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Missing mass problem

• Rotation curve – circular velocities of stars depending on the 
galactocentric distance

𝑣𝐶 = 𝑅𝑔𝐵𝑀

• 𝑔𝐵𝑀: total acceleration caused by the baryonic matter

𝑔𝐵𝑀 = 𝑔𝑏𝑢𝑙𝑔𝑒 + 𝑔𝑡ℎ𝑖𝑛 + 𝑔𝑡ℎ𝑖𝑐𝑘
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Missing mass problem

• Labini et al., 2023
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MOdified Newtonian Dynamics

• Milgrom, 1983
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MOdified Newtonian Dynamics
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MOdified Gravity

• McGaugh et al., 2016

𝑔𝑜𝑏𝑠 =
𝑔𝐵𝑀

1 − exp − 𝑔𝐵𝑀/𝑔+
, 𝑔+ = 1.2 × 10−10 ms−2

• Corresponding rotation curve

𝑣𝐶 =
𝑅𝑔𝐵𝑀

1 − exp − 𝑔𝐵𝑀/𝑔+
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MOdified Gravity
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Vector forms – two body problem

• NEWT
ሷ𝑟1 = −𝐺

𝑚2

𝑟1 − 𝑟2
3
𝑟1 − 𝑟2 ≡ 𝑔1

• MOND
ሷ𝑟1

1 +
𝑎0
2

ሷ𝑟1
2

= 𝑔1

• MOG
ሷ𝑟1 =

𝑔1

1 − exp − 𝑔1 /𝑔+
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36 Ophiuchi
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• Initial conditions (from the SIMBAD database)



36 Ophiuchi
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36 Ophiuchi
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• Gravitational acceleration felt by the C component
• 𝑔𝐶 ≈ 5.3 × 10−10 ms−2

• Contribution of the dark matter (density ≈ 0.1 MSpc
−3)

• 𝑔𝐷𝑀 ≈ 10−14 ms−2

• => In MOND/MOG regime and dark matter negligible



36 Ophiuchi – MOND and NEWT

• 4th order Runge-Kutta method
• Step: 17.5 h

• Integration period: 70 years

• Comparison between MOND and standard approach

• Results

• Difference between NEWT and MOND regime ≈ 0.08 mas/70yr
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36 Ophiuchi – MOG and NEWT

• 4th order Runge-Kutta method
• Step: 17.5 h

• Integration period: 70 years

• Comparison between MOG and standard approach

• Results

• Difference between NEWT and MOG regime ≈ 0.02 mas/70yr
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Current precision - GAIA space satellite

• All components have magnitude ≈ 5.1

• Median position uncertainties 0.01 = 0.02

• https://www.cosmos.esa.int/web/gaia/dr3
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Conclusion

• Angular separation in the sky:

• Newtonian gravity > MOG > MOND

• Differences measurable by current technology
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Thank you for you attention
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