FRont Of pro-Galician Scientists

Ap-Dgz 1

Max-Planck-Institut fiir Physik

(Werner-Heisenberg-Institut)

SV iva 30 o e

S o =

" Holographic Noise

1308.1920, 1407.7526, with M. Aradjo, A. Farahi, J.M. Lizana
1507.02280, 1603.09625 < £ LA Pcmdo-quas, |. Salazar Landea
e i | e icchio
’#j, WL
' Daniel Arecm

,pqradlse -Galizaq, Xu||o 20.16_-”» B 3



Disordered holographic
Superconductors

Gauge/Gravity

==

disorder

[— High-Tc Superconductors]

Disordered brane intersections

(D3/D5)

200, 5

Q
a
S}

g 34

1.0 "
I I | I I L

(p)

[ Graphene]



» Anderson Localization (1958):

[e- in a random potential...]
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» Anderson Localization (1958).
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>SC to insulator disorder-induced phase transition

[Sherman et al, Nature Phys 11, 188-192 (2015)]
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> Graphene (near charge neutrality)
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» (Strongly coupled) Quantum Critical Point

w Graphene as stronqgly coupled relativistic Dirac fluid
[Observed in Crossno et al, Science’16, 1509.04713]
[Hydro model in Lucas et al, Science’16, 1510.01738]
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> High Tc Superconductors
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W) Use Holography!
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> OISORDEREED TEANSFORET (STEANGE METALS): LUCAS, SACHDEWY, SCHALM4; DONOS, GAUNTLETT 14,
O'KEEFFE, PEET14; HARTHOLL, RAMIREZ, SANTOSS

> OISORDOERED FIZED FOINTS: HARTHOLL, SAMTOS14; GARCIA, LOUREIRDS

> DISOREDERED HADRED (-> GREAFPHENE): LUCAS ET AL'IS

!l > DISORDERED BRANES




Disordered Chemical Potential
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[1308.1920]
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> Results: The Inhomogeneous Condensate [1507.02280]
i L, = 80m, 9 modes
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> Results: Disorder-induced Phase Transition
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>SC toinsulator disorder-induced phase transition

[Sherman et al, Nature Phys 11, 188-192 (2015)]
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N oisy Branes [1603.09625]

D3/D35 Intersection
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>Setup: D3/D5 @ finiteTand p

* Nonzero Temperature * Charge Density (matter in the fdtal.):
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>Setup: D3/D5 @ finiteTand p

* Nonzero Temperature * Charge Density (matter in the fdtal.):

% A, ~ J, U(1) Worldvolume gauge field
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* Phase Diagram [Kobayashi et al’'06]
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[1603.09625]
[See also: Ryu, Takayanagi, Ugajin'll;
Ikeda, Lucas, Nakai‘16]

Noisy Branes

> Adding noise...
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>D3/D5. Results
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Noisy Conductivity

Noisy charged D5

Electric field (along x)
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Noisy Conductivity

Noisy charged D5 Electric field DC (along x)

o ODC < Horizon data [Igbal&Liu’08; Ryu et al’12]
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DC Conductivity vs Charge Density

> In Graphene...
» Experimental Conductivity [Tan et al, PRL'99]

i) 3 o minimal @ CNP 4

ii) cxn up ton*
iii) o sublinear for high n

[Hwang et al, PRL'98]
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DC Conductivity vs Charge Density

[from here on: massless ‘quarks’]
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i : ékgzi,l()modes
> DC Conductivity vs Charge Density 10
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DC Conductivity at Strong Disorder
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DC Conductivity at Strong Disorder ko =10

1

, 10 modes

> ‘Strong disorder’ (w = 5) = e~ - hole puddles appear
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DC Conductivity at Strong Disorder

>Semi-analytic approxzimation @ strong disorder
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DC Conductivity vs Charge Density

> Noisy branes @ strong disorder

, Clean system
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> In Graphene...

i) 3 6 minimal @ CNP

ii) cxn up ton*
iii) o sublinear for high n

Conductivity

See also: o vs noise strength
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[Hwang et al, PRL'98]
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OUTLINE

> CHALLENGE: DISORDER + STRONG INTERACTIONS v
>DIRTY HOLO SCs: islands of SC -> Disorder-induced PT
>NOISY BRANES: 2+1 matter + disorder

> NOISY Conductivity (strong noise): Sub-linear at ‘large p’ v

> Epic Challenges: backreaction (smearing?), 2d noise (thin films,

graphene, disorder SC fixed points, QHE models?




and now... some SUPPLEMENTARY SLIPES
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> Conductivity. Weak Noise’ 10
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> Conductivity. ‘Weak Noise’  (~ ignoring gradients alonqg )
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> Conductivity. Weak Noise’
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> Noise | 1:

® Flat Spectrum S(k) — 1
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>Noise |11 (Solving...)
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>Noise IU (UD & IR Scales)
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> Noise D: e !
\\\ . k= ko N
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e Flat Spectrum p(x) = o +V Z cos(k x + Of)
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> Harris Criterion:
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> Review: Holo (s-wave) Superconductor [Hartnoll et al’08]

Superconductor

@ Black Hole gets hair ~U

Electrical resistivity

Normal metal

Temperature (K)




> Review: Holo (s-wave) Superconductor

2+ 1 CFT (T 4 0)

x U(1) Gauge ﬁeldéAM ~ J,, —|Chemical Potential

*iCharged scalar : condenses — |Black Hole gets hair
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> Review: Holo (s-wave) Superconductor

> Setup:
A 6 1 |
Maxwell-Einstein + scalar S = /da:4 v—g [IC X121 WM — (0, —iq A2 — m? P

> Looking for superconducting solutions:
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> Results: ‘phase diagram’ ..
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> Results: Phase transition @ finite disorder

> Average of the condensate vs Temperature...
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[See Griffiths’ phases... T. Vojta, PRL'03]




> o_AC: Large disorder & Higgs mode(?)
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Disorder suppresses the gap
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[Sherman et al, Nature Phys 11, 188-192 (2015)]
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> 0_AC: Large disorder & Higgs mode(?) 10







> Background: Charge Density

» Charge Density vs Noise Strength = Study p(M) clean system

Bol= /20 S ()
» Homogeneous (massless) case:

p~0.2914°; (p>1)

[(noise(:c)) = %/0 dx noise(z) = O]

»  Assume

1= pio (1 4+ wnoise(x)) o) i i%.(w) (o

12 (p>>1)
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> Conductivity. ‘Weak Noise’  (~ ignoring gradients alonqg )
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» Noise strength expansion:
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> Conductivity. ‘Strong Noise’ [pseudo-analytics]

— (Pseudo-analytic) DC Conductivity at all orders in w —

W) Invert (numerically) for p(u(x)) — Integrate —» opc(io, W)

» Large charge (small w) limit
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we'll see that opc « (p) true at all orders in w






