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Motivation

¥ Cosmological history modibed in models where the CC is protected
dynamically, i.e. dy
non-linearly realized conformal invariance

¥ Phase transitions generally contribute dynamically to vacuum enert
- only end result is tiny!




Dueling order parameters

f: O.P. for CC relaxation Low T min
small CC

High T min

small CC large CC’7
metastable=mini-inf3ation?

®: O.P. for early
universe P.T. (Higgs, !SB)




Scale Transformations

very small bird, normal leaf?

(’)(X) — (’)’(x) — O‘A(’)(eax) kind of small bird, big leaf?

' IS hon-perturbative quantum
operator scalinglimension

S — S+ Z/d% ag;(A; — 4)O;(x)




Spontaneous breaking

Low, Manohar O(

"xX)! "(ex)+ ! f

f1 fy%fe //
Restores symmetry to LEEFT




The Dilaton Quartic

2

T

dilaton quartic

(" ! )2 + higher derivative terms

¥ a > 0-f=0 (no breaking)!

Fubini O76 ¥ a<0-f=# (runaway)

¥ a = 0- f = anything (Rat direction)



Near-Marginal Deformatio

#HS = /d4x$(,u)(9

V(f):af4%§V(f)—

Ao T N7

—

Deformation can stabilize f away from origin

Vi=f3[AF(Q (F)+ "F'(1 (f)]=0




The Dilaton Mass

m:, = f2B[BF" +4F' + B'F']" 4f 2BF'(\(f)) = # 16f *F (\(f))

small, so dilaton is light, right?

4
A ~ 16! 2

PR T 161 2 f4

Need large$ to Pnd minimumnv' = f3@rQ )+ "F'(¢ (f)] =0
Theory not conformal at scale frro light dilaton

m3, ! 25@ *f! | © 3TeV not suppressed
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CPR i1dea

Contino, Pomarol, Rattazzi (Talk at Planck 2010)

¥ F@) generically large, but¥bnear marginal forange

of % theory will scan over F with scale
|

¥Iarge F will not generate spontaneously broken sc
Invariance

¥ minimum when F ~ 0!

¥di|aton mass proportional t&:



Various dynamical possibilitie
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Typical 1o 0¥ Walking,
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Cartoon

theory runs through quartic
landscapalowly until small
valuedynamically found

H%' )) dilaton potential mih

here (f << Mp)
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0= Mp




Naturally Light Dilaton, Small CC

5D scalar min. ! 1 1
coupled to gravity: S = /d5x\/§ D) (0p8)” =V () ) 12 R
) + prane potentials -

small$ < slowly changingV(: V(1) = As +"f (1)

see also Coradeschi, Lodone,

Csiki, Bellazzini, JH, Serra, Terning 1305.39%kadopubo, Rattazzi, vitale

(1306.4601)

Metric Ansatz:! 2 | 2A (V) v 2
. ds® = $,, dx"d d
Rat 4D slices ° c L Y

OTrue scaleO coordinates: g = ke™

+) — — e 2
Sy SWS 2 (y(y)c)l ,  AdS/CFT: EOM capture
ds® = e *Yn, dx"dx’ Y running even when far
G(y) from AdS
Deviations from pure AdS encoded in G(y)




Scalar-Einstein Equations

Equations of motion:

TN

2G G!"

Can substitute G(y) in terms of scalar vev In last equatic
Master Evolution Equation: Backreaction ter

. : 3 Odlog V(o) K2 .. AdS/CFT:
¢_4(¢ 262 O¢ )(1_E¢ ¢ ~ log A

Captures running (and condensation) of
sourced operators in ~CFT




Dilaton Effective Potential

Bulk action total derivative (Bellazzini et. al. 1305.3919
Integrates to pure boundary term, along with brane localiz
potentials and jump Contributions

» 6 # » 6 #
Vegg = € 40 Vo(¢()’o)) 3 G(yo) +e ™ V1(¢(Y1))+ " G(y1)

Uuv brane IR brane
Ho = ke™¥° H; = ke ¥

What Is the behavior of the dilaton effective potential!
for various bulk scalar potentials?!
(various deformations of CFT)

Task = work out UV and IRasymptotics

How Is spontaneously broken scale invariance manifested



WhereOs the IR brane?

B.C.Os from brane potentlal
Vi=A1+7(¢— 1)

¢ in Ostiff braneO limit

Generic Potential: |

Imposing B.C.C)$z+\E(y1—yC) —1, NDA: ¢1= few -/1/x?

Chacko, Mishra, Stolarski

MY _ yemys &, Easilydeep into !
f> = Ve V1 = exp [\/;(051 ¢c)} ~ O(.01 -1) non-AdS region



Constant V (exact CFT)

V()= i

Master Evolution Equation: U
' "2

15¢

Co:nd. IR

=410 11 1
12

Solutign: Si@gula&rity#at’y#

1 0

l = 1,4+ 1 1—zlog V' ¥e) 1+ 1+ €80’y
4 n?o U | /8J_
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G=k* 1+ 3




Plug Into Holographic Dilaton Potent

_ 4y 6 # iy, 6 #
Veg =  Vo(o(Yo)) — 2 G(yo) +e ™ Vi(o(y1)) + 2 G(y1)

Substitute and re-arrange:
' ok 1 127% 4 v "1 (s
_ 0
Viilaton = Vo(to) %5 = 7 "2 K E(! 0)t2k - +0O ™

Bare C.C. Dilaton quartic
+ subleading terms of ordet ¢/f)*

Message:
soft wall geometricmnodel of spontaneously broken scale invaria
IR brane playsubdominant role:!
just cuts off growth of scalar Peld and curvature




General bulk potentials: UV

Small Bulk Mass Term
65> 2 2

V = 1+ —&!
$2 3

Approximate (small backreaction) solution:
| = | Oe!y + #6(4—!)()’—)’0)

$ %
G(y) =k 1+ O(e! 8(yc! yo)) (

UV contribution to dilaton effective potential:

ok
Vo(po€¥?) " p

Bare CC marginal Oalmost quarticO




General bulk potentials: IR

P@gzﬂnetrize:

- 12
6= -

(1 " 5U|R )

IR Universality

Gly) = & 10y V)

In deep IR

, - 1d
Mprp="8 1" é@logv(ﬁb) OVIR
Integrable In asymptotic limit!
V(! (y) g 80! vo)

V(! (ye))

Expand scalar EOM !
In smalkv:

"Vr = #

$2
G =" V(! (y))ePr! ve) _
R =" gV C e Generatespure quartic:
F T

6 n " 2 ‘VO &.4

VR = € ¥ Vil (y))+ 75 G(y1) !




Resulting Dilaton Potential

Vdilaton = _,Uef4_€ + )\f4

At min:

: 1 1/ _ 4
T Vdilaton - f

f ~ | 4

CC Is suppressed b§

Up to kinetic term normalization of dilaton:

2 2
M 3gilaton | €f




Finite Temperature

Black hole In AdS
Same action - euclidean signature, gompactibed i{eR=1/T}

| | 1 dy?
ds®* = e h(y)dt* + di? +
hy) G(y)

Einstein Equations:
Master Evolution Equation:

e (0-at5) (i)
—

0

Horizon B.C .Os:

Holographic Dilaton Potential:

)
Vaiaton = € Y°h(yo) Vo(" (Yo)) ! #_62( G(yo) + € “*h(yr) Vi("(yw)+ #_62(




Black Brane

ds® = e

Goal:
ODbtain continuous
V(f, T) moving

between ~AdS and |

~AdS

Distinct from:
Creminelli, Nicolis, Rattazzi
hep-th:0107141

! [ 1
Y h(y)dt? + di* +

UV

1 dy?
h(y) G(y)

Cond.

) AdS Clothe
NEUG
Singularity

~AdS

y8=I Y1
h(y1) =0

Near horizon geometry typically divergent (hairy)!
out-of-equilibrium
Equilibrium temp: agjustyo remove conical singularity

Teq =

e! Y1
2!

BV () e



Constant V (exact CFT)

Evolution equations again integrable:

Solution:
$=%,+C logh

Finite temperature ruins the [3at direction!
Constant,* no condensate region- UNBROKEN CFT

AdS-Schwarzchild
h=11 e*(Y—Yn) G = k?

Plugging into holo. potential (free energy):
Fpgss ! T°




General Potentials

6k2  $?
V = 1+ —&»4
2 3

Horizon B.C Os: @ _ 3 #|09V§ = "

yvo  2'%  #! o

In principle, there seems to be no great obstacle:!

Yh

horizon doesnOt force trivial = Constant

In practice, goal of numerical solutions with horizon at Pnit
and condensate region has provextraordinarily stubborn
condensate forces horizon to y=

Likely due to fragility of condensate under small
perturbations (I.e. low temp)
appearing as numerical stabllity iIssues




Conclusions

¥ Models that make progress on the CC problem are few and far
between!

¥We explore variants and pheno of holographic CPR:!
¥ Bellazzini, Cstki, JH, Serra, Terning 13053919

¥ Among this class of models are ones in which SBSI manifestsi@suous
~ geometries goft wall SBSI) with IR brane playing lesser role as cutoff!




Thank you!

e




