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Two-Dimensional Spin Glass
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Widely accepted hypothesis ...

€ No phase transition at finite temperature.
€ T=0is critical.



One-Parameter Scaling

|Og Zsmgular (T’ H ’ L) =1 (TLy’ HLyh)
= M(T,H,L)=U" M(TLY, HL" )

However, at T=0, the state is frozen to be the
ground state, which is a complete random
assignment of +1/-1.
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This leads a scaling relation

y=y+ﬂ
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Droplet Theory

Fisher & Huse:

A typical low-lying
excitation of scale |
should have the
excitation energy
proportional to 1°

6. Droplet Exponent

Distribution of the de P(e,1) = de |5(i)
droplet excitation energy YI? LYI?

y=-0




Domain Walls
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Fig. 1. The domain walls in 16 randomly chosen samples with

[ =48,
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Table I. Some of previous estimates of scaling exponents for the two dimensional EA model with the continuous bond distribution.
The bond distribution is Gaussian for all the works listed here except for two items with footnotes. T, is the lowest temperature at
which the computation for the largest system was performed. In the last column, Th, MC, HO, EQ and FF stand for the numerical
transfer method (ThI), the Monte Carlo simulation (MC), a heuristic optimization (HO), an exaet optimization (EO) and mapping
to a free farmion problem (FF), respectively

Authors s it fn Size and Boundary Condition Tinin Method
Cheung & MeMillan!'2) 0.34(3)1 11 (perindic) = =~ 015 TM
MeMillan™ 0.281(5) 8 (periodic) = 8 (p.t.[2]) 03 TM
Bray & Moaore™ 0.201(2) 13 (randomly fixed) =« 12 {periodic) O TH
MeMillan '3 0.306(15) 8 (periodic) = & (periodic) 0 HO
Huse & Morgenstern!@ [ 0.24(3)[1 8 (periodic) = = 0 TM
Cieplak & Banavar!®) 0.31(2) 0 {randomly fixed) » 11 (periodic) 0 TH
Kawashima & Suzuki® 0.4T6(5) 20 [periodic) = 20 (periodic) 0 HO
Kawashima et al 1%} 0.48(1) 16 (periodic) « 16 (free) 0.1 THI
Liang!'®! 0.50(5) 128 (periodic) « 128 (periodic) = 0.4 MC
Rieger et al '™} 0.281(2) 0 (periodic) = 30 (periodic) 0 EOD
Rieger et al '™} 0.48(1) 0 (periodic) = 60 (periodic) 0 EOD
Nifle & Young'®! 0.55(7) I:I (periodic) = 20 (periodic) =08  MC
Huse and Kol1/4 0.3714l A0 (pot.) = 40 (p.t.) — FF
Matsubara et al. 1™ 0.2 21 (free) = 20 (periodic) 0 MC
Kawashima™ 0.47(5) 49 (free) = 49 (free) fi HO
present 0.200{10) 48 (free) = 48 (free) 0 EO

1) ... The estimate of 11, (See text)

2} ... Periodic tiling. (See text)

3] ... The exponential bond distribution as well as the Caussian distribution was used.

1 ... The distribution used was symmetric, consists of two continuous parts, and has a vanishing weight arcund J ~ 0
1 ... This may not be considerad as an estimate of ye. (See text)
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Direct Estimation of &

Kawashima & Aoki

v(L)OLP 't‘ | =
D =1.80(2)
e(v)oOveP ¢ I

6 =-0.47(5)

6. z0=-y7?




Larger Computation

Hartmann & Moore:

e=AlY+Bl™“

6=-0.47

6= -0.29 —
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Mapping to a linear programming

+ Polynomial-time algorithm
+ LEDA

1 L1 1 1 I 1 1 1 1 L1 1 1 I .\
10 100
L

FI1G. 1. Average droplet energy E as a function of the system

size. The dashed straight lines represent algebraic functions
with exponents # = —0.47 and # = —0.29. while the full
curved line represents the function from Eg. (2) with @ = 1,
# = —0.29).



v(L)OLP
D =1.80(2)

KA’s result Is
confirmed?

Still Puzzling...
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FIG. 2 (color online).
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Average droplet volume V and average

droplet surface § as a function of the system size. The straight
lines represent algebraic functions with exponents D, = 1.8,

respectively. d;, = 1.1.



Lessens to Learn

We have to be very careful in saying something
based on a numerical simulation ...



