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Heavy ion collisions
• Exploring extremely hot QCD matter

− Deconfined state of quarks and 
gluons = Quark Gluon Plasma

− Significant results in the last 
decades since 2000
ü QGP formation
ü Discovery of unique features 
of QGP

• Next decade: More focusing on 
early stages for further 
understanding
− Key probes: Heavy quarks, 
thermal di-leptons
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ALICE experiment

• Specially designed for heavy ion collisions at LHC
− ~2000 collaborators from about 40 countries
− Located in ”French” side of CERN
− Central (|h|<0.9)   : Silicon VTX + TPC + PID detectors + EMCal
− Forward (2.5<h<4): Muon tracker + Muon ID

Forward detectors for muonsVertex detectors
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Upgrade programs for LHC-RUN 3

Major upgrades to focus on low/mid pT phenomena and rare probes
→ More statistics & more accuracy on tracking
1. ITS2 (Inner Tracking System of silicon detectors)

• 7-layer MAPS detectors for better vertexing & higher tracking efficiency
2. GEM-TPC

• Continuous readout realized by GEM signal amplification
• ~100 times higher rate of data-taking with 50kHz Pb-Pb collisions

3. New computing framework of online and offline data processing (O2)
4. MFT (Muon Forward Tracker)

• New MAPS detector in forward for better vertexing of muons

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.

We are here
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MAPS

ALICE ITS Upgrade Pixel Technology

• N-well collection electrode in high 

resistivity epitaxial layer

• Present state-of-art based on 

quadruple well allows full CMOS 

• High resistivity (> 1kΩ cm) epi-layer 
(p-type, 20-40 μm thick) on p-substrate 

• Moderate reverse bias => increase 
depletion region around Nwell

collection diode to collect more 

charges by drift

24
February 22, 2018 P.Riedler, CERN | PSI Seminar

TowerJazz 0.18µm CMOS imaging process

ALPIDE  pixel sensor  (ITS Upgrade and MFT)

Monolithic Active Pixel Sensors (MAPS), TowerJazz 0.18 mm technology
• Sensor size: 15 mm x 30 mm
• Pixel size: 29 mm x 27 mm
• Detection efficiency > 99%
• Event time resolution <4 ms
• Space resolution: 5 mm 
• Power consumption: ~40 mW/cm2

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

CMOS Pixel Sensor using TowerJazz 0.18mm CMOS Imaging Process   
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▶ High-resistivity (> 1kWcm) p-type epitaxial layer (25mm) on p-type substrate

▶ Small n-well diode (2 mm diameter), ~100 times smaller than pixel => low 
capacitance (~fF)

▶ Reverse bias voltage (-6V < VBB < 0V) to substrate (contact from the top) to 
increase depletion zone around NWELL collection diode   

▶ Deep PWELL shields NWELL of PMOS transistors (full CMOS circuitry within 
active area) 

3 November 2016 IEEE NSSMIC2016 | JvH, CERN/ALICE 3 
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Ø The Upgrade of the ALICE Inner Tracking System with the 
Monolithic Ac?ve Pixel Sensor ALPIDE

Ø Radia?on Hardness of Monolithic Ac?ve Pixel Sensors for 
the ALICE Inner Tracking System Upgrade

ALPIDE 

pads over matrix

ITS IB & MFT: 50mm thick
ITS OB: 100mm thick
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production finished

99%
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50µm
25µm
Sensor part

ALPIDE cross-section
• Monolithic Active Pixel Sensor = MAPS

− Cutting-edge silicon technology
ü Both sensor & readout on the same 
CMOS chip

− ALPIDE = ALICE Pixel Detector developed 
by ALICE
ü TJ180nm-CMOS sensor technology
ü 1 pixel = 27 x 29 µm2 → 1 sensor = 
1.5 x 3 cm2

ü Good position resolution: ~5µm
ü Integration time: 4µs
ü Low power consumption: 40mW/cm2
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Muon Forward Tracker
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Half-Disk

Power Supply Unit

• Installed in front of the hadron 
absorber

• Acceptance: 2.45<h<3.6
• 5 double-sided disks at 460-768 
mm from interaction point
− X/X0=0.55% per layer
− 936 sensors in 280 ladders

• Development and assembly of 
MFT supported by TYL/FJPPL
− HAD_02: 2017-2022
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MFT assembly

 

 

Professor Kenta Shigaki specializes in high energy nu-
clear physics, as evidenced by his leadership of the Ex-
perimental Quark Physics Laboratory in the Physics De-
partment of Hiroshima University.  The laboratory, with 
associate professor Yorito Yamaguchi and assistant 
professor Satoshi Yano, is a member of a gigantic inter-
national collaboration known as LHC-ALICE at the most 
renowned particle and nuclear physics laboratory, 
CERN in Geneva, Switzerland. ALICE is untangling the 
mysteries of the quark-gluon plasma, a primordial mix-
ture of elementary particles called quarks and gluons, 
which filled our universe a few millionths of a second 
after it was born 13.8 billion years ago with the Big 
Bang. 

Shigaki has been playing a key role in the field, after 
obtaining his PhD at University of Tokyo in 1995 based 
on a proactive experiment at Brookhaven National La-
boratory in New York, U.S.A., where he successively 
joined the RHIC-PHENIX experiment and discovered 
the long-sought exotic state of matter, the quark-gluon 
plasma, in 2000’s. The LHC at CERN is a new genera-
tion particle accelerator, 28 times more powerful than 
RHIC in terms of the top energy, which started to oper-
ate in 2008. ALICE is to elucidate the properties of the 
quark-gluon plasma utilizing the world-leading machine. 

 
 

HIROSHIMA UNIVERSITY UPDATE 
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HIROSHIMA UNIVERSITY UPDATE 
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CHECK  
IT OUT 

Find more information about HU's  
Experimental Quark Physics Laboratory 
and the ALICE experiment here: 

Experimental Quark  
Physics Laboratory:  
https://www.quark.hiroshima-u.ac.jp/ 
 
 

ALICE experiment:  
http://alice-collaboration.web.cern.ch/ 

RESEARCH FOCUS 

 
 
 
Graduate School of  
Advanced Science  
and Engineering 

ALICE is now ascending to a higher stage after harvest-
ing a multitude of physics results in its first decade. The 
detector system is being upgraded toward the next data 
taking period from 2021 with the performance of the 
LHC also improving much. Shigaki and his colleagues 
are vital members of one of the major projects, called 
the “muon forward tracker”, in a close collaboration with 
French groups and with the responsibility for its control 
system. The new detector is under commissioning at 
CERN, as shown in the photo with Yamaguchi and 
graduate student Motomi Oya from Hiroshima Universi-
ty, will be installed and operated in ALICE soon (after 
recovering from the COVID-19 pandemic), and will exert 
a great pull in the scientific voyage to approach the very 
early universe. 

The “muon forward tracker” under com-
missioning at CERN in Geneva, Switzer-
land. With Yamaguchi (third from left) 
and Oya (second from left) from Hiroshi-
ma University. 

(Courtesy of CERN) 

“LHC-ALICE  
International 
Collaboration” 

Hiroshima University x 
CERN European  

Organization for Nuclear Research   

 

The ALICE detector 

The “Muon Forward Tracker”  • MFT assembly has been done in 2019.
− French group: Leading role of the MFT project 

ü Sensor assembly on a ladder, Readout, Power supply, …
− Japanese group: Responsible to a control system development

ü Automatic slow control, power control, monitoring, …
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Benefits from MFT
Absorber Muon spectrometer

p

µ
MFT

IP

Decay µ from p

p

µ

Decay µ from p

Absorber Muon spectrometerIP

• Improvement of tracking precision around IP
− Secondary vertex measurement

ü Rejection of decay µ from p/K
− Improvement of mass resolution for di-muons

7



Ongoing measurements with MFT

• Separation of B-decay J/y from inclusive J/y
• Quarkonia (J/y, 3 states of Us)

− Sequential melting in QGP
• Low mass vector mesons

− Restoration of Chiral symmetry in hot partonic matter
• Thermal di-muons

ALICE Week — 1 March 2023 3

The Muon Forward Tracker in a nutshell

• MFT: 
- Vertexer of the Muon Spectrometer 

Track matching MFT-MCH-(MID) 

- Based on Silicon Pixel sensors 
ALPIDE sensors (same as ITS) 

- 5 double-sided disks 
- Located around the beam-pipe 

Between 46 cm and 77 cm from IP 

• Physics cases: 
- Charm/Beauty separation (displaced vertices) 

Especially B feed-down for J/! (c"B ≈ 500 µm) 

- Rejection of #/K background 
Less combinatorial background 

- Improvement of mass resolution 
Study of low mass resonances 

Frontal
Absorber

Dipole

$
$

MIDMCH

Iron Wall

MFT−3.6 < η < − 2.45
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MFT-MCH matching
9

• Crucial to make correct matching between MFT and Muon spectrometer 
(MCH)
− Challenge with high occupancy near IP & disturbance by multiple 
scattering inside the absorber

• Matching procedure
1. Associate MFT and MCH tracks compatible in time
2. Compute a matching score and keep the best combination
3. Refit the whole global track

  

8 / 9

Global muon tracks
● Matched track between MFT and MUON

● 1st step of matching : associate MFT and MUON tracks which are compatible in time
● 2nd step : compute matching score for each association  and keep the best combination

3rd step : reHt the whole global track

● For now, only χ² matching score is available → ok for pp but not suNcient for Pb—Pb 

● Important: MFT and MUON have di9erent acceptance but no acceptance cut is applied in 
matching → generates fake matches by construction → important to apply proper cuts on 
MUON track (η, Rabs)

absorber



Matching 𝜒!

ALICE Week — 1 March 2023 11

MFT-MCH matching

• Need to estimate contribution of fake matches at 
low !2, in the region of true matches 
- Better evaluation of purity and efficiency 
- Using simulation: can depend strongly on its quality 

• Data driven evaluation by rotating MCH tracks: 
- to a region far from the true MFT one 
- to a region with similar occupancy 
- match with other MFT tracks ➝ pure false matches 

• Machine Learning training for PbPb: 
- Production of data sample containing false matches 
- Embed MC signal into such realistic background  

➯ Improve ML training for PbPb

Estimation of !��distribution of fake tracks - for pp data

χ2
MFT−MCH

?

Study on-going

• Matching 𝜒! works well to find true track matches in pp data.
− Clear difference in distribution for true and false matches
− Full shape for false matches demonstrated by MCH track rotations
→ Possible to maximize purity & efficiency for signals

• Ongoing efforts with machine learning which helps to separate true and 
false matches with more charged particle multiplicity in Pb-Pb
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Activities in 2024
• pp runs already started with smooth data-taking since the last April

− Pb-Pb runs scheduled in November

• Assessment of track matching with ML for Pb-Pb data taken in 
2023
− Some Pb-Pb measurements as well
→ Track-matching and analysis fest in Japan

ü Effective in-person discussions together with main players 
both in France and Japan

• Expecting some final results from ongoing pp measurements
− J/psi, heavy flavors and more …
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Summary
• Keeping a successful Japan-France collaboration in ALICE from 
MFT production stage to MFT operation stage
1. HAD_02: ALICE forward upgrade for high precision high 
statistics single- and di-muon measurements at the LHC
− PIs: K.Shigaki & G.Batigne

2. HAD_06: Probing extremely hot partonic matter properties via 
high precision muon measurements at the ALICE experiment
− PIs: Y.Yamaguchi & M.Guilbaud

• Staying active to get new exciting physics results with LHC-RUN 3 
data in the next years
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