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CERN, ALICE, and (inter)nationalism

[ ]
CERN's |, provide aunique range of particle accelerator facilities that enable research at the
mission forefront of human knowledge.

o performworld-class research in fundamental physics.

* unite people from all over the world fo push the frontiers of science and technology,
for the benefitof all.

J

40 countries, 172 institutes, 1968 members

ALICE % -4
T A

D. Miskowiec, ALICE overview, La Thuile, March 2022



CERN, ALICE, and (inter)nationalism

CERN's |. provide a unique range of particle accelerator facilities thatenable research at the
mission forefrontof human knowledge.

o performworld-class research in fundamental physics.

for the benefit of all.

[ e unite people from all over the world]o push the frontiers of science and technology,

J

40 countries, 172 institutes, 1968 members

ALICE Y

-“’ " R
TOP Pﬁ'i\\\

D. Miskowiec, ALICE overview, La Thuile, March 2022



Large Hadron Collider at CERN
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THE ALICE DETECTOR

in Run 2 (2015-2018)
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ALICE timeline

~1990 inception

1995-2008 construction

ALICE performance in Run 1
[JMPA 29 (2014) 1430044

90

2009-2013  LHCRun 1:Pb-Pb, p-Pb, - %

pp at 50% energy :gé:
2015-2018  LHC Run 2: Pb-Pb, Xe-Xe, >

p-Pb, pp at 93% energy =

’300 200 100 0 100 200 300

2022-2025 LHC Run 3: increased luminosity and 97% energy
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phases of a relativistic nucleus-nucleus collision

hard
q:JuaOrrl: scattering q.g energy loss in-jet hadronization
9 of partons . .
hadron scattering particles interact
with detectors
gglgz(;?ry bulk expansion bulk hadronization
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phases of a relativistic nucleus-nucleus collision
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quarks g

scattering g,g energy loss in-jet hadronization
gluons
of partons . :
hadron scatterin PETIE O TitorEet
9 with detectors
. bulk expansion bulk hadronization
geometry

*

nitial-state correlations
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correlation between elliptic flow and mean p.

arXiv:2111.06106

P(v,%(Pp)

dN/de ~ 1 + 2 v, cos(p) + 2V, cos(2¢) + ...
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o

average transverse momentum

of particles in an event
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correlation between elliptic flow and mean p.

arXiv:2111.06106
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Centrality (%)

ek

s

positive correlation observed
IP-Glasma closer to the exp data than Trento

little difference between ISE and full hydro

— constraining initial conditions
(prerequisite for study of QGP
transport properties)
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quarks el

scattering g,g energy loss in-jet hadronization
gluons
of partons . :
hadron scatterin PETIE O TitorEet
9 with detectors
. bulk expansion bulk hadronization
geometry

beauty production
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beauty production

arxiv:2108.02523
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beauty production

arxiv:2108.02523
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hard
q:Juaorrl: scattering q,g energy loss in-jet hadronization
g of partons N t
hadron scattering particies interac
with detectors
;ce)l(l)lrST:Z?ry bulk expansion bulk hadronization

parton energy loss
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c quark in medium - energy loss

arxiv:2110.09420
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c quark energy loss
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1 dNpa/dpr
Neon) dNpp/dpr

Raalpr) = <

R, <1 basic signature of energy loss

D°=cu
BR (D’ — K- %) = 4%

D? measured down to p.=0

R,, at p;>8 GeV agrees with calculation
of collisional and radiative energy loss
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¢ quark in medium - total number conserved aniv:2110.09420
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b quark in medium - energ_y loss anxiv:2202.00815

0
beauty in Pb-Pb / beauty inpp ~—— non-prompt D
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hard
qff;ﬁi scattering 9,9 energy loss in-jet hadronization
g of partons
hadron scattering
;ggxﬂy bulk expansion bulk hadronization

dead cone
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particles interact
with detectors
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dead cone in the radiation of gluons by c quark an:2106.05713
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dead cone in the radiation of gluons by c quark

arxiv:2106.05713
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t

30

first direct observation of dead cone
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quarks el

scattering g,g energy loss in-jet hadronization
gluons
of partons . :
hadron scatterin PETIE O TitorEet
9 with detectors
. bulk expansion bulk hadronization
geometry

*

iIn-medium hadronization
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charmed baryon/meson enhancement arkiv2105.06335

—~ 1.0 T | T |
:FF I 5= l | first measurement of charm fragmentation fractions
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quarks g

scattering g,g energy loss in-jet hadronization
gluons
of partons . :
hadron scatterin PETIE O TitorEet
9 with detectors
. bulk expansion bulk hadronization
geometry

*

interaction of anti-°*He
with matter

D. Miskowiec, ALICE overview, La Thuile, March 2022

24



absorption of anti-’He by matter an:2202.01649

(9]

ALICE
0-10% Pb-Pb |5 = 5.02 TeV
7] < 0.8

{A) = 34.7 . Data — — GEANT4

Ginel(ans) (b)

first measurement of inelastic interaction
cross section of anti-*He with matter

LT

e confirms GEANT 4 parametrization
e quantifies absorption uncertainties
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absorption of anti-’He by matter an:2202.01649
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THE END
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LHC and ALICE schedule

025 2026 2027 2028 2029
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[ Run 3 f Long Shutdown 3 (LS3)
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Run 4

Protons physics

Ions

Commissioning witl

Shutdown/Technical stop

h beam

Hardware commissioning/magnet training
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Last updated: January 2022
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g AL@ICE1
> Allce
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% \ ALICE 2
i+ ? Run 3
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Acceptance (An)X Pb-Pb interaction rate (kHz)

ALICE 3: compact low-mass all-silicon
tracker with excellent PID capabilities
over wide acceptance

Lol to be published by end of March
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Superconducting HICH
magnet system

FCT

TOF

Muon
absorber

Muon
chambers
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quarks hard_ . .
luons scattering g,g energy loss in-jet hadronization
9 of partons . :
hadron scattering PETIE O TitorEet
with detectors
;ce)lcl)lrsr:(.;?ry bulk expansion bulk hadronization

parton energy loss
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jet modification b_y medium in Pb-Pb collisions arxiv:2107.12984

0 0.05 0.1 0.15 R,
S F A ALICE {5y = 5.02 TeV 3 - >
) 3.5F m Pb-Pb 0-10% Charged-particle jets Ay + A(p
= .;: 35_ Sys. uncertainty R =0.2, | nm| <0.7 o gg —
© 25F oom 60<p, . <80GeV/c 3 R
5 4 + Soft Drop z,,=0.2, =0 =
o 3 ¢ 3 s = 0.88, fih =089 3
- . 2
1Ee : P 3 6, - relative opening angle of
0.5F g . _ a hard splitting in jet
£ L— ’ .JEII’SC.AP.E = C o P -
Q. ‘& 28 e Eyj;’g?’aLzs Gov? ; hard — calculable by pQCD
on " T ity
1.5}
o first measurement of Bg in nuclear collisions
° Gg in central Pb-Pb collisions is smaller then

in pp collisions
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b quark in medium - energ_y loss anxiv:2202.00815
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quarks el

scattering g,g energy loss in-jet hadronization
gluons
of partons . :
hadron scatterin PETIE O TitorEet
9 with detectors
. bulk expansion bulk hadronization
geometry

*

transverse expansion

D. Miskowiec, ALICE overview, La Thuile, March 2022 33



baryon/meson enhancement in pp

arxiv:2105.04890

o » BN PR N D I TR R | l E
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Y - : : - ch —
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0.5 $ v V%injets —
s _ \E 2
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SAE 1/ _
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e peak in baryon/meson ratio
e in central Pb-Pb, attributed to radial flow
e origin in light collision systems?

the peak does not
originate from jets
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baryon/meson enhancement in p-Pb and Pb-Pb PLB 728(2014125

oxm 2.4 : 1 L} T I 1 LI | I T LI I T 1 :: L) T I I T L} 1 LI
= 22F ALICE, _p-'Pf), m =5.02 TeY =4 ALICE, Pb-Pb, m =2.76 TeV
—VOA Multiplicity Classes (Pb-side) 1~
< 2F e 0-5% £ FeJo5%
1.8 ;_ 60-80% _;;_ 80-90%
1.6 = =+ == déja vu back in 2012-2014
14 3
1.2F =+ transverse flow:
1 == outward push by Av
0.8F == @@ AV (A) =Av (K)
0.6 = e Ap; (A) > Ap; (K)
0-4 ;_ ,,,,,,,,,,,,,,,, = I := A
0.2F 2 51@5
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sighatures of collectivity in small collision systems

e spectra: transverse flow

e |ong-range two particles correlations: ridge (elliptic flow)
e HBT analysis: p dependence of HBT radii

o

big surprise!

D. Miskowiec, ALICE overview, La Thuile, March 2022
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sighatures of collectivity in small collision systems

e spectra: transverse flow

e |ong-range two particles correlations: ridge (elliptic flow)
e HBT analysis: p dependence of HBT radii

o

big surprise! e even protons get obese these days
= p@LHC ~ small (but very dense) nucleus@SPS
? e .
...Really" SPS [RHIC | LHC
QMZOOB’ panel dISC_USSIOn [ # of partons in proton | 4 10 30
Jurgen Schukraft said: 3 + [g(x > 2GeV)

e ‘QGP’ physics with protons
= at least: onset of hadronic FS interactions
= maybe:  collective hadronic/partonic dynamics
= why not:  the QGP, mini serving

D. Miskowiec, ALICE overview, La Thuile, March 2022
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hard

qff;ﬁi scattering 9,9 energy loss in-jet hadronization
g of partons
hadron scattering
;ggxﬂy bulk expansion bulk hadronization

*

rescattering

D. Miskowiec, ALICE overview, La Thuile, March 2022

particles interact
with detectors
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rescattering of K*° daughters

arxiv:2106.13113
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CT decay
K*(892)° 4.2 fm — K*r*
®(1020) 46 fm — KK~

40

20

PR SR N [N ST T/ ST A T ST S T TN NN U

.—'"l"'l"'ll

0.8

0.9

1

rescattering in hadronic phase

M, (GeVic?)

39



quarks el

scattering g,g energy loss in-jet hadronization
gluons
of partons . :
hadron scatterin PETIE O TitorEet
9 with detectors
. bulk expansion bulk hadronization
geometry

*

iIn-medium hadronization
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charmed baryon/meson enhancement

arxiv:2112.08156
see also arxiv:2105.05187, arxiv:2105.05616, arxiv:2106.08278, arxiv:2111.11948
-ly| < 0.5 30-50% Pb—Pb-__—\(sNN =5.02 TeV PP -

SHMc + FastReso + corona
T N\ Catania

T 777 TAmu

=
T1 |

10p_(GeVic)

1 10p_(Gevic)

hadronization by coalescence! (and fragmentation)
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hard

qff;ﬁi scattering q,g energy loss in-jet hadronization
9 of partons . :
hadron scattering particles interact
with detectors
;Z?;;:Z?ry bulk expansion bulk hadronization

*

correlation measurement
of the strong interaction

D. Miskowiec, ALICE overview, La Thuile, March 2022
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two-pion Hanbury Brown and Twiss correlation analysis

peak width ~ 1/ source size

2""‘!'”
o
-

* 11 fm sodrce, simulation _

1.5

— pic;n pair diistributioin X 105

— same from§ mixed e;vents
—— ratéio: correﬁlation fuhction

0.5

T A R

1 l 1 1 1 I 1 1 1 l 1 1 1 | 1 1 1 | 1 1 1 l 1 1

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
P, - P, | (GeVic)
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correlation measurement of two-particle interaction

C(k*) = / S(7) (\11(75*,7-'*) sy
1) 1) 1)

measured particle mutual interaction
two-particle source (BE or FD, Coulomb,
correlation distribution strong)
function

strategy:

1) measure source with (abundant) species with known interaction
2) invert formula to learn about mutual interactions between rare species

44

D. Miskowiec, ALICE overview, La Thuile, March 2022




correlation measurement of two-particle interaction

p q) arxiv:2105.05578 p arxiv:2201.05352
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13 E_ Q Po®po _: 3 i —— C. Fontoura et al. 7
- Lednicky-Lyuboshits model E i o Y. Yamaguchi et al. .
1.2 dy=7.85% 154 (stat) + 026 (syst) Im  — [ kTR RIELM. e f
E a 2k J. Haidenbauer et al. (g%/4n = 2.25)
C ‘R(/G] =0.85 £ 0.34 (stal.) £ 0.14 (syst.) fm g ° A
1.1 3(f,) = 0.16 + 0.10 (stat.) + 0.09 (syst) fm = i i
1 i TR T X R ok R T o Un \Lﬁ‘—%’ﬂr; ~t=——rt
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other recent combinations of species:
arxiv:2105.05190 p-p, p-A, A-A
arxiv:2104.04427 p-A ...as well as 10 earlier ALICE papers further
arxiv:2105.05683 p-K= covering p-p, p-K, p-A, A-A, p-X°, p-E-, A-K*,
arxiv:2111.06611 KOS-KOS, KOS-Ki A-KOS, and p-Q~ (Nature 588(2020)232)
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