All ground state spin-1/2 doubly charmed baryons discovered by LHCb

10-October-2026 kai.schweda@cern.ch 15



A Large lon Collider Experiment

POINTING x ACCEPTANCE x INTERACTION RATE: NEW OPPORTUNITIES
ALICE

—~ 2 [ .
p 1100 3 Pb-Pb |s)=5.02 TeV 0-10% e u,d,s-hadrons: mass exponential
S
QN 10_11 ] yl<0.5 hierarchy, dominated by quarks
2L A _
3 18_3 2 created at phase boundary (e.g. Q)
% 107¢
10°° C, Qe
107° . e charm oversaturated through initial
10—7 u,d,s only particles S x 26000
_ . 4 9
18 z — c=1partides A production, fugacity factor g. ~ 30 per
B —— ¢ = 2 particles B...
—_ 5 o, o
10 1? — c=3particles x He additional charm quark
100 A
10712 | SHMe, T;;=156.5 MeV H e probe deconfinement & thermalization
10713 £ do__ /dy=0. 532 + 0.096 mb
10714 b L L L e L of charm aquarks J. Stachel, pbm, et al.
0 1.5 2 2 5 3 3 5 4 4 S 5 S. 5 6 X arXiv.org:2104.12754
Mass (GeV) arXiv:2211.02491

10-October-2026 kai.schweda@cern.ch 16


https://arxiv.org/abs/2211.02491
http://arXiv.org
https://arxiv.org/abs/2104.12754

A Large lon Collider Experiment

CHARM-ANTICHARM CORRELATIONS

ALICE

02 Charm-pair azimuthal correlation
1:'\ >_<l OI I | | I | I | | | | I I | | | I | | | | I | | | | I I | l_
o 60— | ALICE 3 Study, L, = 35 nb” —]
© - 1 Noquenching PYTHIA 8.2, {5 = 5.5 TeV, 0-100% central -
O - 50 - rull thermalisation D°-D” azimuthal correlations, bkg-subtracted T
2 | o - PO’ > 4 GeVic, 2 <p <4,y | <4 -
4] - —
23 4k =
— = B _
< - _
30— —]
2007+ =
-1 .
10 — Correl. unc. = 1.8e-04 (indep. c-cbar contrib.) s
- Unc. NS width + 18.0%, AS width + 3.8% =
m Unc. NS yield = 19.3%, AS yield + 3.4% -
B | | | | | | | I | | | | I | | | | | | | | | I | | | | I | | I_
. . « oye . : 0 —1 0 1 2 3 4
QCD imprint on initial correlation of pair-created c-cbar Ao (rad)
direct access to charm diffusion ALICE 3 Lol. CERN-LHCG.2022-008
X. Zhu, M. Bleicher, S.K. Huang, ks, and H. Stoecker,
can be calculated from first principles PLB 647 (2007) 366, arXiv.0604178

G. Tsiledakis, H. Appelshauser, ks, J. Stachel
10-October-2026 kai.schweda@cern.ch NPA 858 (2011) 86; arXiv:0908.0427 17


https://cds.cern.ch/record/2803563
https://arxiv.org/abs/hep-ph/0604178
https://arxiv.org/abs/0908.0427

A Large lon Collider Experiment

HEAVY-QUARK DETECTION

ALLCE
e.g., DO (cit)> K-+ 1+, ct =123 um

displaced decay vertex is signature of

heavy-quark decay

— need sub-millimeter pointing precision

to collision vertex

separation of time scales:
charm quark creation - 0.08 fm/c

hadronization - 1 fm/c

DV decay - 1010 fm/c

plot: courtesy of D. Tlusty
10-October-2026 kai.schweda@cern.ch 18




A Large lon Collider Experiment

pbm et al. EOIl arXiv:1902.01211

TIMELINE ALICE UPGRADES

LS3: FoCal & ITS3

Specific upgrades for Run 4

Now proceeding towards final sensors
in view of start of production

FoCal TDR: CERN-LHCC-2024-004 ITS3 TDR: CERN-LHCC-2024-003

_a_—— J
il
o

Cylindrical
Structural Shell

Half Barrels

-
-
o
(@]

933

ALICE 2
i
! 1
|

2024 2025 2026

2021 2022 2023 2027 2028 2029 2030

10-October-2026 kai.schweda@cern.ch

2031

LS4: ALICE 3
Letter of Intent reviewed in 2022

approval towards TDRs!

ALICE 2.1

LOI: CERN-LHCC-2022-009 SD: CERN-LHCC-2025-002

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

N7
ALICE
CERN-LHCC-2025-002
LHCC-G-185

CERN-LHCC-2022-009
(LHCC-1-038) %
11 March 2022

Scoping document for ALICE 3:
ALICE phase ITb upgrade for the LHC Long Shutdown 4

Letter of intent for

ALICE 3

ALICE Collaboration *|

VERSION 1

2032 2033 2034 2035 2036 2037

19


https://cds.cern.ch/record/2890281
https://cds.cern.ch/record/2890181
https://cds.cern.ch/record/2803563
https://cds.cern.ch/record/2925455/
https://cds.cern.ch/record/2925455/
https://cds.cern.ch/record/2925455/
https://cds.cern.ch/record/2925455/
https://arxiv.org/abs/1902.0121

A Large lon Collider Experiment

ALICE 3 - DETECTOR SCOPE

® ALICE 3 v3b as target layout —
approved by CERN Research Board

Outer Tracker

Inner Tracker

® A v3b-NoRICH layout is better matching the
current funding projections

® Enables the HF programme (beauty, multi-
charm, charm correlations and femtoscopy)

® Extends by x2.5-3 the acceptance for

correlations, jets, UPC programmes %

® RICH is essential for the dielectron programme ALICE
. Absorb
- continue R&D and pursuing a funding plan to ALICE 3 detector o
layout v3b, CERN-LHCC-2025-002 Muon identification

enable inclusion of the RICH, possibly staged in
time

10-October-2026 kai.schweda@cern.ch 20



A Large lon Collider Experiment

INNER TRACKING SYSTEM 3

First Engineering Run 2 (ER2) wafers RLICE

delivered in February
» MOSAIX (ER2 sensors) being tested (thanks to a huge
campaign preparation with emulators along 2024-2025)
| > Tests on wafer probing
| A > In parallel: thinning/dicing (for Qualification Model )
- A\ Inasecond step: bonding on carriers
'\ tape out of final ER3 in December

Silicon wafer,
300 mm (12”)

10-October-2026 kai.schweda@cern.ch 21



A Large lon Collider Experiment

INNER TRACKING SYSTEM 3 ¥

First Engineering Run 2 (ER2) wafers RLICE

delivered in February

» MOSAIX (ER2 sensors) being tested (thanks to a huge
campaign preparation with emulators along 2024-2025)
- > Tests on wafer probing EM4
e R oS A > Inparallel: thinning/dicing (for Qualification Model ) ka4
A\ Inasecond step: bonding on carriers g
~ \ tape out of final ER3 in December |

FPC

3x half-layer
bent sensors

Open-cell
carbon foam
spacers

Patch Panel v3

~Engineering Run2 * S

\Patch Panel v2

F . ‘

Engineering Models
> For layout, assembly and installation procedures validation

CYSS .

Carbon laminate

10-October-2026




A Large lon Collider Experiment

VERTEX DETECTOR CONCEPT AND R&D

RLLCE

Retractable vertex detector inside beam pipe (lIris)

.« [ . . . 2 i ,-\1045 L] ] B A IR R
Target specifications for pixel sensor: 10x10 um?2 pixels, <50 um E | ALICE 3 study T
= :
thickness, NIEL: ~¥1016 1 MeV n,/cm? Geometry £ 10°F n=0 R -100cm
B Beryllium o) - —— Layout V1 .
' Carbon_paper g i — ITS?
il o 10°E — ITS3
B siicon = -
= i
@)
Q 105—

kai.schweda@cern.ch 23



A Large lon Collider Experiment

STRANGENESS TRACKING

............ SHM (Andronic et al, JHEP 2021, 35) LICE

------- pQCD SPS (Chen et al, JHEP 2011, 144)
. = - pQCD SPS (Phys. Rev. D 57, 4385)
\p B ) AN ~ L I I R | I I R | I I R |
; \\ - sc: 10 2 E_ 50 — S
il _ - a4 —CC ]
JINSS i %‘% o e > g &? Lo -
" .. .":' ) . ~ 10 § 57 & %
v s S-<\ B C? |
o _ —" -4 . Q —
| ) ’ = >\1O = ccc =
- ' OO - - -
. embete 107° = =
\\\\\ T ’ 6 - -
| 10 " E =
A ; :
) \ - 107 —o— Estimated =, ALICE 3 _
T T e s ---- —o— Estimated Q. ALICE 3 3
| | | | 1 | | L N — _IIII| | | IIIIII| | | IIIIII| | | IIIIII| |
107°

0 2 4 6 1 10 107 10°
X (cm) (N )

4+ =t 4+ : : part

CRREE CORE ALICE 3: unique experimental access
25— B4 2x7 to multiply-charmed baryons

10-October-2026 kai.schweda@cern.ch 24



A Large lon Collider Experiment

SUPERCONDUCTING CABLE

 Two-pronged procurement strategy: RALICE

» China - Wuxi-Toly. Recent order of supply for first
ALICE-3 prototype unit length. (Similar EMuS
cable size and other CEPC sample unit were

produced) (ERABT
- ltaly — ICAS, with whom CERN, through EP-R&D TOLY ELECTRIC

WP8, is collaborating since 2025 to resume the co-
extrusion — cold work process. Plan to qualify ICAS
for next series conductor tender.

 Testing: IC oS

- Upon delivery, qualification and test are paramount
and will be conducted at CERN (via EN MME group) (%)) | £ s
\/ and in Twente Univ. iy

University of Twente
The Netherlands

NbTi Rutherford cable specification validated by TE MSC supplier

Validated for
magnet
prototype

25

copper strip conductor sample 24 x 7 mm2 (06-2026)
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SUPERCONDUCTING SOLENOID - SCHEDULE

ALICE
- e

Solenoid engineering design & . '
. Prototype mock ups, model coil & ! . .
Magnet prototyping cold test i Magnet manufacturing, modules and solenoid cold test Magnet Contingency Magnet
SC cable and conductor production é" OPRRZ O- a o ’ @m surface install. |fieig
V4 — reception, Solenoid deconnection, | Cavern |map
. . [ pa Installation at P2 . ping
- Proximity cryogenics - y ) assembly, cold Cryogenics, power final cold
Proximity o ) _ ! _ _ / surface infrastfucture o :
. Engineering design (Chimney, . Ancillary systems construction .~ | test at P2 services installation test
cryogenics CD, VB) PRR1 i 7 (prox cryogenies, cold
’ <> : Vi . box, piping, ele¢tricity) @) CT1 CT3
2025 2026 2027 2028 2029 2030 2031 l 2032 2033 2034 2035
Ql|Q2|Q3|Q4(Q1|Q2|Q3|Q4|Q1|Q2(Q3|Q4|Q1|Q2|Q3|h4|{Q1|Q2|Q3|Q4|Q1|Q2(Q3|Q4|Q1|Q2|Q3|Q4 Qi|Q2|a3|as|ai||a3|as|ai|Q2|a3|as|ai|Q2|a3|as

-
|

l T
: Solenoid delivery Solenoid power cold test
|

I

' at CERN P2 | in cavern, Field mapping

Agreement (Production)
PR Magnet CDR

) O ® ©)
T TI I L 2nd Collaboration
|

1st Collaboration
0 Production Readiness Review (PRR) Agreement (Proto)

‘ End of production

O Cold power test (CT)

Phase 1 — Prototyping (Nov 2026 — 2 years under discussion ) Conceptual Design Review (CDR) next
Impregnation and test mock-up with dummy cable 13-14th October 2026 at CNPEM

Winding up trials Model coil tested at cold Review panel: Akira Yamamoto (KEK retiree), Matthias
Phase 2 - Final Construction (2029-2032) Mentink (CERN), Benoit Cure (CERN) and Stefania Farinon
To be launched upon successful completion of Phase 1 (INFN); Herman Ten Kate (CERN retiree) recently contacted

10-October-2026 kai.schweda@cern.ch 26



A Large lon Collider Experiment

WHAT WILL BE REMEMBERED LONG AFTER THE LHC HAS SWITCHED OFF?
RLICE

Multi-charm baryons: Peter’s vision of statistical hadronisation as an unambiguous signature of QGP formation
— to be tested by ALICE 3
Beauty hadrons: Peter’s pioneering work on statistical hadronisation extending to beauty

— to be tested by ALICE 3

Dear Peter, may ALICE 3 carry your ideas forward and turn them into discoveries
What a wonderful legacy to look forward to — and what a privilege to share the journey with you!

Happy 80th birthday!

10-October-2026 kai.schweda@cern.ch 27



p

XUV Quarg
.:Al\-)n;f “r‘,“

Peter Braun-Munzinge,

GSI/ Ennny
Ochar

————

Peter — My Mentor, My
Teacher, My Friend

My mentor: Gave me the
freedom to find my own way

My teacher: Inspired me in
modern nuclear physics

My friend: Shared an office and
countless conversations about
physics and life
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BACKUP

RLLCE
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POINTING x ACCEPTANCE x INTERACTION RATE: NEW OPPORTUNITIES

RILICE

Multiply-charmed baryons

—~ 2 [
5 10 p° Pb-Pb \/s=5.02 TeV 0-10% 3 - Stachel, pbm, etal. v 1100 d Pb-Pb |s,=5.02 TeV 0-10%
> R 2 1 arXiv.org:2104.12754 R
S 4L Dr & lyl<0.5 ) N 11 1 lyl<0.5
. . -~ 10
: ,';3 " f arXiv:2211.02491 % 102
~1 _ c 0 _ -3
: : - 10 -
-2 = = 10— Q‘:ZC
10 : 2900 ? § S) g 106
i #ﬁ (3872) ] v ,
10_3 i i 10~ u,d,s only particles ) X 27000
_ 1078 —— c =1 particles x
4 : QCCG 10_9 —— ¢ = 2 particles - i
107°¢ (4320 | 10710 F  —— c=3particles aHe
5 E 107" e
10—5 3 SHMC, TCf =1 565 MeV - 10_12 SHMC, ch=156.5 MeV 6L|
' do. /dy=0.532 = 0.096 mb o 103 | do,, /dy=0.532 + 0.096 mb
-6 I R E U S S S S B S S S SRR S RS -14 0. . e e e e L
1098 5 5% 5 85 4 a5 b 1045 2 25 3 85 4 45 5 55 6
Mass (GeV) Mass (GeV)

—> charm oversaturated through initial production, fugacity factor g. ~ 30 per additional charm quark

—> probe deconfinement of charm quarks
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POINTING x ACCEPTANCE x INTERACTION RATE: NEW OPPORTUN\T\

ALICE
I\/\ultip\y-charmed baryons arXiv:2211.02491 aCCess , -4 MIXINE
= 10 Pb-Pb (5.=5.02 TeV 0-10% T Faeessw
+ 10 . -Pb \s\\=5. ev U-10% . > [ 0-10%Pb-Pb, {5, =502TeV __ . ed ng/ mixing 5
a 1 N |y|<0.5 —E'; % 1_—TOF+RICH (40, 1€)), B=05T in med: SF w/oxx-mixing—_
~—" _1 : % = o_2<pT,e<4GeV/c, m|<0.8 b L =56 nb" measure .
; ::8_2 § E No bremsstrahlung included g;/tst.zicebrtainties: | E
g 10—3 %10_1__DCA%51'2" sig. ( 5%) + bkg. (0.02%) _
= oT (15%) + LF (10%) =
< 107 = R 1
10—5 C, Q:gc e |
10° . ' e T E
10_7 —— u,d,s only particles S x 27000 E E
10_8 — ¢ =1 particles ;; H 107 -
10°F —— c=2 particles N - -
10_10 —— ¢ = 3 particles = He - -
0 s
1012 F SHMc, T,=156.5 MeV L 8
1078  do_, /dy=0.532 + 0.096 mb g
=14 L ¢« ¢ o 1 s v o o0 v s v v b vv v b v v v bvo v 0 Dy ov 0 v bowsw s byl
1045 2 25 3 35 4 45 5 55 6
Mass (GeV) chiral symmetry restored in quark-gluon plasma
— charm oversaturated through direct production —> address origin of 99% of visible mass in universe
— probe deconfinement of charm quarks ultimate heavy-flavor background rejection
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Heavy-ion collisions create macroscopic QCD matter in the laboratory
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Tracing the evolution of the Universe &)

Accelerators (LHC)
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... to study quark-hadron phase transition, and Quark Gluon Plasma
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OUTLINE

RLICE

@ Introduction
@ Selected physics highlights

© Future upgrades

CERN-EP-2022-227
27 October 2022 % %
ALICE

ALICE upgrades during

The ALICE experiment: the LHC Long Shutdown 2

A journey through QCD

Letter of intent for

ALICE 3
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Detection efficiency (%)

A Large lon Collider Experiment

ALICE 3 INNER TRACKER R&D <

, _ RALICE
Sensor development: Mechanics of middle layers:
eSome of the features of the Vertex Detector ePreliminary layout using an ITS2-derived
sensors implemented with ITS3 ER2 stave concept
e\alidation with test beams ongoing eNext: prototypes

Pultruded longerons with continuous winding

Example: 10x10 umz2 fully efficient analog test structure

100.0 T op—g—1 o *
99.5 - Non-irradiated
Split 7
99 0 - 19.0 C )
Pitch 10x10 um
98.5 -
98'0 ] Vreset: 500 mV
97 5 - Variant Vps“b_: i
' Ireset- 100 pA
+ G ER2 Ibiasp: 0.5 A
97.0 -+ —&— P5 ER2 ] lgiaen 5 uA
Syst. uncert. lpias3: 200 A
96.5- | Stat. uncert. lbiasa: 150 PA
incl. shared-data corr.
96.0 -

|
60 80 100 120 140 160 180 200 220
Threshold (e™)
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