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What we aim to learn?

➔ Ultra-Violet Imaging Telescope (UVIT) – Observation and data

➔ Role of UVIT in studying star formation in nearby galaxies

➔ Techniques to identify star-forming clumps in galaxies

➔ Perform custom aperture photometry and characterize the 
clumps

➔ UVIT study of the nearby galaxy NGC 7793



  

What is a ‘Galaxy’ made of –  A Multi-wavelength view
Galaxy : A gravitationally bound system of dark matter and baryonic 
matter.
Baryonic components of a galaxy : 
Star (of different age and metallicity)
Gas (atomic, molecular, ionized) 
Dust (carbon, silicate and graphite grains and other complex molecules)

MIPS 24 μmm

GALEX FUV+NUV

DSS optical

XMM X-ray

Molecular hydrogen

Atomic hydrogen

Ionized hydrogen

The galaxy  M83

Images are obtained from NED



  

How to trace star-forming regions ?
Importance of FUV

Molecular gas – Points to potential location of 
star formation

H alpha emission – Star formation up to ~ 10 
Myr

FUV emission –  stellar populations up to ~100 
Myr

Far-Infrared emission – Traces dust obscured 
youngest star formation 

Starburst99 SSP spectra of different ages M83 galaxy – FUV  and optical 
(source : NED)



  

Ultra-violet Telescopes
International 
Ultraviolet Explorer 
(IUE) : 1978-1996

Far Ultraviolet 
Spectroscopic 
Explorer : (1999-
2007)

Swift : 2004- 

Hubble Space 
Telescope : 1990-

UV surveys of 
nearby galaxies: 
TrImS, PHAT, 
LEGUS

Galaxy Evolution Explorer (GALEX) : 
2003-2013

Covered 2/3 of the sky in UV

Survey: AIS, MIS, NGS

AstroSat – Ultra-violet Imaging 
Telescope (UVIT)

Need : A UV telescope with superior spatial 
resolution, large FOV and multiple imaging bands 
within FUV and NUV channel

A Telescope dedicated for UV sky survey was needed



  

AstroSat

Equiped with X-ray, UV and optical 
telescopes

● AstroSat is India's first dedicated multi-
wavelength space observatory.



  

It was launched on September 28, 2015 into a 650 km orbit inclined 
at an angle of 6 deg to the equator from Satish Dhawan Space 
Centre, Sriharikota, India.



  

Ultra-Violet Imaging Telescope (UVIT)

Equiped with two telescopes.
One observes in FUV 
Another one in NUV and Optical

It also has two FUV grating (resolution ~ 17 Angstrom) 
and one NUV grating (~ 33 Angstrom).

Multiple filters in each of FUV and NUV 
channels for imaging observation

Visible channel is used for tracking sources 
during observation



  

How UVIT can improve the present scenario

Better 
sampling 
of the UV 
continuum

Tandon et al. 2017

               Multiple filters

UVIT                                   GALEX



  

How UVIT can improve the present scenario

A star-forming 
region in the 
galaxy 
NGC 300

Tandon et al. 2017

Spatial sampling ~0.4 arcsec/pixel
Observation – John hutchings

Superior Spatial resolution in UV

FWHM ~ 1.4 arcsec
FOV ~ 28 arcmin

UVIT                                   GALEX



  

UVIT – imaging SF galaxies

Stellar spectra SSP spectra



  

UVIT Imaging

With drift

Drift corrected

Observation – A Subramaniam




  

UVIT data reduction pipeline

CCDLAB

UVIT L2 pipeline



  

CCDLAB: UVIT L1 ----> L2

     Drift pattern along X and Y pixel axes                           L1 → L2 – steps followed in CCDLAB

Image – CCDLAB (Postma 2017)



  



  

UVIT observed nearby galaxies
PI – A. SubramaniamWLM

NGC 7793NGC 2403

IC 2574



  

Analysis

Methodology

Data from 
Observation

Theoretical
models

Scientific
Conclusions

Starburst99 SSP 
model

CCDLAB – Image 
creation

    Astrodendro – Source 
    identification 

    Python photutils –       
                     photometry



  

Astrodendro

This python package helps to identify parent and 
child structures in astronomical data on the basis 
of - 

1. Threshold flux

2. Minimum number of pixel to make a 
structure

Figure: astrodendro official website



  

Finding clumps
image = fits.getdata('abc.fits')
d = Dendrogram.compute(image, min_value=2.0, min_delta=1., min_npix=10)

Figure: astrodendro official website



  

Accounting for noise

Astrodendro provides
Several parameters 
including position, flux and 
area of all the identified 
structures

Ideal to study physical 
parameter of star-forming 
clumps and their 
hierarchical nature



  

Photometry

Extended Star-forming clumps
Custom Aperture photometry

Compact point-like source
PSF photometry

Identification – astrodendro
Output: position, size, flux

Photometry – photutils
Circular aperture photometry

A star-forming region in NGC 7793



  

Identifying clumps – NGC 7793



  

SF clumps - photometry



  

Properties of the clumps
Deriving clump position and size - ‘astrodendro’

Estimating (F148W-N242W) colour - ‘photutils’



  

NGC 7793 – Flocculent spiral galaxy

Image - UVIT

F148W – blue
N242W - yellow



  

Identifying star-forming clumps

Star-forming clumps

GMCs (Grasha 2018)

Size of young star-
forming clumps is 
similar to that of GMCs

The outer part of the 
disk contains mostly 
younger clumps



  

Age & Mass estimation
of identified clumps

61% of the identified clumps are 
younger than 20 Myr --> signifies recent 
star-forming activities

The clumps mostly cover a mass range 
between 103 − 105 M_sun (Matches with 
masses of GMCs)

Age
Mass



  

Age distribution

The youngest clumps 
(age < 10 Myr) delineate 
the flocculent arms of the 
galaxy

The central part shows 
no recent star formation 
(lower density of 
molecular gas in the 
inner part – Muraoka 
2016)

Outer part mostly has 
younger clumps



  

Mass distribution

Massive clumps are 
more in the inner part

Along the flocculent 
arms we noticed a 
gradient in the clumps 
mass (tips are populated 
with more of low mass 
clumps)



  

Nuclear star cluster

Nuclear star cluster of NGC7793

Mass ~ 2✕105 M_sun (younger component)
Age ~ 19 Myr

FUV-NUV color becomes more 
blue with increasing radius

Carson et al. 2015 & Karachov et al. 2018 have noticed a 
decreasing effective radius for the NSC with increasing 
wavelength 

Circum-nuclear star formation or accretion of 
younger population from the nearby stellar groups 
to the nuclear cluster.



  

What we learnt?

✔ UVIT is a unique instrument for imaging in UV.
✔ UVIT imaging could probe star-forming clumps up to much smaller scales.
✔ ‘astrodendro’ package is useful to identify star-forming clumps and study their 

hierarchy.
✔ We used ‘photutils’ package for custom aperture photometry of the identified 

clumps.
✔ The FUV magnitude and (FUV-NUV) colour can be used to characterize the mass 

and age of a SF clump.

● The identified FUV bright clumps have a size between ~ 12 – 50 pc, which is similar 
to the size of GMCs present in the galaxy.

● The youngest clumps (age < 10 Myr) distinctly trace the flocculent arms of the 
galaxy.

● The central part of the galaxy shows less recent star formation, whereas the clumps 
detected in the outer disk are mostly younger.

● The estimated masses of the clumps cover a range between 103 – 105 M_sun.
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