Infinite systems & plane-wave states
+ Suppress for now discrete quantum numbers (for fermions)

- Momentum eigenstates of kinetic energy
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- Often used: wave vectors k = %
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Box normalization

» Confinement to cubic box V=15
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Wave function (r|k) = e
» Boundary conditions: only discrete  (k'|k) = 6i i
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» For example: periodic bc

+ x-direction etha® = gtha(otl) — pikow ikl
* therefore cos(k, L) + isin(k, L) =1
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- Hence ky = nx% where ny = 0,41, 42, .

- Also fory and z
+ Each allowed triplet {kz,ky,k.} corresponds to {7z, ny, 1z}
* Ground state: fill the lowest-energy states up to a maximum

- Fermi momentum; wave vector pr = hkp



Thermodynamic limit

» Determine Fermi wave vector by calculating the expectation
value of the number operator in the ground state
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- with 1t representing discrete quantum numbers (spin, isospin)

* Thermodynamic limit N — o
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+ with fixed density P=7

+ Replace summations by integrations for any function Jf
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Properties of Fermi gas ground state
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Nuclear matter
- Key quantities

- Saturation density: 0.16 nucleons per fm®= kp = 1.33 fm™* v =4

interparticle spacing 0 ~ 1.14 fm

- Energy per particle at saturation: ~-16 MeV

- Relation between Vnn (including possible Vann) and these
quantities still debated

* Bethe contributed ~10 years of his scientific life to this problem

* No global consensus on precise mechanism of saturation
- role of pions
- role of three-body interaction
- role of relativity if any

- many phenomenological ways to represent saturation properties



Neutron matter

« Interior of neutron star
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