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Abstract :  : The progress in space technology over past few decades allows researcher to study target galaxies over a wide range 

of electromagnetic spectrum. In the present study we performed a multi-wavelength analysis of early type lenticular galaxies 

UGC 9519 and NGC 3699 using optical imaging, spectroscopy, stellar population synthesis and SED fitting. For this study we 

made use of SDSS data for imaging and spectroscopy. For SED fitting, over a range of UV-Optical- IR region, we used the 

photometric data by GALEX, SDSS, 2MASS, WISE and IRAS and the MAGPHYS code. The optical colour map of our target 

galaxies clearly indicates the presence of moderate amount of dust in it. The dust mass is found to be 4.54 × 105 and 7.82 × 107 

Mʘ for UGC 9519 and NGC 3699 respectively. It is observed that, although the present galaxies are of “Red & Dead” class, it 

holds ongoing star formation activity with the star formation rate equal to 3.61 × 10-5 and 0.24 Mʘ/yr for UGC 9519 and NGC 

3699 respectively.    

 

 

IndexTerms – Galaxies, early type galaxies, star formation, interstellar dust, optical spectroscopy, SED fitting. 

I. INTRODUCTION 

Early type galaxies usually have the impression of being red and dead galaxies that are composed of the interstellar medium 

(ISM) and dust. Morphologically, these are featureless bulges. The dominant stellar population in these types of galaxies is the red, 

evolved, low-mass stars. Due to the lack of dust, these galaxies show a very low level of ongoing star formation compared to the 

late type galaxies[1,2]. Few early type galaxies may have undergone an active star formation in the past. The energy and radiation 

coming from these massive stars result in powerful feedback in the form of supernova explosions and strong stellar winds. This 

feedback drives the available gas out of the galaxy and thus results in the quenching of the star formation activity if any.  

Dust provides shielding and cooling off the gas needed for star formation. The lack of dust and the cool gas results in a low 

level of star formation in early type galaxies. But due to the advent of space technology over the past few decades, it is observed 

that a considerable sample of early-type galaxies hold multiphase ISM in the form of dust, atomic and molecular gas, ionized gas 

etc. [3,4]. The origin of this unexpected component in early-type galaxies (ETGs) may be internal or external. The ISM and dust 

observed in ETGs may arise because of the mass loss by old stellar populations. However, the quantity of ISM component and dust 

found in samples of ETGs by various methods is found to be higher than expected due to mass loss by old stars. It strongly suggests 

the external origin of dust and ISM in the ETGs through merger processes or tidal interactions. Indeed, the optical signatures like 

the presence of dust-lanes, shells, double nuclei, tidal features, etc provide direct evidence of merger-like episodes that took place 

in the past. Moreover, it could be an AGN or active ongoing, merger-induced star formation that brings these galaxies in the blue 

cloud region of Color - Mass diagram [5].  

To enlighten the origin of dust and ISM in ETGs, it is necessary to observe and analyze many individual early-type galaxies. In 

this study, we carried out optical imaging, optical spectroscopy, and Spectral Energy Distribution (SED) study of early type 

galaxies UGC 9519 and NGC 3699.   

UGC 9519 is a nearby lenticular galaxy with a redshift of 0.005. It is also named as PGC 052741. Galaxy has been 

observed by various telescopes and has countable multi-wavelength emission covering UV, IR and radio regions of the 

electromagnetic spectrum. Galaxy has been observed by IRAS satellite, sensitive to dust emission. It suggests the presence of dust 

inside the target galaxy. Indeed, the r-band snapshot of UGC 9519 observed by SDSS shows traces of dust in the form of patches 

lying mainly along the minor axis of the galaxy. Thus UGC9519 may contain low to moderate amounts of dust. This galaxy is 

observed with the disk inclination with an inclination angle 75 degrees. In this galaxy, there is a very weak or no spiral arm. Its 

Luminosity Distance is 24.6 Mpc. In UGC 9519, there is no visible central bar. It has no inner or outer stellar ring. No hot spots 

are visible in the target galaxy. The optical spectrum is found to have Hα emission line suggesting the presence of ionized gas in 

this galaxy. Thus, suggesting certain activity either in the form of AGN and/or star formation in UGC 9519. 
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NGC 3699 is a nearby edge-on SO-type galaxy with a redshift 0.01. Like UGC 9519, NGC 3699 has countable multi-

wavelength emission covering UV, IR and radio regions of the electromagnetic spectrum. The optical image of NGC 3699 

suggests the presence of a significant amount of dust in the target galaxy covering about 50% of the surface area of the galaxy. 

Along with a dust lane, dust is also distributed in the form of multiple patches around. The optical spectrum of the target galaxy is 

free from the emission lines suggesting no presence of ionized gas in NGC 3699. Global parameters of NGC 3966 are listed in 

Table 1.  Figure 1 shows the SDSS tricolor image of target galaxies.  

Throughout the work, we used a flat cosmological model with ΩM = 0.3, ΩΛ =0.7 and H0 = 70 km s−1 and used the initial 

mass function of [6]. 

 

Figure 1: SDSS tricolor image of target galaxies UGC 9519 (left panel) and NGC 3699 (right panel) 

 

 

II. DATA COLLECTION AND ANALYSIS 
We have made use of multi-wavelength observations of UGC 9519 and NGC 3699 galaxies. The optical imaging and 

spectroscopic data were acquired from the 7th data release of SDSS in u, g, r, i and z pass bands with effective wavelengths of 

3543A, 4770A, 6231A, 7625A, and 9134 A [7]. The angular resolution of the instrument is about 1.5 arcseconds. In the present 

study, we have considered the Petrosian magnitudes measurement method [8]. The UV radiation from a galaxy holds much 

information about the young star hence star formation activity. Further to study the star formation process, we have made use of 

the Near-UV and Far-UV pass band data from Galaxy Evolution Explorer (GALEX) space mission. These measurements were 

calibrated to the AB magnitude system of [9] using the GALEX pipeline. The dust absorbs the stellar light and re-emits it in the 

far infrared this corresponds to dust grain temperature of 20 - 100 K. Apart from this stellar emission from ISM is dominated by 

near IR radiation. Hence IR data were acquired from different observatory. The near-infrared data of J, H and Ks (Kron 

magnitudes) passbands of the electromagnetic spectrum were used from Two Micron All Sky Survey (2MASS) Extended Source 

Catalog (EXC) [10] and for the mid-IR data we have used the Wide-field Infrared Survey (WISE) [11] W1, W2, W3 and W4 pass 

bands.  The Infrared Astronomical Satellite (IRAS; [12]) observational data were used to analysis the far-IR faint source catalog 

data. For this study SDSS, 2MASS, and WISE observational magnitudes were converted to the AB magnitudes and are corrected 

for the Galactic dust extinction using [13]  reddening maps at RV = 3.1 using [14] extinction law. 

 

2.1 Optical imaging: 

For optical imaging and spectroscopy, we have used the Image Reduction and Analysis Facility (IRAF) provided by the National 

Optical Astronomy Observatory (NOAO). The images obtained from SDSS are preprocessed step-by-step as reported in [2,3,15], 

such as, bias-subtracted, flat-fielded and image co-addition, further the processed images are cosmic corrected. The background 

correction was applied by estimating sky background using the box method [16]. Cosmic ray corrected, background subtracted, 

and exposure corrected images are aligned using geomap and geotran task. We use gauss command to obtain PSF-matched 

images. In order to know the spacial distribution dust and its extent, we generated (g – r ) colour maps of target galaxies, and are 

as shown in figure 2. 
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Table 1: Global parameters for target galaxies UGC 9519 and NGC 3699 

 

Galaxy UGC 9519 NGC 3966 

Object names/ 

Alternative names  

CGCG 192-059 

MCG +06-32-097 

2MASS J14462112+3422141 

SDSS J144621.09 + 342214.0 

IRAS 14442 + 3434 

PGC 052741 

NGC 3986 

UGC 06920 

CGCG 157-058 

2MFGC 09381 

SDSSJ115644.08+320118.8 

RA; DEC 14:46:21.1;  34:22:14 11:56:44.2 ; 32:01:18 

Morphology S0 So edge-on  

B-Magnitude BT 14.0 13.5 

D25 

(Major diameter*Minor 

diameter) 

0.8 x 0.6 arcmin 2.97 x 0.58 arcmin 

Redshift(z) 0.005440 0.010884 

Luminosity distance  24.6 Mpc 49 Mpc 

 

 

 

2.2 Optical spectroscopy: 

The optical spectrum of a galaxy is an excellent tool to determine the nature of the gas distribution and activity that may be 

present in the galaxy. Along with it, the optical spectrum is useful to determine the stellar population present in a galaxy.  In the 

present study of the target galaxies UGC 9519 and NGC 3699, the primary data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: left panel image shows the (g – r) colour map of UGC 9519 galaxies and the right panel is the colour map of NGC 3966 

galaxy. 

 

reduction of SDSS spectrum is done with onedspec package in NOAO. The optical spectra of target galaxies were converted into 

the rest frame spectra using dopcor task. Spectra were also corrected for the Galactic extinction using deredden task. The stellar 

population synthesis is performed using STARLIGHT version 04 stellar population synthesis code [17] and REMOVEYOUNG 

spectral synthesis code of [18]. The linear combination of 45 SSP models was used from [19] this corresponds to a metallicity (Z) 

of 0.2 , 1, 2.5 in unit of solar metallicity that comprises fifteen types of stellar age combinations as 0.001, 0.00316, 0.005, 0.01, 

0.025, 0.04, 0.102, 0.286, 0.640, 0.905, 1.434, 2.5, 5, 11 and 13 Gyr. STARLIGHT and REMOVEYOUNG fit to the target 

galaxies are as shown in figure 3. The multiwavelength continuum flux which is free from the nebular emission contribution are 

used as an input to the REMOVEYOUNG code for further stellar population synthesis. For this study the fraction of stellar 

population for different ages is as shown in figure 4.     
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2.3 SED fitting:  
Fitting of SEDs to the galaxy light over the full range of electromagnetic spectrum is essential to better constrain the 

properties of a galaxy. A number of codes useful for fitting SEDs of the target galaxies are publicly available and are capable  

 

                 
Figure 3: The rest frame optical spectrum of target galaxies fitted with the STARLIGHT code. The green line spectrum is 

observed spetrum. Red line spectrum is the model fitted by STARLIGHT. Bottom panel in each figure indicates the residual 

spectrum. 

 

enough to fit the SEDs over the wavelength regime covering UV to Far-IR and even to radio data. For the present galaxies, we 

used ” Multi-wavelength Analysis of  Galaxy Physical Properties” (MAGPHYS) [20] code to fit and model the observed SED.  

MAGPHYS is applicable for low as well as high redshift galaxies with two separate versions built and are widely used by a large 

range of research community to study various physical properties of galaxies using broad band fluxes. MAGPHYS analyzes the 

broad-band spectral energy distribution of sample galaxies and gives various physical parameters of the program galaxies as an 

output.  

 

An empirical but physically motivated SED fitting code MAGPHYS makes use of the optical library of 50000 models 

with varying star formation histories adopted from 2007 version of [19] stellar population model and IR library of 50,000 models 

developed by [20] such that each IR model represents an optically thin modified black body emission from different grain sizes, 

temperature, and emissivity indices. MAGPHYS consider four types of dust components; the Polycyclic Aromatic Hydrocarbons 

(PAH) molecules, hot dust with temperature range of 130-250 K, warm dust component in thermal equilibrium with temperature 

range of 30-60K and cool dust with temperature range of 15-25 K. Galactic-disk [6] initial mass function is employed while 

modeling the stellar emission SED. In order to rule out the effect of attenuation of star light by interstellar dust, a two - 

component dust model developed by [21] is used. The resultant SED fit to the target galaxies is as shown in figure 3. The quality 

of the fit was checked from the χ2 values. It is an indicator of the goodness of the model fit compared to the data points. The 

closer the χ2 to 1, better will be the fit. The SED fitting for target galaxies is as shown in figure 5. The physical parameters of a 

galaxy interpreted by MAGPHYS such as stellar mass, dust mass, star formation rate etc are given in table 2. 
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Figure 4: The age wise distribution of stellar population for target galaxies obtained using REMOVEYOUNG code.  

 

  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5:: SED fitting on photometric data of the target galaxies. Attenuated and unattenuated spectra are shown in green and blue 

color respectively. Red points show photometric data points used for fitting. 
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Parameters Description UGC 9519 NGC 3966 

fµ 

Fraction of total dust luminosity Ldust 

contributed by the dust in ambient ISM 

fµ = 𝐿
𝑑𝑢𝑠𝑡𝐼𝑆𝑀

 /  𝐿𝑑𝑢𝑠𝑡
𝑇𝑜𝑡𝑎𝑙  

0.86 0.8475 

τν Total optical depth seen by the young 

stars in stellar birth cloud 

3.17 3.977 

µ Fraction of the τν contributed by the 

dust in ISM 

µ = 𝜏𝑣
𝐼𝑆𝑀/( 𝜏𝜈

𝐼𝑆𝑀 + 𝜏𝜈
𝐵𝐶) 

0.101 0.084 

Mstar Stellar mass in Mʘ 6.23 x 109 Mʘ 6.41 x 1010 Mʘ 

𝐿𝑑𝑢𝑠𝑡
𝑡𝑜𝑡𝑎𝑙  Total Luminosity in Lʘ absorbed by the 

dust 

8.124 x 108 Lʘ 9.238 x 109 Lʘ 

𝑇𝐶
𝐼𝑆𝑀 Temperature of cold grains in thermal 

equilibrium in ISM in kelvin 

24.5 15.8 

𝑇𝑊
𝐵𝐶  Temperature of warm grains in thermal 

equilibrium in birth clouds in kelvin 

58.6 57.4 

Md Dust mass in Mʘ 4.54 x 105 7.82 x 107 

Ψ Star formation rate in Mʘ/yr 3.61 x 10-5 0.24 

ψS Specific star formation rate in unit per 

year, ψs = ψ/ Mstar 

5.80 x 10-15 0.386 x 10-11 

 

Table 2: The values of physical parameters of the target galaxies interpreted by MAGPHYS 

 

 

III. RESULT AND DISCUSSION: 
We carried out the multi-wavelength study of ETGs UGC 9519 and NGC 3699 to understand the nature of dust content 

and stellar content in it. We studied the nature of spectral energy distribution of target galaxies and hence derived various physical 

parameters. We performed the Stellar Population Synthesis of UGC 9519 and NGC 3699 to understand the age of stellar 

population in target galaxies.   

 

The (g - r) colour image of target galaxies shows the presence of dust in both galaxies. In UGC 9519, the dust is not well 

defined, but it shows random distribution that prominently lies along optical minor axis, whereas in NGC 3699, there is well 

distributed dust that lies along the optical major axis. We have derived dust mass using IRAS colours and is found to be 2.0179 × 

105 Mʘ  and 5.17 × 106 Mʘ for  UGC 9519 and NGC 3699 respectively. We used the relationships between dust temperature and 

IRAS flux densities as follows. 

 

Td = 48.93 ×  (
𝑆(60)𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑

𝑆(100)𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑
)
0.4

 

 

Using IRAS flux densities, dust temperature is found to be 33.89 kelvin and 26.45 kelvin for  UGC 9519 and NGC 3699 

respectively. Dust mass is calculated using the formula 

Md = 4.78 × S 100µm x D2 × [exp(
143.88

𝑇𝑑
) − 1] 

 

Where, D is the luminosity distance of the target galaxies obtained from NED.  The dust mass predicted by SED fitting for target 

galaxies UGC 9519 and NGC 3699 is found to be 4.54 × 105 Mʘ and 7.82 × 107  Mʘ respectively.  Thus, the dust content predicted 

by SED fitting is more than that calculated using IRAS flux densities. This is because, depending on the dust temperature, it emits 

radiation over a wide range of IR spectrum. Among that range, we have considered only those radiations that fall in the IRAS 

range.  

 

We studied the nature of spectral energy distribution and hence derived various physical parameters for our target galaxy UGC 

9519. Stellar population synthesis of UGC 9519 using SDSS optical spectrum that cover almost 31% galaxy indicates that, 

although UGC 9519 is an early type galaxy, it carries young as well as moderate age stellar population along with the usual old 
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stellar population. Although UGC 9519 carries sufficient amount of dust and shows the presence of emission lines in its optical 

spectrum, the ongoing star formation rate derived by SED fit is found to be very less ~ 3.61 x 10 -5 Mʘ /yr. From SED fitting 

results, it is clear that the fraction of total dust luminosity Ldust contributed by the dust in ambient ISM is around 0.8 suggesting 

that more amount of dust resides in the ambient environment as compared to the stellar birth clouds. 

 

SPS fitting to dusty galaxy NGC 3699 suggests an absence of a young stellar population in it at least in the central region from 

where the SDSS spectrum is derived. But the SED fit of the target galaxy NGC 3699 suggests a comparatively high star formation 

rate in it as 0. 24 Mʘ/yr. This contradictory result for NGC 3966 may arise because SDSS captures only a small fraction of light, 

particularly from the center of the galaxy. Whereas the photometric fluxes we have considered for SED fitting include total flux 

coming from the galaxy. So the result implies that the active star formation in NGC 3699 may span all over the galaxy rather than 

the central region.  

 

IV. CONCLUSION: 

This paper presents the optical imaging, spectroscopy, and Spectral Energy Distribution study of nearby early type galaxies UGC 

9519 and NGC 3699. We used SDSS DR 7 data for optical imaging and spectroscopy purpose. SED fitting was performed to the 

UV-Optical-IR data of target galaxies using MAGPHYS code. The main findings of the present study are as follows: 

 

 

 The optical (g-r) color map of UGC 9519 and NGC 3699 clearly indicates the presence of dust in target galaxies. In 

UGC 9519, the dust distribution is in the form of patches. In the central region of the target galaxy, dust is found to be 

lying along optical minor axis. In galaxy NGC 3699, a large amount of dust is observed that lies along optical major 

axis of the target galaxy and covers larger surface area of the target galaxy.  Dust mass, calculated using IRAS flux 

densities is found to be 4.54 × 105 and 7.82 × 107  Mʘ for UGC 9519 and NGC 3699 respectively. A more deep 

observation is required further to know the detailed distribution of dust in these galaxies. 

 Contradictory to the nature of being “Red & Dead”, the lenticular galaxies in present study show the signatures of 

recent star formation activity. SDSS optical spectroscopy and SPS fitting shows that moderate amount of star formation 

activity is present in GC 9519 and NGC 3699.  

 SED fitting of target galaxies estimates various physical parameters of the target galaxy. The star formation rate is found 

to be 3.61 x 10-5 and 0.24 Mʘ/yr for UGC 9519 and NGC 3699 respectively. Although SDSS spectroscopy doesn’t 

support the presence of young stellar population, the SED fitting of NGC 3699 shows that considerable amount of star 

formation takes place in it. The contradiction between SED results and SPS results for NGC 3699 is because SDSS 

aperture is not enough big to cover the whole light coming from the galaxy. It collects light only from the central part of 

the galaxy. The dust mass calculated by SED fit is found to be 4.54 × 105 and 7.82 × 107  Mʘ  for UGC 9519 and NGC 

3699 respectively. 
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