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Missing mass problem

* Rotation curve — circular velocities of stars depending on the
galactocentric distance

Ve =+ Rgpm

* gg): total acceleration caused by the baryonic matter

9BM = Y9buige T thin T Gthick
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Missing mass problem
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* Labini et al., 2023
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MOdified Newtonian Dynamics

* Milgrom, 1983

ma

Ji+ ()

* Corresponding rotation curve

V2 a \’
Ve = 7RgBM 1+ 1+<2'ng(I)VI>
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Conference of Young Astronomers - Bezovec 2023, 2023-06-18, Mgr. Michal Sturc 4

=F,ap=12x%x 10719 ms™?




MOdified Newtonian Dynamics

250 00000
500 : 00000000000000000.00... 0000® 4o og .
150
= 100
50
: 0 5 10 15 20 25 30

Rlkpc]
—MOND

® measurements

Conference of Young Astronomers - Bezovec 2023, 2023-06-18, Mgr. Michal Sturc 5



MOdified Gravity

* McGaugh et al., 2016

9YBm

, g+ = 1.2x 10710 ms—2
1—exp(—/gmm/gs)

Yobs =

* Corresponding rotation curve

o — Rgpm
.=
J1—exp(—V/grm/9+)
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MOdified Gravity
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Vector forms — two body problem

e NEWT
LN m; N
n=—-60=—=50—-1r)=4g
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36 Ophiuchi

* Initial conditions (from the SIMBA

D database)

Component FA Dec Dist. [pc] |[pRA [mas/yr] pDec [mas/yr] KEv [km/s]
A 17h 15m 20.851s -26° 36' 09.04" 5.952 -408.600 -1149.158 -0.6
B 17h 15m 20.978s -26° 36" 10.18" 5.948 -465.861 -1141.168 0.0
C 17h 16m 13.3624s -26° 32" 46.120" 5.054 -479.573 -1124.332 -0.04
O A, M=0.85 Ms
. 731.6" O

O B M=0.85 M<

C, M=0.71 Ms
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36 Ophiuchi
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36 Ophiuchi

* Gravitational acceleration felt by the C component
* gc ~ 53 x 10719 ms?

» Contribution of the dark matter (density ~ 0.1 Mgpc™3)

o gDM =~ 10_14 mS_Z

* =>|n MOND/MOG regime and dark matter negligible
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36 Ophiuchi— MOND and NEWT

* 4th order Runge-Kutta method
* Step:17.5h
* Integration period: 70 years
* Comparison between MOND and standard approach

* Results
Angular separation
Model Deg Min Sec Mas
NEWT |0 11 699 61.95531

MOND |0 11 699 61.8675
* Difference between NEWT and MOND regime = 0.08 mas/70 @
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36 Ophiuchi—MOG and NEWT

* 4th order Runge-Kutta method
* Step:17.5h
* Integration period: 70 years
* Comparison between MOG and standard approach

* Results
Angular separation
Madel Deg Min Sec Mas
NEWT |0 11 699 61.9531
MOG |0 11 699 61.9319
* 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

Angular separation

Model Deg Min Sec Mas
NEWT |0 11 699 61.9551
MOND |0 11 699 61.8675

MOG |0 11 699 61.9310
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Thank you for you attention
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