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Critical Scaling
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N Universal critical exponent
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Inequality & Gini index

Responses of a system near a critical point are very much unequal
1.0

F 4
0.9 —— Lorenz curve p

0.8 ¢

- = Perfect equality line s
0.7 r

Gini index = A/(A+B) L7

0.6
0.5

0.4 C. Gini, Measurement of inequality of incomes,

Economics Journal 31, 124126 (1921).
0.3

0.2
0.1

rd
0.0 *
00 01 02 03 04 05 06 07 08 09 1.0

Cumulative normalized income

Cumulative normalized rank of income
Sitthiyot, Holasut, Palgrave Communication, 6, 112 (2020)



Response function, M

Gini index of response functions

Gini coefficient, g

aF:

bFC/ c

Driving field, F

[op PO M(F,F,) dF
Lip,n,a,b) = —

[og: M(F, F.)dF

1

g=1-— E./L'::jll]fip

0

S. Das, SB, arxiv:2211.01281 (2022).



Gini index of response functions
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Gini index of response functions
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Gini index of response functions
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Response function, M
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Example 1: Ising Model in the Mean Field limit
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True for order parameter scaling in any system.
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Example 1: Ising Model in the Mean Field limit

« Magnetization: m = tanh(mTTC) ,
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Example 2: Fiber Bundle Model (FBM) of Fracture
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Example 2: Fiber Bundle Model (FBM) of Fracture

* order parameter, O~ |g — gf|

« More importantly, Gini index can be used for predicting failure point:
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Example 2: Fiber Bundle Model (FBM) of Fracture

* order parameter, O~ |g — gf|

« More importantly, Gini index can be used for predicting failure point:
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Example 2: Fiber Bundle Model (FBM) of Fracture

* order parameter, O~ |g — gf|

« More importantly, Gini index can be used for predicting failure point:

gr is well
defined!
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Example 2: Fiber Bundle Model (FBM) of Fracture

* order parameter, O~ |g — gf|

« More importantly, Gini index can be used for predicting failure point:
0.5

¥ %% e ,J;
:l: % ] # Tk —
04 + x & S0 S -
" - 10" :
. 0.3 t _%‘103 Ei
N o &
O = =
= 10 gnengy = =
(.2 g’ - L
r=0.0 - -
F B L " -4 )
o r‘8'g 0 a4 02 04 05 D8 9 0 05 1 15 2 25 3 35 4
0'1 i ~> N :f0.8 ‘ Llll'n'lLlll'El:li Kanais Kimi n
o ii»_,.. | | r.=1:0 Feature importance in Machine Learning
0 500 1000 1500 2000

t Diksha, SB, Phys. Rev. E 106, 025003 (2021).



Summary

If M ~ |F — E.|™", then one can always write it as

—N
M~ |g — g5l
Where gr and n” are at least as universal as the

critical exponent n.
Could be useful for predicting imminent criticality.
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