Do Cuprate High-Temperature
Superconductors harbor Extra Dimensions?
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IS HINCHLIFFE’S RULE TRUE? -

Boris Peon

Abstract

Hinchliffe has asserted that whenever the title of a paper
is a question with a yes/no answer, the answer is always no.
This paper demonstrates that Hinchliffe’s assertion is false,

but only if it is true.



What would be a Signature
of Extra Dimensions?
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what God really said:

let there be F

F =dA

AN

Fij = €, Bk



A Maxwell equation

dF' = J



redundancy

gauge invariance

A— A+ 0OA

has no units



gauge Invariance= current conservation

S:/ddx(FQJrJMA“Jr...)

A— A4+ 0A
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integrate by parts
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0, J" =0 current conservation




gauge invariance

[Au] = 1

current conservation

(d2xJA] =0

fixes dimension of current

J]=d—1




conserved
quantities have
fixed dimensions

renormalization
does nothing
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It

Al # 1

but the current is
conserved




extra dimensions
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physics at strong coupling (interactions)

Y BazCu 3O ;
Cuprate Superconductors

not independent particles

(collective phenomena)



strong coupling
metallic state
(strange metal)

Y BaCu O
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Cuprate Superconductors .
i superconductivity



what is the
strange metal?



Drude metal
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standard metals

P X T?
Weidemann-Franz law
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a high-T, supercondu
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strange metal: experimental facts

T-linear resistivity
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Theories of cuprates

= 00
Theories of strange metal

why is the problem hard?




single-parameter scaling




new length scale?




strange metal: experimental facts
Hall Angle

T-linear resistivity
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Recall in
standard E&M

[Au] =1

[Ju]:d_l



strange metal

J=d—-0+P+2—-1
Ayl =1-10
®=-2/3



How is this
possible?



what is the new gauge principle?
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hint

5’MJM — () | current conservation
A

what if

[a,ua S\/] = (

new current
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standard E&M has an

added ambiguity
0, J" =0
[qu?j — O

Does a non-trivial
solution exist?
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gauge-gravity duality
(Maldacena, 1997)

coupling constant

g = 1/ego

= B(9(E))

locality in energy



certain strongly coupled theories
have gravity duals (holography)

black hole




Maldacena

conjecture
(1997)

black hole

strongly coupled
quantum system
(nucleons)




claim




if holography is RG then
how can it lead to an
anomalous dimension?
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d(y* xdA) =0

what about
the
boundary?




Caftarelli-Silvestre
extension theorem

(2006)
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(¥*Vg(z,y)) =0
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fractional Laplacian

9(z = 0,2) = f()




fractional

Laplacians
AY ()

requires
information

everywhere:
non-local




closer look

scalar field

V- (y*Vu) =0
(V) (use CS theorem)

d(y® x dA) = 0 holography

similar equations

generalize CS
theorem to p-forms

GL,PP:1708.00863




boundary action:
fractional Maxwell
equations

ATA, =0

boundary action has
anomalous dimension
(non-locality)

Fij = 0] A; — 0] A= dyA = dA™T A,



new gauge transformation

A— A+ d A,




current conservation

9,J" =0

what if

A

Wﬁw Y] =0




answer

!
[aﬂay] =0
d, A% = 0

J — AYJ J=d—1-a



Is there a knock-down
experiment?



Aharonov-Bohm Effect
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physical consequences of anomalous dimension
for A,

A, — A, + %G

no Stokes theorem

Ad@;é/BdS

Aharonov-Bohm Effect must Change




A¢p = —mr°BF (R, o)



is the correction large?
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Planckian dissipation

h
kgl

T =

r~ 10" Mg

Table 11.1

Element 77 K 273 K

Li 7.3 x 107 14s s
Na 1.7 x 10~ 3s S
K 1.8 x 107185 4.1 x 1045
S S
S S

Rb 1.4 x 10713 2.8 x 10~ 14
Cs 8.6 x 10714 2.1 x 10714



combine
AC+DC
transport

) fractlon non-local
not d action
Ay =da # 1

probe by Aharonov-Bohm effect on

underdoped cuprates:
extra dimensions




