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For concreteness, let’s consider models satisfying four conditions:

1)  GR Condition:  Einstein GR in 4d and higher-d 

2)  Flatness Condition:  4d effective theory is spatially flat

3)  Boundedness Condition:  extra dimension are compact

4)  Metric Condition:
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For concreteness, let’s consider models satisfying four conditions:

1)  GR Condition:  Einstein GR in 4d and higher-d 

2)  Flatness Condition:  4d effective theory is spatially flat

3)  Boundedness Condition:  extra dimension are compact

4)  Metric Condition:

5)  PLUS the Null Energy Condition (NEC): 

(or ρ +  p > 0 )
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Can prove some surprising no-go theorems …
with the right bag of tricks:

Do all calculations in Einstein frame so interpretation 
is unambiguous

Treat Tμν space-space components as block diagonal
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N.B.  If A-averaged NEC violated then NEC also violated
(but not the converse)
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01 ≥+ totalw 0≤ 0≤

031 <+ totalw 0≤only hope
is if this is non-zero
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Illustrative example:
pure cosmological constant (wtotal = -1)
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Illustrative example:
pure cosmological constant (wtotal = -1)

0= Trouble !

0≤ 0≤

therefore, must have wtotal > -1



Curious corollary:

Not only rules out pure Λ universe,

but also ΛCDM



can only maintain for only a brief period;

Can have w < -1/3 if GN is time varying…

but if wtransient > w  > -1

What about w > -1?



requires wtotal > - 0.53

wtransient
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Curious corollary:

Dark energy is barely compatible 
w/o NEC violation . . . 



Curious corollary:

Dark energy is barely compatible 
w/o NEC violation . . . 

and inflation w/o NEC violation is 
absolutely impossible!



So, let’s trade:

No GN variation . . . but allow NEC violation
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Now there are new constraints . . .

choose A=A* so that
last term is zero measure of

NEC violation
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Now there are new constraints . . .

choose A=A* so that
last term is zero measure of

NEC violation
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Now there are new constraints . . .

choose A=A* so that
last term is zero measure of

NEC violation

w31~ +

NEC violation must be time-dependent
and proportional to ρ4d
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Inflation problematic

violation of NEC 
10100 x DE

source of NEC 
different from DE

must be able
to annihilate it&
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Comment on models that violate the metric or GR conditions



No-go Theorem Summary

If  four assumptions & NEC obeyed: 
Inflation impossible

DE barely possible, 
… but  only if G and w  vary with time
… can be ruled out with near further data

If  four assumptions & fixed moduli /NEC violated: 

NEC must be violation in compact dimensions
… must be inhomogeneous in compact dimensions
… must vary with time in sync with w4d
… violation must be substantial for inflation



w/Daniel Wesley (Cambridge)


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36

