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CMS Overlap Muon Track Finder (OMTF)
 OMTF is one of the subsystems of the CMS L1 

Trigger, it was introduced for the Phase-1 CMS 
upgrade in 2016.

 It covers the pseudorapidity region of 
0.83 < |η| < 1.24

 Each processing board will cover 120 degrees of 
detector in r-φ plane with 30 degrees of overlap (6 
boards in total)

 It utilizes three types of detectors: Drift Tubes (DTs) 
and Resistive Plate Chambers (RPCs) from Barrel and 
Cathode Strip Chambers (CSCs) and RPCs from 
Endcap region.

 OMTF identifies the muon tracks, estimates their 
transverse momentum and sends the found 
candidates (with associated chamber segments) to 
the Global Muon Trigger CMS detector slice for Phase-2 CMS, Source: “The Phase-2 Upgrade of the CMS Level-1 

Trigger”
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Muon track reconstruction in OMTF region 3

Source: Bluj, Michał et al. “From the Physical Model 
to the Electronic System - OMTF Trigger for CMS.”

 The principle of the muon track reconstruction in the Phase-2 OMTF 
algorithm is the same as in Phase-1

 The muon track recognition algorithm was written in VHDL for Phase-1 and 
has been ported to C++ HLS for Phase-2

 Inputs: 18 layers of muon detection (DT, RPC and CSC)
 8 of detector layers with good coverage in φ and η are treated as the 

reference layers
 The OMTF algorithm begins the muon reconstruction from a reference hit
 The reconstruction is performed using pattern matching, based on the naive 

Bayes classifier
 Duplicated track candidates are removed by the Ghostbuster functional 

block
 For Phase-2, pattern recognition algorithm introduces measurement of 

transverse momentum without beamspot constraint. This allows the 
triggering on muons coming from the decays of long-lived particles.
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OMTF Algorithm: Implementation for Phase-2
∙ The Bunch-Crossing (BX) event rate is 40 MHz, which determines the basic operating frequency of the system
∙ 15 input BMT-L1 links, 65 CSC links and 12 RPCe links, where BMT-L1 links are now implemented
∙ Barrel Muon Trigger Layer-1 data rate: up to 8 Trigger Primitives (TPs): 4 φ TPs, 4 θ TPs per BX, per link
∙ The input data must be converted to achieve common representation of data coming from different types of detectors.
∙ OMTF Processor and Neural Network (NN) clock frequency is 360 MHz
∙ Data output rate for Global Muon Trigger (GMT): up to 9 muon candidates per BX, which is determined by the algorithm’s clock
∙ 18 output links to GMT
∙ Converters, OMTF Processor, Neural Network and Ghostbuster are implemented as IP cores using HLS
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Target OMTF Algorithm diagram; Created by Pelayo Leguina, Universidad de Oviedo
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NN in OMTF Algorithm for Phase-2 CMS 5
 Fully-Connected Neural Network is used in Phase-2 OMTF as one of functional blocks
 Estimates the pT and charge for the muon candidate
 The NN inputs are Δφ versus the reference hit found by pattern logic
 2 hidden layers: 16 neurons in hidden layer 1 and 9 neurons in hidden layer 2
 441 multiplications in total
 Multiplication operations utilizes DSP48 blocks built in Ultrascale+ FPGAs
 Weights and activation functions implemented as look-up tables stored in BRAMs, to reduce logic cell 

utilization
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OMTF P2 Algorithm: Implementation for Phase-2
∙ Target platform: custom ATCA boards (X2O) with AMD 

Ultrascale+ FPGAs (xcvu13p-fsga2577-1-e)
∙ Using Blobfish custom firmware interface for link 

interface generation and system management
∙ TCL and Cmake scripts are used in algorithm integration
∙ The blocks marked with solid lines are fully implemented, 

while those marked with dashed line are partially 
implemented or simulated.

∙ Block colors: Blobfish in purple, input data converters in 
green OMTF Processor in yellow, NN in red
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Results from September 2024

Parameter OMTF @360 MHz

LUT 6.3%

FF 5.3%

BRAM 20.5%

DSP 4.3%

Latency 118 clock cycles (~328 ns)

Worst Negative Slack 0.030 ns

Thermal Margin ~71 ℃
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OMTF P2 Algorithm: Implementation challenges
Single SLR vs. dual SLR design
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Results from one of earlier builds. Red – OMTF processor, 
yellow – NN

Single-clock read-write dependencies

The HLS synthesis result before and after refactorization

Priority Encoder is one of functions inside 
OMTFProcessor, which provides a position to the first 
unique reference hit every clock cycle. Those 
dependencies for algorithms working at higher 
frequences are constraining timing performance.

The link configuration overuses available GTY transceivers in 
a single SLR. Every SLR crossing comes with increased 
latency and resource utilization. We are expecting multiple 
SLR crossings for input link data. We conducted a test to get 
an answer to determine which negative effects might be 
associated with the SLR crossing. We observed higher 
latency and clock utilization. 
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Design and verification workflow 
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Design and verification flow for OMTF algorithm; Created by Pelayo Leguina, Universidad de Oviedo
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Verification results
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OMTF Processor and Neural Network simulation results, compared with CMSSW outputs prove, that algorithm handles feeding 
data properly

OMTF Processor C simultaion Neural Network C simultaion



Verification results
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Simulation of integrated algorithm results in proper data propagation



Conclusions 11
 As for now, the OMTF Processor is ported from Phase-1 and prepared for Phase-2. Neural Network and 

BMT-L1 input processing blocks are implemented.
 OMTF Processor has been extended to include muon displacement calculation for long-lived particle 

triggering.
 Neural Network is introduced to improve muon’s pT and charge calculation. Might require further 

optimization to reduce resource usage, as new calculations eg. beam-spot-unconstrained pT will be 
implemented.

 Current design fits into one SLR. We expect to use multiple SLRs due to high input link and BRAM 
utilization, as well as functional blocks yet to be implemented.

 HLS verification of IP blocks is successful. Verification of integrated algorithm with small input data 
sampes shows, that data are propagated properly.

 The optimal algorithm’s logic placement will be determined in further steps.
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Thank you for your attention
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