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Mechanisms for Localization?

Friend or Foe???

Sir Neville Mott:
(whatever) interaction

W P. W. Anderson:

disorder




Spatial
dimension d

Theoretical Approaches

Standard critical points: ﬂ Landau theory
Spontaneous symmetry breaking W - 3 -
L, B Upper critical
duc dimension

Order parameter, Landau-Ginzburg
Renormalization group, field theory 1 zlv\-’;siﬁla:?ss;z:\)
Metal-Insulator Transitions: d=3 ???
NO symmetry breaking!

Landau theory, upper critical dimension ???

’. 2 + € expansion
: (Finkel’stein)

Lower critical
dimension

dlc
“Forced” to use 2 + € expansion

Problems:

weak-coupling, convergence in € (Murthy)




p(T') vs disorder in metals

What | remember from college:
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Experimental puzzles |: Mott limit and Mooij Correlation

Lee and Ramakrishnan: Disordered electronic systems ( Rev. Mod. Phys., Vol. 57, No. 2, April 1985 )

VIl. REMARKS AND OPEN PROBLEMS
A. High-temperature anomalies

— T A15 compounds: Effect of disorder by ion radiation
e L 4 (Dynes et al., 1981)
\:::: ..........
\..” 'o.mo...:::: ] .

e e e Bad conductor: disorder+phonons??? |
e ———... ::::..“ N

S - - Mooij (1973) correlation???

pc o . “Mott-loffe-Rege (MIR) limit”

250-—-——"'—“."”“"“.“.“ i p( T) —po + (po pO )A T
[ . (all cross at T = 1/A)
T ... 1 Breakdown of Mathiessen’s rule:

5 | e . \
% s - ~.... o 0.3L . . i . D|=|0.3 -
e e " ¥ [ | ynes [
e pldeal( T)“‘-'*Pp + Pph( T) 02 *-'i,_ I CPA+DMFT; A=0.3 -
ot - «** = [ N
- o* E 01 | m : -
100 ~ o I:IEE ]
G
o — ] S |
[ —— Good metal: phonons < E!:"‘qu
so- " 01 ! i
I - T ' n
TEMPERATURE (K) 02 | L ! I SR
FIG. .20..Isacsistivitiyas;af"lt_1:ction of temperature for LuRh.B, 0 100 200 300 400 500 600 700
o b The s et e i o0 2 e

(1981).



o
w

How common are Mooij correlations?
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Experimental puzzles Il:

Robust Low-T Transport

(n=nc)/nc
160 ? O.I‘l 0.[2 0;3 0.[4 Oii 0;6 0.76_5
Paalanen and Bhatt, 1991 wol- Amorphous Nb:Si
wol (Hertel et al. 1982) 14
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Landau-like (?) critical behavior: 0 ~ (N-N¢)H p=1
Huge range of parameters: (n-nc)/nc~ O(1)
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Experimental puzzles lll: Pseudogap at criticality (STM)

Vidya Madhavan

Ali Yazdani PNAS, 2018

SCIENCE, 2010

Milan Allen
Nat. Phys. 2016
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STM: LDOS statistics and spatial correlations at criticality?
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Strong disorder in a Deformable “Medium”

Early ideas: Anderson, Nature 1972

Effect of Franck-Condon

Displacrmﬂu.ts_o.u_th.LM.Q.hi.litLEdﬁe
and the|Energy Gap in Disordered

Materials

It has long been known that deep impurity centres in insulators,
such as fluorescence centres, exhibit large Franck—-Condon
effects, involving energies of a few eV and many phonons,
because the lattice nearby displaces considerably when the
centre is occupied by an electron. This contrasts with the
typical phonon self energy in a metal which is, by Migdal’s
theorem®, confined to energies < h®p and results entirely
from virtual displacements. It has not, as far as I know, been
realized previously that there is both a quantitative and qualita-
tive difference between these two cases. An electron in a
shallow donor state is shifted in energy by a finite displacement
—but not very much—so qualitatively it resembles the deep
state but quantitatively it is nearly free. The qualitative change
from virtual to real atom displacements arises when the
wave function becomes localized, because that is when recoil-
free phonon emission is possible.

noninteracting

Gap!

position

with electron-phonon interaction

PHYSICAL REVIEW B 85, 165142 (2012)

>
Polaronic
self-trapping

position

Strong electron-lattice coupling as the mechanism behind charge density wave transformations

in transition-metal dichalcogenides

Lev P.

Gor’kov”

National High Magnetic Field Laboratory, Florida State University, Tallahassee, Florida 32310, USA

Similar also for: (1) Magnetic polarons, (2) Electronic polarons (Efros-Shklovskii),...??



Toy Model: Anderson-Holstein Model

week endin

PRL 118, 036602 (2017) PHYSICAL REVIEW LETTERS 20 JANUARY 3017

Disorder-Driven Metal-Insulator Transitions in Deformable Lattices

Domenico Di Sante,'” Simone Fratini,> Vladimir Dobrosavljevi¢,* and Sergio Ciuchi’®

\ Einstein phonons, frequency wo
tight-binding half bandwidth D half-filled band
He_pp = ch ci(a; + a;r) <«— Epot=gq2/w¢ A =2Ep/D

boson (any?)

Clean limit: polaron effects at (un-physically) strong coupling ~ O(1)



Gabi Kotliar

Local Perspective: Dynamical Mean-Field Theory

}

Dynamical
Mean-Field
Theory

PR
——

Cavity Aj(w)

C

Non-perturbative treatment of interactions and disorder
(Anderson-Yu, 1984)

Small polaron| formation at strong disorder (Millis et al.)

TWO VERSIONS:
1. TMT-DMFT (with Anderson localization)

2. CPA-DMFT (no Anderson localization)

Exact in d=inf., new saddle-point for field theory


vlad
Rectangle


Anderson-Holstein Transition: Disorder-Induced Polarons

Qualitatively different critical behavior: gap opening at Fermi energy

Mechanism “survives” removing localization in d=inf. (CPA-DMFT)

Insulator
(localized polarons)

CPA-DMFT
(no-localization)

Disorder W

MIR limit

e-ph coupling strength A

Pseudogap opens in disorder distribution

P(u)

DOS

0.5

0.45
04
0.35
03 r
0.25
02

0.15

0.05

NCA-CPA wy=0.2 y=0.0

o ©
°
o
°
°
o
°
°°°°°
ooooo
oooooooo

0
-0.1 -0.05 0 0.05 0.1

(&)

Pc(w) ~ w3 o(T=0) ~ (Wc -W)
Universal behavior at arbitrary band-filling, finite compressibility M=1




npj | Quantum Materials www.nature.com/npjquantmats
npj Quantum Materials (2018)3:44 ; doi:10.1038/541535-018-0119-y

ARTICLE OPEN
The origin of Mooij correlations in disordered metals

Sergio Ciuchi'?, Domenico Di Sante?, Vladimir Dobrosavljevi¢* and Simone Fratini (37

A15 - experiment (Dynes) CPA-DMFT theory Breakdown of Mathiessen’s rule:
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FIG. 20. Resistivity as a function of temperature for LuRh,B,
at various damage levels. The numbers represent the a-particle
dose in units of 10'%/cm® From Dynes, Rowell, and Schmidt
(1981).

kel ~ O(1)




Beyond DMFT: Field Theory Formulation

= / H D\I/:D\I/zDlzDgzP(gz)sz]P(tw) e_S[‘I’:,‘I’z’,Xi]

Wegner’s “gauge invariant” model of disorder:

S[\IJ* z~z ZZ/ dT\II* ‘.,-—

alzj

Sint[ V], Vi, Xi] = g ZZ / dr U} o (1) Vi a(7) Xia(T)
s,w,,_—t?ZZ/ dT/ dr' U

a,B ij

Introduce Q-fields:

Shop = ZZ Z KZJQ ""1 <")2)Q (“)1 WQ)

o

i ﬁ( ) ;,5(7/)

>=t2/z

ij — ti]Wj,a(T).

\Ilj,a(T)

Q7 (w1, ws) wa jia(w1)¥;p(ws)

~vR  dd (witoa

Sloc[Q] = — Z In / (lézp(€z)D\P:D\I’2DXz exp{—Seff [\If;k \I’z', Ei, Qz

Seff[\I,:, \I’iagi’ Qiin] =

Xil}

Z Z Z U; (w1)[(iwr + p— €:)apBuyw,|— Q57 (w1, wa) i 5 (we)

1] wWiws2

+ Sznt[‘IJ:a \Ilu Xz] + Sph [Xz]

local effective action (DMFT)

T

(fluctuating) cavity field




DMFT as Saddle-Point

CPA- DMFT as saddle-point: (exact in d=inf):

5S[Q] _0 Q57 (w, w']|sP = 8apbuw Qsp(w)
3Q% (w1, ws)

QSP(W) :é(w) = /dSiP(Ei)Gi(Q)) Gl(w) =< \I}z‘,a(w)\lji,a(w) >Scff[‘1/:,\pi,5i,QSP,Xi]
Local density of states as order-parameter

Fluctuations about saddle-point: LG functional:

S[G] = /dRZ l—z’wnG(R,wn) + %G(R, wn)(r — VHG(R,wy,) + %uG“(R, wp) + -

exp{—R/&(w)}

1
Spatial correlations: X(R,w) =< pu(0)pu(R) > ~ Td—3

E~rT2atw =0 E~w V3 atr =0




Ali Yazdani

LDOS Spatial Fluctuations/Correlations
SCIENCE, 2010

cmin ~a

+100 0 +100

(Mg radius) Energy (mV) Energy (mV)
C 1 T
" \’t- 1.5% Mn -F
e R f
c t \... 3 - .50 MV
9 S 2. -
E @ : "‘
o
E g
§ 01k ’—5 -
> § \
< 3
4 2 ,
. - 0 20 40 L) a )
- 5 - e Distance (A) !
<MW 0ps| T 120 pS A
a P 10 50 100

Distance (A)
Agreement with LG theory: X(R,w) =< p(0)pu(R) > ~1/R (d=3)

Probing only “modest” length scales a < { < 3a - Landau theory (mean-field) regime!




Perspectives and challenges

Dominant disorder modification due to correlations (CPA+DMFT)

Quantitative description Mooij correlation at MIR limit

Robust low-T critical transport of Landau-like critical behavior!

Landau-Ginzburg MIT theory explains pseudogap at criticality (STM)

Other interaction effect: magnetic polarons, “electronic polarons”,...?

 Long-distance processes: “weak localization”, “interaction-localization”?
A=03

* Metastability and glassy behavior? "
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