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A Large lon Collider Experiment

INTRODUCTION

Early universe governed by phase transitions of

fundamental quantum fields

QCD parton-hadron transition at high temperature
accessible in collisions of heavy nuclei at highest

energies

— Probe QCD as genuine multi-particle theory

— Relate collective phenomena to fundamental

interactions in QCD

Kai Schweda, ALICE - HEP 2022

Source: Michael Turner, National Geographic (1996)
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COLLISION HISTORY ALICE

time

particles freely streaming to detector

~  Light flavour production

collective expansion / e Nuclei and antinculei

bulk production - hadronization * Heavy flavour production

e Quarkonia

* Photons, low-mass dileptons

% thermalization - quark-gluon plasma

interactions within QCD-medium
: -« Jets

* hard-probes generation, c,b - quarks

beam initial State

Kai Schweda, ALICE - HEP 2022 4






A Large lon Collider Experiment

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

Central Barrel || < 0.9

* Tracking

* PID,p=0.1-20GeV
 Material budget: 0.08 Xo
« EM-Calorimeters

n__=

ACORDE (cosmics)

Forward detectors:

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

PMD (Ny, Nch)

Kai Schweda, ALICE - HEP 2022
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A Large lon Collider Experiment

THE ALICE COLLABORATION

40 countries, 173 institutes

2008 members, 1046 scientific authors
384 doctoral students

Runl||Run?2
System Year(s) Vsyn (TeV) Lint
2010, 2011 2.76 ~75 ub'?!
Pb-Pb 2015, 2018 5.02 ~800. b
Xe-Xe 2017 5.44 ~0.3 pb?
oh 2013 5.02 ~15 nb?
P- 2016 5.02, 8.16 ~3 nb1, ~25 nb
2009-2013 0.9, 2.76, ~200 mb1, ~100 nb!
7,8 ~1.5pb?, ~2.5 pb’?
PP 2015, 2017 5.02 ~1.3 pb?
2015-2018 13 ~36 pb™

Kai Schweda, ALICE - HEP 2022

| (54 new papers since HEP2021)
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393 ALICE papers on arXiv

http://alice-publications.web.cern.ch/submitted

2x Nature, 2x Nature Physics
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QGP THERMAL EMISSION - VIRTUAL PHOTONS

e new measurement of directy in Pb-Pb at 5.02 TeV

e hint for excess at low mee

e consistent with thermal radiation from the
medium

e extract direct photon spectrum at (mee < 0.4 GeV)

higher precision for real (and virtual) y in Run 3:

better vertexing, lower material budget and larger
data sample

Kai Schweda, ALICE - HEP 2022

ratio to cocktail ratio to cocktail

Dilepton spectra

(B

ALICE

.| ALICE Preliminary
0-10% Pb-Pb at |/, = 5.02 TeV
02<p, <1OGeV/c In <08

00<p <80GeV/C

1073

[e]Data
= Cocktail sum (POWHEG x <N _>)

B= Cocktail sum (POWHEG x <N_,> x Ris ~©)
— Light flavor — e*e”, e*'e™X

Jly — e'e, e'ey
—cC — e'e” (POWHEG x <N_>)
— bb — e'e” (POWHEG x <N >
---CC — e'e” (POWHEG x <N_> x RA/X_’ )
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2 g cockta|l + QGP + in-medium p (R Rapp, Adv. HEP 2013 (2013) 148253)
'2 —— cocktail + QGP + in-medium p (PHSD, PRC 97 (2018) 064907)
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QGP THERMAL EMISSION - DIRECT PHOTONS ALICE

direct photon spectra

. . . ) — T T 17T I T T I T T 17T I T ?

e Virtualy (from dileptons) method, 0-10% centrality % 105; .»«. ALICE Preliminary i

* Real y (photon conversion method), other centralities S = Pb-Pb \s, =5.02 TeV 3

+Z—-et+te +Z IS 10E 5 [£10-10%  [sJ0-20%

Y B F T—F [#120-40% [#/40-60% 1

S|S0k I . [8]60-80% .

oo E 1t -~y pQCDNLOxT,, 3

e._102_ T] E] PBBR:CT14, FF:GRV

Intermediate p; (p; < 4 GeV/c) — “thermal” photons L E QHLEI W. Vogelsang etal.

. . . e B N | J. Phys. G 23 A1 -

e consistent with model with pre-equilibrium and thermal photons ™ 10? I'¢ *Et N ¥° =

1? ~\\%7 m i N E_

= + J ¢ S N E

' 10k ! % T_g@ tqm S x10* ]

High pr (p; 2 5 GeV/c) — prompt photons 3 T \_EE \ . E

* consistent with pQCD expectations 10_2? [ % @ Eﬁ‘:vg \>‘<~.193 E

3 ' ifi i -3L <Jmo : . N

NLO pQCD, N, scaling, PDF modification 10°F «. liﬂ FEEE &2 L

<L @ R Fae N N

10 ? . xi \\\ \X 101 \g

higher precision for real (and virtual) y in Run 3: 10—5;g C. Gale et al. - :‘*:, N ) io" -

better vertexing, lower material budget and larger data sample 10—6:_ _ PRC105({2022) 014909 § = ™\ , ]
4

1 "p_ (GeVic)

Kai Schweda, ALICE - HEP 2022 9
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THERMAL PARTICLE PRODUCTION T AlTeE
— T '+' ' T T UL L L B L L T
E 10° LT Pb-Pb \'s,=2.76-T6 QCD-analog of Planck spectrum
g, 102 E ,.,K en rality‘—N—
XN F . PA T=156.2 +2 MeV
2 1ok R 4
% 3 ~$’ = - Nature 561, 321 (2018)
: . :
1 . =
. Q Baryo-chemical potential up ~ O
107'g *. d E B
: ., ]
107 3 Particle and antiparticles created at
3L < . . .
107 ~He s, almost identical yields
10*F e Data, ALICE *.ql :
1075E Statistical Hadronization -
10_65 total (after decays) 2He - Lattice-QCD results agree
E e primordial
10_7(')_HH0|5HH‘|||HI1|5HH2|HH2|5|H|C|-5HH3|5HH;1 Tpc=1565i15|\/|eV
' ' | ) A. Bazavov et al. (Hot QCD) arXiv:1812.08235
Mass (GeV)
E =mc2 >

Kai Schweda, ALICE - HEP 2022 10
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(B

QUANTIFYING ANTIMATTER-MATTER IMBALANCE AT THE LHC ALICE

L T T T
1.06— 0-5% .
1.00 ;— ———— —;
0.95 + =
ke - ]
T 090 ° =
o = =
0.85{— ALICE Preliminary =
0s0f- Pb-Pb |5y, =5.02 TeV ¢ data =
C J3NDF =1.72/2 — fit -
0.75— =
I | | | 1
2 — e - [ ] —
Elg A ST —
% O'O O -~ ~~°" @ -t mmmmmmmssmms—smoo-----o------ .' """"""""""""" I
Bl A .-
—20=----- S S eeeleltelteltettelutels Eeeltetteteetteteteluele [====mmmmmmmemee- —

o/ p/p A/ 3H *He / °He

Baryo-chemical potential g, by fitting /2// ()

h S H
o x exp [—2 <B + ?)— 2I3i]

T

(1)J. Cleymans et al., Phys. Rec. C 74, (2006) 034903

Kai Schweda, ALICE - HEP 2022

5 :I T 1T | T T 1T | T T 1T | T T 1T L T T 1T | T T 1T | T T 1T | T | ‘ 3
- N
4 ALICE Preliminary \ —
af. PbPD {5y =502 TeV \ 3
2F \ =
s \ :
S i
= \ =
-2 - \] Uncorr. uncert. Corr. uncert. \ =
3 N\ SHM fit, Nature 561, 321-330 (2018) N =
C111 | | I - | | | | I - | | T | | | I - | | I - | | - | L1
0 50 100 150 200 250 300 350 400 450

<Npart>
With T = 156.2 = 2 MeV

Most precise measurement at the LHC

thanks to the cancellation of uncertainties in the ratios

= ~6 X improvement wrt previous estimation(2)

2) A. Andronic et al., Nature 561, 321-330 (2018), T
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ANTIMATTER SYNTHESIS BEYOND THE AVERAGE: ANTIDEUTERONS ALICE

_ _ MF 1 1 I 1 I 1 I 1 1 1 I 1 I 1 I _

New observables based on event-by-event <1 gl * ALICE Preliminary
. T . ¢ VO™ = Coalescence Model A N
fluctuations to distinguish statistical - . Coalescence Model B -
C . - Thermal-Fist: CE SHM, 4.8 dV/dy -
hadronisation and hadron coalescence L == Thermal-Fist: CE SHM. 1.6 dV/dy ]
1.04F - Poisson = —
2 B — N -
@ — <(n _ <n>) > = S I -
1 <n> T = - 7]
1.02 = -
Cumulant ratio favors the statistical hadronisation model ] :.:;:;:::;i3;;;;5;5;§;§i§§§§§§§§§§§§§§§5‘5‘3‘3‘33‘5‘3‘3‘555555535?3?53315?5?:2:515:;;;:;:%.‘ i
over naive coalescence o ]

o0
1 = 'A,:Lﬁ'f"m':'"""""LL@;‘L:E - | ---- - ---jc‘h-- m —
I Pb-Pb, sy = 5.02 TeV |
! nl < 0.8 -
098k antideuterons d:0.8 < p,<18GeV/c _
. 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1

|
0 20 40 60 80
Kai Schweda, ALICE - HEP 2022 Cen’[rali’[y (%)
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ANTIMATTER SYNTHESIS BEYOND THE AVERAGE ALICE

https://arxiv.org/abs/2204.10166

. ] o T T | T T T [ T T T [ T T T |
Cumulant ratio well described by SHM @ — = ALICE Preliminary -
-~ == Coalescence Model A (x 1/30) i
((ng — (n3))(ns — (n3))) 0 005: w5 Coalescence Model B i
pog = — d/ P P VU9 - Thermal-Fist: CE SHM, 4.8 dV/dy |
v F2dk2p | == Thermal-Fist: CE SHM, 1.6 dV/dy )
e Correlation between antiprotons and antideuterons 0 B -
constrains the correlation volume for baryon number R CCCoas S PO
e agrees with results for yields of nuclei & antinuclei I @_g%ggﬁgigg §§E=$&_E§ - * ]
e Different from results for yields of protons & antiprotons 0.005 i ﬁ E‘E‘%%%é%?ég‘gi’:m .
and fluctuations - Pb-Pb, s\ =5.02 TeV -
] In| < 0.8 i
- antideuterons/ d:0.8 < p.<1.8GeVic
However: more sophisticated coalescence model including 0.01 '_ antiprotons p: 0.4 < p. < 0.9GeVic _
. . . . ] 1 1 1 I 1 [ [ I 1 1 1 I 1 1 1 I
Poissonian fluctuations matches data, arXiv:2204.10879
0 20 40 60 80

Kai Schweda, ALICE - HEP 2022 Centra“ty (0/0) 13


https://arxiv.org/abs/2204.10166
https://arxiv.org/pdf/2204.10879.pdf

A Large lon Collider Experiment
olar angular distribution
W(0) o P &

POLARIZATION OF J/y/ IN PB-PB COLLISIONS 377 L+ 20905%0) | o iepton decay ALICE

ALICE arXiv: 2204 10171 {h ALICE arX|v 2204 10171 NEW
£ 0-5:*-”1””1 SRR AR AR AR REARE Ml 5 0.6 T T T T
| ALICE, Pb-Pb |5, = 5.02 TeV ; 05k ALICE, Pb-Pb \/sNN - 5.02 TeV 3
0.4 - Inclusive J/y — pu ~ 04 - Inclusive Jiy — p'p, 25<y <4 E
03f 2<p <6GCGeVic,25<y<4 . 0'32

- —_El _E]__¢‘_ - 0.2} :ﬁ: _
0.11 | 0.12— —$— _
Of o + ----- y: —f—

i ] -0.1F E
_0_1_ ¢ Stat. uncert. . - ¢ 0-20% ]
[(]Syst. uncert. Event plane 0.2F 4 30-50% Event plane
_0.2“1“1“1“'“1 N P P ot
0 10 20 30 40 50 60 70 80 90 100 0 2 4 6 8 10 12
Centrality (%) p; (GeV/ce)

o Clear signal observed by ALICE

_>
 Increase towards lower p; (reaching 3.90) disfavours effects due to early B field

fo
e

EVEN'I‘-pLANE

e Link to QGP vorticity and spin-orbit coupling?

= |nterpretation needs further theory studies
Kai Schweda, ALICE - HEP 2022 14


https://arxiv.org/abs/2204.10171
https://arxiv.org/abs/2204.10171

A Large lon Collider Experiment %

ENERGY LOSS OF CHARM AND BEAUTY IN THE QUARK-GLUON PLASMA qi7cE

ALICE arX|v 2202 00815 s ALICE arX|v 2202 00815
Q:S‘ ALICE, Pb- pb V., = 5.02 ch : E - e data ——— LGR central value
0-10%, |y| < 0.5 ] S 4 e i) m_setto m; (E-loss) ii) m_settom, (coalescence)
’ 5' « non-prompt D’ ! Ay I TEREY ~/Q|) w/o shadowmg e = V) W/O coalescence
~ o 0 -. e
- prompt D b - Do §.
: c>Do{ ¢
L S s <
- @ S
Mi@ﬂ
_open markers o_ extr apolaedpo eference
1 GeV/c)

« Unprecedented access to the low p; region for beauty hadron R,

* Data well described by models that include collisional and radiative energy loss and recombination

= Mass-dependent energy loss by gluon radiation (dead cone effect) § &Sl 0= mel/E

Kai Schweda, ALICE - HEP 2022

e R, lesssuppressed for beauty (non-prompt D mesons) than for charm (prompt D mesons) .c/b\.


https://arxiv.org/abs/2202.00815
https://arxiv.org/abs/2202.00815
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FIRST DIRECT OBSERVATION OF THE DEAD CONE ALICE

Jos K
% ALICE Data --- PYTHIA8LQ/inclusive pp 15 =13 TeV Py 228 GeVic
no dead-cone limit
—— PYTHIA 8 charged jets, anti-k,, R=0.4 Ky > Agep » Aaep = 200 MeV/ie
— SHERPA -~~~ E:S;Z%Se,lli:ﬂuswe C/A reclustering I"labl <05 6 (rad)
0.37 0.22 0.14 0.08 0.22 0.14 0.08 0.22 0.14 0.08 0.05
s LN L [TT 7117rr IIIT]ITTIIT]TTIITTI ITTI]ITTIIITTTIITTT
v 5 < Epyyu, < 10 GeV 10 < E gy, < 20 GeV 20 < Epyy i, < 35 GeV
isp " ' r  mmms=s==- by )

--------------

..............
..............

0.5}

011111111 Loosa by oo by s by v b v g bea s by aa s by sl

1 1.5 2 25 1.5 2 25 15 2 2.5 3
In(1/6)

Nature 605 (2022) 7910, 440

e Dead cone: a fundamental effect in QCD

e Suppression of gluon radiation at small angles

e Depending on particle mass, 0, = mQ/E, decreases with increasing energy

Kai Schweda, ALICE - HEP 2022 16
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JET QUENCHING: ENERGY REDISTRIBUTION

A ecoil (Pb — Pb)

recoil

A1‘ecoi1 (pp)

I\ =

pl;adron trig

JETSCAPE prediction in agreement
with measurement

Hint of energy recovery at low jet momenta

Kai Schweda, ALICE - HEP 2022

<
<C
——

ALICE
p¥adr0n > p"i"e;;h p%adronN p%e,(t:h p%adron < pr}e,(t:h
< > < >< -
3 T | B l T T 7T I T T I L | l T T T I T T T I T T
B + ALICE Preliminary :
25| ch.-particle jets, anti-k *— Data ]
- R=04,n |<05|x-A¢[<06 " JETSCAPE 3.4  _
2 " TT(20,50) - TT(5,7) ]
§ rising trend -
Z energy Z
15F ® «— , =
B recovery: v =
. ““III.‘
1 "—_ l..t‘.---n lllllllllllll a1 -l ------- _—:
~ v -
0.5~ T~ suppression —
O _1 PR T AN YT ST TR NN SN SN T NN SN SN WA AN SN ST SN NN SN ST S S ST ST
20 40 60 80 100 120
jet
P (GeV/c)
T,ch
17

140
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STRONG INTERACTION BETWEEN CHARMED AND LIGHT HADRONS ALICE

arX|v 2201. 05352
L L L L UL L B B

First study of two body scattering involving charmed hadrons

from momentum correlations at femtometer distances "5, : ALICE pp s = 13 TeV |
| High-mult. (0-0.17% INEL>0)

C(k*)>1 | P

. Attraction { O . 4 pD @pD

3N P, . —— Coulomb

: -4 4 3 — C. Fontoura et al.
:1\‘ 7 / | .

O ¢ (7 k Y. Yamaguchi et al.
\l/ C(k")<1

J. Hofmann and M. Lutz

AL I A l — /|

Repulsion J. Haidenbauer etal. (g°/4n =2.25) —

Experiment Theory ]

-, INEaiTS o o i S + 1 )

QA k*) = ./V%() — [ar*)lw( K*, %) |2d3r* K = relar'flve m(}mentum X ( > _+=_‘__+__‘_

.Xed(k*) in the rest frame . . _+_, A

Koonin-Pratt equation, M.Lisa, S. Pratt et al., Ann.Rev.Nucl.Part.Sci. 55 (2005) 357-402 I B BT N
0 100 200 300 400

k* (MeV/c)

Data compatible with Coulomb only interaction,
but comparison slightly improved when also considering attractive strong interaction

Kai Schweda, ALICE - HEP 2022 18
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STRONG INTERACTION BETWEEN CHARM AND LIGHT HADRONS

:‘1'3_ "l"'I"'I"'l"'l"'l"'l"'l"'l :"1.3 "'l"'ll"l"ll"'ll'llll'llll[vlll!W E T T T T T \.\.\ T T T T
S [\ D @D 4 = [ - - = [ ALICE Preliminary
R B 1 © [ ALICE Preliminary 1 L | pp, (5=13TeV, High-mult. (0-0.17%) -
1.2fF | 8 genuine CF - 1 oF- pp, Vs = 13 TeV, high. mult. (0-0.17%) ] < [PPYS= 19 - (0= 17%
- — Coulomb ] s D' ®aD . © - +  Data
[ Coulomb + Lednicky-Lyuboshits (stat. unc.) - ' ] 68% CL
11 ) Coulomb + Lednicky-Lyuboshits (tot. unc.) ] ’ 1-_ 4+ 4 o h 0.5 B 95% CL _
- ! C Dx E 9 D™« ] - «  Models .
- 1 N - ‘ ; m X.Y.Guo
b  —— 2 5 i § ® Z.H. Guo-1 |
X R — 4] 10 B — et i ¢ ZH.Guo-2
! D T D T - ] ~ # B.L. Huang Fit-u2
0.9} Simultaneous fit A - B - § ® L. Liu
-~ Coulomb + Lednicky-Lyuboshits “ 0.9 L Double-Gaussian source i §
N 1 0.01 ] - ol _ +0.09 ¢ - oo @il 7
[ a_p(l=3) = -0.03:0.04(stat)+0.02(sys.)", . (source sys.) fm X _ ry =097, fm .
— 3 £.01 - N o _ +0.38 ] - Double-Gaussian source .
0.8 — a,(1=%) = -0.06x0.03(stat)=0.02(sys.)’ | _(source sys.) fm . 0.8 o/ rg' =2.52" ;5 fm - § P 97"0'89 gl 523-26 o
«HEH AN FEEE FEEE AR AT SN NEEE N . o 'nllnnAlnnnlnn|l‘AAlA.|l||.l...l.|.l..." L ! . -0.07 ’ ) .20 _
0 20 40 6 80 100 120 140 160 180 200 L e e L 1
k* (MeV/c) 0 20 40 60 80 100 120 140 1?(9 ‘RABQ({”(Z:?O 02 0.0 0.2 0.4 0.6

a_(I=) fm

D correlation function suggests a deviation from the Coulomb baseline
« Simultaneous fit to same sign and opposite sign correlations to study the

isospin dependence

zTD*: 1 =3/2 channel
7D 1 = 3/2 (33%), 1=1/2 (66%)

Scattering parameters extracted are lower than lattice QCD expectations
o Suggest a small rescattering of D mesons in the hadronic phase of HI collisions

Kai Schweda, ALICE - HEP 2022 19
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STRONG INTERACTION FOR 3-BODY AND DEUTERON-PROTON ALTCE
:\ 8 T 1 T T T I T T T l T T | T T T 1 I T =YY S . I .o,
X r s @ ®- @ @)
S r ALICE Preliminary i @ —I..A.; = : - & - . ‘ +2
e pp Vs =13 TeV ~ \ \ M
- High-mult. (0— 0.17% INEL > 0) 1 Genuine three-body Measured triplets Lo wer order correlations
6— —  correlations (cumulant)
B o p-d®p-d _
B N . inty(1.3% ] . . .
50 = hvoona tors, re10som enai ez~ ® ALICE is pioneering new methods to explore the three body
- — Arvieux et al. (1973), r = 1.2 fm, ¥?/ndf = 288.9 . H 3
B Arvieux et al. (1973), r = 2.0 fm, x2/ndf = 9.5 ] Interactions
4 - = Arvieux et al. (1973), r = 3.0 fm, y¥/ndf = 1.5 ] . . —
- &= Avieuxetal. (1973), r=50m,nai-23 7 ® first measurement of the genuine three-body NNK
- Arvieux et al. (1973), r = 10.0 fm, %?/ndf = 4.1 - . . .
3 - interactions via cumulants
2 - e three-body effects are found to be not significant in ppK™
- ; systems
1 I —ra —— F —o— I —/0— I —0— 13} —U— E
3 . e first measurement of proton-deuteron interaction via
0 K 1 | | | L1 I 11 1 | L1 1 | 11 1 | 11 1 | 1 | i .
0 40 80 120 160 200 240 280 correlations at the LHC

k*(MeV/c)
e model fits the data only for large source radii

Kai Schweda, ALICE - HEP 2022 20
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ALICE UPGRADE .

New Inner Tracking System (ITS) ALICE
FOR RUN 3 (2022 - 2025)

-7 barrels, 10 m?2 silicon tracker
based on MAPS (12.5 G pixels

New GEM-based TPC

with continuous readout

New Muon Forward
Tracker (MFT) - 5 disks
based on MAPS

> Improve tracking
resolution at low p;

x50 statistics increase
for most observables

4

Run 3+4: 13 nb-1 Pb-Pb
50 kHz (Pb-Pb), = 1 MHz (pp)
online reconstruction

New Trigger and Readout
Upgrade of readout
electronics of all detector,
new Central Trigger
Processor

all events to storage!
New Beampipe

smaller diameter (36.4 mm), first
detection layer at 20 mm

New Fast Interaction Trigger (FIT)
Raw data rate: 3.5 TB/s —> - 3 detector technologies:

100 GB/s to tape interaction trigger, online
luminometer, forward multiplicity
Kai Schweda, ALICE - HEP 2022 22



A Large lon Collider Experiment

INSTALLATION OF NEW AND UPGRADED DETECTORS

2020 2021 2022
A4

MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR

beam test

4

I - R
Construction, assembly, commissicning

-=—___ Install TPC, beampipe and Miniframe I

@ @ m-:::j: Install FIT-C and MFT l

@ ' Install FIT-A
@ _ { ITS/MFT/FIT standalone tests ] @

Commissioning (global runs w shifts) Global Commissioning

.
h ‘ —
‘ IS2end 24" Mar22 T 4

N\

7 \

Kai Schweda, ALICE - HEP 2022

23



FIRST COLLISIONS IN RUN 3 ALICE

proton-proton collisions from the pilot beam October 2021 Muon splash events from TED beam shots - April 2022

° All tracks were reconstructed ONLINE.
ALICE

Kai Schweda, ALICE - HEP 2022 24
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PILOT BEAM RESULTS (OCTOBER 2021) Visasured cN,/cn compatile wih previous resuts  ALTGE

dE/dx . Time of Flight

?’\1000_ T T T T T T - oA - 3 = 1‘ Tl NE>|_I T T T L T =
= u p b ] " 2 —  pp Is =09 TeV, INEL>0, pilot beam 2021 -
S gk /ALICE Performance - e} z 44 ALICE ]
5 B “pp Vs = 0.9 TeV, pilot beam 2021 |- S Plotbeam Performance ]
S 800f- : - E szl —e— Pytha 8.304

= B R ] L [[*] EurPays..C 77 (2017) 33 -
iy 700F = ; C 4 .
= I . . 40— - é 4 ]
O 600} . ] - —_ Y ’_:— L —t o |
[a - ] B e + -
— - . -] — + + _‘_’*: + -
500~ | . ag— == —]

5 ] = "*—:t:*: -+ =
400} = 3 M ___ 7
- 7 = 36 _ projected systematic uncertainty -
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FUTURE UPGRADES
ITS3 FoCal-H ALICE 3

Superconducting gricH
magnet system

.— FoCal-E

Cylindrical
Structural Shell

Half Barrels

absorber

Muon
chambers

ALICE 2 ALICE 2.1

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
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ITS3: A NEW THINNER INNER TRACKER FOR RUN 4 (2029 - 2032)

Lol: CERN-LHCC-2019-018

Replace beam pipe and three inner layers of ITS2 (1st
layer @ 18 mm)

ALICE

Curved pixel sensors (ALPIDE) extensively validated at in-
beam tests (https://doi.org/10.1016/j.nima.2021.166280)

schematic view

[

wafer-scale MAPS sensors curled around beam pipe

~6x less material budget

2x tracking precision and efficiency at low p;

Full-size prototype of half-layers (unprocessed silicon)

Good progress on mechanical, electrical and thermal
studies using ITS2 or dummy silicon wafers

First prototype sensors using 65 nm
process showed excellent performance!

First wafer-scale pixels sensor ready for fabrication (26 cm x 1.4 cm)

Kai Schweda, ALICE - HEP 2022
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A Large lon Collider Experiment

FoCal: new detector in preparation for Run4  LolALICE-PUBLIC-20159-005 ALTCE

FoCal: forward electromagnetic + hadronic calorimeter

FoCal-E

« FoCal-E: high-granularity Si-W sampling calorimeter for direct y and 7,

* FoCal-H: metal-scintillator sampling hcal for photon isolation and jets

208pp reweighting

=mwreorio | Main goal: study saturation/shadowing at low-x FoCalH
!E&fim 1 with direct photons in pp and p-Pb

Q°=10 GeV?
90% CL

‘ Impact on gluon nuclear PDFs: present nNNPDF,
w/EIC pseudodata

10 107°

sl HCAL prototype SPS Test beam Sep/Oct
10¢ "

N W
) N

. \
Test beam in 2021

* FoCal-E: 2 pixel (ALPIDE) layers, 1 pad layer

* FoCal-H: complete prototype, commercial readout system
Full-pixel prototype: EPICAL-2

Main activity in 2022

* Preparation of full demonstrator for test beam in Sep/Oct

Kai Schweda, ALICE - HEP 2022



A Large lon Collider Experiment %

ALICE 3 - a next-generation heavy-ion detector for LHCRun 5 & 6 ALTGE

Key physics questions and drivers

* Nature of interactions with the QGP of highly energetic quarks and gluons

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

. : L ,
What are the mechanisms of hadron formation in QCD* ,,n Lotter of tert for
= Systematic measurement of (multi-)charm hadrons o 8, ALICE 3
() () ) -

VERSION 1

 QGP temperature throughout its temporal evolution

* What are the mechanisms of chiral symmetry restoration in the QGP?
= Precision measurements of dileptons

* QCD chiral phase structure (= fluctuations of conserved charges)
* Hadron interaction potential (= hadron-hadron correlations)

Letter of Intent: CERN-LHCC-2022-009

LHCC review completed in March

lanned for installation in LS4
“a roadmap for exciting heavy-ion physics in 2035” P | ion i

“ALICE 3 detector concept [...] is well matched to the proposed, ambitious physics program”

Kai Schweda, ALICE - HEP 2022 29
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ALICE 3 DETECTOR ALICE

Compact all-silicon tracker Superconducting R|cH
. . magnet system
— clean separation of signal and background gnetsy

Vertex detector with excellent pointing resolution
— clean reconstruction of decay chains

Particle identification
— background suppression

Large acceptance, —4 <1 < 4, p;r > 0.02 GeV
— statistics and correlations

Superconducting magnet system absorber

— effective provision of required magnetic field Muon

chambers

Continuous readout and online processing
— large data sample to access rare signals

= novel detector concept based on innovative technologies relevant for future HEP experiments

Kai Schweda, ALICE - HEP 2022 30
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CONCLUSIONS ATeE

The wealth and breadth of results achieved in Run 1 and 2 offer
» detailed insights into QGP properties
e e.g. macroscopic and fluid-dynamic properties, heavy quark interaction, jet modification;
e plus a broader programme

- pQCD, interaction between hadrons, formation of nuclei and antinuclei, ...

ALICE completed the Phase | upgrade ... and is now ready for Run 3 with significantly enhanced capabilities

Future
* In preparation for Run 4: ITS3 and FoCal, R&D on track
e ALICE 3 Lol (phase Il upgrade, installation in LS4) endorsed by LHCC
= Moving forward to the R&D phase

Kai Schweda, ALICE - HEP 2022 31
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BACKUP ALICE
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ITS3 - PREPARATION FOR RUN 4

by employing wafer-scale, bent sensors

AT\ BT

TDR planned for mid 2023 CERN-LHCC-2019-018

Kai Schweda, ALICE - HEP 2022 33
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ITS3 - PREPARATION FOR RUN 4

Schematic view ulTS3 test beam setup Picture of the pITS3

Seamless stich boundary

F

bending silicon chips thinned down to 30-50um

ITS3 — large-scale stitched prototype

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

S T T
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MODIFICATION OF J/W AND D MESON YIELDS FROM BEAUTY DECAYS  qi1cE

J / Ll) DO arXiv:2202.00815
g ZRprT T T T |3 [ ‘e data 2 —— LGRcentralvalle = “—
(c  2F ALICE Preliminary ) 4 8% 4 e i) m_set to m, (E-loss) ii) m,_set to m, (coalescence) -
18 Non-prAO[TgtE J/};{,,PE;:P(;-% =05é02 TeV, 0-10% 4 I SIETEY -/I\II) wio shadowmg — — iv)wlo coalescence
— n , , < 0. - B
1.6 x* CMS,Jiy — u'w,y| <2.4 (EPJC 78 (2018) 509) - ‘g\ I
J4EL © ATLAS Jy - wiw’ Iy] < 2.0 (EPJC 78 (2018) 762) =R 3k
1'2 - %  ALICE Non-prompt D°, 0-10%, D° — K'n*, |y | < 0.5 (arXiv:2202.00815) 2‘ § L
L — (o] -
- ] C |
T e aa el & 2|
0.8 =TI [0 CUJET (Shuzhe Shi et al.) = E
0.6;— —; i
0.4 —— =
0.2 — i
O: | | | R | | IR R B ST |: 0
0 5 10 15 20 25 30 35 40
pT(GeV/c)

Unprecedented access to the low pr region for beauty hadron Raathrough the me y

prompt J/y and D meson
Raa(non-prompt)/Raa(prompt) larger than unity for pt > 5 GeV/c
Model description requires mass-dependent energy loss and coalescence
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