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! Boltzmann distribution
2 Delayed luminescence
% Mode coupling

* Coherency
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! Squeezed

? Fritz-Albert Popp

* Biological laser mechanism

* Incoherent

> Non-equilibrium phase transition
® Dissipative structure

7 Superimposition

8 Chaotic
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! Coupled

2 Schrédinger

3 Annihilation operator
* Creation operator

® | nterferometry

® Fano factor
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! Mandel parameter
2 Supper-Poissonian
% Sub-Poissonian
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! Detectors
? Real-time
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! Coherent excitation in biological systems
2 Rate equations
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2 Ordered state
? Interferometry
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% Program to conpare histograns of data with Neg.Bin. distribution

clear all;clc;close al
| oad
| oad
| oad
| oad
| oad
| oad F;
| oad Noi se22;
for i=1:6

data=D(i,:);

dat a=dat a' ;

n=0: max(dat a) ;

subplot (2, 3,i)

hi st ogr am=hi st c(dat a, n) ;

bar (n, hi st ogrant sun{ hi stogram);

%hi -square test of goodness of fit for distributions

al pha=0. 05;

[h(i),R(i),p(i),K(i),Beta(i)]=chi Test NegBi nom al (data', al pha);

TmOo0wx

end
R=R ;

% Function chi Test NegBi nom al
function [H R p, k, Bet a] =chi Test NegBi noni al (si g, al pha)

bins = 0: max(sig);
hi s=hi st c(si g, bi ns); % st ogram
par=fitdist(sig ,' NegativeBinom al")
n = sum(his);
expect ed=n*pdf (' nbin', 0: max(si g), par. R, par. P)
ponD1=fi nd( expect ed==nax(expected));
ponD2=fi nd(expect ed(1: ponD1(1))<6);
ponD3=fi nd( expect ed( pon01(1): end)<6);
if isenmpty(ponD2)
expect ed2=expect ed;
hi s2=hi s;
ponD2=0;
el se
expect ed2=[ sum  expect ed(1: ponD2(end))), expect ed( ponD2(end) +1: end) ] ;
hi s2=[ sun( hi s(1: ponD2(end))), hi s(pon02(end) +1: end)];
end
if isenpty(ponD3)
el se
expect ed2=[ expect ed2( 1: ponD3(1) - 1+ponD1(1) -
ponD2(end)), sum expect ed2( ponmD3( 1) +ponD1(1) - pomD2(end):end))];
hi s2=[ hi s2(1: ponD3(1) - 1+ponD1(1) -
ponD2(end)), sun(hi s2( ponD3(1) +ponD1(1)-pond2(end):end))];

end

r=1;

df =l engt h( hi s2);
k=df -r-1;

R=sum( ( hi s2- expect ed2)."2./expect ed2);
p=1-chi 2cdf (R, k) ;
i f p<=al pha
H=1;
el se
H=0;
end
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krit=chi 2i nv(1-al pha, k);
Bet a=1- chi 2cdf (abs(R-krit), df);
end

% Programto plot data distributions for different bin sizes
clc;clear all;close al

| oad A;

dat a=A(6, :);

G=1;

dat al=MyMer g(dat a, G ;

subpl ot (2, 2,1)

hi st ograml=hi st c(dat al, 0: max(datal));

pl ot (0: max(dat al), hi stogrant, 'r*')

x| abel (' Counts per Bin(50 ns)'),ylabel (' Abundance of photons');
F50=var (dat al) / nean(dat al)

G=2,

dat a2=MyMer g(dat a, G ;

subpl ot (2, 2, 2)

hi st ogr an?=hi st c(dat a2, 0: max(dat a2));

pl ot (0: max(dat a2), hi stogran, 'r*')

x| abel (' Counts per Bin(100 ns)'),ylabel (' Abundance of photons');
F100=var (dat a2) / mean( dat a2)

G=4;
dat a3=MyMer g(dat a, G ;
subpl ot (2, 2, 3)
hi st ogr anB=hi st c(dat a3, 0: max(dat a3));
pl ot (0: max(dat a3), hi stogranB, 'r*')
x| abel (' Counts per Bin(200 ns)'),ylabel (' Abundance of photons');
F200=var (dat a3) / nean( dat a3)

G=5;

dat a4=MyMer g(dat a, G ;

subpl ot (2, 2, 4)

hi st ogr amd=hi st c(dat a4, 0: max(dat a4));

pl ot (0: max(dat a4), hi stogramd, 'r*')

x| abel (' Counts per Bin(250 ns)'),ylabel (' Abundance of photons');
F250=var (dat a4) / mean( dat a4)

figure("Units',"centinmeter',"Position' ,[1 1 25 15], ' Color',"w)

a=-0.5;

b=max(dat a4) ;

c=0;

d=0. 3;

subpl ot (221)

bar (0: max(dat al), hi stograml/| engt h(datal), "' FaceColor',[0.8 0.8

0.8], "' EdgeCol or',"'k'); xl abel (' Counts per Bin(50 nms)'),ylabel (' Abundance of
phot ons');

title( "50 ns')

axis([a b c d])

subpl ot (222)

bar (0: max(dat a2), hi st ogran®?/ | engt h(dat a2), ' FaceColor',[0.8 0.8

0.8], "' EdgeCol or',"'k'); xl abel (' Counts per Bin(100 ns)"'),yl abel (' Abundance of
phot ons');

title(' 100 ns')

axis([a b c d])

subpl ot (223)
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bar (0: max(dat a3), hi st ogran8/ | engt h(dat a3), ' FaceColor',[0.8 0.8

0.8], "' EdgeColor',"k'); xl abel (' Counts per Bin(200 ns)"'),ylabel (' Abundance of
phot ons');

title(' 200 ns')

axis([a b c d])

subpl ot (224)

bar (0: max(dat a4), hi st ogramd/ | engt h(dat a4), ' FaceColor',[0.8 0.8

0.8], "' EdgeColor',"k'); xl abel (" Counts per Bin(250 ns)'),ylabel (' Abundance of
phot ons');

title(' 250 ns')

axis([a b c d])

% Function MyMerge for nerging bins

function out=MyMerg(in, G

T=l ength(in)/G

nTr gA=zeros(1, T);

ntgA(l, 1)=sum(in(1:GQ);

for j=1:T-1
for k=Gj+1:(j+1)*G

nrgA(l,j+1)=in(1, k)+mr gA(1,j+1);

end

end

out =nr gA;

end

% Programto test stationarity of data
clc,clear all,close al
| oad A;
ABG=A(6, :);
j =0;
for i=0:1000: 9000
j=i+1
seg(j,:)=A6(i+1:i+1000);
hi stog(j,:)=histc(seg(j,:),0: max(A6));
M(j) =rean(seg(j,:))
end
for i=0:3
for j=i+2:5
i +1

J
[H(i+1,j),R(i+1,j),p(i+1,j),df(i+1,j),Beta(i+1,j)]=chi Test 2unknowFr onDi str (
hi stog(i +1,:), histog(j,:),0.05);

end
end
figure()
i mgesc([H(1, 2:end), H(2,3:end),H(3,4:end),H(4,5)])
col or bar
set(gca, 'CLim, [0, 1]);
XTick = 1:10;
YTi ck=[0, 1];

set(gca, ' xtick', XTick)

set(gca, ' xTi ckLabel',{'1-2","2-3","1-4","'1-5",'2-3",'2-4",'2-5","3-4"," 3-
5,"4-5'})

set(gca, ' ytick', YTick)

title(' Result of hypothesis')
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% Negati ve Bi nom al Regression using Ceneralized Linear Mdels

function stats = nbreg( x, y, varargin)

% nbreg - Negative binom al regression

%

% Ref erences:

% [1] Hardin, J.W and Hlbe, J.M GCeneralized Linear Mdels and

% Ext ensions. 3rd Ed. p. 251-254.

%

% | NPUT:

% X [n x p] Design matri x. Rows are observations, Columms are
% variables. (required)*

%y [n x 1] Response nmtrix. Rows are observations. (required)
%

% The following inputs are optional. For optional inputs the function call
% shoul d include the input name as a string and then the input itself.
% For exanple, nbreg(x, y, 'b', nyStarti ngRegCoeffs)

%

% al pha = Scal ar value. Starting estimte for di spersion paraneter.

% (optional, DEFAULT = 0.01)

% b = [p x 1] starting vector of regression coefficients. (optional,
% DEFAULT = estimated with poi sson regression)

% offset = [n x 1] offset vector. (optional, default = 0)**

%trace = | ogi cal value indicating if the algorithm s progress should be
% printed to the screen. (optional, default = false)

% regul ari zation = scal ar specifying the anmount of regularization (default
% = le-4).

% di str = Distribution to fit ['poisson' | 'negbin' (defualt)];

% est Al pha = Estimate al pha or use the al pha provided? [true (default) |
% fal se]

%

% OUTPUT:

% stats. b [p x 1] vector of estinmated regression coefficients.

% stats. al pha
% stats.|ogL
% stats.delta
%

% NOTES:

% * Supply your own colunn of ones for an intercept term

% ** Make sure you have taken the log of the offset vector if necessary.

% 1f one wants to include an offset to control for exposure tine/fit a rate
% nmodel , then typically the offset vector should | og-ed before it's

% supplied as an input. The regression routine assunes that Ey|x] ~ X*b +
% | og(of fset)

Esti mat ed di spersion paraneter.
Fi nal nodel 1og-1ikelihood.
hj ective change at convergence.

n = size(y,1);
p = size(x,2);
assert(n == size(x,1), 'Dinension msnmatch between x and y');
df = n - p;
ALPHATHRESH = 1le-8;
%% CGet vari abl e argunents
% O f set .
of fset = getVararg(varargin, 'offset');
if isenpty(offset)
of fset = 0;
end

% Regr ession coefficients.
b = getvararg(varargin, '"b');
if isenpty(b)

mi = (y + nmean(y))/2;
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eta = |l og(m);
b = Inf(size(x,2),1);
el se
eta = x*b + of fset;
mu = exp(eta);
end

% Al pha
al pha = getVararg(varargin, 'alpha');
if isenpty(al pha)

al pha = 0.01

el sei f al pha < ALPHATHRESH
al pha = 0.01;

end

% Tr ace

trace = getVararg(varargin, 'trace');
if isenpty(trace)

trace = fal se;
end

% Regul ari zati on
reg = getVararg(varargin, 'regularization');
if isempty(reg)
reg = le-4;
end

% Di stribution
di str = getVararg(varargin, 'distr');
if isenpty(distr)
distr = 'neghin';
end

% Esti mate al pha
est Al pha = getVararg(varargin, 'estAl pha');
if isenmpty(estAl pha)
est Al pha = true;
end

if trace
fprintf('Delta\t');
fprintf (' alphalt');
for i =1:p
fprintf('b %0.0f\t", i)
end
fprintf('\n');
end

% Optimze

MAXI T = 50;

eps = le-4;

REG = reg*eye(p);
LSOPTS. SYM = true;
LSOPTS. POSDEF = true;
del = Inf;

itr = 1;

logL = -Inf;

obj Change = Inf;
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while itr < MAXIT && obj Change > eps
innerltr = 0;
whi |l e any(del > eps) &% innerltr < 1000
if strcnpi(distr, 'neghin')
w= repmat(mu./(1 + al pha*nu), 1, p)'; % Weight matrix
el seif strcmpi (distr, 'poisson')
w = repmat(nu, 1, p)';
el se
error (' Unknown distribution');

end
z = (eta + (y - mu)./mu) - offset; % Wor ki ng response
Xtw = x'.*w, % X' *W
bold = b;
try
b = linsolve(xtwx + REG xtw'z, LSOPTS); % Update
catch
b = linsolve(xtwx + REG xtwz);
end
eta = x*b + offset; % Li near predictor
mu = exp(eta); % Mean

del = abs(bold - b);
innerltr = innerltr + 1
end

if strcnpi(distr, 'poisson')

al pha = 0;
br eak

end

if ~estAl pha

obj Change = nan;
amu = al pha*nu;
amupl = 1 + anu;
logL = sum( y.*log( anu./anupl ) - (1/al pha)*log(amupl) + ganmal n(y
+ 1/al pha) - ganmmaln(y + 1) - gamal n(1/al pha));
br eak
end

al pha = al phaLi neSearch(y, mu, al pha);

% Li kel i hood eval uati on

amu = al pha*nu;

amupl = 1 + anu;

pl ogL = I ogL

logL = sum( y.*log( anmu./anupl ) - (1/al pha)*log(amupl) + ganmal n(y +
1/ al pha) - gammal n(y + 1) - gamal n(1/al pha));

obj Change = (logL - plogL); if isnan(objChange); objChange = Inf; end

% Di splay an update if trace switch is on
if trace
fprintf('%0.6f\t', [objChange, alpha, b']);
fprintf('\n');

end

i f al pha < ALPHATHRESH
br eak

end

itr =itr + 1;

del = Inf;

Vi
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stats. al pha = al pha;
stats.b = b;

stats.logL = | ogL;
stats. delta = obj Change;

function [ al pha ] = al phaLi neSearch( y, mu, al pha, varargin)

gridSi ze = getVararg(varargin, 'gridSize');
if isenpty(gridSize)

gridsSize = 0.1;
end

border = le-10;

interval = [Inf, -Inf];
gflank = [Inf, -Inf];

g = updat eW ndow( al pha);

sg = g,
% Crudely follow the gradient by stepping in that direction until you
% get to a point where it changes. At this point you know you have
% bounded the domain value that maximzes the function. This is
% assumi ng that the function being optim zed i s convex.

whil e sign(sg) == sign(g)

proposal = al pha + gridSize*sign(sg);

% Ensure the proposal doesn't violate the constraint that al pha > 0.
if proposal <=0
% Check left border to see if we're looking at a corner
% solution. If it's a corner solution (gradient at border is
% negative) then return the border and exit. O herw se set the
%Il eft edge of the interval to the border.
[~, g] = al phaM_(y, mu, border);

if g<o0
al pha = border;
return;

el se
i nterval (1) = border;
gf lank(1) = g;
br eak;

end

end

al pha = proposal;
sg = updat eW ndow( al pha);
end

% At this point the solution |lies between interval (1) and interval (2).
% note this neans there is an interior point solution.
while interval (2) - interval (1) > le-6
%gt = sum(abs(gfl ank));
%v = (gt - abs(gflank))/gt;
al pha = mean(interval);
updat eW ndow al pha) ;
end

al pha = mean(interval);

Vil
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function gr = updateW ndow a)
[~ gr] = alphaM(y, nu, a);

if sign(gr) >0
interval (1) = a;
gf lank(1) = gr;

el se
interval (2) = a;
gflank(2) = gr;

end

end

end
function [ f, g, H] = alphaM.( y, nu, a)

| namuplg = | og(amuplq);
| nanug = | og(anuq);

% Function val ue
f = sum( y.*(lnamuqg - | namuplq) - ainv*lnamuplg + gamual n(y + ainv)
- ganmmal n(ai nv) );

if nargout > 1

% Gradi ent :

g = (ainv*2)*sun( (lnamuplqg - 1) + (a*y + 1)./(a*nu + 1) - psi(y +
ainv) + psi(ainv));

end

if nargout > 2
% Hessi an:
H=sum (ainv*3)*( (a*y + 1)./((amug + 1).72) - (2*a*y +
4)./(amuq + 1) - 2*lnanuplqg - 3 ) ...
+ (ainvh2)*(psi(1, y + ainv) - psi(1, ainv)) );
end
end

function a = getVararg(v, paranm
ind = find(strcnpi (v, paranm)) + 1;
if isempty(ind)
a=[];
el se
a = v{ind};
end
end
end

Vil
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Abstract

Background and aim: All biologica samples emit ultra-weak photon emissons without
any externa pre-illumination. Ultra-weak photon emission can be considered as a new type of
biological signa: a photonic biosigna. It is aso known as biophoton, low-level
chemiluminescence, and ultra-weak bioluminescence, in the literature. Biophotons have many
potential applications, ranging from agriculture to medicine. The correlation between
biophotons and physiological states creates the possibility of using them as a completely non-
invasive method for diagnosis. In this research, we want to investigate statistical properties of

biophotons and use them to distinguish between different physiological states.

Materials & Methods: In this research, we detected UPE from germinating mung bean
seedlings. We also found an appropriate distribution function which perfectly fits the
photocount distribution. We also used generalized linear models to investigate the effect of
time and sucrose on the UPE intensity.

Results: We have found that Negative binomial distribution can be used to perfectly fit
the photocount distributions. Furthermore, we found that sucrose has statistically significant

effect on the intensity of UPE from mung beans over time.

Conclusion: Measurement of UPE can be used as a non-invasive, real time and low
operation cost method for growth monitoring. We believe that the UPE signal can aso be
used for non-invasive monitoring of oxidative metabolic processes not only in mung beans,

but also in other biological samples.

Key words: Ultra weak photon emission, photocount statistics, biophoton,
coherence, stationarity, correlation
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