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A Large lon Collider Experiment

 ALICE uses an Inner Tracking
System (ITS) and a Time-Projection
Chamber (TPC) as tracking
detectors

 CurrentITS 2 (MAPS) ‘only’
measures hits with a pointing
resolution of 5-100 pm

— no dE/dx measurement
ALICE ITS3 TDR

* Particle Identification (PID) is
mainly done via TPC and TOF
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https://cds.cern.ch/record/2890181/files/ALICE-TDR-021.pdf
https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05062
https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05062
https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05062

ALICE 3

TOF

Superconducting pg|IcH
magnet system

* ALICE 3is aplanned new detector system
based on large-area silicon detectors
starting data-taking in 2036

o Precursor and R&D base for future
particle physics experiments, including
the FCC (Future Circular Collider)

* Based fully on silicon technology (60 m? of
MAPS tracker)
o Current pp-rate: 500 kHz /1 MHz
o ALICE 3 pp-rate: 24 MHz

Muon
absorber

Muon
chambers

* Can we exploit the full potential of MAPS ALICE3 10|
trackers? — Amplitude measurement
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https://cds.cern.ch/record/2803563?ln=de

Monolithic Active Pixel Sensors

* Single silicon chip contains both the detection
volume and the readout electronics

* Advantages:

* Low capacitances = low power
(10-100 mW/cm?)

* Thin: <50 pm (0.05% X, per MAPS)

* Highly integrated (around 100 transistors
in-pixel)

« Commercially available process (CMOS technology)
& scalable to large detector areas

* See detector seminaron MAPS at CERN by W. Snoeys
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https://indico.cern.ch/event/1461789/
https://indico.cern.ch/event/1461789/

Monolithic Active Pixel Sensors

* Single silicon chip contains both the detection
volume and the readout electronics

* Advantages:

* Low capacitances = low power
(10-100 mW/cm?)

* Thin: <50 pm (0.05% X, per MAPS)

* Highly integrated (around 100 transistors
in-pixel)

« Commercially available process (CMOS technology)
& scalable to large detector areas

. tector seminar on MAPS at CERN by W. Sn

Nuclear Inst. and Methods in Physics Research, A 1064 (2024) 169447
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https://indico.cern.ch/event/1461789/
https://indico.cern.ch/event/1461789/
https://pdf.sciencedirectassets.com/271580/1-s2.0-S0168900224X00066/1-s2.0-S01689002240037%5b…%5duY29t&ua=0203565407520a5a020c&rr=95f1e8eb5ba2f956&cc=de

Amplitude Measurement il fronteend coer o ws

Simplified AVDD

Input

Currently tracker only measuring 1
binary hitinformation: 1 (hit) or O (no hit) Colletion 2¢

Amplifier
How can we gain information on the 77 L S

energy loss/amplitude of the signal?

Output

— Use Tol (Time-over-Threshold),
linearly dependent on signal
height due to constant I ..
applied in the in-pixel front-end

Constant g,

Threshold

Analog signal

time
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Digital Oversampling

Standard operation/sampling Digital oversampling
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Amplitude dependent output
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Varied lp .t

BabyMOSS

Nominal settings (lg...: = 10 a.u.) Lengthened signal (Ig. . =4 a.u.)
* Source measurements =30 DR ™ a0
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BabyMQOSS on rotating stage

Testbeam at DESY

« We built and commissioned a beam telescope in
collaboration with the HLL as part of the Origins
Cluster Seed Project 2024-1

« BabyMOSS telescope operated with DUT:
o Tilted BabyMOSS (general characterization and ToT)

henrik.fribert@tum.de

TUM Telescope Box




BabyMOSS on rotating stage

Testbeam at DESY

* Electron beam of 2.4 GeV/c

« Study ToT measurement using
'oversampling' method with BabyMOSS
sensor

 Varied angles of DUT (Device Under
Test) of 0°, 30°, 45°, and 60° to
iInvestigate the change of energy
deposition

BabyMOQOSS telescope with inclined BabyMOSS as DUT
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Testbeam at DESY

S : Test beam data using BabyMOSS
« Charge distribution (all 12p20 1 , il i o
clustersizes) for different — ;’00
angles | 45°]
. . i 60°
 Increase in deposited 0

charge since the g6 \\
particles traverse more =
active volume

\ 0.0 50 100 150 200 250 300 350 200
Cluster Charge [RO cycles]

N

Substrate
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Example Use Case ALICE 3

* Implemented simplified ALICE 3 tracker geometry (LOI version) in Geant4 with magnetic field of 2 T
« Events were generated with Pythia (pp-collisions at 13 TeV) and used as input for Geant4

Geant4 simulation
13 TeV pp-collisions

W

|
1,
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Example Use Case ALICE 3

* Extract dE/dx information from
Geant4 (energy deposition
corrected by track length)

* Estimation of performance and
separation power between
particle pairs
o Up top ~ 0.9 GeV/c for kaon-proton pair
o Uptop~ 0.5 GeV/c for pion-kaon pair
o Uptop~0.15 GeV/c for electron-pion pair

+ Significant separation expected for 2
light nuclei at lower momenta B

=2=-. - Geant4 simulation
2. 713 TeV pp-collisions

80 4

60 1

ToT [ps/10um]

10 | e | | | 100
p [GeV/c]
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Summary & Outlook

The Tol-based approach looks like a promising method for the future of tracking detectors
We have expertise in building and operating CMOS MAPS beam telescopes at TUM

Investigate additional advantages of using a Tol-based approach (increased spatial resolution,
time-walk correction, improvement in tracking, etc.)

Finalize the performance simulation and quantify how useful ToT is for PID, especially for light nuclei
o See for example separation power for different detectors in the ALICE 3 scoping document
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https://cds.cern.ch/record/2925455/files/LHCC-G-185.pdf

Thanks for your attenti
Any questions?
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ldea For Future

Improvement |
Eétend S|§nal

/AN

* Over-sampling increases the data rate
substantially, factor O(30)

* Proposed implementation idea:

o Send signal only at the edges using digital
front-end sensitive to rising and falling
edge

o Datarate only doubled for as precise Tol
measurement

* Similar approach utilized in DPTS and
MOST sensors already

* Additional bit can be added to
differentiate the two types of hits t
o Robustness in reconstruction Amplitude dependent output by counting time gap

Faster readout

Digital output Readout strobe Analog signal
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ALICE3

2.5

Position resolution (um)

0(20 x 20) O(10 x 10)

Pixel size (um2)

Time resolution (ns RMS) O(1000) 100
In-pixel hit rate (Hz) o4 120 94
Fake-hit rate (/ pixel / event) <107

Power consumption (mW / cm?2) 35 70
Particle hit density (MHz / cm2) 8.5 120 94
Total lonising Dose (Mrad) 0.3 300

XI/Xo I layer

0.09% (average)

0
0.07% (most of active region) 0.1%

Vertex Detector racker (ML/OT)
10

O(50 x 50)
100
54 42 (barrel)

20
0.8 06

6 x 1013
3 (barrel)
1.0%

« A PDb-Pb interaction rate of the ~ 300 kHz corresponds to hit rates similar to 24 MHz pp
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https://indico.cern.ch/event/1415726/contributions/6170003/attachments/2943674/5174703/2024 -10-09_VertexDetectPixelSenor_freidt.pdf
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CMOS MAPS with 65 nm Technology

* State-of-the-artis the ALICE ITS3 upgrade which utilizes 65 nm CMOS
technology (compared to previously 180 nm)

o Lower power consumption, more complex in-pixel logic, supports wafer stitching
(dependent on foundry)

n-well collection nwell collection nwell collection
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W o | I 1] w | I T J ’r.')-well I Iz
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‘, | v | \ =
\ i E | v |
depletion " depleted | depletion | depletion |
boundary ™ zone | boundary | boundary |
s [ ! \ |
p- epitaxial layer : P epitaxial layer \ : p- epitaxial layer ' :" doi.org/

B N
arXiv.2309.14814
Standard Modified Modified-with-gap
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https://doi.org/10.48550/arXiv.2309.14814
https://doi.org/10.48550/arXiv.2309.14814
https://doi.org/10.48550/arXiv.2309.14814

ToT vs. Injected charge

o All pixels

17511 ¢ Pixel (6,6)

50l o Pixel(3.2)
' Pixel (6,6) fit
. . . . | -=- Pixel (3,2) fit

« Train of signals is sent at both the rising and | e
falling edge of the analog signal :‘—’ 10.0
— Time-over-Threshold = el

* ToIl proportional to collected charge due to

5.0-
constant lzqeet
* Pixel-to-pixel variations can be improved via 2.51 —
. . igital pixel test structures
Callbl’atIOn 0.0 implemented in a 65 nm CMOS process

0 200 400 600 800 1000 1200 1400
Injected charge (e™)

Analogsignal ===/, -——=—=——-=————————- - - —"===w— o - fheshod_ _ _ _________

Output-J\ 0 ———>f b ——> // [\ / \_
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https://cds.cern.ch/record/2845385/files/Publication.pdf
https://cds.cern.ch/record/2845385/files/Publication.pdf

DPTS

1 1 1 1 1

1 1 1 1

. Source measurements with an _ Calibrated ch;il.grEg;-lrg.?LOle.nima.2023.168589
_ Uncalibrated  Non-irradiated DPTS, Vgup = — 1.2V
>>Fe X-ray source —— Peak fit <« Mn-Kq
. 1051
* 5.90 keV Mn-K, main peak 0 ]
* 6.49 keV Mn-Kj peak o
* Energy resolution of the K, peak: & | S"T“'B Mn-Ko, g i Si-Kédge < Mn-Kg
104 1
FWHM |
——— =7.42%%0.01% | SN —
* Silicon fluorescence and escape

3 T T T T T
peak can be distinguished 10
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Analog signal

Readout strobe

Digital output

Digital Oversampling

Example of ITS2 (ALPIDEs) oversampling
at low interaction rate ~1kHz pp

1000 I I I rrrnra 1 1 I 1 rrrii | 1 1
- ALICE Performance . —2 17
- Run 3, pp V5=13.6 TeV - B
- run 549557 . 7
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Only hit/ no-hit info in output i v
: 0
0 -3 -1 -0.3 0.3 1 3 10
Track rigidity p/z (GeV/c)

Andrea Sofia Triolo on behalf of the ALICE collaboration, Calibration and Performance of the
r ALICE Inner Trackin tem
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https://cds.cern.ch/record/2912891?ln=en
https://cds.cern.ch/record/2912891?ln=en

ALICE ITS Using CMOS MAPS

* Integrate the sensing diodes and the readout ITS2 I'ner Barrel

circuitry into the same pixel

e State-of-the-artisthe ITS2 (Inner Tracking System)
with an upcoming upgrade towards ITS3
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': R h r__.- o
= e
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o h .
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v

Technical Design R rt for th r f the ALICE Inner Trackin tem
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http://cds.cern.ch/record/1625842
http://cds.cern.ch/record/1625842

ALICE ITS Using CMOS MAPS

* Current ITS2 will be replaced by ITS3 ALICE ITS3

* First bent wafer-scale detector using MAPS

* Various sensor prototypes were developed for testing and
characterization of the improved technology

15 pm
NWELL COLLECTION
NMOS PMOS
— — ELECTRODE S —
[ i 0 J IL_JI [ I O J
PWELL J NWELL L [ PWELL l NWELL
DEEP PWELL DEEP PWELL
' LOW DOSE N-TYPE IMPLANT |
= | e acioacaonaiis e s i
=| | E E
= s
K g
Of |+ -

P= EPITAXIAL LAYER

Digital pixel test structures implemented in a 65 nm CMOS process
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http://cds.cern.ch/record/2845385/files/Publication.pdf

BabyMOSS

e MOnolithic Stitched Sensor

 BabyMOSS is one RSU BabyMOSS

(Repeating Sensor Unit) with
0.67 megapixels

=
=T
Y=
—o—
—
——
—

"y

QL

\[

‘l

* Pixel matrix consists of

Sy

8 regions
* Top half: 256x256 22.5 pm
* Bottom half: 320x320 18 um
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he

Test Beam
Measurements

* Performed Tol measurements

with 10 GeV/c pion beam at PS \ e
. 1.0 s
with 5 BabyMOSS gy i)
—— 2.5 W21D4
* The landau energy loss - i
distribution can be observed 4 DAC.
3 Iaias = 62 DAC
« MPV within the expected . DA
energy range g Ve A
. . . g 55H|FT==&§\3/2 DAC
* Different sensors behave similarly 2 04 HU = T8 Region1
and consistently
0.2 A1
0.0
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Geant4 Simulations

1 layer comparison: Test beam - Geant4

* Use Geant4 to assess impact of 10
multiple silicon layers on PID & particle

0.8 1

separation power

0.6

* Extract the energy deposition from
Geant and sample in '4 s’

Normalized Counts

* Use BabyMOSS measurements to estimate
Tol-to-energy conversion

0.2 1

* Set athreshold of approximately 200

[ 1 Testbeam data
Geant4

0.0

electrons (setting used in test beam)
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DPTS In-pixel Front-end

Amplification and reset

Discrimination

Discrimintor

output

1 i 1
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] 1 1 1
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X ' output :
. : _/\p_ : E M10
/77 : | ! !
o w2 VCASN D—_ M7 ! . .
SUB ' ] : :
: ! ' :
' L[ ™3 IBIASN B—[_ M8 ! : :
E | : :
' . !
5 1 L : L
: = ¥ ' = '
' . C T
Digital pixel test structures implemented in nm I
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