Appendix A

Imaging Data

Table A.1: Sample images of the galaxies in NGC 4065 group in B, V, R¢ and [SII] filters

No. Name B 1% R. SII

1 NGC 4070

2 J12040831+2023280

3 NGC 4066
4 NGC 4069
5 NGC 4060
6 NGC 4056
7 NGC 4065
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Table A.2: Sample images of the galaxies in NGC 4065 group in B, V, R¢ and [SII] filters
(continue I)

No. Name B \%4 R, SII

8 J12040495

% NGC 4061

10 NGC 4072

11 & 12 UGC 07049

13& 14 J12043987

15 NGC 4076

16 J120425.68

17 J12042275
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Table A.3: Sample images of the galaxies in NGC 4065 group in B, V, R¢ and [SII] filters
(continue 1)

No. Name B \% ‘ R, SII

18 J12035600

19 112034825

20 J12035132

21 J12032530
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ABSTRACT

We presents & study of intersctions between galaxies in the low-redshift group known as the NGC 4065
group. Imaging date were taken using the 2.4 meter telescope at the Thai National Observatory (TNO)
for B, V and H; broadband filters and [3 1) and Red-contimnm nerrowband filters. There are 21 galasdes
in our sample. The results show that most early type galades (ETGs) with equivalent width EW(Ha) <
10 A are gas-deficient galaxies, while late type galaxies (LTCs) show more EW (Ha) and are bluer than
the ETGs. This mesns that star formation activity m the LTGs could be tnggered by tidal mteractions

between galexy members due to dense environmental effects in the compact group.

Key wonds: galaxies: interactions — galaxies: star formation - galaxies: groups: individual (NGC 4065)

1. INTRODUCTION

The equivalent width of Ho, EW{Ha), & parameter

The data for this research were taken using a 2.4 me-
ter Ratchey-Chretien, alt-azimuth dove reflecting tele-
seope at the Thea National Observatory (TNO) on 25-27
February and 9-11 March, 2014, Ten pointing observa-
tions were done, using & U-42 Apogee OCD with expo-
sure times of 300 s, 600 s and 300 s for BV R, broadband
and 900 s for both [S 11] and red-continuum narrow-
band filter systems, respeetively. The targets are sample
galaxies in & low-redshift group, the NGC 4065 group.
Twenty-one galaxies were confirmed to be members in
this group by redshifts collected from the NASA JTPAC
Extragalactic Database (NED).

2. METHODOLOGY

The diameter of the galaxies in the sample were taken
to be the Ha; isophotes, with an ellipse fitting of the
galaxy profile perofrmed uwsing ESP-ELLPRO (& pack-
age of Starlink software). ESP-ELLPRO produces threo
parameters for the fits, ie., the ellipticity (¢, semi-
major axis (mgg) and position angle (PA). Then, the
By, diameter was applied to messure B, V and R mag-
nitudes and flux counts for the red-contimmum and [ 1]
filters.

The palaxy morphology of the sample in this research
was classified following the de Vancouleurs classification
and T-Type systerms. We found that mest of our sam-
ple are ETGs; ten elliptical, six lenticular and five spiral
galaxies. Of these spiral types, three of them are pecu-
liar galaxies. We also found one radio galaxy and two
galaxies with active palactic nucleus (AGN).

http:/ fphas ks org

corresponding to star formation activity, was obtained
by subtracting the red-continuum flux count from the
[8 1] narrowband flux count, and using the following
equation (Gavazai ot al., 2006; Kowattanawong et al.,
2011):

[Ta(A)dA  Cua

EW (Ha) = T, (6563 (1 + 2)) O -

whvere Ty, (A) 15 the throughput of the [S 1] filter band,
z 18 the redshift of the galaxy, Chg 15 the contimuum
subtracted Ha signal count within the Bi; diameter,
and , is the continuum signal count within the Bog
diameter.

3. RESULTS

The results show that the B — R eolor of our sample
varics from 0.0 to 1.4, while the My magnitude is scat-
tered over & wide range without correlation with the
color index, s shown in Figure 1.

The plot of the B — R color v T-Type in Figure 2
shows that the LT'Gs of our sample tend to be bluer than
the ETCGs, except for the radio galaxy and two galaxies
with AGN. This is the cause of the widely seattered
colors for the late type subsample.

The plot of EW{Ha) vs T-Type in Figure 3 shows
that the LTGs tend to have higher EW(Huo) than the
ETGs. Particularly, the redio galexy exhibits the high-
est star formation activity. All late type and two of the
S0 type galaxics show high star formation (EW{Ha) >
10 i], whereas the other early type sample was found
to have KW (Ho) with scattered values lower than 10 A
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Figure 2 The plot between B — R color and T — Type with
marked symbols for the radio galaxy (asterisk) and AGN
(cross)

Figure 4 illustrates a diagram of EW(Ho) versus the
I} — It color. Tt was found that for emisnon hne galesaes,
the bluer galasdes tend to have higher EW(Ho) than the
ETGs. All LTGs, including 3 sctive galaxies, and blue
ETGs wath B — R less than 1.1 show ongoing high star
formation rates (EW{Ha) = 10 A).

4. COMCLUSIONS

Studying a sample of galecdes I the low-redshoft com-
pact proup NGC 4065, we find that the ETGs seem to be
redder than the LTGs. All LTGs and two blus lentic-
ular galavies show ongoing high ster formation rates,
whereas the others are ET'Gs with EW({Ha) less than 10
A or no emission line. We know the FTCs have a lower
star formation rate than the LTGs because of insufficient
gas materal to produce star formation (Haynes & Gio-
vanell., 1984). However, some of the ETGs sample show
high star formation rates even though they are not mn
dense H 1 regions (Freeland et al., 2009) which are abuom-
dant in hydrogen to produce star formation. Frecland et
al. (2010} found evidence of ram pressure and tidal in-
teraction in & star-forming galasy, UGC T049, one of our
sample galacdes. These results indicate that most of the
ETGs in this compact group are gas-defictent galasaes,
while rich-gas LTGs could be affected by & dense envi-

ronment. The formation of young massive stars might
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represent. galaxies with S/N of EW (Ho) < 3, whereas the
others are emission line palaxies.
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Figure 4. The plot between EW(Ha) and B — R color.

be tngrered by tidal interactions among galexy mem-
bers (Boselli et al., 2006; Moss., 2006) and cause the

ems=ion line galaxies to have bluer colors than the pas-

sive ETGa.
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Abstract

We present a study of star formation. mean stellar age and metallicity, and interactions between galaxies
m a low-redshift group, NGC 4065 group. Data Observations for B, V and B broadband filters and [S
O] and Red-contimmm namowband were camied out on the 2.4 meter telescope at Thai National
Observatory (TINO). There are 21 galaxies in our sample. The ameount of star formation activity is
represented by the equivalent width of hydrogen alpha (EW{Ha)). Mean stellar hnnminosity-weighted age
and metallicity were examined by using the stellar pupulaﬁon synthesis model of Vazdekis et al. (2010)
and infrared magmtudes from GOLDMINE database via B-J vs 1K diagram. The result shows that most
of early type galaxies (ETGs) in the sample has EW(Ha) less than 10 A meaning to be gas-deficient
galaxies. While late type galaxies (LTGs) show more EW(He) and bluer than the ETGs. Mean stellar
age and metallicity can be interpreted using the celor-color diagram but not very clearly. Most of our
sample is inclined to have hizh metallicity, whereas mean stellar age is unidentifiable. That means star
formation activity in the 1. TGs could be tnggered by ram-pressure stnppmng and tidal mteraction between
salaxy members due to dense environmental effect in the compact group.

Keywoards: galaxies: interactions - galaxies: star formation - galaxies: groups: individual (MGC 4065)

Introduction Calaxy morphological elassification

The data of this research were taken by uzing a The gzlary morpholozy of the sample m this
24 meter Fichey-Chretien alt-azmmth dimve  recearch was classified following the de Vaucouleurs
reflecting teleccope at Thai Matiomal Observatory classification and T-Tvpe systems. We found that most
(TNO} on 25 - 27 February and 5 - 11 March, 2014, of pur sample is the ETGs: ten elliptical, six lenticular
Ten pomting C']_:"-’Eﬁm were done, usmg U-42 and five spual galames. Of these spmal types, three of
Apogee CCD with exposure time of 900 5, 500 5 and therm are pecubiar galaxoes. There were also found one
300 = for BV, troadband and 800 = forboth [ST] and  ogip salaxy and two galaxies with active zalactic
Fed-coptmmum  namowband filter systems, mclens (AGH).
respecitvely. The targets are sample galaxies m a low-
redshift group, called NGC 4065 zroup. Twenty-ons Equivalent width of Hox
galzaes were confirmed to be members m this group ” Y
by red:shifi, collcted fom the NASATPAC R e B F g~ B
Extragalactic Datzhase (MED). commesponding to star formation actnaty. was obtamed

by subtracting Fed-contimnmm fiux mtmrm:.tuf[SIl]
mamrowband flux count, and then caleulstng by usmgz

Materials and Methods the followmg equation (Gavaz et al, 2006;
i Erwattanawong et al, 2011}
Bz diameter

Dmmeter of the galaxy sample was determined at
B:s wophotes, which performed an ellipse fitting EW(Ha) = [Talddl  Cyg I
galaxy profile, by using ESP-ELTPRLY (a package of T Ta(B5&3{1+E))  Cr
Starhnk software). The ESP-ELLPRO provided three

parameters of the diameter, 1e., elliptecity f&), semm- Where

major axis (a2;) and position angle (P4} Then the B« i 1 filter band
dizmeter was apphed to measwe B, F and R Ta(d) isthr of (31
mag;mud&andﬂmccmmtswaad—mbnmmmd z is red-shift of zalaxy.

[5 II] filter.
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Cya 15 contmmum subtracted Ho sipmal
count wihn the B, dameter.
Ce 15 conhimium signal eount withm the

B:u dizmeter.

Mean stellar age and metallicity

Typically, mean stellar himinosity-weizhted age
and metallicty can be estimated by using colors of
galzxy. The galaxy’s colors become bluer follows
amount of young massive stars, wioch are typically
blue. These voung stars could collsct heavy elemnent
from remmant of previous generstion via supsrnova
process, and thus young stars can be expected to be

To predict the mean stellar luminosity-weizhiad
ape and metalbeity, we created the opteal'mfrared
color-color (B-] vs J-E) diamam using the stellar
population synthesis model of Vazdekss et al (2010).
Infrared magmitudes were collected from
GOLDMINE database.

Eesults and Discussion

Color and magnitude

The result shows that 5-R color of our sample
vary m a range of 0.9 to 1.4 Whila, Mz magniude
scatters m a wide range without comrelation wath the
color mdex as shown m Figme 1.
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Figure 1. The plot betwean B - R color and absolate
magnruds Mg

Color and T-Type

The plot between B-R color and T-Type n Fizure
2 shovors that LTGs of onr sample tend to be bluer than
ETGs, except the radio galaocy and two galmes with
AGN. Thi= 15 2 cam=e of widely scattered colors for the
ate type subsample.

EW(Ha) and T-Type

The plot between EW{HO) and I-Tipe m Figure
3 shows that the LTGs tend to have EF{Ho) than the
ETGs. Particularly, the radio galaxy exhibifz highest
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star formzfion actrvity. All late type and two S0 type
galamies show hish star formation EF(H®) = 10 &
whereas the other early type sample was found to have
Eﬁmm}:mmﬂbmthanlﬂﬂ_

d

-

*

3% a :
F=Type

Figure 2 The plot between B - R color and T-Tips

with morked symbols for the radw galaxy (astensk)

and AGHN (cross).

EW(Ha) and color

Figure 4 dlustrates a diagram of EF{HO) versus
B-R color. It 5 found that for enpssion line galaxdies,
the bluer zalaxes tend to have lugher EW{Ho) than the
ETGs. All LTGs, meluding 3 active galaxdes and blue
ETGs with B-R less than 1.1 are ongomg high star
formation EW{He) = 10 A
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Figure 3. The plot between EFTH®) and T-Type. Cross
represents galaxes with 5N of EFTH) = 3, whereas

Eztimate of mean stellar age and metallicity

The estimate of mean stellar hmmosiy-weighted
age and metalbesty using color-color dizgram s shown
m Figwre 5. Unfortunately, for owr galaxy sample, both
B-K and J-K colors do not fif with the model grid. From
this result, we only illustrates that the most of owr
zalaxy tends to have the high metallicty. There may be
only two metal poor gabixaes. While mean stellar age
is hard fo be determined.
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Conclusions

Stodvimg through 21 sample galanes m the low-
redshift compact group WG 4065, we find that the
ETGs seem fo be redder than the LTGs. All LTGs and
two blue lembcular galanes are ongomg hgh star
formation, whereas the others are ETGs wath EF{Hu)
lesz than 10 A or non-emission Hme Al sample
galaxaes tend fo have high metalheity, ooly two ETGs
are metal poor galaxies. The mean stellar ape 15 unable
to be wdenfified due to unfitted with the model zrid
Typecally, the ETGs usually have less star formahon
than the LTGs because of msufficient gas material to
produce star formation (Haynes & Giovansll | 19840
But some of the ETG: m ow sample shows hogh
EW(Ho) even there are not m the dense H I region
(Freeland et al, 2009) which s full of hydrogen
abundance to produce star formation, while Freeland et
al (2010} found the enadence of ram pressure and tidal
mteraction m a star-forming galaoy, UGC 7049, one of
our sanple galaxy. The resalts mdweate that most of the
ETGs n thes compact group are gas-deficent galaxaes,
whereas nch-gas LTGs could be affected by dense
emmonment. Young massive stars nught be tnggered
by tidal mferaction among galaoy members (Bosell =t
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al, 2006; Moss., 2006) and cam=ed bluer colors of thoss
enussion Ime galaaes, than the passme ETGs.
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