CHAPTER 33

Observation and Data Analysis

3.1 Sample Galaxies and Data Observation

Data observations were taken with the 2.4 m Thai National Telescope (TNT) at Doi
Inthanon, Chiang Mai, Thailand, during 25 - 27 Febuary and 9 - 11 March 2014. we
obtained BVR, broad-band images and [S IT], Red-continuum images from the observa-
tions. The transmission of all filters are shown in figure B.1. Broad-band observation
data were done by using 2048 x2048 pixels APOGEE U42 CCD with field of view of
4 x4 arc-minute squares. Furthermore, dark, bias and flat images also were obtained for
data analysis to reduce noise. Imaging data include 10 pointings covering some field of
sky within 20° x 26’, centered on 12h06m +20° 25’ as shown in figure 3.1. The obser-
vation of each filter was taken with optimize exposure time for each band. The exposure

time of the used filter bands were shown in table 3.1.

Table 3.1: Filters and exposure time for the observations.

Filter exposure time (s)
B 900
A% 600
R, 300
Red-continuum 900
[STI] 900
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Figure 3.1: The sky area of our observations, including 10 observed frames.

Sample galaxies in this work were selected by using two conditions, one is B mag-
nitude of galaxies less than 20 and the other is the range of recession velocities of galaxies

about 6,000 — 8,000 km/s. The lists of sample galaxies as shown in table 3.2.

3.2 Zero Point

Bright stars in frame of images were used to calibrate zero point for all bands. In-
strumental magnitudes of the stars were measured by using Starlink package. We used
instrumental magnitudes and collected apparent magnitudes from the USNO BI1 catalog
to calculate zero point for each filter. The calculation of zero point for the B band images
is given by

Zp; = My, — Mg, 3.1
where zpg, is zero point value of the B band images, mp, is apparent magnitude of reference
stars in the B band images, mg;, is instrumental magnitude of reference stars in the B band
images. Finally, we averaged zero point values of all stars that are available in all B band

images and used this value for calibrated magnitude of galaxies in B waveband. Because

22



Table 3.2: Sample galaxies in 4095 group which were studied in this work [the NASA/IPAC

Extragalactic Database (NED)].

Name RA DEC Velocity (km/s) Redshift

NGC 4098 12h06m03.9s  +20d36m22s 7296 0.024337

NGC 4095 12h05m54.2s  +20d34m21s 7148 0.023843

NGC 4093 12h05m51.4s  +20d31m19s 7206 0.024037

NGC 4092 12h05m50.1s  +20d28m37s 6719 0.022412

NGC 4091 12h05m40.1s  +20d33m21s 7686 0.025638

NGC 4089 12h05m37.4s +20d33m21s 7267 0.024240

NGC 4090 12h05m27.9s +20d18m32s 7333 0.024460

NGC 4086 12h05m29.4s  +20d14m48s 7093 0.023660

KUG 1203+206A 12h05m45.0s  +20d21m27s 7589 0.025314
KUG 1203+206B 12h05m47.4s  +20d19m35s 6984 0.023296

VV 062 12h06m18.3s  +20d36m40s 7217 0.024073

SDSS J120621.91+203351.8  12h06m21.9s +20d33m52s 7214 0.024062
2MASX J12063969+2027235 12h06m39.7s +20d27m24s 7263 0.024227

numbers of stars in each observed data image are not enough to specify zero point values

for each frame. Therefore, the average value of zero point was calculated for whole B

band data as follows:

N

' ZPB;

{=

ZPg =

N

I

(3.2)

where Z Py is averaged zero point of B band images, zpp; is zero point values from the

calibrated stars and N is the number of the stars in B band images.
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The R band images were carried out by using different filter system with apparent
magnitude of catalog. The observations in this study used R Cousins filter system, avail-
able R band filter for this observation, that different filter system with the USNO B1, using
R Johnson filter system, whereas R calibrated magnitude collected from catalogue is in

Johnson system. So, This required correction as follows:

ZpRj = ij . mRij e Am? (33)
N
) ZPR;
=1
ZP =2 e (3.4)

where zpg, is zero point value of the R band images, mg, is apparent magnitude of reference
stars in the R band images, mg; is instrumental magnitude of reference stars in the R band
images. Am is difference magnitude of two R band filter systems, Z P is average zero
point of R band images, zpg; is zero point values from the calibrated stars and N is the
number of the stars in R band images that

Am = —2.5 log( Jeousin ), (3.5)

fJonhson

where f.,usin 18 the total flux of the Cousin R bandpass and f ,,1s0n 1S the total flux of the
Johnson R bandpass. The transmission of R Cousins and R Johnson filters are shown in

figure B.2.

The apparent magnitudes in V band is not available on database, therefore the V
magnitudes were derived from B and R magnitudes. The relation was defined by Greaves
[2003], who used about of 20,000 stars to estimated the relationship equation, following
equation:

chalj — 04447’71}3J + O.556ij, (36)

and zero point of V band images can be obtained by using equation:

Zij == chalj T mVij7 (37)
N
> a
i=1
7P, =2 N (3.8)
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where my.,;, is apparent magnitude for V band from calculation. zpy; is zero point value of
the V band images, my;, is instrumental magnitude of reference stars in the V band images,
Z Py is averaged zero point of V band images and NV is number of stars in V band images.
Condition for selection of reference stars was to have enough brightness with B apparent
magnitude less than 17.5. With this condition, acceptable uncertainty could be obtained
uncertainty. All data of reference stars were listed in table 3.3, such as coordinate of stars,

apparent magnitudes, instrumental magnitudes, and zero point in BVR band images.

3.3 The Measurement of Magnitudes and Colors

Surface brightness of galaxies is typically high at the center and decreases as a func-
tion of radius. Galaxy’s light was measured and interpreted to obtain their physical prop-
erties. Thus, the aperture used to measure the properties should cover the light as much
as possible and be well defined. A standard aperture is an isophote identified at the sur-
face brightness of 25 B-mag arcsec™2, Bss could reach to the faint surface brightness
closed to the sky. Several researches were done by using this aperture size. This work
used the Extended Surface Photometry (ESP) package of the starlink to determine the Bos
isophote, getting isophote’s diameter, ellipticity and position angle (PA). The aperture for

each galaxy was applied to measure galaxy’s magnitude for all band images.

3.3.1 Apparent magnitude

Magnitudes of galaxies were estimated by using The Graphical Astronomy and Im-
age Analysis (GAIA) of the Starlink package. The Bs5 isophote, received from the ESP
package of the Starlink were used in the GAIA to count number of photons within those
apertures. Galaxy count numbers were obtained by subtraction of sky count numbers from

total count numbers. The apparent magnitudes were calculated by equations (3.9)-(3.11)

B = 7P + B, 3.9)
V'=ZPy+V, (3.10)
R = 7Pz + R, (3.11)
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where B’, V' and R’ are apparent magnitudes of galaxies in B, V and R bands while
B;, Vi and R; are instrumental magnitudes of galaxies in B, V and R band filter images,

respectively.

3.3.2 Galactic extinction correction

For data of the observations, interstellar extinction always affect on brightness of
celestial objects. Then, the magnitude values that we got, needed to be corrected. We
rectified magnitude values by deduction of the Galactic extinction. The values of the
Galactic extinction used in this study were carried from the NASA/IPAC extragalactic

database (NED), showing in table 3.4

B=DB — A, (3.12)
V= Ul LA (3.13)
R=R — A, (3.14)

where B, V and R are apparent magnitudes of galaxies that were corrected already and

Ag, Ay and Ay are the Galactic extinction in B, V and R bands, respectively.

Table 3.4: The Galactic extinction of sample galaxies from NED

Galactic Extintion

Name B v R

NGC 4098 0.12 0.091 0.072
NGC 4095 0.121 0.091 0.072
NGC 4093 0.115 0.087 0.069
NGC 4092 0.111 0.084 0.066
NGC 4091 0.123 0.093 0.074
NGC 4089 0.123 0.093 0.074
NGC 4090 0.135 0.102 0.081
NGC 4086 0.136 0.103 0.081
KUG 1203+206A 0.116 0.087 0.069
KUG 1203+206B 0.12  0.091 0.072
VV 062 0.112 0.085 0.067

SDSS J120621.91+203351.8 0.116 0.088  0.07
2MASX J12063969+2027235 0.134 0.101 0.08
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3.3.3 Absolute magnitudes

We used apparent magnitude to compute absolute magnitude as relation are shown

by
Mg = B —blogd + 5, (3.15)
My =V —5logd + 5, (3.16)
Mg = R—>5logd+ 5, (3.17)

where Mg, My and My are absolute magnitudes of galaxies in B, V and R bands, respec-

tively and d is average distance for this galaxy group.

3.3.4 Color indexes of galaxies

This work has three band magnitudes. Thus, we obtained three colors from differ-

ence of apparent magnitudes, i.e. B —V, B — Rand V' — R colors.

3.4 Error of Magnitudes and Color Indexes

Since the apparent magnitudes of galaxies were determined from zero point and

instrumental magnitudes. Therefore, error of magnitudes were calculated by
o0(B)? = 0(ZPa)* + o(By), (3.18)

where o (B) is error of B magnitude, o(Z Py) is error of zero point in B band filter images
and o(B;) is error of instrumental magnitude in B band filter images. Error of zero point
1s resulted from standard error of zero point values that were calculated from reference

stars in all data images for the same band filters.
0(ZPs)* = 04a(ZPg)* + oa(ms,)’, (3.19)

where

> (zpp, — ZPg)?
j=1

Ustd(ZPB) -

NN (3.20)



and

N

Z O-(mBij)
j=1

— (3.21)

oa(ms,) =

where o4(Z Pg) is standard error of zero point which was calculate from reference stars,
oa(mg,) is average error of instrumental magnitude of reference stars, o (mg,) is error of
instrumental magnitude of referent stars and /V is number of reference stars in B band
images. For V and R magnitudes, error values can be calculated by using similar methods
of B magnitude. Since effects of convertion of stellar magnitudes in R band and V band

were not very large, the error of these effects were neglected.

Color indexes of galaxies were determined from two magnitudes, thus error of color
indexes were estimated from error of magnitudes too. Equation for calculation of error

was shown by

o(B-V) =0a(B)?2+a(V)? (3.22)
o(B—R)? =0(B)* +0(R)? (3.23)
o(V—-R)*>=0(V)?+0(R)?, (3.24)

where o(B — V), 0(B — R) and o(V — R) are the error of color.

Table 3.5: The apparent magnitude and error of sample galaxies.

Name B o(B) 1% a(V) R o(R)
NGC 4098 1422 0.03613 12.88 0.04468 13.21 0.02850
NGC 4095 1430 0.03611 13.59 0.04469 13.38 0.02848
NGC 4093 15.02 0.03629 14.33 0.04473 14.12 0.02852
NGC 4092 14.11 0.03607 13.58 0.04469 13.42 0.02848
NGC 4091 14.69 0.03602 14.04 0.04468 13.81 0.02846
NGC 4089 14.53 0.03602 13.81 0.04468 13.59 0.02846
NGC 4090 14.42 0.03604 13.93 0.04469 13.77 0.02850
NGC 4086 14.53 0.03603 13.91 0.04469 16.79 0.02977

KUG 1203+206A 17.04 0.03706 16.79 0.04521 16.10 0.02923
KUG 1203+206B 16.53 0.03697 16.19 0.04505 15.99 0.03148
VV 062 16.41 0.03704 15.99 0.04625 15.80 0.02950

SDSS J120621.91+203351.8 16.99 0.03744 16.38 0.04622 13.73 0.02849
2MASX J12063969+2027235 15.89 0.03716 15.48 0.04497 1545 0.02896

29



Table 3.6: The absolute magnitudes and error of sample galaxies.

Name Mg o(B) My a(V) My a(R)
NGC 4098 -20.92 0.03613 12.11 0.04468 12.66 0.02850
NGC 4095 -20.84 0.03611 12.81 0.04469 12.71 0.02848
NGC 4093 -20.12  0.03629 13.45 0.04473 13.34 0.02852
NGC 4092 -21.03 0.03607 12.83 0.04469 12.75 0.02848
NGC 4091 -20.45 0.03602 13.20 0.04468 13.07 0.02846
NGC 4089 -20.61 0.03602 13.00 0.04468 12.89 0.02846
NGC 4090 -20.72  0.03604 13.13 0.04469 13.05 0.02850
NGC 4086 -20.61 0.03603 13.09 0.04469 16.08 0.02977
KUG 1203+206A -18.10 0.03706 15.63 0.04521 14.97 0.02923
KUG 1203+206B -18.61 0.03697 15.09 0.04505 14.94 0.03148
VV 062 -18.73  0.03704 1491 0.04625 14.78 0.02950
SDSS J120621.914+203351.8 -18.15 0.03744 15.23 0.04622 12.66 0.02849
2MASX J12063969+2027235 -19.25 0.03716 14.47 0.04497 14.50 0.02896
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3.5 DBy; Diameter of the Sample Galaxies

The properties of Bsy5 apertures bring on diameter of our sample galaxies. We ob-
tained size of galaxies by multiply semi-major axis of apertures with average distance.
The sample galaxy’s diameters, including eccentricity and position angles obtained from

the ESP package (Section 3) are listed in table 3.8 .

Table 3.8: The Bos diameters of the sample galaxies.

Name Diameter (pc) Eccentricity Position angle (degree)

NGC 4098 15774.57 0.00 0
NGC 4095 15617.01 0.47 127

NGC 4093 11653.67 0.00 89

NGC 4092 16047.28 0.24 41

NGC 4091 19610.65 0.93 43

NGC 4089 12926.30 0.00 90

NGC 4090 18568.30 0.78 45

NGC 4086 15938.20 0.48 90
KUG 1203+206A 6005.61 0.28 115
KUG 1203+206B 10908.27 0.78 13

VV 062 11284.00 0.74 3

SDSS J120621.91+203351.8 10890.09 0.94 -15
2MASX J12063969+2027235 9696.24 0.80 16

3.6 Morphological Type of Galaxies

The sample galaxies were classified follow de Vaucouleurs’s T-type system. An ad-
ditional type, “11” was defined for spiral galaxies which are edge-on and do not clearly
show structures. Furthermore, “pec” was used to remark for peculiar galaxies. The ob-
servation of this study shows that types of galaxies consist of 8 spiral, 4 elliptical and
1 irregular morphological types as shown in table 3.9. Three spiral and two elliptical
galaxies are found to have peculiar structures. Some samples for each type of our sample

galaxies are shown in figure 3.2.
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(c) KUG 1203+206A : : (d) NGC 4098

- Figure 3.2: Morphological type some galaxies sample : NG C4092 is spiral galaxy (the upper-left
panel), NGC 4093 is elliptical galaxy (the upper-right panel), KUG 1203+206A is irregular galaxy
(the lower-left panel) and NGC 4098 is peculiar elliptical galaxy (the lower-right panel).
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Table 3.9: Morphological type and T-type of sample galaxies.

Type T-Type
Name SIMBAD  This work

NGC 4098 S? EO0,pec -5

NGC 4095 E El -5

NGC 4093 E? EO -5

NGC 4092 Sa Sab 2

NGC 4091 S Sa 1

NGC 4089 E? EO0,pec -5

NGC 4090 Sab Sa 1

NGC 4086 SO Sbe,pec 4
KUG 1203+206A - Irr 10
KUG 1203+206B S SBc 5

VV 062 Sb Sbc,pec 4

SDSS J120621.91+203351.8 - S?,pec 11
2MASX J12063969+2027235 S? SBb 3

3.7 Calculation of Equivalent Width of Ho (EW(Hq))

Star formation of galaxies were studied in term of equivalent width of Ha. The
observation for calculation of EW(Ha) were taken by two filters, one is [S1I] filter and

the other is Red-continuum filter.

3.7.1 CR ratio of continuum count and errors

CR ratio is parameter to correct count of continuum flux. It was estimated from ratio
of counts of reference stars in the [S 1] filter images to counts of the reference stars in the

Red continuum filter images, as shown in the following equation :

~ Cisms,

CR; (3.25)

- 9
CRedss,
where C'R; is C' R value of each reference star, Clsyy 5, is count or signal of reference star in

the [STI] filter images and Cgeqs, is count or signal of reference star in the Red continuum
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filter images. Thus, the average value of CR ratio will be have got by

N
> CR;
=l
CR = N (3.26)
that
N
> (CR; = CR)?
=1
o(CR) = NN (3.27)

where o(C'R) is error of CR ratio and N is number of reference stars. Therefore, we

calibrated continuum count of galaxies by
CC = ER X ORed,ga (328)

where C¢ is continuum count of galaxies and Creq, is count of galaxy in Red continuum

filter images. Error of C can be provided by

(U(CC(;C) )2 o ¥ (Ugff))2 (Ugtzd;g))2,

Cre
0 (Cregg) = ,/RT@"g, (3.30)

where o (C¢) is error of continuum counts, 0/(Cred,¢) 18 error of counts in Red continuum

(3.29)

which

filter images and k is electron/ADU gain of Red continuum filter.

3.7.2 The Ha emission line counts and errors

Signal of galaxies from [STI] filter is the count of galaxies that contained count of
the Ha emission line and continuum counts. Then, the equation (3.31) was applied to

determine Ha emission line counts for all sample galaxies.
GHa = C([Sll} . OCa (331)

where Cy, is Ha emission line counts or Ha emission line signal of galaxies and Cgyy) is

count of galaxies in [SII] filter images.

U(CHa)z = O'(C[SH]>2 —+ O'(Cc)2, (332)
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and
Cism
P

Errors of Ha emission line counts were determined by equation (3.32) and (3.33) where

U(C[s H}) =

(3.33)

0(Cha) is error of Ho emission line counts, o(Cisyy) is error of count of galaxies in [STI]

filter images and k is electron/ADU gain of [SI] filter.

3.7.3 Equivalent width of Ho and signal to noise ratio

We studied star formation in galaxies which can be explained by using equivalent
width of Ho, EW(Ha). The Ha emission line (6563 A) used in this study, associates the
[NII] emission lines (6548 and 6584 A). Consequently, this study used Ho to represent
Ho+[N 1] emission lines. The equivalent width of Hae (EW(Ha)) was calculated by using
the following equation [Gavazzi et al., 2006, Kriwattanawong et al., 2011]

¥ an()\)d)\ CHa
Taes631+2)) Cc

EW(Ha) (3.34)

where T, is transmissivity of the [S II] filter and z is redshift of the galaxy. Significance of
EW(Hca) was represented by signal to noise ratio value, S/N. The signal to noise ratio is
the ratio of Ho emission counts to error of Ha count. In this study, we required the S/N
value of sample galaxies more than 3.0, showing more than a 99% statistical significance,

in order to confirm significant level of EW(Ha) values.

C’Hoz

S/N = 7 Che) (3.35)
while
_ EW(Ha)
therefore
o(EW(Ha)) = %, (3.37)

where o ( EW (H «)) is error of equivalent width of Ha. The results of our sample galaxies

were shown in the table 3.10
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Table 3.10: The equivalent width of Hey, errors and the signal to noise ratios.

Name EWHa) (A) o(EW(Ha))(A) S/N
NGC 4098 12.146 0.903 13.452
NGC 4095 6.569 0.910 7.215
NGC 4093 7.555 0.910 8.300
NGC 4092 22.263 0.953 23.362
NGC 4091 15.008 0.904 16.610
NGC 4089 5.328 0.906 5.878
NGC 4090 22.432 0.907 24.743
NGC 4086 9.201 0.915 10.054
KUG 1203+206A 23.140 0.997 23.211
KUG 1203+206B 23.450 0.979 23.953
VV 062 12.038 0.954 12.613
SDSS J120621.91+203351.8 -9.631 0.949 -10.150
2MASX 112063969+2027235 17.764 0.933 19.037

3.8 Estimation of Mean Stellar Luminosity-Weighted Ages and Metallicities, [F'e/H |

During several decades, many researchers have proposed evolutionary stellar pop-
ulation synthesis models to predict spectral energy distributions of stellar populations.
Theses models can be used to predict mean stellar ages and metallicities of various stellar
systems. Accordingly, we can estimate mean stellar luminosity-weighted ages and metal-
licities of galaxies by using the population synthesis model of Pietrinferni et al. [2004] who
studied star clusters and showed relations of them. The model grid shows feature of lines
for synthesized ages and metallicities of large stellar populations, in form of color-color di-
agrams. We obtained near-infrared J and K magnitudes from the SIMBAD Astronomical
Database. The grid models of Pietrinferni et al. [2004] offered constant age and metal-
licity lines which were plotted in color-color diagrams. The solid lines represent constant
metallicity, [F'e/ H], ranging of -1.79, -1.27, -0.96, -0.66, and 0.06. The constant ages
lines were represented by dotted lines for 1, 2, 3, 6, 10, and 14 Gyr. In this work, we used
our BV R, magnitudes for optical bands and J K near-infrared magnitudes from database
to plot over the model grid. Therefore, the comparison between position of our sample
galaxies and the lines have given mean stellar luminosity-weighted ages and metallicities

value. Sample of the model grid is shown in figure 3.3.
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Table 3.11: Near-infrared magnitudes of the sample galaxies collected from the SIMBAD Astro-
nomical Database.

Name J H K
NGC 4098 10.89 10.17 9.94
NGC 4095 11.07 10.34 10.14
NGC 4093 11.86 11.21 10.94
NGC 4092 11.44 10.79 10.51
NGC 4091 11.62 10.84 10.59
NGC 4089 11.38 10.67 10.40
NGC 4090 11.62 10.89 10.60
NGC 4086 11.60 10.90 10.57

KUG 1203+206B 14.73 13.66 13.89

2MASX J12063969+2027235 13.48 1295 12.73

3.9 Estimation of Sample Galaxy Masses

Masses of sample galaxies were calculated following the relation between mass and
luminosity of galaxies that was presented by Girardi et al. [2002]. Girardi et al. [2002]
studied the relation by using the bisecting unweighted procedure. Girardi et al. [2002]
presented mass to light ratio of galaxies in clusters, ranging from small groups to large
clusters. The analysis gave linear fitting equation that show the relation between mass
and luminosity of sample galaxies and show their masses were increasing faster than their
luminosity. Thus, the relation was adapted to calculate mass of the sample galaxies as

follow :

M L
22 - 1596+0.381 B 1183840033 3138
M@ (LB,Q) ( )

where M is mass of galaxy, M, is the solar mass, Ly is luminosity of the galaxy in B band

and Lg g 1s the solar luminosity in the B band.

The luminosity of galaxies were calculated by using the fundamental photometry

equation, i.e., the relation between magnitude, flux and luminosity.

fs

B — By = —2.5log(+=), (3.39)
IBo
that
L
f= st (3.40)



where B is B magnitude of the sun, fg is flux in B band of the galaxies, fg ¢ is flux in
B band of the sun and d is the average distance of galaxy group from the earth. Thus, we

determined luminosity in B band of galaxies by using

d*L
[y = ThBo

B—-B
7 exp ( = 5® In 10), (3.41)
- :

where Ly is the luminosity in B band of galaxies, Lg  is the luminosity in B band of
the sun and dg, is the distance of the sun from the earth. The error of the luminosity of
galaxies were calculated by using equation (3.42). However, we assume error of B, de,
d and Lg ; are negligible. Then, the error of the luminosity of the galaxies (o(Lg)) can

be estimated by using equation (3.43).

(L) = ¢ (G0 @+ (- o(Lo) + (g olde) P+ (GEo(B)? + (5 —o(Las)®
(342
o) = [ (2L Lo ). (.43)

Error of masses mainly come from three parameters, first is error of galaxy luminosity,
second is error of power number -1.596 + 0.381 and the other is error of power number
1.338 £ 0.033. However, we assumed that 1.338 is constant value because 0.033 is much
smaller than 1.338, (0.033 < 1.338). Finally, we obtained error of the mass of our sample
galaxies (J(Mﬂ@)) from (3.44). The estimated masses and error were presented in table

3.12.

M) = \/ (B (L)) + (12-0.3811n 10)2 (3.44)
© B ®
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Figure 3.3: Sample of model grid of Pietrinferni et al. [2004] was plotted in color-color diagram,
the upper panel shows the diagram plotted in B — J vs J — K and the lower panel shows the
diagram plottedin B — R vs J — K.
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