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We give a brief report on the basic properties and cutoff scale of our new configuration set (HAL-
Conf-2023). We generated 8,000 trajectories of the gauge configurations on 964 lattices with the
same lattice parameters as the PACS collaboration [1, 2]. The topological distribution, the PCAC
masses, and decay constants for pseudo-scalar mesons are studied. As for the scale setting, we
utilize the Ω baryon mass as a reference scale and carefully investigate the operator dependence of
the correlation function. As a result, we obtain 𝑎−1 = 2338.8(1.5)+0.2

−3.3 [MeV] as a lattice cutoff.
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1. Introduction

This is a brief report on our new configuration set at the physical point by HAL QCD Col-
laboration. We employ 𝑁 𝑓 =2+1 nonperturbatively O(𝑎)-improved Wilson quark action with stout
smearing and the Iwasaki gauge action at 𝛽 = 1.82 on a 𝐿4 = 964 box. PACS collaboration recently
performed similar physical point generation with the same action and the same 𝛽 (the same cutoff)
but with two different volumes, 𝐿4 = 644 and 1284. The latter of which is called “PACS10”
configurations [1, 2]. With their revised determination of the cutoff, 𝑎−1 = 2316.2(4.4) [MeV], the
simulation point for PACS10 configurations is found to be (𝑚𝜋 , 𝑚𝐾 ) = (135.3(6) (3), 497.2(2) (9))
[MeV].

We generated 8, 000 Monte Carlo trajectories and it is very high statistics. The basic properties
of the configuration set, e.g. the PCAC masses, the decay constants of pseudoscalar mesons, and
topological distribution are investigated. The scale setting of the configuration set is evaluated from
the Ω baryon spectrum though the PACS collaboration utilized the Ξ baryon spectrum. The result
is 𝑎−1 = 2338.8(1.5)+0.2

−3.3 [MeV]. To obtain a clear signal of plateau of the effective mass analysis
for Ω baryon, we use the wall source to measure its correlation function and carefully investigate
the operator dependence of the plateau value.

Numerical computations are performed on the supercomputer Fugaku, the new flagship su-
percomputer in Japan which succeeds the K computer. We refer to our new configuration set as
“HAL-Conf-2023”. We will report the details of the analyses for HAL-Conf-2023 in a full paper
near future [3]. In this manuscript, we give a brief summary of that.

2. Simulation setup for configuration generations and basic properties

We have generated 2 + 1 flavor QCD configurations employing the Iwasaki gauge and O(𝑎)-
improved Wilson-clover quark actions. The lattice extent is 964 and the lattice bare coupling
constant 𝛽 = 6/𝑔2 = 1.82 following Refs. [1, 2]. The gauge field is 6 times smeared using the stout
smearing parameter 𝜌 = 0.1. We utilize 𝑐𝑆𝑊 = 1.11, which is nonperturbatively determined by the
Schrödinger functional scheme in Ref. [4]. The hopping parameters for u,d quarks and s quark are
set to (𝜅𝑢𝑑 , 𝜅𝑠) = (0.126117, 0.124902), then the hadron masses are then reported to be almost the
values at the physical point in Refs. [1, 2].

To reach the physical point, we perform 5-run series in the configuration generation process,
and in each run, the generation was started with different random number seeds and different
old configurations, in which we took heavier s-quark mass parameter; 𝜅𝑠 = 0.12479 [5]. After
discarding more than 300 trj. to remove the thermalization process in each run series, we generate
1, 600 trj. in each run, thus, 8, 000 trj. in total. We save the configurations every 5 trajectory and use
them for the measurement of physical observables, e.g. topological charge, and hadron correlation
functions.

2.1 Plaquette value and topological charge

First, let us show the averaged plaquette value and its bin-size dependence on the jackknife
error. Figure 1 is the comparison plots between the data by PACS collaboration on 644 and 1284

lattices with the same 𝛽 and 𝜅𝑢𝑑 , 𝜅𝑠 [1, 2] and ours on 964 lattice. We take the bin-size= 100

2



P
o
S
(
L
A
T
T
I
C
E
2
0
2
3
)
1
4
0

New configuration set of HAL QCD collaboration Etsuko Itou for HAL QCD collaboration

trajectories and then obtain ⟨plaquette⟩ = 0.5039576(3). Our results are 1-𝜎 consistent with the
data from PACS collaboration but the statistical errors are now very small.

The size of statistical error is strongly related to the auto-correlation time, so that we next
investigate it. Although the auto-correlation time depends on the measurement quantity, in general,
the physical quantity related to the low mode has a long auto-correlation time. Here, we show one
of such quantities, namely the topological charge.

Figure 1: Bin-size dependence in the jackknife analysis for the plaquette average (Left) Result by PACS
collaboration at same lattice parameters, 𝛽, 𝜅𝑢𝑑 , and 𝜅𝑠 , on 644 and 1284 lattices. The figure is originally
given in Ref. [1]. (Right) Our result on 964 lattice.

To measure the topological charge, we adopt the gluonic definition through the gradient flow [6].
In our work, we utilize the standard plaquette gauge action as a flow gauge action, and to solve the
flow equation the third-order Runge-Kutta algorithm with the step size 𝜖 = 0.01 is adapted. The
value of𝑄(𝑡) roughly plateaus at a long flow-time (𝑡) regime, but small fluctuations exist. Therefore,
we introduce a reference scale 𝑡0 and identify the value of 𝑄(𝑡 = 𝑡0) as a convergent value of 𝑄 for
each configuration [7]. Here, the reference scale 𝑡0 is originally introduced in Ref. [6] defined as
𝑡2⟨𝐸 (𝑡)⟩|𝑡=𝑡0 = 0.3. The result of the reference scale in our simulation is 𝑡0/𝑎2 = 2.1047(4).

The left panel of Figure 2 represents the histogram of 𝑄(𝑡0) for a total 1, 600 generated
configurations. It shows almost a Gaussian distribution as expected. We obtain the averaged

Figure 2: (Left) Topological charge distributions for our HAL-Conf-2023 (Right) The integrated auto-
correlation time for the topological charge as a function of the cutoff MD trj.( Δcut ).

value ⟨𝑄⟩ = −0.6644(6167), ⟨𝑄2⟩ = 416.8(16.1), and the susceptibility 𝜒𝑄 = ⟨(𝑄 − ⟨𝑄⟩)2/𝑉 =

4.90(19) × 10−6. As we expected, ⟨𝑄⟩ is consistent with zero within 1.1–𝜎. The right panel of
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Figure 2 displays the integrated auto-correlation time for𝑄(𝑡0). Here, we follow the error estimation
method proposed by RBC/UKQCD collaboration [8, 9]. We analyze our data for each run series
independently. The obtained integrated auto-correlation time saturates in a short trajectory regime,
namely around 12 MD trajectories.

Although such a short auto-correlation may seem unusual, in fact, the value of 𝑄 changes
significantly even for 1 configuration separation. There are two possible reasons for this short
auto-correlation time. One is due to the usage of Wilson fermion, where the near-zero mode is
absent even in a small quark mass regime. The other is due to the relatively coarse lattice spacing
of 𝑎 ≈ 0.08[fm] in our simulations, which will be obtained later. As a consequence, the short auto-
correlation time suggests that our set of 1, 600 configurations is well spread in the configuration
space, which is a rather good set.

3. Hadron correlation functions

3.1 Mesonic quantities

We turn to the mesonic quantities, e.g. the meson spectra, the decay constants of pseudo-scalar
(PS) meson, and the PCAC masses for ud- and s-quark. To measure the correlation function for
the PS and axial-vector current (𝐴𝜇) operators, we employ the wall source method without gauge
fixing [10]. To suppress statistical fluctuations, we take the average between forward and backward
propagation and we also measure the correlation function in each of the four directions for one
configuration using the fact that our lattice is hypercubic. The statistical errors in this section are
also estimated by the jackknife method.

By the simultaneous fit of the PS-PS and PS-A4 correlation functions for the light-light quark
and the light-heavy quark sectors, we can obtain the PS meson masses, the decay constants, and the
PCAC mass for each quark. We will show the results of PS meson masses later. Here, we show the
other quantities.

As for the PCAC mass, we also investigate the effective masses, which are obtained by taking
the ratio of 2-data points of the correlation function, as a function of 𝜏/𝑎. Figure 3 shows the
PCAC masses for ud- and s-quark in lattice unit. Here, we also plot the results and their fitting

Figure 3: PCAC masses for u,d-quark (left panel) and s-quark (right panel).

range in the simultaneous-fit analyses as the shadowed regimes. We can see that the effective mass
fluctuates around the shadowed regime and the width of the fluctuation also matches the one of
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the shadow reasonably. Therefore, we conclude that the simultaneous-fit analyses and the effective
mass analyses are consistent with each other.

Figure 4 is a summary plot of the ratio of decay constants, 𝑓𝐾/ 𝑓𝜋 for 2 + 1-flavor QCD. Here,

 1.18

 1.185
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 1.195

 1.2

 1.205
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Our data

f K
/f π

Figure 4: The ratio of decay constants 𝑓𝐾/ 𝑓𝜋 .

we compare our result with the data given by BMW [11], RBC/UKQCD [9], PACS (1284), PACS
(644 with reweighted) [2]. It seems that our data is almost consistent with these results.

3.2 Calculation strategy of baryonic quantities

The effective mass of a baryon is evaluated from the correlators with point-sink and wall-
source. One of the reasons for using the wall source correlator is that the meson-baryon scattering
state is expected to be suppressed in wall source state because the lowest meson-baryon state is the
p-wave state. In addition, in the context of inter-baryon interactions, the wall source is found to
have a large overlap with the ground state [12].

Furthermore, for the consistency check, we also utilize the variational method with smeared
source and smeared sink operators. To resolve the mixing between the ground and excited states, we
solve a generalized eigenvalue problem (GEVP) for the correlator matrix of baryons with a suitable
smearing function. The smearing function in this work is taken as the Gaussian-type function

𝑓 (𝑟) = 𝑓0e−𝛼𝑟
2
. (1)

We choose the smearing parameters 𝛼 for the narrow and broad extents of the quark fields, corre-
sponding to the root mean square of the radius

√︁
⟨𝑟2⟩ = 0.20fm and

√︁
⟨𝑟2⟩ = 0.68fm, respectively.

3.3 Scale setting

We set the cutoff scale from the Ω baryon mass, while the PACS collaboration utilizes the Ξ

baryon mass. As a reference scale, we utilize the experimental data of the Ω baryon mass from
Particle Data Group,

𝑚Ω = 1672.45 [MeV] . (2)

Our results of the effective mass of Ω baryon from the wall-source and variational method
are shown in Figure 5. The plateau values expressed as a shadowed regime of the two methods
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Figure 5: Effective mass for Ω baryon in the lattice unit with two methods: The wall-source and point-sink
operators (triangle-red symbols) and the variational method (circle-blue symbols).

are consistent. We adopt the results from wall-source data as a central results and to estimate the
systematic error we utilize the results from the variational method. Compared with the reference
value (2), we fix the physical scale of our lattice cutoff as

𝑎 = 0.084372(54)+118
−6 [fm], 𝑎−1 = 2338.8(1.5)+0.2

−3.3 [MeV] . (3)

3.4 Hadron spectra

Finally, Figure 6 depicts the summary plot of hadron spectra in physical unit. Here, we also
show the masses of the low-lying hadrons including the resonance states, 𝜌, 𝐾∗,Δ, Σ∗,Ξ∗, which
are estimated from the naive effective mass analysis using the wall-source data.

Figure 6: The summary plot of hadron spectra in physical unit.

4. Summary

In this proceeding, we give a brief report on the basic properties of the new configuration set
(HAL-Conf-2023) generated by HAL QCD collaboration. We employ the same lattice setup with
the PACS collaboration [1, 2], but here we generated 8,000 trj. on 964 lattices. As for the scale
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setting, we utilize the Ω baryon mass as a reference scale. Here, we take the wall-point source
correlation function to improve the signal of the effective mass and carefully investigate the operator
dependence. As a result, we obtain 𝑎−1 = 2338.8(1.5)+0.2

−3.3 [MeV] and our hadron spectra in the
physical unit reproduce well the experimental results. The detailed report will appear in Ref. [3].
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