
Can dark energy be dynamic?

Workshop: PASCOS 2021
Institute for Basic Science, June 14-18, 2021.

Based on: arXiv2104.01930
Accepted by Phys. Rev. D
Eoin O Colgain, M. M. Sheikh-Jabbari

Lu Yin 
Sogang University

CQUeST



outline

• Dynamical Dark Energy (DDE) models 
and the evolution of DDE

• Non-parametric DDE method– wiggles

• Summary



What is Dynamical Dark Energy (DDE)?

In general, it is the energy density of DE 
evolution with redshift z

If you read Planck’s paper, it will give one 
example of DDE: CPL

A very important feature for DDE is 𝑤𝑤𝑎𝑎 ≠ 0
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[Planck 2018]



Models of DDE
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Models of DDE



The evolution of DDE
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The redshift dependence of various DDE models



The evolution of DDE
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The redshift dependence of various DDE models

BA



Use magic to defeat magic!
--Use mock data to fit DDE
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We mock DESI data up on a particular DDE model and then
fit the same model to the mock data to recover the cosmological parameters.



Constraints result for DDE 
by mock data

9

Note, Planck, DES, Euclid are all using CPL!
[Euclid preparation [arxiv 2106.08346]]
[Planck 2018 results [arxiv 1807.06209v2]]
[Dark Energy Survey Year 3 Results [arxiv 2105.13549]]



Constraints result for DDE 
by mock data
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The “Sensitivity” of DDE depends on
the function multiplying the parameter 𝑤𝑤𝑎𝑎
in the usual two-parameter approach (𝑤𝑤0; 𝑤𝑤𝑎𝑎).



Non-parametric EoS - wiggles
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LCDM DDE
[Gong-Bo Zhao, Marco Raveri, Levon Pogosian, Yuting Wang, 
Robert G. Crittenden., et al.  2017, Nature Astronomy]
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LCDM DDE
[Gong-Bo Zhao, Marco Raveri, Levon Pogosian, Yuting Wang, 
Robert G. Crittenden., et al.  2017, Nature Astronomy]

Non-parametric EoS - wiggles



LCDM DDE
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Non-parametric EoS - wiggles
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LCDM DDE

“wiggles”

Non-parametric EoS - wiggles



The relationship of wde in different theory
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∧

Quintessence like

Field Theory
Wiggles

Q to audience: Can the field theory give a wiggle EoS?



Can release the H0 tension by wiggles?
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Can release the H0 tension by wiggles?
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[Y. Wang, L. Pogosian, GB Zhao and A Zucca, Astrophys.J.Lett. 869 (2018) L8]



Can release the H0 tension by wiggles?
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[Y. Wang, L. Pogosian, GB Zhao and A Zucca, Astrophys.J.Lett. 869 (2018) L8]

X(z) become constant 

𝑎𝑎𝑐𝑐 is correlation length
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[Y. Wang, L. Pogosian, GB Zhao and A. Zucca, Astrophys.J.Lett. 869 (2018) L8]

This wiggle results depend on 
the parameters

X(z) become constant 

𝑎𝑎𝑐𝑐 is correlation length
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[Y. Wang, L. Pogosian, GB Zhao and A. Zucca, Astrophys.J.Lett. 869 (2018) L8]

This wiggle results depend on 
the parameters

Back to LCDM again?

X(z) become constant 

𝑎𝑎𝑐𝑐 is correlation length



Summary

• The “Sensitivity” of DDE depends on the function multiplying the 
parameter 𝑤𝑤𝑎𝑎 in the usual two-parameter approach (𝑤𝑤0; 𝑤𝑤𝑎𝑎).

• Wiggles used a non-parametric method to build the EoS,
but it still depend on parameters.

• New field theory or structure of Universe (FLRW broken?) are 
needed to explain this phenomena of wiggles.
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Thank you!
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