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Statistical Analysis Of The Relationship Between The Central Supermassive Black
Hole Mass And The Physical Parameters Of Elliptical Galaxies
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Abstract: Using a combined catalog of 119 elliptical galaxies compiled from observational data
published in 2009-2025, we statistically analyze the relationship between the central supermassive
black hole mass (LogMegn) and the main physical parameters of the host galaxies. LogMgH shows a
strong positive correlation with the stellar velocity dispersion (o) and bulge mass (r = 0.82), a
significant correlation with bulge luminosity (r = 0.73), and a moderate correlation with the total
stellar mass (r = 0.54). The results indicate an evolutionary link between elliptical galaxies and their
central black holes.

Keywords: elliptical galaxies, supermassive black holes, central black hole mass, stellar velocity
dispersion, bulge mass.
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Annotatsiya: Magolada 2009-2025-yillarda nashr etilgan kuzatuv ma’lumotlari asosida tuzilgan
119 ta elliptik galaktikadan iborat jamlanma katalog yordamida markaziy supermassiv qora o‘ra
massasi (LogMaw) bilan galaktikaning asosiy fizik parametrlari o‘rtasidagi bog‘liglik statistik tahlil
qgilindi. LogMgH tezlik dispersiyasi (o) va balj massasi bilan kuchli (r=0,82), balj yorginligi bilan
sezilarli (r=0,73), umumiy yulduz massasi bilan esa o‘rtacha (r~0,54) musbat korrelyatsiyaga ega
ekani aniglandi. Natijalar elliptik galaktikalar va ularning markaziy gora o‘ralari evolyutsiyasi
o°zaro bog‘lig ekanini ko‘rsatadi.
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Cratucrnuecknii Ananus Bzaumocssizu Mexay Maccoii LlenTpaabHoii CBepxMaccuBHOM
Yépuoii Abipsl U @uznuecknmu [lapamerpamu Jimnnruyeckux INagakTuk
AnHoTanus: Ha ocHoBe cBosiHOTO Katanora u3 119 amimnTudeckux rajakTuk, COCTaBJIEHHOTO I10
HabroAaTeNbHBIM JaHHBIM IyOnnkanuii 2009—2025 1r., CTaTUCTHYECKH TPOAHATTM3UPOBAHA CBS3b
Macchl IIEHTPAIBHOIN cBepXMacCHBHOM u€pHoii mbIpbl (LOogMBH) ¢ OCHOBHBIMH (PU3NYECKUMU
rapaMeTpamu rajakThK. BeisiBIeHa criibHAS MOJIOKUTENbHAA Koppessaus LogMeH ¢ aucnepcueit
ckopocteit (6) u Maccoit 6ammka (r=0,82), 3HaunMasi — co CBETUMOCThI0 Oammka (1=0,73) u
yMepeHHas - ¢ o01iei 3B€3qHo01 Maccoii (1=0,54). Pe3ynbpTaThl yKa3pIBalOT HA SBOJIOLUOHHYIO
B3aUMOCBSI3b UIMITUYECKUX FIAKTUK U UX [IEHTPAJIbHBIX YEPHBIX JBIP.
KiroueBble cj10Ba: 3JUIMNTHYECKUE FAIAKTUKY, LIEHTPAJIbHAS CBEPXMACCUBHAs Y€pHast
IbIpa, Macca YEPHOM JbIPBI, AUCTIEPCHS CKOPOCTEN, Macca Oanpka.

Introduction. At present, observational data on the central supermassive black holes of
elliptical galaxies have been reported by numerous authors. Based on observational data published
in scientific papers between 2009 and 2025, a combined catalog of elliptical galaxies was compiled.
Using this catalog, a statistical analysis was performed to investigate the relationships between the
masses of the central supermassive black holes and the physical parameters of the host elliptical
galaxies. The analysis revealed significant correlations between the central supermassive black hole
mass and several physical properties of elliptical galaxies. In addition, histograms were constructed
to examine the distributions of the principal physical parameters.

Literature Review. The relationship between the masses of supermassive black holes and
the physical parameters of their host galaxies is one of the important areas of modern astrophysical
research. Kormendy and Ho [1] summarized the relationship between black hole mass and the
evolutionary properties of galaxies. Graham [3] investigated the relationship between black hole
mass and stellar velocity dispersion, while Hu [5] examined the correlation between black hole
mass and bulge mass. Beifiori et al. [6] estimated supermassive black hole masses based on
observational data. Dullo et al. [2] investigated the relationship between black hole mass and the
photometric properties of galaxies. Farrah et al. [9] analyzed the growth of supermassive black
holes in elliptical galaxies.

Previous studies have primarily focused on the relationships between black hole mass and
individual physical parameters. In the present study, a combined catalog of 119 elliptical galaxies
was compiled using data obtained from various observational sources. The correlations between the
central supermassive black hole mass, stellar velocity dispersion, total stellar mass, bulge mass, and
bulge luminosity are investigated using a comprehensive statistical analysis.

Research Methodology. The study included 119 elliptical galaxies selected based on
observational data published between 2009 and 2025. The analyzed parameters include the central
supermassive black hole mass (LogMaw), stellar mass (LogM=), bulge mass (LogMuouige), bulge
luminosity (LogLuuge), Stellar velocity dispersion (o), and the apparent diameter of the galaxy.

The primary method employed in this study is statistical correlation analysis, which was
used to evaluate the relationships between the central supermassive black hole mass and the main
physical parameters of the host galaxies. The relationships between the parameters were
quantitatively characterized using correlation coefficients. The obtained results were analyzed using
graphical and statistical methods to identify the relationships between the black hole mass and the
physical properties of the host elliptical galaxies.

Analysis and results. The histograms presented below illustrate the distributions of the total
stellar mass (LogM-=), stellar velocity dispersion (o), bulge mass (LogMouige), and central
supermassive black hole mass (LogMsgw) for the sample of elliptical galaxies.

The histogram of the total stellar mass distribution shows that elliptical galaxies with a total
stellar mass of approximately LogM+ = 11.8 Mg constitute the largest fraction of the sample,
whereas galaxies with LogM+« = 10 Mg and LogM= = 12.4 Mg occur relatively less frequently (Fig.
1).
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Fig. 1. Histogram of the Total Stellar Mass Fig. 2. Histogram of the Stellar Velocity
Distribution of Elliptical Galaxies Dispersion Distribution of Elliptical Galaxies

The histogram of the stellar velocity dispersion shows that elliptical galaxies with a velocity
dispersion of 6 =295 km s™! are the most common in the sample, whereas galaxies with ¢ = 65.4
km s™! occur relatively infrequently (Fig. 2).

The histogram of the central supermassive black hole mass distribution indicates that
elliptical galaxies with LogMgH = 8.5 M@ are the most common in the sample, whereas galaxies
with LogMgH =~ 6.39 Mg are the least common (Fig. 3).
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Fig.3. Histogram of the Central Fig. 4. Histogram of the apparent diameters

Supermassive Black Hole Mass Distribution | of elliptical galaxies.

of Elliptical Galaxies

The apparent diameters of the elliptical galaxies show that galaxies with a value of LogD =
1.6 £ 0.1 arcmin are the most frequently observed, whereas elliptical galaxies with LogD =2.41 +
0.1 arcmin are less common (Figure 4).

Correlations between the central black hole masses of elliptical galaxies and their physical
parameters were calculated (Table 1), and graphs illustrating these relationships were constructed
based on the obtained correlation coefficients.

Table 1. Correlation coefficients between the central black hole mass and physical parameters.
Parameters c LogM=« LogMbulge LogLbulge
LogMaH 0.82 0,54 0,82 0,73

A linear relationship can be observed between the central black hole mass (LogMgw) and the
velocity dispersion (o) of elliptical galaxies (Fig.5). As the central black hole mass (LogMgn)
increases, the bulge luminosity (LogLuuige) Of elliptical galaxies also increases (Figure 6). A nearly
linear relationship is observed between the central black hole mass (LogMgn) and the total stellar
mass (LogM>-), as shown in Fig.7. Furthermore, with increasing central black hole mass (LogMgH),
the bulge mass (LogMhuuige) Of elliptical galaxies also increases approximately linearly (Fig. 8).
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Fig. 5. Relationship between black hole mass Fig. 6. Relationship between black hole mass

and velocity dispersion. and bulge luminosity.
LogMgy = 0.01020 + 6.2705 (1)
LogMgy = 0.9143LogLyyige — 1.4862 (2)

The above equations indicate that, with increasing central black hole mass in elliptical galaxies,

both bulge luminosity and velocity dispersion also increase in a nearly linear manner.
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Fig.7. Relationship between black hole mass  Fig.8. Relationship between black hole

and total stellar mass. mass and bulge mass.
LogMgy = 0.29LogM, + 8.4195 3)
LogMgy = 1.2164LogMpyge — 4.7856 4)

The above equations indicate that, with increasing central black hole mass in elliptical galaxies,
both the total stellar mass and the bulge mass also increase in a nearly linear manner.
Conclusion

1. A combined catalog comprising 119 elliptical galaxies was compiled. Statistical analyses
were performed to investigate the relationships between the central black hole masses and selected
physical parameters provided in the catalog.

2. Based on the statistical analysis, correlation coefficients between the physical parameters
of elliptical galaxies were determined (Table 1). The histograms of the physical parameters
indicate that the most frequently occurring objects have a total stellar mass of LogM~ = 11.8, a
velocity dispersion of ¢ = 295 km s, an apparent diameter of LogD = 1.6 £ 0.1 arcmin, and a
central black hole mass of LogMgn = 8.5.

3. Elliptical galaxies are characterized by relatively high central black hole masses (LogMgH
~ 8.5), suggesting that these systems are generally associated with advanced stages of galaxy
evolution.

4. The relationships among the physical parameters of elliptical galaxies are relatively strong
and well ordered, whereas those observed in spiral galaxies tend to be more scattered and
complex.
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5. In elliptical galaxies, the central black hole can act as a quenching agent, suppressing or
regulating star formation and thereby influencing the subsequent evolutionary development of the
host galaxy.
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