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McCullen’s no go theorem

HAVE YOU SOLVED THE
COSMOLOGICAL CONSTANT PROBLEM?
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The Cosmological Constant Problem

General Covariance & Equivalence Principle = Vacuum Energy Gravitates
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The Cosmological Constant Problem

General Covariance & Equivalence Principle = Vacuum Energy Gravitates

e vac/ v—9d4$ = T,LLV — —VoacYuv

...add a bare cosmological constant...
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Estimating the vacuum energy

Vvac i) Z/d?’k%h\/kz + m?




Quantum Gravity cut-
off

SUSY cut-off
EW phase transition

QCD phase transition

muon

fine tuning to 120 decimal places

fine tuning to 60 decimal places

fine tuning to 56 decimal places

fine tuning to 44 decimal places
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Contrast to electron mass

electron mass, Am ~ mlog(M:../m)

protected by chiral



Electron mass & vacuum are both UV sensitive — cannot be
predicted in EFT, must be measured!

Electron mass is only mildly

sensitive to unknown UV - NATURAL
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How can we make the cosmological constant
radiatively stable?

Within particle physics, SUSY would do the job, but not in a
way that is compatible with pheno.

perhaps the radiative corrections are there, bui simply

NP—y

NO GO AREA!



Sequestering the Standard Model Vacuum Energy

Nemanja Kaloper, Antonio Padilla.
Phys.Rev.Lett. 112 (2014) no.9, 091304

Global Vacuum Energy Sequester
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Introduce global dynamical variables: /\, A
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Equations of motion

A equation

A equation : 4A 4 :/d4x\/§)\4T“u

guv equation : MZGH = —ASY +

% 34 sl iy AL . RPN ra A A » v \ R
A 1Y o et BT T 0 N LA Lo St LY L g R B, % & L I e el v g a -
s 3 i A 4% e (e et = ; A Fou M= i
kS b at) bt S o o ;\_“-_._ R _‘.f : o ’—:' o .I. ..‘ ...I_i — A _".' T '.';.-.”_ A -.-.5? '. ‘;",‘ e ‘




Equations of motion

space-time

average >

A equation : 4,
q ; A =0 i<Taoz>7 <Q> = ffddglf\/g
A equation V9
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Symmetries?

Approximate scaling
0 A = €A, 0.\ = 4el\, O (77“,,
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An Etude on Global Vacuum Energy Sequester
Guido D'Amico, Nemanja Kaloper, Antonio Padilla, David Stefanyszyn , Alexander Westphal George Zahariade

e-Print: arXiv:1705.08950

An Etude ...



http://inspirehep.net/record/1601314
http://inspirehep.net/author/profile/D%27Amico%2C%20Guido?recid=1601314&ln=en
http://inspirehep.net/author/profile/Kaloper%2C%20Nemanja?recid=1601314&ln=en
http://inspirehep.net/author/profile/Padilla%2C%20Antonio?recid=1601314&ln=en
http://inspirehep.net/author/profile/Stefanyszyn%2C%20David?recid=1601314&ln=en
http://inspirehep.net/author/profile/Westphal%2C%20Alexander?recid=1601314&ln=en
http://inspirehep.net/author/profile/Zahariade%2C%20George?recid=1601314&ln=en
http://arxiv.org/abs/arXiv:1705.08950

Duality symmetric string theory and the cosmological

constant problem

Arkady A. Tseytlin
Phys.Rev.Lett. 66 (1991) 545-548

Iseytlin’s original idea ....
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In QFT, powers of hbar (generically) count loops

S
Seps = ff - 81 + hSy 4+ A28 +

Iseytlin introduces an effective hbar "
proport/onal to spacetime volume Q u / dea/lgaisosit
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VES fixes this by exploiting universality of
matter coupling, eg

_1/d4x\/§ : lR L(g"", D)




A Nonlocal Approach to the Cosmological Constant Problem
Sean M. Carroll, Grant N. Remmen
Phys.Rev. D95 (2017) no.12, 123504

Carroll & Remmen’s recent idea .. ..
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Global variable n is originates as magnetic dual of a 4 form field, H
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CC counterterm cannot adjust if

- It is an integration constant, i.e. fixed by boundary condition
- It stems from a quantised 4 form (in presence of membrane sources)

OK, so assume CC counterterm can adjust i.e. not fixed by
~ BCs, there are no membrane sources
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Can fix this theory by moving n

= M, - ~ UV ” = UV AT A
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Global VES in “Jordan frame”




Manifestly Local Theory of Vacuum Energy Sequestering
Nemanja Kaloper,Antonio Padilla, David Stefanyszyn , George Zahariade
Phys.Rev.Lett. 116 (2016) no.5, 051302

Local Vacuum Energy Sequester
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Why bother?

Consistency with QM requires action to be additive
Sac=Sas+Sac

& X




Hint: UMG a la Henneaux &
Teitelboim
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Local VES




K2GH, = (VEV, — 5“VV2)/<:2 +TH, — A(x)d”,
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Effect of vacuum loops:
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Global trace equations

GR fixed by

(]
assumption
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Key points

A\ is sink for vacuum enerqy, channelled there by non-gravitating 4 forms
Works to any order in matter loops — gravity loops on the other hand....

Equivalence Principle violated GLOBALLY — local theory is GR, Weinberg no
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Obstructions to self-tuning and possible ways around
Florian Niedermann, Antonio Padilla
arXiv:1706.04778

And finally, an aside on self-tuning ...
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How can we make the cosmological constant
radiatively stable?

Within particle physics, SUSY would do the job, but not in a
way that is compatible with pheno.

perhaps the radiative corrections are there, bui simply

NP—y

NO GO AREA!



Self-tuning :

“admits Minkowski solution for any value of vacuum energy”

Weinberg makes assumptions e.qg.
- local 4D effective theory
-~ All fields are Poincare invariant

Relax these assumptions and self-tuning can be possible e.g.
- branes in 6D
- Fab Fo'ur'
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General approach to seek out consistent field theoretic
completions of self-tuning

- use standard Kallen Lehmann spectral representation to
describe generic exchange amplitudes

- lmpose unltarlty and Lorentz invariance

NO GO AREA!




The AdS loop hole

Result generalises to dS but not AdS ... can find explicit
examples of AdS self-tuning that tick every box.

The VES loop hole
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Decapitating tadpoles

De Capita tion Allan Adams, John McGreevy, Eva Silverstein

hep-th/0209226
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massless scalar

massless graviton

massless scalar



Vacuum energy sequestering

IS a new mechanism through which loop corrections to vacuum
energy can be rendered gravitationally harmless

Is an effective field theory and, in keeping with standard ideas behind
renormalisation, makes no prediction for precise value of the CC, rather

— It should be measured

— it’s value is only mildly sensitive to the
details of the unknown UV
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Back up slides




Vacuum Energy Sequestering and Graviton Loops
Nemanja Kaloper , Antonio Padilla
Phys.Rev.Lett. 118 (2017) no.6, 061303

What about graviton loops?

these introduce new k dependence in renormalised 1Pl effective potential

Screws up the k EoM - no longer able to constrain R at large wavelength
with four form fluxes
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Two key insights

to avoid undesirable corrections to the effective potential, need an
unbroken shift symmetry

any curvature invariant that is NOT scale invariant can be used to
constrain R at large wavelength
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How big is Net?

For standard matter, space-time integrals dominated by
time when universe is largest

l
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Observational consequences?




Universe has finite spacetime volume

o' ;
Mgt~ /d V8

space-time volume must be finite or else A — 0

Mphys = AN

e e
- it A — 0 particle masses go to zero
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Weinberg No Go

S G| = /d4x\/—gR + AL(m, 9,0, derivatives)




Scalar eqn — trace of gravity eqn

OAL OAL
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OAL |
=== — L AL
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So translation invariant EOMs give A\ [, = ) — V064¢ — 1




Phase transitions?




Sequestering works best in domains that
dominate spacetime volume

‘/before




CDL bubbles

Sequestering works best in near Minkowski vacua

tunnelling rates

from ds to Minkowski - genetrically enhanced compared wrt GR
from Minkowski to-AdS — genetrically suppressed wrt GR






1. a globally adjustable CC counterterm
2. a second global variable for constraining the global geometry

3. S1 and S2 should have no variation wrt

SM fields or metric, g

Ny ’ i : - . -~ % .
UL I L ale.) -~ ANt ~ 1o " -
4. S1 should not vanish on sh




Graviton loops?




Start with local VES
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The End
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COLLAPSE TRIGGER DARK ENERGY

form protected by shift symmetry,
size of m? technically natural

Linear potential V=m3¢




Radiatively stable choice of collapse time?

Yes, thanks to m3

Radiatively stable choice of @in?
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WHY NOW?

Because the end is nigh!!!

Why is it nigh?




