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Discretized QCD

The naive discretization suffers from the doubling problem:

X,Y

H

Fermion actions

| . 1 .
S if‘”"e(m) = 2 W(X) Dy give (15 X, VIW(Y), Dygive(m; X, y) = 2, Z yﬂ(Uu(X)éy,xwﬂ B U/j (o — a'“)éy,x—a/i) moy

Staggered fermion action: y*(x) = 77" y2yy(x), {7t 73 r3b 73} = (= 1%, (= 1y, (= 1yt 1,

Wilson fermion action: D +m — D + aD?* + m

Clover fermion action: D +m — D + aD?* + m + acgy,0,, F*

Overlap fermion action: as a possible solution of: ysDgw

Dgwys = ;DGW}’SDGW

Domain wall fermion action: an approximation of overlap fermion with ©O(10) cost of the Wilson/Clover action.

Staggered/HISQ

Cost x10

>

Wilson/Clover

Cost x10

>

Domain wall

Cost x10

>

Overlap
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QUDA: rocm-devel93 3z
IEFRISESTINX T, BETQUDAEZLIRATZIE:
« 2019.03H15%51H, 2019.06 %R VEI, 2019.115u1EmultigridIngElE & T 1F;

» 2020ZS A HRACIE REREF LI UERESIE RIS 1S, HFTASINRS.

Clover Done (Multgrid) Done (Multgrid) ITP, IHEP, SJTU, NJNU, SCNU, HNNU
Twisted mass Done (Multgrid) N/A PKU, NWPU

Staggered TODO CCNU, JSU, SCU

Domain wall TODO PKU

Overlap N/A ITP, IHEP, IMP, NJNU, SCNU, HNNU,ZJU

Y. Bi, et.al, Lattice2019, 2001.05706 K. Zhang, et.al, Lattice2021, 2201.09004
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Chroma/CPS+QUDA

US Lattice Quantum Ciromodynamics

» QUDAENEEINRIRIR, _JL/(ﬁa“z)\

&, *IJ”F*‘ZE’JMMQCDﬁ
Inverter MDWF QOPQDP QUDA o WFRNEEMNCloverfERZ, 1TF
= QDP- JIT—;GPU7J[I RIRIRTTBESS
DR R I 5 itwicrus
QLA QMP QMT . ij?%%fﬂ’]DWFﬂOverlapVEﬁﬁ
Figure 1: The SciDAC Layers and the software module architecture. E, QU DAH’J)JD _TI?EI, ﬁZKTL/( /P JE
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http://usqcd-software.github.io
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- Our study shows that it is an @(a™) effect in the lattice spacing range we studied, 0.05 0.1 0.2
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once the fermion action in the ensemble has the chiral symmetry, while would be
O(a?) in the other cases.
- The HISQ action would be the cheapest choice to build a large lattice at small lattice

spacing. Based on the calculation on SunRising-1 computing environment

D. Zhao, et.al, yQCD, 2207.14132
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Summary

» ERE/RE/RA=REFRWEREF, HTENRDCURM FSItEZLESR
SRERNAFRA, MMEBIERQCDET RITEEERSAIZMN, REF
MR/BETRNES 2.

» EXEZERENRTAI100M4EEFTENvidia GPURIRIIR T, BEYXDCUZE

BT EFEERQCDR A IS ERAY, (I AIEEXDCURR T —ZR%
RIE (EXPRL3EE, PRD5E, CPC1E, NPB1E) .

« NI RDHAEFB8EHRERQCDIR, RIRFTAIT B RS K ZRMHIEHRC
EXREEH,




