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- Fat Tails (Nongaussian Distributions) in Financial Data;
- Fat Tails in distribution of Data-Makers;
- Bose-Einstein Condensation;

- Thermodynamics of Profit Seeking Bosons;



Econophysics
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- Autocorrelations;
- (Nongaussian) Distributions;
- Crises, financial bubbles;
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Price diffusion =
Random Brownian walk!
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Probability density
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Why nongaussian

Nongaussian price changes — nongaussian price changers!

Classical (Boltzmann) gas — Brownian motion;
N(E) oc exp(— E/KT)  n(v) oc exp(—V>/2kT) P(AX) oc exp(—AX*/c?)

Nonclassical (Bose) gas — nonbrownian motion ??7?;

Pareto law: wealth distribution;



Pareto

wealth distribution
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power law body:
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Exponential tail:
P(r) oc exp(—1/T;)

wealth

Exponentially truncated Pareto = exponentially truncated Levy

why Pareto distribution ? Because finance systems are condensates!



Bose-Einstein condensate
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Boltzmann: ~ N(E)oc exp(— E/KT) Bose: N(E) =1/(exp((E — p)/KT)-1)
n(v) o< exp(—Vv>/2kT) N(E) oc exp(— E/KT)  for E>>KT
P(AX) o exp(-AX?/c?) N(E)oc (E/KT)"  for E<<kT
Pareto: Bose-FEinstein:
P(t) oc 1/r**  P(r) oc exp(-r/T,) n(E) =1/(exp((E — u)/KT)-1)
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Financial bosons
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m - money
Profit seek: r'/r= (m' + S')/(m +5)

Bosonic enhancement respectively to shares: (1 +n(m, S)) > (1 + I n(m, S)dm)



Financial bosons
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Cumulative distribution of income

Financial bosons in USA

1 1 L1 el 1 1 L1 el 1 1 1181 1 1 1 11
10* 10" 10° 10" 10"

Adjusted gross income (3)



Financial bosons: Monte-Carlo
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Conclusions:

Bosonic + seek for profit — Pareto distribution:

(s+m)” exp[B(x, —m)]

~1.5
exp[flau+s)-(1+ps+(m72)

n(m,s) =

K.Staliunas, Bose-Einstein Condensation in Financial Systems, 2003; cond-mat/0303271

Statistics of price variations? a=1.57 Bose diffusion?

- Monte-Carlo simulations (stochastic equation);

- Evolution of distributions (kinetic — master equation);
- Price diffusion vs. diffusion of Bose particle;

- Multicomponent condensate;



