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Abstract. The mass of the black hole separated from the mass of the maser disk is calculated using
the mega-maser technique for 15 maser-galaxies and the corresponding Magorrian relationship
(Mpu — o) is analysed.
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1. Introduction

In the surroundings of some Active Galactic Nuclei (AGN), the hot (500K) dense
molecular gas (107710 cm~3) that probes the region closer to the central engine i.e. a black
hole (BH), radiates extremely luminous mega-maser emission. They have a characteristic
spectral profile usually with two distinct groups: one centred near the systemic recession
velocity (Veys) of the galaxy while the other includes the high-velocity features, blue-
shifted or red-shifted, whose Very Long Baseline Interferometry (VLBI) observations are
used to plot the rotational velocity (Vyot) curves.

2. Methods

Using the VLBI images of the distribution of maser spots, the position angles of the
mega-maser disks are calculated assuming the disks to be edge-on and the rotation curves
(Figure 1) are plotted using Vyor = Visr — Vsys, Where Vigg is the line-of-sight veloc-
ity with respect to the Local Standard of Reference. Since the sub-parsec disks used
for analysis are in gravitational potentials near the BH, special and general relativis-
tic corrections are done in the data to increase the accuracy (although the effects are
minimal). Moreover, in order to see if the disk is following the Keplerian rotation or
not, a position-velocity relationship (1) is fitted in Figure 1 with « as one of the free
parameters. If || = 0.5, the orbit is Keplerian (point mass, BH) whereas if |a| < 0.5, it
is Non-Keplerian (extended/non-negligible mass, BH+maser disk)

VLSR:A(X_XO)Q +Vsys (1)

where A and « are constants, X is a coordinate along the edge-on disk, and Xj is the
position of BH.

2.1. Mass Model

The Non-Keplerian rotation indicates that the mass causing the gravitational field is
not reducible to a point but is extended. The maser disk is assumed to be in a plane that

© The Author(s), 2024. Published by Cambridge University Press on behalf of International Astronomical
Union.

https://doi.org/10.1017/51743921323002491 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921323002491
https://orcid.org/0009-0001-5627-8381
mailto:isr24577@kwansei.ac.jp
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1743921323002491&domain=pdf
https://doi.org/10.1017/S1743921323002491

Study of Active Galactic Nuclei using the Water Vapour Masers 61

— T 650 —r T
4400 | k , Vgt —o—
4200 F Kepler's |

—~ 600 curve
4000 F "_cn | Best Fit >
o =
@ 3800 1 g 550 F \cIn
= 3600 % X s
3400 F > 2
-

Vier —*— | 500 | .
3200 west Fit 1

3000 =012 3 4 5 6 B0G005 115 225 3 35 4
X(MAS) r(mas)

18 2 22 24 26 28
o

Figure 1. (left) Plot for line-of-sight velocities for blue-shifted and red-shifted maser features of
NGC3393 (as an example), (middle) Keplerian and Non-Keplerian rotation curves for NGC3393,
and (right) The Maggorian Relationship due to the stellar dynamical modelling [S], megamaser
technique [M], gas dynamical modelling [G],stellar gas dynamical modelling [SG], direct imaging
[DI], and due to the proper motion [P]

contains the accretion disk and an outer gaseous disk surrounding the fixed BH (Huré
2002). To calculate Mpy, a position-velocity curve is fitted using the equation (2) (Huré
2002; Huré et al. 2007, 2008; Mamyoda et al. 2009) where the disk is assumed to be a
Mestel disk.

GMgpy
X —Xp

Vrot - |VLSR - Vsys| - \/ + 27"'G’Eoutaouta (2)
where a,t is the outer edge of the gaseous disk and X, is the surface density of the
gas at aoyt-

3. Results

The masses calculated by the mega-maser technique using the existing maser data
(Gao et al. 2017; Kuo et al. 2011; Kondratko et al. 2008; Gao et al. 2016; Zhao et al.
2018) are plotted in the Mpy — o plot (Figure 1 where o is the velocity dispersion of the
stars in the bulge of the galaxy) but they are not included in the linear fit, showing that
these are usually lighter than those calculated using other techniques.

4. Conclusion

(1) The orbits were checked to see whether they are Keplerian or not and if the mass
distribution is pointed or extended.

(2) Mpy separated from the Mg, was calculated while adapting the disk-mass model
using the existing maser data of 15 mega-maser galaxies assuming the disk to be
Mestel.

(3) Mpp — o relationship was plotted using the data from Nandini et al. (2019) that
includes the non-maser techniques. The calculated masses were plotted in the same
graph for comparison. It may be concluded that since maser discs are extremely
close to the central engines and cover lesser radii, this technique gives more precise
Mgy separated from the Myjsx. Hence, most of the Mpy of mega-maser galaxies are
much lower than the mass expected by the Mgy — o relationship of the non-maser
techniques.

Supplementary material

To view supplementary material for this article, please visit http://dx.doi.org/10.1017/
S1743921323002491
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