Can dark energy be dynamic?
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* Dynamical Dark Energy (DDE) models
and the evolution of DDE

* Non-parametric DDE method— wiggles

* Summary



What 1s Dynamical Dark Energy (DDE)?

In general, it is the energy density of DE “‘\ | Planck TT,TE,EE+lowE-+lensing

evolution with redshift z |
1 - i | +BAO/RSD+WL

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

w(a) = wy+ (1 —a)w,

A very important feature for DDE is w, # 0

w(z) = wo + wof(2)

Wo

[Planck 2018]



Models of DDE

w(z) = wo + w,f(2)

de (2 14+ w(z
X(2) = Pee )=exp(3f (
Pde.0 0 Z

H(z) = HyVX(@)(1 = Qo — Q) + Quo(1 + 2)3 + Qro(1 + 2)

Model

w(z)

X(2)

CPL

wo + W,

d
<

l+z

3wgz

(1 + Z)3(1+WO+W(,)€—TZ

[M. Chevallier and D. Polarski, Int. J. Mod. Phys. D
10, 213 (2001)]



Models of DDE

de(2) “1+w(d),,
w(z) = wo + waf(2) X = 259 - oxp3 [* - a

H(z) = Ho VX(@)(1 = Quo = Qo) + Quo(1 +2)° + Qpo(1 + 2)*

MOdel W(Z) X(Z) [R. Cooray and D. Huterer, Astrophys. J. Lett. 513
. _ i, (1999)]
“Redshift” Wo + WaZ (1 + 7)1 +Wo=Wa) g3Waz
3wy z [M. Chevallier and D. Polarski, Int. J. Mod. Phys. D 10,
CPL Wo + Wa 7 (1 4 230w ™52 213 (2001)]
Efstathiou wo + W, ln(l +2)1 (1 + Z)3(1+wo)€%ma[ln(1+z)]2 [G. Efstathiou, Mon. Not. Roy. Astron. Soc. 310 (1999)]
3wy Z2
z I1+wa) . 3 T3 [H. K. Jassal, J. S. Bagla and T. Padmanabhan, Phys. Rev.
JBP wo + Wa o2 (1 + zyI™0e 2 d+ D 72 (2005)]
BA wo + Wy Zﬂﬁ) (1 + 2)?+W0) (1 4 z2)?Wa/2 (£ M. Barboza, Jr. and J. . Alcaniz, Phys. Lett. B 666
< (2008)]



The evolution of DDE
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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

Redshift

CPL

Efstathiou JBP BA

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]]
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onstraints result for DDE y
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Non-parametric EoS - wiggles
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[Gong-Bo Zhao, Marco Raveri, Levon Pogosian, Yuting Wang,
DDE Robert G. Crittenden., et al. 2017, Nature Astronomy]
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Non-parametric EoS - wiggles
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Non-parametric EoS - wiggles
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Non-parametric EoS - wiggles
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The relationship of w.. in different theory

Field Theory

Quintessence like

Q to audience: Can the field theory give a wiggle EoS?
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Can release the HO tension by wiggles?
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Can release the HO tension by wiggles?
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[Y. Wang, L. Pogosian, GB Zhao and A Zucca, Astrophys.J.Lett. 869 (2018) L8]
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Can release the HO tension by wiggles?

z 1+ w(
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Pde.0 0 L4z
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[Y. Wang, L. Pogosian, GB Zhao and A Zucca, Astrophys.J.Lett. 869 (2018) L8]
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1 +w(Z)
1 +7

e Z
= exp (’% f
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dz’)
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a. is correlation length
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This wiggle results depend on m==)
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- Z
= exp (’% f
0

Pde.0

1 +w(
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a. is correlation length
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a. = 1 or 0, = 0 X(z) become constant

This wiggle results depend on |::>
the parameters

Back to LCDM again? @
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Summary

* The “Sensitivity” of DDE depends on the function multiplying the
parameter w, in the usual two-parameter approach (wy; w,).

* 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.

Thank youl
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