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De Sitter Space

It is a special background of cosmological significance, as it is
sourced by the fundamentally classical source.

Understanding fundamental properties of de Sitter is of utmost
importance; e.g. for dark energy, cosmological constant problem.

Standard treatment: QFT in fixed de Sitter background geometry.

Misconception: treating dS on equal footing as Minkowski space,
which qualifies as a legitimate vacuum.



De Sitter Space as Coherent State of Gravitons

Coherent state description of de Sitter space: Dvali, Gomez ’13,
Dvali, Gomez, Zell ’17

Q: What are the properties of constituent quanta? Vacuum?

A: Need for off-shell longitudinal gravitons, over the Minkowski
spacetime.



Coherent States in Interacting QFT
LB, M. Zantedeschi, Phys. Rev. D 104, no.8, 085007 (2021)

LB, G. Cintia, M. Zantedeschi, [arXiv:2108.13235].

|C 〉 = e−i
∫
d3x(φcl (x)π̂(x)−πcl (x)φ̂(x))|Ω〉.

〈C |φ̂|C 〉(t = 0) = φcl(x) ,

〈C |π̂|C 〉(t = 0) = πcl(x) .
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de Sitter in Linearized Gravity

The same fundamental questions, regarding the consistency of the
coherent state description, as in Einstein’s theory arise:

I Vacuum?

I Longitudinal polarizations?



Consistency of Coherent States in Linearized Gravity
LB, G. Dvali, O. Sakhelashvili, “De Sitter space as BRST invariant coherent state of

gravitons,” [arXiv:2111.12022].

States must satisfy physicality conditions.

In BRST quantization
Q̂|phys〉 = 0.

In the absence of cosmological constant, constructing the graviton
coherent state as

|h〉 = e−i
∫
d3x(hcij π̂ij−π

c
ij ĥij+... )|Ω〉 ,

BRST requirement was shown to hold if(
∇2δij − ∂i∂j

)
hc
ij = 0 , and ∂iπ

c
ij = 0



de Sitter in Linearized Gravity

Cosmological Constant:

∆L = −λĥ .

Classically:

hij = −λ
6
(
t2δij + xixj

)
, h00 = h0j = 0 .

Corresponding to de Sitter background in the limit

Mpl →∞ , λ = fixed , H2 ' λ

Mpl
→ 0 .

In this limit

gµν = ηµν +
hµν
Mpl

→ ηµν



de Sitter in Linearized Gravity
LB, G. Dvali, O. Sakhelashvili, “De Sitter space as BRST invariant coherent state of

gravitons,” [arXiv:2111.12022].

A coherent state over Minkowski, even in the presence of CC?

|dS〉 = e−i
∫
d3x (hcij π̂ij+... )|Ω〉

The theory at hand is described by Ĥ = Ĥ0 +
∫
λĥ.

Minkowski state |Ω〉 is defined as the vacuum of Ĥ0.

Hence, it’s no longer physical: Q̂|Ω〉 6= 0 , since Q̂ = Q̂0 + ∆Q̂.

Nevertheless:

Q̂|dS〉 = 0 , as long as
(
∇2δij − ∂i∂j

)
hc
ij − λ = 0 .



de Sitter in Linearized Gravity
LB, G. Dvali, O. Sakhelashvili, “De Sitter space as BRST invariant coherent state of gravitons,”
[arXiv:2111.12022].

Despite the limitations of the construction, the state is shown to
exhibit some of the properties of de Sitter upon reintroducing
interactions with spectator fields softly.

If our construction can be extended to Einstein’s gravity without
obstruction, our analysis seems to indicate that |dS〉 should
proceed to lose the coherence gradually.

The possibility of quantum breaking is also substantiated by the
analogous setup in QED.
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