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Installation of MFT 

Issue with muon measurements in the forward region (∽RUN2) 
• Blurred vision of the muon vertex due to absence of track info in front 

of the Absorber
→ Solution: Installation of MFT for RUN3

Absorber Muon SpectrometerIP

𝑫/𝑩 → 𝑿𝝁𝝂

µ

Absorber Muon SpectrometerIP MFT

µ

𝑫/𝑩 → 𝑿𝝁𝝂

After MFT installation (RUN3∽)

Achievable measurements with MFT
• Better rejection power of muons from 𝜋/𝐾 decays
• Separation of secondary vertex from IP

→ Measurements of open heavy flavors & J/y from B

→ Measurements of Light Vector Mesons & di-muon continuum
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Figure 2.36: Expected low mass dimuon spectrum in 0-10 % central Pb–Pb collisions at psNN =
5.5 TeV after subtraction of the combinatorial background, normalised to an integrated luminosity
of 10 nb�1 without (left panel) and with (right panel) the addition of the MFT to the ALICE Muon
Spectrometer.

]2Mass  [GeV/c

0 0.2 0.4 0.6 0.8 1 1.2 1.4

]
2

d
N

/d
M

  
[d

im
u

o
n

s
 p

e
r 

1
0

 M
e

V
/c

310

410

5
10

 + cocktail)cRapp sum (Syst. Err. c

Rapp sum (Syst. Err. Bkg.)

Rapp QGP

Rapp in-medium SF

 < 10.0 GeV/c
µµ

T
MUON only : 1.0 < p

]2Mass  [GeV/c

0 0.2 0.4 0.6 0.8 1 1.2 1.4

]
2

d
N

/d
M

  
[d

im
u

o
n

s
 p

e
r 

1
0

 M
e

V
/c

310

410

5
10

 + cocktail)cRapp sum (Syst. Err. c

Rapp sum (Syst. Err. Bkg.)

Rapp QGP

Rapp in-medium SF

 < 10.0 GeV/c
µµ

T
MUON + MFT : 1.0 < p

Figure 2.37: Expected sensitivity to the measurement of QGP signatures in 0-10 % central Pb–Pb
collisions at psNN = 5.5 TeV in a Lint = 10 nb�1 scenario without (left panel) and with (right panel)
the MFT.
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observable is the nuclear modification factor of the non-prompt J/ , which turns out to be an
indirect measurement of beauty RAA. The nuclear modification factor of non-prompt J/ , RJ/  B

AA ,
can be extracted using the measurements of prompt J/ RAA and the fractions of non-prompt J/ 
in proton–proton and Pb–Pb collisions,

RJ/  B
AA = RJ/ prompt

AA ⇥
f J/  B
Pb�Pb

f J/  B
pp

. (2.6)

The expected performance of the MFT/MUON for the measurement of RJ/  B
AA can be compared

with the expected performance of the new ITS in the channel B!D0 (Figure 2.20). The MFT/MUON
measurement is complementing the CMS measurement increasing the rapidity and pT coverages to
higher rapidity and lower pT. Work in the CMS collaboration is ongoing to lower the minimum
pT, but the CMS performance won’t be able to match the one of the MFT/MUON due to larger
systematics coming from the small acceptance of the detector for pT< 3 GeV/c.
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Figure 2.20: Beauty nuclear modification factor versus pT. Comparison between the expected per-
formance with the new ITS via the non-prompt D0 measurement [1] (blue band) and the expected
performance of the MFT/MUON via the non-prompt J/ identification (red points). The CMS pT
coverage via non-prompt J/ identification is also represented (dotted line).

We have shown that the MFT allows a more precise measurement of the  0 production yields.
The measurement of the  0, combined with the J/ measurement, offers an important tool to
discriminate between different charmonium production models. Two main models are proposed.
The first one is based on the idea of statistical hadronisation of charm quarks in nucleus–nucleus
collisions [76–80]. In this model, all charmonium states are assumed to be fully melted in the
QGP and produced, together with all other hadrons, exclusively at chemical freeze-out. The second
model is based on the idea of kinetic recombination of charm and anti-charm quarks in the QGP
as a quarkonium production mechanism [42, 43, 81]. In this model, a continuous dissociation and
regeneration of charmonium takes place in the QGP over its entire lifetime.

Figure 2.21-left shows the experimental status for the measurement of the ratio R 
0

AA/R
J/ 
AA . The

ALICE Muon Spectrometer measurements do not allow the evaluation of this ratio for the most
central Pb–Pb collisions, where the  0 extraction is very difficult or even impossible due to the very
small S/B ratio. The CMS measurements still suffer from large systematic uncertainties, mainly due
to the error in the proton–proton reference at psNN = 2.76 TeV, making any interpretation of the
results difficult. We superimposed the expected uncertainties for a measurement using the Muon
Spectrometer with the MFT at forward rapidity. The expected performance is also compared with

w/ MFTw/o MFT
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Table 1.2: Geometrical parameters of the MFT. Number of sensors and ladders per Half-Disk
and for the full MFT.

Half-Disk 0 1 2 3 4 Full MFT

Inner radius (mm) 25.0 25.0 25.0 38.2 39.2 –

Outer radiusa (mm) 92.6 98.0 104.3 130.1 143.5 –

z-position (mm) �460 �493 �531 �687 �768 –

No. sensors 64 64 76 112 132 896

No. ladders with:

1 sensor 2 2 2 2 0 16

2 sensors 4 4 4 2 4 36

3 sensors 18 18 14 6 4 120

4 sensors 0 0 6 22 18 92

5 sensors 0 0 0 0 8 16

No. ladders 24 24 26 32 34 280

a
Radius to reach ⌘ = 2.5 with a vertex position at z = 100 mm from the nominal IP position.

Table 1.3: Expected maximum hit densities and radiation levels in the MFT given at inner
and outer radii of each disk. Values obtained from full AliRoot simulations using FLUKA and
GEANT transport models and Pythia (Perugia 2011) as the MC event generator for pp collisions
at

p
s = 5.5 TeV.

Disk
Radius Particles a QED electronsb NIELc TIDd

(mm) (cm�2) (cm�2) (1 MeV neq/cm2) (krad)

0
25.0 12.7 8.9 5.7⇥ 1012 350
92.6 1.9 6.9⇥ 10�2 1.1⇥ 1012 52

1
25.0 12.9 8.6 5.9⇥ 1012 380
98.0 1.7 6.0⇥ 10�2 1.1⇥ 1012 50

2
25.0 12.6 8.6 5.7⇥ 1012 347

104.3 1.6 4.8⇥ 10�2 1.1⇥ 1012 44

3
38.2 11.9 3.4 3.5⇥ 1012 317

130.1 1.1 2.7⇥ 10�2 1.1⇥ 1012 34

4
39.2 12.9 3.1 3.8⇥ 1012 350

143.5 0.9 2.2⇥ 10�2 1.3⇥ 1012 29

a
Average hit densities in central Pb–Pb collisions at

p
sNN = 5.5 TeV (including secondaries produced in

material).
b
Integration time of 4 µs, and interaction rate of 100 kHz.

c
Non-Ionizing Energy Loss. Including a safety factor 10.

d
Total Ionizing Dose. Including a safety factor 10.

Acceptance -3.60 < h < -2.45
X/X0 per disk 0.7%

# of Disks 5
# of Ladders 280

# of ALPIDE chips 936

MFT parameters

MFT disk geometries

+ +

Half MFT cone

Mother board Half-Disks Half-Disk
Ladders PCB Support

Heat Exchanger

Commissioning at CERN

Power Supply Unit Half-Disk Detector Control System

Ladder gluing

2-5 ALPIDE chips 
per ladder

Heat exchanger profile

FPC surfaceALPIDE surface

ALPIDE + Glue thickness = 50 + 100µm

Glue thickness uniformity

Half-disk production
1. Assembly of PCB + Mechanical support + 

Heat exchanger
2. Ladder gluing on both disk surfaces

ALPIDE and MFT Ladder

Pixel size 27 x 29µm2

Sensor size 15 x 30mm2

Spatial resolution ~5µm
Integration time 4µs
Power consumption 40mW/cm2

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
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TowerJazz 0.18µm CMOS imaging process

50
µm

25
µm

MFT Ladders

ALPIDE (ALICE Pixel Detector)
• Monolithic Active Pixel Sensors
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4

• Connected with CAEN LV modules
• Power supply to separate 4 zones of each 

Half-Disk
ü Back Bias (BBIAS) for sensors (0;-3V)
ü Digital/Analog powers for FPC (+1.8V)

Power Supply Unit
(PSU)

MFT – Readout PRR – 2018, November 29th 

• Buffer/blocker (demultiplexer):

10

Electronics design and optimizations
New design (validated in September 2018)

BBIAS generator 
control schematics

Buffer

GPIO1
GPIO2
GPIO3
GPIO4

DAC1

Before MFT installation (∽RUN2)

RAA of J/y from B [1] di-muon mass spectrum [1]

DAC signal to Buffer
① BBIAS voltage setting
② BBIAS latch-up threshold
③ Digital latch-up threshold
④ Analog latch-up threshold

DAC1
GPIO1
GPIO2
GPIO3
GPIO4

①
②
③④

①
②
③④

• Has to be updated for operation with the new 
ALICE computing system (O2)

• CERN-developed JCOP framework with WinCC 
Open Architecture as SCADA 

DIM client
WinCC OA

DIM server
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• MFT commissioning has started since this summer.
ü 1st Half-MFT assembly with full SC & Readout chain
ü Continue until May 2020, then installation in ALICE cavern 

90Sr source test

Cosmic test

Chip 6 Chip 7 Chip 8

capacitors
Bonding openings in FPC

Chip 4 Chip 5 Chip 6 Chip 7 Chip 8

Clustering & pattern study

DCS test with Finite State Machine (FSM)
• FSM: Hierarchical control for independent hardware 

systems (Detector, Power Supply, Cooling plant)
• Successful demonstration of FSM state propagation

Normal state: T<Tth

If T>Tth, MFT turns to ERROR state

• Better di-muon mass resolution  

[1]: ALICE collaboration, CERN-LHCC-2013-14; LHCC-I-022-ADD-1

Quark Matter 2019, Wuhan, China, 4-9 November, 2019

Muon Forward Tracker: adding vertexing 
capability to the ALICE MUON Spectrometer


