
Ⅱ-5. Hadron Physics (Theory)

- 114 -

RIKEN Accel. Prog. Rep. 47 (2014)

Nucleon axial charge in lattice QCD with nearly physical pion mass

Y. Aoki,∗1,∗2 T. Blum,∗3,∗2 T. Izubuchi,∗4,∗2 C. Jung,∗4,∗2 M.F. Lin,∗4,∗2 S. Ohta,∗5,∗6,∗2 S. Sasaki,∗7,∗2

E. Shintani,∗8,∗2 and T. Yamazaki∗1,∗2

We report the status of lattice quantum chromody-
namics (QCD) calculations of nucleon isovector axial
and vector charges using the four recent domain-wall
fermions (DWF) ensembles with 2+1 dynamical fla-
vors jointly generated by the RIKEN-BNL-Columbia
(RBC) and UKQCD collaborations1): the strange-
quark mass is set at physical value and degenerate up-
and down-quark mass is varied with the pion mass of
about 420, 330, 250 and nearly physical 170 MeV.

Spontaneously broken chiral symmetry drives the
axial charge, gA, of nucleon away from its chiral part-
ner, the vector charge, gV , to a larger value. The cur-
rent experimental estimate of the ratio of these charges
is gA/gV = 1.2701(25)2). This ratio is an important
quantity that not only determines neutron life time
but also the interaction of pion and nucleon through
the Goldberger-Treiman relation3), and hence nuclear
stability, syntheses and abundance. Numerical lattice-
QCD calculations underestimate the ratio by about 10
%4–7). The cause of this deficit is not known: insuffi-
cient lattice volumes4,7) and excited-state contamina-
tions8) have been discussed as possible cause.
We have improved the statistical accuracy7) of our

calculations so the statistical errors now stand at
around 4 %. The AMA method9) was important in
achieving this for the pion mass of about 330 and 170
MeV. With these improved statistics we have now ex-
cluded excited-state contamination as the cause of the
deficit7). On the other hand, in the two cases with the
pion mass of 170 MeV and 330 MeV the ratio has been
found to suffer from very long-range autocorrelation7).
At 170 MeV the calculated charge ratio, gA/gV , starts
with a value that is statistically consistent with the ex-
periment at the beginning quarter of the calculation,
but then monotonically decreases quarter by quarter
to a value drastically low (see Fig. 1.) A similar but
less drastic autocorrelation has been observed at 330
MeV as well. This results in the observed deficit, but
we are yet to understand what causes this very long-
range autocorrelation. We do not find such long-range
autocorrelation at 250 and 420 MeV: the autocorrela-
tion for these two cases are much shorter-ranged.

The absence of a long-range autocorrelation at
lighter pion mass of 250 MeV in contrast to the pres-
ence at heavier 330 MeV suggests this peculiar auto-
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Fig. 1. Unusually long-range autocorrelation is seen in the

isovector axial to vector charge ratio, gA/gV along the

gauge-configuration generation history at mπ = 170

MeV and mπL of about 4.0, slowly moving from consis-

tent with experiment to drastically low. Similarly long-

range autocorrelation has been seen in at mπ = 330

MeV and mπL of about 4.5 as well, but not at 250

or 420 MeV that share mπL of about 5.8. No other

observable shows such a long-range autocorrelation.

correlation is related to insufficient lattice spatial vol-
ume. The finite-size effect can be parametrized by a
dimensionless product, mπL, of the calculated pion
mass, mπ, and linear spatial extent of the lattice, L4):
Indeed the autocorrelation is milder at 330 MeV with
mπL of about 4.5 than at 170 MeV with mπL of about
4.0, and absent for 250- and 420-MeV with mπL of
about 5.87). Thus the observed autocorrelations seem
consistent with finite-size scaling in terms of mπL: the
nucleon as seen by its isovector axialvector current or
interaction with pion may be much larger than its elec-
tric charge distribution indicates.

Though our statistics is still too low to conclude
more definitely, we captured an important clue toward
understanding the deficit, likely in its relation with the
finite-size effect that may scale with mπL.
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Lattice QCD calculation of n − n̄ transition amplitudes

M. Buchoff,∗1 C. Schroeder,∗2 S. Syritsyn,∗3 B. Tiburzi,∗3,∗4 and J. Wasem∗5

In searches for physics beyond the Standard Model,
violation of baryon number conservation is an essen-
tial direction. The absence of experimental data on
baryon number violation has no known particle physics
principle beneath it and, on the other hand, would
be difficult to understand given the observed baryon
asymmetry of the Universe. Two important hypothetic
processes may signal the baryon number violation, one
is the proton decay changing the baryon number by
∆B = 1 and the other is neutron-antineutron oscilla-
tion, ∆B = 2. A number of new experiments with
stored neutrons and cold neutron beams have been
proposed to look for n − n̄ transitions. These exper-
iments have potential to improve current bounds on
such by a few orders of magnitude and, as a result,
significantly improve bounds on beyond the Standard
Model physics.

Bounds on new physics, however, will strongly de-
pend on uncertainties arising from hadron physics.
Symmetries of the Standard Model constrain the form
of six-quark effective interaction that may turn the
neutron into the antineutron1,2),
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where χ1,2,3 = L,R denote chiral components of the
quark fields and T s,a

ijklmn are symmetric and antisym-
metric color tensors. Symmetry relations reduce the
number of independent operators to 14, of which only
four are SU(2)L symmetric. So far, the corresponding
n − n̄ amplitudes 〈n̄|O|n〉 have been computed only
using MIT Bag Model1).
Advances in lattice QCD, a numerical approach to

quantum field theory, only recently made it possible to
calculate such amplitudes directly. Preliminary results
by our collaboration are shown on Fig. 1, where they
are compared to the Bag Model calculation1). We per-
form calculations on an anisotropic QCD lattices with
size ≈ (2.5 fm)3×9 fm and lattice spacing a = 0.123 fm.
Nf = 2 + 1 “light” and strange quark fields are sim-
ulated fully dynamically with O(a2)-improved Wilson
action on anisotropic lattice3) such that the mass of
the pion is mπ ≈ 390 fm. The overall normalization of
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our lattice QCD results is not known yet; however, the
stochastic accuracy of individual amplitudes is surpris-
ingly good. In addition, despite the fact that we use
unphysical heavy quarks so that mπ ≈ 390 MeV, the
relative magnitude and signs agree very well with the
Bag Model.

Currently, our group is working on renormalizing
these effective operators on a lattice in order to find
their overall factor. The next step is to repeat the cal-
culation using chirally symmetric quarks at the physi-
cal point, which are currently possible due to advances
in lattice QCD. It is possible that renormalization, op-
erator mixing and light quarks will change the “hier-
archy” of operators in Fig. 1 considerably. In addi-
tion, the chiral symmetry-violating action we are cur-
rently using may lead to additional operator mixing,
and chirally-symmetric quark action may be necessary
to obtain correct results.

We are excited to report that, as our preliminary
results demonstrate, lattice QCD will likely remove
hadron physics uncertainties from interpreting future
n− n̄ oscillation searches.
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Fig. 1. Comparison of “hierarchy” of matrix elements of 7

different n − n̄ operators, ({χ, η} = {R,L} or {L,R}),
in our calculation to the Bag Model1). Since the lattice

renormalization factors are not yet known, we normalize

results by |O1χ{χχ}| in each case in order to compare

relative size of the matrix elements.
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