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of Lorentzian manifolds

Embedding in flat spacetimes
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Motivation: Embedding and projection 
15. 

  










 22

2

2
22 '

'1

'
| dr

Kr

dr
tadtg acc

Friedman-Lemaitre-Robertson-Walker metric

a(t)
K > 0 K = 0 K < 0

GR

Local 

GR



Model discrepancy (χ2) for dist. modulus with Pantheon+ (1,550 SNe Ia data)
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15. Monjo, R. (2024): ApJ 967, 66, 10.3847/1538-4357/ad3df7

Previous results
at a cosmic scale

Angular diameter distance

Lumninosity distance

Expansion rate (H)

https://www.doi.org/10.3847/1538-4357/ad3df7
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Hyperconical metric

15. 

HMG model

Hyperconical modified gravity (HMG)

Monjo, R & C-S, R. (2023) CQG 40, 195006. 10.1088/1361-6382/aceacc

Monjo, R (2023) CQG 40, 235002. 10.1088/1361-6382/aceacc

Monjo, R. (2024): ApJ 967, 66, 10.3847/1538-4357/ad3df7

Milgromian

acceleration

but now with:

Baryonic Tully-Fisher relation (BTFR) and the mass-discrepancy acceleration relation (MDAR)

Local GR 

+ cosmic

projection

1-parameter HMG model:  γ0 = constant

2-parameter HMG model:  γ0 = f(geometry of the system, that is: γcenter and εH) 

Cosmic projection

https://www.doi.org/10.1088/1361-6382/aceacc
https://www.doi.org/10.1088/1361-6382/ad0422
https://www.doi.org/10.3847/1538-4357/ad3df7
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Observational data
15. 

10 galaxy clusters: Radial Acceleration Relation

• Range: 0.033 < z < 0.090

• Rotation curves (distances; observed and Keplerian speeds) 

• Source: HIghest X-ray FLUx Galaxy Cluster Sample (HIFLUGCS; Li et al. 2023)

60 high-quality rotation curves

• Range: 0.00022 < z < 0.028

• Radial acceleration relationship (RAR)

• Source: Spitzer Photometry and Accurate Rotation Curves (SPARC;  McGaugh et al. 2007, 2016)

• Features: Galaxies filtered to well-measured intermediate radii (Lelli et al. 2019).
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GMba0

a0 = (2c/t)·cosɣM /ɣM

MDAR modeling. Fitting of the hyperconical model to the baryonic Tully–

Fisher (BTRF) relation with v(Mb) for 123 galaxies

Milgromian acceleration

DOI:10.1088/1361-6382/ad0422
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Fictitious cosmic acceleration for maximum galaxy rotation velocity

Results for galaxies
Monjo, R. (2023): CQG 40, 235002, 10.1088/1361-6382/ad0422
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Mass-discrepancy 

acceleration relation 

(MDAR)

https://www.doi.org/10.1088/1361-6382/ad0422
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Fictitious cosmic acceleration for galaxy rotation curves Left: Fitting of 60 galaxy 

rotation curves according 

to the HMG model with 1 

parameter (dashed lines) 

or 2 parameters 

(continuous lines).

Right: Performance of the 

1- and 2-parameter HMG 

model for the ratio of

predicted (apred) and 

observed (aobs) 

centripetal acceleration for 

the 60 galaxies (light gray 

lines) and comparison with 

MOND interpolation 

functions (MLS, simple, 

standard, and sharp 

functions, fitted to 153 

suitable galaxies): as in 

Fig.23 of Banik et al. (2023)

Banik et al. 2023. MNRAS, 527, 4573 10.1093/mnras/stad3393

Results for galaxies
Monjo, R. & Banik, I. (2024): MNRAS. (under review)
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https://doi.org/10.1093/mnras/stad3393
https://www.doi.org/10.1088/1361-6382/ad0422
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Fictitious cosmic acceleration for galaxy clusters

RAR modelling 

with HMG for 

total vs. 

Newtonian 

acceleration.

Left: Individual

fitting with 2 

parameters.

Right: Global 

fitting according 

to three models: 

• MOND-like 

constant

• Fixed 1-par 

general 

model

• Fixed 2-par 

Cluster 

model

Results for clusters
Monjo, R. & Banik, I. (2024): MNRAS. (under review)
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Fictitious cosmic acceleration for galaxy dynamics

εH = 56

Left: Global fitting of 

the 10 galaxy 

clusters. 

Right: Zoom in on 

the theoretical 

prediction made for 

galaxies.

Discussion
Monjo, R. & Banik, I. (2024): MNRAS. (under review)
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Fictitious cosmic acceleration for galaxy dynamics

Model parameters 

fitted to the 60 high-

quality galaxy 

rotation curves 

(squares), empirical 

relationships (black

lines), and 

comparison with the 

fitting to the RAR 

data of 10 clusters 

(circles).

Discussion
Monjo, R. & Banik, I. (2024): MNRAS. (under review)
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Final remarks


Hypercone
(hypersphere with 

(c=1)-linear expansion

Moving frame
(observer)

Projected radially-inhomog. metric

Extrinsic perspective Intrinsic perspective

 Apparently accelerated flat metric

 Space-time deformation: inhomogeneity
(metrics)

(1)

(2)

Prediction of specific values of fictitious acceleration assimilable to cosmic dark matter-energy.(4)

The dark matter of the "galactic halos" can also be explained with our HMG model.

(5) Fictitious acceleration in galaxies and galaxy clusters: Hyperconical modified gravity (HMG)
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(6)

ADM + conserved Noether currents lead to the Hubble flux and a “local general relativity”.(3)

Future works:  

• Modeling CMB and BBN

• Growth and dynamics of larger cosmic structures

(7)

15

15. 
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