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ALICE ITS2

ALICE
The current tracking system of the ALICE experiment for charge particle tracking and vertex reconstruction is

the Inner Tracking SystemI{S2), installed during the LHC Long Shutdown 2.

With a covered area ofl0 m?and 12.5Gpixels, ITS2is the largest scale implementation of Monolithic Active
Pixels Sensors (MAPS)in HEP experiments.

All layers are equipped with theALPIDEchip, based on 180 nm CMOS technology, with a size 5 x 30 mm?
and a pixel size of 29.24 26.88 unv.

ALICE ITS SRR ALPIDE

JInner Barrel
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ALICE ITS3 upgrade

CE

AL
In the next LHC Long Shutdown 3, the three innermost layers of the ITS2 will be replaced by the ITS3 to further

improve the impact parameter resolution especially at lowp.
ITS3will be made ofultra -light wafer -scale stitched MAPS bent to cylindrical shape.

Sensor R&D:
A Pixel design and process optimization in 65 nm CMOS technology
A Stitching to get waferscale sensorsA one half layer will consist of one single MAPS sensor

A BendingA material budget/layer: 0.09% X,

ALICE ITS3

Cylindrical
Structural Shell

ALICE ITSz
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Stitched prototypes for the ITS3

ALICE

MOSS babyMOSS

One of the twolarge stitched sensor ASICs, designed
and manufactured in the first Engineering Run (ER1),
Is the MOnolithic Stitched Sensor (MOSS).

Smaller chips, with only one RSU pixel array, were included in
the wafer map for characterization and irradiation studies.

It is made of 10 Repeated Sensor Units (RSUs) and twjoTheRSUis divided in2 Half-Units (HUs) with 4 regions each.

end-cap regions.
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Test beam overview

ALICE

First ER1 prototypedecame available in Summer 2023. Since then, a long and extensive testing campaign on ER1
prototypes is going on, both with laboratory and test beam measurements.

Goal: Evaluation of the sensor performance, before and
after irradiation, with respect to the ITS3 requirements.

A 10 GeV -beam
A EUDAQ2based acquisition system [5]
A babyMOSSelescope

A 3babyMOSSested as Device Under Test (DUT) '
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Test beam: telescope and DUTs

ALICE

The telescope is fully constituted ofbbabyMOS&chips, readout with the MOSSRAISER DAQ system.
A 6babyMOSStracking planes
A 2scintillators coupled to PMTs to generate trigger signal
A Trigger logic based on TRG/BSY chain
A No control on temperature during data acquisition

2.5¢cm, ' ' ' ' ' :
Details onbabyMOSS |
beam> telescope in
LA¢ Uct 138Kk VYK
DUT 1 babyMOSS2 1 W22C7 DUT 2 babyMOSS2 2 WO02F4 DUT 3 babyMOSS3 3 WO02F4
Non irradiated 10131 MeVn,,/cm 2 10131 MeVn,/cm 2
A Threshold scan (region by region) | A Threshold scan (region by region) A Threshold scan in parallel
A Common threshold scan (region 0+2 and 1+3)

10'3 1 MeVn,/Jcm? is the expected ITS3 radiation level (NIEL)
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Test beam analysis flow with Corryvreckan O

Data analysis is carried out using th&orryvreckan [6] software for test beam data analysis

Geometry definition

1
A Geometry definition of both tracking planes and DUT: analysis is
done region-by-region and plane 2 is thereference plane

A Definition of ROIfor track reconstruction to exclude regions covered

by PCB
ROl definition: Einiuiel nhubuie it i B YAC
for top HU row < 170
for bottom HU row < 220 5
R e e s 20
A
planes
A

Noisy pixel identification
Corryvreckanmodule MaskCreator is used for all tracking

Pixels to be masked for the DUT are obtained from fake hit
rate (FHR) measurement analysis

Overal: mWGe¢t ¢t JI WGRF+WJGt ol UNR
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Test beam analysis flow with Corryvreckan O

Data analysis is carried out using th&orryvreckan [6] software for test beam data analysis

3 Alignment
A Prealignment(Prealignment )

A Only telescope: track reconstruction (Tracking4D ) and alignment of tracking planesAlignmentMillepede )
A Telescope + DUTtrack reconstruction (Tracking4D with DUT included) and alignment of all planesAlignmentMillepede

AlignmentDUTResidual )

X-correlation plot of DUT vs reference plane for DUT1 top region 2
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row

Test beam analysis flow with Corryvreckan O

ALICE

Data analysis is carried out using th&orryvreckan [6] software for test beam data analysis

4  DUT analysis for efficiency and final residuals
A DUTAssociation module with™2/ndof cut = 3 and spatial cut = 10Q m
A AnalysisDUT and AnalysisEfficiency with™2/ndof cut = 3 andspatial cut sensor edge= 3 pixel

DUT final analysis for DUT 1 top region 2
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Test beam analysis flow with Corryvreckan O

ALICE

Data analysis is carried out using th&orryvreckan [6] software for test beam data analysis

4  DUT analysis for efficiency and final residuals
A DUTAssociation module with™2/ndof cut = 3 and spatial cut = 10Q m
A AnalysisDUT and AnalysisEfficiency with™2/ndof cut = 3 andspatial cut sensor edge= 3 pixel

DUT final analysis for DUT 1 top region 2
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Threshold and fake hit rate scan studies

With no beam, threshold and fake hit rate scans were performed for all DUTS.

Threshold scan
VCASB is the digital parameter that controls pixels threshold, and
it is inversely proportional to it.

This scan gives a conversion from VCASB to threshold in DAC

Fake hit rate scan

For a certain VCASB value and given a set numbel
of triggers, the number of hits is measured to
estimate the fake hit rate (FHR).

units.
Threshold DAC-VCASB conversion for top HU Fake hit rate vs VCASB for top HU
region 0 region 0
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region 3 region 3
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Threshold scan measurements at test beam

Using threshold scan results, it is possible to plot the results of efficiency and spatial resolution as a function

of threshold in DAC units leading to much more uniformbehaviourwhen comparing the different regions.

Example for top HU of DUT 1.:
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Threshold scan measurements at test beam =

!

ALICE

Using threshold scan results, it is possible to plot the results of efficiency and spatial resolution as a function
of threshold in DAC units leading to much more uniformbehaviourwhen comparing the different regions.

Example for top HU of DUT 1.:
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Non-irradiated DUT: efficiency for top HU
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Non-irradiated DUT: efficiency for top HU

ALICE
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Non-irradiated DUT: efficiency for bottom HU
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Non-irradiated DUT: efficiency for bottom HU
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Non-irradiated DUT: spatial resolution

ALICE

From the sigma of thegaussianfit of final residual distribution on the DUT, thespatial resolution is extracted as:

from TelescopeOptimizertool [7 » R » B
h
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Non-irradiated DUT: spatial resolution

from TelescopeOptimizertool [7]
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Results for non -irradiated DUT: common threshold scan

|

All regions were readout simultaneously setting thsame threshold
for the entire chip , choosing a proper VCASB range for each region.

No impact on detection efficiency
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Irradiated DUT: top HU
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The second irradiated DUT, i.e. DUT3, shows similar
performances (see backup)
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Irradiated DUT: bottom HU
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The second irradiated DUT, i.e. DUT3, shows similar
performances (see backup)
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ALICE
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Good operational margin for all regions.
No significant degradation of the sensor
performance due to irradiation.
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Summary

ALICE

A Both non irradiated and irradiated DUTs (at 103 1 MeVn,/cm?) work well and have a@ood operational range in
which they satisfy the ITS3 efficiency, FHR and spatial resolution requirements.

A Common threshold analysis for non irradiated DUT shows that detection efficiency is approximately the same as
in the single region scan case, showing thahere is no impact of cross-coupling between adjacent regionson
detection efficiency.

A There is yet no clear evidence of a specific frorgnd electronics or pixel pitch variant that leads to an
improvement of sensorperfomance.

A With this test beam measurements, thebabyMOSStelescope functioning was fully validated for the first time.

Outlook
A Ongoing studies orfurther sensor performance improvement by tuning of chip parameters (e.g. strobe length).
A Current setup and analysis will be useful fotest beam characterization of next ITS3 ER2 prototype (MOSAIX).
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Thank you for the attention
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Tracker telescope resolution

ALICE

Using TelescopeOptimiser [7] tool and binary resolution for bottom and top HU regions, tracker resolution is
obtained.
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Telescope trigger logic

Trigger logic

TRG/BSY chain

TRG board generates a signal that is propagated through all tracking planes and finally to DUT.
Then BUSY signal is sent back from DUT through all tracking planes.
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Comparison of irradiated DUTs: top HU
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:rh—vrﬂ?ﬁi":dq-;*-*

ALICE ITS3 beam test Preliminary,
@ CERN PS5 September 2024,
10 GeV/c pions,

Plotted on 6 May 2025

17.5

20.0

225

25.0

Threshold (DAC)

A a0y

ALICE ITS3 beam test Preliminary.
@ CERN PS September 2024,

10 GeV/c pions,

Plotted on 6 May 2025

2 ~~_~'~.:5:-.—‘65§,E:—;»:y»;7,.«:@ g

17.5

. -3 .
100 s T | 10 babyMOSS — 2 2 WO2F4 100
99 +-—- B top half - unit 99 {
98 q 1013 1 Mev neq/cm2 98 -
= ‘fﬁ L10-4  Pitch: 22.5 um
AN g /Sp“t; %52 DAC
4 \ A C bias = 4
% YR O liasn = 100 DAC g 96
AR | 10-5 @ lreser =10 DAC &
04/ RN T =50 DAC > o4l
B R X Vepire = 145 DAC 2
AN S Veasn=104 DAC @
NN 3 Juirement ¥ Strobe length : 6 us o
AN ITS3 FHR requirement —6 =
92— I Y ) B R 107°E Vouwp=-12 v £ 924
AN Q Max T = 30 °C g
901 N \El \\ ALICE ITS3 beam test Preliminary, © = 90
BN @ CERN PS September 2024, e o
AN 10 GeV/c pions, [ 10 = o
AN Plotted on 14 May 2025 [0} =]
88 ™ 88 1
_8 = —i— Detection efficiency
36 r10 -§- Fake-hit rate 86 1
—— Region 0
gq LS e o I i e
12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0 —#— Region 3 12.5 15.0
Threshold (DAC)
Spatial resolution : DUT2T DUT3 comparison
7.0 1.8 babyMOSS —2_2_WO02F4 7.0
pixel pitch//12 top half — unit
6.5 * T ¥ 1.7 1013 1 MeV neg/cm? 6.5
m‘ Pitch: 22.5 um
6.0 ﬁ*; Split: 1 6.0
zﬁ?’¥ 1.6  lbias=62 DAC
0% Ipjasn =100 DAC -
X lreser=10 DAC =
& Ip=50DAC &
5.0 15 @ Voyw=145DAC € 5.0
N Viusn =104 DAC o
ALICE ITS3 beam test Preliminary, 2 Sirobe length : 6 s S
@ CERN PS September 2024, [ 1.4 8 v, =-12 Vv ]
10 GeV/c pions, a Max T = 30 °C o d"\ "
4.01 Plotted on 14 May 2025 5 = 2.0 e
. i F1.3 @ I S b 4 !gt .
o 38 25 e
[y S © a y
e - [0} wv
s -‘3’;::;_ Boo F1.2 2
3.0 =gt ‘\—‘-‘t““?‘ﬂiﬁ-ﬁ?—& —#— Spatial resolution 3.0
TheeT Tt e | 11 -g Cluster size
' —#— Region 0 o
Association window: 100 um. —#— Region 1 Washed s = (2O LD
2.0 Maskled pixels: (2,],1,D}I 1 1.0 —#— Region 2 2.0
12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0 —#— Region 3 12.5 15.0

Threshold (DAC)

C. Pantouvakis| 13" Beam Telescopes and Test Beams Workshop

20.0

22.5

250 275 300

Threshold (DAC)

1073

F
<
L

=
e
w

10-%

1077

Fake-hit rate (hits/pixel/event)

1078

o

...
F=y
Average cluster size (pixels)

(=
w

g
w

s
N

1.0

ALICE

babyMOSS - 3_3 WO2F4
top half — unit

103 1 MeV nggem™?
Pitch: 22.5 ym

Split 1

Ibias = 62 DAC

Iniasn = 100 DAC

lreser = 10 DAC

lay = 50 DAC

Vinin = 145 DAC
Vieasn = 104 DAC
Strobe length = 6 ps
Vopsup =-1.2 VW

max T = 29°C

Detection efficiency
-~ Fake-hit rate
—#— top Region 0
—#— top Region 1
top Region 2

—#— top Region 3

babyMOSS — 3_3 WO02F4
top half - unit

10%3 1 MeV nggem—2
Pitch: 22.5 ym

Split 1

Inias = 62 DAC

Iniasn = 100 DAC

lreser = 10 DAC

Igp =50 DAC

Viwn = 145 DAC
Veasn = 104 DAC
Strobe length = 6 us
Vpsub =-12 V

max T = 29°C

Spatial resolution
Cluster size

top Region 0

top Region 1

top Region 2

top Region 3

- g:_

Fhid



Comparison of irradiated DUTs: bottom HU
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