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Extra-dimensions and RS models

Theoretical issue with Standard Model

Hierarchy/ naturalness problem (Mgw ~ 10° GeV, Mp; ~ 101 GeV); Small-
ness of Higgs mass (126 GeV)

@ Some solutions: SUSY, Composite Higgs, etc.

@ Randall-Sundrum models- Elegant geometric solution

Spontaneously broken CFT
on boundary

ds? = e AW 42 — dy?

@ A(y) = ky = pure AdS. k is in-

verse curvature

AdS
$1/2,

o KK mode scale, f ~ ke k(y1-y0)
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Stabilizing the geometry

@ Currently, y; — yp is arbitrary
@ Phenomenology requires Mp;/ Mg hierarchy

@ Radion: Relative motion of branes d.o.f = Exact Goldstone of broken
CFT

stabtlization stabilization
extreme fine-tuning fixes y1 — yo
Radion flat direction | Correct low energy pheno,
early universe cosmology

@ Goldberger-Wise stabilization mechanism- introduce ¢ that gains (¢)(y),
deforms AdS geometry (coupling RG evolution)

@ Creates effective Radion (pseudo-Goldstone) potential

@ Remaining fine-tuning fixes effective 4D cosmological constant (CC)
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Radion Potential

V;‘adion

¢Q)

H*>0 ¢(y, t) . t)

Map out stationary points of Radion potential and try to address dynamics
connecting them (Phase transition?)
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Finite Temperature RS Phase Transition

Strongly first order '2. Stuck in Eternal inflation
V;a‘dion

Euclidean
AdS-
Schwarzchild

RS 2-brane
solution

Is there a non-equilibrium solution?
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Set-up

dy2
G3(y)

ds® = e (dt“2 - e2thx32) —

@ Two classes of solutions:

5= [ &[5 (0n6) - V(6) - 5 3R] + S

5071 = —/d4X\/go,1>\0,1((b) (Stiff—wall potential)
g T




Scalar solutions

o(y)
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@ H keeps scalar small (RG evolution scale can't be larger than the uni-
versel!)

@ Under perturbative control

Bharath Sambasivam (Syracuse U.) Pheno '22 May 10, 2022 7/12



Cartoon of potential

V;adion
m2>0
H?> >0

H? >0
m2<0

/

No H
backreaction

H backreaction

m? >0
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Spectra of modes® (horizon case)
Mode EoM in Schrédinger-form3-4 Mass gap
Radion —ﬁ"+(§A’2—6H2+%”—A’%’,’ﬂ(%’,’f—%)ﬁ:m?ﬁ 3H
Scalar —¢" + H? [% coth?(Hz) + %{(”;)] b= 12 %H
4D Vector —" - HT2 [cothz(Hz) + W] ¥ = p2e %HT
Fermions —f" + [mze_2A — mA'e‘A] f=p’f 0
Graviton —h" + H?[§ coth® (hz) + 5 | = w2 HP 3H

I 5-component of vector mode has no physical massive modes or zero modes
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Energ. Phys., 120

(2019)
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Cosmological History of the IR brane
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Conclusions

@ Studied out of equilibrium dynamics = conformal PT

@ ldentified and characterized stationary points of Radion potential with
4D inflationary metric ansatz

@ Solutions with UV, IR branes; UV brane, IR horizon (finite L)

@ Studied continuous spectra of modes in horizon case and identified mass
gaps

@ Considered background time dynamics, obtained numerical results for
IR brane motion in dynamic background

@ Ongoing work: Obtain approximate solutions to scalar equation and
construct toy model for GW stabilizing mechanism, consider order of
early universe PT
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Thank you ©

Contact: bsambasi@syr.edu
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Solutions

@ Solution to the Einstein Equations:

~EV(¢) + e H?
’f—;¢’2

G2 = ~V1+eYH?

@ Scalar equation of motion

@ yp, = 0o since |imymﬁ:o, but L:fG() Iogf,—yo
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Solutions with UV and IR branes

o Stiff-Wall potentials: Ag1(¢) = To1 + Wo,1(¢2 - V§,1)2, Y0,1 = 9

@ Small backreaction limit: T = % (£1+601)

aw [ 6 _ 6
V=€ | Xo(6) - 5 Go| + ¢ [\1(0) + 5 61|
6 6
N 1 VAV VA B S 1 NV AV SVAY
H* = 432 Toe _(Qbo) (¢o) ]— 432 Tie [(¢1) ( 1) ]
@ Example parameters: y; — yp ~ 36.8, Kk = % Vg = 5—10, Vi = % m? =

—0.1975 (ACFT by marginally relevant operator)
e Yields additional solution: y; ~52.7, Hpax = 5.8 x 1073°
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Solutions with UV brane and IR horizon

@ yj, — oo in these co-ordinates

@ IR BC — finiteness of ¢ at horizon

e ey (CmV) iy GV
el R T TG
@ No IR junction condition
6
2_ R~ —2y0
H? = = Toe | (85) ~ (¢6)]

@ Yields solution: L =79.5, Hyo % Hmax (1 - 10_27'5)
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Radion Spectrum
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Radion Spectrum (Horizon case)

@ Use co-ordinates: e” = e*(2) Ay _ o~A2) gy
G(y)

144 144
Ogs = F"' = F' (3A’ q; ) +F (4A’q; AT 6H2)

@ Rescale radion field, exp(3/2A)¢'F = F

144 144 1444
—I—:”+(%A’2—6H2+2A” %+2(¢ ) _¢_)ﬁ:m2ﬁ
@ In the y — oo limit,
—I:‘”+%H2F':m2F

LELGEWEY

This leads to a gapped continuum with a mass gap of u = %H
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Cosmological History of the IR Brane

d52:(

T

=\ 2
a%) (v, t)dt* — a*(y, t)dx3 — dy”

1.5

a’ =N, (t)e” + A_(t)e ™ - Eéo’

v(ﬁ@ﬁ—,)
a a

=\ 2
do 4
H2:(—) = 7 + 50(2-!—50)
do ao —— ——
—— vacuum energy
radiation
2 S -
K 1 Rag
=—T1, where y= —, [B=—
6 1- 32 a
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