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Ahstract

Morphological luminosity parameters{s, e #. 2°') and D/B were estimalted
from the decomposition of surface brighlness distributions ol 28 exira galaxies.
Decomposition was made using Lhe standard non-linear least square Niung
method and we used the seeing convolved model Lo get the central brightness of
these galaxies. Masses and M/Ln were calculated using rotational velocities al

these galaxies from the [itting to the generalized Toomra's mass model.

I . Introduction

After the morphological classification of exlra galaxies by Hubhlz(1936), many allempts
were made to classify extra galaxies quantliatively{Sandage 1975). However rapid develope-
menl of the recent abservational techniques like ithe CCD abservation makes 1t possible Lo ¢lassi-
[y exira galaxies qualilatively. As the basic structural parameters of extra galaxies will rellect
the formation and evolution of these objects, it is meaningful to study dynamical paramsters of
the disk and spheraidal components of these galaxies. Unlike the H—R diagram in stars, there
are no such aimple diagrams to explain physically for the formation. structure and evolution of
galaxies. Therelore we want to {ind any correlation among the morphological classification,
structural, physical and dynamical parameters of galaxies. In this paper we calculated physical
and dynamical paramelers using the surface brightness distmbutions and rotational velocilies ol
28 extra galaxies in the range ol Sa o S¢ morphological type.

The surface brightness distributions of extra galaxies made it possible to divide galaxies as 2
gvstems the bulge component where the surface brightness distribution fitted w o' law{de

Vaucouleurs 1953) and the disk component which is well fitted 1o the exponential distribution
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law(Freeman 1970). However there exists many galaxies in where surface brightness distribu-
tions are not fitted well to the empirical law (Okamura 1%88). This dispersion was interpreted as
the result of recent star formations(Talbolt ef el 1979}, or the exislence of the bar structure
and the accompanied galaxies{Boronson 1981).

Many attempts were made to separate the spheroidal and disk componentis through the de-
composilion process(Kormendy 1977;King 1978;Burstein 1979 :Boronson 1981;Kent 1985).
From this decomposition, they can estimate parameters of each compenenl and the disk to bulge
ratios of galaxies.

Kormendy (1577) suggested tweo methods to make the decomposition as like the iterralive fit-
ting method and the standard nen-hnear least sguare method. In the ceniral regions of extra
galaxies, seeing effect bacomes serious{King 1978). This seeing effecl can be corrected through
the convelved method(Schweizer 1979, 1981, Schombert and Bothun 1987, Simien and de
Vaucouleurs 1986).

In the case of the same Hubble type rotation veloeity of the brighter galaxy lends to be~100
kn/sec faster than the fainter one, and the maximum rotation velocity becomes slower from Sa
to Sc{Rubir et el 1980, 1985). Masses of disk galaxies can be calculated from the observed ro-
tation curves(Mestel 1963, Toomre 1963; Brandt 1960). From this mass we can eslimate the
mass to luminosity (M/1.) ratio, and this M/L: value will give some information conecerning the

existence of the dark matter in galaxies.

II. Surface Brightness Distribution

Basic characlers of the used 28 extra galaxies are listed in Table 1. We used the published
surface luminosity distributions and rotation velocitles of these 28 galaxies. The used Huhble
constant is 75kn see™ Mpc™ and the luminosity data are converted to 3 magnitute system,

The r-band ohserved data by Kent{1984, 1986, 1988) were converted to B-magnitude system

as

B=r+0.10+1.18(B—-V}

The g-band data by Jarvis(1988) were converted to r=g—{g—r), and then these data were
converted to B system as above.
The correction to the seeing effect, we used the full width at half maximum(FWHM) which

cames from the observed star image in plates. The used FWHM values are listad in Table 1.

— 74—
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Table 1. Basic characters of 28 galaxies

NAME class T 10 BC) AC Y DiMpe) 3 FWHM(") (") Vulkm/sec) Source
(1) (2) (8)  (4) (5) (6) (7} (8) (4} (10) (11} (12) (13) (14)
N701  Scis) O, 2; 5 1644.67 —67.8 24.7 0.68 3.3 67 1786 21
N7563  Se{rs) I 4 13771 —25.05 9 I 68 0.33 2.6 46 4805 21
N1085 SAb(a) 3 16946 —486 3 807 0.35 2.6 42 6784 22
NiC87 Se(s)II, 3 5 17377 —51.65 2 a 20.5 0.38 21 63 1503 11
N1357 Sa(s) 1 20155 —48.97 1z 26.2 0,22 2.6 54 2038 3 3
N1543 RSBD.s(o)/a —2 2684  —44.53 13.4 045 2.5 3] 1130 1 4
N1574 SBO: —2 ZBG.B8 —42.58 134 0.05 2.8 31 1009 4 4
N1620 SATbe(a) 4 18616 —29,67 45.6 0.68 4.3 72 3490 2 2
N263% Sa 1 188.388 38.19 44.3 0.60 2.3 53 3193 1 3
N2708 SASbh:i(a) 3 231.55 23.67 23.7 0.60 3.0 67 1985 4 2
N2775  Sa(r) 2 Z223.26 34 3 gk 16.2 0.21 2.3 39 1355 3 3
N2815 Sh{s) 1-T 3 25218 174 30.3 070 3.1 77 2542 2 2
N2844 Sa(r) 1 18211 45.15 19.9 0.50 2.8 64 1498 3 3
N3054 SBbe(e) I 3 260.18 22.15 9 28.7 044 3l 55 2425 2 2
N35%3  Sa pec 0 240.44 83.21 g 8.3 0.62 34 69 637 3 3
N3898 Sal 2 139.76 58.97 ik 15.4 0.41 31 48 1145 3 3
N4378 Sa(s) 1 286.08 66.93 6 gk 324 0.22 34 23 2544 3 3
N4448 Sh(r}[-I 2 1953 84.67 g 127 0.65 3.0 71 657 2 2
N4477 SB0../SBa —2 28154 75.61 16.8 0.16 2.74 26 1306 5 4
N4682 Se(s)T, 4 5 301.24 B2.8 2 ZB.9 0.5 3.5 59 2307 21
MN4638 BSa 2 30041 71.35 3 0k 13.3 0.61 25 B8 1014 3 3
N4754  SBO, -3 30372 74.18 16.8 0.47 3.0 63 1307 4 4
4800  Sb{rs) Il -1l 3 1213 70.59 i3 0.3 2.3 47 891 22z
MB314 SaS T (RC2) 1 44.89 3145 82 0.46 30 G4 6642 3 3
MN7171 Sb(r} 1 3 4344 —47.02 5 38.3 0.56 3.3 52 2727 2 2
WT217  Sbh{r)I-1 2 BAES —13.7 3 ak 16.5 0l 2.0 32 955 2 2
N7537 SBTh(a) 4 8276 —H50.65 38.2 0.72 29 81 2673 2 2
N7606 Sbh{r}1 3 B80S —61.29 g 31.7 0.59 33 74 2237 2 2

{2) RSA(Sandage and Tammann 1981) Classilication
(3) RC2(de Vaucouleurs, de Vaucouleurs and Corwin 1976}
Classificatian
{4) longitude
(5) latitude
{6) Arm classificalion (Elmergreen and Elmergreen 1987)
(7) Yerkes classmihication{RCZ)
{8) Dnslance {H="75kn sec™ Mpe - used)
(9) Elpticity
{103 Full widih al half maximum

{11} mchnation
(12} Heliocentric veloeity
(13) Surface bnghtness disiribution
1. Kent. 1984 2. Kent, 1986
3. Kenl, 1988 4. Jarvis et al.(1988)
5. Michard, 1885
(14) Rotation velocity
1. Rubin et al. (1980) 2, Rubin et al (1982}
3. Rubin et af. (1985) 4. Javis et al. (1988}
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CORRELATION AMONG MORPHOGICAL CLASSIFICATIONS

Using the surface brightness distribualions, we can calculate g, T, # and ¢! and all these
values of 28 extra galaxes are lisied in Table 2. From these parameters we can get total lumi-
nosities(Lr) of 28 galaxies, luminosity of the sphercidal component (Lyyg), luminosity of the disk

companent { L) and the disk Lo bulge ratic(D/B}. Table Z listed all these calculated values.

Table 2. Calculaied physical parameters from the decomposition
ol the surface brightness distribution

e Te P a’ D/B Lg Lp Lr
NAME {mag/a"} (arcsec) {(mag/0") {arcsec) (10"Mg) (10"Mg) (10"Mg)
N701 21.79 2.52 19.94 16.94 69.50 0.03 1.8 1.8
N7B3 20561 3.36 19.56 12.37 9.13 1.2 11.0 12.0
N1085 19.36 1.97 19.78 9.43 4.33 2.1 8.9 11.0
N1087 23.76 43.78 20.03 31.28 4.45 0.9 3.9 4.8
N1357 22.01 20.79 21.02 35,94 2.08 1.7 34 5.1
N1543 19.81 7.48 20.54 49.44 6,27 0.4 2.8 3.0
N1b574 19.84 14.64 20.32 24.80 .51 1.6 0.8 2.4
N1620 22.95 15.76 20.83 31.51 8.24 1.2 9.4 11.0
N2838 21.94 18.27 15.80 11.54 0.84 3.8 3l 6.9
N2708 22.19 1639 20.39 23.10 3.31 0.64 2.1 2.7
N2775 22.79 45.40 21.00 46,00 Q.60 3.7 2.2 5.9
N2815 22,71 31.60 21.90 53.36 1.69 2.7 4.5 7.2
N2844 21.77 13.09 20.88 12.80 0.61 0.5 0.3 0.8
N3054 21.84 1612 20.62 31.21 4.02 1.2 4.9 6.1
N3563 23.67 84.28 21.85 2748 0.16 0.06 (.08 0.7
N3858 20.35 16.76 21.06 38.15 0.75 0.7 0.5 1.3
N4378 21.51 23.45 22.88 55.07 0.43 53 2.3 7.6
N4448 21.80 16.87 20.62 38.57 4.31 0.3 1.3 1.6
N4477 21.75 30.52 21.85 358.29 0.42 1.9 D.8 2.7
N4BR2 21.33 1.33 20.90 26.05 160.90 0.02 2.4 2.4
N4£98 21.71 25.18 21.91 50.62 0.94 0.08 0.8 1.6
N4754 19.96 7.5 19.95 13.36 0.81 0.06 0.05 1.1
N4800 21.60 14.80 19.08 13.20 2.26 0.3 0.7 1.0
NG3A14 20.45 7.39 21.71 19.56 0.62 10.5 6.4 17.0
N7171 22.27 6.02 20.84 24.88 17.97 0.2 4.0 4.2
N7217 #1.39 47.11 19.76 30.22 .52 5.9 3.1 9.0
NT537 2423 46.55 20.63 9.37 0.31 2.2 0.7 2.9
NTED6 21.22 9.42 20.38 42.84 12.48 1.0 13.0 14.0
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In Figure 1 we plotied surface brightness distributions of 28 galaxies. Filled circles in Figure 1
denote the chserved surface brighiness and the straight line is the non—-convolved brightness dis-
tribution. Dotted line indicates the spheroidal brighiness distribution and the dashed line is the
disk brightness distribution. The mixed dashed and dotted line is the convolved brightness dislri-

bution.

II. Spherecidal and Disk Separation through Decomposition

Kormendy (1977) and Burslein(1979) used the decomposition process to divide the spheroidal
and disk components from the luminosity distributions in galaxies, Decomposition can be done
through the iterative fiiung method or the standard non-linear least square method.

In the central region of a galaxy, correction should be made 1o ease the seeing effect. The ap-

parent luminosity distribulion i(x, ¥}, which is the seeing convolved, can be expressed as

i, y) = 'f'm J!m 106 n) B(x—& y—n) didy
<o d-oo
where I({, #) is the luminosity distribution where the seeing is nol convolved. The point spread
function S{x—¢, v—x) is the dechned function of luminosity as a resull of seemg effect. In the
central region this Tunction is Gaussian, while it becomes the exponentially declined luminosity
funection in the outer region.

Decomposition was made using the standard non-linear leasl square method, which comes
from the mimimum value of y* from the repeated fitting to the ohvserved luminesity distribution

of a galaxy. y* was defined by Schombert and Bothun(1987) as

1 (,Ul - #11[)2
Y —_—

v [J2

where s, is the observed luminosity distribution and e, is the calculated luminasity distribution
of a galaxy. v is the free parameter while ¢ ndicates the standard deviation.
From the decompaosition we can calculate morpholegical parameters hike g, re, te, and &',

The total luminosity of the spherical compenent can be estimated as
Linige = J'“’“ In(r) 2rrdr="7.22xz rtu.
0

— B4 —
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by Simien and deVaucouleurs(1988),

Freeman(1970}) suggested the total luminosity of the disk component as
L = J‘m In(r) 2ardr=2n p./c’
0

From the above eguations we can calculate the D/B as

a*l
D/B=028 { } e
o

Te

All these calculated parameters are listed in Table 2.

IV. Rotation Curve Fitting and Mass Calculation

Rotation curves of 28 galaxies wera made from the spectroscopic data of Rubin(1980, 1982,
1985) and Javis et al (1988), Maximum rolation velocity{V...) and the radius to that velocity
{rm.) were estimated from the polynomial fiting to the chserved rotalion curves. Mass-
es of 28 galaxies were then calculated using the generalized Toomre’s mass model(Lee 1588).
The mass of & galaxy can be estimated from the 3 parameters{n, &, h.), where a, is the shape
parameter ol the rotation curve, and a, and b, can be estimaied from the v and Rupw. Ob-
served ratation curves were fitted to model curves in Figure 2. Dots indicate the ohserved rota-
tion veloctites and dashed lines are medel eurves. Rotation curves of most sample galaxies tend
to be flat or steady increase to the radial distance. So we used n=1 for ail galaxies except NGC
4378 and NGC 7171, where we used n=2, About half of the sample galaxies we can it well for
whole galaxy with one structural parameter. However the other half we have to use twao n val-
ues to fit to the spherical and disk componenits.

The calculated spheroidal, disk and total masses of galaxies are listed in Table 3.

— 85—
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CORRELATION AMONG MORPHOGICAL CLASSIFICATIONS

Table 3. Calculated dynamical parameters of 28 galaxies

Bulge Disk M Mo M+ (M/Ln)r
NAME  rp. Vo Trmax Vo
{kpc) (km/sec) (kpc) (km/sec) (*10'M ) {x10"M ) (x10°M ) { x10"M }

N7T01 7.0 151 6.8 2.5
N753 2.0 167 9.9 235 1.5 21.4 22.9 1.3
N1085 3.8 318 1L.2 323 10.1 38.0 390 2.9
N1087 2.8 120 120 140 1.1 4.8 5.9 0.8
N1357 3.0 266 7.0 267 0.8 18.8 19.6 2.9
N1543

N1b574

N1620 4.0 178 17.0 220 3.2 3anb 33.7 2.1
N2639 7.0 320 313 3.0
N2708 7.0 241 17.3 4.3
N2775 4.3 312 17.8 2.0
N2815 1.7 278 45 297 3.2 12.8 16.1 1.5
N2844 3.0 160 3.3 3.0
3054 1356 2558 374 4.1
N3553 1.2 110 0.5 0.6
N3898 2.0 216 9.7 262 2.6 24.7 27.3 14.0
N4378 2.0 336G 12.0 320 7.2 25.0 322 2.8
N4448 4.3 190 6.5 2.7
N4477

N4682 2.9 125 12.0 178 1.1 14.9 16.0 4.4
N4698 34 182 10.5 260 2.9 139 16.8 2.1
N4754

N4800 L.0 148 3.3 177 0.3 2.3 23 2.8
N6314 3.0 263 125 235 6.4 224 28.8 1.1
N717L 8.5 220 11.4 2.7
N7217 2.2 283 6.3 285 4.7 8.3 14.0 1.3
N7537 4.5 140 3.8 0.9
N7606 12.0 273 38.1 1.8
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V. Discussions

Some physical and dynamical parameters of 28 galaxies can be calculated through the decom-
position al luminosity distributions and the madel fitting to the rolation velocily curves. From

these parameters we tried to [ind some corelations with structural characters of Lhese 28 galax-

les.

a) Disk Component Parameters

i) Correlation between g, and T
We plotled the central surlace brightness(u.) of 28 exira galaxies to the morphological ciass
(T) in Figure 3. The central dotted line is 21.65mag/arc sec™? which value was suggesied by
Freeman(1970). However the dispersion is wider than Freeman's suggestion{1970) and tends

to be fainter to the early type galaxy. This result is similar Lo that of Boronson{1981) and Kent

(1985).
25
23k ®
.8 __ ® o__° ¢
otk
& s . ('] g
&
= ! [ ]
ol [ J [ ]
Eof g
3
17k
5 1 1 1 1 1 1 L 1 L
B ——z 1 ) 1 2 3 A 5 8 7
T

Fig. 3. Correlalion between the morphology and the ceniral surface

brightnesss of the spheroidal component. The dotted line is the

Freeman’s value (21.65mag/arc sec). Dispersion is wide.
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i) Correlation between ™! and T
The scale length{a '} are plotted to the morphological type (T) in Figure 4. The result shows
that the scale length is in the range of 1 1o 9 Kpe while T=1 to 3. However it becomes 1 to 4
Kpc for the late type galaxies.

This result is quile similar to those of Freeman(1970) and Boronson{1981).

14
13F
12}
11k
10F
or °
=8
o
=T7F
“ 5
5-
L 9
4_
af @
L !
2-
1F o 3
0 L 1 L L L
-3 -2 -1 0 1 2 3 4 & 7 8

T

Fig. 4. Correlation between the scale length and the morphology. The dispersion

becomes smaller to the late Lype galaxy than the early one.

i1} Correlation between #, and o'

In Figure 5 we plotted the central brightness of the disk(u,) to the scale length(z™!). From this

figure we can see that the smaller the scale length is the brighter the central surface brightness.

h) Spheroidal Component Parameters

1} Correlation between g, and T
The central surface brightness of the spheroidal component () to the morphology of galaxies

is plotied in Figure 6. Unlike the disk component we can see that g, becomes fainter from 50 to
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Fig. 5. Correlation between the scale length and the central surface brightness.

The central brightnessis fainter to ihe galaxy with the larger scale lengih.
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Fig. 6. Correlation hetween the brightness of the spheroidal comnonent and the
morphology. Open circle indicales mean brightness magnitude in each

morphologeal class.
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5S¢ by about 2 magnitude. This tendency was found by Kent(1985), Simien and deVaucouleurs
(1986).

n) Correlation between u, and r,

Figure 7 shows the correlation between the central surface brightness of the spheroidal
component(g.) and the effective radius{r.). From this figure we can see that galaxies with
the smaller effeclive radius have the brighter central surface of the spheroidal component.
However NGC 4682 and NGC 701, both are identified in Figure 7, do not follow this trend. The

main reason for this is that these galaxies are the disk galaxy and their D/B values are very
high(NGC 4682 is 161 and NGC 701 is 70).
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241
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25 L i 1 L I
—0.800 —0.500 —0.200 0.100 0.400 0.700 1.000

Log r.{kpc)

Fig. 7. Correlation between the effective radius and the brightness of the spheroi-
dal component. Galaxies with the lainter spheroidal component have the

larger effective radius.

i) Correlation between /B and T
The correlaiion between the disk to bulge ratioc (I/B) and the morphological class (T) was
siudied by Freeman(1970), Yoshizawa and Wakamatsu(1975). In Figure 8 we plotted D/B to T

for our studied galaxies. From this [igure we can see the marginal increas of D/B value 1o the



CHUN and NA

late type galaxy. This tendency was confirmed by Kent(1985). Boronson(1951), Simien and

deVaucouleurs(1986).

25
20}
®
15}
= °
10k
NGC1543 :
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5 =
e 3 °
o s
0 ' I . . I ! 1
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[ ] 1
4 5 5]
Fig. 8. Correlaiion belween the disk to bulge ratio and the morphology,

Disk to bulge ratio increases in the late type galaxiss.

¢} Dynamical Parameters

i} Correlation hetween M/Lg and T

Masses of 24 galaxies were calculated {rom the fitting of rotation curves to the Toomre's
mass model. Rotation curves of 4 SBO galaxies-NGC 1543, NGC 1574, NGC 4754 and NCG
4477-were made only in Lhe central area. we could noti fit these curves to the Toomre's mass
maodel.

Maximum rotational velocity of the S0/a galaxy NGC 3583 was estimated as 110kn/sec,
which is less than 50% of the magimum wvelocity of the normal Sa galaxy. Because of this low
velocity, mass and M/Lg are smaller than those of Sa galaxies. Except these 5 galaxies we plol-
ted mass to luminosity ratios (M/Lg) against the morphology (T) of 23 galaxies in Figure 9.
The caleulated mass of NGC 3898 from this sludy 18 2.7 % 10"Mg, , which is similar ta that of
Rubin et al.{1985).
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Figure 9 shows that M/Lg becomes smaller to the late type galaxies, which tendency was

found by Faber and Gallagher(1978).

14 ®
12

10
gt
=

6_

't L
4+ T '|'
2 : 4 I

s
7 z

T
Fig. 9. Correlation between the mass Lo luminaosily ratic and the morpholegy. The
open circle is the mean value of the mass to luminesity ratio in each

marphalogcal Class.

i1} Correlation betwaen M/Lg and other parameters

In Figure 10 we plotted the mass to luminosity ratio {M/Ls) to the disk to bulge ratio {0/B),
From this figure we can see that galaxies with small D/B values have large dispersions of M/Lg
values. This phonomenum can be inlerpreled as the possible exisience of dark matter of galaxies
with small disk components. Similar correlation was found 1 Figure 11, which show the rela-
tionship between the arm classification (AC) and M/Ls values. Galaxies with well developed
arms Lend to have small dispersion in M/Lz values.

Figure 12 shows the correlation between the absclute magnitude (M) and the mass ta lumi-

nosity ratio (M/Ln). It seems that the brighter galaxies have the small M/La values.
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Fig. 10. Correlation belween the disk to bulge ratio and the mass o luminosity

ratio. Galaxies with large valuses of the disk te bulge ratio have the

small and constant mass to luminosity ratio.
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Fig. 11. Carrelation between the mass to luminosity ratio and the arm classifica-

tion. Galaxies with the well developed spiral arms have the small and

coustant mass to luminosity ratio.
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Fig. 12, Correlation between the mass to luminosity ratio and the total magni-

tude. Marginal increase of the mass to luminoesity ratio was found in the

f{ainter galaxies.

Conclusion

From the observed surface brightness distributions and rotation velocities of 28 galaxies we
can calculale physical and dynamical parameters of these galaxies. These calculated parameters
were compared each other 1o find possible correlations with the morphology, physical and dy-
namical characters. The mawn results we can get from this study are as follow.

1. The central surface brightness of the spheroidal component has wide dispersions, which is

conirary to the Freeman’s argument (1970).

2. The distribution of the scale length is differeni between the early and late type galaxies.
The galaxy with the fainter central surface brightness of the spheroidal component has a
smallar scale length.

3. The brightness of the spheroidal component of the late iype has 2 magnitude fainter than
the earlier type galaxy.

4. Disk to bulge ratio {D/B) becomes large in late Lype galaxies.

5. Mags to luminosity ratio (M/Lg) is smaller in late 1ype galaxies.
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