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Introduction Methodology

Lattice QCD (LQCD) calculations rely on Monte Carlo methods and importance sampling To efficiently generate gauge fields ensembles, we employed the Chroma software suite [1].

to approximate the highly dimensional path integrals and compute observables. In this This code, together with libraries such as QUDA and QDP-JIT, provide state-of-art tools for

approach, the most relevant gauge field configurations are sampled from a distribution Lattice QCD calculations. In Chroma, we have implemented Exponentiated Clover
determined by underlying physics. The resulting ensemble of gauge fields enables the Fermions supporting solvers using:

computation of various observables. Consequently, the generation of gauge field & Unpreconditionin
configurations is a fundamental aspect of Lattice QCD calculations. @ E P Odd gd't' |
ven- preconditioning

&3 Even-Odd preconditioned for QUDA multigrid

A widely used fermion action is the Clover Fermions, extends Wilson Fermions with the

term: . <« —<
S = My c:.-qui-;;'n‘,;.I'},;.t,i' Y AV A Usin.g existing Clover Fermions on Chr.oma as a reference, correctness and performance
4 > o> studies were performed with the following:
and has features such as: Y Av | &3 Molecul:ar Dynamlcs. usmg the Leapfr:og integrator |
€8 O(a) improvement > > €3 Gauge field generation with the Hybrid Monte Carlo algorithm (HMC)
Figure 1. Around a lattice site, oriented plaquettes of gauge
0 Cost effective links U form the Clover leafterm F .

The test used the following setup:
€3 Action:

- Luscher—-Weisz Gauge Action

- 2+1 dynamical quarks with even-odd preconditioning
€3 Lattice, clover and quark parameters:

&3 Positive and negative eigenvalues that are equally distributed limits this approach[2]
The last feature significantly affects simulations with small quark masses and large lattices.

Replacing the clover term with an exponential version[3]: 5., .. = Myexplcew ;'i:."r:.rm, Foi)
leads Exponentiated Clover Fermions which offer:
&3 O(a) improvement Volume 4 My = Mg = M, Cow conf. start
&3 Invertible Dirac operator with values bounded from below 16% % 39 336 -0 3407494145199066 2038765 Disordered

Results & Discussion

Molecular dynamics tests: €3 Computational cost:
In Molecular Dynamics trajectories, energy and its changes are very susceptible to deviations Two factors impacting an ensemble generation computational cost are the Molecular
from correct values, and thus they can reveal implementation errors. We performed tests with dynamics time and the acceptance probability. Exponentiated clover fermions showed:

step sizes 16,32,64 and 128 and found:
&3 For both Clover and Exponentiated Clover, energies and energy changes are similar.
&3 In a trajectory, energy changes (dH) decreases by a factor of ~4 when doubling number of

steps. The following table show our results: . = - WWWWWWWWW
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€3 Higher acceptance probabilities as
€3 Approximately 15% computational time increase in a Molecular Dynamics trajectory
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Clover 3.9997 4.0619 4.2818 N | A oo| o
Exp-Clover  3.9993 4.0582 4.2648 P I
Figure 3. Left time spent per update. Right Acceptance probability per update.
Summary
Gauge field generation with HMC tests: We have implemented Exponentiated Clover fermions in Chroma and preliminary tests verify

Its correctness and showed:

182 gauge configurations were generated |
and we collected information for: &3 Molecular dynamics trajectories with both Exponentiated and Clover fermions are

€3 Wilson plaquettes: consistent.

The plot on figure 2 shows a similar
behavior for both Clover and
exponentiated Clover Fermions with lower

&3 Wilson Plaquette behavior agrees with previous work.
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&3 Faster new gauge field generation for Exponentiated Clover fermions due to higher

values for the latter. This is consistent with = ©-420 acceptance probability. To further assess these findings, additional testing is necessary.
: : : O
simulations performed in [2]. Z 0.415- References | | |
—— Exp. Clover 1- R. G. Edwards and B., Nucl. Phys. B Proc. Suppl. 140, 832 (2005), arXiv:hep-lat/0409003, doi:10.1016/j.nuclphysbps.2004.11.254.
p —— Clover 2- A. S. Francis, et. al, PoS LATTICE2021 (2022) 118, [arXiv:2201.03874 [hep-lat]]. doi:10.22323/1.396.0118
0.410 , , , , , , : 3- A. Francis, et. al, Comput. Phys. Commun. 255 (2020) 107355, [arXiv:1911.04533 [hep-lat]]. doi:10.1016/j.cpc.2020.107355
0 25 50 75 100 125 150 175

Conflg uration The authors acknowledge support from the U.S. Department of Energy, Office of Science, Office of Advanced Scientific Computing Research and Office of Nuclear Physics, Scientific Discovery through
Figure 2 Wilson plaquette Advanced Computing (SciDAC) program.
This research used resources of the Oak Ridge Leadership Computing Facility at the Oak Ridge National Laboratory, which is supported by the Office of Science of the U.S. DOE under Contract No.
DE-AC05-000R2272 (HMC).




	Untitled Section
	Slide 1: Gauge field generation with Exponentiated Clover Fermions


