
↳Sinzburg Theory:Introduction
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let'sfirstreview Landan-Ginzburs theory
for thesing model. Devoting the

coarse-stained order parameter as is
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close to the transition, on the

paramagnetic side, within Gaussian

approximation,
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⑭fluideonduettor

As discussed earlier in thecontextof

interacting neutral
bosons, a superfluid

breaks the global symmetry corresponding
iD

to particle number conservation,
be be

Correspondingly, there
exists a single Goldstone

mode in a superfluit, with dispersion (CR)R1.

In a superconductor, the order parameter

setcty) is again a complex number,

Similar to superfluid, and one mightnaively

expectthatitwill again support
a

Goldstone mode atlow energies. This expectation

however is incorret - there is no

Goldsbone mode in a SC, became there

is a crucial difference between a SC



and a SF: the SC order parameter

[ctrcty) carries charge-2 ofthe

electromagnetic guage field,
which the

SF order parameter [by
we studied

was charge neutral. In fact, as we

will now discuss, a scanst

break
any global symmetry spontaneously.

This is because there are no global symmetrics
in a SC-the particle no. conservation

symmetry is gauzeds, which
is a

fancy way of saying that itis not

even there to begin with. Let'sdo

a concrete calculation, using Landau-
Sinzburst theory, to understand these points.



binzburstheory for a superfluid.

Let's denote the complex order parameter

as 4. The Landau-sineburg free

energy functional
is, val
-

F 197 = Sd [11412 + (1912-a(2]

In the symmetric (i.e.
non-superfluid)

phase, P0=0 so thatthe minima
of

the potential vel lies at40 =0.

In the superfluid phase, 400 -

191 = 4.eiomminimizes vCq). To

minimize f, in the ground state,

OCR) is independent of, so that

74 =0 and f =0.



crucially, configuration corresponding
O

to differentvalues ofare

callydistinct and correspond to

distinctground states. Of course, OFOT2A,

therefore differentground states
can

be labeled by eid.

Fluctuations around theground
states:

To study fluctuators around the

ground states, we let
O() to be

function ofit:q()= 4oeiock),

so thatF a Sdkx (OpO)2.

This is precisely the action for a

linearly dispersing Goldstone mode,

and therefore, the many-body spectrum
is gapless with gap-ICh=sustensize).



Ginzburstheory for a superconductor

The order-parameter is now charged complex

scalar and the Landal-bineburs free energy is

F =(d*(1/2x-igAM)412 + (14-42)2
+ [x)2]

where 'g' is the charge carried by the

order parameter & (q=2 for a BCS SCI.

Intheground state, all three
terms in

Ishould evaluate to zero ->

141 =40, 4X =0, (M-igAM)4 =0

=> Am=Gnd [pureguages,
0 =b. eiC9.



The crucial pointto note is that

differentvalues of the parameter

dont correspond to physically

distinctconfigurations. This
isbecause

differentvalues of a are related

to each other via gauge transformation.
i g0

For example, as 4-pe 8

Ap -> Ap + 20. Gauge transformations

do not charge physical configuration
and

there gauge symmetry
isnota

symmetry butsimply a
redundant

description ofthe same physical state

Therefore,

using differentsetofvariables.

Unlike SF, where we had a
continuum

ofground states labeled by the angle



eid, in a SC, thereis a unique
-

ground state thatdoes not
break

any symmetry
whatsoever. Correspondingly

we do not expecta Goldstone mode

in a SC, as we will now verity by

an explicit calculation.

To study the fluctuations around the

ground state, let us write

4 =40+ 4(x) + i0(a) where

Y() and O() are assumed to be small.

We now expand F in 4 and O upto

quadratic order (note thata term such

as 1202 is quartic order in fluctuations

and therefore, will not be
considered.



The potential energy
term become,

(141 - 43)2

-> ((40 +4)2 +02 - 42]2
-4IP2 after dropping hisher

order terms.

Similarly, 1(8M-igAn($12
2

=IGMP + i 2m0-igAm(otN+iDI

= (844)2 + (2n0-gAm462
=CMPC2+ apd8

Br
=>(8MT12 + 9248 BMBM.

Since BM and An are related by

a gauge transformation,

(TXT)2=(TXB)2.



=>f =(CMP)2 + 48P +ap. Bu

+ (xB)2 upto quadraks

order in fltrations around thegos.

=>I has a mass , and

B has a mass q248.

=>No Goldstone mode!

The spectrum is truly gapped
with

a gap -45.


