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Evolution of a heavy-ion collision
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The partons within the nuclei that are involved in the smaller-Q2 interactions determine the overall en-
ergy density and entropy deposition in the initial state, and their interaction rate is largely driven by
Npart. Such parton interactions lead to a “lumpiness” of the initial density profile, which is the result of
fluctuations in the distribution of nuclear matter, and is depicted in Fig. 3. Immediately after the colli-
sion, the smaller-Q2 interactions occur in the context of a weakly coupled pre-equilibrium phase. This
is followed by the creation of even softer partons in these processes, which enable the formation of a
strongly coupled QGP phase. The hard processes from large-Q2 interactions, with their rate driven by
Ncoll, enable the creation of high momentum gluons and high momentum/mass quarks, as indicated in
Fig. 3 via the gluon and charm quark trajectories. As they have short wavelengths, they will interact
with other quarks and gluons on a microscopic level, leading to energy loss effects (the energy being
transferred to the medium), and therefore they offer information on the opaqueness of the QGP. The
interactions of high-momentum partons with the QGP can be radiative as indicated in Fig. 3 for a gluon,
as well as elastic, as indicated by the change in direction of the charm quark. The amount of energy loss
will depend on the colour charge, momentum, mass, type of process (inelastic or elastic), the distance
traversed (path length) of the hard scattered parton, and is subject to stochastic processes. The heavy
quarks produced via hard processes can also form quarkonia (bound heavy quark-antiquark states), with
their production rate being suppressed because the binding force between the quark and anti-quark is
weakened (screened) by the presence of the colour charge of quarks and gluons. That suppression is
closely related to the temperature of the QGP, and can be counterbalanced by a regeneration process
that recombines heavy quarks participating in the medium interactions, depending on the abundance of
heavy quarks. In addition, the parton fragmentation processes (indicated by the yellow cone) lead to
jets, partonic showers that arise from these high energy partons, and that fragment into experimentally
observable hadrons once the shower components reach low virtuality. That fragmentation pattern in the
medium can be altered compared to vacuum-like conditions, e.g. e+e� collisions.
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Figure 3: The evolution of a heavy-ion collision at LHC energies.

The evolution of the QGP for most processes involved in soft interactions after ⇠ 1 fm/c can be un-
derstood as follows. Since the mean free path of the vast majority of QGP constituents is expected to
be much smaller than the size of the QGP formed (assuming these constituents are strongly coupled),
multiple interactions drive the expansion. This expansion is highly influenced by the non-uniform en-
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• Right after a relativistic heavy-ion collision, processes involving high momentum 
transfer take place, leading to the creation of jets and heavy quarks 


• As the system evolves, LQCD predicts the formation of a medium where quarks and 
gluons are no longer confined within hadrons: the quark-gluon plasma (QGP) 

• As QGP expands and cools down, partons recombine to form hadrons


• The resulting particles can be studied using detectors to infer the properties of QGP

https://arxiv.org/pdf/2211.04384
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ALICE Collaboration

39 countries, 174 institutes, 1927 members

Active participation of 
different mexican institutes

The aim of ALICE is to study the physics of strongly interacting matter at the 
highest energy densities reached so far in the laboratory
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ALICE in Run 2
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QGP evidences in Pb-Pb collisions

Hydrodynamic models of a 
perfect fluid offer a good 

description of the anisotropic 
distribution of final particles

5

Pb+Pb collisions at the top LHC energy [108, 109].
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Figure 2: The pT dependence of elliptic flow in Pb+Pb collisions at the LHC for various particle spe-
cies. The data are from the ALICE experiment [108]. The curves represent estimations extracted from
TRENTo+VISHNU based on a Bayesian analysis that determines the optimal hydrodynamic parameters
from other observables [23].

A key example of more differential endeavors regarding the investigations into hydrodynamic re-
sponse, pursued since the last Long Range Plan, is given by measurements of Symmetric Cumulants (SC(k, l)).
These extend the study of the individual flow amplitudes vn at low pT to correlations between event-by-event
fluctuations of flow coefficients [110–114]. Hydrodynamic calculations show that while v2 and v3 exhibit
an approximately linear dependence on the corresponding eccentricities ✏2 and ✏3, respectively, the higher
order vn coefficients (i.e., for n > 3) have also non-linear contributions from ✏2 and ✏3 in addition to the
linear ones from ✏n [115–118]. These observations lead to non-trivial correlations between different flow
coefficients which result in new and independent constraints on the initial conditions and ⌘/s. The left panel
of Figure 3 presents the centrality dependence of correlations between vn coefficients (up to the 5th order)
from Symmetric Cumulants, which are defined as:

SC(k, l) ⌘ hv2kv
2

l i � hv2kihv
2

l i (4)

The results shown are for Pb+Pb collisions at
p
sNN = 2.76 TeV [119, 120]. The correlations among

different flow coefficients depend on harmonic, as well as collision centrality [120]. Positive values of
SC(4,2), SC(5,2), and SC(5,3) and negative values of SC(3,2) and SC(4,3) are observed for all centralit-
ies. These indicate that event-by-event fluctuations of v2 and v4, v2 and v5, and v3 and v5 are correlated,
while v2 and v3, and v3 and v4 are anti-correlated. Furthermore, the lower-order harmonic correlations are
much larger than the higher-order ones. Measurements from ATLAS and CMS for Pb+Pb collisions at the
LHC [122, 123], and STAR for variety of Au+Au collision energies [124], show similar trends. The SC
observables are compared with EKRT [121] and TRENTo+VISHNU [23] predictions in the right panel of
Figure 3. The EKRT calculations are shown for two temperature-dependent ⌘/s parameterizations that
provide the best description of RHIC and LHC vn data: the constant ⌘/s = 0.2, and “param1" [121].
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M. Arslandok et. al., arXiv:2303.17254 ⟹

⟹

https://arxiv.org/abs/2303.17254
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Figure 45: Nuclear modification factor RAA for charged hadrons [572] in central and peripheral Pb–Pb colli-
sions and NSD p–Pb collisions (top), and for various particle species in central Pb–Pb collisions [382, 484, 573]
(bottom). Isolated photons measured by CMS are also included for comparison [574].

bosons measured at midrapidity [576, 577], while at forward rapidity the RAA deviates from unity due
to shadowing effects [578]. On the other hand, the RAA of W+ and W� also differs from unity due to
isospin effects and, depending on the rapidity coverage, shadowing effects [579, 580] (see also Chap. 4).

97

ALICE, arXiv:2211.04384v1

The nuclear modification factor is 
a measure of the suppression or 

enhancement of jets or heavy-flavor 
hadrons due to the interaction of the 

parent parton with the medium

RAA(pT) =
1

⟨Ncol⟩
dNAA/dpT

dNpp/dpT
→

QGP-effects
absence of QGP

https://arxiv.org/abs/2303.17254
https://arxiv.org/pdf/2211.04384
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Figure 45: Nuclear modification factor RAA for charged hadrons [572] in central and peripheral Pb–Pb colli-
sions and NSD p–Pb collisions (top), and for various particle species in central Pb–Pb collisions [382, 484, 573]
(bottom). Isolated photons measured by CMS are also included for comparison [574].

bosons measured at midrapidity [576, 577], while at forward rapidity the RAA deviates from unity due
to shadowing effects [578]. On the other hand, the RAA of W+ and W� also differs from unity due to
isospin effects and, depending on the rapidity coverage, shadowing effects [579, 580] (see also Chap. 4).
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events will scale as A4/3. Individual collisions between protons are thought 
to occur independently of each other, and their number can be computed 
from the distributions of the nuclear densities, the nuclear overlap for a 
given impact and the inelastic proton–proton cross-section.

Collisions of nuclei differ from collisions between protons in that the 
hard scattered partons may traverse the quark–gluon plasma before or 
during their hadronization into a jet. Jets are characteristic of collisions 
between protons in which two constituent partons scatter and recede 
from each other with a significant fraction of the initial beam momen-
tum. In the plane transverse to the beams, the momenta are large and 
opposite in direction. The two scattered partons hadronize mainly into 
mesons that are emitted in a cone — the jet — around the direction of 
parton momentum. It was realized very early31 that the quark–gluon 
plasma could modify jets resulting from collisions between nuclei. 
Calculations showed that a parton traversing a hot and dense medium 
consisting of other partons — that is, a quark–gluon plasma — should 
lose substantially more energy than one traversing cold nuclear mat-
ter32–34. This prediction appears to be borne out by data from all four 
experiments at RHIC.

A jet is much more difficult to see in a heavy-ion collision than after a 
collision between protons. The reason is the sheer number of particles 
produced: a single central (head-on) gold–gold collision generates about 
5,000 charged particles, and unless the jet has very high (transverse) 
momentum, it will not stand out in the crowd. But the presence of jets 
will affect the overall transverse momentum distribution. At low trans-
verse momenta, the spectrum in a heavy-ion collision is complex, as it is 
a superposition of hydrodynamic expansion effects and random thermal 
motion. Nevertheless, for particles of a particular species with transverse 
momenta that are significantly larger than their mass, the resulting spec-
trum is nearly exponential. The contribution of jets with high transverse 
momentum leads to a distinct power-law behaviour typically visible for 
values of transverse momentum of a few GeV or more.

To judge a possible modification of the shape of the spectrum in a 
high-energy nuclear collision, the transverse-momentum distribution 
of π mesons produced in central gold–gold collisions at RHIC can be 
compared with that measured in proton–proton collisions. To quantify 
this comparison, the ratio of the gold–gold-collision spectrum to the 
proton–proton-collision spectrum is scaled to the total number of ine-
lastic collisions in the nuclear case, providing the suppression factor RAA. 
For larger transverse momenta, this factor settles at about 0.2 (Fig. 4); 

that is, the production of high-momentum π mesons is suppressed by a 
factor of five in gold–gold collisions.

What is the origin of this suppression? The transverse-momentum 
spectrum for collisions between protons agrees well35 with theoretical 
calculations that use next-to-leading-order quantum chromodynamic 
perturbation theory. When the spectra of deuteron–gold collisions of 
varying centrality are compared with the proton–proton spectrum, RAA 
is 1 or larger (for more central collisions, values larger than 1 are even 
expected — a phenomenon known as the Cronin effect, caused by the 
scattering of partons before the hard collision). For peripheral gold–gold 
collisions, the values of RAA also correspond well to the expectation from 
collisions between protons. The clear implication is that something 
special and new happens in central gold–gold collisions: the precursor 
parton of the jet produced must lose a lot of energy, causing the trans-
verse-momentum spectrum of the mesons in the jet to fall off steeply.

Several researchers have shown that only calculations including large 
energy loss in the medium can account for these data. The clear implica-
tion is that the medium present in the collision fireball is hot and dense, 
and when partons pass through it, they lose energy. Both radiation of 
gluons and elastic scattering seem to be important here. In deuteron–
gold collisions, by contrast, the jet sees at most cold nuclear matter (or 
a vacuum), and does not seem to be perturbed.

Calculating the energy loss of a fast parton in a quantum chromody-
namic liquid, as suggested by the data discussed in the previous section, 
is beyond the current theoretical state-of-the-art. To gain insight into the 
underlying physics of energy loss, it is helpful to resort to another aspect 
of the medium: that it contains many gluons. Indeed, the RHIC data on 
parton energy loss are well explained by modelling the medium formed 
by the collision as an ultra-dense gluon gas with a density of the number 
of gluons (Ng) per rapidity interval of dNg /dy = 1,100. Here, the rapidity y 
is a logarithmic measure of the gluon’s longitudinal velocity, v. With the 
simple assumption that v = z/t (z is the longitudinal space coordinate), 
Bjorken36 showed how to map rapidity densities to spatial densities. The 
spatial gluon density in turn is linked directly to entropy density. Using 
relations from statistical mechanics for a relativistic gas of bosons (and 
fermions if quarks are included), the temperature and energy density 
can be obtained from these gluon densities. The high gluon densities 
needed to reproduce the observed gold–gold RAA correspond to an initial 
temperature of about twice the critical temperature for the formation of a 
quark–gluon plasma. The initial energy densities of 14–20 GeV fm–3 are 
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Figure 6 | Charmonium suppression. a, At low energies, the quark–gluon 
plasma screens interaction between the only pair of charm quark and 
antiquark produced (red dots) and any other two quarks (up, down, 
strange) will find themselves paired with the charm quark/antiquark in 
D mesons at hadronization (purple circles). At high energies, by contrast, 
many charm–anticharm pairs are produced in every collision and at 
hadronization, charm and anticharm quarks from different original pairs 
may combine to form a charmonium J/Ψ particle. Grey dots indicate 

light partons produced in the collision. b, Theory and experiment 
compared quantitatively. Model predictions55 for the charmonium 
suppression factor agree well with recent RHIC data from the PHENIX 
collaboration66. Owing to the increased level of statistical recombination 
expected, enhancement rather than suppression is predicted for LHC 
conditions. What the experiments deliver will be a further crucial test of 
theories of the quark–gluon plasma. Part b reproduced, with permission, 
from ref. 55.
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ALICE, Phys.Lett.B 849 (2024) 138451

P. Braun-Munzinger et al., Nature 448, 302 (2007) 

The nuclear modification factor is 
a measure of the suppression or 

enhancement of jets or heavy-flavor 
hadrons due to the interaction of the 

parent parton with the medium

https://arxiv.org/abs/2303.17254
https://arxiv.org/pdf/2211.04384
https://arxiv.org/pdf/2303.13361
https://www.nature.com/articles/nature06080
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Thermal gluons have 
enough energy to produce 

 pairs, enhancing the 
production of strange 

hadrons
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Several upgrades to the detector 
have been done, and some are on 

the way..

Among the expected measurements 
during Runs 3 and 4 we have

Nonetheless, some fundamental 
questions will still remain open… 

• Medium effects on single 
heavy-flavour hadrons 


• Time averaged thermal QGP 
radiation 


• Collective effects from small to 
large systems

Design of the ALICE FoCal

Markus Fasel | DIS 2021, Stony Brook University | April 12-16, 2021

15

• 3.2 < η < 5.8

CERN-LHCC-2020-009, LHCC-I-036

Hadronic and electromagnetic 
calorimeter
• FoCal-E: Si+W sampling 

calorimeter
• FoCal-H: conventional 

sampling hadronic calorimeter

Electromagnetic calorimeter:
• Low Granularity: Si-pad (16 layers)
• High Granularity: MAPS, based on 

ALPIDE (2 layers)
Shower tracking

EPICAL (ALPIDE) 
pixel prototype 
(proton CT project) 

Full (pad-layer only) 
modules for tests at 
PS/SPS and in 2018 
13 TeV LHC beam

ITS3 FoCal

ALICE in Run 3 and 4

Upcoming

upgrades

for Run 4:

ALICE in 
current

Run 3:
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Open questions after Run 4

• More detailed evolution of the QGP through termal radiation 
• Evidences of QGP formation in small systems 
• Formation and interaction of exotic hadronic states 

• Transport and hadronization of heavy flavor hadrons in the medium: azimuthal 

distributions, n-parton scattering dynamics, multi-charm baryons (  and ), 
suppression and recombination of charm and beauty quarks

Ξ++
cc Ω+

cc

106 ALICE Collaboration

its statistical uncertainty is shown with open black markers in the right-hand panel of Fig. 58
as a function of mee for semi-central (30-50%) Pb–Pb collisions at

p
sNN = 5.02 TeV, assuming

an event-plane resolution of 0.9. The absolute values of the elliptic flow are taken from the
calculations in Ref. [123]. The statistical uncertainty is smaller than 0.004 over the full mee
range under consideration.

The prompt contribution from light-flavour hadron decays can be subtracted from vprompt
2 based

on the yield and v2 of the mother mesons from independent measurements and computing the
corresponding vLF

2 of decay electrons with a cocktail method. The elliptic flow of the excess
spectrum is

vexcess
2 =

(1+Nexcess
/NLF)vprompt

2 � vLF
2

Nexcess/NLF , (15)

where Nexcess and NLF are the measured excess yield and calculated dielectron yield from known
light-flavour hadron decays. The expected vexcess

2 [123] with its statistical uncertainty is shown
in solid black points as a function of mee in the right-hand panel of Fig.58 for semi-central
(30-50%) Pb–Pb collisions. At low mee (mee  0.4 GeV/c2), the systematic uncertainty origi-
nating from the light-flavour hadron subtraction is expected to become the dominant source of
uncertainties.

For 0.65  mee  0.75 GeV/c2 and 1.1  mee  1.5 GeV/c2, thermal dielectrons dominate. The
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Figure 57: 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.

Time Bias toward 
local 

fluctuations

ALICE, arXiv:2211.02491 

ALICE, JHEP 05 (2024) 229

https://arxiv.org/pdf/2211.02491
https://arxiv.org/pdf/2309.03788
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Physics Motivations: Executive Summary (1)

35/21

Characteriza*on of chiral symmetry restora*on at 
vanishing !"
Ø Dilepton mass spectra from the threshold to 

intermediate mass, down to zero pT

Characterization of the microscopic mechanism 
of in-medium energy loss of heavy quarks

Ø HF correlations down to zero pT (collisional vs 
radiative energy loss, flavour dependence)

Antonio Uras Physics Prospects for ALICE in Run 5 and Beyond

66 ALICE Collaboration
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Higher purity and signal efficiency with a bigger 
acceptance is needed 
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ALICE 3 : a next-generation heavy-ion experiment

To address these open questions, 
the ALICE collaboration has 
proposed an upgrade to the 

experiment with…

• excellent resolution


• tracking and PID over a 
greater acceptance: 




• higher interaction and 
readout rate

|η | < 4
174 ALICE Collaboration

Figure 103: Timeline towards ALICE 3

5 Planning and cost
The start of data taking with ALICE 3 is planned for LHC Run 5, currently scheduled to start
in 2035, see Fig. 103. With the goal to produce Technical Design Reports by 2026/27, R&D
programmes will be set up for the coming years, with the main activities and spending expected
for 2026/27. As discussed in the detector sections, synergies with other experiments are being
explored and expected to materialise in the coming years, e.g. with LHCb and EIC. The detector
construction and pre-commissioning is foreseen for 2028–2031, which leaves one year of con-
tingency before Long Shutdown 4. The dismantling of the present ALICE detector followed by
the installation of the ALICE 3 detector will require a shutdown of two years, in line with the
current LHC schedule.

Table 19 shows an overview of the estimated core cost, which does not include R&D activities or
labour. The cost of the detector systems comprises all components including sensors, mechan-
ics, integration, readout electronics, power distribution, cooling, and services. The individual
contributions are calculated based on the area to be instrumented with sensors, the number of
data links to provide the readout bandwidth, and the required number of power connections. In
addition to the production of the actual detector, we expect an additional cost of about 10% for
spares, which leads to about 10 MCHF for all detector systems. For all detectors, we list the
technology choice considered for the cost estimates (see detector sections for more details on
the options). For the time-of-flight detector, the baseline option are monolithic sensors with an
integrated gain layer, for which an extensive R&D programme will be required over the coming
years to meet the timing requirements, see Sec. 4.3.3.2. Falling back to a hybrid concept as
already established today, i.e. the usage of LGADs and readout chips, leads to a cost increase by
about 11.6 MCHF. In case of the RICH detector, we aim at using monolithic SiPMs with inte-
grated readout, which will also require a dedicated development effort. While analogue SiPMs
are easily available commercially, their usage requires separate readout electronics and increase
the system cost by about 13.1 MCHF.

The cost of the magnet system depends on the magnetic field configuration. The performance
studies are based on the momentum resolution with a combination of a solenoid and two dipoles,
see Sec. 3.2. A longer solenoid alone (L ⇡ 8m) leads to a deterioration of the momentum resolu-
tion only for |h |> 3. This is considered to have a moderate impact on the physics performance,
e.g. the measurement of DD correlations was verified to be only mildly affected. Therefore,
the combination of a longer solenoid and a smaller magnet for the Forward Conversion Tracker
is presented as baseline option with an estimated cost of about 25 MCHF. Further studies are
ongoing to evaluate the physics gain from maintaining the momentum resolution up to |h |= 4.
The combination of a solenoid and two dipoles required to achieve this would increase the cost
to about 40 MCHF.

Antonio Ortiz  (CERN, UNAM)                                                                                    muonID workshop (16/12/2022)                                            

Status and planning ALICE 3

5

Physics case and detector concept developed in the 
course of 2020-2021 → Letter of Intent 


endorsed by Collaboration Board in January 2022

LHCC review concluded in March 2022  

 very positive evaluation [LHCC-149] 

Exciting physics program

Detector well matched with physics program  
 and strategically interesting R&D opportunities 


R&D activities have started 


Timeline  
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 

→

Define responsibilities for R&D

ALICE, arXiv:2211.02491 

https://arxiv.org/pdf/2211.02491
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ALICE 3

FCT

Vertex 
detector

Tracker

Magnet

ECAL

RICH

TOF

MID Absorber
Overall, ALICE 3 will bring unique 
and unprecedented features to 

LHC combining an excellent 
tracking and interaction rate


ALICE 3 features:
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ALICE 3

FCT

Vertex 
detector

Tracker

Magnet

ECAL

RICH

TOF

MID Absorber
Silicon pixel tracker with a high resolution

Silicon pixel sensors
• thinning and bending of silicon sensors: expand on experience with ITS3
• exploration of new CMOS processes: first in-beam tests with 65 nm process
• modularisation and industrialisation

Silicon timing sensors
• characterisation of SPADs/SiPMs/LGADs → first tests in beam
• monolithic timing sensors → implement gain layer
• Target performance: 20 ps time resolution

Photon sensors
• monolithic SiPMs → integrate read-out

Detector mechanics and cooling
• mechanics for operation in beam pipe → establish compatibility with LHC beam
• minimisation of material in the active volume → micro-channel cooling

ALICE (3) in wonderland: making it all happen

Heavy-ion physics at the LHC beyond Run 4 20

5 mm
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16 mm
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Strategic R&D: synergies among experiments
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ALICE 3 features: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

 and a retractable vertex detector 
that can close down to 5 mm 

https://arxiv.org/pdf/2211.02491
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ALICE 3
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 and  PID over 
large acceptance
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Figure 19: Analytical calculations of the h � pT regions in which particles can be separated by at
least 3s for the ALICE 3 particle-identification subsystems embedded in a 0.5 T magnetic field.
Electron/pion, pion/kaon and kaon/proton separation plots are shown from left to right.
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Figure 20: Analytical calculations of the h � pT regions in which particles can be separated by
at least 3s for the ALICE 3 particle-identification systems embedded in a 2.0 T magnetic field.
Electron/pion, pion/kaon and kaon/proton separation plots are shown from left to right.

• Barrel 

• Endcap 

( |η | < 1.5)
(1.5 < η < 4)

ECAL: High-energy electrons 
and photon identification
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ALICE 3 features:

https://arxiv.org/pdf/2211.02491
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Muon identification for charmonia 
and exotic hadrons

CMS y ATLAS: 

 identification 

down to 
 GeV/c


LHCb: 

  at rest but only 
at forward rapidity 

μ

pT ≈ 3 − 4

J/ψ

ALICE 3: 
optimized to 
identify  down to 

 GeV/c


ALICE 3: 

  at rest for a 
wider rapidity 

μ
pT = 1.5

J/ψ

|y | < 1.24

vs

ALICE 3 features:



y

z

~4 nuclear interaction lengths
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ALICE 3 MID

The MID 
considers a 

magnetic iron 
absorber with 

varying thickness 

⟹

• 10-2 hadron rejection factor

• Low charged particle fluence 

rate: ~4 Hz/cm2 

• Scattering within the absorber: 

~5 cm for p=1.5 GeV/c 
(granularity of 5x5 cm2 is enough 
for 1.5-5 GeV/c)  
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ALICE 3 MID

Layer 2

Layer 1

Antonio Ortiz  (CERN, UNAM)                                                                                    muonID workshop (15/12/2022)                                            

MuonID (chambers)

21

Absorber (iron)

Muon chambers:

inner layer (size of 
chambers 1.1x1.0m2)


3520 bars: w=5 cm, t: 
1cm, length: 100 cm

second layer (size of 
chambers: 1.15x1.0 
m2)


3200 bars: w=5 cm, t: 
1cm, length: 115 cmWe should to cover ~360m2 of area


Readout in both sides of bars: 13440 channels

100 cm

5 
cm 1 cm

We still need to consider the mechanical supports and PCBs which 
may slightly reduce the size of the active area Regarding the muon chambers, there are some candidates

• Plastic scintillators and silicon photomultiplier (SiPM) for readout

• Multi-Wire Proportional Chambers (MWPCs) 

• Resistive Plate Chambers (RPCs) 

y

z

~4 nuclear interaction lengths

The MID 
considers a 

magnetic iron 
absorber with 

varying thickness 

⟹

• 10-2 hadron rejection factor

• Low charged particle fluence 

rate: ~4 Hz/cm2 

• Scattering within the absorber: 

~5 cm for p=1.5 GeV/c 
(granularity of 5x5 cm2 is enough 
for 1.5-5 GeV/c)  
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MID (plastic scintillator option)

Baseline option:  
Low cost plastic scintillator bars (FNAL-NICADD) equipped 
with wave-length shifting fibers and SiPM


• simplicity (no need of gas mixture)


• excellent timing resolution (ns)


• good performance under the expected radiation load

|η | < 1.25
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MID (plastic scintillator option)

|η | < 1.25Baseline option:  
Low cost plastic scintillator bars (FNAL-NICADD) equipped 
with wave-length shifting fibers and SiPM


• simplicity (no need of gas mixture)


• excellent timing resolution (ns)


• good performance under the expected radiation load

• FNAL-NICADD scintillators have a decrease in light 
yield of ~5% after a dose of 1 Mrad [FERMILAB-PUB-05-344]


• Our typical signals ~40 photoelectrons, therefore 
single photoelectron detection with the SiPM is not 
required (impossible at 1011 MeV neq/ cm2 at room temp.) 


    [Nucl. Instrum. Meth. Phys. Res A, A 922 (2019)]


pp Pb-Pb
TID 

(rad) 54 0.94

NIEL 

(1 MeV neq/cm2) 3.4 x 1010 4.7 x 108

Table. Radiation load in the MID simulated with 
FLUKA for the Run 5+6 period

https://lss.fnal.gov/archive/2005/pub/fermilab-pub-05-344.pdf
https://www.sciencedirect.com/science/article/pii/S0168900219300397?via=ihub
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MC Simulations



22

Muon tagging

Absorber

μID

• Muon tagging is done 
by matching activated 
bars in the MID with 
tracks from the tracker


• All primary tracks are 
extrapolated to the MID


• Selection criteria are 
obtained via boosted 
decision trees (BDT)
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How to pick a set of variables for the training of the BDT? 

• Momentum before the absorber


• Matching window ( ) 

• Number of bars activated around 
the extrapolation


• Highest energy deposition in the 
activated bars around to the 
extrapolation


• Detection time 

Δη, Δϕ

BDT training
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pT = 2 − 3 GeV
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Muon and  efficiencyJ/ψ

• Muon efficiency above 95% in the 
full  range


• Pion rejection at the level of 3-4%

pT
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|η | < 1.25

Ideal
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• Efficiencies are weakly affected by 
the choice of the absorber but 

Muon and  efficiencyJ/ψ

J/ψ

magnetic absorber is cheaper 
than the non-magnetic

• Muon efficiency above 95% in the 
full  range


• Pion rejection at the level of 3-4%
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• Scintillators and MWPCs prototypes were 
tested at the CERN T10 test beam facility  

• The FNAL-NICADD scintillator option offers 
good performance on light-yield output 
(around 40 photoelectrons), good time 
resolution (< 2 ns), and that represents a low 
cost solution 


• The tested MWPC type is competitive, having 
high efficiency and excellent position 
resolution even beyond the required particle 
fluence (~ 4 Hz/cm2). However, an important 
effort should be done to achive a good time 
resolution 
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Test beam results 

MWPCs

Fig. Experimental setup during the test beam
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calibration [18]. Figure 3 shows a clear and consistent signal-to-pedestal separation as a function of hit
position and beam momentum. A similar good pedestal/signal separation is seen for ELJEN EJ-208
and PROTVINO prototypes. Although ELJEN EJ-208 scintillator prototype gives a light output of
up to 160 photoelectrons, the main disadvantage of this prototype is that the plastic scintillator cost is
4 times that of FNAL-NICADD. To study the effect of the integration time window, its size was varied
from 200 ns to 350 ns keeping the start of the time window fixed (with respect to the time arrival of the
trigger signal). The MPV of the charge variation is below 10% and is stable with the beam momentum.

Co
un

ts
/E

ve
nt

s

0 50 1000

0.02

0.04

0.06

0.08

0.1

0.12

Near region

TH
RE

SH
O

LD

0 50 1000

0.02

0.04

0.06

0.08

0.1

0.12

Middle region

TH
RE

SH
O

LD

0 50 1000

0.02

0.04

0.06

0.08

0.1

0.12
 FNAL-NICADD bar

Away region
Hadron momentum

c0.5 GeV/
c1.0 GeV/
c2.0 GeV/
c3.0 GeV/
c4.0 GeV/
c5.0 GeV/

TH
RE

SH
O

LD
 [pC]Q

Figure 3. Charge distributions measured for the FNAL-NICADD prototype. Results are displayed for different
beam momenta, as well as for three different distances between the hit and the SiPM of ⇡ 5 cm (left), ⇡ 50 cm
(middle), and ⇡ 95 cm (right).

The light collection is expected to depend on the mean path length (h!i) traveled by the particle
in the scintillator bar. The data presented in this paper consider hadrons crossing the scintillator bars
at normal incidence (incidence angle of ⇠ 0�), therefore they traverse the 1 cm thickness of the bar. In
experiments at colliders like LHC, only particles coming from the interaction point at pseudorapidity
equal to zero ([ = 0) would satisfy this condition. However, the acceptance of the MID subsystem is
expected to be around |[ | < 1.24, therefore particles at [ = 1.24 (incidence angle of ⇠ 58�) might
reach the detector. Particles reaching MID at larger incidence angles (60 � 90�) originated from
beam-induced background could also be observed. It is, therefore, useful to study the detector response
as a function of the incidence angle. This study was conducted by rotating the prototypes covering the
interval between 30� and 80�. Figure 4 shows the charge (MPV) as a function of the incidence angle
and path length. As expected, the charge value shows a modest variation (⇠ 1.7) for incidence angles
within 30�–60�, which is roughly the interval covered by particles from the interaction point. For
smaller angles, the charge exhibits a steep increase with decreasing the incidence angle. For angles of
about ⇠ 80�, the charge is four times that achieved at normal incidence.

The efficiency is determined by considering events that are triggered by the triple coincidence
TRIG. -1 ^ TRIG. .1 ^ TRIG. -2. It is obtained as the ratio of the number of events registered
by the prototype (measured charge above the threshold) divided by the total number of events. In
the case of PROTVINO prototype, the detector signal comes from any of the two SiPMs placed
at each side of the bar. The efficiencies as a function of the hit position along the bar length are
shown in figure 5. Results for hadron momentum of 6 GeV/2 are presented. The efficiencies are
above 98% along the length of the bar, and the detector efficiency is found to be quite uniform. For
completeness, a similar measurement was performed along the bar width (vertical scan) at mid position
(hit position at 50 cm from the SiPM). Given the size of the active area of the trigger, 2 ⇥ 2 cm2, the
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calibration [18]. Figure 3 shows a clear and consistent signal-to-pedestal separation as a function of hit
position and beam momentum. A similar good pedestal/signal separation is seen for ELJEN EJ-208
and PROTVINO prototypes. Although ELJEN EJ-208 scintillator prototype gives a light output of
up to 160 photoelectrons, the main disadvantage of this prototype is that the plastic scintillator cost is
4 times that of FNAL-NICADD. To study the effect of the integration time window, its size was varied
from 200 ns to 350 ns keeping the start of the time window fixed (with respect to the time arrival of the
trigger signal). The MPV of the charge variation is below 10% and is stable with the beam momentum.
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Figure 3. Charge distributions measured for the FNAL-NICADD prototype. Results are displayed for different
beam momenta, as well as for three different distances between the hit and the SiPM of ⇡ 5 cm (left), ⇡ 50 cm
(middle), and ⇡ 95 cm (right).

The light collection is expected to depend on the mean path length (h!i) traveled by the particle
in the scintillator bar. The data presented in this paper consider hadrons crossing the scintillator bars
at normal incidence (incidence angle of ⇠ 0�), therefore they traverse the 1 cm thickness of the bar. In
experiments at colliders like LHC, only particles coming from the interaction point at pseudorapidity
equal to zero ([ = 0) would satisfy this condition. However, the acceptance of the MID subsystem is
expected to be around |[ | < 1.24, therefore particles at [ = 1.24 (incidence angle of ⇠ 58�) might
reach the detector. Particles reaching MID at larger incidence angles (60 � 90�) originated from
beam-induced background could also be observed. It is, therefore, useful to study the detector response
as a function of the incidence angle. This study was conducted by rotating the prototypes covering the
interval between 30� and 80�. Figure 4 shows the charge (MPV) as a function of the incidence angle
and path length. As expected, the charge value shows a modest variation (⇠ 1.7) for incidence angles
within 30�–60�, which is roughly the interval covered by particles from the interaction point. For
smaller angles, the charge exhibits a steep increase with decreasing the incidence angle. For angles of
about ⇠ 80�, the charge is four times that achieved at normal incidence.

The efficiency is determined by considering events that are triggered by the triple coincidence
TRIG. -1 ^ TRIG. .1 ^ TRIG. -2. It is obtained as the ratio of the number of events registered
by the prototype (measured charge above the threshold) divided by the total number of events. In
the case of PROTVINO prototype, the detector signal comes from any of the two SiPMs placed
at each side of the bar. The efficiencies as a function of the hit position along the bar length are
shown in figure 5. Results for hadron momentum of 6 GeV/2 are presented. The efficiencies are
above 98% along the length of the bar, and the detector efficiency is found to be quite uniform. For
completeness, a similar measurement was performed along the bar width (vertical scan) at mid position
(hit position at 50 cm from the SiPM). Given the size of the active area of the trigger, 2 ⇥ 2 cm2, the
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calibration [18]. Figure 3 shows a clear and consistent signal-to-pedestal separation as a function of hit
position and beam momentum. A similar good pedestal/signal separation is seen for ELJEN EJ-208
and PROTVINO prototypes. Although ELJEN EJ-208 scintillator prototype gives a light output of
up to 160 photoelectrons, the main disadvantage of this prototype is that the plastic scintillator cost is
4 times that of FNAL-NICADD. To study the effect of the integration time window, its size was varied
from 200 ns to 350 ns keeping the start of the time window fixed (with respect to the time arrival of the
trigger signal). The MPV of the charge variation is below 10% and is stable with the beam momentum.

Co
un

ts
/E

ve
nt

s

0 50 1000

0.02

0.04

0.06

0.08

0.1

0.12

Near region

TH
RE

SH
O

LD

0 50 1000

0.02

0.04

0.06

0.08

0.1

0.12

Middle region

TH
RE

SH
O

LD

0 50 1000

0.02

0.04

0.06

0.08

0.1

0.12
 FNAL-NICADD bar

Away region
Hadron momentum

c0.5 GeV/
c1.0 GeV/
c2.0 GeV/
c3.0 GeV/
c4.0 GeV/
c5.0 GeV/

TH
RE

SH
O

LD

 [pC]Q

Figure 3. Charge distributions measured for the FNAL-NICADD prototype. Results are displayed for different
beam momenta, as well as for three different distances between the hit and the SiPM of ⇡ 5 cm (left), ⇡ 50 cm
(middle), and ⇡ 95 cm (right).

The light collection is expected to depend on the mean path length (h!i) traveled by the particle
in the scintillator bar. The data presented in this paper consider hadrons crossing the scintillator bars
at normal incidence (incidence angle of ⇠ 0�), therefore they traverse the 1 cm thickness of the bar. In
experiments at colliders like LHC, only particles coming from the interaction point at pseudorapidity
equal to zero ([ = 0) would satisfy this condition. However, the acceptance of the MID subsystem is
expected to be around |[ | < 1.24, therefore particles at [ = 1.24 (incidence angle of ⇠ 58�) might
reach the detector. Particles reaching MID at larger incidence angles (60 � 90�) originated from
beam-induced background could also be observed. It is, therefore, useful to study the detector response
as a function of the incidence angle. This study was conducted by rotating the prototypes covering the
interval between 30� and 80�. Figure 4 shows the charge (MPV) as a function of the incidence angle
and path length. As expected, the charge value shows a modest variation (⇠ 1.7) for incidence angles
within 30�–60�, which is roughly the interval covered by particles from the interaction point. For
smaller angles, the charge exhibits a steep increase with decreasing the incidence angle. For angles of
about ⇠ 80�, the charge is four times that achieved at normal incidence.

The efficiency is determined by considering events that are triggered by the triple coincidence
TRIG. -1 ^ TRIG. .1 ^ TRIG. -2. It is obtained as the ratio of the number of events registered
by the prototype (measured charge above the threshold) divided by the total number of events. In
the case of PROTVINO prototype, the detector signal comes from any of the two SiPMs placed
at each side of the bar. The efficiencies as a function of the hit position along the bar length are
shown in figure 5. Results for hadron momentum of 6 GeV/2 are presented. The efficiencies are
above 98% along the length of the bar, and the detector efficiency is found to be quite uniform. For
completeness, a similar measurement was performed along the bar width (vertical scan) at mid position
(hit position at 50 cm from the SiPM). Given the size of the active area of the trigger, 2 ⇥ 2 cm2, the
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calibration [18]. Figure 3 shows a clear and consistent signal-to-pedestal separation as a function of hit
position and beam momentum. A similar good pedestal/signal separation is seen for ELJEN EJ-208
and PROTVINO prototypes. Although ELJEN EJ-208 scintillator prototype gives a light output of
up to 160 photoelectrons, the main disadvantage of this prototype is that the plastic scintillator cost is
4 times that of FNAL-NICADD. To study the effect of the integration time window, its size was varied
from 200 ns to 350 ns keeping the start of the time window fixed (with respect to the time arrival of the
trigger signal). The MPV of the charge variation is below 10% and is stable with the beam momentum.
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Figure 3. Charge distributions measured for the FNAL-NICADD prototype. Results are displayed for different
beam momenta, as well as for three different distances between the hit and the SiPM of ⇡ 5 cm (left), ⇡ 50 cm
(middle), and ⇡ 95 cm (right).

The light collection is expected to depend on the mean path length (h!i) traveled by the particle
in the scintillator bar. The data presented in this paper consider hadrons crossing the scintillator bars
at normal incidence (incidence angle of ⇠ 0�), therefore they traverse the 1 cm thickness of the bar. In
experiments at colliders like LHC, only particles coming from the interaction point at pseudorapidity
equal to zero ([ = 0) would satisfy this condition. However, the acceptance of the MID subsystem is
expected to be around |[ | < 1.24, therefore particles at [ = 1.24 (incidence angle of ⇠ 58�) might
reach the detector. Particles reaching MID at larger incidence angles (60 � 90�) originated from
beam-induced background could also be observed. It is, therefore, useful to study the detector response
as a function of the incidence angle. This study was conducted by rotating the prototypes covering the
interval between 30� and 80�. Figure 4 shows the charge (MPV) as a function of the incidence angle
and path length. As expected, the charge value shows a modest variation (⇠ 1.7) for incidence angles
within 30�–60�, which is roughly the interval covered by particles from the interaction point. For
smaller angles, the charge exhibits a steep increase with decreasing the incidence angle. For angles of
about ⇠ 80�, the charge is four times that achieved at normal incidence.

The efficiency is determined by considering events that are triggered by the triple coincidence
TRIG. -1 ^ TRIG. .1 ^ TRIG. -2. It is obtained as the ratio of the number of events registered
by the prototype (measured charge above the threshold) divided by the total number of events. In
the case of PROTVINO prototype, the detector signal comes from any of the two SiPMs placed
at each side of the bar. The efficiencies as a function of the hit position along the bar length are
shown in figure 5. Results for hadron momentum of 6 GeV/2 are presented. The efficiencies are
above 98% along the length of the bar, and the detector efficiency is found to be quite uniform. For
completeness, a similar measurement was performed along the bar width (vertical scan) at mid position
(hit position at 50 cm from the SiPM). Given the size of the active area of the trigger, 2 ⇥ 2 cm2, the
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calibration [18]. Figure 3 shows a clear and consistent signal-to-pedestal separation as a function of hit
position and beam momentum. A similar good pedestal/signal separation is seen for ELJEN EJ-208
and PROTVINO prototypes. Although ELJEN EJ-208 scintillator prototype gives a light output of
up to 160 photoelectrons, the main disadvantage of this prototype is that the plastic scintillator cost is
4 times that of FNAL-NICADD. To study the effect of the integration time window, its size was varied
from 200 ns to 350 ns keeping the start of the time window fixed (with respect to the time arrival of the
trigger signal). The MPV of the charge variation is below 10% and is stable with the beam momentum.
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Figure 3. Charge distributions measured for the FNAL-NICADD prototype. Results are displayed for different
beam momenta, as well as for three different distances between the hit and the SiPM of ⇡ 5 cm (left), ⇡ 50 cm
(middle), and ⇡ 95 cm (right).

The light collection is expected to depend on the mean path length (h!i) traveled by the particle
in the scintillator bar. The data presented in this paper consider hadrons crossing the scintillator bars
at normal incidence (incidence angle of ⇠ 0�), therefore they traverse the 1 cm thickness of the bar. In
experiments at colliders like LHC, only particles coming from the interaction point at pseudorapidity
equal to zero ([ = 0) would satisfy this condition. However, the acceptance of the MID subsystem is
expected to be around |[ | < 1.24, therefore particles at [ = 1.24 (incidence angle of ⇠ 58�) might
reach the detector. Particles reaching MID at larger incidence angles (60 � 90�) originated from
beam-induced background could also be observed. It is, therefore, useful to study the detector response
as a function of the incidence angle. This study was conducted by rotating the prototypes covering the
interval between 30� and 80�. Figure 4 shows the charge (MPV) as a function of the incidence angle
and path length. As expected, the charge value shows a modest variation (⇠ 1.7) for incidence angles
within 30�–60�, which is roughly the interval covered by particles from the interaction point. For
smaller angles, the charge exhibits a steep increase with decreasing the incidence angle. For angles of
about ⇠ 80�, the charge is four times that achieved at normal incidence.

The efficiency is determined by considering events that are triggered by the triple coincidence
TRIG. -1 ^ TRIG. .1 ^ TRIG. -2. It is obtained as the ratio of the number of events registered
by the prototype (measured charge above the threshold) divided by the total number of events. In
the case of PROTVINO prototype, the detector signal comes from any of the two SiPMs placed
at each side of the bar. The efficiencies as a function of the hit position along the bar length are
shown in figure 5. Results for hadron momentum of 6 GeV/2 are presented. The efficiencies are
above 98% along the length of the bar, and the detector efficiency is found to be quite uniform. For
completeness, a similar measurement was performed along the bar width (vertical scan) at mid position
(hit position at 50 cm from the SiPM). Given the size of the active area of the trigger, 2 ⇥ 2 cm2, the
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calibration [18]. Figure 3 shows a clear and consistent signal-to-pedestal separation as a function of hit
position and beam momentum. A similar good pedestal/signal separation is seen for ELJEN EJ-208
and PROTVINO prototypes. Although ELJEN EJ-208 scintillator prototype gives a light output of
up to 160 photoelectrons, the main disadvantage of this prototype is that the plastic scintillator cost is
4 times that of FNAL-NICADD. To study the effect of the integration time window, its size was varied
from 200 ns to 350 ns keeping the start of the time window fixed (with respect to the time arrival of the
trigger signal). The MPV of the charge variation is below 10% and is stable with the beam momentum.
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Figure 3. Charge distributions measured for the FNAL-NICADD prototype. Results are displayed for different
beam momenta, as well as for three different distances between the hit and the SiPM of ⇡ 5 cm (left), ⇡ 50 cm
(middle), and ⇡ 95 cm (right).

The light collection is expected to depend on the mean path length (h!i) traveled by the particle
in the scintillator bar. The data presented in this paper consider hadrons crossing the scintillator bars
at normal incidence (incidence angle of ⇠ 0�), therefore they traverse the 1 cm thickness of the bar. In
experiments at colliders like LHC, only particles coming from the interaction point at pseudorapidity
equal to zero ([ = 0) would satisfy this condition. However, the acceptance of the MID subsystem is
expected to be around |[ | < 1.24, therefore particles at [ = 1.24 (incidence angle of ⇠ 58�) might
reach the detector. Particles reaching MID at larger incidence angles (60 � 90�) originated from
beam-induced background could also be observed. It is, therefore, useful to study the detector response
as a function of the incidence angle. This study was conducted by rotating the prototypes covering the
interval between 30� and 80�. Figure 4 shows the charge (MPV) as a function of the incidence angle
and path length. As expected, the charge value shows a modest variation (⇠ 1.7) for incidence angles
within 30�–60�, which is roughly the interval covered by particles from the interaction point. For
smaller angles, the charge exhibits a steep increase with decreasing the incidence angle. For angles of
about ⇠ 80�, the charge is four times that achieved at normal incidence.

The efficiency is determined by considering events that are triggered by the triple coincidence
TRIG. -1 ^ TRIG. .1 ^ TRIG. -2. It is obtained as the ratio of the number of events registered
by the prototype (measured charge above the threshold) divided by the total number of events. In
the case of PROTVINO prototype, the detector signal comes from any of the two SiPMs placed
at each side of the bar. The efficiencies as a function of the hit position along the bar length are
shown in figure 5. Results for hadron momentum of 6 GeV/2 are presented. The efficiencies are
above 98% along the length of the bar, and the detector efficiency is found to be quite uniform. For
completeness, a similar measurement was performed along the bar width (vertical scan) at mid position
(hit position at 50 cm from the SiPM). Given the size of the active area of the trigger, 2 ⇥ 2 cm2, the
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calibration [18]. Figure 3 shows a clear and consistent signal-to-pedestal separation as a function of hit
position and beam momentum. A similar good pedestal/signal separation is seen for ELJEN EJ-208
and PROTVINO prototypes. Although ELJEN EJ-208 scintillator prototype gives a light output of
up to 160 photoelectrons, the main disadvantage of this prototype is that the plastic scintillator cost is
4 times that of FNAL-NICADD. To study the effect of the integration time window, its size was varied
from 200 ns to 350 ns keeping the start of the time window fixed (with respect to the time arrival of the
trigger signal). The MPV of the charge variation is below 10% and is stable with the beam momentum.
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Figure 3. Charge distributions measured for the FNAL-NICADD prototype. Results are displayed for different
beam momenta, as well as for three different distances between the hit and the SiPM of ⇡ 5 cm (left), ⇡ 50 cm
(middle), and ⇡ 95 cm (right).

The light collection is expected to depend on the mean path length (h!i) traveled by the particle
in the scintillator bar. The data presented in this paper consider hadrons crossing the scintillator bars
at normal incidence (incidence angle of ⇠ 0�), therefore they traverse the 1 cm thickness of the bar. In
experiments at colliders like LHC, only particles coming from the interaction point at pseudorapidity
equal to zero ([ = 0) would satisfy this condition. However, the acceptance of the MID subsystem is
expected to be around |[ | < 1.24, therefore particles at [ = 1.24 (incidence angle of ⇠ 58�) might
reach the detector. Particles reaching MID at larger incidence angles (60 � 90�) originated from
beam-induced background could also be observed. It is, therefore, useful to study the detector response
as a function of the incidence angle. This study was conducted by rotating the prototypes covering the
interval between 30� and 80�. Figure 4 shows the charge (MPV) as a function of the incidence angle
and path length. As expected, the charge value shows a modest variation (⇠ 1.7) for incidence angles
within 30�–60�, which is roughly the interval covered by particles from the interaction point. For
smaller angles, the charge exhibits a steep increase with decreasing the incidence angle. For angles of
about ⇠ 80�, the charge is four times that achieved at normal incidence.

The efficiency is determined by considering events that are triggered by the triple coincidence
TRIG. -1 ^ TRIG. .1 ^ TRIG. -2. It is obtained as the ratio of the number of events registered
by the prototype (measured charge above the threshold) divided by the total number of events. In
the case of PROTVINO prototype, the detector signal comes from any of the two SiPMs placed
at each side of the bar. The efficiencies as a function of the hit position along the bar length are
shown in figure 5. Results for hadron momentum of 6 GeV/2 are presented. The efficiencies are
above 98% along the length of the bar, and the detector efficiency is found to be quite uniform. For
completeness, a similar measurement was performed along the bar width (vertical scan) at mid position
(hit position at 50 cm from the SiPM). Given the size of the active area of the trigger, 2 ⇥ 2 cm2, the
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Fig. Charge distributions for three different 
distances between the hit and the SiPM 


• Scintillators and MWPCs prototypes were 
tested at the CERN T10 test beam facility  

• The FNAL-NICADD scintillator option offers 
good performance on light-yield output 
(around 40 photoelectrons), good time 
resolution (< 2 ns), and represents a low cost 
solution 


• The tested MWPC type is competitive, having 
high efficiency and excellent position 
resolution even beyond the required particle 
fluence (~ 4 Hz/cm2). However, an important 
effort should be done to achive a good time 
resolution 

https://arxiv.org/pdf/2401.04630
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Test beam results 

• Scintillators and MWPCs prototypes were 
tested at the CERN T10 test beam facility  

• The FNAL-NICADD scintillator option offers 
good performance on light-yield output 
(around 40 photoelectrons), good time 
resolution (< 2 ns), and represents a low cost 
solution 


• The tested MWPC type is competitive, having 
high efficiency and excellent position 
resolution even beyond the required particle 
fluence (~ 4 Hz/cm2). However, an important 
effort should be done to achieve a good time 
resolution 

R. Alfaro et. al., JINST 19 (2024) 04, T04006

2024 JINST 19 T04006

The beam test conditions allowed the measurements to span over a broad range of beam intensities
by adjusting the collimator settings and by changing the position along the diverging beamline.
Particularly, beam rates two orders of magnitude above the expected rate in the ALICE 3 MID could
be safely reached during the tests.

Intensity is defined as particle rate divided by the beam spot area. The beam area could be
determined assuming a Gaussian beam profile, � = cfGfH where f is the width of the beam spot.
The beam profile is shown in figure 2 at the respective position of the detector under study. The
particle rate was derived directly from the count rate measured using default beam-instruments
of T10 and our DAQ. The estimation of the intensity has a considerable systematic error, around
30% as averaging on a mostly-Gaussian distribution, to which the main contribution is from the
non-Gaussian shape of the beam.

Figure 6 shows the measured efficiency as a function of the estimated beam intensity. The
efficiency is defined as the probability to find a valid hit in a given chamber, under the condition that
using the other 7 chambers, a straight line track can be formed using at least 6 chambers.

10 210 310
]2Intensity [Hz/cm

50

60

70

80

90

100

Tr
ac

ki
ng

 e
ffi

ci
en

cy
 [%

]

Ch-50-2
Ch-50-3
Ch-50-4
Ch-80-5
Ch-80-6
Ch-80-7

Figure 6. MWPC detection efficiency measured as a function of beam intensity for beam momentum of 5 GeV/2.

The measured efficiency is around 98% at beam intensity of 10 Hz/cm2, and decreases only slightly
until a steep drop around 1 kHz/cm2. Efficiency drop is expected from various sources [20]: a physical
limit is set by the shielding effect of ions around the anode wires, expected to be relevant at much
higher rates. In our case, since the top beam intensities were saturating the DAQ with a total beam rate
well above 10 kHz/cm2, it is possible that the efficiency drop is connected to the readout electronics
rather than the detector amplification structure. The key conclusion is that the efficiency is above 95%
and constant for intensities up to 100 Hz/cm2, well above the intensities expected at the ALICE 3 MID.

The position information from the MWPC chambers is acquired from wires running parallel
and perpendicular to the anode wires, called “pads” and “field” wires, respectively [17]. In order to
simplify the readout system, only a discriminated signal was registered from each wire, which results
in a position resolution related to the segmentation (8 mm and 12 mm for the 50 cm and 80 cm versions,
respectively). The segmentation is considerably better than that of the scintillator bars (5/

p
12 cm),

which seems sufficient for the purpose of the MID detector.
The measurement of position resolution in a specific chamber uses the information provided

by the eight layers considered in the setup. When a track is identified (with at least seven valid hits
along a straight line), the chamber under study is removed from the tracking, the track is further fitted
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Fig. MWPC detection efficiency measured as a function of 
beam intensity for beam momentum of 5 GeV/𝑐 


https://arxiv.org/pdf/2401.04630
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Plans for upcoming test beam 2024

• Build the first MID chambers 
based on plastic scintillators 
and an absorber 

• Test the muon tagging algorithm 
(ML, position, charge, time) using 
a pion and a muon beams 


• Test commercial electronics 
specifically developed for arrays 
of SiPM


• There is an effort to develop a 
front-end card, if the first version 
is ready on time, we will also test 
it at T10

05/24/2024  17

Drawing of enclosure proposal

Trigger

Absorber

Chambers

Figure by Antonio Paz (UANL)

Figure by Paola Vargas (UNAM)
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Summary 

• Simulations of MID with two layers of plastic scintillator were performed. BDT were employed 
to mitigate misidentification of muons 

• Both magnetic and non-magnetic absorbers gave similar performance and their results 
are compatible with those reported in the LOI


• Radiation load expected does not present a problem for plastic scintillators + SiPM 

• Plastic scintillator paddles and MWPCs were studied at the CERN T10 test beam facility, were 
the plastic scintillators showed an overall good performance in light-yield output and timing


Scintillators represent an excellent candidate for the MID  
(very simple, robust, cheap, excellent timing performance)

ALICE 3 will provide access to further understand the hottest- and longest-lived QGP available in 
any laboratory, with the MID playing an important role in this exploration
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Backup
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MID specifications

Iron absorber, 
pseudorapidity-
dependent thickness:

~4 absorption lengths  

|η | < 1.25

One of the proposals for the MID are plastic scintillators equipped with 
wavelength-shifting fiber and SiPM for readout 

10 cmNo. of bars

4048 in layer 1

 3200 in layer 2
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 azimutal correlationsDD̄

Letter of intent for ALICE 3 (CERN-LHCC-2022-009) 91

Figure 44: Azimuthal distribution of D0D0 pairs with pT1 > 4GeV/c, 2<pT2 < 4GeV/c in min-
imum bias Pb–Pb collisions expected with ALICE 2 in |y| <0.8. The combinatorial background of
D0D0 not coming from the same hard scattering has been subtracted.

pp events. The second source of background are Kp pairs that are not coming from D meson
decays. For this measurement, an excellent signal purity for heavy flavour signals as shown in
Fig. 28 is a key feature of the ALICE 3 setup to keep this source of background under control.
The relative statistical uncertainties on the azimuthal distribution range from 2% to about 10%.
By comparing the amplitudes and widths of measured distribution in Pb–Pb collision with a ref-
erence measured in pp collisions, the effects of transport broadening and thermalisation can be
quantitatively assessed.

Uniqueness and comparison with ALICE 2 and CMS. The large purity and efficiency of
ALICE 3 in the reconstruction and selection of D0 !K�p+ decays are critical for HF-correlation
measurements, and unique among current and future LHC experiments. In Fig. 44, the projec-
tions for the azimuthal distribution of D0D0 pairs with pT1 > 4GeV/c and 2<pT2 < 4GeV/c
in minimum bias Pb–Pb with ALICE 2 is presented and can be compared to Fig. 43 above. The
measurement of D0D0 correlations down to low pT, which is critical to observe the effect of
charm isotropization, will not be feasible with ALICE 2 as a consequence of the lower purity
and signal efficiency and the narrower detector acceptance.
The expected S/B and efficiency for D meson reconstruction with the CMS detector can be esti-
mated based on Run 2 performance [279] and the improvements expected with the MTD [278].
Based on this information, the overall performance for D meson reconstruction is expected to
be slightly worse than for ALICE 2, with however, a larger rapidity coverage. According to our
studies, the 10–50 times larger S/B of ALICE 3 is critical to obtain a precise measurement of
DD azimuthal correlations.

3.3.1.7 D0D⇤+ momentum correlations

In this section we present an example analysis of femtoscopy measurements involving charmed
hadrons with the scope of investigating the molecular nature of exotic states. As a proof of
principle, we discuss here the case of the T+

cc state newly observed by the LHCb collaboration
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Figure 42: X�
b and W�

b significance in 0-10% central Pb–Pb collisions at
p

sNN = 5.52 TeV as a
function of pT with a 2.0 T magnetic field.

Figure 43: 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.

ALICE 3 Projection

Near-side

Back-to-back

• Broadening in azimuthal correlation: medium-induced effect (Pb-Pb collisions)


• Significant broadening is expected at small 

• Measurement needs good purity, efficiency and high acceptance

pT
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How do we get the most optimal cuts in our selection criteria?

The algorithm searches 
for optimal splits based 

on specific criteria

Little tuning is required 
in order to obtain 

reasonably good results

Decision Trees

A Decision Tree is a binary tree structured classifier
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Boosted Decision Trees (BDT)

A disadvantage of BDT: large training samples needed

30 M data sample: 10 M for testing and training 

An event is classified on the 
basis of a majority vote done 

by each tree of the forest.

The boosting of a decision tree extends this concept 
from one tree to several trees which form a forest
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How to pick a set of variables for the training of the BDT? 
Several previous studies gave us an idea

• Kinematic variables available 
(momentum before the absorber)
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• Matching window ( )Δη, Δϕ
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• Number of bars 
activated around 
the extrapolation
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Solid black line: 


approximate minimum 
momentum to have non-

zero  acceptance down 
to 


 and 

J/ψ

pT = 0 |y | < 1.5

Optimization of the 
absorber leads to good 

acceptance for  J/ψ

(Calculation by Antonio Uras)
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