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Unsolved condensed matter problems

quantum criticality
|
magnetism
| | in metals

high T_c (cuprate, organics,...

physics at strong coupling
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What computational tools do we have for
strongly correlated electron systems?
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the only difference
between this and
a theory is that this is not
a theory

non-interacting interacting

0000000000000 000
0000000000000 000

0000000000000 0000000000090
1 0000000000000 000000000000d
0000000000000 0000000000090
1 0000000000000 000000000000d
0000000000000 0000000000090
0000000000000 0000000000090
0000000000000 0000000000090

why does
this work
at long
wavelengths?










Wilsonian

program
(fermions:

new degrees of
freedom) ..
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implement E-scaling with an
extra dimension

coupling constant
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gauge-gravity duality
(Maldacena, 1997)

implement E-scaling with an
extra dimension

coupling constant

g =1/ego

dg(E)
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locality in energy
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What holography
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What holography
does for you?
[ RG=CR_]
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(currents,
symmetries) .




Can holography solve the Mott
problem?




Half-filled
band

I

Free electrons

gap with no symmetry

breaking!!

A

U>t

—

charge gap




Why is the Mott problem important?

U/t =10 > 1

interactions dominate:
Strong Coupling Physics

Cuprate Superconductors



Experimental facts:
Mottness

A = 0.6eV > Adimerizafcion (MOtt’ |976)
’ .

YBa,Cu,0,
o() E/ICuO,
Q'em” e transfer

y=6.6
1200 of spectral
— weight to
high energies
beyond any ordering
scale
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What bulk gravitational theory gives rise to a gap in ImG
without
“spontaneous’ symmetry breaking?

dynamically generated gap: Mott gap
(for probe fermions)
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what has been
done?
MIT, Leiden,
McMaster, ...

Charged system

¥ Dirac Eq.

in-falling boundary
conditions
v

Y(r — o0)~ar™ +br=™

Retarded Green function: G = b =f(UV (k_F), IR (g,m))

a

a=0 defines FS




boundary physics:
AdSy x R
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finite T=0 entropy

SxT?* 40 T =0

7 — \/z=o)g = 7

T, 6} = {2, A1, A()
A

boundary physics:
AdSy x R




V=gith(D —m)y

AdS-RN
MIT, Leiden group

A
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marginal Fermi
liquid
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How to Destroy the Fermi surface?




V=gith(D —m)y

A

marginal Fermi
liquid

How to Destroy the Fermi surface?

L) —
e T ey e R Y
MIT, Leiden group

log-oscillatory regime
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Sprobe(wazz) — /ddm\/jg“Z(FMDM o m_|_/1 )w

what is hidden here?

F,, TH

G

QED anomalous magnetic moment of an electron
(Schwinger 1949)

fermions in RN Ads_{d+1} coupled to a gauge field
through a dipole interaction




black hole

gravitons

¥




How is the spectrum modified?
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How is the spectrum modified?

~1.54 < p < —0.53

1>VkF>1/2
Row x k — kp

Sw o< (k — kp)**r

"Fermi Liquid’

Fermi
surface
peak
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How is the spectrum modified?
-

- p=-053 053 <p<1/V6

g, =1/2 1/2 > vg, >0
| Rw = Sw o (k — kp)l/ (2ver)
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How is the spectrum modified?

spectral
weight transfer

Fermi

surface dynamically generated gap:
peak
Gubser, Gauntlett, 2011 similar results
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Sonner, 2011 (top-down gravitino model)
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Mechanism? Operaéors

where
is k_F

T
log-oscillatory

k_F moves into log-oscillatory region: IR
O+ acquires a complex dimension




near horizon| [radial Dirac Equation

012 (O) =) +wt () + w22 () + - -

0 () = ioa (14 £

mi = m? + (ped .

p: time-reversal breaking mass term (in bulk)

vV, = \/mi:L% —q%es —ie,d L =v; +1/2




(O =0 +we () + w2P(0) + - -

d€d

mos + (ped -
i A

mi — m2 -+ (ped -

p: time-reversal breaking mass term (in bulk)

vV, = \/mi__L% —q%es —ie,d L =v; +1/2

scaling dimension is complex!



What does a complex scaling dimension mean?




continuous
scale invariance

:

O = u(\)OOr)

|

= p(A)A2

In 2 A is real,
A= —- independent of
In \
scale

what about complex A
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Discrete scale invariance (DSI)

2™ = 1 = pA\A n=0:CS|
27rm/

A= @)




Discrete scale invariance (DSI)

2™ = 1 = pA\A n=0:CSI

In 2 /

scalmg dlmen5|on depends on scale
Ap = A"
" =
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example

scale invariance only
for Ap = 3"




example

scale invariance only
for Ap = 3"

discrete scale invariance:| D =




discrete scale invariance

nidden scale
ngth, energy,...)




toy model: merging of UV and IR fixed points

B=(a—ai) (99
:Zg*::\/()z—()é*

g+ are complex
(conformality lost

[il Kaplan, arxiv:0905.47"




p=1.0

no poles outside log-oscillatory region for p > 1/v6

Mott physics and DSI are linked!




is there an instability? (violation of BF bound)
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E—FE+1y > 0
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condensate

) (bosonic)




is there an instability? (violation of BF bound)

E—FE+1y > 0

@ 20
condensate
I (bosonic)
does this happen for
| fermions?
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quasi-normal modes
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quasi-normal modes

quasi-particle residue

I (G e, 1)
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| but the residue
quasi-normal modes drops to zero:

opening of a gap

I (G e, 1)
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Finite Temperature Mott transition from Holography
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spectral weight

transfer
UV-IR mixing
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discrete scale invariance
In energy

emergent IR scale

|

energy gap: Mott gap (Mottness)




discrete scale invariance
In energy

emergent IR scale

l no condensate

energy gap: Mott gap (Mottness)




discrete scale invariance
In energy

continuous scale invariance

is this the symmetry that is ultimately
broken in the Mott
problem?
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VO _2,
holography

b.) no :I
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VO _2,
holography

]

Does scaling in VO_2 obey:| Air = Agye ™/ Ve~V

|
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VO_2,
holography

]

Does scaling in VO_2 obey:| A = Ayye ™/ VU~V

if yes: holography has solved the Mott
problem

|
|




f(U) = c1sgn(0U) |5U|1/5 + (32|5|2/5 + c30U + D,

| 1 — Dg|f Dol 2 1077)

Semon, Tremblay, arxiv:1110.6195



F(U) = e1sgn(6U)[SU [V + ¢o|6|*/° + ¢36U + D,

[ £ — DD =

Semon, Tremblay, arxiv:1110.6195
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