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Delocalized versus localized
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Narrow-band systems (3d)

E 4 E‘r/
£ 4

- ———> /A
MOTT

LOCALIZATION

Hybridized systems (f)

+ E
5d—6s _— - T
o KONDO
J/V LATTICE
FORMATION
4f,5f| e




Localization criterion: Mott (Wigner)

Kinetic energy in e gas/particle
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Electron-electron repulsion energy/particle
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Where the classical interparticle distance is

Instability of the electron gas concept if:

e = Ee—e —p  gas instability

Note: e-e interaction dominates if €._. > € ,ie. p<p,
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aB — effectlve Bohr radius

a, p. S =0.17 ~ 0.2

Other effects = Fermi - sphere collaps?

In one dimension:




Yet another Mott criterion of localization

A different derivation by Mott (1961).

Attractive potential screened by gas (Kittel,1990)
2

V(r)=- % exp(—qr)

q is the inverse Thomas-Fermi screening length

* 2 . 1/3
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A screened potential does not lead to a bound state if (Landau, Lifshitz, 1990):
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First period: 1980-2000

J.S. Eur. J. Phys. 21, 511-34 (2001)
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Atomic functions

® (r)=(a’) exp (-oa|r-R,|)
<CI)i‘CDj>:Sij
Wannier functions
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Qualitative characteristics:

1) Bare band width W= 2zl ; t= [ d W-( ) H, w(r)
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2) Coulomb repulsion [ = J‘ d’r d’r’

(Kﬁ: [ dr &

1
3) Band filling 1= Z <aiTo'aic> ~ N <31T«; ak0'>
(o] o, k<kg
(empty) 0 < n <2 (full)
Metallic limit: MIT: Strong correlations:
U K<< W Uz W W<< U

Physically U/W — important parameter (U — K)



The concept of band narrowing
(renormalization)
and
competition between band and
Coulomb energies



Why electronic transition?

*Band (kinetic) energy: W=1=2¢V
*Coulomb repulsion energy: U ~ few eV
*Thermal energy: kT ~10 meV (T ~ 100 K)

*Why phase transition possible? For U~ U~ W

W > W = Wq < 0.leV
U<niTni¢> ~ 0.1eV

—6 _ _T+U<niTni~l«> ~ ki T, gus H,, disorder



Canonical model: Hubbard (resyts):
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Simplest model: Hubbard model at half filling (n=1):
classical regime for fermion systems —

Nonzero temperature (statistical physics):
consequences of mass renormalization, etc.



THERMODINAMICS:
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Cf. also Korbel et al..,
EPJ B 32, 315 (2003)
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Liquid helium-3 as a continuous Mott system:
similar behavior as foe electrons

ICe Condensed
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Conclusions I:

1. The concept of (narrow) band
narrowing-> quasiparticle-mass
renormalization
2. First-order MIT with critical
(quantum) points
3. Theory valid below Uc - in the
metallic phase
4. Double occupancy d as an
mean-field order parameter



Extension I: Almost localized
Fermi liquid (ALFL)



Landau — Fermi liquids of fermions

For 750

e Electrical resistivity: p=p,+AT’
e Magnetic susceptibility: y = y +aT”
e Specific heat: c,=yT+0 T°InT/T,
e Wilson ratio: R= }(/)(0 /7// Yo
A - 2
e Kadowaki — Woods scaling Y

02 2
e Quasiparticle lifetime: T =dw +bT

y ocm



ALFL: Important novel points:

Concept of spin-dependent quasiparticle
mass (1990 — 2005):
m_I my=1/Z_

Moving Cooper pair: Q nonzero

Discontinuous BCS - FFLO transition
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Spin-dependent masses from the de Haas-van Alphen effect

21.2+0.2 94 + 7
242 +04 94 + 8
14.5 + 0. 30 £ 8

21.3+2.4 39£5
247 £ 3.5 50 £ 13
17.6 = 0. 40 + 4

Anomalous de Haas—van Alphen Oscillations in CeColn5 A. McCollam, S. R. Julian, P. M. C. Rourke, D. Aoki, and
J. Flouquet
Phys. Rev. Lett., 94, 186401 (2005); Physica B (2005).

See also: I. Sheikin, et al., Phys. Rev. B 67, 094420 (2003)



Extension I1:
(Classical) critical behavior



P. Limelette et al..,
Science 302, 89-92 (2003)
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Critical point for 2D system:
organic metal
a novel behavior
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Temperature (K)

T=T -=39.7K
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Critical point in magnetic system:

NiSSe system
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Extension III:
Correlations + wave function
renormalization (2008-9)



Single—particle Zj Hi;w;(r) = w;(r)

Schridinger eq.
!
Single—particle basis {wi(r)}| = w
!
Field operators ¥(r), ¥f(r) <S ingle—p article> — [ {w*"(r)}
basis optimization
Diagonalization i A - %
in the Fock space H =[%o) Ec (Yol + ... Wt (r), (¥7) (r)
- +
Ground-state energy Eq = (Uo| H|Ty) < U (r1,...,rN)

Renormalized N-particle
wavefunction

EDABI: J. Spalek, R. Podsiadly, W. Wojcik, and A. Rycerz,
Phys.Rev. B 61, 15676 (2000);—> (2001-2007);
J. Kurzyk et al. (2008-9)



Momentum distribution:Fermi-Dirac vs continuous
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ENERGY, w (Ry)
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Renormalized band energies: even and odd
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Simple Cubic lattice
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Microscopic parameters at the critical point for GA solutions
and for the lattices considered




Conclusions II:
Wave function renormalization +
Two-particle correlations
combined



Extension IV: Orbitally degenerate model

HléUZn JZSQ+ JZM Ty (S}
0 el

E.M. Goerlich et al. (2009)
1=1,..., L - the orbital index

Hubbard-Stratonowich transformation

o {Eh [ e )

To be continued ...




Supplement: Infinite Hubbard chain vs. nanochain

Ground state energy functional:

a o1+ exp (06U /2¢)]

I]\EI_: Eeff . 4tj Jo (0 )] (o) d o
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Periodic bound cond.
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Triangle lattice
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t:<wi‘H1‘Wj>
U :<Wi2‘V12‘Wi2>

l

Renormalized wave equation:

S(E_HNG) . V . S(E_HNG) — ZKUWJ(I‘)

ow! (r) s(vwi)

Adjustable Slater or STO-3G
basis forms a trial Wannier

function obtained variationally



Collaboration

Jan Kurzyk — Tech. Univ., Krakow
Robert Podsiadly — Jag. Univ., Krakow

Wilodek Wojcik — Tech. Univ., Krakow
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Extension I1I: Effective Landau-
Hertz functional

Qesr=
Qpree+ (N2+LCIN? + (V/2-LCv2 + LB2C, (n*+v*- 6n2v?)
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Face Centered Cubic lattice
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Body Centered Cubic lattice
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