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“fraction” of condensed particles ~1 1 ~ Tc/TF á 1

~“T”F ~ TF



AIP 2

A UNIFYING CONCEPT: ODLRO
(Penrose-Onsayer, Yang)

Consider a general system of N indistinguishable particles (bosons 
or fermions) occupying N-particle states
with probability ρn.

Define:

(a) Single-particle reduced density matrix (RDM)
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Can diagonalize:

(b) 2-particle RDM:
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For bosons, can have 0 0 (condensate)~    n N N≡

For bosons or fermions, can have 0 0~    n N N≡
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(very cold!)
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The problem: N fermions, equal nos. ↑ and ↓,
2
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subject to b.c.
ΨN~ const. (1-as/rij) for antiparallel-spin particles i, j

(in dilute limit, parallel-spin particles noninteracting)

All (equilibrium) props. must be functions only 
of S= –1/kFaS

____________________________

“Naïve” Ansatz (Eagles 1969, AJL 1980, Randeria et al. 
1985, Stajic et al. 2005 . . .):

{ }1 2 1 2 3 4 3 4 1 1ϕ ϕ ϕσ σ σ σ σ σ− −Ψ = ⋅ ⋅ − − −N : : N N: N N(r r : ) (r r : )... (r r : )AN

N N
ˆ|H | :〈Ψ Ψ 〉 =

1. Pairing terms ← fully taken into account

2. Fock terms ← vanish in dilute limit

3. Hartree terms ← ?? 

equivalently: each term of ΨN
(naïve) satisfies b.c. for 

paired particles only, e.g. 1st term satisfies it for 1, 2 
but not (e.g.) for 1, 3.

Output of naïve ansatz:

Hence also 
(calcn analytic except for 
2 |D numerical integrals)

( ), ( )μ ζ ζΔ

(E / N )( ).ζ
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N0

~Δ/EF

1



AIP 9



AIP 10

SOME GENERALIZATIONS

A. S-wave pairing, unequal spin populations

Effect of magnetic field on
pairing in “neutral”
superconductor
(Clogston,
Chabrasckher,
Makin and Tsuzuhi. . .)

Effect observed, in real
superconductor, by Meissner effect (and small 
polarizability)

Experiments on 6Li with unequal spin populations 
(separate detection of 2 species)

— phase separation into “pure” paired regions
and normal (nonzero-spin) regions

— profiles sometimes nonmontaric

— critical polarization for pairing at unitarity

≈70%
_____________

Fully polarized system described by noninteracting
Fermi sea (for kFr0á1).  What is MBWF for a single
normal spin? 

thermodynamic

superheating

supercooling
Δ /2

T→

2/Δ

thermodynamicΔ

μ ↑
B
H
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GENERALIZATIONS (cont.)

B. The            case

1. Qualitative difference from s-wave case: (2-body prob). 
In s-wave case, general E=0 solution outside potential 
is 

and in particular, at unitarity,                         in many-
body cases expect strong 3, 4 . . . -body interaction 
effects.

In           case,

suggests unitary limit may be (almost) trivial in 
lim !

2. The angular momentum problem:

In BEC of tightly bound             diatonic modules, 
overwhelmingly plausible that

What is situation in BCS limit?
Most “obvious” number-conserving ansatz:

with (e.g.)                     . This has                 just as in 
BEC limit, inoperative of magn. of |Δ|.

Problem: macroscopic discontinuity at transition 
to normal state            !
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