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A Large Ion Collider Experiment

42 Countries, 173 Institutes
1946 Members
about 1000 signing authors 

The ALICE Collaboration

3L. Musa (CERN) – LISHEP - 7 July 2021

Brazil in ALICE 
• 30 members 
• 11 Ph.D. scientists 
• 15 authors 
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A Large Ion Collider Experiment

The ALICE detector (version 1: Run 1 + Run 2)

Central Barrel |h| < 0.9
• Tracking, 
• PID 
• EM-Calorimeters

Muon Spectrometer 
-4 < h < -2.5

ITS

TPC

TRD
TOF

EMCAl

EMCAl + PHOS 

HMPID

ACORDE (cosmics)

Forward detectors:
• AD (difraction selection)
• V0 (trigger, centrality)
• V0 (timing, lumi)
• ZDC (centrality, ev. sel.)
• FMD (Nch)
• PMD (Ng, Nch)

L. Musa (CERN) – LISHEP - 7 July 2021
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A Large Ion Collider Experiment

ALICE data taking and publications

System Year(s) √sNN (TeV) Lint

Pb-Pb 2010, 2011
2015, 2018

2.76
5.02

~75 µb-1

~800 µb-1

Xe-Xe 2017 5.44 ~0.3 mb-1

p-Pb 2013
2016

5.02
5.02, 8.16

~15 nb-1

~3 nb-1, ~25 nb-1

pp

2009-2013

2015, 2017
2015-2018

0.9, 2.76,
7, 8
5.02
13

~200 mb-1, ~100 nb-1

~1.5 pb-1, ~2.5 pb-1

~1.3 pb-1

~36 pb-1

Run 1 Run 2

Run 1 (2009 – 2013) Run 2 (2015 – 2018) Run 3 (2022 – 2024) Run 4 (2027 – 2029) LS1 LS2 LS3

ALICE I ALICE 2

343 ALICE papers on arXiv so far

http://alice-publications.web.cern.ch/submitted

L. Musa (CERN) – LISHEP - 7 July 2021
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A Large Ion Collider Experiment

A few physics highlights 
… focus on new results

L. Musa (CERN) – LISHEP - 7 July 2021
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A Large Ion Collider Experiment

Focal point of the experiment: characterize the QGP
• Explore the deconfined phase of QCD matter a quark-gluon plasma

• LHC Pb-Pb a large energy density (initial e > 15 GeV/fm3) & large volume (~5000 fm3)

Study the time evolution of the collision • Light flavour (including light-nuceli) production
• Heavy flavour production 
• Quarkonia 
• Photons, low-mass dileptons 
• Jets
• Ultra Peripheral Collisions

• Initial stage
• Macroscopic properties
• Colour deconfinement

• Parton interactions
• Expansion dynamics
• Hadronic phase

L. Musa (CERN) – LISHEP - 7 July 2021



A Large Ion Collider Experiment

Coherent J/𝛙 photoproduction in Pb-Pb Ultra Peripheral CollisionsCoherent J/ψ photoproduction in Pb-Pb UPC

• Probing low-x gluon PDFs in the nucleus

• Comparison with the impulse approximation (no nuclear effects) allows 
for extraction of the gluon shadowing factor: Rg ~ 0.65 at x∼10-3

• t-dependence is sensitive to transverse gluon distribution

5

arXiv:2101.04577

Pb Pb

arXiv:2101.04623

For more details see LHC Seminar by Michal Broz on March 2
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New measurment probing low-x gluon nuclear PDFs

• Comparison with the impulse approximation (no nuclear effects) allows for 
extraction of the gluon shadowing factor: Rg ~ 0.65 at x ~ 10-3

• First measurement of t-dependence: sensitive to transverse gluon distribution

arXiv:2101.04577 arXiv:2101.04623
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A Large Ion Collider Experiment

J/y production in Pb-Pb collisions

J/ψ suppression reduced at low pT
cc regeneration counterbalances the 
suppression by screening in the QGP

• At low pT , modification decreases from 
forward to central rapidity 

• reflects rapidity dependence of the cc 
cross-section (a regeneration probability) 

𝑅!! =
1

⟨𝑁"#$$⟩
𝑑𝑁/𝑑𝑝%|&'&'
𝑑𝑁/𝑑𝑝%|((

Cartoon from Nature 448, 302–309(2007)

ALI-DER-346483

PLB 805 (2020) 135434

L. Musa (CERN) – LISHEP - 7 July 2021

https://www.nature.com/articles/nature06080
https://www.sciencedirect.com/science/article/pii/S0370269320302380?via%3Dihub
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Suppression of bottomonia in Pb-Pb collisions
arXiv:2011.05758 [nucl-ex]

• Screening induces a strong suppression of Y production, which is flat vs pT a recombination effects small 

• Υ(2S) (first time!) at forward rapidity - a suppression stronger wrt Y(1S) consistent with lower binding energy

Varying the binding energy: y(2S) < Y(2S) < J/y < Y(1S)
0.05        0.55        0.65    1.1   GeV

L. Musa (CERN) – LISHEP - 7 July 2021
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A Large Ion Collider Experiment

Quark-mass dependence of energy loss

• Energy loss predicted to depend on QGP 
density, but also on quark mass

• “Dead cone” effect reduces gluon radiation 
for high-mass quarks

• Less suppression for (non-prompt) D 
mesons from B decays than prompt D 
mesons

– Also note: first measurement of D meson 
production down to zero pT in Pb-Pb

LHCP2020, 25.05.2020                                                                               Andrea Dainese 15
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A Large Ion Collider Experiment

Energy loss of c and b quarks in the QGP 
• Quarks and gluons lose energy while traversing the 

QGP (RAA < 1)

• Energy loss predicted to depend on QGP density, but 
also on quark mass

• “Dead cone effect” reduces gluon radiation for high-
mass quarks
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• Less suppression for (non-prompt) D mesons from B 
decays than prompt D mesons

• Also note: first measurement of D meson production 
down to zero pT in Pb-Pb

• Preparing precise measurement with new ITS in Run 3

L. Musa (CERN) – LISHEP - 7 July 2021
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Studying hadronization mechanism in Pb-Pb collisions 
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Expectation: beauty looses less energy in QGP as compared to lighter charm (dead-cone effect)

Two observations: 1) hint RAA(non-prompt D+
S) > RAA(prompt D+

S) and 2) RAA (non-prompt D+
S) > RAA (non-prompt D0)

• Consistent with mb > mc and coalescence
• Enhanced production of B0

s from beauty hadronization via coalescence (50% of D+
s from B0

s)

TAMU
PRL 124, 042301

Suppression related to
energy loss of quarks

RAA = yield in AA per NN / yield in pp       RAA = 1 at high pT ó no nuclear effects

L. Musa (CERN) – LISHEP - 7 July 2021

https://doi.org/10.1103/PhysRevLett.124.042301
https://doi.org/10.1103/PhysRevLett.124.042301
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Charm baryon/meson measurments in pp collisions 

13L. Musa (CERN) – LISHEP - 7 July 2021

Charm hadronization differs at the LHC

• unique measurements (at low-momenta) of Lc (also Xc and Wc)
• cross section (fragmentation fraction) larger than expected (ee and ep)
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Charm baryon/meson measurments in pp collisions 
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Charm hadronization differs at the LHC

• unique measurements (at low-momenta) of Lc (also Xc and Wc)
• cross section (fragmentation fraction) larger than expected (ee and ep)

L. Musa (CERN) – LISHEP - 7 July 2021
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Measuring the dead-cone in radiation off of a heavy quark

15

Follow a heavy quarks through the primary Lund Plane  & suppress hadronization effects/non pert. (at samll KT)

Expectation: radiation suppressed for 𝜽C < mQ/E

Cunqueiro, Ploskon, Phys.Rev.D 99 (2019) 7, 074027 

Eradiator=energy of the splitting  
prong at each declustering step

•Iteratively decluster jets with a fully reconstructed D0 among  
its constituents 

•Follow always the prong containing the D0 
•Register the splitting energy Eradiator and the splitting kT at 
each step 

Define: 

The deepest levels of the jet tree are splittings 
 at small angles/lower energies 
 ->most sensitive to mass and the dead cone effect

The Lund plane of heavy-quark jets: exposing a 
fundamental prediction of QCD, the dead cone

9
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The Lund plane of heavy-quark jets: exposing a 
fundamental prediction of QCD, the dead cone

• Suppression of emissions at low angles for D0 jets as compared to inclusive jets 
• Smaller effects for higher splitting energy 
• Pink areas: parametric dead-cone areas as given by mC/<Eradiator>

Old prel. figure if new not in arXiv
10

New ALICE measurement for 
D-tagged jets (R < 1)

arXiv: 2106.05713 [nucl-ex]

• Radiation suppressed in the expected angular region (shaded)
• Suppression lifted as massQ << Eradiator

L. Musa (CERN) – LISHEP - 7 July 2021

A Large Ion Collider Experiment ALICE: status, physics, and future @ HEP 2021

Measuring the dead-cone in radiation off a heavy quark
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Follow heavy-quark through the primary Lund Plane & suppress hadronization effects/non-pert. (at small kT)

Cunqueiro, Ploskon, Phys.Rev.D 99 (2019) 7, 074027 

Eradiator=energy of the splitting  
prong at each declustering step

•Iteratively decluster jets with a fully reconstructed D0 among  
its constituents 

•Follow always the prong containing the D0 
•Register the splitting energy Eradiator and the splitting kT at 
each step 

Define: 

The deepest levels of the jet tree are splittings 
 at small angles/lower energies 
 ->most sensitive to mass and the dead cone effect

The Lund plane of heavy-quark jets: exposing a 
fundamental prediction of QCD, the dead cone

9

Principle outlined in PhysRevD.99.074027

Radiator: quark lead prong

Outlook: b-jets

Expectation: radiation suppressed for qc < mQ/E arXiv:2106.05713 [nucl-ex]

Direct observation of the dead-cone effect in QCD ALICE Collaboration

Figure 1: A sketch detailing the reconstruction of the showering charm quark, using iterative declustering, is
presented. The top panels show the initial reclustering procedure with the C/A algorithm, where the particles
separated by the smallest angles are brought together first. Once the reclustering is complete, the declustering
procedure is carried out by unwinding the reclustering history. Each splitting node is numbered according to the
declustering step in which it is reconstructed. With each splitting, the charm quark energy, ERadiator,n, is reduced and
the gluon is emitted at a smaller angle, qn, with respect to previous emissions. At each splitting, gluon emissions
are suppressed in the dead-cone region (shown by a red cone for the last splitting), which increases in angle as the
quark energy decreases throughout the shower.

more than 99% of the cases the prong containing the D0-meson candidate at each splitting coincided
with the leading prong. This means that following the D0-meson candidate or leading prong at each step
is equivalent and therefore a complementary measurement for an inclusive jet sample, where no flavour
tagging is available, can be made by following the leading prong through the reclustering history. Since
the inclusive sample is dominated by massless gluon and nearly massless light quark-initiated jets, it acts
as a reference to highlight the mass effects present in the charm-tagged sample.

4 Extracting the true charm splittings

The selected sample of splittings has contributions from jets tagged with combinatorial K⌥p± pairs,
which are not rejected by the applied topological and particle identification selections. The measured
invariant mass of real D0 mesons, which corresponds to the rest mass, is distributed in a Gaussian (due to
uncertainties in the measurement of the momenta of the K⌥p± pairs) with a peak at the true D0-meson
mass. This allows for the implementation of a statistical 2D side-band subtraction procedure, which
characterises the background distribution of splittings by sampling the background-dominated regions
of the D0-meson candidate invariant mass distributions, far away from the signal peak. In this way the
combinatorial contribution can be accounted for and removed. Furthermore, the selections on the D0-
meson candidates also select a fraction of D0 mesons originating as a product of beauty-hadron decays.
These were studied using Monte-Carlo (MC) PYTHIA 6 [22] simulations (this generator was used for
all MC based corrections in this work) and found to contribute 10–15% of the reconstructed splittings.
Their impact on the results is small and will be discussed later. The finite efficiency of selecting real D0-
meson tagged jets, through the chosen selection criteria on the D0-meson candidates, as well as kinematic
selections on the jets, was studied and accounted for through MC simulations. This efficiency was found
to be strongly p

D0

T dependent and different for D0 mesons originating from the hadronisation of charm

5

https://arxiv.org/abs/2106.05713
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QCD interaction among hadrons

Proton-hyperon (p-Y) strong interaction poorly known
• Measured in ALICE: momentum correlation of proton-hyperon pairs 

from a source of known size

• precise measurment of strong interaction for p-X- and p-W-

o direct comparison to lattice QCD
o p-X- important for neutron star EoS

$/,&(�VWDWXV�UHSRUW ���� �������������������� ��������������2WµQ�9£]TXH]�'RFH

䌏��(YLGHQFH�RI�DWWUDFWLYH�VWURQJ�LQWHUDFWLRQ�IRU�S�Ȅ��DQG�S�����

䌏��'DWD�VKRZ�D�S����FRUUHODWLRQ�IXQFWLRQ�HQKDQFHG�ZLWK�UHVSHFW�WR�S�Ȅ�

���$/,&(�SURYLGHV�SUHFLVH�WHVWLQJ�RI�WKH�KDGURQ�KDGURQ�LQWHUDFWLRQ
���DW�GLVWDQFHV�ORZHU�WKDQ���IP��
Ɣ &RQVHTXHQFHV�IRU��DSSHDUDQFH�RI�K\SHURQV�LQ�QHXWURQ�VWDUV��(R6��
��H[LVWHQFH�RI�VWUDQJH�GL�EDU\RQV�
Ɣ 5HFHQW�ODWWLFH�4&'�FDOFXODWLRQV�RI�LQWHUDFWLRQV�LQYROYLQJ�K\SHURQV�
��FDQ�EH�WHVWHG�

Ë$�QHZ�ODERUDWRU\�WR�VWXG\�KDGURQÆKDGURQ�LQWHUDFWLRQVË

S�Ȅ����U� ������s������IP
S�ȍ����U� ������s������IP

3URWRQ�K\SHURQ�LQWHUDFWLRQV DU;LY�����������

��

SS����7H9�+LJK�0XOW�
“Unveiling the strong interaction among stable and unstable 

Nature 588 (2020) 232-238

ALICE on topic
pL, pK, pX-, pW, pS0, LL, pp

Phys. Rev. C 99 (2019) 024001
Phys. Rev. Lett> 124 (2020) 092301

Phys. Letters B 805 (2020) 135419
Phys. Lett. B 797 (2019) 134822

Phys. Lett. B 797 (2019) 134822
Phys. Lett. B 811 (2020) 135849

Nature 588 (2020) 232-238
Phys. Rev. Lett. 123 (2019) 112002

)HPWRVFRS\
2YHUYLHZ

�Ɣ 0HDVXUH�&�N���IL[�6�U���VWXG\�WKH�LQWHUDFWLRQ��3K\V��/HWW��%������������������

0HDVXUH�WKH
FRUUHODWLRQ�IXQFWLRQ�&�N�

WZR�SDUWLFOH�ZDYH�IXQFWLRQ

N��0H9�

&�N�
DWWUDFWLRQ

�

UHSXOVLRQ

.IY<jQpI�GQhj<[EI�<[G�ò�UHODWLYH�PRPHQWXP
Ip<Yk<jIG�Q[�jPI�d<Qg�gIhj�Ng<ZI

)HPWRVFRS\
2YHUYLHZ

�Ɣ 0HDVXUH�&�N���IL[�6�U���VWXG\�WKH�LQWHUDFWLRQ��3K\V��/HWW��%������������������

0HDVXUH�WKH
FRUUHODWLRQ�IXQFWLRQ�&�N�

WZR�SDUWLFOH�ZDYH�IXQFWLRQ

N��0H9�

&�N�
DWWUDFWLRQ

�

UHSXOVLRQ

.IY<jQpI�GQhj<[EI�<[G�ò�UHODWLYH�PRPHQWXP
Ip<Yk<jIG�Q[�jPI�d<Qg�gIhj�Ng<ZI

L. Musa (CERN) – LISHEP - 7 July 2021



A Large Ion Collider Experiment

17

Strong force at work – hadron interactions  

Femtoscopy
• Small systems (pp) r*~1 fm – sensitive to inelastic channels
• Large systems (Pb-Pb) r*> 3 fm – only elastic channels. a Alternative to scattering experiments; exotic atoms

K–- p correlations in Pb-Pb collisions 

arXiv:2105.05683 [nucl-ex]

L. Musa (CERN) – LISHEP - 7 July 2021

Use Pb-Pb to measure interaction as function of distance

https://arxiv.org/abs/2105.05683
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A Large Ion Collider Experiment

Upgrade activties for Run 3 and Run 4
ALICE version 2.0

L. Musa (CERN) – LISHEP - 7 July 2021
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A Large Ion Collider Experiment

ALICE Detector Version 2.0 (Upgrades for Run 3+)

Runs 1 and 2: 1 nb-1 of Pb-Pb collisions 
Interaction rate ~8 kHz
readout rate ≈ 1 kHz

Run 3+Run 4: 13 nb-1 of Pb-Pb collisions
readout rate ≈ 50 kHz (Pb-Pb),  ≈ 1 MHz (pp)  
online reconstruction : all events to storage!

LS2 upgrade
• New TPC R/O planes
• New silicon tracker (ITS & MFT)
• New Fast Interaction Trigger (FIT)
• New Online/Offline system (O2)
• Upgrade readout of all other detectors

x50 statistics increase 
for most observables

> Improve tracking 
resolution at low pT

L. Musa (CERN) – LISHEP - 7 July 2021
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A Large Ion Collider Experiment

GEM-based TPC readout

Pixel Muon Forward Tracker (MFT)

Monolithic-pixel - ITS2

New Online/Offline (O2)

TOP

BOT

Fast Interaction Trigger FIT New Central Trigger Processor (CTP)
Upgrade of R/O for EMCal, PHOS, 
TRD, HMPID, ZDC

Muon Spectrometer

ALICE Detector Version 2.0 (Upgrades for Run 3+)

L. Musa (CERN) – LISHEP - 7 July 2021



a GEM provides ion backflow 
suppression to < 1%

a 524 000 pads readout continuously 
a 3.4 TByte/sec  

Read Out Chamber 

Goal: operate TPC at 50 kHz (a no gating grid) Solution: Replace MWPC with 4-GEMs

100 m2 single-mask foils GEM production 

A Large Ion Collider Experiment
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TPC Upgrade for continuous readout  

5 m
5 

m

Max. drift time: ~100 μs
Previous detector (Run 1, Run 2):
•  72 MWPCs
•  Wire gating grid (GG) to minimize  

Ion Back-Flow (IBF)
•  Rate limitation: few kHz

TPC upgrade specifications
•  Continuous readout
•  Nominal gain = 2000 in Ne-CO2-N2 (90-10-5)
•  Ion back-flow (IBF) < 1%
•  Preserve dE/dx performance
•  Stable operation under LHC Run 3 conditions

è  Adopted solution: 4–GEM stack, combination of standard (140 μm) and 
large hole pitch (280 μm) GEM foils, optimized HV configuration

è  Unprecedented challenges: e.g. distortions from remaining space charge

 ALICE Upgrades | LHCP2021 | June 11th, 2021 | C. Lippmann | Page 20

TPC readout chambers

The upgrade of the ALICE TPC with GEMs and continuous readout (link)

 ALICE Upgrades | LHCP2021 | June 11th, 2021 | C. Lippmann | Page 21

TPC readout electronics
Noise across readout chamber surface

Excellent noise figure: 670 e- @18 
pF on detector

Newly developed FE ASIC SAMPA (130 nm TSMC 
CMOS)
•  32 channels with preamplifier, shaper and 

10 bit ADC
•  Readout mode: continuous or triggered
•  Also used in the ALICE Muon spectrometer

Front-End Cards (FECs)
•  5 SAMPA chips per FEC (3276 FECs in total)
•  Continuous sampling at 5 MHz
•  All ADC values read out at 3.3 TB/s
•  Readout link: CERN GBT / Versatile link system
•  FPGA-based readout card receives the data: 

Common Readout Unit (CRU)

The upgrade of the ALICE TPC with GEMs and continuous readout (link)

SAMPA: developed by the University of São 
Paulo (USP), the University of Campinas 
(Unicamp) and the Technological Institute of 
Aeronautics (ITS) 

L. Musa (CERN) – LISHEP - 7 July 2021
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Motivations and goals 
• Improved vertex  and tracking precision

a closer to IP, smaller pixels, less material

• Faster readout (x 100)

6 layers (39mm < r < 440mm)
-1 ≤ h ≤ 1

7 layers (22mm < r < 400mm)
-1.3 ≤ h ≤ 1.3

Based on novel MAPS technology (ALPIDE)

• 10 m2 active silicon area (12.5 G-pixels)

• Spatial resolution ~5µm 

• Max particle rate ~ 100MHz /cm2  (w/o pile-up)

• Fake hit rate: < 1Hz/cm2

• X/X0 (first three layers): 0.35%

Inner Tracking System Upgrade

New Inner Tracking System (ITS2)
� improved pointing precision
� Monolithic CMOS sensors (ALPIDE)
� Smaller beampipe, 1st layer closer

Muon Forward Tracker (MFT)
� New tracker based on ALPIDE
� Improved MUON  pointing 

precision, promt vs. decay muons

ITS2, MFT, FIT

New Trigger Detectors (FIT)

2

New Inner Tracking System (ITS2)
� improved pointing precision
� Monolithic CMOS sensors (ALPIDE)
� Smaller beampipe, 1st layer closer

Muon Forward Tracker (MFT)
� New tracker based on ALPIDE
� Improved MUON  pointing 

precision, promt vs. decay muons

ITS2, MFT, FIT

New Trigger Detectors (FIT)

2

old setup new setup

Artistic view of a  
SEM picture of 

ALPIDE cross section 

Cin ≈ 5 fF

2 x 2 pixel 
volume 

Qin (MIP) ≈ 1300 e a V ≈ 40mV 

collection electrode

L. Musa (CERN) – LISHEP - 7 July 2021
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TPC reinstallation in the ALICE cavern (August 2020) 

L. Musa (CERN) – LISHEP - 7 July 2021 23
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MFT and FIT/C Installation - Dec 2020

St
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O2 - EPN server delivery (Dec 2020) and Installation (Jan 2021)

St
ar

t L
S2

St
ar

t L
S2

250 servers (with 2000 GPUs)

25L. Musa (CERN) – LISHEP - 7 July 2021
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CERNCOURIER
July/August 2021  cerncourier.com Reporting on international high-energy physics

PIXEL  
PERFECT 
Exploring the Hubble tension

A CERN for climate change 

Medical technologies 

May 2021 - ITS fully installed
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FIT – Installation of T0-A and V0, Jun 2021
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2020 2021 2022

2020 2021 2022

MAY JUN JUL AUG SEP OCT NOV DEC MAY JUN JUL AUG SEP OCT NOV DECJAN FEB MAR APR JAN FEB MAR APR

TPC 

Work on services 

TPC, beampipe, MNF

Construction, assembly, commissioning 

Install TPC, beampipe and Miniframe

FIT/MFT Install FIT-C and MFT

Installation & Test  ITS

Install FIT-A

Pre-global commissioning

Global Commiss.
ALICE Ready

LS2 end 21 Feb ‘22
~3 months

Milestone Weeks

- Close magnet doors end of July

- End of Muon Arm installation end of August

- global commissioning (~18 weeks) starts mid-July

ALICE LS2 Schedule

28

Muon Stations 3, 4 and 5 Station 1 Station 2

beam test 

L. Musa (CERN) – LISHEP - 7 July 2021
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Perspectives
LS3 upgrades, ALICE 3 for Run 5

L. Musa (CERN) – LISHEP - 7 July 2021
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… remove cooling, PCBs, mechanical support a ultra-light inner layers

LoI - CERN-LHCC-2019-018 ; LHCC-I-034 ITS3 material budget

 ALICE Upgrades | LHCP2021 | June 11th, 2021 | C. Lippmann | Page 27LOI: CERN-LHCC-2019-018

Material budget ITS2 inner-most layer

[A
LI

CE
-P

U
BL

IC
-2

01
8-

01
3]

Flexible PCB

9 sensors

Cold Plate
Space Frame

•  Only about 15% of the total material is Silicon!
•  Irregularities due to support and services

Removal of water cooling possible if power consumption below 20 mW/cm2

Removal of circuit board: Power and data buses may be integrated on chip
Removal of mechanical support: Benefit from increased stiffness of bent Si wafers

ITS2 stave structure

Material budget Si only

ITS2 material

ITS3: keep 
silicon ‘only’!

A Large Ion Collider Experiment

LS3 upgrades: forward g’s and ultimate vertexing
• ITS3: new inner barrel – 3 truly cylindrical 

MAPS layers around smaller beam pipe
– x3 less material budget
– x2 tracking precision and effic. (low pT)

• LoI approved (CERN-LHCC-2019-018); TDR in 2022  

LHCP2020, 25.05.2020                                                                               Andrea Dainese 31

• FoCal: forward e.m. calo with Si readout for 
isolated g measurement 3.2<h<5.8 in p-Pb

• Constrain nuclear PDFs down to x < 10-5

• LoI just submitted (ALICE-PUBLIC-2019-005)  

Impact on gluon 
nuclear PDFs:
Present nNNPDF
w/ FoCal pseudodata
w/ EIC pseudodata

Fully	 functional	 ALPIDE	sensor	 curved	to	R=1.8	cm

à F Grosa

Si pad / pixel readoutITS3: Ultrathin wafer-scale MAPS – detector curled ‘onto’ the beam pipe

in-beam performance of bent MAPS arXiv:2105.13000 [physics.ins-det]

Enhancing vertexing – Inner Tracker 3 for Run 4

L. Musa (CERN) – LISHEP - 7 July 2021

https://cds.cern.ch/record/2703140?ln=en
https://arxiv.org/abs/2105.13000


The FoCal project  2
LHCC approval session: June 2020
Letter-of-Intent: CERN-LHCC-2020-009

FoCal-E: high-granularity Si-W sampling 
sandwich calorimeter for photons and π0


• About 150K pad + 4K pixel sensors


FoCal-H: conventional metal-scintillator 
sampling calorimeter for photon isolation 
and jets

• About 1K channels 

Main goal:  
Direct photons in pp and pPb

Location in ALICE
3.4 < η < 5.8

Challenges:

- FoCal-E: Achieve high spatial and good energy resolution


- Avoid dead areas: homogeneous ‘plate structure’

- Avoid air gaps (shower size - spatial resolution)

- Cooling of electronics throughout volume


- Deal with shower energies from 0.1 GeV  to 1 TeV 

- Integration in ALICE: space restrictions

A Large Ion Collider Experiment

Glue at smallest-x ever – FoCal for Run 4

LoI: CERN-LHCC-2020-009

PAD layer readout: Overview 9

(Grenoble)

• 5-pad-layer PCB for 5 HGCROCs, each connects to one sensor (72 cells)

• Aggregator board to efficiently readout out data from 4 boards

• Sum board to provide trigger decision based on parts of the shower 

(under consideration) 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6-10 5-10 4-10 3-10 2-10 1-10 1
x

1

10

210

Q
 (G

eV
) EM and DIS measurements

central LHC

LHCb
FOCAL

LHCb

NMC/EMC

EIC1 EIC2

fR
HI

C

(Pb)sQ

(p)sQ

Nuclear modification of gluon distributions with photons, but also jets (di-jets), J/ψ (Υ) in UPC, W, Z, ….

7 m from IP,  3.4 < h < 5.8

Detector concept
FoCal-E: high-granularity (≈ 1 𝑚𝑚2) Si-W sampling 
sandwich calorimeter for photons and π0

FoCal-H: conventional sampling calorimeter for 
photon isolation

FoCal-E layout 8

45 cm

8 cm

~16 cm

Module: 18 pad layers + 2 pixels layers

Readout, power, cooling connected  
on one side

FoCal-E: 22 modules

Concept: some open questions being discussed
L. Musa (CERN) – LISHEP - 7 July 2021
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ALICE 3: a new dedicated heavy-ion detector for Run 5+ (> 2030)

LS2

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

LS3 Run 4 LS4 Run 5
Commissioning

Physics run

Run 3

Novel measurements of electromagnetic and hadronic probes of the QGP at very low momenta 
a mechanism of hadron formation in the QGP, QGP transport properties, QGP electrical conductivity, QGP 
radiation and access to the pre-hydrodynamization phase, Chiral Symmetry restoration, …

Antonio Uras

A
L
I
C
E

Physics Prospects for ALICE in Run 5 and Beyond

Introduction

2/17

ALICE 3: new dedicated heavy-ion experiment at the LHC, replacing ALICE 
starting of Run 5: access to novel measurements of electromagnetic and 
hadronic probes of the QGP at very low momenta

Ø Discussed at the heavy-ion town meeting 
(CERN, Oct 2018) 

Ø Expression of Interest submitted as input 
to the European Particle Physics Strategy 
Update (Granada, May 2019)

In this presentation >>> Selected material from the preliminary 
discussions on the ALICE 3 physics goals and scientific 
opportunities, and the detector concept

see also talks by G. Contin and S. Bufalino

arXiv:1902.01211Expression of Interest

Timeline
- Conceptual studies ongoing 2019-2021
- Public workshop in October 2021
- Submit a LoI to the LHCC by 2021
- Construction and installation by LS4

Also submitted as input to the European Strategy 
for Particle Physics Update (Granada, May 2019) 

L. Musa (CERN) – LISHEP - 7 July 2021

https://arxiv.org/abs/1902.01211
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Conclusions 

A wealth of results based on full Run-2 samples offer:
• Detailed insights into QGP workings and properties
• plus a broader and rich QCD programme: 

- pQCD, hadron structure, formation of hadrons and nuclei

Underway and coming up: 
• Major upgrade for Run 3 on track (ALICE v. 2.0)
• In preparation: ITS3, FoCal for Run 4 (ALICE 2.1)
• Plans for next generation dedicated HI experiment for Run 5+ (ALICE 3.0)

L. Musa (CERN) – LISHEP - 7 July 2021


