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The Nucleon Axial Coupling

(N(p) | A% | N(p)) = (N(p) | ¥yu757¢ | N(p))
ga 7(p)yu 57 n(p)

- Free neutron lifetime
- Nuclear force Vv

- Nuclear 3 decay
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Introduction to LQC
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Introduction to LQC
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A long-outstanding problem for LQCD

Bhattacharya, Cohen, Gupta, Joseph, Lin, Yoon PRD 89 (2014) arXiv:1306.5435
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D Systematics
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MILC Ensembles

MILC Collaboration Phys. Rev. D87 (2013) 054505

abbr. a [fm] m;/ms volume m,; [MeV] mzL Ngtg | Ms « Ls  Ngp.
al5m310  0.15 02  16° x 48 310 38 1960 | 1.3 2.0 12 24
coarser alsm220  0.15 0.1 243 x 48 220 40 1000 | 1.3 25 16 12
al5mi30  0.15  0.036 323 x 48 135 32 1000 | 1.3 35 24 5
212m400  0.12  0.334  24° x 64 400 58 1000 | 1.2 15 8 8
al2m350  0.12  0.255 243 x 64 350 51 1000 | 1.2 15 8 8
| a12m310  0.12 0.2 243 x 64 310 45 1053 |12 15 8 4
Mmiddle al2m220r.  0.12 0.1 403 x 64 9220 54 1000 | 1.2 2.0 12 4
al2m220  0.12 0.1 323 x 64 220 43 1000 | 1.2 20 12 4
212m220S  0.12 0.1 243 x 64 220 32 1000 | 1.2 20 12 4
a12m130  0.12  0.036 48 x 64 135 39 1000 | 1.2 3.0 20 3
. 209m310  0.09 02  32% x 96 310 15 784 |11 15 6 8
finer  .oom220 009 01  48° x 96 9220 47 1001 |11 15 8 6

Anyone is free to use them

Large statistics available

Capable of controlling all systematic uncertainties

We use domain wall valence on the HISQ sea, O(az) errors [ 1701.07559 |.



D Systematics
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New Methods

New Analytic Tools Improved Computationally
ystematics Affordable
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-Point Standard Method
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-Point Standard Method
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Standard Method

PNDME Phys. Rev. D94 (2016) arXiv:1606.07049

1.30

1.25

1.20

1.15

1.10

L 209m310

tmax

tmin



Feynman-Hellman Method

Bouchard, Chang, Kurth, Orginos, and Walker-Loud arXiv:1612.06963
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Feynman-Hellman Method

Bouchard, Chang, Kurth, Orginos, and Walker-Loud arXiv:1612.06963
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Feynman-Hellman Method

Bouchard, Chang, Kurth, Orginos, and Walker-Loud arXiv:1612.06963
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Feynman-Hellman Method

Bouchard, Chang, Kurth, Orginos, and Walker-Loud arXiv:1612.06963
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Feynman-Hellman Method

Bouchard, Chang, Kurth, Orginos, and Walker-Loud arXiv:1612.06963
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Improved systematics

Bouchard, Chang, Kurth, Orginos, and Walker-Loud arXiv:1612.06963

J[min J[min




Improved systematics

Bouchard, Chang, Kurth, Orginos, and Walker-Loud arXiv:1612.06963

Ny (t) = ) (T{O(t)J ()0 (0)})

t/




Improved systematics

Bouchard, Chang, Kurth, Orginos, and Walker-Loud arXiv:1612.06963

Ny (t) = ) (T{O(t)J ()0 (0)})

t/

time dependence of
what you want

differs from the time dependence of
pleces you don’t care about



—xample Effective Matrix Element

arXiv:1704.01114

e e
; ]
Bt N
Zx,t
8 10 12 14
! e
Known asymptotes in
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Improved Systematics

PNDME Phys. Rev. D94 (2016) arXiv:1606.07049
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Improved Systematics

arXiv:1704.01114
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ONE X

- Not QCD Specific « 3-point = 2-point « Stochastic

- Any fermion function: easier enhancement
bilinear matrix fits - 3/2 the cost of
element - Known spectral one temporal

decomposition separation



Meff

Systematics for an example point

arXiv:1704.01114
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Meff

Systematics for an example point

arXiv:1704.01114
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Another example point

arXiv:1704.01114
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Fit to xPT

analytic pieces

non-analytic
analytic in a2

NLO FV

go + 02672T -+ C4€jlT
—€x (90 + 295) In(€3) + gocse;,

2 2 2 4
agse;, + byes e + aye,

—e. |goF1(maL) + goF3(myL)]



Finite-Volume Correction

al2m220
1 90| NLO YPT prediction _
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Continuum Extrapolation
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Chiral Extrapolation

arXiv:1704.01114

1.35} 75" (ex,a = 0)
O ga”C = 1.2723(23)
1.30+
@)
¥ A
1.25F o A
< iy O P 0
-
1.20F g
1.15¢ 5 a~0.09fm ga(€r,a ~ 0.09 fm)
B~ qg~0.12 fm ga(€r, a ~0.12 fm)
1.10} B qg~0.15fm ga(er, a >~ 0.15 fm)

0.00 0.05 0.10 0.15 0.20 0.25 0.30
€x = My /(47 F})



XPT Convergence
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=rror Budget ga = 1.283(17) [1.3%]
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arXiv:1704.01114

Chiral Extrapolation ga = 1.283(17) [1.3%
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Backup Slides



Fit Stability
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NLO Taylor
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Comparison with the summation method

Summation method doesn’t have
this contamination

W FH method requires new solves
> Sz, y)TS(y, =) to study different insertions

(7

Summation method needs new
solves for different source-sink
separations
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Smearing Study
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Nonperturbative
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What does this have to do with Feynman-Hellman®

Bouchard, Chang, Kurt, Orginos, Walker-Loud arXiv:1612.06963

tr [N(t)/\_/'(O)e_BH}

C(1) = WA () = 5 [ DUN@A(©) e 5V = T

O\ FEy = a matrix element of interest



What does this have to do with Feynman-Hellman®
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Detalls of the spectral representation: 2-point

Bouchard, Chang, Kurt, Orginos, Walker-Loud arXiv:1612.06963 slide courtesy of Enrico Rinaldi
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Detalls of the spectral representation: 3-point

Bouchard, Chang, Kurt, Orginos, Walker-Loud arXiv:1612.06963 slide courtesy of Enrico Rinald
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