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Galaxies are observed with morphologies spanning from active star
forming, late-type systems through to passive, early-types. Across

.,
J

ABSTRACT

We present an analysis of the sky distribution of neutral hydrogen (H 1) deficiency and spectral
asymmetry for galaxies detected by the H 1 Parkes All-Sky Survey (HIPASS) as a function of
projected environment density. Previous studies of galaxy H1 deficiency using HIPASS were
sensitive to galaxies that are extremely H 1 rich or poor. We use an updated binning statistic
for measuring the global sky distribution of H1 deficiency that is sensitive to the average
deficiencies. Our analysis confirms the result from previous studies that galaxies residing in
denser environments, such as Vireo, are on average more H 1 deficient than galaxies at lower
densities. However, many other individual groups and clusters are not found to be on average
significantly H 1 poor. in contradiction to previous work. In terms of H 1 spectral asymmetries,
we do not recover any significant trend of increasing asymmetry with environment density as
found for other galaxy samples. We also investigate the correlation between H 1 asymmetry and
deficiency, but find no variation in the mean asymmetry of galaxies that are H1 rich, normal
or poor. This indicates that there is either no dependence of asymmetry on H 1 deficiency, or a
ealaxy’s Hi deficiency only has a small influence on the measured H 1 asymmetry that we are
unable to observe using only integrated spectra.

Key words: galaxies: general — galaxies: groups: general — galaxies: clusters: general — radio
lines: galaxies

groups, rather than in isolated, field galaxies and galaxies in low
density groups (e.g. Chamaraux et al. 1980; Solanes et al. 2001;
Verdes-Montenegro et al. 2001; Boselli & Gavazzi 2009; Chung
et al. 2009; Kilborn et al. 2009; Hess & Wilcots 2013).
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morphologies, asymmetries are observed in the stellar and gaseous
(atomic hydrogen. H1) disks, and galaxies are found with gas con-
tents ranging from gas-rich to gas-poor. A late-type, star forming
galaxy in isolation and without any external influences is most likely
to appear symmetrical as the morphology is primarily driven by the

There are many external (e.g. tidal and ram pressure stripping)
and internal (e.g. star formation and supernova feedback) mecha-
nisms proposed for causing the diversity of galaxy morphologies
and giving rise to observed asymmetries, with the occurrence of



 Def HI mo)xeT BbITb CBA3aH:

* A) c n3pacxogosaHmem rasa Ha SF
* C) c supernovae feedback

* B) c ram pressure stripping

* C) c tidal stripping

Bonpoc: Kak gedpnunt HI cBda3aH C
MJIOTHOCTbIO OKPYXXeHna?
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ABSTRACT

We present new multiwavelength scaling relations between the neutral hydrogen content (H1)
and the stellar properties of nearby galaxies selected from the H1 Parkes All-Sky Survey
(HIPASS). We use these new scaling relations to investigate the environmental dependence of
the H1 content of galaxies. We find that galaxies in high-density environments tend to have
on average less Hr1 than galaxies with the same stellar mass in low-density environments.
Our new H1scaling relations allow us to identify individual galaxies, as well as group/cluster
environments, that have an ‘anomalous” H1 content. We map the global distribution of H1-
deficient and Hi-excess galaxies on the sky and compare it to the large-scale structure of
galaxies. We find galaxy clusters to be H1deficient, and we identify that the regions surrounding
clusters tend to be Hrexcess. Finally, we demonstrate the potential of using H1scaling relations
to predict future H1surveys based on an optical redshift survey. We apply our scaling relations
to 16 709 galaxies in the 6dF Galaxy Survey that lie in the HIPASS volume and compare our
predictions to the measurements. We find that scaling relations are a good method to estimate
the outcome of Hr surveys.

Key words: surveys—galaxies: clusters: general—galaxies: evolution—galaxies: general—
galaxies: groups: general —radio lines: galaxies.
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where My ey, is the expected H1 mass, usually calculated from H1
scaling relations, and My 1s the calculated H1 mass from the
measurements.
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Figure 2. Gaussian weighted mean H1 deficiency, DEFy;, sky distribution plots. The Gaussian weighted mean DEFy; increases from low (blue) to high (red)
values, with white indicating there is no data. The contour levels indicate the underlying galaxy density distribution from HyperLEDA of log(N /sr) = 1.9,
2.2,2.5, 2.8, 3.1, 3.4, 3.7 for increasing line thickness. The points indicate the location of HIPASS galaxies. The orange circles in the lower right corner of
each panel indicates the size of the Gaussian (o) kernel used to smooth each map as it appears at the equator. The four panels show the velocity ranges:
Vi = 300-1000kms™", V3 = 1000-2000kms™", V5 = 2000-4000kms™" and V4 = 4000-6000kms™" (top left, top right, bottom left and bottom right,
respectively). The purple symbols indicate the positions of the Virgo cluster and Dorado group (square and star in top left panel, respectively), the Eridanus
group and Fornax cluster (square and star in top right panel, respectively) and the Antlia, Hydra and Centaurus cluster regions (square, star and diamond in
bottom left panel, respectively).
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Figure 3. HIPASS galaxy H1 deficiency, DEFy;, vs projected surface density from HyperLEDA in the four velocity subsamples: V, V5, V3 and Vy (top left,
top right, bottom left and bottom right, respectively). The blue diamonds indicate the mean density and H1 deficiency in each bin with vertical error bars
showing the standard deviation (smaller than the mean symbols) and horizontal error bars showing the density range of galaxies in the bin.
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Figure 4. Similar plot to Figure 2 but for the Gaussian weighted mean flux ratio asymmetry, Agyx. The contour levels indicate the underlying galaxy density
distribution from HyperLEDA of log(N [sr) = 1.9, 2.2, 2.5, 2.8, 3.1, 3.4, 3.7 for increasing line thickness. Note that the HIPASS galaxy subsamples do
not correspond to those in Figure 2 due to the different selection criteria (e.g. SNR > 30 for Agyy and selection criteria from Dénes et al. 2014 for DEFy;,
Section 3.1).
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Figure 5. HIPASS flux ratio asymmetries, Ag,,. vs galaxy density. The grey and blue points are the values for individual HIPASS galaxies with Ag,, < 1.26
and > 1.26, respectively (i.e. cut at the Espada et al., 2011 2o level, indicated by horizontal dashed line). The orange squares and blue diamonds indicate the
mean density and Ag, for all galaxies and galaxies with Agy, > 1.26, respectively, in each bin with vertical error bars showing the standard deviation and
horizontal error bars showing the density range of galaxies in the bin.
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Table 6. The fraction and mean and standard deviation of the flux ratio
asymmetry, Agux, for galaxies with Agyy > 1.26 and mean and standard
deviation for all galaxies binned by H 1 deficiency, DEFy;, from Figure 6.

* HeT Koppenayu

DEFy; Fraction {Agux ) {A fux )
Apux > 1.26 > 1.26 All

—0.95 27% (7/26) 1.37+0.27  1.25+0.26
-0.51 13% (32/246) 1.47+0.19 1.13+0.20
—-0.08 12% (38/314) 1.41+£0.15 1.13+0.13
0.35 200 (12/61) 1.42+0.14 1.16 +£0.15

0.79 20% (1/3) — 1.16 + 0.23
100+ l_l_l_,_‘
[} 1 1 1

200 +  Mean (Aswm > 1.26) #  Mean{All) |

1.75
E TR B .
=2 150t ‘ - *

|25 o —— — - —

AL SR S - ] ]
1.00F 1 1 1 1 1 C 1 |
-1.0 —0.5 0.0 0.5 1.0 O 200 4]



OCHOBHbIe BbIBO bl

e [ToMNMO BIN3KUX FANTAKTUK,

3aBncmmMmocCcTb defHl - NNOTHOCTL He
BblgABJ1SeTCH.

* ACuMMeTpuda npodunna He 3aBUCUT
OT MNJIOTHOCTEWN Ha BCeX MHTepBanax
PACCTOAHUN - KPOME, BO3MOXXHO,
raJlakKTUK C aHOMaJIbHO BbICOKUM
cogoep>xaHnem HI
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ABSTRACT
The mass-to-light ratio (M /L) is a key parameter in decomposing galactic rotation curves into contributions from
the baryonic components and the dark halo of a galaxy. One direct observational method to determine the disc
M /L is by calculating the surface mass density of the disc from the stellar vertical velocity dispersion and the scale
height of the disc. Usually, the scale height is obtained from near-IR studies of edge-on galaxies and pertains tc
the older, kinematically hotter stars in the disc, while the vertical velocity dispersion of stars is measured in the
optical band and refers to stars of all ages (up to ~ 10 Gyr) and velocity dispersions. This mismatch between the
scale height and the velocity dispersion can lead to underestimates of the disc surface density and a misleading
conclusion of the sub-maximality of galaxy discs. In this paper we present the study of the stellar velocity dispersion
of the disc galaxy NGC 6946 using integrated star light and individual planetary nebulae as dynamical tracers. We
demonstrate the presence of two kinematically distinct populations of tracers which contribute to the total stellax
velocity dispersion. Thus, we are able to use the dispersion and the scale height of the same dynamical population
to derive the surface mass density of the disc over a radial extent. We find the disc of NGC 6946 to be closer tc
maximal with the baryonic component contributing most of the radial gravitational field in the inner parts of the
galaxy (Vmax(bar) = 0.76(£0.14)V yax ).
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pacrnipegesieHne Mmacchbl ancka. ObbIYHO OHO
onpepgenseTcd 4yepes oTHowleHne M/L
3B€30HOro HaceneHus.
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When attempting to break the disc-halo degeneracy by
measuring the surface mass density of the disc, using the
velocity dispersion and the estimated scale height of the
disc, it is crucial that the dispersion and the scale height
pertain to the same population of stars. The scale height,
obtained from NIR studies of edge-on galaxies is for the
older population of thin disc stars.



HabnionoeHunsa:

AHanun3 gucnepcumn ckopocten 3eesf - VIRUS-W
Is an IFU spectrograph on the 2.7-m telescope at
McDonald Observatory.

AHaNN3 gucrepcmm cKopocTen Ha 6obLLNX
PACCTOAHUAX - MO MNJIaHEeTAaPHbIM TYMaHHOCTSAM.

Hershel telescope 4.2 m. beculeneson OByx-
oncnepcHbl cnekTporpad + Ha - Image.
[OTJ'II]/I‘-II/Ie oT HIll: pa3rpaHmnyeHune no ApKoOCTn B
Olll].

Ownbka namepeHmsa ckopoctm PN - meHee 9 KM/
C.
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Figure 1. The positions of the four VIRUS-W IFU fields showing the 267 fibres in each field overlaid on a DSS image of NGC 6946. The
red circle at a radius of 75" shows the separation between our inner and outer radial bins.
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Figure 3. The colour-magnitude plot for [OIII] sources in NGC
6946. The vertical axis is the (JOIII] - Ha) colour and the horizontal
axis is the mspo7 magnitude. The PNe lie to the right of the red
lines. Only these objects are used in our analysis.
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Figure 4. The surface brightness profiles of NGC 6946 in BVI
(Makarova 1999) and 3.6 pm band (Mufioz-Mateos et al. 2009)
are shown from bottom to top. The surface brightness is shown in
VEGA magnitudes. The contribution to the light from the stellar
disc in I-band is shown with blue line. The contributions to the
total light from bulge and disc in the 3.6 pm band are shown with
red and blue lines respectively. The average error on the surface
brightness is ~0.01 mag for the 3.6 pm band and ~0.02 mag in
the optical bands. The radial extent of the Virus-W and PNS data
is shown with green and pink bands respectively.
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Figure 5. Surface mass density of the cold gas (atomic and molec-
ular) in NGC 6946. The HI density profile derived from THINGS
data (Walter et al. 2008) is shown with the dot dashed line. H2
profile derived from the HERACLES data (Leroy et al. 2009) is



» ObpaboTKa. 2-KOMMOHEHTHbLIN OUCK.
MopenunpoBaHue C NCNOJIb30BaHNEM
template stellar spectra.

Mean Radius 2 component Model 1 Component Model
(E\,I’CSCC) Oz,cold Oz, hot Oz
(km s_l) (km s_l) BIC (km s—1) BIC
144 <12.1 £23 320+ 64 1236  26.5 £ 1.7 1251
242 <1294+33 209+41 1076 18.6 1.2 1090
335 <123 +£35 148 5.9 1062 145 £ 1.0 1055

Table 4. The o. values calculated from the PN.S data. We give the 90% confidence upper limit for the cold dispersions. The lower BIC

values of the two component fit suggest it to be the preferred model over the one component model, except for the outermost radial bin
where the one component model is preferred.

2 2
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2 2, . 2. L2, . 2. 2 2. 2 tation curve that is flat, we adopt orp = v 209.
OrLos = Ogcos .sin" 1+ oxpsin”f.sin" 1+ 0. cos" i + 0 € ) ) ! adop . I‘__L \f o
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(3)
where or, 0y and 0. are the three components of the dis-
persion in the radial, azimuthal and vertical direction, 0,,cas We also adopt the stellar
is the measurement error on the velocity and i is the incli- Velocity e|||p50|d parameter z=R

nation of the galaxy (i = 0 is face-on). Using the epicyclic ratiotobe 0.6 +0.15 following

approximation in the part of the rotation curve that is close

to solid body, we adopt or = 0y, and for the part of the ro- the result from Shapiro et al.



 TonwmnHa cnoqa cyntTaeTcd PukcupoBaHHOW (A5
cTapblX 3Be34). OueHka h, - 4epes scaling relation

Bershady et al. (2010):

log(hgr/h,) =0.367 log(hg/kpc) + 0.708+ 0.095
B3aTo hg=2.8 kpc n3s gootomeTpun.

« Habniopoaemasa gucnepcma CKOPOCTEN:

e 3Be3aHble NUHUNM nornoweHuns B obnactm VIRUS-
W u PNe - BO BHellHen obnacTu.

* [lpuBsA3Ka K ckopocTdaM - no HI velocity field no
THINGS c y4yeTOM acMMMeTpuU4HOro gpenda onsd
3Be3[..
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Figure 11. The upper panel shows the spectrum for the hot com-
ponent for the inner radial zone in NGC 6946. The lower panel
shows the ratio of the cold to the hot spectra, pixel by pixel. The
spectral region between 5050 and 5300 A used for the fit is indi-
cated with vertical arrows. The [NI] emission lines at ~ 5200 A
have been omitted from the fit.



30 30 35 T—
Bin 1 Bin 2 i Bin 3 -
25 - 0l 25 - 307
=
20 1 20 & -
= = =20 -
= 15 = 15 =
= = = 1E 4
“ 10 - “ 104 -
' 10
5 - 5 - 5 4
0 0 . . 0 . —
100 0 100 —100 0 100 —100 0 100
V — Vi (km/s) V —Vur (km/s) V — Vi (km/s)

Figure 9. The distribution of the PNe line-of-sight velocities from the bottom panels in Figure 8 for each radial bin respectively. The
single Gaussian fit to the data is shown with the black curve. The velocity distributions are not well represented by a single Gaussian: the
excess of low-velocity PNe is evident.
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Figure 10. The vertical velocity dispersion as a function of radius in NGC 6946. The black and grey markers indicate the hot and cold
velocity dispersions respectively from our two component fits, the cyan markers are our single-component values. The two inner data
points at R = 54’ and 98" were obtained for integrated light spectra from VIRUS-W and the outer data points are for PNe from PN.S.
The solid line denotes an exponential with twice the galaxy’s dynamical scale length (hgy, = 92" = 2.72 kpc) fit to the hot component.
Our data have been corrected for the HI velocity dispersion and PNe measuring errors. The cold component from the PN.S data were
dominated by our errors, and we show the 90% upper limits for these values. The errors bars are the 1o errors obtained from Monte Carlo
simulations.
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maximal with V. (bar) = 0.76(£0.14)V qax.

Figure 13. The rotation curve decomposition for NGC 6946 by fitting a pISO halo (top panel) and a NFW halo (bottom panel). The
observed HI rotation curve is shown as black dots. The magenta dashed line is the rotation curve from the total baryonic component:
bulge+gas+disc with the lo errors. The blue line represents the total rotational velocity: Vét = ‘Vb%lr + Vfala' The short blue vertical
lines show the 1 errors of the modelled total rotational velocity. 1kpe = 33.8".
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We show that there exists a younger, kinematically colder
population of tracers within an older and hotter component.

OueHKa NJOTHOCTU ANCKa NnoJsiydmsach B 2-3 pasa Bblle, 4em bes
ydyeTa OBYX KOMMOHEHT TOHKOIro AMCKa C pa3HoW aAncriepcuen
CKopocTewn.

OnHamMnyeckas WwKana Ancka no npodusato Ancrnepcmnm CKOpocTen
coBrnaJsa c poToMeTpmyeckom Ha 3.6 MKM - B MNOJ1b3Yy MOCTOAHHON
ToNWWMHbI gncka. Cnen., M/L no4YTn He MeHAeTCa C paanycom.
CpegHee oTHoweHUe M/Ls¢ = 0.4 nonydaeTcsa HUXKe, 4eM O
nMmerwmxca 3eesaHbix moaenen (0.6): sBknag nbiiv n AGB stars?

Mogenb corjlacyetca ¢ maximum disc - Kak n paHee rnoJsiy4eHHas
ana NGC628.

The baryons together dominate the radial component of the
gravitational field out to a radius of about 8 kpc.
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