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LAC Program

ALICE

y Pb; y O, OO,
Collision systems pp, pPb, Pb-Pb PP, PP, P

PP, pPb, 5 ,)
Xe-Xe, Pb-Pb pPb, Pb-Pb Pb-Pb PP, PA?, AA pp, pA?, AA

LHC schedule Run 1 Run 2 Run 3 Run 4
2009 - 2013 2015 - 2018 2022 - 2025 2029 - 2032

Pb-Pb luminosity limited by LHC

* improved collimation systems

~1-2:10%" cm? st Run 5 — higher luminosities for ions
Nucleon-nucleon luminosities * mitigate SC effects in SPS & LEIR,
e.g. with lighter species
4000 ™= pp AA 14000
[ Run 4 — HL-LHC
__3000 3000 ~
'_TQ I ' * push pp luminosity to 4-10%* cm2 s1
O o
22000 2000 =
9 , — .
I ~ |Run3— high luminosity for ions (~7x10%” cm2 st) and OO 2
1000 B I 1000
6

== |ifted limitation in the LHC from bound-free pair production
10 == jon luminosities now limited by bunch intensities from injectors
Run




ALICE 3 Timeline

ALICE

_Hl-LHL

2010-2012 2015-2018 2022-2025 2029-2032 2035-2037

m»m»mmmmm»m
ALIGE | o ALIGE Z s ALIGE 3

2023 - 2025: selection of technologies, small-scale proof of concept prototypes (~Z0% of RaD funds)

2026 - 2027. large-scale engineered prototypes (~7a% of RaD funds) => Technical Design Reports
2028 - 2030: construction and testing

2031 - 2032: contingency

2033 - 2034 installation and commissioning

2033 - 2042 physics campaign



Heavy-ion physics at the LHC in Run 3/4
(high T, low p8, large heavy tlavor a jet yields)

eNuclear PDFs
— Ultra-peripheral collisions, pA

o[GP evolution from early phase onwards:
temperature, chiral symmetry restoration, ...
—> precision measurements of dilepton spectra

e [uenching and connection to collectivity in small systems
—> systematic measurements of different collision systems

o [nset of collective behaviour
— high-multiplicity pp collisions, intermediate systems (pA, 00)

e Iransport properties and thermalisation in the OGP
— precision measurements of heavy-flavour probes

o Iransition of partons from the OGP to hadrons
—> charmed baryaons, exatic states

e Many more opportunities
— BaM searches........

ALICE



.. beyond Run 4

@ Early stages: temperature of 1P before hadronisation
o Dilepton and photon production, elliptic flow
o Electric conductivity of the LGP
® Chiral symmetry restoration: p — a, mixing
@ Heavy flavour diffusion and thermalisation in the OGP
- Beauty and charm flow
o Charm hadron correlations
@ Jet quenching with HFQ correlations
@ Hadronization, final state interactions in heavy-ion collisions
o Multi-charm baryons: thermal processes/quark recombination
o Huarkonia and exotic mesons: dissociation and regeneration
@ Structure of exotic hadrons
> Momentum correlations (femtoscopy)
o Production yields — dissociation in final state scattering
o Decay studies in ultra-peripheral collisions
> New nuclear states including charm
@ lltra-soft photons
@ B3M searches: ALPs, dark photans, long-lived particles

ALICE

My topics
for today:

Chiral symmetry
Heavy Flavar
Hadronization |

Forward physics
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be effectively suppressed in ALICE 3

o decays produce correlated background

elarge for m,, = 1GeV/c?
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Time evolution and chiral symmetry

e lnderstand time evolution and mechanisms of chiral symmetry restoration

[CERN-LPCC-2018-07]

—> high-precision measurements of dileptons, also multi-differentially
— further reduced material; excellent heavy-flavour rejection
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e Additional parity partner measurement in strange baryon sector

Invariant mass
spectrum of dielectrons
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=== vacuum p SF
— in med. SF w/ x-mixing

T T T | T T T
ALICE 3 Study
- 0-10% Pb-Pb, VS =5.02 TeV
— TOF+RICH (4o re)), B=05T _ in med. SF w/o y-mixing
g 02< P < 4 GeVIc?, ! <0.8 } L, =56nb" measured
— No bremsstrahlung included Syst. Uncertainties:

DCA, <120 D sig. ( 5%) + bkg. (0.02%
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[ RN

1 IHHII|

. -
_______

Slope
temperature

\J | IHIIHr

[T ll T

31— 250]

Mee (GeV/cZ)
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— control on emission time
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2 ALICE 3 Study
: 3 0-10% Pb-Fj?, ﬁ=5.02 TeV

350 L,,=56nb

300}
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Without p-a1 mixing
— dip in thermal spectrum

— =(1820)/=(1a30) - marginal in Run2, definitive in Run 4++

Dilepton v2

ALICE

— temporal emission profile
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Heavy-flavour transport in OGP

A\: v7 performance
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e Heavy quarks: access to quark transport at hadron level
- Expect beauty thermalisation slower than charm — smaller v7

o Need ALICE 3 performance (pointing resolution, acceptance) for precision
measurement of e.g. Az and Ay vz



AN,z /dA

U-Obar azimuthal correlations

Charm azimuthal correlations

M Nahrgang et al, PRC 90, 024907
10

ALICE

ALICE 3 projection: DD correlations

T T T T T T T T T
ALIICE 3 Study, Lm =35nb"
PYTHIA 8.2, {/s = 5.5 TeV, 0-100% central
D°-D° azimuthal correlations, bkg-subtracted
PP >4 GeVic,2<pP <4, |y | <4

Correl. unc. £ 1.8e-04 (indep. c-char contrib.)
Unc. NS width + 18.0%, AS width + 3.8%

Unc. NS yield + 19.3%, AS yield + 3.4%
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o Angular decorrelation directly probes OGP scattering
- vignal strongest at low pr

e \ery challenging measurement:
need good purity, efficiency and n coverage

— heavy-ion measurement only possible with ALICE 3

1 2 3 4
Ao (rad)


https://arxiv.org/pdf/1305.3823

FHavor dependent hadronization studies at the LHC

Small systems discoveries: significant impact on hadronization modeling ALICE

Non-universality of charm fragmentation Strangeness enhancement as function of centrality
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Baryon/Meson Ratio

Large systems discoveries:
Comparable B/M pattern for all flavors and system sizes (magnitude changes as f(flavor & system size))
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What can ALICE 3 contribute to hadron formation

ALICE
= 10° ~ o
@ Light flavor nuclei QN 1 oA lyl<0.5
@ Multi quark states Ny 10_2
10
@ Multi-charm baryons: unique O 10°3
probe of hadron formation % 107 .
o Require production of 107 G Qceo
: -6
multiple charm quarks 10
. 1 0‘7 u,d,s only particles
- \Very large enhancements in 108 6= 1 particies 4
SHM 10-9 —— ¢ =2 particles 5
o Unique sensitivity to 107"° — c=3particles S
thermalisation and 10’:12 SHM. T <156.5 MeV oo
hadronisation dynamics 107 € Tor=190-9 VI !
1073 | do__ /dy=0.532 + 0.096 mb
o [ 3 S B BT R BT BT BN B BN |
10745 2 25 3 35 4 45 5 55 6
Mass (GeV)

Significant questions to be answered: - ro/e of entanglement in initial/final state, fragmentation/coalescence,
- flavar dependent farmation models in guark and hadronic state,
- probability of hypermatter in high [ and p systems



Count Normalized to Maximum

Multi-charm baryons ALICE

New technique: strangeness tracking
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Ultraperipheral collisions

Most studied UPC final states are simple:
J/psi -> e+e-, p-> w+7-, BtC. but need to see
these charged particles + "Nothing else”

1

Nothing else” requires large angular
acceptance a low pl coverage

Example: distinguish low p; {7 ="} from
higher p; {n*n’}

Almost all UPC channels have | or Z
(depending on process) rapidity gaps

Wide rapidity coverage is

important; charged + neutrals are important

Wider rapidity range -> wider \/SYN energy range

Huge win for complex final states
¢ DODO%ar, b-mesons, 6-prongs etc.
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o
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102

10
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dN/dy for p’-> w*nnt*n in Pb + Pb collisions at VSyy=5.8 TeV
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ALICE3 acceptance

ALICE acceptance

ALICE 3 w. FoCal acceptance
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cing on the cake: a Forward calorimeter (FoCal)

ALICE
3.4<n<5.8 o Hadronic+UPC measurements
FoCal-H FoCal-E >"F
&
8 entral LHC
10 —
Forward region on A-side 1k -
instrumented only by FIT .
Spatial constraints: i | | | | ﬂ:ﬁ]
* Mainly sideways: +60cm e FEE— ' " —
* Length about 1.50m 10 10 10 10 10 10 ;
— ZEUS
3 ——  ZEUS NLO QCD fit Q=10 GeV?
%‘ 0.7 o, (M) =0.118
Letter-of-Intent: CERN-LHCC-2020-009 g ol e
® |low x-measurements in the region of gluon Soﬂg'u% s
domination TN 0
o Wide rapidity coverage is important; charged + i .
neutrals are important uf =

o PID somewhat important .

Momentum fraction x
Valence quarks (p = uud)

x=~1/3 5 +gluons
d +5ea quarks



Saturation and Entanglement (FoCal Physics)

Rees

_ ALICE
Un-Suppressed photon yield (from nNNPDF2.0) Bjorken-x
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UPC Measurements in pPb in the Folal

ALICE
UPC p-Pb \s,,=8.16 TeV, 150 nb™' Bjorken-x
2 3 : 3 -6 :
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ASM - ALP. Dark Matter searches

ALICE

° Limits on axion-like particles

-"'""'\-10-2 | LR | | IIIIII| I I IIIIII| | I IIIIII| I ¥
%4 .
A EALICE upgrade projection 90% CL j
o = pm
F 3<p_<4GeVic ITS3 ; (pP)
T o4k Py ALICE3 ]
=
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1043_E j
10 = PYTHIA8 E
[ —— A,-tune ’
108 —— A, tune /5.6 <
E e Ay-tune / 17 ..o... HERWIG7 : T Beamedomp
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I"int {ph_1) - . . .
 Limits on axion-like particles

(complementary to other exp.)



Detector requirements from observables

Heavy-flavour hadrons (or — 0, wide n range)
vertexing, tracking, hadraon [D

Jets
- tracking, calorimetry, hadron ID
Ultrasoft photons (pT=1-a0 MeV)
dedicated forward detector
Nuclei

- PID of 2>1
Dileptons (o ~0.1 - 3 GeV/ g, My ~0.1- 4 GeV/ )

vertexing, tracking, lepton |D

Photons (100 MeV/c - all GeV/c, wide n range)

electromagnetic calorimetry

Quarkonia and Exotica (or — 0)
muan 10

ALICE



Component

Vertexing

Tracking

Hadron ID

Electron ID

Muon 1D

Electromagnetic
calorimetry

Ultrasoft photon
detection

Observables

dielectrons

Multi-charm baryaons,

Detector requirements

In| < 1.7a (barrel)

Best possible DCA resolution,

ooca = 10 pm at 200 MeV/ ¢

.78 <|n| < 4 (forward)

Best possible DCA resolution,
ooca = 30 pm at 200 MeV/ ¢

Detectors

Retractable silicon pixel tracker:
tracker:
Opos & 2.3 pm, Rin ® 3 mm,

X/Xo = 0.1% for first layer

tedielectrons

Multi-charm baryaons,

opr/ pr~I-2%

Silicon pixel tracker:
Opos & 10 pm, Rout = 80 cm,

X/Xo = 1% / layer

Multi-charm baryons

n/K/p separation
up to a few GeV/z

Time of flight: owr = 20 ps
RICH: aerogel, oe = 1.0 mrad

Dielectrons,
quarkaonia,

Xn1(3872)

pion rejection by [000x
upto~2 -3 GeV/¢

Time of flight: owr = 20 ps
RICH: aerogel, oe = 1.0 mrad
possibly preshower detector

Quarkonia,

XE|(3872)

reconstruction of J/W at rest,

i.e. muons from .o GeV/z

steel absorber: L = 70 cm
muon detectors

Photons, jets

large acceptance

Pb-Sci calorimeter

Xc

high-resolution segment

PbWO; calorimeter

Ultra-soft photons

measurement of photons
inprrange | - 30MeV/z

Forward Conversion Trackeristpbased on
Trackerisgrbased on silicon pixel sensaors

SENSOrs

ALICE 3 overview

W

absorber

n=1.25




The Heart -

50 m? Silicon Pixel Detector inside a 2 T solenoid

ALICE

B0 m? silicon pixel detector

based on CMOS Active Pixel Sensor (APS) technology

* l|arge coverage: +4n

 compact:R , =~ 80cm, 7, ~ illl]l] cm

* high-spatial resolution: o__. = 5um (req. < 10pum)

pos

« very low material budget: X/X; (total) S 10%  ecionccnose

e low power: = 20 mW/cm?

2 x 2 pixel
volume

= build on experience with [TS2 ~ and
ITSS (same CMON process)

Artistic view of a
SEM picture of

Cin = 5 fF

R&D focusses on

o module (O(10 x 10 cm?)) concept based on industry-standard processes for assembly and testing
e services: reduce (eliminate) interdependency between modules (= replacement of single modules)

ALPIDE cross section



Inside the Heart: A Curved Vertexing Tracker

ALICE
Pointing resolution« r, - \/x/X,multiple scattering regime == 10 uym @ pt = 200 MeV/c

Ultimate performance
wafer-size, ultra-thin, curved, CMOS APS sensaor

e omm radial distance from interaction point
(inside beampipe, retractable configuration)

» unprecedented spatial resolution: 6, ~ 2.5 um
» ..and material budget ~ [.1% X,/ layer

ITS3 R&D

R&D focusses on

« wafers-sized, curved sensors (sarfie as for ITS3)

e advanced mechanics and cooling for integration
inside beampipe (rotary petals, matching
beampipe parameters, feed-through for services)




RICH and TOF tor Particle |dentification

ALICE
e/t separation vs n, &
e/n
Refine forward PID detector setup e
Evaluate impact of RICH and TOF separately (scoping) 10° o REH o103

 Refine overlap/transition region

Muon identification

 refined simulation with detector material, absorber, and
matching

Evaluate performance of ECAL for electran 1D

e for quarkonia 107 ¢ j
r)
Example study: improve TOF resolution sk~ to cover
electron [D up to 1.0 GeV
would need 2 ps TOF resolutioniske = need

multiple technologies to cover range

e for thermal radiation



Two R&D lines

lime Ot Hight

» CMOS LGAD (baseline): main R&D line in ALIGE

= integration of sensor and readout in a single chip

=> easier system integration and significant cost reduction

« [Conventional LGADs (fallback): R&D line in ALICE with very thin sensors

Sensor nodes

High Resistivity Si

Electric
field
lines

First very thin LGAD prototypes produced by FBK

25 pm and
35 pm-thick FBK
single channel

Area = 1x1 mm?

+ Second stage external amplifier
(Gamplifier = 11'14)

Barrel TOF (In| <1.73)
e [uter TOF radius = 8acm

surface: 30m?, pitch: 3 mm

w
[&)]

w
o

N
[&)]

N
o

—_
(&)

 Inner TOF, radius =19 cm
surface: .om?, pitch: | mm

Forward TOF (170 <|n | < 4)

e |nner radius = 13 cm, Duter radius = 130 cm
surface = l4m?, pitch = Imm to Gmm

ALICE

<
N Fas
\ e
. T *
- T
1.
) \
L [
“ f |
w5 .
N S
‘\ *. S
~ .
Tr b .
— | -
. .
o
~

+ Double 25 pm
« Single 25 pm Back
« Single 25 pm Front

Different G between single
LGADs of the couple

-

10



PID: RICH + TUF combined in a single detector?

?Cherenkov photons blob

. 19 cm
SiPM ¢ = =1
(19x15 cm) : |
' 20cm
aerogel | * b 2cm
(15x15¢cm) = > ’[‘
15¢cm
SiPM pixels
Si0,/MgF,/Crown glass
radiator window
10° Gas (Aror N,)

TOF measurement in RICH SiPM layer
« Radiator window in front of photosensor (w/o gap)

o [ime information from Cherenkov photon cluster
surrounding the MIP

Time Resolution (ps)

Charged particle

Results obtained in previous tests with a very thin radiator

layer (sensor passivation layer)

120

110
100
90
80
70
60
50
40
30
20
10 ¢

0

~e-HPK3x3
~e-FBK1x1-20
o FBK1x1-15

4

ALICE

Single
photon

Avg. all
photons

1200

1000

Counts /1 ps

800

600

400

200

350

300

250

Counts /1 ps

200

150

100

50

5 mm quartz, 3 mm x 3 mm cells

L Entries 159984

C Mean 3.789
Std Dev 0.05036

C %2 / ndf 424.5/ 389

’ Constant 1269+ 3.9

= Mean 3.789 £ 0.000

L Sigma 0.05018 + 0.00009

7||\\|\IJIII\\\\I\|\L\\II\\\\II\\\\III

4 35 36 37 38 39 40 41 42 43 44

Single photon TOF [ns]
5 mm quartz, 3 mm x 3 mm cells

C Entries 9999

E Mean 3.789
Std Dev 0.01246

E %2/ ndf 69.99/88

- Constant 321.5+4.0

= Mean 3.789 = 0.000

F Sigma 0.01233 + 0.00009

B =12 ps

4 35 36 37 38 39 40 41 42 43 44

Mean TOF [ns]




dummary

ALICE

ALICE 3

e lUtilize the LHC-HL to measure new signals in heavy-ions
e llltimate precision for UGP properties (+ nuclei structure, BaM
physics, ...)

* New technologies - compelling RaD program for apphcatmns
beyond ALIGE

e Rl - areas open for common effort / synergies (e.g. EIC)

e New interest, members, collaborators are most welcome!



