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Introduction - ALICE experiment

« Run 2 of LHC completed in 2018 with Pb-Pb collisions at Vs = 5.02 TeV O ,p

« Long-shutdown 2 started in 2018 to allow detector & computing system upgrades 'O,OO(’/)
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(Installed in May 2021)
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ALPIDE chip - the detector core

— Al ice Pixel DEtector

/ 1024 pixel columns ALPIDE chip bonded on its carrier board
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Key numbers

« Towerdazz 0.18 um CMOS imaging process - a Monolithic Active Pixel Resistivity 1+ 6 kQcem
Sensor (MAPS) Epitaxial layer 25 um
- High resistivity p-type epitaxial layer on p-type substrate thickness
- Small n-well diode — small capacitance ~fF ’(;‘i'(‘]"’;ig?de 2Hm
- In-matrix sparsification using priority encoder E— <47 mW/em
- Pixel signal amplified and digitized at a pixel level consumption
- Low power consumption Pixel size 27x29 um?
- Pixel data sent towards periphery to the Data Transmission Unit (Serializer Spatial 5x5 pm?
+ PLL + LVDS driver) resolution (re,xz)
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Introduction - The Upgraded Tracker (ITS2) £

— 10 m2of monolithic active pixel sensors (12.5 GPixels)

Inner Barrel (IB)

3 layers (LO - L2)
48 Staves made of ? ALPIDE chips each
Material budget: 0.36% X,

Readout at 1200 Mb/s per chip

Inner Barrel
Outer Barrel

@ 80 cm

A
Inner Tracking System (ITS) 4
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Introduction - The Upgraded Tracker (ITS2) £

— 10 m2of monolithic active pixel sensors (12.5 GPixels)

Inner Barrel (IB)

3 layers (LO - L2)
48 Staves made of ? ALPIDE chips each
Material budget: 0.36% X,

Readout at 1200 Mb/s per chip

OQuter Barrel (OB)

« 4 layers-2 Middle + 2 Outer Layers (L3 — L)

« ML(OL): 54(90) Staves with 112(196) ALPIDE chips
each

« Material budget: ~1.1% X|
« Readout of 7 chips with single link at 400 Mb/s

.

@ 80 cm

Inner Tracking System (ITS) 5
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Introduction - The Upgraded Tracker (ITS2)

— 10 m2of monolithic active pixel sensors (12.5 GPixels)

Inner Barrel (IB)

e 3layers (LO—L2)
« 48 Staves made of 9 ALP

. Materia

The largest MAPS-based
detector ever built in HEP
experiments

« 4 layers -2 Middle + 2 Outer Layers (L3 — L&)

« ML(OL): 54(90) Staves with 112(196) ALPIDE chips
each

- Material budget: ~1.1% X,
« Readout of 7 chips with single link at 400 Mb/s

Inner Tracking System (ITS)
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Expected improvements with [TS2

Pointing resolution (r¢ & z) Tracking efficiency
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« Improved impact parameter resolution: factor ~5 (2), factor ~3 (r¢g) ot p; = 500 MeV/c¢
« Improved standalone tracking efficiency: 60% — 90% at p; = 200 MeV/c
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Data readout architecture and quality control (QC) €&

— a simplified view ALICE

ITS2-specific reQdout e

~22 GB/s (pp 500 kHz)
— ~35 GB/s (Pb-Pb 50 kHz)

Row

Sub-Time Frames
(no compression)

ﬁ V g
> =
L)
£ T .
EPN [
> &:777-7
“I“I““"ullunlu . “p

Online QC taosks: hit _ ’
13x FLPs occupancy, front-end .

diagnostics

Compressed

s Event Time Frames

ROW = Processing on Disk Buffer
data |4 Nodes |
AN 18020 50 1) ‘ . Online QC tasks: Track, | ALICE-wide readout and
Cluster and decoding error data reconstruction

« 13 ITS First Level Processors (FLPs)
- Online data quality control tasks: hit occupancy and front-end electronics diagnostics.
« 350 Event Processing Nodes (total EPNs from ALICE farm)
- Online quality control tasks: reconstructed ITS2 tracks, clusters and decoding errors.
« Synchronous reconstruction, calibration and data compression (— GPUs)
« Asynchronous stage: reconstruction with final calibration — final Analysis Object Data (AOD) 8
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User Interface developed in WinCC - detector
logic implemented in a Finite State Machine

« Detector operation, monitoring and \e(OYChy
archiving of detector data. O(f’

« Deal with ~110000 data points (ITS only) ¥
— typical monitoring frequency of 1 Hz. $

ITS DCS Ul

« Built as a hierarchical system (partitioned
with system of locks) — ITS occupies a big
slice in the ALICE hierarchy TRO_HV

« An independent safety system interlocks
power channels based on stave
temperatures and cooling status

TRD_FED
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Run 3 overview

« Started on 2022, July Sth with first pp collisions at
V's =13.6 TeV (stable beams)

 Integrated luminosity so far (pp collisions): ~28 pb-
* Integrated luminosity Oct/2023 Pb-Pb: ~1.5 nb-
« |TS fully operational
- 04% of total pixels excluded = dead and noisy
« ALICE & ITS2 numbers in data taking

- Nominal ITS framing rate: 202 kHz (op) - 67 kHz (Po-Pb)

- ALICE stondard luminosity: 500 kHz (op) - 47 kHz (Pb-Pb)
— Instantaneous luminosity: ~10% (op) - 1027 (Pb-Pb) cm-2s-

- ITS2 successfully tested up to 4 MHz interaction rate in pp (~ 50
GB/s data rate).

- Loss of acceptance during runs auto-recovered by DCS

- Very sporadic data corruption events not affecting overall
performance

« At every beam dump: fast ITS threshold scan on 2% of the
pixels to evaluate the quality of the detector calibration

Wbzt ]

Pb-Pb collisions
were the main
event this year!

- We are now in Technical Stop till March 2024 -
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Performance results in Run 3

— [TS2 full calibration (1)

« Main ITS calibration parameters: How do we tune the thresholds?
- Masking of noisy pixels S
- Tuning of in-pixel discriminating thresholds Tune of ALPIDE VCASN 1/9 of EPN farm: ~10 mins ™
5 v vol registers of every chip ~ DCS &ECS: config & . A
- Power supply voltage (coarse tuning) to get 100 e start/end of run
- On-chip temperatures ‘ - u
« Threshold calibration of 24120 chips is S m ~39
challenging: Tune of ALPIDE ITHR 1/9 of EPN farm: - 10 mins -~ m 11N
- : ; registers of every chip (fine ~ DCS & ECS: config &
= Online calibration workflow runs on ~1/9 of the tu%/n Ty 10(\)’ o P tert/end of run " G
EPN farm with parallel processing 9/te9 o s ¢
- Pulsing of ~1% of the pixels: ~252Ghits ‘ . Na
- Thresholds: tuned to 100e- RS
. Prepare detector , " 0
(in-layer RMS < 5-6 &) configuration in ORACLE WinCC panel . o §
« When Lo
|
- Threshold & Noise re-calibration: <1 /year o of EPN fapm - 10 E »
- Fast threshold scan (for verification): 1 /day ffsfngczslgoégsgon - D/Cé)& ECS:%I;)T{frg &mms i TS
- Full threshold scan (100% pixels): 1 /year start/end of run
1
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Performance results in Run 3

— [TS2 full calibration (2)

ITS2, Threshold tuned to 100 e~ :
102 + ,..‘.o\o“"‘*‘~-’

« Main ITS calibration parameters: o o] AT TEOmAn o e »
1, 100 - A& Lot s S | e R A eV
. . . R 2 #«'0 "'. o,'sv“’ e ..:."c'tg'-:: 1 ¥ N H 3
- Masking of noisy pixels R N i T e s o oo [T N
) . . * ¢ 4 :
- Tuning of in-pixel discriminating thresholds 7 B : he)
hut —4— L2
- Power supply voltage ﬁ 2
- On-chip temperatures S oo
. . . . v —— = 1) \ R '
« Threshold calibration of 24120 chips is g7 . f I\ W:;/ M*{f:"*u
challenging: g = e 4
< g3{ ¢+ L5 ‘.%

L6

- Online calibration workflow runs on ~1/9 of the
EPN farm with parallel processing

- Pulsing of ~1% of the pixels: ~252Ghits

o
-

[
o

B
o

Del. Lumi. (1/pb)

Q
2483711 Pb-Pb
g period
48.370 A
48.369 A

- Thresholds: tuned to 100e- E
(in-layer RMS < 5-6 € 3 3 .
34 ? T ‘ | 2023-10-15 |
» When o o © o R 2 A0 A
2P 27 2 7 7 7 27 27

- Threshold & Noise re-calibration: <1 /year
- Fast threshold scan (for verification): 1 /day
- Full threshold scan (100% pixels): 1/year

Thresholds are observed to be stable during 2023
operations without re-tuning

Fluctuations of 2-3 e- due to optimizations of the voltage
to chips: radiation effects under study 12
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Performance results in Run 3

— [TS2 full calibration (3)

Percentage of noisy pixels per stave in ITS2 - Gosmic run 543014 - ITS2 framing 67 kHz - Recorded readout frames (ROF): 27.5 x 10° - Stave average thresholds: 100 &

O A RS T VI3, T, T, 00 0 G O S TN B AT R A
3x10™ —"Inner Barrel

o T [hnengan ROF:::::::E:::::::Qut?f R s ) O S ) e 7|+ Noise calibration: 1/9 of the EPN farm needed (10-30 mins
£ 2310 pixelswith = 107 hits/ ! PIXSISwili=>10 it ALICE Performance depending on ITS2 framing rate)
g sich | + Noisy pixel definition:
- IB: occupancy > 102 hits/event
3108 e : & - OB: occupancy > 10+ hits/event
2x107 . ‘ « Percentage of noisy pixels masked per stave is extremely small:
~0.02-0.05 %o

351074 5 i R S I T TR SR i Pb-Pb noise
2| 4 1 12 14 160 180
0 0 0 60 80 00 0 0 vl mOSkS
T

ol 107° ' ' ' f I ) { : ' ' . I IALICE.::;rforma'nce

B g6 D e |_”SE.°"‘°““* * Layer0
Fake-hit rate trend during cosmic runs (tuned g 10 . e e he BN ST

. = Layer 1
thresholds + noise masks) = 107 | A k | e L
Stable and <10+ hits/event/pixel (design £ 100k T 4 + Y|t ¥ 2 % LU A | et
requirement) by masking only ~0.03%o. of the ° Ie: S S t '[ s I o B ey
5 = S — -“ o o °

pixels = Shhonr?elgf Different noise masks | . ‘ % Layers

= 107° | resnoies | petween 1B and OB [

5 101 Noise mask #1 L — upda1e ‘ New noise masks ° Layer6

[T 1

#7200, 832022 6202 7. 8202? '8.9.205, 32023 "32023 832023 “3202 . 2023 57202 52093 ‘92023 s, 6‘202 ?382023 “82023 258200,

2022 .+ - 03/2023 -~ 08/2023
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Performance results in Run 3

— [TS2 full calibration (4)

« The calibration framework allows us to
monitor the optimal range of VRESETD

ALPIDE reqister

- Influence on leakage current and
reset voltage of the pixel charge

collecting node

350

Threshold (&)

300

250

- Influence of radiation visible on the 0

discriminating thresholds when

outside operational range: clear
radial trend based on the "

accumuloted dose

« Operating point: 147 DAC Units — 100

electrons

0711.2023

Threshold increase outside
optimal rangel

-+ Layer 0
@ Layer |
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-+ Layer 3
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<+ Layer 5
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Operating
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VRESETD (DAC)
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« Physics performance results

- Comparison of pp vs Pb-Pb results — very first look into Pb-
Pb after 1week from the end of the data taking
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Preliminary performance results in Run 3

— Cluster size and simulation in pp collisions

Cluster size averaged for half barrels - Simulation with Pythia 8 + Geant 3

- Simulated noise: 2x10-¢ hits/event/pix (IB), 3x10¢ hits/event/pix (OB)

Between 3 and 8 pixels depending on n
RMS ranging on the same interval
Observed to be stable over time

- Good agreement with data considering approximations:

» Average noise per barrel and not per stave/chip.
» Limited statistics in MC: ~20k events.

- Independent of the interaction rate % (T {[=ny ey fu iy =
P © 6.5 LHCRun3-pp Vs=13.6 TeV 3 o Layer0
Layer 6 8 ) E_i 65_ ITS2, framing rate: 202 kHz E
Layer 5 7.3 9&’ et E R R I T - Layer 1
Layer 4 6.6 E‘)’ GNJ 5.5 E_ P " - @g Layer®
Layer 3 . (D 5 ;@ IE 5 2 -
Layer 2 B ALICE Performance N 59 % M E o \@%‘ Lgif
- ITS2, LHC Run 3- pp 15 = 13.6 TeV - % Q9 4 5k 1 @ = Layer 3
Layer 1 B Run 526510 (B = 0.5 T, 6.5 x 10° pp mteractlons) 52 3 73] E. . o L) =
Layer 0 Framing rate: 202 kHz $ E 4 E@ $ — - ﬂ — ‘E 1 )
------------ > O E i - - I " E ayer
Layer 0 g 3 ! 5 E -
() E 5
I'::;’:: 21 < % 3 ;— e data _; Layer 5
b = E
Layer 3 g) 2.5F ALICE performance = Pyth|a8 +Geant3 3 + Layer6
Layer 4 < 2:||I | | A O (Rl | i i ]
Layers 10 102 103
Layer 6

Cluster size in pp (piX) Cluster size vs IRin pp  gm
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Preliminary performance results in Run 3

— Cluster size and simulation in pp collisions vs Pb-Pb

« Cluster size averaged for half barrels

- Between 3 and 8 pixels depending on n Pb-Pb cluster size evolution with the detector
- RMS ranging on the same interval geometry is comparable to pp: study of

~ Observed to be stable over time contributions from background in Pb-Pb

~ ongoing

Independent of the interaction rate

©
[ee]

Layer 6 »  layers )
[5] ]
Layer 5 7.3 X Layer 5 X
= L 4 Q
Layer 4 oy ayer ol
v 66 @ Q
Layer 3 ‘D Layer 3 B
Layer 2 ALICE Performance 5.9 E Layer 2 ALICE Performance E
— ITS2, LHC Run 3 - pp Vs = 13.6 TeV — @ = ITS2, LHC Run 3 - Pb-Pb |5, = 5.36 TeV - k7]
Layer 1 Run 526510 (B = 0.5 T, 6.5 x 10° pp interactions) =] Layer 1 Run 544490 (B = 0.5 T, 72.0 X10° INEL events) =3
= Framing rate: 202 kHz — [$) — o
Layer 0 Top Avg. interaction rate: 1 MHz ) Layer 0 Top )
— = = = = = = = = = = — — - e - - - - - - - - = = = c) e I R R e R R E R R c’)
Layer 0 Bottom @ Layer 0 Bottom g
Layert | S e[ g
ayer ayer
L < — <
Layer 2 Layer 2
Y/ | 3.1 v | 3.1
Layer 3 Layer 3
Layer 4 24 Layer 4

Layer 5 Layer 5

1.7

Layer 6 Layer 6

q
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Preliminary performance results in Run 3

— Cluster occupancy and simulation in pp collisions

» Cluster occupancy per readout frame (ROF) and per chip « Simulation with Pythia 8 + Geant 3
- Between 0.1 and 10 clusters/ROF/chip @ 500 kHz (202 kHz - Simulated noise: 2x10-8 hits/event/pix (IB), 3x10-% hits/event/pix (OB)
froming rate) - Good agreement with data considering approximations:
- Observed to be stable over time (at the some IR) + Average noise per barrel and not per stave/chip.

Layer 6 10 = 103.I ; — ZE
A a = F LHC Run3-pp Vs = 13.6 TeV =] o Layer0
ayer e F 77
f S XS, [ ITS2, framing rate: 202 kHz o]
i E LL Layer 1
1 .
Layer 3 @) O E =
o o & = 2
kil D ITS2-LHC Run 3 - pp Vs = 13.6 TeV It 1 = T I 1 « Layer2
Layer 1 Run 526532 (572.0 x10° pp interactions) " % s L il
[— Framing rate: 202 kHz - il ~ _1 |2 ® | La er 3
Layer O Top Avg. interaction rate: 493 kHz 5 3 1 0 § = ’§ ° y
e o ' - <f— ‘ % 8 Fe) 1@ =
- = Q o = 1 e Layer4
Layer 1 8 o = |
- — 4 O 2 —|
Layer 2 10™ S % 10 3 B J e Layer5
Layer 3 % 3 :E — data 3
Layor 4 % O - ALICE performance — Pythia8 + Geant3 - « Layer6
Layer 5 g-’ o‘.’ 1 0—3 | L L R I T | > L L Tl N A .
Layers g E 10 10 10
102

-60 40 -20 0 20 40 60 Interaction Rate (kHz)

z (cm)

Cluster occupancy in pp Cluster occ. vs IR -
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Preliminary performance results in Run 3

— Cluster occupancy and simulation in pp collisions

» Cluster occupancy per readout frame (ROF) and per chip

- Between 0.1 and 10 clusters/ROF /chip @ 500 kHz (202 kHz Between 03 Ond ‘IOO

froming rate)

- Qbserved to be stable over time (at the some IR) ClUSterS/ROF/Chip @47 kHZ Pb-Pb
- Dependent on the interaction rate (67 kHZ frgming ere)

10

Layer 6 Layer 6 .
a =

Layer 5 = Layer 5 -(C:

(&]

Layer 4 — lLayer4 ~
| w L

Layer 3 () Layer 3 O
= o o

Layer 2 B Layer 2 ALICE Performance el
- IT52,7LHC Run 3= pp ‘f = 136TeV — =R = ITS2, LHC Run 3 - Pb-Pb {5 = 5.36 TeV »

Layer 1 Run 526532 (572.0 x10° pp interactions) > Layer 1 Run 544490 (B = 0.5 T, 72.0 x10° INEL events) o
— Framing rate: 202 kHz - = P @S Framing rate: 67 kHz S ==

Layer 0 L _-COE ______ ' Avg. interaction rate: 493 kHz ‘ __________ K 5 Layer 0 o) (2 8l :x Avg. Interaction rate: 47 kHz 5
Layer 0 Bottom S Layero S
K i s s

Layer 1 [ il 8 Layer 1 8
Layer 2 10" & Layer2 o
| = i L

Layer 3 QO Layer3 o
[ = 17 %]

Layer 4 S Layer4 =
(8] o
Layer 5 o) Layer 5 o)
> >

Layer 6 <C Layer6 ! <

102 107
-60 —40 —20 0 20 40 60 -60 -40 —20 0 20 40 60
z (cm) z (cm)

Cluster occupancy in pp Cluster occupancy in Pb-P
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Preliminary performance results in Run 3

— Detector alignment and reconstructed tracks

LHC Run 3 - Run 537397
pp Vs = 13.6 TeV

seed-vertices

 ITS tracking: excellent performance with
current detector alignment in both pp and Pb-
Pb

- Cellular automaton algorithm
- Online tracking for quick QA of the data

ITS2-standalone
A <25

X Ny e
IT€2-only track
with x2/ N_ <2

- Angular distribution of tracks of good quality — p p
good detector acceptance with high quality tracks
« Online physics performance from QC through , L —
A and Koginvariant mass peaks g eyl 2 ¢ ey
F KS Online QC, ITS2 only 7 A Online QC, ITS2 only
Mass: 0.497 GeV/c? : 10°— Mass: 1.115 GeV/c? —
10° ;..'“w..‘. Width: 0.013 GeV/c? E E Width: 0.005 GeV/c? 3
102 CN = I +: * |
ITS2-0nly tracks #m'ymd 1wk R ITS2-only thCkS 4
B S e S oy ‘6'65‘"5_7 11;6‘ BT R R K - R K VR K TR KT R
e InvariantMass (GeV/c?) Invariant Mass (GeV/c?)
A, K° invariant mass peaks from online QC
in pp collisions 20
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Preliminary performance results in Run 3

— Detector alignment and reconstructed tracks

=
(=
a

5
« ITS tracking: excellent performance with ST - Fun s Z§
current detector alignment in both pp and Pb- S mszstencaone hos 3
Pb F 3 ITS-clusters 6 c
| B ITS2onlytracks =\ 78
- Cellular automaton algorithm of: with x? / N, < 2.5 §
- Online tracking for quick QA of the data 1; vl ¥
[ performan
- Angular distribution of tracks of good quality — = SR
good detector acceptance with high quality tracks =2 45 4 05 0 05 f .
« Online physics performance from QC through ¢ [ T i raamne | £ TR Tt et el
A and Ko invariant mass peoks S K2 i 0, T o St A O G0, T s
. s Mass: 0.493 GeV/c2 | 10°E Mass: 1.114 GeVi/c?
Peak widths ~15-20% lorger than U e S o T P P R SRS
ep (higher background : 2 g% 9 Qe - b
contribution — /dentical tracks ol SN / Pl W
cuts to pp, not optimized for - ITS2-only tracks I 3 ++ ITS2-only tracks 7
Pb_Pb) i —— Gaussian + linear fit | L ++ —— Gaussian + linear fit |
i s W In(\)/':fiant 0l\'/fass ?lGﬁZV/cg)‘7 L - . 1'I1;‘varia:: ?\/Ias; ?GgeV/c;)‘2
A, KO invariant mass peaks from online QC
in Pb-Pb collisions o1

0711.2023 Tracking and vertexing detectors 2023



Preliminary performance results in Run 3

— Detector alignment and reconstructed tracks

- ITS tracking: excellent performance with 5| EHCERIE
current detector alignment in bothppaond & [j;<o0s
- 5 10° LT Global tracks with at least 1
Pb-Pb ? . 1 - hitinInner Barrel (Run 3) or 1
- Cellular automaton algorithm 2 g hit in the innermost pixel
: . . £ . layer (Run 2)
- Online tracking for quick QA of the data Byl | il
- Angular distribution of tracks of good quality — § == _ n s
good detector acceptance E ¥ i S ) auus_ Peric r;gn(; .
H H Atleast 1 hitin ha-3 innermost ITS2 layer: "-:-. e S L P 5 S =
» Online physics performance from QC Alloss 1 Iinnarmos 1S iy 1 2 | mi<08 co
through A and Kog invariant mass peaks 10" 2 2l s g 1" et
. . , - ! 8 o ; '« Run3data
« Impact parameter resolution measured with @%fR'S‘npgovemem g e - Run 2 data
© %
Run 3 pp/Pb-Pb data — excellent performance N e
- About 2.0x improvement at p; = 500 MeV/c g S S
— Detector alignment, space charge corrections = e
and calibrations still continuously improving : —
107 1 10

x2.5 improvement P (GeV/c)

wrt Run 2 22
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Ongoing studies with ITS2 - Color runs

— Preliminary

« Special ITS-standalone run in pp

collisions with very low interaction
rate (900 Hz):

- Oversampling of ALPIDE analog signal
in Inner Barrel: 2.2 MHz trigger rate

« Objective: particle identification with

Data
validation
done by
looking at
cluster
evolution vs
time

- Measurement of the time-over- (542,489) [ mwe swmes y
threshold (541,489){ omme cmmmmen o s
. (540,489){ ems oo s cococe
- Time-over-threshold — Charge L | L
calibration availoble for all IB pixels B st anay|| GRS
(540,488) 1 €20 000 © 00 00 00 00 020 00000000 sssssssee
(542,487)1 omeme ome \
(5414871 e s Missing hits = chip busy

0 10 20 30 40 50 60
Time (us)
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Conclusions

« Run 3 started on July Sth 2022 The ITS2 Collaboration
- pp collisions at vV's=13.6 TeV, nominal interaction rate T - -
at 500 kHz. ~3N L,
- Pb-Pb collisions at vV sy = 5.36 TeV, interaction rate up to -
47 kHz - W
« Excellent performance of ITS2 in Run 3 f—

- [TS2 performance is within expectations: both in pp
and Pb-Pb collisions at top energy

« No need of recurrent detector calibration for CERN (Switzerland), CCNU (China), Re2 u Prahy (Czech Republic)

. Strasbourg (France), LIPI (Indonesia), Alessandria (ltaly), Bari (Italy),
StO ble Opel’otlons Cogliari (ltaly), Catania (Italy), LNF (ltaly), Messina (Italy), Padova (Italy),
Pavia (taly), Torino (ltaly), Trieste (Italy), Nikhef (The Netherlands), UoB/

BUC (Bergen, Norway), Oslo (Norway), COMSATS (Pakistan), Inha

° Detector CO ntrOl_ System Ond QUOhty ContrOl (Republic of Korea), Yonsei (Republic of Korea), PNU (Republic of Koreaq),
St. Petersburg (Russia), Kosice TU (Slovakia), Kosice Slovak Academy
system (Slovakia), SUT (Thailand), Kiev BITP (Ukraine), Liverpool (United
Kingdom), Daresbury (United Kingdom), Austin (United States), LBNL

. . (United states), ORNL (United States)
- Ready and constantly in use to monitor the detector

hardware and dota in Run 3

24

0711.2023 Tracking and vertexing detectors 2023




Conclusions %

ALICE

« Run 3 started on July Sth 2022 The ITS2 Collaboration

. . (Un?ted stotes) ORI?I/_ (United Stogtes) ’
- Ready and constantly in use to monitor the detector

hardware and dota in Run 3
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Backup slides
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ITS2 - details on components

Inner Barrel Stave QOuter Barrel Stave

POWER BUS HALF

Flexible PCB - FPC

x_Outer Barrel FPC

9 sensors

Cold Plate

Space Frame

Z80cm
Inner Tracking System (ITS)
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Detector Control System (DCS) - a quick view

ALICE

CAEN, cooling, ..

0711.2023

Jbosed on stave temperatures and cooling status

8 o ) e s

CCCCC

Tracking and vertexing detectors 2023

Finite StOte \f rrrrrr =

: <tol Alarm screen:
MOChIne (FSM): “H > rrsocs =] Main view CTP Glock— (~ITSComms — ~Cooling FSM ~CAEN FSM— | llSt Of Olorms
detector status 3 e o LI _IL_]
aond operations = e &—e—&—=CAEN, Cooling
Click: stave  4— e« | |@Nd Monitoring
status (voltages, =i o software
currents statuses
temperatures, e \| |Detector
readout e g ™ [N\ configuration
electronics) Detector staves “|interoction |\ and selection of
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(Data) Quality Control (QC)

7 QC online tasks

(online monitoring on data subsets)

Fake-hit rate: monitoring of detector FHR and
noisy pixels

Noisy pixels: for detector noise calibration
Calibration: monitoring of pixel threshold and
dead pixels.

Cluster: monitoring cluster size, topology, etc.
Tracks: monitoring of track multiplicity, angular
track distribution, clusters, etc.

Front-end Electronics: chips in error, trigger
flags

Decoding errors: summary of decoding errors
per chip

.. and

o online post-processing tasks + offline post-

processing framework/macros — trending vs run

0711.2023

mm (IB 3x)

400

300

N
(=}
o

S
(=]
o

o

-100

-200

-300!

-400

General Occupancy

T

‘IHI,H

b
b

J|HI\‘]H]|HH \

=it e

L1
-300 -200

N
5K
ol

-100 0 400
mm (IB 3x)

10*

10°

o)

10°
10°
10-10
100

10'12

Example: detector average occupancy per stave in

pp Vs =136 TeV (500kHz IR, 202 kHz framing rate)

QA of data done on a daily basis
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On-surface commissioning overview - 2019/2020 @

« Commissioning of the full detector in the
laboratory before installation in the ALICE cavern

- Sept 2019 — Dec 2020
« Continuous data taking: cosmic + calibration runs
- 24/7 shifts + operations by detector experts

< 100F- :
>99.8F :
S996F o | o, : TR
'S 99.4F : N R : '
e FE @ b g z ; : :
i 28 TS2 Requi : § ; 5 AT A
99 F----7- e e FrecEdEEnd R eass aendons sz R
= M H . H : . H [ J
98.8F- : e | |
98.6 - [ —e— chip gaps masked L
98.4E-| o chip gaps included ' ' :
= 982

ALICE i i Half-layer
Cosmics in IB (1 week) Efficiency with cosmic tracks (OB)
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ITS installation inside ALICE cavern - 2021 £

— a trip from lab to ALICE cavern ALICE

ITS installation in ALICE cavern started in 2021 ofter o successful on surface
commissioning from Sept/2019 to Dec/2020

OB installation completed in March 2021 — IB installation completed in May 2021

Fast Interaction Trigger (FIT) in front of ITS2

»\ )
S L
i Ry

P N

The challenge:

« Clearaonce around beom pipe: ~2 mm

» Clearance between adjacent staves: ~1.2 mm
+ Manipulation from 4m distance
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Verification of barrels after installation and %
preparation for data taking - 2021/ 2022 ALICE

&AW ITS-TPC-MFT tracks online
e — ! Time Frame = 11.5ms (-6 collisions)

ALICE

Emulated central Pb-Pb event in the ITS

o)

ppP (@ 20 e data to 0
PO-Po @ 4 00 (O 900 Ge
O
9/0 0 art of A oloobal co O O o O
0 Octobe 9 OIlO O O oJe 00
O O 0 e 20 OIlO O O O O are
aligatio s aoted data

Ky
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Verification of barrels after installation and %@

preparation for data taking - 2021

« OB installation (March 2021)

- Full detector powered and monitored till mid-April

- Various issues spotted and solved:

« Problematic cables giving loose contacts or with wrong wire configuration (replaced)
« Unstable power supplies (replaced)

« Optimization of cooling for staves and electronics

« Resolution of bugs into control-system user interface and code.

« |B installation (May 2021)
- Basic verification of IB: readout tests + resistance measurement to check connections.
- Basic verification of OB after IB installation: power and communication tests

« |ITS standalone commissioning in the cavern (till July 2027)

- Full verification of the detector: cosmic runs, data taking with emulated data patterns (pp,
Pb-Pb), calibration runs.
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Preliminary performance results in Run 3

— [TS2 full calibration (2)

« Distribution of pixel thresholds per chip
« Thresholds not tuned: detector already ~100% efficient

« ENC noise: ~5e- (stable for 24k chips)

Threshold (e-)
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Preliminary performance results in Run 3

— [TS2 full calibration (3)

« Distribution of pixel thresholds per chip

« Thresholds not tuned: detector already ~100% efficient
« ENC noise: ~Se- (stable for 24k chips)

« Threshold tuned: 100e- (stable for 24k chips)

* RMS ~20e- (compatible with what measured during
production)

Threshold (e-)

e i m..ummmw»w
20000

I il [ AR
76000 <5560
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Influence of VRESETD on the ALPIDE performance

ALarge lon Collider Experiment

Influence of Vresetrpo on the ALPIDE performance

* ALPIDE uses a diode based reset: H LICE
— Reset current depends exponentially on the forward bias of the diode Drst R 3 CVP”LSE
RESETD : in
— Baseline of VN depends on Vresetp and the leakage current in the pixel .inm J—|-
(shown as reversed-biased Drix) N = N out |-
| I R S B
.}DPix g Veasn D Shaper
. . = . ’ EVPWELL : E Igias PD— (In-Pixel)
* VN needs to fit the working range of the amplifier/shaper in the pixel i ne AN 1 & Vease D

Input section of the ALPIDE Front-End

» Working point (Vin) and working range influenced by radiation:

— Pixel leakage current increased by NIEL (Non-lonizing Energy Loss) Vin
— lower V\n due higher larger current through Drst

VBASELINE
— Transistor properties altered by TID (Total lonizing Dose)

— changes working range (in terms of Vin) of the amplifier/shaper
— Effects (so far) not studied independently, as chips are exposed

simultaneously to NIEL and TID during operation at LHC

— No direct observation of Vin

>t

Correct working range of . II"O"?ge(grm;rsiZ" during ( )
VRESETD iS fundamental charge collection (blue) and resetting (orange
« Courtesy of Felix Reidt (VRESETD scan)
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Preliminary performance plots in Run 3

— Cluster size

« Cluster size averaged for half barrels
- Between 3 and 8 pixels depending on n
- RMS ranging on the same interval

Observed to be stable over time

Independent of the interaction rate

Layer 6
Layer 5
Layer 4
Layer 3
Layer.2 ITS2- LHC Run 3 - pp Vs = 13.6 TeV

Run 526510 (6.5 x10° pp interactions)

Framing rate: 202 kHz
Avg. interaction rate: 1 MHz

Layer 1
Layer 0

Layer 0
Layer 1
Layer 2

Layer 3

Layer 4
Layer 5
Layer 6

—60 40 —20 0

Cluster size (pix)

20 40

60
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(1
©

z (cm)
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PID studies with machine learning techniques are ongoing

Average cluster size (pixels)

Layer 6
Layer 5
Layer 4
Layer 3
Layer 2
Layer 1
Layer O
Layer O
Layer 1
Layer 2
Layer 3
Layer 4
Layer 5
Layer 6

-60

ITS2 - LHC Run 3 - pp Vs = 13.6 TeV
Run 526510 (6.5 x10° pp interactions)

Framing rate: 202 kiz
Avg. interaction rate: 1 MHz

-40 -20 0

Cluster size RMS (pix)

20 40 60
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ITS2 material budget

Inner Barrel Outer Barrel

Aluminum (14.2%)
—— Glue (5.5%)
—— Water (9.7%) Copper (29.2%)
Kapton (24.5%) Aluminum (23.5%)
o ——— Carbon (26.5%) o 22 = 3:;,“(;‘._’5‘.,’_,
=07 Silicon (13.8%) i Kagton (12.5%)
= —— Other (5.8%) % 2 Carbon (16.6%)
g s Silicon (7.0%)
o Mean X/X0 = 0.358% S 18 Mean X/X0 = 1.157%
=

¢ (rad) 0 0.1 0.2 0.3 0.4 05
¢ (rad)
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