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ALICE Silicon upgrades :
ITS3 + “all-Si experiment”
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B. ⇣2021, Run 3 (ITS2 reminder)

   C. ⇣2026, Run 4 (ITS3)
   D. ⇣2031, Run 5 (All-Si experiment)

References
ITS2 : 

ITS3 :  1) LHCc 2019-06 ALICE, M.Mager ITS3 + 2) EoI ITS3, ALICE-PUBLIC-2018-013

LS4+ : 1) EoI LS4+, arXiv:1902.01211 + 2) SQM 2019 L.Musa indico.cern.ch/e/755366/c/3428151/

LHC direct alternative : * CMS MTD, 1) LoI CERN-LHCC-2017-027  + 2) TDR CERN-LHCC-2019-003

3) Seminar IPHC, Chang-Seong Moon : indico.in2p3.fr/e/19269/ 

         * LHCb, EoI upgrade LS4, arXiv:1808.08865

https://indico.cern.ch/event/798319/
https://cds.cern.ch/record/2644611
https://arxiv.org/abs/1902.01211
https://indico.cern.ch/event/755366/contributions/3428151/
https://cds.cern.ch/record/2296612
https://cds.cern.ch/record/2667167
https://indico.in2p3.fr/event/19269/
https://arxiv.org/abs/1808.08865
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Part A – the basic tool
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CMOS pixel sensor 7

I.1 – Pixel detectors : Monolithic Active vs Hybrid techno.
Hybrid pixel sensor 7

Hybrid pixel sensor CMOS pixel sensor

Advantages :
- thinner
- smaller pixel size accessible
- lower power consumption
- cheaper to produce
- …

Advantages :
- faster readout
- be=er radiation-hardness
- …
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I.2 – Pixel detectors : ALPIDE chip

ALPIDE – 3D and 2D views of 2x2 pixels
(Here, in the 50-Am-thick version…)

Sensor using 
TowerJazz 0.18Am CMOS Imaging Process
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Part B – ITS2 = aFer LS2 (G2021, Run 3)
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II.1 – ITS2+MFT : MAPS-based detector
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II.2 – ITS2 : ALICE upgrade ITS, few figures
TDR ITS Upgrade 
- CERN-LHCC-2013-024

Beam pipe : Rupgrade1.72 cm •

•  7 pixel-only layers 
•  12.6 x109 pixels, 
•  ~ 10 mM in total
•  13.6 x106 CHF

(0.18-µm CMOS
 technology 
by TowerJazz)

RAVG(uITS, Layer 0) 
   = 2.34cm  •

• Beam pipe : 
     Rcurrent = 2.9 cm

RAVG(SPD, Layer 0)  •
   = 3.9 cm

Current ITS

upgraded ITS

•  Chip = 1.5 x 3 cmM
•  Pixel size = 29x27 AmM 

(current SPD : 50 x 425 AmM)

Note :
No dE/dx information, 

     binary pixel readout “0/1”

Unlike current ITS1 with SDD, SSD…

SPixelD x2
 R =3,9 / 7,6 cm

SDriFD x2
  R = 15 / 24 cm

SStripD x2
  R = 38  / 43 cm

http://cds.cern.ch/record/1625842
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II.3 – ITS2 : “(halQ)-stave of modules of chips”

1 module 
  = 9 chips in a raw, 
  R 1.5 cm x 27 cm
directly put on staveInner Barrel 

Outer Barrel 
1 module = 2x7 chips

R 3 cm x 21 cm ,
Then, up to 7 modules to build half-stave
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Part C – ITS3 = aFer LS3 (G2026, Run 4)

LS4
J F M A M J  J  A S  O N D

2019 2020 2021 2022 2023 2024 2025 2026 2027

LS3LS2 pp

2028 2029

pp pp pp pp pppp

J F M A M J  J  A S  O N D J F M A M J  J  A S  O N D J F M A M J  J  A S  O N D J F M A M J  J  A S  O N D J F M A M J  J  A S  O N D J F M A M J  J  A S  O N D J F M A M J  J  A S  O N D J F M A M J  J  A S  O N D J F M A M J  J  A S  O N D J F M A M J  J  A S  O N D



Vertex Detector (innermost 3 layers)

EoI for new ultra-light Inner Barrel in LS3 (CDS, ALICE-PUBLIC-2018-013) 

Recent silicon technologies (ultra-thin wafer-scale sensors) allow

• Eliminate active cooling a possible for power < 20mW/cm2

• Eliminate electrical substrate a Possible if sensor covers the full stave length

• Sensors arranged with a perfectly cylindrical shape a sensors thinned to 

~30µm can be curved to a radius of 10-20mm

Beampipe
IR   16 mm
DR  0.5mm Pipe: r ≈ 16mm , DR = 0.5mm

L0: r ≈ 18mm , L1: r ≈ 24mm. L2: r ≈ 30 mm

Truly cylindrical 

vertex detector 

0.05% x/X0 per layer 

Open cell
carbon foam

12L. Musa (CERN) – SQM, Bari, 10-15 June 2019
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III.1 – ITS3 : first expression of interest
Outer Barrel 

= 4 layers of ITS2 kept !

Inner Barrel  
= 3 new layers

Fig.7 EoI ITS3 
ALICE-PUBLIC-2018-013

https://cds.cern.ch/record/2644611
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III.2 – ITS3 : key foreseen features, “closer + lighter”

LHCc 2019-06 ALICE, M.Mager ITS3

Keys :
- shrinked beam pipe (r = 1.6 cm)
7 inner most layer at r = 1.8 cm

- ultra-thin Si CMOS (20-Am thick) + reticle-size sensor
7 can be curved
7 circuitry pushed to periphery, ~no extra services required
7 homogeneous 0.05% X/X° per layer

https://indico.cern.ch/event/798319/
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III.3 – ITS3 : skimming ITS2

LHCc 2019-06 ALICE, M.Mager ITS3

https://indico.cern.ch/event/798319/
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III.3 – ITS3 : skimming ITS2

LHCc 2019-06 ALICE, M.Mager ITS3

https://indico.cern.ch/event/798319/
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III.3 – ITS3 : skimming ITS2

LHCc 2019-06 ALICE, M.Mager ITS3

https://indico.cern.ch/event/798319/
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III.3 – ITS3 : skimming ITS2

LHCc 2019-06 ALICE, M.Mager ITS3

https://indico.cern.ch/event/798319/
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III.4 – ITS3 : 5.3 kCHF up to 2025

https://indico.cern.ch/event/798319/
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III.5 – ITS3 : synoptic table
ITS1 (SPD = 2 inner) ITS2 (3 inner) ITS3 (3 inner)

Beam pipe inner radius/thickness 3.0 cm/0.09 cm 1.82/0.08 cm 1.6/0.05 cm

First-layer radius 3.9 cm 2.3 cm 1.8 cm

X/X° per layer 1.1 % 0.35 % 0.05%

|Y| coverage > 1.4 > 2.0 > 2.0

Number of Sensors per layer 80+160 108+144+180 2 to 4

Technology Hybrid pixels CMOS CMOS

Trigger ? yes no Not foreseen

Pixel size r\ x z  R 50x425 AmM R  30x30 AmM R 10x10 AmM

Intrinsic resolution r\ / z 12 Am / 100 Am 5 Am / 5 Am 3 Am / 3 Am

Readout frequency Pb-Pb < 3 MHz 
> 300 ns (SPD)

< 50-100 kHz
> 20-10 As

R ̂ 200 kHz
R G 5 As

Power dissipation in the pixel matrix R 550-736 mW/cmM
i.e. liquid cooled

~40 mW/cmM, 
i.e. liquid cooled

~7 mW/cmM,
i.e. air flow
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III.6 – ITS3 : why would you invest into it ?
EoI ITS3, ALICE-PUBLIC-2018-013

https://cds.cern.ch/record/2644611
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III.6 – ITS3 : why would you invest into it ?
EoI ITS3, ALICE-PUBLIC-2018-013

https://cds.cern.ch/record/2644611


Part D – why all that ?

LS4
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IV.1 – ITSn : admi=edly… but, in more concrete terms, “why” ?

ALICE : For “low pT charmed hadrons and baryons (_C
+ to ̀CCC

++)”  + for “low-mass e+e-” !
(Wo)man on the HEP street : “Seriously, that’s your physics case to be sold c”

7 Consider them as litmus tests :
if one is able to do those two type of measurements, 
then you can do many things on top of that.

= Focus given to “ultra low pT” detection threshold (G 20-50 MeV/c), 
i.e. push the logic of “scrutinise what is yet abundant” far to the end
in contrast to CMS/ATLAS strategy to fight for the “unseen/rarity”
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IV.2 – ITSn : why low pT ? Simple examples of d,K,p

If your d+(ud) / K+(us) / p(uud) measurements start above 0.0, 0.1, 0.2 … GeV/c, 
you miss x% of the total dN/dy in pp.

For a given particle type of interest, 
can you claim a “precision measurement” if you indeed miss x% of production  ?
7 yes or no, to be decided, case by case
NB : ALICE arXiv:1504.0024 = d± > 0.1 GeV/c / K± > 0.2 GeV/c, p > 0.3 GeV/c…

https://www.hepdata.net/record/ins1357424
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If your f-(dss) measurement starts 
above 0.0 / 0.6 / 1.2 GeV/c, 
you miss x% of the total dN/dy in pp

NB : ALICE arXiv:1204.0282,  f > 0.6 GeV/c in |y| < 0.5

IV.3 – ITSn : why low pT ? Example f±

https://www.hepdata.net/record/ins1097057
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If your _C
+(udc) measurement starts 

above 0.0 / 1.0 / 2.0 GeV/c, 
you miss x% of the total dN/dy in pp

NB : 
LHCb pp arXiv:1302.2864, _C

+ > 0.0 GeV/c 
ALICE pp arXiv:1712.09581, _C

+ > 1.0 GeV/c 

IV.4 – ITSn : why low pT ? Example of _C+

http://arxiv.org/abs/1302.2864
https://arxiv.org/abs/1712.09581


Part E – All-Si = aFer LS4 (G2031, Run 5)

LS4
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V.1 – All-Si : “ITS4”

EoI LS4+, arXiv:1902.01211 
+ SQM 2019 L.Musa Indico.cern.ch/e/755366/c/3428151/

https://arxiv.org/abs/1902.01211
https://indico.cern.ch/event/755366/contributions/3428151/


Electron and hadron ID with TOF 
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Ideal track length and p measurement for 3 scenarios

(10ps, 20ps , 30ps) are show in figure 

For sTOF = 20ps

• e/p (4s) separation ≲ 650 MeV/c

• p /K (3s) separation ≲ 2.6 GeV/c

• K/p (3s) separation ≲ 4.2 GeV/c

TOF PID – few barrel layers instrumented with LGAD or high-granularity SPAD sensors   

1
m

SPAD Sensors (Single Photon Avalanche Diode) ≝ arrays of avalanche 
photodiodes reverse-biased above their breakdown voltage 

SPAD detectors of recent generation feature a time jitter of tens of picoseconds

Number of layers will depend on time resolution and spatial fill factor achieved 
in the single layer

17L. Musa (CERN) – SQM, Bari, 10-15 June 2019



Electron ID with Pixel Shower Detector 

Shower Detector (3 X0) based on high-granularity 
digital calorimetry (CMOS pixel sensors)

a great potential to identify electrons down to few 
hundred MeV by detailed imaging of the initial 
shower (particle counting, geometry) 

NHits(1.5cm)+NHits(2.5cm)+NHits(3.cm)
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Work in progress – A first look
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V.2 – All-Si : LHC alternative options possibly on the table
In Run 4+5, beware CMS opportunities…

CMS MTD = “pile-up tagger”, 1) LoI CERN-LHCC-2017-027  + 2) TDR CERN-LHCC-2019-003

a) CMS cool extra-things aFer LS3 : 
- very large Y coverage as well (|Y| < 4) 
- unique calorimetry (PbW04 EmCal + HCAL SiPM sampling)

NB : all this, really expensive (quite more than the All-Si exp…), but ~funded already

b) Assuming (i) material budget could be ~bearable for our “low-pT” purpose
(plan : < 20 % X/X° cumulated on the whole tracker for HL-LHC Vs R 30-40% X/X° currently),

   CMS with pile-up tagger MTD (LGAD in endcap or SiPM in barrel 7 gtime stamp R 30 ps ),
in (ii) low pile-up condition+ preferentially (iii) moderate B field, 
MTD = a TOF detector…

7 Decisive but open questions :
- running time negociated within CMS in (very) low pile-up ?
- running with (B field < 3.8 T) Vs max. number of hysteresis cycles authorised for the CMS magnet ?

https://cds.cern.ch/record/2296612
https://cds.cern.ch/record/2667167
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V.2 – All-Si : LHC alternative options possibly on the table

In Run 5, beware LHCb opportunities…
  LHCb, EoI upgrade LS4, arXiv:1808.08865

a) Profiting from boost for forward geometry,
7 LHCb will remain a serial heavy-flavour tagger…
Si=ing forward makes life easier than at mid-rapidity in that respect

b) Readout/tracking/PID capabilities likely to work by then 
in all systems (pp, p-O, Ar-Ar, Xe-Xe, …) 
and under any event activity (Pb-Pb 0-5%)…

https://arxiv.org/abs/1808.08865
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Conclusion
Now +10-year horizon = blur ? 
7 future of QCD/QGP physics = via precision measurements for sure.
No escape.

ALICE choice : roadmap paved with LS2 upgrades (G2021)
with a stress given to : 
i) PID and low pT (0 < pT < 6-10 GeV/c)
ii) flavour mapping (Light/Heavy Flavours : diherences ? Similarities ?)

Such a physical roadmap = proposed to be extended with ITS3 (G2026),
in order to bridge a gap towards an all-Si experiment (G2030)

NB: such an all-Si experiment could also play on other experimental grounds if people want it so,
complementing the “ALICE-like perspectives” for such a lightweight experiment

(e.g. i some BSM searches at low-pT, R&D very close to e+e- experiments, …)
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Appendices



A.2 – Beyond LS2 : TDRs for run 3+4 detectors

CERN-LHCC-2013-019
 CERN-LHCC-2015-006

CERN-LHCC-2013-020CERN-LHCC-2012-012
CERN-LHCC-2013-024

CERN-LHCC-2012-005

CERN-LHCC-2013-014

CERN-LHCC-2015-001

https://cds.cern.ch/record/1603472
http://cds.cern.ch/record/2011297
http://cds.cern.ch/record/1622286
https://cds.cern.ch/record/1475243
http://cds.cern.ch/record/1625842
https://cds.cern.ch/record/1431539
https://cds.cern.ch/record/1592659
https://cds.cern.ch/record/1981898
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