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METAQ

our applications

Libxml2

chroma

anr | - USQCD

Software References
METAQ Berkowitz arXiv:1702.06122 github.com/evanberkowitz/metaq
Berkowitz et al. EPJ (LATTICE2017) 175 09007 (2018)
chroma Edwards and Joo (SciDAC, LHPC and UKQCD Collaborations) Nucl. Phys.
QDP++ Proc. Suppl 140, 832 (2005)
Wagner
Clark et al. Comput. Phys. Commun. 181 1517 (2010)
GLLE Babich et al. Supercomputing 11, 70 FEmEy
' ’ Saturday 09:45

hdf5 in QDP++
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mp1l_jm

Kurth et al PoS LATTICE2014 045 (2015)

Chen, Edwards, and Watson et al.
https://github.com/usgcd-software/gmp
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Two-Nucleon Spectrum

« Spectrum given by effective mass of (schematic) NN correlator:
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- Box breaks rotational symmetry — spectrum falls into irreps of On, not SO(3).
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Non-interacting States

Luu & Savage 1101.3347 (arXiv version is better!)

 Project to eigenstates of a noninteracting theory in a box.

 Full volume information — exactly project to any desired irrep
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Non-interacting States

Luu & Savage 1101.3347 (arXiv version is better!)

 Project to eigenstates of a noninteracting theory in a box.

 Full volume information — exactly project to any desired irrep

T1
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Two-Nucleon Spectrum

« Spectrum given by effective mass of (schematic) NN correlator: 5 g V
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Two-Nucleon Spectrum

« Spectrum given by effective mass of (schematic) NN correlator: 5 g V
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NV N AN
SINK SOURCE

exact projection  exact projection

Francis et al. 1805.03966
H binding energy = 19+10 MeV
Mr ~ 960 MeV SU(3)-symmetric

— via distillation

PoS LATTICE2016 016 Wilson

EPJ Web Conf. 175 (2018) 01016 Bricefno
LATTICE 2017 Horz

LATTICE 2017 Bulava
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Doi + Endres Comput. Phys. Commun 184 (2013) 117
Detmold + Orginos PRD 87 (2013) 114512

Two-Nucleon Spectrum

« Spectrum given by effective mass of (schematic) NN correlator: 5 g V

Ol 10 £ 51 (0)]o

ANp' ,Imy Au,Imj

NI Vs N N
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exact projection ?

Schemes to avoid all-to-all

source displacements
single-baryon improvement
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Spatially Displaced Two-Nucleon Operators
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Source Overlap

- Exact projection source-side costs ~(volume)?

 Pick displacements name
local
face
edge

corner

AX ~

A
A

—~~~ —~ —~~ —~~ —~~ —~~ —~~
L 2 o =
A A
N A

N—" ~—" ~~—" ~—" N—" N—" ~—"

—
N

N
W

# solves

See also: EPJ Web Conf. 175 (2018) 05024 Wu et al.
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Source Overlap

Luu & Savage 1101.3347 (arXiv version is better!)

Project Luu & Savage momentum sources to corner as a function of mAx/L

s NIy
> VWY
VY

M =0 M =1 my=2 mL=3
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Source Overlap

Luu & Savage 1101.3347 (arXiv version is better!)

Project Luu & Savage momentum sources to corner as a function of mAx/L

s |\ /)

;

Could get away w

-1 _r 0 s T
2 2

- -z 0 z b b
2 2

il

solve at the O

r

th just 1

gir

-7 I 0 z T T
2 2

-7 - 0 z T TT
2 2

M =0

M =1

my=2 mL=3
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Source Overlap

Luu & Savage 1101.3347 (arXiv version is better!)

Project Luu & Savage momentum sources to corner as a function of mAx/L

VAR Could get away with just 1
S solve at the origir

B \/\/\/ \/\A[ out would sacrifice
LYY T L higher partial waves.
NN
. o 0/3
=Y

T
TT -7 -z 0 s 7T
2 2

M =0 M =1 m=2 mL=3
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Source Overlap

Luu & Savage 1101.3347 (arXiv version is better!)

Project Luu & Savage momentum sources to corner as a function of mAx/L

VAR Could get away with just 1
S solve at the origir

- but would sacrifice
[gher partial waves.

d
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Source Overlap

Luu & Savage 1101.3347 (arXiv version is better!)

Project Luu & Savage momentum sources to corner as a function of mAx/L

S |

/N

/

T 2 solves: origin and (L,L,L)/2

\/v higher partial waves still

-JT _I 0
2

-7 _r 0
2

/ inaccessible.

"/\// \

(VY
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0.10 —

Different Sources Agree

CalLat PLB 765:285-292 (2017)

b fr=0 boofrf=3

=

LA
oR> 1

il

L4

©

| =24

|

14

face
corner

WM/JLab cfgs.
Mn ~ 800 MeV
b ~0.145 fm

N

name
local

face

edge

corner

# solve
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WM/JLab cfgs.
I=1 P-wave Mi ~ 800 MeV
Callat PLB 765:285-292 (2017) 0 ~0.145 fm
1.0
0.5} T i‘

I i I I
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|
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mé: NN E :\/ % E \% R
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\D? 0.0 —1 ] |
i |
Lo |
45 ! . . :
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1ol | B _ K4 E,S=1,L=24
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: ] LO ERE [~ LO ERE
I I | I | |
~0.1 0.0 0.1 0.2 0.3 0.4 0.5




Slide 25

Solid Geometry on the 3-Torus for Fun and Profit:
Propagator Reuse

See also: EPJ Web Conf. 175 (2018) 05024 Wu et al.
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O =(0,0,0)

C=(£1,£1,+1) AX

10 local sources
OA maximally
OC corner(Ax) around O

2AX
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10 local sources
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O =(0,0,0)

C=(£1,£1,+1) AX

10 local sources

OA maximally

OC corner(Ax) around O
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+ additional combinations of
just C sources
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Solid Geometry on the 3-Torus for Fun and Profit:
Propagator Reuse

O =(0,0,0)

C=(£1,£1,+1) AX

10 local sources

OA maximally

OC corner(Ax) around O
AC corner(L/2-Ax) around

+ additional combinations of
just C sources Ax = L/8

See also: EPJ Web Conf. 175 (2018) 05024 Wu et al.



Single-Nucleon Improvements
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Calm Baryons via Matrix Prony
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SCD
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SR BN L R R R
1.200- ¥ “ %
4 6 ] 10 12 14
t/a

R. Prony J. de I’Ecole Polytechnique (1795) 2
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For ga we used MILC ensembles of
N=2+1+1 HISQ

Follana et al. PRD 75 (2007) 054502
Bazavov et al. PRD82 (2010) 074501, PRD87 (2013) 054505

DWF on asqgtad quite successful

Renner at al. [LHPC] NPPS 140 (2005) 255-260
LHPC; NPLQCD; Aubin, Laiho, Van de Water; ...

Well-developed mixed-action EFT

Bar, Bernard, Rupak, Shoresh; Tiburzi; Chen, O’Connell,
Van de Water, Walker-Loud; ...

We generated 10 000 thermalized
243x64 mn ~ 350 MeV, a ~ 0.12 fm
HISQ configurations (mnL = 5.1)

‘ milc ‘
Fantastic GPU MDWEF solver in QUDA

Kim and Izubuchi PoS(LATTICE2013)033
and substantial subsequent enhancements

(So far) one measurement each.

This means 10 solves on a single time slice!

.
!

PoS LATTICE2016 (2016) 017 Nicholson
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* For ga we used MILC ensembles of
N=2+1+1 HISQ

Follana et al. PRD 75 (2007) 054502

Bazavov et al. PRD82 (2010) 074501, PRD87 (2013) 054505

- DWF on asqtad quite successful

Renner at al. [LHPC] NPPS 140 (2005) 255-260
LHPC; NPLQCD; Aubin, Laiho, Van de Water; ...

- Well-developed mixed-action EFT

Bar, Bernard, Rupak, Shoresh; Tiburzi; Chen, O’Connell,
Van de Water, Walker-Loud; ...

* We generated 10 000 thermalized
243x64 mn ~ 350 MeV, a ~ 0.12 fm
HISQ configurations (mnL = 5.1)

‘ milc ‘
« Fantastic GPU MDWF solver in QUDA

Kim and Izubuchi PoS(LATTICE2013)033
and substantial subsequent enhancements

- (So far) one measurement each.

This means 10 solves on a single time slice!

PoS LATTICE2016 (2016) 017 Nicholson
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Chang et al Nature 558 91-94 (2018)
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MDWF on HISQ
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MDWF on HISQ
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MDWF on HISQ
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Future Methods
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Our Lattice QC
MOobius

CalLat PRD96 (2017) 054513

D Action
Domain Wall Fermion on HISQ sea

HISQ gauge configuration parameters

valence parameters

abbr. Nc¢tg  volume [;n(:] mi/ms {Mn;:f] ~MupL| Ngec Lsfa aMs  bs Cs am®  Oemr  Nemr
ald5m400 1000 16°x48 0.15 0.334 400 4.8 8 12 1.3 1.5 0.5 0.0278 3.0 30
aldm350 1000 16°x48 0.15 0.255 350 4.2 16 12 1.3 1.5 0.5 0.0206 3.0 30
ald5m310 1960 16°x48 0.15 0.2 310 3.8 24 12 1.3 1.5 0.5 0.01580 4.2 60
aldm220 1000 24° x48 0.15 0.1 220 4.0 12 16 1.3 1.75 0.75 0.00712 4.5 60
ald5m130 1000 32°x48 0.15 0.036 130 3.2 ) 24 1.3 225 1.25 0.00216 4.5 60
al2m400 1000 24°x64 0.12 0.334 400 5.8 8 8 1.2 1.25 0.25 0.02190 3.0 30
al2m350 1000 24°x64 0.12 0.255 350 5.1 8 8 1.2 1.25 0.25 0.01660 3.0 30
al2m310 1053 24°x64 0.12 0.2 310 4.5 8 8 1.2 1.25 0.25 0.01260 3.0 30
al2m220S 1000 24°x64 0.12 0.1 220 3.2 4 12 1.2 1.5 0.5 0.00600 6.0 90
al2m?220 1000 32°x64 0.12 0.1 220 4.3 4 12 1.2 1.5 0.5 0.00600 6.0 90
al2m220L 1000 40°x64 0.12 0.1 220 5.4 4 12 1.2 1.5 0.5 0.00600 6.0 90
al2m130 1000 48°x64 0.12 0.036 130 3.9 3 20 1.2 2.0 1.0 0.00195 7.0 150
a09m400 1201 32°x64 0.09 0.335 400 5.8 8 6 1.1 1.25 0.25 0.0160 3.5 45
a09m350 1201 32°x64 0.09 0.255 350 5.1 8 6 1.1 1.25 0.25 0.0121 3.9 45
a09m310 784  32°x96 0.09 0.2 310 4.5 8 6 1.1 1.25 0.25 0.00951 7.5 167
a09m220 1001 48°x96 0.09 0.1 220 4.7 6 8 1.1 1.25 0.25 0.00449 8.0 150




Our Lattice QCD Action
Modbius Domain Wall Fermion on HISQ sea

CalLat PRD96 (2017) 054513

HISQ gauge configuration parameters valence parameters
abbr. Nc¢tg  volume [;rr(:] mi/ms '[VMn;;rfs] ~MupL| Ngec Lsfa aMs  bs Cs am®  Oemr  Nemr
al5m400 1000 16°x48 0.15 0.334 400 4.8 8 12 1.3 1.5 0.5 0.0278 3.0 30
ald5m350 1000 16°x48 0.15 0.255 350 4.2 16 12 1.3 1.5 0.5  0.0206 3.0 30
aldm310 1960 16°x48 0.15 0.2 310 3.8 24 12 1.3 1.5 0.5 0.01580 4.2 60
aldm220 1000 24°x48 0.15 0.1 220 4.0 12 16 1.3 1.75 0.75 0.00712 4.5 60
aldm130 1000 32°x48 0.15 0.036 130 3.2 5 24 1.3 225 1.25 0.00216 4.5 60
a12m400 1000 24°x64 0.12 0.334 400 5.8 8 8 1.2 1.25 0.25 0.02190 3.0 30
al2m350 1000 24°x64 0.12 0.255 350 5.1 8 8 1.2 1.25 0.25 0.01660 3.0 30
al2m310 1053 24°x64 0.12 0.2 310 4.5 8 8 1.2 1.25 0.25 0.01260 3.0 30
al2m220S 1000 24°x64 0.12 0.1 220 3.2 4 12 1.2 1.5 0.5 0.00600 6.0 90
al2m?220 1000 32°x64 0.12 0.1 220 4.3 4 12 1.2 1.5 0.5 0.00600 6.0 90
al2m220L 1000 40°x64 0.12 0.1 220 5.4 4 12 1.2 1.5 0.5 0.00600 6.0 90
al2m130 1000 48°x64 0.12 0.036 130 3.9 3 20 1.2 2.0 1.0 0.00195 7.0 150
a09m400 1201 32°x64 0.09 0.335 400 5.8 8 6 1.1 1.25 0.25 0.0160 3.5 45
a09m350 1201 32°x64 0.09 0.255 350 5.1 8 6 1.1 1.25 0.25 0.0121 3.5 45
a09m310 784 323 x96 0.09 0.2 310 4.5 8 6 1.1 1.25 0.25 0.00951 7.5 167
a09m220 1001 48°x96 0.09 0.1 220 4.7 6 8 1.1 1.25 0.25 0.00449 8.0 150

additional HISQ ensembles generated @ LLNL
available to interested parties
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Gradient Flow smearing of HISQ cfgs more effective at reducing residual
chiral symmetry breaking than the HYP smearing used in DWF on asqtad
Mres < 0.1 My on all ensembles for small-to-moderate Ls and Ms<1.3
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Source Geometry
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Octahedron Cube Cuboctahedron TruncatedOctahedron SmallRhombicuboctahedron GreatRhombicuboctahedron

Vertices: 6 Vertices: 8 Vertices: 12 Vertices: 24 Vertices: 24 Vertices: 48

name solid count
local point 1
face octahedron 6
edge cuboctahedron 12
corner cube 8
knight’s move truncated octahedron 24
small rhombicuboctahedron 24

great rnombicuboctahedron 48




States

Courtesy of Amy Nicholson and Raul Bricefno
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