Commissioning.and performance of
the new ALICE Inner-Tracking System £
in the first phase of LHC Run 3 ’

lvan:Ravasenga
for the ALICE Colloboration

'CERN (Geneva, CH)

24th-28th October

Tateyama Resort Hotel, Japan



ALPIDE chip - the detector core

— Al ice PIxel DEtector

Example: chipo bonded on its carrier board
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/ e / = HEGE OEYE il il L
O e ORd 060 00 O : : o

w}/ j == I, Of§0 00 - Of0 00 512x1024 pixels - -_

oeceones )|\ ome wen 040 O30 O30 0|0 Pixel.size ~ 27x2% .
R HEHHEE AEHEHEE Spatial resolution (re, xz):
of | #0o0i0 040040 v LT
oy omee .7 DR BEE B TR et

L0 Oyd Oyo Oy pileggiah U pa g et
T T T T |

|(Periphery) Bias, Readout, Control

ALP/DE chio-15x 30 cm?

« TowerJazz 0.18 um CMQOS imaging process — a Monolithic Active Pixel Sensor (MAPS)
- High resistivity (1 =+ 6 kQcm) p-type epitaxial layer (25 um) on p-type substrate
- Small n-well diode (D = 2 um), ~100 times smaller than pixel — small capacitance ~fF
- Reverse bias voltage to substrate: -6 < Vg <0V
- Deep PWELL shields NWELL of PMOS transistor — full CMOS circuitry within active area
- Fast data driven encoder for pixel matrix readout
- Pixel signal amplified and digitized at a pixel level - Low power consumption (< 40 mW/cm2)
- Pixel data sent towards periphery to the Data Transmission Unit (Serializer + PLL + LVDS driver)
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Outline

« The ITS2 detector

« Readout chain and detector control system
« Data quality control

« Highlights from surface commissioning

« Highlights from commissioning in the cavern
« Start of Run 3 - detector performance

« Conclusions
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Introduction - The Upgraded Tracker (ITS2) £

— 10 m2of monolithic active pixel sensors (12.5 GPixels)

Inner Barrel (IB)

« 3layers (L0 - L2

Stave length: ~27 cm

48 Staves made of 9 ALPIDE chips each
Materiol budget: 0.36% X;

Readout at 1200 Mb/s per chip

Inner Barrel
Quter Barrel

@ 80 cm

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) 24k chips

3 layers (LO - L2) .
Stave length: ~27 cm 12.5 GpIX

48 Staves made of 9 ALPIDE chips each
Materiol budget: 0.36% X;

Readout at 1200 Mb/s per chip

Outer Barrel (OB)
« 4 layers -2 Middle + 2 Outer Layers (L3 — L§)
« Stave length: ~85 cm (ML), ~150 cm (OL)

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

f - Material budget: ~1.14% X|
2 80 cm « Readout of 7 chips with single link at 400 Mb/s

Inner Tracking System (ITS) 5




Data readout architecture

Radiation, Magnetic Field i No Radiation
_________________ N «. 1. N Detector Control System <2
Stave 192x RUs | GBT Links (DCs) g
. | 3.2Gbps >
Alpide !
=T :
Alpide P N > Common Readout -
Alpide | o “|  Main M Unit 0?2 First Level Processor g
€ FPGA (CRU) (FLP)
- | €——— [ GeT R
Alpide 2 i
= ‘ Aux H Flash | Power Board | = CTF
H FPGA Mem 12¢ | 'I'Ix FLPS g
Alpide A ! Trigger System ’
A Main FPGA: Xilinx Kintex Ultrascale »
Aux FPGA: Microsem i ProASIC3 &
Compressed
Event Time Frames
| B TRIGGER Processing on Disk Buffer
Power Board 1 B conTROL Nodes
(PB) ! DATA .
| = e ALICE-wide readout and
data reconstruction

ITS2-specific readout

« 1500 Event Processing Nodes (EPN from ALICE farm) — sub-timeframes — time frames
« Synchronous reconstruction, calibration and data compression (— GPUs)
« Asynchronous stage: reconstruction with final calibration — final Analysis Object Data (AOD)
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Expected improvements with [TS2

ALICE Simulation ALICE Simulation

Pointing resolution (ro) Pointing resolution (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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Detector Control System (DCS)

—

Finite State ﬁ

Alarm screen:

MOChine (FS M)S 8 IT; | Main view CTP clock ITSComms — Cooling FSM  —~CAEN FSM - | N
detector status | | i3 gL st of alarms
. » ITS_SAFE R Show MSComms || Show Cooling | | Show CAEN
aond operations : e—e—o—1=CAEN, Cooling
Click: stave ~ —4— and monitoring
status (voltages, == :?;tctjvggi
currents,
temperatures, e e - Detector
readout 1\ configuration
electronics) Detector staves and selection of
(color = specific run types
Auxiliary status) e = | (ohysics,
maon |tO ri ﬂgi ¢ NilAn independent safety system interlocks power channels CO[I b rOtl O n)
CAE N COO“ ng Ibosed on stave temperatures and cooling status
% e
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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 9
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(Data) Quality Control (QC)

7/ QC online tasks
(online monitoring on data subsets) General Occupancy

400

gl

« Fake-hit rate: monitoring of detector FHR and
noisy pixels
« Noisy pixels: for detector noise calibration

300

mm (IB 3x)
=
% ‘IHI,H

Fake-hit rate (hits/event/pix)

« Calibration: monitoring of pixel threshold and s ¥
dead pixels. 20—
« Cluster: monitoring cluster size, topology, etc. I N
« Tracks: monitoring of track multiplicity, angulor -
track distribution, clusters, etc. a0l =
« Front-end Electronics: chips in error, trigger i S N
flags Example: detector average occupancy per stave in
« Decoding errors: summary of decoding errors pp v's =136 TeV (500kHz IR 202 kHz framing rate)
per chip
.. and
o online post-processing tasks + offline post- QA of data done on a daily basis

processing framework/macros — trending vs run 10
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On-surface commissioning overview - 2019/2020 G

« 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

24.10.2022

ALCE Cosmics in 1B (1 week)
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ITS installation inside ALICE cavern - 2021 e

— a trip from lab to ALICE cavern ALICE

« OB installation completed in March 2021

« IB mstollotlon completed m I\/on 2021

..L.

‘1—": c Hl

’T@storts \\ b
a

16

Clearance around beam
pipe: ~2 mm

Clearance between
adjacent staves: ~1.2 mm
Manipulation from 4m
distance

Vi
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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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Verification of barrels after installation ano %
preparation for data taking - 2021/ 2022 ALICE

ITS-TPC-MFT tracks online
— 1 Time Frame = 11.6ms (=6 collisions)

ALICE
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Start of Run 3 overview - July 2022

- Official start on July 5t with first pp collisions at 2tart of gun.o inALICE Control Room
Vs =13.6 TeV (stable beams ). , ‘
https://alice-collaboration.web.cern.ch/run3

« Since then, ~400h of data taking:

- Nominal ITS framing rate: 202 kHz

- ALICE stondard luminosity: 500 kHz interaction rote
with rate scans up to 4 MHz.

- Loss of acceptance during runs: <1% (within
requirements)

« Main issues related to ITS during runs:
- Corrupted data

- High-load of the First Level Processors « Main events till end of the year
- Mis-configuration of detector - pp collisions at 500kHz with regular tests at
- Loss of clock (~ 1event / day) 1-2 or 4-5 MHz

- At every beam dump: ITS threshold scan to i 1270';%/“: “o-Poiontests = ion run moved to

evaluate the goodness of the detector calibration _ From 28/11: Year-End Technical Stop (no

beam)
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https://alice-collaboration.web.cern.ch/run3

Preliminary performance results in Run 3

— [T1S2 full calibration (1)

« ITS calibration parameters:
Masking of noisy pixels: occupancy > 10-¢ (10-2) hits/event (IB)
Masking of problematic pixels: firing more than the number of injections done in calibration scans.
Tuning of discriminating thresholds
Power supply voltage
Temperature (ITS-dedicated water cooling)
« Numbers ot hand:
- Masked pixels on the full detector: ~0.15%0
- Dead chips (OB): ~40
- Thresholds: tuned to 100e- (in-layer RMS < Se)
« Threshold calibration of 24120 chips is challenging:
- Online calibration workflow runs on 40 Event Processing Nodes (EPN)
- O parallel calibration processes + 6 decoding processes per EPN

- Pulsing of ~1% of the pixels: ~252Ghits to be decoded — per-pixel calculations — final chip-by-chip
threshold calibration/settings (average on pixels)
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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)
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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

Threshold (e-)

production)
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Preliminary performance results in Run 3

— [TS2 full calibration (4)

0 | ol Ak ‘ " wy  Distribution of pixel thresholds per chip
; g + 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
10 production)

Fluctuations: due to <1% of chips where single noisy pixels might

i A
: appear/disappear after power cycles or intensive detector tests
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Preliminary performance results in Run 3

— Cluster size and simulation

« Cluster size averaged for half barrels - Simulation with Pythia 8 + Geant 3
- Between 3 and 8 pixels depending on n - Simuloted noise: 2x10-8 hits/event/pix (IB), 3x10 hits/event/pix (OB)
- RMS ranging on the same interval - Good agreement with data considering approximations:
- Observed to be stable over time » Average noise per barrel and not per stave/chip.

. . » Limited statistics in MC: ~20k events.
- Independent of the interaction rate

- PID studies with machine learning techniques are ongoing

Lk —8 % 3 75.,| —— T EEaaaur

Layer 5 73 'g E) 6.5 LHC Run3 - pp Vs = 13.6 TeV =it Layer 0
2 25 F ITS2, framing rate: 202 kHz 3

Layerid 66 © o 6;_ ety ae _, : R I = - Layer1
Layer 3 @ E = el s E
oo 59 » O 5.5F L Lo (7

it [ ITS2 - LHC Run 3 - pp Vs = 13.6 TeV o] D o B 2] q o Layer2
Loy Run 526510 (6.5 x10° pp interactions) 5 (2 5§E| el E
jlis Framing rate: 202 kHz — o = _[®) @sﬁi’éﬁ "

Layer 0 il _7:0? _____ 6o Avg. interaction rate: 1 MHz s % _.3_'.: 4 5 :— - & m_: ° Layer 3
Layer 0 © © 5 Fa 8 — L Q ‘E

Layer 1 2 6 43 i .. - g e Layer4
Layer 2 ) 35 E_ _E

Layer 3 % 3;_ ¢ data _; L
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Cluster size (pix) Cluster size vs IR 5
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Preliminary performance results in Run 3

— Cluster occupancy and simulation

« Cluster occupancy per readout frame (ROF) and per chip « Simulation with Pythia 8 + Geant 3
- Between 0.1 and 10 clusters/ROF/chip @ 1 MHz (202 kHz framing - Simulated noise: 2x10-¢ hits/event/pix (IB), 3x10-? hits/event/pix (OB)
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 a 10§|| T T Lo . e R ) P E
e a = F LHC Run3-pp Vs =13.6 TeV =] o Layer0
ayer =
i d ) S XS [ ITS2, framing rate: 202 kHz |
ayer =
w L 1k e Layer 1
Layer 3 8 8 F g
Fayers = ITS2-LHC Run 3 - pp s = 13.6 TeV gl i B C 7] e Layer2
Layer 1 Run 526532 (572.0 x10° pp interactions) = % (_.) - =
= Framing rate: 202 kHz = ~ ~— L — e Layer3
Layer O Top &% Avg. interaction rate: 493 kiHz o 5 g 1 0 § - oy 3§
Layer 0 Bottom (4] :><: © g 8 o] e B
— — o o E 7 e Layer4
Layer 1 | | 8 pa i = i
Layer 2 10" 8 D10 E 3 e Layers
Layer 3 @ g EE - * data 3
® = L ]
Layerd % O . - ALICE performance — Pythia8 + Geant3 { « Layer6
Layer 5 i S 1073 1 - ofnd s gt g e
Layer 6 <>: E 1 O 1 02 1 03
40 20 0 20 40 L Interaction Rate (kHz)

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

— Detector alignment and reconstructed tracks

k=3 3
+ Current detector (ore-Jalignment W
- Effective pointing resolution: ~80 um ) Nl e i E
- Residual misalignment @50% track loss: ~100 um : = 8
« |TS tracking numbers/features based on current
alignment : ITS-only tracks =
- Cellular automaton algorithm
- Online tracking for quick QA of the data et oR 0 G T G -
- 9% of tracks with 7 clusters (crossing all layers). ~50%
- Angulor distribution of tracks of good quality ot | 50 g
- Vertexing: ITS tracklets (IB, input for tracking) or with P  Data | 2°F MC
olobal tracks 8 F §"F
. Pre-alignment benchmarking with Kos(data vs MC) . ITS standalone | ITS standalone
- Mean differs by a few per mille ““:
- Peak width increases by <10% B D e gl S/
Invariant Mass (GeV/c?) Invariant Mass (GeV/c?)

K% invariant mass

22
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Preliminary performance results in Run 3 e

— [TS2 event displays from Run 3 ALICE

7 1 MHz, Low-mult

high-mult

1 MHz, high-mult
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ITS2 - a world-wide collaboration

ITS2 Collaboration

[l ITS2 Institutes

%“M:Lv -~

CERN (Switzerland), CCNU (China), Rez u Prahy (Czech Republic), Strasbourg (France), LIPI ((ndonesia), Alessandria (Italy), Bari (Iltaly), Cagliari (Italy), Catania (Italy), LNF
(Italy), Messina (Italy), Padova (Italy), Pavia (italy), Torino (italy), Trieste (Italy), Nikhef (The Netherlands), UoB/BUC (Bergen, Norway), Oslo (Norway), COMSATS (Pakistan),
Inha (Republic of Korea), Yonsei (Republic of Korea), PNU (Republic of Korea), St. Petersburg (Russia), Kosice TU (Slovakia), Kosice Slovak Academy (Slovakia), SUT
(Thailand), Kiev BITP (Ukraine), Liverpool (United Kingdom), Daresbury (United Kingdom), Austin (United States), LBNL (United states), ORNL (United States)
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Conclusions

« On-surface commissioning

@)
% - Successfully completed in December 2020.
2 - Detector installation
Ué - Successfully completed in May 2021.
g « Commissioning in the cavern
@) - Successfully completed in June 2022.
« Run 3 started on July 5th 2022
- pp collisions at V's =13.6 TeV, nominal interaction rate at 500 kHz.
« Run 3 performance studies
(2 - ITS2 performance is within expectations.
& « Detector Control System and Quality Control system
- Ready to monitor the detector hardware and data in Run 3
25
24.10.2022 Vertex 2022




Conclusions %
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Backup slides
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(Data) Quality Control (QC)

—
H

7 QC online tasks e et
(online monitoring on data subsets) C ”’{i

=
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« Fake-hit rate: monitoring of detector FHR and .,
noisy pixels %i:

« Noisy pixels: for detector noise calibration

« Calibration: monitoring of pixel threshold and
dead pixels.

q
)
)
kil

)
i

)

0ct2022, 1815 CEST /1615 UTC

i) Example o

« Cluster: monitoring cluster size, topology, etc. e e QC layout
« Tracks: monitoring of track multiplicity, angular . .
track distribution, clusters, etc. 1-Maximum fake-hit rate per stave

2 - Trigger types

« Front-end Electronics: chips in error, trigger 34,5 -Fraction of chips in error (3 flags defined)
flags ) . 6 - Total number of chips in error
« Decoding errors: summary of decoding errors 7 - vs nor reco ITS tracks
per chip 8 - Maximum cluster occupancy per stave
Ond 9 - Clusters per track

10 - Count of decoding errors
: i : N : i
o online post-processing tasks + offline post QA of data done on a daily base

processing framework/macros — trending vs run 08
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ITS2 - details on components

Inner Barrel Stave QOuter Barrel Stave

POWER BUS HALF

Flexible PCB - FPC

9 sensors

Cold Plate

Space Frame

Inner Tracking System (ITS) 29
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Preliminary performance plots in Run 3

— Cluster size

« Cluster size averaged for half barrels

Layer 6
Layer 5
Layer 4
Layer 3
Layer 2
Layer 1
Layer 0
Layer 0
Layer 1
Layer 2
Layer 3
Layer 4
Layer 5
Layer 6

- 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

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

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

—60 -40

Cluster size (pix)

—20 0 20 40 60
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PID studies with machine learning techniques are ongoing

Average cluster size (pixels)

Vertex 2022
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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
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-20 0 20 40 60
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ITS2 material budget

Inner Barrel Outer Barrel

Aluminum (14.2%)
—— Glue (5.5%)
—— Water (9.7%) Comper (2955
Kapton (24.5%) Aluminum (23.5%)
— Giue (4.7%)
» Carbon (26.5%) 22 W 05%)
£ 07 Silicon (13.8%) i. Kapton (12.5%)
e —— Other (5.8%) ¥ 2 Carbon (16.6%)
i_a\' § Silicon (7.0%)
= Mean X/X0 = 0.358% =18 Mean X/X0 = 1.157%
< § 1.6 ™
14
1.2
, i
0.8
0.6
0.4
0.2
0
¢ (rad) 0 0.1 0.2 0.3 0.4 05
¢ (rad)

24.10.2022 Vertex 2022



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31

