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ABSTRACT

Context. Measures of the H I properties of a galaxy are among the masita@ interaction diagnostic at our disposal. We report
here on a study of H| proble asymmetries (e.g., lopsidedliresssample of some of the most isolated galaxies in the ldoalerse.
This presents us with an excellent opportunity to quantiy tange of intrinsic H | asymmetries in galaxies (i.e., &host induced

by the environment) and provides us with a zero-point catibn for evaluating these measurements in less isolataglea.

Aims. We aim to characterize the H| proble asymmetries in a sanfkolated galaxies and search for correlations between H |
asymmetry and their environments, as well as their opticdlfar infrared (FIR) properties.

Methods. We use high signal-to-noise global H 1 probles for galaxiethe AMIGA project (Analysis of the Interstellar Medium of
Isolated GAlaxieshttp://amiga.iaa.es ). We restrict our study ttN = 166 galaxies (out of 312) with accurate measures of the
H | shape properties. We quantify asymmetries using a i parameter.

Results. The asymmetry parameter distribution of our isolated sanglwell described by a Gaussian model. The width of the
distribution is! = 0.13, and could be even smallér € 0.11) if instrumental errors are reduced. Only 2% of our fdisevetted
isolated galaxies sample show an asymmetry in excesks.dB® using this sample we minimize environmenthkets as conbPrmed
by the lack of correlation between H| asymmetry and tidatéofone-on-one interactions) and neighbor galaxy numbesige On

the other hand, Peld galaxy samples show wider distribsigaonl deviate from a Gaussian curve. As a result we bnd highemaetry
rates [ 10D20%) in such samples. We bnd evidence that the spiraltength is inversely correlated with the HI asymmetry. We
also bnd an excess of FIR luminous galaxies with larger Hinasgtries that may be spirals associated with hidden aoaretients.
Conclusions. Our sample presents the smallest fraction of asymmetricrblbles compared with any other yet studied. The width of
the associated asymmetry parameter distribution can belistinguish the frequency and processes of self-indudesynmetries,
and serve as a baseline for studying asymmetry rates in etivéonments.
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1. Introduction most extended cold component of the interstellar mediutd)1S

. i ) ) and is a sensitive diagnostic of perturbations. The HI com-
The geometry and kinematics of gaseous disks in galaxigsnent in spiral galaxies has long been known to show both
are mainly governed by the gravitational potential of atell geometrical and kinematic asymmetries (e.g., Beale & Bavie
and non-baryonic components. Any perturbation of the equigeg; Huchtmeier 1972; Allen et al. 1973; Baldwin et al. 1980
librium caused by either internal or external processesy Masymmetries in stellar disks are also common and are traged b
produce asymmetries in these disks. Atomic gas (HI) is thgtical and near-infrared light (the latter lesseated by dust
extinction). Observations show that 30% of galaxies areibig
Send bprint requests toD. Espada cantlylopsidedat near-infrared wavelengths (Block et al. 1994;

' Based on observations with the 100-m telescope of the MPIfRIX & Zaritsky 1995; Zaritsky & Rix 1997; Bournaud et al.
(Max-Planck-Institut fuer Radioastronomie) at! ésberg, GBT 2005). Asymmetries in the stellar component are not neces-
under NRAO (the National Radio Astronomy Observatory is sgarily correlated with lopsidedness in the gaseous compyone
facility of the National Science Foundation operated under (Kornreich et al. 2000; Wilcots & Prescott 2004). This ladk o
operative agreement by Associated Universities, Inc.)echio correlation is not surprising because the neutral hydrogen-
Observatory (National Astronomy and lonosphere Centeiiclwis ponent in a galaxy is typically twice as extended as theastell
?hperﬁtetq byl %Or.”e” Url‘:i"ersét%.””)der 3 fﬁ"pﬁlraﬂ_‘_’e a%rﬁmmetht component (e.g., Broeils & van Woerden 1994), and might be

e National Science Foundation) and the Nandiay Obsgyvato LN ,

Full Table 1 is available in electronic form at the CDS via iayi0 perturbe_d n dierent ways with respect t.o th.e stellar component
mous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via (&9 stripping). The study of H1 properties is thus a bigitebe
http://cdsweb.u-strasbg.fr/cgi-bin/gcat?J/A+Awvip pp  Of past antbr recent perturbations than the stellar counterpart,
and fromhttp://amiga.iaa.es . especially for weak interactions.
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Study of global HI velocity probles of galaxies has proveR. Haynes), where (®%orresponds to 175 kpc at a typical ve-
to be very useful for a quantibcation of the frequency andiampocity of the core sample at, ¥ 1500 km &€*. About half of the
tude of disk asymmetries (e.g. Richter & Sancisi 1994). Whilgalaxies appear to show signibpcant H | asymmetries. However
only aperture synthesis can provide full 2D information @bo only companions with a velocity berence" V< 400 km §*!
the H1 distribution and kinematics, the 1D probles provide r@lative to the primary are considered. The AGC is complpte u
valuable measurement at a small fraction of the cost in ebseto m" 15.4 mag ankbr a diameter of 4(equivalent to a typical
ing time. linear size of 6 kpc). The velocity criterion could make thden-

Past work suggests that the HI asymmetry propertipe biased against unbound plunging encounters, and owing t
of galaxies do not depend strongly on local environmethe size limit of the catalog, small galaxies would not hagerb
tal conditions. Studies oPeld andor isolated galaxies sug- taken into account B hierarchical systems of small galamés
gest thatat least 50 %show signibpcant HI proble asymme-n principle produce signiPcant asymmetries.
tries (Richter & Sancisi 1994; Haynes etal. 1998), and even Other studied samples are composed of beld galaxies.
higher" 75% in late-type spiral galaxies (Matthews et al. 1998Matthews et al. (1998) studied a sample ¥f= 30 moder-
Although homogeneous studies of the asymmetry rate inrichge to low surface brightness late-type spirals. Their jeta
environments are rare, it is usually believed that they showie between 2 and & from the center of the Fornax cluster
comparable rate of asymmetric H1 proples. or are beld galaxies. They suggest that 77% of the H| pro-

The implications of a high asymmetry rate essentially indeles in their sample show a relevant asymmetry. Bournauld et a
pendent of environment is currently the subject of debate (f(2005) studied\ = 76 galaxies based on the OSUBS Galaxy
a review see Jog & Combes 2009; Sancisi et al. 2008). It hggrvey [(Eskridge et &l. 2002), a sample not selected acaprdi
been suggested that the mechanism responsible for praduginany environmental criterion, which hence may have a sgiev
asymmetric disks must be long-lived because high asymme#iivount of interacting galaxies. However, it has been régent
rates are observed in samples of Peld/andolated galaxies. referred to as a beld galaxy sample (€.g...Jog & Coibes 2009).
Because the signatures of tidal encounters are relativeit-s The asymmetry is larger than 10% for nearly 66% of the gataxie
lived, lasting only on the order of a dynamical time-scale fan this sample.

a wide range in mass ratios, orientations, inclinationktice In this paper we use a large and complete sample of iso-
velocities and impact parameters (e.g. Bournaud et al. )2005eq galaxies| (Verdes-Montenegro etlal. 2005 Lisenfeale
it cannot be the only agent responsible for the high asym ) to evaluate the intrinsic distribution of H| asymnnegr

try rate in dl erent environments. A number of longer-liveqcomparisons show that our sample is more isolated than those
mechanisms have begn proposed, a) intermittent minor mefiga in previous studies and indeed is representative ofitis
ers (Walker et al. 1996; Zaritsky & Rix 1997), b) high-velyci isjated galaxies in the local Universe. The AMIGA project

clc_)ud/gas accretion (Bourngud et aI: 2005; Sanc.isi etal. Zoo(ﬁinalysis of the interstellar Medium of Isolated GAlafes
Miller et al. 2008), c) halo-disk misalignment (Levine & Sga Verdes-Montenegro et 4l. 2005) involves vetting and ariatyz

1998; Noordermeer etal. 2001) dod d) internal perturba- {he properties of galaxies in the Catalogue of Isolated Geda
tions including sustained long-lived lopsidedness owagadn- (N = 1050 galaxies, Cl(mébgn), and provides

circular motions (Baldwin et al. 1980) or globak instabili- - 3 good starting point for this aim. This project includes a re
ties (Saha et al. 2007). _ Pnement of the sample through 1) revision of optical pas#io

In order to address the relevance of theetent proposed | 2 o 3), 2) analysis of opticalgpro

. veg: S ] egrolet al! 20DE); 3

one must brst study a sample of well isolated galaxies in thgeq optical morphologies (Sulentic etlal. 2006) and 4yake
nearby Universe!( 150 Mpc). This approach should minimizeyation of the isolation degree (Verley etlal. 20077c,b). We als
any contribution from tidal interactions and facilitatetinter- these rebnements in the present paper. The isolationieniter
pretation of results with respect to other samples of gakaxiyseq for this compilation minimizes the probability of a oraj
Reference samples used to study the rate of HI asymmetii@graction within the last 3 Gyr (Verdes-Montenegro etlal.
involve galaxies which, although assumed to be Psithted, [200%) while quantifying possible minor interactions. A mul
usually include a signipcant population of interactingag@és tiwavelength characterization of ldirent interstellar medium
(e.g. Richter & Sancisi 1994). Note that bPeld galaxies are dgsm) componentphases and of the stellar component has been
Pned as galaxies not belonging to the cluster environmehaancarried out including a) opticdl (Verdes-Montenegro éPan5),
signibcant number of them are likely to be members of interag)y F|Rr (Lisenfeld et dll 2007), c) radio-continuu@t a
ing pairs or multiplets (Sulentic et al. 2006). Richter & Sisn ), and d) ¥ emission [(Verley et al. 2007a), as well as e)
(1994) bnd that about half of the nearby Peld galaxies sho\clear activity[(Sabater etlal. 2008, 2011).
asymmetric proPles, estimated from a compilation of six &t s This paper presents an analysis of global (1D) asymmetry

veys (1371 probles were classibed). It is important to remeM . sures foN = 312 H1 AMIGA galaxies with high signal-to-

\?vzrréhr?(t):[ ;)Sg;ess%vf:?g;%'riug}e;?l ﬁ{gg::}??;g;;?}eorgag}anoise (9N) spectra (Seck]2). We cleaned the sample of sources
9 9 9813, ith uncertain asymmetry measures, yielding a totallef 166

might be environmentally inBuenced, and 2) asymmetrieaawedf . S o : :
. " - : - alaxies with high reliability data. For this subsample welged
assessed using qualitative criteria (Richter & Sancis#}.99 the H 1 proble asymmetry rate (Sect. 3), the role of the enviro
Statistical studies of HI asymmetries in large samples gfo . or the rate of lopsided probles (Sédt. 4), as well as the
galaxies selected according to a well dePned isolatioarait correlations between H I asymmetry and stellar properties (

and using an objective quantibcation are rare. The onlymgls tical luminosity, morphological type and signs of pertuiba),
systematic study of H | asymmetries in an isolated sampleais t _ | 4 1o formation rate (as traced by FIR luminostity, SBct.

of Haynes et al. (1998), who studied the asymmetry rat®fer . ; : : AT N i
104 (N = 78) galaxies that obey a 0.61° ) projected separation Finally we identify the underlying distribution of intrirtspro

criterion with respect to any known companion in the Areciba
General Catalog (AGC, private database of R. GiovanelliMnd ! http://amiga.iaa.es
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ble asymmetries and discuss the possible origin of asynesetr skewed toward lower velocities relative to the opticallyco
in gaseous disks (SeEi. 6). plete sample. The sample becomes seriously incomplete be-
yond 9000 km#',
D b) Morphology T(RC3) (Sulentic et dl. 2006): Types are

2. The sample iven in the RC3 numerical scale_(de Vaucouleurs et al.
. ). The bulk of the CIG sample involves late-type galax-
2.1. Sample selection ies in the range 3 T < 7 (Sb to Sd) with 23 of the sample

in a very narrow range 34+1 (SbbSc). Only 14% of the
sample involve early-type systems, which suggests that our
sample represents the extreme (low) end of the morphology-
density relation. The H 1 rebPned subsample contains a higher
percentage of late-type galaxies (especially SbBSc) Hean t
optically complete sample. This is not surprising because
earlier type galaxies have a systematically lower HI con-

This paper presents descriptions of the shape of HI probles
with special emphasis on the degree of asymmetry. We identi-
ped the galaxies with the high&3tN H | probles in the AMIGA
project, obtained from observations at the ArecibbeEberg,
Nanc¢iay and GBT radio-telescopes, as well as from a compi-
lation from archivediterature. The H| spectra are available at

http://amiga.iaa.es . We initially consider for this study . .
those H | spectra with a signal-to-noi$&N > 10 (S/N obtained ~ LeNt thanlater types and are especially excluded by setecti
those H 1 probles with /8l > 10.

as the peak Bux to rms ratio), in tofdl= 383 galaxies. AS/N ¢) Optical luminosityLs (Verdes-Montenegro et 41, 2005):
>T1'0 |s:ppr:oprlate1to gz)im a good estimate of the asymmetr? With few exceptions Bthe sample spans a 1 dex lumi-
(Ti!_t & Huchtmeier 1990). , , .

In addition we further restricted the sample to galaxies nosity range (9.5< log(Lg[Lsd) < 10.5). Galaxies with

with probles with high-velocity resolution to total widthtio, log(Lg[Ls)< 10 are overrepresented in the HI sample

. . ; , and HI rebPned subsample) likely because higher lumi-
Wao!" V > 10, whereWsy is the width at a 20% level antlv (anc : o : .
is the resolution of the HI proble. This criterion is necegsa nosity galaxies prefer the high-velocity tail of the sample

(Malmquist e ect) and often fall below m15.0.

itto err1tsiu|r|e tf)](atl tge p])(roblesh arr(;:‘dvlvevl\ll rsnaénpltiart]d. ’?{S a ?'()df{e D d) FIR luminosityLrr (Lisenfeld et al. 2007): The three dis-
Wpa al ydedc udes ace_—tﬁ a‘d 0 : sa;nbl ostty glafdets' hag fributions are relatively similar to each other. The shape o
€ excluded sources with evidence ot problems related 10 bad e pip luminosity distribution is Ratter than the opticatla

baseline subtraction afat interference contamination. Finally oo o peak near log:lz= 9.6. The full range covers 2 dex

we chose galaxies with recession velocities 1500 km §* to :

; : X X L 8.5< log(Lrir[Led) < 10.5). The di erence between the op-
permit proper evaluation of the.lsolatlon. A proh|b|.t|vdarge 'Eical anoEI;E:IERI[unﬁJi%OSity d)istributions likely ref3ects th)eep
region on the sky would be required to assess isolation flaxga treme FIR OquietnessO of our very isolated galaxy sample.

ies with V < 1500 (Verley et dll 2007d,b). In any case, they : g
are all members of the Local Virgo Supercluster. Applicatd Only detections are shown in Figute 1.

these restrictions yielded a sampleNdf 312 isolated galaxies

with high quality H | probles. We will refer to this sample agt

H1 sample We characterize proble asymmetry in two ways: 1. H| proble shape and quantibcation of H |

quality-based on visual inspection of the probles and 2)tiiya lopsidedness

based on an areal asymmetry ind&¥x ratio (Sect[B). For a sta-

tistical analysis we performed a further rePnement of thgd@  In this section we present a general view of the H | proPle shap

by considering only those galaxies with lowest uncertainty and two ways of quantifying proble lopsidedness. First, we e

their asymmetry parameter. This resulted in a Pnal samge ofamine the probles via visual inspection (see $ect. 3.1pusin

= 166 isolated galaxies, which we call the KePned subsampleteria similar to those employed in the largest H1 proPle ghap

(Sect[3h). study to date, Richter & Sancisi (1994). We then quantify the
asymmetry level in a more objective manner using a numerical

. . parameter (Sedi_3.2) and compare visual and numericaiipesc
2.2. Basic properties of the samples tions in SecC 3.

Figure[l summarizes the basic opti€R properties of both
the HI sample and the HI rebPned subsample. THeemint
panels include recession velocity, morphological type aff w
as o_ptic_al and _FIR luminosity distrib_utions. We comparSmeVisua| inspection of our HI sample shows that 88% show
distributions with those corresponding to the optically™e0 yqo,ple horns with the rest showing single peaks that in most
plete sample, which was estimated to be 85090 % complgiges involve face-on spiral galaxies. We visually classithe
to mg= 15.0 mag, and is composed Nf= 719 CIG galaxies nroples in the H1 sampleN = 312 galaxies) asymmetric
(Verdes-Montenegro etial. 2005). The latter sample is gppro slightly asymmetricandstrongly asymmetridn a similar way
ate to represent the entire population of isolated galari¢ise as Richter & Sancis (1994), who studied a sampl&laf 1371
local Universe. _ _ _ ~ spectra (equivalent, respectively, to their notatiorNas Weak
We summarize the dispersions of the basic properties fds trong. We bnd thalN = 141 galaxies show symmetric H |
ga_llaX|es included in the Herent samples as well as the deV'probIes (45 %)N = 126 sligthly asymmetric probles (40%), and
ations between the HI samples and the optically complete safi= 45 strongly asymmetric probles (15%). In order to illusirat
ple: this visual classibcation we show some examples of symmet-
ric, slightly asymmetric, and strongly asymmetric H | pre$in
D a) Radial velocity V (Verdes-Montenegro etlal. 2005):Figured2[B, andl4, respectively. Based on the visual ¢laasi
Velocities range over 1dex in the three samples, coveriag ttion, our sample appears to show similar average rates as tho
range 1500 km"@ < V < 14000 km¥&!. The HI rebned obtained by Richter & Sancisi (1994): 475 %, 34+ 6 %, and
subsample, and to a lower extent the HI sample, is slighthp + 6 %.

3.1. HI proble shape and visual estimation of lopsidedness
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The most common asymmetry found in our sample involves determination of the latter can induce a wrong measure of
unequal peaks in the double horn probles. The most extreme Afjux ratio- AN error” Vp, in the estimate of the mean velocity
H1 asymmetries occur for 43 galaxies (out of 312) where the Vy, produced by limited velocity resolution atod S/N ratio

peak Bux di erence is approximately larger than 25%. Only one
of them has a peak Rux!dérence larger than 50% (CIG 317).
Some galaxies with double peaked probles show pecul&ritie

would artibcially increase the asymmetry index of a symmet-

. ) - _ Si+$
ric proble (i.e Afiux ratio = 1). NamelyAsiux ratio = _sLLss > 1.

A good estimate of the uncertainty can be obtained from the

CIG 144 shows a central peak stronger than the horns of the dou jncrease inAyu raiio fOr @ Ssymmetric proble. If the proble

ble peaked proble, CIG 858 shows a proble with a peculiar cen- were symmetric, then$ S, = S/2, whereA is the total area
tral trough, CIGs 238, 382, 928, and 1029 show apparent wings ynder the proble$ can be estimated &" h " Vi, where

(signibcant excess Bux BB within a 50 B 100 knfswide) be-

yond the outer walls of the double-horn proble. CIG 170 shows
an uncommon RBat H | proble. CIG 870 may also have wings that

are 50 B 100 kn¥$ wide, although it seems to be a face-on
galaxy. The observed wings may indicate a projected g&s-ric
companion or extra-planar motions owing to a nurture event.

3.2. Integrated density Bux ratio parameter (Afux ratio)

h is an intensity height scale. The uncertainty"df;, can

be estimated a$Vm = 4—<%F (Fouque et dl. 1990), where

P = (Wyo#t Ws0)/ 2, parameter that represents the steepness of
the edges of the H | proble, alidy andWsg are the widths at
20% and 50% with respect to the peak, respectively. Owing
to the uncertainty in the determination\4, we can express
"S (and" Sp) as" A =" An = 4-=Fh, where we estimated
thath = hnay 2, beinghmaxthe H 1 proble strongest peak.

A variety of parameters have been used in the literatureamgqu D ¢) Uncertainty owing to pointing losets { A(pointing d -

tify the asymmetry level in HI probles. We employ an areal
asymmetry index to quantify proble lopsidedness, namedy th
integrated Rux density ratiéuy raio (€.9..Haynes et al. 1998,
IKornreich et all 2001), dePned AS$iux ratio = Avn, if Ayn > 1,
and YAy, otherwise, wheré\yy, is the ratio of the areas under
the proble at velocities lower (&and higher (§) than the central
velocity (Vm):

Ym
S,dv

SR
Sh - }/h !
S,dv

Ajn =

Vm
whereV, andV,, represent the low and high velocities measured

at 20% intensity level with respect to the pesk, is calculated
as the mean velocity at the same le¥&gl,= (Vh+V,)/2. Note that
Atiux ratio 1S invariant to the sense of rotation of the galaxy. We

use this parameter since it is the most common asymmetry inde
that can be found in the literature and allows us to compare ou

results with other samples of galaxies (see $edt. 4.2) vakgnit
debnitions are found in the bibliography and can be easity co
verted tOAfiuy ratio, as €.9.A = 222t (Matthews et dl. 1998) and
E1l=10& (1 # 1/Afux ratio) (Bournaud et &al. 2005). We indi-
cate theAsux ratio Values in Figur&ld,13, arid 4 for the examples
of H1 probles visually classibed as symmetric, CIG 226 hdlig
asymmetric, CIG 421, and strongly asymmetric, CIG361, Whic
are characterized bfyx raioc = 1.05, 1.15, and 1.51, respec-
tively.

3.2.1. Uncertainties of the Asux ratio

We estimate the uncertainty of the asymmetry indeXux ratio,
by taking into accound) the rms noiseper channelb) the un-
certainty in the calculation of theean velocityandc) the ob-
servationapointing d sets

se)): a pointing @ set of the antenna with respect to the
kinematic center of the galaxy can induce an artibcial lop-
sidedness in the H | proble when the telescope beam is com-
parable to the size of the galaxy (el.g! T& Huchtmeier
|1990; Springob et dl. 2005). In some cases the observing co-
ordinates were not coincident with the center of the galax-
ies owing to errors in the positions found in the CIG (e.g.
Leon & Verdes-Montenegro 2003). The expected Rux loss
(f) owing to beam attenuaticand known antenna pointing

ol setscan be calculated from the optical diameter of the
galaxy, beam size, and pointirlg_(Springob éf al. 2005). We
decomposed the expected Rux ld§difto two components,

f = fpa fpo, Wherefy, is the Bux loss factor arising from
beam attenuation ant},, is the factor where the contribu-
tion of the pointing d set is. The latter is intimately related

to the RBux loss that contributes to the asymmetry of the H |
proble. Note that beam attenuation with no pointihget
causes no asymmetry in the H I proble. Thieatence in the
Atux ratic parameter if the Bux loss that contributes to the
asymmetry is on the receding or approaching side provides a
measure of A(pointing d set) We Pnd among the H1 pro-
Ples only eight galaxies (out of the 312) that havesdénces
larger than 0.01. The average is a factor 10 smaller than the
contribution from the other two sources of uncertainty. The
average is 0.001 and the standard deviation is 0.004. Thus,
this source of error is negligible in most cases in our data.
This is a result of the small known pointing sets in the ob-
servations, where the average is equaf@Bd the standard
deviation is 8%

We added these sources of uncertainty in quadrature to esti-

mate the net uncertainty ux ratio, " Aflux ratio-

3.2.2. Other possible sources of uncertainty

b a) Uncertainty owing to the rms of the H | probleA(rm9):
owing to the rms of the spectrur, the uncertainty irg; is
n SI =
sponding tdS; andR is the spectral resolution of the proble.
The uncertainty irS, " S, can be obtained in the same way

N;! R, whereN, is the number of channels corre-

In addition to these sources of uncertainty, there are @hects
that can induce an artibcial asymmetry on the H | probless@he
include the & ect ofrandompointing d sets and baseline ptting.

Flux loss due to thisleect must be somewhere between

Then" Afux ratio Can be calculated as
" Atux ratio = [(s_h" SI)2 + (g_é" Sh)z)]ﬂz-

1% (GBT,[Haynes et al. 1998) and 5% (Arecibo circular feed,
Haynes & Giovanelli 1984). If the proble were initially syreta

ric, then the induced asymmetry parameter by thisat would

D b) Uncertainty owing to the measurement of the mean vbe in the rangé\¢jux ratio < 1.02 B 1.11, if all Bux loss is located
locity (" A(mean vel) since theAsux ratio IS calculated as an either in the receding or approaching sides. Because we have
areal ratio obtained from the mean velocity, an error in thgata from di erent telescopes, our situation is probably interme-
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diate between both cases. We assume that the resAltingatio

5

The large overlap that exhibits t#g x ratio distribution for

distribution of a sample with symmetric H 1 probles observeehach visually classibPed subsample is not surprising, tsedhis

under similar conditions as our sample is likely well repreed
by a half-Gaussian with & = 0.04.

visual classibcation is of course subjective, and becalse t
Atux ratic parameter misses a few cases where the shape of a

The baseline btting process can also produce artibcial-asyeal asymmetric proble does not correspond t@ént areas in

metries in the HI probles (Haynes et al. 1998). Hayneslet

(1998) indicate that dierent order bts show RBux!dérences of

#ie approaching and receding sides. Future work would requi
to inspect other asymmetry parameters that are sensitf§ago

about 3%. As a result, the asymmetry parameter for symm#étese probles as asymmetric.

ric HI probles can be altered up ®xx raiio = 1.06. A half-
Gaussian curve with = 0.02 would mimic this eect well.

Given the random nature of these twioegts, we cannot es-
timate their values individually, but their overall ect is taken
into accountin Sedt] 6 to discuss the actual shape d&th&ratio
distribution in isolated galaxies because they can bro#uere-
sulting distribution.

3.2.3. Presentation of the asymmetry data
We list in Tabldl the following information:

b 1) CIG number;

b 2) Visual classibcation: @ symmetric, 1= slightly asym-
metric, and 2= strongly asymmetric (Se¢t_3.1),

D 3) Afjux ratio, the asymmetry parameter (Séctl 3.2),

b 4)" A(rmg), the uncertainty irAfux ratio OWiNg to the rms of
the HI probPle (Seci_3.2.1),

b 5) " A(mean vé), the uncertainty imAfux ratic OWINg to the
mean velocity (Secf._3.2.1), and

D 6) " Atuxratio, the global uncertainty inAfyx ratio, iN-
cluding the small contribution froni A(pointing of fsex

(Sect[3.21).

The Afux ratio distribution is shown in Figurgl5. The best

3.4. HI rebned subsample and characterization of the
Atux ratio distribution in a sample of isolated galaxies

The shape of théux ratio distribution might be bected by arti-
pcially induced values from the ects explained in Sedt_3.2.1.
By reducing the net uncertainty in the asymmetry measuremen
we reduce errors that might bias our results. We show in E[gur
how the Afux ratio distribution changes for derent" Ay ratio
limits. The smaller the limit (i.e., only including accueatalues

of Atiux ratio), the better a half-Gaussian reproduces the distribu-
tion.

From now on we choose those H | probles WitA¢yx ratio
< 0.05, namely the HI rePned subsample, to remove from our
statistical analysis those probles with an uncertain deter-
tion of the asymmetry index. With this criterion we still lav
a large sample oN = 166 galaxies. The basic property distri-
butions (velocity, morphological typé,g and Lgr) of the HI
rePned subsample are shown in Fiddre 1 as (blue) solid limes,
comparison to those of the H1 sample.

In order to characterize the intrinsic scatter of the asyinyne

half-Gaussian Btto the asymmetry parameter distribution i$arameter distribution in a sample of isolated galaxieh wit-
characterized by & = 0.15. However, this half-Gaussian bt isor contamination of artibcially asymmetric H 1 probles we b

not able to reproduce th&yx ratio distribution both at the high
and low ends. First there is an excess of high values:gf ratio

ted a half-Gaussian function to the H | rebned subsampléFig
The bt yields a width of = 0.13 (Fig9). This time the bt suc-

with respect to the Gaussian curve, and second, the peale of dBssfully reproduces the asymmetry parameter distributie

distribution is too Rat foAfx ratio < 1.15.

We show in Figur€lé andb the" A(rms)and" A(mean vel)
distributions, respectively. The combineldezt of all the previ-
ous uncertainties; Afjux ratio (including the small contribution
of " A(pointing of fse)), is shown in Figur€l&. We show the
best Gaussian bts to the distributions.

3.3. Comparison between the visual classibcation and
Aflux ratio

cluding the low and high ends. Only 2% of the isolated gakxie
are in excess of!3.

The width of the half-Gaussian distribution sets an upper
limit to the intrinsic dispersion of the H I asymmetry in iatéd
galaxies. Errors in the calculation of the asymmetry indégin
be typically" 0.03 (mean of the Gaussian bt) (S€ci._3.2.3). As
discussed in Sed¢i._3.2.2, there might also be random errthg i
pointing (* 0.04) and baseline subtraction { 0.02) that may
increase errors i,y ratio- HENCE it is reasonable to expect a

We compare the asymmetry visual classiPcation of the H | prower value of the width! " 0.11, once these sources of errors

bles (Sect—3]11) with the #\ ratio in Figure[d. Three clearly

are corrected.

distinct Afjux ratio distributions are seen for those galaxies visu-

ally classibped as symmetric, slightly asymmetric, andngjtp
asymmetric (Secf_3.1). Th&fux ratic distribution of HI pro-

Note that the quantibcation of the asymmetry distributmn f
the galaxies in the H | rePned subsample is haaed by incli-

bles visually classibed as symmetric has a mean value egud)ation é ects (e.g. Jog & Combes 2009). Figliréakhows that

1.08, with a standard deviation of 0.065. The distributionthe
slightly asymmetric H | probles is characterized by a largean
of 1.13 and a similar standard deviation, 0.09. The distidioLof

the inclination of the galaxies are distributed homogesgou
abovei = 30°. Only two galaxies have an inclinatian< 15°
(CIG 85 and 178). The lack of galaxies below 30 is caused by

strongly asymmetric probles is characterized by a meargaf 1the width-to-channel ratio criterion explained in Sécfl Zhis
and a considerably larger scatter, 0.17, with values as hsghhomogeneity in the inclination ensures that most of oungeta

Atiux ratio = 1.8. TheAtux ratio distribution for the slightly asym-
metric subsample partially overlaps with those of the symnime
and asymmetric distributions.

do not show symmetric probles because the galaxies arediewe
face-on, where an asymmetry in the velocity bPeld would remai
unnoticed. To further inspect whether inclination can kteoin
ducing any bias in our results, we plotted the asymmetryxnde

? We ptted the parametefspand! in a half-Gaussian curve dePnedversus the inclination (Figufelpand found that the two quan-

as|A exp("“zx_;L‘z‘)2

)

tities are not correlated.
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4. HI proble lopsidedness and environment We performed a 2 test to check whether the null hypothe-
sis that any of the threA:x ratio distributions is similar to our
4.1. HI asymmetries and isolation parameters in CIG H 1 rebned sample, could be rejected. Except for Haynes et al.
galaxies (1998) ( 2 = 9 and the associated p-valge0.33) this hypoth-

. L . . ‘esis can be rejected. In the case5 of Bournaud et al. [(2005) an
A reevaluation and quantibcation of isolation degree foB Clir o cor i [(1998),2 = 47 (p-value= 2 & 10/7) and" 2
alaxies was reported in Verley ef al. (2007chb). Verleyieta 'y 4 (p-value= 0.09) respectively. The sample! @irences we

) derived two is_olation parameters for efiCh CIG gﬂlaXtDnd are signibcant and cannot be ascribed to the rePnement of
1) a local surface density paramet@rwithin the distance to the the HI sample (SecE3.4). In principle we do not know how

k-th neighbor (a good tracer of average galaxy surface @QHSIm ~
: 7. “much|Matthews et al| (1998) and Bournaud etlal. (2005)Os ob-

and 2) a tidal s_trength_paramefer(a parameter more sensitiveqg ations arelacted by sys)tematic errors, but d'rences)in-
to one-_on-one interactions). N ) _ ) ) volving the same criterion as used in our study would yield an

H 1 is known to be a sensitive diagnostic of interaction Masymmetry rate dlierence< 5%./Haynes et al[ (1998) included
tivating us to compare these two parameters withAix raio  only high SN probles, avoided pointing problems and quanti-
asymmetry parameter. Figurel11 shows the lack of correlatiped baseline problems, suggesting it is reasonable to geritpa
betweenAriux raio and both% and Q. The PearsonOs correlagirectly with our H | rebned sample. Overall, because ofrttiei
tion COG# cient |S&: '0005 a.nd 0114, I’eSpeCtively, Wh|Ch in'gree Of iso|ation' our H | repned Subsamp'e m st a|(j
dicates that the two quantities are essentially not cde@laA show a lower frequency (10 B 20%) of galaxies with asymmet-
small trend in th&) parameter might be present in the sense tha¢ probles than in other samples such as Matthews ét al§199

larger H | asymmetries seem to be found in less isolatedyste and Bournaud et al. (2005).
The calculated intercept and slope are -BB7 and 0.8 0.7,

respectively.

The lack of correlation suggest that we are minimizing nub. Relation between H | proPle lopsidedness and
ture € ects that might bect the H 1 shape. The low values and optical/FIR properties
small range in terms of galaxy density and tidal strengtleces

by CIG galaxies are not enough to see a correlation. In this s;ecti_og V)f explore gosstiblei correl?_tionsf E[)hetvLelcm th
i | . symmetry indeXux rasio and optical properties of the H1 re-
Bourn 1L(2005) also suggest that there is no corre@aned subsample such as morphology, optical signs of perturb

tion between lopsidedness and tidal strength. Howevey,uke
the lopsidednesa; parameter on NIR surface density, and NI
emission is not as extended as the H .

l:Eion, optical luminosity [g), and far-infrared luminosityl(r).

5.1. Morphology and luminosity

4.2. HI asymmetry distribution in beld samples Figure[14 shows the distribution @&fux ratic Values for each
Hubble morphological class (median, mean, and standaiid-dev

We compare the asymmetry distribution of our H1 rePned suljon values are indicated). The bins representing the ritgjoi

sample with that of dierent studies from the bibliography whereyur sample T(RC3) = 3 to 6, i.e. Sb to Scd) show a fairly large

a similar asymmetry index (Se€f._B.2) has been calculatéd atatter (standard deviatior' 0.1). We see a slight decreasing

involve beldisolated galaxies (see also Sédt. 1) . Hayneslet glend inAs iy ratio toward later-type galaxies.

(1998), Matthews et al. (1998) and Bournaud et al. (2005). Studies of the relation between H | lopsidedness and mor-
Figure[I2 shows th&ux ratioc NOrmalized distribution for our phological type are rare. Matthews et al. (1998) studiedna-sa

rebned subsample with tho%% and 2% a copre of 30 moderate to low surface brightness6P9) galax-

bined sample (N= 186) including HI data i al.ies and found a higher asymmetry rate than for more luminous
(1998)/Bournaud et al. (2005), and Haynes éf al. (1998)excl (and higher surface brightness) late-type spirals. Thegddfor

ing CIG galaxies (80 galaxies). The H | rebned subsample shatlis type range) that later types were more likely to shogédar
the distribution best described by a half-Gaussian. It sfemvs asymmetries. In the Eridanus group tAg parameter as cal-
the lowest absolute value bf The Bournaud et al. (2005) distri-culated from H1 maps is larger for earlier type galaxies,-sug
bution shows the widest distributioh (= 0.23) and noticeably gesting that tidal interactions generate a higher lopsides
deviates from a half-Gaussian curve. An intermediate clasefrate in galaxies undergoing secular evolution toward estyipe

= 0.17, is found for the combined sample without CIG galaxXAngiras et al. 2006). This result (i.e., larger asymmstfier
ies. Tabld B gives values for each distribution as well as arearlier types) agrees with the general trend seen in ourlsamp
asymmetry rate with OasymmetricO probles dePn&g,asuio We compared théAfyx ratic With luminosity. More lumi-
values exceeding the! 2level of our HI rebned subsamplenous galaxies are slightly more asymmetric (Figuré 15, left
(Aflux ratio = 1.26). panel). Figur€5 (right panel) presents the cumulativiitdis

Figure[IB compares theuy ratio cumulative probability dis- tion of Afiux ratio for the high- and low-luminosity subsamples
tribution for our H1 rebpned sample and thosd@#@ Mﬁm@ﬂm - 05). The two distributionsdife
(1998),[ Matthews et &I (1908), ahd Bournaud étlal. (200%). ferent at a level of = 0.05 using a chi square test=14 and
each plot the dierence of the two curves indicates the asyn# value=0.01.
metry rate di erence for a givehs |y ratio limit. Our sample lies
below the beld samples in almost every bin withetiences typ- : : : :
ically between 10 B 20%. A result more similar to our sample?éz' Optical signs of interactions
found forlHaynes et all (1998) likely in part because of tlie siHere we inspect a possible connection between optical sifjns
nibcant fraction of CIG galaxies (23%) included in their den interaction and asymmetries in the H1 probles. Sulentidlet a
Removing the CIG overlap increases both thend asymme- (2006) revised the optical morphology classibcation fa th
try rate. CIG sample using POSE&EDSS data. Although the CIG, the
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starting sample of AMIGA, has been selected to minimizeeasures, including upper limits. Figlird 17 (left panedsgnts
close neighbors to the target galaxy and thus interactitils, a slight trend in the sense that more luminous FIR galaxies
Sulentic _e% al.0s revision revead 193 objects with nearby have more asymmetric H1 probles. Right panel of Fidure 17
companions or signs of distortion likely caused by an irdterashows the cumulative probability distribution fé¥ux ratio in
tion.|Sulentic et &l..(2006) Ragged these galaxieg@sacting three bins: 8.& log(Lrir[Lsq) < 9.5, 9.5< log(Lrir[Leq) < 10.0
in the case of a morphologically distorted system/andimost and 10.0< log(Lrir[Le]) < 11.0. We also show the distribu-
certain interacting system or Baggedmsssibly interactingf tion for those galaxiesN= 60) with FIR upper limits. The
there was any evidence of interactiasymmetry withwithout null-hypothesis that the Prst two bins are similar cannotese
certain detection of a close companion. jected (at a level oft = 0.05) using d 2 square test: °=6 and
There is no statistically signibcant @irence in terms of HI p # value=0.24. On the other hand we Pnd that #gux ratio
proble asymmetry rate between galaxies that are optickly ¢ distributions for the latter two bins are!dirent (?=14, p #
sibed as interacting and those without any sign of intesacti value=0.008) from each other. We bnd a 10-20% excess of
This result is consistent with the conclusion[by Kornreithle higher asymmetry values for the most FIR luminous galaxies
(2000) and Wilcots & Prescbtt (2004) that optical asymnestri (10.0< log(Lrir[Lsd) < 11.0). If real, this excess might reRect
are not necessarily correlated with a lopsided H | companent asymmetries and FIR luminosities simultaneously enhabged
accretion events.

5.3. Bar and spiral strengths

We compared the H | asymmetry parameter with the relative sfi Discussion

ral and bar_ strengths cal_culated as the maxi_mal torque tior "3rhe CIG sample represents tHe&% most isolated galaxies
of the maximum tangential force and the azimuthally avetlagg, e catalog of Galaxies and Clusters of Galaxies (CGCG
radial force. This has been obtained for a subsample of N | ). In these systems tHeeets of environmen- '
96 CIG ga_laxlles dbg_lluma.la_eﬂaL_(Zﬂ)OQ) allt{ﬂs_li(%fagg ¥al perturbation such as tidal interactions and ram presstip-

sis over spiral and bar components separ a8)20 ing are minimized. The Au rato distribution of our sample
F'Q“fe@ IShOWS thk%'lix [Iétr'f pararlnete_r with resr)egt to the reI'is well described by a half-Gaussian function withla Width
ative spiral strengthQs). The overlapping sample between oufy g 13 (possibly smaller " 0.11 if artibcially induced leects

H I rebned subsample and the one used by Durbala et al.(20 reduced). Only 9% of the galaxies ShBWoy iy > 1.26

is composed of 40 galaxieQs seems to anti-correlate eréi! ) and only 5%Aiux raio > 1.39 (3 ). If it is reasonable to as-

Atiux ratio: disks with weaker spiral arms show stronger asym- me that the distribution of intrinsic as ;
. X X ] ymmetries shahlow a
metries (Figur¢_I6). There are six galaxies (CIGs 11, 33, 6 aussian distribution, then that of Figliie 9 is as close dsave

712, 912, and 931) that are outliers to this relation in trghhi ever come to isolating that intrinsic distribution. Comnipan

end of theAriux raio parameter. These are likely galaxies whosgin peld samples clearly shows thateets of nurture result
H | asymmetry parameter i$ acted by instrumental@cts. On ;. - axcess population of hightux ratio Values. This excess

the other hand we do not Pnd any correlatiqnﬁaﬁx ratio an_d population measured as a deviation from the best Gauss bt is
tth. Thet total .sf[rer;ggQg |s§£)ot %erreIated v;nth%.ux iato e"l negligible in our sample. In isolation it is apparently veny-
ner, not surprisingly becausg andYq presents a good corre a'Iikely to bnd galaxies with H | disks showingux ratio > 1.39.
tion k?). Thedrelatlgn betw@m#?ch%,X ’f‘)“O The small number of such extreme asymmetric probles found
may originate in the observed trends@ versusT (RC3), be- i, ;- sample show double-peaked proPles with unequal horns
causeQs would be expected to correlate with the latter. Howevefy,.< 'is in most cases not caused by contamination by gas-rich
we did not bnd a_lclear trend betwe@gandT(RC3). companions with systemic velocity suitable to create aefals

The correlation found betweefsux raio and Qs suggests amplibed horn. We almost never observe such components in th
that other samples of galaxies characterized by lower Ispifgiddie or close to the edges (thus broadening one of the horns
strengths will have higher H1 asymmetry rates. This is c®nSiin) the H | proble. We are unlikely to Pnd a narrower asymmetry
strength is lower than for the CIG (median equal to 0.132u&@rs | jnfortunatel ; ;

. - y, using HI probles does not allow us to dis-

0.161, respectively) (Buta etlal. 20 tal. 20aey tiaguish between the roles of geometry and kinematics in pro

have a higher H1 asymmetry rate with respect to the H1I rePng cing an asymmetry. Aperture synthesis maps suggest that

subsample (see Sect.¥.2, and _Bournaudizt all 2005). asymmetry is usually the signature of kinematic lopsidesne
although galaxies with lopsided HI distributions are not un
5.4. FIR luminosities (Lrir) known. The rotation curve on one side of the galaxy is usu-

ally steeper than the opposite one. Swaterslet al. (199B) est
Lrir is a good tracer of the star-formation rate and is renated from previous H1 maps (Broeils & van Woerden 1994;
lated to the environment in the sense that IR luminous galeRhee & van Albada 1996; Verheijen 1997) that the fraction of
ies (Lrir > 10 Loy are usually interacting or merger systemkinematically lopsided galaxies may be as large as 15D50%. |
(Sanders & Mirabél 1996). Unlike other samples of galaxieis, likely that the few asymmetric H 1 disks in our sample préase
our isolated population shows low FIR measures e.gllpg] this kinematically lopsidedness. However, to make a qtenti
peaks from 9.0 B 10.5 with very fewZ%) galaxies above 10.5 tive relation, it would be necessary to calibrate (statly) how
(Lisenfeld et all 2007). The lovig g values of the CIG sam- asymmetry parameters in 2D maps relate to those 1D parasneter
ple support our claim that the revised CIG (AMIGA) is a samdsing single-dish data.
ple with only isolated systems (Lisenfeld etlal. 2007). Heee We searched for correlations between internal properfies o
inspect whether the small fraction of IR-luminous systems palaxies and the measurédux ratic parameter. Although we
our sample corresponds to galaxies with larger H | asymeeetrimaximized our sensitivity to internal correlations by resimg
We bPndN=165 galaxies in our rePned HI sample with IRASl galaxies likely to have beerl acted by external perturbers,
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we did not Pnd any strong correlations between stellar propeannot distinguish their respective importance. Higlehason
ties and H1 asymmetry. We Pnd a weak correlation betweebhservations of isolated galaxies are a good probe to sped li
spiral arm strength and H | asymmetry parameter, in the semst® the origin of these more subtle asymmetries, thoughane
that arms are stronger for galaxies with more symmetric kb4 prlikely widespread in all kinds of environments.
bles. The simplest interpretation for such a trend wouldhaé t  We have started a follow-up study of the origin of H1 asym-
gas asymmetries are mor eiently suppressed by the strongemetries using Very Large Array (VLA), expanded VLA and
spiral arm gravitational torques in more massive galaxfes. Giant Meter Radio Telescope (GMRT) aperture synthesis H 1 ob
connection to spiral arm strength rather than to bar featurservations of a subsample 'bf20 isolated galaxies, which will
should arise from the larger scale of the former. It has loegnb be presented in a forthcoming paper. We selected galaxies co
known that more developed spiral arms seem to exist in maggng the wide range of asymmetries found in our sample. One
luminous galaxies (van den Bergh 1960). Interestinglyntioe-  of the isolated galaxies presenting an asymmetric probeisn
phology of spiral arms is found to depend primarily on paregubsample is CIG 96 (NGC 864), whose H | synthesis imaging
alaxy properties rather than on the environment (van degtBe from the VLA has been studied in detaillin Espada ét al. (2005)
)- Therefore we would expect an anti-correlation betweThe asymmetry in the H | proble is associated with a strong-kin
H | asymmetry and luminosity. However, Fig]15 shows a hint ahatical perturbation in the gaseous disk of the galaxy, wioer
the opposite trend. This might be because unlike van derfBrgone side the decay of the rotation curve is faster than Kigpier
(1960) study, our study focuses on a sample with a small rangghough a companion is detected, no tidal tail is found, &nd
in luminosity, as shown in Figuig 1c. is probably not massive enough to have caused this periombat
The lack of a strong correlation betwekpr andAsiux raic Probably we are witnessing the recent merger of a small gaseo
indicates that the bulk of the star formation and the symynetcompanion.
of the gaseous disk are not strongly linked, i.e., that ieduc
SF caused by possible interactions in this sample is smalt co
pared to that from secular evolution. Still, there is an egce7, Summary and conclusions
of about 10% of asymmetric proPles for the most IR luminous ) ]

(10< log(Lrir[LeJ) < 11) galaxies. This might be linked to re-We used H I global velocity proPles for a large sample of ignla
cent accretion events in a small number of CIG galaxies.  galaxies td) quantify the rate and amplitude of H | asymmetries
In general the asymmetry distribution will likely deviaten isolated spiral galaxies, where environmental processeh

from a half-Gaussian curve for other samples containingsgal @s tidal interactions and ram pressure are minimiastudy the
ies that are perturbed by the environment. These sampléseare’ole of the environment on the H1 asymmetries, aingstudy
rule while very isolated galaxies are the exception. Therigic Possible correlations between H1 lopsidedness and the-prop
asymmetry distribution found in our sample of isolated gl €rties of the stellar component, including their morphatag
will be skewed toward higher values as a result of these-intéyPes, signatures of optical perturbation, bar and spirahgths,
actions. This is conPrmed by the wider distributions found @s Well as optical and FIR luminosities.
samples of beld galaxies (Sect.]4.2) where a higher degree of To quantify the H1 asymmetry, we calculated a ux ratio
interaction is expected, given the lack of a strict isolatii- asymmetry parameteA(ux raio). We restricted our study to a
terion. The deviation from a half-Gaussian curve for the sarffiample ofN = 166 galaxies (the HI rePned subsample) for
ple in[Bournaud et &l (2005) is apparent as shown in §edt. 4¢hich we minimized undesired artibcially induced lopsidesss
and the distribution is the widestt (= 0.23) among those stud- by avoiding large uncertainties owing to the rms of the peoPlI
ied. Although it has been known for a long time that interagti determination of the mean velocity, and pointirigsets.

alaxies usually show larger H1 asymmetriwArp We found that a half-Gaussian curve properly bts the
%§E$), a statistical analysis using a common H | proble asgmnf\tiux raiio distribution of this rePned sample, with!a= 0.13.
try parameter in large and well-characterized samples insele We suggest that if we deconvolve other sources of errorsasich
environments is still needed. baseline btting and random pointingsets, then the underlying

Mapelli et al. (2008) estimate from the density of (colli! isreducedtd " 0.11. We conbrm that by using this sample

sional) ring galaxies in the local Universe that major asygnmwe € ectively minimize nurture leects, because there is a lack
tries for" 10% of the galaxies may be produced as a res@fcorrelation between Hasymmetries and isolation patarse
of a recent Ry-by, resulting in a lopsidedness visible overs/ch as tidal force (one-on-one interactions) and numbesitje
time scale of 1 Gyr. Within the uncertainties of this estijat ~We compared the distribution of HI asymmetries of pre-
this may well match the 10D20%! dirence between our sam-viously studied Peld galaxies with that of our isolated ggla
ple and beld samples. As reviewed in S&¢t. 1, many meclsample. A half-Gaussian bt does not successfully reprotuce
nisms have been proposed other than tidal interactionsror rgeneral the asymmetry distribution of Peld samples. Indeed
pressure from the intergalactic medium that may contribbaite intrinsic ! is larger in bPeld samples than in isolated galaxies.
the asymmetry parameter distribution, such as minor interal his is likely a result of the lack of an isolation criteriom the
tiongmergers (e.gl, Zaritsky & Rix 1997), gas accretion alorgglection of beld galaxies, which are likely contaminatgahb
cosmological blament$ (Bournaud et/al. 2005), halo-dis& mieracting objects. This suggests that environmental nresines
alignment [(Levine & Sparké_1998; Noordermeer ét al. 2001(groducing short-lived leects” 1 Gyr) are fundamental mech-
internal perturbations including sustained long-livegdilled- anisms to produce HI asymmetries in galaxies, and are indeed
ness owing to non-circular motions_(Baldwin et al. 1980) oesponsible for thé 10D20% dierence in the H I asymmetry
global n=1 instabilities [(Saha et AI. 2007). In principle the latrate we see in Peld galaxies with respect to isolated gaaxie
ter physical processes are likely to occur homogeneoushrfp The asymmetry distribution of galaxies in denser environisie
sample independently of its environmental propertiessTthe is likely even wider and more skewed.
intrinsic asymmetry distribution found in our sample oflated Within the isolated galaxy sample, we did not bnd any strong
galaxiesis likely due to a combination of these processem@ correlation between the HI asymmetry and internal properti
to the lack of spatial resolution in our data, at this momeat wsuch as the morphological type, optical and FIR luminositie
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signature of interaction. A signature of perturbed optamais-

Karachentseva, V. E. 1973, Astrobzicheskie Issledovaniia

sion is not a necessary condition for the H1 proble to be asym-lzvestiya SpetsialOnoj Astrobzicheskoj Observatofi, 8,
metric, and vice versa. We found a trend for larger Hl asymmEernreich, D. A., Haynes, M. P., Jore, K. P., & Lovelace, REV.

tries to be located in more FIR luminous galaxies that amdyik
interacting objects. We also found evidence that galaxi@s wKornreich, D. A., Haynes, M. P., Lovelace, R. V. E., & van Zee,

higher spiral arm strength have lower H| asymmetries.

2001, AJ, 121, 1358

L. 2000, AJ, 120, 139

The here presented HI rePned subsample can be used.&on, S. & Verdes-Montenegro, L. 2003, A&A, 411, 391

study the origin of intrinsic Hl asymmetries in isolated ayal

Leon, S., Verdes-Montenegro, L., Sabater, J., et al. 2082\,A

ies, and it is also a baseline for samples of galaxies in dense485, 475

environments with H | data that are properly evaluated fer ihevine, S. E. & Sparke, L. S. 1998, ApJ, 496, 413
strumental kects. This can help to shed light into the relativéisenfeld, U., Verdes-Montenegro, L., Sulentic, J., et28l07,
importance of dierent environmental and internally generated A&A, 462, 507

processes in shaping the H | disks of galaxies.

Mapelli, M., Moore, B., & Bland-Hawthorn, J. 2008, MNRAS,
388, 697
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Table 1. Asymmetry quantibcation for the H | sample

CIG Visual classibcation Afyxraio  ~ A(rms) " A(meanve) " Afux ratio

2 1 1.009 0.065 0.029 0.071

4 1 1.079 0.026 0.015 0.030

8 0 1.080 0.028 0.018 0.034

9 0 1.108 0.027 0.016 0.032
11 2

1.456 0.058 0.037 0.069

Note. 1) CIG number, 2) visual classibcation £0symmetric, ¥ slightly asymmetric, 2= asymmetric), 3) RBux ratio asymmetry pa-
rameter Afux ratio, 4) " A(rms): uncertainty owing to the rms of the HI proble, 5)A(mean ve): Afux ratioc Uncertainty owing to the
determination of the mean velocity, and B¥Aux ratio, the Pnal derived uncertainty OAfux ratio, iNcluding the é&ect of pointing o -
sets. The full list is available in electronic form at the CD&& anonymous ftp tocdsarc.u-strasbg.fr (130.79.128.5) , via
http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+Alvvv/p pp or from http://amiga.iaa.es

Table 2. Comparison between the visual classibcation Ang ratio

Visual classibcation N Mean Median !
Symmetric 141 1.08 1.07 0.07

Slightly asymmetric 126  1.13 1.13 0.09
Asymmetric 45 1.37 1.32 0.26

Table 3. Comparison of the half-Gaussianand H | asymmetry rate between samples of isolé&teldl galaxies

Sample N ! Afiux ratic> 1.26
H 1 rePned subsample 166 0.13 9 %
Haynes et al. (1998) 104 0.13 9%
Haynes etal. (1998) noCIGs 80 0.13 10 %
Matthews et al. (1998) 30 - 17 %
Bournaud et al. (2005) 76  0.23 22%

All, no CIGs 186 0.17 16 %




D. Espada et al.: The AMIGA sample of isolated galaxies. VIII 11

0.25
0.30
020+ a)
0.25
L 015F 3 0.20
3 3
= =
= = 015
T 0a0f :
0.10F
0051 -
0.05
L L L L L I - =3 - 7» = —‘
0005 2000 4000 6000 8000 10000 12000 14000 0-00=—==7 —2 10
Velocity
0.30 . . —— : 0.30
025} o | 0250 X ' d)
0.20 I 0.20 F
1
3 | 3
2 2
= 015 r = 015
= ! =
= S = [
0.10 0.10 _IT“
Lo ‘
0.05 - 005F ..
00%5 10.0 105 11.0 004’5 9.0 95 10.0 105 11.0
Ly Lrrr

Fig. 1. Basic properties (normalized distributions) of the H | s¢gar(pl = 312 galaxies, blue dashed line), the H | rePned subsample
(N = 166 galaxies, blue solid line), as well as the optically ctetgosample (Verdes-Montenegro et al. 2005, red dashetlirie):
a) velocity (V[ km s*1]), b) morphology T (RC3), as in the RC3 catalog) optical luminosity (logLg[Lsq)) and d) FIR luminosity

(log(Lrir[Le]))-

CIG 266. A = 1.05+0.04
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—0.005 i i i i i i i i
6300 6400 6500 6600 6700 6800 6900 7000
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Fig. 2.Example of a symmetric H 1 proble: CIG 268 ,x raiio = 1.05% 0.05. The points where the horizontal (black) line intetsec
the proble correspond to the loW;{ and high ¥/,,) velocity ends at a 20% level with respect to the peak. Thizelémean velocity
(Vm) at a 20% level is plotted as a (red) point.
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Fig. 3. Example of a slightly asymmetric H | proPle: CIG 42, ratio = 1.15+ 0.03. See description in the caption of Figlle 2.
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Fig. 4. Example of a strongly asymmetric H | probPle: CIG 384, raiio = 1.51+ 0.03. See description in the caption of Figlre 2.

100

AN (Observed — Fit)

Afluz ratio

Fig.5. Upper panel The Asux raiio distribution (solid line histogram) of the H1 sampl & 312) and its best half-Gaussian bt
(dashed line)Lower pane) The residual of the half-Gaussian bt to the obseAgg ratio distribution.
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Fig.6. Upper righ)) Uncertainty distribution owing to the rms of the H1 proRIég\(rms). U pper le f) Uncertainty distribution
produced by errors in the mean velocltyA(mean vél. Botton) Uncertainty distribution oAy ratio for the HI samplel = 312)
combining the kect of" A(rms), " A(mean véland the small contribution ¢fA(pointing of f set (See Secf.3.2.1). The HI rePned
subsample"(Afux ratio < 0.05, indicated as a dotted line in the lower panel) is shawthé plots as blue blled histograms. Best
Gaussian bts are presented for all distributions as dasiesd for the H1 samplea) p=0.02,! =0.02,b) y=0.04,! =0.02, anck)
p=0.04,! =0.03; and for the HI rePned subsamm@gp=0.012,! =0.007,b) u=0.029,! =0.012, anct) u=0.033,! =0.012.
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Fig. 7. Comparison between the visual classibcation and\iig ratic parameter for the N 312 galaxies in the H1 sample (sym-
metric: white histogram, slightly asymmetric: blue or dgrly histogram, and strongly asymmetric: green or lighy gniatogram).
Mean and standard deviatioris)(for each distribution are also shown by vertical and hartablines, respectively.
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Fig. 8. Afux ratio distribution for the di erent cuts if' Asjux ratio from 0.03 to 0.11 in bins of 0.02. Note thaffyx rato < 0.05 (N
= 166, purple blled histogram) corresponds to the H | rebnegblea(see Sedi.3.4), and the H | samile<( 312) is the blue solid
line histogram.
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Fig.9. Upper panel Asux ratio distribution of the H | rePned subsampleXsiux raio < 0.05) (N = 166, blue Plled histogram), in
comparison with that of the Hl sampldl (= 312, solid line histogram) (see S€ct.]3.4). A half-Gausbia(red dashed line) to the
H 1 rebned subsample is presented. The half-Gaussian cuchearacterized by a standard deviation0.13,lower pane) The
residual of the half-Gaussian bt to the obserf@g ratio distribution for the H | rebned subsample.
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Fig. 10.a) Distribution of inclinations for the & 312 galaxies in the H | sample (solid line histogram) and thegtbned subsample
(Plled histogram)b) Afjux ratioc VErsusinclination, fromi = 10 to 9¢ in 10° bins for the H I rePned subsample. Red points and their
error-bars indicate the mean (connected by red solid lind)standard deviation, and green points the median and théame
absolute deviation.
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Fig.11. Isolation parameters VAux ratio- The isolation parameters_(Verley etlal. 2007b) are thel lnoanber surface density
parametef4 to the K-th nelghbor where K 5 (upper pan@l and the tidal strength paramet@(bottom panél which only takes
in_Karachentse
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Fig. 12. Comparison of the normalizedsux ratic distribution between our HI rebPned sample (black soliddgsam) and 1)
Bournaud et &l. [ (2005) (red dotted-dashed histogram), 2prabined sample including H1 data [n_Bournaud et al. (2005),
Matthews et dl.|(1998) and Haynes et al. (1998) excluding G#xies (green dotted line). Solid curves are the halfsSiaim

curves btted to each distribution. See Téble 3 for a companéthe! Os of each half-Gaussian curve.
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Fig. 13.Comparison of the cumulativl x ratioc distribution between our sample (black solid line) and od@mples (red dashed

lines): a) Matthews et al.|(1998\ = 30), b) Bournaud et &l (2009\ = 76), c) Haynes et al. (1998\ = 104)) (N = 106), andd)

Haynes et dl/(1998) excluding CIG galaxiés<£ 80). See Tablgl3 for an asymmetry rate comparison’gia ratio = 1.26 level.
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Fig. 14. Afux ratio and T(RC3) (Sulentic et dll. 2006) for the H I rePned subsample. Redtpa@nd their error-bars indicate the

mean (connected by red solid line) and standard deviatimhgeeen points the median and the median absolute devi&tiogach
morphological type fronT (RC3) = -5to 10 (E to Im).
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for log(Lg[Le) < 10 (solid line) and lod(g[Lsq) > 10 (dashed red line), using the H | rePned subsample.
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Fig. 16. Afiux ratio Versus spiral strengthQs) for 40 CIG galaxies overlapping between the HI sample aedQiG galaxies in
Durbala et al.[(2009). The bt to the data points (slope amidapt are -0.34 and 1.16, PearsonOs correlati¢ncoms & = -0.45)
is shown as a (red) solid line. The six outliers have beenrgghn this bt.
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