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The ATLAS Experiment

• Largest of four LHC experiments
• General Purpose experiment at the CERN site in Meyrin
• Diameter: 25 m
• Length: 46 m
• Weight: 7000 tons
• Multiple detector subsystems
• Very strong magnet system (solenoid and
toroid magnets)
• 100 million electronic channels
• 3000 km of cables
• Built and operated by collaboration of >5000 physicists
• Operation with collisions since end 2009
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The ATLAS Muon Spectrometer
MDT RPC

TGC NSW

• Consists of 5 sub-detectors
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The High Luminosity LHC (HL-LHC) project

•HL-LHC program will start in 2030 and continue until 2041. 
•Instantaneous luminosity up to 7.5 × 10³⁴ cm⁻² s⁻¹. 
•Pile-up up to 200 interactions per bunch crossing. 
•Integrated luminosity target of 4000 fb⁻¹, requiring radiation-hard electronics. 
•ATLAS Phase-II upgrades will be installed during LS3 in preparation for Run-4 
operation. 
•The Phase-II MDT upgrade introduces new detector and power supply hardware, 
requiring corresponding developments in the Detector Control System (DCS).
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Monitored Drift Tubes (MDTs)

• Main purpose: Precision measurement of η-coordinate
• Coverage: barrel |η|<1.05, end-caps 1.05<|η|<2.7
• Number of electronic channels: ~360k
• Gas composition: Ar + 7% CO₂, H₂O (1000 ppm)
• Standby voltage (V₀): 2.5 / 3.08 kV
• Nominal voltage (V₁): 3.08 kV

• Chambers: 2 multilayers (ML) of 3–4 drift tube layers (except 
BEE, BIS8 with 1 ML)
• Tube diameter: 30 mm (except BME: 15 mm)
• Aluminium tubes, central wire W-Re (50 μm, +3.08 kV)
• Optical alignment system monitors deformation & 
displacements
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Improvements with respect to the current MDT chambers: 

• Decreasing the tube diameter by 1⁄2 compared to current MDT detectors reduces the 
detector size with minimal loss of resolution permitting the insertion of RPC trigger 
chambers adding crucial trigger acceptance in the barrel/endcap transition region.

• sMDTs have 8 times lower background detector occupancy compared to MDTs 
(factor of 4 from reduction of max drift time, and factor of 2 from smaller diameter).

• Electronics dead time decreased by four times (from 750 ns to 175 ns). 

• sMDT operated with Ar + 7% CO₂ gas at 3 bar and at HV = 2730 V. 
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Small Diameter Drift Tubes (sMDT)
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Grouping Tasks



MDT Phase-2 DCS

•A MDT setup has been developed, mirroring the Point-1 hardware architecture. 
•Two independent test benches based on the new hardware technologies have been deployed in the 
B188 and BB5 laboratories.
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•Two independent test benches based on the new hardware technologies have been deployed in the 
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MDT Power Supply DCS Infrastructure
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• The MDT Power Supply infrastructure follows a hierarchical 
architecture consisting of Mainframe → Branch Controller → 
Crate → Boards.

• The chain includes : 

1. 1 SY4527 Mainframe

2. 1 Easy Crate 3000

3. 1 HV board and 2 LV boards

4. The setup has recently been extended with an additional LV 
board to support the L0MDT team activities.

• The FSM for the Easy system has been created 



MDT Power Supply DCS

• Hardware mapping and FSM hierarchy implemented.

• OPC UA communication established through the OpcUaCaenServer.

• The connection between the server and the client has successfully established 
and running under a crontab

• The main panels and scripts are fully operational and running smoothly

• MDT Power Supply FSM developed for the Phase-II setup with three sMDT
chambers
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MDT Phase-2 DCS
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NGPS Integration for the MDT Phase-II Upgrade
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Next-Generation Power Supply
• Next-generation digital power supply for the MDT Phase-II upgrade. 
• High-precision voltage and current regulation. 
• Designed for reliable operation in the HL-LHC environment.

Embedded Platform
• FPGA-based deterministic control. 
• Embedded ARM processor running Linux. 
• Native Ethernet connectivity.

Phase-II Features
• Native OPC UA support for detector control. 
• Remote configuration and monitoring. 
• Designed for seamless integration into the MDT DCS.



NGPS DCS Integration

• A dedicated Phase-II test setup has been established in the 
BB5 laboratory.

• Communication with the NGPS modules has been 
established through the OpcUaCaenServer.

• Main Panels for UI Optimalization has been established 

• Dedicated GUI panels have been developed for NGPS 
monitoring and operation. 

• Experts can modify key module parameters and operational 
flags. 

• Real-time status information is provided through OPC UA 
communication.

• Scripts and the FSM node has been developed 15



MDT Phase-2 DCS

•A MDT setup has been developed, mirroring the Point-1 hardware architecture. 
•Two independent test benches based on the new hardware technologies have been deployed in the 
B188 and BB5 laboratories.
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CAEN R6060 Branch Controller
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Phase-II Branch Controller

• Replaces the legacy A1676 Branch Controller. 

• Designed for the new SY4527 power supply infrastructure. 

• Native OPC UA communication.

Main Features

• Compact standalone 1U solution. 

• Supports EASY3000 and EASY6000 crates. 

• Improved diagnostics and firmware management. 

Phase-II Integration

• Enhanced scalability for future MDT installations. 

• Fully supported through WinCC OA / fwCAEN.



R6060 DCS Structure
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• Successfully established connection with an OpcUa Server and two 
R6060 Units. The values are updating from both UaExpert and 
Winccoa Project

• A corresponding FSM has been created for those two units.

• It has one node for the R6060  Modules and one for the crates.
Following the pre-existing MDT CAEN EASY System Logic.

• The main R6060 FSM Panels are being modified and updated. The 
UI provides

1. Global ON/OFF 
2. Alarm handling 
3. EASY crate recovery/reset 
4. Channel status overview 
5. System resources & sessions

• New type of boards were included to fwCaen Component after 
discussion with CAEN Experts



Power Supply System: Updates and Next Steps
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Implemented / Operational
• CAEN Watchdog Manager implemented for continuous monitoring of board temperatures, communication and 

HV safety.

• Periodic V0/Vmon verification ensures safe detector operation.

• Automatic protection mechanisms perform controlled channel or generator shutdowns under critical 
conditions.

Ongoing Work
• Final validation of the R6060 integration into the MDT DCS.

• Mixed legacy and Phase-II hardware validation.

• Extension of fwCAEN to additional Phase-II boards.

• Preparation for the Phase-II deployment during LS3.
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Power Supply System: Updates and Next Steps
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Summary

✔NGPS integrated into the MDT DCS.

✔ R6060 successfully integrated through OPC UA and 
fwCAEN.

✔Dedicated FSMs, GUIs and automation managers 
implemented.

✔Current focus: software validation and preparation for LS3 
installation.

✔ 1st Poster presented in Atlas week in June 2025!

• Internal note is under preparation for future reference!
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Thank you!!!
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Backup
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Monitored Drift Tubes
• The Aluminium tube (wall thickness 400 μm) functions as cathode. A gold-plated Tungsten (97%) -

Rhenium (3%) wire (50 μm in diameter) at the centre makes the anode.

A charged particle passing the active area (a) will create free ions, which subsequently form by 
avalanche an electric cluster. This causes a voltage drop (b) for which the main parameters are 
measured (amplitude and time).

The spectrum shows (c) that the maximum drift time is up to 700 ns.

The so-called rt-relation (d) correlates the drift time with the drift radius in respect to the anode.

Since the rt-relation has a dependence of various parameters (gas composition, temperature, magnetic 
field, voltage) the chambers contain B-field and temperature sensors.
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Small Diameter Drift Tubes (sMDT) BIS7

• The phase-1 upgrade for BIS78 chambers is a pilot for the phase-2 upgrade and aims to improve high 
momentum muon trigger system in the transition region between Barrel and Endcap of Muon 
spectrometer: 1 < |η| < 1.3.

• New sMDT in BIS integrated with new RPCs (trigger).

• Our focus is the sMDT for.
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Detector Control System
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2. Back-End : 
• Local Control Station (LCS) → direct hardware control 

(HV, cooling, gas, racks).
• Sub-detector Control Station (SCS) → full operation of 

each sub-detector (e.g. MDT, RPC, MMG, STG).
• Global Control Station (GCS) → overall supervision and 

monitoring of the whole ATLAS detector.
Technology: Based on SCADA WinCC-OA (formerly PVSS 
II) and JCOP tools.

Finite State Machine (FSM):
• Tree-like hierarchy of states (READY, STANDBY, 

SHUTDOWN).
• States propagate upwards, commands propagate 

downwards.

1. Front-End (FE):
Detector Interface (i.e. ELMB, CSM, PS,
PLC, sensors, Alarm, Data Viewer, etc).

Architecture


