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Cosmology saves the day
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BICEP2 daims to have observed

BICEPZ2: B signal
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a large tensor to scalar ration implies

Pl

Al >M

large Peld excursions:

requires a very small, very (3at potential



Approximate Symmetnas cam
lead thp ldaggessppressstns

Pseudo-Nambu-Goldstone bosons have suppressed
massesand non-derivative couplings!

axion-like models are possible candidates for the inf3aton!
OmonodromyO can lead to large beld excursions

Freese et al. Phys. Rev. Lett. 65 (1990) 3233!
I

Silverstein, Westphal hep-th/0803.3085 !



Are pseudo-scalar artam-likiee
modigls the only passibiliti??

|
|
spontaneous scale invariance breaking lead to a
scalar dilaton!

the group and vacuum manifold are non-compact,!
leading naturally to large Peld excursions



Scale invariantt agtioon

X! X'=e 'X

O(x)! O'(x)=¢e"' O(e x)

S= d*xgOi(x)" S'= d*xe' 1" D g 0;(x)

invariance requires | =4



EfiectivectitBevy yofdirdkeken
scale invariaince

10" = f"
Goldstone boson o(x) — ole“r) + af
non-linear realization | = fe'ff

Lot = L ago(4)™ "+ %(#u")2+ Gy

a la Callan, Coleman, Wess, and Zumino

a4 (#")* N



Runaway Galdttome Bason

1
Log = —ax*+ =(0yx)* +...

o e

guartic coupling
a> 0

a <0

|
+~0

for exact conformal symmetry! <X> —
need a [3at direction to have!
spontaneous breaking a=10



Pertuntiaitosnbyyaaralhost t
marginal operattar
0L = ANN)O

v

V=ax"—=V=aXx))x"*

V' =" [4a(A(x)) + Ba'(A(x))] = 0

mg; =~ 4(x)°Ba’ (A((x))) = O(167°)(x)*

still need approximate 3at direction!
QCD-like theories donCt have light dilatons, Phys.Lett B200 (1988) 338



Randiall-Sundirum is dual thhaa
spomtaneousily broken CIFIT

UV IR

why is there a Rat direction without SUSY?



Tuning a RattcdieetbonnmRBS

R\* R\*
Veit = Vo + Vi (§> + AR (1 — (ﬁ) )

brane tensions 5D cosmo. constant

Veff p— VO —|— A(5)R _|_ X4 (V]_R4 — A(5)R5)

4D cosmo. constant guartic coupling

why Is there a stable solution?!

Csaki, Graesser, Kolda, JT hep-ph/Q906513, hep-ph/©911406


http://inspirehep.net/author/Graesser%2C%20Michael?recid=502413&ln=en
http://inspirehep.net/author/Kolda%2C%20Christopher%20F.?recid=502413&ln=en
http://inspirehep.net/author/Terning%2C%20John?recid=502413&ln=en

Goldiberger-Wise stedbilieeld_RS5

m2

14" )

adding a marginally relevant operator to CFT

hep-ph/P907447


http://arxiv.org/abs/hep-ph/9907447

EffectivesTHeasyyfdo S SalelininG ravityity

- 1
L=vV=g | R=5(VX)" = V()| + ALGu X) + Lar (g X, ©)

dilaton h_|gh_er ! matter
derivatives
2
Einstein Frame: O ! M, Ou!
: ! 2I‘" 5 I

28
M2, 1 ) '
L=+/—g 5 R—§(V0') —Vi(o)| + AL+ Ly
4
V(o) = Mfl Vix(o)) ~ const.



Einstein Frame: Flat Poteniiad|

BYE 1
E:\/—g QPZR—§(VU)2—V(O_) —|—A£+£M
_ Inf3aton _ h.igh.er! matter
derivatives
M4
V(U) = Lt V(ff(g)) ~ const.
162 x*(o)
o= My (L)
VE (x)
example: oo ~ 107 (g) ~ TeV (o) ~ Mpy
T 1T 15Mp,

seemingly Trans-Plankian



conserved !

UAYS

conserved !
stress-energy tensor

IR

composite !
graviton

coupling

-
< . I> composite !
coupling
current gauge boson



conserved ! composite !

current gauge boson

conserved ! coadfing composﬁe |
stress-energy tensor graviton

compare to Seiberg duality



Goldiberger-Wise Potanttad!|

V()= 14"+ #

- $ n 1/'
VEV: n"g —
H

Einstein Frame:

M4|l2! "T 2
V()= =g el e

Al | Mp| 10g(" ()/M |:>|)

same as Starobinsky potential



Goldiberger-Wise: Slaw Rolll

N

: 2
" = M5, V(o) _ 2635
2 V(O') (1 _ 6! "#IM pl)2
V//(O_) ) i
W= Mpy = e (2 oot )
L L Vo) L evEoo/Mer 0
- M3, /0 Vo) do = 2e2¢€ _(6 1> V2Mp

single parameter: 6\/5




Goldiberger-Wise: [Iri$atioon
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Mattezririddoedd_CC
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V(I): ||2!4! #2!4!!+! |Z\L/|

OracetrackO inRation model
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0.3,
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non-compact analog of axion potential with =



Comdlus o13s

spontaneous scale invariance breaking!
In the gravity sector leads to a dilaton !
|
such a dilaton generically gives rise to slow-roll inf3ation!
consistent with large Peld inf3ation!
I

underlies many approximately scale invariant models



Backup Slides



Relevant operaitunss caaise roibiéens

L=A+m*H'H + Lgy + Li—a1n

With a consistent effective theory up to scale p,!

without tuning coefbcients go like:

2 1
g 4 2 In I"l _
16' 2 lu' y l"l y ) /’l‘n

observed values:

1

(1072 GeV)*  (126GeV)?  O(1) < (10 TeV)r



Antihiopic Jpeculations:

The Universe must be such that life can be
advanced enough to contemplate the Universe and
primitive enough to contemplate the anthropic principle.

WGP "Anthropic Principle"

Sometimes I wonder why the] T+'s like everything was made
universe is two-dimensional } just for us. After dll, if Damn I'm smart.
fhough'rs didn't float in magical

Or, why does time 0
bubbles in the air, there would
be no sentient beings to wonde 0

why they do that.

always come in three}f
discrete chunks?



5 spontaneously broken confarmall
generators gjue ane Goldstone Bosom
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Sydney ColemanOAspects of SymmetryQ
see also lan Low, hep-th/0110285



SUSY 3-2 Model Is & BBakem CFT

SU3) SU((2)| U() U®)g

Q| O ] 1/3 1

L 1 ] —1 -3

U| O 1 —4/3 -8

D| O 1 2/3 4
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SUSY 3-2 Model Is an Bakem CFT

SU3) SU(2) | UQ) U®1)g
Q| O [] 1/3 1
L 1 [] —1 -3
Uv| 0O 1 | —4/3 -8
D| O 1 2/3 4

|
[l " = —3
- n1/7

main = M@) = A% TA;

Viin & A2 < ¢ >4



Assurmimyg @n approximate [Fattdiieetodion

B d)\ B | b1 3
_dln,u_e)\'élw)\ + OA

V' = f3da + Bd'] = (4m)° 3 _400 | il Ao (%)6
i T 0/ _

—167’(‘00 > L/e

e (AmO)cl

hierarchy is possible



Assumimg @n approximate [Battddieetdion

\) = =X+ —\? 22
pA) dln p ‘ 47 0
fN (—167’(’60)1/6
"0\ A uo)es
m(21ﬂ N é NE)\ bl )\2
167%2f2 7 w1 4n?

need a marginal operator, perturbative coupling,!
and a tuned Rat direction



Withh bhukknmasss m° o

41 |

|l =142 " +c¢czZ
source condensate
2
T
- |

CFT operator O has dimension!

how do we spontaneously break the CFT?



Goldiberger-Wise sttabiieed_RS
Vo = Xol¢—wo)°
Vi = A(¢p—wv1)°

brane potentials

2.
1.

m<un\)u]w
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Goldiberger-Wise sthdblilieed_RSS
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brane potentials 5
Vi = M(¢—v)
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Goldiberger-Wise sttabiieed_RS

| Vo = oo — o)
brane potentials 5
Vi = M(¢—v)
3
2.5
2
1.5
1
0.5
O 1 2 3 4 5 O 1 2 3 4 5

now we can parameterize a broken CFT



