FPGA Implementation of the General Triplet Track Fit
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Online Track Reconstruction in High Rate Experiments

\

‘

\

Using barrel-shaped toy detector. Triplets formed from 3 consecutive hits.

o @

| G!fs;
De‘ec’(o“@‘ () (

Reconstruction of charged parficle tracks in high-energy physics experiments is
a computationally intensive task. Due fto the increasing number of
simultaneous particle collisions in future high-luminosity colliders, like HL-LHC
and FCC-hh, the challenge of ftracking and online event reconstruction
becomes even more significant. This demands for innovative algorithms
running on accelerated hardware, e.g. FPGAs, GPUs and ASICs.

The General Triplet Track Fit [1] is a novel parallelisable frack-fitting algorithm
that extends the MS(Multiple Scattering)-only fit [2] by including hit uncertain-
ties, making it usable for high-energy collider experiments.

With their inherent parallelism, power efficiency
and reconfigurability, FPGAs are becoming
Increasingly attractive as co-processors for large
data centres, such as filter farms, to meet the
challenges of increasing throughput and computa-
tional complexity. A preliminary FPGA implemen-
tation of the General Triplet Track Fit for future
neterogeneous online farms is developed, using
high-level synthesis on AMD FPGAs with algorithmic
optimisations fo exploit the device’s potential fully.

Triplets stored in buffers are
| transferred from the CPU to the
i FPGASs using XRT native API.
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1) Accounts for all detector-specific information, e.g., B @ Detector independent; compute track

field, material budget. Local Fit is optional for filtering. parameters from friplet parameters.
Local processing of Triplets involves computationally complex trigonometric functions.

Local Processing Kernel

matrix and ensures quality of
parameters.
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the required time before the next event starts processing.

Global Fit Kernel

Using the calculated triplet
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After the calculation
is done send track

parameters to Host. parameters to minimize ’rhe)(2
to reconstruct tracks.
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Optimization for Throughput

The CPU-based GITF algorithm is franslated into HLS C++. The design is
optimised by simplifying complex calculations and breaking them into smaller,
reusable steps, which reduce logic depth and improve throughput. Loop
optimisations (pipelining, unrolling, flattening, etfc.) are applied to enhance
performance and maximise throughput.
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Functional Verification

GTTF on FPGA

(Freq: 300 MHz, nEvent: 1, Entries: 10000) O u(double)
NLayers=8, p =10 GeV, B=2 T, 0=70 -4+ HW-EMU(float)
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AMD Vitis HLS Toolflow [4]
allows rapid design iterations and
resource-throughput optimisations.
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Preliminary implementatfion of the local processing is resource- With an increase in the number of triplets, the size of the co- L — —— GTTF on AMD Alveo U280
intensive, because of the tfrigonometric functions. variance matrix also grows, becoming more resource-intensive.

Global Fit throughput decreases with an increasing number of layers, because of the
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matrix inversions. Local Processing Kernel scales with the number of triplets.
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