Solid applications of
Mass T 1]

% Mattquaggloll

i -"I- Al 1;-.'-- m ﬁ-

- Tﬁ'h... l 3 i Jt

.ﬁ-

Unlverant.Autqpqmnge ﬁarﬁelonaU (B

B . a

Instltutfl ica d' It ergles IFAE“

'-:"

P =~ T
‘d

Based on arX|v 1411.1003 (PRL) with Orlol PUjO|aS ;"‘"*a-
+ work in progress with L.Alberte, A.Khmelnitsky,
D.Musso, A.Amoretti, A.Braggio, N.Magnoli

UFB

Universitat Autonoma
deBarcelona

A\

. n
e ' i e
I St g - all A *"_. o ,'!.
S = '~ o jiiid = g N "
) 3 ;! il i :I|Ip|l: ATLL ¥ E v E r '. L’ .I .




Motivations
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Tools

General
Relativity
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Metal or Insulator - and why?

ELECTRIC RESPONSE

Insulator: O small

do
d—T>0




Electric Response a la Drude

Weakly coupled logic:
Drude Model (1900) “Pinball

-. AR
A lot of simplifications but a very good phenomenological model

COLLISION TIME , RATE OF MOMENTUM DISSIPATION

{' —» |ONS, IMPURITIES, DISORDER
——» BREAKING OF TRANSLATIONAL INVARIANCE




Unrealistic AdS-CMT

Reissner Nordstrom Black Hole
« Temperature
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Targets & Open questions

REALISTIC AdS-CMT ———» MOMENTUM DISSIPATION

Mechanisms :
= Umklapp and electron- phonon interactions N
= Impurities & Disorder
= Electron- Electron interactions

~—

Phenomenology & Puzzles .
Mott Insulators

* 1° : Finite DC conductivity .
= Strongly Correlated Insulators W

= Metal- Insulator transitions Anderson @ @m ﬁ.._s
Insulators == S j: %




(More) Realistic AdS-CMT

MASSIVE .
GRAVITY ° = JH{R —2A—F;, +m’V(g")}

: % r(r?.r) ., Broken  _ prokencrr , Momentum
X =i %) diffeos Transl INV Dissipation
3 R ___
. : ‘ :
Conductivity: | Vegh ‘1 35
O pe . ':
O(w)=—
1-iwt
pz b
0, =1+—=




EFT for Solids and Massive Gravity

Comoving coordinates of the volume elements: P! (. &)

EFT for Phonons (Goldstone bkosons of SB-translations)

equilibrium ' — rf - qf)‘r Leutwyler ’93
Classification 1n Nicolis Penco Rosen *14 & Nicolis Penco Piazza Rattazzi ‘15
SOLIDS =

Internal Shift simmetry : L, -—Ekb'agb -|-(a ¢ — > Elastic response

EFT of fluids/solids & LV Massive Gravity

Gauging SSB of translations —> graviton ‘eats up’ phonons

L=V(XY)  x=ipaey

SOLIDS: - ,
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(More/2) Realistic AdS-CMT

§=[{-¢{R-2A-F +n'V(X)]

Massive Gravity in Stuckelbergs form; healthy theory
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Strongly coupled solids

(@')=¢'x" realizes spontaneous and explicit breaking
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Metal — Insulator transition

Weight Transfer phﬂﬂﬂﬂs gapped

electrons trapped
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Emergent Polaron-like dofs
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There is a localized and propagating excitation
with well defined mass, width
and dispersion relation...




Disorder Driven Metal-Insulator
transition from holography
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1
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Disorder Driven Scenario Results

DC T=0 \ Tpc
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Conclusions

= MASSIVE GRAVITY has REAL WORLD applications (CM)

= There are many USEFUL phases of NR MASSIVE GRAVITY

= MASSIVE GRAVITY encodes PHONONS dynamics

= MASSIVE GRAVITY can model DISORDER DRIVEN MIT

= AdS - CMT PREDICTABILITY ?

Several candicate correlations & observables...



Work In progress
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~ Phases of Non Relativistic Massive gravity

« (with L. Alberte, O. Pujolas, A. Khmelnitsky)

» Thermoelectric Response and Coherent-Incoherent contributions
« (with A. Amoretti, D. Musso)

~ Towards Holographic Mott Insulators TO-DO LIST- |

« (with O. Pujolas) I 1.
~ Bounds, scalings and phenomenology 8 EVER\'T"'NG
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& much more...
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AdS/CFT
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AdS/CFT

“QFTs with gravity dual” = dynamics simplify enormously

few QFT operators {T

piv?

T=07

CFT
o< p

s > 1/ 4
J Mty
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Many non-trivial QFT eftects:

nonperturbative RG flows, collective effects,
emergent symmetries & DOFs, unparticles,
QFT plasmas, dissipation in QFT



Metal-Insulator transitions

(-— Debye / plasma mass term
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Polarons in the real world

Phys. Status Solidi B 251, No.

Valeri Ligatchev
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Polarons in the real world
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Polarons in the real world

Polaron coherence condensation as the mechanism
for colossal magnetoresistance in layered manganites

N. Mannella. PHYSICAL REVIEW B 76, 233102 (2007)
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Mott-Wigner localization

i11) e — e~ interactions

Natural expectation:
nonlinear electrodynamics

S=[J-g{R-2A-K(F},)+nm'V(X)]

Pp°Z,;  -smoother transition
m*y'(z%) -also forms quasiparticles

o, =K'(F,)+



The dilatonic (known) case

String theory inspired (embedding known)

Adding a new (running) scalar degree of freedom
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Rich phenomenology
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An additional gain

| | |
STRANGE METALS : 0 X 7 Oy x =

Famous and robust LINEAR T RESISTIVITY
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If 0., = — like with standard maxwell term —
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Otherwise we can achieve having two different scales
And reproducing the right phenomenology (scalings) —



Non Linear Electrodynamics

Results
ﬂn This controls the “strength” of the interactions
U ‘IH\
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Non Linear Electrodynamics
Results
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Optical conductivity in the insulating phase



Disorder Driven Scenario Results
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Old results... New results...
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