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A. Experimental System

Spectral light scattering measurements system:

Sample (tissue -slide)

Supplementary Figure 1: Schematic of the spectral light scattering measurement. Xe lamp: excitation
source; A: aperture; L: collimating lens; L; and L;: collecting lenses

B. Control validation experiments on synthetic mono / multifractal objects
l. Realization of the mono/multifractal objects

The standard fractional Brownian motion [1] (fbm) algorithm available in Matlab was used to
generate monofractal fluctuation series with user controlled Hurst exponent (H). The multifractal
fluctuation series was generated using binomial multifractal model. Briefly, the desired series was
computed as [2, 3]

X = an(k_l)(l — a)nmax_n(k_l) (1)

Here, N = 2"max with k = 1, ..., N. n(k) is the number of digit equal to 1 in binary representation of
the index k.

The generalized Hurst exponent h(q)is related to the user-defined parameter a as
1 In{a9+(1-a)1

h(g) = 7 — Tt @
Electrical addressing of the SLM pixels allowed the setting of the grey levels of each pixel according
to the synthesized fluctuation series. This was achieved by setting the grey level of the central SLM
pixel as the first element of the synthesized fluctuation series, the second element was used to set grey
levels of all the neighboring pixels which made a square envelop, and so on. Thus, full experimental
control of the constituent fractal properties (Hurst exponent H for monofractal, generalized Hurst
exponent h(q) for multifractals) of the scattering object was available.



I1. Extraction of mono / multifractal properties from experimental light scattering data

The Fourier power spectrum of any monofractal object assumes a power law behavior having a single
exponent [2-4]

Here, the power law exponent y = 2H + Dg, Dg is the Euclidian dimension (Dg = 1, 2, 3 for one, two
and three dimensional objects).

Since the scattered (diffracted) intensity from any object can be represented as the Fourier
power spectrum of the object distribution, the experimentally recorded intensity distribution (either as
a function of angle 6 for a fixed wavelength A, or as a function of A for a fixed 6) from monofractal
object should also exhibit power law scaling: P(v) = v-@H+De) Here, v is the spatial frequency =

; sin (g) The Hurst exponent H of the monofractal scattering (diffracting) objects were estimated
from the slope of log P(v) vs log v, and are listed in Supplementary Table 1. The estimated values for
the Hurst exponent H are observed to be in close agreement with the controlled input.

Controlled Input Value of H determined from | Experimentally

Hurst exponent (H) the theoretical Fourier determined
power spectrum value of H

0.3 0.26 0.34

0.4 0.44 0.41

0.5 0.48 0.52

0.6 0.56 0.57

0.7 0.65 0.72

Supplementary Table 1: Results of the control experiment with monofractal objects (SLM pixels
modulated through fluctuation series synthesized by FBM).

The experimental intensity data obtained from the synthetic multifractal objects, on the other hand,
exhibited multiple power law exponents at different spatial frequency ranges. These were therefore
subjected to the inverse analysis method (MFDFA on Fourier pre-processed data). Representative
results of such inverse analysis are presented in Figure 2 of the manuscript. Results obtained from
various synthetic multifractal objects are summarized in Supplementary Table 2. The controlled
generalized Hurst exponent h(g=2) input of the synthesized multifractal series, values for h(g=2)
obtained by MFDFA analysis on the Fourier pre-processed theoretical power spectrum and
experimental intensity data, are shown. Excellent agreement between the a-priori known values of
h(q=2) and those obtained from MFDFA analysis on the Fourier pre-processed theoretical (power
spectrum) and experimental intensity data provides evidence of self-consistency in inverse analysis of
multifractality.

Controlled input h(q=2) from theoretical power h(g=2) from

generalized Hurst spectrum (via Fourier pre- experimental

exponent h(gq=2) processing and MFDFA) intensity data
0.74 0.72 0.74
0.73 0.75 0.72
0.69 0.67 0.70
0.63 0.67 0.67
0.57 0.58 0.58

Supplementary Table 2: Results of the control experiment with two dimensional multifractal objects
(SLM pixels modulated through fluctuation series synthesized by binomial multifractal model).
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