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A Large lon Collider Experiment

ALICE upgrades in Long Shutdown 2 (2019-2021)

New ITS and MFT .. TPC: GEM readout
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FuII p|xel detector
Improved spatial resolution

Fast Interactlon Trlgger

ALICE LS2 upgrade paper: arXiv:2302.01238

Run 3, 4: collect 13 nb-1 Pb-Pb: 50x more minimum bias data; 10x more triggered data
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http://arxiv.org/abs/2302.01238
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Run-3 physics performance: some examples

D mesons in Pb-Pb
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Run 3 data taking ALICE

Recorded Pb-Pb luminosity Run p-p luminosity vs time
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| =, B
> | =
2 ool | . % 1gl Recorded
E 1400/ 3 16/~ 2023: 9.7 pb™
8 3 . ,F 2024: 10.2 pb”
© 1200 g 14¢
) - S
2 N € 12—
= 1000} -k
- 10
800} -
- 81—
600:— o
400:— 4:_
200[ 21
oL | | | 0 ' ' '
05 Oct 12 Oct 19 Oct 26 Oct Mar May Jul Sep Nov Dec

Successful 2023 heavy-ion run
collected 1.6 nb-1, approx. 11.5 G minimum bias events

~7x more central events than Run 1+2

pp 2024 off to a good start: 10.2 pb-1 recorded
ALICE operational efficiency: 95%

Data taking going very well: significantly more data collected in Run 3 than in Run 1 and 2 combined
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Run 3 pp results: P(2s) to J/P ratio

Entries per 40 MeV/c?
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First measurement of P(2s) / J/P ratio at mid-rapidity down to zero pt at LHC

Important contribution to available world data — understanding of formation process
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Run 3 results: °He elliptic flow ALICE

New run 3 result

o V2 VS pPT Comparison to models
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vo reflects geometry: Measured v2 agrees with coalescence model
largest for mid-central collisions Thermal freeze-out model — blast wave —
small in central collisions does not describe data

ALICE Future | ALICE US open meeting | Yale University, 31 May | MvL 6



A Large lon Collider Experiment

Upgrade projects ALICE

LS3 upgrades ALICE 3: LS4

TOF

Forward Calorimeter Superconducting R|cH

magnet system

Cylindrical
Structural Shell

Half Barrels

Muon
absorber
Muon
chambers
FoCal Lol: ITS3 Lol: ALICE 3 Lol:
CERN-LHCC-2020-009 CERN-LHCC-2019-018 CERN-LHCC-2022-009
LS 3 Run 4
|
2021 0022 2026 0027 | 2028 | 2029 | 2030 2031 2032 2033 2034 2035

ALICE Future | ALICE US open meeting | Yale University, 31 May | MvL 7
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Forward Calorimeter upgrade

ALICE
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Forward Calorimeter upgrade: 3.4 <n < 5.8 Prototypes produced and tested with beams at PS

 High-granularity Si-W electromagnetic calorimeter and SPS
« Hadron calorimeter: Cu-scintillator  Meet required performance

Further radiation testing, tests of pads from
second vendor ongoing

Goal: determine small-x gluon density in the nucleus
by measuring forward production of isolated direct photons, 79,

jets ...

TDR approved — moving towards mass production More in presentation Constantin
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https://alice-publications.web.cern.ch/node/8917
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LS3 upgrades: ITS 3 — ultra-light fully cylindrical tracking layers ALICE

(a) Curved sensor bonding test MLR1: 65 nm technology validated
1981 - 103
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DPTS paper arXiv:2212.08621

Handling of stitched structures
Lol: CERN-LHCC-2019-018 '

ITS3: replace inner 3 tracking layers with ultra-light tracking layers
Improved pointing resolution for

- Heavy flavour reconstruction

- Di-lepton measurements

TDR approved — design of final sensor in progress ER1: test of stitched structures
26 X 1.4 cm sensors!
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https://cds.cern.ch/record/2703140?ln=en
https://arxiv.org/abs/2212.08621
https://alice-publications.web.cern.ch/node/9680

A Large lon Collider Experiment

LHC Run 5 and 6: ALICE 3 ALICE

— Absorber — ECAL
Magnet RICH

Muon chambers
FCT

« Compact all-silicon tracker
with high-resolution vertex detector:
excellent pointing resolution

* Particle ldentification over large acceptance:
muons, electrons, hadrons, photons

* Fast read-out and online processing
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Impact parameter resolution — HF benchmarks

Impact parameter resolution
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Improves precision for:

- Charm and beauty baryon v2
- Dielectron spectra

. . .10. : .12. . .14. : ”
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> 4 6

Access to new signals:
- DD correlations

- Multi-charm baryons
- Dielectron vz
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Temperature of the QGP: electromagnetic radiation ALICE
T vs energy
— 9500¢
% E Fireball average temperature
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Light flavour hadron abundances consistent with common chemical freeze-out
e Limiting temperature: ~155 MeV
Electromagnetic radiation gives access to temperature of QGP before hadronisation
e C(Cleanest signal: dilepton pairs
 Expected T at LHC: 300-400 MeV
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Temperature of the QGP: electromagnetic radiation ALICE

Dileptons in run 3 and 4

T vs energy
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e Limiting temperature: ~155 MeV Slope measures

Electromagnetic radiation gives access to temperature of QGP before hadronisation temperature

« C(Cleanest signal: dilepton pairs
« Expected T at LHC: 300-400 MeV
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Dielectrons: chiral symmetry and thermal emission ALICE
Dielectrons inrun 3 and 4 Dielectron cocktail: HF background
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Run 3 and 4: first measurements HF decays produce correlated background

of thermal dilepton emission at LHC + Large form,, > 1 GeV/c?
— first access to average T e Can be effectively suppressed in ALICE 3
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ALICE
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Dielectrons: chiral symmetry and thermal emission ALICE

Dielectron mass distribution
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g . 0-10%, L, =3nb"  ------- Rapp Sum (drop p) i 3 [ No bremsstrahlung included )
S il ITS2, B=02T - Rapp Sum (vac p) . NZ 107 = DCA_ <1296 cC (15%) + LF (10%) 3
'Cm-l 0 = In1<0.8 —f#— ‘meas.’ - cc - cockt. = ° ;, > , =
Eﬂ’ 5 P, >0.2GeV/c (5555 Syst. uncert. sig. + bkg.  C 3‘” - Seesssece st — Fit of the spectrum _
RS, ’ E= Syst. uncert. cc + cocktail —107? = .'+.' =
c% _2 . - .-'-q, .
= 1074 - I \¥* —
& - _3
% | : 107 E
3 L& _ - —— -
2 -3 ““ B e
=107 7 77, E 107 = =
aé - 3
10 _ E 3
E : ;vg X E E
- B - S N S
| | | | | | | | | | | | | | | 6‘55 ,Xj*% b | | % :O
0 0.5 1 1.5 2 2.5
M. (GeV/c?)
Run 3 and 4: first measurements HF decays produce correlated background
of thermal dilepton emission at LHC . Largeform,, > 1 GeV/c?
— first access to average T « Can be effectively suppressed in ALICE 3
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Dielectrons: chiral symmetry and thermal emission

Dielectron mass distribution

- - A 10 UL L T 1 T T L [ L LI Tl '= -
Dielectrons in run 3 and 4 < E AUCE3swy ; L _'5 6 'b | d' - Dielectron vo

1;\ N s S O S B B B B B % . 0-10% Pb-Pb, \/SiNN =5.02 TeV int = 9-0 MO Measure B o 0.5 —— T T T T
“‘3 1 = ALICE Upgrade Simulation E % 1E- TOF+RICH (4o, rej), B=0.5T Syst. Uncertainties: 5 " ALICE 3 Study |
% E Pb-Pb \'s,,=5.5TeV ——— Rapp Sum (broad p) E N - 0.2< P, < 4 GeVic, n | <0.8 sig. ( 5%) + bkg. (0.02%) n | 30-50% Pb-Pb, s = 5.02TeV, L, =33.6 nb” s
<) | 0-10%, L,,=3nb" - Rapp Sum (drop p) - g .| No bremsstrahlung included i - TOF+RICH (40,re)), B=05T ]
>10-1L ITS2, B=02T ------- Rapp Sum (vac p) il 19 E b A <120 cC (15%) + LF (10%) 3 04— 02<p_ <4GeVic, In) <175 —
© = Inl<0.8 —&#— ‘meas.’ - cc - cockt. = © ;. . . [ No brerﬁsstrahlung included :
S b p.>020ev T Syst. uncert, sig. + bkg. g [Tmeeeeeeety, — Pitotthe spectium [ DCA., <1.26,0.65.< m__ <0.75 GeV/c 2 N
S ’ E== Syst. uncert. cc + cocktail | —107°E “e, = . - > -
;\ - = .,_\ = 0.3 v, from PRC 101 044904 (2020) ‘ o
EZ 1072 - E N ] _ ¢ prompt dielectrons m s .
% g E 1073 = \&* IE : ¢ excess dielectrons :
E IR\ T i - S - ) = -
PPN N A — 0.2 1
=107 T E 107 E I —— _
_4% | g 0 e |
b3 i E l ;
- SOH Vi - T - :

— TR e = © —8——
| | | | | | | | | | | | | | | E‘gﬁ A"% Sa | | % :O 0_ 1 | | 1 I | | 1 1 I 1 1 | | l 1 | ]
0 0.5 1 1.5 2 2.5 0 : > 3
M., (GeV/c? Pr . (GEVIC)
* fi HF decays produce correlated background . . :
fF\:[En 3 3?314- f;rst meésvremfﬁc ys P , J Excellent precision for dilepton vz vs
ot thermal diiepton emission 4 » Llargeform,, 2 1GeV/c pr in different mass ranges
— first access to average T » Can be effectively suppressed in ALICE3  — time evolution of temperature
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Chiral symmetry restoration: p — a; mixing ALICE
",:_\ 10 E | | | | | | | | | | | | | | | | | | | | | | | | E
_ _ o — ALICE 3 Study ees vacUUM o SF =
* Spontaneous breaking of chiral symmetry generates hadron > [ 0:10% Pb-Pb, (5. = 5.02 TeV P N
- o = » TENN — in med. SF w/ x-mixing -
masses in QCD ~ TOF+RICH (4o, rej), B=05T . y
> 1= 02<p. <4GoVio <08 in med. SF w/o X-mixing —
: s E VeSPr L ¢ L., =5.6nb""measured
* Large mass difference between § £ Nobremsstrahlung included ot Urcoraintios. -
p (770 MeV) and a, (1260 MeV) 2 i DCAw =120 sig. ( 5%) + bkg. (0.02%)_
. i = ' T (15%) + LF (10%) =
 Chiral symmetry restored in QGP S -
« p and a; degenerate: mixing 102 = =
 ALICE 3 provides experimental access to chiral symmetry - -
restoration mechanism 107 -
p and a, spectral function b -
'©
0.08 Vacuum 0.08 ¢ T=170 MeV _;‘8_)
?U
o 006 n —— Vector 006 —— Vector 3
= : —— Axial-vector % — Axial-vector
= o004 = 004!
SO S
002 - il 0.02} o
p — ay mixing affects mass spectrum
O'O%.O a ‘0.5‘ B ‘1‘.0‘ a ‘1‘.5‘ a ‘2‘.0‘ a ‘2‘.5‘ a ‘3‘.0‘ B ‘3‘.5‘ | O'O%O - ‘0"5‘ - ‘1"0‘ - ‘1"5‘ - ‘2“0‘ R ‘2"5‘ B ‘3"0‘ B ‘3"5‘ | above [0 peak
s (GeV?) s (GeV?)
Hohler and Rapp, PLB 731,103 ALICE 3 provides necessary precision
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A Large lon Collider Experiment

Heavy-flavour transport: DD azimuthal correlations ALICE
Charm azimuthal correlations

10°F Icoll, K — 1.5 | 1 _I4; GeV' |
; L coll+rad, K =0.8 [4—10] GeV === - §
i [10-20] GeV ==== 7 &
10-1 = - 15

3 a C

3 10_2 Cé, O - 20% | §
'3 A 1 T
% 1073 F /// - \ (a) - s
V7NN \\\\ S
/ I RN S
107 F //// /Il' ‘\\\ \\\ 3 %
P " ' AN S

10-5 N A i1 V| 1 |

0 1 2 3 4 5 6

A¢

C

* Angular decorrelation directly probes QGP scattering
» Signal strongest at low pr
* \ery challenging measurement:

need good purity, efficiency and n coverage
— heavy-ion measurement only possible with ALICE 3
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A Large lon Collider Experiment

Heavy-flavour transport: DD azimuthal correlations

Charm azimuthal correlations R
ol col, K =15  [1—4] GeV ——"" g
1 L coll4+rad, K = 0.8 [4 —10] GeV === N § o:
i 10 -20] GeV ==== 7 & 3 2_50
(@) 4]
1071 - - 2 2T 4
- Q C O -
< _ @ —|_ o
T -2 cc, 0 — 20% Je z
5 7N @ |3
1073 F /4 - N\ . ¢
74 - \ O 20
11 N\ \ -
—4 // | ') \ \. %
10 = “/ 11 1 \ | -4 = 10
/ I 1\ ©
/ / I v AYAN 3
10-5 N A L1 1| T |
0 1 2 3 4 5 6 0
Ag¢

C

* Angular decorrelation directly probes QGP scattering
» Signal strongest at low pr
* \ery challenging measurement:

need good purity, efficiency and n coverage
— heavy-ion measurement only possible with ALICE 3

ALICE

ALICE 3 projection: DD correlations
><|1 Ol_3l | | I I I I | I | I | | | | I I I | | | I I I I I | I I
— | ALICE 3 Study, L., = 35 nb" —
£t o quenching PYTHIA 8.2, /s,y = 5.5 TeV, 0-100% central -
T Full thermalisation 00 . _ ]
~ D"-D" azimuthal correlations, bkg-subtracted ]
- o2 >4 GeVic,2<p° <4,y | <4 —
- Do T T D .
- D° -
- 2<py <4GeV/c ; +++ .
-~ _ + + i + + = - + B
—T ot 1 =
-t ]
~ Correl. unc. = 1.8e-04 (indep. c-cbar contrib.) 7
- Unc. NS width + 18.0%, AS width + 3.8% -
= Unc. NS yield + 19.3%, AS yield + 3.4% -
B I | | | I | | I | | | | I 1 | | | I | | | | I | | ]
1 0 1 2 3 4
Ao (rad)
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A Large lon Collider Experiment

Heavy-flavour transport: DD azimuthal correlations ALICE

Charm azimuthal correlations

Icoll, K=15 |1 _I4; GeV ——
1 L coll+rad, K = 0.8 [4—10] GeV === -
§ 10 — 20] GeV ==== —
10_1 | — 3—-& f -
- .
< _
T 10-2 cc, 0 — 20% _
3 = -
Z /N ()
© 10_3 = V4 ot \\ -
SN NN
_4 // | W \ \\
10 = // | | \ \ =
// / I’ l' ‘\\\ \ \
10-5 N A L1 1| T |
0 1 2 3 4 5 6
Ag¢

* Angular decorrelation directly probes QGP scattering

» Signal strongest at low pr

* \ery challenging measurement:

need good purity, efficiency and n coverage
— heavy-ion measurement only possible with ALICE 3
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ALICE 3 projection: DD correlations
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60— L | ALICE 3 Study, L, =35 nb —]
- E°"qt:e”°h'l’,’g t_ PYTHIA 8.2, Sy = 5.5 TeV, 0-100% central s
50 ~ o nermatsaton D°-D° azimuthal correlations, bkg-subtracted ]
- . p%" >4 GeV/c, 2 <p” <4,y | <4 .
10 - p? >4 GeV/ce 1 N
[ DO _
= 2<pP <4GeV/ce ; +++ .
801 it B TN T
_ + + + ] + + + e 9 + ) |
20— + . 3
s .
10 ~ Correl. unc. = 1.8e-04 (indep. c-cbar contrib.) 7
- Unc. NS width + 18.0%, AS width + 3.8% =
n Unc. NS yield + 19.3%, AS yield + 3.4% -
B I | | I | | | | I | | | | I | | | | I | | | | I | | i
0 —1 0 1 2 3 4
.. Ag(rad)
ALICE Run 3 + 4 projection
A~ x|1 O[_3| | | | | | I I I [ I ! I ! I | I | I | I
w120 Expected ALICE 2 performance, L, = 13 nb”
g PYTHIA.2, {5 = 5.5 TeV, 0-100% central

D°-D° azimuthal correlations, bkg-subtracted

o [ 100 e —
% <9]- - P’ 4 GeVic,2<pP <4,y | <0.8 B
g B N
S|° 8o 1 -
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A Large lon Collider Experiment

Heavy flavour transport: elliptic flow vz ALICE
o el Charm and beauty v2 (via non-prompt D mesons)  Impact of hadronisation (recombination)
>N T T T T I T T T T ‘ T T T T | OI T T T >(\l 0.35__ | | | | | I 11 I | | __ o
0.4 | Pb-Pb @5.02 TeV, 30-50%, |y|<1.0, D i - ——PHSD - - PHSDworecomb. 3 T
I non-prompt prompt _ 0-305‘ —— POWLANG --- POWLANG w/o recomb. g
i —— |LGR —=— ALICE Data | 0.25;— —— DAB-MOD - = DAB-MOD w/o recomb. E ’g
I —— CMS Data 0.20f 1B
0.2 |- — -~ LGR a 0.15f IR
| [ JCUJET3 0 10; i _+__§
) 0.05F | E
Interactions with the plasma L 0.00f 3
generate azimuthal anisotropy vo: 0o - 7 a _0.05F- Centrality 30-50% 3
: y| < 0.8
d_N(x 1+2V2 COSZ(w_l//) L : : : | ' - ' ' | . L : ' | L . ' ' [ —010-_ I I I N I 1 1 —
dag 5 10 15 20 1 2 3 4 5678910 20 30
Eur, Phys. J. C 80:1113 p. (GeV/c) p. (GeV/c)

relaxation time: 7, = (m,/T) D

Heavy quarks: access to quark transport at hadron level
 EXxpect beauty thermalisation slower than charm — smaller vz

 Need baryons and mesons to disentangle hadronisation effects: interplay with
Ilght quarkS QGP: Hadronisation

quark transport
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A Large lon Collider Experiment

Heavy flavour transport: elliptic flow vz ALICE

Non-central Charm and beauty v (via non-prompt D mesons)

collision No V2 performance
>N — 1t T 1 r T T T T T T T T ] ol T 0.3 [ [ » [ [
0.4 | Pb-Pb @5.02 TeV, 30-50%, |y|<1.0, D B ALICE 3 Study L; = 35 nb
i non-prompt prompt i P(t;Pb 'Sy = 5.5 TeV 30-50%
_ — LGR —=— ALICE Data_ Ap = A (Ag — pKr'), lyl<1.44
—— CMS Data | «~ 02~ = ALICE3 -
: 12 ITS3, L., =10 nb”
02 I — - LGR g TS2, L. = 10 nb"
| ] CUJET3 £ =
N 1 0
© -
i 0.1 % — T _
i i ) i
Interactions with the plasma n———— + —e—
generate azimuthal anisotropy vo: 0 - T - . * + +
dN [T | | | | | | | | | | | | | | | | | | | O I I I I I
¢ p_ (A,) (GeV/c)
Eur. Phys. J. C 80:1113 p. (GeV/c) T

relaxation time: 7, = (m,/T) D

Heavy quarks: access to quark transport at hadron level
 EXxpect beauty thermalisation slower than charm — smaller vz

 Need baryons and mesons to disentangle hadronisation effects: interplay with
Ilght quarkS QGP: Hadronisation

quark transport
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A Large lon Collider Experiment

Hadron formation: multi-HF hadrons ALICE
= 107
10 Pb-Pb VSNN=5.02 TeV 0-10%
 Multi-charm baryons: unique probe of hadron formation C‘E 1 t <
* Statistical hadronisation model: very large enhancement in AA ‘\"10—1 =
» Specific relation between yields: g” for n-charm states 5‘10—2 Run 5 &6
10
° I P 2
How is thermalisation approached microscopically S 104 Qccc
 Measure multiple states to probe dynamics of thermalisation 107° Run 3 & 4 N 3x charm
and hadronisation 10‘: ¢t 2% charm
10° — u,d,s only particles
10-8 — ¢ = 1 particles 1x charm
1 O—g —— ¢ = 2 particles ..
1 0-10 — ¢ = 3 particles
107" —
Single and double-charm baryons: Ac, =c, =cc, Qcc 10—:2 IO, Tor=100.0 WMoY -
- - +
Multi-flavour mesons: Bg, Ds, B, ... ::8_1 4 do /dy O 532 0096 mb llllllllllllllllll
Tightly/weakly bound states J/y, y,.,(3872), T 1.5 2 2 5 3 3 5 4 4 5 5 5. 5 6
Large mass light flavour particles: nuclei Mass (GeV)
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Multi-charm baryons

New technique: strangeness tracking
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Hybr|d Simulation

~ Pythia pp Vs = 14 TeV + GEANT3
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f ALICE 3 Study

- Pb-Pb 0-10% PYTHIA

20< P (GeVic) <15.0 ]

2.0 Tesla mag. field —

35 nb’' Pb-Pb datataking N
Particle + antiparticle

— p—

} i
* >20GeV/c_:
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Pointing of = baryon provides high selectivity

ALICE
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Multi-charm baryons ALICE

New technique: strangeness tracking = oo SHM (Andronic et al, JHEP 2021, 35)
. mmmmm- pQCD SPS (Chen et al, JHEP 2011, 144)
1 W - Impact parameter of = cimm - pQCD SPS (Phys. Rev. D 57, 4385)

’ \\ )\ R . ) :E5 - AIL|ICé é S.tuld); (LalyO.Ut.V‘;) L ’-C\.) 5 L I I L | I I L | I I L |
| T E L " Hybrid Simulation -] < 1077 g — 3
71 S °[ Pythiapp Vs =14 TeV + GEANT3 =7 Ry - o0 = =
. \ \\_ '0 ] E) Ia-’f_p Primary ° : Z‘ >\ L ‘—q} _____ @'——_@_@ QCC _
S \ S - ! / B Ee ' (ct~137 um) ©| O 1 0—3 U T =Y L & ce —
| S ) y % B (com77ym) Primary (to reject) : ~ § C? ________ GP‘ §
u 'o. ] g 1= From multi-charm - §<\ _ (? _
. . N E : Zv>~1 0 = e Qc:c:c: E
u § I e R g
i ™ ) i e i I PR e e e _5 - —]
] ‘ i 0200 ~100 0 100 200 10 = =
N 1 &~ DCA to PV (um) ™ - -
A e S E
B\ - E E 20<p_(GeVic)<15.0 N E E
Tl:+ ﬂ:+ % 1600 :_ *} 35 ::)‘ ;:?rbﬁ?;z:‘:n:g _: B . —t+ ]
P o 1400l Particle + antiparticle k 10—7 — —o— EStImated =ce ALICE 3 —
S _ : | : 5 ---- —o— Estimated Q.. ALICE 3 E
(I)ZIAIfé 12001~ b pr>2.0GeV/e N ]

‘°°°'5‘Ph‘lWhWH*WWW Nw WH*W/WMW 10—8 Ll | Lol | Lol | R EEE

x (cm) 8092“'55“54“55“55“57“*‘58"“39;“'4““41'“1 1 10 10° 10°
. mass (GeV/c?) N
Pointing of = baryon provides high selectivity < Paﬂ)
ot + N N Large enhancements: unique sensitivity to
2., — 2. T xt =, > 2+ 2T thermalisation and hadronisation dynamics

ALICE 3: unique experimental access in Pb-Pb collisions
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Net-baryon fluctuations ALICE

Projection for 6th cumulant

Baryon ID coverage Second cumulant vs n coverage olie b ) S
%x10° ele Ff —e— Simulation: CF -
> 19f S o P A A 212 o [ preqetion:CF - —
éo_ : —— ALICE 3, Barrel+Forward, ~52% of full acc. : CI)_ Ii- 12 - ALICE, PLB 807 (2020) 135564 - E E
gl — ALICE 3, Barrel, ~25% of full acc. | | a - [ ] Systematic uncertainty - 1 - B
I — ALICE 1-2, ~4.5% of full acc. ] SR IR | = —e— ALICE Data, 2.76 TeV — = .
i | - —o— HIWING, 2.76 TeV - o | + ______ ++—_
B u 1 v E‘E‘BH ...E E E
6 — - . -1 f =
- : 09F — - o ¢ -
4: : 0.8 = 2E E
ol - 0.6 F- - 4 -
i 1 0.5 = S| B E
i ] — - O = o
- s = | | | IR | 1 | = S L —
0 %1 2 3 4 5 6 7 8 5 sF o -
M AT] 2 i— """""""""""""""""""""""""""""""""""""""""""""""""""" T — —i
P E

ALICE 3: much larger Second cumulant probes baryon R T

- : - Pb-Pb
baryon ID coverage number conservation — ‘correlation distance’ events

in pr and n Higher cumulants: sensitive to

baryon number susceptibility
and critical behaviour

40 observation in reach with ALICE 3
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Quarkonia and y,.(3872) ALICE

pp significance Pb-Pb significance
= 10° = 10°E pp significance
S F ALICES projection, with IRIS, no PID, pp Vs =14 TeV | &  F ALICES projection, with IRIS, no PID, PbPb \s,, = 5.52 108
% i Pythia 8, monash tune, L =18.0 fbo™ % i SHMC_2021, L = 35.0 nb” Elé F | ,_1
2 95 %~ Jw v, lyl <1.44, BR=1.63% 2 2. % Iy, lyl <1.44,BR=1.63% S ALICES Study, pp Vs =14 TeV, 18 b
> F S E = v (3872) — Jhp+n'w, lyl < 1.44, BR = 0.24%
.U_) - U_) B E 102 | c1 |
i - Ro
- B ) o ' ¢ ]
10 4|_'_'_| 10E
10° 1 ! ]
: - 'f xq(3872) - Jly+nwm s
i Xe = Jly+y i X. = Jlw+y : :
10° 107 i N S T
: - 1070 5 10 15
i - p. (GeV/ce)
[ 11| | I | [ 11| | [ 11| | [ 11| | [ 11| | [ 11| | [ 11| | [ 11| | I 10—2 I I | I I | I I | I I | I I | I I | I I | I I | I I | I I
o 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10 :
P (GeV/c) p_ (GeV/c) ALICE 3 )(Cl(B 872)

| | o ) down to low prtin pp
Goal: understand formation and dissociation of cc states

ALICE 3 muon ID and ECal enable measurement of y. in Pb-Pb collisions
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Hard probes: y-jet

Recoil /4 Recoil /y5
2 e o . . 2 -

- anti-k;, R=0.4  y4jet: p. [19, 40] GeV, Ad(y, jet) >m/2 - anti-k, R=0.4 et p_ [83, 1e+02] GeV, Aj(y, jet) >m/2
185 1 ALICE 2, 1771<0.67, 17*1<0.7 1.8/ ] ALICE 2, 171 < 0.67, 17®1 < 0.7 '
161 ® ALICE3, Inl1<18,I71<36 s 6F ® ALICE3, In1< 16,17 <3.6

— 4 -

1.4 —{4— 1.4
1.2 :_ : [ 1 : ' ' '

: . 1 [ z [ : ) ) ) )

1 E—. ----- .-l}_'. ----- @@ @t I. ..... k _(:"!—{ - _._C#T --------- 1 __’ _____ ’_" _____ & .. _____ & ’¢‘,‘+ _____ +...+‘ ______
0.8 ' | 0.8 |

= | _— A |
0.6 ks 0.6—
0.4 h+jet: p[20, 50] GeV, 1A¢(h, jet) - l < 0.6 04 =

- I ALICE 1,11 <0.9, 17*<0.7 -
0.2 - ot -

- . ALICE 3, 7' < 1.6, 1771 < 3.6 0.2

- 1 1 1 1 L ' B

2 . 1 1 1 1 1 1 1 1
10p$h jet (GeV) 10;ch. jet (GeV)
i

y-jet, h-jet recoil jet measurements crucial for unbiased study of jet quenching

 ALICE 3 acceptance, full coverage EMCal, rate capabilities dramatically improve precision
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Heavy-ion collisions as a laboratory for hadron physics

T dlscovery

ALICE

DD* momentum correlation
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- . . " 1" essbaszsennsas f - 0-10% Pb-Pb =35nb™" -
F oy i ﬁ j - #ﬁ#ﬂ* % % H%% H# i _a; P - E
O G . — . | . BN L .
| | | | | I | | | D - 1_0 :
3.87 3.88 389 3.9 4x10™" f - -
MO0+ [Ge\// 62] 3x10~" ] 0.5 E_ _E
LHCb’ Nat PhyS 18 (2022) 7’ 751 2X10_ L1 |O| 1| L1 |O|2| L1 |O|3| L1 |O|4| L1 |O 5 O_ ' O|1 ' ' O|2 ' ' 0_3
| | | k* (GeVi/c) k* (GeV/c)
Several exotic heavy flavour states identified DD+ nature of T, D'D™. nature of y.,(3872)
* Loosely bound meson molecule or tightly bound tetraquark?
T : L e : : Bound states produce specific pattern vs system size
Study binding potential with final state interactions P P P y
‘femtoscopic correlations’
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Other physics topics

ALICE

i:?sa, 10% dN/dy for p’-> m*m*nc in Pb + Pb collisions at VSyy=5.8 TeV g
-% F10-
w — E
ALICE3 acceptance :Y—’Y + inv
1025— J
 Resonance production in Ultra-peripheral
collisions |
107"=
e ALP search in yy o
. | K 3 T8 PR 1—3 1[-16' a2 0 > —e‘tl | ltlsl I o iza:n-dumpw‘ | |1 | .‘....1.|0 | 1(|)2 | 1(|)3
 Production of nuclei in A, —~ He decays e
. 10T T T T T ) e e e T e T T
e Search for charm-nuclei X | ALICE upgrade projection o0 o 1 & [ AllGE 3oty :
: i:’ 10_3';“ PP, E =14 TeV ggg = 8 : Layout v1, Inl < 1.44 |
® U |tra_SOf-t phOtons: LOW S theo rem T 10_4; 3 < pT <4 GeV/c ALICE3 PYTH.IA 8.2 Angantyr, Pb-Pb m=5.52 TeV
°L<.f ? 103 E_ —_— i:'?r:zlry background :‘ _E
% 107 = B Correlated background :.‘%%‘ i
- | S/B =041 :ﬁ* W
-6 N i
10 . . I . Significance = 51.2 Tm:j”ﬂ“ ‘{ & ‘p @‘
10_7 E_ ......................................................................... 102 - " :l"- | \ anti-triton anti- hyper triton c-deuteron
85 |ﬂlh{}f:f:une e - : .'.:"& { | lﬂ
10°g —— A -tune /5. M
E e Aqtune / 17 ... HERWIG7 W 4 | | | N| ||||} HH |||m|}||||||||1||||‘|||1||||||‘||| ||||| | "”%
0o R S ’H W MWWW “‘“H Lk
IS S g L
See ALICE 3 Lol for details: CERN-LHCC-2022-009 L 0 100 100 100 2829 3 a1 52 63 34 35 3§ 57
Ly (Pb7) Invariant mass (GeV/c?)
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R&D: tracking sensor design

* Key technology: CMOS monolithic active pixels (MAPS)
 Affordable, high-precision sensors with very low noise
 Experience with ITS2: 180 nm Tower-Semi technology
 R&D for ITS3: 65 nm technology
e Large area stitched sensors

 Improved radiation hardness (modified process)

ITS2, 3 development are the starting point
for ALICE 3 tracker sensors

Threshold distribution (1024 pixels)

175 - — l;:gn 123.8
L
150 A o:
- 125 4
V)
1 1 1 ITS3 wip
Tests with irradiated sensors show ¢ .. o
- - - z v2'r2103n6 X
Improved radiation tolerance % e ot
¥ o
30 - lsp = SO nA
Veasn =250 mV
Veash = 300 mV
25 1 Vowell = Vsub = —
0 L) L) Ll
0 50 100 150 200 250

Threshold (e ™)

65 nm test structure
NWELL NMOS PMOS . - = - :
DIODE TRANSISTOR TRANSISTOR
(&)
L PWELL J l J L PWELL NWELL
‘\‘\‘1;‘ DEEP PWELL
'.: \\ NN AN \\‘e e--.r ; -
L w/n L
| PP e “
e o3 ] .

Epitaxial Layer P- DU Lo

DPTS test paper arXiv:2212.08621

Handling of stitched sensors
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Vertex detector: mechanics ALICE

Mechanical models

cold plate
for active cooling

/

Case:
secondary vacuum

Y

3 sensor layers
+ small discs

Outgassing at 10-6 mbar

1.00E-05

—

Material outgassing studies for
secondary vacuum

e pressure vs time
* residual gas composition

1.00E-06 NASA_Epoxy
——FPC
—6_Si_Al
——C_Fleese
Optical_Fiber
Carbon_HD
Carbon_LD

re [mbar]

Pressu

1.00E-07

C_Substrate

1 l ——Vacuum

1.00E-08

ALICE Future | ALICE US open meeting | Yale University, 31 May | MvL 25



A Large lon Collider Experiment

Outer tracker R&D: module production ALICE

Commercial general purpose die Chip holder Chip gripper Marker scan
attach machine \ | i

S

Position reproducible
with 5 ym level accuracy

Large area: automated industrial production of multi-chip modules

First tests with dummy modules in collaboration with industry
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Particle identification

« TOF and RICH provide hadron and electron identification
 Complementary prt ranges

* Electron ID up to pt = 1.5 GeV/c: thermal dilepton production measurements

 Kaon and proton PID up to 6-10 GeV/c: HF measurement

e Muon ID: measurements of J/y down to pr =0, X.» €xotic states

« EMCal for photon ID: ALPs, ., jets

pr(GeV/c)

pr(GeV/c)

e/l
7 ITOF
10°; (Z2 oTOF
: = RICH n = 1.006
........ 3 RICHn = 1.03
[0 [ SOAAAAAAAAAAARRAR A,
10-1 P OSSN NSNS TR
102 ,
0 1 2 3 4
n
n/K 0
. iTOF
L 771 oTOF
DORLIRLRLE O ~. =3 RICH n = 1.006
S 5 RICH n o= 1.03
. N/ /// :
E 77777777 7.7 ///////
102 | ,
4

2 3
n
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R&D for timing sensors

| GAD SiPM + Cherenkov layer CMOS pixel with gain
100
15 pm 20 pm 90-

’\120 ’\70 80 1 Gain layer
810 e Double 15 ym a e Double 20 pm Y
<100 e Single 15 um Back g60 i ¢ Single 20 um Back 2 70 n-epi : nwell | puel
5 Single 15 pm Front = + Single 20 um Front S deep
59 , 5 [ S 607 prel
&£ 80 % 250 =S 50+
.qé 70 l L .qé + TN % § 40 1 High Resistivity Si
" 60 } N B : Fig £ 30-

2 I I N . 101

3 20 P ;
20 0 ' ' ' - : :
1 2 3 4 5 6 7 8 =9
10 n fired SPADs
105 115 125 135 145 155 _
V (V) F Carnesecchi, et al EPJ Plus 138, 788 (2023)

Angle dependence

Signal_threshold =0.4 V | efficiency = 100%

= 60
8 28 | 35 pum (145 V) 080 ® SR153x3 ® SR33x3 ~ 4V OV
5 ® 50
o
= _ 45 (1SPAD~ 50 mV)
2 2|0 T 2 a0 Laser measurement
e 55 A 30° = 5 250
......... o &
(]E) . ] = 30 8 i
ST I T A T % 1 > g00f
J .............. + é 20 b E
10 1 SPAD §
0.05Vv i
'S . I I R R R e o]
10 0 50 100 150 200 250 300 350 400 B \\\\1\.'\\
O 10 20 80 40 =50 60 70 &0 Timing_threshold (% 1 SPAD amplitude) 20| T oo mesnued ———
Angle (degreeS) —&— Jitter 10-90 simulations
070 20 % a e e
AV out [mV]

R&D for CMOS sensors ongoing

technol tions:
3 technology options LGAD, SPAD: 20 ps resolution demonstrated/in reach (sensor only)
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Ring Imaging Cherenkov R&D

Reflection

Cluster

Reflection

/

Charged tracl\

RICH [ ]

radiator

Expansion
gap

11 SiPM

layer

Charged T

particle

Cherenkov S

photons

Test beams:

-  Performance verified

X 7
~

—

//
yiia

SiPMs

Radiator

O
()
(3))

Gas

Ring angle [rad]

0.15

0.10—{

0.05-

1T T 1

ll]llllll

Simulated performance (Pb-Pb)

1111111111111111111111111111111111111111
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Momentum [GeV/c]

Principle: aerogel + proximity focusing
SiPM/SPAD integrated readout

- Characterisation of aerogels and SiPMs ongoing

R&D option: combined TOF and RICH readout with SiPMs (SPADs)

102

10

S13361-3075
With 1 mm of SiO2

Number of Entries/1.0 mrad
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ALICE

Scintillator trigger box

X-Y fiber tracker box

Testbeam performance
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R&D for Muon Identifier

Test beam June 2023

P s 7
,,.; 3 -

o mem owm owm omle owmm E m B = o o o om om om w SRRRR

JINST 19 (2024) 04, T04006

R R B B B I Bl e — B o o o

Efficiency vs distance along bar

- :
ima_r'----------------v-—_

S :

D 90— =

O ¢ )

Muon identifier: absorber followed by muon stations 0 of E
 Base line technology: Scintillator bars, SIPM readout W Hadrons at 6 GeV/e E
. . i ¢ FNAL-NICADD bar N

* Alternative technologies: MWPC, RPC Ny o E1.208 bar E
* Muon identification down to pr = 1.5 GeV/c : | | | | :
Sy %040 0 80 100

Distance to SiPM [cm
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Scoping document: schedule and cost profile ALICE

ALICE 3 time time

2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 |

Run 3 LS3 Run 4 LS4
Q102Q3Q4Q1Q2Q3Q4‘Q1Q2Q3Q4Q102Q3Q4Q102Q3Q4Q1Q2Q3Q4Q1Q2Q3Q4Q102Q3Q4Q1Q2Q3Q4}Q1Q2Q3Q4Q1Q2Q3Q4 Qi Q2 Q3 Q4

Scoping Selection of
ALICE 3 | Document,| technologies, R&D,
WG@Gs kickoff| concept prototypes

Yearly spending profile per subsystem (CORE)

Contingency and

precommissioning
15 * ITVD

W ITML

On-surface

Magnet Design, R&D Contingency commissioning ® ot
. On-surface —
i B TOF
IT Design Integration Contingency commissioning (T
I ® RICH
oT Design Contingency Integr. Commiss. @)
= A ECAL
TOF Design & Prototyping Integration Contingency On-surface T:
commissioning = ® FCT
o
RICH Design & Prototyping Contingency Integr. Commiss. 2~ ¢ MID
C:” B SC Magnet
ECal Design Contingenc Integration o
. Sy . 'g @ Infrastructure
. . . On-surface N
MID Design & Prototyping Contingency commissioning 8 Data Proc.
; . On-surface n ¢ FD
FCT Design Integration Contingency commissioning

FD Contingency Integr. Commiss.

2034

Preparation of ‘scoping document’ ongoing — draft reviewed internally
 Design considerations, R&D roadmap, preliminary view of planning, cost and resources
 First TDRs planned by end of 2026
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ALICE 3 scoping: cost ALICE
Lol cost table
System Technology Cost
(MCHF)
Tracker MAPS 30.5
TOF Monolithic timing sensors (integrated gain 14.8
More detailed cost projections in preparation layer)
(De)SCOplng Scenarios. RICH Aerogel and monolithic SiPMs 20.9
 Without ECal: - 25 MCHF
B—1T - 5 MCHF ECal Pb-Sci sampling and PbWO4 17.0
o — -
B ' Muon ID Steel absorber, scintillator bars, SiPMs 7.0
Impact on physics programme presented in FCT
Scoping document MAPS (solenoid and separate dipole for FCT) 5.3
Magnets Superconducting solenoid + FCT magnet 25.0
Computing Data acquisition and processing 6.0
Common items Beampipe, infrastructure, engineering 15.0
Total 141.4
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ALICE future plans — summary ALICE

og;\
f\«é{? N o;\ﬁ:,
6{? Y @é 8?\0/? @g Oé o P~ >
Clear path for future upgrades of ALICE FREF0655 oo dsddd

LS3 — smaller upgrades P 134 @ . :?3 8o : o
- ITS3: improve pointing resolution, reduce material budget e eessedes
 FoCal: new capability for forward photons, 119, jets § e
oy 13 080008
ALICE 3 in LS 4: Unique pointing resolution and extensive PID to unlock - ea 1 v h b £ 5
* High-precision measurements of thermal radiation, chiral symmetry restoration oo NEL 33 r S
* Unique access to multi-charm baryon production — chemical equilibrium and moec 13 T
coalescence L e o IXXETYL
* Unique precision in heavy-flavour transport — approach to equlibrium Laaseam : eceee § °e
» Unique access to interactions between charm mesons — nature of exotic 313 1
saonoucoe. 3 7 M

Develop detector technologies of the future
* High-performance CMOS MAPs for tracking

* |Integrated TOF sensors

* Next-generation photon sensors

. Must happen or main physics goals cannot be met i Important to meet several physics goals Desirab® to enhance physics reach £ R&D needs being met

ECFA detector R&D Roadmap

ALICE 3 and LHCDb lIb R&D well aligned
with EIC, ILC, FCC-ee needs
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ALICE future plans — summary

Clear path for future upgrades of ALICE

LS3 — smaller upgrades

ITS3: improve pointing resolution, reduce material budget
FoCal: new capability for forward photons, 19, jets

ALICE 3 in LS 4: Unique pointing resolution and extensive PID to unlock

High-precision measurements of thermal radiation, chiral symmetry restoration

Unique access to multi-charm baryon production — chemical equilibrium and
coalescence

Unique precision in heavy-flavour transport — approach to equlibrium

Unigue access to interactions between charm mesons — nature of exotic
states

Develop detector technologies of the future

High-performance CMOS MAPs for tracking
Integrated TOF sensors
Next-generation photon sensors

Let’s build this program together!

Vertex
detector?

Tracker®

Calorimeter®

Time of flight”

ECFA detector R&D Roadmap

Position precision

Low X/X,

Low power

High rates

Large area wafers™
Ultrafast timing?)
Radiation tolerance NIEL
Radiation tolerance TID
Position precision

Low X/X,

Low power

High rates

Large area wafers®
Ultrafast timing®
Radiation tolerance NIEL
Radiation tolerance TID
Position precision

Low XX,

Low power

High rates

Large area wafers®
Ultrafast timing®
Radiation tolerance NIEL
Radiation tolerance TID
Position precision

Low X/X,

Low power

High rates

Large area wafers™
Ultrafast timing?
Radiation tolerance NIEL
Radiation tolerance TID

3134
3134

3.2
33
33

3134
3134
3134
3134
3134

3.2
33
33

. Must happen or main physics goals cannot be met i Important to meet several physics goals

" 2040-2045

>2045

ALICE 3 and LHCDb lIb R&D well aligned
with EIC, ILC, FCC-ee needs

Desirab® to enhance physics reach £ R&D needs being met
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Parton interactions in the medium: Collisional + radiative ALICE

Different formulations exist in literature — use this as an example

Y. Xu et al, PRC 97, 014907
dﬁ R — —
‘Improved Langevin model’; — = —1D (p)p - f —+ fg-

t/ N

Drag Thermal force Radiative loss

(fluctuations

often not used/present
( P are modelled as well)

in light flavour models)
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Parton interactions in the medium: Collisional + radiative ALICE

Different formulations exist in literature — use this as an example

Y. Xu et al, PRC 97, 014907

‘Improved Langevin model’; _t = —1ND (p)ﬁ—l— f + g
Drag Thermal force Radiative loss
(often not used/present (fluctuations
in light flavour models) are modelled as well
d _
7 (p) = —np (P) , Drag
Te) : 1 d 2\ —
Transport coefticients: 2 dt <(APT) > = KT,  Transverse and longitudinal
2 ((Ap,)?) = kL. momentum diffusion
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Parton interactions in the medium: Collisional + radiative ALICE

Different formulations exist in literature — use this as an example

Y. Xu et al, PRC 97, 014907

‘Improved Langevin model’; _t = —1ND (p)ﬁ—l— f + g
Drag Thermal force Radiative loss
(often not used/present (fluctuations
in light flavour models) are modelled as well
d _
7 (p) = —np (P) , Drag
Te) : 1 d 2\ —
Transport coefticients: 2 dt <(APT) > = KT,  Transverse and longitudinal
2 ((Ap,)?) = kL. momentum diffusion

Over time: approach thermalisation
‘limiting behaviour’
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Mass and momentum dependence of transport coefficients

Heavy quark spatial N
diffusion coefficient Ds (r") =6 D;1

Mass independent, imitp = 0

Other key quantities do depend on mass:

Relaxation time 7p = (mQ/ ') D,
I
mQ DS

Drag coefficient 7 =

= Beauty thermalises more slowly than charm

Beauty vs charm: important handle on understanding phenomenology

— PHSD Catania-QPM LBT ——  Duke
—— Catania-pQCD ———  Nantes-1d5 LBT (col) -===Duke (col)
0.10 - 2.0 0.5
0.08 - T=0.3 GeV _ T=0.3 GeV 0.4 - T=0.3 GeV
< 0.06-
O,
a 0.04 -
I~

0.10+

0.08
< 0.061
20.04]
-

0.02 +

0.00 -

0.2 0.3 0.4 ' 0.2 0.3 0.4 ' 0.2 0.3 0.4
T [GeV] T [GeV] T [GeV]

Rapp et al, arXiv:1803.03824
Xu, Y and Bass, S er at, PRC 99, 1, 014902
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Elliptic flow of charm beauty quarks: impact of mass ALICE
J/1Y and T elliptic flow Open charm, beauty elliptic flow
V| —— B [ T T ]
> ALICEPb-Pb \|s,=5.02TeV 5-60% 1 o B B
02:_ 25 < y<d S ’ _: g %OL} ALICE V| < 0.8 _ %
- = Inclusive J/ 7 .CiDU ; - 30-50% Pb-PDb, \/?MI =5.02 TeV - %
0.15- 1(15) - 2 o’ 93 * Non-promptD° 1B
- - Y(1S), TAMU model 1 &% " o Prompt D°, D*, D** average 17
o Y(1S), BBJS model - ; > [ (PLB813(2021) 136054) -
L i | g 0.2 Syst. from data ]
i [+] : i _$:BE-BFI- & Syst. from B feed-down _
0.05- — I ]
; o : 0.1~ 197 J%& = ]
O_ = ‘ Tyttt | _ ] N _: i It 1T Hﬁ_ﬁﬁ@ 1
-0.05- — 0.0p ]
I I I I | I I | I I | I I I | —
2 4 6 8 10 1 —- '1'0
p_ (GeV/c) p_ (GeV/c)
Quarkonia: flow generated by quark flow and coalescence Non-prompt D mesons (open beauty)
Charmonia: large elliptic flow — Bottomonia: compatible with no flow show smaller vo

Beauty quarks flow less than charm quarks: larger mass, smaller kicks
Impact of hadronisation, light quark flow, to be further understood
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ITS3 performance example: =c - p, K, 1

,// K_
ﬂ:?/ Primary
vertex
o |ITS3 will largely improve the reconstruction capabilities of the =¢ o
q) B | | | | | | | I | | | | | | | | | | I | | | | | _
O - —
e |Lifetime: ct = 135 Uum § oo ALICE Upgrade Projection = - pKnt C
_ S e F  0-100%, Pb-Pb, {5 = 5.5 TeV ITS 3 -
(@) - —
* spatial resolution is key 380F L= 10n" =
% 703_ [ | Uncertainty from signal and background estimation _:
S 701 . . . .
ALICE-PUBLIC-2023-002 2‘ - Uncertainty related to branching ratio .
LLJ —  BR uncertainty =
S i L N 60— _LHCh: arxiv:2007.12096v1 [hep-ex] —
— . . — - Belle: Phys. Rev. D 100, 031101 (2019) _
8 - ALICE_ Simulation - 50— - Fu-Sheng Yu et al 2018 Chinese Phys. C 42 051001 —
S | = — pKr®, and charge conj. . - —
o _ , - —
— —0 S sl Pb-Pb, 0-100%, {5, = 5.5 TeV, |y| < 0.5 B - -
AT gr. =2 g 0.08¢ NN ] 40 ¢ BR=1.135%
(udc) (usc) (dsc) § I ] = -
A .§ | |TS? G(T:l—squ-)-: "1-6.-87 pm 30— —
o(l153) =8.30 um — ]
*é 2 0.06— —=—ITS3 B = ooF =
S 5 : I ] - N N 7
x 3 | - : . :
& % I i} 10= o —
M = 0.04— 40<p_<6.0(GeVic) — - -
- I R R B B R R I T T I Y B [ |
q) 8_ I | I | | | ]
g_ —
DO . Df 0.02 oo 2 —
(cu)  strangeness (cs) == s H |:| —
enhancement 21 — i ]
0 ) ) 1 ) ) ) 1 ) ) ) 1 ) ) ) 1 ) ) ) 1 ) ) ) 1 )
0015 -001 -0005 0 0005 001 0015 2 4 6 8 10 12 ot
—+\TEC0 —+,0en p_(GeV/c)
L(—c)x - L(—c)x (cm) v
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ITS3 performance: non-prompt Dst

—A
o
o

- Centrallty 0-10%
10*Lin = 10 b
- 1<p_<2GeV/c

Counts per 2 um

lllll IllllIIIIIITIIT[TTITIIIIIIIIIIIIIII
- ALICE Upgrade Projection

_ Pb-Pb, \s,,,=5.5TeV o Simulated data
..... Prompt D;

-- Feed-down D
— - Background
— Total fit function

P11l

1

lllllll

Centrallty 0 10%
L. =10nb"
- P p_<2GeV/c

S I D | I | L ] LI
ALICE Upgrade Projection .

~ Pb-Pb, \s,,,=5.5TeV o Simulated data -

IT]ITITIIIIIIIIIII lllll

----- Prompt D_

-- Feed-down D
— - Background :
— Total fit function

10°E ----------- ER3 '''''''''''' E
« The much better tracking resolution of ITS3 R s R SO AT T
. . . —1 50 -100 -50 O 50 100 150 ~1 50 -100 —50 0 50 100 150
allows a much cleaner identification of the &Y (um) Y (um)
different templates g 107 — -
= L .
. . . . (4] - -
 Machine learning allows to select a high fraction 2 - :
- — _]
of non-prompt Ds* even with ITS2 @ : —_— .
- = i —
 However, with ITS2 one then pays a prize In = — e
: . o . . 10° — g
significance while this does not happen for ITS3 — :
B ITS2 ML selecion ~ —@— ITS3 ML selection |
i —+=— |TS2 Linear selection = —#— |TS3 Linear selection :
! ! ! T T l 1 L1 o i
1 2 3 4 5 6 7 8 9 10
P (GeV/e)
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Magnet design

Superconducting solenoid B = 2T

R=1.8m, L=7.5m

Superconducting cable options being explored:

* Nb-Ti

e Al co-extruded cable not commercially available anymore; R&D at CERN

to re-establish production

* Cu stabilised cable being produced for EPIC@QEIC

e MgB:>

« Commercially available (e.g. ASG - former Ansaldo), R&D needed for
experiment magnet implementation

\Eﬁeﬁord cable
Aluminum
Nickel-doped pure aluminum, RRR = 600

G A

® Rutherford
c @ cable, 8x1.2
£ 5 <« mmo@Nb-TiCu
® £ strand, 1:1

> . _ :

E v Cu:non-Cu ratio

>

A

15 mm (including insulation)

Fiber Glass
Insulation\

NbTi 16x2=1

20

MgB2

Aluminum wire .
wire
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A Large lon Collider Experiment

Outer tracker R&D: thermal testing

ALICE
Test setup with heater boards

Air cooling: temperature vs distance
 Layout concept for outer tracker: optimise module ol i B
geometry B il B
* Lab tests of cooling: air vs water vs hybrid cooling 0 l E
0 200 400 600 ) [S:Ii ] 1000 1200 1400 1600
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A Large lon Collider Experiment

Overall mechanics, integration, and installation ALICE

Conventional layout:
Strict installation sequence

—

. middle
’\ t tracker layers
outer: disks

outer tracker
layers

Alternative layout
more flexible installation sequence

Overall mechanical concepts being studied: impact on installation sequence

Goal: flexible installation order; ability to install outer detectors last
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A Large lon Collider Experiment

Physics beyond Run 4

* Progress beyond run 3 and 4 relies on
e precision measurements of dileptons

w= evolution of the quark gluon plasma

= mechanisms of
chiral symmetry restoration
In the quark-gluon plasma

 systematic measurements
of (multi-)heavy-flavoured hadrons

_ Hadron momentum distributions, azimuthal anisotropy
> fransport properties

In the quark-gluon plasma Hadron abundances ‘hadrochemistry’

= mechanisms of hadronisation

Hadron correlations, fluctuations
from the quark-gluon plasma

 hadron correlations
w= |nteraction potentials

"= susceptibilty to conserved charges
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