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INTRO AND OUTLINE

¢ Cosmological constant fine-tuning problem

¢ Vacuum energy sequestering proposal (Kaloper, 
Padilla 2013-2015)

¢ Localized sequestering model (Kaloper, Padilla, 
Stefanyszyn, Zahariade 2015)

¢ Hamiltonian discussion (Svesko, Zahariade, work 
in progress)



THE COSMOLOGICAL CONSTANT
PROBLEM
Of vacuum energy, phase transitions, bubbles and 
radiative corrections 



VACUUM ENERGY

¢ Equivalence principle: ALL energy gravitates
Ω|𝑇$%|Ω = 𝑉()*	𝑔$%

¢ Two contributions 
� Classical minimum of the potential
� Zero-point energy of quantum fluctuations

¢ Vacuum energy and the cosmological constant
Λ = Λ.)/0 + 𝑉()*

¢ Problem: high accuracy cancellation!!!



RADIATIVE INSTABILITY

¢ Background solution of the EOMs 
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¢ Vacuum	energy	corrections	to	Λ :	QFT	in	the	locally	
flat	frame	(Zel’dovich 1968)
� e.g. scalar 𝜙[ theory

¢ Backreaction spoils the background geometry 



PROBLEMS TO SOLVING THE PROBLEM

¢ Radiative instability = knowledge of the UV 
details of the theory necessary

¢ Not enough supersymmetry in the world…
� Technically natural value of Λ ∼ 𝑀]^]_

[ too big

¢ No-Go theorem (Weinberg 1989)
� No local, equivalence principle compatible, self 

adjustment mechanisms for Poincaré invariant vacua

¢ Would imposing global constraints help?



LOCALIZED SEQUESTERING
MECHANISM
Or how to enforce global constraints with local 
degrees of freedom



(LOCAL) SEQUESTERING ACTION

¢ Idea: Planck mass and CC dynamical and local

¢ Local action  
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� Λ	, 𝜅 : local fields
� 𝐹 = 𝑑𝐴	, 𝐻 = 𝑑𝐵	: 4-forms
� 𝜎	, 𝜏 : smooth functions
� 𝜇 mass scale ≲ 𝑀𝑃



EQUATIONS OF MOTION

¢ Einstein equations
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¢ Variation of the 4-forms
𝜕$Λ = 0 = 𝜕$𝜅5

¢ Variation of Λ and 𝜅2
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VACUUM ENERGY SEQUESTERING

¢ Spacetime average … ≡ ∫{|} ~�� 	(… )
∫ {|} ~��

¢ Cosmological constant equation
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¢ Key equation

𝜅5𝐺			%
$ = 𝑇			%

$ −
1
4 𝑇			;

; 𝛿			%
$ +

1
2
𝜅5𝜇[𝜏w

𝑀4
5𝜎w

∫ 𝐻
∫ 𝐹

𝛿			%
$

¢ Residual cosmological constant component



DISCUSSION

¢ 𝜎	, 𝜏 smooth: quantum corrections give at most 𝑂(1)
corrections as long as 𝜅	~	𝑀4

¢ Form sector insensitive to UV details
� Volume integrals: IR quantities

¢ New residual cosmological constant component also 
radiatively stable: to be measured

¢ GR recovered locally (globally, different theories)

¢ Weinberg No-Go evaded: equivalence principle broken 
globally, vacuum energy sector non-gravitating



HAMILTONIAN DISCUSSION
The CC and the initial value problem…



HAMILTONIAN ANALYSIS

¢ Hamiltonian form (finite region)

𝐿 = 𝜋��	ℎ̇�� + 𝑝�̇� + 𝐻�� + 𝐻h 𝜙

+𝜎
Λ
𝜇[ 𝜕�𝑢� + 𝑢�𝜕�𝜎

Λ
𝜇[ + 𝜏

𝜅5

𝑀4
5 𝜕�𝑣� + 𝑣�𝜕�𝜏

𝜅5

𝑀4
5

+ boundary	terms

¢ Integrate out bulk 𝑢� and 𝑣�: Λ 𝑡 ,𝜅5(𝑡)
¢ Define 𝑢 = ∫ 𝑑�𝑥	𝑢� and 𝑣 = ∫ 𝑑�𝑥	𝑣�



HAMILTONIAN ANALYSIS

¢ Action
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¢ Λ and 𝜅5 variation + Hamiltonian and momentum
constraints + spacelike hypersurface integration: new
constraint-like equation



HAMILTONIAN ANALYSIS

¢ New on-shell equation
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⇒ Λ + 𝑉()* = 𝑈𝑉	𝑖𝑛𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑒	𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙	𝐶𝐶

Average energy density = −𝑉()* + 𝜌±²*)±



CONCLUSION

¢ Vacuum energy sequestering: mechanism for 
cancelling loop corrections exhaustively via global 
constraints

¢ Vacuum energy “sequestered” via tertiary 
constraint-like equation

¢ Equivalence principle broken globally

¢ Graviton loops can also be included!
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