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Part 1

Stochastic fields
Stochastic processes
Random fields

{F, T} e M
Fh:Q—RY

T CcRY
F is a (IV, d)-stochastic(random) field



Why stochastic field?
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Initial conditions and evolution
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Evolution equation of a stochastic field

Suppose that F is a (IV,d) stochastic field. The independent parameter
is /N-dimensional parameter called 7'

OP({F}: {T})
T,

= L;PRFEAT)

o (_a)y (V)
L. = E DY ({F\-T.
J s aru F’LQ@‘EV 21,z2...z,/({ }7 .7)
If D™ =0 for v > 3 therefore

OF,

57 = DUUFRT) + D (PR Tm (PR T)

where

Di({F 14T )0 ({F 154T})) = 04500 (Fi, Fj)
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Ornstein-Uhlenbeck Equation
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Observables
1) Quantitative measures
2) Geometrical and Topological measures
3) Dual Space measures

st 5 = P8 X) - (p(t; X)) st %) < 2 X) - (®(t; X))
T (e X)) T (o X))

OV(t; X) = Vit XZ_ <\_/(t; X) > ST (t; X) = T{tX) q(t; X)
(V(t; X)) (T(t:X))

A =@, a(r)1.0(r,) 5,(1,) 3,0(1,)10, (1) 2, X(1, )53, (1,) 15,21, ) 5,1 (1, ) 2o

(a(rv)’a(rv);l’a(rv);Z’a(rv);S’a(rv);ll’a(rv);ZZ’a(rv);SB’a(rv);12’a(rv);13’a(rv);23’ )

(F(A)) = / AN AF(A)P(A)
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Probability density function of features in
an arbitrary smoothed stochastic field
Data is considered as regular sampled



Perturbative expansion of Statistics 1
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Perturbative expansion of Statistics 2
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Perturbative expansion of Statistics |l

Z,(1) = (exp(ireA)), = f_jd'\'A P(A)exp(ir-A)

P(A) = 3 i)N [z, (2)exp(-i2-A)

_ [ & CFD"E S NSNS (a+b=n) 0" )
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) exp(—AT-(K(Z))_ A)

Fe(A) = (27)\"? \/Det\K(Z)\ Covariance matrix or

The inverse of Fisher
information matrix
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General features and some proposed methods
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A brief about Topology

Topology is (roughly) the study of properties invariant
under "continuous transformation

- Two shapes are topologically equivalent if and only if one
shape can continuously deform to the other shape.

e.g. Sphere, cube, pyramid are all topologically equivalent.
On the other hands, Sphere and torus are different from
topological point of view.
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To answer to this question let me explain PDF and
correlation function

- PDF shows the abundance of features

while

-correlation corresponds to probability of finding
features with a condition

To distinguish between various stochastic fields
mentioned tools are not enough



Why topological and geometrical measures?

Both of these fields have same power spectrum
But their textures are completely different
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Theoretical approach

One-point statistics

<,JC> =< Conditrans Cafre.sfth to ‘.Fe.a-'f'ur'e.>

_ <.[3> + Pecturbative f’a.r'ts\
GasrSSion

Two-point statistics

NG, RﬂfSa{‘ﬁF}

<7C('?)§'(r chﬁclﬂ PA.A, )'Fff)g(ﬁ.)

T \

P(A(’Al)=

| an Det(K)

-

ol AL

T. Matsubara, AP) 2003; S. Codis et. al., 1305.7402, Christophe Gay et.al., PRD 2012
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Minkowski Functionals

|D field
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B s, Crossing from Mathematics

VT, |
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Theoretical approach for
Number density of Up-crossing

<ni,<F')> = Zr_—_ SD(F’-F;‘) e JJA"]:(A') 5D(F-?;.)
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Perturbative parts in D-dimension for Isotropic field
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Application for an anisotropic 2+1 D

Comparison between || and | direction
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Some advantages of Crossing statistics

A) Simple for implementation.

B) Directional nature

C) Determining the kinds of anisotropies
D) More sensitive to find exotic feature
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