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strange metal: experimental facts

T-linear resistivity
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strange metal: experimental facts

a high-T, superconductor T-linear resistivity
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is the strange metal important?
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Theories of cuprates
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single-parameter scaling
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new length scale?
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Quantum critical behaviour in
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Anderson: use
Luttinger Liquid
propagators

1
(w — vgk)m

is flawed. In fact, in the Luttinger liquid such direct calcula-
tions are not to be trusted very firmly, since it 1s the nature of
the Luttinger liquid that vertex corrections, if they must be
included, will be singular; conventional transport theory is
not applicable, and special methods such as the above are
necessary.
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problems
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are not 1-
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corrections
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optical conductivity from a
gravitational lattice
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optical conductivity from a
gravitational lattice
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a remarkable claim!
replicates features of the strange metal? how?

G. Horowitz et al., Journal of High Energy Physics, 2012
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Einstein-
Maxwell
equations

new equation!
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not so fast!
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Donos and Gauntlett
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who is correct?
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calculation
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Horowitz, Santos,
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HST vs. DG
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Lo = (VD)2 + (VD)2 + 2V (D) + 2V (D3)
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Lo = (VD) + (vq>2)2 + 2V (®y) + 2V (P2)
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is there a power law?
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Nid JH scaling lost

similar results: Rangamani,

Rozali, Smyth arxiv:
1505.05171

Nid- IR scal~g lest

Mid IR scaling test at T4=0.015885 Mid IR scaling test a1 Tu=0.01594%
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Fig. 9: The behaviour of the diagnostic function F'(ro) as we scan for mid-range scaling behaviour as a function of v.
At low temperatures, and for appropriately chosen values of v, the existence of a scaling regime is possible. For
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scale invariance

Anderson
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beyond single-parameter scaling

multiple scale sector

incoherent stuff (all energies)
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beyond single-parameter scaling

multiple scale sector

unparticles (GFF)

no well-defined mass

incoherent stuff (all energies)
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unparticles
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variable masses for
everything

perform integral
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are anomalous
dimensions necessary
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gauge Invariance
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has no units
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gauge Invariance
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How can A, have an anomalous dimension?
solution

l no Stokes’ theorem
7{ A-db £ / B-dS
S
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Aharonov-Bohm Effect must change

flux through ring

(& —
AP =— ¢ A-dl
3

e Br?

h

Stokes’ theorem

%Z-dzz/B.ﬁ
S

AD =
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physical gauge connection
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compute AB phase
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physical gauge connection
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compute AB phase
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compute AB phase

AD — f;[a(r')-cfz'

h
use fractional
calculus

€B€2 I;a—lda—l
h [ ()

=< > <€ >

A¢r = >c>>l,d>>l
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compute AB phase
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use fractional
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is the correction large?

a=1+2/3=5/3
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is the correction large?

|a1+2/35/3
€B€2 5/3
APp = ——L ™"/ /(0.43)’
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bulk-boundary operator correspondence

operators
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/UV
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bulk-boundary operator correspondence

/ operators
O

¢

52 /\“ /UV

o) dxpo O

(augb)Q +m”

NFT

BN

N

Local bulk operators in AdS/CFT:
a boundary view of horizons and locality

Alex Hamilton', Daniel Kabat!, Gilad Lifschytz? and David A. Lowe*

¢o(z) + O(z) .

This implies a correspondence between local fields in the bulk and non-local operators in the

CFT.
o(z,z) < /d:c'K(:r’|z,;c)O(;c’) .
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bulk-boundary operator correspondence

/ operators
O

¢

52 /\“ /UV

o) dxpo O

(augb)Q +m”

Local bulk operators in AdS/CFT:
a boundary view of horizons and locality

Alex Hamilton', Daniel Kabat!, Gilad Lifschytz? and David A. Lowe*

¢o(z) + O(z) .
This implies a correspondence between local fields in the bulk and non-local operators in the
CFT.
d(z,z) « | do’ K(2'|z, 2)O(z") .

™~

see also K. Rehren (2000) smearing function
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O = Cp lim 272 ¢(x, 2)

z—0

Thursday, June 16, 16



lim 2z%— = Cd
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O = Cp lim 272 ¢(z, 2)
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O = Cp lim 272 ¢(z, 2)

z—0

use Caffarelli/
Silvestre

lim 22— =Cy~ (=V)f

fy:

dg
z—01 0z
O = (—A)7¢0

v = \/4m2+d2/2

1l —a
2

the ® for massive scalar

field
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mechanism: fractional gauge fields
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mechanism: fractional gauge fields
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dynamical "Higgs’ mode

new length scale
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o .
AF: SC © NM
L — SR
I I ]
Laz_xerCu04
o
o2k * ]
; ® o
> . _
8 I Neff=*
— °
: x|
;.0-) 0.1+ 9 O -
. s
< ) l |
¢ l _L
) Ng R0 RGO
OLQ"_1§ ?-_4 | PR
0 :

- 2mVeen

Te?

X

0

o(w)dw

Cooper, et al.

0.4 p~

HOLES

ELECTRONS

low-energy model forNeg > 277

Thursday, June 16, 16



what if?

K.E. x (97)"

f-sum rule
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what if?

K.E. x (97)"

f-sum rule
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mee

W>n ifa < 1
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combine AC
+DC transport

fixes all exponents
a,b,c
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fixes all exponents
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boundary

probe with fractional
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