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Upgrades: LS3 and LS4 (ALICE 3)
The MID subsystem

Summary
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Heavy-ion collisions

ALICE. EPJ C84 (2024) 813

Freeze-out L
Hadronisation @ ...

QGP formation

Initial state

Time: 0 fm/c ~101° fm/c
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https://link.springer.com/article/10.1140/epjc/s10052-024-12935-y

The ALICE Collaboration @l

UNAM

40 countries, 171 institutes, 1967 members

A |
3
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* \

Latin America: i © N

Brazil (29 members, 4 institutes)

\ o

Mexico (52 members, 5 institute

Peru (3 members, 1 institute)
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ALICE experiment at the LHC
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op. op. p-Po, pp. P-O, O-O, p- op. op. op.
n-Pb. Pb-Pb Xe-Xe Pb-Pb Pb. Pb-Pb p-Pb, Pb-Pb D-A?, A-A D-A?, A-A

Run 5 Run 6

(2036—) (——2041)

ALICE 2 ALICE 21 ALICE 3

Major upgrade Intermediate upgrade
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ALICE, JINST 19 PO5062

LS2 upgrade

ALICE 2

Detector | z(mm) | min | Mmax

FTO0-A 3305 3.0 | 4.9
FT0-C -843 | -2.1 | -3.3
FDD-A | 17000 | 4.8 | 6.3
FDD-C | -19500 | -4.9 | -7.0
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B F: 3 , Ll = FVO | 3160 | 2.2 | 5.0
PIPE SR
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47 107N TN #New Fast Interaction Trigger

e /A \ \ y .

#Inner Tracking System (ITS2): full pixel layers
#New Muon Forward Tracker (MFT)

4) continuous readout at high rate / Time Projection Chamber (GEM readout) / new event
processing farm / Upgraded readout for most detectors
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https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05062

Run 3 data taking
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g I ALICE Performance, Run 3, pp, (s = 13.6 TeV B 14l 1 @
= 60~ o € 16" ALICE Performance, 2023 12 o
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o Heavy-ion run (2023): 1.6 nb-1,
. 1 . Q&0
pp (2024): 53.1 pb, efficiency: 95% ~ 11.5x109 minimum-bias collisions
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Run-3 physics performance

Instituto de |
Ciencias
Nucleares
UNAM

~—~ L 1 II Al 30><‘IIOI_:I3 L1 R R R R T R
E .............. ...... ;, ..... e 8 | | | | | | | | a
E ALICE Perf:o.rfnancl:e S : | ALICE Performance :
5 T : S < 5 10-30% Pb-Pb, \[s, =536 TeV =
5, 4 2 ¢ 2<p_<4GeV/c _
O 10 > + ! + +L/ : |
B A 5 s AR S s - S I\ Ds — ¢n” — K'K «* and charge conj. -
. T s e r(p__pr_gje(;_t[@n ________ b § 20— ] —
QL :ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁf?ﬁ;5;;ﬁﬁﬁﬁﬁﬁi;ﬁﬁﬁﬁZZZZ§ﬁﬁﬁﬁﬁfEﬁﬁﬁf?ﬁﬁﬁﬁEZZZéiZEZZBﬁUﬁhﬁﬁﬁ3ﬁﬁﬁdﬁaﬁtﬁaﬁIﬁﬁﬁﬁﬁﬁ;iffﬁ;fﬁf;ﬁfi;fﬁ@: s [ 9 ¢ -
= |+, +Run2data 5. R , -
3 102 : :
8 10_— —
Q- — —
= - i
s e Data _

~ ---- Background j

- — Total fit function 3

10_1 O L 1 | | | 1 | | | | [ | | | | | | | | | 1 | | | | 1 | | | | [ | | | | | | |

175 18 185 19 195 2 205 2.1
p_ (GeV/c) M(KKn) (GeV/c?)

LS2 upgrades: improved pointing resolution and larger data samples
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pp physics program
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J/P production
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e+e- decays: down to prt = 0, excellent precision
Important input to quarkonia production models
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Baryon to meson ratio: heavy quarks

ALICE, JHEP12(2023)086
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4p Baryon production larger in pp than e+e-
4 Baryon enhancement also present in

beauty sector
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https://link.springer.com/article/10.1007/JHEP12(2023)086
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112003
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ALICE, PRD 110 (2024) 032014

QY branching ratios
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4p Charm baryon branching ratios: input to understanding charm baryon production
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.032014
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https://link.springer.com/article/10.1007/JHEP09(2010)091
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.172302
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QGP-like effects in small systems
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.172302
https://link.springer.com/article/10.1007/JHEP09(2010)091
https://www.nature.com/articles/nphys4111
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.172302
https://link.springer.com/article/10.1007/JHEP09(2010)091
http://www.apple.com/uk
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Instituto de
Ciencias
Nucleares

Bias to local mult. fluctuations

4p Multiparton interactions (MPI): more than one parton-
parton scattering occurring in the same pp collision. Color
reconnection (CR) produce collective-like effects
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() Multi-partonic interactions
@ Beam remnants
Strings
Color reconnection
String interactions
@ Hadrons
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Bias to local mult. fluctuations

4p Multiparton interactions (MPI): more than one parton-
parton scattering occurring in the same pp collision. Color
reconnection (CR) produce collective-like effects
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g = '°F - 13 TeV .

# The more central |3 & Bty /O
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\\%\\m//// 4p Multiparton interactions (MPI): more than one parton-
parton scattering occurring in the same pp collision. Color
reconnection (CR) produce collective-like effects
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https://doi.org/10.1007/JHEP05(2024)229
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4 Event-by-event selection based on the relative
64

standard deviation of the multiplicity measured in the Z <N<0h-l’> - (N(Ch))>2 1642 / (N

64 \VO channels, Nich. ) P ‘\
A.Ortizet al.. PRD 107 (2023) 7. 076012

l

PYTHIA 8.303 (Monash 2013), pp Vs = 13 TeV, N, =24

Small local Ntch.) fluctuations in the VO acceptance: small flattenicity values
4p“isotropic” distribution of particles in the VO acceptance (large multiplicities)
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http://www.apple.com/uk
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.076012

pT spectra as a function of flattenicity g
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ALICE, 240720037
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https://arxiv.org/abs/2407.20037

Flattenicity: data vs models

See Paola Vargas talk: 8/11/24 12:15 h (QCD4)

Flattenicity (1-p) only
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ALICE, 240720037
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Pb-Pb physics program
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Multiplicity: Run 3 Pb-Pb collisions

12—

ALICE Preliminary
In| < 0.5

® \s,, =5.36TeV
(] \/SNN =5.02 TeV

O \/SNN =2.76 TeV

[Preliminary]
PRL 116, 222302 (2016)]

PRL 106, 032301 (2011)]

4 Multiplicity measured using tracks (TPC, ITS)

N BT
100 200
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4 Results in line with extrapolation
from lower energies 23



Hadronic phase: resonance production .g

UNAM

== EPOS3 System Collision energy
— EPOS3+UrQMD X pPp 5.02 TeV
o0 p—PDb 5.02 TeV
B Xe—Xe 544 TeV

¢ Pb—Pb 5.02T

KK yield ratio

2 4 6 8 10 12 14 2 4 6 8 10 12 14

4 Scattering of decay daughters of short-lived resonances reduces apparent yield
M K*/K ratio decreases with centrality: duration of hadronic phase increases with

centrality K*/K%., = K*/K% . X e~ "%
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Light nuclel

ALICE, PRC 107, 064904
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.107.064904
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ALICE. PRC 107, 064904 Binding energy O(10 MeV): dissociation in rescattering
phase + formation via coalescence of baryons

x107° 16x10° 16x10°
i [ e BT e e v s02tev 1 B UE ThermakFisToSM, T, < 155 Mev
N ALICE +1aF + | p-Pb, s = 5.02 TeV 1 +44F The a\I/FISTCS » Ten ]
o | pp, Pb-Pb: |y| < 0.5 1 o' [= ] pp, fs=13TeV, HM ] o '4F o= 1.6dVidy :
~ _ ~ [ 1 — [ UrQMD Hybrid Coalescence i
5 | pPbit <y <0 | o12F = PP, fs = 13 TeV 1 =12 Pb-Pb 5.02 TeV -
Q\ ) s 10:_ o | pp, fs=7TeV o n N 10:_ Coalescence 1
i N 1 oy - ® |pp, Is=5TeV mE E i [ Two-body -
| i 1 8 _ ' 8k Three-body ‘
| '.I - —1H 1 e :
' Pb-Pb, {5y =2.76 TeV ar B 4_ _
Pb-Pb, {5 = 5.02 TeV | 2F ; 2F ]
T R R ETIT R N R T O AT R NI A NI A R T O: AT R NI B A I B R R T
102 10° 1 10 102 10° 1 10 102 10°
AN,/ dn|ab>ln.abl<o.5 %*) <dNCh/anab>m|ab|<O'5 <dNCh/dn'ab>mlab|<°'5
O . .0
Q g e T
| ¥ F = 0-10% Pb-Pb |5, = 2.76 TeV -
A=2-d limited T S O mravarcoenconcs ooty
=2:. deuteron, limitea sensitivity N = T
[ e d-d — V¢ = y -]
N 30 He =
A=3: 3He, t, favour coalescence models o s o nmocomens E
LO) - T
A=4: 4He, result favours thermal model 0
o o —
(hew round of theory calculations is needed &
" ]
here on the coalescence side) O
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https://www.sciencedirect.com/science/article/pii/S037026932400501X?via=ihub
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.107.064904

3He elliptic flow @il

E 1 .O _I | I I I I | I I I I | I I I I | I I I I | I I I I I I I I | E 0.6 _I | | | | | | | | | | | | | | | | | | | | |
LL - _ — LLI B _
N — ALICE Preliminary ~TOC centrality — R -  ALICE Preliminary —
> 0.8 . . — > 0.9 —
o Pb—Pb, \/ Syny = 9-36 TeV ¢|0-10% 10-20% _ ~  Pb-Pb, \/ Sy = 2-36 TeV . 7

i 3H_e, n| < 0.8 ¢|20-40% |*|40-60% | — 20-40% FTOC centrality |

0.6— _ 0.4— P —

n . B ? |

u + ° = 03— P / —

0.4— —— — B 7

- ¢ = ~ _ N

5 B ¢ . — 0.2 5

e — - - °He, In| < 0.8 -

i %:.:F‘:' % — _ 01— IP Glasma + MUSIC + —

0.0 - i — _ Ny + UrQMD + Coalescence

i i - | ——— Blast-wave |

| | 0.0 —

—0.24 o v v by b by = v by oo oy by b ey Ly A

2 3 4 5 6 7 3 2 3 4 5 6 7 8

p. (GeV/c) p. (GeV/c)

M v2 sensitive to geometry: largest for
semicentral Pb-Pb collisions small in
central Pb-Pb collisions

#)p Coalescence model describes
better the data than “thermal
freeze out model”
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Speed of sound?
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“Ultra-central events increase entropy at constant volume 2 d In{pr)
=
-> measure speed of sound” dln N,
explored by CMS: arXiv: RPP 87 (2024) 077801, ATLAS: ATLAS CONF 2023- 061
- ALICE Preliminary T Centrality selectors | : W K | | ! T
1of Pb—Pb, {5, = 5.02 TeV | T wvit, 2 - 02068852 o - 5 - ALICE Prellmlnary E (p > O 15 GeV/c) ch (p 90 GeV/c):
- Centrality selectors tat) & ® (05— Pb-Pb, F 5.02 TeV ® ||| oV —
e @ T evic-onagizen L] g % -
L ® 11, 62 = 0.178) 005 oy 4 T eix o2z 0113007 50 © " ¢ x IV % Vi _
1.005— 5 0.014 (syst +— ¢ 0.003 (stat g - = - —
. E.V| c2 01810003 ty# 1 ) | m 0.4— CMS : I\;(III =
S - i ) - E
>~ B TP XS - - .
3|_ L .._EI::::|:::w}?:.l::::l::::l::::l:: 03__ * -
/\&_ 1-01:—C8ntramy Selegzgzrs st -— Cemrazmy Selecgcz):ss (syst) g _1 o E Lattice QCD at T = 222 MeV E
~ - |, = 0137ooo1 (stat) J," F =11, cg 0438%%214 ttz[) g* —1.03 0.2— X —
" eV, 2= 0. 170388? tt)) ,‘(l T ®IV,c2= 03060006 - ) ] - @ + _
1.005- "z%%‘ — - Fit to extract c2 Ly 71.02 - - N
! # T ‘ ] 01_— —
- %Jf I3 1.01 - -
1__|_*#—Tﬂ_i__'l_i_‘ _____________ ____I ....q‘.‘ﬁﬁ | _1 O: | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | :
0.9 095 1 705 14 115 12098 095 1 1.05 14 115 1.2 0 0.5 1 1.5 2 25 3
(AN _ /dm)/(dN fom)>* Minimum jAn

4 Slope depends on centrality estimator: Et-based selection give larger cs than
multiplicity-based estimator

Antonio Ortiz (SILAFAE 2024, CdMx, Mexico)

See Omar Vazquez talk: 8/11/24 11:35 h (QCD4)
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LS3 upgrades
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FoCal Nﬁg?gs::z g

UNAM
Goal: determine small-x gluon density in the nucleus by measuring forward production of
Isolated direct photons, 71'0, jets

Final prototype of FoCal (tested at SPS)
FoCaI- Pixels T

FoCal-H

——
— ~

FoCal-E Pads

» 18 layers Si pad sensors
» wafers of 9 x 8 cm?

« pad size 1 cm?

* readout with HGCROC v2

FoCal-E Pixels

» 2 ALPIDE pixel layers

* Monolithic Active Pixel Sensors
« pixel size of ~30 x 30 pm?

* two tested prototypes (HIC,pCT)

FoCal-H

9 Cu-scintillating fiber modules
» towers size ~ 6.5 x 6.5 cm?

* length ~110 cm

» readout with CAEN DT5202

3.2<1<5.8

4 Highly granular Si+W
electromagnetic calorimeter
(FoCal-E)

4 Cu-+scintillating-fiber hadronic
calorimeter (FoCal-H)

TDR approved cERN-LHCC-2024-004. ALICE-TDR-022

Antonio Ortiz (SILAFAE 2024, CdMx, Mexico) 30



https://inspirehep.net/literature/2797164

"Clencias
IT53 Nucleares
UNAM
ITS3: replace the 3 inner-most vertexing layers of ALICE with ultra-light tracking layers
(0.07%Xo per layer)
4 Improved pointing resolution for heavy flavour reconstruction

4 Di-lepton measurements

Digital pixel test
structure

b4
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Cylindrical

structural

shell |
(CYSS)

TDR approved cERN-LHCC-2024-003 ; ALICE-TDR-021
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https://cds.cern.ch/record/2890181

~ 400

Runs 3 and 4

250 - Model (Rapp et al)

. Fireball avera ge temperature
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E =)
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~©— ALICE ITS3 - 3 nb™ (simulation, stat. only) +
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—— NA60+ (simulation)

Lattice QCD
PLB 795 (2019) 15

SHM fit to experiment
Nature 561 (2018) 7723
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Medium effects and | | Time-averaged
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4 What is the nature of interactions between
highly energetic quarks and gluons and the
quark-gluon plasma?

from QGP

4 To what extent do quarks of different mass
reach thermal equilibrium?

#»How do quarks and gluons transition to
hadrons as the quark-gluon plasma cools
down?

4 What are the mechanisms for the restoration
of chiral symmetry in the quark-gluon
plasma’’

-
S
©
<
O
@
)
=
n
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Upgrades beyond LS4
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Measurements beyond Run 4

Further progress relies on

) Precision measurements of dileptons j : '
4 evolution of the QGP / mechanisms . \/‘

of chiral symmetry restoration in
the QGP

4 Systematic measurements of (multi-)heavy-flavoured hadrons
4ptransport properties in the QGP / mechanisms of
hadronisation from the QGP

4 Collectivity in small systems
4 ALICE 3 would open an unique opportunity
to fully understand the origin of collectivity &-|£—
in small systems |

p. (GeVic)

Antonio Ortiz (SILAFAE 2024, CdMx, Mexico) 34



Probes

% Heavy-flavour hadrons (pr — 0, wide 1 range)
4 vertexing, tracking, hadron ID

Instituto de ‘
Y Ciencias
' Nucleares
" UNAM

 Dileptons (pr ~ 0.1 — 3 GeV/e, M,, ~ 0.1 — 4 GeV/c?)
4 vertexing, tracking, lepton ID

{ Qualitative steps needed in |
7 | detector performance and |
statistics
! next-generation heavy-ion
. experiment =}

% Photons (0.1 — 50 GeV/c, wide 7 range)
1) electromagnetic calorimetry

% Quarkonia and Exotica pr — 0)
4 muon ID

M Jets
#ptracking and calorimetry, hadron ID

Antonio Ortiz (SILAFAE 2024, CdMx, Mexico) 35



Detector requirements (Lol)

Component Observables Barrel (|| < 1.75)

Forward (1.75 < || < 4)

Vertexing (Multi-) charm Best possible DCA resolution, Best possible DCA resolution,
baryons, opca ~ 1 ym at pr = 200 opca ~ 30 um at
dielectrons MeV/c, n = 0 pr = 200 MeV/c, n = 3
Tracking (Multi-) charm o, Ipr~1-2 %
baryons, -
dielectrons,
photons ...
Hadron ID  (Multi-) charm 7/ K/p separation up to a few GeV/c
baryons
Electron ID  Dielectrons, Pion rejection by 1000x
quarkonia, top to 2-3 GeV/c
)(01(3872)
Muon ID Quarkonia, Reconstruction of J/y at rest,
X1(3872) i.e. muons from pr = 1.5 GeV/catny = 0

Antonio Ortiz (SILAFAE 2024, CdMx, Mexico)
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Detectors

Retractable Si-pixel tracker:
Opos X 2.5 pm,
R~ 5 mm,
X/ Xy =~ 0.1 % for the first layer
Silicon pixel tracker:
Opos ~ 10 pm,
R, ~ 80 cm,

~ + 4 m,
X/ Xy~ 1% perlayer
Time of flight: o,,¢ & 20 ps
RICH: n = 1.006 — 1.030,
oy ~ 1.5 rad

Time of flight: 6, & 20 ps
RICH: n =~ 1.006 — 1.030,
oy~ 1.5 rad

Steel absorber: L &~ 70 cm

muon chambers (scintillators,
RPCs or MWPC)

36



Instituto de ‘
ALICE 3
Nucleares
UNAM

Time Of Flight

vel and mnovatlve detector concept‘ ] TOFs)

”% Compact and Ilghtwelght all-silicon

tracker For\Q/ordkCo(r;\éeTr)sion
racKer
41 Retractable vertex detector
) Particle identification systems + s
4) Large acceptance =
g 120
; 100
G
25-_ = ALICE Run 2 g
3 \ AL R Muon Identification
2 ALICE 3 Run 5-6 (MID)
< ucs\
= ALCERuns P ®
" Acceptance (An)X Pb-Pb interaction rate (kHz) 4 Superconducting magnet system / Continuous

read-out and online processing
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MID subsystem

Antonio Ortiz (SILAFAE 2024, CdMx, Mexico) 38



& [nstituto de |
% Ciencias
, Nucleares
/ UNAM

4 10-2 hadron rejection factor

4 Low charged particle fluence rate:
Z ~4 Hz/cm?2

Magnetic iron absorber p . .
l 4 Scattering within the absorber: ~5
- ~4 nublear interaction Iengths p— $S N9

‘ r , f v 7 cm for p=1.5 GeV/c (granularity of
5x5 cm? is enough for 1.5-5 GeV/c)

IS 100_Cm
<O° ~ 1 cm
v Candidates for the MID chambers
’° Layer 2 4 Plastic scintillators and silicon photomultiplier (SiPM)
I“’C"‘ for readout
4 Multi-Wire Proportional Chambers (MWPCs)
//////// 1) Resistive Plate Chambers (RPCs)

Layer 1 Physics performance studies, see Jesus Munoz talk: 4/11/24 19:15 h (QCD1)

Antonio Ortiz (SILAFAE 2024, CdMx, Mexico)




Test beam results (2023)

Instituto de ‘
~Y Ciencias |
Nucleares
UNAM

0.12 —; : I
! _ ! _ _ | FNAL-NICADD bar
o 0.1 | Near region | Middle region | Away region
e Al a) N
C e} 0, 0, Hadron momentum
@ 0.08 B 7l ) —0.5 GeV/c
Lﬁ ! ! « 1.0 GeV/c
- 0.06fF " " - —2.0 GeV/c
-ICB I I I 3.0 GeV/c
c 0.U4 | | | —4.0 GeV/c
8 | |ll . —5.0 GeV/c
0.02
O e o '] = L
ot—= B — L PR . RIS -
0 50 100 0 50 100 0 50 100
R. Alfaro et al.. JINST 19 (2024) 04, TO4006 Q [pC]

o . 4 Low-cost plastic scintillator equipped with WLS fiber:
- high and uniform efficiency along the bar (1 m length)

R —

Scintillatels

|| _ ) Excellent separation between signal and pedestal.
" e ‘ About 40 p.e. are measured for MIP (insensitive to dark
count rate)
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Summary
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#Successful LS2 upgrades - high data taking efficiency in
2024

“rpp and heavy-ion physics programs: several new results
using Run 3 data

#L.S3 upgrades (FoCal and ITS3) moving towards detector
construction

“WALICE 3 preparation, progressing well

Antonio Ortiz (SILAFAE 2024, CdMx, Mexico) 42
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Time evolution & chiral symmetry

Understand time evolution and mechanisms of chiral symmetry restoration:
O high-precision measurements of dileptons, also multi-differentially
o further reduced material; excellent heavy-flavour rejection

—
S L
> 10 &/x 30 separation
(1) TOF (inner)
O TOF (outer)
- TOF (lorward)
Q_'- RICH (parral)
10 RICH (forward)

107

* SF: Spectral Function
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|[CERN-LPCC-2018-07]
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Exotic hadrons

Mass [MeV/c?]
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X(3872) = Jlw+ntn

11000 1 L 1 1 1 1 1 L 1 L 1
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. o Xt 62 new hadrons at the LHC 0P
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pr (~1.5 GeV/c at n = 0) ->unique p

reach to study the formation and
dissociation of e.g. X(3872) in HIC at
thermal momentum scales.

CMS: pr > 10 GeV/e.
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Expected enhancement of multi-charm states Hadron yields in statistical
provides high sensitivity to equilibration hadronisation model

—~~ 2
. : 10
o Systematic measurement of hadron yields T 10F g . OP \S\=5.02 TeV 0-10% i
o Luminosity, acceptance, vertexing, PID, o 1 i L N\ yl<0.5 =
~ 10 ‘ ) Al
: . -
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Figure 5: Temperature evolution of vector and axial-vector spectral functions (non-linear realiza-

tion) [132].
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