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A Large lon Collider Experiment

OUTLINE

@ ALICE 1 (2009 - 2018) — physics harvest
@ ALICE 2 (2022 - 2032) — marvels of technology

® ALICE 3 (2034 - 2042) — the future

The ALICE experiment:
A journey through QCD

10-June-2024 kai.schweda@cern.ch

ALICE upgrades during
the LHC Long Shutdown 2

ALICE

T2 QLICE

Letter of intent for

ALICE 3


https://cds.cern.ch/record/2803563?ln=en
https://arxiv.org/abs/2211.04384
https://arxiv.org/abs/2302.01238
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A Large lon Collider Experiment

ALICE 1 (2009 - 2018): LHC RUN 1 & 2

Central Barrel |77]| < 0.9
 Tracking

* PID,p=0.1-20GeV/c

* Material budget: 0.08 Xo
« EM-Calorimeters
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ACORDE (cosmics)

Forward detectors:

» AD (diffraction selection)
VO (trigger, centrality)
TO (timing, luminosity)
ZDC (centrality, ev. sel.)
FMD (N_,)

PMD (Ny, Nch)
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A Large lon Collider Experiment

ALICE COLLABORATION

ALICE
40 countries, 169 institutes HungalyliaAEICE

Wigner Research Centre, Budapest

2002 members, 1034 scientific authors 22 members

377 doctoral students, 124 postdocs 6 PhD scientists
run1 | [ Run 2 10 authors
System Year(s) Vsyn (TeV) Lint

ob.pp 20102011 2.76 ~75 b’ SQM/LHCP 2024
2015, 2018 5.02 ~800 b
Xe-Xe 2017 5.44 ~0.3 ub! 489 ALICE papers on arXiv
5013 5 02 ~15 b1 2x Nature, 3x Nature Physics
p-Pb 2016 5.02, 8.16 ~3 nb1, ~25 nb"! » 56x Phys. Rev. Lett.
2009-2013 0.9, 2.76, ~200 mb, ~100 nb*!
7,8 ~1.5 pb?, ~2.5 pb™* 1st paper @LHC
PP 20152017 5.02 ~1.3 pb!
2015-2018 13 ~36 pb?!

30-May-2024 kai.schweda@cern.ch 5



Inner Tracking System (ITS2)
7 layers, 10 m2 silicon
based on MAPS, 12.5 G pixels % o Gt \t >

et
-

~28 UM collection electrode

Q. (MIP) = 1300 e = V = 40mV

0.36% Xo per layer
pixel size:
30 x 30 um?2

beam pipe radius: il

3x higher pointing [{=e[S1dle]g




Time Projection Chamber (TPC)
V=88m3 AT < 0.1 K

Multiwire proportional chamber
- quadruple-GEM readout

— continuous readout (100x faster) , — S
3.4 TeraBytes/second S\ -




isk
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First Level Processor
OYFLP

common readout unit
(world’s largest FPGA)
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VAN = 5.36 TeV

27 September 2023, 04:50




Integrated luminosity (nb™)

A Large lon Collider Experiment

RUN 3: INTEGRATED LUMINOSITY

1.6~ ALICE Performance, 2023 .
(4l Pb-Pb, {5y =5.36 TeV -
- Recorded: 1535.5 ub™ -
1.2 .
1 i
0.8 ]
0.6~ |
0.4 _
0.2 - E
0: | | | 1
05 Oct 12 Oct 19 Oct 26 Oct

2023 Pb-Pb: 12 billion minimum bias collisions
40x minimum bias, 6x central wrt Run 1 + 2

expect similar data set in 2024

30-May-2024
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Number of collisions (B)

Integrated luminosity, pb™

N
o

- ALICE Performance, Run 3, pp, Vs = 13.6 TeV

~ Recorded

- 2022: 19.3pb™
—2023: 9.7pb”
- 2024: 10.2 pb™

—_ -
N A~ OO 0

—_
o

ALICE

<o
o
L

May Jul Sep Nov

Dec

2024 pp: half a trillion minimum bias collisions

still counting at 95% data recording efficiency

expect still 3x more in 2024

kai.schweda@cern.ch

10



A Large lon Collider Experiment

FINAL STATE: NUCLEI, HYPER-NUCLEI, AND HADRONIC INTERACTIONS %
ALICE

QGP, expansion

Initial stages I3 = R A
Final state:lhadron scattering . ™ -

e >
Emission of thermal radiation « 72

10-June-2024 kai.schweda@cern.ch 11
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THERMAL PARTICLE PRODUCTION %

O 05 1 15 2 25 3 35

SR A LA L I BN
-t _ ]
P " Pb-Pb \s,=2.Z -
o o lisions @@ _
= . P A
- '::' _ N (2J+ 1) exp(-=m/T) =
: Oem
E .‘..0 Q E
= “'l,d -
: v, E
- Data, ALICE ’ 3
= e particles “3He 3 E
§_ m antiparticles .".QA . _§
%— Statistical Hadronization . —%
- total (after decays) . He -
SR— primordial ]
| | 1 | 1 | | | | | | 1 | 1 | 1 | 1 | ] | | 1 | | | 1 | 1
4

E=mc? (GeV) e

Highest multiplicity ALICE
QCD-analog of Planck spectrum

T=156.2£2 MeV

Nature 561, 321 (2018)

Baryo-chemical potential

s =0.71 + 0.45 MeV

Particle and antiparticles created at
almost identical yields

arXiv:2311.13332

Lattice-QCD results agree
T,.=156.5+1.5 MeV

A. Bazavov et al. (Hot QCD) arXiv:1812.08235

10-June-2024 kai.schweda@cern.ch 12


https://www.nature.com/articles/s41586-018-0491-6
https://arxiv.org/abs/2311.13332
https://arxiv.org/abs/1812.08235

A Large lon Collider Experiment

WHERE DOES ALL THE CHARM GO ? ®

ALICE

charmonium
1.5

17.4

21.3

15.2

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

10-June-2024 kai.schweda@cern.ch 13
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HEAVY-QUARK DETECTION

ALICE

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

qguark creation - hadronization - decay

plot: courtesy of D. Tlusty

10-June-2024 kai.schweda@cern.ch 14
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CHARM PRODUCTION AND FRAGMENTATION %

Charm fragmentation fraction

g 1 I I I I I
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ALICE

Charmed baryon production larger
in pp than in ete-

N¢, =¢, 2c measured

charm hadronization not universal
0. experimental precision much
better than theory

— calls for N3LO calculations

arXiv:2308.04877

15


http://arxiv.org/abs/2308.04877

A Large lon Collider Experiment

BRANCHING RATIOS - Q_, | ss) ®

ALICE
CLEO = : :
branching ratios
B ALICE 7 - check lepton universality
,Vs=13TeV . .
Belle = PP - essential for determining total charm
— Light-front approach .
EPJC 80 (2020) 11, 1066 prOd UCtIOﬂ
B Light-cone sum rules
giDEgﬁ (2022)7, 074022 - challenge to theory
ALICE [—o—] PRL 89 (2020), 171803
-=- Belle

PRD 105 (2022) 9, L091101

05 1 15 2 25 3 35 4
BR(Q) » Qe* v,)/BR(Q) — Q)  arXiv:2404.17272

10-June-2024 kai.schweda@cern.ch 16


https://arxiv.org/abs/2404.17272
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>c0,++(2520)/2c0,++(2455) in pp @ 13.6 TeVE®
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- ALICE Performance

TT IS T [T T [ o LTt T v d [ & v &
pp, Vs =13.6 TeV

"+ 2as5) | uc), s = 1/2
W(E!") = (167.23 £ 0.06) MeV/c?

o = 1.2 MeV/c? (fixed)
Signal = 17288 + 435

8< p, < 12 GeV/c?

£ **(2520) | MMC), s =3/2
W(E!") = (231.34 + 0.53) MeV/c?

o = 1.2 MeV/c? (fixed)

Signal = 24758 + 1558
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L e Data PYTHIA 8 ]
3.5~ pp, Vs=13.6 TeV — - Monash —|
i ———— Mode0 |
p o M1<09 --- Mode2 A
3~  SHM A. Andronic, p.-integrated e MIGHRG .
- ¢+ T,(Pb-Pb)=156.6 MeV ]
25 :— e'e’, Vs = 10.52 GeV, p, -integrated —:
- = Prompt o Direct ]
wa I_I ]
15 Z (] | _]
- | 2] Ill p
1:_ 2w ;'--‘4:.-:":”:.:’_-:
0.5F g =
O_-I TT.l-—I=l-l | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 I 11 l—
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P, (GeV/e)

- Resonances of charmed baryons might play an important role in the baryon enhancement discussion

— Run 3: Large pp data set now allows to address this. PYTHIA does not describe the data in contrast to SHM.

10-June-2024

kai.schweda@cern.ch
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3He inelastic cross section

o~ 5
o)
© 5§ ALICE Pb-Pb |5, = 5.02 TeV
£y T 0-10% centrality
s Inl <0.8
¥ 35
N (A)=34.7 . Data — — GEANT4
2.5 E—\\
2\
15 e
1E .
0.5F
0 -
0 1 2 3 4 5 6 7 8 9 10
p (GeV/c)
tag & probe SHe nuclei: measure inelastic cross section
detect disappearance over large momentum range

in detector material

02-May-2024 kai.schweda@cern.ch

Transparency

Nature Physics, volume 19, pages 61-71 (2023)

C ALICE .

. DM: Phys. Rev. D 89 (2014) 076005
107 Bkg: Phys. Rev. D 102 (2020) 063004 —_]
| GAPS GALPROP propagation |
1043 — — AMS'02 —]
[ m, =100 GeV/c? .l
" x+x > WW 5 %He+ X ]
1070 —
1072
107
1 T T
0.8 _
0.6 ]
0.4 -
02F -
O.I ! Lol ! ol
107 1 10 10
E../A (GeV/A)

possible astrophysical source:
dark matter annihilation,
predicted flux depends on
disappearance in intersttlegllar gas


https://www.nature.com/nphys

A Large lon Collider Experiment

CAN WE PROBE THE INITIAL STATE OF PB?

ALICE

Probing the initial stage
Gluon-dominated
Color Glass Condensate?

10-June-2024 kai.schweda@cern.ch 20
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(IN)COHERENT J/yy PHOTOPRODUCTION

Coherenty + Pb — J/yv + Pb arXiv:2305.06169 [nucl-ex]  |ncoherent y + Pb — J/y + Pb

ALICE

Bjorken-x < ALICE, Pb—Pb UPC |5 = 5.02 TeV
1072 10 1074 10°° rO "
_ TT T T T | TTTTT T T T | TTT 1T T T T ‘ TTTTT T T T | 7T (D —+— ‘t. ALICE InCOherent J/‘V’ |y| < 08
g_ 1 03 — — o) B —+—"~7,:,\ —+- Uncorrelated stat. + syst.
= = ¢ ALICE, Pb-Pb s, = 5.02 TeV (arXiv:2305.19060) 3 £ N AT Correlated syst.
f C ¢ CMS, Pb—Pb |s,, =5.02 TeV (arXiv:2303.16984) ] =, ok N ; ., BRI
= ~ o Guzey et al., using ALICE Pb—Pb |5 = 2.76 TeV (PLB 726 (2013) 290-295) . Qﬂ 10 :_' \\ s, | """"""""""
© B A Contreras, using ALICE Pb—Pb s, = 2.76 TeV (PRC 96 (2017) 015203) _ - -~ “ OE? C \\ S Tl
~ - - Impulse approximation -7 ] © L NG Mo L el
,|  ~- STARight e - L N T
10°F —EPso9LO e =T = . S %
— = . N “s
- e N
- .- | (— \ \,’~"~
- — o \'«\
L — - &= MS-hs S~
- - 103 - MSp Rt
T —e- GSZ-el+diss
10 E [ e GSzel
Nz 7 | I T
R ﬁ] arXiv:2305.19060 [nucl-ex] - £ 20F . .
/z/'l L I I Lo | I L ! Lo | e ] 8 :?____T ______ ? ___________ PR R
20 30 4050 102 2x10? 10° S o052 g 9 o
® ° 8
Wan(GeV) § 0.0k L . | L . \ | . L \ | L L, e | . \ .
7o, : 0.2 0.4 0.6 0.8 1.0
lt| (GeV?)

o(yPb) sensitive to gluon distribution inside nuclei Models including scattering structures at a sub-nucleon scale

Clear suppression wrt impulse approximation . .
PP P PP (large |t]) provide a better description of the data

Results consistent with gluon-saturation models _ _ . e e _ .
including large fluctuations of spatial distribution, “gluonic hotspots

— constrain gluon density down to x ~ 105
10-June-2024 kai.schweda@cern.ch 22
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10°

o(yPDb) (ub)
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(IN)COHERENT J/yy PHOTOPRODUCTION

arXiv:2305.06169 [nucl-ex]

ALICE

Coherent y + Pb — J/y + Pb Incoherent y + Pb — J/y+ Pb

Bjorken-x < ALICE, Pb—Pb UPC  {Syy = 5.02 TeV
1072 10°° 107 10°° D e, "
0] b, ALICE incoherent JAy, |y < 0.8
_I_I T T T | TTT T T°T T T | rmrT 17T T T ‘ TTT T TT T T | 7T s d—‘ ‘tl'.~.’l:>~ + Uncorrelated Stat . Syst
~ ¢ ALICE, Pb—Pb |s,, = 5.02 TeV (arXiv:2305.19060) i Correlated syst.
~ 13 Sl
T 4 CMS, Pb—Pb |5, = 5.02 TeV (arXiv:2303.16984) MO N AVAIRVARRRRRSY Vo'ume 132. Issue 16 - -
: n Guzey et al., .usmg ALICE Pb—Pb \s, =2.76 TeV (PLE EDITOR’'S SUGGESTION === == 77l ..
A Contreras, using ALICE Pb—Pb s, = 2.76 TeV (PRC g ., “...
o 'Smp“'s_e approximation '% . mepy, First Measurement of the |t| Dependence of | e SIS
- E;gg;gl_hct) _- %’ - Incoherent J /¥ Photonuclear Production [P~y -
- J— - @, ' ~ “,
Z -LTA -7 s 3%\\ The first experimental measurement of the incoherent photonuclear \\'x,\
B GG-HS -7 e iy ’4,‘\ + production of J /v in ultraperipheral heavy-ion collisions is better 3) = §~\~
— - == T \ ., ‘e
L BKA - T o %“6\\ explained by the presence of subnuclear quantum fluctuations of the s, \«x
B o?,\\\ gluon field. . ~~\ ~
: \ S. Acharya et al. (ALICE Collaboration) '~,.‘ '\K
. e Mandelstam It Phys. Rev. Lett. 132, 162302 (2024) ey
g _ . N
- +gf arXiv:2305.19060 [nucl-ex] - £ 20F . .
///'I I I I Lo | I L ! Lo | e ] 8 :?____T ______ E ___________ P N
20 30 4050 102 2x10° 10° 2 o05l¢ ¢ ¢ o
e 8
WPb (GeV) § 0.0b——+ | AR [ & 1, .
yron : 0.2 0.4 0.6 0.8 1.0
It (GeV?)

o(yPb) sensitive to gluon distribution inside nuclei Models including scattering structures at a sub-nucleon scale

Clear suppression wrt impulse approximation (large |t]) provide a better description of the data
Results consistent with gluon-saturation models
including large fluctuations of spatial distribution, “gluonic hotspots”
— constrain gluon density down to x ~ 105

10-June-2024 22
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https://arxiv.org/abs/2305.06169
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(B

ALICE

Results from Run 3: pp collisions at 13.6 TeV

10-June-2024 kai.schweda@cern.ch 23
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Counts / 2.0 MeV/c?

Residuals

Ds+/D+ ratio in pp (1)

20 ALICE Prehmmary ¢ Daté

- pp, Vs = 13.6 TeV % D; signal

- D" signal
1000 — |y| < 0.5 — Combinatoria

1N ackgroun

- 50« pT < 5.5 GeV/c D*—nKn background
- D;, D'— ¢Tt+—) K'K — Total fit function

and charge con;.

600

400

Illllllllllllllllllll

»!
It i
200 —
Illl!llAl L { T 'lll!lll!ll_Ll_
600 [~ -
D meson i D meson ]
E 1= (1867.8 + 0.6) MeV/c? = (1965.1+ 0.3) MeV/c?
400 - - (13.5 + 0.7) MeV/c? = (16.0 + 0.3) MeV/c®> ]
- S=3033+179 s 8999 + 209 .
200 Bkg = 12285 + 115 e

— Bkg = 12183 + 62

505 21 215
M(KKr) (GeV/c?)

1 .l85 1 .19 1 .55 é

18

1.75

10-June-2024
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(B

ALICE

|c5)/ | cd)

In Run 3, this ratio is measured in the same

decay channel.

Overall a good agreement among different

energies and with LHCb is observed.

Higher granularity of the measurement

thanks to Run 3 larger data sample.

24
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Ds+/D+ ratio in pp (2) - |¢5)/ | cd ) %

; ALICE
S - ALICE Preliminary pp collisions
09 V¥s=136TeV DI ¢n'— K'K n* In Run 3, this ratio is measured in the same
- D's ' KKt and charge conj.
0.8— g
~ and charge con;. decay channel.
—  BRunc. (not shown): 3/ %
0.7—
- @ |y[<05
0.6 )
: Q» Overall a good agreement among different
05 | ‘%’% . . .
: % # energies and with LHCb is observed.
0.4 .d;_-*- H
0_3§m D'—» n*K n*
£ and charge.cor) Higher granularity of the measurement
0.2~ BR unc. (not shown): 3.2%
= LHCb, Vs = 13 TeV, JHEP
- 7 19 TeV, JEROR(EDIONSS thanks to Run 3 larger data sample.
0.1— B-20<y<25
E “4-25<y <30
O_IIIIIlllllllllllllllllllllIIllIIllIIlllIlllllll
0 2 4 6 8 10 12 14 16 18 20 22 24

P, (GeV/c)
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Hypertrlton inpp at 13.6 TeV (1) %

anti-hyper-triton anti-triton ALICE

P

‘5

&)
o First p;-differential measurement of the E

?\ﬁ—>3H_e+7t+

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

Run 3, pp Vs = 13.6 TeV

11 1 111

T ] T T T
/\Si ALICE Preliminary
) P
. . . . . i ly| < 1
hypertriton production in pp collisions g o
Zlo5
Ol >
s o E
e Already now challenging the precision of —|Z2 ¢ ]
the Run 2 measurement. [ m., - exponential AN i
K N
e Favours coalescence model versus SHM oob )
production in pp collisions. p_ (GeV/c)
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Hypertriton in pp at 13.6 TeV (2) %

ALICE
0.6X10° : : :

S 1 e« First p;-differential measurement of the
03¢ | : hypertriton production in pp collisions
0.4~ =
oaF 1+ Already now challenging the precision of

- ALICE Preliminary - the Run 2 measurement.
0.2l ¢ Run 3, pp Vs =13.6 TeV -
- *Run2,pp Vs=13TeV 7
> | i
01 & — coalssume. 20may | © Favours coalescence model versus SHM
B | | | 1 | N

| | production in pp collisions.
(@N_/dn)

In|<0.5
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(B

ALICE

First results from Run 3: Pb-Pb collisions at 5.36 TeV

10-June-2024 kai.schweda@cern.ch 28
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(KN X dN_/dn )

Charged-

partl

cle dN/dn

12 T I T T T _lllll T |||||]| T T TTTTT T T TTTTT I_
I 1 2. | AA, central ]
I 1 =° 12 x* Thisanalysis (5.36 TeV) |
10 ; ¢+ Bl T . m ALICE /, i
~ - & CMS -
I [S 7 " 1 o 8% o aTLAs J 7
i ¢+ | < [ < PHOBOS § - 50-19803) 7
8k y ? | 8~ A PHENIX ]
= ¢+ ﬁ* ¢ 4 - BRAHMS ]
R | - 5 STAR i
I # # . b ? i 6 . NA50 -
6 _$ —] i -
i , Y Pb-Pb 5.36 TeV ] 4+ N i -
I 0 Pb-Pb 5.02 TeV 1 i 5 ]
of K .
4r- © Pb-Pb 2.76 TeV . : :
i 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 L 1 I | B >K| | [ |n| <|0.5 ]
0 1111 1111l | | | |
0 100 200 30 400 10 102 10° 10*
< Npart ) \'Syn (GeV)

Important baseline measurement is in agreement with lower energy data

This gives us confidence in many basic calibrations, in particular centrality calibration

10-June-2024

kai.schweda@cern.ch

ALICE
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Elliptic flow of antinuclei - *He ®

ALICE
E 0.35 :I I L L 1 1 ] 1 | T 1 ] 1 1 1 1 I T T T T ] 1 T T T l 4 1} T T : E 0-6 :l I ] 1 1 1 I 1 1 I |l I Ll | 1 1 I 1 I I I I I I | I I I I I I :
L - 7w - - .
~& 0.30— ALICE Preliminary -1 - ALICE Preliminary .
> = = > 0.5 —
= Pb-Pb, {5, = 5.36 TeV . -~ Pb-Pb, |5, = 5.36 TeV 4 ] .
025 0-20% FTOC centrality E - 20-40% FTOC centrality .
- ] 0.4 -
0.20 3 n N
0.15F - 0.3~ .
0.10F — 0.2 F .
: - 3 8, | < 0.8 -
0.05( [ e ] Fe.m<08 = x el < -
P Glasma + MUSIC + - 0.1 IP Glasma + MUSIC + —
0.00 + UrQMD + Coalescence C +UrGMD + Cosleacence ]
] Blast-wave -
0.05 Blast-wave 3 0.0F -
’ l L ' 1 ' ] 1 1 1 1 l 1 1 1 1 l 1 L L 1 I 1 1 L L l L L L 1 i L l L 1 ' 1 l ' 1 1 1 l 1 1 1 1 l 1 1 L 1 l 1 1 1 L l L L L Ll
3 4 5 6 7 8 2 3 4 5 6 7 8
P, (GeV/e) P, (GeV/c)

ALI-PREL-570414 ALI-PREL-570420
High statistics measurement of anti-nuclei supersedes precision of Run 2 measurement
Data favours state-of-the-art coalescence models and disfavours blast-wave expectation

Only the high statistics Run 3 analysis now allows distinguishing these two models

10-June-2024 kai.schweda@cern.ch 30



A Large lon Collider Experiment

ALICE 3 DETECTOR IR

high-efficiency for heavy-quark identification
and reconstruction of low-mass dielectrons
e.g. chiral symmetry restoration, proton mass

ALICE
ECAL

Absorber
Magnet

Muon chambers RICH

FCT
vertexing close to the beam with
unprecedentedly low material budget

large acceptance with excellent coverage down to low p;

excellent particle ID (muons, electrons, photons, hadrons)

o> Vertexing precision x 3: 10um at p; = 200 MeV/c

= Acceptance x4.5: |7| <4 (with particle ID) TOF

Tracker
Vertex detector

= A-Arate x5 (pp x 25)

Forward conversion tracker (FCT) : ultrasoft photons, soft theorems

= novel technologies relevant for future HEP and NP programs
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ACCEPTANCE X INTERACTION RATE: NEW OPPORTUNITIES (1)

ALICE
Multiply-charmed baryons  cern-thce-2022-009 access p — dy mMixing
= 10%F Pb-Pb =502 TeV 0-10% - & E ALICE 3 Study o \‘/acuu‘m‘pS‘F‘ S
+ 10+ . -Pb {sy=5. LA LU > [ 010%Pb-Pb, {5 =502Tev . SF wi 4-mixing .
a 1 r = IyI<O.5 _ %\ ,—TOHRICH (40,1€), B=05T ~__ in med: SF w/o x-mixing —
~ 10_1 - . % g 0.2< pTye<4GeV/c?, | <08 } L, =56 nb" measured g
;, 10—2 L _ (\"g - No bremsstrahlung included Syst. Uncertainties: .
g 103 ] %>10_1;DCA%51 20 [ sig. ( 5%) + bkg. (0.02%)_|
€ s E : [t (15%) + LF (10%)
S 107*F =R -
10_5 E Q':gc ‘é ____________ N
N tr .
10‘7 r —— u,d,s only particles x 27000 - E E
10_8 r — c=1 particles ;; 1 108 <
10_9 r —— ¢ =2 particles L 1 - e
‘|O—10£r — c =3 particles xne 1 j‘ —_— e —
10—11 =. r -; g 1.2 A —
10-12  SHMc, T, =156.5 MeV O 8
1078 [ do, /dy 0.532 +0.096 mb & )
—14 C ‘ v ‘ ' ‘ -
10795 2 25 3 35 4 45 5 55 6 L
Mass (GeV)
— charm oversaturated through direct production chiral symmetry restored in quark-gluon plasma
— factor 30 per charm quark, discovery potential — explain origin of 99% of visible mass in universe
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CONCLUSIONS

ALICE
e ALICE has a broad physics program adressing non-perturbative QCD and high-

field QED in pp, p-Pb and Pb-Pb collisions at the LHC
e ALICE is successfully recording data in Run 3 with the upgrades

e ALICE 3 upgrade provides long-term continuation during entire LHC operation
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ALICE

backup
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Mean pt versus multiplicity: speed

of sound?

ALICE

(pr) vs dN/dn
(pe) vs dN/d different centrality selectors Extracted speed of sound vs rapidity gap
Pt/ Vs n
T T T T T T T T T AN n T T T T T T T T T T T T T T T T T T T T T I T T T T T T T
710 T T T [ ALICE Preliminary T Centrality selectors © - ALICE Preliminary E; (p_>0.15GeV/c) N, (p-—0 GeV/c)
_ [ Pb-Pb, {5y = 5.02 TeV I , 0025 syst - T ch Py .
o ALICE g 1'01: Centrality !ictors ° | T =Vl o5 = 0.20606?3132:?32:) 1 % 0.5— Pb-Pb, \/S_NN =5.02TeV [ ] T||| eV —]
00 our prediction s ] i, G- 0.47800B 0 H 4 VIl 2 = 0-149% 60z sy H‘ 1 ] © o ) x W * v .
— = 1.005- T oeix cz-0r1g e i) = - + VI n
> L eI, c2= 0.181 e 1 e gl < 0.4 O CMS ]
§ 690F l ‘ ] 2 i 0.003 (stat) ) T ‘ Tﬂ ] [HN| - B IX -
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& 080 ’ T 1 g 1‘=~~‘:*f‘.:‘.‘.:~: T m“ - 03— ¥ .
670k i o X %O ] /Q\l_ 1'(.n:_Centrality seleszcgzrs(syst) ‘ l_‘ Centrazlit_y selecgzzz o E1.04 - Lattice QCD at T = 525 eV | .
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660 L s F : 1.02
25000 30000 35000 1.005- % T Fitto extract ¢ o ] - m .
: i T 5 . 0.1— —
V0 amplitude i ‘J“ﬁ T Vr“ 1.01 - ]
11*#“".‘%#?IC-.....!..‘ﬁ-ju . §1 G:| v v v v by e e b by |:
09 095 1 105 74 115 1209 085 1 1056 14 115 12 0.5 1 1.5 2 2'?\/Iinimur?1 A
0-5%
(dN_ /dm)/{dN _ /dn)
ldea: ultra-centra| events increase entropy at Slope of {p1) vs d N/dn depends on centrality estimator:
constant volume = measure speed of sounds P Pr _ _ 11 dep _ y .
dIn(p:) Et-based selection give larger cs than multiplicity-based
. t
F Gardim et al, PLB 809, 135749 ¢2 = S Pt/
dln Nch
Observable less robust than initially thought?
First explored by CMS: arXiv: 2401.06896 G Nijs and W van der Schee, PLB 853, 138636
ATLAS: ATLAS-CONF-2023-061
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> Latest assembly: LO using “chips”/a section from
an existing CMOS wafer

> Wire-bonded to an FPC after bending
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R&D FOR INNER TRACKER ®

IRIS Breadboard model 3 ALICE

Vertex Detector:

Middle Layers:
e studying various options

strongly relying on ITS3 R&D (sensor design,

stitching, wafer-scale bent sensor)

for ultra-light layers,

ITS3 engingering model 2 leveraging on ITS3
technology

e benefits on tracking of
soft electrons and of
charged hyperons (=-, )

Option with ultra-light
IRIS system: curved sensor layers

® services integration being
detailed
e study of protection

between primary and
secondary vacuum

® impact of vacuum on

Tthweda@ceaponents, wire bonding,
olued narts




A Large lon Collider Experiment

R&D FOR INNER TRACKER ®

IRIS Breadboard model 3 ALICE

Vertex Detector:

Middle Layers:
e studying various options

strongly relying on ITS3 R&D (sensor design,

stitching, wafer-scale bent sensor)

for ultra-light layers,

ITS3 engingering model 2 leveraging on ITS3
technology

e benefits on tracking of
soft electrons and of
charged hyperons (=-, )

Option with ultra-light
IRIS system: curved sensor layers

® services integration being
detailed
e study of protection

between primary and
secondary vacuum

® impact of vacuum on

Tthweda@ceaponents, wire bonding,
olued narts




A Large lon Collider Experiment

CHEMICAL FREEZE-OUT MODEL ®

ALICE
Hadron resonance ideal gas P. Braun-Munzinger et al., nucl-th/0304013
2
Density of particle i N. g m.
! ! 3 l Q: 15
pi=— = T, — | K(m,/T,) A A
l V 271'2 ¢ TCh voc q 5

)\q - eXp(MQ/Tch)a )\s — eXp(/J’s/Tch)

g; :1lforuandd,-1foruandd T., :Chemical freeze-out temperature
s; :1fors,-1fors U, :light-quark chemical potential
g; :spin-isospin freedom U, :strange-quark chemical potential
m; : particle mass V  :volume term, drops out for ratios!
Mg = 3H,
Us = Uq~Us

All resonances and unstable particles are decayed

Compare particle ratios to experimental data
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