CHAPTER 4

Results

4.1 Characteristics of the Targets

From the previous chapter, the characteristics of our targets eg. B, V, R, T-Type
and EW(Ha) were already determined. The value of the parameters and the images of
some samples are shown in Tables 4.1 and A.3, respectively. The correlation between the

parameters to understand the stellar content of the galaxies were examined.

4.2 Color Indices and B,5s Magnitude

Result shows that color indices of our sample vary in range: 0.6 — 1.0 for B—V ,
0.9 — 1.4 for B—Rand 0.2 — 0.4 for V — R. Mp magnitude scatters in a wide range, from

-21 to -15 magnitude, without correlation with the color indices as shown in Figure 4.1.

4 out of 5 bright galaxies (magnitude brighter than -20.0 in B, brighter than -21 in
V and R) are elliptical galaxies with T-Type of -5 and the other one is a spiral galaxy
with T-Type of 1. Moreover, bright elliptical galaxies tend to become bluer as it becomes

brighter. This is also observed with fainter elliptical galaxies of magnitudes fainter than

-19.0.
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Figure 4.1: Plot between color indices and absolute magnitude Mp: red, green and blue
dots represent B—V, B— R and V — R color indices, respectively.

Figures 4.2 and 4.3 show similar result for the plot against My and Mg. My and Mg
magnitudes scatter in a wide range, from -22 to -16 and -22.5 to -17, respectively. Both

brighter and fainter elliptical galaxies are acting the same as previous plot.
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Figure 4.2: The plot between color indices and absolute magnitude My
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Figure 4.3: The plot between color indices and absolute magnitude Mg

4.3 Color Indices and 7-Type

In this study, type of galaxies is separated into two groups, LTGs and ETGs. Their

types are assigned according to the De Vaucoulers T-Type system: T-Type > 0 for LTGs

and T-Type < 0 for ETGs. The plot between the color indices and the 7-Type shows us
the difference between ETGs and LTGs.
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Figure 4.4: The plot between B —V color and T-Type. The red cross are represent to the
normal galaxies and the green one are active galaxies.

Figures 4.4, 4.5, and 4.6 exhibit the same behavior: the LTGs are bluer than ETGs.
However, the range of their color indices varies as summarized in Table 4.2. This is
consistent with the previous study by Iskra et al. [2001]. They observed the bright early
and late type of galaxies for more than 140,000 objects in Sloan Digital Sky Survey (SDSS)
database and found that there is a significant difference in color between the early and the

late type galaxies along T-Type.
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Figure 4.5: The plot between B — R color and T'-T'ype with blue dots for the active galaxies
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Figure 4.6: The plot between V — R color and T'-T'ype with green dots for the active galax-
ies
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Table 4.2: Color Index Variations of the galaxies in NGC 4065 group in B, V and Rc¢
filters

Color ETGs LTGs

B—V 0.75-1.00 0.65-0.75
B—R 095-1.50 0.90-0.95
V—R 0.20-0.45 0.15-0.30

4.4 Color Indices and EW (Hx)

In this section, the galaxies are classified into normal galaxies and active galaxies.
An active galaxy is a galaxy that has an active nucleus, called AG, at the center, making
it much brighter than a normal galaxy. The luminosity from the nucleus can be more
than the rest of the galaxy part itself. The active galaxies have a different star formation
mechanism from normal galaxies, thus exhibiting a different trend from normal galaxies

and the S/N < 3 galaxies.
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Figure 4.7: The plot between EW (Ho) and B —V color.

From figure 4.7, the plot shows a diagram of EW(Ha) and B —V color. After

excluding three active galaxies and nine insignificant S/N galaxies, it was observed that
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for emission line galaxies, the bluer galaxies tend to have higher EW (Ho) than the redder
one, and both normal LTGs galaxies have EW(Ha) than the most of the normal ETGs.
All LTGs, including 3 active galaxies and blue ETGs with B —V less than 0.85, have
ongoing high star formation with EW (Her) > 10A.

We also found the same result in Figures 4.8 and 4.9. The plot between EW (Ho) ver-
sus B— R and V — R color show that the bluer galaxies tend to have higher EW (H) than
the redder galaxies. All LTGs, including 3 active galaxies and blue ETGs with B — R less
than 1.1 and V — R less than 0.3, have ongoing high star formation with EW (Her) > 10 A.
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Figure 4.8: The plot between EW (He) and B — R color.

From the plots between EW (Ha) and color indices, it can be inferred that all plots
exhibit the same trend. Bluer galaxies tend to have more star formation activities than
redder galaxies with EW(Ho) rate more than 10 A when we exclude the AGN and S/N

< 3 galaxies.

45 EWMHa) and T-Type

The plot between EW (Ha) and T-T'ype in Figure 4.10 shows that the LTGs tend to

have more EW (Ho) than the ETGs in normal group galaxies. One of the active galaxies
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Figure 4.9: The plot between EW (H¢) and V — R color.

exhibits the highest star formation activity. All late type and two SO type galaxies show
high star formation with EW (He) > 10 A, whereas the other early type sample was found
to have EW (Ha) , scattered between 5 - 15 A. When results from previous study [Tasuya,
2012] were combined, it was observed that the galaxies in the NGC 4065 galaxy group

act differently from the field galaxies.

4.6 Ongoing Star Formation in UGC07049

Investigating further into the area of the galaxies in our group that have high EW (Ha) or
ongoing star formation to quantify some interaction parameters, it was observed that UGC07049
is the most star-forming galaxy in our sample which shows 27.05 4 1.46 A of EW (Ha) and
is classified into LTGs Sc peculiar morphological type. This object has been well-studied
by Freeland et al. [2010] via the 20-cm radio continuum emission. By using “HI defi-
ciency” equation in Eq. 4.1, the predicted model is obtained from Haynes and Giovanelli
[1984]. By using this predicted model with his observation parameters, they found that
HI deficiency in UGC07049 is 0.41, 2.6 times more deficient than the normal HI region.
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Figure 4.10: The plot between EW (Ha) and T-Type: small dots represent galaxies with
S/N of EW(Ha) < 3, whereas the others are emission line galaxies and field galaxies.
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defy; = <108F>predicted a <108D—i2

[/

> observed (4 1 )

where

Mp is the total HI mass of the galaxy, and

Dy is the Bys diameter (kpc).

From literature review in Chapter 2, there are two possible interactions causing HI
deficiency: the tidal interaction between the galaxy and the cluster potential well, and the
ram pressure stripping. By using the mass to light ratio model by Bell and de Jong [2001],
log(%) = 0.36, it can be quantified that My, = 8.65 x 10° Mgy, The group velocity of
NGC 4065 group is 6995 + 48 km s~! with a group velocity dispersion (o) of 416 +
35 km s~! as surveyed by Mahdavi and Geller [2004]. The mass of the cluster is then
calculated which is equal to Mjuser = 8.77 X 1013 Mgyn. The average perturbation of
galaxy-cluster parameter, equal to Py, = 0.28, can be calculated by using Eq. 2.5. This

perturbation parameter only is not enough to cause that HI deficiency much [Byrd and
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Figure 4.11: The image of UGC07049 in R band: white lines are the con-
tours of HI density observed by Freeland et al. (2010) with the level of
(8.3,24.9,41.5,58.1,74.7,91.3,124.5,166.0) x10'°.

Valtonen, 1990], leaving only the ram pressure stripping, tidal interaction and viscous
stripping to remove the HI gas from this galaxy. The high EW(Ha) of this galaxy is
resulted by active galaxy which is observed to be a radio galaxy by Jaffe et al. [1986].

4.7 Tidal Interaction Approximation

By using the mass-to-light ratio versus B — R following TULLY-FISHER relation
in Figure 4.12 (left) [Bell and de Jong, 2001], the mass of each galaxy is determined

in units of solar mass. In this study, the average mass of the galaxaies in this group is

2.38 x 10'0 Mgyp.

Assuming that the group is virialized and uniformly spherical in shape, I used the
virial theorem to derive the approximation of the mass of the NGC 4065 group following
Eq. 4.2. From previous study, the radius of NGC 4056 group was calculated to be at 15
arc-minute (437 kpc at the distance of 100 Mpc) and the radial velocity dispersion (o)
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which equal to 416 + 35 km.s~! [Helsdon and Ponman, 2000]. These values can be use
to determine the mass of the group. The mass of the NGC 4065 is then computed to be
8.7741.47 x 103 Mgyp.

The tidal interaction perturbation between the galaxy and the cluster (P,.) can now
be determined using the average mass of the galaxies in the group, the average radius of
the galaxies and the mass of the group (Eq. 4.2) via Eq. 2.5, which varies along the
distance from the center (Rcenser, in unit of kpc) of NGC 4065 group. The P, becomes
critical (> 0.1) at 286 kpc as shown in Figure 4.12 (right).

&y = Rcluster >
M iuster = 50 ’ (4-2)
G
where
MM_,50r 1s the mass of the group or cluster,
R 1uster 18 the radius of the group or cluster, and
G is the gravitational constant.
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Figure 4.12: Left: The mass-to-light ratio versus B — R color index. Dotted and solid lines
represent the correlation in B and K band with dust extinction (arrows), respectively [Bell
and de Jong, 2001], Right: The P,. along the distance from the center of NGC 4065 group.
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