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Holographic Phonons

Elasticity bounds from Effective Field Theory

Solidity of liquids:
How Holography knows it
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HOW T WORKS m
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FIND THE PHONON

MASSLESS PHONONS Im[ew)T




LINEAR (VISCO)-ELASTICITY
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Figure 9: Melting behavior of chocolate with different
types of fat



THE POISSON RATIO V(X,Z) = X° 2"

IN 2D
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THE HEAT CAPACITY

"Incoherent Crossover at the

10%} Coherent —— o o
(1] [ ] ] "
Transition " 7 Glass transition" !!
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VISCOELASTICITY

NOTE: violation of KSS

cf. violation in
viscoelastic
Fermi liquids ?

0.06} arXiv:1801.08627




A slightly different case

SPONTANEOUS SYMMETRY BREAKING
OF TRANSLATIONS
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NONLINEARITIES " .o

EFT + Holography

o(e) :$+Q(2)62+

linear

BRITTLE

Y(k) = Lu + KD 2 + ..

linear

DUCTILE B

a{mdﬁy} =€, detT =1 (k=2)




R It Both from EFT Predictions ??
es u S and HOLOGRAPHY YES I
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ARE LIQUIDS AND SOLIDS
REALLY DIFFERENT ?

NOT IF

High-frequency longitudinal and transverse dynamics in water
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THAT'S IT ?? NO'!

Experiments by Noirez's group in Paris

(a) water 3% e=0.125mm (b) 1 Water at 21.5°C e=0.125mm y=3%
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A possible explanation

arXiv:1512.06592 arXiv:1706.00836

The presence of a k-gap in the shear collective modes !!
It can be proven using Frenkel reduction and Maxwell interpolation
And starting from Navier Stokes equation !!
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Holography knows it !

Two different models show arXiv:1311.5157

A k-gap moving as it should !! _
arXiv:1801.03199




Even more ...
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"THERE ARE NO ACCIDENTS." - ﬂ'

- Master Oogway




Do we really understand fluids and solids ? L azy Liquids
Are they really different? lazyliquids.com/ v




TO THINK LIST

Holographic piezoelectricity Phase transitions and instabilities

Using Borel methods

Dissipation in EFT
Thermoelasticity

Fracton-elasticity duality Crystal diffusion

Finite time response and glassy behaviours (creep,...)

Solid-gravity correspondence
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