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Application of MAPS and experience in 
development of  Inner Tracking System 

(ITS)  
 for ALICE at the LHC  



Лаборатория физики  сверхвысоких  
энергий СПбГУ (рук.Г.А.Феофилов) 
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          Лаборатория  в настоящее время принимает участие  в международных 
научных коллаборациях на установках класса мегасайенс в ЦЕРН и в ОИЯИ: 
 
1)  С 1992 года –в эксперименте ALICE на БАК в ЦЕРН.  В 1992-2002 годах - 
лидер по 2-м системам ALICE. Мировой рекордный уровень радиационной 
прозрачности Внутренней трековой системы (ITS).  

2)  1992-2002 –Полная инженерная проработка ITS-CMA (Cooling-Mechanics-
Assembly) ALICE, + технологии, + изготовление систем поддержки 
кремниевых детекторов  и охлаждения  front-end электроникиITS  

3)  1996 -2003: в эксперименте  NA57 по исследованию выхода  странных 
частиц в адронных столкновениях  на SPS в ЦЕРН 

4)  С 2006 года –в эксперименте  NA61/SHINE по исследованию фазового 
перехода и поиску критической точки ядерной материи на SPS в ЦЕРН. 

5)  С 2018 года -  участие в подготовке экспериментов  MPD  и SPD на 
коллайдере NICA  в ОИЯИ  
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                   Учебная лаборатория ядерных процессов          
        (руководитель В.И.Жеребчевский)  

Испытания КМОП детекторов для  экспериментов ALICE и 
NA61(SHINE) в ЦЕРН 
Ядерные реакции 
Ускорительные технологии 
Ядерная медицина 
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Лаборатория физики  сверхвысоких  
энергий СПбГУ: направления 
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1)  Теоретические исследования и поиск новых 
физич е с ких я вл ений в а дронных 
столкновениях при                     энергиях 
коллайдеров БАК и NICA 

2)  Участие в  подготовке и проведении 
экспериментов ALICE и NA61(SHINE) в 
ЦЕРН, анализ  и обработка данных  по 
ядро- ядерным столкновения при высоких 
энергиях  

3)  Координация грид-сайтов ALICE в РФ,  
Развитие Грид-технологий в СПбГУ и в РФ 
(World wide Large hadron collider Computing 
Grid - WLCG) с целью обеспечения 
накопления, обработки и анализа данных 
мегаустановки ALICE на БАК 

4)  Исследования свойств кварк-глюонной 
среды в экспериментах по pp, p-A  и   A-A 
столкновениям и обработка больших 
объемов данных  

5)  Разработка новейших детектирующих 
систем вершинных кремниевых детекторов 
для экспериментов ALICE, NA61(SHINE) и 
MPD и SPD на коллайдере NICA  

6)  Разработка системы мониторирования 
пучков коллайдера NICA 

7)  Ядерная медицина: адронная терапия  
8)  Профориентационная работа со 

школьниками:  практика, мастер-классы по 
работе с данными БАК,  лекции, дни Науки 



Лаборатория физики  сверхвысоких  
энергий СПбГУ: технологии 

Ø  Полномасштабный тепловой макет                                                           
Вершинного трекового детектора ALICE ITS/SDD (более 2000 
элементов) и углекомпозитный макет ITS (2002)                                                                                                        

Ø  Сверхлегкие углекомпозитные структуры поддержки кремниевых 
детекторов ALICE: ферма длиной 1.1м весом 24 г удерживает 2кг груз 
(2002 год)  

Ø  Сверхлегкие углекомпозитные фермы  (L=1500  мм, вес  ~33.6г) и 
тепловые панели (L=1500  мм, вес 80 г) для новейших  пиксельных 
детекторов модернизированной  установки ALICE на БАК  (2019 год).                                                                

Ø  Углекомпозитная тепловая панель с интегрированной системой 
охлаждениия  (0.5 Ватт/см2) (2019 год)                                                                                                                  

Ø  Стенд с криогенным охлаждением для испытания КМОП детекторов 
для  экспериментов ALICE и NA61(SHINE) в ЦЕРН                                                                                                    

Ø  Детектор на МКП в тонкостенной (100 мкм) вакуумной камере                      
с геттерным насосом 5 



Tracking of charged particles  

    Illustration of  ALICE 
detectors used in track 
reconstruction and 
particle identification[1] 

Ø  ITS 

Ø  TPC (blue) 

Ø  TRD (green) 

Ø  TOF(orange) 

NUCLEUS –2020                                               Grigory Feofilov 6 

[1] “Track Reconstruction in 
the ALICE TPC using GPUs 
for LHC Run 3” ,   David Rohr 
et al., arXiv:1811.11481 



                                                                                        
Challenges                                                                   

for open charm measurements 

Ø  Challenge-1: Short life-time of D-mesons (< τ >=410.1± 1.5)x10−15 s[1] ) 

      Small mean decay length !  
                           

   cτ ~100μm  (!) 
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. 

[1]PDG, PL B667, 1 (2008)  

Reconstruction       
from hadronic decay  channels, 

10 

ITS performance --tracking and vertex determination 

Vito Manzari,  
LXV Conf.Nucl.Phys.,  
29.06-03.07.2015, SPb 



Challenges  
for open charm measurements 

Ø  Challenge-2: high efficiency is needed 
for rare-probe registration 

Coverage in transverse momentum to be as 
complete as possible, in particular down to 
very low momenta. 

Ø  Challenge-3: Fast detectors and 
continuous readout[1] to ensure statistics 
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ITS performance --tracking and vertex determination 

τ

[1] David Rohr et al., arXiv:1811.11481 



 
Impact parameter (d0) resolution  

in particle tracking 

NUCLEUS –2020                                               Grigory Feofilov 9 

      

REQUIREMENTS are very contradictory (!):  
Ø Sensors with high coordinate resolution --  minimize σ1 and σ2   (!) 
Ø  The first layer close to  interaction point (IP) --decrease r1  (!) 
Ø  The   multiple scattering should be minimized – apply low-mass, 

low-Z   materials to provide the minimal  possible X/X0 (!) 
Ø  Ensure high thermo- and mechanical stability ~10μm  (!) 

 

Ø  Example  with two-layer setup:  

Ø  Strong effect of Multiple Scattering (MS): 



ITS-2 concept 
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Ø  12.5 Gpixel ITS-2 based on Monolithic Active Pixel Sensors (MAPS) 

Ø  CDR: Endorsed by 
LHCC  in Sept. 
2012 

Ø  ITS Upgrade  TDR:  
      in March 2014  



 
 

Comparison of ALICE with 
ATLAS and  CMS upgrade 

8 The ALICE Collaboration

collisions at
p

sNN = 2.76 TeV by ALICE [8–10] indicate that the hot and dense system formed at the
LHC has three times larger energy density and two times larger volume than at RHIC energies.

1.6.2 With respect to CMS and ATLAS at the LHC

The ATLAS and CMS experiments have excellent capabilities for lepton triggering and reconstruction
over a broad h acceptance. This is coupled to a precise track position and momentum measurement with
silicon detectors in strong magnetic fields. Both these features make them ideally suited to study beauty
production at high pt using displaced leptons and displaced J/y mesons.

A comparison of the features of ALICE, ATLAS and CMS that are relevant for heavy-flavour measure-
ments is presented in Table 1.1.

Table 1.1: Comparison of the features of the future ALICE, ATLAS and CMS trackers that are relevant for
heavy-flavour measurements [11, 12]. The p range of the ALICE PID reported here refers to the combined PID
information of ITS, TPC and TOF. However, it does not include the TPC PID in the relativistic rise.

current ALICE ALICE upgrade ATLAS upgrade CMS upgrade
innermost point (mm) 39.0 22.0 25.7 30.0
x/X0 (innermost layer) 1.14% 0.3% 1.54% 1.25%

d0 res. rj (µm) at 1 GeV/c 60 20 65 60
hadron ID p range (GeV/c) 0.1�3 0.1�3 – –

An important advantage for ALICE in the low-momentum region is the small material budget of the
silicon tracker, which with this ITS upgrade would become a factor 4 and 5 smaller than that of CMS
and ATLAS respectively. This lower thickness results in substantially smaller multiple scattering for
low-momentum particles and so a better impact parameter resolution and reconstruction efficiency. This
is clearly crucial for low-pt charm and beauty measurements. This is the case in particular for Lc re-
construction, where the decay protons have momenta well below 1 GeV/c and are strongly affected by
multiple scattering (larger for heavier particles, due to the 1/b dependence).

Finally, hadron identification over a very broad momentum range, 0.1–3 GeV/c, will be preserved as
one of the most unique features of ALICE and a very strong point in its competitiveness with respect
to the other two large LHC experiments. This capability, provided by the TPC, the TOF, and the ITS,
has already proven to be crucial for the measurement of D meson production in Pb–Pb collisions, with
background reduction of a factor 2–3 in the low momentum region. It has also been crucial for the obser-
vation of the Lc signal in pp collisions. The simulation studies for Lc ! pKp and Ds ! KKp reported
in Chapter 2 indicate that the background is reduced by a factor up to 20–30 at low pt by applying the
p/K/p identification from ITS, TPC and TOF. The study of charm meson and baryon production and
flow at low momentum would not be possible without good hadron identification capability.

1.7 Upgrade Timeline

The ALICE upgrade will require a long shutdown (LS) and, therefore, will naturally have to be in phase
with the installation of upgrades for the other LHC experiments. These are planned as of today for
the 2013/14 and 2017/2018 shutdowns. The ALICE upgrade targets the long LHC shutdown period in
2017/2018 (LS2). The R&D efforts for the ITS upgrade will continue until 2014, construction will take
place in 2015/17 and then installation and commissioning in 2018. A more detailed discussion of the
ITS upgrade timeline is given in 6.

 CERN-LHCC-2012-013 (LHCC-P-005)  
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ALICE Inner Barrel  

0,35% 

ALICE ITS-2 general design 



Concept of ultra-light ITS-3[1] 

, 
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[1] ALICE-PUBLIC-2018-013 

Ø  Gaseous cooling and vibrations 
of  20 micron thick large area sensors 
                                                

        

Ultra-thin  
bent Si wafers 



MAPS tests : see the next report by 
Vladimir Zherebchevsky 



Back-up slides 



ALICE technology  
for Inner Barrel staves of ITS-2 
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[1] arXiv:1706.02110v2 

ALPIDE chip  

Material Thickness 
 (µm) 

X0  
(cm) 

X/X0  
(%) 

Polyimide cooling pipe 
wall 

25 µm  28.41 0.003 

Carbon fleece  40 µm  106.8 0.004 

Water  1mm 35.76 0.032 

Carbon fiber plate 
K13D2U 

70 µm 26.08 0.027 

 Graphite foil  30µm 26.56 0.011 

Thermal greese  (glue) 100µm 44.37 0.023 

Si-sensor  50µm 9.36 0.064 

Total (without FPC) 0.164 

Total ~0.3 

Ø Record level of radiation transparency < 0.35% X0 [1]. 

Thickness of detector 
components  in terms of fraction 

of radiation length X/X0 - 

29"

IB"CYSS"

IB"EW2"

IB"EW1"

IB"EW0"

Inner"Barrel"Integra<on"
A"Large"Ion"Collider"Experiment"

Real chip

Sensitive area / Si area ~0.92
28/03/2017 6P. Martinengo



 
 
 
 
 
 
 
 
 
 
CMOS Pixel  Sensor [1] 

Schematic of MAPS pixel  
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TowerJazz 0.18 µm CMOS Imaging Process  
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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.

ALICE ITS Pixel Chip (Sec. 2.3) and briefly present the specifications of the STAR pixel
detector, which is the first 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

J. Phys. G: Nucl. Part. Phys. 41 (2014) 087002 The ALICE Collaboration
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Ø  Pixel pitch ~ 30 µm 
Ø High-resistivity (> 1 kΩ cm) p-type 
 epitaxial layer (25 µm) on p-type substrate 
Ø Small n-well diode (2 µm diameter),  
                                     => low capacitance 
Ø Reverse bias voltage to substrate  
(contact from the top) can be used  
to increase depletion zone around NWELL 
collection diode 
Ø Deep p-well  shields n-well L of PMOS  
Transistors 
Ø  Very low power dissipation  
(<300 nW/pixel) 

[1] J. Phys. G: Nucl. Part. Phys. 41 (2014) 087002    


