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HL-LHC

The LHC will be upgraded to the High Luminosity-LHC (HL-LHC) to
produce up to 4000 fb-1of integrated luminosity until 2040

LHC / HL-LHC Plan

13.6 TeV 136 -14 TeV

Mo

HL-LHC
Installation

20 A A3 2009 [ 2000
Sk /S xnomenl Lo
ATLAS - CMS ,,,/L"—'_'_’—‘

W uegrade uminosity

= 5 7 5 X 1034 cm?s?
rm A

HL-LHC: New all-silicon Inner
Tracker (ITk), Strips + Pixels

ALICE « LHCb ; 2 3 normined Lumi
wpyrese

LHC: Inner Detector (ID) system, TRT (gas

detector) + Strips + Pixels

LHC:
19-55
pile up events

HL-LHC:
140 - 200
pile up events

=

@uirements for pixel

detector at HL-LHC \

Instantaneous conditions:

pile-up, luminosity

« High trigger rate: 1 MHz

« High granularity: occupancy
at1 %

Integrated effects

Integrated luminosity x10

—> Radiation hard technologies
up to 2-10"6 neg/cm?

A replacement of the current ID
detector is by far not enough!

\_ _/
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Outer Pixel Barrel

ITk : The New Inner Tracker

* All-silicon tracker

ITk (ID) Area (m?) # Modules # Channels (M)
Pixels 13 (1.6) 9164 (2000) 5100 (92)
Strips 165 (61) 17888 (4088) | 60 (6.3)

Strips Barrel & Endcap

 Improved tracking
« Coverage up to |n|<4 (ITk) from |n|<2.5 (ID)
* Finer segmentation:
e 50x50um? or 25x100um?
« |D: 50 x 400 um? or 50 x 250 ym?
* Reduced material: Carbon Fibre structures,
CO, cooling with thin Ti tubes walls,
advanced serial powering, data link sharing
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« Radiation hardness:
* n-in-p pixel sensors (n-in-n for ID)

« Thinner sensor 100-150 pm (200-250 um in ID) = w0 w @ @ w0 s w0
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Inner Pixel Endcap

Italy will build one
Outer Pixel
Endcap
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ITk Performances
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-014/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-021/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2017-005/

I Tk Pixel Detector

Local supports: Different designs to support flat and inclined module mounting

= 450 - U Outer Endcap

£ ATLAS  Simulation Preliminary ITk Layout: 23-00-03 ‘ / K13C2U Facesheet
St 400 - - Carbon foam cor

= = n=1.0 n=20 = N *

350 f .

Co-cured faceshe

Electncal isolator

Outer Barrel

Titanium

Bus Tape\
1

cooling tube

wo“-uHmH.lm L

50~L° ummm L '

Inner support
lug

e

End closeouts

Inner System

080

L1 Ring LO-L1 Ring LO Ring
IS to be replaced after 2000fb1 to

reduce radiation damage.
LO placed 34 mm from beam pipe.

Modules: two main module types, quad & triplet.

Triplet

Laver Module Sensor tvbe Sensor Pixel
v type P thickness [um] | size [um:]

LO barrel | Triplet 3D n-in-p 150 25x100

Quad

LO rings Triplet 3D n-in-p 150 50x50

L1 Quad Planar n-in-p 100 50x50

Quad

Planar n-in-p 150 50x50

ATLAS ¥ ITk




8 middle half rings R234.65 flanges
11 inner half rings R1746 3 LaVers &

" Heavyweight Pixel
IXe u e r n Ca p ~ SouerigInE Outer Pixel Layers / Endcap support

Last half rings Z=3000

Half rings

» Three layers of half-rings (HR) loaded into carbon fibre half-
Cy| inders Pixel Support Tube
* HR are strategically placed in z to provide hermeticity in n
* Modules on both sides of HR L to beampipe — @ hermeticity
e >= 5 pixels overlap in @.
« Each HR side holds one serial-powering chain:
» 16/22/26 Modules for Layer2/3/4

[ Mounting lugs |\,

S| modules

1879mm

Inner Support Tube

EESIEIRE Lightweight Pixel Endcap Support Flanges

Layer-2 phi overlaps:
Black: front side modules
Orange: back side modules

Cooling lines, data and electrical cables, run between
outer rims of rings and inner surface of cylinder

« Half-rings are C-foam /
C-fibre “sandwiches” | ’
. . Bus Tape | ) ltﬂﬁ Nl Bt ==
wﬁh embe_ddgd cooling e 111"y ,..,..,._,._‘, WW_Q_,_ ==
plpe and flxatlon |UgS o e \' .‘!,f ’l ' ’/A ’I. ’I. ’lL' ll. e e N —
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Planars oV HV

n* -

n

Sensor, Front-End Chip and Modules  :[75%

a v‘}i p-substrate —
« Planar Sensor n-in-p 5 ,,: g A -
- Front-End Chip by RD53 collaboration “Soun

X Wire bond area

» Read out trigger frequency at 1 MHz

» 4 data lines at 1.28 Gbps

* Uplink sharing

« Rad-hard up to 500 MRad

« 65nm technology |

« Chip size: 400 x 384, e
50x50 um? pixels, 2.0 x 2.1 cm? ; y :

- 8912 data links / endcap from modules to off-detector “****"* = *™*" Poelimplant cuardrines

electronics

4 x Front-end Chips

(150pm thick)

\'\\
N\ Planar Sensor

N

Wire-bond

(150pm thick)

riex PCB

-

Glue

Sensor

Modules: 4 FE chips bump-bonded to sensor
« Cu-Kapton flex hybrid glued to sensor
for connection to power, slow controls and data distribution
« Wire bonds connect the flex to the FE chip(s)
« “pigtails” connecting modules to power / data
« 1172 modules/endcap 20mm (384 columns)

20mm (400 rows)

Marianna Testa A T LAS | ITk
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ITk Pixel Outer Endcap at LNF

Assembly and commissiong of one outer pixel endcap

0. Half-ring reception test
1. insertion of services — cooling lines, data/pwr cable - and half-ring with silicon modules
2. Testing functionality, cooling with CO, p——————
3. Thermo-cycles test with detector Off
) 4
4. Mating couple of half-shells to form a layer
5. Shipment to cern
K PP2, PP3-HUB oS
- :nd’PPZ-ENV ;p:fmm
2 J 3 fo] togxewo'w- <
S. Tomassini
Endcap Tpe
5 oy . 1 services

|

S. Tomassini  ——

Transport frame e

D AT As Y ITK




Clean room refurbishment at LNF per EC assembly

Large Clean room designed for: Galleria immagini
* mechanical assembly, electical testing, cooling

» hosting climate chamber, transfer CO, cooling lines, dry air / N, distribution
» expected to be completed in Q1 2024

3D S. Tomassini
M. Battsti

Climate
chamber

~ ™~ LN
1[ Y/ S— il lesm

oy Clean Room Design:
support platform, M. Battisti E. Dane’, M. Testag

D 1| AS Y ITK




Pixel Outer Endcap: Testing during Integration

A== R I iED 4
QR

Galleria immagini

T L L | Ll
Emmmm
i

| A\ __-- \HIe R T
| EeEEEEE=sese=isuamE—. | | 3D 8. Tomassi
0 - Ry s |

T 1k

M. Battsti

Clean Room Design:
E. Dane’, M. Testa,-S.-Cantarella:

. Half-ring reception test
. insertion of services — cooling

lines, data/pwr cable-and half-
ring with silicon modules

. Testing functionality cooling

. Thermo-clycles test with

detector Off

. Testing again functionality

cooling with CO,

. Mating couple of half-shells to

form a layer

. Testing functionality of

complete layer cooling with CO,

. Bring layer on platform
. Repeat for the three layers
. Final test on tasport box

=



New Infrastructures

Gy air with dew po® ﬂarge Climate Chamber

down to -70 C

CO, cooling
LUCASZ =
Light Use Cooling Appliance for Surfaces Zone

Verified boundary

LUCASZ operational area

|

Delivered cooling power (kW)
A
O,
“

35 30 25 20 -15 -10 -5 0 5 10 15 20 25

CO, evaporative temperature (°C)

e I"




Climate Chamber commissioning

G. Cesarini, E. Dane’,
M. Testa, Z. Chubinidze

Thermal Cycle

Aim: test services stability under thermo-

mechanics stresses due to dfferent CTE of
materials

Temperature: - 45C +40C
(-55 C + 60C for prototypes)
Dew point <-10 C of T to avoid condensation

Commissioned

ANDAMENTI GIORNALIERI DEGLI STRUMENTI EUROTHERM

\Biemme TUV100-MultiEuro-MES 1665\Dati Files\ _st 20230315 Ciclaggio_Termico_Cavo_CicloD.txt Rm-islinu i

Chamber

teqlperature
N 7 .|

/
i
/

Dew Point ] s i
temperature I ' I

Marianna Testa

Dew Point [°C]

Functional test:
Aim: use climate chamber as testing box with
CO, cooling and power on

« T~+20-C

 Dew point <-60 C under CO, triple point
Commissioned

Monitoring interface with DAQ

Autocalibrations




CO, cooling plant commissioning C. Ligi, G Cesarini

« Transfer lines design in clean room
* |nstallation in 2024 « Constructed and

commissioned in
2021 at DESY

« Successful test with
merging lines at LNF
« 2> 20g/s CO, flow

CO, plant

» Successful
Integration with
interlock system

- ‘/ Interlock board

M-Battsti

Z. Chubinidze

D 7| AS Y ITK




Tooling

Survey to check alignment of the mating

Cradle

tool

/ Cradle tool: designed and prototype

S. Tomassini

S. Tomassini, A. Croce\

Endcap Type
1 services

\Transport frame =

S. Tomassini, A.Croce

Transport/Test Box: design in progress

Services support: \

design in progress

Twinax
extension

« Concentual sketch: not in scale

B. Ponzio, E. Capitolo

lo|
! a
R ATLAS Y




System Test

Single and multi-module setup

- High Speed data adapter board designed and * Develop interlock logics |
produced for Pixel community  NTC, cooling, power, environmental sensors

- DAQ with optical readout « Develop of scalable DCS system

- Data Transmission test

Z. Chubinidze, M. Gatta M. Beretta, M. Testa | Z. Chubinidze

M




ITk Services

7

 Power/DCS cables:
« Design, Prototypes and Production

* Quality Control
« Thermo-mechanical cycles

bundle build:
weave flat,
fold over & lace
®® ’\ 00 ®

g

LV MOPS MOPS HV1 HV2
power comm.

\_
>

« Extension twinax data cables
* Design Prototypes and
Production
« Data transmission test

QAlbicocco, M. Testa, Z. Chubinidze

Fibres
optoPWR to
rack room

PP2, PP3-HUB
and PP2-ENV

HV,LV to rack

room _

Marianna Testa




I Tk Patch Panel 1

Inner wall Outer flange
/ Environmental gas sealing and Faraday caga | /
T 3 nner flange
closure of the detector volume. . NN
 Feedthrough for 8488 twinax cable (OS) e
4604 twinax cable
N
« Cooling lines. 14 lines (OS)
2 lines (1S) , Outer wall
« Power cables IPT end plate
* Inside N, overpressure 4mb _ ,
. Internal Dew point <- 60 C e

« External Dew point<-30C
\ Heaters to avoid surfaces /

LNF responsabilities
« Mechanical structure: design and production
* Design and mockup of services routing:
« Data and pwr cables, cooling lines and manifold
» Design and production of heaters

17 S. Tomassini, F Rosatelli, E. Dane’, B. Buadze, G. Cesarini, M. Beretta, B. Ponzio, E. Capitolo, S. Tomassini ATL AS ITk




PP1 Activities: Cable Routing Design F. Rosatell, E. Dane’, S. Tomassini

@ta cables routing to the Pwr cables routing to Connectors\ /Cooling distribution
/| \ /

feedthrough

P S

nnnnnnnnnnnnnnnn
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ITk PP1 piping
24 Inlets > 23 Exhausts
* Inner System: 3 loops
e Quter System: 11 loops
*  Quter Barrel: 8 loops
*  Quter Endcap: 3 loops
Warm Nose: 2->1 loop

The piping design includes also the
PIT

\

<« SICEEOW

_ ok

e — — % e # 7 N
TR : - A o
(‘ oleje(e[e[o]e]

ATLAS X ITk




Heater

PP1 Activities:

Cooling capillaries

Shielding and
grounding
for cooling lines

Feedthrough prototype for
data cables

ploje(o]e]
—J00nn

F. Rosatelli, E. Dane’, B. Buadze, G. Cesarini, M. Beretta, B. Ponzio, E. Capitolo, S. Tomassini + NA collegues ATL AS Y_ITk




Schedule

2024
Q1 Q2

2025 2026

Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Internal Milestones Integration
Reviews

@ Final design review of integration tooling

@ SR1 ready for integration of Itk Pixel -from Common and Pixel-
OB Site readiness review for integration
EC UK-Sites readiness review for integration
EC IT-Sites readiness review for integration

Reception test infrastructure of Italy Endcap half-rings Ready and Commissioned
Tooling and Test infrastruction for Outer Endcap Half-cylinder integration in Italy

Tooling and infrastructure for half-cylinder holding Italy Ready
Tool for Outer Endcap services handling at PP1 Italy Ready
Tooling for half-ring integration to half-cylinders Italy Ready
Tool for services installation Italy Ready

Test infrastructure for services of half-cylinders Italy Ready and Commissioned

Test infrastructure for Outer Endcaps in Italy

Test infrastructure for Outer Endcaps Italy Ready and Commissioned

Cooling plant and manifolding available Italy

Full test of Infrastructure for Outer Endcaps ready in Frascati

IT_L2_rinsertion of half rings and tests
IT_L2_linsertion of half rings and test
IT_L3_r: insertion of half rings and test
IT_L3_I: insertion of half rings and test
IT_L4_r: Insertion of half rings and test

Marianna Testa

2027 2028

Italy Endcap
Reception test and test infrastructure of Italy Endcap half-rings

IT Endcap Integration
integration

IT_L4_I: insertion of half rings and test
Quter Endcap lItaly and test equipment transport box and shipment

Italy Endcap ready for shipment to CERN

JUlLE » D 0 0 4

SR1 Pixel equipment ready for installation from second EC outside sit
Integration of Outer System

ATLAS

ITk



Summary and Outlook

*The ATLAS ITk Pixel Detector will be at the centre of the new ATLAS tracker for HL-LHC Run 4

Individual components verified in prototype runs during last two years and most passed final design reviews
Sensors, FE-chips, Outer Barrel local supports in production

Module hybridization and assembly, most services in pre-production

Remaining activities planning final design reviews in next few months:

» Global Mechanics and Integration Final Design Review, critical for LNF activities, in Q1 2024

Completion scheduled for 2027

Intense next years at LNF for

Design finalization and start production of tooling and PP1
Readiness of large infrastructures

Multi-module scalable testing setup: DAQ, DCS, interlock
Assembly

Commissioning

e o
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Backup slides
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EC Testing during Integration
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Clean Room Design:
E. Dane’, M. Testa

R e T

O

0.

—

© oo N

Half-ring reception test
insertion of services — cooling
lines, data/pwr cable-and half-
ring with silicon modules
Testing functionality cooling
Thermo-clycles test with
detector Off
Testing again functionality
cooling with CO,

Mating couple of half-shells to
form a layer

Testing functionality of
complete layer cooling with CO,
Bring layer on platform

Repeat for the three layers
Final test on tasport box

ITk




ITk Material

* Reduce of material using

» CO, cooling with thin titanium pipes

« Thin Si and FE- chips

« Advanced powering: serial powering for pixels

» Carbon Fibre structures for mechanical stability and mounting
* Optimise number of readout cables using data link sharing
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Schedule

WABS 2.1.7: Pixel Integration — Schedule Overview

) 7 ) ) Outer System inserted and Inner System inserted and
Final design review of Milestone: IS Integration OB Site readiness review EC UK-Sites readiness  EC IT-Sites readiness  Milestone: IS Integration

1
SR1 ready for integration
of Itk Pixel (from Common
and Pixel)
Wed 20/11/24

IPT reception at CERN
Fri 14/11/25

|
0OBH2 Completed

/ |
Outer EngiCap 4 delivered
Wed 29/07/26

\OBHT Eompleted

dressed up at PP1, leak dressed up at PP1, leak
integration tooling FDR for integration review for integration  review for integration PRR checked checked
Thu 01/02/24 7 Fri20/03/24 Tue 1 16\2/25 B Tue 11/027./275 o :lug T/Oi/zi  Fiosoips Mon 04710727 - Thu 23/12/27
Jan ‘23 |Apr 23 [l 23 |od]'23 |Jan 34 \Apr 24 ui 24 |Oct 24 LR — — pui2s_ |Oct 25 |Jan 26 |Apr ‘26 [Jul 26 |Oct 26 [Jan ‘27 |Apr 27 |Jul 27 ———i0ct 27
Start ["Design of EC Tooling Tooling and Test infrastructure for IT Endcap Integration Testof Pr En || Re Re Outer Insertion ot Connect] " INish
Sun 01/01/23 | Mon 14/12/20 - Fri 27/10/23 Fri 02/02/24 - Thu 12/09/24 Mon 04/11/24 - Thu 15/10/26 Thu Th Th “| Tu Tu Tue Wed Thu  |Thu23nzz?
» Modk-up tests EC
Q Mon 31/01/22 - Fri 0112/23
@ Test infrastructure for Outer Endcaps in Italy IT_L2_r insertion of half rings and
8 Fri 02/02/24 - Tue 11/02/25 Tue 18/02/25 - Mon 29/09/25
c UK_L2_
w Tue
test and test i f italy Endcap half-rings
Wed 07/08/24 - Mon 10/08/26
_ Design of OB Tooling on test and test i of UK Endcap half-rings
[0) Mon 14/12/20 - Thu 01/02/24 -
E Test infrastructure for Outer Barrel integration Integra  Integra  Integra  Integra Integration and Test Half Layers OBH1
© Fri 08/12/23 - Tue 11/02/25 Wed Ved Wed Fri Thu 26/02/26 - Fri 23/04/27
4] Service Mock-up & Envelope Check OF Integrat sn and Test Half Layers OBH2
5 Mon 27/02/23 - Thu 02/11/23 Mon 09/06/25 - Wed 24/06/26
- Integration of Indlined Units OBH1
= Thu 26/02/26 - Wed 06/01/27
(@] o8 tion Tooling of Inclined Units OBH2 integ of inner system SR1
Fri 02/02/24 - Thu 12/09/24 Fri 13/09/24 - Thu 30/04/26 Mon 18/05/26 - Wed 13/01/27
£ Design of IS 1S Integration Preproduction Quarter Shell Integration US
v @ Mon 14/12/20 - Fri 29/03/24 Mon 01/04/24 - Fri 03/01/25 Mon 06/01/25 - Wed 23/12/26
[T Prototype & Mock-up test IS Reception test of inner Assemblies SR1___ Cold test of
g > Fri 16/12/22 - Fri 29/03/24 ] Mon 27/04/26 - Wed 13/01/27 Wed 13/01/27
RSN Reception test infrastructure for Outer Endcaps
Wed 06/03/24 - Tue 02/03/27 A A A

Outer Ba;rel ready for

\ Fri 23/0427 7 %
\ e N Outer System integration

Fri 23/04/27
Outer EndCap C delivered 3
at CERN \ N 8,
Task in SR1 e 09/02/27

\
All pixel parts from US at Inner System Cold Tested [Tk Pixel Inner System

CERN Wed 21/04/27 ready for insertion
Wed 23/12/26 Mon 10/05/27
Pixel equipment in SR1
installed and to be clean
- IST need date 01/02/2026

Marian

na Testa

- IPT need date 27/04/2026

1/

ATLAS

IT



HS and tooling preparation - 1

Integration Sequence 1. BARE SHELLS ARE INSTALLED
L2_L3_L4 - Interface Plates (n.12) AND/CLANIFED ON THE
- = REFERENCE TOOL
already glued on CF shells at the 2. THE CILYNDER IS ALIGNED
production site. WRT REFERENCE TOOL

6

GM | Tomassini 27Nov2022 talk

T T



https://indico.cern.ch/event/1194462/contributions/5020559/attachments/2517216/4327890/20220623-GM&I%20meeting.pdf

HS and tooling preparation - 6

GM | Tomassini 27Nov2022 talk

@ DDDUDD

Marianna Testa A T LAS ITk



https://indico.cern.ch/event/1194462/contributions/5020559/attachments/2517216/4327890/20220623-GM&I%20meeting.pdf

Insertion of type-1 services

/ Insertion of cooling lines \

r .
e %8
T H T
T R ® [£]90° iz
| on) SRl
Granite Table S_torage *‘\ o]
- 1 —
Test/Pipe preparation S e rv I c e S %T 7
')

insertion |

I @I@)m

* Check electrical continuity of LV-, Tilock-, CANbus and VCAN-lines and

data cables and env. bundles

 Where appropriate (e.g. the cooling manifolds), the resistance to the
support structure will be measured and recorded to ensure
compliance with the grounding and shielding including ground fault
monitors, specifications

I TkPixellntegration-ElectrialEquipment-v10 docx cpdf.pdf

Marianna Testa

Drawing by Andrea Capsoni



https://edms.cern.ch/ui/file/2685862/1/ITkPixelIntegration-ElectrialEquipment-v10_docx_cpdf.pdf

