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A new Level-1 Trigger for Phase-2CMS Phase-2 Upgrades

Four types of custom ATCA processing boards
• Hosting 1 or 2 AMD Ultrascale+ FPGAs
• Interconnected with 25 Gb/s optical links

CMS Standard Trigger Link Protocol (CSP) The Phase-2 Global Trigger

Integration tests

Slice Test connected to ongoing Run-3 (being commissioned)
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New features at Level-1
• Silicon Tracker Tracks
• Vertex finding
• High granularity 

calorimetry
• Particle flow objects
• Pile-Up Per Particle 

Identification (PUPPI)
• Extensive use of 

machine learning 
conditions/algorithms 

• 40 MHz Data Scouting
System

Floorplan of prototype GT algorithm FPGA with 400 cut-based algorithms (VU13P)

Floorplan of prototype GT algorithm FPGA with 3 large neural-net based algorithms (VU9P)

Floorplan of prototype GT Final-OR FPGA with pre-scaling and monitoring of 1536 algorithms

SLR usageUsage
per SLR

29.8%679DSP

16.2%64LUT [k]

3.0%24FF [k]

CMS is upgraded to cope with
a pile-up of 200

Phase-2 = High Luminosity LHC, starting 2029+

64 bits @ 9 x fLHC
( ~ 360 MHz )

25.78125 Gbps
Asynchronous
(as in 100 GbE)

Evaluating a menu of O(1000) cut-based 
and neural-net based algorithms 

Hardware-Emulator comparison
In initial test spotted a small discrepancy
due to different implementation of quality

Full test of the algorithm of the upstream board and GT board
with test of one CSP link 2x GT
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• Transfer LHC synchronous data with low latency
• No retransmit
• 67/65b encoding

• Parity to correct bitflips in header
• Scrambling to preserve DC line balance

• Control bytes are Hamming encoded
• Correct single bitflip, detect double bitflip

• Filler bandwidth is used to mark orbit, protect data 
packets with CRC, send link ID

64 bits @ 9 x fLHC
( ~ 360 MHz )

Successfully performed first tests with all types of upstream boards .

Planned tests
• Verify trigger rates against Run-3 system
• Event-by-event comparison

Phase-2 prototype to Run-3 

Challenges
• Receiving CSP asynchronously (w/o TCDS

stream in L1 scouting prototype)
• Getting Phase-1 clock to Phase-2

prototypes and L1 Scouting prototype
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Level-1 Accept - 750 kHz (initially 500 kHz)

to 40 MHz Scouting System

TM=n … Time Multiplexing Period.
For n>1, the event stream is distributed
over n parallel processing boards.
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GMT Algorithm

CSP link in use for 1 upstream system
and 1 time slice
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Emulated GT
output

C++ simulation with bitwise
compatible L1 Trigger emulation

Input buffers filled with emulated data
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