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Abstract: The Planck-weak hierarchy is investigated in an extradimensional, soft-wall model originally proposed by Batell and Gherghetta. In this
model the soft-wall is dynamically generated by background i-eelds that, in the Einstein frame, cause the metric factor to deviate from anti-de Sitter
by a power-law of the conformal coordinate. This talk will demonstrate that in order to achieve the appropriate Planck-weak hierarchy, the power of
the conformal coordinate must be less than one. This in turn implies that the gravitational sector contains scalar i—#elds that act like unparticles

without a mass gap.

Pirsa: 10050014 Page 1/1362



I £ e e o L Ll e d iR T
Unparticle Solution to Hierarchy

Nicholas Setzer
with T. Gherghetta

University of Melbourne

May 7. 2010

irsa: 10050014 Page 2/1362




wutline

Introduction

The BG Soft-Wall Model
Achieving the Hierarchy
Fluctuations

Bulk Fields

Summary

irsa: 10050014 Page 3/1362




wutline

Introduction

The BG Soft-Wall Model
Achieving the Hierarchy
Fluctuations

Bulk Fields

Summary

irsa: 10050014 Page 4/1362




Introduction

The BG Soft-Wall Model
Achieving the Hierarchy
Fluctuations

Bulk Fields

Summary

irsa: 10050014 Page 5/1362




utline

Introduction

The BG Soft-Wall Model
Achieving the Hierarchy
Fluctuations

Bulk Fields

Summary

irsa: 10050014 Page 6/1362




wutline

Introduction

The BG Soft-Wall Model
Achieving the Hierarchy
Fluctuations

Bulk Fields

Summary

irsa: 10050014 Page 7/1362




Introduction

The BG Soft-Wall Model
Achieving the Hierarchy
Fluctuations

Bulk Fields

Summary

irsa: 10050014 Page 8/1362




utline

Introduction

The BG Soft-Wall Model
Achieving the Hierarchy
Fluctuations

Bulk Fields

Summary

irsa: 10050014 Page 9/1362




utline

Introduction

The BG Soft-Wall Model
Achieving the Hierarchy
Fluctuations

Bulk Fields

Summary

irsa: 10050014 Page 10/1362




utline

Introduction

The BG Soft-Wall Model
Achieving the Hierarchy
Fluctuations

Bulk Fields

Summary

irsa: 10050014 Page 11/1362




wutline

Introduction

The BG Soft-Wall Model
Achieving the Hierarchy
Fluctuations

Bulk Fields

Summary

irsa: 10050014 Page 12/1362




Introduction
iutline

Introduction

Pirsa: 10050014 Page 13/1362




irsa: 10050014

Introduction

e Planck Weak Hierarchy Problem

@ Higgs boson sensitive to highest scale of new physics

@ With only Standard Model, new physics is Planck scale
@ Need a way to separate Mp; ~ 10'° GeV and v, ~ 1 TeV
@ Warped Extra Dimension provides a way
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e Resulting interpretation of unparticle as a fractional number of
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e Unparticle conformal invariance broken [Fox, Rajaraman. and

Shirman]
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@ Answer hinted at by Stephanov

o Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 206/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

o Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 207/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

o Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 208/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 209/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 210/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

e Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 211/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 212/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 213/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 214/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 215/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

o Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 216/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

@ Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 217/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 218/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

e Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 219/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 220/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 221/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

o Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 222/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 223/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 224/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

@ Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 225/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

o Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 226/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 227/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 228/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 229/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

o Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 230/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 231/1362




Infroduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

o Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 232/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 233/1362




Infroduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 234/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

e Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 235/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 236/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

e Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 237/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

@ Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 238/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 239/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 240/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

e Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

@ Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 241/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

e Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 242/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

o Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 243/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 244/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

o Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 245/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

o Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 246/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

e Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 247/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 248/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 249/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

e Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 250/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

e Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 251/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 252/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 253/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

@ Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 254/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 255/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

o Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 256/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

o Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 257/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 258/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 259/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 260/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 261/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

e Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 262/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 263/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 264/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 265/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 266/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

o Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 267/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 268/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

o Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 269/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 270/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 271/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

o Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmetry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 272/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 273/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 274/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 275/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

o Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeitry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 276/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 277/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 278/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

o Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 279/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

e Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 280/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 281/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

o Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 282/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

e Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 283/1362




Introduction

/hat is an Unparticle?

@ Answer hinted at by Stephanov

@ Unparticle is an infinite tower of massive modes with small mass
spacing

@ Made precise by Falkowski and Pérez-Victoria

e Conformal symmeiry broken at low scales anyway
@ So use AdS/CFT to give 5D picture

@ Consider full 5D propagator

@ Result: no operator scaling dimension restriction

@ An unparticle is a continuous spectrum of excitations

irsa: 10050014 Page 284/1362




Introduction
e Walls

RS1 abruptly ends space at y = ™R

irsa: 10050014 Page 285/1362




Introduction
e Walls

RS1 abruptly ends space at y = 7R

irsa: 10050014 Page 286/1362




Introduction
e Walls

RS1 abruptly ends space at y = ™R

irsa: 10050014 Page 287/1362




Introduction
e Walls

RS1 abruptly ends space at y = R

irsa: 10050014 Page 288/1362




Introduction
e Walls

RS1 abruptly ends space at y = R

irsa: 10050014 Page 289/1362




Introduction
e Walls

RS1 abruptly ends space at y = R

irsa: 10050014 Page 290/1362




Introduction
e Walls

RS1 abruptly ends space at y = ™R

irsa: 10050014 Page 291/1362




Introduction
e Walls

RS1 abruptly ends space at y = ™R

irsa: 10050014 Page 292/1362




Introduction
e Walls

RS1 abruptly ends space at y = ™R

irsa: 10050014 Page 293/1362




Introduction
e Walls

RS1 abruptly ends space at y = ™R

irsa: 10050014 Page 294/1362




Introduction
e Walls

RS1 abruptly ends space at y = R

irsa: 10050014 Page 295/1362




Introduction
e Walls

RS1 abruptly ends space at y = ™R

irsa: 10050014 Page 296/1362




Introduction
e Walls

RS1 abruptly ends space at y = 7R

irsa: 10050014 Page 297/1362




Introduction
e Walls

RS1 abruptly ends space at y = R

irsa; 10050014 - Page 298/1362




Introduction
e Walls

RS1 abruptly ends space at y = 7R

irsa: 10050014 Page 299/1362




Introduction
e Walls

RS1 abruptly ends space at y = 7R

irsa: 10050014 Page 300/1362




Introduction
e Walls

RS1 abruptly ends space at y = 7R
RS2 has R — x

irsa: 10050014 Page 301/1362




Introduction
e Walls

RS1 abruptly ends space at y = 7R
RS2 has R — x

irsa: 10050014 Page 302/1362




Introduction
e Walls

RS1 abruptly ends space at y = 7R
RS2 has R — x

irsa: 10050014 Page 303/1362




Introduction
e Walls

RS1 abruptly ends space at y = 7R
RS2 has R — x

— :q—_ —
TTaAEE T -

irsa: 10050014 Page 304/1362




Introduction
e Walls

RS1 abruptly ends space at y = 7R
RS2 has R — x

irsa: 10050014 Page 305/1362




Introduction
e Walls

RS1 abruptly ends space at y = ™R
RS2 has R — x

irsa: 10050014 Page 306/1362




Introduction
e Walls

RS1 abruptly ends space at y = 7R
RS2 has R — x

Pirsa: 10050014 Page 307/1362




Introduction
e Walls

RS1 abruptly ends space at y = 7R
RS2 has R — x

irsa: 10050014 Page 308/1362




Introduction
e Walls

RS1 abruptly ends space at y = 7R
RS2 has R — x

irsa: 10050014 Page 309/1362




Introduction
e Walls

RS1 abruptly ends space at y = ™R
RS2 has A — x

irsa: 10050014 Page 310/1362




Introduction
e Walls

RS1 abruptly ends space at y = 7R
RS2 has R — x

irsa: 10050014 Page 311/1362




Introduction
e Walls

RS1 abruptly ends space at y = 7R
RS2 has R — x

irsa: 10050014 Page 312/1362




Introduction
e Walls

RS1 abruptly ends space at y = 7R
RS2 has R — x

Pirsa: 10050014 Page 313/1362




Introduction
e Walls

RS1 abruptly ends spaceat y =«
RS2 has A — x
Something in between?

irsa: 10050014

Page3147/1362




Introduction
e Walls

RS1 abruptly ends space at y = ™R
RS2 has R — x
Something in between?

irsa: 10050014 P 3151362




Introduction
e Walls

RS1 abruptly ends space at y = ™R
RS2 has R — x
Something in between?

irsa: 10050014 P 3161362




Introduction
e Walls

RS1 abruptly ends space at y = ™R
RS2 has R — ~x
Something in between?

irsa: 10050014 P 3171362




The BG Soft-Wail Model
wutline

The BG Soft-Wall Model

irsa: 10050014 Page 318/1362




The BG Soit-Wail Model
wutline

The BG Soft-Wall Model

irsa: 10050014 Page 319/1362




The BG Soft-Wall Model
wutline

The BG Soft-Wall Model

Pirsa: 10050014 Page 320/1362




The BG Soft-Wall Model
wutline

The BG Soft-Wall Model

irsa: 10050014 Page 321/1362




The BG Soft-Wail Model
utline

The BG Soft-Wall Model

Pirsa: 10050014 Page 322/1362




G Soft-Wall Mozlela_

itell-Gherghetta Soft-Wall

@ Dynamical Solution to Einstein Equations
@ A Real Scalar (the “Dilaton™) with power-law VEV
@ Conformally equivalent to pure AdS in “string” frame

@ Requires at least two real scalars (o, T)
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