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APPENDIX C 

%Scattering calculation by Monte Carlo amplified by gain for a simple 
%3D scattering medium.  
  
%(1)declaration of variables 
lambdap=532E-9;% pump wavelength(532nm) 
ss=100; %scatterers density(1/m^3)  
sccros=6.793E-13; %scattering cross section 
ls=1/(ss*sccros); %scattering mean free path 
c = 0.4; % attenuation coefficient (1/m) 
g=0.9; %scattering asymmetry factor 
w0 = 0.8; % single-scattering albedo 
N = 1e5; % number of photons to trace 
ns = 100; % max number of scatters per photon 
E = zeros(N,2); % initialize detector 
Epump = 100E-3; %Pumping energy(2mJ) 
planck = 6.63E-34; %planck constant 
light = 3E8; %speed of light 
Cpabs =3.7E-20; %absorption cross section at pumping wavelength(3.7 x10^-20m^2) 
Ndye=100; %Concentration of dye 
  
  
%(2)Reading values for measured fluorescence spectrum 
tic %Start counting time for simulation 
[lambda, y] = textread('pol_gold_short.txt','%f %f'); % dye spectrum from text file 
%wavelength distribution from dye spectrum (530-700nm) 
cdf=cumsum(y/(sum(y))); %cumulative sum of intensity value 
%plot(x,cdf); %plot the cumulative sum 
  
%(3)Photons start doing loop 
for i=1:N %start of photon loop 
p=[0,0,0]; % initial position (x,y,z) 
L=0;% summation of path length 
%muz = sqrt(rand);% diffuse illumination 
muz = 1; %Direction of laser through z direction 
phi = 2*pi*rand; % azimuthal scattering angle 
%mux = sqrt(1-muz^2)*cos(phi); % initial x-direction cosine 
mux = 0; %Direction of laser 
%muy = sqrt(1-muz^2)*sin(phi); % intitial y-direction cosine 
muy = 0; %Direction of laser 
r=0; % intial distance from source 
w = (Epump * lambdap)/(planck * light * N); % initial photon weight   
  
[~,b]=min(abs(cdf-rand)); %the minimum of random number to cumsum 
Plambda=lambda(b); %wavelength of emitted photon. 
E(i,2)=lambda(b); %intensity detection for each lambda 
  
%(4) Scattering loop 
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for j=1:ns  
s = -ls*log(rand); % geometric path length 
p = p + s*[mux,muy,muz]; % move photon 
L=L+norm(s*[mux,muy,muz]); %updated total path length 
    s = - log(rand)/c; % geometric path length 
%z = z + muz*s; % move photon 
  
%Photon detection condition (Limit the size of sample) 
if (p(3)<0 && p(3)<0.01) %Photon inside the sample(<1cm) is detected. z axis is 
chosen,p(3).p(1)=x axis,p(2)=y axis 
%if (p <0) 
    E(i,1)=E(i,1)+w; 
else 
    E(i,1)=0; 
    %break,  
end % count photons leaving out top 
  
  
%scattering events based on Henyey-Greenstein scattering 
w0 = exp(Cpabs * Ndye * s); % scattering albedo using gaussian function 
w = w*w0;%absorb fraction of photon packet 
mu= 1 - 2*rand; % isotopic scattering 
%mu= (1+g^2-((1-g^2)/(1+g-2*g*rand))^2/(2*g)); % Henyey-Greenstein scattering 
phis = 2*pi*rand; % azimuthal scattering angle 
[mux,muy,muz]=chgdir(mux,muy,muz,mu,phis); % new direction 
muz=muz*mu-sqrt(1-muz^2)*sqrt(1-mu^2)*cos(phis); %new direction for z 
mux=mux*mu-sqrt(1-mux^2)*sqrt(1-mu^2)*cos(phis);%new direction for x 
muy=muy*mu-sqrt(1-muy^2)*sqrt(1-mu^2)*cos(phis);%new direction for y 
  
end %end of scattering loop 
L=L+norm(s*[mux,muy,muz]); %updated total path length 
  
%(5)amplification by dye within photon loop(Assume all dyes excited 
Ndye=10E-3; %Concentration of dye (10^-3Molar) 
Cemi=E(i,2)*57E-9/pi; %stimulated emission cross section 
gain=exp(Cemi*Ndye*L);% gain value assuming all dye molecules are excited 
Ndyefact=exp(gain*L); %amplification factor for the dye molecules 
  
end % end of photon loop 
  
%(6)Intensity detection 
E(:,1) = E(:,1)./N; % Intensity normalized to no of photon 
Enorm=E(:,1).*Ndyefact; %Intensity normalized to no of photons after amplification 
  
[histlambda,indx]=histc(E(:,2), lambda); %Build histogram graph for intensity 
detection 
plotout=accumarray(indx,E(:,1),[length(lambda) 1]); %accumulate array of intensity 
detection 
y=(plotout.*histlambda);%/max(plotout.*histlambda); 
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plot(lambda,y); %plot graph lambda vs hist of graph 
toc %Finish counting time for simulation 
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