Supradegeneracy:
Population inversion without pumping
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Abstract

In traditional thermodynamics, population inversion and steady-state currents are con-
sidered hallmarks of nonequilibrium. It is shown these phenomena can arise spontaneously,
without nonequilibrium forcing, when the statistical degeneracy of the system increases
rapidly enough to dominate the standard Boltzmann exponential. Numerical simulations
support these predictions. Physical systems might demonstrate this statistically suprade-

generate effect.
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Canonical Statistical Mechanics
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Population Inversion
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Supradegeneracy
P%nl — %He—fﬁ —_ pe—eﬁ _ 6ln(p)—e,8

f (In(p) —e€B) >0,

Then P—I”;;lbl > 1

Criterion for Supradegeneracy:

(In(p) — €8) >0

or

In(p) > 77

Population inversion without pumping



Supradegeneracy Model
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Supradegeneracy Model




Basic Supradegeneracy Model (BSM)
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Partition Function (BSM)
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BSM Thermodynamics

Limit: Ny > 1

ZgsMm =~ exp(YN) S
Specific heat: Cy = (F7) = Nk In(p)

Helmholtz free energy:

F=-}4In(Z) = Ne=kTNIn(p) =U —=TS  Chemical potential: y1 = 8! In(A5-)

Energy: U = Ne (N = number of indistinguishable,

N non-interacting particles)
Multiplicity: {2 =p

Entropy:
S = kIn(Q) = kIn(p") = kIn(pU/*)



Occupation Probability
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Occupation Probability
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Level Occupation (BSM)
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Density of States
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gpsm(E) = exp[MPE], (0> E > eN) gsp(E) = CE1/2

(Superdegeneracy) (Maxwell-Boltzmann ideal gas, electrons in solid)



Particle Distribution

gpsM(E)np(F) = ehBe("E-0)E

(0 < F < Enax)

Fermi-Dirac Bose-Einstein

Maxwell-Boltzmann



Superdegenerate Runaways

Plasmas (Dreicer Limit) Superdegenerate Energy Ladder

Fe.s. > Fdrag

+“—0
FCS EDRAG




Entropic Force

For BSM:
Ey
:}% - max — %
Q(y) = p™ = exp[py In(p)y]

Fyg = T%% = % In(p)kT

Fyg = (P Eppe)
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Particle and Energy Currents

1S5S IkT




BSM: Numerical Studies
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Particle and Energy Currents

f1 = Prq fatt
f1 = Pr fatt
Jatt = Fidh
foet = f1 — [}
Particle Current:

Ip — anet

Energy Current:

_ . FY = L X17X]|
‘[E T Ne(fT fl) T NEfVIbXT+Xl+X<—>
Energy Current (Reduced Model):

Vi E,red = (j%mb)agz;j;)l)

BSM Energy Ladder




Energy Current
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Level probability

Stochastic Dynamics Simulation
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Near Precedents for Superdegeneracy

Hydrogen Particle in 3D Box
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Thermosynthetic Life

1780

Found Phys (2007) 37: 1774-1797

Fig.1 Schematic of proposed
biochemical machinery for
thermosynthetic life. Charge

cycles clockwise: diffusively up -

through the pyramid and
ballistically down the .
conduction ladder through the
reaction center, where
high-energy chemical products
are formed
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Experimental Supradegenerate Systems
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Summary and Prospects

Unexplored thermodynamic regime
(B, B, u In®)
Criterion: ln(p) > € / kT

Novel phenomena: population inversion
without pumping; nonequilibrium currents;
runaway particles

Equilibrium vs. nonequilibrium

Foundations of thermodynamics

Quantum: connections and challenges



