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ALICE UPGRADE STRATEGY 
Physics program requires 10 nb-1 of integrated 
luminosity of Pb-Pb collisions wrt. the approved 
program of 1 nb-1 

 
Physics signals of interest are rare,  
mostly not triggerable 
–  Low pT (below 1 GeV/c), high combinatorial background 
–  Increase rate capabilities for minimum bias  

heavy-ion collisions to 50 kHz – 100 kHz  

ALICE runs at high luminosity  
–  Factor 100 increase in statistics (for untriggered probes) 
–  Requires smaller beam pipe, new detectors: ITS, MFT, 

upgraded TPC read-out chambers and readout electronics 
upgrade for other detectors 

–  New combined online-offline framework: O2 

Preserve ALICE uniqueness 
–  Low pT measurements and particle identification  

 

Upgrade in the 2nd LHC Long Shutdown  
(LS2) 2018/19  
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CERN-LHCC-2012-005, 
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MOTIVATION FOR A NEW INNER TRACKING SYSTEM 

•  Improve impact parameter resolution by factor ≈ 3(5) in r-φ(z)  
–  move closer to IP (position of first layer): 39 mm → 22 mm 
–  reduce material budget X /X0 / layer: from ~1.14% … 

… to 0.3% (inner layers) and to 0.8 % (outer layers) 
–  reduce pixel size: 50 µm × 425 µm→O(30 µm × 30 µm)  

•  Improve tracking efficiency and pT resolution at low pT  
–  increase granularity: 6 layers → 7 layers  

•  Fast readout (now limited at 1 kHz with full ITS):  
–  Pb-Pb: up to 100 kHz  
–     pp: several 100 kHz  

•  Fast insertion/removal  
–  possibility to access for yearly maintenance 

 

5 

The new ALICE ITS will fully replace the present ITS ! 



THE ITS UPGRADE PROJECT MILESTONES 

•  Project approved by LHCC in Sept. 2012  

•  Technical Design Report approved by LHCC in Dec 2013 

•  Budget approved by CERN Upgrade Cost Group / 

Research Board in March 2014 

 

•  Decision on pixel chip architecture: Q 2 / 2015 (tbc) 

•  Enter production phase in 2016  

•  Installation commissioning 2018/2019 

 

French Institutes (CNRS-IN2P3) in the project:  

IPHC+Univ. (Strasbourg), LPSC+Univ. (Grenoble)  
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Figure 7.12: Top panels: pointing resolution to the vertex of charged pions (left) and stand-
alone tracking e�ciency (right) as a function of the transverse momentum for the current ITS
and di↵erent options of the upgraded detector; see text for details. Bottom panels: transverse
momentum resolution for charged pions as a function of p

T

for the current ITS and di↵erent
options of the upgraded detector for the ITS stand-alone (left) and the ITS-TPC combined
tracking (right).
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Figure 7.13: Tracking e�ciency as a function of p
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for the upgraded ITS detector, assuming
di↵erent reduced detection e�ciency for all seven layers of the layout.
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•  Standalone track resolution improvement 
factor ~3 in rφ and ~ 5 in z 
 

•  Standalone tracking efficiency  
~ 70 % at p = 100 MeV/c 
 

•  Improvement in momentum  
resolution for standalone tracking 
 

 

ALICE, CERN-LHCC-2013-024 
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Table 8.6: Summary of the physics reach: minimum accessible p

T

and relative statistical un-
certainty in Pb–Pb collisions for an integrated luminosity of 10 nb�1. For heavy flavour, the
statistical uncertainties are given at the maximum between p

T

= 2GeV/c and p

min

T

. For elliptic
flow measurements, the value of v

2

used to calculate the relative statistical uncertainty �
v

2

/v

2

is given in parenthesis. The case of the programme up to Long Shutdown 2, with a luminosity
of 0.1 nb�1 collected with minimum-bias trigger, is shown for comparison.

Current, 0.1 nb�1 Upgrade, 10 nb�1

Observable p

min

T

statistical p

min

T

statistical
(GeV/c) uncertainty (GeV/c) uncertainty

Heavy Flavour

D meson R

AA

1 10% 0 0.3%
D

s

meson R

AA

4 15% < 2 3%
D meson from B R

AA

3 30% 2 1%
J/ from B R

AA

1.5 15% (pT-int.) 1 5%
B+ yield not accessible 3 10%
⇤
c

R

AA

not accessible 2 15%
⇤
c

/D0 ratio not accessible 2 15%
⇤
b

yield not accessible 7 20%
D meson v

2

(v
2

= 0.2) 1 10% 0 0.2%
D

s

meson v

2

(v
2

= 0.2) not accessible < 2 8%
D from B v

2

(v
2

= 0.05) not accessible 2 8%
J/ from B v

2

(v
2

= 0.05) not accessible 1 60%
⇤
c

v

2

(v
2

= 0.15) not accessible 3 20%

Dielectrons

Temperature (intermediate mass) not accessible 10%
Elliptic flow (v

2

= 0.1) [4] not accessible 10%
Low-mass spectral function [4] not accessible 0.3 20%

Hypernuclei

3

⇤

H yield 2 18% 2 1.7%

Pb–Pb collisions  
for an integrated  
luminosity of 10 nb−1 
 
 

Improving precision  
 
 
Access to new  
observables 

ALICE, CERN-LHCC-2013-024 
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Figure 8.13: B+ ! D
0

⇡

+ in Pb–Pb collisions at
p
s

NN

= 5.5TeV: the significance (left) is
scaled to 8⇥ 109 events for 0–10% centrality, corresponding to L

int

= 10 nb�1. The signal-to-
background ratio is shown on the right.

8.2.5 Heavy-flavour baryons

Reconstruction of ⇤+
c ! pK�⇡+ decays

The most promising heavy-flavour baryon measurement is the decay of the ⇤+

c

into three charged
prongs (p, K� and ⇡

+) with a B.R. of about 5.0% [57]. Because of the short mean proper decay
length of the ⇤

c

(c⌧ ⇡ 60 µm [57]), very high tracking precision is needed to separate the decay
vertex from the primary vertex.
The simulation study to assess the performance with the upgraded ITS in central Pb–Pb

collisions at
p
s

NN

= 5.5TeV was carried out using the full detailed simulation and reconstruction
of the new ITS. The results were compared with those obtained using a simulation of the current
ITS and the Hybrid method with parametrized resolutions of the new detector. The HIJING
event generator [36] was used to simulate Pb–Pb events in the 0–10% centrality class. The
signal, added with a parametrized event generator, was scaled to the expected dN/dy = 1.4
(see Tab. 8.2), with the FONLL p

T

shape for D⇤+ mesons (which have a mass close to that
of the ⇤

c

). The following R

AA

values were assumed and used to scale the signal yield: 1 for
p

T

< 4GeV/c, 0.7 for 4–5GeV/c, 0.5 for 5–6GeV/c and 0.3 for p

T

> 6GeV/c. These values
are consistent with the measured R

AA

of ⇤ baryons [68].
The most e↵ective cut variables for the reduction of the large three-prong combinatorial

background are: the cosine of the pointing angle, with a typical selection cos ✓
pointing

> 0.98; the
decay length (distance between the primary and the secondary vertex), with a typical selection
L > 120–180 µm, depending on p

T

; and the minimum p

T

of the three decay tracks, with a typical
selection p

T

> 800MeV/c.
The particle identification selection was implemented using cuts in units of the resolution

(±3�) on the measured relative to expected signals in the TPC and TOF detectors, for pions,
kaons and protons.
Figure 8.14 shows the significance (left) and signal-to-background ratio (right) for central

Pb–Pb collisions. The significance is scaled to 1.6⇥ 1010 events, corresponding to the centrality
class 0–20% for L

int

= 10nb�1, assuming that significance/
p
N

events

is the same in 0–10% and
in 0–20%. Using the class 0–20% (i.e. twice more events than in 0–10%), the measurement
is expected to reach down to the 2–4GeV/c p

T

interval, with a significance of about eight,
corresponding to a statistical uncertainty of 12%.

8.2 Heavy flavour 143
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Figure 8.14: ⇤
c

! pK⇡ in Pb–Pb collisions at
p
s

NN

= 5.5TeV: significance (left) and S/B

ratio (right) as a function of p
T

. The significance is scaled to 1.6⇥ 1010 events, which correspond
to the statistics in the centrality class 0–20% for L

int

= 10nb�1.

Table 8.3 reports the comparison of the significance obtained with the full simulation of the
new ITS and with the Hybrid method. The same event generators and selection cuts were used
for the two cases. The significance values are larger for the full simulation. This is consistent
with the observation of better secondary vertex resolution (see Fig. 8.1), which implies a more
e↵ective background rejection.
A dedicated study was carried out to assess the possible benefit of having particle identification

(PID) capabilities in the new ITS. It has been shown [6] that instrumenting the four outermost
layers with silicon strip detectors would provide PID capabilities via dE/dx with a performance,
in terms for charged particle separation for e/⇡/K/p, similar to that of the current ITS. Among
all heavy-flavour measurements, the ⇤

c

! pK�
⇡

+ reconstruction should be the most sensitive
to low-momentum PID. The identification of the proton and kaon is important in the ⇤

c

analysis
for the reduction of the very large combinatorial background. It is more crucial than for other
heavy-flavour channels (e.g. D0 ! K�

⇡

+ or D+

s

! K�K+

⇡

+) because of the presence of the
proton in the final state and, most importantly, because the separation of the secondary and
primary vertex is much smaller (c⌧ ⇡ 60 µm for ⇤

c

, with respect to 123 µm for D0 and 150 µm
for D

s

), hence geometrical cuts are less e↵ective.
For this study, the PID performance of the current ITS was assumed, with K/⇡ (p/⇡) separ-

ation for p < 0.6GeV/c (p < 1GeV/c). Therefore, the cuts on the minimum p

T

of single tracks
were fixed to p

T

> 0.4GeV/c (instead of 0.8GeV/c), in order to retain the candidates on which
the ITS PID would be e↵ective. The geometrical cuts were kept unchanged. The study used
a simulation sample with the current ITS, so that the ITS PID could be enabled and disabled
in the ⇤

c

selection. The tracking resolutions of the new ITS were included with the Hybrid
method.

Table 8.3: Comparison of ⇤
c

significance in 1.6⇥ 1010 central Pb–Pb collisions, as estimated
with the full simulation of the new ITS or with the Hybrid method.

2 < p

T

< 4GeV/c 4–5 5–6 6–8 8–10 > 10
Full sim. 8 20 18 25 30 60
Hybrid sim. 8 13 11 12 12 50
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Figure 8.17: ⇤
b

! ⇤+

c

⇡

� in Pb–Pb collisions at
p
s

NN

= 5.5TeV: significance for L

int

=
10nb�1 (left) and S/B ratio (right) as a function of p

T

.

distribution of this distance for signal and background is shown in the left-hand panel of Fig. 8.16.
The product of the impact parameters of the ⇤

c

and of the pion (right-hand panel of Fig. 8.16)
and the pointing angle of the ⇤

b

are exploited as well.
The limited simulation sample was not su�cient to optimize the selection cuts, because the

number of background candidates were reduced to very small levels. In order to increase the

background statistics, the multiple rotations method, also used for the B+ ! D
0

⇡

+ study, was
applied. The pion candidate tracks that are associated to the ⇤

c

’s were rotated multiple times
in azimuthal angle in steps of 5�. For this study, 13 to 20 rotations were applied, depending
on the p

T

interval. As for the case of B+ reconstruction, a systematic uncertainty of 40% was
associated with the procedure, to account for a possible inaccuracy in the background description
with the track rotation method.
Figure 8.17 shows the significance (left) and signal-to-background ratio (right) for central

Pb–Pb collisions. The error bars include the statistical uncertainty from the simulation and the
systematic uncertainty associated with the track rotation method. The significance is scaled to
1.6⇥ 1010 Pb–Pb events, as expected in the 0–20% centrality class for an integrated luminosity
of 10 nb�1. The observation of the ⇤

b

signal could be possible down to p

t

= 4GeV/c. From
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Table 8.1: Heavy quark production at the LHC, as expected from pQCD calculations at NLO
with nuclear shadowing corrections. For comparison, the charm and beauty production cross
sections measured in pp collisions at

p
s = 7TeV [55, 56] are also reported, in parentheses.

System Pb–Pb Pb–Pb pp ppp
s

NN

2.76 TeV 5.5 TeV 7 TeV (measured) 14 TeV
�

cc̄

NN

[mb] 2.1 3.4 6.9 (8.5+5.1
�2.5) 11.2

N

cc̄

tot

min.-bias, 0–10% central 12, 50 19, 80 0.10 0.16

�

b

¯

b

NN

[mb] 0.08 0.14 0.23 (0.28± 0.06) 0.50
N

b

¯

b

tot

min.-bias, 0–10% central 0.5, 1.9 0.8, 3.3 0.003 0.007

Table 8.2: Expected production yields (total and per unit of rapidity at mid-rapidity) for charm
and beauty particles (+ anti-particles) in minimum-bias and 0–10% central Pb–Pb collisions at
5.5TeV, mean proper decay length, branching ratios to the relevant decay channels [57].

Part. Yield dN/dy|y=0

c⌧ (µm) decay channel B.R.
m.b., 0–10% m.b., 0–10%

D0 23, 110 2.3, 11 ⇡ 120 K�
⇡

+ 3.8%
D⇤+ 9, 44 0.9, 4.4 ⇡ 0 D0

⇡

+ 67.7%
D+

s

4.3, 20 0.4, 2.0 ⇡ 150 �(! K+K�)⇡+ 4.4%(⇥49%)
⇤+

c

2.9, 14 0.29, 1.4 ⇡ 60 pK�
⇡

+ 5.0%

pK
0

(K0

S

! ⇡

+

⇡

�) 1.15%(⇥69.2%)
⇤⇡+(! p⇡�) 1.1%(⇥63.9%)

B 1.3, 6.2 0.2, 0.9 ⇡ 500 J/ (! e+e�) +X 1.2%(⇥6%)
D0(! K�

⇡

+) +X 60%(⇥3.8%)
e+ +X 10.9%

B+ 0.6, 2.7 0.1, 0.4 ⇡ 500 D
0

(! K+

⇡

�)⇡+ 0.5%(⇥3.8%)
B0 0.6, 2.7 0.1, 0.4 ⇡ 500 D⇤�(! K+

⇡

�
⇡

�)⇡+ 0.3%(⇥2.6%)
⇤0

b

0.1, 0.5 0.015, 0.07 ⇡ 400 ⇤+

c

(! pK�
⇡

+) + e� +X 9.9%(⇥5%)
⇤+

c

(! pK�
⇡

+) + ⇡

� 0.6%(⇥5%)
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Figure 8.1: D0 ! K�
⇡

+ secondary vertex position resolutions for current and upgrade scen-
arios: x (left) and z (right) coordinates.

Newly accessible heavy 
baryons/mesons in Pb-Pb 
collisions 
 
Pb-Pb, 5.5 TeV,  
Minimum-bias and 0–10 %  
central collisions, 10 nb-1  
 

ALICE ITS TDR, CERN-LHCC-2013-024 
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p

T

> 7GeV/c the significance is larger than 5, corresponding to a statistical uncertainty on the
yield smaller than 20%.

8.2.6 Heavy flavour RAA and v2

Charm and beauty nuclear modification factors

The expected performance on the nuclear modification factor of D0, D⇤+, D+

s

and ⇤+

c

is shown
in Fig. 8.18 for an integrated luminosity of 10 nb�1. The expected performance on the nuclear
modification factor of D0 and J/ from B decays is shown in Fig. 8.19. For prompt and non-
prompt D0 mesons, the uncertainties for p

T

> 16GeV/c were extrapolated from those estimated
at low p

T

. For all particles, it is assumed that the pp reference has negligible statistical uncer-
tainties with respect to Pb–Pb. Some of the systematic uncertainties are partly cancelled in the
ratio (tracking and cut selection e�ciency).
Figure 8.20 shows the enhancement of the ⇤

c

/D0 ratio in central Pb–Pb (0–20% for L

int

=
10nb�1) with respect to pp collisions. It is assumed that the statistical uncertainties for the D0

measurements and for the ⇤
c

measurement in pp are negligible with respect to those for the ⇤
c
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Figure 8.18: Nuclear modification factor of D0 (top-left), D⇤+ (top-right), D+

s

(bottom-
left, only statistical uncertainties) and ⇤+

c

(bottom-right) for central Pb–Pb collisions (L
int

=
10nb�1).

ALICE ITS TDR , CERN-LHCC-2013-024 

Significant reduction of 
uncertainties, new heavy 
baryons/mesons in Pb-Pb 
collisions 
 
Pb-Pb, 5.5 TeV, 0–10 %  
central collisions, 10 nb-1  
 

Only stat. uncertainties 
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int

= 10nb�1).

 (GeV/c)
T

 p
0 2 4 6 8 10 12 14 16 18 20 22

pp
/D

)
c

Λ/(
Pb

-P
b

/D
)

c
Λ (

1

10
 = 5.5 TeVNNsPb-Pb, 

, centrality 0-20%-1 = 10 nbintL

 param (2.76 TeV)S
0/KΛALICE 

Ko et al. (200 GeV)
TAMU, Rapp et al. (2.76 TeV)

Figure 8.20: Enhancement of the ⇤
c

/D0 ratio in central Pb–Pb (0–20% for L

int

= 10nb�1)
with respect to pp collisions. Two model calculations [62, 69] are also shown.

measurement in Pb–Pb. The points are drawn on a line that captures the trend and magnitude
of the ⇤/K0

S

double-ratio. Two model calculations [62, 69] are shown to illustrate the expected
sensitivity of the measurement.

Charm and beauty v2

The expected precision on the measurement of v
2

was estimated for D0 and D+

s

mesons and
for D0 from B decays and J/ from B decays, with the upgraded ITS and with an integrated
luminosity of 10 nb�1.

For D0, D+

s

and D0 from B decays, the statistical uncertainties obtained from the simulation
studies were scaled, considering that the significance/event is the same for central and semi-
central events (30–50%). This feature is observed in the D0 [61] and D+

s

data analyses. For the
⇤
c

, the statistical uncertainties were scaled from central to semi-central events (10–40%) using a

ALICE ITS TDR, CERN-LHCC-2013-024 

Pb-Pb, 5.5 TeV, 0–20 %  
central collisions, 10 nb-1  
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Figure 8.21: v
2

of D0, D+

s

and ⇤
c

(left) and of D0 and J/ from B decays (right) with estimated
statistical uncertainties for L

int

= 10nb�1.

scaling with hN
coll

i for the signal and a scaling factor obtained from the data for the background.
For J/ from B decays, a dedicated study to assess the significance in the class 10–40% was
carried out. The centrality class 10–40% was found to be optimal for the measurements with
lower significance, because the signal yield and the expected number of events are larger than
in 30–50%.

The v

2

measurement can be performed using the raw signal yields in two large intervals of
azimuthal angle ' with respect to the Event Plane (EP) direction  

EP

, determined for each
collision [70]: [�⇡/4 < �' < ⇡/4] [ [3⇡/4 < �' < 5⇡/4] (in-plane) and [⇡/4 < �' <

3⇡/4] [ [5⇡/4 < �' < 7⇡/4] (out-of-plane). Given the in-plane and out-of-plane yields, N
in

and N

out

, one has v

2

= (⇡/4) · (N
in

� N

out

)/(N
in

+ N

out

). In order to measure separately v

2

for prompt (charm) and secondary (beauty) D and J/ mesons, the prompt fraction will be
determined for the in-plane and out-of-plane signal using the impact parameter and pseudo-
proper decay length fits described in the previous sections. The statistical uncertainties on
v

2

were estimated considering that the relative statistical uncertainties on N

in

and N

out

arep
2/(1± v

2

) times larger, respectively, than those on the total raw yield N

tot

. This results in

the absolute statistical uncertainty �

v

2

⇡ (⇡/4) · (1 � (4 v
2

/⇡)2)/
p

1� v

2

2

· (�
N

tot

/N

tot

). The
actual numerical values of the uncertainties were calculated using v

2

(p
T

) for charm and beauty
mesons, as in the predictions of the BAMPS model [71].

Figure 8.21 (right) shows the v

2

for charm (left) and beauty (right) with the statistical un-
certainties for L

int

= 10nb�1. The systematic uncertainties can be expected to be rather small,
since most of them are common for the N

in

and N

out

raw yields and cancel in the v

2

ratio.

8.2.7 D meson fragmentation function in jets

The upgraded detector and the large integrated luminosity will enable the study of charm pro-
duction in jets in heavy-ion collisions, over a large range of the fragmentation momentum fraction
z = p

T

D

/p

T

Jet. Such measurements may provide insight into the energy loss of high-momentum
leading charm quarks, resulting in lower momentum (lower z) open charm particles reconstruc-
ted in jets, as well as on the importance of gluon splitting in heavy-flavour production [72]. The
improved reconstruction of the various heavy-flavour decay channels will largely enhance the
performance for tagging jets that contain heavy flavour.

Simulation studies with the new ITS show a modest improvement in the jet reconstruction

            A.Rossi          ALICE Upgrades          LHCP, New York, 2-7/06/2014 
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Heavy Flavour: hadronization 
•  Investigate possible baryon/meson enhancement and 
strangeness enhancement in charm sector 

•  Radial flow effect? (velocity field ➞ larger momentum 
for heavier particles) 

•  Hadronization via coalescence?  

√s=200 GeV 

x7 
enhancement 

x1.5 
enhancement 

C.M.Ko et al. PRC79 R. Rapp et al. PRC86 

Λ/K0
s 

Λc/D0
 

Λc/(D0+D+) 
 

central 

Peripheral 
~pp 

Heavy Flavour Baryon (Λc, Λb )?  degree of thermalization of HF quarks 

B. Abelev et al., ALICE Coll. 
PRL 111, 222301 (2013). 

Investigate possible  
baryon/meson enhancement … 
 
•  radial flow effect?  
•  hadronization via coalescence? 
 
… and access to flow of  
     charmed / beauty hadrons   
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Di-electron production 

new ITS and high-rate: 
precise measurement 

Excess after background subtraction  

Allows for an estimation of the temperature at various phases of system expansion 
with 10-20% precision (stat.+syst.) 

Slope->Tin 

current ITS and event rate: 
large statistical and systematic uncertainties 

 

Dedicated run 
with B=0.2 T 

Extended 
mass range 

CERN-LHCC-2012-005, LHCC-G-159, 2012. 
CERN-LHCC-2013-024 ; ALICE-TDR-017 
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Current ITS and event rate Upgraded ITS and high rate 

Estimation of the temperature at various phases of system expansion  
with 10-20% precision (stat.+syst.) 



•  ALICE Upgrade strategy and the ITS project 

 

•  Detector and physics performance à la TDR 

 

•  Pixel chip technology 

 

•  ITS Upgrade activities at Strasbourg 
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Le nouvel ITS pour ALICE 
Un trajectomètre de haute précision. 10 m2 de silicium à pixels.  

20 CS IN2P3 | 30 janvier 2014 |  Amélioration du détecteur ALICE du LHC (CERN) 

!  Amélioration d’un 
facteur 3 de la 
résolution sur le 
paramètre d’impact 
des particules. 

!  Lecture à 50-100 kHz 
en Pb-Pb MB. 

!  Rayon de 2.24 cm 
pour la première 
couche. 

!  0.3% X0 par couche. 
!  7 couches de 

capteurs MAPS avec 
la technologie CMOS 
0.18µm de TowerJazz.  

•  7 layers layout:  
–  3 layers of Inner Barrel 
–  4 layers of Outer Barrel 

 
•  Radial coverage: 22 mm to 400 mm 

 
•  η coverage: |η| ≤ 1.22, for tracks from  

90 % most luminous region  
 

•  Expected radiation level (innermost layer, including a safety 
factor 10):   
700 krad (TID) and 1 × 1013 1 MeV neq (NIEL)  

~ 12.5 Gigapixels, binary readout 
~ 10 m2 of silicon  
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•  Requirements:  
–  very thin sensors 
–  very high granularity 
–  cover large area 
–  withstand modest radiation level 

•  Choice:  
–  monolithic silicon pixel sensors 

using TowerJazz 0.18 µm CMOS 
Imaging Process 
  

•  high-resistivity (1-6 kΩcm) epitaxial layer 
on p-type substrate 
  

•  deep p-well to shield PMOS:  
true CMOS circuitry in the pixel  

ALICE, CERN-LHCC-2013-024 

12 2 Pixel Chip
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Figure 2.1: Schematic cross section of a MAPS pixel in the TowerJazz 0.18 µm imaging CMOS
with the deep p-well feature.

large-scale application of CMOS sensors in a HEP experiment (Sec. 2.4). It will be shown
that the state-of-the-art MAPS do not fulfil the ALICE ITS requirements, which motivates the
development of new architectures (Sec. 2.5). Several prototypes have been developed to optimise
the di↵erent parts of the Pixel Chip. The prototypes and their characterisation are presented in
Sec. 2.6. All aspects related to the radiation hardness of the technology and the specific circuits
implemented in the ALICE Pixel Chip are discussed in Sec. 2.7. The chapter concludes with a
summary (Sec. 2.8), giving the prospect for the development of the final chip.

2.1 Detector technology

The 0.18 µm CMOS technology by TowerJazz has been selected for the implementation of the
Pixel Chip for all layers of the new ITS. Figure 2.1 shows a schematic cross section of a pixel in
this technology. In the following section, we discuss the main features that make this technology
suitable, and in some respect unique, for the implementation of the ITS Pixel Chip.

• Due to the transistor feature size of 0.18 µm and a gate oxide thickness below 4 nm, it is
expected that the CMOS process is substantially more robust to the total ionising dose
than other technologies (such as 0.35 µm) employed up to now as the baseline for the
production of CMOS sensors in particle physics applications.

• The feature size and the number of metal layers available (up to six) are adequate to
implement high density and low power digital circuits. This is essential since a large part
of the digital circuitry (e.g. memories) will be located at the periphery of the pixel matrix
and its area must be minimised to reduce the insensitive area as much as possible.

• It is possible to produce the chips on wafers with an epitaxial layer of up to 40 µm thickness
and with a resistivity between 1 k⌦ cm and 6 k⌦ cm. With such a resistivity, a sizeable
part of the epitaxial layer can be depleted. This increases the signal-to-noise ratio and
may improve the resistance to non-ionising irradiation e↵ects.

• The access to a stitching technology allows the production of sensors with dimensions
exceeding those of a reticle and enables the manufacturing of die sizes up to a single die
per 200mm diameter wafer. As a result, insensitive gaps between neighbouring chips
disappear and the alignment of sensors on a Stave is facilitated. This option has not yet
been exploited by the prototypes, but is foreseen as an option for future large-scale chips.

• The availability of a deep p-well option allows the production of pixel structures with
significantly enhanced functionality.

Nwell diode output signal: V ∼ Q/C  
 
•  minimize charge spread over different pixels 
•  minimize capacitance 
•  small diode surface (~ 100x smaller than pixel 

area) and large depletion volume  

•  Moderate bias voltage on the substrate can 
increase depletion zone around the Nwell 
charge collection diode 
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Specifications: 
•  Chip size: 15 mm x 30 mm  
•  Pixel pitch: ~ 30 µm  
•  Si thickness: 50 µm  
•  Spatial resolution: ~ 5 µm  
•  Power density: < 100 mW/cm2  
•  Integration time: < 30 µs  

ALICE ITS Sensor Development 

9th Trento Workshop, Genova, P. Riedler, 26.2.2014 11 

Read-out architectures

I Three design teams are currently working on four di�erent
architectures for the Pixel Chip:

18 2 Pixel Chip

Table 2.2: Chip design options.

Architecture Pitch Integration time Power consumption
(discriminator, read-out) (r� � z) (µm2) (µs) (mW cm�2)

MISTRAL
22 � 33.3 30 200

(end-of-column, rolling-shutter)

ASTRAL 24 � 31
20

85
(in-pixel, rolling-shutter) 36 � 31 60

CHERWELL
20 � 20 30 90

(in-strixela , rolling-shutter)

ALPIDE
28 � 28 4 < 50

(in-pixel, in-matrix sparsification)
a A strixel is a 128-pixel column over which the electronics are distributed.

2.4 STAR pixel detector

The STAR Heavy Flavor Tracker (HFT) is conceived with a similar purpose as the upgraded
ITS in ALICE, to construct a state-of-the-art silicon micro vertex detector, capable of displaced
vertex identification in heavy-ion collisions below 50 µm, opening the way to precision charm
and beauty physics. The STAR HFT is the first vertex detector based on MAPS. The first three
sectors were installed in May 2013 in the STAR experiment at RHIC and tested in an engineering
run with proton and light ion beams, while the full pixel detector will be commissioned in early
2014.

The two innermost layers form the PXL detector [9] and consist of high resolution MAPS, the
ULTIMATE (MIMOSA-28) sensors [10] developed at IPHC CNRS. The ULTIMATE sensor is
manufactured in the AMS 0.35 µm OPTO process, consisting of 928 rows and 960 columns (active
area of 3.8 cm2, integration time 190 µs) with binary output and integrated zero suppression logic.
The pixels have a 15 µm thick epitaxial layer with a resistivity of above 400� cm and a pixel
pitch of 20.7 µm. The ULTIMATE architecture is based on a column-parallel (rolling-shutter)
read-out with amplification and correlated double sampling (CDS) inside each pixel [11]. Each
column is terminated by a high precision discriminator and read out in a rolling-shutter mode
with 200 ns per row [12], yielding a power dissipation of about 150 mW cm�2. The discriminator
outputs are processed by an integrated zero suppression logic and the results are stored in two
memories, allowing a continuous read-out and 320 Mbit s�1 data throughput capability. The
ULTIMATE sensor can cope with a hit rate density of about 106 cm�2 s�1.

While the ULTIMATE sensor characteristics are not orders of magnitude far from the ALICE
requirements, further developments are needed to meet the ALICE requirements in terms of
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Read-out architectures

I Three design teams are currently working on four di�erent
architectures for the Pixel Chip:

18 2 Pixel Chip
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ALICE, CERN-LHCC-2013-024 

•  Three pixel chip architectures under development: 
MISTRAL / ASTRAL and ALPIDE   

•  Decision on the ALICE Pixel Chip architecture 
for the ITS Upgrade: Q2 / 2015 (tbc) 



•  ALICE Upgrade strategy and the ITS project 

 

•  Detector and physics performance à la TDR 

 

•  Pixel chip technology 

 

•  ITS Upgrade activities at Strasbourg 
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ITS UPGRADE ACTIVITIES IN STRASBOURG 

•  Pixel chip R&D (PICSEL group) 

•  Pixel chip development and test: MISTRAL/ASTRAL 

•  Outer Barrel module production (ALICE + Micro-techniques groups) 
•  Preparation for assembly  

•  ITS Upgrade software (ALICE group) 
•  Framework coordination 
•  Standalone reconstruction framework 
•  Pixel chip response simulation 

•  Physics performance analysis (ALICE group) 

•  Editorial work: ITS Upgrade TDR (ALICE + PICSEL groups) 
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IPHC: MISTRAL / ASTRAL DEVELOPMENT 
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Spring 2014 Production
• FSBB ≡ FULL SCALE BUILDING BLOCK ∼= 1/3 OF COMPLETE SENSOR

! Objective of FSBB-M0/A0: validate complete sensor chain at real scale
! No component optimised yet

! FSBB-M0a & b∼= 1/3 of MISTRAL ! FSBB-A0∼= 1/3 of ASTRAL

• DESIGNS OF FSBB-M0A & B FOLLOW FROM PROTO. ADDRESSING INDIVIDUALLY SPECIFIC COMPONENTS :

MIMOSA-34 MIMOSA-32FEE MIMOSA-22THRA MIMOSA-22THRB SUZE-02
! sensing node & pixel dimensions ! in-pixel circuitry & end-of-col. discri. ! double-row read-out ! sparsification

• Design of FSBB-A0 follows from
same prototypes as FSBB-M0,
complemented by AROM-0/-1 chips
with in-pixel discrimination :

2

Several small scale prototypes have been realized and characterized …  

… fulfilling the ALICE ITS specifications (SNR, radiation hardness, …) 
 
… and leading to the FSSBs (Full Scale Building Block = 1/3 of a full chip)  

FSBB Status
• Fabrication :

! Process : TJsc-0.18 CIS, HR18 epitaxy

! Engineering Run (ER) submitted early February ’14

! Back from foundry early May ’14

! Chips of 2 wafers were thinned (to 120 & 50 µm)
and diced by Rockwood in May

• Chips prepared for tests :
! 16 FSBB-M0a mounted on PCB :

↪→ 10 (6) chips thinned to 50 µm (120 µm)

! 8 FSBB-M0b mounted on PCB :
↪→ 2 (6) chips thinned to 50 µm (120 µm)

! 7 FSBB-A0 mounted on PCB :
↪→ all 7 chips thinned to 120 µm

• Following slides: test results of FSBB-M0a only

5

0.92 cm 

1.37 cm 

FSBB M0 
(MISTRAL) 

•  FSBBs received in late Q2/2014 
 

•  Currently characterized in lab:  
•  Fabrication yield 
•  Uniformity of chips 

 
•  Test beam at CERN SPS: Oct 2014  



PIXEL CHIP R&D 
ASTRAL / MISTRAL – MIMOSA-34  

•  Analogue, no in-pixel pre-amplification and CDS circuitry 
–  sensing node optimisation: pixel size, epitaxial layer characteristics 

•  Pixel size varies from 22 × 27 µm2 to 22 × 66 µm2  

•  High detection efficiency even for large 22 × 66 µm2 pixels  

! Favourable pixel option for Outer Barrel  
21 
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Figure 2.11: MIMOSA-22THRa1 performance of 22 µm⇥ 33 µm pixels composing sub-matrix
S1 and S2.
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Figure 2.12: MIMOSA-34 results.

circuitry needed for ASTRAL provide performances confirming the adequacy of the circuit
concepts. Their noise level still needs to be suppressed by at least 30%, a goal which seems within
reach with the solutions implemented in the next generation of sensors (AROM-1) expected to
be fully tested by Q1 of 2014.

Summary of the MIMOSA test beam measurements

The detection performances of the upstream part of the MISTRAL architecture were further
assessed with a 4.4GeV/c electron beam at DESY in August 2013. The study focussed on the
sensitive area, composed of 22 µm⇥ 33 µm pixels, connected to the end-of-column discriminators.
It also addressed the performances of larger pixels, which become relevant in case of relaxed single
point resolution requirements. The measurements concentrated on the signal charge collection,
the hit cluster properties, the seed SNR, the detection e�ciency and the spatial resolution.
Several results of the study apply also to the ASTRAL detection performances.

The study was performed in two steps. First, the charge sensing properties were estimated
for various pixel geometries, based on the MIMOSA-34 sensor and therefore not influenced

Test beam 
DESY 
4.4 GeV e–  

ALICE, CERN-LHCC-2013-024 

CDS: correlated 
double sampling 
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IPHC: OUTER BARREL MODULE ASSEMBLY 
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The ITS project identified the following module assembly sites: CERN, LBNL, 

STFC, CCNU, INFN, IPHC, Korea, Netherlands, Thailand  

 

IPHC is committed 

to assemble 200-250 out 

of 1250 modules of the OB  

 

Start of module assembly: 2016, 

1 module built and tested / day 

 

 

Outer Barrel 

Outer Barrel (OB): 2 ML + 2 OL 

Radial position (mm): 196, 245, 344, 393  
Length in z (mm): 843, 1475  
Nr. of staves: 24, 30, 42, 48 
Nr. of half-staves/stave: 2 
Nr. of modules/half-stave: 4 (ML), 7 (OL) 
Nr. of chips/module: 14   
Nr. of chips/layer: 2688, 3360, 8232, 9408 
Material thickness: ~ 0.9% X0 per layer 

Power Bus 

Half-Stave Left 
Half-Stave Right 

Flexible Printed Circuit 

Module: 

2x7 Pixel Chips 

2 

Outer&Barrel&Stave&

Module&to&Module&and&
Power&Bus&connec4ons&

Overview of the Outer Barrel Stave, VM ITS-MFT mini-week – Nantes, 9-10 July  2014 

Le nouvel ITS pour ALICE 
Un trajectomètre de haute précision. 10 m2 de silicium à pixels.  

20 CS IN2P3 | 30 janvier 2014 |  Amélioration du détecteur ALICE du LHC (CERN) 

!  Amélioration d’un 
facteur 3 de la 
résolution sur le 
paramètre d’impact 
des particules. 

!  Lecture à 50-100 kHz 
en Pb-Pb MB. 

!  Rayon de 2.24 cm 
pour la première 
couche. 

!  0.3% X0 par couche. 
!  7 couches de 

capteurs MAPS avec 
la technologie CMOS 
0.18µm de TowerJazz.  



IPHC: MODULE ASSEMBLY PREPARATION 
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2014/06  

•  Adapt the ALICE module assembly procedure to the local infrastructure 

•  Improvements: automatic placement and alignment of chips,  

(interfaced) automatic vacuum control 

Planned activities for 2014/Q4 - 2015/Q2  

•  Tools manufacturing at IPHC 

•  Preparation of positioning and vacuum control protocols  

•  Dummy module assembly: placement, gluing, soldering / laser soldering training 

Planned activities for 2015/Q3 – 2016 

•  Training on common automatic assembly machine and its procurement 

•  Start of production in 2016 … 

ZEVAC IP500  
(precision ~ 5 µm) 



SUMMARY 
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•  The new ALICE ITS with 7 layers of monolithic silicon pixel 

detectors will be installed during LS2 of the LHC in 2018/19 

completely replacing the present ITS  

 

•  Full-scale chip prototypes are currently being characterized leading to a 

decision on the ALICE Pixel Chip architecture for the ITS Upgrade 

around 2015 / Q2  

 

•  ITS Upgrade activities at IPHC: chip R&D, simulation + reconstruction 

software, physics performance analysis are extended with the 

preparation for module assembly 


