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Overlap valence on 2+1 flavor DWF
Configurations (RBC-UKQCD)

La ~ 4.6 fm
m_~ 170 MeV

3273 x 64, a =0.143 fm l (O(a?) extrapolation)

La ~ 2.7 fm La~5.5fm
m_ ~ 330 MeV m_ ~ 140 MeV

2473 x 64, a =0.111 fm 48"3 x 96, a =0.114 fm

La ~ 2.7 fm La ~ 5.3 fm
m_ ~ 300 MeV m_ ~ 140 MeV

3273 x 64, a =0.0828 fm 6473 x 128, a =0.083 fm




Correlator improvement by exploiting
special features of overlap fermion

Eigenvectors of D, (not y:D,,) are for all m so that one do
multi-mass deflation in calculating quark propagators.

Storage: save only half of eignevectors (W,= y:W,) and zero
modes. This can be a big issue for large lattices.

Smeared grid source with Z; noise (n3=1)
Low mode substitution to reverse

C\([) _ n —(my=3/2m,, )t : ﬁ :
the worse SNR e 5

Low mode average for the quark loop is very |
efficient for scalar and pseudoscalar densities (> 90%
saturated).

Stochastic sandwich method for connected 3-point
correlators with noise source and sink with LMS.




Nucleon with LLL and HLL substitution
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Nucleon Correlator
1304.1194

Improvement of nucleon correlator with low-mode substitution

Proton Comelafion Function

Fokt —ig—
Z3-grid + LME —i— o

Z3grit + LME + Smear + Faiding ——
Z3-ri + LMS + varation —g—]

:;iiniiff#? F

Point source: ~ m, =1.13(14) GeV;,

Z, gnd source: m, =1.08(5) GeV;,

Point smeared: m, =1.11(5) GeV;

24" x64 lattic.e ool g, = SO W, @ = 102 GeV™ Z, grid smeared source: m, =1.14(2) GeV;
47 configurations Variation: m, =1.16(1) GeV




Stochastic Sandwich Method for CI

1509.04616
Grid smeared source with Z; noise (4°x3 for 481 lattice)
with LMS.

Grid noise sink for the high modes of the propagator
connecting the sink and the current.

Being a sandwich method, one sink inversion of the high

modes is good for all flavor, polarization, and momentum
transfer or different hadrons. This is independent of the
source unlike sink sequential method.

Has a choice of current sequential or sink sequential.
Multi-mass is accommodated.

Can become expensive if there are many currents and
many low modes.




Simulation setup
On the 48°x96

PropCI (from 0 to ¢, through t,)

SL: The exact long distance part of
the sequential propagator from the
eigensystem of the Dirac operator.

™ Sy: The stochastic estimate of the
short distance part of the sequential
propagator.

e 4/8/12 noise grid sources (only for Su) at
the six time slices separated to the

5 Z-3 noise grid sources: 43x3 points source by 8a, 10a, 12a.
on 483x96 |attice * No smear on the propagator while the
each point is a block smear source block smear with size=5 is applied on

. . the sink for the contraction.
with size=5




with dppix, <350MeV with dppix, <350MeV

24| 24|
32| 32|
: 481

48l
global fit global fit

Mp=0.9507(71)GeV, x3=0.98 Mn=0.9507(71)GeV, x2=0.98

my (134) = 961(12) MeV, my(global) = 950.7(7.1) MeV

Cost comparison

0011,
Clover on HISQ (———) (var)(unitary) = 0.66
a 3 3
(1606.07049) XL BRI CEOL PR nven) x —(time) x| 091
verlap (48]) (81x32) (W)z(var)(multi—mass) =23

DWEF (481 640+20x 3 | 0.075
(48) = ( “ )(inver)x —(time) X (———) " (var) = 1.7
Overlap (48I) (81x32) 5.7 0.013




Results:

Compare to the SNR of Twistedmass+Clover

483x96 The results of TM+C come from arXiv: 1507.04936
Inverstions Measurements Method
Overlap 133 MeV 81 5+4+8+12=29 0.4k(80k) SSM+LMSS
TM+C 131 MeV 96 16*(1+3*8)=400 1.5k Sequential

With the factor 43x3 (points in the volume), the measurements would be 80Kk.

o vl ] a7 | T 0 | Tt | iz
TR 1.133(15) 1.150(25) 1.233(66)  1.158(16)  1.162(30)  1.242(57)
m 0.72(8) 093(17) 0.782(41)  055(18)  1.18(34) 2.20(54)
6.80( 15) 723(33)  777(70)  646(27)  7.84(48)  8.93(86)

0.214(9) 0.194(11) 0208(27)  0248(9)  0.218(15)  0.208(24)
051911 0.456(15) 0.400(36)  0645(13)  0587(18)  0.555(63)




Cost Comparison with TM (1601.01624)

Fermion a (fm) Conf. Source Inversion time LMS Error
T™ (CI) 0.093 96 16 16*(8*3) 1 0 X%
Overlap (CI) 0.112 81 5 5+4+8+12 ~10 25% X%

Fermion a(fm) Conf. Source Loop time Error
TM (strange) 0.093 1800 100 300 1 12%

Overlap (strange) 0.112 81 32 32 ~10 40%/17% (global)

™ (4 4 1 1
(43) = %(conf) X &(inver) X —(time) X —— (LMS) X f(var) =13
Overlap (48I) 81 29 10 1.25 X

0.12

2 . . _

TM (48) 1800 100+ 300 . 1 (0.40) (var)(unitary) = 1.3
Overlap (48D g1 \ConD* 3y 5, (mvenx g (time)>xy o)

verlap (481) + (0'17)2(Var)(g10bal):6_9

DI (scalar)




Cost Comparison with Clover for g (1602.07737)

Fermion a (fm) Conf. Source Sink tsep time LMS Error
Clover (CI) 0.081 400 100 1 0 10%
Overlap (CI) 0.083 300 1 ~44 8% 6%

Clover (32) _ 400 (Y (49(L)+4.5(H)) (total inv) y 1

= : (LMS) x (w)z(var) =14
Overlap (32I) 300 1x16+ (3% 3)x13 (total inv) 1.08 0.06

Cost Comparison with DWF for g, (C14-08-11.3)

Fermion a(fm) Conf. Source Sink tsep time LMS Error
DWEF (CI) 0.114 20 32+1 2 4 1 0 9.7%
Overlap (CI) 0.114 81 5 4/8/12 3 ~57 25% 2.2%

DWEF (48]) _ &(com‘) 9 (32 +1%*3) (source) X (2*4) (sink-tsep) » 1

Overlap (481) 5 (source) + (4+8+12) (sink-tsep) 5.

1 0.097
time) X —— (LMS) X (———)*(var) = 6.5
7 (ame)x o8 (LMS)x (o5 (van




An issue with isovector g,

fit '
| 5ep08 —i— a =0.1105(3) fm
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Operator improvement for g, (J. Liang poster)

241+321

2414321

Di > Y50iij
D4 -=> Y504ij

Improment with diension 4 op.
Ai + f 1/77’5(7,;[15#‘//
A4 T f IFG-UD‘/'I//

ga(241) = 1.153(6) = ga(imp) = 1.188(7)
(3% increase)

ga(32l) = 1.156(7) = ga(imp) = 1.177(9)
(2% increase)
13




Strange quark magnetic Moment
at the physical point (Sufian Poster)

R. Sufian et al., 1606.07075

Global Analysis (Q?=0.1 GeV2)[17] o
o Global Analysis (Q%=0.1 GeV?)[18]
A Leinweber et al. [25]
e Leinweber et al. [26]
e Shanahan et al. [29]
S. J. Dong et al. [30]
¥ Gy (0)]physical = Doi et al. [31]
I 241, G;{ (Qz =0, m,) Green et al. [32]
¥ 321, G} (Q* =0, m,) ] .
3 48L, GIS\/[ (QZ =0, m,) Th!s work ( xQCD) . .
| | | This work ( xQCD) (Q“=0.1 GeV®)
0.25 0.30 0.35 0.40 ‘ ‘ ‘
m_ (GeV)

0.4 0.6

G: (0)=—0.073(17)(8) ,
?) =—0.046(21)(10) fm’




Summary

* Except for the multi-mass with the same
eigenmodes feature, which is unique to
overlap, the LMS, LMA, Stochastic sandwich
methods can be adopted by other fermion

formulations.




