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Neural networks for materials design
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Combine databases with neural networks 2013-
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Few-particle quantum physics
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Characterization of the
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and ferromagnetism




Motivation from few-body physics
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Multi-body Cooper particles
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Cooper pair




Cooper pair

Binding energy of a Cooper pair E=2w_exp (— : )
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Cooper pair in imbalanced Fermi sea
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Cooper pair in imbalanced Fermi sea
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Cooper pair in imbalanced Fermi sea
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Region of correlation
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Multiple majority spins in the Cooper particle




Binding energy of a Cooper particle

E:(N¢+N¢)u)DeXp(—(N”NJ?N° E:2(DDEXP(—2§')
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Optimal number of up and down spin electrons in a Cooper
particle is

Ny _ v,
N, Vv




Many-body superconductor
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Superconducting transition temperature (even Ny+N))

N1*+N~L>§' NC
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T.=wyexp (— (

Peak transition temperature is at the number ratio

Ny _ Vv,
N, V¢




Summary of many-particle Cooper instability

Optimal number of up and down spin electrons in a
superconducting state is the ratio of the density of states

Future consequences

Competition with the FFLO state

Experimental observation

Spin orbit and mass imbalanced systems
Number fluctuations in balanced superconductor
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