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/ What is CMS L1 Data Scouting (L1DS)? \ A CXL memory lake for 40 MHz analysis in the HL-LHC era

Full readout at the LHC's 40 MHz rate is infeasible. CMS employs a 2-tier trigger system, pre-selecting events A shared memory lake will pool several TBs of memory for
with a fast, FPGA-based Level-1 (L1) Trigger that fires at 100 kHz, guided by trigger primitives and physics efficient, zero-copy access, and cache-coherent online analysis at 40 MHz
signatures that are inherently biased. CMS Phase 2 will enhance L1 resolution to cope with HL-LHC pileup. by heterogeneous computing accelerators
Thus, analysing L1 trigger primitives at 40 MHz can pave the way for new physics, bunch-crossing ]
correlations and diagnostics. TCP/IP 100 ol s 5 LIS
L1 Data Scouting collects muon, calorimeter and BRIL data since LHC Run 3 (1.2 PB in 2024) [1, 2]. 400 Gbps (LUS GB/s
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Detector-to-analysis workflow with the CMS Trigger System and L1 Data Scouting. Adapted from [1].

How a memory lake can help

Our demonstrator currently stages data on a ramdisk exposed via NFS to processing unit daemons
[3]. We need a novel approach for real-time, zero-bias analysis in Run 4 and beyond:
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Our prototype at CMS

Throughput (MB/s)

1000
Supermicro server at CMS' Online Computing C
Centre (OLC), with:
> 2x Micron CZ120 256GB (engineering samples)
*"Type 3' CXL memory expansion modules
*PCle 5.0, x8 data lanes
»36 GB/s peak bandwidth (R/\W)

How to manage ephemeral data?

Prototype: minimal, in-memory directory organization C
e Metadata descriptors with memory range 10vecs oL
e Non-contiguous lumisections, contiguous orbit data
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Next steps
Emulation of CXL topologies Milestones for a full, CXL-based detector-to-analysis demonstrator at CMS within the next months:
1. Integrate DAX+Famfs SCDAQ with downstream CMSSW-based processing units
e QEMU-based [J] 2. Connect CMS OLC prototype to spare L1DS links at CMS USC

e Multiple memory modules CXL
interconnected by an emulated Guest VM #0 Multi-Headed
switch ("pooling") 7 Guest VM #1 Logical Device

3. Introduce CXL Type 2 accelerators and validate cache-coherence in concurrent settings
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