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Outline - Status and plans in Trieste

Available systems and infrastructure

MLR1 — completed activities

ER1 — ongoing activities

ER1 & ER2 — planned activities
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Available systems and infrastructure

2 babyMOSS sensors
* babyMOSS W20E1-2-5 — only at V,, = OV
* babyMOSS W20E1-3-6 — fully operative

Multiple APTS and DPTS sensors:
 Bent and flat APTS
 Bent and flat DPTS

Radioactive sources:
« 2 Fe-55 X-ray sources (3.7 - 37 MBQ)
» Sr-90 B-source
« Am-241 a-source

Chiller Lauda L250 (4 - 80°C):
« Cooling jig for MLR1 chips
« Cooling jig for babyMOSS

.........
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Available systems and infrastructure

2 babyMOSS sensors 3
* babyMOSS W20E1-2-5 — only at V,, = OV
* babyMOSS W20E1-3-6 — fully operative

Multiple APTS and DPTS sensors:
e Bent and flat APTS
« Bent and flat DPTS

Radioactive sources: ‘ B T .
2 Fe-55 X-ray sources (3.7 - 37 MBQ) -—~kor baby Vi _ For APl(S-DPTS
» Sr-90 B-source ‘ 5
« Am-241 a-source

Chiller Lauda L250 (4 - 80°C): B Sy, ” o~ %‘i“\
« Cooling jig for MLR1 chips ' \
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« Cooling jig for babyMOSS | ';\\ ".(.L)
; 1,, e |
INE:!;I 27/03/2025 Trieste Status and Plans - giovanni.vecil@studenti.units.it 4 *E\E%mﬁ%jg}



MLR1 — completed activities E

« DPTS

- Parameter space exploration — full
characterisation

« Energy scan with fluorescence X-rays
up to 28.5 keV?

* Noise contribution study?
» Split 4 vs split 2 charge collection
comparison
« APTS

» Charge collection comparison in bent vs
flat geometrys3

References:

lhttps://indico.cern.ch/event/1403670/contributions/5900963/attachments/2833458/4951048/DPTS Fake-Hit Rate study.pdf
*  Z2https://indico.cern.ch/event/1332379/contributions/5608697/attachments/2725960/4737746/WP3 03102023 DPTS XRF measurements.pdf
e 3https://cds.cern.ch/record/2890181 /files/ALICE-TDR-021.pdf
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https://indico.cern.ch/event/1403670/contributions/5900963/attachments/2833458/4951048/DPTS_Fake-Hit_Rate_study.pdf
https://indico.cern.ch/event/1332379/contributions/5608697/attachments/2725960/4737746/WP3_03102023_DPTS_XRF_measurements.pdf
https://cds.cern.ch/record/2890181/files/ALICE-TDR-021.pdf

MLR1 — completed activities E

* DPTS " ALICE ITS3 preliminary DETSOWLB45
. 10 Ar-K 505N X-ray fluorescence measurements Non-irradiated
- Parameter space exploration — full Skas /S P on 2 0ct 2023 T
characterisation PR Y Y.\ 200
« Energy scan with fluorescence X-rays gl = 2 Sy
Up tO 285 kevl - \ ;n-Ka \T/fea”r:t:i/;ur::”l'zv
« Noise contribution study? g U
« Split 4 vs split 2 charge collection -
Comparlson 8000 28.8
. APTS
» Charge collection comparison in bent vs Bus i
flat geometrys3 2 5
2000 7.2
0 0.0
References:
e lhttps://indico.cern.ch/event/1403670/contributions/5900963/attachments/2833458/4951048/DPTS Fake-Hit Rate study.pdf
*  Zhttps://indico.cern.ch/event/1332379/contributions/5608697/attachments/2725960/4737746/WP3 03102023 DPTS XRF measurements.pdf
e 3https://cds.cern.ch/record/2890181 /files/ALICE-TDR-021.pdf
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MLR1 — completed activities

ALICE

« DPTS
- Parameter space exploration — full FHR vs threshold
characterisation bersowazass
. 10° 1 chip: 55
« Energy scan with fluorescence X-rays . R
up to 28.5 keVt o | om0
 Noise contribution study? N

V_ asp = variable

-9 |
10 Vowell = Ve = —1.2V

» Split 4 vs split 2 charge collection

Noise occupancy (hits s=! pixel™!)

comparison o \ Model computed
10-15 - for 1.1p,, 1.10,

e APTS 0.9y, 1.1c,

- - - 10_18 1
« Charge collection comparison in bent vs o 10% param.

ﬂat geOmetI’y3 | ~ - E:s (rjna;:e\ Model computed
60 80 100 120 140 \ for 0.9y, 0.90,

Threshold (e7) 1.1p, 0.9 0,

References:

e lhttps://indico.cern.ch/event/1403670/contributions/5900963/attachments/2833458/4951048/DPTS Fake-Hit Rate study.pdf
*  Z2https://indico.cern.ch/event/1332379/contributions/5608697/attachments/2725960/4737746/WP3 03102023 DPTS XRF measurements.pdf
e 3https://cds.cern.ch/record/2890181 /files/ALICE-TDR-021.pdf
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https://indico.cern.ch/event/1403670/contributions/5900963/attachments/2833458/4951048/DPTS_Fake-Hit_Rate_study.pdf
https://indico.cern.ch/event/1332379/contributions/5608697/attachments/2725960/4737746/WP3_03102023_DPTS_XRF_measurements.pdf
https://cds.cern.ch/record/2890181/files/ALICE-TDR-021.pdf

MLR1 — completed activities

ALICE

« DPTS
« Parameter space exploration — full

characterisation e ALICE ITS3 WiP
* Energy scan with fluorescence X-rays P o 150 2024
up tO 28.5 kevl = 01509 ﬁlm 155'|.||-'| l:l IFLAT] AF15F_W1583 -
- . - 255 geotes win g = o)
* Noise contribution study? S os; Vo= Vo= =429 =3 iows-epoel s s
« Split 4 vs split 2 charge collection 2 o100 =050
comparison I = 20008
i APTS ED.DSD |
» Charge collection comparison in bent vs | o]
0,000 r T T T - T = - -
0 I 0 30 a0 50 a0 70 BO
Sead pieel signal ()

References:

e lhttps://indico.cern.ch/event/1403670/contributions/5900963/attachments/2833458/4951048/DPTS Fake-Hit Rate study.pdf
*  Z2https://indico.cern.ch/event/1332379/contributions/5608697/attachments/2725960/4737746/WP3 03102023 DPTS XRF measurements.pdf
e 3https://cds.cern.ch/record/2890181 /files/ALICE-TDR-021.pdf
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ER1 — ongoing activities

ALICE

- babyMOSS

« Parameter space exploration

« Sensor performance @ low
IRESET

 Energy response with Fe-55

« Standard ToT method

» Calibrated spectrum

» Total cluster charge reconstruction
e Stuck readout ToT method

» 1-pixel cluster spectrum

« WIP: development of calibration
procedure

* Development of total cluster
charge reconstruction

........
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ER1 — ongoing activities E

- babyMOSS

. ToT Distribution Reconstructed Clusters- CALIBRATED | SourceTotAnalysis
« Parameter space exploration le6
1.41 [ ] g ?12.14:7151?52:;774 (79.14%) | SOurce:
 Sensor performance @ low _ T o e 07709 2083 | Shagers: 7.50E 406
IRESET 1?1 4pstime resolution! et 2074 0015
] — || | == s5-pixel: 0 (0.0%) *;;—Lﬁ;;gg
. G104 — L | [ 6-Pixel: 1 (0.0%) wafer:
 Energy response with Fe-55 5 i e o
d ] position:
< 0.8 L lreset =2, 10, 10, 10] DAC
« Standard ToT method < u Juos =62 DAC.
— 1 I4p = 50 DAC
» Calibrated spectrum 3 %] 2-pixel clusters - Vi 270, 25.25,251 DAC
 Total cluster charge reconstruction 5 0.41
™A
« Stuck readout ToT method 0.2 Wip
» 1-pixel cluster spectrum 0.0 = : | : . ) .
) ] 0 50 IOQ 1.50 2QO 250 300
« WIP: development of calibration signal amplitude [DAC units]
procedure
* Development of total cluster
charge reconstruction
oy
)
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ER1 — ongoing activities E

- babyMOSS

° Parameter Space exp|orati0n Fiieed calibrated spectrum - No Threshold Calibration | SourceTotAnalysisStuck
* Sensor performance @ low . K= Slpha (bACI = 1165 | Source: Fe =55
1.2 ~0.4 MS time Trigger's: 2.00E+08
IRESET - G
_ S 10, resolution! b AT = e
« Energy response with Fe-55 g — G oA s |t
5 | - Posiion:
e Standard ToT method g o) (DAC = a1 ip;::ft:é?-zl,i’g;“"“” DAC
) = [ Entries = 121672383 feiasn ;Olggg*\c
« Calibrated spectrum = Vi = 104 DAC
. 0:) Veaso =[70, 25, 25, 25] DAC
» Total cluster charge reconstruction g
« Stuck readout ToT method | / WIP
« 1-pixel cluster spectrum ‘
« WIP: development of calibration 0 50 100 150 ToTIro. cues) 0 B0 00 490
procedure
* Development of total cluster
charge reconstruction
oo
i )
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ER1 — ongoing activities E

- babyMOSS

° Parameter Space exp'ora‘[ion TOT Distribution Reconstructed Clusters - Fully Calibrated | SourceTotAnalysisStuck
le7
* Sensor performance @ low 12~ 0.4 ps time I £ 1ol 16618020 Ga.5%) | SOUICE: Fe =58
IRESET ’ ' . C 2-Pixel: 21425054 (11.41%) T,igger;: 4.00E+08
., resolution! | Sl
* Energy response with Fe-55 E habyMOSS3 -6~ W20EL
31 Wa_fe.r: W20E1
o 0.8 Sgrslféioﬁn:
« Standard ToT method k =53 onc
. - <06 ] Vi = 104 DAC
Calibrated spectrum 3 2-pixel clusters |=-mo.sszmonc
- Total cluster charge reconstruction 2 0.4
« Stuck readout ToT method 02 WiP
» 1-pixel cluster spectrum . ;[HHWWW Il il

- WIP: development of calibration O e ades M0

procedure

« Development of total cluster
charge reconstruction

o
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ER1 — ongoing activities

ALICE

* babyMOSS

* Energy response with Sr-90

e Stuck readout ToT with external
trigger

» WIP: exploring Stuck ToT method
performance with large clusters

 ToT measurement implementation
in EUDAQ
« Tesbeam data analysis

« Tracking resolution @ varying
cluster size

« Efficiency uniformity

. . - N / f’?‘ﬁ?“\%‘i
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ER1 — ongoing activities

ALICE

- babyMOSS

* Energy response with Sr-90

» Stuck readout ToT with external
trigger

» WIP: exploring Stuck ToT method
performance with large clusters

 ToT measurement implementation
in EUDAQ

« Tesbeam data analysis

« Tracking resolution @ varying
cluster size

/

\/ Applicable to testbeam?

« Efficiency uniformity

........

~ TRIESTE
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ER1 — ongoing activities ALTCE

- babyMOSS

* Energy response with Sr-90

e Stuck readout ToT with external
trigger

« WIP: exploring Stuck ToT method _, | T ///
performance with large clusters ‘ Applicable to testbeam?
 ToT measurement implementation — 0

iIn EUDAQ

Pixel Clusters | SourceTotAnalysisStuck

[ Cluster size abundance Source: Sr— 90
. 105 Region: TB&
« Tesbeam data analysis
: : : a T 5 waok1
aby| -5-
« Tracking resolution @ varying "
1 osition:
Cluster size g |aeu el e 1
§ 1024 88.45% 5086(}
. . . - 10.86% — ]
- Efficiency uniformity a7
101_ . 0
56 —' WIP
0.01% 20
100 2 3
0 7 |
1 2 3 4 & A 7 8
Cluster size [pixels]
........
e,
)
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ER1 & ER2 - planned activities

 babyMOSS
« Complete noise contribution study
« Continue energy response study (ToT + cluster size/shape)
« with Am-241
» with fluorescence X-rays up to 28.5 keV
« with highly-ionizing particles
« Bent chip performance

» babyMOSAIX

« Exploration of parameter space
« Extend noise contribution and energy response studies

e I[rradiated chips (APTS, babyMOSS, babyMOSAIX...)
« Qualification tests @ low temperature (-25 °C) for ALICE 3 Inner Tracker

ALICE



Future additional infrastructure

« Climate chamber (ESPEC SH-662)
* From -60 to 150°C, 400 x 400 x 400 mm
* Immediately available
« Adding nitrogen flushing system

* In-house irradiation facility
» Possibly X-ray tube, e gun
 Available from beginning 2026

27/03/2025 Trieste Status and Plans - giovanni.vecil@studenti.units.it
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Conclusions

« Currently in Trieste

» 1 PhD + 2 scholarships + bachelor vt ol

students £202 VHON' [ &8
¢ ON-A8VS o0 w

» 2X test systems, chiller, sources

 Plans: extend to ER2 the studies
started for MLR1/ER1

« Energy response, noise contributions,
bending effects

 Maintain similar effort level
 New climate chamber available
« Working on local irradiation facility

L.
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27/03/2025

Backup
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babyMOSS — Standard ToT vs Stuck ToT

ALICE
« Stuck readout ToT method « Standard ToT method
 Readout gets stuck on a single active pixel « Simultaneous readout of multiple pixels
y Trigger - Strobe= g Trigger;
I // ~ 400 ps r 7~F / %I Trigger every
I [ ~4ps
testout Readout window (testout accepted) Strobe X

f

Pixel discriminator output

TR T

. [

| Ny Pixel discriminator output

7 S

n [
: l Readout (on testout) | Command latency [ Readout of full matrix

HH - 8 0

[t 2 B
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babyMOSS - VPULSEH-ToT calibration E

« Standard method for Pulse Length Scan « Pulse Length Scan with Stuck ToT method
*  Not working at IRESET < 10

VPULSEH vs ToT calibration | PulseLengthCollectionAnalysis

Region: TBO
Pulse injections: 25 =
Sltjrts)ke)eméz(l:a;)?asnge: 0-2990 120 | Individual ToT measurements
Strobe delay step: 10
Pulse length: 5000
40
100 1
ALICE ITS3 m
babyMOSS =
Wafer: W20E1 2 801
Strip: 6 e}
304 Position: 3 ©
o Ireset = [2, 10, 10, 10] DAC g:)
2 Tpias = 62 DAC 60 -
= Ipjasn = 100 DAC -
o Iap =50 DAC o
= Veasn = 104 DA o
Veass = [70, 25,25, 25] DAC 9 40+
20 3
|—
20 A
e
10 0
_20 4
30 40 50 60 70 80 90 100 0 >0 lO%PULSEH 0 Acl >0 200 20
PULSEH [DAC units] ( )
O
Pt
(i)
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babyMOSS — Clusters with Fe-55 source N

» Effect of calibration on cluster charge reconstruction

ToT Distribution Reconstructed Clusters- UNCALIBRATED | SourceTotAnalysis ToT Distribution Reconstructed Clusters- CALIBRATED | SourceTotAnalysis
14 leb leb
— 1 All: 13533291 R 1.4 — [ All: 14775661 )
- 1 1-Pixel: 10670865 (78.84%) gﬁf’rTC:bFe 55 ] 1 1-Pixel: 11694774 (79.14%) gﬁ“rTcso
1.2 | 1 2-Pixel: 2861800 (21.14%) | triggers: 7.50E+06 [ 2-Pixel: 3077709 (20.83%) | triggers: 7.50E+06
— 1 3-Pixel: 538 (0.0%) 1.2 ] T 3-Pixel: 2103 (0.01%)
. [ 4-Pixel: 88 (0.0%) . [ 4-Pixel: 1074 (0.01%)
2 1.0 [ 5-Pixel: 0 (0.0%) ALICE ITS3 g | 1 5-Pixel: 0 (0.0%) ALICE ITS3
= +4. M babyMOSS S 1.0 o — 1 6-Pixel: 1 (0.0%) babyMOSS
L 1 - wafer: W20E1 YL H : : wafer: W20E1
6] L strip: 6 6] [ strip: 6
: position: 3 : ] position: 3
© 0.8 Jreset = 2,10, 10, 10] DAC 208 Jreset = [2, 10, 10, 10] DAC
o — Ipias = 62 DAC © : — | Ipias = 62 DAC
ot Ipjasn = 100 DAC ~ Iojasn = 100 DAC
~ 0.6 Iap =50 DAC — 1 Igp =50 DAC
-~ Y- \: Veasn = 104 DAC ~ 0.61 1 Vcasn = 104 DAC
@ - N Vias = [70, 25, 25, 25] DAC 8 — Vessn = [70, 25,25, 25] DAC
504 5
5 Y =g 5 0.4 | ]
0.2 0.2 ]
0.0 i : . . LA . : 0.0 . : : . ] .
0 20 40 60 \RQ_AO 120 140 0 50 100 150 \_ZQD/ 250 300
ToT [r.0. cycles] signal amplitude [DAC units]
oy
5 -3
s *‘:‘.3:%:\
ek
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Entries / (1.1 r.0. cycle)

babyMOSS — Clusters with Fe-55 source

* WIP: clusters charge reconstruction for large clusters

Cluster shapes

TOT Distribution Reconstructed Clusters - Fully Calibrated | SourceTotAnalysisStuck

44580144 (79.08%)
3

5802888 (10.29%)
3

5777093 (10.25%)

168742 (0.3%)

15953 (0.03%)

N

ALICE

7] -
10 All: 187811204 s . Fe— 55
. 1-Pixel: 166218920 (88.5%) RZ;ir;ﬁi TBO 5] 5 2 5
1 3-Pixel: 167216 (0.09%) 19 1 19 1
4-Pixel: 14 (0.0%)
105 T :LICEN:T53 W20E1 o _ﬂ 1 2 3 ’ o 1 2 3 o 1 2 ¢ _0 1 2 3 ’ 1 2 3
M aby 0SS3 -6 — of Calumn Column Column Column Column
Wafer: W20E1 15708 (0.03%) 3647 (0.01%) 1981 (0.0%) 1820 (0.0%) 1708 {0.0%)
104 Strip: 6 3+ 3 3 3
Position: 3
Ihias = 62 DAC 24 2 2 2
- 3 I o H :H BN
1031 lg = 50 DAC < =] . = =
Veasn = 104 DAC
Veas =[70, 25, 25,25] DAC ol ol o .
102 - 0 1 2 3 il 1 2 3 o 1 2 ] 1 2 3 1 2 3
n 5 Calumn Column Column Column Calumn
|l L 1701(0.0%) L 427(0.0%) 259 (0.0%) | 231(0.0%) 217 (0.0%)
10 it
24 21 24 2
3 = = = =
2 . E . K 2 . 2 .
100.
0 0= 0 - 0= 0
T T T T T T 1] 1 2 3 ] 1 2 3 1] 1 2 1] 1 2 3 1 2 3
0 20 40 60 80 100 120 140 160 Column Column Column Column Column
ToT [r.0. cycles]
1040...,
asoSF
A,
e
. . . . . . . H-H iled
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