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• The LHC will be upgraded to High-Luminosity  (HL)-LHC

• Scientific goals:
• Exploring the properties of the Higgs boson with higher precision.

• Searching for new particles and phenomena beyond the Standard Model.

• HL-LHC  will provide from 2029 
▪ Proton-proton collisions with up to 14 TeV center-of-mass energies.

▪ Average collisions/bunch crossing: ⟨𝜇⟩ ~ 20 ⇒ ⟨𝜇⟩ ~ 200 (pile-up).

▪ ∫ Ldt ~4000fb-1 of integrated luminosity, an order of magnitude more than current 

data.

▪ ATLAS detector will be upgraded

25 th International Workshops on Radiation Imaging Detectors, Lisbon, Portugal, 30 June – 4 July , 2024
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• The Inner Tracker (ITk) will fill the space of the 

ID with a radius of 1 m and a length of 6 m.

• Design of the ATLAS all-silicon ITk inner tracker.

• ITk is full Silicon based system which is divided 

Pixels and Strips.

• Reduced material: Carbon Fibre structures

• Advanced serial powering, data link sharing

Requirements for pixel detector & readout: 
• High trigger rate: 1 MHz

• High granularity: occupancy at 1 %.

• Low mass mechanics, cooling and serial powering to minimize material budget

• Radiation tolerant: up to 2 · 1016neq𝑐𝑚−2

• Extended tracking coverage: |η| = 2.5 ➝ 4

New ATLAS Inner Tracker (ITk)
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|η| < 2.0 2.0 < |η| < 3.6

Half-Shell and Half-ring with pixel modules 
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Up to 1172 pixel modules

Inner System (IS)

Outer ring: Planar pixel modules 

Inner ring: 3D pixel modules
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• Current ATLAS Inner Detector should be replaced for High Luminosity Large Hadron Collider (HL-LHC) by new with all-silicon based Inner Tracker (ITk) with similar or better performance in harsher conditions.

• ITk production will be a global effort with more than fifty institutes in the world.
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5 barrel layers, 

2 ⨉ 23 inclined disks (OB) 
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Inner system coupled-ring:

Opto-Box control and monitoring SP chain control and monitoring

System test setup at Frascati

Testing after Modules Loading
● Loaded modules RD53A are individually tested to assess any damages during loading

○ No performance degradation, no new disconnected bump-bonds found

○ Loading procedure is well-established and safe!

● L1 stave has been tested through thermal cycles

○ Total of 100 cycles from -55℃ to 20℃ at LBL

○ Tested after 1, 34, 67, and 100 cycles

○ No performance degradation, no new disconnected bump-bonds 

FAN

Air cooling test for dummy Half-Ring Dummy Half-Ring with heaters and CO2 cooling plant

Pixel module scans (Digital, Analog, Threshold)

Outer EndCapInner SystemOuter Barrel

Scalable DCS system

Pixel Sensor and Front-End Chip

Pixel dimensions“n-in-p structured” pixel sensor for radiation hardness

Sensor technologies

Planar structured3D structured

• Sensor and FE Designed by RD53 collaboration in 65 nm CMOS technology.

• Pixel modules will be built with 3D and planar sensors bump-bonded to the pixel readout ASIC FE 

(Front-End).

• The baseline sensor technologies for the ITk Pixel system are n-in-p structured 3D sensors for the 

innermost layer and thin Planar sensors elsewhere. 3D sensor has less distance between contacts and it 

has more radiation hardness and low power dissipation.

FE Chip contacts

DAQModule

Optical based data transmission to share up to 6 modules on one single optical link

Data Transmission

• The new Detector Readout System includes: Gigabit receiver chip (GCBR), low-power Gigabit transceiver (lpGBT ) 

and VTRx+ Which recovers Signal and serialize electrical links and converts to optical links. Up to 10.24Gb/s data 

transmission speed is available per one optical fiber.

• Each FE has 4 x 1.28Gb/s electrical links.

• Optical links are hosted by The Front-End Link eXchange (FELIX) DAQ interface.

LHC: 

19-55

Pile up events

HL-LHC :

140-200

Pile up events

BER tests with 95% CL BER limit < 10−12 for varying GBCR equalizer settings, using 64b/66b ITkPix idle signal

• Almost final Opto-Board and ITkPix pre-production module

• Manually assembled 6m long Twinax bundle (10 cables) with off the shelf connector (firefly) and termination board

Data transmission quality test for Outer Barrel IL3 PP0 - Setup 
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The ITk Pixel System includes several components and stages to scale up testing from individual modules to sub-detectors which covers common methodology:

● Connect various flexes and electrical services Testing the ITk Pixel System Test module performance at each step 

○ Production → Reception → Loading → With proper services 

○ Connectivity, digital scans, disconnected bump-bonds, etc. 

● Verify thermal performance with CO2 cooling

● Verify serial power chain

● Verify data transmission quality

FE4

Occupancy Map

Digital & Analog scans

Threshold Occupancy Map
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✓ Monitoring

Data Source (metrics)

Time series DataBase

Data Visualization

PSU

Interlock

CO2 cooling plant (LUCASZ) with Interlock system 

(LISSY) was commissioned

Demonstrator of loaded local support with RD53A modules and full services chain

Electrical test results before and after loading RD53A modules to carbon fiber local structures

Serial power chain at LBNL with ITkPix modules

○ Measurement and control of environmental condition (T, dew point)

○ Detector Control System:

■ Voltage Drop among modules and T

■ Environmental conditions: T, dew point

○ Interlock to ensure:

■ T on modules below +40 ℃ and dew point < -60 ℃

○ DAQ with optical readout ( OPTOBOARD) using FELIX board
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