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Abstract. We present low signal-to-noise spectroscopy and surface photometry of two small galaxies, detected in the field of
the nearby asymmetric barred spiral NGC 7479, near a prolongation of the western arm that forms a faint tail in the disc, and
selected as possible companions of this galaxy. The analysis was based on data obtained with the Prime Focus Camera (PFC)
at the 0.8 m telescope of McDonald Observatory, and the Low Resolution Spectroscope (LRS) at the 9.2m Hobby-Eberly
Telescope (HET). We determined radial velocities using cross correlation withfe®edit templates, and derived integrated
magnitudes, colors and brightness profiles for each.

The derived radial velocities are around 35500 kinfer one galaxy and 38 000 km'sfor the other, which clearly indicates

that both are far more distant than the nearby NGC 7479. The absolute magnitudes and diameters of these two background
galaxies are typical of normal galaxies, and their colors are similar to other galaxies with similar redshifs. NGC 7479 continues
to exist in isolation with no detected companion.
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1. Introduction Laine & Gottesman 1998; Martin et al. 2000) to propose a

) ) ) . model in which NGC 7479 would haveffered a recent merger
NGC 7479 is a grand-design spiral galaxy, classified as Ss(ﬁ)ﬁh a low mass galaxy. This merger became even more likely

in RC3 (de Vaucouleurs et al. 1991), that has been extensivefy, the simulations by Laine & Heller (1999) in which they

: ; . : detectedall companion in a canibalization process that may not be
in CO, and regions of intense star formation (e.g. Bened%mpleted yet.

1982; Quillen et al. 1995; Sempere et al. 1994; Martin & Friedli ! . L
In an attempt to find low surface brightness galaxies in the

1997; Rozas et al. 1999; Aguerri et al. 2000. These last authors

cataloged more than 1000 HIl regions in the galaxy, inclu eighborhood of NGC 7479, we had several runs in 1995 with

ing bar and disc. The spiral structure has as main compon §Pr|me Focus Ca_mera atthe 0.8 m t_eles_copg of McDonald
two spiral arms strongly asymmetric (Martin & Friedli 1997), servatary to obtain long EXposure, wide field 'mages (.Jf the
that apparently are leading (Beckman & Cepa 1990; Puerarlgglaxy‘ Wg found no companion. In a recent re-examination of
Dottori 1997), and present strong 21-cm line emission (Lainetge those Images, we identified some featurgs that m|ght had
Gottesman 1998). The small and bright nucleus is classified ed new ewde_nce for the merger hypothesis. These 'mages,
LINER by Keel (1983) and as Seyfert 1.9 by Ho et al. (199 ter a very precise sky subtraction, reveal a prolongation of

It presents a circumnuclear disc detected in CO (Sempere e r&? western arm beyond the disc edge that forms a faint tail,

1994, Laine et al. 1999) and in HI (Laine & Gottesman 1998 ot shown in any previous image of NGC 7479. Close to the

The infrared colors of the galaxy are typical of galaxies havi 5@1”, the.re are two very small faint galaxies. These features are
bursts of star formation. owninFig. 1. _ _

The overall morphology of the galaxy seems to be an ex- If these gal_aX|es were at the same dlstanc_e as NGC 7479,
cellent example of an interacting system, but it has no cloigy could be tidal dwarf galaxies, a type of object that may be
companion, leading some authors (e.g. Quillen et al. 19g¥0duced during galactic encounters (Duc & Mirabel 1998).
This possibility prompted us to ask for time at the HET tele-
Send gprint requests toM. F. Saraiva, scope to obtain spectra of the galaxies to measure their radial
e-mail: fatima@if.ufrgs.br velocities. This would allow us to determine if they are dwarf

Article published by EDP Sciences and available at http://www.aanda.org or http://dx.doi.org/10.1051/0004-6361:20031219



http://www.edpsciences.org/
http://www.aanda.org
http://dx.doi.org/10.1051/0004-6361:20031219

900 M. F. Saraiva and G. F. Benedict: Spectroscopy and surface photometry of two faint galaxies

£ P -
W - & - = ad| = H
-
- s - i
" ' '
Eet " ' GA
' e
o GB
1 arcmin * 20 arcsec
— i
— : *

Fig. 1. The left panel shows NGC 7479 and, in the marked region, the two faint galaxies, that we will call NGC 7479-GA and NGC 747
GB, or GA and GB for short. This region appears zoomed in the right panel, showing GA at top left and GB at bottom right. The J20
equatorial coordinates of the galaxies are= 23 : 04 : 508,6 = 12 : 22 : 084, anda = 23 : 04 : 453,6 = 12 : 21 : 246, for GA
and GB respectively. The 2MASS Extended Source Images (MA&Infrared Science Arquive (IRSA), has recently released observational
results on GB: its identification is 2MASXJ230445411221233, and its total magnitudes are- 15259+ 0.230,H = 14.384 + 0.198, and

s = 13744+ 0.258(NED).

companions of NGC 7479 or normal, more distant galaxies. Table 1. Photometric observations.
this paper we present those observations, in Sect. 2, the results : : :
from spectroscopy, in Sect. 3, and from surface photometry, in ~ Filter  FWHM  Exposure time  Sky brightness

Sect. 4. In Sect. 5 we summarize our results. arcsec S H
B 3.0 3x 600 2234+ 0.027
Vv 2.7 2x 600 2139+ 0.021
R 2.7 3x 300 2075+ 0.011
|

2. Observations and data reductions 3.1 3% 600 1937 + 0.012

2.1. Photometric data
) ) Table 2. Spectroscopic observations
The photometric data were obtained at McDonald Observatory,

using the 0.8-m telescope with the Prime Focus Camera (PFC). ~Sjitwidth Exposure  Spectral range  Resolution
The detector was a 20482048 CCD with pixel size of 14, arcsec min A A
corresponding to a plate scale aB4% arcsec pixt. The field 2 2x 10 4300-7300 4

of view was 46x 460. The filters used wer8,V,R and .

Multiple exposures of standard stars from Landolt (1992) were

also taken for the photometric calibration.

The images were corrected for bias and flat-field using stan-
dard IRAF routines. After the correction by atmosferic extin.2. Spectroscopic data
tion the multiple exposures in each filter have been aligned and
combined. The alignments were correct within 0.25 pixel ihhe spectroscopic data were obtained with the Low Resolution
average. The sky background of each final broad-band imaggectrograph (LRS) at the 9.2 m Hobby-Eberly Telescope
has been determined with the IRAF routinesurfit by fitting (HET). The detector is a 1568512 CCD binned X 2, corre-
a 2nd order polynomial to the frame regions around the galagponding to a plate scale of4Y arcsec pix". We used a grating
after cleaning all the stars on them. The calculated sky valu@$00 ymm, a slit width of 2 arcsec, and the filter GG385. The
and their uncertainties are shown in Table 1. obtained resolution with this setup is 4 A, and the spectral cov-
The data was calibrated to the Johnson-Kron-Cousins s§§29€ is 4300-7300 A. The slit has total length of 4 arcmin and
tem using observations of standard stars in the regions SAY2S Properly oriented to include both galaxies. Two exposures
and SA97 of Landolt (1992). The transformation equations aP£10 min each were taken.
given in another paper (Saraiva & Benedict 2003, in prepara- The data reduction, consisting of bias subtraction, flat-
tion). fielding, sky subtraction, and wavelength calibration was
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poor, so we dropped them. The four template spectra used have
good signal-to-noise, are normalized and shifted to zero red-
shift. Details on their characteristics are given in Saraiva et al.
(2001).

The second set is composed by Las Campanas spectra of
the elliptical galaxies NGC 1700, NGC 1426, and NGC 1407,
plus a synthetic galaxy spectrum. These spectra have high
signal-to-noise and are not shifted to zero redshift, with the ob-
vious exception of the synthetic one.

5000 6000 7000 The third set is composed by galaxy templates built from
-7 Star clusters integrated spectra (Bica 1988).
150 [ (b) NGC 7479—CE] Due to the very poor signal-to-noise of our object spectra,

i 1 the true peak of the correlation was not easily recognized. In
some cases there were other peaks of similar height. As recom-
mended by TD79 we chose as main peak the one that showed
up best (highest amplitude) in all the correlations.
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o & v v 1 v v 1w 1L 3 Tables 3, 4 and 5 summarize the correlation results for GA
5000 6000 7000 and GB. The parameters listed are the height of the chosen
Wavelength (&) . .

peak (Height), the ratio of the chosen peak to the average peak
Fig. 2. @) Spectrum of NGC 7479-GA. The ordinate is the number @jf the cross correlation functiorR), the FWHM of the peak
counts per pixelb) Spectrum of NGC 7479-GB. (Width), the velocity computed from the shift (Relative veloc-
ity), and the resulting velocity (Observed velocity). The two
last columns have the same values if the template spectra have
zero redshift, which is the case of first and third set.
. Figures 3 and 4 show the cross-correlation of NGC 7479-

spectra extraction, and the remaining ones have been elifdi; 4 NGC 7479-GB with NGC 6851. The cross-correlation
nated by interpolation. The extraction window for each gala nctions of the two galaxies with the other templates have

h?ts_ll_)ﬁen chg_sent_to Infctlrl]Jde thettotal galaxg ap;{:)eat;:ng |r; eearly the same shape and values.
siit. The combination ot the Spectra was made after the extrac- Although in most cases thR value is very small, and

tlors. TXe sgqglgﬁ-nﬂ]se aftlerthg gorphbmanon \ggcs)o&g;gr(.)t e computed velocity has a large internal uncertainty, all the
g{i axy2 ar? t.h or etga axy 5, intherange B 15 correlations computed for each galaxy gave practically
Igure 2 shows the spectra. the same result, which make us confident it is correct. The

mean resulting radial velocities are (35 92@13) kms? for
3_ Spectroscopy NGC 7479‘GA and (38 009 83) km S_l for NGC 7479-GB

carried out using standard IRAFoutines. The cosmic rays
were eliminated using the IRAF taglosmic rayprior to the

3.1. Cross-correlation 4. Surface photometry

;%L??;Ztnggg}ige Sthtﬁé?:déilri\éflg?glsis C\:A(l) ?rg; ?S}:ﬁ;ﬁrﬁ‘gut:?ﬁ%spite of the very low signal-to-noise ratio of the galaxies, we
described in Tonry & Davis (1979 — hereafter TD79). BasicallW re able to calculate some photometric parameters, specifi-

Lally diameters, ellipticities, position angles, integrated mag-
the galaxy spectrum is correlated against the template spectru  STIP » P ges, g g

and the resultant peak is fit by a smooth symmetric function.gz:jgfzx?gd colors, and surface brightness profiles along the

Although usually stellar spectra are used as templates, in '

the case of poor signal-to-noise data, which is our case, galaxy

spectra are more appropriate (TD79). We used three setstdf. Ellipse fits

galaxy templates: the first one is composed by the spectra of . : .

three elliptical galaxies (NGC 6851, NGC 6958 and ESO 13& order to be able to determine geometric parameters using
. the taskellipsein the STSDAS package for IRAF, we artifi-

54) and one SO galaxy (IC4214), taken at the Lamiat cially increased the resolution of each galaxy image, to have a

Nacional de AstraBica, Brazil (LNA). Initially we tried to in- y 9 y ge,

L : i mber of points large enough to allow the calculation of the
clude in this set the spectra of two spiral galaxies (NGC 57e lipses. We have done that using the IRAF tasgnify with

and NGC 7412) butthe correlation with these galaxies was Vear¥nagniﬁcation factor of 10. We used these magnified images

1 |RAF — Image Reduction and Analysis Facility — is distribute@NlY for the purpose of obtaining the isophote parameters, all
by the National Optical Astronomy Observatories, which is operatéd® remaining analyses were based on the original images.
by the Association of Research in Astronomy, Inc., under cooperative Figure 5 shows the variation of the surface brightna$s (
agreement with the National Science Foundation, USA. ellipticity (e), position angle of the major-axis (PA), and the
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Table 3. Correlation results for the first set.

Galaxy Template  Height R Width  Relative Observed
velocity velocity
kms! kms? kms?

N 7479-GA N 6851 0.123 3.428 3011 35957 3595334
N7479-GA N 6958 0.112 2.808 2922 35842  3584@02
N7479-GA 14214 0.104 2945 1371 36034 3603864
N7479-GA E185-G54 0.114 2.847 4788 36112 3631977
N7479-GB N 6851 0.235 2721 2977 37920 3792628
N7479-GB N 6958 0.227 2.939 2540 38100 38 ¥0BO6
N7479-GB 14214 0.210 2.925 2319 38040 3804464
N7479-GB E185-G54 0.196 2.33 2712 38232 382%38

Table 4. Correlation results for the second set.

Galaxy Template Height R Width  Relative Observed
velocity velocity
kms! kmst km s?

N7479-GA  N1407 0.220 3.46 1902 34456 3589834
N7479-GA  N1426 0.139 3.11 844 33151 3479861
N7479-GA  N1700 0.152 2.95 1051 30526 3488800
N7479-GA synth 0.157 3.77 1254 34987 34987206
N7479-GB N 1407 0.404 10.58 3020 36020 3798831
N7479-GB N 1426 0.282 2.184 1289 36370 38@3169
N7479-GB N 1700 0.362 5256 1973 33544 3792512
N7479-GB synth 0.28 5.18 1037 37965 3796598

Table 5. Correlation results for the third set.

Galaxy Template Height R Width  Relative Observed
velocity velocity
kms! kmst km s?
N 7479-GA El 0.148 3.217 2840 35549 3554929
N 7479-GA E2 0.154 3.132 3030 35425 3542576
N 7479-GA E3 0.156 3.159 3561 35623 3562872
N 7479-GA E4 0.162 4.053 1757 35187 3518273
N 7479-GA E5 0.168 3.665 3592 35487 3548804
N 7479-GA E6 0.184 3.751 3705 36484 3648612
N 7479-GA E7 0.168 3.756 2938 35429 3542485
N 7479-GB El 0.216 3.238 2086 37982 3798386
N 7479-GB E2 0.263 3.103 2130 37961 3796407
N 7479-GB E3 0.278 4.856 2078 38071 38Q7278
N 7479-GB E4 0.184 2.917 1279 37927 37 R257
N 7479-GB E5 0.244 2995 2115 37940 3794015
N 7479-GB E6 0.340 4.956 2224 38025 38Q@2893
N 7479-GB E7 0.277 3.515 1907 38044 384331

cos 4 term, with the 14 power of the ellipse semi-major axisfour filters. The values for GA are PA 119° ande = 0.44,
@4). and for GB are PA= 87° ande = 0.52. The shape parameter,
These diagrams are significant only fa¥* > 1.1 (a > B4, indicates that GB has disky isophotes, but does not allow

1.5) since the real resolution is 135We can see that, in theUS t0 take any conclusion for GA.
significant range, GB presents smooth and coherent variations
in the four filters, while in GA the isophotes are clearly mo
disturbed, with parameters varyingferently in the diferent
filters. Particularly, the position angle of the inner isophotes e surface brightness, shown in Fig. 6, span a range of three
theV fi_Iter (triangles) presents a shift of 1With respect to the magnitudes. The observed central surface brightnegs is
other filters. 23.3 for both galaxies. Their major axesa$ = 26, measured

We adopted as PA arabf the galaxies the values obtainedn these profiles, are 74 (GA) and 18 (GB). The shape of
from the average of the fittings to the outermost isophotes in tthee color profiles are almost totally masked by the errorbars, but

9.2, Luminosity profiles
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Fig. 3. The top panel is the cross-correlation function of NGC 7479-GA with NGC 6851, with the main peak between dashed lines. The bottom
panel shows the fitting of the main peak.
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Fig. 4. Cross correlation of NGC 7479-GB with NGC 6851.

they still allow to notice that GB has a smooth surface bright- These parameters were corrected for Galactic extinction,
ness distribution, while GA seems to have some inner feat@gopting the values for NGC 7479 from Schlegel et al. (1998),
that disturbs its brightness distribution and causes the asymritem NED, and for redshift (k-correction), interpolating from
try in their color profiles. This might be an indication that théables provided by Poggianti (1997) for types E, Sa and Sc
morphological type of GA is later than GB. (Brown et al. 2001).
The adopted Galactic extinction values ag = 0.482,

Ay = 0.370,Ar = 0.299, andA, = 0.217, and the interpolated
4.3. Integrated magnitudes k-correction values for = 0.12 arekg = 0.52,ky = 0.173,

) ) . kr = 0.10, andk; = 0.037. Thesekg andky values are inter-
The integrated magnitudes were cal_culated within apertureanédiate between those given in Whitford (1971) and to those
10.8 and 13.5 arcsec for both galaxies, and the correspondigained following RC3 (de Vaucouleurs et al. 1991) for mor-
colors were obtained. phological type SaT = 1).

These apertures were selected attempting to include theThe integrated magnitudes and colors of the two galaxies
maximum flux with the minimum noise, for which we used thare shown in Table 6. The quoted errors refer to the internal
criterium that the aperture should be the closest one to twigecertainty in the measurement of the magnitude, due to un-
the FWHM of the corresponding galaxy. certainties in the sky subtraction, and in the case of colors were
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semi-major axisg"/4). The symbols circles, squares, triangles, and stars, represent theBfiNgIR, and|, respectively.

calculated as the sum in quadrature of the uncertainty in eaosid J — F) = 1.06-1.16, F — N) = 0.95-1.04 for GB, which
magnitude. The integrated parameters show that GB is slighdine within the § — F) vs. (F — N) distribution in Fig. 17c of
brighter and significantly redder than GA, mainlyBaV, what Bershady et al. (1994). It is not clear if thididirence between
is in agreement with the local color profiles. the mean colors of galaxies at~ 0.12 and those nearby is

c ing th d col ith the meaYRI col real or arises from the lack of a precise correction for Galactic
omparing the corrected colors with the m col- absorption and redshift.

ors of nearby galaxies, (e.g. Buta & Willians 1995; Marakova

1999) both GA and GB have nontypical colors, mainly G

that is both blue irB — V and red inV — I. Probably a bestAS' Summary
comparison sample is provided by Bershady et al. (1994), whdth low resolution spectra and CCD images we determined
presentUJFNK colors of galaxies az < 0.25, with median radial velocities and photometric parameters of two small
z = 0.12. Since these authors made no correction for reddgalaxies (GA and GB) in the field of NGC 7479. The radial ve-
ing or redshift, we used our uncorrect8¥RI colors, after locities were calculated using the cross-correlation technique
transformation taJFN colors through the equations given irand three sets of templates, in a total of 15 measurements for
Majewski (1992), for comparison purposes The transformedch galaxy; the mean values were (35 514813) km s? for
colors are § — F) = 0.75-0.78, F — N) = 0.87-0.90 for GA, NGC 7479-GA and (38002 83) kms* for NGC 7479-GB
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Table 6. Integrated magnitudes and colors.

R (arcsec)

Parameter N7479-GA N7479-GB
aperture 108 13.9 10.8’ 13.9

B 1927+ 0.06 1912+006 1920+0.06 1903+0.06
\% 1863+ 0.05 1849+005 1822+0.04 1810+0.06
R 1793+ 0.04 1782+004 1744+0.03 1732+0.03
| 1716+ 0.02 1701+003 1667+0.02 1652+0.02
(B-V) 0.64+ 0.08 063+ 0.08 098+ 0.07 093+ 0.08
(V-R 0.70+ 0.06 067+ 0.06 Q77+ 0.05 Q78+ 0.07
V-1 1.47+0.05 148+ 0.06 155+ 0.04 158+ 0.06
B? 18.33 18.18 18.24 18.07
(B-V)° 0.19 0.18 0.53 0.48
(V-R)? 0.54 0.51 0.63 0.64
(V-1)° 1.16 1.17 1.28 1.31

905
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Despite the large uncertainty, these values indicate clearly tRatferences
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