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High PU event @ LHC in 2012
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High PU event @ LHC now
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Average event @ HL-LHC
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ÅExpected Pile-up: 200 events/25 ns ~4 times LHC

ÅInstanteous peak luminosity: 5-7.5x1034cm-2s-1 : ~4 times LHC 

ÅDose & fluence ~10 times LHC

Average event @ HL-LHC
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High Luminosity requirements

ÅRadiation tolerance: full efficiency up to 3000 fb-1

ÅReduced material budget: calorimeters and overall event reconstruction performance enhancement

ÅExtended tracking acceptance: meets CMS physics program needs

ÅIncreased granularity: efficient tracking with high PU level

ÅContribution to L1 trigger: anticipate selection to mitigate inefficiencies from high pileup
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Current CMS Tracker Limitations

ÅEnd of Run 3: strip tracker overloaded by 

radiation damage (leakage current & full 

depletion voltage limitations)

ÅOccupancy: would need higher granularity to 

cope with HL-LHC 4x higher rate

ÅReadout: impossible to contribute to L1 

trigger

Full tracker replacement!
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~10 cm

Ph2 CMS Tracker ðOuter Tracker Contribution to L1 Trigger
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~1 cm

Ph2 CMS Tracker ðOuter Tracker Contribution to L1 Trigger
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~0.1 cm

ÅContribution to L1 trigger via track 
reconstruction from Outer Tracker

Å750 kHz L1 trigger rate ~ 7 times LHC

Å12.5 Ȋs L1 latency

ÅResolution of approx 1 mm

ÅAllows us to mitigate Pile-Up combinatorics 
by two orders of magnitude

Ph2 CMS Tracker ðOuter Tracker Contribution to L1 Trigger
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Ph2 CMS Tracker ðPerformance

ÅImprovement in resolution with the whole tracker

ÅHigh tracking efficiency @ 200 PU and low Fake Rate
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Ph2 CMS Tracker ðMaterial budget

ÅLighter materials, CO2 cooling, optimized service routing
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From Phase 1 toé
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Phase 2 Tracker
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Inner Tracker 
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Inner Tracker ðTracker Barrel Pixel (TBPX)
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Inner Tracker ðTracker Forward Pixel (TFPX)
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Inner Tracker ðTracker Endcap Pixel (TEPX)
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Mechanical Support

ÅCarbon fibre structures with embedded cooling pipes

ÅFlat disk geometry (replaces turbine design)

ÅCO◘ evaporative cooling at Ĭ35 °C via 1.8 mm stainless steel pipes (168 loops)

Details on mechanics: 

Pierre Roseõs talk on Wednesday!

https://indico.phy.ornl.gov/event/677/contributions/2792/
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IT sensors

ÅPlanar:

Åςυ  ρππ ʈÍ per ρυπ ʈÍactive thickness

ÅBitten implant, no punch-through bias dot 

ÅHit efficiency >99% after 2x1016 neq/cm2 

Å3D sensors:

ÅBetter performances for radiation damage

ÅLower depletion voltage

ÅHit efficiency > 98% after 1.8ĭ1016 neq/cm2
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CMS Readout Chip (CROC)

ÅASIC based on CMOS 65nm technology (CERN 

RD53 project) Ą CMS flavor  of RD53 ROC: 

C-ROC

ÅRadiation tolerant  up to 1 Grad

ÅLow power consumption  < 1 W/cm2 

ÅTrigger rate of 750 kHz

ÅOutput bandwidth 1-4 x 1.28 Gbps

ÅAnalog FE linear architecture  (ToT linear wrt 

charge)

Å4 bit digital readout with selectable 6-to-4-bit 

dual slope ToT mapping for charge compression 

(elongated clusters, heavy ionizing particles)
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IT + BRIL test beams

Å2024 joint test beam between 

CMS Luminosity Group (BRIL) 

and Inner Tracker Ą read out 

CROC v1 with legacy DAQ 

board

Accumulated long clusters (tracks) in the Si-pixel module with its plane 

rotated by 5° with respect to the beamline. The color indicates the 

uncalibrated 4-bit time over threshold values that the counters output. 

Ref: https://doi.org/10.1016/j.nima.2025.170663

https://www.sciencedirect.com/topics/physics-and-astronomy/beamline
https://doi.org/10.1016/j.nima.2025.170663
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IT + BRIL test beams

Å2024 joint test beam between 

CMS Luminosity Group (BRIL) 

and Inner Tracker Ą read out 

CROC v1 with legacy DAQ 

board

ÅOngoing (now!) joint IT + BRIL 

TB Ą first time DAQ with 

final board !
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1x2 2x2

IT Modules
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Readout Architecture

ÅCommunication electronics on 

dedicated Portcard (optoelectronic 

service board)

ÅA portcard hosts 3 ĭlpGBTsand 

VTRx+ links , powered via cascaded 

DC-DC converters

ÅUp to 6 electrical uplinks at 1.28 Gb/s 

(module  lpGBT), with data 

formatting for rate reduction

Å1 electrical downlink at 160 Mb/s 

(lpGBT  module)


