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Background

Supermassive black holes (SMBH), ranging from 105 to 1010M�, are present in galactic nuclei [e.g. 4],
influencing the evolution and structure of host galaxies [e.g. 13]. SMBHs are commonly found in

galaxies with bulges [e.g. 5, 20].

SMBH can appear as Active Galactic Nuclei (AGN), including Quasars (QSO) with luminosities from

1044 to 1048 erg s−1 [12]. QSOs, crucial for probing the early universe, provide insights into galaxy and
SMBH formation [24, 8].

The Wide-field Infrared Survey Explorer [WISE, 25] has surveyed the sky in four IR bands (3.4 µm,
4.6 µm, 12 µm, and 22 µm. W1 to W4, respectively). WISE fluxes and colors allow discrimination
between different extragalactic objects, estimation of galaxy morphology (TType), and exploration of
properties such as total stellar mass (M∗) through photometry [9, 1, 10].

We have developed WISE2MBH [6], an algorithm that takes advantage of WISE data relationships to

classify regular galaxies and QSOs, estimate TType, determine bulge-to-total (B/T ) mass ratios, and
estimate the SMBH mass (MBH). The latter are relevant for individual source studies using advanced

instruments such as the EHT and ngEHT [19, 11, 2].

Figure 1. Schematic graph of howWISE data is used to obtain MBH estimates using the WISE2MBH algorithm.

Method: theWISE2MBH algorithm

As shown in Fig. 1, WISE magnitudes (and colors) together with K-corrections up to z = 3 from [10]
can be used to classify objects into regular galaxies and luminous QSOs using color-color criteria and

to obtain properties such as M∗ using the method from [1] and TType using one of our functional fits.

We exploit the empirical evolution ofB/T with TType [e.g. 17, 18] to estimate the former. By combining
B/T with M∗, the bulge mass of the galaxy (MBulge) can be obtained.

BothM∗ andMBulge were compared to multiple samples of independently calculated values [e.g. 14].

At lower redshifts, there is good agreement, but as the redshift increases, the differences become more

pronounced, as shown in Fig. 2.

Finally,MBH is estimated using theMBH−MBulge scaling relation from [21]. An empirical compensation

factor (Cf ) is calculated using measured and highly reliable estimates ofMBH and then applied to the

obtained estimate.

The WISE2MBH algorithm implements a Monte-Carlo approach for error propagation, considering

WISE photometric errors and uncertainties in the conversion factors used. Errors in scaling relations

are convolved with this distribution, if available, as in the case of [21]. From the final distribution, both

the median value and 1σ errors are saved.

This algorithm is applied to the Event Horizon and Environs sample [ETHER, 19], which compiles more

than 3 million extragalactic sources with spectroscopic redshifts. With such a huge sample, the local
black hole mass function (BHMF) can be calculated using MBH estimated from our algorithm, which

gives us insight on the populations of SMBH in the local Universe.

Figure 2. Difference between WISE-derived M∗ (Top) and MBulge (Bottom) and the low redshift (z ≤ 0.4) sample of [14]
against redshift. The black dashed line shows the line of equality and red dots with error bars represent the median and

1σ dispersion of the difference between masses for slices of 0.05 in redshift. Colors represent the density of objects
following the color bar to the right.

Color-color criteria and functional fits

For QSO selection, we combine a slightly modified version of the boxy region described by [9] and

a line division at W1−W2= 0.8 [e.g. 23]:
W2−W3 < 2.2 ∧W1−W2 > 0.8

2.2 < W2−W3 < 4.4 ∧W1−W2 > (0.05[W2−W3] + 0.38)

Every source that does not meet this criteria is considered a regular galaxy, and every source with a

color W2−W3> 4.4 is rejected due to uncertain classification.
In our work, we compared manually obtained TTypes from the 2MRS sample [7] to WISE W2−W3
colors. Their relationship can be described by an S-shape curve with the following functional fit:

W2−W3SN = (W2−W3− 0.75) /2.71

TType = (1.21 ± 0.01) logit (W2−W3SN) + (1.36 ± 0.02)

Using multiple independently derived B/T from the literature [e.g. 14, 15], we found an exponen-
tially decreasing trend with TType that is described with the following functional fit:

B/T = 0.05 + 0.36
(

7.72−0.1·TType
)

The obtained Cf is calculated using the estimated MBH and then adding it to the latter:

Cf = −0.18 log MBH + 1.73

Despite their simplicity, functional fits yield results that are generally in good agreement with obser-

vational and theoretical predictions of SMBH masses, both in individual cases and populations.

Results

Applying the WISE2MBH algorithm to a crossmatch of ETHER and AllWISE with sources with z ≤ 3,
the algorithm provides ∼2.6 million MBH estimates (68% new) and ∼730 thousand upper limits, with
almost 80% of the final sample being first-time MBH estimates or upper limits.

When comparing the same subset of measured and highly reliable estimates of MBH used to derive

Cf with their WISE2MBH counterparts, a Spearman score of ∼0.8, R2 of ∼0.68 and RMSE of ∼0.52
were obtained, showing a great correlation and no large scatter (see Fig. 3). The uncertainties in the

estimated MBH (in log M�) were shown to be around ±0.5 at all possible values of B/T , few with
uncertainties as high as ±1.2 in the low bulge-fraction regime (LBF, B/T < 0.3). The most relevant
sources appear at high bulge-fraction (HBF,B/T > 0.4), where first-time estimates for elliptical galaxies
are being used for source selection in multiple observational proposals.

The black hole mass function (BHMF) of the WISE2MBH final sample is in good agreement with

other previously and independently derived BHMFs. The ETHER sample has few low mass estimates

(log MBH ≤ 6), while the WISE2MBH final sample can provide this population of sources, and the
overall combination of both samples generates the most complete BHMF (see Fig. 3).

Figure 3. Left: A comparison of measured (cross) and highly reliable estimated (box) black hole masses against

WISE-derived MBH values in the WISE2MBH final sample. Data points include 1σ error bars. High bulge-fraction (HBF)
and low bulge-fraction (LBF) galaxy subsamples and their best fit linear regressions are color-coded, along with 1σ
prediction intervals (dashed lines) and RMSE scatter (dotted lines), are shown. Right: BHMF in the WISE2MBH final

sample for 30 Mpc-wide shells at distances from 30 to 300 Mpc, indicated by the color bar. ETHER+WISE and ETHER

points represent the BHMF from ETHER, with and without WISE MBH estimates. Reference literature BHMFs from [22],

[3], [16], and [26] are shown for comparison.

Summary

The WISE2MBH algorithm is available on GitHub and classifies galaxies and QSOs using WISE cat-

alog data. It estimates stellar masses (M∗), morphological types (TType), bulge-to-total ratios (B/T ),
and black hole masses (MBH) or upper limits. Applying scaling relations, it derivesMBH from a parent

sample of ∼ 3.8 million sources, producing ∼ 2.6 million MBH estimates and ∼ 730 thousand upper
limits. This algorithm, incorporated into the ETHER sample, is helpful for EHT and ngEHT studies,

offering new source samples as candidates for observation with these facilities.
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