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- multi-component (N>>1),

- Lorentz and scale-invariant,

- boundary theory: very strongly interacting Q_

Broadly defined (‘non-AdS/non-CFT’):

non-SUSY,
only a few components (N~1),

Lorentz , scale, translationally, and/or rotationally non-invariant,

boundary theory: only moderately interacting (T~U)
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- Do ALL strongly coupled systems have duals (or only a precious FEW)?
-How much SYMMETRY is enough and is LARGE N really necessary?
-Has the (non)AdS/(non)CFT dictionary been established in its FINAL form?
* Specific to CMP:

-Do the boundary theories of the previously studied gravity duals have physical
realizations among the known materials?

-What are the gravity duals of the documented ‘strange metals’?

-Can anything at all be tested systematically in the lab?
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® Emergent extra dimension:
Dynamical renormalization (energy/length/information) scale
or a mere ‘spectator’ coordinate?

® Emergent metrics:

Full fledged fluctuating (quantum) gravity in the bulk
or a fixed (classical) background?

® Examples: X t
- Thermodynamics of phase transitions (Fisher/Ruppeiner);

- Berry connections in crystal band structure, dynamical time evolution,

- Quantum Hall and other topological states (Fubini/Study),...

So... Just do it!’’ (HEP) or ‘Holographic WHAT?!’ (CMT)
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* Artificial metric in electrically and/or magnetically active media

Yij = 9ij/|9rr| = €ij/deté = pij/detfi W.Lu etal,10,

. T.Mackay and A.Lakhtakia,'10
€ij = pij = V—38ij/|grr

* Hyperbolic metamaterials

- Rindler and event horizons, black/white/worm-holes,
- inflation, Big Bang, Rip, and Crunch,
- metric signature transitions, end-of-time, multiverse,...

|.Smolyaninov et al,
1111.3300, 1201.5348
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* Radially-dependent density of the metallic component
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* Radially-dependent density of the metallic component
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z-dependent density of the metallic component
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* z-dependent density of the metallic component
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Layered setup

* z-dependent density of the metallic component

ds® = —fmydzz—fzz[:d:tz + dy?)
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- Asymptotic behavior of the propagator ~ Guw(T.x) ~ exp[-S(7, )]
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* Action S(r,x) = Lw]d'u-\/guu + grr
du du



Boundary propagator
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Boundary propagator

WKB solutions Wy (rw, k) ~ L F[ arvve) mR > 1
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Asymptotic behavior of the propagator ~ Gu(7. ) ~ exp[—S(r,z)]

dx
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Prospective 'boundary dual’: fluctuating 2d membrane

® Fluctuating elastic membrane: = [dd ~(V?h)? + pvlg g o Sal
(coupled in- and out-of-plane modes) Y8 = Yats T Isla + Jahdsh
® Effective out-of-plane action: AF ~ [ d*Kk* " hy?
2d membrane crumpling transition: e~
Sioundary = 5 [ PRy o0
® Boundary 'vertex' operators: U(x) ~ explid(x)]
® Optical field correlations G (x) ~ exp[—veLw|x/eL|"/¢]

(holographic or speckle interferometry)
cf. <Eu(x)EZ,(0) >oc exp(—wlx]|)

® Practical realizations: Co nanoparticles in kerosene, PMMA on gold,
InGads (m) / AlGaAs/Gads (d) ,...



Conclusions

e The holographic conjecture still remains to be verified, especially in its broadly
generalized 'non-CFT/non-AdS' form.

e The bottom-up approach can be prone to confusing the genuine ‘bona fide’ holography
with some apparent ‘analogue’ one.

¢ In every specific case, the physical nature of the latter can be elucidated without invoking
any new physical principles.

* In optical metamaterials, the simulated (pseudo)holographic behavior can be
systematically studied with such established experimental techniques as holographic and
speckle interferometry, as well as the other optical field correlation probes.
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