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CMS Tracker 
CMS magnet : 3.8T uniform in 
the tracker volume
typically 30 charged particles 
within the tracker acceptance 
per p-p collisions (pile up 50 60 
-ish…) à 0(1000) tracks
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Silicon strips tracker
cooling system (C6F14) will extract
the 60 kW power that 
the front-end electronics dissipate
15 148 individual silicon detection 
modules comprising 9.3 million 
readout strips. 
200m2 silicium

 Innter tracker (pixels)  - 124 Million pixels



The CMS pixel detector in a nutshell 
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• Closest subdetector to collisions point
• Main upgrade in 2017 (so called phase-1)

•  detector replaced during the winter shutdown (2016-2017)

• Composed of 
• 4-layer Bpix 
• 2x3 disks Fpix

• 124 M readout channels
• 40 MHz triggered readout 
• 1184 pixel modules in Bpix 
• 672 pixel modules in Fpix 



Installation
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The cooling system has 
been designed to cope 
with a total power of 
15kW (marging)



• Layer 1 is designated 
to withstand a 
particle rate of 
600MHz.cm-2
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Hit rate/ Fluence / Dose 
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After a couple of months… 

One high-voltage n-channel tra
nsistor in the circuit has however not been protected

for all fu
nctional sequences, in particular the leakage current can flow when the converter is

disabled (which is done via a dedicated pin of the FEAST2.1 circuit). 

This current is amplifie
d and integrated on a capacitor, originating a large voltage transient in a critic

al node of the 

circuit. S
ince this transient can approach the input voltage (up to 12V), la

rgely exceeding the 3.3V specified for most of 

the devices connected to the node, this over-voltage can eventually lead to irre
versible

damage to the circuit. 
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Tracking IP resolution
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From Run2 to Run3..  
• Phase-1 pixel detector deployed in LHC Run 2 (2017 -

2018)
• About 120 fb-1 data taken
• Most radiation damage on layer 1 modules (closest to 

collisions)
• Layer 1 HV ramped from 150 V to 450 V

• During the LHC Long Shutdown 2 (2018-2021), the 
CMS Barrel Pixel detector was disassembled and its 
innermost layer was fully replaced.

• New layer 1 needed for Run 3
• More than twice as much data expected to be taken in Run 3
• Fluence in L1 would exceed operational limits

• Design improvements in laver 1
• New layer 1 HV can be ramped upto 800 V
• Fixed data sync. loss issues in ROC
• Lower thresholds through better electrical shielding in ROC

• Protection against single-event upsets in Token Bit 
Manager
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• Refurbishments during LS2
• BPix extracted from the CMS 

detector 
• Stored in a cold box

• New layer 1 was built (started in 
2020) and assembled at PSI

• Extraction of old layer 1 from 
Bpix
• Replacing single layer 2 modules
• Reassembling Bpix
• New DCDC converters
• Repair of faulty connections



New Pixel Layer 1: design improvements

• From “CMS Phase-1 pixel detector refurbishment during LS2 and readiness towards 
the LHC Run 3” 

• Lars O. S. Noehte and on behalf of the Tracker Group of the CMS collaboration 2022 JINST 17 
C09017

• https://iopscience.iop.org/article/10.1088/1748-0221/17/09/C09017/pdf

• The improved ROCs have better shielding of the calibration pulse injection circuit 
leading to reduced pixel cross-talk and noise. 

• Moreover, they have an improved time-stamp buffer logic, which in the past caused 
timing errors and thus loss of data synchronization. 

• The old TBM suffered from a vulnerability for a specific single event upset (SEU) which required a 
power cycle of the TBM to recover. 

• The new TBM is guarded against this SEU phenomena. 
• In addition, L1 is equipped with new high voltage cables with better insulation. 

• With the new cables and upgraded power supplies, the reverse bias voltage can be ramped up to 
over 800 V, compared to 450 V in Run 2.
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Cluster charge evolution
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Hit efficiency
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Hit efficiency
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Pixel 2023: Layer 3 and 4… 
● After the Technical stop in early July 2023, we observed issues with 

BPIX layer 3-4
○ QPLL issue in BmI SEC7 Layers 3 and 4, since 19 June 2023

○ An access & CMS opening is needed to possibly repair it
○ To be assessed, discussed… (risky operation, close to the beampipe..) 
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