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ABSTRACT 

Super massive black holes are believed to influence galactic evolution and dynamics. A histogram of SMBH masses for 
different redshift regimes may reveal clues on how the SMBH evolve in time. A prominent method for SMBH mass 
estimation is based on the linear correlation between the bulge velocity dispersion and the SMBH mass. Known as M-σ 
relationship, this method is known to provide reasonable but not very accurate mass estimates due to considerable scat- 
ter in data. In order to increase the precision, we surveyed the literature and gathered SMBH and velocity dispersion 
data for low redshift (z < 0.02) spiral galaxies. We report the M-σ relationship for low redshift spiral galaxies as,  
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By using this refined M-σ relationship we measured 32 SMBH masses and determined upper and lower mass bounda- 
ries and the mass histogram for spiral galaxies in a narrow redshift regime (0.016 < z < 0.017). The spectroscopic data 
are obtained from The SLOAN Digital Survey and The National Observatory of Turkey (TUG). The targets are selected 
within a low redshift range for discernible [OIII] lines. TUG observations are carried out on the RTT150 1.5 m tele- 
scope using TUG Faint Object Spectrographic Camera and the SLOAN data are obtained from the 7th data release of 
the survey. We measured the bandwidths of narrow [OIII] lines, which are shown to be indicative in estimating stellar 
bulge velocity dispersion and estimated the central black hole masses from the refined version of the empirical M-σ 
relationship. The estimated masses vary between 9.51 × 106 - 2.36 × 108 solar masses.   
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1. Introduction 

In the past decades existence of extraordinary compact 
objects known as super massive black hole (SMBH) at 
the center of spiral and elliptical galaxies have been con- 
firmed by numerous observational studies, most notably 
in the Milky Way (Ghez, et al., 1996 [1]) and in M31 
(Dressler and Richstone, 1988 [2]; Kormendy, 1988 [3]). 
The existence of SMBH has first been suspected in active 
galaxies. In many cases these galaxies had star-like cores 
emitting up to 1046 ergs/sec (in the case of luminous 
Seyfert galaxies) and displaying significant optical varia- 
tions pointing out fluctuations in generations of vast 
amounts of energy. The physics of the active galactic 
nuclei has been debated over the years; creative scenarios 
such as synchronized pulsations of supergiant stars have 
been suggested and fell short of explaining this complex 
structure. The most plausible explanation is a single “en- 

gine” residing at the host galaxy nucleus. The source of 
the energy for the engine is directly attributed to gravita- 
tional attraction of a central object with a mass in the 
order of 106 or more solar masses. The massive central 
objects have no optical signal and thus proven to be 
SMBH. Therefore the active galactic nuclei have been 
thought to be a SMBH surrounded by an accretion disk. 
The disk is enveloped by a dust torus. The materiel inside 
the torus displays a wide emission band due to high ve- 
locity of the gas surrounding the SMBH, which is known 
as a Broad Line Region (BLR). Outside the torus the gas 
orbits slowly, displaying a narrow emission line (NLR). 
Compression of the gas surrounding SMBH triggers en- 
ergy generation in a way far more efficient than stars.  

SMBH turns out to be ubiquitous. Many normal gal- 
axies are observed to have a SMBH. It is presently be- 
lieved that active or not all galaxies have SMBH at their 
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centers. The difference between an active galaxy and a 
normal one is either the existence or lack of fuel; SMBH 
without accretion disks is believed to be dormant en- 
gines. So far estimated SMBH masses are in the range of 
1.4 × 106 (Greenhill et al., 1997 [4]) - 21 × 109 (McCon- 
nell et al., 2012 [5]) solar masses.  

It is believed that the AGN and the host galaxy are 
closely related; entire system shares an evolutionary his- 
tory (Rees, 1984 [6]; Dressler, 1989 [7]; Magorrian, et al. 
1998 [8], Richstone, 1998 [9]). In the last decade, it has 
been observationally proven that several properties in- 
cluding the velocity dispersion in the bulge region are 
directly proportional with the SMBH mass (Ferrarese and 
Merritt, 2000 [10]; Gebhardt et al., 2000 [11]; Häring 
and Rix, 2004 [12]). Such an influence can only be at- 
tributed to a co-evolution of the SMBH and the host gal- 
axy. In order to attain a better understanding of this phe- 
nomenon, SMBH masses from all kinds of galaxies need 
to be known.   

In order to measure SMBH masses various methods 
based on dynamic studies of gas and stars have been de- 
veloped. In particular, “reverberation mapping” and kine- 
matic studies are known to provide the most reliable 
mass measurements (Kaspi et al., 2000 [13]). Studies us- 
ing these methods enabled a census of well-known SMBH 
masses, which provide a base for further treatments of 
photometric and spectroscopic data. Various features such 
as line intensities, Doppler broadening of the prominent 
lines and line strength ratios of the host galaxies’ spectra 
have been investigated for potential and mostly success- 
ful empirical relationships towards accurate measurement 
of the SMBH masses.  

2. M-σ Relation 

2.1. M-σ Relation and Its Background 

All galaxies display composite spectra that can be used in 
estimating SMBH masses. Since the galactic light is a 
conglomerate of stars and luminous gas, the spectrum 
will inescapably show all ingredients superimposed onto 
each other. Some of the spectral lines are more promi- 
nent and easily discernible. One of the most prominent 
features in a galactic spectrum is the [OIII] emission line 
(λ[OIII]rest= 5007 Å). The Doppler broadening of this line 
shows velocity dispersion (σ) in the bulge region of the 
galaxy (Gebhardt et al., 2000 [11]; Nelson, 2000 [14]; 
Boroson, 2003 [15]). A logarithmic plot of known SMBH 
masses versus σ reveals a linear relation known as an 
M-σ relationship (Ferrarese and Merritt 2000 [10]). Ac- 
cording to the M-σ relationship the velocity of the gas in 
motion in the bulge region is directly proportional to the 
mass of the SMBH residing at the galactic center. As 
more mass measurements have became available the M-σ 
relationship is been refined since its first conception in 

2000. Based on approximately 50 BH masses obtained 
from various galaxy types Gültekin et al. (2009) [16] re- 
ports the current best fit as 
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This linear relationship permits estimation of the 
SMBH masses from a single epoch spectroscopic data.  

2.2. Reliability of the M-σ Relation: Fine Tuning 
of the Relationship 

Despite its promise, M-σ relation is not a first order mass 
estimation method. Two sources of uncertainty can play 
hampering roles in the precision of the mass measure- 
ments. Equation (1) expresses that there is considerable 
scatter in M-σ plot. It has also been reported that there 
are some potential sources of error in velocity measure- 
ments such as line asymmetries, blending or stellar tem- 
perature mismatch (Nelson et al., 2004) [17]. 

We also believe that the M-σ relation can be improved 
by taking different galaxy morphologies into account. 
For instance, the linear relation given in Equation (1) are 
obtained from a wide array of galaxies: 12 ellipticals, 2 
probable ellipticals, 13 barred spirals, 12 spirals, an ir- 
regular and some cross-type galaxies. Every one of these 
types must have followed a different evolutionary track 
and end-up with varying morphologies. SMBH formation 
and growth histories must be linked to host galaxy prop- 
erties including morphological differences and the host 
galaxy bulge type. In order to increase the precision of 
the mass estimation, new fits based on galaxy types 
would be worth enthused. For instance, in an investiga- 
tion of the scatter in M-σ relationship by Gültekin (2009) 
[18], a slightly different fit for elliptical galaxies was 
observed. It is also important to take into account cosmic 
distance and time scales. Since redshift is a measure of 
distance and time, the M-σ relationship has to be ob- 
tained for objects that have close redshift values thus 
belonging to the same epoch.  

To understand potential variations for the M-σ rela- 
tionship for different morphologies, we took into account 
two different types: elliptic and spiral galaxies. We sur- 
veyed the literature for the known masses and bulge ve- 
locities by paying attention to the following points:  
 All masses are measured by primary methods such as 

reverberation mapping, stellar dynamics and gas dy- 
namics. 

 All objects have low redshifts (z < 0.1); this ensures 
that they belong to the same epoch. It is also easy to 
identify morphological type and orientation of nearby 
galaxies. 
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 In order to prevent any potential errors in velocity 
measurements due to galaxy orientation, only edge-on 
spirals are selected.  

 All targets are bright enough to be observed by mod-
erate aperture telescopes and have discernible [OIII] 

lines.  
 None of the targets is a merger.  

Surveying the literature we found 10 spirals and 19 el- 
liptical galaxies satisfying the above conditions. The data 
for the sample are tabulated in Tables 1 and 2. 

 
Table 1. Spiral galaxies. 

Target Redshift Type (km/s) Mbh1 Method2 Ref.3 

Fairall 9 0.04702 S D 425 2.55E+08 RM [19] 

NGC 1332 0.00518 S0 321 1.45E+09 SD [20] 

3C 120 0.033573 S0 230 6.70E+07 RM [21] 

NGC 3115 0.002222 S0 230 9.60E+08 SD [22] 

NGC 3384 0.002442 S0 143 1.80E+07 SD [23] 

Mrk 50 0.0236 S0a D 109 3.20E+07 RM [24] 

NGC 4342 0.002468 S0 225 3.00E+08 SD [25] 

NGC 4594 0.003642 Sa 240 5.70E+08 SD [26] 

NGC 6861 0.00936 S0 419 3.60E+08 RM [27] 

NGC 7457 0.002685 S0 67 3.40E+06 SD [23] 

1Mass in solar masses; 2Mass measurement method, RM for reverberation mapping, SD for stellar dynamics; 3References: [19] Peterson et al. (2004), [20] Rusli 
et al. (2011), [21] Grier et al. (2012), [22] Emsellem et al. (1999), [23] Gebhardt et al. (2000), [24] Barth et al. (2011), [25] Cretton & van den Bosch (1999), 
[26] Kormendy (1988), [27] Beifiori et al. (2009). 
 

Table 2. Elliptical galaxies. 

Target Redshift Type (km/s) Mbh1 Method2 Ref.3 

NGC 821 0.005814 E4 209 5.00E+07 SD [23] 

NGC 1399 0.004755 E1 337 5.10E+08 SD [28] 

NGC 2778 0.006818 E2 175 2.00E+07 SD [23] 

NGC 3377 0.002322 E5 145 1.00E+08 SD [23] 

NGC 3379 0.002922 E1 206 1.00E+08 SD [11] 

NGC 3608 0.003959 E2 182 1.10E+08 SD [23] 

NGC 4261 0.007292 E2 315 5.40E+08 GD [29] 

NGC 4291 0.005944 E2 242 1.50E+08 SD [11] 

NGC 4374 0.003369 E1 296 1.80E+09 GD [30] 

NGC 4473 0.007505 E5 190 1.00E+08 SD [23] 

NGC 4486 0.004233 E1 324 6.27E+09 SD [31] 

NGC 4564 0.003779 E3 162 5.70E+07 SD [23] 

NGC 4649 0.00369 E1 385 2.10E+09 SD [11] 

NGC 4697 0.004044 E4 177 1.20E+08 SD [23] 

NGC 6251 0.02394 E2 290 6.00E+08 GD [32] 

NGC 5845 0.00511 E 234 3.20E+08 SD [23] 

NGC 7052 0.015844 E4 266 3.30E+08 GD [33] 

IC1459 0.005557 E3 340 3.50E+08 GD [34] 

1Mass in solar masses; 2Mass measurement method, RM for reverberation mapping, SD for stellar dynamics, GD for gas dynamics; 3References: [23] Gebhardt 
et al. (2000), [28] Gebhardt et al. (2007), [11] Gebhardt et al. (2000), [29] Ferrarese et al. (1996), [30] Bower et al. (1998), [31] Gebhardt et al. (2009), [32] 

errarese & Ford 1999, [33] van der Marel & van den Bosch (1998), [34] Cappellari et al. (2002). F  



A. K. ATEŞ  ET  AL. 4 

 
Based on above samples the linear least square fits are 

obtained using commercially available GraphPad Prism 
software. The fit for the spiral galaxies is 
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  (2) 

with a correlation coefficient of 0.826. Similarly for the 
elliptical galaxies, 
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with a correlation coefficient of 0.819. When the above 
fits are compared with that of Gültekin (2009) [16], a con- 
siderable difference for the spiral galaxies is apparent.  

As seen in Figure 1, M-σ relationship holds well for 
elliptical galaxies yet varies considerably for edge-on 
spirals. The difference is quite prominent for velocities 
below and above 200 km/s. Based on the above plot, the 
refined version of the M-σ relationship presented in 
Equation (2) proves more suitable for low redshift, edge- 
on spirals when compared to the commonly used M-σ 
relationship.  

3. Spectral Study of Selected Galaxies 

Employing Equation (2) we calculated SMBH masses for 
the selected edge-on spiral galaxies. The spectroscopic  
 

 

Figure 1. Mbh as function of velocities. The solid line is Mbh 
values based on commonly used M-σ relationship, Equation 
(1) (Gültekin 2009 [18]). The dashed line is for the edge-on 
spiral, dotted line for elliptical galaxies based on Equations 
(2) and (3). 

data are obtained from two sources: TUBITAK National 
Observatory and the SLOAN Digital Survey. 

3.1. TUG Targets 

The targets observed at the TUBITAK National Obser- 
vatory are selected primarily for their brightness (m > 16 
in SLOAN u’g’r’i’z’, g’ or Johnson V bandpass) within a 
narrow redshift range (0.016 < z < 0.017). Galaxies in 
this distance have large angular size displaying their ori- 
entation and they are bright enough to be observed spec- 
troscopically with our existing TUG RTT150-TFOSC 
setup. The properties of the targets are presented in Ta- 
ble 3.   

3.2. TUG Observations 

The observations are carried out at the TUBITAK Na- 
tional Observatory, Antalya, using a RTT150 (1.5 m 
Russian-Turkish Telescope) located at 36˚49'27" North, 
30˚20'08" East at an altitude of 2500 meters. RTT150 
operates at f/7.7 and for this project the TUG Faint Ob- 
ject Spectrograph Camera (TFOSC) was installed. TFOSC 
is a dual-purpose camera capable of doing photometry 
and spectroscopy simultaneously. We used grism #15 with 
a dispersion of 2.9 Å/pixel with liquid nitrogen cooled 
2K (Fairchild 447) CCD array. Exposures up to three 
hours were given for three nights of 8th, 9th and 17th of 
July 2010.    

The data reduction is done using MIRA image proc- 
essing software. After reduction for atmospheric, optical 
and electronic effects, the spectra were compared with 
the spectra of Helium and Thorium-Argon lamps for pre- 
cise wavelength calibration. Spectra of Vega taken same 
nights were used to double-check the line identifications. 
Once the line positions were assured, red-shifted strong 
[OIII] emission lines are located at the expected wave- 
lengths. Data below 4100 Å and above 7000 Å are crop- 
ped out due to high amount of interference. The TFOSC 
has a near linear dispersion between this wavelength in- 
terval. 
 
Table 3. TUG RTT150 targets and non-stellar components. 

Target Type1 mv
2

 Redshift3 
Non-stellar 
component4 

mv non-stellar 
component5

PGC 70226 SBab 14.89 0.0169 GSC 3216:0449 13.4 

PGC 70178 E-S0 15.5 0.0172 GSC 3215:1151 11.89 

PGC 70061 Sb D 15.42b 0.0169 GSC 2761:314 13.7 

1Host galaxy morphology (De Vaucouleurs, G., et al., 1991) [35]; 2Magni- 
tude in Johnson v band unless otherwise noted (g’ for SDSS u’g’r’i’z’, b for 
Johnson blue); 3Redshift (NASA/IPAC Extragalactic Database NED); 4Non- 
stellar component from the Guide Star Catalogue (The Guide Star Catalog, 
Version 2.3.2 (GSC2.3) (STScI, 2006)); 5Magnitude of the non-stellar GSC 
component in photographic v band (green) (The Guide Star Catalog, Ver-
sion 2.3.2 (GSC2.3) (STScI, 2006)). 
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The spectra covering the Hβ and [OIII] lines are 
shown is Figure 2. The central wavelength and the 
FWHM of the [OIII] emission lines corrected for resolu- 
tion and calculated by means of Gaussian fits are given 
in Table 4.   

3.3. The SLOAN Data 

The SLOAN Digital Survey has been mined for galaxies 
that satisfy TUG criteria. Out of over 500 000 galaxies in 
SLOAN Data Release 7 Best Object List database, 538 
fell within above-mentioned brightness and distance pa- 
rameters. The data are in the form of a list containing 
spectroscopic and photometric object identifications, 
position, redshift and brightness in u’g’r’i’z’ photometric 
system. Every target on the list is investigated using 
SDSS Object Explorer tool. By analyzing the survey im- 
ages the list has been reduced to 111 targets, which are 
edge-on spiral galaxies and have no mergers. The fits 
files containing the spectra are downloaded to local com- 
puter for analysis. The 28 targets showed high signal 
level for [OIII] lines with no contamination.    

4. SMBH Mass Estimates 

As stated in part 1.2, the width of [OIII] line is indicative 
in estimating stellar bulge velocity dispersion. The bulge 
velocities and corresponding masses calculated by the 
refined M-σ relation given in Equation (2) are tabulated 
in Table 5 with their standard deviations.   

5. Discussion 

The M-σ relation is a secondary mass estimation method 
with some considerable scatter primarily due to indis- 
criminating data from all morphologies and redshift re- 
gimes. In order to address this issue, we selected low 
redshift galaxies and compared two main morphological 
types in the same epoch. As seen in Figure 1, fits for 
spiral and elliptical galaxies varied most probably due to  

diverse evolutionary experiences of two main morpho- 
logical types. We believe that strong constraints allowed 
us to obtain a more precise mass estimation relation 
given in Equation (2) and used this refined relationship 
for mass estimation of SMBH residing in similar galax- 
ies.   

In Figure 3 we plot the measured masses against the 
stellar bulge velocity dispersion. The histogram of mass 
distribution is shown in Figure 4.  

We find that the central SMBH residing in edge-on 
spiral galaxies within a narrow 0.016 < z < 0.017 redshift 
range has in the order of 107 solar masses. 59% of the 
targets have less than 5 × 107 solar mass SMBH. 40% are 
somewhat heavier, between 5 × 107 < MBH < 1 × 108 so- 
lar masses. Only PGC70061 looks like an outlier with a 
mass of 2.36 × 108 solar masses.   

Since above assessments are based on Equation (2), a 
comparison with the commonly used M-σ relationship in 
Equation (1) will reveal whether our refinement caused 
dramatic differences. A plot for TUG and SDSS velocity 
measurements versus mass values calculated by Equa- 
tions (1) and (2) are presented in Figure 5. Bulge veloci- 
ties up to 1.6 × 102 kilometers per second yield 106 - 107 
solar masses, which are close but different than values 
compiled by Gültekin (2009) [16]. The difference is more 
prominent at lower velocities (Figure 6). 

When compared to values from Gültekin (2009) [16], 
the SMBH in 0.016 < z < 0.017 redshift regime appears to 
have almost no “heavy weight” (Mbh > 108 Msun) SMBH.  
 
Table 4. The measured [OIII] line positions and FWHM 
values. 

Target Wavelength (Å) Width (Å) 

PGC 70226 5102 6.0 ± 2.7 

PGC 70178 5092 6.0 ± 2.9 

PGC 70061 5092 8.6 ± 3.1 
 

 

 

Figure 2. The spectra of the TUG sample between Hβ and [OIII] lines. 
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Table 5. Bulge velocity dispersion and estimated black hole 
masses. First three are TUG RTT150, rest are SDSS DR7 
targets. 

Target [OIII] (km/s) MBH (MSUN) 

PGC70226 132 ± 21 4.17 × 107 

PGC70178 132 ± 22 4.13 × 107 

PGC70061 253 ± 47 2.36 × 108 

J145446.97 + 404705.4 143 ± 15 5.14 × 107 

J100754.17 + 292738.5 76 ± 10 9.51 × 106 

J094058.13 + 473713.6 108 ± 18 2.43 × 107 

J094505.62 + 453513.3 87 ± 4 1.36 × 107 

J160839.57 + 120038.5 84 ± 6 1.24 × 107 

J021323.81 − 074355.5 136 ± 8 4.50 × 107 

J080913.97 + 165915.2 90 ± 17 1.49 × 107 

J162722.58 + 112801.7 94 ± 9 1.68 × 107 

J160017.81 + 154523.6 132 ± 4 4.15 × 107 

J091728.99 − 003714.1 112 ± 14 2.68 × 107 

J110924.27 + 621445.0 83 ± 8 1.20 × 107 

J141440.92 + 132241.4 104 ± 2 2.20 × 107 

J143811.83 + 243130.4 95 ± 5 1.72 × 107 

J134701.22 + 335336.9 102 ± 9 2.09 × 107 

J124544.95 + 545034.1 121 ± 9 3.29 × 107 

J124442.59 + 404044.4 133 ± 13 4.24 × 107 

J092313.36 + 023604.6 77 ± 6 9.84 × 106 

J080505.40 + 250345.3 100 ± 20 1.98 × 107 

J140435.95 + 152822.0 156 ± 10 6.48 × 107 

J031324.23 − 081244.6 148 ± 11 5.63 × 107 

J094936.99 + 090018.7 108 ± 11 2.43 × 107 

J091750.80 − 001642.5 136 ± 12 4.50 × 107 

J101542.85 + 435933.1 154 ± 30 6.27 × 107 

J080115.64 + 325056.0 107 ± 16 2.37 × 107 

J122247.61 + 053624.3 87 ± 4 1.36 × 107 

J083530.18 + 234034.3 91 ± 9 1.54 × 107 

J025223.39 − 083037.4 166 ± 11 7.65 × 107 

J164309.47 + 455044.7 157 ± 12 6.60 × 107 

 

Figure 3. Stellar bulge velocities versus SMBH masses. So- 
lid diamonds are SDSS DR7 targets, hollow triangles are 
TUG RTT150 values. PGC70061 has been excluded for ease 
of viewing. 
 

 

Figure 4. Number distribution of SMBH masses. 
 
SMBH growth rate has been an intense area of research 
and based on above-mentioned masses no conclusive 
statement can be made. Still we can make a rough esti- 
mation on SMBH growth rate. The common logic dic- 
tates that the SMBH hosted by low redshift galaxies must 
have benefited accumulation of mass during their long 
existence thus must be heavier; yet SDSS and TUG sam- 
ple yield contradicting mass estimations. Assuming ob- 
served AGN luminosity in other galaxies is the result of 
mass in fall on to SMBH, roughly speaking in order to 
satisfy a 1046 erg/s quasar, 2 solar masses per year is re- 
quired. A low redshift galaxy with z = 0.01 in an open 
universe is approximately 11 × 109 years old (H0 = 71 
km/s/Mpc, M = 0.27). Assuming the core to be active 
with the above-mentioned luminosity ratio, the galaxy 
must have been accumulated over 2 × 1010 solar masses 
during its life. The discrepancy between measured 106 - 
107 and 2 × 1010 solar masses can be attributed to signifi-  
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Figure 5. SMBH masses calculated by commonly used M-σ 
fit Equation (1) (squares) versus refined version Equation 
(2) (circles) show considerable difference at lower velocities. 
 

 

Figure 6. Stellar bulge velocities versus SMBH masses. So- 
lid diamonds are the values taken from Gültekin (2009) [16], 
hollow circles are SDSS DR7 targets and the triangles de- 
note TUG estimates. 
 
cant dormant periods. Without reliable information on 
initial mass and accumulation rates it is hard to make an 
accurate estimate, still it is safe to say that these galaxies 
were either not active or had very little activity for the 
most of their lives. 

In conclusion the M-σ relationship can be refined for 
each redshift regime by taking morphological type and 
galaxy orientation into account. As shown in Figure 1, 
Equation (2) provides more reliable mass estimates for 
edge-on, low redshift spirals thus more suitable than the 

commonly used M-σ relationship. Such refinements will 
reduce the scatter in the original fit [Equation (1)] and 
increase the reliability of the M-σ relationship. Using the 
refined formula [Equation (2)] we find that low redshift 
spiral galaxies harbor in the order of 107 solar mass 
SMBH’s. When compared to the general census of the 
SMBH the masses presented in Table 5 cannot be con- 
sidered among the heavier weight SMBH. Thus we con- 
clude low redshift galaxies must have spent most of their 
lifetime without active cores. 

We intend to investigate mass histograms for different 
redshift regimes and morphologies. This will probably 
enable us to reach to an M-σ function rather than a single 
equation. It should be the case, the function will probably 
require new terms for morphological type, redshift and 
orientation. In order to increase the quality of the data, 
besides using newer data releases of SLOAN survey, we 
intend to observe new targets using TUG RTT150 
TFOSC spectrograph with higher resolution setup, con- 
centrating on 5000 - 7000 Å. This will sacrifice many 
potentially useful wavelengths; yet our precision in ve- 
locity measurements will increase.  
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