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Invisible mysteries of the universe
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NACDM is not perfect

Small scale problems

m Hubble tension
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Quintessence Dark energy

m The scalar field equation of motion
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m Dark energy condition :

w< —1/3 (ACDM : w = —1)



Tracking solution

m Some of the potentials can give “Tracking solution” steinnardt, wang, ziatev phys. Rev. D59(1999)123504

< Late time solution converges

T
1046 |

Equation-of-state (w )
=
jl
\

10%6

707 107 10° 10° 10° 102 10° ' /OZ)
zZ+1 /If
1026? Q\{?

m Coincidence problem
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Fine tuning of the initial condition is not required.
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Gauged Quintessence

m Quintessence gauged under U(1) (quintessence + Dark gauge boson)
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Quantum corrections
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Gauge Potential
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m Additional potential of ¢, and also, mass term of X
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m The tree level mass of ¢, X
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G a uge M-t Temperature (GeV)

10_3 ]_0_6 10_9 10—12
].0—15_I T I T T T T T I T | I 10—15
£ p— _1(8 10‘20_— _'10-202 ¢2X X,LL
2 uS - 1 X 7’

10_25:_ _:10—25

o :
o 2 1077 10730

m Additional p g - ]
10‘35_— _'10-35
104 1040
m Thetreelew 1o%L— L o 1 o+ 1 . Tige

10 10 10 10 1

a

82‘/0 82‘/ auge
mi’O: 0?2 | (fibzg ; m%{‘029§<¢2




Coupled dynamics

m The equations of motion Originated from Vgauge

o+3Ho+ —

s Gauge potential mediates energy flow between quintessence and dark gauge boson

Flow of energy

ps +3H(py + pep) = —2 Veauge mx>0 : ¢—-X
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Interacting dark energy and Hubble tension

m The energy can flow between dark energy (DE) «<— dark matter (DM).

m The late-time expansion rate of the universe can be modified.

BH Lee et al. JCAP04(2022)004

[ HO Increases, when Energy flows from DE - DM (WDE < _1)- E D Valentino, A Melchiorri, O Mena Phys. Rev. D 96(2017)043503
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Gauged quintessence on Hy tension

m Effective dark energy soes pscorasanit, J khoury Phys. Rev. b 73(2006)083509
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Summary

m Gauged quintessence: quintessence + U(1) gauge symmetry (dark gauge boson)

m Tiny gauge coupling and dark gauge boson mass are required for the quintessence
DE.

» Due to the quantum correction

m Possibility of alleviating the Hubble tension (We need further investigation!)
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