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ALICE in Run 3

Large LS2 upgrade: continuous readout at high rate

Inner Tracking System (ITS) - full pixel layers

Time Projection Chamber (TPC) - GEM redout

New Forward Interaction Trigger, new Muon Forward Tracking
New event processing farm

Upgraded readout for most detectors

New software - 02, O2Physics, new AF - Hyperloop

pp data taking at 500 kHz

e Intermediate storage on disk buffer
e Asynchronous offline trigger

Pb-Pb data taking at 50 kHz

e All compressed time frame data stored on tapes
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" ALICE in Run 3 and Run 1, 2 ALICE

Type System pp p—Pb / Pb—p Xe—Xe Pb—Pb
Energy (TeV) 0.9,2.76,7, 8,5.02, 13/13.6 5.02, 8.16 5.44 2.76, 5.02/5.36
Run 1+2 L 200ub™", 100nb™, 1.5pb™, 2.5pb", 18 nb™", 25 nb’"! 30 b 75 b, 250 ub™’
int
1.3pb™, 25pb™’
Run 3 L., ~50pb" 1.6nb™’
‘g 18] ALIGE Performance, 2023 1., g %22; ALICE Performance, Run 3, pp, Vs = 13.6 TeV
R i e oy 1.8 BT s e Successful 2023 heavy-ion run
3 ' ] g B 1ol 2024: 178" o Collected 1.6nb™" (approx 11.5 G
g 1 ®2 B minimum bias events)
= T T 12f
o8l b e pp 2024: on track to record
: i ~50pb~! by the end of the year
o 1 i o ALICE operational efficiency: 95%
” 1 2 o Run 3 =1000 x Run 2 statistics
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Run 3 physics performance - few examples  so.++

Impact parameter resolution

5 ALICE Performance
g Run.3 p s=13.6 TeV
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Alignment and calibrations
ready for physics analysis
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: .. ALICE
Heavy-ion collisions: quark—gluon plasma (QGP)
ALICE, EPJC 84 (2024) 813
System cools down by (isentropic) expansion
Freeze-out "
Hadronisation ..
Initial state QGP formation e =
Time: 0 fm/c <1fm/c ~10 fm/c ~10'5 fm/c .
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dN_/dnin Run 3

dN,/dn
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e dN_/dn measured at highest energy in Pb—Pb and pp collisions
e Magnitude and shape not fully described by MC calculations
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ALICE

Constrain initial
conditions and

evolution of AA
collisions

Constrain gluon
saturation effects
and nuclear
shadowing



dN_ /dn in Run 3 e
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° \/SNN dependence consistent with power law from lower energies
o  Grows faster in AA than in pp collisions
7
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ALICE, NP 13 (2017) 535

10721
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Strangeness increases with multiplicity
o  Hierarchy with strangeness content
More differential measurements in Run 3 — better constraints
o  pQCD-inspired models need extra mechanisms
8



©

Anisotropic flow e
0%,
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Q)
s
Anisotropic flow

high pressure
at center

2n
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ALICE

Pressure gradients (larger in the x
direction) push bulk “out” — “flow”

More particles seen in the
x-direction
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Q)
s
Anisotropic flow

high pressure
at center

v
E —> -—2V2

] V.,
Y

2
Ej?)_l;’:% pTgpl,;’,dy(l-FZ?:l zvncos(n( ¢_an))

2n

e Anisotropic flow: initial spatial anisotropy — final
momentum anisotropy via collective interactions
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ALICE

Pressure gradients (larger in the x
direction) push bulk “out” — “flow”

More particles seen in the
x-direction
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high pressure

at center
: X
- : ——-5\\" -—2V2
3
J L =
.ﬁ/
- " 2 on
E(F_N_Ldz_N(sz 2 (p—w))
d3p_2n ppdprdy n=1 n\ @ n

e Anisotropic flow: initial spatial anisotropy — final
momentum anisotropy via collective interactions
o v quantify the event anisotropy

TRENTo PRC 92 (2015) 011901
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ALICE

Pressure gradients (larger in the x
direction) push bulk “out” — “flow”

More particles seen in the
x-direction

ALICE, EPJC 84 (2024) 813
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. . . ALICE
Pseudorapidity dependence of anisotropic flow
ALICE, PLB 850 (2024) 138477 .» 4‘
0.11 : : : :
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o n=2,m=2 0o n=3,m=20.07; e |An|>2.0 |An|>0.0 1

e n=2,m=4 o n=4 m=20.05} 1 e Measurements of V,, Vs, and v,
----- AMPT i FPPEEFEE S .
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0.11 . : : ; : { : _ .
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> L . .
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Azimuthal anisotropy (flow) in pp and p—Pb collisions et
Template fit [An| > 1.6 v, and v, vs multiplicity
SEARA T AEREY! T T e VAR T T T &
1300 o Sigm\; © ().1%I\'0_\n I"‘”("Ei I. . i 0.175 s ALICE 1.6 < [An < 1.8 ¥ .. ALICE, JHEP 03 (2024) 092 ]
] o tateve 4 0.150F N i<hp s bhele 4 N\ Jo.08
' L S S iG e T i e ; 1™
., 1.250 - e -
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3 11.225 - mE 0-00
= 1.200 g 0-100 : S 0.04 >
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1.150F % % % % } % 0.050 F O p-Pb ann =5.02 TV - . _ ~..—0.02
- - 1= TRENTo, MAP(QM2018), m = 6, p-Pb 5.02 TeV]
e - GubsHyd, param0, pp 13 TeV _}==# TRENTo, MAP(2021), m = 6, p-Pb 5.02 TeV
% 1.00 !".0.’0.‘00...’0.000¢¢’.¢.’0..' 0.025 s _guksﬁyfiv param;. PI)Pll3 TS\Z"T . EE—IP«GIasma n/s = 0.12, ¢/s(T), IP—PI’ 5.02 TeV _ 0.00
- ubsHyd, param2, p-Pb 5.02 TeV _Glasma n/s = 0.12. /s bp 13 TeV
Oogg : : : : . : 0.000F o oy e pe R O PR Y
o1 0 1A ( dZ) 3 4 0O 10 20 30 40 50 600 10 20 30 40 50 60
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’ Nen(In < 0.5) Nen(In| <0.5)
Use |An| gap and template fit to remove Both v, and v, persist down to small multiplicit
iotosi | 2 3 y
jet-signa
Gubs Hyd PRD 82 (2010) 085027, Nucl. Phys. B 846 (2011) 469
14

C. Ristea | 03.09.24



/)

y
Azimuthal anisotropy (flow) in pp and p—Pb collisions et
Template fit |An| > 1.6 v, and v, vs Large rapidity gap
1] o 0.003 O L A RS R EE R AR FARE
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o 111; . 1 < Proassoc < 4GeV/e e il s L 3DGlauber+MUSIC+UrQMD: pp Vs =13 TeV |
s e T E 0125F 0 = 4 Vv 0002 WAMPT String-Melting: p-Pb 5, = 5.02 TeV |
BT 1.225F G(1+ 2u55005(3A¢)) . : m—& ” : 3 i i
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Gubs Hyd PRD 82 (2010) 085027, Nucl. Phys. B 846 (2011) 469 2
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v,%-[p,] correlations
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ALICE

e Probe the initial stage

o p <0:geometric response
o p>0: Color Glass Condensate (CGC)

e Decreasing trend with increasing
multiplicity in pp and p—Pb

collisions
o Not explained by simple geometry
picture

o Not described by a CGC-based hybrid
model (w/wo initial momentum
anisotropy)

Pearson corr. coeff.
Cov (v, [p1])
Var(v2) \/ck 16

p(vi, [p1]) =
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Ridge vields

ALICE, PRL 132 (2024) 172302

32< Nch <37
1 < P, trig/assoc < 2 GeV/c

(1/Nuig) d>NP"/dAndAg
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ALICE
pp Vs =13TeV

ALICE
o> <0 W e T e T
_ | Auce
1oz_pp\/_=13TeV B, o e Log
e
10-3 :Il_-[ T ]'. %.T _
Q . *
-§’ 107 1 < P, trigrassoc < 2 GeV/C —]
> -ﬂ_ 1.4<|An| <1.8
107° |- ® ALICE T o5%cL —
D CscMaEdzP;_.llAGnJJfBé (2016) I 67% CL
S O MATLSAL T T emnaL T
10-7 U A DU T T DU T
0 10 20 30 40 50 60 70
(Nch)
Ridge yields to study collective effects down to low
multiplicities
Strong multiplicity dependence
o  Good agreement with CMS results
17
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Ridge vields

ALICE, PRL 132 (2024) 172302

32< Nch <37
1 < P, trig/assoc < 2 GeV/c

(1/Nuig) d>NP"/dAndAg
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ALICE
pp Vs =13TeV

ALICE
o> <9 107! e
ALICE
1072 |~ —
pp Vs =13TeV
° [ ] L ]
10—3 | o [ ] —
G) L4 *
;z” 104 —-l_'l'—l— ¢ 1 < Pr wigiassoc < 2GeV/c |
1.4<|An| <1.8
1075 —
@ ALICE 3 95%CL
ALEPH thrust
107° |- e*e™ 91 GeV 95% CL —
scaled, PRL 123, 212002 (2019)
10-7 TR At DU DA T T
0 8 16 24 32 40 48
(Nch)
Ridge yields to study collective effects down to low
multiplicities
Strong multiplicity dependence
o  Overlap with e*e” results from ALEPH at Vs = 91 GeV —
Large differences between pp and e*e results for N, <18
18
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Ultra-peripheral heavy-ion collisions at the LHC e

EM field from ultra-relativistic ions: a beam
of quasi real photons (intensity = Z?)

Photo-nuclear interaction in
ultra-peripheral collisions (UPC): collisions
with an impact parameter greater than the
sum of the radii of the colliding nuclei, in
which hadronic interactions are strongly
suppressed

Vector meson photoproduction: photon
fluctuates to a dipole which then elastically
i scatters off the nucleus, emerging as vector

/:\ meson

p meson

19
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: o : ALICE
Exclusive T~ photoproduction
ALICE, JHEP 06 (2020) 035

N ALICE Pb-Pb UPC |s,,, = 5.02 TeV e Interference of p®(770) — Trm
; 3:_ . .
g R and continuum of direct 11T
S 250 — Ful fit e Clear signal for the p° vector
g, 23_ p° Bre.it-Wigner meson
_g - p%-nr interference _ _
S I A \ W — T —— e Small contribution from the yy
© - _

1 Hm{,n,o" p,<0.2GeVic — W'~ process

- it . .
OB <05 e Not included production of w
e IR e vector mesons
“osf-
0;““0¥61”l()¥7””0f8”110¥91IH:IH111.1”1l1¥2llll1.1311111!4:”11.5
m (GeV/c?) m=769.5+1.2 (stat) +20 (SySt) MeV/c?
"= 15642 (stat.) + 3 (syst.) MeV/c?
20
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Coherent p°(770) photoproduction ALICE

ALICE, JHEP 06 (2020) 035 ALICE, PLB 820 (2021) 136481
3 800» 3 2.5 A
E F ALICE Pb-Pb UPC \|s,, =5.02 TeV [= i e ALICE y-Xe
> ™ PoPb—Pb+Pb+° = C m ALICE y-Pb
B g ARG SRR s © 2 m Hiyp
600~ © L fit: o, A
a 0 C - O
Sy I Sl 3 B GKZ
400F- =3 L / - coherent: g, A*®
ol 1 data — — - STARIight o N R incoherent: o, A
- o reflected SHEPpBHTA) A black disk: o, A%
200:_ """""" GKZ (lower limit) o5 ¢+ L7
- [Juncorrsyst. SERT E P ——
o~ [Jcorrsyst. ... CCKT (nuciear) A
ST PPPTTIVL PURE FUNT b ot oo SUETEOIE s Tt s 200
0 -08 -06 -04 -02 0 0.2 0.4 0.6 0.8
y A

e Measured cross section of coherent photoproduction shows good agreement with model predictions
e Xe measurement: models slightly overestimate the measurement
e Atomic number (A) dependent yA cross section, o(yA — p°A) o< A% with a = 0.96 + 0.02

o substantial nuclear effects
CCKT PLB 766 (2017) 186—191, Nucl. Phys. B 934 (2018) 330—340

GKZ PLB 782 (2018) 251-255
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ALICE
[} [] + -_— 0 L]
Angular anisotropy in p(770) — 111" in different neutron
emission classes
ALICE, arXiv:2405.14525
é 1.45_ Experimental OnOn 1.4 Experimental XnOn 1_45_ Experimental XnXn P AZlmuthal asymmetry
E 1'3; l::;z,iiata 1-3FALIGE Pb-Pb UPC Yoy = 5.02 TeV 1-3§ due tO Interfel’enCe
‘_é’ E e s Pb+Pb — Pb + Pb + p° N
£ 12_ ysical UnUn 12 N " "
5°F = Physical Xnon + On ) and polarization
r =+« Physical XnXn r . .
" . effects increases with
1f- 1 . .
g g decreasing impact
0.9F 0.9
: ; parameter
0.8F 0.8
o.7f— 0-7E
o.ef— : o.sf
Eiia Lo o b Lo By | NI AT AT ST A N AR
0 /4 n/2 3/4n T 0 /4 n/2 3/4n T 0 /4 n/2 3/4n b1
(0 (0 (0
More neutrons = smaller impact parameter -
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Impact parameter dependent angular anisotropy

~ 0.35
S

0.3

0.25

0.2

0.15

0.1

0.05

ALICE, arXiv:2405.14525

ALICE Pb-Pb UPC ys,, = 5.02 TeV
Pb+Pb — Pb +Pb + p°
p, < 0.1 GeV/e, ly| < 0.8

94 ALICE
B8 STAR Au-Au UPC {5, = 200 GeV, p, < 0.06 GeV/c

B STAR U-U UPC \s,, = 193 GeV, p, <0.06 GeV/c

lIlI|lllllllll|lll|Illllllllllllll

H. Xing et al.
7 W.Zhaoetal.
» 4
|
OnOn XnOn + OnXn XnXn
b ~49 fm b~23fm b~19 fm
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ALICE

First time measurement of the
angular anisotropy in
photoproduced p(770) — ' m~
as a function of the impact
parameter (b)

The strength of modulation
increases by about one order of
magnitude from large to small b

Theoretical calculations based
on the picture of anisotropy
from linearly polarized photon
with quantum interference effect
describe the measurements

23



. . ALICE
Photoproduction of excited p-meson states
ALICE, PLB 820 (2021) 136481

b 200f L 80F
S 220 ALICE Pb-Pb UPC {8y, = 5.02 TeV 3 ALICE Pb-Pb UPC |[s, = 5.02 TeV
& 200F = 70
Q 180f —+— ALICE dat & o
:;’_ 160%—'!' —— Signal - g 60: —|— Opposite-sign pairs
.«é 1402_ + Background ~§ 505_ + Like-sign pairs
3 120F Significance: 5.8 o © 405_ 1.6 GeV/c2 < m < 1.9 GeV/c?

100 p,<0.2 GeV/c s ‘H lyl <0.8

80; jL lyl<0.8 30:_

601 +-l- 20 + + J[

401 oo+ :

20 + X o op +++ + H’ +H»++++ i ++

?:||111||"T'_"—L"“ g R T R a4+,+,h i"’i:h +¢+&ﬁ|ﬂ**¢ﬁ;l—l—
2 13 14 15 16 17 18 19 20 21 22 8_0 0_1 02 03 04 05 07 08 09 1.0
m (GeV/c?) P, (GeV/c)
e Resonance-like structure observed in "1~ invariant mass distribution — likely to be from coherent
photoproduction
e Known excited states in PDG: p(1450), p(1700), p,(1690)
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Exclusive four pion photoproduction

ALICE, arXiv:2404.07542

L annl ALICE, Pb + Pb— Pb + Pb +'nm'n 2Indf = 51/ 47
600 ,
- - (Sw=5.02TeV,|y . ., |<05
s - nnntn
8 500 :'_ ®  Data (zero net charge)
= N —— - Combinatorial BG (Pol4)
c 4000t - === Coherent STARlight MC
=
8 o [ P PPPPPP Incoherent STARIlight MC
300H Sum(Coh + Incoh + Comb BG)
200
100—
% 01 02 03 04 05 06 07 08 098 1
p. (GeV/c)

STARIight Comput. Phys. Commun. 212, 258 (2017)
C. Ristea | 03.09.24

ALICE

Low p.. selects coherent
production

UPC events provide a clean
laboratory for vector meson
spectroscopy
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Exclusive four pion photoproduction

ALICE, arXiv:2404.07542

=140 = [
‘\g 0 : ALICE, Pb + Pb— Pb + Pb + s x2Indf = 48 / 25 § e [ ALICE, Pb + Pb— Pb + Pb +x'ww*n’ x?ndf =18 /21
8 1200 VSw=5.02TeV, ly_, .. <05 Prob = 0.4 % 3 120 Vs =502TeV,ly_, .. |<05 Prob = 65 %
5 C t Data —— Single B-W fit > - t Data — Total
E 100 = ¥"°°"- Syst. £ JooE- [ Uncorr. Syst. —  ALICE p(1450)
= C === Total Unc. = u === Total Unc. - == ALICE p(1700)
g f E r
S o 3 gol W ~— - Interference
85 [ B gl = *
% 60— 5 60 [
2 C
% C + c)c( 40— ) q‘\
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e Fully corrected invariant mass distribution of coherently produced four pions fits to two

different scenarios:
o  Single Breit-Wigner resonance: not describing data well (Prob = 0.4%), though compatible with PDG p(1450)

e Two interfering resonances with a mixing angle: compatible with PDG p(1450) and p(1700);

hypothesis is favored by the measurement
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: ALICE
Total cross-section for resonance(s)

ALICE, arXiv:2404.07542 .
LN I B I L N L N L L L L L L O Thetotalcrosssectlonbasedon

ALICE, Pb + Pb— Pb + Pb +n'nn'n, VS_NN =5.02 TeV, lyn"J‘t-J'lZ*Jt.l <05 Slngle resonance SCenarlo’ as
ALICE p(1700) well as two interfering p(1450)
o KGTT p(1700) and p(1 700) obtained
Due to the large interference
=1 ALICE o(1450 component, the sum of_p(14_50)
e KGTT ;)((1 450)) and p(1700) cross sections is
smaller than the total cross
section
= ALICE
[ =1 KGTT single The cross sections for p(1450)
resonance (H1) and p(1700) give better

IlllllllIIIIllIlll|IllllllllllIllllllllllllllllll . "
0 10 20 30 40 50 60 70 80 90 100 agreementwith theoretical

BR x do/dy (mb) calculations KGTT

KGTT Acta Phys. Polon. B 51 (2020) 1393
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Exclusive K'K™ photoproduction

ALICE, PRL 132, 222303 (2024)

by E a
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e First measurement of photoproduction of
K*K™ pairs in UPC

e Significant K'K™ production at low p. —
coherent photoproduction on Pb-target
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ALICE
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" Exclusive K*'K- photoproduction

ALICE, PRL 132, 222303 (2024)

| STARIight
—— — with interference
I = without interference
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e First measurement of photoproduction of
K*K™ pairs in UPC

e Significant K'K™ production at low p. —
coherent photoproduction on Pb-target
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ALICE

N? L ALICE, Pb-Pb UPC, ﬁ:S.OZ TeV
g 10° V] <08,p,  <0.1GeV/c
5
3 C —e— Data
g - [ Best fit
%x 102 — — [T system
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Larger cross-section than expected
for @(1020) photoproduction alone —
mixture of ¢(1020) and direct K’K~
production
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Upgrade projects

Superconducting gicH
magnet system

Cylindrical
Structural Shell

Half Barrels

FoCAL Lol
CERN-LHCC-2020-009

Muon

ITS3 Lol absorber
CERN-LHCC-2019-018 Muon

chambers

ALICES3 Lol
CERN-LHCC-2022-009

Today

Run5
2021 2022 2023 2024 N5 2026 2027 2028 2029 2030 03 2082 2033 2034 2035

30

C. Ristea | 03.09.24


https://inspirehep.net/literature/1805025
https://cds.cern.ch/record/2703140/
https://cds.cern.ch/record/2803563

©

- ALICE
Summary

e |S2 upgrades functioning very well — high data taking efficiency in 2024

e Collectivity and strangeness enhancement in small systems

o Develop new techniques and more differential measurements
m Pushing the limits to understand the responsible mechanism(s)

e UPC events ~ clean laboratory for vector meson spectroscopy
o P(770) and resonances photoproduction
o First investigations of direct K’K™ photoproduction in heavy-ion collisions
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