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The Nucleon Axial Coupling

(N(p) | A% | N(p)) = (N(p) | ¥yu757¢ | N(p))
ga v(p)yuysTn(p)

- Free neutron lifetime
- Nuclear 3 decay

- Nuclear force




The Nucleon Axial Coupling

Essential in modern
nuclear interactions and
chiral EFT forces

Epelbaum, Hammer, MeiBner
Rev. Mod. Phys 81 (2009) 1773-1825

Appears in all meson

exchange models

K. Erkelenz, K. Holinde, K. Bleuler
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Notably, the pioneering
Bonn Potential



The Nucleon Axial Coupling

PDG 2016
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The Nucleon Axial Coupling

PDG 2016
NEUTRON LIFETIME (Seconds) ® Results using beam method @ Bottle method
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Average beam result:
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YEAR OF EXPERIMENT

*Nico result (2005) was superseded by an updated and improved result, Yue (2013);

TPreliminary results

Lucy Reading-lkkanda/Quanta Magazine - Neutron Lifetime Puzzle Deepens, but No Dark Matter Seen



Problems Remain Outstanding

o BOTTLE and BEAM

methods of measuring the neutron lifetime disagree at the 99% level

(5172.0 + 1.1)seconds

- T 3042 Can we calculate ga

Bottle and Beam: Daniel Savage for Quanta Magazine



Applications

‘ ‘ PSR B1509-58 @
NASA Chandra + WISE

Big Bang Astrophysics New Physics
Nucleosynthesis Searches







Introduction to LQC p=—-F2+4GD+m
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o o +*
K‘lIIlllll“llllllll‘lllllllll
Q
o Q

*
o *

*

* ammmm

R

smmmns o

LEER R R < )

sulunn
"
(EELLERS

gluons F

quarks |

<~/



Introduction to LQC Locp = —~F2+ (i) +m
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Introduction to LQC Locp = —~F2 + (i) +m
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A long-outstanding problem for LQCD

S. Collins, LATTICE2016 plenary
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MILC

—nsembles

MILC Collaboration Phys. Rev. D87 (2013) 054505

+ additional HISQ ensembles generated at LLNL

HISQ gauge configuration parameters

~Q

valence parameters

val.

abbr. Ncgg  volume fon] my[ms MoV ~ Mg Nac Lsfa aMs  bs cs am Osmr  Nsmr
(T) ald5m400 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
CLU aldm310 1960 16°x48 0.15 0.2 310 3.8 24 12 1.3 1.5 0.5 0.01580 4.2 60
O ald5m220 1000 24°x48 0.15 0.1 220 4.0 12 16 1.3 1.7 0.75 0.00712 4.5 60
O al5m130 1000 32°x48 0.15 0.036 130 3.2 5 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 1.256 0.25 0.0160 3.5 45
Q@ a09m350 1201 32°x64 0.09 0.255 350 5.1 8 6 1.1 1.25 0.25 0.0121 3.5 45
_g a09m310 784  32°x96 0.09 0.2 310 4.5 8 6 1.1 1.256 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

MDWF pion mass tuned to taste-5 HISQ

pion mass within 1-2% - ensuring the

unitary limit is recovered in the continuum

Free to use; large statistics available
Capable of controlling all systematics
We use domain wall valence on the HISQ sea,

O(a2) errors [ 1701.07559 |.
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New Methods
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Point Standard Method
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Matrix Elements Q|O(t) qlq(T) OT(0)|©

: 577,u757-aq

Widely separate
SinK, current insertion, and source

R YT
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-Point Standard Method
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-Point Standard Method

Two solves: one time separation but all bilinears



Standard Method

PNDME Phys. Rev. D94 (2016) arXiv:1606.07049
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similar methods (other FH / GEVP):

J. Bulava et. al. JHEP 01,140 (2012)

F. Bernardoni et. al. Phys. Lett. B740, 278-284 (2015)
A.J. Chambers et. al. Phys. Rev. D 90, 014510

A.J. Chambers et. al. Phys. Rev. D 92, 114517

Feyﬂ man- He‘ | mann MethOd M.J. Savage et. al. Phys. Rev. Lett. 119, 062002

similar fit function:

Bouchard, Chang, Kurth, Orginos, and Walker-Loud arXiv:1612.06963 S. Capitani et. al. Phys. Rev. D 86, 074502 _ j L i

See also Maiani, Martinelli, Paciello and Taglienti Nucl. Phys. B293 (1987) Propagator construction:
NPLQCD 1610.04545, 1611.00344, 1701.03456, 1702.02929

L. Maiani et. al. Nucl. Phys. B293 (1987)
G.M. de Divitiis et. al. Phys. Lett. B718 (2012))
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similar methods (other FH / GEVP):
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Two solves: all time separations but one bilinear



—xample Effective Matrix Element

arXiv:1704.01114

130k I M;kﬁﬁ; all t
; T

Zx,t
6 8 10 12 14
e
Known asymptotes in
functional form just one time tnie
(spectral variable

decomposition)



Improved Systematics

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

arXiv:1704.01114
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+ Not QCD Specific -

A

Ny fermion

bilinear matrix

€

ement

3-point = 2-point
function: easier

fits y

Known spectral
decomposition

Stochastic
enhancement
3/2 the cost of
one temporal
separation



Data + jupyter notelboo

available on GitHub
( ‘ htts://g|thub.coCallat—ch/fject_gA
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Systematics for an example point

Nature 558 (2018) 91
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Systematics for an example point

Nature 558 (2018) 91

meff

2 eff
9y

0.70

0.68

0.66

0.64

0.62

0.60

1.15 t/a

1.10

1.05

1.00

1.20 1.22 1.24 1.26 1.28 1.30 1.32
ga/dv




meff

2 eff
9y

Another example point

Nature 558 (2018) 91
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Systematics: mr

Nature 558 (2018) 91
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Systematics: infinite volume, continuum

Nature 558 (2018) 91

NNLO+ct xPT
1.29
1.27
S
1.25
1.23 - -
NLO xPT prediction
| | | |
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model avg

NNLO xPT

NNLO+ct xPT
NLO Taylor €2

T

NNLO Taylor €2

NLO Taylor €,
NNLO Taylor €,

+0(asa?) disc.
+0(a) disc.

omit FV
NLO FV

2xLO width
2x all widths

m, < 350 MeV
m,; < 310 MeV
my, > 220 MeV

a < 0.12 fm
a > 0.12 fm

N3LO xPT
NLO xPT(A)

o O

o O

O o

o 9

)

(0}

0}

1.24

1.28
A

1.32

0.5
xgug/dof

1.0 0.0 0.5 1.0

Bayes factor

FINAL RESULT

6 fits included in the model

| average and their relative

weights

| discretisation corrections

| finite volume corrections

prior width sensitivity

pion mass cut sensitivity

| lattice spacing cut sensitivity

additional xPT analysis
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Model Average gA = 1.2711(103)°(39/(15)°(19)" (04)" (55)

Nature 558 (2018) 91
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Final uncertainty is dominated by
statistics, model selection, and
chiral extrapolation.

Better control over the mnr ~130
MeV points will improve all three.



Comparison with previous LQCD results
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Searches for violations of V-A

Alioli, Cirigliano, Dekens, de Vries, Mereghetti JHEP 1705 (2017) 086 arXiv:1703.04751
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ga

NNLO[+ct] xPT
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ga = go + cacs — (go + 2952 In(e) + gocse,

Bernard and Mei3ner, PLB 639 (2006) 279-282
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*Nico result (2005) was superseded by an updated and improved result, Yue (2013);
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NN Oscillations

Rinaldi, Syritsyn, Wagman, Buchoff, Schroeder, and Wasem 1809.00246

/ Physical point, continuum, infinite volume

Operator || MS(2 GeV), ﬁ?fbciz\g Bare, |x?/dof
107° GeV® 10~° Lu.

(1 -44(19) 5.0 -3.7(1.6) | 0.75

Qs 140(40) 12.8 | 11.8(3.2) | 0.69

Qs _79(23) 0.7 | -6.6(1.9) | 0.72

Qs -1.43(64) 2.1  |-0.096(42)| 0.73

enhancement J
means experiments

have greater reach




n EDM

Syritsyn, Ohki, Izubuchi CIPANP 2018 1810.03721
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n EDM

Dragos, Luu, Shindler, de Vries LATTICE 2017 EPJ Web Conf 175 (2018) 06018 arXiv:1711.04730
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ga Quenching

NPLQCD PRL 120 (2018) 15 152002 arXiv:1712.03221 mr[ -~ 800 Mev, aNO 1 2 fm

different flavor structures
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Other Bilinear Matrix Elements

[E A Ve
CONVErsion
-orm Factors
Radil
O term

Polarizabilities
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Improved systematics

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

See also Maiani, Martinelli, Paciello and Taglienti Nucl. Phys. B293 (1987)
NPLQCD 1610.04545, 1611.00344, 1701.03456, 1702.02929
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Ny(t) =) (QUT{O(1)J(t')O1(0)}|2)

t/

time dependence of
what you want

n
A A
—I_ § :annmzm Anm -
n e 2 — € 2
m=#n

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



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

Yy

Summation method needs new
solves for different source-sink
separations




The Ruler still rules: mn(mr) = 800 MeV + mn
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F/Fr smearing study (mr = 135 MeV)
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Smearing Study
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Nonperturbative

Renormalization

1.2 @ a15m310 : SMOM, , )
# a12m310 : SMOM, , ¢
# a09m310 : SMOM,, )

al5m310 : SMOMg -
a12m310 : SMOMg

a09m310 : SMOM,Z,

Stochastic
Bl Gribov

2.0 2.5 3.0 3.5
p [GeV]
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(Za/Zy — 1)[107°]
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What does this have to do with Feynman-Hellmann*?

Bouchard, Chang, Kurt, Orginos, Walker-Loud arXiv:1612.06963
NPLQCD 1610.04545, 1611.00344, 1701.03456, 1702.02929

C(t) = (NN ) = 5 [ DUNBNO)

B 1 C(t) t—>oo\

s tr [N (E)N(0)e PH
tr [e=PH]

. OB\ OH,
FH: 0 (|52 o)

Cit)

O\FEy = a matrix element of interest
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SIUT — S[UT + A / T(2)O(x)
O\NC(t) = — <N(t) (/x j(x)@(x)) N(O)>

OMor 1 '8,\C(t) 8,\C(t+7)'
N |y T C(t) Ct+71) || g
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Ny(t) = Y (QT{O(t)J ()0 (0)}/0)
. Jnn v

" Jpn = (n|J|n) time dependence of
what you want

J
J nm
Inm = i By VICEDS [@zngm R GRD

Inm = (n|J|m —Ent+2gm
m;én

AN,., = F, — F,,
differs from the time dependence of
pleces you don’t care about
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