
Farbod Hassani

Instabilities appearing in dark 
energy models

arXiv:2205.01055, arXiv:2204.13098, arXiv: 2107.14215  

In collaboration with Julian Adamek, Jean-Pierre Eckmann, Martin Kunz, Pan Shi, Peter 
Wittwer, Hatem Zaag.



Accelerating expansion of the Universe:

Large scale structuresupernovae The CMB

• It acts opposite to gravity
• It doesn't seem to cluster strongly  
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Ø Possibilities:
o Cosmological constant /Dark energy /beyond general relativity

Ø Effective field theory of dark energy: 

o Convenient way to describe DE and MG: a general action for class of theories 

o Connecting to observations minimally

Ø DE/MG theories are studied well at the level of the background

and linear

The reason behind the cosmic acceleration:
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Gµ⌫ = 8⇡GTµ⌫Modified gravity Dark energy



Are these theories really viable?
⇤
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Ø Non-linear evolution of the k-essence leads 
to an instability

o The instability:

o In the cosmological context (using k-evolution N-body code)
(Hassani, Adamek, Kunz, Shi, Wittwer; arXiv: 2107.14215 & arXiv: 2204.13098)

o In 1+1 dimensions
(Eckmann, Hassani, Zaag; arXiv: 2205.01055)

Importance of non-linear modelling:
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Non-linear scalar field equation:
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No instability for large c2s
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c2s ! 0

This PDE is unstable. The 
curvature  of the scalar field 
around minima blows up in 
finite time.

Non-linear scalar field equation:
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F (x) = x2
We can think of this ODE as 
Newton’s second law

Hassani, Shi,  Adamek, Kunz, Shi, Wittwer; arXiv:  2107.14215 
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(⌧) =
3

2(⌧ � ⌧b)2

One special solution

<latexit sha1_base64="kq4P3UbIoq6APewd9Tp2HQTwLak=">AAACEnicbVDLSsNAFJ34rPUVdelmsIjtwpK0RbsRit24rGAf0MQymU7aoZMHMxOhhHyDG3/FjQtF3Lpy5984abPQ1gMXDufcy733OCGjQhrGt7ayura+sZnbym/v7O7t6weHHRFEHJM2DljAew4ShFGftCWVjPRCTpDnMNJ1Js3U7z4QLmjg38lpSGwPjXzqUoykkgZ6qQmvrAkKQ3QGi0bpvgLPoeVyhON6EleTuZUa1YFeMMrGDHCZmBkpgAytgf5lDQMcecSXmCEh+qYRSjtGXFLMSJK3IkFChCdoRPqK+sgjwo5nLyXwVClD6AZclS/hTP09ESNPiKnnqE4PybFY9FLxP68fSbdux9QPI0l8PF/kRgzKAKb5wCHlBEs2VQRhTtWtEI+RCkSqFPMqBHPx5WXSqZTNi3LttlZoXGdx5MAxOAFFYIJL0AA3oAXaAINH8AxewZv2pL1o79rHvHVFy2aOwB9onz+JFZrq</latexit>

C = 0(0)2 � 8

3
(0)3



V-type blowup

(Hassani, Adamek, Kunz, Shi, Wittwer; arXiv: 2107.14215 & arXiv: 2204.13098)

<latexit sha1_base64="0ZwUOSW7Mls+3r9wYIBzFC7gCko=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VooZZEiropFN24rGAf0IQwmU7aoZMHMxNpCf0KN/6KGxeKuBV3/o2TNoK2HrhwOOde7r3HjRgV0jC+tNzK6tr6Rn6zsLW9s7un7x+0RRhzTFo4ZCHvukgQRgPSklQy0o04Qb7LSMcdXad+555wQcPgTk4iYvtoEFCPYiSV5OinVkRLRmVcrhsVaEWIS4qYk1gSxdMfC9ah1RzS0rjs6EWjaswAl4mZkSLI0HT0T6sf4tgngcQMCdEzjUjaSboGMzItWLEgEcIjNCA9RQPkE2Ens7em8EQpfeiFXFUg4Uz9PZEgX4iJ76pOH8mhWPRS8T+vF0vv0k5oEMWSBHi+yIsZlCFMM4J9ygmWbKIIwpyqWyEeIo6wVEkWVAjm4svLpH1WNc+rtdtasXGVxZEHR+AYlIAJLkAD3IAmaAEMHsATeAGv2qP2rL1p7/PWnJbNHII/0D6+ATsCnOw=</latexit>

⇡(0, x) = 0, @⌧⇡(0, x) = �(x)



M-type blowup 

<latexit sha1_base64="7jzMgiYgDRcnaUYgJUg8tkppEf0="></latexit>

d2u

d⌧2
= +c2s

@2u

@x2
� ↵

⇣du
dx

⌘2

<latexit sha1_base64="xeiNp1BBAfz8KN33HqDtc7jBN1w="></latexit>

In 1+1 D blows us for any ↵ > 0 and c2s � 0

(Eckmann, Hassani, Zaag; arXiv: 2205.01055)



Take home messages:
• Non-linearities can be VERY important

• Cosmological N-body simulations bound :

• From mathematical point of view any        leads to an instability! 

• Can k-essence be a cosmic acceleration candidate? 

<latexit sha1_base64="vzu3coPhUgQGJwlBfrJNe1svbpM=">AAAB73icbVDLTgJBEOz1ifhCPXqZCCaeyC4x6pHoxSMm8khgJbNDL0yYnV1nZk0I4Se8eNAYr/6ON//GAfagYCWdVKq6090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/WbT6g0j+W9GSXoR7QvecgZNVZqlVhXP1RKpFsoumV3BrJMvIwUIUOtW/jq9GKWRigNE1Trtucmxh9TZTgTOMl3Uo0JZUPax7alkkao/fHs3gk5tUqPhLGyJQ2Zqb8nxjTSehQFtjOiZqAXvan4n9dOTXjlj7lMUoOSzReFqSAmJtPnSY8rZEaMLKFMcXsrYQOqKDM2orwNwVt8eZk0KmXvonx+VylWr7M4cnAMJ3AGHlxCFW6hBnVgIOAZXuHNeXRenHfnY9664mQzR/AHzucPihSO/g==</latexit>

c2s

<latexit sha1_base64="mqWH9KMwG9cWTita0wIAip2ikwM=">AAAB/nicbVDLSgNBEOyNrxhfq+LJy2AieDHshmA8Br14jGAekGyW2clsMmT2wcysEJaAv+LFgyJe/Q5v/o2TZA+aWNBQVHXT3eXFnEllWd9Gbm19Y3Mrv13Y2d3bPzAPj1oySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Y1vZ377kQrJovBBTWLqBHgYMp8RrLTkmicl4sp+pTekyLb66WW1XJuWkGsWrbI1B1oldkaKkKHhml+9QUSSgIaKcCxl17Zi5aRYKEY4nRZ6iaQxJmM8pF1NQxxQ6aTz86foXCsD5EdCV6jQXP09keJAykng6c4Aq5Fc9mbif143Uf61k7IwThQNyWKRn3CkIjTLAg2YoETxiSaYCKZvRWSEBSZKJ1bQIdjLL6+SVqVsX5Wr95Vi/SaLIw+ncAYXYEMN6nAHDWgCgRSe4RXejCfjxXg3PhatOSObOYY/MD5/ANH5k3Y=</latexit>

c2s � 10�4.7



Thank you J


