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Naturalness problems in particle physics gravity

1 E W hierarchy problem

my K N A more fundamental scale

2 C C problem

Tru TeV

t
that couples to gravity

not enforced by problem
symmetry based selection rules
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This talk

claim Things like these can happen naturally

are spontaneously brokensis

i

in NATURE

unaided undisturbed

by humans
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Experimental Data

1 It Solid
If

t.it

Ftl

up to surface
tension effects
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2 Ay bar beam rod w free body conditions

Iffy wok

It o

as opposed to string
w tension

7
1
7

worth

well known to Euler Bernoulli Frei vogel thanks
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QFT EFT understanding

Bulk dynamits of 3D solid

I

III

I
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d o f ft I.tl 3 solar fields

equilibrium configuration ground state

L x1 x x GI
T

compression dilation level

can also rotate shear boost

Symmetries Poincaré
T
by Cal need

t Etat

F H ft
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Action S G Bts d'x t higher d's

BITE draftdraft

G invariant under H
related to eq of state

Phonons It x a x t Tta

S fax I Icf Dx 1 Ic p.at t
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Boundary Boundary is fixed
in condign space

fr
g to 9

to

S fax 0 Flat G Bt
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EOM

Op 0 141184 245 0

Bulk Ti const 4 ext u

Bdy Tijni so

Ti so everywhere fixes a

Not enforced by symmetry
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Equivalently

S fax Off 141 G BET

Veg a

Y
Yas

T
at xx't

canoeing volume

I coast

Tj 0

VetsIVfflal o

3G G d o
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Phonons again 4th x x't II x1

BIT y Tt da t da da

S Jax O F t feat't

I G t ftp a dat outa t

Does the relaxation condition set same coefficients

to zero Only at the boundary
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S S bath t Shady

South fax I Icf text Ic p.at t

Sbd Ici f at dÉ Exel

Not immediately obvious what the constrait is
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3D Solid ID bar

Bar til solid embedded in 3 11

1 X Gt 4 one

4,10 I
embedding

Isolid
coming

Coordinates coordinate

S dede Old f gina G B

g p 4 dax dpt B g
P daddpd
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Ground state Nfa t t

1
X o e of

G

X X o

4 Gt d o

Vegf x L GI relaxes to

I
Too o
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Perturbations d lo t 2 at plo.tl

x 13 Ge o t it o e

XM gimp yap dat dpt enforced by

so og
after

dat Opt

I T d d 0 at 2 2

I not enforced
by symmetries16



S f do de I É Eton
higher d's k R I

I É I Eat

w k
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Dimensional reduction 2D ID

t.IE

I t x't a I ti I 1,2

Static Green's function

G x feltdydy a x y t ti o y o
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Classical RG flow

G Ill In fo Ek
E fki.ci

G h

P É o
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Surface Tension

Back to 3D solid

S S ball Sbd

Sbu 0 Fal IG Bet d's

Sba e f offal loft
fbdyfgf.ggf

coma wing UV length scale

e's t e'd t
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Bdy Eon modified

Ti 0 f sues ee sacs

moving
curvature

radius of
solid

oI

Why are solids large
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Potential application to Cc problem

xx Ti o

4 Bt T o

5 d4 0 F 4,47 G of 0ft

super solid bounded in space andtime

EOM Tru o everywhere but
No relaxation initial
conditions have to be right
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Conclusions

Explicit examples of apparent fine tunings innate
More examples apparently unrelated

1 scalars at finite density

2 Vacuum energy
in framids

General lesson

Applications for hierarchy and cc problems
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