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The Hubble Tension
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Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.

ot _.\..4 ‘;LWJ'-,'-LF-MM |-

WAL Fa AT O T I )

Inflation ,Jﬁ‘ %;!; H

Fluctuations'

1st Stars
about 400 million yrs.

Big Bang Expansion
13.77 billion years

G.G. Barnafoldi: PP 2025



The Hubble constant(?)

* Measurement of Hubble-Lemaitre:

2 82.5 1
H2 — E = %p_ kCQ _+_ A.Cz 80.0 - ’ff
~\a 3 a’ 3 77.5 _
- Nearby Object’s (Supernovae) g >0
This method relies on observations of | £ *°| ¥ 1
Type la supernovae and other distance | £ "*°
Indicators. 67.5 L
- Cosmic Microwave Background: : ™
The CMB is the afterglow of the Big e . i oo ——
Bang, which can predict the expansion year

rate of the early universe and we can
extrapolate it to the present day.

G.G. Barnafoldi: PP 2025



The Hubble constant(?)

Measurement of Hubble-Lemaitre:
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Bang, which can predict the expansion
rate of the early universe and we can
extrapolate it to the present day.
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The Hubble constant(?)
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The Hubble constant(?)

* Measurement of Hubble-Lemaitre:
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Bang, which can predict the expansion
rate of the early universe and we can
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The Hubble tension

sound horizon-based (ACDM-dependent)

CMB (Planck)
67.4 + 0.5 kKm/s/Mpc
Planck Collab. 2020 A&A 641 A6

CMB (WMAP + ACT)
67.6 +1.1 km/s/Mpc
Aiola et al. 2020 JCAP 12 047

CMB (WMAP + SPT) -

68.2+1.1 km/s/Mpc
SPT-3G Collab. 2023 Phys. Rev. D 108 023510

Galaxy survey (DESI)

DESI Collab. 2024 arXiv:2404.03002 -

68.53 + 0.80 km/s/Mpc
SN la luminosity-based (ACDM-independent) ﬂ@mw - P vy e v ol o
Cepheids (SHoES/HST) “”‘

ears years
73.04 £ 1.04 km/s/Mpc -
Riess et al. 2022 ApJL 934 L7
TRGB (CCHP/HST)
69.8 + 0.8 (stat) + 1.7 (syst) km/s/Mpc
Freedman et al. 2019 ApJ 882 34

TRGB (Anand et al.,/HST)
71.5+ 1.8 km/s/Mpc
Anand et al. 2022 ApJ 932 15

TRGB (CCHP/JWST)
69.85 + 1.75 (stat) + 1.54 (syst) km/s/Mpc
Freedman et al. 2024 arXiv:2408.06153

67.96 + 1.85 (stat) + 1.90 (syst) km/s/Mpc
Freedman et al. 2024 arXiv:2408.06153
72.05 £ 1.86 (stat) + 3.10 (syst) km/s/Mpc
Freedman et al. 2024 arXiv:2408.06153
I I [ | I I I | T 1 T
65 66 67 68 69 70 71 T2 T3 74 75 76
Ho [km/s/Mpc]

Heypg = 67.4 4 0.5 kms™'Mpe ™ Hsne = 73.04 £+ 1.07 kms ™ 'Mpc ™!
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How to resolve Hubble tension?

* The Hubble tension suggests a potential problem with our understanding
of the universe. Some possible explanations include:

- Problems with our cosmological model: The standard model of cosmology,
ACDM, may be incomplete or incorrect.

- New Physics: There could be unknown particles or forces influencing the
universe's expansion.

- Systematic errors in measurements: It's also possible that there are
undetected errors in the measurement techniques.

- The Hubble tension is an active area of research, and scientists are working to
refine measurements and explore potential solutions = rotation of the Universe!
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The rotating Universe
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Are these rotating?
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Are these rotating?
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Are these rotating?
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Are these rotating?
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Are these rotating?

p (n)_
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Are these rotating?

T (\L\;\m\"
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Are these rotating?

x (ol
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Are these rotating?
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re these rotating?
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Why should not the Universe rotate?

2 ‘-\l‘r;m“.\
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Rotating cosmological models

Godel inspired models (1947): introduced a rotating universe
followed by Heckmann & Schucking (1955-1961), later Silk
(1966) and Hawking (1969). Obukhov (2000) made a generalized
Godel solution with global rotation. Buser, Kajari & Schleich
(2013) visualized Godel’s universe). Anisotropies in a variety of
Bianchi models with large vector perturbations corresponding to
rotation are tightly constrained from Planck CMB data by Saadeh
et al. (2016).

Other motivations for rotation: Black Holes, spherically
symmetric objects with horizons, display near maximal rotation
as presented by Daly (2019). Anisotropic Hubble expansion in X-
ray observations by Migkas et al. (2021) were suggested. A
plausible syllogism is that the Universe has near-maximal
rotation, motivated by cosmologies where the universe is the
interior of a black hole (Pathria 1972).

There are many other proposed solutions to the Hubble
Puzzle (e.g. Di Valentino et al. 2021b) and any modification of the
standard model expansion and (e.g. Knox & Millea: 2020). An
average rotation effect has similar functional form as dark
photons (Fabbrichesi, Gabrielli & Lanfranchi 2021; Aboubrahim et
al. 2022), and (Cyr-Racine, Ge & Knox 2022).

- Rotation affect the Hubble constant strongly....

G.G. Barnafoldi: PP 2025
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The Model
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The Model

* Euler - Poisson equations without rotation:
0o +div(pu) =0,
Oi(pu) +div(iou ®u) = —VP(p) —pVD +pg
V20 = 4nGp,

* Dynamical parameters: 0 = o(r,t), u =u(r,t),and P = P(r,t)

G.G. Barnafoldi: PP 2025
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The Model

* Euler - Poisson equations with rotation:

0,0 +div(ou) =0,

d¢(pu) +div(ou ®u) = —VP(p) — pVD + pg* <

V2O = 47Gp,

g* = 2rw’(t) sin(@)

* Dynamical parameters: 0 = o(r,t), u =u(r,t),and P = P(r,t)
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The Model

* Euler - Poisson equations with rotation:
0o +div(pu) =0,

0(pu) +div(pu @u) = =VP(p) —pVD + pg*< g* = 2rw’(t) sin(@)
V2O = 47Gp,
* Spherical: Cylindrical:
0o +(0rp)u+(0ru)p + E:Z =0, 0o+ (0rp)u+ (0,u)p + 2? =0,

|
Ou+ (ud,u = —;&ﬂP -0, O(r)+g¢"

riz % (rzﬁr(D) =4np ,
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The Model

* Euler - Poisson equations with rotation:
0o +div(pu) =0,

0(pu) +div(pu @u) = =VP(p) —pVD + pg*< g* = 2rw’(t) sin(@)
V2O = 47Gp,
* Spherical: Cylindrical:
01p + (Orp)u+ (0ru)p + %‘3 =0, 0o + (0,p)u+ (0,u)p + =0,

|
Ou+ (ud,u = —;&ﬂP -0, O(r)+g¢"
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The E0OS

A “stiff” dark matter EoS

p = wp for n=1 > @ — =C;=W

Speed of sound values - in general [Mathematics 10 (2022) 18 32201

i) w = 0 means the EoS for ordinary non-relativistic ‘matter” (e.g., cold dust);

(ii)) w = 1/3 means ultra-relativistic ‘radiation’ (including neutrinos) and, in the very
early universe, other particles that later become non-relativistic;

(iii)) w = —1 is the simplest case and describes the expanding universe, hypothetical
phantom energy w < —1 would cause Big Rip;

(iv) w # —1 means quintessence as hypothetical fluid;

(v) w = —1/3isresponsible for the flatness of the Big Bang; Lp2 — U(¢)

(vi) A scalar field ¢ can be viewed as a sort of perfect fluid with EoSof w = 15

3P + LI((p),

G.G. Barnafoldi: PP 2025 30




Self-similar solutions

* A Sedov-von Neumann-Taylor ansatz:

0.5} | _—
X
Vix,t) =t"f| 5 | =t"flw) < 04| . 5
d i
- Similarity parameters 202 |
= 2
- Gaussian (regular) heat conduction: « = 8 =1/2, "
0.0
-4 =D 0 2 4
o T T T T T 1
* Shape functions (f,g h): 5 “
8 ]
— r N ~ P
M(?‘; t) —4 f t—ﬁ § j: ///2009(()
r . S I /,/ ]
pirt) =1 ryg(tﬁ> > g: & ﬁ‘ 2 /// (¢)
0;1_,_,‘._/1/// ]
d(r t)_t5h(r) o 2 4 s a0 2
tF J G.G. Barnafoldi: PP 2025 L= rt P



Self-similar solutions

* Applying the Sedov-von Neumann-Taylor ansatz:

- Partial Differential Equation (PDE) system becomes Ordinary Differential
Equation System (ODE) for the shape functions, of the ¢ =rt=F

4 2f (égg(é') _0,

72l ! _ _wgf(g) 1,/ wzsin 2
)+ (Df(L) = () W ()T + 0C",

W(g) +h"(0)f = g(2)4nG .

—28'(0) + f1(2)8(2) + £(2)8'(2)

 Similarity exponents for these are: «a = O,Uﬁ = I, ¥= 2, and.d = 0.

G.G. Barnafoldi: PP 2025
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Self-similar solutions

1.4F 0.07f

* Non-rotating case: 12— i Lo e
1.0f — u(rt=5) E 0.05F — u(r=5.)
- Radial velocity and density : 2 g ol
profile decreases with time o4 |
- Density and velocity profiles are Rl e e B e e
different in radius, but both are s T 7 AR R
increasing. s .
- Gravitational potential are ® oo x o
decreasing hyperbolically with § o
time, and becomes L
asymptotically flat. v N T B
gL ] 0.10f
* See in [Universe 9 (2023) 431] | 1ol
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Self-similar solutions

° Rotating case: 0.0030-' :: 0.0025F
- Radial velocity and density — | oo
profile decreases with time ooora | i

- Density and velocity profiles are L -« TOIROTTUTTDIIRUTINE B L. -
different in radius: velocity B i i
curves have plateau and density oo s [ o
become flat. 0 i

- Gravitational potential are | oo
decreasing hyperbolically with B N T
time, and becomes o RN RN "
asymptotically flat. Al | =

* See in [Universe 9 (2023) 431] * o s
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Self-similar solutions

* Rotating case:

- Radial velocity and
density as a function
of time at different
rotation have nice
asymptotic limit.

- Both velocity and
density profiles are
changing well with
rotation.

- Maximal rotation
exists certainly.

* See in [Universe 9 (2023) 431]
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Resolving the Hubble tension

G.G. Barnafoldi: PP 2025

36



Connection to Hubble parameter

* Expansion rate & the Hubble parameter:
- Relative distance with the scale: R(t) = a(t)!
- Assuming the mass conservation:

%M —47I— /p Dleli= = 0 — p(a(t)], t)% {p(a(t)l, t)] = _Sar(_f)

- Kinematical condition:

d 1 d
SR(E) = u(R(), 1) =

with the solution:

ol -1
H H K H
R(t) = uptbt# exp[ 311}: ] X [3_%u2f’}'/x(£) : F(1+ %;?)Hlt ) —7—[1u1] |
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Connection to Hubble parameter

Expansion rate & the Hubble parameter: . R pe——"
I — INONn-Rotating |
- In the solution we assume a Taylor exp: Rotating
u(r, t) ~ ur ' + upl? = 1000}
then, relative distance can be given: =
E |
f 6 E_’ 500
R#) = T — where x = - T
u
0_
- From the integration constant: ’ ° * ts[eyr] oo
a(t :
% = Hy, if a(tg) =1 —|Hy = 66.6"53 km/s/Mpc
a : L -
=ty
Opi(t) Egin(R(2), 1)
- For Eucledian (flat) Universe (today): Y = 0.26
( ) ( y) Q(f) t=t, Efﬂf(R(t)rt) t=t,

G.G. Barnafoldi: PP 2025
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The calculated Hubble parameter

E T T T 1T \---\--I-I-I-ll HSNe T 1T T TT \wo 0 00I7 T TTTT AC\DM\MIIO\dI\eI E
i \ - — = -Hcms w,=0.0145 Non-rotating |
6 | | | | it
E 10 g sor ttoday B
= - g i
@ i : |
€ 105 g g
g ; ;
— B S S — ]
E = 139 | |
Q 6x10°|
E 104 e =
E E 5x1uﬁg :
g B %umﬁ;— E
% B %3 100k !
2 1000-_ | :
= - r
5 - 1 1063— ] ]
8‘) : 00z 00004 00006 00008 0.0010 ]
~ 100 N\
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Hubble parameter in rotating Universe

‘H.}(w.})=66.89+182.132 wy'%-887.16 wy ‘

l / — =N

‘o 74
§ | Hsxe = 73.04 £ 1.07 kms~'Mpc ™|
%
é 72_—----':- ---------------------------------------------
o
€I -
68
- r’ H, — ) ) —1 —1
s L] |Hows = 67.4 % 0.5 kms ™~ Mpe
66 '

0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014
wy [1/Gyr]
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Discussion of the rotation

* The rotation of the Universe:
- Today, the rotation of the Universe is: @ = 0.002¥ 5500 Gyr™!
- Rotation at the CMB, this value was: w(temp) = 3.54715 Myr™!

2
- Since angular rotation approximatelv @] =@o0a@ “(?) 314 assuming the speed
should be below the speed of light @ < H. then taking H(a) ~ a—3/?>.one can
estimate the rotation limit today:

— The result is the maximal rotation, which is below the observational limit, but
also compatible with many rotational models:

wo < Hoa'*(teq) ~ 0.002 Gyr '

G.G. Barnafoldi: PP 2025 41



Summary

* TMAVTA KUKAOvLTOL!

- Classical Newtonian model with dark matter with Sedov -
von Neumann - Taylor self similarity

- The Universe is rotating at maximal angular velocity today:
500 billion year/rotation, which resloves the Hubble tension

Monthly
- Compatibility with measurements and other theoretical Notices
approaches B
- News & youtube videos: Eﬂh“_‘lr;i;;& e
) pri
- Videol, Video2, Anton Petrov Video, Rakéta, NewsWeek,
ScienceAlert, Iflscience, ScienceAlert, Studyfinds, CITATIONS  VIEWS  ALTMETRIC
Rakéta - report, Cosmos Magazine, AstroBite, ScienMag, P1-> -
Message to Eagle, The Universe Today, Brian Koberlein, ._
EnhOIm, EarthSky, StUdyﬁndS, The Debnef, Spaceweekly @ More metrics information

G.G. Barnafoldi: PP 2025 42


https://www.youtube.com/watch?v=hhqjK-ay-p
https://www.youtube.com/watch?v=kinCpe6-ia
https://www.youtube.com/watch?v=-lLZSsrRAXk
https://raketa.hu/egyre-valoszinubb-hogy-forog-a-teljes-univerzum
https://www.newsweek.com/spinning-universe-solve-astronomy-puzzle-hubble-tension-2060495
https://www.sciencealert.com/major-problem-in-physics-could-be-fixed-if-the-whole-universe-was-spinning
https://www.iflscience.com/the-universe-may-be-rotating-once-every-500-billion-years-and-it-could-explain-the-hubble-tension-78814
https://economictimes.indiatimes.com/news/international/us/is-the-universe-slowly-rotating-shocking-new-theory-could-solve-the-cosmic-expansion-mystery/articleshow/120354519.cms?utm_source=contentofinterest&utm_medium=text&utm_campaign=cppst
https://studyfinds.org/is-the-universe-spinning/
https://raketa.hu/es-megis-forog-az-univerzum-az-elmelet-mogott-allo-hazai-tudosokkal-beszelgettunk
https://cosmosmagazine.com/space/astrophysics/spinning-universe-hubble-tension/
https://astrobites.org/2025/04/18/a-new-spin-on-the-hubble-tension
https://scienmag.com/cosmic-revelation-new-research-indicates-the-universe-may-be-spinning
https://www.messagetoeagle.com/cosmic-twist-the-universe-could-be-spinning-can-rotation-solve-the-hubble-puzzle
https://www.universetoday.com/articles/an-interesting-solution-to-the-hubble-tension-the-universe-is-slowly-spinning
https://briankoberlein.com/blog/cosmology-takes-a-turn
https://enholm.net/2025/04/15/examination-of-can-rotation-solve-the-hubble-puzzle
https://earthsky.org/space/universe-spinning-study-hubble-tension
https://studyfinds.org/is-the-universe-spinning/
https://thedebrief.org/new-spinning-universe-theory-could-explain-a-decades-old-cosmological-myster
https://spaceweekly.com/?p=795403
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