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Introduction: why proper statistics matter
An historical example: the Gibbs paradox

ADA 0 0 &afianical ensemble and grand
canonical ensembles, derived from the

maximumentropy principle, fail to correctly
predict thermodynamic properties of real
physicalkystems

A Thepredictedentropiesare alwayslargerthan
the observed onesX there must exist
additional microphysical constraints:

Discretenes®f energylevels radiationt Planck

J. Willard Gibbs (183P903) (1900, solids Einstein (1907, Debye (1912,
Ising(1925), individualatoms: Bohr(1913X

XQuantummechanicsHeisenbergSchrddinger
(1927)
The first clues indicating the need for quantum physics were
uncovered by seemingly “unsuccessful” application of statistics.
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an extension of ordinary logic
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Reminders

A A tribute to my PhD supervisor (Benjariifandel):
.Sy Qa adzYYIFINEB 2F .l é&Saitly
“Whatever is uncertain gets a pdf.”

AProduct rule:  p(AB|C) = p(A|BC) p(B|C)
A Sum rule: p(A+ B|C) = p(A|C) + p(B|C) — p(AB|C)
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p(d) ~—— evidence

P(d|M1)

A Bayesian model comparison: B, =
F p(dMy)




Structures Iin the cosmi
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FL, Jasche & Wandelt 2015a, arXiv:1502.02690
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A decision rule for structure classification

A{ LI OS 2F dGAyLzi FSIFidz2NBagy
{Ty = void, Ty = sheet, Ty, = filament, T3 = cluster}
A{ LI OS 2F alFOUAZ2Yyacty
{ag = “decide void”, a; = “decide sheet”, as = “decide filament”,
az = “decide cluster”, a_; = “do not decide”}

5% A problem ofBayesian decision theory:
one should take the action that maximizes the utility

Ula;(Tk)|d) = ZG(%ITO P(Ti(Zy)|d)

A How to write down the gain functions?

FL, Jasche & Wandelt 2015b, arXiv:1503.00730
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Gambling with the Universe

AOne proposal: , 1

p(T_)—ozifje[[Oﬁ]]andi:j G2 AYyyAy3é
Glaj|Ti) =4 _, it jef0,3]anditj G[2&aAy3é
( 0 if j=-—1. Gb2d LX I @

A Without data, the expected utility is
Ul@j)=1—a ifj#1 attlreay3a (kS
Ula_1) =0 Gb2d LI LF&Ay3
A2 A vk 1 fair game=) alway&play G Q& I
=) cspeculativemapé 2 F G KS [ {{
AValuesoy > 1 represent aversion for risk
=) A y ONB lesntepvativemapsé 2 F GKS [ {{

FL, Jasche & Wandelt 2015b, arXiv:1503.00730
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