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ALICE Detector (Run1 & Run2 2010-2018) 
Avant propos 

ü Devoted of the study of the 
Quark Gluon Plasma at the 
LHC 

ü  Excellent (low pT) tracking 
performances (ITS+TPC
+TRD) 

ü  Excellent particle 
identification performances 
(TPC-TOF-TRD) 

ü Good secondary vertexing 
reconstruction (ITS-SPD) 

ü  Electromagnetic calorimeter 
(EMCAL-DCAL) 

ü Muon spectrometer at 
2.5<y<4 

ü MB Trigger and centrality 
measurement (V0-T0-ZDC) 
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Integrated Luminosity (Run1 & Run2)  
1 nb-1 in PbPb 



ALICE Physics Goals 

Characterisation of the Quark Gluon Plasma  
by means of the heavy ion collisions at ultra relativistic energies.   
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Cabibbo & Parisi PLB 59 67 (1975) 

QGP 

Hadron Gas 

Bjorken PRD27 140 (1983) 



One particularity of ALICE Detector 
Large Rapidity coverage 
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τcross < 1/ΛQCDτcross ~ 2R/γ

++

τform ≈ 1/ΛQCD

for times τ � τther        
longitudinal expansion 

starts

++
τlong  ≈ R      

End of longitudinal         
expansion

τ � τlong        
 3D expansion starts

Chemical 
Freeze-out
ρ ≈ 0.15 fm-3

T ≈ 0.15 GeV

FIG. 10. Bjorken scenario [Bjorken 83] for the formation of hot QCD matter. After a formation
time ⌧form a volume with a high energy density is created. After equilibration at ⌧ther, the evolution
of the hot QCD matter follows the laws of the relativistic hydrodynamics. First, there is a longi-
tudinal expansion until the system reaches a longitudinal size close to its transverse size, then a
tridimensional expansion starts until the density is so low that no more inelastic (elastic) collision
takes place. The system reaches then the so called chemical (kinetically) freeze-out. Finally all the
particles will fly decaying to their daughter particles or reaching the detector. Typically only charged
pions, charged kaons, protons, neutrons, photons, electrons and muons will reach the detectors.

Heavy Ions at LHC 
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FIG. 7. Critical behaviour for massless quarks and µB = 0 of the order parameters of the
deconfinement (left plot) and of the chiral (right plot) transitions as predicted by lattice QCD
calculations. The order parameters are the Polyakov susceptibility (�L) and the chiral susceptibility
(�m) [Karsch 02a]. Both transitions would indeed be the same one or would take place at the same
critical temperature.

FIG. 8. Lay-out of the hadronic matter phase diagram as it is today conceived. 5 

At the LHC µB~0 
ε0~10-40 GeV/fm3 (Ti~350-550 MeV) 
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QGP Observables 

-  Global observables 

-  Light hadrons 

-  Strange hadrons 

-  Quarkonia 

-  Open heavy flavours 

-  Electromagnetic probes 

-  Jet and high pT hadrons  

-  Exotic  
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Rapidity, Transverse momentum, Azimuthal angle, centrality, centre of masse 
energy, reaction plane, correlations, fluctuations, small systems (pp and pA) 
 
“*” number of ALICE publications (2010 - March 2016) for PbPb collisions 
 

Global Dynamics 

Initial State 
and QGP 
probes 
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ALICE strategy for Run3 & Run4 2021-2028 

PbPb 50 kHz (x10) 

RO electronics 

TPC RO chambers 

New computing req. 

ITS Upgrade 
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New  

observables 

Global observables….... 

Light hadrons…............. 

Strange hadrons…........ 

Quarkonia….................. 

Open heavy flavours…..  

Electromagnetic probes.  

Jet and high pT hadrons. 

Exotic............................. 

 

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

Better   

Significance 

ITS upgrade 

MFT tracker 

FoCal (2024)? 



ALICE Detector Upgrade for Run3 
Increase of luminosity (50kHz IR) and improve vertexing and tracking at low pT 
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New  Internal 
Tracking System, 

high resolution, low 
material budget 

TPC Muon 
Spectrometer, 

TRD, TOF, 
PHOS, EMCAL/
DCAL , ZDC, T0 

Muon Forward 
Tracker, high 

resolution, low 
material budget 

New TPC GEM 
Chambers (low 
ion backflow, 

continuous RO) 

New berilium 
beampipe 

smaller radius 

New MB 
trigger 

detector FIT 

Grid Computing Center – Computer Room A 

Computing O2 

Run3 Run2 



New Read-Out Architecture  
Goals 

-  Collecting more than 
10 nb-1 in Pb-Pb 
collision during Run3 & 
Run4. Interaction rates 
~50 kHz in Pb-Pb run; 
gain by a factor 100 

-  Equivalent nucleon 
integrated luminosity in 
pp and p-Pb at the 
same centre of mass 
energies. 

9 The ALICE Upgrade Program 

-  CTP 
-  CRU 
-  SAMPA: new ASIC 

for the TPC and 
muon tracking system 

-  MID 
-  TOF 
-  TDR 
-  ZDC 
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Figure 2.1: General ALICE system block diagram. Configuration I.: CRU is used as read-out
processor and trigger distribution system. Configuration II.: CRU is used as read-out processor.
The trigger distribution is done from the CTP/LTU directly to the on-detector electronics.
Configuration III.: CRU is not used as the detectors do not upgrade their electronics and use
detector-specific read-out systems.

Projects 
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Figure 2.4: AMC40 ATCA mezzanine card. The front-panel contains 36 optical inputs and 36
optical outputs.

The GBT links support forward error correction, allowing the correction of transmission errors
due to single event upset e↵ects. When forward error correction is enabled, the data bandwidth
is reduced from 4.48 Gb/s to 3.2 Gb/s. Figure 2.6 shows a block diagram containing the main
building blocks in the CRU system based on GBT front-end links. Electrical serial e-links [14]
connect to the GBTx e-link interface. Each e-link contains a bi-directional data link and a clock
output. Depending on operation mode, the GBT protocol allows a bit rate setting of 320, 160 or
80 Mbit/s and o↵ers 10, 20 or 40 e-links, respectively. This allows the adaptation of the e-link
data rate to the detector application. For instance, the TPC, with its high data volume, will
operate in the 320 Mbit/s mode where only 10 e-links are available for one GBT optical link.
The muon chamber detector (MCH) will use the link at 80 Mb/s, as the data rate per front-
end unit is much lower in order to profit most e�ciently from the GBT data bandwidth. The
GBTx ASIC decodes the data and transmits it via the versatile optical link components. Two
di↵erent types of components are available. The VTRx is a radiation hard optical transceiver
component o↵ering one input and one output. The VTTx is a double optical transmitter. These
two components allow adaptation of the read-out bandwidth to the detector segmentation. For
example, in the TPC system, which has many more data links going to the CRU than TTS
links going to the detector, the VTTx component is used for the front-end links and the VTRx
component for the fewer TTS links. The MCH has as many front-end links as TTS links and
thus will use only the VTRx component. A dedicated slow control adapter (SCA) ASIC [17]
provides I2C interfaces to transmit the configuration data to the detector front-end, as well as
ADCs to verify the supply voltages and DACs to provide bias.

In the TPC, MCH, MID and ZDC, the trigger latency is not critical and thus one can a↵ord to

46 5 TPC/MCH read-out ASIC - SAMPA

Specification TPC MCH
Voltage supply 1.25V 1.25V
Polarity Positive/Negative Positive/Negative
Detector capacitance (Cd) 18.5pF 40pF - 80pF
Peaking time (ts) 80ns or 160ns 300ns
Shaping order 4th 4th
Equivalent Noise Charge (ENC) < 536e@ts=80ns* < 950e @ Cd=40p*

or < 482e@ts=160ns* < 1600e @ Cd=80p*
Linear Range 100fC or 67fC 500fC
Sensitivity 20mV/fC or 30mV/fC 4mV/fC
Return to baseline time <164ns@ts=80ns <541ns

or <288ns@ts=160ns
Non-Linearity (CSA + Shaper) < 1% < 1%
Crosstalk < 0.3%@ts=80ns < 0.2%@ts=300ns

or < 0.2%@ts=160ns
ADC e↵ective input range 2Vpp 2Vpp
ADC resolution 10 bit 10 bit
Sampling Frequency 10 Msamples/s or 20 Msamples/s 10 Msamples/s
INL (ADC) <0.65 LSB <0.65 LSB
DNL (ADC) <0.6 LSB <0.6 LSB
SFDR (ADC)** 68dBc 68dBc
SINAD (ADC)** 57dB 57dB
ENOB (ADC) 9.2-bit 9.2-bit
Power consumption (per channel)
ADC 2mW (4mW) 2mW (4mW)
CSA + Shaper 6mW 6mW
Channels per chip 32 32
*Resd = 70⌦
** @ 0.5MHz, 10 Msamples/s

Table 5.1: Specifications of the front-end ASIC (SAMPA).
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Figure 5.1: SAMPA system block diagram
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ptc0 ptc1 gc0 gc1 Shaping time Sensitivity
0 0 0 0 160ns 30mV/fC
0 0 1 0 160ns 20mV/fC
0 0 0 0 80ns 30mV/fC
0 0 1 1 80ns 20mV/fC
1 1 1 1 300ns 4mV/fC

Table 5.3: Gain and shaping time programming options of the ASIC.

5.5 Schedule, funding and institutes

The project schedule is presented in Tab. 5.4. Before the final production two multi-project wafer
(MPW) prototyping ASIC productions are needed and a third run is reserved if required. The
first run will contain each block individually and a complete version of four channels (preamp-
lifier, shaper, ADC and digital blocks). The test boards will be designed and implemented by
Polytechnic School of the University of Sao Paulo and the ALICE collaboration. The radiation
tolerance test will be performed by the Nuclear Physics Department of USP and University of
Oslo. Tests involving chamber prototypes will be conducted by the TPC and MCH teams. A
second MPW run contains the full functionality of all 32 channels.

Date Activity
2014 Q1 Definition of analog/digital specifications
2014 Q2 Design & submission of MPW1 (4 ch.)
2014 Q2 Design & production of test setup
2014 Q4 Design & submission of MPW2 (32 ch. & full digital funct.)
2015 Q2 Design & submission of MPW3 (clean-up)
2015 Q4 Fabrication of final Version
2016 Q1 Delivery of pre-production
2016 Q2 Delivery of production quantity

Table 5.4: SAMPA schedule.



FIT: Fast Interaction Trigger for ALICE  
Like a V0 and T0 in a single detector 

-  Efficiency ~83% (C&A) in 
pp collisions 

-  Centrality triggering (as V0) 

-  Vertex location (as T0) 

-  Time resolution <50 ps 

-  Event plane determination 
(as V0) 

-  No aging over Run3 and 
Run4 periods 
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-  MCP-based detector 

-  XP85012 Planacon from 
Photonis (59x59x28 mm3) 10.5 T0-Plus detector concept 93

Figure 10.7: Photograph of a front (window side) and rear view of XP85012 Planacon.

Reliability and lifetime issues

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

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

After-pulses

A serious issue complicating the use of PMT-based detectors (including the current T0 and V0)
are after pulses. As can be seen in the left panel of Fig. 10.9, some 20-120 ns after the main
pulse, after pulses with amplitudes of about 20% of the primary peak occur. This phenomenon
is well known and is attributed to the acceleration of ions triggering secondary signals. For
low-multiplicity events, that is when most of the primary pulses are generated by a single MIP
traversing the radiator, this phenomenon is not a problem since the after pulses fall below the
threshold of the discriminator. At higher multiplicities this is no longer the case. Since the
amplitude of an after pulse scales roughly with the amplitude of the primary pulse, at higher
multiplicities one gets potential problems especially when there might be an overlap with signals
from the previous bunch crossing.
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Figure 10.12: Measured TOF resolution obtained with cosmic rays for various pairs of MCP-
PMT sectors obtained with the detector prototype shown in Fig. 10.11.

Time resolution

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

E�ciency

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

Weight

According to the manufacturer, the approximate weight of XP85012 is 128 g. The weight of
the 53⇥ 53⇥ 20 mm3 radiator made of fused quartz (⇠2.2 g/cm3) is approximately 124 g. The
board with electronics and cable connectors together with a protective cover would bring the
total weight of one module to 400-500 g. Therefore, the weight of a 20 unit array would be
about 8-10 kg plus the weight of the HV cables (total of 20), signal cables (total of 4⇥ 20 = 80)
and optical fibers ( 20).
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Figure 10.13: Proposed configuration and segmentation of 20 modules of T0-Plus detector
around the beam pipe.

Acceptance and shape-optimisation

The demand to maximise the e�ciency for Minimum Bias events requires e�cient coverage of
the available space with detector modules. The envelopes defined by detector integration are a
minimum inner radius of 50-60mm and a maximum outer radius of 170-200mm. The proposed
detector configuration is shown in Fig. 10.13. Each MCP-PMT module will be divided into 4
equal parts by cutting the quartz radiator into 4 and arranging the 64 anode sectors into the
corresponding 4 groups. As a result, each array on the A and on the C-side will function as
20⇥ 4=80 independent detector units.

It is still to be decided whether to place the C-side T0-Plus detector on the front-absorber or on
the so called cage that supports the beampipe, ITS and MFT. Fixation on the front-absorber
allows an inner radius of 50mm but has the drawback that the detector is only accessible if the
TPC is moved to the parking position. Fixation on the support cage allows an inner radius of
only 60mm, but would ease the access to the detector.

For the detector optimization, a set of simulations with an ideal geometry, assuming a perfect
ring detector, was performed. In these simulations, various values for Rmin, beam pipe options,
and placement along the beam axis were investigated. In addition, 15000 events generated with
PHYTHIA6 for pp collisions at

p
s = 14 TeV were projected onto the real geometry of T0-Plus:

20 MCP-PMT sensors with 53⇥53⇥20 mm3 quartz radiators placed around beam pipe at 70 cm
on the C side and 20 MCP-PMTs at 373 cm on the A side. On both sides, the distance from the
center of the beam pipe to the outer edge of the sensor was Rmin = 60mm. The same geometry
was used for the simulation with HIJING of 8000 events of the most peripheral (b=13-20) Pb-Pb
collisions at

p
s = 5.5 TeV. For all calculations, the standard beam pipe geometry (adopted for

upgrade simulations) was used. Figure 10.14 shows the simulated T0-Plus e�ciency as function
of primary particle multiplicity in pp collisions, where the average is around 235 with a very



New TPC RO chambers 
Limitation of the ion backflow 

-  Gating grid is not possible at 
50 kHz IR 

-  Distortion at 1% for a 2000 
gain 

-  Replacement of the read-out 
chambers is required. 

-  Continuous readout è ~1 
TByte/s. Online 
reconstruction needed (O2) 

11 The ALICE Upgrade Program 
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Figure 2.1: Schematic view of the ALICE TPC.

Figure 2.2: View of one of the endplates of the TPC; the different types of rods are indicated.
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Figure 2.1: Schematic view of the ALICE TPC.

Figure 2.2: View of one of the endplates of the TPC; the different types of rods are indicated.



Quadruple GEM 
Technology 
-  Quadruple GEM chambers 

-  GEMs technology intrinsically 
blocks ion backflow 

-  Similar performances to MWPC 

-  Good performance at high 
multiplicity (Pb-Pb at 50 kHz) 
and with pile-up. 

12 The ALICE Upgrade Program 
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Figure 4.1: Electron microscope photograph of standard GEM foil with hole pitch 140 µm.

Figure 4.2: Garfield / Magboltz simulation of charge dynamics for electrons (two in this simulation) entering into a GEM
hole [4]. Electron drift paths are shown as light lines, ion drift paths as dark lines. Dots mark places where ionization
(multiplication) processes have occurred. The paths have been projected onto the cross section plane.
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Figure 4.1: Electron microscope photograph of standard GEM foil with hole pitch 140 µm.

Figure 4.2: Garfield / Magboltz simulation of charge dynamics for electrons (two in this simulation) entering into a GEM
hole [4]. Electron drift paths are shown as light lines, ion drift paths as dark lines. Dots mark places where ionization
(multiplication) processes have occurred. The paths have been projected onto the cross section plane.
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Figure 4.6: Schematic exploded cross section of the GEM stack. Each GEM foil is glued onto a 2mm thick support frame
defining the gap. The designations of the GEM foils and electric fields used in this TDR are also given. Edrift
corresponds to the drift field, ETi denote the transfer fields between GEM foils, and Eind the induction field between
the fourth GEM and the pad plane. The readout anode (see Eq. (4.2)) is indicated as well. The drift cathode is
defined by the drift electrode not shown on this schematic.

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

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

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

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

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

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

4See Tab. 4.1
5Surface Mount Device (SMD)
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Figure 7.3: (Left) dE/dx resolution as a function of track momentum for MWPC and GEM readout. The simulation is carried
out at low multiplicity (pp). The performance at high multiplicities and with event pileup is discussed in Sec. 7.3.
(Right) Simulated dE/dx resolution for MIP tracks crossing 158 pad rows as a function of the electron transmission
efficiency in the GEM stack for pp and Pb–Pb collisions.

An important effect to be considered for a GEM readout system is the transmission efficiency of the
readout stack for primary electrons. While for an MWPC a transmission efficiency of 100 % can be
safely assumed, for a GEM stack it may be reduced due to the finite electron collection efficiency at
the first GEM stage. As shown in Sec. 5.1.3 (e.g. Fig. 5.9), this effect is enhanced for settings which
minimize the ion backflow. In measurements with an 55Fe source it manifests itself in a degradation of
the energy resolution at 5.9 keV relative to the optimal value of about s(55Fe) = 8.5 %.

As shown in Fig. 7.3 (right), the dE/dx resolution, which depends on the energy resolution, degrades
significantly only for values of the electron transmission efficiency below 0.5, both for pp and Pb–Pb
collisions. If we consider the first GEM foil the main contributor to the energy resolution, a transmission
efficiency of 0.5 corresponds to a degradation of the energy resolution to s(55Fe) = 8.5%/

p
0.5 ⇡ 12%.

Due to the results shown in Fig. 7.3 (right), we consider a transmission efficiency of 0.5 the lower limit
(and an energy resolution of 12 % the upper limit) for the operation of the GEM readout system. In the
simulations shown in the rest if this chapter the additional effect of the finite transmission efficiency is
not included.

7.3 Performance with event pileup

The GEM TPC will operate at a Pb–Pb interaction rate of 50 kHz, where particle tracks from Npileup = 5
events on average are superimposed in the drift volume of the TPC. The resulting pad occupancies lead
to an increased probability for clusters to overlap and thus to be wrongly assigned during the tracking
step. In this section we study the impact of event pileup on the tracking performance. For more details
on the LHC running conditions see Sec. 8.1.1.

The current TPC was designed for a charged particle multiplicity of dNch/dh = 8000 in central Pb–Pb
collisions. Comprehensive studies showed that the required performance can be achieved at such extreme
conditions [1]. For the anticipated data taking scenario at Rint = 50 kHz, corresponding to an equivalent
charged-particle multiplicity (see Sec. 6.2) of dNch/dh |equiv ⇡ 2500, the effect of event pileup is thus
expected to be minor. However, the track topology in overlapping events is different from a single high-
multiplicity collision due to the displacement of the vertex positions. The performance of the TPC under
such conditions was verified in simulated central (0 – 5 %) Pb–Pb events (hdNch/dhi scaled to 2000)
embedded in different pileup scenarios. A varying number of minimum bias events (hdNch/dhi scaled
to 500) are added at random distances within a time window of ±80 µs. Several jets are added to the
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Figure 7.3: (Left) dE/dx resolution as a function of track momentum for MWPC and GEM readout. The simulation is carried
out at low multiplicity (pp). The performance at high multiplicities and with event pileup is discussed in Sec. 7.3.
(Right) Simulated dE/dx resolution for MIP tracks crossing 158 pad rows as a function of the electron transmission
efficiency in the GEM stack for pp and Pb–Pb collisions.

An important effect to be considered for a GEM readout system is the transmission efficiency of the
readout stack for primary electrons. While for an MWPC a transmission efficiency of 100 % can be
safely assumed, for a GEM stack it may be reduced due to the finite electron collection efficiency at
the first GEM stage. As shown in Sec. 5.1.3 (e.g. Fig. 5.9), this effect is enhanced for settings which
minimize the ion backflow. In measurements with an 55Fe source it manifests itself in a degradation of
the energy resolution at 5.9 keV relative to the optimal value of about s(55Fe) = 8.5 %.

As shown in Fig. 7.3 (right), the dE/dx resolution, which depends on the energy resolution, degrades
significantly only for values of the electron transmission efficiency below 0.5, both for pp and Pb–Pb
collisions. If we consider the first GEM foil the main contributor to the energy resolution, a transmission
efficiency of 0.5 corresponds to a degradation of the energy resolution to s(55Fe) = 8.5%/

p
0.5 ⇡ 12%.

Due to the results shown in Fig. 7.3 (right), we consider a transmission efficiency of 0.5 the lower limit
(and an energy resolution of 12 % the upper limit) for the operation of the GEM readout system. In the
simulations shown in the rest if this chapter the additional effect of the finite transmission efficiency is
not included.

7.3 Performance with event pileup

The GEM TPC will operate at a Pb–Pb interaction rate of 50 kHz, where particle tracks from Npileup = 5
events on average are superimposed in the drift volume of the TPC. The resulting pad occupancies lead
to an increased probability for clusters to overlap and thus to be wrongly assigned during the tracking
step. In this section we study the impact of event pileup on the tracking performance. For more details
on the LHC running conditions see Sec. 8.1.1.

The current TPC was designed for a charged particle multiplicity of dNch/dh = 8000 in central Pb–Pb
collisions. Comprehensive studies showed that the required performance can be achieved at such extreme
conditions [1]. For the anticipated data taking scenario at Rint = 50 kHz, corresponding to an equivalent
charged-particle multiplicity (see Sec. 6.2) of dNch/dh |equiv ⇡ 2500, the effect of event pileup is thus
expected to be minor. However, the track topology in overlapping events is different from a single high-
multiplicity collision due to the displacement of the vertex positions. The performance of the TPC under
such conditions was verified in simulated central (0 – 5 %) Pb–Pb events (hdNch/dhi scaled to 2000)
embedded in different pileup scenarios. A varying number of minimum bias events (hdNch/dhi scaled
to 500) are added at random distances within a time window of ±80 µs. Several jets are added to the



O2 project 
Upgrade of the ALICE online and offline computing for Run3 & Run4 

-  Continuous read-out of ALICE detector, 
namely the TPC at 50 kHz IR è more 
than 1 TByte/s data throughput from the 
detector 

-  New computing requirements è O2 
farm at LHC Point2 (ALICE) : 250 FLP 
and 1500 EPN 
-  Online reconstruction and calibration. 

Parallelisation 

-  High level trigger decision 

-  Data compression 

-  Offline reconstruction and permanent 
data storage è ~70 GByte/s 
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O2 Upgrade TDR 3
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Local*data*compression*
Quality*control*

Detectors*electronics*

Figure 1.1: Functional flow of the O2 computing system.

The data processing steps performed during data taking will keep the option open for subsequent calibra-
tions of the most critical parameters to protect the physics results in case of a software error or operational
mistake.

There will be substantial detector pile-up due to the anticipated collision rate of 50kHz in Pb–Pb and
200kHz in pp. The event identification will only be possible at the very end of the reconstruction by
associating the tracks and secondary vertices to a particular bunch crossing. At this point, the fully
reconstructed data will be stored at the experimental area ready for archiving.

The main role of the O2 system will be to perform detector calibration and data reconstruction concur-
rently with data taking. The integration of online and offline data processing will require a common O2

software framework and a common computing facility dedicated to both data collection and processing.



Upgrade ALICE internal tracking system 
Improving tracking performance, namely at low pT 

-  Spatial resolution O(5 µm). 

-  First layer closer to IP (smaller 
beampipe) 

-  0.3%X0 per layer (light 
mechanical structure and 
MAPS sensors) 

-  7 layers from R=22 mm to 
R=400 mm: Inner Barrel (3 
layers |η|<2), Middle Barrel (2 
|η|<1.4), Outter Barrel(2  |η|
<1.3) 

-  Radiation: TID < 1 Mrad and 
<1013 1 MeV neq 

-  Event time resolution <10 µs 

14 The ALICE Upgrade Program 

Middle barrel 

Outer barrel 



ALICE pixel sensor 
CMOS Monolithic Active Sensors (MAPS), TowerJazz 0.18 µm technology 

-  Sensor Size 15 mm x 30 mm. Pixel size 
O(25x25 µm2) 

-  Event time resolution <4 µs 

-  Low power consumption <50 mW/cm2 

-  ITS: 25000 sensors, O(1010 pixels), 10 m2 
of silicon pixel surface, <6 kW. 

15 The ALICE Upgrade Program 
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Position Resolution & Cluster Size
Reverse substrate bias comparison, 30 µm epitaxial layer, 4 µm spacing
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Detection E�ciency & Fake-Hit Rate
Reverse substrate bias comparison, 30 µm epitaxial layer, 4 µm spacing
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MFT: Silicon tracker at large rapidity 
High precision vertexing in the Muon Spectrometer acceptance 

The ALICE Upgrade Program 16 



MFT layout 
920 silicon pixel sensors (0.4 m2) in 280 ladders of 2 to 5 sensors each. 

4 1 Introduction

Figure 1.2: Layout of the active area of the MFT detector, showing the positioning of the
silicon pixel sensors and MFT ladders.

luminosities:176

• 8⇥ 1010 nuclear Pb–Pb collisions (10 nb�1,
p
s
NN

= 5.5 TeV);177

• 1⇥ 1011 nuclear p–Pb collisions (50 nb�1,
p
s
NN

= 8.8 TeV);178

• 4⇥ 1011 inelastic proton–proton collisions (6 pb�1,
p
s
NN

= 5.5 TeV);179

A conservative safety factor of ten is further applied to take into account uncertainties on the180

beam background, possible beam losses, ine�ciency in data taking and data quality require-181

ments. The expected radiation levels corresponding to the sum of Pb–Pb, p–Pb and proton–182

proton integrated luminosities are summarised in Tab. 1.3. As will be explained in chapter 2,183

the pixel chip technology adopted by the MFT shows no significant performance degradation184

when exposed to these radiation levels even when operated at room temperature.185

IP region 

Disk#0 

Disk#1 

Disk#4 
Disk#3 

Disk#2 10 Half-disks 
2 detection planes each 

z=-46.0 cm 
z=-76.8 cm 

MFT doses 
< 400 krad  

< 6x1012 1  MeV neq/cm2  
10-fold security factor 

5% of the ITS surface 
Twice the ITS inner barrel 

-3.6  < η < -2.45 
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Upgraded ALICE tracking capabilities I 
Central Barrel (|η|<1) ITS+TPC 

18 The ALICE Upgrade Program 

ALI-PUB-72522ALI-PUB-72522ALI-PUB-72522

Keeping 
present PID 
capabilities 



Upgraded ALICE tracking capabilities II 
Muon Spectrometer (2.5<η<3.6) MFT+Muon 

19 The ALICE Upgrade Program 
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Caveat: Personal selection of physic 
performances with the upgraded ALICE 

detector 



Physics Performance of the Upgraded ALICE 

Low Mass dilepton |η|<0.9 

21 The ALICE Upgrade Program 



Physics Performance of the Upgraded ALICE 

Low Mass dilepton 2.5<η<3.6 
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Physics Performance of the Upgraded ALICE 

Charmed D0 mesons |η|<0.9 
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Physics Performance of the Upgraded ALICE 

Charmed Λc baryons |η|<0.9 
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Λc became accessible for pT~1-6 GeV 
thanks to the new ITS and increase of 

integrate luminosity 



Physics Performance of the Upgraded ALICE 

J/ψ elliptic flow |η|<0.9 and 2.5<η<4.0 
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Physics Performance of the Upgraded ALICE 

Ψ(2S) yields |η|<0.9 and 2.5<η<4.0 
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Physics Performance of the Upgraded ALICE 
Beauty measurement in the golden J/ψ channel |η|<0.9 and 2.5<η<4.0 
 

27 The ALICE Upgrade Program 

6.7 Physics case review and update 75
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Figure 6.22: Left: expected systematic uncertainties on the measurement of the dis-
placed/prompt J/ ratio (cfr Figure 2.19 of [4]). Right: expected total uncertainties (statistical
plus systematic contributions summed in quadrature) for the measurement of the R

AA

of beauty
mesons via displaced J/ at forward rapidity, shown together with the expected performance in
the displaced D0 channel at central rapidity (see left plot of Figure 8.19 of [5]).

Pb collisions, and the precision measurement of low-mass dimuon production down to low p
T

.
For these physics studies, we shortly review in this Section the main results already discussed
in the ALICE Upgrade LoI addendum [4].

 (2S) measurement

The MFT tracking capabilities allow for a significant reduction of the combinatorial background
coming from the semi-muonic decay of light hadrons, mainly pions and kaons, and from non-
prompt correlated sources like open charm and open beauty processes. This background reduc-
tion is important for all signals, but is of major interest for the study of the  (2S) in central
Pb–Pb collisions, for which the signal-over-background ratio improves by a factor up to about 10
depending on the p

T

range. The very low signal-over-background ratio obtained with the cur-
rent MUON spectrometer makes the  (2S) extraction in the most central Pb–Pb collisions very
di�cult. The addition of the MFT, conversely, will allow the  (2S) signal to be extracted
with uncertainties as low as ⇠ 10% down to zero p

T

[4]. A precise measurement of the  (2S),
combined with the one of prompt J/ production, will o↵er an important tool to discriminate
between di↵erent models of charmonium regeneration in the QGP.

Low-mass dimuon measurements

The measurement of prompt dimuon sources in the low-mass region (below ⇠ 1.2 GeV/c2)
will strongly benefit from the addition of the MFT to the MUON spectrometer. A dramatic
improvement, up to a factor of about 4, is expected for the mass resolution of the narrow !
and � resonances, for which resolutions of ⇠ 15 MeV/c2 are expected: this will translate into
a significant improvement of the measurements involving these particles, allowing at the same
time a reliable identification of the underlying thermal dimuon continuum and the measurement
of the in-medium modified line shape of the short-lived ⇢ meson. A precision of about 20% is



Physics Performance of the Upgraded ALICE 
Many new physics results to be understood (+ jet, exotica …) 
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Collisions with stable beams 
Legend: electron, muon, pion, kaon, proton 
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