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* Detector commissioning
» Status and plan for 2022
» Detector performance from pilot beam

- Status of the upgrades
» Run4:ITS3 and FoCal
» Run5+: ALICE 3

FoCal-H

.— FoCal-E
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PAPERS AND PHYSICS HIGHLIGHTS
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NEW PUBLICATIONS

Constraining hadronization mechanisms with A*/D° production ratios in arXiv:2112.08156

Pb-Pb collisions at Vsy, = 5.02 TeV

Observation of a multiplicity dependence in the p;-differential charm arXiv:2111.11948
baryon-to-meson ratios in proton-proton collisions at Vs = 13 TeV

Measurement of beauty production via non-prompt D° mesons in Pb—-Pb  arXiv:2202.00815

collisions at Vsyy = 5.02 TeV

Forward rapidity J/y production as a function of charged-particle arXiv:2112.09433
multiplicity in pp collisions at Vs = 5.02 and 13 TeV

First study of the two-body scattering involving charm hadrons arXiv:2201.05352
Neutral to charged kaon yield fluctuations in Pb—-Pb collisions at Vs = arXiv:2112.09482
2.76 TeV

Production of light (anti)nuclei in pp collisions at Vs = 5.02 TeV arXiv:2112.00610
First measurement of the absorption of *He nuclei in matter and impact arXiv:2202.01549

on their propagation in the galaxy

Multiplicity dependence of charged-particle jet production in pp collisions  arXiv:2202.01548

at Vs = 13 TeV

ALICE

9 new publications
since last LHCC

>~ Heavy flavour

I Correlations &
f fluctuations

(Anti)nuclei

Jet production

~
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NON-PROMPT D? PRODUCTION IN Pb-Pb COLLISIONS %

) T T T 1]

* Heavy quarks: excellent probes for study of microscopic QGP dynamics ”ﬁ o :j-ALICE Pb-Pb, |5, = 5.02 TeV, |y| < 0.5 ]
. . i . E - ° Centrality 0-10% =

> In-medium partonic energy loss due to gluon radiation (at high p;) and & Fom_  NonpromptD . PboPb ]

! T2k T f T

elastic collisions (at lower py) s " E T pp reference x (T, ) =

S | [ - Centrality 30-50% (x 107)
T W0E m = v Pb-Pb E

= ] = . fi T =
* b quark: expected reduced energy loss 104 — Pp reference X ( T >3
— L 3

compared to ¢ +F —— :$: E
107 - - |

> Dead-cone effect vetoes gluon . —== * E

1077 E =*= —=

radiation for 9 < % ; open markers: p_ extrapolated reference * &

E 10*7 = ir0.76‘% BR systeTlmatic uncert‘ainty not sh?wn | | =

“ Also observed in pp collisions for ¢ quark (arXiv:2106.05713) mi‘: — 0-10% ‘ ‘ : ‘ f

* Nuclear modification factor of D? mesons from beauty-hadron decays E
dnP o

de < E

Rap = lab‘];’ b Raa = T = no medium effects « E

o .

(Tan)- dpr Rpp # 1 = breaking of N, scaling due to cold :

pp =
and hot nuclear matter effects %

.5 ion up to factor 3 (2) in central (semicentral) collisions for p; > 5 GeV ST ow o m w3
uppression up to factor 3 (2) in central (semicentral) collisions for p; eV/c arXiv:2202.00815 p.(GeVic)

09/03/2022 F. Colamaria - 149th LHCC meeting


https://arxiv.org/abs/2202.00815
https://arxiv.org/abs/2106.05713

NON-PROMPT D? PRODUCTION IN Pb-Pb COLLISIONS

* Ratio of non-prompt/prompt D%-meson R,, suggests similar
suppression in 2 < p; < 3 GeV/c, and smaller suppression for
non-prompt D? at higher p;

* Models with radiative+collisional energy loss and with
hadronisation via fragmentation+recombination describe
data within uncertainties

* Further insights by modifying LGR model configuration

» Ratio closer to unity if using charm mass for b quarks for
E-loss calculation = Relevant role of dead-cone effect

» Prompt-D° formation via recombination explains the
minimum at 2-3 GeV/c

09/03/2022
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A*_/D° PRODUCTION RATIOS IN Pb-Pb COLLISIONS

ALICE
* In QGP medium, modified hadronisation of quarks into hadrons compared to pp collisions A+,
(coalescence mechanism) + mass-dependent particle spectra p; shift from collective expansion d g O
* Studied via baryon-to-meson ratios, also in the HF sector 0 Qo
> Ratio of prompt A*_ over prompt D° mesons, in Pb—Pb collisions (0-10% and 30-50% centrality) o
arXiv:2112.08156
* Significant increase of A*/D° T 1. i Cly|<0.5  30-50% Pb-Pbt{sy=502TeV ppI
ratio from pp to Pb-Pb central . ¥ 3
collisions, in 4 < p; < 8 GeV/c i SElleSEEiReca SERng
T RN Catani 7
» 3.70 effect F S Cetrla o0 ]

£ TAMU

* Qualitative agreement for
models that include hadron
formation via coalescence
(Catania, Tamu, )
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N*_/D° PRODUCTION RATIOS VERSUS MULTIPLICITY IN pp COLLISIONS

* Studies vs multiplicity in pp collisions nicely connect to observed Pb-Pb enhancement at intermediate p;

- ALICE .

» Shed further light to non-universality of charm o o

fragmentation across collision systems = [ 5=13TeV, <05 A st TR
O o4+ Ny, multiplicity classes —| [ CR-BLC Mode 0 -
C {dN/dn): ALICE; PYTHIA; SH model [ [ CR-BLC Mode 2 ]
g X 78 sbe a7 F B cRaLe Mode s
* A*/DO ratios measured vs charged particle multiplicity — °°F B E
» 5.70 significant increase from lowest to highest 02f b —3 iy
multiplicity intervals in 1 < p; < 12 GeV/c ot i s E
. . . C s + /DO C + /DO hi 1
> No evolution of D /D ratios with multiplicity [ D*/D" low mult. ] + I[ b S/ID : h'?h m“IIt' ] :
e
= T ]
*  A*/DO multiplicity hierarchy qualitatively reproduced < og [ A*/D°, low mult. ] 5 [ A*/D° high mult. ] ]

by Pythia8 with CR modes beyond leading colour

*  Good description of A*_/D° provided by CE-SH model

while D,*/D° overestimated at high multiplicity i :;;_.

—35 70 75 20 20
P, (GeV/e) p. (GeV/c)

Multiplicity estimator: SPD tracklets, < dN¢, /dn at midrapidity
Alternate estimator at forward n also checked to exclude autocorrelations  arXiv:2111.11948
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N*_/D° PRODUCTION RATIOS VERSUS MULTIPLICITY IN pp COLLISIONS

.9 09:_I e RN _:
*  Very similar behaviours of A*/D° (HF) and A/K® (LF) ratios against pr © o.sé ':I‘OLI‘(%E 13 Tey N multiplciy classes ;
and multiplicity S Ell<o05 (N ]
. : , o O7F - 3T aun E
» Same mechanism at play for light- and heavy-flavour final-state g : —— 378 E
particle formation? & = 28 =TIO K E
— —f=— 32.5 =
» Confirm modified hadronisation mechanisms, collision-system - 3
o

and multiplicity dependent > : 3
I I I g i E
o [P T rTT ‘ (4] =
D gof ALICE, || <05 —— ]
L gt > BT ey arXiv:2111.11948 3
= pp, [s=502TeV i T B B B

4 p-Pb, s, =5.02TeV e 10 15 20
PoFEfS =502 T8 - p. (GeVic)

* No significant modification of A* /DO ratios integrated over p; > 0
as a function of charged particle multiplicity

7 PYTHIA 8.243

é

A e > Different p; trend due to modifications of baryon and meson p;
=2 CR-BLC Mode 2 3 . T
A Gl Thmed spectra, not to overall baryon enhancement at high multiplicity
E L L L ‘ L L L L ‘ L L L L ‘ L L 1 L ‘
0 10 20 30

20
arXiv:2111.11948 (dN /1) <05 » Extrapolation to p; = 0 based on p; shape from Pythia8 CR-BLC
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J/Y PRODUCTION VERSUS MULTIPLICITY IN pp COLLISIONS

ALICE

* Study of heavy-flavour production as a function of multiplicity in pp can also shed light on the role of MPI in
heavy-quark production

» Self-normalised yields of inclusive J/y mesons at forward rapidity in pp at Vs = 5.02 @ and 13 TeV @

arXiv:2112.09433
° A roximatel Iinear increasewith E 2C““I”"||"'l""l'||||||||||||||||||||IIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIII|IIIIIIII’€$u
PP y z 18l ALICE pp, Vs = 5.02 TeV I ALICE pp, Vs =13 TeV ALICE pp, Vs = 13 TeV &
Self-no rmalised mu|t|pl|c|ty at T~ Inclusive J/y — u*u,25<y <4 Inclusive Jiy — p*u, 25<y <4 Inclusive J/y — ee’, [y <09 &
. L. -g -g 16k Mult. classes: | | <1 T Mult. classes: || <1 Mult. classes: |17 | < 1 ﬁ
midrapidity ~[ b —e—pawe A == Da /1 —paa i 1/
2>’ 2314_ === linear F --- linear N === linear é?/ ]
s PYTHIA 8.2 PYTHIA 8.2 PYTHIA 8.2 & ]
> Independent of collision energy ~ l= | E=ZT0 s 1 —fakes 7 - L 74’4
. . [Z) Percolation [ Percolation 2 Percolation F 1
> leferent trend compa red Wlth s 3-Pomeron CGC Ny s 3-Pomeron CGC 5 === 3-Pomeron CGC ¢ ]
. .. 10F e CGCHICEM /' 4 AT = cocHCEM / y = CGC+ICEM i/ ]
midrapidity results @ cPp F 4 cPP # cPp ] :
8 T E&EE T v 4 > ” L7
6F I / ‘o"' _:
* Best description of data trend by 3- A I / E
Pomeron CGC, Percolation and i b ~ @ Y 2l @ ;
mOdeIS, pOIntIng to InItIaI_State effeCts AITTERARRERE RNRRARREN1 FRRNY ARNR1 NANI Wb b b b brea biiag ]
o 1 2 3 4 5 6 7 12 3 4 5 6 7 1 2 3 4 5 6 7 8
INEL>0
o . . o dN,, /dn AN, /dn NEPO dN,, / dyp NELO
Multiplicity estimator: SPD tracklets, < dN.,/dn at midrapidity (AN, 7dm) L CIVAE L @N_ Tdm <
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TWO-BODY SCATTERING WITH CHARM HADRONS

ALICE
*  First measurement of interaction between charm hadron and arXiv:2201.05352
nucleon via femtoscopic studies — ————
_*) 3{ I | i
> Gives access to residual strong T = ALICE pp Vs =13 TeV 1
_*) —x =1 4 T i = o 0, ]
interaction in charm sector 1 Yk, 1) O Fighemult (9075 INEL=0) 7
® pD @pD’

» Also relevant to explain structure of i
B Coulomb

exotic states with charm (XYZ 3
+ [p - 000] |

states, T .*, P, states, ...)
=00

*  Two-particle momentum correlation function C(k*) of pD- and
pD* pairs measured in high-multiplicity pp collisions at Vs = 13 TeV

——— C. Fontoura ef al.

Y. Yamaguchi et al.
J. Hofmann and M. Lutz
J. Haidenbauer et al. (g§f4n =2.25)

P ——

e Connection to source function and two-particle wave function: T + . _+_ ]

_ R

C(k*) — fd3r S(r*)|‘P(k* }"*)l2 — Koonin-Pratt equation T I S A
) 0 100 200 300 400

Kk* (MeV/c)

» Allows to extract the potential for proton and D~ meson interaction
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TWO-BODY SCATTERING WITH CHARM HADRONS

ALICE
Model [=0 I=1 - . . - c
oce fold=0 fHld=1)) = « Data consistent with an attractive potential
Coulomb (1.1-1.5)
Haidenbauer et al. » 1.10-1.50 compatibility with Coulomb-only interaction
*g,zc;/‘m =1 0.14 —028 | (1.2-1.5) % |mproved agreement adding an attractive strong interaction
~ 8o/4T =2.25 061 0.04 1 (0.8-1.3) (Yamaguchi et al., Haidenbauer et al.)
Hofmann and Lutz —-0.16 -0.26 | (1.3-1.6) 9 N '
Yamaguchi et al. —4.38 —0.07 | (0.6-1.1) L B e B e
Fontoura et al. 0.16 —0.25 | (1.1-1.5) E | ALICEpp is=13TeV , [
= [ High-mult. (0-0.17% INEL>0)  / -
‘ §% 7 i
fo > 0: Attractive potential = L Fap— /% 1
0.57 est Tl / N
. i i i i 68% CL
fo < 0: Repulsive potential or attractive with bound state | A / i
: total R unc. :
* Inverse scattering length f%_, of ND system, by constraining to data the -l |
correlation function obtained varying source radius and potential V,_, - 1
> In 10 from best fit: V,_, € [-1450, =1050] MeV > f; i, € [-0.4, 0.9] fm~" I ]
» Consistent with attractive interaction, with or without bound state R T
05 0.7 08 0.9 1.0
arXiv:2201.05352 R (fM)

(estimated source size)
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ABSORPTION OF 3He IN MATTER

* Measurements of antinuclei provide important input for astrophysics and dark-matter studies

> One of dominant production mechanisms is DM annihilation (e.g. y + y » W*W~ - 3He + X) /

* Disappearance probability of antinuclei (quantified by g,,.)) while traversing matter is one of the
main ingredients for modeling their propagation and studying the galaxy transparency

Qe Y
Nl
SV 5=

* First g,,,, measurement done by

ALICE for 3He o AR b s AR e et s i T -
: : : : T 45 ALICE pp Vs =13 TeV E @ 45 ALICE
> Antlnuclel factory. + interaction E 4 <08 E E p ;_ 0-10% Pb—Pb {8, = 5.02 TeV
in detector material 35 w=174 [EJosa —-cewra I E55R In| <0.8
» Via baryon/antibaryon ratio (pp), 3E =318 [ Data R — 3k w7 [lota —-ceame
. = @ (Ay=17.4 ¢ 95% confidence upper limit o :\
or TOF-to-TPC ratio (Pb-Pb) 25 ;\\ E 25F
2F 2F
* GEANT4 modeling consistent within 1 _ 1= _ _______
20 sigma with data 'E = 'E
05F 05F
0 - = 0 .
- 1 2 3 4 5 6 7 8 o 1 2 3 4 5 6 7 8 9 10
arXiv:2202.01549 p (GeVic) p (GeVic)
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ABSORPTION OF 3He IN MATTER

ALICE
* Propagation through galaxy of 3He from dark-matter decays and cosmic-ray interactions based on transport equation
» Inelastic interactions modeled via p;- and A-scaling of experimentally measured g;,,.(*He)
Distance to the Galactic Centre (kpc)
1072 107! 10° 10t
o T
Distribution of DM as a £ 107 T
function of distance from > |
galactic centre S
z 10
QU
Modeled 3He sources ‘
\\[\pi 2 X
Interactions of high-energy ) :_L/_\ AMS-02
1 ith [ > 1974 "He+p—-Y A
cosmic rays with interstellar
medium p+He — e + X K .. ‘
W . 3T H A
Dark-matter decays . xTx _)/W\WQ_)/HCW . “ Dmep
oyager i
(WIMPS of 100 GeV/c?) o N ®— DM
0.]:00 160 1IO le
Distance to the Galactic Centre (kpc) Distance to the Sun (AU) arXiv:2202.01549
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ABSORPTION OF 3He IN MATTER

ALICE

* Propagation through galaxy of 3He from dark-matter decays and cosmic-ray interactions based on transport equation

» Inelastic interactions modeled via p;- and A-scaling of experimentally measured o,,.(*He)

° H 3o 1
Estimated flux of 3He near Earth, before and after solar modulation Propagation performed using GALPROP code

» Consistent with model predictions using

ALICE

e [T (T\ ™
. 3— . . i ~ o _ 1 ©» L -
different Glnel( He) parameterlzatlons IB 10° - Ojne = 0 DM —— gCEANTA DY | IB 10% | Eﬁ”g}F;leyi'_Féiﬁ'.%ﬁ%fé%%?ﬁ%%%%‘t ]
‘T‘E — Opne = 0 bkg —— GSEANTd g ‘T‘E | GAPS GALPROP propagation ]
T s et —o BTG | Smeml e AMS-02 |
=} E =}
2 = 100 GeV/c? — = O bkg =
* Transparency of galaxy about 50% for DM e F ;”1 . e ‘ el
R . ) 10 | I =10,
source, 25% for low-£ 3He from cosmic-ray o 1 "F
background
1072 10712
= [ ot=om
[ oha=bkg
. . . . 107 IRange of ALICE meas&lrement , - 107 -_IRange of ALICE meas&lrement \ -
* Experimentally-driven uncertainties reduced to _ o
. . . 9) i 4 @ L -
10%-15%, subleading w.r.t. other ingredients  § & A 8 ool i
. [ : & i
used for DM modelling g 04 1 ¢ 04 .
c 02F -1 < 02F -
®© oL M | | . M W MR | PR |
= 107" 1 10 10 107" 1 10 0?
arXiv:2202.01549 Eil(GBHIA) Bl AHEaYA)
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LS2 ACTIVITIES AND COMMISSIONING
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ALICE 2 DETECTOR

ALICE

Main objectives for ALICE detector for Run 3 +4:
¢ Collect L;,y = 13 nb1 of Pb-Pb collisions > x50-x100 statistics increase for most of the observables
* Sustain rate of 50 kHz for Pb-Pb collisions, with continuous readout and online data reconstruction

* Substantial improvements in vertexing capabilities and tracking efficiency

New/improved systems: S—— " e O @ 1T | e Trackng sstem

* New tracking systems based on MAPS:

........ et L o TPC | Time Projection Chamber
» Inner Tracking System (ITS)

» Muon Forward Tracker (MFT)

°* New Fast Interaction Trigger (FIT)
detector

TRD I Transition Radiation Detector

............. TOF | Time Of Flight

EMCal | Electromagnetic Calorimeter

PHOS / CPV | Photon Spectromete:
* TPC readout chambers employing GEM ==-eesesseess

* New Online/Offline system (O?) for data
processing and reconstruction

HMPID | High Momentum Particle
Identification Detector

MFT| Muon Forward Tracker

FIT | Fast Interaction Trigger
* Upgraded readout systems for the

other detectors, to cope with continuous
readout

Muon Spectrometer

‘e
©00000000

ZDC | Zero Degree Calorimeter
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ALICE LS2 SCHEDULE ®

1 2020 - 2021 - 2022
MAY JUN JUL AUG SEP OCT MNOV DEC: JAN FEBE MAR APR MAY JUN JUL AUG SEP OCT NOV DEC  JAN FEB MAR APR
: Construction, assembly, commissioning ‘ bea n‘;tESt

- Install TPC, beampipe and Miniframe |

@ @' -:::1 Instzll FIT-A
@ — : TS/MFT/FIT standalone tests
Commissioning (global runs w shifts) Global Commissioning

| 152 end 24 Mar ‘22 — ‘

N 2\
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LS2 RECENT ACTIVITIES AND PLANS &,

ALICE

Latest activities at P2 and roadmap

Finished installation of ALICE subsystems, maintenance/replacement activities for several detectors (TOF, ITS, MFT, TPC,
MCH, EMCal, Dcal, PHOS)

L3 doors closed February 14, ventilation reinstalled February 15, miniframe shielding installed the following week
ALICE closed by week 9 (March 2nd) and restart magnets in week 10 (March 7th)

Underground access ends on March 24th

Machine commissioning with beam expected to start on April 13th (Easter week)
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ALICE COMMISSIONING - PLANS UP TO STABLE BEAMS

ALICE

Roadmap to 13.6 TeV Collisions
* Week 8-14 (February-April): Global and standalone commissioning with Weekly Run Plans
* Week 15-23 (April-June): Global commissioning with synthetic runs exploiting MC fake data

Jan Feb e Mar evermrsioes ™| p * Weeks 19,23: new rounds of 900 GeV
o — S R E e 2 collisions (min 2 fills)
Tu
We
™ vers * Then ready for Stable Beams at 13.6 TeV
Fr
s » Start-up plans for p-p running after first
Su . .

_ o — SB are ready, to be discussed with

HC+ exp. closed gy gy t:!l:pl:;::nli:l " H

R Y T Jul machine experts
Wk 14 15 16 17 18 19 25 26
M Easter . . ope .
™ L | | B o ] « Decided to preserve possibility of Virtual
We £ t - B)- B . wit ;m po m:-r:r::l‘;:l'd - i [
= | WWHRP oy emins Shlft B.Iocks for some. systems, until the
T e (- beginning of data taking
Su

First 13.6 TeV Physics
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HIGHLIGHTS FROM PILOT BEAM

* Good detector performance from pilot beam

 Data are being exploited for alignment studies

* New analysis framework commissioned with data

TOF PID performance

TP T TP [T T T T[T T[T T[T [rrrT

. ALICE Performance

. Run3, pp \E =900 GeV

apass3 with t"°"
ev

Lo by b b Bva i

11

L TS WA NP SN W N

2 25 3 35 4 45
p (GeV/c)

1000

900

800

700

600

TPC dE/dx (arb. units)

500

400

300

200

100

TPC PID performance

T T T 17T B R T T

ALICE Performance
“Run 3, pp Vs = 900 GeV

Lol

107" 1 10
p (GeV/c)

ALICE

ITS pre-alignment using cosmics and pilot-beam data

Pre-Alignment

120—
[ = Before pre-alignment
100 |- After pre-alignment
80—
60 f—
40—
20—
oBdhesat bt b mal T T 4 ’
-2 =15 =1 0.5 0 0.5 1 15
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HIGHLIGHTS FROM PILOT BEAM

ALICE
30 3000 two-cluster invariant mass distribution
x : ﬂ [ T T T T | T T T ‘ T T T ‘ T T T ‘ T T T T ‘ T T T T ‘ T T T l
e ook S 600— 3.00<p <4.00GeV/c ALICE pilot beam data |
g Ut 2500 8 pp Vs =900 GeV |
= L - clus. rec with EMCal + DCal
5] - 500 — + .
% 10¢ 2000 - t -
g T r : } ]
g B 400 — —
g 0O 1500 C . ]
E C B ' ]
& _q4of 1000 n of standalone MFT tracks 00 - o
- Vs z,,, position - ; calibration ongoing -
- %20 vix __ x10° 200 - f —
-201 R B 4
= C = r + + ]
30: L e 100 — ¢* . -
=30 -20 -10 0 10 20 30 b TR o oS umasts oy Sroen e
FTO vertex [Cm] E 07 IPRRREN| L1 \ L \ \ J L \ \ L \ \ \ L1 \ \ Ll
e 002 0 035
FTO vs track-based g ) '""O(Gewcz)
Z,,, pOsition o 0015 Invariant mass peak of it
£ from EMCal+DCal
E 0.01
10—
7155_ 0.005
A :
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STATUS OF ALICE UPGRADES
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ALICE UPGRADES TIMELINE ®

ALICE

ITS3 FoCal-H ALICE 3

Superconducting g|cH
magnet system

.— FoCal-E

Cylindrical
Structural Shell

A
4

Half Barrels

absorber

Muon
chambers

ALICE 2 ALICE 21

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
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ITS3 STATUS

Replacement of ITS2 inner barrel with the novel ITS3 during LS3

 Three layers of wafer-scale sensors of ultra-thin MAPS, bent around the beam pipe
» ~6x less material budget: ~0.02-0.04% X, per layer :
> First layer at 18 mm from IP — 2x pointing resolution and low-p; efficiency

Mechanics updates

Wind tunnel studies with model + heaters
+ Verified possibility of cooling via airflow »
« Larger heating at periphery, can be
dissipated via a carbon foam radiator, no 2
water cooling required . . S

o \:---‘ --#=--L0-P(BE
« Super-ALPIDE chips = e
« Assembled and bent, to be bonded on : %s*::::: :Sz

exoskeleton and tested 0
1 2 3 4 5 6 7 8 9

Lol: CERN-LHCC-2019-018 V_average [m/s]
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ITS3 STATUS ®

ALICE

Sensor developments

Test structures from MLR1 submission received (TowerJazz 65 nm) . .
Test beam results with two displaced DPTS

Tests in laboratory and with beam Reconstructed telescope tracks, on plane betvieen 2 DTPS sensors
+ Digital Pixel Test Structures (DPTS) operational with 100% efficiency o ;ﬁ%g;%%i%}gﬁ/’l’?o’ o o | ()
» DPTS remains fully efficient after combined NIEL + TID .. . ,8‘&.::,‘: o | % :.:-' Voifzv
irradiation 4001 " o . T ¢ s T | Izigm

(9 o S °
° ° Viegon = 300 MV
[ o .‘ ope S0 Vears = 250mV

* Further tests performed with DPTS

and other types of structures
5.4 GeV/c

electrons

L
q
- ° *®% 2 OTPP ves | 5% water.
" o B ‘H‘_ PN
o K.

[ ] split: 4 (opt.)

Track intercept in y (um)

» Position resolution, cluster size D = N Bl .
i ; , , - °° ole- e P o n® e°° 5";::(_:1100:‘)-%"
time resolution, ... S o B W o0
—400 ® e ® e o s ey
° ° . 0% o e 8 © Vion = 280mV
with hits on both DPTS 1., 83/83 with hits on both DPTS

with hit only on DPTSD [ DPTSD
with hit only on DPTS E 1 DPTSE
witout hit on any DPTS

—600 -

* 65 nm process is a viable
solution for ITS3 and beyond

1 PMT[Jll 3 ALPIDE [ 2 DPTS i3 ALPIDE[ll1 PMT]1 PMT —600  -400 —Tzook_ " 0 . (20(; 400 600
(trg) (ref) (DUT) (ref) (trg) ] (ant) rack intercept In x {um

DPTS test beam setup
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FoCal STATUS

FoCal: forward electromagnetic+hadronic calorimeter > Run4 upgrade
+ FoCal-E: high-granularity Si-W sampling calorimeter for direct y and m,
* FoCal-H: metal-scintillator sampling calorimeter for photon isolation and jets

Test beam in September 2021 Lol ALICE-PUBLIC-2019-005
» FoCal-E: 2 pixel (ALPIDE) layers, 1 pad layer

* FoCal-H: complete prototype, commercial
readout system

HCAL prototype EPICAL-2: data and simulation
T T T rorTTTT T T T

° Fu”_p|xe| prototype EPICAL-2 S0 £ EPIOAL2 prelminary temp\ale:a-(n+:7]p+r%l()+b-#+cvg . = gﬁ;ﬁ(z
§ - l:ﬁ:%:mdata 3 simulation:
.E L :ypixz simulation ‘:(fi N pi on
Next steps: Bioek o, - kaon
2 E eam 3 t
«  Further laboratory tests of pad readout IS 1 fuon
S L ]
Construct full FoCal-E tower prototype ol H E slectron
« 2 test beams planned in 2022 (June for pad % ‘ \w 3
electronics, Sep/Oct for full demonstrator) ot H‘MH L <
E M vl * nl \.E
1 10 10* 10 Nhits
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ALICE 3 - PHYSICS GOALS

ALICE

Several questions in key areas still expected to remain unaddressed after Run 3+4!
— New dedicated heavy-ion detector currently under planning for Run 5 and beyond: ALICE 3

Compact, low-mass all-silicon tracker, with excellent

Selection of key points of ALICE 3 physics programme vertexing and PID capabilities over wide acceptance

 Precision measurements of dileptons

» Characterisation and evolution of the QGP Superconducting R|cH

magnet system

» Chiral symmetry restoration

+ Systematic measurements of (multi-)heavy-flavoured
hadrons

» Transport properties and diffusion in the QGP
» Mechanisms of hadronisation

* Hadron correlation measurements whon

absorber

Muon
chambers

» Interaction potentials

» Fluctuations of conserved charges
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ALICE 3 - HIGHLIGHTS FROM Lol STUDIES

ALICE
O T T e
=t udy Ly =350 ] ALICE 3 Study Ly, =35 nb’
T 25 PbPb |5, = 5.5 TeV 30-50% 3 PbPb 53— = 5.5 TeV 30-50%
— = » NN i \
~ Heavy-flavour transport ’ 5 b o pho it 5 A AP pKnt, i<t 4
0.2F = ALIGE = 0.2 . .
C o ITS3, Lit=10 L . #_SIS.EL?Mﬂo nb”
oqsE- o ITS2, L, =10nb" 4 k: ITS2, Ly, =10 b
- 1 E ———
0.1 = # = 8 01 T e -
* Goal: understand heavy quark I | L + L
o . o T T E —
diffusion and how they reach L A elliptic flow coefficient 3 A3 elliptic flow coefficient
0 35 0

: : =5 015 20 25 30 - T = 5 A
thermalisation P (o9 GeVTo oo

«g? DD? azimuthal correlations

. . . . c *E 60:—| #Nuqummn; IALIICFI53IStIudIy, L,,,I= 3|5 Inb'l‘ l I —:

* Charm and beauty transport in the diffusion regime: B b i FTAGS fryoSSTo 000l
? e 0 #odove 2 <<t ]

» Rua and v, of mesons and baryons down to low p; 23 f + E
2 F ; PR, ]

30— Lot + ST

* Access to angular decorrelation and further sensitivity e

N

=]
L [
L 4
r -+
L +4
4+
e
s
"
IIII|II\IJ—H»I\

to energy loss mechanisms via DD correlations . oF i ol .+ 1,560 (nep..charconrb)
C = Unc. NS width + 18.0%, AS width + 3.8%
F Unc. NS yield + 19.3%, AS yield + 3.4%
0 C 1 | o b b 1oy
-1 0 1 2 3 4

Ao (rad)
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ALICE 3 - HIGHLIGHTS FROM Lol STUDIES

ALICE
Multi-charm and exotic states | - R A el L romimeewow]
g [ — iy 10_11 . ohe N lyl<0.5 1
0 . . c ~ r e 1
* Multi-charm baryons: unique probe of hadron formation g1 EESN: Run5 &6 ;
. . . ) E 13107 ¥
» Requires production of multiple c quarks via (>1) hard | ] 1’13:‘;; . R i ]
scatterings = T =, BDToptimised | 496 2x charm 1
E —e— =} standard E 10::r T Vs only parfoles 1x charm !
* SHM predicts very large enhancement in AA . AuCESSway | ool i s, 1
B Pb-Pb 0-10% PYTHIA 1 10710 F  — c=3 partictes i
1 1 1 - 1 N 0“ — Full acceptance over Inl<4.0 — -11
» Characteristic relation between n-charm yields (g.N) g aceepanceovr 1) ] 0 P e g
- L, =35nb" B 13 4o 532+ 0. 3
LBl e e TR R UUTIE . K. ectnsio R
(;n g_ ALICE 3 upgrade projection Dmom 0 2 4 6 8 10 12 G t’tl 15 2 25 3 35 4 45 5 55 6
5 Iyl <4 Mode1lsi o | PT( eV/c) Mass (GeV)
— 11m (pp 1
an 2 fm DY — D" molecule
3 - 3fm
— — 51m (Pb-Pb) " I .
. D « Characterisation of charm exotic states: X(3872), T_.", ...
ol Simulated data \ 4 @_, cc
« pp, Lyy=18 10" : . .
A S - > Yield measurements to understand dissociation and
L ' int i .
; | o regeneration in QGP
1 5o » Femtoscopic studies to investigate their structure
6x10™" Igp— .
5x10°! D*OD? momentum corre!atlon- Mmolecule
*1 I | | | | | | I |
1075 01 02 03 04 05

K" (GeVie)
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ALICE 3 - HIGHLIGHTS FROM Lol STUDIES

Electromagnetic probes

|

* Precise measurement of QGP temperature in its early stages

from invariant mass dilepton measurements

» 1 <m, <3 GeV/c? range dominated by thermal emission

» Differential measurement to probe time dependence of T

* Improved precision compared
to Run 3+4 measurements

» Complementary measurement of

temperature via spectrum of
direct photons

» Different set of systematic
uncertainties

400

1/N.,d>N/dm,.dy (Gev/c2)t

T (MeV)

2501

350(-

300/

200

N IS RS LN LS RN
. ALICE 3 Study il
[ 0-10% Pb-Pb, |5, = 5.02 TeV
Ly =5.6nb"

Fit Range: 1.1 < m,, < 1.8 GeV/ic2 |
e T, (stat. unc. only)
- Traa]
TYore) IR EE I I S e i |
0 05 1 15 2 25 3 0-4
p... (GeVlc)

—
o

ALICE

Dilepton invariant mass spectum

AL\|CE 3 Study l l
0-10% Pb-Pb, s, = 5.02 TeV
TOF+RICH (4o_rej), B=05T
02« P < 4 GeVic. In|<08
No bremssirahlung included
DCA,. =126

o

o
o

|

&

10

‘ A e o
b L, =56nb" measured

Syst. Uncertainties:
. sig. ( 5%) + bkg. (0.02%)

B o (15%) + LF (10%)

— Fit of the spectrum

“data”/cocktail

716 18 2 99
m,, (GeV/c?)

Dominated by black-body radiation from QGP
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ALICE 3 - DEVELOPMENT OF PROPOSAL

ALICE
= Contents
. . o 1 Introduction 9
Letter Of Intent Su bm Itted and reVIewed by LH CC 10 1.1  Present status of heavy-ion physics atthe LHC . . . . .. ... ... ... .. 9
1 1.2 Heavy-ion physics at the LHC beyond Run4 . . .. ... ........... 10
12 1.3 lIoncollisionsatthe LHC . . ... .. ... ................... 14
13 1.4 Detectorconcepl . . . ... ... .. e 17
14 1.5 Uniqueness and competitiveness . . . . . . . . . oo v it i e 22
15 2 Physics motivation and goals 24
: 2.1 Heavy quark propagation and hadronisation . . . .. ... ... .. ... ... 24
° LOl draft endorsed by ALICE CO”aboratlon Board i: 2.1.1  Beauty hadron productionand flow . . . .. ... ... .. ... ... 26
. 18 2.1.2  Transverse momentum broadening of DD pairs . . . . . .. ... ... 27
19 2.1.3  QGP hadronisation and multi-charm hadrons . . . . .. .. ... ... 28
Wlth Very Strong Support 2 22 Bound States. . . . .. ... ... e 31
21 22,1 Quarkonium states . . . . .. ... ... L. e e 31
H M 2 222 Exotichadrons . .. ............. ... .......... 33
° S u b m Itted to th e LH cc fo r reVI eW 2 2.3 Collective effects in small collision systems . . . .. ... ... ... ..... 35
2 2.4 Characterization of high-multiplicity ppevents . . . . .. ... .. ... ... 35
. 5 2.5 Electromagnetic radiation . . . . . .. ... ... .. L. L. 36
» The review process has led to a report from the 5 2.6 Chiral symmetry rstoration - - . . ... ... ... ....... ... 3
277 2.7 Electrical conductivity . . . . . . . . . e e 40
. . . . e 2.8 Fluctuations of conserved charges . . . .. .. ... ... ... .. ...... 41
LHCC review panel for discussion this week b 20 Ulmasoftphotons « e w
20 2.9.1 Low’s theorem and the infrared limit of gauge theories . . . . .. . .. 44
. . . . . . 3 2.9.2  Experimental situation and proposed measurements . . . . . ... . .. 46
* Final version in preparation, public release of final e 210 Hadromie physics . . ..o a8
£ 2.10.1 Study of the strong interaction between heavy flavour hadrons . . . . . 48
. 3 2.10.2 Search for exotic anti-, hyper- and super-nuclei . . ... ........ 51
version s h 0] rtly s 2.10.3 Study of b-quark decaysintoHe . .. ... ... ........... 53
35 2.10.4 Photoproduction of vectormesons . . . . .. ... ... .. ... ... 33
3 2.10.5 Photoproduction of dijets and open heavy flavour pairs . . . . .. ... 55
£ 211 BSMstudies . . . . .. Lo 55
£ 2.11.1 Light-by-light scatlering measurements . . . . . . ... .. ... ... 36
20 2.11.2 Axion-like particle searches . . . . ... .. ... L. L. 56
1 3 Performance 39
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SUMMARY

ALICE 2 ready for end of LS2, detector commissioning is on track

Successful pilot beam data taking, data being exploited for alignment

and first measurements

Run 4 upgrades advancing at a good pace

Lol of ALICE 3 submitted and reviewed by LHCC
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BACKUP SLIDES
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N*_/D° PRODUCTION RATIOS VERSUS MULTIPLICITY IN pp COLLISIONS

*  From charm baryon-to-meson ratio measurements, charm fragmentation is not universal across collision systems

» pp ratios enhanced compared to e*e, ep, in particular at low p;

0.8

)
o
2}

< FT ‘ oo T ] T~ T T 17 T T T T ] s E T T T T 1 | T 3
+Qo L ALICE -~ PYTHIA 8.243, Monash 2013 ] -g - ALICE . T9D° @ BRunc. o £ ALICE Preliminary PYTHIA 8 3
< 07F PYTHIA 8.243, CR-BLC: 4 = C Is=13TeV < ' ] L 101 [ pp, s=13TeV, |y|<0.5 = Monash xBR ]
L Mode0 -----Mode2 1 < 0.5F PP: o =D 1 S10°¢ CR-BLC
N .- ] L _ E e Data 3
06F f N Mode 3 = % - v1<05 v SHM+RQM : % ,F m Catania (coal.+fragm) xBr "M% 2XBR 3
;_/ gHM+RQM 3 €04 oA EIIEIE Catania (coal.+fragm.) 7 < 10 E © Catania (coal.+fragm.+res.) x BR E
F - Wy Catania i R | QCM 3 EN E #2QCM x BR E
0.5 QCM 4 O B ] - .
Y 1 = C PYTHIA8.243 1 : .
L a1 o 03 — Monash 3
0.4 C / '''''''''''' 1 O N I Mode 0 ] L _
- 1 © — Mode2 1 F B e ———
0.3 4 @2k ——Mode3 I m . - o ]
0pC © Pp,Is=5TeV : E - f ] 107¢ 3
- F o PP ls=13TeV e 1 0.1 - - :¢: ] 10°° I =
0.1F - :’//..__ aseen B ’ BR(QIS — ) = (051 0.07)% [EPUC 80, 1066 (2020]

Ell ................................... I I I L I E O C 1 | 1 | L | 1 | 1 1 L | L O 2 4 6 8 10 12 14
1 1 0O 2 4 6 8 10 12 14 p. GeV/c

H pP. (GeV/C) . p (GeV/C) ALI-PREL-486632 T
arXiv:2011.06078 areosaszen  @rXivi2105.05187 ©T

ALI-DER-493896

‘ A*_quark content: a a @ =0 quark content: 0 /\s) @ =.* quark content: a /f) @ Q2 quark content: /f) /f) @
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http://arxiv.org/abs/2105.05187
http://arxiv.org/abs/2011.06078

A*_/D° PRODUCTION RATIOS IN Pb-Pb COLLISIONS

ALICE
* Nuclear modification factor of prompt A*. consistent with unity up to 6 GeV/c, \*_suppression for higher p;
» Similar Ry, values between the two centrality classes
* Hint of larger Ry, compared to D-meson average for central collisions
. < 2_ T T T T I T T T T I T T T T I T T T T I T T T T
N6 <pr< 12 Gevicrange & 4gE ALICE Pb-Pb, |5, = 5.02 TeV.]
. . . . of eV3
» Hint of hierarchy of R,,(A*) > R,,(D*.) > R,,(D°D*,D**) points 1'8_ ]
. . - Prompt AC, |y| <0.5 E
toward relevant impact of coalescence on charm hadron formation 1.6F 0-10% .
r —— U-10% g
— T4 . 30-50% E
o 15 ALICE 0-10% Pb-Pb T 30-50% Pb-Pb ] 2= 1] =
o5 = Prompt AL Vo =5.02Tev y] <053 £ Amae T
F — Prompt D T 1 C | 3
145 . Prompt average D°, D", D** - 3 osE 10 L E
125 =+ E - i .
- ESmEEL e T B, 3 Al A b
081 = ij% E 0.4 i Il =
06- T " : s T il ]
ol T 7 0.2 =
0'4; I 1 :Open markers: pp pT-extrapolated reference .
0.25_ L . L . L _E_ Olpein In'l‘alrlfers: pp pr-extr‘aporate‘d :'elfe:'e‘nlce ‘ L I_E O 5 1 0 15 20
[\ : GeV/e
1 10 b (Gevic) 1 10 b, (GeVIc) arXiv:2112.08156 ,DT ( )
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http://arxiv.org/abs/2112.08156

OTHER RESULTS FROM PUBLICATIONS

* Production of (anti)nuclei as
a function of multiplicity in
pp collisions

* d/p and 3He/p results
qualitatively described by
coalescence model and
SHM for canonic ensemble

* Discrepancies possibly
related to system size
determination

—3

ALICE

x0_3
& 257\||||\||||\||||\||||||||‘||||||||||||||‘|||| TTTT 6“035
d L&)
T [elp —Pb,\s,, =5TeV [alpp,Vs =7 TeV g
3 200 [a]pp, Vs =13 TeV [@lpp, Vs = 13 TeV, HM > 0.30
< [elpp, Vs =5TeV %025
@ 15 ;

p/A=0.75GeV/c
N

B, coalesc. r( *He) = 1.76 fm
--Param. A (fit to system radii)

\, —Param. B (constrained to ALICE Pb —Pb B,)

ALICE

K 0.20F \\.
10_ : \\ =
- B s 015 . pTiA 0.78 GeV/c
5L TR mems= E Sl
© B, coalesc. r(d) = 1.96 fm A
0}--F‘aram.A(ﬁttosys.temradii} 3 0_05; ° "“-‘-_______ ______
- —Param. B (constrained to ALICE Pb—-Pb B)) 1 E ™ =
Coaa v b aa b v b b b b a4 0.00C ol b b b b b b s b L
5 10 15 20 25 30 35 40 45 5 5 10 15 20 25 30 35 40 45 50
(N Tdn 3 {n_Jan_)
ch lab'm [<0.5 ch ab'm 1=0.5
—3 105
&5.0 :IIII|IIII|IIII|IIII|IIII‘II\Il\lllllllll\ll\lIIII: o _IIII|IIII|IIII|IIII|III\lI\II‘II\IlIIII‘II\IlIIII_
o 45F [o]p—Pb,\5,,=5TeV [epp.Vs=7TeV 34 3 ™[ ThermalFIST CSM E
40E [olpp, Vs =13 TeV [elpp, Vs = 13 TeV, HM 3 o 12F - Ten=155MeV, V=3 dVidy ALICE 7
35 i [e]pp. Vs=5TeV 7___5 10 - —T,=155MeV, V. =1dVidy .
30E JEPPEEEE S 3 E Coalescence, r( *He) = 1.76 fm E
25E T - 8 —Two-body o emmmmmm g
TE e 3 - —Three-body - ]
208 3 6F E
15 14 = na =
1.0 2_ — Coalescence, r(d) = 1.96 fm _2 E 3
05¢ = E
00 B b e e e b e e e 3 ok et N TR P N N PR R S
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50

<chhld T]I:a b)lnmlﬁn,s

(chh[d nlab)lrlmlm 5
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OTHER RESULTS FROM PUBLICATIONS

ALICE
L 0.25F (a) ALICE, Pb-Pb {5,= 276 TeV,In| <0.5 —
i \ ALICE HIJING .
e 0 2 —e—02< b, (GeVic) =15 02< b, (GeVic) <15 1
X . . . . . —=—-02< P, (GeVic) < 1.0----- 02< P (GeVic)<1.0
* Isospin fluctuations in kaon sector, and their L? gl —=— 10<p] (GeVic) <20—- 1.0<p] (GeVic) <20 3
multiplicity dependence, sensitive to chiral — 0.15¢ [ﬂﬂﬂ E
=] N 1 _]
phase transition = i - =
_ - (x5) ' ]
> den - Rcc+ROO_2Rc0 0.05 ‘_—-—-—-——ﬁ_ﬁ_______[uiﬂ]____—ﬂﬂ —
2 12 02 <p_(GeVic)<10/02<p_(GeVic)<15 —
* Breaking of centrality scaling observed for € 11 —=10cp Gevie)<20/02<p (Gevie)<15 3
4v] - =
Vayn/@ NOt reproduced by models © 15 H ﬂ <H ﬂ H H —=
(| = =
0.9F . . . . . =
S e ' ' ' =
* No significant low-p; enhancement © ]
observed, not supporting the production of 9 E
o . = L E
disoriented chiral condensates (DCCQ) 2 T ¢ o3

40 60 80
Centrality (%)
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OTHER RESULTS FROM PUBLICATIONS

ALICE pp {5 =13 TeV
>0.15 GeV/c

=== A| |CE Data POWHEG syst. uncert.

PDF uncertainty E

pT.lrack
M, <0.9.1n | <0.9-R

* Measurement of inclusive charged jets

. . § Anti-k, charged-particle jets Seaiuncerany E
produciton vs charged particle 8 UE subtracted
. qe e . £ R=0.2 R=04
multiplicity in pp s
> Better agreement with NLO models, 3

compared to LO, though yields

[N SN Y- L N .
T R L B S e L AL AR L Ummman
f b g
| [ #
1 r " )
| L &
N D
r h
| T ®
4 } b i
D
RIFD™
L
0

. E T R I NN RN NN RTEL FU RN PR RN NN IR PN
overestimated below 20 GeV/c 22 ¥ o o
g : = :, === POWHEG + PYTHIAS B!
g | i ]
. . . T LB B R [(R=R s e 1 e o /S R e B
* From ratios of production cross sections P, (GeVic) P, (GeVic) P2, (Gevie)
. . . R A L L s A L
at different R, stronger collimation for 20 ALICE pp Ve = 13 Tev ¢ T~ pas T s <TGave i
. . [ P o > 0-15 GeVie ."," T --- PYTHIA8 Monash 2013 '.';" T =—osp] <12Gevic ,:i’,
hlgh pTJetS Observed :E 15-_ \1]“ck|<0.9, \r]Je‘|<0.9—R "'r"“ I DSyst.uncert. ,':".": _-_-'-3OSP$.|M<5O GeVic 5‘:":' 4
Qz :Anti-kT, charged-particle jets ,‘,’::' ] ',:' ] —*—705p;'l‘m<100 GeV/c ,’t" R
%ﬁ [ UE subtracted it i ",’,:: ] A
2 10f _-j}' T , T+ 35 . s ]
. . . . =~ [R=03 o ] E R=0.7 y
+ Self-normalised yields: faster-than-linear s 7 : Vs
z 5 <% I I % & ]
. . o
increase observed for all values of jet i i ] ,_,/ﬂ
_ ot ] ] g5
. L P a) 1 b) 4 Y i c)
radlus R 0_n.i-u':-:||||||||||||||||||||||||||||||||__|||||||||||||||||||||||||||||||||||||||__||.|-||l|.|.||||||||||||||||||||||||||||||||_
05 1 15 2 25 3 35 4 05 1 15 2 25 3 35 4 05 1 15 2 25 3 35 4
dN/dn AN/l dN,,/dn
Tan_7an, Tan_Jdn s TanN_Jan s
cn B o MB <h mB
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ALICE COMMISSIONING - STATUS

ALICE

Recommissioning without beam is progressing well

MW?2 (week 7): first large testing focused on detector calibrations, with strong development and progresses
MW approach extended with Weekly Run Plans
» Plan activities by balancing detector standalone testing and exercise Central Systems to achieve long term stability

Global runs done with cosmic data taking and synthetic running (unstable beam)

o

Now possible to perform
CRU+CRORC global runs

o6 2all 965cal colmel Sedcal oscemll 947 md 122980 26008 siGcel 206ued
/| 3 = . J| 4 clts |

217 wvers 217 wmeis 217 weis 224 wmeis

Possibility to run with
intermittent error conditions
using incomplete TF building

Example: 8.5h run with EMC (CRORC) + MFT + MID + TOF + TPC + TRD (CRU)
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