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gPDG
A = 1.2723(23)

Very well measured experimentally



Why calculate gA from LQCD?

• Look for new physics

• gA quenching/axial form factors

• neutrinoless double beta decay, long 
baseline neutrino exps

• Build quantitative connection between QCD 
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• requires interplay between LQCD & 
many-body approaches

• some quantities difficult to measure 
experimentally: NNN, YN, ….

• gA should be a benchmark

• one of the simplest hadron structure 
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Precision era for LQCD

Neutron-proton mass 
difference: accurate to 300 KeV 

(BMW Collaboration 2015)



Precision era for LQCD
Nuclear Physics from

?^

gAexp = 1.2723(23)
gAlat = 1.195(33)(20)

PNDME, Nov. 2016



Challenges

• Matrix elements are more difficult

• Nucleon noise/sign problem             

signal/noise ~                           

• Need to carefully control         
systematics:

• Pion mass extrapolation

• Discretization

• Finite volume

• Excited state contamination

• All can be masked by noise!
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Challenges

• Matrix elements are more difficult

• Nucleon noise/sign problem             
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• Need to carefully control         
systematics:

• Pion mass extrapolation

• Discretization

• Finite volume

• Excited state contamination

• All can be masked by noise!

e�A(mN�3/2m⇡)t

Improvements

• New calculation technique based on 
Feynman-Hellman theorem

• easier to analyze (improved 
systematics)

• lower computational cost

• can be reused for matrix elements 
between different states (gA 
quenching)

• New mixed action: DWF on HISQ                                         

• smaller discretization effects, better 
chiral symmetry

• gradient flow: improved statistics
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FIG. 8. The 2-state fit to the unrenormalized axial charge gu�d
A data for the seven ensembles at di↵erent values of the lattice

spacing and pion mass. The grey error band and the solid line within it is the tsep ! 1 estimate obtained using the 2-state
fit. The result of the fit for each individual tsep is shown by a solid line with the same color as the data points. Note that the
data with tsep = 16 in the two a06 ensembles are not used in the fit.

up to n excited states are included in the fit Ansatz). Our
additional tests on the a06 ensembles discussed in Sec. VI
show that increasing the smearing size � over the range
simulated reduces A1/A0 and the excited-state contami-
nation, most notably in the axial and scalar charges. On
the other hand, beyond a certain size �, the statistical
errors based on a given number of gauge configurations
start to increase. Also, when calculating the form fac-
tors, one expects the optimal � to decrease with increas-
ing momentum. Thus, one has to compromise between
obtaining a good statistical signal and reducing excited-
state contamination in both the charges and the form
factors, when all these quantities are being calculated
with a single choice of the smearing parameters.

The data in Tables III and IV show an increase in the
ratio A1/A0 as the lattice spacing is decreased. This
suggests that the smearing parameter � (see Table II)

should have been scaled with the lattice spacing a. The
dependence of the ratio on the two choices of tmin used
in the fits (estimates in Table III versus Table IV) and
between the HP and AMA estimates for each choice is
much smaller. Based on these trends and additional tests
discussed in Sec. VI, a better choice for the smearing pa-
rameters when calculating the matrix elements at zero-
momentum transfer is estimated to be {5, 70}, {7, 120}
and {9, 200} for the a = 0.12, 0.09 and 0.06 fm ensem-
bles, respectively. In physical units, a rule-of-thumb es-
timate for tuning the smearing size is �a ⇡ 0.55 fm.

To extract the three matrix elements h0|O�|0i,
h1|O�|0i and h1|O�|1i, for each operator O� = OA,S,T,V ,
from the 3-point functions, we make one overall fit using
the data at all values of the operator insertion time ⌧ and
the various source-sink separations tsep using Eq (10).
From such fits we extract the tsep ! 1 estimates un-

[PNDME Phys. Rev. D94 (2016) arXiv:1606.07049]
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Feynman-Hellmann method
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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But: 
1. Their size can be estimated at t=1 
2. We have lots of data points to fit!

at the cost of one new (tower of)  
coefficients 
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Two different nucleon 
interpolators:

asymptote to same ground 
state value (gA), different 

overlap onto excited states
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FIG.8.The2-statefittotheunrenormalizedaxialchargegu�d
Adataforthesevenensemblesatdi↵erentvaluesofthelattice

spacingandpionmass.Thegreyerrorbandandthesolidlinewithinitisthetsep!1estimateobtainedusingthe2-state
fit.Theresultofthefitforeachindividualtsepisshownbyasolidlinewiththesamecolorasthedatapoints.Notethatthe
datawithtsep=16inthetwoa06ensemblesarenotusedinthefit.

uptonexcitedstatesareincludedinthefitAnsatz).Our
additionaltestsonthea06ensemblesdiscussedinSec.VI
showthatincreasingthesmearingsize�overtherange
simulatedreducesA1/A0andtheexcited-statecontami-
nation,mostnotablyintheaxialandscalarcharges.On
theotherhand,beyondacertainsize�,thestatistical
errorsbasedonagivennumberofgaugeconfigurations
starttoincrease.Also,whencalculatingtheformfac-
tors,oneexpectstheoptimal�todecreasewithincreas-
ingmomentum.Thus,onehastocompromisebetween
obtainingagoodstatisticalsignalandreducingexcited-
statecontaminationinboththechargesandtheform
factors,whenallthesequantitiesarebeingcalculated
withasinglechoiceofthesmearingparameters.

ThedatainTablesIIIandIVshowanincreaseinthe
ratioA1/A0asthelatticespacingisdecreased.This
suggeststhatthesmearingparameter�(seeTableII)

shouldhavebeenscaledwiththelatticespacinga.The
dependenceoftheratioonthetwochoicesoftminused
inthefits(estimatesinTableIIIversusTableIV)and
betweentheHPandAMAestimatesforeachchoiceis
muchsmaller.Basedonthesetrendsandadditionaltests
discussedinSec.VI,abetterchoiceforthesmearingpa-
rameterswhencalculatingthematrixelementsatzero-
momentumtransferisestimatedtobe{5,70},{7,120}
and{9,200}forthea=0.12,0.09and0.06fmensem-
bles,respectively.Inphysicalunits,arule-of-thumbes-
timatefortuningthesmearingsizeis�a⇡0.55fm.

Toextractthethreematrixelementsh0|O�|0i,
h1|O�|0iandh1|O�|1i,foreachoperatorO�=OA,S,T,V,
fromthe3-pointfunctions,wemakeoneoverallfitusing
thedataatallvaluesoftheoperatorinsertiontime⌧and
thevarioussource-sinkseparationstsepusingEq(10).
Fromsuchfitsweextractthetsep!1estimatesun-

Extrap
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t = 12
t = 14

t/2� ⌧



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

Slides adapted from E. Berkowitz

t �!



1 3 5 7 9 11 13

t

1.1

1.2

1.3

1.4

g̊
ef

f
A

a09m310

Improved Systematics
arXiv:1704.01114

Slides adapted from E. Berkowitz



1 3 5 7 9 11 13

t

1.1

1.2

1.3

1.4

g̊
ef

f
A

a09m310

Improved Systematics
arXiv:1704.01114

Slides adapted from E. Berkowitz

Each one of these points costs the same as all 
times for one source in our calc



Improved Systematics

Subtract first excited state
contribution
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Correlated fluctuation
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Mixed Action LQCD

• Mixed action balances 
computation time and systematics

• We use:

• HISQ sea (fast, coarse)

• DWF valence (slow, precise)

• Consequences of mixed action 
can be parameterized using mixed 
action EFT

• Discretization (action) used to calculate sea 
(gauge field configurations) and valence 
(propagators) don’t need to be the same

valence

sea



• Nf = 2+1+1 Highly Improved Staggered Quarks (HISQ)

• Chiral symmetry only partially preserved

• Fast!

• Publicly available!

• Added ensembles at heavier pion mass to improve 
chiral/continuum extrapolations
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• Improved Domain-Wall Fermions

• Chiral symmetry breaking 
exponentially suppressed

• gA/gV is a quantitative measure of 
chiral symmetry breaking

• Discretization effects come in at 
O(a2)

• Gradient flow method for smearing 
configs

• mres < 0.1 ml  for moderate L5 

• M5 < 1.3

• improved statistics

Möbius DWF propagators

Narayanan, Neuberger (2006), Luscher (2010)

Callat arXiv:1701.07559
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Extrapolations

Dimensionless parameters: 
lattice spacing, volume, pion mass

• ChiPT: EFT expanding around       = 0

• best hope for model-independent extrapolation

• not guaranteed to converge around       = 135 MeV

• Mild      ,a dependence

• Taylor expansion works well for extrapolation/interpolation 
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Extrapolations

Dimensionless parameters: 
lattice spacing, volume, pion mass
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Extrapolations





Model Average



Discretization

Finite Volume



Error Budget:

Final result: gA = 1.275±0.12 Preliminary!
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Alioli, Cirigliano, Dekens, de Vries, Mereghetti 
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Final result: gA = 1.275±0.12 Preliminary!

Our result gives the strongest constraint 
on right-handed BSM currents! Alioli, Cirigliano, Dekens, de Vries, Mereghetti 

arXiv:1703.04751



• We’ve finally calculated gA on the lattice to 1%! 

• Required new technique based on FH theorem to 
perform on current computers 

• Error budget dominated by statistics: should be able to 
reduce errors to experimental level to look for new 
physics 

• At current precision we can help constrain right-handed 
BSM currents 

• gA proved to be a formidable adversary 

• Doesn’t seem to be any one systematic responsible 

• Nuclear physics on the lattice will require precise 
control over all systematics 

• New theoretical techniques will be necessary for 
precision nuclear physics

gA: Conclusions
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Exponentially poor signal-to-noise!
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