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(®) ALICE Inner Tracking System (ITS)

ALICE

ALICE2 experiment

(TPC)

N
Muon Forward Tracker
(MFT)

* properties of the quark-gluon plasma produced in
heavy-ion collisions
* [ow momentum (s1 GeV/c) particle reconstruction

I1S2 first large-area (~10 m2 ) silicon tracker — MAPS

ALPIDE chip: TowerJazz 180 nm CMOS imaging process

Main characteristics:

* 7/ layers of MAPS (3 inner - 4 outer barrel)

* close to interaction point: 24 mm radius

* iImproved single point resolution (5 um)

* low material budget: 0.36% Xo/X per layer
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ALICE Truly Cylindrical Wafer-scale MAPS
ALICE 2 ’ - ALICE 2.1
| 27 cm —
2022 2023 2024 2025 20 2027 2028 2029 2030 2031 2032 2033
Layout:

* Replace ITS2 Inner Barrel (3 layers)
* Reduce beam pipe inner radius and thickness

Technology:
* 65 nm CMOS from TPSCo:
o wafer-scale chips (26 cm long) os
o fabricated using stitching fechnology . - Woter
e thinned down to 50 um o = suminun
o flexible (bent to target radii) éo.s = g;;;pceon
* mechanically held by carbon foam ribs " s ik
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% Analogue pixel test structures INEN
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ALICE

Multi Layer Reticle 1 (MLR1) submission
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% APTS-OA sensor variants
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ALICE

Sensor process from MLR1
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APTS-OA charge collection

ALICE
X-ray monochromatic source

APTS-OA typical signal
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1 Sample data
entries = 5914

Mn K, peak fit p = 76.79 £ 0.07 mV
Mn K, peak fit 0 = 2.02 = 0.07 mV

Errors are statistical only
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ALICE

APTS-OA charge collection

Amplitude vs fall time correlation

APTS-OA typical signal
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ALICE

APTS-OA time resolution

CERN SPS facility - positive hadron beam (120 GeV/c)

-1.0 —-0.8 —0.6 -0.4 —-0.2 0.0 0.2 0.4 0.6 0.8 1.0
70007 i i i i i i i = : i
l Entries: 43340
_ _ . l I Time residuals
Tracking resolution: 1.8 pm 600! RMe: 02 ezps
e . 6y meangg 79: -2752 = 1 ps
= (o1 1 RMSg979: 87 £ 1 ps
DUT: SPLIT 4 modified with gap & 5000 RSy 5721
= (2 L __1 Corrected time residuals
PSUB: from -1.2t0 -4.8V T Corected time fesid
- RMS: 76 + 3 ps
Q meangg7%: 1 = 1 ps
* 8 30001 RMSgg 79: 10 %=1 Ds
https://mmager.web.cern.ch/telescope/ @ FWHM: 148 ps
S = (Gaussian fit
S 20001 M 0 +3ps
O o: 67 =1 ps
Fitrange: %30
10001 | = = Gaussian fit extrapolation
. LLI_L‘ Errors are statistical only
(8 5. - - - = - N e - -
-3.8 -3.6 -3.4 -3.2 -3.0 -2.8 -2.6 —-2.4 —-2.2 -2.0 —-1.8
Time residuals (ns)
1401 Modified
--¢-- Modified with gap
130+ - :
MOdIerddWIth gap
rrect
120 | ¥~ correcte
m
£1101
S
= 1001
=
?
Reference arm DUT TRG Reference arm time ref. Q 901
0 1 3 4 5 6 7 8 GEJ 80
=
ALPIDE APTS LGAD Beam 70
e e e T T e [ >
y direction
60
X , 25 1 25 48 54 48 25 25 52
mm mm mm mm mm mm mm mm 50

Corrected time residuals (ns)

1.2

2.4 3.6

_Vsub (V)

4.8

10.1016/j.nima.2024.170034

Position Sensitive Detectors 14 - Umberto Savino / 2026-09-02

NIVERSITA
| TORINO



ALICE

APTS-OA cluster size-based analysis

Cluster size provides a proxy for the particle impact position

In-pixel track intercept y (um)

'Correlation between cluster size |
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7000
Time residuals
entries: 43340
6000 mean: -2752 = 1 ps
RMS: 92 = 2 ps
- Mmeangg 7y: -2752 = 1 ps
RMSg979%: 87 =1 ps
o | 99.7%
2000 FWHM: 176 ps
‘2 Single pixel clusters contribution
v | entries: 29977
24000 mean: 2784 + 1 ps
n RMS: 69 = 2 ps
Q meangg 79: -2785 + 1 ps
LC) 3000 RMSgg 79: 65 = 1 ps
v FWHM: 145 ps
5 Multiple pixel clusters contribution
O 2000+ entries: 13363
O mean: -2680 + 2 ps
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(5 APTS-OA in-pixel time resolution INFN

ALICE

Timing performance degrades
|___at pixel edges and corners|
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® APTS-OA radiation hardness

ALICE

Average cluster size
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APTS-OA in-pixel fime resolution INER
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Two competing mechanisms:
‘ 1. the time resolution degradation due to reduced
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®) ER2 pixel developments

ALICE

MLR1 results guide the design the ER2 structures

normal . small !

NMOs  Pmos  "Wel colettion yios  pmos =‘ g DN
— E al ‘ g I Ehk
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o-well L n-well J @u—NwﬂE L p-well J\ n-well PW i - i PW i - i
deep p-well n-well deep p-well i ~x
e - / ENX iNXside NXcentre
L NXside Ny NXside J ; |
~ 10um i ~ 10um ,
«> <«
= ~ 1.25um ~ 1.25um
T
3 P~ EPITAXIAL LAYER P~ EPITAXIAL LAYER
v
~ 35,umI
p- epitaxial layer

epitaxial layer (Nx and Nx-side) ‘

to combine low sensor capacitance and |
good charge collection :{j‘.

Larger PWELL to allow
more space for circuit
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) Test beam campaign

ALICE

CERN SPS facility - positive hadron beam (120 GeV/c)

Trigger plane: APTS-OA
Tracking resolution: 2.5 um*
DUT: split 5, 6 - P5 variant
PSUB: from -1.2to0 -4.8V

* https://mmager.web.cern.ch/telescope/

Tracking DUT Tracking Time ref.

¢ ** w/ moving stage

ALPIDE  APTS OA LGAD
1024x512 Ax4 1x1
30 um 10 um 1 mm

Position Sensitive Detectors 14 - Umberto Savino / 2026-09-02 15



Conclusions

ALICE

APTS-OA measurements link sensor geometry to charge-sharing and timing performance.

The modified-with-gap process suppresses the slow charge-sharing component and
achieves a time resolution of 63 ps.

After irradiation, charge trapping changes the spatial fiming response, while performance
remains beyond the ITS3 radiation target.

Guided by these results, the ER2 splits 5 and 6 designs reduce input capacitance and
charge sharing, making them promising candidates for future ITS developments.
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Residual fime walk correction

ALICE

Corrected time residuals (ns)
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

#9005 Entries: 43340
[ Time residuals
6000 mean: -2752 = 1 ps 200
RMS: 92 + 2 ps 50!
= meangg 79: -2752 = 1 ps :
2 50001 RMSgg794: 87 =1 ps .
10 FWHM: 176 ps 0 175
= L __1 Corrected time residuals ; —2.51
3 4000 mean: 1+1ps © '
et RMS: 76 = 3 ps _g
k) meangg7e%: 1 + 1 ps = 180 =
8 3000 RMSgg 79: 70 = 1 ps e —3.01 o
3 FWHM: 148 ps 0 1N
= - Gaussian fit j= (;:
© 20001 u: 0+3ps = 125
@) (o} 67 + 1 ps -3.5 U]
Fit range: 30 8
10001 = = Gaussian fit extrapolation 100 5
Errors are statistical only 1.0 g
0 | | . . I | ’;_ . ' . . ' ’g $
-3.8 —-3.6 —-3.4 -3.2 -3.0 —-2.8 —2.6 —-2.4 —-2.2 -2.0 —1.8 = O
Time residuals (ns) ch 0:5 75 §
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Time-correction procedure g -os 25
° . ° ° 5
 Divide the dataset according to cluster size: °
0 500 1000 1500 2000 2500 3000

e single-pixel clusters (CS = 1) Seed signal charge ()
 multi-pixel clusters (CS> 1)

o Split each cluster-size sample info two independent subbsets

e Derive the fime correction from the first subset

e Apply It to the second subset to avoid infroducing analysis bias
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