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Motivalkion

- Cawn Dark Makter c;w\ij have qravitational interactiomn:
- Yes, bubk interactions are Planck scale s uppress ed.

- Caln Darke Matter thj have qravitational interactiomn:
and and still behave Like o WIMP?

- Yes!
SE;vai.e Examgte:

Lpm = % PO — %mszz -
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Particle Conkent

g TOM@.‘” Q‘f WassiLve SF&V\“Z SEQ&@.;‘S h//w S = Spuik + Syv + SiRr ,

o Radion (T)

i s
Sbulk = §M§’/d43)/d90\/5(R_ 2AB)7
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SM *ﬁM tOMPLQ %O Xhﬂy(T/,(tiM) —I— T//(t?M)) SIR:/d437/dﬁo\/%(_WR+£IR)5(90_7T)a

o AN=M, e e (Usu,ai.i.v a few TeV or more)

Lpm = % PO — %m2¢2 -
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Wi = the bad h L) h ener I9Y
qrowth?

o Counting enerqgy from
polarization and vertices ;| we
see that the energy of the
o\mPLE;Eucie should grow Like

s> (E®)

® = Unitarity is violated at a
scale wmuch smaller Ehan A
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Counting enerqgy from
polarizat. v and vertices |, we
see that F' _ ‘nergy of the
amplitude should grow Like

57 (E6)

—>Unikar. s vioclated ok a
scale wav  « ¢ caller Ehan A
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Wi = the bad h L) h ener I9Y
qrowth?

o Counting enerqy from
polarizat. v and vertices |, we
see that F' _ ‘nergy of the
amplitude should grow Like

s> (E®)

8 —Unikar. s violaked of a Diffeomorphism invariance

stiole g Dileriid Pra&e&s &mpii&ud@. »fra»m bad high

ehergi growkth! How?
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UV\L&QT&? A Exbra
DineinsLons

o Leb’s Llook at 2 — 2 scattering of gqravitons - worskt
high enerqy behavior
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Preliminarie

o Decompose the §D graviton field into a
tower of 4D fields

o Determine the fifth dimensional wave
function for each mode from the Sturm-
Licuville Frobi.ém

o Wave functions are orthogonal and complete

o Substitute wave functions inko overlap
integrals that set the couplings of the

vertices

avn = [ o 240,00 00
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- 2 (o, . 9 - ¥ 2 AF ecach order 0{: S, relakions
M (cos ) = — (7 4 cos 2) sin” ¢ | ’

mre  2304m8 | Tmmnn £ Tnng between overlap integrals ensure

that the bad high energy growth

.2 )

o k(T4 cos260)? :
M( )(COS 9) — W-?‘CW 477111””7‘&1’11’1 32 nljannj VQMLSL‘QS
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M(B) 5 k2 sin® 6 Z m;; o > E:XO‘MF’,LQ' annj # annnn
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9b727,n'r' 2 . . .
e Mg o Possible to prove anat:ﬁwattv using

ﬁompteﬁehess and orEkogomat&v

(2) _ k* [7 + cos(20)] |
864 mr. my; - o Finally, as expected, we find that
8 the amPLLEu&e grows as 0(s) =>

+ ~Annnn —

3 Unitarity violated ot ~ A~ M, e™"
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What about a Stabilized
Exbtra dimension?

o In its original formulation RS consists of a massless radion
—> Casimir force that renders the extra-dimension unstable.

o Alternately, a massless radion leads to a Brans-Dicke (Scalar-
Tensor) theory of gravity and contradicts experiments when
there is matter on the TeV Brane.

o Goldberger-Wise mechanism can provide mass to the radion
and stabilize the extra-dimension.
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Radlon and
Lbudes

o Nai;vei.v adding a mass term bj hand ko the radio
Propaga%or messes up the sum rules and the

ampti&ude grows as O(s?)

o This koo must cancel due to di{{eomorgkmm
tavartance
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er—-Wise Mechainism

o Introduce a Bulk Scalar field thak

acquires a vev ¢)(y) that varies with
the dimension § coordinate.

This R‘Lmefzitai.tj mixes with Ehe
radion field and is the source of
tks mass,

We end up with two towers of
scalar fields one corresponding to
the modulus and the other to the
bulle scalar. We can use the
residual gauge freedom to
totiapse this into a single tower



Two Towers
o The radiown is

Ed@.h&i“fiﬁ& as the A Tower of Gravitons  Tower of|Scalars
Lightest mode of the '
tower of scalars.

® The order s° qrowth
of the amplitude due
to the mass of the
radion is cancelled
by the remainder of
the scalar tower

+00
2 5. 5 1 4 2 1 4
an'n’(z’) s _Cn’n’n'n’ + ~ na’nnO + na'nnnn

9 9 o7t

1=0
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o The radiown is
identified as the
Lightest mode of the
tower of scalars.

® The order s° qrowth
of the amplitude due
to the mass of the
radion is cancelled
bv the remainder of
the scalar tower

Two Towers

Tower of Gravitons Tower of|Scalars

Sum up to spin-2 KK number j,.x
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SUYVMIMAT

o Apparent bad high energy growth of massive graviton scattering amplitudes in compactifield Extra
dimensional theories are tamed by diffeomorphism invariance.

o Uncovered sum rules that ensure this cancellation, This also prov&d@.s a cross-check for our
wavefunctions, couplings and masses- important for implementing in phenomenoclogical
agpt&«toﬂams‘

o Unstabilized model: Cancellations between single tower of states and couplings.
o Stabilized model: Cancellations between two towers
o Validiby of 4D EFT - does not depend on modulus sktabilization
o §D Planck Scale for flat stabilized models
° A= M, e e for warped RS model
o In order to demonstrate this
o Determined the Lagrangian of the stabilized model up to quartic order - this is hon-trivial

o First calculation to involve full dynamics of a stabilized model.,
14



