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Ginzburg-Landau Expansion

Near T, Free energy is expanded by A
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Magnetic flux: H created by a Cooper pair
Type 1l Superconductor Material TJK |[&mm |Amm |k =80 |20K | 20KT,
A: magnetic field is screened 2
£ SC gap is restored SC has H. /87 lower energy Al 118 | 1550 45 0.03 4.1 3.5
Pb 72 87 39 0.48 31 43
H2(£-1)/87 Sueface energy Type |
Nb 9.25 39 52 13 35 38
& > Lt Positive surface energy — No ® — Type | superconductor NbN 16 5| 200 40 59 37
] Infinite SC Plate — H has to pass Nb;Sn 18 3 65 22 77 4.3
— Intermidiate state Nb,Ge 232 3 90 30 77 43
SC NS SCNS SC (Domains of SC and Non SC regions) PbMogSs 14 22| 215 98 97 42
& < At Negative surface energy — © — Type Il superconductor LiTi,O, 11 0 38
| | Many fluxes — Mixed state La,,Sr,Cu0, 37 2| 200 100 151 4.1
H, =H,/ 2 YBa,Cu;0, 89 | 1/ 3.4 36 11 348 4.0
. [} A 107 125 179
(a) Type-l Superconductor (b) Type-ll Superconductor H = 0 nZ _
5 5 4t E He, = ‘E"HC T1,Ba,Ca,Cu;04 123 0173 510 4.1 Type Il
8 . H,, = q)oz w=Alg L| 480
/ 278 CT;’O HgBa,Ca,Cu;04 133 /15| 130 87| 557 42
H . 1
" o ras U A L1019 | 3500 | 1.8x10*
P 1./ The same areas , \ MgB, 39 // 6.5 100 15 140 3.6
M 1/4n poM | pohd "] Mbxed stete s V S H T
M M - = ; .
Su:e{l; Normal Superconductor  Normal £ — SmFeAsO,,F, 55 200 100
conductor




Material T/K |&mm |A/mm |k = &hr 20/K | 2A/KgT,
K;Cyo 19 2.6 240 92 57 3.6
4] Rb;Cqo 29.6 2 247 124 87 3.0
(TMTSF),C10, 1.2 a 77 3.8 32
b 36
c2 Type 1l
k-(ET),Cu(NCS), 10.4 /17| 1400 200 30 2.9
L 0.5 | 40000 8x10*
k-(ET),Cu[N(NC),]Br 113 /37| 1500 400 57 5.0
L 0.6 | 38000 6x101

Pauli Limit

2A =3.53k, T,
A < Zeemann energy — A= \/E,UBHCz
H. < (1.86 TIK)T, o | FFLO state
Pauli limit
dH dH Heaf0) =
H_,(0)=-0.5T, £2 — H_(0)=-0.69T | —2% =
cz( ) c[ dT JTC 02( ) c( dT ch
+ Spatially inhomogeneous superconductivity
FFLO (Fulde-Ferrell- Larkin-Ovchinnikov) state 0

Fourier transform of the Coulomb repulsion

e’ w  dk e’
V(r)= — = e
()= V(k)=[V(re PO
—Yukawa potential
T 2 2
V(N =™ e W
Ame,r g,(k” +ky)
Plasma oscillation — anging electrons and ions
2 2,2
nZe
g(@)=1-— where Q=
w
e’ o’

V=

g,(kK* +k}) &° —Qf)
—— Attraction for w < Q, ~ Debye temperature

Electrons in ion* feel attraction @ low energy
due to retarded screening of the ions.
—— Cooper pairs —— Superconductivity

Bardeen-Cooper-Schrieffer Theory
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Diagonalization (Bogoliubov transformation)
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Creation and annihilation operators are "hybridized".
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Gap equation (determmes the gap.)
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Linearized gap equation of Eliashberg equation

Eliashberg equation

Half-filled square lattice
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SDW happens prior to SC in the ordinary square lattice.
In cuprates, doping — SC instead of AF.
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Hartree-Fock Approximation of the Hubbard Model
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1D Half-filled metal - Antiferromagnetic E(k) and E(k+Q) crosses at k¢
Insulator (Spin Density Wave)
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