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CMS in Phase-2

• One of four main LHC experiments

• Upgrade for HL-LHC luminosity increase

• Run 3 (now) 2 × 1034 cm-2 s-1 

• Run 4 (2029) 5 × 1034 cm-2 s-1 

• Run 5 (2035) 7.5 × 1034 cm-2 s-1

• Phase-2 DAQ:

• Event size → from 2 MB to 8.4 MB

• L1 Trigger acceptance rate → from 100 kHz to 750 kHz

• HLT accept rate → 1 kHz to 7.5 kHz

• Ready in 2025 for Run 4 commissioning
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Current DAQ architecture

Source: CMS PAPER PRF-21-001
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Phase-2 DAQ architecture

Source: CMS-TDR-022
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Current versus Phase-2 DAQ architecture

Source: CMS-TDR-022

Current Phase-2

Source: CMS PAPER PRF-21-001

EVENT BUILDING
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CMS event building

Challenge for Phase-2 → increased workloads:

• Total builder network traffic → from 1.6 Tb/s to 51 Tb/s

• Total servers from ~60 to ~200 servers

• High-performance software, quasi-real-time lossless data taking

Phase-2 DAQ:

• Event size → from 2 MB to 8.4 MB

• L1 Trigger acceptance rate → from 100 kHz to 750 kHz

• HLT accept rate → 1 kHz to 7.5 kHz

Primary objective → assembling events from their scattered fragments
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Phase-2 event versus orbit

• A collection of events during one LHC orbit

• Orbit fragment size→ 50-250 kB

• Orbit rate → 11.2 kHz

• 67 events per orbit on average

Events in DAQ Orbits in DAQ

• Corresponds to a collision selected by L1 trigger

• Full event size → up to 8.4 MB

• Event rate → up to 750 kHz

CMS-PHO-EVENTS-2018-010-19
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Phase-2 orbit builder data aggregation

Why selected orbits for Phase-2:

• More data per transmission to RU 

• More data per RU-BU transmissions

• Less control messages in the event builder
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Event builder versus orbit builder

Current aggregation by event Phase-2 aggregation by orbit
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Orbit builder software study
Developed the pipestream C++benchmark based on the XDAQ 2nd generation online software

• Emulates Event Builder network traffic

• REST and finite-state machine for the runtime control

• High-performance library supporting RDMA over Converged Ethernet (RoCE)

• YAML for bootstrap configuration

• See the related CHEP talk → “Towards a container-based architecture for CMS data acquisition” by Dainius Šimelevičius

• Runs standalone or in Kubernetes

• Scheduled data sending over network between different nodes from clients to servers

• Throughput of clients and servers periodically probed through REST
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Performance tests

• Tuned parameters: 

• maximal message size 

• buffer size per connection 

• burst size

• threads number and affinity 

• memory affinity

• Used the existing DAQ Run 3 infrastructure with 100 Gigabit Ethernet 

• Measured nodes performance for the all-to-all, CMS event building-like traffic

• One orchestrator and 14 test nodes
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Message rate and throughput over small system
• A folded configuration with client and servers sharing nodes

• Checked performance for small message sizes

• Measured message rates
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Standalone versus Kubernetes 

• A configuration with client and servers on separate node

• Checked performance for CMS-like message sizes

• No performance penalty in K8s



Orbit Builder for CMS Phase-2 at CERN                                       Rafal Krawczyk & Andrea Petrucci                    CHEP 2023, 9 May  2023 14

Summary

• Proof of concept → XDAQ 2nd generation framework for the CMS Phase-2 event building use-case

• Initial results good enough to proceed with the development

• Next step → developing into a fully-functional event builder with the presented software platforms
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Performance tests nodes

ports 14 x 100 Gbps

Switch Juniper QFX10000-30C line card (100Gbps)

Chassis QFX10008

Test Network

Worker Nodes

CPUs 2 x Intel(R) Xeon(R) Gold 6130 CPU @ 2.10GHz

RAM 256 GiB DDR4, 2666 MT/s

NICs Mellanox Connect X-6 in Ethernet mode
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LHC & detectors schedule

Source CERN :Longer term LHC schedule
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Conceptual design of Phase-2 CMS DAQ

Source: CMS-TDR-022
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Phase-2 tables & figures

Source: CMS-TDR-022 Source: CMS-TDR-022
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Run 1-3 table

Source: CMS PAPER PRF-21-001
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Runs luminosity timeline

Source: CMS-TDR-022
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