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I Finite-Size Scaling (FSS)
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I LYZ in 3d ISing MOdel Wada, MK, Kanaya, arXiv:2508. 20422
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I Lee-Yang Zero Ratios
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I LYZ near t = 0
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I LYZ near t = 0
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. (n)
LYZ Ratios neart = 0  Run(t) = ,Zm)((?)

)
2n — 1 t < 0 (1st order)
Ry (t) — «

W —ree 1 t > 0 (crossover)
crossing
Roi(t) = rm + cam LYt + O(t%) o = X/ Xm
neart =0 1

—7m = Rym(0) is L independent, the universal value.
—Crossing point of various L gives the CP.
—Reminiscent of Binder-cumulant analysis
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I LYZR vs Binder Cumulant in 3d-Ising

LYZR Binder cumulant
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Faster convergence of the violation of FSS in LYZ?
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I Convergence atT =T,
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Red: T, of Ferrenberg ('18)
Blue: T, of intersection point

In 3d-Ising,

violation of FSS is more quickly
suppressed in the LYZR than the
Binder cumulant as L — co.

Z = Zsing X Zreg
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Curvature
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Curvature
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I CP in a General System 7= v~y = —0.894

O CPonart— ¢ plane
O LYZ on the complex & plane
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I CP in a General System

O CPonart— ¢ plane
O LYZ on the complex & plane
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I LYZ Ratios for General CP § =~y = ~0.89

LYZ Ratio
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I LYZ Ratios vs Binder Cumulant  7=u - =08
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I Motivations
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Can we determine the location of the HQ-CP?
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I Our Strategy Ashikawa+, PRD110 ('24)

We want to control
finite-volume effects

Large volume simulations
uptoLT =N,/N;, =18

—Simulations on coarse lattices (N, = 1/aT = 4,6, 8)
—Employ hopping-parameter expansion (HPE)

o0

Hopping-Parameter Expansion: IndetM(x)=—) %tr[Bn]ﬁ:n
n=1



I Hopping-Parameter Expansion

Wilson Fermion
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I Simulation Method 1

Monte Carlo Updates at the LO

Heat bath & over relaxation with modified staple

2 Almost the same numerical cost as the pure YM!
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I SimU|atiOn MethOd 2 Wakabayashi+ ('22)

Ashikawa+ ('24)
Effective incorporation of yet higher-order terms
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Convergence of HPE

Convergence of Free Fermions
Wilson-loop-type
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I Binder Cumulant Analysis LT=¢ | — HT-10
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I LYZ Ratio Method for HQ-CP

Zeros on the complex-A plane

Partition-function ratio by reweighting

Z(\) (e=5SN+50ha)y,
Z(Re)\) (e S®eN)TS(o)),




I LYZ Ratio Method for HQ-CP

Zeros on the complex-A plane

Contour plot of |Z(X)/Z(Re))]
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I LYZ Ratio
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I LYZ on Complex-u Plane
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Summary

—LYZ-ratio method is a powerful method to locate a CP

In general systems.
— It has several advantages compared to Binder-cumulant
method: suppression of scaling violation, non-linearity, etc.

—The LYZs in the heavy-quark region of QCD are successfully
found using the numerical simulations based on the hopping-

parameter expansion.
— The LYZR method works well!

— Outlook: nonzero u,, RW transition, etc.



Convergence of HPE

Wakabayashi+ ('22)
O HPE of free lattice field (U=1)
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