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U ATLAS Detector and motivation for the ITk upgrade\ ¥
U Silicon pixel detector technologies
U Towards ITk construction

U Module Assembly

U Module Testing

U Summary
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ATLAS ¥ ITk

Cutaway view i

25m

Tile calorimeters

2 LAr hadronic end-cap and
forward calorimeters
Pixel detector

Toroid magnets LAr electromagnetic calorimeters

Muon chambaers Solenoid magnet | Transition radiation tracker

Semiconductor tracker

ATLAS multipurpose detector is 46m length, 25m diameter and 7000 tons,
100mbelowground
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ATLAS (A Toroidal LAparatup Detector

SubDetectors:

X Inner Detector(records tracks, measures

momentum, vertices reconstruction)

x  Electromagnetic calorimeterL(Ar

(measures electrons and photons energy)

x Hadronic calorimeter TileCa) (hadrons

energy)

x Muon spectrometer( measures muon

trajectories)

Upgrades for HLHC:

x  New muon chambers at the innermogtart
wTrigger efficiency and momenturmasolution
improvements

x  HighGranularity Timing Detector (HG)D
wlmproved pileup suppression at tlierward
region

x  Upgradeson calorimeter andmuon chambers

off-detector electronicsand Trigger

x New Innertracker (ITk)



ATL?\?%E Motivation for the tracker upgrade

C Increasednstantaneousluminosityup tox® p 1m OY i %
S |134¢(2015)
integrated luminosity will reacB000flP ™ = |25,1¢ (2016)
% 37,8¢ (2017)
i} . . . High detector L
i approx. 20Gimultaneousnelasticp- J S °000¢
- . __» | occupancy = (20222024)
p collisions per bunch crossing , g
increase of overlap of events. < \}200¢ (2030)
i High particle densities and rate o 5 = — 5
.y B 10" @
™~ Radiation dose | £ - S
2x106 neq/cm2 % | Lot §
ke 2
Keep the same or : © 10 £
bettgr rackin ThelDwill be replaced byall- 5 g
J silicon trackerinner TrackelTk | & | .
performance 50 100 150 200 250 300 350 400
z [em]
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ATLAS ¥ ITk

IDis an innermost detector, 6.2 m long and 1.2 in radius.
Composed of RT, SCT and Pixel Detector

Inner Detector> Inner Tracker

STRIP BARREL

STRIP END-CAPs

Pixel Detector:

composed of 4 barrel Layers (IBLL&er, L1, L2) 3 disks

in two end caps
2m? of active area, 92 millions of pixels

12/06/2025
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Silicon Strips

Outer layers

165 m?

17 888 modules

60 Million channels

Silicon Pixels

Inner layars

13m?

8372 modules

5 Billion channels




ATLAS P ITk B

licon pixel detector technologies

/Bias dot
~

-
™ Bias rail

L iw
™ Implant

b . .
~Alumimum

o Bump pad

V Fast: O(few ns)
V Precise: O(~10um)
V Compact

Current ATLAS pixel detector: Cross view Front view
= ‘\‘\
O Front-End readout Readout Chlp Biag iug
N =) coupling S
(?l \ (bump Bias rail
_ A& , bonding) _
n-type bulk TElectrical P-sprey "\;‘Skarge e pias dot
field X, .
/ 110 \ Guard rings
: ' _ E N
ov | HV h -type implant Al contact \{
Guard rings backside
U Segmented pixel surface precise two dimensional spatial information
U p-sprayfor inter-pixel insulatiorandto compensate the accumulating electrons
U Guard ringstructure to smoothly drop the potential at the edge of the sensor
U Reverse biasing is applied to deplete the senBall charge collection
¢ Depletion starts from the backside-(pjunction):depleted region = sensitive region
U A particle createglectron-hole pairswhich drift to the electrodes
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ITk

ATLAS

C Planar sensors highly doped implant
on top of lowdoped Si bulk-in-n
(ID), n-in-p (ITk)

V less costly than 3D

C 3D sensorshighly doped Si columns
through lowdoped Si bulk (ITk L)

V high radiation hardness

V low yield
p* MIP p* " MP p* n
L 1 @ 4
5|3 ~®0
W | b A
g >
KUK a5 2
ol b
it o
n* L
Planar 3D
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Silicon pixel detector technologies

n'in'n (ID Ilke) Pixels (n+) Guard ring structure Nn- |n D (ITk I|ke)
£ = VRV

\ \ ;h#—ﬂ—-mv‘m—m
g M‘

CRL L) | ] 1 7]

Backside (p+) Backside (p+)

oDoublesided

tprocessmg
Yype inversiorof

Guard ring structure (n+)

wLCollect electrons

wuard rings are no
on a front side

owLCollect electrons (3 x faste
than holes)

wNotype inversion

a bulk _
o : wCan be operated partially
< — 5000 e LD
2| E / — depleted
(@)] § 1288 type inversion = 10? Ig . . .
ST _ uSinglegsided processing
-4 ~ 0 m 10 S .
2l = = wGuard rings are on a front
— 109 .
= £ Z end side
w 1(_]" I ..].00 — 1[]' . ...]..02 — ..103 107!
) D, [10"2 cm™ ]

space charge sign inversidaGSl
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ATLAS

A Improvement FH4 chip-> RD53B chip

FEl4 chip  RD53B chip

Technology CMOS 130m CMOS 65m
Size 20.2x19.0 mrA 21.0x20.0 mra
Pixel size 50x250k ¥ 50x50k ¥
Pixel array 80x336 400x384
<500fF (700
Pixel capacitance edge) <100 fF (200 edge
Hit rate 400 MHz cn? 3 GHz cm
Trigger rate 200 kHz 1 MHz
Trigger latency cdn>a MH DYy > a
Current
consumption 20> Ypixel 8> Vpixel
Radiation tolerance 300Mrad 1 Grad
Min stable threshold 1500 e 600 e
Readout data rate 160 Mb/s 1.28 Gb/s

Designed byRD53collaboration
https://rd53.web.cern.cli
R&D over 10 years

12/06/2025

V High Granularity

V Radiation tolerance
V Power dissipation

V High readout data rate

F!TL_QS ITKRIX2 LJ
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ATLAS: 19.2mm
CMS: 16.8 mm

1.5mm

ATLAS: 400 columns x 384 rows
B8 CMS: 432 columns x 336 rows Il

Digital Chip Bottom (DCB)
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https://rd53.web.cern.ch/
https://rd53.web.cern.ch/
https://rd53.web.cern.ch/

W X311 4 Pixel detector technologies in ITk

A ITk-Pixeldetector composed by 3 parts:

Outer barrel: 3 barrel Iayers, 2%23 inclined disks . Outer endcap: 2x28 outer disks * OQuter barrel is the largest system of ITkPixe:I detector
- CERN, France, Germany, Japan, Switzerland = UK, ltaly, Japan * ~4.5k modules, more than half of total [TkPixel
* French activities are organised in two clusters
T L L L AL A L L L B g * Paris cluster for module assembly and testing:
£ G ATLAS  Simulation Preliminary ITk Layout: 23-00-03 = I)CLab, IRFU, LPNHE
= = n=1.0 n=20 = * Alpaca cluster for loading and integration: CPPM,
350 Outer End-cap o - LAPP, LPSC
n=.a. —
300 | | | | —
- T UNITED KINGDOM % younk-k 1" Module assembl
250 — F g8 Gam v
I - T 4 i Engllshl o “I'f:., e JE-. (Paris Region)
200 | ] — ™ {‘m» 4
] ] ' Le Havrea F::m Pean = ;
= e 1ea0 3 v T“gms::“;:«wm LeNHE =
ook 111 L+ [ & ST S
i ,“-l — = e, FRANC E collaborating
S04 LA T 1k J,,L/F/ - S s s — with the Paris cluster
S E— 1500 2500 3000 3500 " i
onadinie +La Rochelle :
Bay moosuny mue P4 Stave loading
Inher SysPem Barrel 4 I%O 5’ 2 ] i e CPPM, LAPP, LPSC
2 barrel layers and 2x44 disks P ‘f, L . Q CUAPP P
- USA, Germany ] O g ! ptior,
Sensors T, P | i e
" —~ \ Perp Gulf of
* L2, L3 and L4 planar sensors, 150 um thick o i w g (o)
* L1 planar sensors, 100 um thick / Mediterranean Ses % |
* L0 3D sensors, 250 pum thick :
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ITk Pixel Modules

ATLAS ¥ ITk

>> Two types of modules:
A Quadmodules: 4 FEs bump bonded to one sensor
A Tripletmodules 3 single FE bare modules connected to the same flex

. il sy . ALy
Crip 3 Cp2 Chip 1

a) 3D triplet for the Inner System barrel stave

- - —
» oY)

CITRI

-
E

2l g
3 T TG AL

. ' ) -
- .
. - b gl

c) Inner System and Outer Endcaps d) Outer Barrel quad module with
quad module with data and power carbon fibre wire bond protection
b) 3D triplet for the Inner System endcap ring pigtails connected

12/06/2025 FrenchUkrainian Workshop 2025 10
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ATLAS X |

Shutdown/Technical stop Here We are
Protons physics
Ions
Commissioning with beam l
Hardware commissioning
2022 2023 2024 2025 2026 2027 2028 2029 2030
JIFMAM[J ]I AISON|D{ ] FMIAM| 1| J[A|S[OIN[D{J | F{MAM) [ A[S|ONID J [FIMAM] ] [ J]AISIO|NID ] [FIMAM 1| J|AS|O[N|D{ ]| F{MAM J|J|A|S|OINID)J[FIMAM] I ] A[S|O[MID ] [FIMAM 1| I AISIOINID{ | FMIAM J]] AIS D
' Run3 [ Long Shutdown 3 (LS3)
Milestones

02021-2022 production ofabout 160prototype modules
020232024 :site qualificationgLabinfrastructure, Databasdéarylene
coating, Assembly , Testing setups, Full QC

020232024 pre-productionof about 800 modules
w2024:beginning of module productioriX12,000 modules)
0w2026-2027:module productioncomplete

Huge assembly load, shared amdidgassembly institute$USA, UKErance Germany, ItalyCERN, Japan)
important effort in ATLAS tdevelop common procedureasmuchas possible

12/06/2025 FrenchUkrainian Workshop 2025
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ATLAS ¥ ITk

Couche d'isolant
électrique

Circuit imprimé
(interface entre les
puces, e DAQ et les
sarvices)

Assemblage de
plusieurs puces de
micro-électronique

12/06/2025

industry |

Flip-chip bump bonded
"bare" module

Flex PCB —

ModuleProductionChain (Paris Cluster

-

Bare Module
metrology + IV S

Module PCB to bare : :
module attach Wire Bonding
Module PCB
\_ metrology

Module assembly steps N

g Initial QC tests

. Module testing steps

. : Qc Moilule shipment to
Paryle De-maskin . . .
arylene coating e Thermal Cycling loading site

Cole eporye
Non reprodentie ki

Puce sensible aux

rayonnements
(~0.6M prxols)

Bump bonding
(Di¥e en indiumm)

4 puces
« Front-End »

A In Paris cluster, we maintatwo assembly lines

A. 1JCLalyluing/metrology/visual inspectiory CEAWire
bonding/metrology/visual inspection)

B. LPNHEall assembly steps)
A Andthree testing lines

80weeks to build 2100
modulesNeedto be producing27 modules / week !

FrenchUkrainian Workshop 2025 12



ATLAS ¢ Tk

Module Assembly

12/06/2025 FrenchUkrainian Workshop 2025 13



Clean room IS@, 70 n¥. Semiautomatic probe station, High precision numerical
microscope, confocarofilometer, 3D automated measuring system
FrenchUkrainian Workshop 2025

12/06/2025

A
A
A

To 3>

Pixel sensor electrical tests infrastructure

L 78

' afer 300m mee = !

plate-forme (chuck PN

|

probe stationSignatone
vortex cooling system ujo -40°C(irradiated sensor

Keithleyprovidescomprehensive devickevel
characterization IVCV

up to 3kV of biasingoltage

allowscreating the magor automaticmeasurement®of
periodically repeating structures on the tesafer

14



ATLAS ¥ ITk

>> Prionto assembly

-  Bare module
A Bare module IV

A Visual inspection

A Mass/metrology

- Flex PCB
A Visual inspection

A Mass/metrology

>> After assembly

-  Module
A Thicknessand nass

A Flex to baremodule alignment

12/06/2025
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Visual Inspectlon and Metrology
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s

T 41174 Visual Inspection and Metrology

\
\42.187 0 CHIPTO CHIP )

+0.07

[ +010 )
|39.60 -0.10 FLEX |
‘.f’ +0.05 \
139.50 0 SENSOR)
{ +0.07 \
\21.021 Q_ CHIP/
O 0 O
N
I w — o U U0 T
— 2 ﬁ g8 £ 1 gt E 2
5| = O Qi
ol x| O — CHIP1 £
— E 2 = = m B o = =
208 8 3 gIF ,m DEEg Laser head
O 3o 3 5 ¢ =2 E,.,u _ "Emiog 0
ol ¥° ¢©° g8 || =8 : ,
=l ° &8 " % g Chip thickness: Laser beam
< . a =
8~ 5 S | |2 (d3ye 0.150+0.025-0.010 mm
S T — 5 —% &
1 ; EL_ g BB E _i > | Bare module thickness: -
0.325 +0.0960.040 mm ex
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ATLAS X ITk RSl

asicchip  Bare module }m" sensor

To To To Do Do

To o

> Flex PCB

Sensor

4xFEs

N

<— Bump bonds

Quad module

Glue mixing method : Two componerEAraldite;

Temperature- 22°C, humidity- 45%;

Twojigs a) forthe baremodule; b) forthe flexPCB;

Components maintaineah position withvacuum

The glue isleposited through a stencil and spread manually with
spatulg

Aligned by dowel pins;

Thetwo jigs are then screwedn top of each other and left this way
during the curing time of the glu@ hours).

12/06/2025 FrenchUkrainian Workshop 2025
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T4, 4 Wirebonding

>> Pixel quad module e
g nansee s RAEER =  ()Delicate operation depending a

(_'/(} a8y Ny
lot on cleanness of thbondable
surfaces

!ﬁl;
a88y

High

;

SSSES

Wire-bond

17

connection

Flex PCB

gERee

Wire-bond
pads

Glue

w700wire bonds per quad

Sensor

?gg H
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geée
13 11

Q/.Q. .99 . /I ............

a
08 g

Q
TR T T

...................... - v i
- N
N 00 33 mew | - d I
7 7 7 ] i . £ Mmoauie

Dasdaut rhin Riimn hand Dival imnlant Guiard rinac CX B w2 5
RS o -—

"y i~ (o}

&4 o

S38

i

wea Sl
Bl mie gwige

f
232 ¥a

wWhen/If everythingworks
smoothly thisis about 12 hours
for afully automatedWB machine

]

g

*2 ﬂk
- . -

ol

PTTYTTETTY T
S o2 R
e ATLASITI( o —4:%

o GO 1223 vy

¢
2

%

g3
o F 1

Ahy
i EREBE2
11 HH '

p y8IZ
(ERER

I8

i

i A1

FrenchUkrainian Workshop 2025 18

12/06/2025



ATLAS ¢ Tk

Module Testing

12/06/2025 FrenchUkrainian Workshop 2025 19



ATLI\S:%B Thermakycles setup

>>>> Thermal cycles aimed at selecting modules that survive this kind of stress tests
we use a Climate Chamber QRS alall AR o] =V Sy R0 A0 !

Features of the system:
CCfrom - 70°C to + 180C
Testspaceof 500 x 490 x 616m?3

Max rate cooling (heating)4 K/min
(3,5 K/min)

Dry air L

Multimodule PCB for NTC reading

To Do o

To o

Pump and vacuum regulator

DCS: Arduino Megal-abRemoter
Grafana

To

e e e g

g o - -
- s o o

10 cycles -45 C->+40 C
1 extreme cycle -55 C->+60 C

The operating temperature of the ITk
will be-35 C, but variationganbe
expected during theletector lifetime.

Vacuum chucks Module

- View inside the CC
12/06/2025 FrenchUkrainian Workshop 2025 20




I 1174 1emperature controlled setup

C Temperaturecontrolled by chiller
(Huber) andPeltier.

C Dryair flow
C Vacuum regulators
C LV and HV power supplies

N~

C c dgit multimeters

C Monitoring by Grafana of
environmentalsensors (Temperature
humidity, airflow, pressuredew
point) andHV, Ly+Currents

C Software interlock

C Hardware interlock

12/06/2025

Z

Coldboxes Picture of the module testing setupdCLa)p

FrenchUkrainianWorkshop 2025
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T4 Temperature controlled setup

>>The setupallows testingthe quadsat cold (-15°C )

' Dry air bottom part
Dry air inside testing lid Dry air top part y p

Foam plate to split the box space on top and bottom part. It

covers cooling unit, it allows changing modules without heating

up the chiller.

12/06/2025 FrenchUkrainian Workshop 2025

Cold plate
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I 1174 1emperature controlled setup

12/06/2025

>> Thesource testsetup needed for bump bonds
checkss based on théemperature controlled setup

General info about the source setup:

U Radioactivesource S190 (37Mbqg (~ 10y.0.) [one single source for

the testing]
U Minimum distance betweersource andnodulecarrier ~10cm

A Opening irthe lid (plasticlid), foam 1 cmandthe Mylar thin lid

on top of the testing carrier.

FrenchUkrainian Workshop 2025
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ITk

e COLDBON DME == = COLDED TW ==+

T. Module 19.7:c T Module

5
.
_."". b skl . i g _"Ilu N
r o alld sk A LS _‘\41 J ' .h" sl bl L B 2 r”\_“[_\. o h. h

A Env. top22.2 -c Env. top20.4 ¢

CB 1 : (LV) Voltage/Current vs Temperature

aumesadwa]

Current/Voltage

i T. Coldplate
T. Env. Carrier T. Chuck NTC T. Chuck SHT NTC T. Env. Cariar T. Chuck NTC T. Caoldplate I!.-I(_Zroldplm

20.4cl 143 el 1535l 43180 197 150l "5l s 500

* Er“l' bouomzn 0 G EI‘W hﬂomzu 0 °c Current Voltage == Temperature

nmmw -38.58 nmc-nw -39.42 - v V0|tage- Plots showind.V, current and module

Sur.hng of Chuck A0 mba.r(rm:f:ud] 49 B mbar Sunhng of Chuck A0 mba.rfrm:r:n:l] 50.1 mbar

1. GRmers,. U3 °c

‘ 6.24 l

A

NTC vsime.

CB 1: Pressure vs Temperature

No data

11:00 12:00

== CB 1 - Sucking of Chuck /10 mbar (inversed) == CB 1- Madule Temperature

" . |:| :l Plots showing the stability of the Vacuum (set
to -500mbar) and the module NTC time

Screenshot from the Control PC 24
12/06/2025 FrenchUkrainian Workshop 2025




ATLK?%E'?I? Stability test setup

>> The ITk pixel modules are tested at room temperature for stability

A The modules are powered and with HV on during tl
stability test duration.

A Itis alsorequired continuouseadout by DAQ and H\
currentmonitoring

A Testduration: from 36h to 48h

A Quad temperature range s@bint: from 250C t045cC

Ty C T e e R P S N kil |

Pictures of théheatsinks preparedbr the final production setup.

But this kind of test has been removed.
12/06/2025 FrenchUkrainian Workshop 2025 25



IR 4114 Hardwareinterlock
Conditions: . ToPC (serial)  ToLC (120) -

Broadcast status 5 .
U Lidis open; and sensor data LEDmatrix with
i Module NTC Temperature: Control Arduine Lid switch (Analog) status pf each cold
o . {L (L < e Readout rate (80ms) 'STH85 (RH) (12€C) bOXVISIbIe from the
0 TNTC< 45°C elays (NO) Digital | ® 3 consecutive values control PC
o T <-60°C i/ﬁ { < over threshold lNTC (Chuck Temp)
NTC s 12Cerrorshandling = e
u Dew p0|nt >:-|;:huck E % NTC (Module Temp)
i |
From HMP 4040 Button to re-arm the interlock : - Ak —
Peltierrelay and H\{ Reedrelay : 3 LR

Module relayg solid state relay

pktronix TDS 2024B 0505 e | (00
LEDs TN %}5
MPos: ~4000s  CURSOR - | ¢
O
Re-arm buttons for N
=y v/
each cold box U

Buzzer. When
interlock worke
alarm noise is on

12/06/2025 FrenchUkrainian Workshop 2025 26



ATLAS X ITk

Electrical QC stages

Thermal Module completed

Initial module | Initial module Farylene Farylene Farylene : .
S S : . . Wirebond . Burr-in
characterisation characterisation  masking coating unmasking : cycling
protection
Parvlene Parvlene Parylene Wirebond Post Post Thermal Lona term b
Initial Warm Initial Cold Hf::kin Eor:tin Unmasking protection Parylene Parylene cycles (at Stabiﬂty Test Final warm Final cold
9 9 (alt.) (alt) Warm Cold which T?)
) PARYLENE_ PARYLEMNE_ PARYLENE THERMAL_C LONG_TERM"
INITIAL_WARM  INITIAL_COLD MASKING . COATING  UNMASKING WIREBOND _ YCLES _STABILITY_  FINAL_WARM  FINAL_COLD
PROTECTION TEST
-15/-25C -15/-25 C -15/-25 C
20C (guads/triplets) 20C 20C 20C (quads/triplets) 20C 20C (quads/triplets)

12/06/2025

FrenchUkrainian Workshop 2025
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ATLAS ¥ ITk

Electrical QC stages

Initial mpdu.fe Initial mpdu.fe Parylgne F'ar'_.,rlgne Paryleqe Wirebond Thermal Burm-in Module completed
characterisation characterisation  masking coating unmasking orotection cycling
Parvlene Parvlene Parylene Wirebond Post Post Thermal Lona term b
Initial Warm Initial Cold Hf::kin Eor:tin Unmasking protection Parylene Parylene cycles (at Stabiﬂw Test Final warm Final cold
9 9 (alt.) (alt) Warm Cold which T?)
) PARYLENE_ PARYLEMNE_ PARYLENE THERMAL_C LONG_TERM"
INITIAL_WARM  INITIAL_COLD MASKING . COATING  UNMASKING WIREBOND _ YCLES _STABILITY_  FINAL_WARM  FINAL_COLD
PROTECTION TEST
-15/-25 C
20C 20C (quads/triplets)

12/06/2025

After Production Advance review make
decision on further testing reduction:

- based on data

- incorporate understanding on

inputs needed for grading

- evaluate risks

FrenchUkrainian Workshop 2025
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T 414 Module QC status ariesults

VI curve for chip: 0x14b69

—e— VinA —a- Temperature (NTC) [ —12.0
3.5 { ~*= ¥nD
—e— VDDA r—12.5
Key Data - VDDD
3.0 —a— \ofs 'i'
MODULE_TEMPERATURE 20 : - -13.0
—a— VrefOwP /'A'n-‘i
ANALYSIS_VERSION localdb-tools v2.2.39-r¢7 2.5 97 V= 0.08211+ 1,00 A | 135
QUAD-MODULE_ADC_CALIBRATION 1 2 3 4 S50 / G
S b — —— ": F-14.0 =
QUAD-MODULE_SLDO 2 3 4 . . =
T T — / L 145
QUAD-MODULE_VCAL_CALIBRATION R R IS PR Y tf_f R
L0 et —y — L _15.0
QUAD-MODULE_ANALOG_READBACK et T |, /
., F
QUAD-MODULE_LP_MODE 0.5 *n\ 1.' -—15.5
7
QUAD-MODULE_OVERVOLTAGE_PROTECTION 0.0 A -16.0
5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5
QUAD-MODULE_INJECTION_CAPACITANCE 1Al
QUAD-MODULE_MIN_HEALTH_TEST
Module: 20UPGM22110554 ThresholdDist-0 Module: 20UPGM22110554 NolseDist-0
QUAD-MODULE_TUNING I» L ren a0 v v o0 er : Eﬁ
40000 S
QUAD-MODULE PIXEL FAILURE ANALYSIS 20000 [
MODULE_BAD_PIXEL_NUMBER 15000 ,, 30000
MODULE_ELECTRICALLY_BAD_PIXEL_NUMBER 499 % <
MODULE_DISCONNECTED_PIXEL NUMBER 4 £ 10000 ‘ £ 20000
-4
MODULE_HIGHEST NUMBER_BAD_PIXELS CLUSTER NIA J jl
5000 ; 7 10000
QUAD-MODULE_UNDERSHUNT PROTECTION 1 2 3 4 ﬁ‘ﬁ (I L
5 5y ’ ]
QUAD-MODULE_DATA_ TRANSMISSION 1 2 3 4 0 ﬂ F ae===N 0 l—l
1300 1400 1500 1600 1700 10 20 30 40 50 60 70
Threshold [e] Noise [e]
Threshold Noise
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Module QC status arfi@esults

i
IT

ATLAS

Thedeformations of a module under thermsiress
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Thank you for your attention!!!
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