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~10%

H0 from surveys of the Local Universe (sans cosmological model)

H0 from ΛCDM analysis of cosmological data (CMB, BAO, …)

H0-tension problem 
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H’(0)>0
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q < -0.5

q ~ -0.5

Fast versus stiff evolution

q = 1
2
Ωm −ΩΛGeneral relativity on a classical vacuum:
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Cosmological horizon

Apparent horizon surface defined in geometric optics limit
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Natural tension H with wave mechanics 
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Hawking radiation: 

super-horizon scale modes leaking out

Super-horizon scale modes leaking inω = 1
2CS

CS = 2πRS ω = ?
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H

ω0 = 1− qH

l

Fundamental frequency

H is compact 
Equations of geodesic 
separation:

By Gauss-Bonnet, consequences for spacetime within:

van Putten 2017 ApJ 837 22

7

ω = ω0
2 + k 2 : Λ =ω0
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Cosmological vacuum
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Λ =ω0
2

Tab = (ρ + p)uaub + pgab −ω0
2gab
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Evanescent DE and DM

Tab = ρc (1− q)π ab
− + qπ ab

+⎡⎣ ⎤⎦ π ab
± = dia(1,± 1

3 ,± 1
3 ,± 1

3)

Radiation on- and off-shell (evanescent)

Pick up nonzero trace by imaginary wave 
numbers at super-horizon scale wave lengths
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Canonical states of cosmology

q ρc
−1TabState

1          Radiation dominated  

1/2       Matter dominated 

 0         Zero Hubble flow 

-1         de Sitter 

π ab
+

π ab
−

uaub

−gab
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H (z) = H0 1+ωm 6z +12z2 +12z3 + 6z4 + 6
5
z5

⎛
⎝⎜

⎞
⎠⎟
1+ z( )−1

Exact solution

H0 = H (0), ωm =Ωm(0)
van Putten, 2017, ApJ, 848, 28

′H (0) = (3ωm −1)H0 ≅ 0

q(z) = −1+ (1+ z)H −1(z) ′H (z), q0 = q(0)

Q(z) = dq(z)
dz

, Q0 = Q(0) = 3ωm 5− 6ωm( ) ≅ 2.8
de Sitter state (q=-1) is unstable
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Confrontation with data

Unbinned data compiled by Farooq et al. 2017
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Maeder (2017)

ΛCDM

Λ=ω02

Cubic and quartic 
polynomials

qQ-diagram

73.06 ±1.76 Anderson & Riess (2017):

75.5± (11.6 / 9.6) GW17087 (Guidorzi et al. 2017):

74.29 ± 2.6 Λ=ω02:

H0⎡⎣ ⎤⎦ = km s−1  Mpc−1
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Dynamics in FRW cosmology

Inertial mass-energy U=mc2: gravitational binding energy 

to Rindler horizon or H - whichever is more nearby

α = adS 

ξ = RH

α > adS 

ξ < RH

α < adS 

ξ > RH

Normal

Weak

 Rindler 
horizon 

m M

UN

adS = cH

Collusion

H
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U = − TU dI
0

ξ

∫ = mc2 ξ = c
2

α
,ξ ≥ RH

⎛
⎝⎜

⎞
⎠⎟

Entanglement entropy I = 2πφC in unitary holography:
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mα = FN = m0aN

m
m0

= aN
α

= Vb
2 / r

Vc
2 / r

Same Ek and UN: invariant Lagrangian and Hamiltonian

aN / adS

C0 galaxy dynamics 

Normal

Apparent DM
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m/m0

Asymptotic behavior with 
Milgrom parameter a0= ω0/2π
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… over 0 < z < 2

z~0 galaxies (Lellie et al. 2016) z~2 galaxies (Genzel et al. 2017)

Apparent DM fractionC0 onset in data
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Conclusions and Outlook

Evanescent DE and DM: super-horizon scale fluctuations ~ ω0:


- Tension-free H0 = 74.29 (2.6) km s-1 Mpc-1 

- Observational consistency in qQ-diagram with polynomial fits to H(z) 
data 

C0 galaxy dynamics: reduced inertia at accelerations below adS:


- Apparent DM depend on distance to C0 onset 

- Observational agreement with galaxies over 0 < z < 2

Left with DM concentrations in galaxy clusters with mDM < 10-30 eV
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