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Increased luminosity poses challenges
▪ The high-luminosity Large Hadron Collider (HL-LHC) upgrade will provide the LHC

experiments with a 5-fold increase in the instantaneous luminosity

▪ Particle reconstruction and identification will be challenging due to the abundance of

simultaneous primary interactions
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A superhero for untangling pileup
▪ The interaction region at CMS extends

longitudinally covering an RMS collision

time of 180-200 ps

▪ The addition of track-timing information

with 35 - 70 ps precision reduces the

wrong associations by more than a factor

of two

▪ The timing upgrade of the CMS detector

will improve the particle-flow performance

at high pileup to a level comparable to the

current CMS detector

TDR: A MIP Timing Detector for the CMS Phase-2 Upgrade

https://cds.cern.ch/record/2667167
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Schematic representation of MTD
▪ Minimum ionizing particle Timing Detector (MTD) consists of a barrel timing layer (BTL) and

two endcap timing layers (ETL)

▪ MTD identifies charged hadrons up to a few GeV in 𝑝𝐓 based on time-of-flight

TDR: A MIP Timing Detector for the CMS Phase-2 Upgrade

https://cds.cern.ch/record/2667167
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WinCC OA = a tool to build DCS
WinCC OA has capabilities for:

▪ Device Description

▪ Data Points, and Data Point elements

▪ Device Access

▪ OPC, ProfiBus, Drivers

▪ Alarm Handling

▪ Generation, Masking, etc

▪ Alarm Display, Filtering, Summarising

▪ Archiving, Trending, Logging

▪ User Interface Builder

▪ Access Control

Additional CERN-written

▪ JCOP framework

▪ Finite State Machine (FSM)

▪ Abstract representation of the detector,

what state is it in:

▪ Data taking/ Standby/ Error

▪ What triggers it to move from one of

these states to another?

▪ Same states for all experiment

scalability, openness (programmable, API, managers and drivers), multiplatform access
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CMS MTD TIF DCS
▪ Currently working on initial prototype tests 

in tracker integration facility (TIF)

▪ The DCS development is divided into 

three stages:

Initial 

prototype 

for tests

Single tray

prototype

Full tray 

model

TDR: A MIP Timing Detector for the CMS Phase-2 Upgrade

https://cds.cern.ch/record/2667167
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Initial prototype for tests
▪ Cooling tests (CO2 flow)

▪ Heating tests (simulating modules and chips)
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DCS for the initial prototype
MTRS – massive temperature readout system

PLC – programmable logical controller

for temperature and humidity readouts
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Initial interface panels
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controlled
Summary
▪ The HL-LHC upgrade will provide the CMS experiment with a 5-fold increase in the

instantaneous luminosity

▪ Up to a 5-fold increase in the number of p-p collisions per bunch crossing are expected in

Run 4 compared to Runs 1-3

▪ A new subsystem, the MTD will be built to help untangle the collision data

▪ DCS and DSS systems are being developed to ensure safe operation of the detector

▪ The initial prototype has been developed and the work towards the development of a full

DCS/DSS prototype is on-going

Questions?
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backup
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The Compact Muon Solenoid (CMS) experiment at the Large Hadron Collider (LHC) will

undergo extensive upgrades during the long-shutdown 3 (LS3) scheduled for 2026-28. One of

the most prominent aspects of the upgrade will be the introduction of a new detector sub-

system, the MIP Timing Detector (MTD), situated between the outer tracker and the

electromagnetic calorimeter. The MTD is a timing layer, which aims to provide a charge-track

time resolution on the order of tens of picoseconds. As with all detector systems at CMS,

the MTD will be controlled and monitored using detector control and detector safety systems

(DCS and DSS). DCS and DSS are one-of-a-kind purpose-built prototype software systems,

constructed using the WinCC OA software package.
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CMS MTD TIF DCS DSS
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The proposed solution is a new detector

▪ Minimum ionizing particle Timing Detector (MTD) is a new detector planned for CMS during

the High Luminosity LHC (HL-LHC) era:

▪ timing information for MIPs 

▪ 30 – 40 ps at the beginning of HL-LHC operation

▪ 50 – 60 ps by the end of HL-LHC operations

▪ identifies charged hadrons up to a few GeV in 𝑝𝐓 based on time-of-flight 

▪ improves the particle-flow reconstruction

▪ Improving  ⅇ−, ⅇ+, 𝑝, 𝛾, 𝜏, 𝜇, jet, and 𝑝T
𝑚𝑖𝑠𝑠

reconstruction


