
Superfluids and superconductorsmy

Two related phenomena which

however differ substantially at
low energies
S#¥i- discovered in tee

lab of kameoeliagh Ones in 1911

many - body phenomena of electric.ly
charged particles ,

such as electrons

* below To - strictly zero
resistivity

* response to magnetism :

type I - expulsion - Meissner effect
type I - Alorikosov lattice of vortices

quantum mechanics is essential
at

high To SC : largest Te= 140K EEnsp.ro
caprcks debates of SC mechanism

Superfluity - hang -6dg phenomena of
electrically neutral particles , e.g. atoms



Experimentally discovered by Kapitsa
and Allen in 1937

in fact kamerliugh Owes lab

cooled "tee below To
,
but they

did not recognize its significance.
* fluid flow with h . resistance

* under rotation - lattice of quantized
vortices

1937 -

E tee ; ls7L -
' he

,

1995 - cold atom BEC
,

2000 - fermionic
superfluids

Despite similarities between SC and

SF
,
at low energies they are very different

SF - gap less due to spontaneous symmetry
breaking ( Ssb) of global Ucr) particle names

symmetry
SC - yapped due to the higgs mechanism
of local ble) electric "

syhaetoy
"



Both however exhibit an energy gap
in the spectrum of fermionic excitations .
This gap is explained by the BCS theory .

BasicsofBCStheooy_
We start from a simple model of

fermions with short - range attractive
interactions : T - T

,
d g > 0

tie:C- E -Her - sayin' f. Ea
Cooper discovered that in the presence

of a rigid Fermi sphere , auf
attractive interaction (g >o) gives risetwo-body
to aIuds_tate ( Cooper pair) . This
is a nontrivial an sequence of kinematics
of the Fermi surface ( finite density of
States )

.

In vacuum (fro ) one needs

a finite gonzo in 3d to create a

two - body Gonad stele
.



Cooper result suggests that the Terni
sea is unstable with respect toformationof Cooper pairs → BCS wave

function

The essence of the BCS approach :

iuagiue that in tee ground state
~ ~

- fr ( 4x4! =D to
Tsc gap

Cooper pain operator has finite expectation
value in te as

.

Notice that teas

does not have fixed number of particles .
General analysismum

:

4T. - second - quantized fermion operator
destroys a fermion in a quantum state i

i is spin ,
momeafm

, something else i=1
, . . .

N

{ Ii
, Ij 's -- { II , 4%3=0 { 4;4j3=Sij

Mean - field approximation : Iiit -- Atlanta - A)
time -- 4Th

, 4j-iztsijy.tig.ttajy.4.jo#Tg.o.T
Hermitian cutisym .

matrix matrix



House does not conserve the particle number.
It is quadratic and can be diagonalized

using the Namba trick
O

Hne=Il4i4i) In:÷;) trattoria
-

* near 2Nx2N matrix
Now solve the single - particle BIG pooka

O

Cf. :*)t⇒=En(⇒ Ii ' Yo
ZNXLN matrix

The BIG problem has particle - hole

Syhhetry - for every Eu >o there is a

corresponding - Em co solution

0

v. selfie:) . - Enki: )
consider translation - inv

. problem with ⇐ Em -fi KEE
,

t÷¥÷.i
T

y



SC opens an energy gap in the fermionic

spectrum ,
the Terni surface is destroyed

,

cannot use the Landau Fermi liquid teary .

Use how a linear Bogo liu Gou
transform

U
"

Hosea U = %)
a- Kei: :i÷ )
iii. EE'll E) wet . . .

-

B - left )
=E!Eu link - I.⇐ Emttztnttetga's
sakes only over positive spectrum
but - creation operator of fermionic quasi particlewith Em >on
BCS vacuum : but Bcs) - o for any

N r ur

IBCSS = If low lol Kd vacuum

by autiauaafafcuu relations {Am .to/=o this
state is annihilated by all Tom

.



Expectation values : 0=45.tOii4j
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