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Introduction

Energy test

Implementation with GPUs

Application in 3 body decays

1n multi-body decays with GPUs

Shanzhen Chen, Jolanta Brodzicka, Marco Gersabeck,

e Statistical method e Applied with CUDA platform of NVIDIA GPUs e Studied with D9 — 7~ 7t 70 decay
e Sensitive to local asymmetry of two distributions , , , L .

. . . e Applied with both local and Grid GPUs e World’s best sensitivity in this decay channel
e Search for matter-antimatter asymmetries (CP vio-

lation) in phase space

Energy test

Method to search for CP violation in phase-space distribution of 3-body decays

e Reduce large amount of computation time

e Result consistent with no CP violation hypothesis
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Assign local asymmetry significances by comparing 7T; to largest /smallest T; from
each of the permutations.

Energy test with GPUs

Feasible with GPUs

The modern graphics processing unit (GPU) is not only a powerful graphics
engine but also a highly parallel programmable processor, the graphic pipeline
is well suited for parallelism and the large memory bandwidth allows rapid data

o (Left) T value distribution, (centre) T; value distribution, and (right) T; value

significance.

Application in D' — 77 7Y deca

Dataset
e Data collected by LHCb experiment

e Yields 663 x 102 candidates
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Computation time per event is constant on
GPU (purple) while increases with sample
size on CPU (orange) for data samples
with less than ~ 10° events

quadratic to data size, while on
GPU is linear for samples with less
than ~ 109 events, but become
quadratic again for larger samples

Implementation with NVIDIA GPUs

Results

e implementation of GPUs reduces computation time from ~ 10 hours per permu-
tation on CPUs to ~ 10 minutes per permutation

e p-value for no C'P violation hypothesis is (2.6 -

-0.5) x 1072 [4].

e Applied with CUDA computing platform of NVIDIA GPUs
e Implemented with Thrust, a C++ template library for CUDA S 45T IR ] @
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e¢ Ran with NVIDIA Tesla M2070 GPUs (Ohio Supercomputer Center computer 152_ _ -t

farm “Oakley”) and NVIDIA Tesla K40c GPUs ( Manchester HEP GPU cluster) 10f = -2
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4 NVIDIA Tesla K40c GPUs were installed in Manchester Tier2 Grid, which is
part of the UK NorthGrid
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FEnergy test Implemented with UK NorthGrid GPUs
Grid jobs submitted by Job Description Language (JDL) commands

Similar time performance as on local GPUs
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