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Abstract We present results from our Giant Metrewave Radio Teles(@@MRT) H1, Himalayan Chandra
Telescope (HCT) H, 1 m Sampurnanand Telescope (ST) and 1.3 m Devasthal FasalOptlescope
(DFOT) deep optical observations of the NGC 7805/6 (Arp 1&y&tem to test KUG 2359+311’s tidal
dwarf galaxy (TDG) candidacy and explore the propertiehefinteracting system. Our GMRT IHnap
shows no H detection associated with KUG 2359+311, nor anytéll or bridge-like structure connecting
KUG 2359+311 to the NGC 7805/6 system. Our HC® inage, on the other hand, displays strong
detections in KUG 2359+311, with net SFR0.035 4= 0.009M, yr 1. The Hx data constrain the redshift
of KUG 2359+311 td).00 < z < 0.043, compared to the redshift of NGC 7806-0f0.015. TDGs detected
to date have all been Hich, and displayed H ionised gas and stellar tidal debris trails (bridges ds}ai
linking them to their parent systems. However, neither ourddta nor our optical imaging, while three
magnitudes deeper than SDSS, reveals a tidal trail comueKiVG 2359+311 to NGC 7805/6. Lack of
H1 , presence of an old stellar population, ongoing star foionaind reasonably high SFR compared to
normal dwarf galaxies suggest that KUG 2359+311 may not berpril12 TDG. It is most likely a case
of a regular gas-rich dwarf galaxy undergoing a morpholalgi@nsformation after having lost its entire
gas content to an interaction with the Arp 112 system. Rédshd metallicity from future spectroscopic
observations of KUG 2359+311 would help clarify the naturths enigmatic structure.

Key words: galaxies: dwarf — galaxies: interactions — galaxies: dpiagalaxies: star formation —
galaxies: peculiar — radio lines: galaxies

1 INTRODUCTION masses typical of dwarf galaxies, called tidal dwarf
galaxies (TDGs), may form within the tidally stripped
] ) ) ) gas Duc & Mirabel 1999 Duc et al. 200D To date, TDG
Tidal mtgractlon_S between galz_iX|e_s, Whe_re_at least ONEandidates have been found almost exclusively within
of them is gas-rich, can result in tidal stripping of Iargetidal debris of interacting galaxies. However, significant

ampunt_s of H from the potential of the parent galaxy(s). unanswered questions still remain about their independent
This stripped gas then_evolves_ and may form temporary istence as dwarf galaxies, their star formation (SF)
detached structures which are likely to eventually fallkac

into one or the other of the interacting galaxies. If the
H1 mass and densities are sufficient and environment
conditions are favourable, self-gravitating bodies with

properties and dark matter content. Atomic and molecular
as observations of TDGs provide information for
etermining the conditions under which SF is triggered
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within the tidally stripped gas, the role of gas in the Tablel GMRT Observational and HMap Parameters

formation of stars and the influence of dark matter in —z frequency 1420.4057 MHz
galaxy formation. Observation Date 2015 February 1
To address the issue of in—situ star and TDG formation  Integration time 12.0h

in tidal debris, a multi-wavelength study of a sample of Arp ~ Primary beam 24at 1420.4057 MHz
interacting galaxies, Spirals, Bridges and Tails (SB&T),  Map resolution (beam-FWHP)  36.6< 36.0", PA=-67.9
was carried out$mith et al. 20072010. GALEX, Spitzer Map rms per channel 1.0 mJy bearh

. . . RA (pointing centre) ook 01™ 28.4
and Hx observations of SB&T systems provided evidence .~ (pointing centre) 31° 26 16.0"

of in—situ SF and TDG candidates, including the Arp 112
interacting pair. Arp 112, consisting of the galaxies NGC ] . )
7805 and NGC 7806 (radial velocities 48k s~ and subtraction was carried out with thers taskuvLIN. The

4768km s respectively), displays signatures of a recent@sk IMAGR Wa§ appli.ed to the visibilitie; to transform
tidal interaction. Additionally, a smaller arc-like sttuce, them mtg th? final H 'mage cgbes. The integrated K
KUG 2359+311, is projected- 1 arcmin (20kpc) east H 1 velocity field and velocity dispersion maps were made
of the principal pair (Fig). No spectroscopic data are applylng the taskmoMNT on the Hllcubes. Furtherde.talls .
available for KUG 2359+311 and thus it is not certainOf the final map, presented in this paper, are provided in

whether the structure is associated with Arp 112 or notlaplel.
If KUG 2359+311 is associated with the Arp 112 system, _ .
then it could be a candidate TDG or remnant of a2-2 HCT Ha and Optical Broadband Observations

ring structure formed as a result of the NGC 7805/6 .
collision (Smith etal. 201 NGC 7806 has an optical ¢-*IN!'] observations of the Arp 112 system were ac

. : . . . ired with the 2 m—HCT, install Indian Astronomical
tail extending northward which contains two ultraviolet " ed with the CT, installed at Indian Astronomica

; . IA Hanl I Il

(UV)-bright clumps. These clumps are also potential TDGObservatory ( O)’. anle and remptey controlled at
. . ; .. _CREST, Indian Institute of Astrophysics, Bengaluru. The

candidates or star-forming regions, but to date, neither

clump has a published redshirith et al. 201 data were obtained on 2016 July 4 employing the Himalaya

We present here results from our Giant MetrewaveFalnt Object Spectrograph Camera (HFOSC), equipped

. . _ with a 2K x 4K SIT D chi nly th ntral 2K
Radio Telescope (GMRT) Hline, Himalayan Chandra ! a. , S gCC chip, but o Yt € centra
2K region (field of view of 10x 10 arcmirt) was used for
Telescope (HCT) H, 1 m Sampurnanand Telescope (ST). . . .
. imaging. The plate scale is 0.296 arcsec pixelmages
and 1.3 m Devasthal Fast Optical Telescope (DFOT) deep . e . . ;
. . ) ; were obtained utilizing a broaddHfilter with a bandwidth
optical observations of Arp 112 system with an aim to o . o
test KUG 2359+311's TDG candidacy and explore theOf 500A. At the redshift of Arp 112, the emission lines
roperties of the interacting system }(Jsin ths avera I—}N 1] 6549.94, [N 1] 6585.37 and H 6564.6A all fell
brop : . g system. g 9%ithin the bandwidth ofthis filter. R band observations
heliocentric velocity of the two principal galaxies from

. . I btaine@nd dt btract th ti
NASA Extragalactic Database (NED), assumifly — ool 'y oo several calibration frames, e the
68kms~—! Mpc™* (Planck Collaboration et al. 20R0we ges. '

. S bias frames, were recordddroughoutthe night and flat
adopt a distance of 70 Mpc to Arp 112. At this distance,; : rougnou gnt
1 field frames for correcting pixel-to-pixel variation on the

the spatial scale translates-t020.3 kpc aremin CCD were taken during morning and evening twilight.
A spectrophotometric standastar, Feige 110, was also
observednthe same nighto flux calibrate the images.
21 GMRT H 1 line Observations The data obtained from HCT were procesapglying
IRAF! software following the standard procedures. The
The 21 cm H line observations of Arp 112 were carried standard steps involved in data reduction are bias-
out with the GMRT on 2015 February 1. The basebandubtraction, flat-field correction and alignment of the
bandwidth for the observations was 16 MHz resulting in aframes utilizingIRAF taskSGEOMAP andGEOTRAN. The
velocity resolution of~ 7km s~t. Further details on the point spread function (PSF) of theaH[NII] image was
observations are given in Table The ASTRONOMICAL  matched to that of the?-band image using theAuss
IMAGE PROCESSING SYSTEM (AIPS) software package task. The full width at half maximum (FWHM) of the PSF,
was employed to reduce the UV data. Bad data fronestimated from the stars in tlie-band image, is-6 pixels
malfunctioning antennas and radio frequency interference
(RFI) were flagged. The flux density calibration scale * Image Reduction and Analysis Facility (IRAF) is distribuitey
utilised was fromBaars et al.(2009, with flux density the National Optical Astronomy Observatory, which is opedaby the

e ° / ) Association of Universities for Research in Astronomy (AA)Runder a
uncertainties ~5%. After calibration, the continuum cooperative agreement with the National Science Fountlatio

2 OBSERVATIONS AND DATA ANALYSIS
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Fig.1 Left: Interacting pair NGC 7805/6 (Arp 112) field is displayed hetexis is RA andy axis is declination). Low
resolution ¢ 36.6"” x 36.0’, PA —67.9) integrated GMRT HI map contours overlaid on SD&S, : composite image.
The beam is shown as a white ellipse in the lower left cornkis Hetected only in NGC 7806. No HI is detected either in
NGC 7805 or in KUG 2359+311, the crescent shaped structuteteast of the Arp 112 system. The HI column density
levels are N(HI)=18 cm~2 x (0.5,0.7, 1.2, 2.1, 3.0, 3.4)pper Right: The HI velocity field of NGC 7806. The white
contour represents the lowest contour of the integrated&fl from theeft panel. This contour outlines the extent of the
detected HI in NGC 7806.ower Right: The HI velocity dispersion map is depicted here. The areastere is similar

to the HI velocity field and the black contour represents tkterd of the detected HI in the galaxy. Colour bars to the
right represent velocity (kms).

Table2 ST and DFOT Observations: Effective Exposure Time per IFilte

Filter ~ Central wavelengthd)  Exposures (s)  Effective exposure time (s)

B 4361 300x 23 6900
1% 5448 300x 73 21900
R 6407 300x 4 1200
I 7980 300x 36 10800
(1.8 arcsec). As noted byames et al(2009, scaledR-  image, which also includes some line emissiofipm

band exposures give excellent continuum subtraction fothe Ha+[N11] image as described iScott et al.(2018
observations made during nights. The multiple exposureand references therein. Using Feige 110k¢ 1990,
were then summed to achieve a better signal-to-noise ratiie flux conversion factor was estimated to hd7 x
(SNR) for the R and Hx frames. The total on-target 10 '%ergs~'cm™2 / (count s') similar to the values
integration time achieved iR—band was 600s and in the obtained byScott et al.(201§ and Ramya et al.(2007,
Ha band 3000s. The sky background in individual target2009.

frames was estimated from regions away from the galaxies

and not affected by stars, which were then subtracted 3 AR|ES ST and DFOT Deep Optical Observations
as a constant count from the frames. The frames were

also divided by the total integration time to obtain perobservations of Arp 112 were initiated in October,
second images. Thed+[Nu] line image was produced 2014 and continuethroughto January, 201&mploying
after subtracting the PSF matched and scatedand the 1m ST and the 1.3m DFOT of the Aryabhatta
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Fig.2 Left: Optical R-band image of the Arp 112 field, obtained by combining dasenfthe 1 m ST and the 1.3 m DFOT.
Field of view presented here is similar to the SDSS field in EigRight: SNR comparison of the 1 m ST observation with
the SDSS images. The solid lines and dashed lines corresp@ESS and 1 m telescopoe images, respectively. The ST
images manifest a better SNR in all the wavelength rangedoRger wavelengthsX6500A) the images obtained from
using the ST are-3 magnitude deeper than their SDSS counterparts.

Research Institute of Observational Sciences (ARIES)rigure 2, with our observations having a better SNR in
India. Observations of Arp 112 were made with theseall the observed wavelength bands compared to SDSS. For
telescopes usingB, V, R and I broadband filters. longer wavelengthsX6500A), images obtained using the
Pre-processing of the images acquired with these twARIES telescopes were 3 magnitudes deeper than the
telescopes wasarried outusing standard tasks iRAF.  SDSS images.
Images were aligned in respective bands to achieve a high
SNR. We relied on the Python modukaipy to allgn 3 RESULTSAND DISCUSSI ON
the images and therRAF task IMCOMBINE to combine
them. The effective exposure time in each band is giver3 1 NGC 7085/6 System
in Table2.
Figurel1 shows the H column density contours from the

A photometrically non-variable source was requiredGMRT (36.68"x 36.0’, PA -67.9) integrated H map for
to compare observations at different epochs. None of ththe Arp 112 field overlaid on an SDSS optical image. The
existing standard star catalogues had an entry within a&ntire Hi emission detected in the system is associated
30 arcmin radius of Arp 112Hence, the Sloan Digital with NGC 7806. The deep optical image of NGC 7806
Sky Survey (SDSS) images from Data Release 12 (DR12h Figure?2 features a faint tidal tail which extends to the
(Alam et al. 201% were used to find the standard stars.north beyond the optical disk. Additionally, the northern
Aperture photometry was performed over all sourceslisk of NGC 7806 hosts UV bright clumps identified
present in the SDSS images in all five filtets ¢, r,7,2).  in GALEX images Emith etal. 2010 The Hi column
The source flux” obtained from aperture photometry was density maxima are projected on this UV bright section
converted to instrumental magnitudes with the expressiorgf the NGC 7806 northern disk (Fidl) and offset by
minst = —2.5logo(F/t), wheret is the exposure ~ 25’ (8kpc) from the optical centre. NGC 7805, on
time in the SDSS frame~54 seconds. The offset the other hand, is devoid of H This Hi displacement
between each instrumental magnitude and its respectivea NGC 7806 is common in strongly interacting pairs.
SDSS magnitude was compared to find any sources th&ven larger displacements of the bulk of a pair’s frhve
behaved inconsistently in each band.dipping was done been identified in other Arp interacting pairs, e.g. Arp
iteratively to remove the outlier sources, and three saurcel81 and Arp 65 $engupta etal. 20132015. Arp 112
were selected randomly to compare our observations withas been observadilising the Arecibo 305 m single-dish
those from SDSS. These three sources were consideredtiglescope (FWHM beam- 3.5 arcmin) and an H flux
our observation as well as SDSS frames to derive SNRslensity of 1.25 Jjkm s~! was reported irSulentic & Arp
The calculated SNR for the three sources is plotted ir{1983. At the distance of Arp 112, this translates to an
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Fig.3 Arp 112 HCT Hx+[N Il] image contours green) overlaid on a deep optical imag&{band] from the ST 1 m
and DFOT 1.3 m telescopes. Red squares mark the centres of183%&26. The contour levels signify @151 and 1.%
above the background.

H 1 mass ofl.4 x 10° M. Using the GMRT spectrum, we galaxy are highflaynes & Giovanelli 1984 Therefore we
measured the Hflux density to be 1.0 Jkms~! and the  must be cautious with our conclusion about #eficiency
corresponding H mass to bel.1 x 10° M. Given that of NGC 7806 and can only comment that it is likely that a
uncertainties on these estimates ar&0%, this indicated significant Hi loss hasoccurred during the interaction.

that almost all of the H flux was recovered by the GMRT

. . . Figure 1 — right panel shows the Hvelocity field
interferometric observation.

with velocities per the colour bar to the righithe black

Since NGC 7805 is an SO type galaxy and NGC 780é:ontour represents the lowest ldolumn density contour
is an Sbc spiral, and all the detected id associated with of the t_ot_al Intensity map. Th(H.I velocity f"‘.:‘ld does_
NGC 7806, it carreasonably be assumed that NGC 7806t exhibit any gystemz_itlc velocity pa_ttern, .€. NO sign
contained most of the pairs Hbefore they started of any systematlc IrotatlonThere are signs of |rregular
interacting. The velocity of the detected K4751kms~1) \{eloc_lty_ grad|_ents n the i but since the H velocity
is closer to the optical radial velocity of NGC 7806 field is intensity weighted, the velocity gradient towards
(4768kms~!) comparedto NGC 7805 (4811kms~!) the low column density regions is not significant enough

confirming the bulk of the detected His most likely to be trusted. The unmasked velocity field map further

to have originated in NGC 7806. We attempt here todemonstrates the poor SNR which prohibits us from

determine whether NGC 7806 shows signs of ldss ?_Lavymg any con_cLu,s\;gréit;%Lg NGC 7806: klndemancs.d
due to theinteraction. A field galaxy with the same size € interaction wit appears to have destroye

and morphology as NGC 7808 expected tohave an the regular k_inematics of NGC _7805’5|H:Iisk and thg

H1 content of3.6 x 10° M, (Haynes & Giovanelli 198/ remr_1ant H is now detected with its column density
However, the measured totaliHnass for NGC 7806 is maxima at~ 8 kpc north of the NGC 7806 optical centre.
only 1.4 x 10° Mg, giving an Hi deficiency of 0.41. Figure 3 features kv detection on the NGC 7805/6
This H1 deficiency value suggests that the NGC 7805/0&ystem as well as in KUG 2359+311. NGC 7806 and
interaction has removed a significant quantity of theNGC 7805 optical centres are marked with red squares and
NGC 7806 H content. However, it should be noted that the Hx detections are displayed with green contours. NGC
the uncertainties for the expected ldontent of a single 7806, which is an Sbc galaxy, exhibits at least four knots
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Fig.4 Arp 112 HCT Hx+[N II] image showing seven star forming knots identified ib& 2359+311 (knots 1, 2 and 3)
and NGC 7806 (knots 4, 5, 6 and 7). The size of the apertur@sxieound the emission varies from 2 kpc for knots 1, 2,
4,5, 6 and 7 to 3kpc for knot 3. The total size of the Hisk of KUG 2359+311 estimated by the extent of all the knots
is ~7.5kpc.

of SF numbered from 4 to 7. No dddetection is seen 3.2 KUG 2359+311, a TDG Candidate?

from NGC 7805, an SO galaxy. Followingamya et al.

(2007 2009, we selected the emission boundary based oKUG 2359+311 is projected- 1 arcmin (20kpc) east
the criteria that the emission is centrally peaked and thef the NGC 7805/6 pair and has been proposesda
boundary of the region is set where the flux falls i@ 1 TDG candidate for Arp 1129mith et al. 201 To date,

of the background (i.e~ 10717 erg s~ em™2). Ha+[N1I] no spectroscopic redshift has been published for KUG
fluxes, luminosities and star formation rates (SFRs) fo2359+311 and thus it is not confirmed that the structure
each of these knots are estimated and tabulated in Bableis associated with Arp 112While KUG 2359+311 is
The fluxes are in the rang®—'°-10" % ergcm?s~! and  clearly visible in the GALEX image§mith et al. 201§
luminosities are in the rang)3®—3% ergs~! as shown in it also stood out as one of theddest TDG candidates
the Table3. The SFR values are based on the formula fromin the Smith et al. (2010 sample. The system seemed
Kennicutt (1998 for galaxies with solar abundances andinteresting for an H imaging study becaus&€DGs in
assuming Salpeter initial mass function with stellar massesystems involving an early type parent galaxy are rare.
ranging from 0.1-100 M. For individual star-forming Usually, most TDGs are found in pairs of interacting gas-
knots in NGC 7806, SFRs are in the rar@él + 0.005  rich large spirals.

- 0.025 £ 0.007 M5 yr~t. The positions of these star- Our GMRT Hi map shows neither | detection asso-
forming Ha clumps match well the UV bright zones in giated with KUG 2359+311, nany Hi tail or bridge-like

the northern disk of NGC 7806, reported $mith etal. g cture that was detected connecting KUG 2359+311
(2019. Interestingly, the H mass observed in NGC 7806 {5 the NGC 7805/6 system. A search across the usable
also has its column density peak projected at the position §§5yqwidth of this observation, covering an approximate
these clumps. This suggests that this SF could be triggered ysnift range of 0.0116 z <0.0214, yielded no reliable

by the interaction of NGC 7806 and NGC 7805. H1 signal on or around the position of KUG 2359+311.
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Table 3 Ha Properties of the Star Forming Knots of the Arp 112 System

Knots Diameter  F(id) L(Ha) SFR(Hx)
kpc 10 P ergs'em=2 103 ergs™!  Mgyr—!

1 2.2 0.8#0.67 0.59:0.39 0.004 + 0.003

2 2.2 2.6%#1.11 1.53:0.65 0.012 + 0.005

3 3.0 4.18:1.41 2.45£0.83 0.019 + 0.006
SFR (KUG 2359+311)
0.035 + 0.009

4 2.2 2.46t1.08 1.44-0.64 0.011 #+ 0.005

5 2.2 2.85:1.16 1.640.68 0.013 £ 0.005

6 2.2 2.62£1.12 1.54-0.66 0.012 £ 0.005

7 2.6 5.19:1.58 3.05:£0.93 0.024 + 0.007
SFR (NGC 7806)
0.061 £+ 0.012

Assuming it to be at the same redshift as Arp 112recently formed TDG. Also, no sign of any diffuse tidal or
a 5 upper limit to its H mass would approximately stellar remnants or bridges was found in the deep optical
be 1.2<10° M. Our HCT Hx image (Figs.3 and4) image from the ARIES telescopes.
on the other hand, displays strong detections in KUG
2359+311. Unfortunately, thisdddetectiorprovides only TDGs detected to date have all been Hch, and
a broad constraint oKUG 2359+311's redshift as théa,  display Hi, ionised gas and/or stellar tidal debris trails
filter used covers a relatively large redshift range betweefPridges or tails) linking them to their parent systems
z = 0.0 and 0.043, compared to the redshift of NGC (Duc & Mirabel 1999 Duc etal. 2000 Sengupta et al.
7806 of ~ 0.015. So while we have been able to put2013 2014 2017 Smith etal. 20072010. Moreover,
a constraint on its redshift, whether KUG 2359+311 istheir blue optical colours® — V' =0.3 Duc & Mirabel
associated with Arp 112 will require spectroscopic redshif 1999 are consistent within the bulk of their stars having
confirmation. In the absence of unambiguous evidencgeen formed within the last 0.5 Gyr Scott et al. 2018
that KUG 2359+311 is a TDG associated with Arp 112,Although proposed as a TDG candidate $gith et al.
we studied the properties of KUG 2359+311 from the(2010, the lack of evidence linking KUG 2359+311 to
available optical data and compared it with known dwarfthe NGC 7805/6 system and its stellar mass, presence
galaxy properties. of old stellar population, size and SFR (assuming same
redshiftas Arp 112) raise doubts about whether itisa TDG
The Ho+[N11] emission from KUG 2359+311 mani- or not. Until a spectroscopic redshift for KUG 2359+311
fests three knots of star formation numbered 1, 2 and 3 ifis available, the possibility that it is a foreground or
Figure 4. The SFRs estimated for individual SF regionsbackground galaxy remains open. A further possibility
of KUG 2359+311 from the H clumps are between is that it is an ordinary dwarf galaxy caught up in the
0.004+0.003 and0.02+0.006 M yr—t. The total SFR for  interaction between the Arp 112 pair, which could explain
KUG 2359+311 is estimated to be)35-+0.009 M, yr~!.  its unusual crescent morphology. If KUG 2359+311 was a
Following Kennicutt (1998, the SFR derived from far dwarf or small irregular galaxy at the same redshift as Arp
ultraviolet (FUV) magnitude for the KUG 2359+311 112, its ongoing star formation rate and its complete lack
system Bmith et al. 201Pis ~ 0.042 + 0.013 Mo yr~!  of HI make it an interesting case of a dwarf undergoing
and matches well within the range of errors for the SFRa possible morphological transformation. The SFR of
estimated from our H observations. This SFR range is KUG 2359+311 estimated from GALEX FUV magnitude
normal for a star-forming dwarf galaxyRosenberg et al. (Smith et al. 201Pis ~ 0.042 4 0.013 M, yr~—! and that
2006. Assuming KUG 2359+311 to be at the distance offrom the Hx image is0.035 4 0.009 Mg yr—!. Within
Arp 112, the estimated size of the KUG 2359+311 opticakrror bars, they are the same, though the absolute numbers
and Hxy extent would be- 12 kpc and 7.5 kpc respectively. suggest a decrease in SFR over time. The error bars on
Considering SDSS colours and MLCR relation fromthese estimates prevent us from making any strong claim.
Roediger & Courtea(P015, the estimated stellar mass for Still, a possible scenario could be that KUG 2359+311
KUG 2359+311 at the distance of Arp 112li8 x10° M.  was a normal dwarf which got caught in the Arp 112
Under these assumptions, if KUG 2359+311 were to be ahteraction and went through an interaction induced SF
the same redshift as Arp 112, its optical mass, tHisk  phase with the gradual depletion ofiHas well as its
extent and SFR of KUG 2359+311 are characteristic oSFR. In its current state, it appears to have lost all its
a star-forming gas deficient dwarf galaxy rather than &1 content to either the intergalactic medium (IGM) or to
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SF. It is possible that we are witnessing a dwarf galaxya Ciéncia e a Tecnologia (FCT) through national funds
in a state of morphological transformation and that pos{UID/FIS/04434/2013), FCT/MCTES through national
this star-forming stage the galaxy may transform into dunds (PIDDAC) by this grant UID/FIS/04434/2019 and
gas deficient, red early-type dwarf. This scenario seemgy FEDER through COMPETE2020 (POCI-01-0145-
more plausible as opposed to KUG 2359+311 being &EDER-007672). TS also acknowledges support from DL
foreground or a background galaxy due to the lack of any7/2016/CP1364/CT0009. This research has made use
larger mass nearby galaxy that can explain its crescentf the NASA/IPAC Extragalactic Database (NED) which
shaped distorted morphology. The redshift and metallicitys operated by the Jet Propulsion Laboratory, California
from future spectroscopic observations of KUG 2359+311nstitute of Technology, under contract with the National
would help clarify the nature of this enigmatic structure. Aeronautics and Space Administration. This research has
made use of the Sloan Digital Sky Survey (SDSS). The
4 CONCLUSIONS SDSS Web Site i©itt p: / / www. sdss. org/. Y.Z.M.
acknowledges the support of NRF (Grant Nos. 105925,
We present our GMRT i HCT Ha, 1m ST and 1.3m 149577, 120385, and 120378), and the National Natural

DFOT deep optical observations of an interacting systeMgiance Foundation of China (Grant No. 11828301).
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