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Preliminary Short-distance Ov[33 w Renormalization
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Outline

 Cubic Irreps / Considerations for cubic volume

« Sinks and Sources: computational reuse

 Single nucleon improvement in NN calculations
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L uscher Formalism
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Subduction

HadSpec 1004.4930

Isospin O Isospin 1
Partial wave Irreps Partial wave Irreps
Lp 1Ss AT
351,3D; > Py AT

3Dy S Py T,

3Ds SPy, 3 F, E- T,

Ly 1D, Et o Ty
SF3 A, T, ©Ty
SFy AT OE- Ty T,

Some states only couple to particular sources.

unphysical mixing




Two-Nucleon Spectrum

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

(aloges, o Slof)

* Sink
Omyimrse (4, k) = 3 Clebsh-Gordans > Yo, (Rk) N (t, Rk) N2 (t, — Rk)
+ Source HEOn
OJm, Im;:se (t, @, Ax) ZClebSCh—Gordans Z Yim, (RA:I:) Nmfl1 (t,x) NmIQ (t,x + RAx)

ReOy,

- Box breaks rotational symmetry — spectrum falls into irreps of On, not SO(3).

« Subduction
JeS|
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HPC

Doi & Endres 1205.0585, Detmold & Orginos 1207.1452 BH

Use baryon blocks

take advantage of sparsity of L

For each source displacement RAX,
store (sink-side) full-volume
correlator for each S'm’s Sms Im

Use sparse tensor contraction to

all \/point X

all 4—'\/ point Xx+RAXx



HPC

Doi & Endres 1205.0585, Detmold & Orginos 1207.1452 B <
Use baryon blocks T
Use sparse tensor contraction to P, L
take advantage of sparsity of L

- For each source displacement RAX, )
store (sink-side) full-volume — |B )
correlator for each S'm’s Sms Im

all point X

all 4—-\/ point Xx+RAXx



HPC

Doi & Endres 1205.0585, Detmold & Orginos 1207.1452 B e
Use baryon blocks \\
Use sparse tensor contraction to pw/ L
take advantage of sparsity of L

For each source displacement RAX,

1%
store (sink-side) full-volume — |B B
correlator for each S’m’s Sms Im,
momentum space position space
full volume single displacements
all point X

C}gr/n”;is*Sms ) — all point x+RAx

Sample with

Sobol sequence Projectors



Sinks

Luu & Savage 1101.3347

 Project to eigenstates of a noninteracting theory in a box.

 Full volume information — exactly project to any desired irrep
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Sinks

Luu & Savage 1101.3347

 Project to eigenstates of a noninteracting theory in a box.

 Full volume information — exactly project to any desired irrep




Sources

« Exact projection source-side requires spatial-volume-to-all propagators.

 Pick displacements

description Ax o«  count

local (0,0,0) 1
(0,0,1) 6

edge (0,1,1) 12

corner (1,1,1) 8




Sources

Octahedron Cube Cuboctahedron TruncatedOctahedron SmallRhombicuboctahedron GreatRhombicuboctahedron
Vertices: 6 Vertices: 8 Vertices: 12 Vertices: 24 Vertices: 24 Vertices: 48

-
0,1,2)

TS /
N /)
/ /

(1.1,1) 0.1,1)

Solids generated by On <= Irreps of On

octahedron 6
edge cuboctahedron 12
corner cube 8
knight’s move trucated octahedron 24

more complicated small rhombicutobctahedron |24
more complicated great rhombicuboctahedron 48

Too expensive.



Source Overlap

Project Luu & Savage momentum sources to faces as a function of mAx/L
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Source Overlap @

Project Luu & Savage momentum sources to edges as a function of mAx/L
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Source Overlap @

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

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

a NN YT - Could get away with just 2

inversions - origin and (L,L,L)/2

N \/\/\/ \/\/\/ but would sacrifice
VLV VLY LYV higher partial waves.
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Source Overlap

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

AX?



Propagator Reuse

0 =(0,0,0)
A=(L,L,L)/2
C=(£1,£1,£1) Ax
10

ocal sources
+1 maximally displaced

-4

+1 corner(/Ax) around O
+1 corner(L/2-Ax) around A




Propagator Reuse

0
A
C
10

-4

-4

(0,0,0)
(L,L,L)/2

= (£1,+1,+1) Ax

corne
corne

ocal sources
maximal

(AX) arour

(L/2-AX) a

v displaced

d O

-ound A

+1/2 corner(2/Ax) from C
+2 faces(2/Ax) from C
+1 edges(2/Ax) from C



Magic Choice: Ax = L/8 (
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Magic Choice: Ax = L/8 (=3L/8)
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Magic Choice: Ax = L/8 (=3L/8)
edges
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Different sources give same plateau A+, Ax=3
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Different displacements give same plateau A1
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b AE,(t/b)

Clean separation of momentum shells
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Correlation Functions and Effective Masses

C(t) = (0()01(0)) = / Dy DY DU 0101 (0)e=S1P4:U
= SR O k) (k| O | Q) e
k

Effective mass  EFy = tli)m —0¢ log C'(t)
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Correlation Functions and Effective Masses

C(t) = (0()01(0)) = / Dy DY DU 0101 (0)e=S1P4:U
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Fitting the

CalLat 1508.00886 Phys.Lett. B765 (2017) 285-292
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Individual correlators
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Individual correlators

mrt~700 MeV
gauss source
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NN 2.00
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why the discrepancy?

°°°°E*HH+++HF

point sink
gauss sink



SuSpICIious coincidence

Ratio does better than is really justified
Ratio plateau starts way earlier than N or NN plateaus

Matrix Prony on multiple NN signals doesn’t help much

NN excited states are mostly single-

nucleon excitations?




Single Nucleon Operator

early-time has small errors
“1Point sink Prony isn’t hard
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Single Nucleon Operator

LC lengthens N plateau
from t~10 to t~5

- Determining linear combination doesn’t require large statistics
-+ No additional inversions.

- One (or more) smearing + single-nucleon contraction



This is NOT the same as linear combinations of NN

Beane et al. (NPLQCD) 0905.0466

JOF T T T T T T —

NN®) — N®t) NP
NN(smr) _ N(smr)N(smr) O.ZE_
PrOny(NN) — aNN(pt) + 5NN(STTLT) b 1 2 »

— aN(pt)N(pt) + 6N(8m7“)N(8m7“)

NN(LC) _ N(LC)N(LC)
— (ny(pt) 4 5N(8m7“))(,yN(pt) 4 5N(8m7“))

difference IS t T_T I

Cross terms



—asy to Incorporate into

Baryon

Doi & Endres 1205.0585, Detmold & Orginos 1207.1452

-----------

Slocks

multiple calls to
baryon block
construction routine

*/ Brc = Z cjB(smearing;(5))

can be other baryon operators, too
e.g. HadSpec quark-displaced ops

same calls to tensor
contraction routine

Crc = C(Bro)



Source Improvement?

* * . B -
* *
T T T T L L L L L aC L L L T G LT LT T T T TP T T P PP
* > * *

Adjusting quark sources is
feasible but nonlinear

so far, unneeded




In preparation

Defenestrated multi-nucleon Operators?

- Easy to code
- Easy to tune

- Marginal additional cost (no
extra inversions)

- Works even better on spatially

displaced NN sources
1508.00886

- Don’t fight the noise

But you still could!
eg. Wagman & Savage 1704.07356

- Substantially longer plateaus
for not much more work.

Nucleon



https://arxiv.org/abs/1704.07356

In preparation

Defenestrated multi-nucleon Operators?

- EXx-post-facto justification for
fitting ratio”

+ Plateau crisis? NN Prony or
excited-state analysis should
settle the issue

- Important single-N inelastic
excited states in NN signal

* Not baryon (or QCD) specific,

quite generally applicable
1706.06494 / C. Kdrber 22 June 16:20

- Can be used in matrix element

calculations etc.

Nucleon

. ‘+ ‘o J o ++ +~ +~ *‘ \0 }0 0 ¢

L. e d f ++ +* *‘ |‘ 1ol |

I=1, A




