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ÁUpgrade of LHC to High Luminosity LHC ǘƻ ŀŎƘƛŜǾŜ ƛƴǎǘΦ ƭǳƳƛƴƻǎƛǘȅ ƻŦ р- тΦр ϊ мл34 ŎƳҍнsҍм

ÁIntegrated luminosity and radiation dose increases from 300 fb-1 to 3000 fb-1

ÁEntire replacement of CMS Outer Tracker in the course ofthe Phase-2 Upgrade

-Increased granularity for up to 200 simultaneous collisions

-Enhanced radiation hardness

-Reduced material in tracking volume

ÁContribution of tracker data to Level-1 trigger at 40 MHz

ÁDevelopment of new modules for Outer Tracker:

-2Smodules with 2 strip sensors

-PSmodules with one macro-pixel and one strip sensor

-192m² of active silicon and 214m channels

-Hits in at least six layers for tracks in ȿ–| < 2.4  

The CMS Phase-2 Outer TrackerUpgrade
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Quarter of the new CMS Tracker
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ÁModule based filter mechanism to reduce data for trigger

-Charged particles have curved trajectory ƛƴ ǘƘŜ оΦу ¢ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ƻŦ /a{

-Comparison of hit position in strips both sensors on each module

-Generation of ΨǎǘǳōΩ ǎƛƎƴŀƭ ƛŦ ǘǊŀƧŜŎǘƻǊȅ ŎƻƳǇƭƛŜǎ ǿƛǘƘ ▬ἢҗ н GeV

-Five stubs per module per BX expected for pileup of 200

ÁStubs sent from module to back-end at 40 MHz 

ÁLevel-1 trigger accept signals for full readout returned at < 750 kHz

ÁIntegration of tracker data into trigger is main driver of module design

ÁStrict precision requirements for assembly of stacked sensors

Stub mechanism for identifying high-ὴ particles on module level
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2S and PS module for the CMS Outer Tracker

Nicolas Roewert - Design and construction of the CMS Outer Tracker for the HL-LHC Upgrade 4December 4, 2023

PS modules for inner layersof Outer Tracker

ÁOne 5x10cm² strip sensor with 1920 strips on top of one 
macro-pixel sensor with 30720 pixels bump-bonded to ASICs 

ÁHybrid architecture comparable to 2S module with two FEHs, 
one Power-and one Readout Hybrid (POH, ROH)

ÁThree flavors with 1.6mm, 2.6mm and 4mm sensor spacing

Eachmoduleis a fully functional unit with individual power connection and communication

2S modules for outer layersof Outer Tracker

ÁTwo 10x10cm² stacked strip sensors with 2032 strips each

ÁFront-End Hybrids (FEH) for signal readout

ÁService Hybrid (SEH) for power supply, data-serialization and 
optical communication with tracker back-end

ÁTwo module flavors with 1.8mm and 4mm sensor spacing

FEH

FEH

SEH

2S sensor
n-in-p doping
320µm thickness
90µm x 5cm strips
ὠ = 600V (800V)

PS strip sensor
Same material as 2S
100µm x 2.4cm strips

PS pixel sensor
Same material as 2S
100µm x 1.5mm pixels

FEH

FEH

ROH

POH



Hit readout and data transmission of the 2S module
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1. Particle passes through sensors and generates signals

2. By shaping and comparing the signal with threshold the 
CMS binary chip (CBC, 130nm) registers hits 

3. CBC correlates hits in sensors and generates stub data

4. Bundlingof stubs by Concentrator IC (CIC, 65nm) and 
transmission to Level-1 trigger via SEH

5. Analysisof event by Level-1 trigger 

6. Request for full event data sent back to module

7. Transmission of all hits from CBCs via CIC to back-end for 
processing in High Level Trigger
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ÁOptical communication via Versatile Transceiver plus (VTRx+)

ÁData serialization with Low-power Gigabit Transceiver (lpGBT)

ÁUpgraded Outer Tracker requires 3x more front-end power 
of 85kW at a lower supply voltage

ÁParallel powering of all modules via DC-DC conversion scheme

-Use of radiation hard bPOL12V and bPOL2V5 chips

-Module input voltage of about 10Vand input power of 5W

-First conversion stage to 2.55V for laser diode

-Second conversion stage to 1.25V for other components

ÁPowerful two-phase CO2 cooling system to dissipate heat load

-Coolant temperature of Ὕ= -33°C 

-Stainless steel pipes with an outer diameter of 2.3 to 3mm

Communication, powering and cooling of the 2S module
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ÁNew tracker is composed of 7680 2S and 5616 PS modules, which
are assembled in three substructures:

-Tracker Barrel with PS modules (TBPS)

ÅInner part of barrel with PS modules

ÅHorizontally arranged PS modules in central part

ÅTiltedmodules in outer part for sufficient stub efficiency 
at large|–| and less material

-Tracker Barrel with 2S modules (TB2S)

ÅOuter part of barrel with 2S modules mounted on ladders

-Tracker Endcap Double-Disc (TEDD): 

ÅPS and 2S modules mounted on discs

ÅTwo discs forming one double disc, a hermetic detector plane

ÅEach TEDD consisting of five double discs

Integration of modules in the Outer Tracker
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Quarter of the new CMS Outer Tracker
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TBPS prototype rings and a model of the inner tilted section
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