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Comparing the Inner and Outer Star Forming Complexes In the Nearby Spliral Galaxies NGC 628,
NGC 5467 and NGC 6946 usilng UVIT Observatlons
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ABSTRACT

We present a far-UV (FUV) stody of the star-forming complexes (SFCs) in three nearby galaxes
using the Ultraviolet Imaging Telescope (UVIT). The galaxies are close to face-on and show significant
outer dizsk star formation. Two of them are isolated (NGC 628, NGU 6946), and one is interacting
with distant companions {NGC 5437). We compared the properties of the SFCs inside and outside the
optical radius (Ray ). We estimated the sizes, star formation rates (SFRs), metallicities, and the Toomre
() parameter of the SFCs. We find that the outer disk SFCs are at least ten times smaller in area than
those in the inner disk. The SFR per unit area (Z5pg) in both regions have similar mean values, but
the outer SFCs have & much smaller range of Ygpp. They are also metal-poor compared to the mnner
disk SFCs. The FUV emission 15 well correlated with the neutral hydrogen gas (Hi) distribution and
15 detected within and near several Hi holes. Our estimation of the () parameter in the outer disks of
the two solated galaxies suggests that their outer disks are stable (Q>=1). However, their FUV images
indicate that there is ongoing star formation in these regions. This suggests that there may be some
non-luminous mass or dark matter in their outer disks, which inereases the disk surface density and
supports the formation of local gravitational mstabilities. In the interacting galaxy, NGC 53457, the
baryonic surface density is sufficient (1) to tngger local disk instabilities in the outer disk.

Keyworde: Ultraviolet astronomy (1736); Spiral galades (1560); Galaxy interactions (600); Star form-
ing regions (1565); HI shells (728)
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Mex-Mbl, perynaupytoLime SF, BO
BHYTPEHHUX N BHELIHNX 0bn1acTax
raJlakTuk, 0.6. pa3imyHbIMN

e Llenb: cpaBHeHMe KoMMeKcoB SF Tpex S- ranakTuk:
NGC628, NGC6946, NGC5457 c ncnonb3sosaHunem UVIT.

e OcobeHHOCTU BHEeLWHnX obnactenm: HN3Kas MJIOTHOCTb
OUNCKa, HN3KOoe Ccoaep XaHne NblIn U MOJ.ra3a, HU3Kas
MeTaJIJINYHOCTb.

* 30% ranakTtuk, boraTtbix rasom, umeroT obnactum SF 3a
npegenamm R25. Hu3kasa agpdpekTnBHOCTL SFE. 310 XUV-
ONCKWN.

* Bo BHYyTpeHHUX 06nacTax SF cBA3aHO CO crnnpansamu, C
pacwmpaowmmmnca obonovykamm HI (SF triggering), wn
TECHO KoppesinpyeT C NMJIOTHOCTbLIO ra3a (3akoH KS) u

3BE34HOIN0 ANCKa.

* Bo BHellHUX obnactax nossneHmne SF - pes-T 10KaJIbHOrro
C>KaTusa rasa.



 UVIT (Indian Space Research Organization)
D38cm. (cpaBH.GALEX - 50cm).
Pa3speweHne 1.4" (cpaBH.GALEX - 5").

FUV; 130 - 180 nm, NUV; 200 - 300 nm.
(cpaBH.GALEX - 135-280 nm).

OCHOBHOE NpenMyLLLecTBO - BbICOKOE pa3pelleHue.

For NGC 628, we obtained both FUV and NUV data
from the UVIT archive. For NGC6946 and NGC5457-
FUV only. HepocTawuwine naHHble - n3 GALEX (HO
BbloeJsieHHbIX obnacTten SF n3-3a 3TOro MeHbLue)

HI data - from THINGS survey.



Table 3. Number of FUV bright SFCs inside and outside
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Figure 1. Left panels: UVIT FUV images of NGC 628, NGC 5457 and NGC 6946. Right panels: The locations of SFCs
plotted on the FUV images. The black ellipses represent the Rss radii of the galaxies. The blue and red marks indicate the
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Figure 2. Histogram of area for SFCs in (a) NGC 628,
(b) NGC 5457 and (c) NGC 6946. The histograms for inner
and outer complexes are shown with solid and dashed lines
respectivelv.



We calculated the ¥ sFr (not corrected for internal
extinction) for each complex in all three galaxies using
the following formula (Leroy et al. 2008; Salim et al.
2007):

Ssrrwvy) = 8.1 x 10 %cos(i) Ippy (3)

[ToB.MnoTHOCTU SFR npuMepHO O4MHAKOBGI
BO BHELWHUX U BHYTP. 061acTax
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Figure 3. Histograms of the Xspp@y) in (a) NGC 628,
(b) NGC 5457 and (¢) NGC 6946. The histograms for inner
and outer complexes are shown with solid and dashed lines
respectively.



Bo3pacT: SSP Starburst99
Moka3aHbl highest (0.05)
and lowest (4 104)

metallicity tracks.

log (FUV)

log (FUV)

Figure 4. Log (FUV) versus log(FUV/NUV) plot for SFCs. (a) model generated using starburst with metallicities (Z=0.0004
to Z=0.05) and ages (1 to 165Myr). Z=0.02(I) and Z=0.02(II) represents the tracks for truncated salpeter IMF and for slope
3.3 respectively. (b), (¢) and (d) panels show the SFCs in NGC 628, NGC 5457 and NGC 6946 respectively. Grey points and
red diamonds represent the inner and outer SFCs respectively. The magenta (Z=0.05) and blue (Z=0.0004) tracks represents
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galaxies. Figure 6. Examples of some of the Hi holes associated with FUV emission. The red solid ellipses represent the Hi hole

boundaries. The blue shaded region shown is the FUV emissions in counts per second. The FUV emission is in logarithmic
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Figure 7. The stacked Hi1 spectra of the outer SFCs in our sample galaxies. The red crosses in each panel represent the stacked
spectrum, whereas the blue dashed lines represent the single-Gaussian fits to them. The respective o, values are quoted in the
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Figure 8. Toomre () parameter for the three galaxies. The red horizontal line shows Q=1.



BbIBO /bl

* [loaTBeEpP)XOAOTCA pa3/indHblie pexxuMbl SF BO BHELLUHUX N BHYTpP.obnacTax.
BHellHee SF xapakTepusyeTcsa bosnee MENKUMUN N KOMMNAKTHbIMU
koMmnnekcamu SF. The outer disk star formation is due to local disk
instabilities, which could be stochastic in nature or perhaps driven by cold
gas accretion.

* Bo BHeLWHMX 06/1acTAX --HU3KaAA METAJIMYHOCTb. PaKTop, 3aTPyOAHSOLNNA
SF.

* [loka3aHo BansaHMe HI holes Ha dhopmMumpoBaHme 3Be34HbIX KOMMJIEKCOB.

OAaHako BO BHelHMx obnactax mano abip HI. This suggests that massive star
formation, which often results in the formation of Hi holes, is not common in
the outer disks of galaxies.

* B oByx r-kax n3 tpex (Heycton4msocTb - B NGC5457) SF nget Bo BHELLHUX
obnacTax HeCcMOTpPSA Ha UX rpasB. YCTONYUBOCTb.

This suggests that there may be some non- luminous mass or dark matter in
their outer disks, which helps increase the disk surface density and supports
the formation of local gravitational instabilities.

lTpumeyvarHne. 1. He paccmoTpeHbl macluTabbl HeycTonYnsocTu. 2. B NGC5457
€CTb BHELIHNE BETBU.
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