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Abstract: Two uncertainties define the prevailing attitude toward the LHC: uncertainty about what new physics it may find (if any); together
dissatisfaction with the "technical naturalness" arguments which (when applied to the hierarchy problem) help suggest what it should be look
The dissatisfaction arises because of a wide-spread despair about finding a technically natural solution to the cosmological constant problem
much effort spent seeking it. In this talk | describe a mechanism within supersymmetric extra-dimensional theories that allows the low-e
effective cosmological constant naturally to be of order the Kaluza-Klein scale. If this is the solution to the cosmological constant problem, 1
requires extra dimensions that are both very supersymmetric and large enough to be relevant to the LHC (with the - so far successful - pr
that no MSSM patrticles will be discovered there, despite the low-energy supersymmetry)
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Extra Dimensions, the LHC & the
Cosmological Constant Problem
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Extra Dimensions, the LHC & the
Cosmological Constant Problem

Why extra dimensions must be

large and supersymmetric
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The message:

* The cosmological constant problem is telling
us that there must be two micron-sized
dimensions (plus possibly more smaller ones)
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The message:

e These dimensions must be supersymmetric
(but need NOT require the MSSM)
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The message:

e These dimensions must be supersymmetric
(but need NOT require the MSSM)

Pl Jan 2012

irsa: 12010130 Page 7/122




[

“...when you have eliminated the
impossible, whatever remains, however

improbable, must be the truth.”

A. Conan Doyle
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The message:

 More generally: back-reaction for higher
codimension objects is a very promising, but
largely unexplored area
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Outline

e Hierarchy problems in nature

« Cosmological constant: the dog that didn’t bark
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Outline

 How extra dimensions can help

* Why they must be big and supersymmetric

* An explicit realization
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Outline

 Opportunities and concerns
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Hierarchy problems




Hierarchy problems

« Ideas for what lies beyond the Standard Model
el are largely driven by ‘technical naturalness’.

« Motivated by belief SM i1s an effective field theory.

Lspy = m? JH*H + dimensionless

m?* = m?_  + higher order ~ (126 GeV)?
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Hierarchy problems

« But the SM has another unnatural parameter

« Even more unnatural than the EW hierarchy.

Lsp = H?o + m? H*H + dimensionless

u? = u®, + higher order ~ (3 X 1077 el)*
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Hierarchy problems

’ But the SM has another unnatural parameter

i t 3 3<% 1a " =
b - 294 N 1L TY l) | == 1Tt
. ! g ¥

Lovg = UZg + m,z(.) H ] xlitinlensionless

M2=f-’20 8 higher order k05 X 10 el)?
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Hierarchy problems

’ - Dzt tlan ONA oo asmatlhh s sysvsnantrizrsen]l sansensas At s

Why this? How do you change properties
of low-energy particles (like the
electron) so that their zero-point
energy does not gravitate, even
though quantum effects do
gravitate in atoms/!

Must change only gravity and
not any of their other well-

tested properties.
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Hierarchy problems
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* Where does absence of a technically natural cc
take us as a field?

« Abandon naturalness as a criterion (and along with
it motivations for supersymmetry, technicolour,

etc...)?
e
2 } ;__

Rl S
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Extra dimensions

can help




Helpful extra dimensions

* General arguments

* An explicit realization
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Helpful extra dimensions

G
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The Problem:

fr—

R

Einstein’s equations make a lorentz-invariant vacuum
energy (which is generically large) an obstruction to
a close-to-flat spacetime (which we see around us)

Tuv = A 9 uv

Gyuv = 8G Ty,
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Helpful extra dimensions

G
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The Problem:

fo—

S—

Einstein’s equations make a lorentz-invariant vacuum
energy (which is generically large) an obstruction to
a close-to-flat spacetime (which we see around us)

Tuv = A 9 uv

Gyuv = 8G Ty,
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Arkani-Hamed et al

( 'r!/“i'()/f’ & Guica

Helpful extra dimensions Kachru et al

G
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The Problem:

o

- ——— g— Aghababaie et al

Einstein’s equations make a lorentz-invariant vacuum

ene X ot
A ol But this need not be true if there are

more than 4 dimensions!!

Tuv = A 9 uv

Gyuv = 8G Ty,
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Arkani-Hamed et al

Carroll & Guica

Helpful extra dimensions Kachru et al
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Helpful extra dimensions

G
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Arkani-Hamed et al

Carroll & Guica

Helpful extra dimensions Kachru et al

G
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The Problem:

- ——— p— Aghababaie et al

Einstein’s equations make a lorentz-invariant vacuum

ene . .
A ol But this need not be true if there are

more than 4 dimensions!!

Tuv = A 9 uv

Gyuv = 8G Ty,
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G
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o

Why not?

String

Helpful extra dimensions

Vilenkin et al

a

Need not be lorentz invariant in the extra dimensions

Vacuum energy might curve extra dimensions, rather
than the ones we see (eg gravity field of a cosmic
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Helpful extra dimensions e,

- N —— — Aghababaie et al

« A higher-dimensional analog:

G « Similar (classical) examples also with a 4D brane 1n
two extra dimensions: e.g. the rugby ball and related
solutions
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Helpful extra dimensions

- P — Aghababaie et al

« A higher-dimensional analog:

G « Similar (classical) examples also with a 4D brane 1n
two extra dimensions: e.g. the rugby ball and related
solutions
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fr— S—

1 1°

Particles can be localized on
surfaces (branes, or defects)
within the extra dimensions

Gravity i1s
not similarly

localized

Helpful extra dimensions

Rubakov & Shaposhnikov
Polchinski

nalog:
ples also with a 4D brane in

or

2. the rugby ball and related
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Gravity i1s
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localized

Helpful extra dimensions
Particles can be localized on
surfaces (branes, or defects)
within the extra dimensions

Rubakov & Shaposhnikov
Polchinski

nalog:
ples also with a 4D brane 1n

or

g. the rugby ball and related
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Helpful extra dimensions

. a 1 - - o s e a =y

| A1 3 1 - | Notice: this framework
Particles can be localized on manages to modify how
surfaces (branes, or defects)
within the extra dimensions

things gravitate without
strongly modifying

other interactions

Gravity i1s

not similarly

localized
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Helpful extra dimensions

- S ———— — Chen, Luty & Ponton

* A higher-dimensional analog:

G « Similar (classical) examples also with a 4D brane 1n
two extra dimensions: e.g. the rugby ball and related
solutions

R = —2i2 ZTI- 52 (x;)

2}162 | d?x R

= (0 for all 7,

4D cc = D, T; +
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Helpful extra dimensions

: I(/L'/'/’L'!'_Ejf_'i' et al

Remarkably: tAis is
possible if they are

e A higher-dimensional a

G « Similar (classical) exam
two extra dimensions: e| Smaller than 45 pam

and particles stuck on
branes

* Requires:

» Radius as large as microns
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Helpful extra dimensions

G
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f— -—

Arkani-Hamed et al

A higher-dimensional a
« Similar (classical) exam
two extra dimensions: e.

Requires:
 Radius as large as microns

e At most two dimensions

Remarkably: consistent
with EW hierarchy if

precisely two
dimensions this large

; — 2
since M,, = M ?
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van Nierop, Tasinato

Helpful extra dimensions T B e Rham,

fr— -—

Otherwise bulk cannot
respond to branes.
lechnical difficulty:
bulk fields diverge at
brane positions

e A higher-dimensional a
G « Similar (classical) exam
two extra dimensions: e.

* Requires:

» Radius as large as microns

"/”/) /

e At most two dimensions

' - L -
\,’M

» Back-reaction of the branes
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Helpful extra dimensions

« An explicit realization
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Helpful extra dimensions

Pirsa: 12010130

fr— -—

Must re-ask the cosmological constant problem:

Some choices for the branes make the resulting on-
brane geometry flat (classically), but other known
choices do not: must identify the ‘flat’ choices.

Once flat choices are made in UV, do they stay made
at the quantum level as successive scales are
integrated out?

Pl Jan 2012
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Helpful extra dimensions

Al
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» 6D Einstein-Maxwell-scalar system

L = 55 [R +(3)?] +e~ FpnF™ + V()

Two cases (both with flat directions):

2

6D sugra: choose a = / and V = Z—;fg—e‘f’

6D axion with SUSY¥: a=0andV = A

Nishino

, DezZgin
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Helpful extra dimensions

Aghababaie et al

« Exact classical result (for SUSY case): if
ds“ = e<W g,y dxtdxV + dr< + e<®do=

e Aj then
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Helpful extra dimensions

= - m. neet p— Gibbons. Guver & /“u;)g

Aghababaie et al

 Exact classical resy /n particular,
R=0ifn-Vgp=0

at the brane positions

ds?4 = ezwg’jﬂv dx (All such solutions

are explicitly known)

Af then
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Carroll & Guica
Aghababaie et al

Helpful extra dimensions

 Simple solution
ds? = Gmndx™ dx™ + [dr? + a?L? sin? (E) dB?2]e—2%o

Tr
F,.o = QalL sin (Z) e —ado b = b,
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Carroll & Guica

Helpful extra dimensions

-- —— 2 Aghababaie et al

« Simple solution

ds? = Gmndx™ dx™ + [dr? + a?L? sin? (E) dB?]e—2%o

T
F,o = Qal sin (Z) e —adbo b = b,

M

Magnetic flux required
to stabilize extra
dimensions against
gravitational collapse
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Carroll & Guica
Aghababaie et al

Helpful extra dimensions

o -—

« Simple solution

ds® = Gondx™ dx™ + [dr* + a“L” sin” (E) dO2]e %o

T
F,o = QalL sin (Z) e —adbo b = P,

E

[Labels flat direction
(which exists due to
shift symmetry or scale
invariance)
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Carroll & Guica
Aghababaie et al

Helpful extra dimensions

o -—

« Simple solution

ds? = Gmndx™ dx™ + [dr? + a?L? sin? (E) dB?2]e—2%o

&
F.o = Qal sin (z) e ~a%Po b = ¢y

For later: notice radius
1s exponential 1n the
flat direction ¢, 1in the
SUSY case
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Helpful extra dimensions

« Simple solution (including back-reaction)
ds? = Gmndx™ dx™ + [dr? + a?L? sin? (E) dO2]e %o

r
F,o = Qal sin (z) e —a%o b = Py
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Helpful extra dimensions

« Simple solution (non-SUSY case)

F,o = Qal sin (E)

P = Po

Field equations
3Q%
= )2 A
(55 e)
R = k2(Q2% — 2A)

= Fundx™ dx™ + dr* 4+ a*L” sin* (E) d o4

Carroll & Guica

Flux quantization

= 2alcQ
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Helpful extra dimensions

-

« Simple solution (non-SUSY case)

F,o = Qal sin (E)

P = o

Field equations
304
= )2 A
< (55e)
R = k?2(Q?%? — 2A)

= Joindx™ dx™ + dr* + a*L° sin“ (E) d o4

Carroll & Guica

Flux quantization

= 2al<0
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Helpful extra dimensions

« Simple solution (non-SUSY case)
= Frndx™ dx™ 4+ dr* + a“L” sin* (E) dB?

F,o = QalL sin (E)
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