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Thermodynamics of a dark fluid

Using the second law of thermodynamics: [Lima, Alcaniz, PLB 600, 191 (2004)]
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Constant w and valid only for fermions (bosons give a negative p)



Fractional dark energy

Density of states: D(e) el

Non-canonical kinetic term:
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Fractional dark energy
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Fractional dark energy
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Umin = 10 (left) and umin = 100 (right)



Fractional Quantum Mechanics

e Developed by N. Laskin in 2000
e Generalization of QM using fractional calculus

e Appliedto several QM problems

Riemann-Liouville derivative:
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Fractional Quantum Mechanics

e Rieszfractional derivative
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e fractional Laplacian operator
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Chemical Potential

Ts=p+P—pn=(1+w)p—pun
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Negative Absolute Temperature

Late 1940’s and 1950’s Pound, Purcell, Onsager and Ramsey studied experimentally and theoretically NAT
[l Nuovo Cimento 6, 1949, Physical Review, 81, 1951, 103, 1956.]

e Crystals, lasers, motional degrees of freedom,etc. —5  Negative pressures!

e Lord Kelvin introduced the concept of T 2 s ) s <0 -0
absolute temperature where absolute y 0 +00
zero is the point where particles don't
move
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NAT in Cosmology

J. Vieira, C. Byrnes, and A. Lewis. JCAP 2016
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Using properties of FD distribution:
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NAT and FDE
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NAT and FDE

np +3Hn, =0
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Taking the time derivative:
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FDE and NAT
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Conclusions

FDE is a fluid with non-canonical kinetic term and it is described by FQM

e Gives acosmological constant

e Connection between FDE and NAT

Thank you!!!



