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[charged impurities]

in holography
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» Disorder can suppress the Superconductivity

———————————————————————

disorder



(Oq)/T7

60

50
40 [
i

20

0.2

0.4

1
0.6

1
0.8

1.0 T/TC

H(x)

6.03

6.02;
6.01 —
6.00;
5.99?—

598 -

= « Disordered’ SC phase transition (non mean-field)
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OUTLINE

>Motivation: Disorder-induced SIT
>Setup: holo SC w/ noise
> Results: Islands, phase transition, Conductivity.

> Future: Thin Films, backreaction (insulator?),...




>SC toinsulator disorder-induced phase transition

> Edperiment
[Sherman et al, Nature Phys 11, 188-192 (2015)]
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> SETUP: Dirty Holo (s-wave) Superconductor

Holo SC (Disordered ) 1()

90-x / (80m)

1
® Action (probe limit) S = / e/ = (—4Fab £ — (D, W) (D*U)T — m?uT m)

dz?

f(z)

Was, 2 =izl Tl S RS
® Field content
A= gb(az, z) dt ~J ,u(a:‘) [Hartnoll et al’08]
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1
® Geometry: Sch-AdS BH ds’ = — <—f(z)dt2 = + dz® + dy2) e =



> SETUP: Dirty Holo (s-wave) Superconductor

~ (visordered) u(x)
/
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: u(x) = o + w po Z cos(kx + dx)
1 He k=ko

o ko~ 1/(System Size). [IR Scale]
e Lk, ™~ 1/Correlation length [UV Scale]

EoMs i 2 Coupled PDEs | with...

o(x, 2) — olr)z+ ...
Y(x,2) = YTz +({0(2)) 2% + . ..

e UV (z=0) Boundary Conditions



> SETUP: Solving the background ...................

ﬁ at NoiSe

> ® W Noise strength

M(CU) = 1o + w g Z COS(k:E i 5k) o ko ~ 1/(System Size). [IR Scale]
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u=5-Tn~08T,
- L, =807, 9 modes

> Results: The Inhomogeneous Condensate
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> Results: ISLANDS?

> Let’s plot the minimum of the condensate
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> Results: Phase transition @ finite disorder

> Let’s plot ’rhe@vemge of the condensafévs Temperature
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[See Griffiths’ phases... T. Vojta, PRL'03]



> Results: Phase transition @ finite disorder

> Average of the condensate vs Temperature...
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> Computing the conductivity [ Superfluid density]

Study perturbations

Il 2 LV’ Coupled linear PDEs

> Reminder: Homogeneous case

------------------------------------------------------------

Im(o)




> Noisy conductivity n=5—-T~08T.
i L, = 807, 9 modes

> The superfluid density
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> Noisy conductivity p=5-T~08T,

L;U = 207, 9 modes
>The AC Conductiuitg [aueraged over ¥} SRR L
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w = 0.004
disorder
10 e 7
i - ( eSonanles appear | *
( ) A ~ 6j
= Stea/ Spectral e g/1¢ § 4 w = 0.04

£ron the SC delta

[See also Donos&Gauntlett, 1409.6875] —J ““““““ . I m—— ’

(()).OO 0.05 0.10 0.15 020 025 0.30 0.35
w




> Noisy AC conductivity e |

Let's follow ZAe /ﬂea,éé...

& |w=uvs(T,w)ko
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>The AC Conductivity. 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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>The AC Conductivity. [Higgs mode...] 10




> 0utLook &To Do

>Disordered holo SCs: both s- and p-wave [1308.1920, 1407.7526]

>1D Islands of Superfluidity

> ‘Disordered’ phase transition (non mean field)

>Conductivity: superfluid density = phase diagram, ~ Higgs mode

>Future Thin Films, backreaction (insulator?), ...




> AND NOLW, SOME ADDITIONAL SLIDES...




> Results: TENTATIVE PHASE DIAGRAM

Plotting the minimum vs noise for several values of u
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» Enhancement and the island menace

Phase Diagram
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Seen before in CM Chard—-core bosons)

. ‘Disorder-induced superfluidity’, Dang et al, Phys. Rev. B 79, 214522:
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» Spectrum ‘renormalization’ | | _
>>> Noisy chemical potential

Random phases
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- —— 1
x Spectrum ‘renormalization >input spectrum | S = ——
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. @ S-wave [1308.1920]
‘ [Hartnoll&Santos 1402.0872]

. Fundamental matter (D3-D5) [w/ M. Aradjo, J. Lizana, LS. Landed]
. FT: noisy U(1) @ finite T [D. Musso, 1.S. Landea]



> Noisy chemical potential
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> Noisy chemical potential

@ NOISE THROUGH RANDOM PHASES 'Random phases
o L
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> Thermodynamic limit

@ Thermo limit: Noise correlation length << System length

> Flat spectrum noise: correlation length & 1 / (grid size)

@ Condensate and Charge density are self-averaging in the thermo limit:

SE e e
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> Thermodynamic limit

@ Thermo limit: Noise correlation length << System length

>Flat spectrum noise: correlation length X 1 / (grid size)

@ Condensate and Charge density are self-averaging in the thermo limit:

SE e e
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