
Case Study:
ATLAS Tracker Upgrade
Graham Beck, Adrian Bevan, Zongde Chen, Ian Dawson, 
Jag Mistry, Paul S Miyagawa, Seth Zenz

9 March 2023



2

Overview and Objectives

• ATLAS Tracker Upgrade is the core of the 
ATLAS detector for the High Luminosity 
Large Hadron Collider (HL-LHC)

• Physics Goals: world-leading measurements 
of the Higgs and discovery of new particles

- Requires reconstructing a range of 
intermediate high-energy states from 
HL-LHC collisions

- All of these states depend on high-
precision charged particle tracking
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Key Requirements
• Readout Rate
• Spatial Precision
• Radiation tolerance

Pixels Strips

Collision rate Up to 200 / 25 ns

Number of channels 1.4B 60M

Channel size 
(precision dir.)

25-50 μm 75 μm

Lifetime irradiation 
(neq/cm2)

~1016 1.6 × 1015
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Queen Mary Contributions
1. Silicon strip barrel sensor measurements and QC testing. 

2. Stave core R&D and QC testing. 

3. Material thermal testing

4. Simulations: Radiation background (FLUKA) and thermal FEA for stave studies (Abaqus). 

5. Engineering: pixel system services routing (cabling, cooling etc.) and integration.



6

Fully Equipped ISO 7 Certified Clean Room

Strip Barrel Sensor Measurements and QC

R&D ✔
Final Design Review ✔
Production Readiness Review ✔

• QMUL formally certified to provide Inner 
Tracker silicon sensor pass/fail evaluation. 

• Sensor production phase has started
• Next 3 years
• 3000+ sensors to be received and 

evaluated at Queen Mary
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Stave Core QC
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Material Thermal Testing
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Simulation Studies
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Inner Tracker Engineering at Queen Mary
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Conclusions
• Queen Mary central to this major international project

- Underpins CERN’s flagship results through 2040
• Significant capacity in:

- Characterization of silicon sensors
- Simulation of high-radiation environments
- Measurement and simulation of sensor thermal properties
- Large-scale design and integration of detector systems
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