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ALICE primary goal : Quark Gluon Plasma (QGP)
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QGP study via heavy ion collisions at the LHC: e0~10-40 GeV/fm3
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QCD phase diagram 
In equilibrium, the phase structure of nuclear 
matter is controlled by a small number of local 
thermodynamical parameters: the temperature 
T and the chemical potentials associated to 
conserved quantities, the most important of 
which is the baryon chemical potential, µB, 
related to baryon number conservation. Figure 1 
summarizes our present knowledge of the phase 
diagram in the temperature T, chemical potential 
µB plane. More specifically: 
a) In the chiral limit of two-flavour QCD, i.e., 

for vanishing up- and down-quark masses, a 
phase transition exists, that separates a phase 
of broken chiral symmetry at low temperature 
from a chirally symmetric phase at high 
temperature. This transition also persists at 
small, non-vanishing values of the baryon 
chemical potential.

b) For QCD with its physical spectrum of small 
but non-zero up and down quark masses and 
a heavier strange quark, the transition from 
the low- to the high-temperature regime is 
rapid and accompanied by large changes in 
the properties of strongly interacting matter. 
However, it is presumably not a genuine 
phase transition but a ‘’cross-over transition’’. 
At vanishing baryon chemical potential this 
transition occurs at about kBT = 155 MeV and 
restores chiral symmetry up to residual explicit 
breaking effects arising from non-zero values 
of the light quark masses. It also shows clear 
features of a deconfining transition, with the 
low-temperature regime being best described 
by ordinary hadronic degrees of freedom, 
while in the high-temperature phase quarks 

and gluons emerge as the dominant degrees 
of freedom. 

c) Properties of strongly interacting matter at 
very high temperature or baryon chemical 
potential can be calculated using perturbative 
techniques. In this asymptotic regime, nuclear 
matter consists of weakly interacting quarks 
and gluons in the QGP phase. At least for high 
temperatures and vanishing baryon chemical 
potentials such calculations can be cross-
checked with lattice-QCD calculations.

d) Close to the cross-over region, in particular on 
the high-temperature side of the transition, 
nuclear matter is strongly coupled.  In this 
region, the transport coefficients are very 
small, implying a strong collective behaviour 
of the nuclear matter. This has profound 
consequences on our understanding of 
heavy-ion collisions: despite large space-
time gradients in these collisions, strongly 
interacting matter exhibits properties similar 
to those of an ideal fluid.

e) One or more colour-superconducting 
phases exist at asymptotically large net 
baryon number density and sufficiently low 
temperature. It is rather likely that this phase 
is homogeneous, but it may display spatial 
variations of the colour-superconducting 
order parameter when the density is lowered.

f) Under conditions of vanishing pressure and 
temperature nuclear matter forms a quantum 
Fermi liquid with a density of about 0.16 
nucleons per fm³. Upon heating, it undergoes 
a first-order liquid-gas transition, which 
ends in a critical point of second order. The 
associated critical temperature is rather well 
established to be around 15 MeV.

Apart from these few anchor points, our 
knowledge of the phase diagram from first-
principle approaches remains scarce, in particular 
in the experimentally interesting region of 
intermediate net baryon number densities. At 
present, these regions are not accessible to 
lattice-QCD calculations. In order to shed light on 
their properties, phenomenological studies have 
been performed, using models that have some 
resemblance to QCD while avoiding its technical 
problems. To give one example, in QCD with a 
large number of colours, a new phase, termed 
the “quarkyonic phase”, was proposed at low 
temperatures and baryon chemical potentials 
exceeding that of the nuclear matter ground state. 
However, without experimental constraints, these 
model approaches often lead to inconclusive 
results.

• Global observables

• Light hadrons

• Strange hadrons

• Quarkonia

• Open heavy flavours

• Electromagnetic probes

• Jet and high pT hadrons 

• Hypernuclei

As a function of rapidity, transverse momentum, 
azimuthal angle, centrality, centre of mass energy, 
reaction plane, fluctuations, small systems (pp
and pA), correlations …

QGP 
probes

NuPECC Long Range Plan 2017
http://www.nupecc.org/lrp2016/Documents/lrp2017.pdf
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ALICE Detector (Run1 and Run2, 2009-2018)

• Excellent (low pT) tracking 
performances

• Excellent particle 
identification performances

• Good secondary vertex 
reconstruction

• Electromagnetic 
calorimeters

• Muon spectrometer at 
2.5<y<4

• ALICE computing grid: up 
to 180k jobs, 100 PB
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JINST 3 (2008) S08002
J. Mod. Phys. A 29 (2014) 1430044



The LHC roadmap (heavy ion runs)
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add an additional heavy-ion accelerating scheme 
to the current facilities, providing extracted 
heavy-ion beams up to 19 GeV per nucleon for 
fixed-target experiments. The aim is also to arrive 
at very high beam intensities, comparable to 
those at FAIR. 

PERSPECTIVES ON  
FACILITIES, COMPUTING  
AND INSTRUMENTATION 
Facilities and Experiments Several facilities in 
Europe are currently  in operation, in construction 
or in discussion, to provide heavy-ion collisions 
at various energies, to explore different regions 
of the phase diagram. We give a brief overview 
of the facilities and the relative experimental 
programmes for the next decade. We start from 
facilities which are existing and operating (the 
LHC), continue with those whose realization is 
already approved and on-going (FAIR and NICA), 
and then discuss further plans which are under 
exploration for the future (NA60+ at the SPS, 
AFTER at the LHC, the Future Circular Collider). 
LHC Run-3 and Run-4 and relative upgrades LHC 
experiments made terrific steps forward in the 
comprehension of the QGP using Run-1 (2009-
2013) data. The higher statistics which is being 
recorded during the on-going Run-2 (2015-2018) 
will further solidify the physics programme which 
was planned for the first inverse nanobarn of 
integrated luminosity. Nevertheless, the precise 
determination of several observables in PbPb 
interactions and the study of the rarest probes 
require a higher integrated luminosity. With 
a ten time larger data sample and upgrades of 
the detectors, the experiments will address the 
following topics (among others): the study of 
charm and beauty quark production down to 
very low transverse momenta and their possible 

thermalization in the medium; the elliptic flow 
of prompt J/ψ, the measurement of the J/ψ 
polarization and the study of the ψ(2S) with 
uncertainties as low as 10% down to zero pT ; a 
precise investigation of the jet structure as well 
as jet-photon and jet-Z0 correlations; the study 
of the production of light nuclei, hyper-nuclei, 
and the search for exotic compound hadrons; the 
measurement of low-mass di-leptons to give a 
determination of the temperature of the source 
emitting the thermal di-leptons: an integrated 
luminosity of 10 nb−1 would allow a statistical 
precision of about 10% and a systematic 
uncertainty of about 20%. 
The main strategy to increase the luminosity in the 
PbPb Run-3 and Run-4 at the LHC is to increase the 
total number of lead nuclei stored in the machine. 
This goal can be achieved by reducing the bunch 
spacing within the PS batches and/or decreasing 
the SPS kicker rise time to reduce the bunch 
spacing in the SPS. A peak luminosity exceeding  
6 · 1027cm-2s-1 can be achieved. The actual schedule 
foresees 2.85 nb−1/year integrated luminosity, 
starting from 2021. The LHC schedule for the 
present Run-2 and the future runs is shown in 
Figure 9, which emphasizes the heavy-ion periods 
and reports the integrated luminosity requested 
by the ALICE experiment. 
From 2021 on, the LHC will operate at the nominal 
center-of-mass energy of 14 TeV for proton-proton 
and of 5.5 TeV per nucleon pair in PbPb collisions, 
and will make a significant step forward in the 
luminosity. The long shutdown LS3 will prepare 
the machine and the experiments to a further 
jump of a factor 10 in proton-proton luminosity, 
with the High-Luminosity LHC entering operation 
in 2026 with two runs presently foreseen (Run-4 
and Run-5). Concerning PbPb collisions, for Run-
3 and Run-4 the experiments have requested a 
total integrated luminosity of more than 10 nb−1 
(e.g., 13 nb−1 requested by ALICE) compared to 

• 10-fold higher integrated luminosity in Pb-Pb collisions at the highest 
centre of mass energy (5.5 TeV)

• All 4 experiments will take part in the LHC heavy ion runs
• Possible interest on lighter ion run (e.g. Ar-Ar) – Under discussion



ALICE strategy for Run3 and Run4 2021-2029
Higher precision, low signal/background observables, low pT heavy 
quarks, rarest probes

PbPb 50 kHz 

New read-out electronics
New TPC GEM chambers

New computing system

Inner tracker (ITS) upgrade

New forward tracker (MFT)

New forward calo (2024)?
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New 

observables

Global observables…....

Light hadrons….............

Strange hadrons…........

Quarkonia…..................

Open heavy flavours…..

Electromagnetic probes. 

Jet and high pT hadrons.

Hypernuclei...................

100-fold larger statistics than Run1+Run2

Better 

significance

Low signal over background: hardware trigger filtering nearly impossible at low pT



ALICE Detector Upgrade
Increase of luminosity and improve vertexing and tracking at low pT
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New RO architecture
(TPC, Muon Spectrometer, 

TRD, TOF, PHOS, 
EMCAL/DCAL, ZDC)

New Muon 
Forward Tracker

New TPC GEM-
based chambers

New Be beam-pipe

New MB trigger 
(FIT)

Grid Computing Center – Computer Room A 

Computing O2

New Inner 
Tracking System



New Read-Out Architecture 
Several sub-projects
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• Central Trigger Processor (CTP)
• SAMPA: new ASIC for the TPC and muon tracking system
• Common Readout Unit (CRU): FIT, ZDC, ITS, TPC, TRD, TOF, MFT, MCH, MID
• Upgrade of most FEE ALICE subsystems : continuous and triggered RO

CTP proto boards
CRU

SAMPA V3 Block Diagram

4SAMPA Brazil Team

SAMPA



ALICE O2 project
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• Continuous readout to stand 50 kHz 
interaction rate

• Data (1.1 TB/s) transferred to First Level 
Processors (FLP)

• Heart Beat triggers to chop data in Sub-
Time Frames

• STF are assembled into Time Frames in 
the Event Process Nodes (EPN)

• Synchronous data volume reduction on-
the-fly by EPN

– Calibration
– Global reconstruction
– Data compression

• Further reconstruction performed 
asynchronously

• Data storage: 85 GB/s for Pb-Pb at 50 kHz



New TPC RO chambers
Limitation of the ion backflow

• TPC diameter 5 m, length 5m
– Electron drift time 100 µs
– Ion drift time 160 ms

• Gating grid to collect ion back flow 
needs 300 µs

• Intrinsic limitation at 3 kHz interaction 
rate

– Present RO limits to 1 kHz for central PbPb

• Low ion backflow of Gas Electron 
Multipliers (GEM) to avoid the gating 
grid

• Continuous readout (~3 TB/s)
• Online calibration, reconstruction and 

data compression needed (O2 project)
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•  Diameter: 5 m, length: 5 m
•  Gas: Ne–CO2–N2, Ar–CO2 in 2015 

and 2016
•  Max. drift time: ~100 µs
•  18 sectors on each side
•  Inner and outer read out 

chambers: IROC, OROC 

•  Current detector (RUN1, RUN2):
–  72 MWPCs
–  ~550 000 cathode pads
–  Wire gating grid (GG) to block Ion 

BackFlow (IBF)
–  Rate limitation: few kHz
�

Central HV 
electrode

High precision, low 
mass field cage

6

ALICE TPC overview

C. Lippmann @ EPS-HEP, Venice, 5-12 July 2017 



Quadruple GEM

• Quadruple GEM chambers

• GEM technology designed to 
suppress ion backflow

• Similar tracking and dE/dx
precision as present MWPCs

• 640 GEM foils needed for the 
whole TPC
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Figure 4.1: Electron microscope photograph of standard GEM foil with hole pitch 140 µm.

Figure 4.2: Garfield / Magboltz simulation of charge dynamics for electrons (two in this simulation) entering into a GEM
hole [4]. Electron drift paths are shown as light lines, ion drift paths as dark lines. Dots mark places where ionization
(multiplication) processes have occurred. The paths have been projected onto the cross section plane.
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TPC Upgrade TDR 21

2 mm

2 mm

2 mm

2 mm

GEM 1

Cover electrode

GEM 2

GEM 3

GEM 4

Pad plane

Strong back

Edrift

ET1

ET2

ET3

Eind readout anode

Figure 4.6: Schematic exploded cross section of the GEM stack. Each GEM foil is glued onto a 2mm thick support frame
defining the gap. The designations of the GEM foils and electric fields used in this TDR are also given. Edrift
corresponds to the drift field, ETi denote the transfer fields between GEM foils, and Eind the induction field between
the fourth GEM and the pad plane. The readout anode (see Eq. (4.2)) is indicated as well. The drift cathode is
defined by the drift electrode not shown on this schematic.

with this technique. Another important constraint is the size of the industrially available base material
and of the machinery required for the processing, both being presently limited to a width of 600mm.

The first limitation can be bypassed by employing a single-mask technique [17]. This technique has
proven to deliver comparable results with respect to homogeneity and gain performance of the GEM-
foils as the standard technique. A small decrease in gain by 25% has been observed in comparison with
a standard GEM at the same conditions, which can easily be compensated for by a slight increase of the
operating voltage.

Large-size foils with single-mask GEM technique have been pioneered in the framework of R&D for the
cylindrical GEM tracker of the KLOE-2 detector by the RD51 collaboration [18]. For the construction
of the full-size KLOE-2 tracker, which has been completed recently [19], a total of 50 large-size single-
mask foils with active areas of up to 430⇥700mm2 have been produced at CERN. After thorough testing
with QA criteria similar to the ones to be adapted for ALICE (see Sec. 4.7), only eight bad foils were
identified. Most of the problems were related to an over-etching of the polyimide, a problem which,
according to the CERN workshop, has been resolved in the meantime. GEM foils with even larger active
areas (990⇥ (220 – 455)mm2) are now routinely being produced in the framework of developments for
the CMS muon system [15, 20]. At the time of writing this TDR, six full-size triple-GEM detectors
with single-mask GEM foils have been built by the CMS GEM collaboration. This collaboration also
measured the uniformity of the gain of a final detector to be within 12 – 15 % (RMS). The GEM foils
needed for the ALICE TPC4 are of a similar size. Hence the single-mask technique can be considered
mature for application to the ALICE TPC.

In order to reduce the total charge stored in the GEM foil, one side of the foil is segmented into HV
sectors with a surface area of approximately 100cm2, as shown in Figs. 4.8 and 4.12. The inter-sector
distances are reduced to 200 µm. Each HV sector is powered separately through high-ohmic SMD5

loading resistors soldered directly onto the foil and connected to a HV distribution line implemented on
the boundary of the foil. This scheme has proven to reduce the probability of discharges propagating
between GEM foils and from the last GEM foil to the readout circuit [5]. Figure 4.11 shows a detailed
view of the segmented side of an IROC GEM foil with the loading resistors in place and the frame of the
next GEM layer on top of it. The voltages to each GEM foil are supplied by two external HV sources,
one for each side of the foil (see Sec. 4.4).

The GEM foils will be pre-stretched with a force of 10N/cm on all four sides using a stretching technique
developed at GSI and TUM, making use of a pneumatical method. A frame originally designed for the
stretching of stencils for PCB assembly was modified to meet the stretching force needed for GEM foils.

4See Tab. 4.1
5Surface Mount Device (SMD)
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Inner central region upgrade
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FIT: Fast Interaction Trigger for ALICE 

• MCP-based detector (59x59x28 mm3)
• Efficiency 100% (~83%) in Pb-Pb (pp) 

collisions
• Centrality triggering 
• Vertex online location
• Time resolution <50 ps
• Event plane determination
• No aging over Run3 and Run4
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Figure 10.7: Photograph of a front (window side) and rear view of XP85012 Planacon.

Reliability and lifetime issues

Electrons multiplied by up to seven orders of magnitude in avalanches inside the microchannels
inevitably degrade MCP surfaces, limiting the lifetime of the device. Likewise, the positive ions
traveling in the opposite direction in the strong electric field also cause the generation of intense
secondary electron showers and additional damage to the photocathode. The ageing of an MCP
is typically reported by plotting the Quantum E�ciency (QE) as a function of the Integrated
Anode Charge (IAC). Before the advent of Atomic Layer Deposition technology, MPCs su↵ered
a drastic decrease in QE already after an IAC on the order of 100 mC/cm2. The latest tests
with the Planacon XP85012 show no signs of degradation even after IAC of ⇠5 C/cm2 [69], as
shown in Fig. 10.8. Hamamatsu is now developing an MCP-PMT that will also push the limit
beyond ⇠5 C/cm2. The new product is expected on the market in 2015, that is, in time for the
upgrade.

A minimum ionising particle (MIP) traversing a 20 mm thick quartz radiator generates about
1000 photons. The Quantum E�ciency (QE) of the Planacon QE is around 10 % hence 1000
photons from 1 MIP will trigger 100 avalanches. Typical gains in use are around 105. With
such a gain there are 107 electrons that reach the anode per MIP, corresponding to a charge of
1.6 ⇥ 10�12 C. Referring to Sec. 3, the total number of tracks will be around 3 ⇥ 1012 on the
innermost sensors and thus the total charge is close to ⇠4.8C/cm2. This value conforms to the
already proven performance of PLANACON [69], giving us confidence that the new MCP-PMT
units will perform well for the ALICE upgrade.

After-pulses

A serious issue complicating the use of PMT-based detectors (including the current T0 and V0)
are after pulses. As can be seen in the left panel of Fig. 10.9, some 20-120 ns after the main
pulse, after pulses with amplitudes of about 20% of the primary peak occur. This phenomenon
is well known and is attributed to the acceleration of ions triggering secondary signals. For
low-multiplicity events, that is when most of the primary pulses are generated by a single MIP
traversing the radiator, this phenomenon is not a problem since the after pulses fall below the
threshold of the discriminator. At higher multiplicities this is no longer the case. Since the
amplitude of an after pulse scales roughly with the amplitude of the primary pulse, at higher
multiplicities one gets potential problems especially when there might be an overlap with signals
from the previous bunch crossing.

Minimum Bias Trigger
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Figure 10.12: Measured TOF resolution obtained with cosmic rays for various pairs of MCP-
PMT sectors obtained with the detector prototype shown in Fig. 10.11.

Time resolution

MCP-based devices are known for their very good timing properties. The tests conducted both
by ALICE and the PANDA and NICA groups confirm the excellent performance of XP85012 in
that respect as shown in Fig. 10.12. The Time-of-Flight resolution of 42 ps as measured with
cosmic rays by a pair of MCP-based detectors corresponds to a resolution of 30 ps for a single
detector element. As expected, the upgraded T0 should therefore have the same or even better
time resolution than the current detector.

E�ciency

The intrinsic e�ciency for a quartz radiator with an MCP-PMT detector is close to 100 %.
That means that every MIP traversing a full path inside of the quartz generates a proper signal
that will be registered. However, the geometric coverage of the detector unit is less than 100 %.
The ratio of active surface to the physical outline of the XP85012 is 80%. When the necessary
housing and mechanical support is added, this ratio will drop to about ⇠75 %, depending on
final design details.

Weight

According to the manufacturer, the approximate weight of XP85012 is 128 g. The weight of
the 53⇥ 53⇥ 20 mm3 radiator made of fused quartz (⇠2.2 g/cm3) is approximately 124 g. The
board with electronics and cable connectors together with a protective cover would bring the
total weight of one module to 400-500 g. Therefore, the weight of a 20 unit array would be
about 8-10 kg plus the weight of the HV cables (total of 20), signal cables (total of 4⇥ 20 = 80)
and optical fibers ( 20).



Inner tracking system (ITS) upgrade
Improving tracking performance at low pT

• Large area (10 m2) tracker made of 
monolithic active silicon pixel sensors 
(|h|<1.22) 

• 7 layers from R=22 mm to R=400 mm 
Inner Barrel, Outer Barrel (Middle 
layers & Outer layers)

• Spatial resolution O(5 µm)

• First layer closer to IP (smaller beam 
pipe radius)

• 0.3%X0 per layer in the inner most 3 
layers (light mechanical structure)
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Muon Forward Tracker (MFT)

Add precise vertexing
capabilities to muon 
tracking at forward 

rapidity



ALPIDE  pixel sensor  (ITS Upgrade and MFT)
CMOS Monolithic Active Sensors (MAPS), TowerJazz 0.18 µm technology

• Sensor size: 15 mm x 30 mm
• Pixel size: 29 µm x 27 µm
• Detection efficiency > 99%
• Event time resolution <4 µs
• Space resolution: 5 µm 
• Power consumption: ~40 mW/cm2

• Radiation dose (Run3+Run4):  
<300 krad, <2.0x1012 1MeV neq/cm2
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Monolithic Active Pixel Sensor – ALPIDE

CMOS Pixel Sensor using TowerJazz 0.18mm CMOS Imaging Process   
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▶ Small n-well diode (2 mm diameter), ~100 times smaller than pixel => low 
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ALICE tracking performances (central barrel)
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ALICE tracking performances (forward muons)
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Adding vertexing
capabilities (with good 

pointing resolution)

Keeping high 
tracking efficiency
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Figure 2.54: Inclusive e+e� invariant mass spectrum (left) and excess spectrum (right) for 0–10% most central
Pb–Pb collisions at

p
sNN= 5.5 TeV in Scenario 1 (current ITS, 2.5 · 107 events). No tight DCA cuts are applied.

The green boxes show the systematic uncertainties from the combinatorial background subtraction, the magenta
boxes indicate systematic errors related to the subtraction of the cocktail and charm contribution.
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Figure 2.55: Inclusive e+e� invariant mass spectrum (left) and excess spectrum (right) for 0–10% most central
Pb–Pb collisions at

p
sNN= 5.5 TeV in Scenario 1 (current ITS, 2.5 ·107 events). Tight DCA cuts are applied. The

green boxes show the systematic uncertainties from the combinatorial background subtraction, the magenta boxes
indicate systematic errors related to the subtraction of the cocktail and charm contribution.

in Scenario 1, i.e. current ITS and 2.5 ·107 events. No particular DCA cuts are applied to reject displaced electrons.
The same spectrum after subtraction of the hadronic cocktail and the charm contribution (the ’excess spectrum’)
is shown in the right panel of Figure 2.54. The low–mass region Mee < 1 GeV/c2 is dominated by systematic
uncertainties related to the subtraction of the combinatorial background. In the mass region Mee > 1 GeV/c2, the
systematic uncertainties from the charm subtraction do not allow quantitative analysis of the thermal radiation
spectrum.

The DCA resolution of the current ITS allows for some limited suppression of displaced electrons (see also Fig-
ure 2.51). In the left panel of Figure 2.55, the inclusive e+e� in Scenario 1 is shown after application of tight
DCA cuts. The relative contribution from charm can be suppressed by about a factor 2 (compare to Figure 2.54,
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Figure 2.57: Inclusive e+e� invariant mass spectrum (left) and excess spectrum (right) for 0–10% most central
Pb–Pb collisions at

p
sNN= 5.5 TeV in Scenario 3 (new ITS, 2.5 · 109 events). Tight DCA cuts are applied. The

green boxes show the systematic uncertainties from the combinatorial background subtraction, the magenta boxes
indicate systematic errors related to the subtraction of the cocktail and charm contribution.

performance study is extended to semi-central collisions, where elliptic flow is most pronounced. The e+e�

invariant mass excess spectra in semi-central (40–60%) Pb–Pb collisions is shown in Figure 2.59 for Scenario 1
(left) and Scenario 3 (right). Note that relative systematic uncertainties in semi-central collisions are smaller
than in central collisions, due to larger S/B (Figure 2.53) and a smaller relative contribution from charm due
to hNcolli scaling. The absolute statistical uncertainties on v2 as a function of Mee are shown in Figure 2.60
for Scenario 1 and Scenario 3. After the high-rate upgrade and with the new ITS, invariant-mass dependent v2
measurements with absolute statistical uncertainty of order s(v2) ⇡ 0.01–0.02 can be achieved.

Information on the early temperature of the system can be derived from the invariant-mass dependence of the
dilepton yield at masses Mee > 1 GeV/c2. To quantify the sensitivity of the anticipated measurement we employ
an exponential fit, dNee/dMee µ exp(�Mee/Tfit), to the simulated spectra in the invariant mass region 1 <Mee <
1.5 GeV/c2. The fit parameter Tfit is compared to Treal which is derived from the same fit to the thermal input
spectrum. The ratio Tfit/Treal for Pb–Pb collions at 0–10% and 40–60% centrality is shown in Figure 2.61. Only
the high-rate scenario with new ITS (Scenario 3) allows a quantitative extraction of the slope parameter in the
relevant Mee range, with statistical and systematic uncertainties in the range of 10–20%.

In conclusion, the measurement of e+e� production in central and semi-central Pb–Pb collisions at
p

sNN= 5.5 TeV
provides unique experimental access to modifications of the vector spectral function and restoration of chiral
symmetry, the early temperature of the system, and the equation of state of partonic matter. With the upgrade of
the ITS and TPC detectors such measurements become feasible. The new ITS detector will allow for a significant
suppression of combinatorial background, and a separation of prompt from displaced electrons, the latter mainly
from correlated charm. We demonstrated that this leads to a significant reduction of the main sources of systematic
uncertainties. Moreover, the upgrade of the TPC with GEM readout will allow for continuous operation, making
possible to record Pb–Pb collisions at a rate of 50 kHz. This improvement in statistical accuracy will enable a
multi-differential analysis of the dilepton excess as a function of Mee, pT,ee, and the orientation to the reaction
plane. We have shown that observables that parametrize the corresponding dependencies can be extracted with
unprecedented precision.

2.4 Jets
The main motivation for measuring jets in heavy-ion collision is to map out the properties of the created medium
via its interaction with hard scattered partons. Hard scatterings (Q2 � (2 GeV/c)2) occur in the early reaction
phase (t ⌧ 1 fm/c), well before the formation of a hot and dense medium and enable in principle the tomographic
study of the medium. The basis of this approach is that the initial production of hard scattered partons is well

J. Phys. G: Nucl. Part. Phys. 41 (2014) 087001 The ALICE Collaboration

60

Drastic reduction of statistic and systematic errors on background estimation
Observable sensitive to: 
• The modification of the r meson spectral function due to chiral symmetry restoration
• Thermal radiation from the QGP
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Improvement of the statistical significance on the suppression pattern

Comparison of different D-mesons is sensitive to the hadronization process of c quarks in 
the QGP
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Figure 8.20: Enhancement of the ⇤c/D0 ratio in central Pb–Pb (0–20% for Lint =
10nb�1) with respect to pp collisions. Two model calculations [62, 69] are also shown.

the nuclear modification factor of D0 and J/ from B decays is shown in Fig. 8.19. For
prompt and non-prompt D0 mesons, the uncertainties for pT > 16GeV/c were extrapol-
ated from those estimated at low pT. For all particles, it is assumed that the pp reference
has negligible statistical uncertainties with respect to Pb–Pb. Some of the systematic
uncertainties are partly cancelled in the ratio (tracking and cut selection e�ciency).

Figure 8.20 shows the enhancement of the ⇤c/D0 ratio in central Pb–Pb (0–20% for
Lint = 10nb�1) with respect to pp collisions. It is assumed that the statistical uncertainties
for the D0 measurements and for the ⇤c measurement in pp are negligible with respect to
those for the ⇤c measurement in Pb–Pb. The points are drawn on a line that captures
the trend and magnitude of the ⇤/K0

S double-ratio. Two model calculations [62, 69] are
shown to illustrate the expected sensitivity of the measurement.
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New observables in Pb-Pb: baryon production in the charm and beauty sector!

For the moment, only observed in pp and p-Pb collisions: https://arxiv.org/abs/1712.09581
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J/y elliptic flow 2.5<h<4.0
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With ITS and MFT: Prompt - Decay separation

Audrey	Francisco	 	 				Strangeness	in	Quark	MaOer	 	 				Utrecht,	July	14th	2017Audrey Francisco      Strangeness in Quark Matter      Utrecht, July 14th 2017

J/!	v2	results	vs	pT	and	theory	comparison

14

ALI-PREL-129969

• A clear v2 signal is observed in various centrality and pT bins 

• Comparison with transport model :  

• magnitude at low pT is reproduced by including a strong J/! 
(re)generation component 

• at high pT the v2 is underestimated (prompt J/!  from CMS also 
indicate a non-zero v2 )

ALI-PREL-128122
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Figure 6.22: Left: expected systematic uncertainties on the measurement of the dis-
placed/prompt J/ ratio (cfr Figure 2.19 of [4]). Right: expected total uncertainties (statistical
plus systematic contributions summed in quadrature) for the measurement of the RAA of beauty
mesons via displaced J/ at forward rapidity, shown together with the expected performance in
the displaced D0 channel at central rapidity (see left plot of Figure 8.19 of [5]).

Pb collisions, and the precision measurement of low-mass dimuon production down to low pT.
For these physics studies, we shortly review in this Section the main results already discussed
in the ALICE Upgrade LoI addendum [4].

 (2S) measurement

The MFT tracking capabilities allow for a significant reduction of the combinatorial background
coming from the semi-muonic decay of light hadrons, mainly pions and kaons, and from non-
prompt correlated sources like open charm and open beauty processes. This background reduc-
tion is important for all signals, but is of major interest for the study of the  (2S) in central
Pb–Pb collisions, for which the signal-over-background ratio improves by a factor up to about 10
depending on the pT range. The very low signal-over-background ratio obtained with the cur-
rent MUON spectrometer makes the  (2S) extraction in the most central Pb–Pb collisions very
di�cult. The addition of the MFT, conversely, will allow the  (2S) signal to be extracted
with uncertainties as low as ⇠ 10% down to zero pT [4]. A precise measurement of the  (2S),
combined with the one of prompt J/ production, will o↵er an important tool to discriminate
between di↵erent models of charmonium regeneration in the QGP.

Low-mass dimuon measurements

The measurement of prompt dimuon sources in the low-mass region (below ⇠ 1.2 GeV/c2)
will strongly benefit from the addition of the MFT to the MUON spectrometer. A dramatic
improvement, up to a factor of about 4, is expected for the mass resolution of the narrow !

and � resonances, for which resolutions of ⇠ 15 MeV/c2 are expected: this will translate into
a significant improvement of the measurements involving these particles, allowing at the same
time a reliable identification of the underlying thermal dimuon continuum and the measurement
of the in-medium modified line shape of the short-lived ⇢ meson. A precision of about 20% is
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• Factor 10 increase of the Pb-Pb integrated luminosity is planned by the LHC 
for Run3 and Run4

• ALICE will upgrade its detector to take advantage of the luminosity increase
– A factor 10-100 increase in Pb-Pb statistics, depending on the observable with respect Run1 

and Run2 (10 nb-1 integrated Pb-Pb luminosity)

• Full upgrade of the detector readout architecture and computing
• New GEM-based TPC readout chambers
• New pixel trackers (ITS and MFT) based on ALPIDE MAPS sensor
• Better detector performance to study low pT hadrons and open heavy flavour 

and quarkonium in Pb-Pb collisions
• Installation is foreseen in 1 year from now, during LS2 (2019-2020)



ALICE Detector Upgrade
Letters of Intent and Technical Design Reports

• ALICE TDR for the Run3
– CERN-LHCC-2013-019 (System upgrade)
– CERN LHCC-2013-013 (TPC Upgrade)
– CERN-LHCC-2013-023 (ITS Upgrade)
– CERN-LHCC-2015-001 (MFT)
– CERN-LHCC-2015-006 (O2)
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• ALICE upgrade LoI and its addendum 
– CERN-LHCC-2012-012 (LoI)
– CERN-LHCC-2013-014 (addendum)



Thanks for your attention


