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Background

> Nucleon structure: nucleon matrix elements
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Simulation details

Ensembles Flavors N} x Np mz (MeV) L (fm) my L Netg
cA211.53.24 241+1 243 x 48 346 2.27 3.99 2400
cA2.09.48 2 483 % 96 131 4.50 2.98 300
> Twisted—mass lattice
» Interpolating operators used:
. 1/ 2 _
0p, 2/3 / 1 / 3 Opno

> Generahzed elgenvalue problem (GEVP)
» Do GEVP on 2pt functions
» Use the results to improve 3pt functions

github.com/cylgcd/PLEGMA

https://
https://github.com/lattice/quaa

» Based on:
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Diagrams: 2pt functions
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Diagrams: 3pt functions
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Generalized eigenvalue problem (GEVP)
> GEVP starts with 2pt functions:

Cy;(t) = (0]0;(t)01(0)[0)
» GEVP returns eigenvalues and eigenvectors:
O@(t)’l)? )\”(t,to)C’” (to)’U;@
N'(t, tg) = e E+(=10) | 4201(0) [0) = )

» We determine the optimal interpolating field:
O [0) = (On + v Onz) |0) o< |N)
» We can use it to improve matrix elements:
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GEVP for 2pt functions:
Pror = (0,0,0);N( 0),N(1)m(-1)
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GEVP for 2pt functions:
Pio: = (0,0,1); N (T) ,N (T) [ 4 (6) N (6) n(i))
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GEVP improvement on 3pt functions
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GEVP improvement on 3pt functions
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GEVP improvement on 3pt functions

> Wehave: o jox0) (0108 I0x.10) 2™ 0160 16 10)

> SO we can include three rows

(N|J|N) (N|J|N) (Nm|J|N) (Nm|J|N)
(0|ONJON|0) 1 X X x2
~x (0]ONT O, [0) —xy —x _xZy 2
—X (0|ONWJ(_)N |0) —Xy —x2y —X —x?
72 (0|ON=JOn|0) x2y? x2y x2y x?
(0|0 JOL0) 1— 2xy —x2y —x2%y —x2

Conclusions can be made without the inclusion of the 4" row.
Contamination from <N|J|Nz> and <Nm|J|N> will be mostly removed
Contamination from <Nm|J|N=z> will be flipped

In both cases, we should see changes. => If NO changes are seen,

contamination does NOT come from the Nm state under consideration
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GEVP improvement on 3pt functions:
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» Different color & shape denote different tgix
» No significant improvement
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GEVP improvement on 3pt functions:

J= A% = uysysu—dysysd; 4=1(0,0,0)
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> No significant improvement
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GEVP improvement on 3pt functions:
J= A} % = = Uysyau - dysyid; 4 =(0,0,1)

EIJ}

-6 -5-4-3-2-10 1 2 3 4 5 6
tins - tsink/ 2

m, = 346 MeV

» Significant improvement compared with the
two previous cases

» Physical point results are in producing
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GEVP improvement on 3pt functions‘
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GEVP on 3pt: dominant contribution
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» M is the dominant diagram in both ensembles
> Agree with Regensburg group
Barca, Bali, Collins PRD 107, L051505 (2023) 16/ 17




Summary

« Studied two ensembles:

e NP =243 and m, = 346 MeV

- NP =483 and m, = 131 MeV
« Performed a GEVP analysis for the 2pt functions
 Projected 3pt functions using the optimized eigenvectors

Outlook

« Complete physical point ensemble
 |nclude more states in the GEVP

« Other momenta (p,,; and q)
 QOther two—particle states?
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Isospin symmetry
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Isospin symmetry
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