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Fig.2: The evolution of T, versus time in various inorganic and organic conductors.
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BCS theory, 1957

T ~0, exp - (i—)
A=NV=~01-04

A is mass independent

v, p = 100K « 1/ [ m) Isotopic effect in
the BCS theory

Molecule of Little, 1964

L o< Lattice polarization )
oo o7 Electronic polarization
T |
| - |
R 0p= E;
e TR

Problems !! 1-D Conductor ‘

* No long range order and
W (Coexistence of BCS and Peierls correlations



Can one synthesize an organic conductor?
conduction through the overlap of m-orbitals?

If yes, are they one dimensional conductors?
Role of transverse coupling?

Relation between their physical properties and the
prediction of 1D theory

Can one extend BCS theory to
organic superconductivity?



La molécule de Bechgaard

TMTSF

(TMTSF)2X X=(PFs)- ,,,,,
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Nesting properties : S(k) = —E(k + 2kF)
Mixture of Peierls(CDW,SDW) and BCS channels

w(k)

\ o
\/x

w(k) N(Ep)

BE

x(T)=In E/T

Quasiparticle pseudo gap at Fermi level

-p

Decoupled collective modes, spin and charge



1D Fermi liquids

E
%) o(T) e In =5

Xs(T) =

1 - Uy (T) .
If U>0 -> P T, 77
1D Luttinger liquids
_1-K
Xspw,cow =,COS(2kpx)x " +..
P

Xsc =X K + .. Power laws
D(w) X w) = ol

1 1

W o= (K, +=—=2)

\/ il
93
0 \ >~ //

0
K b < K = Mottinsulator

P critic

Commensurability 2

K =1
P critic
Commensurability 4 === (case of TM,X)
K =0.25

P critic
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RESISTIVITY o x 10 {ohm—cm}

Transport

' Metal insulator
transition at 12K

Superconducting at
1K under pressure

Susceptibility

lTMTS‘;F)2 ASFS

H=3K Gauss
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10 . 2
TEMPERATURE 16 ermu / mole)

Déc 1979

Insulator =
itinerant antiferromagnet
=(excitonic transition)

spin-flop field 5 kGauss //b*

Easy axis for the magnetization
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The prototype for quasi 1-D organic conductor

Conduction due to the oirganic stack only
No role played by the anions

K
100 — Phase Normale ? —
- AF

10 ¢ Fluctuations 1

? 4 sow

pressure /kbar

Common border SC/SDW
Coexistence SC/SDW
AF Fluctuations
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Antiferromagnetic fluctuations
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2,01

pa(lﬂ':ﬂ -cm)
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1D/2D dimensionality cross-over

at T*=120K
Transport Hall etfect
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Ry a power law T %7 according to theory?
— K ~0.23
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Recovers Hall effect of a 2D liquid at low T
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tc<<tb<T<<th (1)
® Kubo formula t
J: = —1 eC ‘+13 )+HC (2)
2
o) = 2258 [, /fﬁf(f) — fle+ )
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hw

Ade, &) Anl(e e + ) (3)

A. (Ax) is the spectral function of the real electron (hole) in the Luttinger

liquid.
@ Tunneling formalism approach

t ch-i-l a

tzo

4ec /d/ (F(e) ~

(z) + Hec. (4)

fle +hw)) A", e)Ap(a’, e + Bw)  (5)
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Isostructural toTMTSF,X
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Prototype for a 1D commensurate Mott insulator

Charge gap,  2A_ =~ 900K

at 1 bar

T/K
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Theory of Spin Peierls ordering, Bourbonnais and Caron
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Universal phase diagram for TM2X
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What must be taken into account in a model for the SC
coupling:

High energy excitations are 1D-like

Strong AF fluctuations before SC

Weak lattice response at 2k

Repulsive BCS response

Suggestions:
If AF fluctuations are included in the 2D regime at T<T*
No SDW transition because of the bad nesting but BCS
interaction is always repulsive, Emery 1983

1D history and strong AF fluctuations contribute to an
interchain exchange coupling J . (IEX)

In case of bad nesting > attractive SC coupling
Boubonnais and Caron, 1986

Ak, )=A,sink d

Consequences:singlet pairing
anisotropic gap
zeros in the gap
sensitive to non magnetic defects
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High energy physics (high temperature) is 1-D
Competition between the Mott localization
and the dimensionality cross over
The low temperature metal is not straightforward
Remnence of the high temperature history

Superconducting coupling
Non phonon mediated
Singlet coupling (d-like)
Zeros in the gap

5 xayll..“ }y’\

Much more in'the ¢ otg?mc
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