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ALICE Upgrade Roadmap
• ALICE designed to study the microscopic dynamics of the strongly-interacting matter 

produced in heavy-ion collisions at the LHC
– Variety of detector systems for measuring hadrons, leptons and photons

• To exploit the full potential of the LHC luminosity increase
– Major upgrade during LHC LS2 → ALICE 2
– Intermediate upgrades during LS3 → ALICE 2.1
– Phase IIb upgrade during LS4 → ALICE 3

• Next-generation experiment
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Milestons of the ALICE upgradeOutline

• Mission of the ALICE experiment
• ALICE experiment
• Highlights of the recent results

• Collective dynamics
• Jet and heavy quark dynamics
• Photons and Dileptons
• Small systems
• Femtoscopy and hadron interactions

• ALICE Run3 and Prospects
• Summary
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Beyond Run 4 
Address fundamental questions will remain still open: 

 Fundamental QGP properties driving its constituents to equilibration 
 Hadronisation mechanisms of the QGP 
 Partonic equation of state and its temperature dependence 
 Underlying dynamics of chiral symmetry restoration

High luminosity for ions High luminosity LHC Higher luminosity for ions

CERN-LHCC-2024-003 CERN-LHCC-2024-004

See L. Huhta’s talk 

Run 5+6 
(2035–2041)…
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6 Integration of the FoCal detector
The FoCal detector consists of several distinct components: pad and pixel layers with W absorber for
FoCal-E and Cu/fibers for FoCal-H, which are located close to the beam line and far from the IP on the
ALICE A-side (see Fig. 1). As described in Sec. 2.1 and shown in Fig. 77, the compensator magnet limits
the distance from the IP available for FoCal installation to 7 m for the FoCal front face. The horizontal
dimension of the FoCal must be less than x = ±60 cm to preserve space for a gangway on either side.
This section presents the assembly of the parts discussed in Sects 3, 4 and 5, as well as the assembly of
the complete FoCal and its installation. In addition, the required adaptation of the ALICE beam pipe and
Mini Frame (MNF), as well as the required services will be discussed.

9200
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3300

compensator magnet

FoCal

FIT IP

Fig. 77: Sketch of FoCal installation. FoCal-E first layer is located 7 m from the IP, slightly inside the L3
doors (for clarity, only one door is shown). The FoCal platform (blue), located between the laser platform and the
L3 doors, is needed to support the weight of FoCal on the MNF.

6.1 Beam pipe
The A-side currently (Run 3) contains the compensator magnet, the Beam Condition Monitor (BCM) and
Beam Loss Monitor (BLM), and a pump and gate valve located at about 4.8 m from the IP. These com-
ponents are needed for both the LHC and ALICE operations. The requirements of FoCal and ITS3 [56]
drive the design of a new beam pipe for Run 4 and reconfiguration of the vacuum equipment in the
forward area. Relocation of the gate valve, the vacuum pump, and vacuum instrumentation, which has
been agreed to by the CERN vacuum group, provide sufficient space for FoCal and remove significant
conversion material between the interaction point and FoCal. Beam monitoring systems on the beam
pipe will also be moved to a different location.

As discussed in the LOI, the beam pipe between the interaction point and FoCal should likewise be
optimised to minimise photon conversions in the FoCal acceptance. The ITS3 also requires a modified
beam pipe for Run 4. Figure 78 shows the proposed Run 4 beam pipe, compared to the Run 3 beam
pipe. The outer radius of the Run 4 beam pipe is 16.5 mm in the interaction point region, and 30 mm
at large distances. As a result, the beam pipe changes its radius within the FoCal acceptance. Optimally,
the angle of the beam pipe in the conical section is shallower than the angle of the particles that pass it at
a given rapidity. This leads to a conical section in which the radius gradually increases. The new beam
pipe design is the best compromise between vacuum requirements (beam aperture, beam impedance,
pipe mechanical stability, etc.) and physics needs (minimize photons conversion; see Fig. 9). A central

FoCal Detector
• The Forward Calorimeter is a highly granular Si+W electromagnetic 

calorimeter combined with a conventional sampling hadronic 
calorimeter 
– Covering forward rapidities 3.2 < η < 5.8
– Located outside the ALICE solenoid magnet at a distance of 7 m from the 

ALICE nominal interaction point
• Measurements of inclusive production cross sections and correlations of neutral 

mesons, prompt photons, and jets at high rapidities
• Explore the unknown dynamics of the quarks and gluons inside a nucleus at 

small momentum fraction x down to 10-6 

• FoCal-E is a compact Si+W sampling electromagnetic calorimeter with 
longitudinal segmentation
– 18 layers of W and Si pads with a granularity of 1 cm2

• Provide the measurement of the shower energy and profile
– 2 layers of W and Si pixels with high granularity of 30 × 30 µm2

• Enable two-photon separation down to a few mm, to discriminate between 
isolated photons and merged showers of decay photon pairs from neutral pions

• FoCal-H is a Cu–scintillating fiber spaghetti calorimeter with high 
granularity of about 2 × 2 cm2

– Provides good hadronic energy resolution and compensation
– Contributes to the measurement of photon isolation energy, to improve 

the selection of prompt photons, and to jet measurements3
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Figure 26: Azimuthal distribution of single contributions to the material budget of an inner (left) and outer (right)
barrel stave layer. The relative contribution of each component to the total material budget is quoted.

connected to the readout and power systems via signal and power cables which are routed through the
service barrel to the ALICE miniframe. The pipes that connect the on-detector cooling system to the
cooling plant in the cavern are also routed through the service barrels.

Detector support structure The main structural components of the detector barrels are the end-wheels
and the cylindrical and conical structural shells. Two light composite end-rings provide the reference
plane for the fixation of the two extremities of each stave. The position of the staves in the reference
plane is given by a ruby sphere, matching an insert in the mechanical connectors at both extremities. This
system ensures accurate positioning, within a few µm, during the assembly and provides the possibility
to dismount and re-position the stave with the same accuracy in case of maintenance. Finally, the staves
are clamped by a bolt. The end-wheels on the A-side also provide the feed-through for the services.

An outer cylindrical structural shell connects the opposite end-wheels of the barrel and avoids that ex-
ternal loads are transferred directly to the staves. As shown in Fig. 27, in order to minimise the material
budget in the detection area, the following design choices were adopted:

– The inner barrel is conceived as a cantilever structure supported at one end outside the outer barrel
acceptance;

– The outer barrel has no intermediate mechanical structures between the four detection layers within
the detector acceptance.

The design of the outer barrel allows the separate assembly inside the TPC of all half-layers, which then
are combined sequentially, starting from the outermost layer. The mechanical connection between the
two double layers is provided by two conical structural shells located at the extremities of the detection
area (Fig. 27). All the barrel support structures are attached to the cage (Fig. 87), acting as the main
supporting element inside the TPC bore.
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ITS3 Concept 

• Reduce the material thickness of the ITS2 inner layers
– The silicon sensor contributes to only 1/7th of the total material

budget!
• Remove the electrical substrate, mechanical support, and active 

cooling circuit in the detector acceptance

• Bring the first detection layer closer to the interaction point
– New beam pipe with a central section of smaller inner radius 

(18.2 mm → 16 mm) but still well within the LHC aperture 
requirements

4

ITS2 Layer 0

Future upgrade of the ALICE inner tracking system

5ITS2 ITS3

Very low material budget! 0.05% X0 per layer0.36% X0
 per layer

24120 
chips from 
200 mm 
wafers

Stitched, 
wafer-scale 
sensors from 
300 mm wafers

22 mm from IP 18 mm from IP
New beam pipe:
16 mm radius, 500 μm Be, 
0.14% X0

126 5 Global support structure, services and installation

• Requirements from the LHC machine: safe operation of the machine, adequate beam
aperture, and severe vacuum conditions compatible with ultimate LHC performance.

The ALICE beampipe extends over 19m on either side of the interaction point and consists
of three sections: RB24-section, central section, RB26-section. One side is limited by the had-
ron absorber, which penetrates inside the TPC, and on the opposite side by a large vacuum
valve. The connection to the contiguous beampipe sections is made via bellows to avoid induced
displacements. With respect to the beampipe currently installed in ALICE, the central section
of the new beampipe has a smaller inner radius, 16mm, and a thinner wall thickness, 0.5 mm,
of the central beryllium section which is 0.5m long. The new central section has a length of
5.658 m, 158mm longer with respect to the Run 3 configuration, as the gate valve on the A-side
is removed. This modification of the central section of the beampipe is necessary to reduce the
material in front of FOCAL. The RB26-section consists of three chambers of conical stainless
steel tubes, which are up to 450 mm in diameter. The RB24-section uses standard LHC machine
components and consists of copper tubes. The layout of the beampipe central section a↵ects the
ITS performance and integration. The most critical parameters (radius, wall thickness, material,
sag and bake-out procedure) are discussed below.

Beryllium cone Aluminum 
500 

Angle ~0.34°/Ø

IP

820
OD =33, WT =0.5

4838
250

Gradual WT increase  
form 0.8 to 1mm
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WT = Wall Thickness
OD = Outer Diameter
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Figure 5.3: Key features of the central beampipe for RUN4.

Beampipe radius and wall thickness: Current studies indicate that it should be possible
to reduce the inner radius of the beampipe central section from the present value of 18.2 mm to
16.0 mm. Estimates for the linear sum of fabrication tolerance, survey precision and alignment
uncertainties amount to 3.8mm, resulting in a minimum radial clearance of 12.2 mm with respect
to the nominal beamline. The LHC aperture is quoted in terms of the so-called n1 parameter
[43], which is a function of this mechanical clearance as well as the position along the beam line
due to the varying beta function. The 12.2mm clearance corresponds to an aperture of n1 = 13.7
at the ALICE interaction point for nominal injection optics, well within requirements. The new
beampipe design has passed the full approval process at CERN and manufacturing drawings
have been issued for its production.
Beampipe bake-out: The beampipe chamber is an ultra high vacuum (UHV) system

pumped by a combination of lumped sputter-ion and distributed non-evaporable getter (NEG)
pumps. The NEG system is made up of a thin sputtered coating that runs over the whole
internal surface of the vacuum chambers. The NEG film provides a high distributed pumping
speed for most gases after activation by heating under vacuum to temperatures exceeding 200°C.
Sputter-ion pumps remove gases that are not pumped by the NEG system. With the exception
of the beampipe central section, all vacuum chamber sections are permanently equipped with
bake-out heaters for periodic reactivation of the NEG coating. A first bake-out of the beampipe

ITS2

500 µm Be: 0.14% X0



ITS3 Detector

• Replace the 3 innermost layers of ITS2 with new ultra-light, truly 
cylindrical layers made of wafer-scale 65 nm MAPS
– 300 mm wafer-scale MAPS sensors, fabricated using stitching
– Bent to the target radii (Layer 0 from 23 mm to 19 mm)
– Mechanically held in place by carbon foam ribs
– Air cooling between the layers
– Low material budget (0.05 % of X0)

• Broad interest on ALICE ITS3 developments from other experiments!
– ITS3 R&D will pave the way for an ultimate vertex detector concept → ALICE 35

From 432 to 6 bent sensors 
(1 per half-layer)

Truly cylindrical layers
Open-cell carbon foam spacers

FPC

Air distribution

3.3 Qualification 37

• the in-pixel front end implemented achieves a fake-hit rate below 0.01 pixel�1 s�1 while
maintaining the required detection performance.

3.3.10 Stitched sensor testing, MOSS & MOST

M
O
SS

M
O
ST

Figure 3.25: A 300 mm ER1 wafer, containing six MOSS and MOST stitched sensors (indic-
ated), as well as a number of small prototype chips.

Figure 3.26: Die ejector used to release the thin, stitched chips from the dicing tape, and the
MOSS wire-bonded on its carrier card.

The two stitched prototypes, MOSS and MOST, were produced in engineering run 1 (ER1) in
summer 2023 on a set of 24 wafers, with six of each sensor per wafer (Fig. 3.25). A first subset
of wafers was thinned down to 50µm, the sensors were diced out, and put on carrier cards for
functional testing in the laboratory and demonstrations at beam tests. A dedicated set of tools
and procedures was developed to release the large, thin chips from the dicing tape and to safely
transfer them and glue them onto the carrier cards, to which they eventually were wire bonded.
Figure. 3.26 shows the tools for die ejection, as well as a MOSS mounted on its carrier card.

ITS3 half-barrel

ER1

First stitchted MAPS

74 4 Detector components and integration

Figure 4.4: Engineering Model 1. (a) Front, (b) perspective and (c) top views of the prototype.
Three wafer-size blank silicon pieces (40µm thin, 280 mm long), simulating the half-layers are
kept bent by carbon foam wedges only at the half-layer edges.

(a)

(b)

(c)

Figure 4.5: Engineering Model 2. (a) Perspective, (b) A-side and (c) C-side views of the
prototype. Three wafer-size blank silicon pieces (40µm thin, 280mm long), simulating the half-
layers are kept bent by half-rings (A-side), longerons and wedges (C-side) made from carbon
foam.

Open-cell carbon 
foam spacersSilicon dummies 

(40–50 µm)

Engineering Model 2
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Fig. 5: Signal over background (left) and statistical significance (right) as a function of pT for L0
b ! L+

c p�

reconstruction in 0-10% Pb–Pb collisions at
p

sNN = 5.5 TeV (Lint = 10 nb�1) with ITS2 and ITS3. The vertical
bars represent the statistical uncertainty on the estimates.
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in which the factor two is applied to account for the fact that both particle and antiparticles are recon-
structed. The second line in the above equation describes how the dN

dpT
pT-differential L0

b yield in |y|< 0.8
in 0–10% Pb–Pb collisions is calculated and contains the following terms and assumptions. The integral
gives the beauty-hadron production cross section expected from FONLL calculations [97] in pp collisions
at

p
s = 5.5 TeV in |y| < 0.8 in the given pT interval. The fragmentation fraction f (b ! B) for a b

quark to hadronise to either a B� or a B0 meson is assumed to be 40.7% on the basis of e+e� data [100]
and a recent measurement from the LHCb Collaboration [72]. RB

AA is the nuclear modification factor of
non-strange B mesons predicted by the TAMU model for the 0–10% centrality class [101] in the given
pT interval. The values of the L0

b/B ratio are taken from the quark coalescence model described in
Ref. [102] in the version assuming pure three-quark states, and assuming that the ratio does not change
significantly from the centrality class 0–20% to the 0–10% one. Finally, a scaling by hTAAi is done.

The expected background yield is calculated as (NMC
Bkg/NMC

ev )⇥Nexp
ev , where NMC

Bkg is the background yield
within 3s of the L0

b mass obtained from a fit of the combinatorial-background invariant-mass distribution
obtained using only the HIJING part of the simulation, and NMC

ev is the number of events in the simulation.

Figure 5 shows the estimated signal-to-background and statistical significance as a function of pT for
an integrated luminosity of Lint = 10 nb�1 in 0–10% Pb–Pb collisions. As expected, the improve-
ment in significance is larger, in relative terms, in the low-momentum region where the decay length
is shorter. Remarkably, the ITS3 will allow for a measurement down to pT = 1 GeV/c, and to cover,
with a statistical uncertainty lower than 10%, the pT region below two times the L0

b mass (mL0
b
=

5.61960± 0.00017 GeV/c2), the region with the highest sensitivity to distinguish different quark coa-
lescence models [102].

ITS3 Performance

• Improvement by a factor 2 on DCA resolution at all pT’s
– Clear separation of the secondary from primary interaction vertex

• Significant improvement of tracking efficiency for pT < 200 MeV/c
• New fundamental observables into reach

– Charmed and beauty baryons
– Low-mass di-electrons
– Multi-flavor particles via decays to strange baryons
– Full topological reconstruction of Bs
– c-deuterons…6

144 7 Detector performance
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Figure 7.5: Impact-parameter resolution in the r' (left panels) and longitudinal (right panels)
direction for primary charged pions with |⌘| < 1 as a function of the track pT for ITS2 and
ITS3 detectors. Only tracks with a hit on each ITS layer were considered. In the top panels,
the results are compared with those obtained with a less detailed simulation (LOI) reported
in Ref. [2]. In the bottom panels, the results obtained with FAT for both ITS-standalone and
ITS+TPC tracking are reported.

rate is expected to be lower than 10% for tracks with pT > 200 MeV/c and to reach about 50%
in case of pT < 100 MeV/c. The bottom-right panel of the same figure shows that the e�ciency
is expected to be even higher, up to 95% (80%) for particles with pT = 100 (60) MeV/c, for
tracks having a hit on each ITS layer. The e�ciency values reported in the figure, which were
estimated with the full simulation, are consistent with those reported in previous documents [2,
7], which were estimated with a fast analytical calculation.
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Figure 7.6: Track-reconstruction e�ciency for charged pions with |⌘| < 1 as a function of
the track pT for the ITS2 and ITS3 detectors. The left panel shows the performance for the
reconstruction of all primary charged pions, while the right one for tracks with a hit on each
ITS layer.

7.3.2 Dependence of tracking performance on intrinsic resolution, material
budget, and layer radii

In order to define a reasonable compromise between the optimisation of the tracking performance
and the mechanical and readout di�culties that a given detector layout may pose, a scan of the
track-reconstruction e�ciency and the impact-parameter resolution was done, varying:

• the intrinsic resolution, considering the values 3.4, 4, 5, and 7µm

• the sensor thickness from 50µm to 200µm to mimic a possible increase of the material
budget that may arise with di↵erent service configurations

• the three layer radii, considering four configurations (1.8, 2.4, 3.0) cm, (1.9, 2.52, 3.15) cm,
(2.0, 2.52, 3.15) cm, and (2.2, 2.52, 3.15) cm as alternative to the default one of (1.9, 2.52,
3.15) cm.

As shown in Fig. 7.7, the intrinsic resolution has a negligible impact on the track-reconstruction
e�ciency and a limited impact on the dca resolution. At pT = 500 MeV/c the dca resolution
in the longitudinal direction varies by less than 5µm with respect to the default case. In re-
lative terms, the improvement of the impact-parameter resolution with the reduction of the
intrinsic resolution is visible mainly at high pT where the contribution of the multiple scattering
in the beam pipe is negligible and a variation of about a factor of 1.5 can be observed from
the smallest to the largest resolution value considered. At intermediate pT the e↵ect on the
impact-parameter resolution is enlarged with respect to that expected for ITS+TPC tracks by
the larger track-curvature uncertainty of ITS-standalone tracking.

As shown in Fig. 7.8, an increase of the material budget from 50µm (sensor thickness) to
200µm, which can be considered an extreme test case, causes the impact-parameter resolution
in the longitudinal direction to degrade from about 15µm (60µm) to about 20µm (90µm) at
pT = 1 GeV/c (200 MeV/c), with smaller di↵erences at higher pT. A small degradation of the
e�ciency for pT < 100 MeV/c is also observed with increasing material budget.

Pointing resolution Tracking efficiency

Fast sim
 ITS+TPC
 ITS-only 



ALICE 3: a Next-generation Heavy-ion 
Experiment at the LHC

• Address fundamental questions which will remain open 
at the end of LHC Run 4 because of limitations in detector 
performance or available luminosity
– Underlying dynamics of chiral symmetry restoration
– Partonic equation of state and its temperature dependence 
– QGP properties driving its constituents to equilibration 
– Hadronization mechanisms of the QGP

• ALICE 3 planning
– 2023-25: Selection of technologies,                                       

small-scale proof of concept prototypes 
• Scoping document in preparation 

– 2026-27: Large-scale engineered prototypes 
• Technical Design Reports 

– 2028-31: Construction and testing 
– 2032: Contingency 
– 2033-34: Preparation of cavern and installation
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Precision measurements
of (multi-)heavy flavour
hadrons and di-electrons
→ Requires high 

statistics and excellent 
vertexing!

QGP physics beyond Run 4

4

Precision measurements of dileptons 
• accessing the evolution of the quark-gluon plasma

• mechanisms of chiral symmetry restoration in the quark-gluon plasma


Systematic measurements of (multi-)heavy-flavoured hadrons 
• accessing parton propagation mechanisms in QGP

• study equilibration of heavy quark equilibration and diffusion in QGP

• mechanisms of hadronisation from the quark-gluon plasma


Hadron correlations and fluctuations 
• interaction potentials and charmed-nuclei

• susceptibility to conserved charges

To achieve all this, the next leap is needed in 
detector performance and statistics

  next-generation heavy-ion experiment! → ←
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ALICE 3: Detector Concept
• Novel detector concept based on innovative 

technologies relevant for future HEP experiments
– Large acceptance ∣η∣ < 4
– Compact and ultra-low-mass all-silicon tracker with 

excellent pointing resolution
• Retractable vertex detector

– Extensive particle identification
• Silicon-based TOF (target resolution < 20 ps), 

aerogel ring-imaging Čerenkov, ECal, and muon ID detectors
– Housed in a magnetic field provided by a superconducting 

magnet system up with B = 2 T
– Forward conversion tracker to reconstruct photons at very 

low momentum from their conversions to electron–positron 
pairs

– Continuous readout and online processing
• R&D started on many fronts!
8

ALICE 3: a next-generation heavy-ion detector for LHC Run 5 and beyond Nicola Nicassio

Figure 1: Left: Schematic view of ALICE 3 state-pf-the-art detector concept. Right: Improvement in
pointing resolution and expected effective statistics in heavy-ion collisions from ALICE 1 to ALICE 3.

1. Introduction

ALICE (A Large Ion Collider Experiment) is a general-purpose experiment at the CERN Large
Hadron Collider (LHC) optimized to study the physics of ultrarelativistic heavy-ion collisions. The
main goal of the ALICE Collaboration is to study the microscopic dynamics of the strongly
interacting matter produced in such collisions and, in particular, the properties of the quark-gluon
plasma (QGP), a state of matter where quarks and gluons are deconfined. The LHC Runs 1 and 2
heavy-ion campaigns have already led to crucial advances in our understanding of the properties
of QCD phase diagram and of the QGP [1]. With the current ALICE 2 and the future ALICE
2.1 upgrades, LHC Runs 3 and 4 will allow further systematic measurements of fundamental
properties for our understanding of the QGP [2]. However, despite the rich planned physics
program, fundamental questions will remain open and addressing such questions requires substantial
improvements in terms of detector performance and rate capabilities, calling for a next-generation
heavy-ion experiment, the so-called ALICE 3 upgrade planned for LHC Run 5 and beyond [3].

2. ALICE 3 physics goals

The ALICE 3 primary physics goal is to achieve a deep understanding of the underlying mech-
anisms affecting the different stages of heavy-ion collisions, from the early-stage medium formation
to the heavy-flavour diffusion, thermalization and hadronization in the QGP. The main new studies
in the QGP sector focus on low transverse momentum (?) ) heavy-flavour production, including
beauty hadrons, multi-charm baryons and charm-charm correlations, as well as on measurements of
net-quantum number fluctuations to constrain the susceptibilities of the QGP and on precise mea-
surements of dilepton emission to probe the time-evolution of the QGP, the early-stage temperature
and the mechanism of chiral-symmetry restoration. Besides QGP studies, ALICE 3 can uniquely
contribute to hadronic physics, with femtoscopic studies of the interaction potentials between charm
mesons and searches for nuclei with charm, and to fundamental physics, with precision experimntal
tests of Low’s theorem for ultra-soft photon emission and searches for axion-like particles (ALP)
in ultra-peripheral heavy-ion collisions via light-by-light scattering measurements.
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ALICE 3: Tracking Performance
• To achieve the ultimate pointing resolution

– The first hits must be detected as close as possible to 
the interaction point (5 mm) 
• Essential to enable the so-called strangeness tracking          

– the direct detection of strange baryons before they decay – 
to improve the pointing resolution and suppress 
combinatorial background
• Measurement of multi-charm baryon decays

– The amount of material in front of it must be kept to a 
minimum

• A dedicated/futuristic vertex detector that will have 
to be retractable to provide the required aperture 
for the LHC at injection energy

• Many challenges
– Power consumption, radiation hardness, timing, 

integration, mass production, etc9

Vertexing

• Pointing resolution   
(multiple scattering regime)  
➟ 10 µm @ pT = 200 MeV/c 
– Radius and material of first layer crucial 

– Minimal radius given by required aperture: 
R ≈ 5 mm at top energy,  
R ≈ 15 mm at injection energy 
→ retractable vertex detector 

• 3 layers within beam pipe (in secondary vacuum) 
at radii of 5 - 25 mm 
– Wafer-sized, bent Monolithic Active Pixel Sensors  

– σpos ~2.5 µm → 10 µm pixel pitch 

– 1 ‰ X0 per layer

∝ r0 ⋅ x/X0

6ALICE 3 Tracking Detectors Introduction | ALICE Upgrade Week | 2023-05-09 | Felix Reidt (CERN)
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ALICE 3: Tracking System

10

~ 70 m2 equipped with MAPS!
  → Industrialisation of the 
  module assembly
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ALICE 3: IRIS Concept of Vertexer
• In order to achieve the required pointing resolution 

of ALICE3 
– The first hit must be measured as close as possible to 

the interaction point 
– As little material as possible in front of the first layer to 

reduce multiple scattering
• The requirements on the pointing resolution are 

met by a vertex detector with 
– Inner radius of 5 mm
– ~ 0.1 % of X0 of radiation length for the first layer 
– Position resolution of ∼ 2.5 µm

• Based on the ITS3 R&D on wafer-size bent MAPS

11
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Vertexing layers
Ø Wafer-sized, bent MAPS (leveraging on ITS3 activities) 
Ø Rotary petals in a secondary vacuum (thin walls to 

minimize material) 
Ø R&D on mechanics, cooling, radiation tolerance

Outer Tracker (≈ 66 m2)
Ø MAPS on modules on water-cooled carbon-fiber cold plate 
Ø Carbon-fiber space frame for mechanical support 
Ø R&D challenges on powering scheme and industrialization
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Vertexing: The vertex detector
Requirements
• Pointing resolution ≈ 10 µm @ $! = 200 MeV/,
• ∝ ."#$ /"#$//% → /"#$/X% ≈ 0.1 %, ."#$ = 5 mm
• 6&'# ≈ 2.5 µm → 10 µm pixel pitch

Implementation
• 3(barrel)+3⋅2(disk) layers within beam pipe
• Retractable detector: R = 5-25 mm↔ 16-35 mm
• Wafer-sized, bent Monolithic Active Pixel Sensors

Beam injection Stable beam

Stable beam

Beam injection

5x better than
ALICE 2.1  

(ITS3 + TPC) 

6

Bread Board Model

< < 4

80 cm

Rotory
petals

Challenges
• Mechanics
• Cooling
• Radiation

tolerance



ALICE 3: PID with TOF & RICH
• Dedicated PID system made of TOF 

– Separation power ∝ L/𝜎TOF
• Time resolution of 20 ps
• Inner (R = 20 cm, 1 × 1 mm2 ) and outer 

(R = 85 cm , 5 × 5 mm2 ) layers, and 
forward disks at ± 4.05 m

• Low material budget 1–3 % of X0
– FDMAPS and LGAD sensor options

12

PoS(EPS-HEP2023)540

ALICE 3: a next-generation heavy-ion detector for LHC Run 5 and beyond Nicola Nicassio

Figure 3: Expected [� ?) regions in which particles can be separated by at least 3f with the ALICE 3 TOF
and RICH systems. Electron/pion, pion/kaon and kaon/proton separation plots are shown from left to right.

cm radius and±4 m length around the interaction point. The leading requirement for the outer tracker
is a relative ?) resolution better than 1% over a wide ?) range. The momentum is reconstructed
from the curvature in a solenoidal magnetic field of B = 2T provided by a superconducting magnet
system featuring an inner radius of 1.5 m. Fig. 2 shows the expected relative ?) resolution for
pions at [ = 0 as a function of ?) . The implementation of additional forward dipoles to keep an
excellent relative ?) resolution up to |[ | = 4 is under study.

3.2 Particle identification

The tracker is complemented by dedicated particle identification (PID) systems. With a time
resolution of 20 ps, an inner Time-Of-Flight (TOF) layer (iTOF) at a radius of 20 cm, an outer
TOF layer (oTOF) at a radius of 85 cm and forward TOF disks (fTOF) at ±4.05 m distance from
the interaction point ensure e/c, c/K and K/p separation up to 0.5, 2 and 4 GeV/2, respectively, as
shown in Fig. 3. Three sensor technologies have been identified for dedicated R&Ds: MAPS, Low
Gain Avalanche Diodes (LGADs) and Silicon Photomultipliers (SiPMs). Recent beam test results
prove the feasibility of the 20 ps resolution requirement using LGADs [4] and SiPMs [5].

The TOF system is complemented by a barrel Ring-Imaging Cherenkov (RICH) layer (bRICH)
with an inner radius of 90 cm and forward RICH disks (fRICH) at ±4.05 m distance from the
interaction point based on an aerogel radiator with a refractive index of 1.03 and a SiPM-based
photodetector providing a Cherenkov angle resolution better than 1 mrad to extend e/c, c/K and
K/p separation above 2, 10 and 16 GeV/2, respectively, as shown in Fig. 3. A first small scale
prototype was successfully tested on beam, with an extrapolated angular resolution consistent with
the 1 mrad requirement [6]. The main R&D challenges include characterization studies on the
radiation tolerance of the sensors, cooling and the mechanics of the whole RICH system.

For the identification of photons and high energy electrons, up to hundreds of GeV, an Elec-
tromagnetic Calorimeter (ECal) based on Pb-scintillator sampling technology and including a high
energy and spatial resolution segment based on PbWO4 crystals at [ = 0 is foreseen behind the
bRICH and the fRICH to cover the region �1.5 < [ < 4. The ECal specifications are optimized to
enable precision measurements of radiative decays of j2 and ⇡⇤0 states and photon-jet correlations.

The identification of ultra-soft photons with ?) down to 1 MeV/2, is only possible by exploiting
the Lorentz boost at large [ through their conversion to e± pairs. A dedicated Forward Conversion

4

Separation > 3 𝜎

RICHTOF

𝑒/𝜋 𝐾/𝜋 𝑝/𝐾
• Complemented by a 

RICH detector which 
extends charged PID 
in the high-pT range 
beyond the TOF limits
– Achieved using 

aerogel radiator with  
n = 1.03



ALICE 3: Muon and photon ID
• Muon chambers at central rapidity 

– ~ 70 cm iron hadron absorber 
– 2 layers made of plastic scintillator bars equipped with 

wave-length shifting fibers coupled to SiPMs readout
• Option with RPCs or MWPC

– Required granularity of ~ 5 × 5 cm2 pad size 
Optimized for reconstruction down to zero pT

• Large acceptance ECal (2π coverage) 
– Sampling calorimeter (à la EMCal/DCal): e.g. O(100) 

layers (1 mm Pb + 1.5 mm plastic scintillator) 
– PbWO4-based high energy resolution segment 
Critical for measuring P-wave quarkonia and thermal 
radiation via real photons
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Figure 44: Muon (left) point at 6 GeV to be checked and J/y (right) acceptance times reconstruc-
tion efficiency as a function of pT.

use the “close cathode chamber” (CCC) configuration (MWPCs) that consists of wire spacing of1974

8 mm, and 25 cm2 segmentation. Copper strips could be used for readout with 5 mm width and1975

50 cm length. This effectively gives 5 mm position resolution in the bending plane and 8 mm1976

resolution along the beam axis.1977

5.7.2 R&D requirements and plans1978

Although, the different technologies that are proposed for MID are well established, different1979

requirements have to be satisfied.1980

– Time response: the MID tracklets have to be matched with tracks reconstructed by the1981

silicon tracker that will have an integration time 100 ns. Therefore, the MID detector is1982

expected to have excellent time performance allowing an integration time up to 100 ns.1983

– Radiation tolerance: FLUKA [9] simulations yielded an expected NIEL value in the MID1984

region of 1.7⇥1010 1 MeV neq/cm2 for the full pp and Pb–Pb data taking in LHC Runs1985

5 and 6. The corresponding TID calculated by FLUKA is around 40 rad.1986

– Hadronic background: studies based on GEANT4 simulations suggest that the proposed1987

absorber would be sufficient to reject hadrons by a factor 1/100. However, the particles1988

from the hadron shower can reach and activate MID chambers. The detector technologies1989

should be able to keep the hadron rejection close to 1/100. This challenge is common for1990

the three proposed technologies.1991

– Efficiency and uniformity: efficiencies as close as possible to 100% in the full pseudora-1992

pidity interval are required. The detector response has to be uniform in the full detector1993

area.1994

– To operate the RPCs, explore the use of eco-friendly gas mixtures.1995

Plastic scintillators. Timing performance, high efficiency, and uniform detector response are1996

satisfied by this technology [80]. The R&D will include making the detector more robust against1997

the increase of dark-count rate (DCR) due to radiation damage effects. To this end, the light yield1998

output will be enhanced by testing the detector performance with different types and numbers1999

of WLS fibers, as well as SiPMs from different vendors. Regarding radiation tolerance, as2000
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Summary
• ALICE has an ambitious upgrade program

– LS3 (2026–2028): new upgrades for LHC Run 4
• FoCal: 𝛾, π0, jets in the forward region to constrain the 

gluon nPDF at low x
• ITS3: truly cylindrical silicon layers made of ultra-thin 

wafer-size MAPS
• Low-mass di-electrons (→ QGP temperature)
• Improve heavy flavour particle performance and search for 

exotic charm nuclei
– Beyond Run 4: continue the heavy-ion 

programme during the HL-LHC era
• Proposal of a new experiment ALICE 3 with “nearly-

massless” tracker installed during LS4
• Multi-charm and beauty particles
• Low-mass di-electrons and soft photons

• Now preparing scoping document for discussions with 
CERN committees and funding agencies
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A Large Ion Collider Experiment

2022 pp processing plans and timeline 

13Luciano Musa (CERN) | CERN RRB | 26 October 2022

● Expected integrated luminosity @ 650 kHz inelastic interaction rate (~14/pb ~1.1e12 collisions)

● Calibrations needed for full event reconstruction (pass 1) expected in December 

● During YETS most of EPNs available for reconstruction
○ pass 1 reconstruction on EPN farm (CPU + GPU) takes ~3 months (Jan-Mar)
○ 2 months to tune and validate selections on pass 1 AO2Ds (Feb-Mar) 
○ Skim CTFs with total ~10-3 rejection factor before the end of EYETS (April)

● 2022 pp data will be removed once skimmed with event selections

● In addition, plan to keep ~10% of the same as MB (~1/pb)

Summary

ALICE 3 opens new era of discovery potential and 
precision in QCD 

Designed by heavy-ion physicists for heavy-ion physics 

✓Extremely versatile setup allows for very broad 
physics program within and beyond QCD 

Continues hugely successful endeavor of pushing the 
world’s most powerful microscopes to new limits 

29

Tracking precision and data rate competitiveness

Heavy-ion physics at the LHC beyond Run 4 29
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FoCal Performance
• Unique kinematic reach corresponding to 

the FoCal acceptance as compared to 
current and future experiments at the LHC 
and other facilities

16
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Fig. 13: Approximate (x,Q) coverage of various experiments for regions probed by DIS measurements
including the future EIC project, as well as possible future direct photon and Drell-Yan measurements (left
panel), and hadronic+UPC measurements (right panel) at RHIC and LHC. The estimated saturation scales
for proton and Pb are also indicated. The horizontal dashed line and the dashed curve indicate the kine-
matic cuts above which data were included in the nNNPDF fits.

The right figure shows the regions covered by hadron measurements at RHIC and LHC. In ad-
dition, the regions which are covered by LHCb for measurements of open charm and bottom
(blue) as well as where FoCal can measure neutral pions at small x (red) are highlighted. LHCb
can in principle also measure light hadron production in that range, but no results have been
published to date. Figure 13 demonstrates that the FoCal and LHCb measurements will probe
much smaller x than any of the other existing and possible future measurements, with the Fo-
Cal reaching to the smallest x ever measurable until the possible advent of the LHeC [10] or
FCC [11].

The saturation scale, which is indicated in Fig. 13, is obtained using Eq. 1, with the normal-
ization obtained by setting its value to about 1.7 GeV/c for A = 1 at x = 10�4 [70]. At high
enough parton density or consequently small enough x, non-linear QCD evolution is expected
to play a role, in particular near the saturation scale. A smooth, not abrupt, transition is ex-
pected from the linear to the non-linear region as a function of x, and the absolute magnitude
of Qs is theoretically not well established. Hence, both LHCb and FoCal collaborations strive
to extend the planned photon measurements to even lower pT and and lower Q. Since these are
challenging measurements, the corresponding regions are indicated as darker (FoCal) and open
(LHCb) trapezoids in the left panel of Fig. 13. For FoCal, the main challenges at very low pT
are the large background of decay photons, as well as the increasing contribution from fragmen-
tation photons (as discussed in Sec. 5). Members of the LHCb collaboration are attempting to
base their measurements of photons at lower pT on photons that convert to an electron-positron
pair in the detector material [71, 72]. This approach would provide a clean sample of photons,
however suffers from a rather small efficiency and relative large photon conversion uncertainty.

DIS, photons directs, Drell-Yan

arXiv:1909.05338

• Impact of FoCal on the gluon nPDF
– Strong constraints over a large x region: ~10-5–10-2 
– Substantially outperform the expected performance 

of EIC for x < 10-3 



ALICE 3: Tracking System Key Features

17

Detector specifications in the LoI

5ALICE 3 Tracking Detectors Introduction | ALICE Upgrade Week | 2023-05-09 | Felix Reidt (CERN)

A Large Ion Collider Experiment

Component Observables |η| < 1.75 (barrel) 1.75 < |η| < 4 (forward) Detectors

Vertexing Multi-charm baryons, 
dielectrons

Best possible DCA resolution, 
σDCA ≈ 10 µm at 200 MeV/c

Best possible DCA resolution, 
σDCA ≈ 30 µm at 200 MeV/c

Retractable silicon pixel tracker:

σpos ≈ 2.5 µm, Rin ≈ 5 mm,  
X/X0 ≈ 0.1 % for first layer

Tracking Multi-charm baryons,  
dielectrons σpT / pT ~1-2 %

Silicon pixel tracker:

σpos ≈ 10 µm, Rout ≈ 80 cm, 
X/X0 ≈ 1 % / layer

Ultrasoft photon 
detection Ultra-soft photons measurement of photons  

in pT range 1 - 50 MeV/c
Forward Conversion Tracker 
based on silicon pixel sensors

ALICE 3 Vertex Detector and Outer Tracker — in numbers

13ALICE 3 Tracking Detectors Introduction | ALICE Upgrade Week | 2023-05-09 | Felix Reidt (CERN)

A Large Ion Collider Experiment

Improving performance concerning all aspects 

Different optimisations needed for the different ALICE 3 Trackers

* goal, not crucial, like not possible due to power budget *** Innermost layers / outer layers

Vertex Detector Middle Layers Outer Tracker ITS3 ITS2
Pixel size (µm2) O(10 x 10) O(50 x 50) O(50 x 50) O(20 x 20) O(30 x 30)
Position resolution (µm) 2.5 10 10 5 5
Time resolution (ns RMS) 100 100 100 100* / O(1000) O(1000)
Shaping time (ns RMS) 200 200 200 200* / O(5000) O(5000)
Fake-hit rate (/ pixel / event) < 10-8 < 10-8 < 10-8 <10-7 << 10-6

Power consumption (mW / cm2) 70 20 20 20** 47 / 35***
Particle hit density (MHz / cm2) 94 1.7 0.06 8.5 5
Non-Ionising Energy Loss (1 MeV neq / cm2) 1 x 1016 2 x 1014 5.6 x 1012 3 x 1012 3 x 1012

Total Ionising Dose (Mrad) 300 5 0.2 0.3 0.3
Surface (m2) 0.15 5 57 0.06 10
Material budget (% X0) 0.1 1 1 0.05 0.36 / 1.1 ***

÷ 9
÷ 2 • 2

• 2.8

÷ 10 ÷ 10
÷ 25 ÷ 25
≈

+ 75%
67%• 20

÷ 2

• 3000
• 1000 • 10

• 6

• 2.8

** Pixel matrix

÷ 10
• 2

÷ 25
≈ ≈

• 100 ≈
≈

• 2.5


