Nonlinear Magnetic-Susceptibility of Ideal Quantum Gases

Ideal Spinor-Quantum Gases

e Hamiltonian

Harmonic trapping potential: U(x)
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Magnetochemical potential: o =

e System of Equations|1, 2]

* Particle-number identity
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* Magnetization identity
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* otationary Gross-Pitaevskii-equations
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e Magnetization-Temperature Phase Diagram for
F = 1-Bosons|2, 3, 4, 5]
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Nonlinear Magnetic-Susceptiblity

¢ Nonlinear Magnetic-Susceptibility|1, 2]
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T*=10 (a), 1.65 (b), 1.1 (c), 0.55 (d)

¢ Linear Approximations|l, 6]
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e M B-Gas

M*M5(o, B) = FBp(Faf)

Brillouin-functions By(x) = 2t coth (2tlz) — - coth (5-x)

e Discussion

*T" — oo: Effects of quantum statistics vanish — Classical Curie-behaviour

* T < Tp: Meissner like effect for non-charged bosons

* Homogenous bosons: 3rd order phase transitions
Trapped bosons: 2nd order phase transitions

* T — TQ: No linear susceptibility for bosons
* T = Tp: Crossing of susceptibilities of homogenous and trapped bosons

* MB-susceptibility formally invariant up to trapping
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e System of Equation|1, 2]

e Critical Magnetizations|1, 2|
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F > %: Successive exclusion of Zeeman-states at M,

e Nonlinear Magnetic-Susceptibility of 7" = O-Fermions
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* F' = 2: Nonlinear extension of Pauli-susceptibility[1, 2]
p(T = 0) = 5 |(1+2M°) + (1 — 2M)'|

a(T = 0)

0, [(1 oMY — (1 — 2M*)T}

* F' > 2: Discontinuities in the 3rd (4th) derivative of the Free-Energy

Outlook: See our recent paper for further discussion|l|

* Border of T' = 0 cloud is fully polarized.
* Qualitative influence of magnetization on the 1" = O-structure-factor.

* Critical temperature for fermions?
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