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LHC program at CERN
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‣ European Particle Physics Strategy Update 
recommends full exploitation of the LHC incl. 
heavy-ion program… 


‣Compelling reasons for US Hot QCD 
community to take advantage

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts


LHC experiments and upgrades 
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https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts


ALICE 2 - Upgrades for Run 3
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Run 3 hardware and software achievements
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‣ First stable beams at full proton-proton energy of 13.6 TeV from July 
✓Note roles of ITS, TPC, EMCal and DCal 
✓ALICE-USA Tier 2 and O2 computing efforts essential for run 3 analyses

US ALICE 
BTU project

‣ New Gem based TPC detector for continuous readout

✓Two orders of magnitude increase in collected Pb-Pb data (10/nb)


‣ New Inner Tracking System (ITS2)
✓Factor 3 improvements in pointing resolution 


‣ Muon Forward Tracker at -3.6 < η < -2.5 and overhaul in online systems/processing

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts


ALICE 2.1 - Upgrades for Run 4
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Focal Calorimeter (FoCal)
✓Electromagnetic and hadronic calorimeters 

covering 3.4 < η < 5.8

✓Probes parton densities down to x ~10-6  


✓Complementary to EIC and LHCb

US ALICE Focal project

20 ALICE Collaboration

6−10 5−10 4−10 3−10 2−10 1−10 1
x

1

10

210

Q
 (G

eV
) EM and DIS measurements

central LHC

M
FT

LHCb
FOCAL

LHCb

NMC/EMC

EIC

fR
HI

C

(Pb)sQ

(p)sQ

6−10 5−10 4−10 3−10 2−10 1−10 1
x

1

10

210

Q
 (G

eV
) Hadronic+UPC measurements

central LHC

LHCb
FOCAL

LHCb

M
FT

(f)RHIC

(Pb)sQ

(p)sQ

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.

New HCAL 
prototype

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts


Synergies with EIC R&D

ALICE 2.1 - Upgrades for Run 4

 

Inner Tracking System (ITS3)
✓Three new inner new layers

✓Further improved (x2) pointing resolution

✓Pioneering wafer thin sensors - 0.03% of radiation length

6

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts
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Thermal radiation and flow in Run 3 & 4
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‣ Inclusive  and di-electron invariant mass probe QGP thermal radiation

‣ High precision identified particle vn vs  constrain  and  simultaneously   
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https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts


ALI-SIMUL-308729

Charm hadronization and QGP transport in Run 3 & 4
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‣ Charmed baryon/meson ratios probe collective flow and hadronization mechanisms

‣ Pinning down hadronization important for QGP charm diffusion Ds constraints
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Heavy-flavor jets and di-jets in Run 3 & 4
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‣ Heavy-flavor tagged jets probe QCD dead-cone effect over large momentum in QGP


‣ Large angle (Moliere) scatterings off QGP scattering centers explorable  

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts


Nuclear parton distribution functions in Run 4

 

10

‣ Isolated   performance by FoCal provides large constraints for gluon nPDFs. γ RpPb

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts


Nuclear parton distribution functions in Run 4
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‣ Isolated   performance by FoCal provides large constraints for gluon nPDFs. γ RpPb

‣ Vector meson photo-production from UPC explores proton saturation to x~10-6

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts


Small system nuclear properties in Run 3
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‣ O-O collisions will allow for searches for  clustering in 16O

‣ Comprehensive tests of hydro in p-O and O-O possible with suite of low  ALICE measurements

α

pT

PRC 104 (2021) 041901
PRC 99 (2019) 044904

SONIC O+O

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts


Particle production in small systems in Run 3 & 4
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‣ Enhanced pp statistics enable  with x6 larger  than Runs 1 & 2

✓Resembles Pb-Pb in overlap? Increase due to non-QGP effects i.e. color ropes?


‣ Precision probes of proton-hyperon interactions  implications for LQCD, neutron star EOS

Ω/π dNch/dη

→

ALI-PERF-312952

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts
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ALICE 3 - next generation heavy-ion detector in Run 5

‣ Compact all-silicon tracker with high-
resolution vertex detector and low material 
budget


‣ Superconducting magnet system up to B=2T


‣ Particle Identification over large acceptance: 
muons, electrons, hadrons, photons


‣ Fast read-out and online processing


ALICE 3 Letter of Intent

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts
https://cds.cern.ch/record/2803563/files/


ALICE 3 - expected luminosities and performance
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‣ Will collect all ion luminosity provided by LHC 100s billions of Pb-Pb events!


‣ Factor 3 improvement in pointing resolution compared to ALICE ITS3 in Run 4


‣ Momentum resolution 1-2% over broad 0.2 <  < 100 GeV/c and  range

→

pT −4 < η < 4

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts
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ALICE 3 planning

‣ 2023-25: Selection of technologies, small-scale proof of 
concept prototypes


‣ 2026-27: Large-scale engineered prototypes 

✓Technical Design Reports


‣ 2028-31: Construction and testing


‣ 2032: Contingency


‣ 2033-34: Preparation of cavern and installation of ALICE 3


Letter of intent for ALICE 3 (CERN-LHCC-2022-009) 131

Figure 79: Overview of the vertex detector and outer tracker assembly

4.2.4.3 Mechanics of the vertex detector. To be as close as possible to the interaction point,
the tracker is placed into a secondary vacuum “inside the beampipe” and, in addition, it must
be mounted such that it can be retracted during LHC injection (minimum required aperture
Rmin = 16mm) and placed close to the interaction point for data taking (Rmin = 5mm). A similar
concept is followed by the LHCb VELO [337], but the application to a tracker covering a large
acceptance including the mid-rapidity region, requires a design that minimises the amount of
material in all directions. This is new terrain and will require dedicated R&D activities.

Since apertures, impedance, and vacuum stability for the vacuum chambers at the interaction
points inside the LHC experiments are of utmost importance to the stable operation of the LHC,
severe engineering challenges are imposed.

4.2.5 Technical implementation
Figure 79 shows an overview of the vertex detector and outer tracker assembly. In the following,
we give an overview of the technical implementation.

4.2.5.1 Vertex detector mechanics. In the following, a conceptual study of a retractable
vertex detector within the beam pipe is presented. It is built on the idea of an assembly of
4 petals, which can simultaneously rotate and, like in an iris optics diaphragm, close to leave a
minimum passage of about 10 mm in diameter for the beam, see Fig. 80. The petal walls, which
separate the detector from the primary LHC vacuum, dominate the material and their thickness
must be minimised (see Tab. 9).

The inner wall of the petals also acts as an RF foil, which is crucial to control the electromagnetic

Retractable vertex detector 
✓5mm from beam

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts


Physics topics to be explored in ALICE 3
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‣ Thermal radiation, chiral symmetry restoration


‣ Heavy flavor transport, thermalisation, production


‣ Net-quantum-number fluctuations


‣ Hadron structure and interactions


‣ Ultra-soft photon production


‣ Beyond Standard Model searches


‣Not exclusive!

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts


Letter of intent for ALICE 3 (CERN-LHCC-2022-009) 103
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Figure 54: Left: simulated raw spectra of excess e+e� pairs fitted with an exponential function in
the mee range 1.1-1.8 GeV/c2 to extract the early-time temperature Tfit of the medium in central (0-
10%) Pb–Pb collisions at

p
sNN = 5.02 TeV. The green boxes show the systematic uncertainties from

the combinatorial background subtraction and the tracking and electron identification. The magenta
boxes indicate systematic errors related to the subtraction of the light-flavour and heavy-flavour
contributions. Right: extracted Tfit parameter after dielectron efficiency correction compared to the
input Treal (see text) for different selections in pair transverse momentum including the integrated
case (pT,ee < 4 GeV/c). Only statistical errors are shown.

Di-leptons and thermal radiation in ALICE 3
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‣ Direct QGP temperatures from intermediate di-electron invariant mass spectrum


‣ Increasing electron  probes earlier times  possible window to pre-equilibrium stagepT →

Slope = Temperature

Letter of intent for ALICE 3 (CERN-LHCC-2022-009) 103
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Figure 54: Left: simulated raw spectra of excess e+e� pairs fitted with an exponential function in
the mee range 1.1-1.8 GeV/c2 to extract the early-time temperature Tfit of the medium in central (0-
10%) Pb–Pb collisions at

p
sNN = 5.02 TeV. The green boxes show the systematic uncertainties from

the combinatorial background subtraction and the tracking and electron identification. The magenta
boxes indicate systematic errors related to the subtraction of the light-flavour and heavy-flavour
contributions. Right: extracted Tfit parameter after dielectron efficiency correction compared to the
input Treal (see text) for different selections in pair transverse momentum including the integrated
case (pT,ee < 4 GeV/c). Only statistical errors are shown.

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts


Searches for Chiral Symmetry Restoration in ALICE 3
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‣ Long sought after evidence of QGP formation

✓Fundamental in high temperature LQCD

✓Breaking responsible for nuclear mass 

generation


‣ Deviations from exponential for mee ~0.9 GeV/C 
indicative of Chiral Symmetry Restoration

‣ Major topic for NA60+ experiment at CERN at 
lower energy (2029+)


102 ALICE Collaboration

to 4% with the ALICE ITS 3 [30] when the thermal dielectron yield is integrated over pT,ee.
Assuming fully correlated systematic uncertainties as a function mee for the background sources,
as it was done in Ref. [30], the total systematic error on T pT,ee>0

fit is expected to be of the order
of 2%. The improvement in statistical accuracy will enable a multi-differential analysis of Tfit as
a function of pT,ee, as shown in the right-hand panel of Fig.54.

3.3.3.2 Azimuthal asymmetry The elliptic flow of dielectrons in different mee and pT,ee
regions provides important information to disentangle dielectron emission at early times of the
collision from those produced later, once the medium already started to cool down.

Following the strategy outlined above, the measured raw signal dielectron spectrum is simulated
in semi-central (30-50%) Pb–Pb collisions at

p
sNN = 5.02 TeV and shown in the left panel of

Fig. 55. For this differential study, an integrated luminosity of 35 nb�1 was considered, corre-
sponding to six years running. Electrons are identified with the outer TOF and RICH detectors
in the rapidity range |he|  1.75 for pT,e � 0.2 GeV/c. The relative contribution of thermal ra-
diation decreases from central to peripheral collisions, and therefore only becomes dominant at
slightly larger invariant mass. The elliptic flow of prompt correlated e+e� pairs can be computed
using the measured dielectron yields in- and out-of-plane, NINP and NOOP, after subtraction of
the residual heavy-flavour background based on the measured DCAee distributions, with the for-
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Figure 53: Simulated raw signal spectra of inclusive dielectrons (left) and excess e+e� pairs after
subtraction of correlated light-hadron and heavy-flavour hadron decays (right) using the outer TOF
and RICH particle identification at mid-rapidity in central (0-10%) Pb–Pb collisions at

p
sNN = 5.02

TeV. The green or empty boxes show the systematic uncertainties from the combinatorial background
subtraction and the tracking and electron identification. The magenta boxes (right) indicate system-
atic errors related to the subtraction of the light-flavour and heavy-flavour contributions. The excess
spectrum is compared to predictions using different r spectral functions (see text) [130–132, 292].

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts


Heavy-flavor transport in ALICE 3
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Pb–Pb collisions with Lint = 35nb−1, compared to the performance expected in Run 3 and 4 with
the ITS2 and ITS3.

Figure 41: Azimuthal distribution of DD pairs with pT1 > 4GeV/c, 2<pT2 < 4GeV/c (left panel)
and pT > 6GeV/c (right panel) and |y| < 4 in minimum bias Pb–Pb collisions. The combinatorial
background of DD not coming from the same hard scattering has been subtracted. The uncertainties
shown are for a total luminosity of 35 nb−1.

3.5< pT <4.0 GeV/c, the statistical uncertainty is about 15%. In the same kinematic region, the
expected accuracy with ALICE 3 is expected to be well below 1%.

3.3.1.5 DD̄ azimuthal correlations

Azimuthal correlations of D0D0 pairs in Pb–Pb collisions provide a direct measure of momen-
tum broadening by the QGP, which is sensitive to the nature of the energy loss mechanisms and
to the degree of charm thermalization in the medium, as discussed in Section 2.1.2. Projections
for measurements of the azimuthal distributions of D0D0 pairs in minimum bias Pb–Pb collisions
are presented Fig. 41, for pairs with pT1 > 4GeV/c, 2<pT2 < 4GeV/c (left) and pT1�2 > 6GeV/c
(right). The statistical uncertainties are estimated for a Pb–Pb luminosity of 35 nb−1. Two types

‣ Two particle D0 correlations probe microscopic aspects of charm diffusion more directly


‣ Beauty hadron vn will provide ultimate constraints on bottom quark diffusion coefficient Ds

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts


Quantum number fluctuations in ALICE 3
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Figure 60: Simulated values of k4/k2 as a function of the generated number of events for DD̄
fluctuations in central Pb–Pb collisions at

p
sNN = 5 TeV.
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Figure 61: (Color online) Simulated values of k6/k2 as a function of the generated number of events
for the ALICE 2 kinematic acceptance, 0.6 < p < 1.5 GeV/c and |h |< 0.8. The full symbols repre-
sent results obtained with the double Gaussian approach adjusted to reproduce critical fluctuations
(CF) predicted in the PQM model [153] and the statistical hadron resonance gas model (HRG). The
last two points with the largest number of events correspond to ALICE 3 statistics.
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Figure 7: (Color online) Ratios of 4th order cumulants of strangeness and charm fluctuations. The
ratio cBS

13 /c4
S is dominated by the ratio of strange baryon number fluctuations over net kaon number

fluctuations, and similarly cBC
13 /c4

C. Lattice QCD results are compared to HRG model calculations
using baryons and mesons listed in the particle data tables (PDGHRG) and augmented by hadrons
calculated in a relativistic quark model (QMHRG), respectively.

In ALICE 3, these studies can be extended to the strangeness and charm sector [161–163]. In
Figure 7 we show 4th order cumulant ratios in the strangeness and charm sector that can be stud-
ied experimentally by measuring the cumulant ratios of strange (charmed) baryons and mesons.
The comparison to HRG model calculations clearly shows the large discrepancy between lQCD
calculations and HRG model calculations in the charm sector when only the experimentally es-
tablished charmed hadron resonances are used. This suggests that additional charm states exist
in nature. Indeed, by adding additional states in the HRG model, the agreement can be signif-
icantly improved, see Figure 7. Experimental measurements of net-charm fluctuations require
high efficiency and high purity for open charm hadron reconstruction. Such studies are out of
reach for current generation detectors, and will be seriously explored with ALICE 3.

The physics performance for studies of second and higher order cumulants with ALICE 3 will
be presented in Sec. 3.3.4.

‣ Measurements of net-charm fluctuations open new window to test Lattice QCD


‣ ALICE 3 necessary for higher order net-proton fluctuations to be explored at LHC 

PRC 104 (2021) 041901
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Heavy-flavor production and interactions in ALICE 3
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‣ Multi-charm baryons accessible  novel tests of hadronization mechanisms 

‣ Two particle D0 femto correlations can be used to explore formation of D0 molecules

→

1x charm
2x charm
3x charm

Run 5 & 6

Run 3 & 4

cd

ct

Λc

Ωc J/ψ
Ξcc

Ωccc
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D0p+ and D0 ! K�p+, having branching ratios (66.7± 0.5)% and (3.951± 0.031)% [226],
respectively. D0 mesons coming from D⇤+ decays were rejected by off-line selections on the de-
cay topology. The reconstruction and selection efficiencies, as well as the signal-to-background
ratios, were evaluated using the Fast Simulation tool described in Sec. 3.1. For each selected
pair of D⇤+ and D0 mesons, the relative momentum k⇤ = |p⇤

2 �p⇤
1|/2 in the pair rest frame was

computed. The total number of D0D⇤+ pairs as a function of k⇤ was calculated by scaling the
number obtained from the PYTHIA 8 simulation in order to match the expected integrated lumi-
nosity of Lint = 18fb−1 and to reproduce the predicted CD0D⇤+ for an emitting-source radius of
1 fm. The number of D0D⇤+ pairs in the 10% most central Pb–Pb collisions at

p
sNN = 5.5 TeV

was obtained analogously for the expected integrated luminosity of Lint = 35nb−1, considering
in addition that the D mesons produced in each Pb–Pb event scale with the number of binary
nucleon–nucleon collisions (Ncoll) compared to the corresponding number in pp collisions. In
this case, the expected CD0D⇤+ for an emitting-source radius of 5 fm was considered. The right
panel of Fig. 43 shows the expected statistical precision for the CD0D⇤+ measurement with the
ALICE3 detector. In particular, in case of bound state formation, the expected statistical uncer-
tainties will allow for a significant measurement of a CD0D⇤+ lower than unity in Pb–Pb collisions
and higher than unity in pp collisions. Hence, this would give the possibility to shed light on the
molecular or tetraquark nature of the T+

cc state. In the same way, a systematic scan of light-to-
heavy colliding systems will allow for a crucial test of the hadronic molecule hypothesis for the
candidates listed in Table 5.

3.3.1.7 D0(+)D⇤0(�) momentum correlations
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Figure 44: D0D⇤0 and D+D⇤� correlation function predictions and projections for the ALICE3
detector shown in the left and right panels. Different colours refer to different system radii. The total
luminosity considered for pp and Pb-Pb collisions is indicated in the legend.

Also the nature of the cc1(3872) state is subject of a longstanding discussion as far as its molec-
ular nature is concerned. The cc1(3872) state (JPC = 1++ and I = 0) couples to the DD⇤ and
D⇤D⇤, in particular its mass is located below the D0D⇤0 pairs (�40 keV) and D+D⇤� (�8.27
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Ultra soft photons and BSM searches in ALICE 3
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122 ALICE Collaboration

Figure 72: Bounds in the (ma, 1/La) plane from existing and future ALP searches.

LHC experiments [325, 326]. As can be seen in the figure, the ALICE 3 experiment is expected
to fill the gap between beam-dump and ATLAS/CMS constraints and push the limits on ALP-g
coupling well below 1TeV�1 in the intermediate mass range from 50 MeV/c2 to 5 GeV/c2.

‣ Forward Conversion Tracker used to measure ultra-soft photons very forward

✓Low’s theorem can be used to test infrared limits of quantum field theories

‣ Light by light scattering via UPC events provide competitive limits on axion searches

114 ALICE Collaboration
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Figure 64: Transverse momentum spectra of signal and background photons at forward rapidities
in pp collisions at

p
s = 13TeV. The background consists of photons from the decay of p0, h and

other hadrons and of bremsstrahlung photons produced by electrons and positrons in the material in
front of the FCT. The left-hand figure shows only background photons created in the beam pipe. In
the simulation the 500 µm beryllium beam pipe was shaped in a way as to avoid shallow crossing
angles. Detailed studies of an optimal beam pipe design for a forward soft photon measurement are
currently ongoing. The right-hand figure shows the bremsstrahlung background for a full detector
setup (standard beam pipe, barrel tracking layers, forward tracking disks) for events without an
electron or a positron in the pseudorapidity range of the FCT.
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Many more physics topics opportunities with ALICE 3
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Detector concept
• Compact and low-mass all-silicon tracker:


• High-resolution retractable vertex detector

• Outer tracker: large rapidity coverage, |η| < 4


• Superconducting magnet system (2T)

• Untriggered readout and online processing

• Particle identification: 

• Silicon TOF

• RICH

• Muon ID down to pT ≈ 1.5 GeV/c

• ECal: photon detection, jets

R&D/innovation areas: vertex tracker mechanics, MAPS development, large scale integration,  
Monolithic Si timing sensors, Si photon detection, …

‣ Large  and  acceptance + excellent PID enable for example:


✓Heavy-flavor jet correlations or photon-heavy-flavor jet correlations with unprecedented purity 
at low transverse momentum scales


✓Full 3D imagining of nuclear collisions via anisotropic flow measurements


✓Two-particle correlations with large  to probe early time dynamics and diffusion


η pT

Δη

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts
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ATLAS, CMS, LHCb in Runs 5 and beyond 

ALTAS
✓ Improved ZDC

✓Extend tracker acceptance to 

|η| < 4

✓Time-of-flight PID 2.5 < |η| < 4

✓Endcap calorimeters with 

higher granularity

CMS
✓Charged particle tracking up to 

|η| < 4, muons up to |η| < 3

✓Time-of-flight PID up to |η| < 3 

✓High-precision vertexing

✓Wide coverage calorimetry

LHCb
✓50 kHz for Pb-Pb and no 

centrality limitation

✓Excellent vertexing 

capabilities

✓Fixed target

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts


Summary
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‣ Rich physics plan ahead for ALICE in Runs 3 & 4 (2023-2032):

✓Improvements in detector performance thanks to vital U.S. contributions 

✓Unique opportunity for Hot and Cold measurements QCD after RHIC and before EIC

✓Continued support for all US LHC upgrades e.g. FoCal essential.


‣ ALICE 3  designed by heavy-ion physicists for heavy-ion physics:

✓Opens new era of discovery potential and precision in QCD

✓Technology selection, prototypes, beginning of construction in 2023 LRP period  


‣ Runs 5 and beyond  Major expansion of capabilities for all LHC detectors  
✓US participation essential for realization of physics opportunities in Hot QCD 

✓Opportunities for growth of US contributions and leadership

→

→

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts
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Back-up - Quarkonia in Run 3 & 4
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‣ MFT improves allows separation of prompt and B decays for J/ψ
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Back-up - Fixed target in Run 4?
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Back-up - ALICE 3 luminosities 
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Back-up - ALICE 3 PID
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Back-up - ALICE 3 PID
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Figure 29: Left panel: signal to background ratio for D0 in intervals of rapidity as a function of
pT in 0-10% central Pb–Pb collisions. Results are compared to the measurements from ALICE1
and ALICE2 at mid-rapidity and shown by open marker. Right panel: D0 meson reconstruction
acceptance ⇥ efficiency at mid-rapidity for ALICE 1, ALICE 2 and ALICE 3.

Particle Mass (GeV/c ) ct (µm) Decay Channel Branching Ratio (%)

W+
cc 3.746 50 (assumed) W0

c +p+ 5.0 (assumed)

W0
c 2.695 80 W�+p+ 5.0 (assumed)

X++
cc 3.621 76 X+

c +p+ 5.0 (assumed)

X+
c 2.468 137 X�+2p+ (2.86±1.27)

X+
c 2.468 137 p+K�+p+ (6.2±3.0)10�3

Table 6: Particles and decay channels used in the reconstruction of the X++
cc and W+

cc analyses using
strangeness tracking. Values from [226]. Where no measurement is available, a branching ratio of
5% is assumed.
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Back-up - Multi-charm
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Back-up - ALICE 3 detector requirements
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22
A

LIC
E

C
ollaboration

Component Observables Barrel (|h |< 1.75) Forward (1.75 < |h |< 4) Detectors

Vertexing (Multi-)charm
baryons,
dielectrons

Best possible DCA resolution,
sDCA ⇡ 10µm at
pT = 200MeV/c, h = 0

Best possible DCA resolution,
sDCA ⇡ 30µm at
pT = 200MeV/c, h = 3

retractable Si-pixel tracker:
spos ⇡ 2.5µm,
Rin ⇡ 5mm,
X/X0 ⇡ 0.1% for first layer

Tracking (Multi-)charm
baryons,
dielectrons,
photons . . .

spT/pT ⇡ 1��2% Silicon pixel tracker:
spos ⇡ 10µm,
Rout ⇡ 80cm,
L ⇡±4m
X/X0 ⇡ 1% per layer

Hadron ID (Multi-)charm
baryons

p/K/p separation up to a few GeV/c Time of flight: stof ⇡ 20ps
RICH: n ⇡ 1.006�1.03,
sq ⇡ 1.5mrad

Electron ID Dielectrons,
quarkonia,
cc1(3872)

pion rejection by 1000x
up to 2–3 GeV/c

Time of flight: stof ⇡ 20ps
RICH: n ⇡ 1.006�1.03,
sq ⇡ 1.5mrad

Muon ID Quarkonia,
cc1(3872)

reconstruction of J/y at rest,
i.e. muons from pT ⇠ 1.5 GeV/c at
h = 0

steel absorber: L ⇡ 70cm
muon detectors

ECal Photons,
jets

large acceptance Pb-Sci sampling calorimeter

ECal cc high-resolution segment PbWO4 calorimeter

Soft photon
detection

Ultra-soft photons measurement of photons
in pT range 1–50 MeV/c

Forward conversion tracker
based on silicon pixel tracker

Table 4: Detector requirements

https://twiki.cern.ch/twiki/bin/view/ALICE/PWGCF_QM2018Abstracts

