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I LYZ around Critical Point in Ising Model
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1st-transition

singularity on the real h axis

Crossover
no singularity on the real axis

Note:
LYZ in complex-h plane are purely
Imaginary.

Lee-Yang, 1952
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Recent Progress in LYZ/LYES and Lattice

Analytic Structure

— Scaling functions, FRG, ...

An, Mesterhazy, Stephanov ('16)
Johnson, Rennecke, Skokov ('23)
Karsch, Schmidt, Singh (‘23)

Locating QCD-CP at u # 0 on the lattice?
Clarke+, arXiv:2405.10196

— Taylor exp. + Imaginary u + Pade approx.
— |dentify the 1st LYZ to be LYES
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I Finite-Size Scaling

Scaling Hypothesis

Fsing (ta ha L_l) ~sing (Lytta Lon h) b= Fsing + Freg

~

Zsing(t, hy L) = Zging (LY*t, LY" h) 7 = Zging X Zreg

v

LYZ in the scaling region on finite volume

)

Z(t,h,L™1)

~ Zsing (LY*t, LY*h) = 0

Tyn (1) — }:L](__;Z%(Lytt)




LYZ in 3d-Ising Model
H = _Z(@-,j)si‘sj - hzisi
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near Approximation & LYZ Ratio
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I LYZ Ratio

h(™) ()
B (8) = 1m (t)
r2n — 1
Rnl(t) — < Xn/Xl
1

— R(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 LYZ Ratio

R () X,
0 _ Xn (1 + CrmtL?* + O(tz))

om0 = 3 ) ~ X

r2n—1 t - —1 (1storder)
Rnl(t) — < Xn/Xl t=20

\ 1 t - 00 (crossover)

Numerical Result in 3d-Ising
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I General CP

O CPonat— ¢ plane
0 Search for LYZ on the complex & plane
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I LYZ Ratio for General CP

LYZ Ratio

(n) X
R(t) = LT _ X (1 +OTLY O(tz)) (1 + DL2@e—wn) | O(L4(’yt_yh)))

— g(m) X,
() nonzero for a;, # 0

det A Y2 Yl CL%2 5 9
C = = D=—2(Y?-Y.
99 (Xg X1>7 ( 1 2)
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I LYZ Ratio for General CP

LYZ Ratio
(n)
Ru(t) = AT = 20 (14 04 0(2) (14 DEPBEI 1 o(z0e-))

Coem) X,
& (1) nonzero for a;, # 0

= - D="2v2_Y.
O Qoo <X2 X1)7 ( 1 2)

Binder cumulant Jin+, PRD86, 2017

B (t) = b, (1 +erLY + O(tz)) (1 LYY 4 O(Lz(yt_yh)))

nonzero for a;, # 0

Deviationatt = 0duetoa, # 0
converges faster in LYZ ratio.



I 3d 3-State Potts Model
H = _Tz<z'3> _— 52 0pi1 0;=1,2,3

Phase Diagram
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I 3d 3-State Potts Model: LYZ Ratio
L = 24,30, 40, 50, 60, 70

26

24 Fit Results (to L > 40):
40 —
. 50 | | 2 R2:1(0) = 2.410(11)
| 70 —— i = 1.56(14)
= oal - | _ 7. = 0.549379(16)
‘_{ .
== 7 ~
23} _ | | | |
Consistent with
| y; =1.588 3d Ising
2.2 1 | i ; -
0.5492 0.5493 0.5494 0.5495 7. =0.549380(20) Karsch+, ‘00
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I Using LYZ for the QCD-CP Search

Taylor expansion

&%p  Op ] LYZ
p, ; y T
ou?’ out
w_r p(u)

LYZ

Imaginary chem. pot.

> Reu

Use of Pade approximation




I Where is QCD Critical Point?

Ising model LYZ in QCD  clarke+, arXiv:2405.10196
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I Lee-Ya ng Ze ro Yang, Lee; Lee, Yang ('52)

Partition Function Z(T', ;1) Phase Transition & LYZ
Finite V. Polynomial of u (or T) First-order transition
Z(Tp) = | [ (1w — i) At = pe
; I
Trnge A ‘ﬂ V — oo\l,
X X Jic g
X I
X X Repu
2%

— For IV = oo, LYZs are accumulated on the
2 zeros on the complex plane line crossing the real axis at u = ..

=Lee-Yang Zeros
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