
Prospects with advanced Silicon Technologies in ALICE

Figure 7: Layout of the ITS3 Inner Barrel. The figure shows the two half-barrels mounted
around the beam pipe.

Figure 8: Layout of the ITS3 Inner Barrel. Two end-wheels and the CYSS provide precise
position of the detector relative to the beampipe. On the C-side, the cables first exit from the
C-side End-Wheel, then they are folded to the outside of the CYSS and routed towards the
A-side.

the baseplate, brings it in position on the carbon foam spacers inside the CYSS. A thin layer
of glue, at the interface, provides the mechanical fixation of the half-layer. The two spacers,
positioned at the two edges of the half layer, provide the fixation interface for the 5mm wide
area at the chip edge, where the mechanical and the electrical connection to the FPC are made .
A second set of spacers is then glued to the internal surface of the half-layer 2. The same proce-
dure is then repeated for half-layers 1 and 0, respectively, using their corresponding cylindrical
vacuum chucks and carbon foam spacers with the appropriate curvature radii.

The main layout and geometrical parameters of the ITS3 Inner Barrel are summarized in Tab. 1
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Opportunities for new Si technologies in ALICE

ALICE upgrades in LS2

2

Run 3 and 4: collect 13 nb-1 Pb—Pb: 50-100x more minimum bias data; 10x more triggered data

New ITS

Full pixel detector

Improved read-out rate,


spatial resolution

Improved pointing resolution

for muons

TPC: GEM readout

Continuous readout

Higher rates

Muon Forward  
Tracker

Upgraded readout 
and online processing

Inner barrel Outer barrel



Opportunities for new Si technologies in ALICE

ALICE upgrade goals and performance

3
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Figure 13: Excess e+e� invariant mass spectrum for 0 –10 % most central Pb–Pb collisions atp
sNN = 5.5 TeV, 2.5⇥ 109 events (Lint = 3 nb�1). The left and right panels refer to the LS2

upgrade (ITS2) and the LS3 upgrade (ITS3) respectively. The green boxes show the system-
atic uncertainties from the combinatorial background subtraction, the magenta boxes indicate
systematic uncertainties related to the subtraction of the cocktail and charm contribution.

• The enhanced low-pT tracking capability of the ITS3 substantially improves the recon-
struction efficiency of photon conversions in which one of the particles of the dielectron
pair often has very low momentum. This reduces the combinatorial background.

• The improved pointing resolution of the ITS3 enables efficient tagging of electrons from
semi-leptonic charm decays, which form a substantial physical background to the pair-
yield and dominate the invariant-mass spectrum at Mee > 1.1 GeV/c2. A tight cut on the
quadratic sum of the impact parameters of the two electrons reduces the charm background
by a factor of about two. This reduces the systematic uncertainties on the thermal excess
yield related to the subtraction of the charm contribution.

The dominant sources of systematic uncertainties in the dielectron measurements are the large
combinatorial and physical backgrounds. The combinatorial background is estimated and sta-
tistically subtracted using the distribution of like-sign pairs from the same event. The latter is
corrected for the different detector acceptance for unlike- and like-sign pairs with the correction
factor R calculated with mixed-event yields [19, 20, 21]. The systematic uncertainty on R is
propagated to the inclusive dilepton signal uncertainty as sS/S = sR/R · (B/S). Therefore, the
increase of S/B resulting from the reduced conversion probability and the improved conver-
sion rejection with ITS3 determine a linear decrease of the systematic uncertainty. The relative
uncertainty on the background sR/R was estimated to be 0.02%. An additional systematic un-
certainty of 10% is added in quadrature to take into account the track reconstruction and particle
identification uncertainties.

In the following, the results of the physics performance study for 2.5 billion central (0 –10 %)
Pb–Pb collisions at

p
sNN = 5.5 TeV (Lint = 3 nb�1) collected with the solenoid magnetic

field at the reduced value of 0.2 T are discussed. The excess e+e� invariant-mass spectrum,
after subtraction of the combinatorial and charm background, is shown in Fig. 13 for ITS2 (left
panel) and ITS3 (right panel). The signal dielectron pairs considered here include thermal radi-
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Dileptons

Thermal radiation

…and much more…

https://cds.cern.ch/record/2661798/files/report.pdf
http://arxiv.org/abs/arXiv:1812.06772
http://arxiv.org/abs/arXiv:1812.06772


Opportunities for new Si technologies in ALICE

ITS3 upgrade: ultra-low material tracking

• Low power < 20 mW/cm2


• Allows air cooling

• Minimize power distribution infrastructure


• Thinned Si: bendable

• Large area, wafer-scale, sensors (stitching)

• Use shape for rigidity —> light support (C foam)

4

Figure 7: Layout of the ITS3 Inner Barrel. The figure shows the two half-barrels mounted
around the beam pipe.

Figure 8: Layout of the ITS3 Inner Barrel. Two end-wheels and the CYSS provide precise
position of the detector relative to the beampipe. On the C-side, the cables first exit from the
C-side End-Wheel, then they are folded to the outside of the CYSS and routed towards the
A-side.

the baseplate, brings it in position on the carbon foam spacers inside the CYSS. A thin layer
of glue, at the interface, provides the mechanical fixation of the half-layer. The two spacers,
positioned at the two edges of the half layer, provide the fixation interface for the 5mm wide
area at the chip edge, where the mechanical and the electrical connection to the FPC are made .
A second set of spacers is then glued to the internal surface of the half-layer 2. The same proce-
dure is then repeated for half-layers 1 and 0, respectively, using their corresponding cylindrical
vacuum chucks and carbon foam spacers with the appropriate curvature radii.

The main layout and geometrical parameters of the ITS3 Inner Barrel are summarized in Tab. 1
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Si (50 μm) is only ~15% of the total material

R&D ongoing; installation in LS3 (2025/2026)

< 0.05% X0 per layer

Material budget ITS2

LoI: LHCC-2019-018

Goal: 20-40 μm

https://cds.cern.ch/record/2703140?ln=en
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R&D results: curved senors

5

Sensor works well; no change of thresholds/gains
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ITS3 physics goals: heavy flavour

6
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ITS3 physics: dileptons

7

Di-electron spectra
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Figure 13: Excess e+e� invariant mass spectrum for 0 –10 % most central Pb–Pb collisions atp
sNN = 5.5 TeV, 2.5⇥ 109 events (Lint = 3 nb�1). The left and right panels refer to the LS2

upgrade (ITS2) and the LS3 upgrade (ITS3) respectively. The green boxes show the system-
atic uncertainties from the combinatorial background subtraction, the magenta boxes indicate
systematic uncertainties related to the subtraction of the cocktail and charm contribution.

• The enhanced low-pT tracking capability of the ITS3 substantially improves the recon-
struction efficiency of photon conversions in which one of the particles of the dielectron
pair often has very low momentum. This reduces the combinatorial background.

• The improved pointing resolution of the ITS3 enables efficient tagging of electrons from
semi-leptonic charm decays, which form a substantial physical background to the pair-
yield and dominate the invariant-mass spectrum at Mee > 1.1 GeV/c2. A tight cut on the
quadratic sum of the impact parameters of the two electrons reduces the charm background
by a factor of about two. This reduces the systematic uncertainties on the thermal excess
yield related to the subtraction of the charm contribution.

The dominant sources of systematic uncertainties in the dielectron measurements are the large
combinatorial and physical backgrounds. The combinatorial background is estimated and sta-
tistically subtracted using the distribution of like-sign pairs from the same event. The latter is
corrected for the different detector acceptance for unlike- and like-sign pairs with the correction
factor R calculated with mixed-event yields [19, 20, 21]. The systematic uncertainty on R is
propagated to the inclusive dilepton signal uncertainty as sS/S = sR/R · (B/S). Therefore, the
increase of S/B resulting from the reduced conversion probability and the improved conver-
sion rejection with ITS3 determine a linear decrease of the systematic uncertainty. The relative
uncertainty on the background sR/R was estimated to be 0.02%. An additional systematic un-
certainty of 10% is added in quadrature to take into account the track reconstruction and particle
identification uncertainties.

In the following, the results of the physics performance study for 2.5 billion central (0 –10 %)
Pb–Pb collisions at

p
sNN = 5.5 TeV (Lint = 3 nb�1) collected with the solenoid magnetic

field at the reduced value of 0.2 T are discussed. The excess e+e� invariant-mass spectrum,
after subtraction of the combinatorial and charm background, is shown in Fig. 13 for ITS2 (left
panel) and ITS3 (right panel). The signal dielectron pairs considered here include thermal radi-

18

)2c (GeV/eeM
0 0.5 1 1.5 2 2.5

-1 )2 c
 (G

eV
/

yd
ee

M
/d

ra
w

N2
 d

ev
t

N
1/

4−10

3−10

2−10

1−10

1
)ρRapp Sum (broad 

)ρRapp Sum (drop 
)ρRapp Sum (vac 

 - cockt.c‘meas.’ - c
Syst. uncert. sig. + bkg.

 + cocktailcSyst. uncert. c

 = 5.5 TeVNNsPb-Pb 
-1 = 3 nbintL0-10%, 

 = 0.2 TBITS2, 
| < 0.8

e
η|

c > 0.2 GeV/
T,e
p

 = 5.5 TeVNNsPb-Pb 
-1 = 3 nbintL0-10%, 

 = 0.2 TBITS2, 
| < 0.8

e
η|

c > 0.2 GeV/
T,e
p

ALICE Upgrade Simulation

ALI−SIMUL−306847
)2c (GeV/eeM

0 0.5 1 1.5 2 2.5

-1 )2 c
 (G

eV
/

yd
ee

M
/d

ra
w

N2
 d

ev
t

N
1/

4−10

3−10

2−10

1−10

1
)ρRapp Sum (broad 

)ρRapp Sum (drop 
)ρRapp Sum (vac 

 - cockt.c‘meas.’ - c
Syst. uncert. sig. + bkg.

 + cocktailcSyst. uncert. c

 = 5.5 TeVNNsPb-Pb 
-1 = 3 nbintL0-10%, 

 = 0.2 TBITS3, 
| < 0.8

e
η|

c > 0.2 GeV/
T,e
p

 = 5.5 TeVNNsPb-Pb 
-1 = 3 nbintL0-10%, 

 = 0.2 TBITS3, 
| < 0.8

e
η|

c > 0.2 GeV/
T,e
p

ALICE Upgrade Simulation

ALI−SIMUL−306852

Figure 13: Excess e+e� invariant mass spectrum for 0 –10 % most central Pb–Pb collisions atp
sNN = 5.5 TeV, 2.5⇥ 109 events (Lint = 3 nb�1). The left and right panels refer to the LS2

upgrade (ITS2) and the LS3 upgrade (ITS3) respectively. The green boxes show the system-
atic uncertainties from the combinatorial background subtraction, the magenta boxes indicate
systematic uncertainties related to the subtraction of the cocktail and charm contribution.

• The enhanced low-pT tracking capability of the ITS3 substantially improves the recon-
struction efficiency of photon conversions in which one of the particles of the dielectron
pair often has very low momentum. This reduces the combinatorial background.

• The improved pointing resolution of the ITS3 enables efficient tagging of electrons from
semi-leptonic charm decays, which form a substantial physical background to the pair-
yield and dominate the invariant-mass spectrum at Mee > 1.1 GeV/c2. A tight cut on the
quadratic sum of the impact parameters of the two electrons reduces the charm background
by a factor of about two. This reduces the systematic uncertainties on the thermal excess
yield related to the subtraction of the charm contribution.

The dominant sources of systematic uncertainties in the dielectron measurements are the large
combinatorial and physical backgrounds. The combinatorial background is estimated and sta-
tistically subtracted using the distribution of like-sign pairs from the same event. The latter is
corrected for the different detector acceptance for unlike- and like-sign pairs with the correction
factor R calculated with mixed-event yields [19, 20, 21]. The systematic uncertainty on R is
propagated to the inclusive dilepton signal uncertainty as sS/S = sR/R · (B/S). Therefore, the
increase of S/B resulting from the reduced conversion probability and the improved conver-
sion rejection with ITS3 determine a linear decrease of the systematic uncertainty. The relative
uncertainty on the background sR/R was estimated to be 0.02%. An additional systematic un-
certainty of 10% is added in quadrature to take into account the track reconstruction and particle
identification uncertainties.

In the following, the results of the physics performance study for 2.5 billion central (0 –10 %)
Pb–Pb collisions at

p
sNN = 5.5 TeV (Lint = 3 nb�1) collected with the solenoid magnetic

field at the reduced value of 0.2 T are discussed. The excess e+e� invariant-mass spectrum,
after subtraction of the combinatorial and charm background, is shown in Fig. 13 for ITS2 (left
panel) and ITS3 (right panel). The signal dielectron pairs considered here include thermal radi-
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• less material: fewer photon conversions

• better pointing resolution: charm rejection

• better tracking at low pT: conversion rejection

Dilepton temperature fit
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Figure 14: Expected relative uncertainty of the extraction of the T parameter from a fit to the
invariant mass excess spectrum in 1.1 <Mee < 2.0 GeV/c2 (see text). The results are shown for
the ITS2 and ITS3 scenarios, with a tight cut on the quadratic sum of the impact parameters
of the lepton pair, and for 0 –10 % event centrality. Error bars show the statistical uncertain-
ties. The green boxes show the systematic uncertainties from the combinatorial background
subtraction, the magenta boxes indicate systematic uncertainties related to the subtraction of
the charm-decay electron contribution.

ation from the QGP and the medium-modified spectral function of the r0 meson. Information
on the early temperature of the system can be derived from the invariant-mass dependence of
the dilepton yield at masses Mee > 1.1 GeV/c2 where the yield is dominated by the thermal
radiation from the QGP if the charm component can be effectively reduced. In order to quan-
tify the sensitivity of the anticipated measurement, an exponential fit to the simulated spectra
in the invariant mass region 1.1 < Mee < 2.0 GeV/c2 was used. The fit function employed was
dNee/dMee µ M

3/2
ee exp(�Mee/Tfit). The fit parameter Tfit is compared to Treal, which is derived

from the same fit to the input thermal spectrum. The ratio Tfit/Treal for Pb–Pb collisions in the
0 –10 % centrality class is shown in Fig. 14. With respect to the ITS2, the ITS3 upgrade reduces

• the statistical uncertainty by a factor 1.3;

• the systematic uncertainty from the subtraction of the combinatorial background by a fac-
tor 2;

• the systematic uncertainty from the subtraction of the light-hadron and charm decay back-
grounds by a factor 2.
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ITS3 improves systematic uncertainty 

on T by a factor 2

Upgraded ITS ITS3
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A next-generation heavy-ion experiment

8

A completely new detector at point 2: low-material, high-rate, all-Si

High-resolution tracking à la ITS3

Extremely good pointing resolution 


10 layers for tracking

Forward coverage up to η ≈ 4

Time-of-flight layer(s) for  
particle identification: 

electrons, hadrons

Additional capabilities for photons  
via conversionsShower Pixel Detector:


electron ID at higher momentum

European Particle Physics Strategy Process input: arXiv:1902.01211

Could be installed in LS4 (2031) 
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High rate: light ions at LHC

9

Luminosity limited by losses due  
to bound-free pair production


Lighter nuclei improve rate

Trade-off: higher signal (probe) rates 
vs reduced impact of QGP-effects 
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luminosity

Strength of QGP effects

Ar-Ar: 3-10 MHz interaction rate

Reach fb-1 of NN-equiv luminosity per month

Kr-Kr: 0.6-1.3 MHz interaction rate

HL-LHC WG5 report arXiv 1812.06772 
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Particle identification with Silicon timing technologies

• Low-Gain Avalanche Photo Diodes (LGAD)

• HEP-specific (ATLAS/CMS phase 2)

• 20-30 ps time resolution

• Rad hard to 1014 1 MeV neq cm-2


• Concept demonstrated; scaling up to full size

• Single-Photon Avalanche Diodes (SPAD)


• Commercial process, applications (LIDAR)

• High sensitivity - high noise: reduce gain?

• Fill factor limited at present


• Monolithic active pixels

• Concept: extend MAPS technology with timing

• Optimise sensor cell geometry/properties for timing

• No gain/modest gain

10

Main physics goals:

- Identification electrons for dilepton measurements

- Identification of heavy flavor decay products 

Need ≲ 20 ps resolution for PID

LGAD time resolution

Galloway et al, NIM A 940, 19
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Dileptons: early stage temperature - 𝜌-a1 modification

11

Dileptons sensitive to early stage temperature

Tslope ≈ 300 MeV expected at LHC

Tinitial ≈ 600 MeV expected at LHC

Tch

Will measure this in run 3 and 4

Next steps: v2, momentum/time dependence

10
-8

10
-7

10
-6

10
-5

10
-4

 0  0.2  0.4  0.6  0.8  1  1.2  1.4  1.6  1.8  2

(1
/N

ch
) 

d
2
N

ee
/(

d
M

 d
η

) 
(1

/G
eV

)

M (GeV)

sum (max mixing)
sum (no mixing)

hadronic (max mixing)
hadronic (no mixing)

QGP

Ralf Rapp, private com
m

unication

Access this region with precision

NA60+, arXiv:1812.07948

Projected T from dileptons

HADES, Nature Phys. 15 (2019) 10, 1040-1045
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From strange to charmed baryons
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 = 13 TeVspp, 

 = 5.02 TeVNNsPb-Pb, 
 = 5.44 TeVNNsXe-Xe, 

 = 8.16 TeVNNsp-Pb, 

ALI−PREL−321075

Strangeness enhancement at LHC

• Effect largest for Ξ, Ω

• Small effect for Λ, K

hadron per-event yield 
central Pb-Pb full phase space

enhancement w.r.t. 
pp

Ξcc, Ωcc 0.02 - 0.38 1-10
Ξbc, Ωbc, Bc 3∙10-4 - 2∙10-2 > 10 for Ξbc

Ξbb, Ωbb 2.6∙10-6 - 7∙10-5 -
Ωccc 10-3 - 3∙10-2 100 - 1000

Beccattini, PRL 95 022301 (2005)

Multi-charmed baryons:

clean probe of baryon formation and coalescence

Large enhancements expected for multi-charm baryons

formed by coalescence in Pb-Pb
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Ultra-soft physics
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Low momentum enhancement of photons seen in several experiments

Possible links to fundamental field theory


‘Low’s theorem’

Lepton/photon structure of the proton
L Buonocore et al, arXiv:2005.06477

Francis E. Low, Phys.Rev.Lett. 110 (1958) 468

Low material budget: access to lowest pT, potential for fundamental studies

J. Antos et al,  Z.Phys.C 59 (1993) 547 
(modified HELIOS)

Low-momentum photon spectrum
ALICE, arXiv:2005.14522

http://arxiv.org/abs/2005.14522


Opportunities for new Si technologies in ALICE

Conclusion

• New Si detector technologies provide new opportunities for heavy-ion physics

• Large-scale sensors: extremely low-mass detectors

• Time-of-flight with Si for PID

• Several technologies under consideration


• Physics goals

• Large vertex precision for heavy flavour production

• Post-LS4: multi-charm baryons


• Clean dilepton measurements

• Ultra-low pT: soft theorems, condensates
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ITS3 and after LS4

after LS4

after LS4



Extra slides
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Tracking performance of next-generation experiment

16

B	=	0.2	Tesla	

Tracking efficiency Impact parameter resolution

Indicative performance only - design parameters still evolving

European Particle Physics Strategy Process input: arXiv:1902.01211


