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Abstract: The firm co-existence of intermediate-mass black holes (IMBHs, 𝑀𝐵𝐻 ≈ 103 − 106𝑀⊙) in 

nuclear star clusters (NSCs) remains uncertain because the limited number of verified instances within the 

local Universe, limited within 3.5 Mpc. They are crucial for our understanding about the formation and 

evolution of supermassive black holes (SMBHs). The upcoming Extremely Large Telescope (ELT) promises 

to revolutionize the detection of these mysterious objects. In this study, we simulated the kinematics of an 

IMBH within the nuclear star cluster of VCC 1861, one of the faintest galaxies in the Virgo Cluster. Using 

Jeans Anisotropic Modeling (JAM) and stellar density profiles derived from Hubble Space Telescope (HST) 

data and the HSIM program, we created mock High Angular Resolution Monolithic Optical and Near-

infrared Integral field spectrograph (HARMONI) observations for the ELT. We then extract stellar 

kinematics from these mock data and recover the BH mass using the JAM model with Markov Chain Monte 

Carlo simulation method. Our results demonstrate the ELT's capability to detect IMBHs with masses 

comprising 5% of the NSC's mass at the distance of the Virgo Cluster. 

Keywords: individua;, VCC1861 – galaxies: supermassive black holes – galaxies: nuclei – galaxies: 

kinematics and dynamics – galaxies: evolution – galaxies: formation 

 

1. Introduction 

The intermediate-mass black holes (IMBHs, with a mass range of 102 ≲  𝑀𝐵𝐻 ≲ 106𝑀⊙) existence 

in below-Milky Way mass galaxies (𝑀⋆ ≲ 5 × 1010𝑀⊙) is important to our knowledge of the origins of 

SMBHs (SMBHs, 𝑀𝐵𝐻 ≳ 106𝑀⊙) in the early Universe. Currently, we knew that the stellar mass black 

holes (BHs, 𝑀𝐵𝐻  ≲  102𝑀⊙) is massive star remnants [1]. In contrast, the origins of SMBHs at the centers 

of larger galaxies remain unclear despite their ubiquitous presence. Observations of luminous quasar from 

the reionization epoch (at 𝑧 ≳ 6) reveal some large SMBHs with mass 𝑀𝐵𝐻  ≳  109𝑀⊙[2]–[6]. These 

discoveries suggest that SMBHs could not have evolved from normal stellar-mass BHs in this short time. 

This implies some hypothesized mechanisms for the origins of SMBHs involve starting as IMBH "seeds" 

which then eventually grow to their current SMBHs we observed today in massive galaxies. 

There are three theoretical channels for IMBH formation: (i) from remnants of massive stars (pop-

III) in the early Universe [8], [9] , (ii) via gravitational runaway in dense stellar system [10]–[13], and (iii) 

direct collapse from gas [14], [15].  All these hypotheses require IMBHs as initial seeds formed around a 

quarter billion years from the Big Bang and then grew up inside the galaxies. On the other hand, if these 

IMBHs did not evolve into SMBHs, they should be found in low-mass stellar systems (e.g. dwarf galaxies 

[16]–[18] or globular clusters (GCs) [19]–[22]) due to a lack of material for accretion. By examining the 

relationships between central BH mass and host galaxy (e.g. velocity dispersion (𝜎⋆) or galaxy stellar mass 

(𝑀⋆)) as well as the occupation fraction of IMBH inside low-mass galaxies, we can identify the dominant 

formation process. 

However, strong observational evidence for such IMBH is absent from the BH mass spectrum. Some 

extragalactic surveys detect no IMBHs within Local Group[23], [24]. Despite numerous multi-wavelengths 

surveys (e.g X-ray [25]–[27], Optical[28]–[30], near-infrared, radio[31]) with many techniques (e.g. 

dynamics, broad Balmer lines, coronal lines) aiming to find these enigmatic objects, leading their existence 

remains uncertain. However, some recent observations reveal strongest IMBH candidates in Local Volume 

dwarf galaxies (e.g. NGC 3621 [32], NGC 4395[33], NGC 5206, NGC 5102, NGC 205 [34], [35], NGC 

404 [36]–[38] ) and nearby GCs [22], [39], [40]. The main challenge in detecting IMBHs is the lack of 

facility resolution. The existence of IMBHs can be detected via their effects on their vicinity within their 

radius of sphere of influence Rsoi. This radius is given by 𝑅𝑠𝑜𝑖 = 𝐺𝑀𝐵𝐻/𝜎⋆
2, where 𝐺 is the gravitational 

https://doi.org/10.29227/IM-2025-01-02-042


https://doi.org/10.29227/IM-2025-01-02-042 Received: 30 Oct 2024, Accepted: 01 May 2025, Published: 01 Sep 2025 

 

Journal of the Polish Mineral Engineering Society, No 1(55) 2025, January - June, Volume 2          531 

constant, 𝑀𝐵𝐻 is black hole mass, and 𝜎⋆ is the stellar velocity dispersion. For a typical IMBH in Local 

Group (𝐷 ≈ 3.5 𝑀𝑝𝑐) with mass of 𝑀𝐵𝐻 = 105𝑀⊙ and 𝜎⋆ = 30 𝑘𝑚𝑠−1, then 𝑅𝑠𝑜𝑖 ≈ 0.028 arcsec. This 

is below the resolution of all current telescopes, even with adaptive optics support such as the Very Large 

Telescope (VLT, FWHMPSF
 = 0.05 arcsec) or Gemini (FWHMPSF

 = 0.1 arcsec). We certainly can question 

whether the current absence of strong observational evidence for IMBHs suggests their natural non-

existence or a result of our instrumental limitations. 

In the coming years, Extremely Large Telescope (ELT) with 39-meter mirror will offer sufficient 

spatial resolution and is expected to be capable of resolving the Rsoi of IMBHs. In addition, it is equipped 

with High Angular Resolution Monolithic Optical and Near-infrared Integral (HARMONI) field 

spectrograph. It can achieve the spectral resolution of σínstr = 6 - 18 km.s-1, allowing us to measure IMBH 

mass in the nearby galaxies within 10 Mpc better than current facilities [41]. 

In this work, we aim to investigate the ability of ELT/HARMONI in IMBH mass measurement with 

a Virgo cluster with distance of 16.5 Mpc. We introduced VCC 1861 as a typical dwarf galaxy, which 

serves as the target for our simulation (Section 2). To do that, we generated four mock IFS data with two 

different BH mass scenarios and extracted their kinematics in Section 3. Then we extracted kinematic 

information and recovery BH mass values using Bayesian inference in Section 4. Finally, we summarized 

these findings in Section 5. 

2. Simulated Virgo cluster target: VCC 1861 

Virgo Cluster is the one of the largest galaxy clusters in the Northern hemisphere with ≈ 2,000 

members [42]. It hosts numerous dwarf galaxies which are predicted to harbor IMBHs [43], [44]. With its 

diversity in galaxy demographics [45], it provides perfect targets for studying galaxy evolution. 

VCC 1861 (or IC 3652) is a typical dwarf elliptical galaxy (dE) in Virgo Cluster, locates at 

12ℎ40𝑚58.58𝑠 − 11𝑑11𝑚04.23𝑠. It has estimated total stellar mass of 𝑀⋆,𝑔𝑎𝑙 ≈ 1.26 − 3.55 × 109𝑀⊙ 

[46]–[48] with an effective radius in r-band of 𝑅𝑒, 𝑔𝑎𝑙 = 20.1 arcsec [49]. This face-on galaxy displays 

quite round and regular isophotes, with a mean ellipticity 〈𝜀〉 = 0.03 [50]. VCC 1861 contains a bright 

NSC with total magnitude in g-band of 20 mag [51] and mass of  𝑀⋆,𝑁𝑆𝐶 = 5.2 × 106𝑀⊙ estimated from 

spectral energy distribution fitting with Keck observations [46]. Spectroscopic studies indicate VCC 1861 

has an average age of 𝐴𝑔𝑒𝑔𝑎𝑙 ≈ 6.31 Gyr and a younger NSC with 𝐴𝑔𝑒𝑁𝑆𝐶 ≈ 5.24 Gyr [46]. The galaxy 

has a line-of-sight (LOS) rotational velocity of 𝑣 ≈ 5𝑘𝑚. 𝑠−1 and 𝜎⋆ ≈ 28𝑘𝑚. 𝑠−1 from William Herschel 

Telescope and Keck data  [47], [48]. 

3. Methodology 

In this section, we simulated mock observations using the HARMONI instrument of the ELT. We 

generated the mock IFS data cubes with the HARMONI Simulation (HSIM1) program [52]. To achieve 

this, we first built a galaxy mass model based on Hubble Space Telescope (HST) images (Section 3.1). We 

then constructed noiseless IFS cubes using this mass model, combined with a kinematic profile derived 

from Jeans Anisotropic Modeling (JAM) and a Stellar Population Synthesis (SPS) spectrum (Section 3.2). 

3.1. Galaxy mass model 

We constructed the galaxy stellar mass model using data from the HST/ACS Wide Field Channel 

(WFC) image downloaded from the Hubble Legacy Archive. It is a part of Virgo cluster survey by [51]. 

This image is observed from three frames with a total exposure time of 1210s. For our analysis, we 

generated the HST/WFC F850LP point spread function (PSF) using the Tiny Tim package [53], [54]. To 

replicate the real observational conditions, we created three separate PSFs corresponding to the three 

exposure frames. These PSFs were convolved into a final pixel size of 0.05″ using the 

Drizzlepac/AstroDrizzle software [55]. The resulting PSF model has a full width at half maximum (FWHM) 

of 0″. 11 

We extracted the radial surface brightness profile using the Image Reduction and Analysis Facility 

(IRAF) program [56]. Firstly, we calculated the total flux within ellipse annuli using the “ellipse” task from 

IRAF. During this step, we deconvolved the image with the HST/WFPC2 F850LP PSF described 

previously. We then applied a zeropoint of 24.872, obtained from the ACS Zeropoints Calculator in the 

acstools package2, to convert the flux profile from counts.s-1 to mag.arcsec-2.  

 
1 https://github.com/HARMONI-ELT/HSIM 
2 https://pypi.org/project/acstools/ 
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Notably, our chosen ELT/HARMONI pixel size of 0.01" (spatial resolution), which is five times 

smaller than the given HST observation. We need to extrapolate deeply toward the center. To do that, we 

fit the surface brightness profile with the core-Sersic [57], [58] and Sersic [59] function using non-linear 

least-squares method via MPFIT package [60]. As assumed by [41], the stellar mass distribution in NSC 

can be described using core-Sersic with the power law index of γ = 0.1. Figure 1 shows the surface 

brightness profile and the best-fitting core-Sersic and Sersic function.  

 

Fig. 1. The surface brightness profile obtained from HST ACS/WFC image 

We assumed the NSC component is perfect spherical with 𝜖 = 0 and disk component has a mean 

ellipticity ⟨𝜖⟩ = 0.03. We used this information to convert 1D MGE to 2D MGE with 𝑞 = 𝑏/𝑎 = 1 − 𝜖. 

The final MGE model is presented in Table 1, including: (column 1) central intensity in logarithmic scale 

(𝑙𝑜𝑔 𝑙𝑜𝑔 𝐼′ ), (column 2) the width of the Gaussian, and (column 3) the ratio between the minor and major 

axes. 

Finally, we convert this luminosity density profile to mass density profile by applying a constant 

mass-to-light (M/L) ratio. We used an empirical relation between color index (𝑔 − 𝑧) and M/L [61] 

𝑀/𝐿𝑧  = 𝑎𝑧(𝑔 − 𝑧) + 𝑏𝑧, where 𝑎𝑧 = 1.25 and 𝑏𝑧 = −1.11. We adopted the value of 𝑔 − 𝑧 = 1.04 

obtained [51] and calculated 𝑀/𝐿𝐹850𝐿𝑃  ≈  𝑀/𝐿𝑧  =  1.4 (𝑀⊙/𝐿⊙). Our MGE mass model  shows 

consistency with previous studies [46], [47], estimating a total stellar mass for the galaxy of 𝑀⋆,𝑔𝑎𝑙 =

2.8 × 109𝑀⊙ and NSC mass of 𝑀⋆,𝑁𝑆𝐶 = 5.2 × 106𝑀⊙ 

We consider the BH as a point-mass at galaxy center. We simulated with two scenarios: without a 

black hole (MBH = 0) and contains a IMBH with mass of 𝑀𝐵𝐻 ≈ 5%𝑀𝑁𝑆𝐶 = 2.5 × 105𝑀⊙. This aims to 

compare and assess the capability of distinguishing the IMBH presence from the kinematic data. 

Tab. 1. The Multi-Gaussian Expansion model obtained from HST/WFC 850LP image 

𝑙𝑜𝑔𝐼′(𝐿⊙𝑝𝑐−2) 

(1) 

𝜎 (arcsec) 

 

(2) 

𝑞′ 

(3) 

3.15 

3.57 

3.39 

2.86 

2.18 

2.14 

2.05 

1.89 

1.52 

0.008 

0.098 

0.188 

0.980 

2.741 

6.218 

12.653 

25.309 

57.735 

1.00 

1.00 

1.00 

0.97 

0.97 

0.97 

0.97 

0.97 

0.97 
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3.2. Mock HSIM IFS cube creating 

For IFS cube creating, we used a high spectral resolution stellar population synthesis (SPS) spectra 

[62]. These spectra are constructed from the Model Atmospheres with a Radiative and Convective Scheme 

(MARCS) [63]. We selected it because its resolution (𝑅 = 𝜆/ 𝛥𝜆 =  20,000) is sufficient to match the 

ELT/HARMONI spectral capabilities. For our analysis, we adopted a Salpeter initial mass function (IMF), 

an NSC age of 5 Gyr [47], and solar metallicity. This template spectra is truncated from 1.4 – 2.5 μm, which 

can cover from H-high band to K-long band in our simulations. 

We created the noiseless IFS cube with the same method in [41]. The galaxy’s kinematic profile was 

constructed using the Jeans Anisotropic Model (JAM). Because NSCs in dwarf galaxies tend to exhibit a 

significant rotation [34], [36], [64], we assumed an axisymmetric velocity ellipsoid with cylindrical 

alignment [65] 𝜎𝑧 ≠ 𝜎𝑟 = 𝜎 .  

We created two noiseless cubes: MBH = 0 and 𝑀𝐵𝐻 = 2.5 × 105𝑀⊙ using the mass model from 

Section 3.1. Other necessary parameters used for modeling are shown in Section 2. All JAMcyl model 

kinematic maps were constructed with assuming an average inclination 𝑖 = 44° and constant anisotropy 

parameter 𝛽𝑧 = (1 − 𝑣𝑧/𝑣𝑅)2 = 0.02 [67]. They have the FoV of 0.8  × 0.8 arcsec and pixel size of 5  × 5 

mas2. This pixel size is smaller than the 10  × 10 arcsec² of ELT/HARMONI that we plan to use, allowing 

for later rebinning. We compute the rotational velocity 𝑉 and root-mean-square velocity 𝑉𝑟𝑚𝑠 as the first 

and second moment in JAMcyl. Then the velocity dispersion is calculated by 𝜎⋆ = √𝑉𝑟𝑚𝑠
2 − 𝑉2. We adopted 

the redshift 𝑧 = 0.0021 from NASA/IPAC Extragalactic Database3 (NED) by shifting the spectrum with a 

factor of (1 + 𝑧).  

With these assumptions, we generated the noiseless cubes by following steps: 

(i) We constructed a Gaussian kinematic kernel with mean rotational velocity 𝑉 and velocity 

dispersion 𝜎⋆ are calculated from JAMcyl. 

(ii) We assumed a stellar population (age of 5 Gyr, solar metallicity) and logarithmically  rebinned 

the MARCS SPS spectra with velocity scale of 0.5 km.s-1 to get a constant wavelength interval. 

We then accounted for redshift 𝑧 by a factor of (1 + 𝑧). 

(iii) We combined the spectrum from step (i) with the kinematic kernel in (ii), and then linearly 
interpolated to achieve Δλ ≈ 0.02 Angstrom. 

(iv) We rebinned the spectrum to achieve a spectral resolution of at least half of the HARMONI 

spectral resolution (Δλ ≈ 0.5 Angstrom). This ensures that no information is lost. 
(v) The surface brightness is estimated from the MGE model (Table 1). The elliptical shape of the 

galaxy was accounted for each pixel using the relation 𝑟2 = 𝑥2 + (𝑦/𝑞)2, where 𝑥, 𝑦 is the 

positions of each spaxel, and 𝑞 is the ratio between minor and major axes in the MGE model. 

This MGE model is then assigned for every pixel with units of in erg.s
−1

.cm
−2

.Å
−1

.arcsec
−2

. 

(vi) We saved the data into a 3-dimensional noiseless cube. 

3.3. HSIM IFS output data cubes 

HARMONI is a near-infrared integral-field spectrograph (IFS) instrument of ELT [68]. Assisted by 

an AO system, it can achieve the spatial resolution close to the diffraction limit which surpasses all previous 

capabilities. HARMONI can use some different AO modes, including single conjugate AO (SCAO), laser 

tomographic AO (LTAO), and no AO observations. It provides four different spatial resolution (4 × 4 mas2, 

10 × 10 mas2, 20  × 20 mas2, and 30  × 60 mas2) and three spectral resolutions (𝑅 ≈ 3,300; 𝑅𝑚𝑒𝑑𝑖𝑢𝑚 ≈
7,100;  𝑅ℎ𝑖𝑔ℎ ≈ 17,300).  

We chose high-resolution gratings for precise kinematic measurement due to the small differences in 

the velocity profile. We simulated with two high-resolution gratings: H-high band (𝜆1.538 − 1.678 𝜇𝑚) 

and K-long band (𝜆2.199 − 2.400 𝜇𝑚). In these spectral ranges, there are some strong stellar atomic and 

molecular absorption lines (e.g. Mg, Fe, Si and CO absorption lines) which are used widely in kinematics 

extracting [71], [72]. 

 
3 https://ned.ipac.caltech.edu/ 
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We used noiseless cubes from Section 3.2 as the input for HSIM mock data simulations. The HSIM 

program truncated the spectral ranges of these noiseless cubes according to the respective gratings. We 

simulated multiple frames to mimic real data, with a total exposure time of 18 frames × 15 minutes = 4.5 

hours. We used LTAO mode with a natural guiding star (magnitude in H-band of 17.5 mag) distant 30 

arcsec from our target. The other parameters were set to default to mimic observational conditions for the 

Armazones site. 

4. Result 

4.1. Kinematic extracting 

Firstly, we used the Voronoi binning method to merge adjacent pixels and achieve a signal-to-noise 

ratio 𝑆/𝑁 ≳ 20 for each bin using the Vorbin package [73]. Next, we fitted the spectra of these bins to the 

MARCS spectral library using the Penalized PiXel-Fitting (pPXF) method [74]. The LOSVD was fitted 

using the Gauss-Hermite series. We accounted for the continuum shape with default Legendre polynomials 

setting of degree = 4 and mdegree = 0. To improve the fitting process, the model includes 13 spectral 

templates that span a wide range of ages and metallicity in pPXF fitting process. We fitted the entire spectral 

range for all gratings: H-high band (𝜆1.538 − 1.678𝜇𝑚), K-long band (𝜆2.199 − 2.400 𝜇𝑚). We derived 

the rotational velocity 𝑉 and velocity dispersion 𝜎⋆ as the first and second moment from pPXF fitting. We 

then calculated the 𝑉𝑟𝑚𝑠 = √𝑉2 + 𝜎⋆
2 . During the fitting process, we also accounted for instrument 

broadening by convolving the template spectra with a constant dispersion from HSIM. 

Figure 2 shows the fitting results for the central bins of mock cubes without BH. The vertical black-

dashed lines represent important stellar absorption features used in the pPXF fitting. The black lines 

represent the data, and the red lines are the best-fitting models. The residuals (data – model) are depicted 

as green points. 

 

Fig. 2. Spectrum fitting for central bin of HSIM gratings 

Figure 3 presents the kinematic maps derived from HSIM cubes using pPXF procedure of (left) H-

band and (right) K-long band, separated by a black vertical line. In each band, we show row panels 

corresponding to two BH mass scenarios: (top) without BH and (bottom) with 𝑀𝐵𝐻 = 5%𝑀𝑁𝑆𝐶 =
2.5 × 105𝑀⊙. These maps include rotational velocity (𝑉), velocity dispersion (𝜎⋆), and root-mean-squared 

velocity (𝑉𝑟𝑚𝑠) from left to right, respectively. 

In all case, the galaxy indicates a slow rotation with 𝑉 ≲ 5 km.s-1 and the 𝜎⋆ increase from 20 – 30 

km.s-1 with radius from 0.1 – 0.8 arcsec. This is consistent to the previous kinematics studies using WHT 

data [48]. Notably, the difference appears at the center where BH dominates the gravitational potential, 

marked by the red circle. In case of no BH, there is a significant drop in 𝜎⋆. This feature is predicted by 

[75] in the galaxy with a small or no BH with a wide range of Sersic index and power-law indices of core-

Sersic profile. In work of [41], this feature is demonstrated numerically and also in kinematics simulation. 

In contrast, a massive BH existence cause the peak up in 𝜎⋆ profile due to its superior contribution in total 

gravitational at this scale. We can see this clearly in case of 𝑀𝐵𝐻 = 2.5 × 105𝑀⊙ for VCC 1861 with a 
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raise of 𝜎⋆ up to 24 km.s-1 within 0.1" form center. This indicates a gravitational contribution of IMBH to 

the kinematic profile that can be clearly distinguished. 

Additionally, stellar kinematics extracted from the H-high and K-long bands show a high agreement, 

with differences below 5%. The H-high band exhibits a higher S/N due to its higher flux intensity.   

 

Fig. 3. Kinematic maps extracted from HSIM cube in high spectral resolution (H-high band & K-long band) 

with two scenarios: (top) no BH and (bottom) MBH = 5%MNSC 

4.2. Bayesian inference 

The Vrms profile derived from pPXF fitting is used for BH mass recovery. We apply a Bayesian 

inference framework to derive the best-fitting JAMcyl parameters utilizing Adaptive Metropolish (adamet) 

algorithm [76]. For the data and model comparison, we calculate the chi-squared factor χ2 which given by 

𝜒2  =  
1

𝜎2
∑𝑛

𝑖 (𝑉𝑟𝑚𝑠, 𝑖  −  𝑉𝑟𝑚𝑠, 𝑖), where 𝑉𝑟𝑚𝑠,𝑖 and 𝑉𝑟𝑚𝑠,𝑖 is root-mean-square velocity of data and 

JAMcyl
 model, respectively. We use four free parameters in JAMcyl model, including inclination 𝑖0, BH 

mass in logarithmic scale 𝑙𝑜𝑔 𝑙𝑜𝑔 (𝑀𝐵𝐻) , mass-to-light ratio in HST/WFC F850LP filter 𝑀/𝐿𝐹850𝐿𝑃 and 

isotropic 𝛽𝑧. We adopted a log-space prior for BH mass which can span many orders of magnitude. This 

choice allows us to explore the sample space over a wide range of masses. We adopted uniform priors for 

the other parameters. We performed a total of 105 model running iterations, excluding the first 20% step as 

a burn-in phase. We tracked the post-burn-in phase (80,000 steps) to generate the posterior distribution 

functions (PDFs). The best-fitting values were obtained from the medians, and uncertainties were derived 

from the 3σ of the PDF (corresponding to 0.3 - 99.7% confidence levels).  

Figure 5 presents the adamet MCMC posterior distributions as corner plots. The scatter plot colors 

indicate the confidence levels, with white representing the highest confidence and black indicating values 

outside the 3-σ level. The 1-D PDFs are also shown as histograms at the top. The best-fit BH mass and 

M/LF850LP is close to our input values (see Table 2 and Figure 4). Notably, we can observe an anti-

correlation between these parameters in their 2D posterior distribution. It highlights a common physical 

feature of their contributions to the total system gravitational potential, necessitating that when one 

parameter becomes larger, the other becomes smaller. In addition, the 𝛽𝑧 is also well-constrained with the 

difference of 𝛥𝛽𝑧 < 0.1.  
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Fig. 4. Summary of recovery value of two parameters: BH mass and M/L850LP 

In contrast, the inclinations 𝑖0 are not well-constrained, spanning from 300 − 900, though it still 

shows a preference for a best fit at 300, aligning with our input parameters. Our simulation has a FoV of 

0.8 arcsec from the center, encompassing only the NSC component. The NSC tends to exhibit an ideal 

spherical symmetry and appears similar across a wide range of inclinations. It results in poor constraints on 

the inclination. 

Tab. 2. JAMcyl best-fit values and uncertainties obtained from  adamet MCMC process 

Input Parameters Priors 
Best-fit with 3𝜎 uncertainties 

H-high K-long 

No BH 

𝑖0 30 – 90 37 ± 30 34 ± 29 

 𝑙𝑜𝑔(𝑀𝐵𝐻/𝑀⊙)  0 – 8 ≤ 3.184 ≤ 2.5429 

𝑀/𝐿𝐹850𝐿𝑃 0 – 8 1.395 ± 0.049 1.376 ± 0.091 

𝛽
𝑧
 -1 – 0.99 

0.010 ± 0.110 0.007 ± 0.240 

 𝑙𝑜𝑔(𝑀𝐵𝐻/𝑀⊙)  = 5.4 

𝑖0 30 – 90 33 ± 29 31 ± 30 

 𝑙𝑜𝑔(𝑀𝐵𝐻/𝑀⊙)  0 – 8 
5.382 ± 0.049 5.337 ± 0.090 

𝑀/𝐿𝐹850𝐿𝑃 0 – 8 1.458 ± 0.039 1.473 ± 0.066 

𝛽
𝑧
 -1 – 0.99 0.014 ± 0.063 0.014 ± 0.100 
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Fig. 5. Corner plots show the MCMC results for medium resolution gratings: (left) H-band and (right) K-

band with two different scenarios: (upper) no BH and (lower) a central IMBH with mass of 5% NSC mass. 

The top histograms show each parameter 1D posterior distribution, with 2D PDF shown below. The colors 

from white to black depict different confidence levels. The data are compared to the best-fitting model at 

the top-right corner. 

5. Conclusion 

These IMBHs are crucial to knowledge of the formation mechanism and evolution of SMBHs. In this 

upcoming future, ELT promises to improve the detection of these objects. In this study, we have focused 

on the ability of ELT in IMBH detecting with galaxies in Virgo Cluster (distance of 𝐷  ≈ 16.5 Mpc). This 

aims to expand the survey further than the previous IMBH survey [41].  

The high-spectral resolution gratings of ELT, including H-high and K-long at 10 mas spatial 

resolution scale, have ability to detect IMBHs with mass of 𝑀𝐵𝐻 = 2.5 × 105𝑀⊙ at the distance of 16.5 

Mpc.  
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