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A simple idea…
Abbott ‘85

Add a compensating field whose vacuum energy dynamically adjusts itself to 
cancel the large contribution to the CC 
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Involve very small mass scales: they must be radiatively stable
Explain why this dynamics produces the observed value of the CC



A simple idea…
Abbott ‘85

Add a compensating field whose vacuum energy dynamically adjusts itself to 
cancel the large contribution to the CC 
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…that doesn’t work

Empty Universe Sensitive to small Λ only when the Universe is empty

Eternal inflation In which minimum do we live? Measure problem
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Null Energy Condition

Ḣ = �4⇡G(⇢+ p)

⇢+ p � 0

⇢̇ = �3H(⇢+ p)
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and reheating

time
energy density 

stored in    �

A dynamical solution requires a description of the whole evolution

The final vacuum is the same (related by a symmetry)  
as the one we relaxed to early on

The scenario



Additional motivations

The only motivation for dark energy is the CC problem 
but no DE model addresses it

In this scenario two DE component related to the CC problem!

Is NEC violation theoretically consistent? Possible UV obstruction
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Slow roll

Classical evolution ) �3
1 � H3

Avoid eternal inflation and all the measure related issues

Stable under O(1) variation of ⇤⇤

Keep a classical motion even if �3
1 ! 0

A scalar field in the “Ghost condensate” regime
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The trigger

The model can relax up to O(TeV) CC after huge field excursion ��1 ⇠ MPl
MPl

H0



NEC violators

Tµ⌫k
µk⌫ � 0 ) ⇢+ p � 0 ⇢̇ = �3H(⇢+ p)

Usually associated to instabilities



NEC violators

Tµ⌫k
µk⌫ � 0 ) ⇢+ p � 0 ⇢̇ = �3H(⇢+ p)

Usually associated to instabilities

But…
1) The Galileon

Nicolis, Rattazzi, ET ‘09
2) The ghost condensate

Creminelli, Luty, Nicolis, Senatore ‘06
Deform the theory with a rising potential



NEC violators

2) The ghost condensate

Creminelli, Luty, Nicolis, Senatore ‘06
Deform the theory with a rising potential

Jeans-like instability
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Slow NEC violation

Same CC before and after NEC violation due to a Z2 symmetry of the action

Very slow  
NEC violation

The energy created during 
NEC is stored in a waterfall 
field    that gets trapped into 
a false minimum and then 

reheats the Universe 

Inflation takes 
place

�
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Inflation and Reheating

�

U(�,�2)

M4
I

�I

While     is sitting in the false vacuum, the common potential                  is nearly flat  
and the Universe inflates 

� U(�,�2)

Ghost inflation           peculiar phenomenology (HIMPl)
2 ⇠ (10 GeV)4
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Inflation and Reheating

�

U(�,�2)
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    starts rolling back towards the true minimum and oscillates around it,  
eventually transferring energy to the SM d.o.f.

�



Inflation and Reheating

� �2Back reaction of     on the dynamics of       should be negligible 

No fluctuations in  � m2
� > H2

I



Conclusions
It is possible to relax the CC (the whole evolution of the Universe must be described)  

only IF NEC is violated 

Connection with present dark energy. However it is model dependent  





Fast NEC violation

Same CC before and after NEC violation due to periodicity �2 ! �2 + f2

It is possible to create the Universe in  H�1
0

i) Stability 
ii) Cutoff  
iii) Subluminality

� H0



Slow roll eternal inflation


