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ABSTRACT

This is the second paper of a series in which we attempt to gnatraints on the flattening of dark halos in disk galaxies.this

purpose, we observe the HI in edge-on galaxies, where it gintiple possible to measure the force field in the haloicaiy

and radially from gas layer flaring and rotation curve decositipn respectively. To calculate the force fields, we neednalyse
the observed XV diagrams to accurately measure all threztifuns that describe the planar kinematics and distributioa galaxy:
the radial HI surface density, the rotation curve and the &lbeity dispersion. In this paper, we discuss the improvemand
limitations of the methods previously used to measure thdggroperties. We extend the constant velocity dispersiathad to
include determination of the HI velocity dispersion as action of galactocentric radius and perform extensive testhe quality of
the fits.

We will apply this ‘radial decomposition XV modelling mettiicto our HI observations of 8 HI rich, late-type, edge-onayés in
the third paper of this series.

Key words. galaxies: structure; galaxies: kinematics and dynamiatsxiges: halos; galaxies: ISM

1. Introduction where o4 is the vertical velocity dispersion of the gas and
— PR . FWHM_4 the gas layer thickness.
In paper | (Q'Brien etal., 2010) in this series we presented H The vertical force field comes from the gas itself, plus the

observations of a sample of 8 edge-omridh, late-type galax- ; : .
ies. The aim of the project has been described there in detgﬁ‘r.k h_qlo and the.stars of the disk. In regions where the Balo i
a significant contributor t&, the H flaring will be smaller for

Briefly, we attempt to put constraints on the flattening okdea- éhe more flattened halos with a smaller axis rafie: c/a (the

los around disk galaxies by measuring the force field of the ha_ - fthe hal | > : i in th lactic ol
vertically from the flaring of the Hlayer and radially from ro- rr;mo ofthe halo polar axisto its major axis in the galactic plane

tation curve decomposition. For the vertical force field veed
to determine in these galaxies both the velocity dispersidhe | ; .
HI gas (preferably as a function of height from the central plagiccurately determine the rotation curve, deprojectedutace

of the disk) and the thickness of the ldyer, all of this as a func- density and Hivelocity dispersion at all radii in a edge-on gas
tion of galactocentric radius. In addition we also need toaet  diSk- The motivation for this measurement method came from
information on the rotation curve of the galaxy and the deprg:'e strong dependence in Eqn. (2) in paper | of the derivekl dar
jected H surface density, as a function of galactocentric radiua/0 flatteningy on the measuredivelocity dispersion and ver-

In this second paper in the series we will review earlier deté'éal HI gas disk flaring. The superposition of velocity profiles

minations of these properties and then describe the methedsT0M many radii in each sightline through an edge-dndksk

have developed to analyse our sample. tends to cause an overestimate of the velocity dispersi¢im wi

To meet our goals we need to measure the vertical struct{f@St measurement methods, as explained below. Measugng th

of galaxies out to the lowest surface densities possibleused 'adial flaring profile requires a model of the galaxy rotator
galaxies with relatively large fractions of their mass igittha- [2C€-0n surface density; this also necessitates high acguo-

los, i.e. high total mass-to-light ratios galaxies. Fott fharpose [@tion curve measurement and $tirface density deprojection.

we defined a sample of nearby, tith, late-type edge-on galax- ~ The H velocity dispersion has not previously been measured

ies. From paper | we recall that for a vertically isothermas g Systematically in edge-on galaxies. Most measurementseof t

sheet with a vertically Gaussian density distribution, ginadi- H! velocity dispersion have been conducted on face-on galax-

ent of the total force in the vertical direction can be writes €S, and these measurements were largely conducted 1520 ye

ago with relatively low spatial resolution FWHM 1-3 kpc. In

0K, 0\2,,9 Table1 an@2, we show the resolution of each observationtosed

oz _(FWHMLg/Z.SS)Z’ 1) measure the velocity dispersion of near face-on and nege-ed
on galaxies, respectively. The radial structure of thevélocity

* For correspondence contact Ken Freeman or Piet van der Kruit dispersion has been measured in only 6 galaxies — 5 from near

In the present paper we will first present a new method to
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Table 1. Summary of previous observations of gas velocity disparsidace-on galaxies.

Galaxies i Type HVelocity Resolution Hradius Dist. Reference
dispersion ~ Spectral Spatial

° kms? kpc kpc Ros  6maj Mpe
NGC3938 105 Scl constant 8.2 12x17 131 1.7 75 10 van der Kruit & Shostak (1982)
NGC628 5+ 5°¢ Scl falling 8.2 29x29 407 2.8 140 10 Shostak & van der Kruit (1984)
NGC1058 &2t Scll-ll constanf 8.2 22x22° 189 43 8.7 10 van der Kruit & Shostak (1984)
NGC1058 8:2°  Scll-ll falling" 2.58 21x20¢ 141 3.2 6.7 19  Dickey et al. (1990)
NGC6946 34 Scibcl falling 8.2% 07x08 17.2 2.0 21.2 ®° Boulanger & Viallefond (1992)
NGC5474 217 ScdlV falling 5.2 12x11 105 46 8.6 7 Rownd et al. (1994)
NGC1058 8:2°  Scll-ll falling" 2.58 15x15 218 50 150 10 Petric & Rupen (2006)

& Hanning smoothed.

b Distance shown is mean distance calculated from brightast ;1 NGC6946 group.

¢ To facilitate comparison with the other observations for@IB58, we have used the adopted distance of 10 Mpc used kg &upen
(2006), rather than the van der Kruit & Shostak (1984) prefitwvalue of 9 Mpc.

4 To facilitate comparison with the other observations for@iB58, we have used the adopted distance of 10 Mpc usd hg &upen
(2006), rather than the Dickey et al. (1990) preferred valut0.2 — 14.5 Mpc.

¢ Warps from~ 5° within the optical disk ta ~ 0°, then back to ~ 10° at the H edge ((Shostak & van der Kruit, 1984).

Warps from~ 8 + 2° within the optical disk to exactly face-on at the étige |(van der Kruit & Shostak, 1984)

9 Classified as peculiar, and known to be interacting with iieimlarger neighbour M101 which is only 90 kpc distance assgma distance of
7 Mpc (Rownd et all, 1994).

h Direct measurement of the velocity dispersion of the braampof the vertical velocity dispersion from a near facedisk. Measurements
corrected for instrumental broadening and inclination,rfmi beam-smearing.

face-on galaxies and one from an edge-on galaxy. The 5 fas@®n on galaxy mass, surface brightness, star formatienaad

on galaxies were observed al kpc or larger resolution. The density variations such as spiral arms or bars is unknovapd®r
uncertain inclination of low resolution face-on dbservations modelling of the full H emission cube gives the radial distri-
can cause additional broadening, due to projection of tle daution of surface density, rotation and velocity dispansibhis
rotation along the line-of-sight. Galaxies inclined stigraway approach could be expanded to also model th&&hsparency
from face-on will sififer beam smearing of the gradients in thef the H emission distribution of a galaxy, whether edge-on or
projected rotation as well as beam smearing of the gradagntsinclined.

the intrinsic velocity dispersion. In the past, low telescope resolution and deprojectioreissu

From Table[L, it is seen that only 3 of the low-inclinationn,qe such studies nonviable. In this paper, we show that it is
velocity dls_perS|on studies were undertalken with good SP&fussible to accurately perform the deprojection requivedea-
tral resolution (channel FWHWMS 5 km s7). Of these three g ¢ the velocity dispersion, rotation and surface demsifync-
high spectral resolution studies, only the recent measemén jions of radius in edge-on galaxies. The method is also egpli
of NGC1058 by. Petric & Ruperi (2006) hadfBcient spatial pje g galaxies of moderate inclination. The edge-on caiton
resolution to sample the IHadius by at least 10 synthesiseqyt gajaxies in our study is only required to minimise the unce
beam FWHMS ¢ma;). The main diference between the obseryaingy of the measured vertical gas flaring, which is reqlibe
vations of| Petric & Rupen (2006) and the other low inclindgetermine the dark halo flattening. If fitting galaxies lesgined
tion Hi velocity dispersion measurements are that the obsgiap eqge-on, the inclination must be accurately fitted aadi,
vations by _Petric & Ruperi (2006) were deeper (23 hr total iy the galaxy must not be too close to face-on or else the line
tegration time on 3 VLA array configurations) and with googs_sijght velocity will be not be siciently resolved to model the
spectral resolution. The two lowlIHnclination velocity disper- galaxy rotation. Application of our newIHemission modelling
sion studies that found a constant velocity dispersion withus  ,athod to nearby non-edge-on spiral galaxies, would alfow i
were onlyl marginally spectrally resolved (channel FWHM \eqtigation of the velocity dispersion, transparency terature
8.2 km s7), and likewise also marginally spatially resolved,nq density structure of neutral hydrogen in the ISM of adarg
(5 < Rui/FWHM; < 10). sample of galaxies. This could explain how this small-stah

Of the H velocity dispersion measurements of high inclinastructure varies with the mass and star formation rate ofkpi
tion galaxies (see Tablé 2), only the study of NGC4244 (@llin galaxies.

1996) has the spatial resolution(00 pc) to investigate the ra- . .
dial velocity dispersion on scales relevant to common giglac _Many methods have been devised to measure the rotation
structure (star formation, spiral density waves, bars)weier, CUrves of edge-on galaxies. In Table 3, we display the prsvio
Olling’s method I(1996) used only part of the Emission dis- rotation curve measurements of edge-on galax!es, showing t
tribution, and may not be accurate (see SECH. 2.6). The otﬁ%?th‘)d used _and_ the resplutlon of the observations. In ttge ne
high inclination velocity dispersion measurements oladiby S€ction, we will briefly review these methods, and the fewjpre
Kregel et al. [(2004) used ani Welocity dispersion fit that was OUS Methods to measure the gas velocity dispersion ancteurfa
held fixed with radius, consequently no information was olslensity, before presenting our new method in Sect. 3.

tained about the radial variability of the velocity dispers(see In the paper IlI of this series we will present the results of
the discussion of the method in Séct]2.3). applying this new method to thelldbservations of the edge-on

As aresult, very little is known about the velocity dispersi galaxy sample presented in paper I. In that paper, we wilepap
of the H in the ISM. The dependence of the ¥locity disper- also derive the radial flaring of thel tayer of these galaxies. A
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Table 2. Summary of previous observations of gas velocity disparsidighly inclined galaxies.

Galaxies i Type HVelocity Resolution Hradius Distance Ref.
dispersion ~ Spectral  Spatial

° kms? kpc Ris  kpc Oy Mpc

NGC4244 84° Scd constaft 5.2 0.17 630 11.0 2.0 3.6 Olling (1996)

ES0142-G24 9 Scd constafit 6.6% 3.8 19.0 1.6 5.0 26.6 Kregel et al. (2004)
ESO157-G18 9 Scd constafit 6.6% 2.6 111 1.3 4.3 18.1 Kregel et al. (2004)
ES0201-G22 9 Sc constarit 6.6% 9.0 341 15 3.8 55.4 Kregel et al. (2004)
ES0240-G11 9 Sc constarit 6.6% 1.7 415 1.4 24.2 38.1 Kregel et al. (2004)
ES0263-G15 9 Sc constarit 6.6% 5.1 248 15 4.8 35.2 Kregel et al. (2004)
ES0269-G15 9 Sc constarit 6.6% 7.5 199 1.0 2.7 46.7 Kregel et al. (2004)
ES0O321-G10 90 Sa constarit 6.6 7.3 145 1.2 2.0 41.0 Kregel et al. (2004)
ES0416-G25 90 Sb constarst 6.62 17.7 36.7 1.6 2.1 67.0 Kregel et al. (2004)
ES0435-G14 90 Sc constarst 6.62 7.7 189 15 25 35.2 Kregel et al. (2004)
ES0435-G25 90 Sc constarst 6.62 2.2 36.1 1.2 16.3 324 Kregel et al. (2004)
ES0435-G50 90 Sc constarst 6.62 7.1 131 14 1.9 35.2 Kregel et al. (2004)
ES0446-G18 90 Sb constarst 6.66 12.2 311 1.3 25 64.1 Kregel et al. (2004)
ESO564-G27 90 Sc constarst 6.66 10.2 287 1.6 2.8 29.5 Kregel et al. (2004)
NGC5170 90 Sc constarst 6.66 7.4 319 13 4.3 20.9 Kregel et al. (2004)

a8 Hanning smoothed.

b From LEDA database.

¢ The unwarped inner disk has an inclinationi f 84.5°, outside of which there is a small warpite 825 + 1°, before warping back to the
plane of the inner disk at large radii (Olling, 1996).

4 Direct measurement of the velocity dispersion of the broaue of the extreme velocity envelope of the XV map of an edgegalaxy.
Measurements corrected for instrumental broadeningegtion and beam-smearing, via Olling’s method (see S&s}. 2.

€ Iterative envelope fitting of the XV map of an high-incliratigalaxy integrated over the galaxy minor axis (Kregel 2t28104). This method
was unable to measure radial structure of the velocity déspe, as the method did not include beam correction andalaxigs in the sample
were observed with very large beams.

determination of the flattening of the dark halo of one galiaxy line broadening due to the instrumental broadening and the u
our sample, UGC7321, will be presented in paper IV. known intrinsic velocity dispersion of thelH

The main problem with such methods is that the flux level
> Methods t tract rotati f d of the actual rotation velocity at any one radius is depehden
- VIethods 1o extract rotation curves for edge-on on three dfferent unknown radial functions: the actual rotation

galaxies curve, the deprojectedItsurface density and thelHelocity

High accuracy rotation curves and deprojecteditface densi- dis_persion. The peak f_qu method underestimates the rntz.:\tio
ties can be dficult to measure accurately from ldbservations while the envelope tracing method tends to adopt the veiatit

of edge-on disk galaxies, due to the projection of the vejoci flux level dependent on the signal-to-noise of the obsenvt
profiles from a range of radii into a single line-of-sightaeity Too low a flux level will overestimate the rotation, while the
profile. We will first discuss the methods that have been uged pcONVerse IS true, if too h_|gh a Ieve_I IS chosejr-m

viously and the accuracy of their results. None of these auth ~ The accuracy of derived rotation velocities also depends on
independentlygleterminethe H gas velocity dispersion from thethe accuracy of the adopted gaseous velocity dispersioth use
data. These methods provided a useful starting point froialwh in the velocity broadening correction of the measured vgjoc

to develop a new method that incorporates the determinafionJsers typically adopt a nominal radially invariant valueef10
velocity dispersion directly from the observations. km s°* from direct vertical H velocity dispersion measurements

of normal face-on disk galaxies (van der Kruit & Shostak,4;98
Lo et al.,[1993).

Beam-smearing also tends to increase the velocity of the
outer envelope, while lowering the velocity of the peak flix o
Most pre\/ious measurements of the kdtation curves from slices in the inner disk regions, where the radial gradiémﬂ)o
edge-on galaxies use the shape of the outer envelope of {@féon is larger. Beam smearing is a significant problem irstmo
position velocity diagram, using either the Peak Flux mdthd! rotation curve studies of edge-on spiral galaxies as few mea
(Rubin et al.| 1985; Mathewson et &l., 1092; Uson & Matthewsurements use observations with a resolution greater thad 1
2003) or the Envelope Tracing methad (Sancisi & Allen, 197pc¢ (see TablEI3).

Sofue, 1996; Garcia-Ruiz et/al., 2002). The Peak Flux ntetho The shape of the extreme velocity edge of the XV diagram is
adopts the line-of-sight velocity at the maximum flux aloagle constructed from superposition of gas all along the linsight,
slice of the XV diagram as the rotation velocity at the line ofhcluding gas from the line-of-nodes to the edge of the disk.
nodes in that sightline. The Envelope Tracing method imste@he gas at each location has an intrinsic velocity dispertiat
uses the line-of-sight velocity at a nominal level, e.g. 28fthe may be variable with radius. The edge-on orientation of bk d
peak flux, on the outer velocity side of each slice throughi¥ie projects all of these radial velocity profiles onto a singtelof-
diagram. Both these methods also involve application ofra caight velocity profile at each line-of-sight position thghuthe
rection to the measured velocities, to correct for the comdbi disk (see for example Fig. 1 of Kregel & van der Kruit, 2004).

2.1. The peak flux & envelope tracing method for measuring
the rotation curve



4 J.C. O'Brien et al.: The dark matter halo shape of edge-sk gilaxies Il

Table 3. Summary of previous measurements of rotation curves in-edggalaxiesi(> 80°).

Galaxies Method Line Resolution Distance Reference
Spectral  Spatial
km st kpc Mpc
UGC7321 Peak Flux Hi 5.2 0.8 10 Uson & Matthews (2003)
NGC891  Envelope Tracifg Hi 27 1.7 9.5 Sancisi & Allen (1979)
NGC89F Envelope Tracing Hi 33 0.7 9.5 Swaters et al. (1997)
9 dwarfs Envelope Tracifi§ Hi 4-8 0.5-2.8 3.4-19 _ Swaters (1999)
4 spirals Envelope Tracifig HI 20-41 0.9-2.3 9.5-155 _ Sofue (1996)
4 LSBE Envelope Tracing Hi 4-8 0.7-2.7 5-19 de Blok & Bosma (2002)
NGC89I Fixedo, & Parametrio/(R) XV Hi 27 1.7 9.5 van der Kruit (1981)
ModellingP*
NGC5023 Fixedr, & Parametrio/(R) XV Hi 17 0.8 7.9 Bottema et al. (1986)
ModellingP*
NGC3079 Iterative Envelope Tracihg CcO 5.2 0.12 155 Takamiya & Sofue (2002)
14 spirals Fixed o, 1D Gaussian Hi 6.6 1.7-17.7 18-67 Kregel et al. (2004)

Envelope Fitting
24 spirals  Fixed o, 2D Gaussian Hi 5.0-20.1 0.8-4.8 5-33 Garcia-Ruiz et al. (2002)
Envelope Fitting

8 spirals  Fixedo, XV Modelling Hi 6.6-33.0 0.9-9.8 9.5-54 Kregel & van der Kruit (2004)
NGC4244 Corrected Gaussian EnvelopeHi 5.2 0.17 3.6 Olling (1996)
Fitting®

a Corrected for instrumental broadening & gas velocity disjpm using the “equivalent rectangular measure” (Shaneef®-Smith, 1966).
b Corrected for instrumental broadening & gas velocity disfps by quadratic subtraction, see Edn. (9).

Uses the standard Fall & Efstathiou (1980) parametric ianaturve form, constant,, and a 2D exponential surface density to model the XV
diagram.

Corrected for broadening & beam-smearing (see Olling'swdin Sect 216).

Asymmetric drift correction applied.

Using distance measured by van der Kruit (1981) for NGC891.

Re-analysis of NGC891 data observed by Sancisi & Allen (}979

New deeper WSRT NGC891 data — 144 hr.

Re-analysed subset of the Swaters (1999) dataset.

Includes re-analysed NGC891 data observed by Swaters(&Balr).

o

* H b -+ =~ D Q

Due to this projection féect it can be inferred that the enve-dard envelope tracing methad, Takamiva & Sofue (2002) used
lope tracing method would fail to accurately measure thatimt  this fit to build a model XV distribution which they also fitted
curve, even if it were used with a correct ¥locity dispersion, with the envelope tracing method. By comparing the two fits,
high-signal-to-noise and high resolution data. and adjusting the model rotation curve accordingly, theyen

Consequently, the rotation curve derived with these twgented the model rotation curve until it ge_nera_lted an XV dia-
methods may exhibit an incorrect shape regardless of thelsig 9@M that produced the same envelope tracing fit as the aserv
to-noise and spatial resolution of the observations. Famepte, <V diagram. The initial fitvyito(R) to the observed XV diagram
an adopted Hvelocity dispersion say with an dispersion unceas used as the first model rotation cuvigse,1(R), with which
tainty of 3 km s, will cause a rotation curve uncertainty of 7 kmf€ first model XV diagram XY was built and a new enve-
s due to the velocity dispersion error alone. As thevelocity 'OP€ tracing fitvyi1(R) obtained. This was used to estimate a

dispersion uncertainty is not known, if it is adopted fronv i@s- revised rotation curve modehode 2(R) by comparing the new
olution face-on measurements of other spiral galaxiesatheal fit Vrita(R) to the original fitvrico(R). At each radius where the
rotation curve error could be larger. Consequently many higlifference was greater than some tolerangg the model rota-
inclination rotation curve measurement are likely to beripe 10N curve was incremented by thefferencevyito(R) - vrita(R),

by between 7- 20 km s, when the ects of projection and thereby forming a revised model rotation cugyae 2(R). A
beam smearing are included. Worse still, if thewére partially N€W model XV diagram was built with the revised model ro-

opaque, the inner disk rotation may be further underestichat tation curve and the process was iterated, as shown below in
Eqn. (2)-(4), until the fitrs; n(R) matched the original fittit o(R).

Whereupon the model rotation curvigye n(R) was taken to be
2.2. The iterative envelope tracing method for measuring the ~ the best model for the observations.
rotation curve AViitn(R) = Viito(R) = Viign(R) (2

In 2002, Takamiya & Soflid (2002) developed the iterative eMwodeln+1(R) = Vrito(R) + Avritn(R) ®3)
velope tracing method. This improves on the standard epeelo if AVtitn(R) > Verit,

tracing method by automatically adjusting the initial dope Viode.ns1(R) = Vrito(R) (4)
tracing rotation curve, until the envelope tracing fit to ad®lo if AViien(R) < Veri

XV distribution built with this model rotation curve matchthe fitniT% = Yorit-

original envelope tracing rotation curve fit to the obser¥&d Takamiya & Sofue employed several assumptions to build
distribution. To test the rotation curve fit derived with ttan- each model XV diagram. Firstly, the radial gas surface den-
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whereg is a set of weights satisfying; g= 1, and usually
evenly weighted, except when low flux levels are biased by
noise in sightlines through the XV diagram with low signad-t
noise. The iterative envelope tracing method is an impreamm
because it checks the veracity of the measured rotatiorecurv
However, substantial flaws remain: it uses an incorrecafagis
surface density, and an assumed constant gas velocity siispe

2.3. The fixed velocity dispersion, 1D Gaussian envelope
fitting method for measuring the rotation curve &
approximating the gas velocity dispersion

Garcia-Ruiz et al.[ (2002) improved on the standard Gamssia
model of the full outer envelope of the XV diagram, by perferm
ing a series of three-parameter Gaussian fits to the outetape
of the velocity profile in each sightline. The first channeltba
outer velocity envelope with flux 30 was the outermost ve-
locity channel used in each Gaussian fit. For the first Ganssia
fit, this outer channel and the two lower channels were iredud
in the profile sample. Subsequent fits were performed, eaxh ti
adding the next lower velocity channel, until the velocihao-
nel with peak flux was reached. The centre of the Gaussian with
the smallest reduced was retained for that sightline.
Fig. 1. Diagram of galaxy coordinate system used to model the [Kregel et al.[(2004) applied the fixed velocity dispersion 1D
XV gas distribution in Eqn.[{6). This shows the major a®s Gaussian envelope fitting method to 14 galaxies using an radi
depth along the line-of-siglg, and the projection of galaxy ro- ally constant velocity dispersion of 10 km's Successful fits
tation along the line-of-sight towards the observer. were obtained for 11 galaxies using this Welocity disper-
sion, however the remaining three galaxies required thecvel
ity dispersion to be reduced to-67 km s to achieve a con-
rging fit. However, the large beam size of the observations
i

Vlos

sity was approximated by the gas surface density along the
jor axis, which was derived from the observed XV diagra
by integrating over velocity. Secondly, the gas velocitg-di
persion was assumed to be isotropic and isotherm& and

.7 2 FWHMgy < 18 kpc) masked any small scale variations in

e rotation speed. Only 3 of the galaxies in their sampleshav
a Hi radius greater than 5 beamwidths. (see Thble 2). For two
z with an adopted a value of 10 knt’s which is typically o_f the three ga@lames, which required smaIIeMdloqty disper-
observed in Hin spiral disks|(Shostak & van der Kruit, 1984;310NS, the radius was spanned by_onlﬁ Qynthesmed beams.
van der Kruit & Shostak, 1984). In ttedirection the H surface Consequently, due to thg low spatial resolutlon,. the.y. Were u
density was approximated by a séehodel with a constant scale 2°!€ 10 measure any radial structure of the velocity dispers
height of 100 pc. To simulate the observing process, eactemod We show in Sec{_413 that even an intrinsically constant gas
XV cube was then convolved by the spatial and spectral resolglocity dispersion should appear broadened near the Galax
tion of the telescope, and integrated ozs form the model Xv  centre due to beam smearing — typically by50 — 100%, if
map. FWHMg > 1 kpc. This beam smearingfect would cause thg?

Takamiya & Sofue[(2002) applied this method and the edf ™" of the velocity d!spersmn fits at inner radii to draioally
lier peak fiux and envelope tracing methods to optical emidlcrease as the XV slice bears progressively less resentotan
sion spectra and CO+1-0) observations with the Nobeyamé? SUM of Gaussians. . .
Millimetre array on the edge-on galaxy NGC3079, and four An advantage of this method is that it could be extended to
moderately inclined galaxies: NGC4536, NGC4254, NGC44181easure the gas velocity dispersion as a function of rabius,
NGC4501. They found that both the envelope tracing and pealilowing the velocity dispersion to be a free parameter & th
flux methods underestimated the rotation velocities in the jGaussian envelope fits, and correcting the measured vyetbsit
ner regions of their galaxies, with the peak flux method b@grsion for instrumental broadening using E@i. (9).
ing in error by up to 50- 100%. Furthermore at outer radii
with low signal-to-noise, the derived rotation velocities-
hibited dramatic scatter a£20 — 100 km s (see Fig. 4 of
Takamiya & Sofue, 2002), probably because thendise level
was above the 20% flux level used for envelope tracing. To attempt to correct the fixed velocity dispersion 1D Gaarssi

Sofue et al.|(2003) applied the method to CO observatiosavelope fitting method (SeEf 2.3), Garcia-Ruiz et al0g@p-
of a sample of moderately inclined galaxies{25 i < 74°), plied the same series of fixed dispersion Gaussian fits tesslic
but this time with a small dierence. Instead of fitting the XV along the radiaR’ direction of the XV diagram; i.e., in addi-
diagrams at a single fractional flux level, they fitted theedini- tion to fitting at velocity profile at each major axis positigh
sight velocity at a series of flux levels 20, 40, 60, 80 and they also fitted major axi® profiles of the flux in each veloc-

2.4. The fixed velocity dispersion, 2D Gaussian envelope
fitting method for measuring the rotation curve

100%, and replaced Eqml (2) by ity channelv. The width of the outer envelope in th& direc-
tion was determined b_y the FWI—U\/bf_the synthesised beam
AVfien(R) = Z g X [ijit,O(R) _ Vlfit,n(R)] (5) and the unknown gradient of the rotation curve. They measure
[

this spatial dispersion along tH& profile at the systemic ve-
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Fig.2. This is a derived gas kinematics fitted from a raw synthetic iK&p (ie. not spatially smeared by the telescope beam and
without noise) using the radial decomposition method. Tiheswf gas velocity dispersion, rotation and deprojectetbse density
show the actual synthetic galaxy kinematic as a grey (yéllove and measured fits in (red) crosses. The plot in the bottght
hand corner shows both sides of the measured rotation cumrtieg color version the receding side is plotted first in rad the
approaching side on top in blue). Error bars are shown ontalltfiough in most cases they are smaller than the plot symbol
Subsequent similar figures in this paper will use the samigipdoscheme.

locity, vies=Vgs, Of each galaxy, and held this value fixed whetion curve and the radial Hdistribution. It was first ap-
Gaussian fitting th& profile of each channel. The rotation veplied by|van der Kruit [(1981) and was further developed by
locity at each radius was taken to be the minimum of the rmtatiKregel & van der Krult [(2004). We regard this method as the
velocities measured with each method. . most powerful approach. Kregel & van der Kruit (2004) model
Using an adopted Hvelocity dispersion of 8 km &, the full observed XV diagram as a set of concentric, coplanar

Garcia-Ruiz et al[(2002) applied this method to measwredh rings, by progressively measuring the rotatigR) from the out-
tation curves of 24 edge-on & 80°) galaxies (see Tablg 3).side in, or as they call it the “onion-peeling” approach.
Beam-smearing correction was important for this sample@ m  For a diagram of the coordinate system we refer to[Rig. 1. By
of their observations had a FWHM beam ef2kpc, and most of modelling the H layer as an axisymmetric, transparent isother-
the galaxies in their sample were moderately resolveddapati mal sheet in pure circular rotation, the velocity profilelped by
with 5 < Ry /FWHM4 < 10. sight lines through the XV diagram is

2.5. The fixed velocity dispersion, XV modelling method for

measuring the rotation curve and deprojected HI surface (R _ 1 f ds S (R 6
density Hi (R, V) 7o_v’t0t Nz sZhi(R) (6)
The basic approach of this method is to directly fit the full x| -V = Ve(®) (R/RI?
observed distribution in the XV plane to derive the rota- 202 ’

v,tot
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face density, yielding the rotation velocity at the linerafdes
V(R = R) and new values for the rotation velocities (measured
in projection) of all high radii annuli in the sight line.

Observed

The procedure was repeated, progressively determining the
rotation velocity at all radii inwards until the centre wasiched,

.

Radial "Observed" synthetic ! !
Decomposition | < and then the same method was applied to the other side of the
Kinematic fitting AN galaxy. In this way the fitting algorithm does not become ill-

— constrained, as the number of free parameters increashs at t
same rate as the initial estimates of the fit parameters.

Raw synthetic . o .
XV, In addition to more accurately determining the rotation ve-
locity by modelling the full profile through each sight liné o

the XV diagram| Kregel & van der Kruit (2004) noted that this

\ 4

Kinematic fits method also successfully corrects the rotation velocitytfe ef-
e Ifloop =1 fects of beam smearing. This was done by first building a model
z(R) mini XV diagram comprising dficient sightlines adjacent and

floop > 1 outwards ofR to span at least the beam FWHMsing Eqn.[(B),

and convolving by the instrumental broadening and any Hanni
taper (if applied). The mini XV diagram is then convolved spa
tially by the known beam FWHI The velocity profile of in-
terest, can then be corrected for the modelled beam smearing
effects determined from the mini XV diagram, prior to Gaussian
fitting.

A

Fit difference
AVSR) =Vy(R) -VgR)
AT (R)=Z,(R)-Z (R)
Acn(R) =0,(R) —un(R)

The best fit rotation velocity at each radius was then de-
termined byy? minimization using the ‘amoeba’_(Press et al.,
1992) implementation of the simplex method (Nelder & Mead,
1965). This easily handles a large number of free parameters
and does not require the derivatives of the model with ragpec
those parameters (a computation-intensive calculatiénprs
were estimated using Monte Carlo simulations.

: . . ) ) . Kregel & van der Kruiti(2004) applied this method to the H
Fig.3. Flow chart showing the iterative radial decompositiogpservations of 14 edge-on galaxies. These comprised t&of t

method. galaxies in the Kregel et al. (2004) sample andoHservations
of NGC891 byl Swaters etal. (1997). The fitting method suc-
where cessfully converged to sensible results for all the gaké-
cept five galaxies with low peak signal-to-noise$N < 15,
R 57 « < and one galaxy NGC5529 which displays a pronounced warp
N — 72
Vios(R) = ( R) Ve(R). R= VR?+ ¢ () of the disk plane. The resolution of the galaxies with susces

ful fits are shown in Tabl€]3. Despite the large beam sizes

andR is the projected radius on the slgthe depth along the (1 < FWHM, < 10), two of these successfully fitted galaxies
line of sight (i.e.s= 0 at the line-of-nodesR the galactocen- (NGC891 and ES0435-G25) that were well sampled by the
tric radius,Zy (R) the radial face-on surface density profile angeam withRy, /JFWHM, > 10, while four had moderate sam-
aviet(R) the total velocity dispersion; see Eqil (8)(R) is the pling with 5 < Ry /FWHM, < 10, and two were successfully
rotation velocity andios(R) is the projection of the rotation ve- fitted despite poor sampling & /FWHM, < 5.
locity onto the line-of-sight. This method assumes a carista
HI velocity dispersionryy of 10 km s?t. The face-on surface  For four galaxies with higher /8 observations,
densityXy (R) was derived independently using the WarmelKregel & van der Krujt [(2004) also succeeded in directly
(1988) method, which uses the Lucy algorithm to invert anlAbétting the surface density by allowing it to be a free paranet
integral (e.g. Binney & Tremaing, 1987, Eqn. (1B) - (59b)). the Gaussian fits. They compared the rotation curve andcsurfa

At each sightline the Hsurface density and rotation on thedensities derived from their method with the rotation curve
line of nodes was fitted using a single Gaussian. By startingderived from standard envelope tracing method and thecrfa
the outermost projected radiB®é=R,, ;. and using at least 4 in- density derived from the Warmels’ (1988) deprojection meth
dependent data points above a nominal noise flux level, the Each method was applied to a simulated XV diagram of
tation velocity was determined by a Gaussian fit to the outer NGC2403, built with the “true” rotation curve and surface
velope. The next inwards profile B=(R} . — AR’) was then density measured by Fraternali et al. (2002) using extensiv
fitted simultaneously forR, . — AR’) andR/, whereAR' de- 3-D modelling, showing that the fixed velocity dispersion
noted the annulus width, which was set to the pixel size of th&/ modelling method correctly measures both the rotation
observations. An initial estimate of the value of the ratail ve- curve and the deprojected surface density. Kregel & van der
locity determined in the previous fit was usedRjf,, While at  Kruit's surface density deprojection method is a significan
the line-of-nodesR, ;. —AR’) the 1D Gaussian envelope tracingmprovement on that of (Warmels, 1988), which was unable to
value was measured. Each line profile was fitted as a set of fixedover the surface density variations on radial scaledlama
dispersion Gaussians with flux determined from the derived sthan the FWHN of the synthesised beam.
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Fig.4a. Actual and observed XV maps of the synthetic galaxy. Thisthasproperties illustrated by the grey (yellow) lines in
Figs.[4b and4c. The top XV diagrams show the actual X\Mdidtribution, while the lower plot is the XV diagram as obsst

to detection limits corresponding to peak noise-to-no&&lj of 80 and 20, each with the same telescope FWHM of 300 pc. The
contours in the upper panels are (in units of1d@toms cm? pixel™!) at 0.5, 1, 3, 10, 30, 100, 300 and 1000 and in the lower panels
at 2, 3,5, 7, 10, 15, 20, 30, 50 and 70 times the r.m.s. noideeictiannel maps. Thefect of increased noise shows clearly the
reduced fraction of the actual XV diagram that is detectda Vertical dashed lines on the observed XV maps mark theroast
radius with stficient flux above & to allow kinematic fitting. Note that the scales arffelient in the plots on the right and the left,
because of changing observable extent féiedent $N.

2.6. Direct outer envelope fit method for measuring the ents in the rotation velocity, gas velocity dispersion andace
velocity dispersion, rotation curve and deprojected Hi density, respectively.
surface density Olling (1996) applied this method to one galaxy, NGC4244,

- . . ... which was observed at high spatial and spectral resolutitm w

Olling (1996) used the simple outer envelope velocity d1sp((;;c1 FWHM, of 170 pc and a FWHM channel width ofBkm st

sion fit, but then endeavoured to correct the measured bneal IRithough NGC4244 is a small Scd galaxy with maximumral.-

Ing _for .the_major_ fects .Of beam-smearing and veIQC|ty prOf'I%Iius of 11 kpc, the high spatial resolution allowed the rbHdia
projection in addition to instrumental broadening. Hisreotion 0ty re to be sampled by 63 FWHM beams on either side of the
method (detailed in Appendix A of_Olling, 1996) calculate@t o4,y centre (see Tatlé 2). By testing the above method on XV
effect of the projection given in Eq.fﬂ@ to determine hOW tgimulations of NGC4244, he found that Eq. (8) waffisient
correct the measured direct Gaussian fit to the outer vglenkt ;. racover the kinematics in the outer galaxy. However, iith

velope of each slice of the XV diagram. By approximating the, . from the galaxy centre, beam-smearing became a problem.
Gaussian in EqnlI6) as a pa'fabo'a’ and integrating ovgraievqo derive the gas properties in the inner disk consisterit thi¢
velocity channels around the line-of-no@®R'), Olling derived o4y smearing, Olling (1996) used simulations of NGC4244 to
an analytical approximation of the velocity profile aroule t yetermine an empirical correction to the kinematics messur
line-of-nodes to be (Eqn. (AS) of Olling. 1996): with Eqn. [8). In order to simulate the XV diagram of NGC4244,

emKAV2H|(R)e,;(MBz)2 . Olling had to estimate the intrinsic kinematics, as the \abeti

I(R,v) = \ovm® corrections depend on the intrinsic XV diagram as well as the
ov(R) V2r resolution of the observations. With this method Olling ridu
W(R)Ve(R) R €3, that the velocity dispersion of NGC4244 was roughly cortstan
2- > at 85 + 2 km s. Unlike the H velocity dispersion measure-
30v(R) 3 ! . A . )

5 ments of face-on galaxies which mostly decline with radaes(
awR) | b WR® ), Table[1), Olling’s analysis of NGC4244 shows no radial struc
ou(R)? oy(R)? ture in the velocity dispersion despite being measured alesc

c of ~100 pc.
) ®)
Zhi (R

. L . Th ial ition XV Ili h
where the kinematics (ie.(R), ov(R) andXy, (R)) were evalu- 3 e radial decomposition modelling method

ated at the line-of-nodd’3=R’, andW(R)=v — v¢(R). Av is the We developed the radial decomposition XV modelling method
channel widthK, a, b andc are constants;,=Smax/R’, andsis to more accurately measure the rotation, velocity disper-
the depth along the line-of-sight (see the schematic of tloe-c sion and deprojected surface density of tHsks. Like the
dinate system in Fid.1). The first term, 2, results from gas dfregel & van der Krult|(2004) method it operates by fitting the
the line-of-nodes. The second term arises due to matedaécl galaxy from the outer radii inwards - “onion-peeling” asthe
to the major axis, and the last 3 terms arise due to radiai-gradalled it. The radial decomposition method works by progres
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Fig. 4b. Fitted kinematics measured from an XV diagram observed avithescope beam of FWHM300 pc and to a peak signal-
to-noise of 80. Beam-smearing correction is not necesdatyisahigh resolution, as the scatter due to beam-smeasinguich
smaller than the scatter due to noise. This figure and the pi¢tig[4¢ demonstrate théect of noise on the measured kinematics.
To reduce the scatter we have averaged the measuremergsausuenly weighted 5 pixel wide bin after fitting the whole XV
diagram via the radial decomposition method. The outerai@sied lines indicate the maximum radRigx with sufficient flux to

be fitted. The other dashed vertical lines mark a beam HWHNh fRq,.x on either side, and a HWHM from the galaxy centre.

sively fitting each sightline of the observed XV diagramrtitg the H velocity dispersion tensor. To maximise the peak signal-
at the outermost edge, to measure the rotation velocitfaseir to-noise of the XV map, the map is formed by integrating over
density and velocity dispersion. The basic method is egdgnt the full rangez spanned by the edge-on galaxy in the vertical
the same as in_ Kregel & van der Kruit (2004), however we alstirection. This requires that the velocity dispersion igtically

fit the Hi velocity dispersion, and extend the method to iteratsothermal and that the rotation is cylindrical. In fututedies,
further if required. By progressing inwards, the methodsuke the assumption of Hsothermality should be tested by applying
measured kinematics of outer radii to isolate and fit onlywe the radial decomposition XV modelling method to deep observ
locity profile of the line of nodes gas along each sightline.  tions of both low and high lattitude Ibbserved at high spatial

This allows one to accurately fit the rotation, velocity disiéSolution. This would determine whether the velocity disp

persion and surface density as functions of galactocemmics S!On (@nd rotation) varies with height above the galactmpl
despite the edge-on orientation of the galaxy. The meauaed Although the H in some deeply observed galaxies like NGC

locity dispersion is corrected for the broadening due tcfitiiee 891 (Fraternali etal., 2005) does show a rotational lagéntth

spectral resolution and the derived\locity dispersion at each layer a few kpc abov_e the galactic plane, our data is for thetmo
radius is used in the measurement of all inner annuli. part confined to a thin layer of FWHM 2 kpc, so the weighted

] ) . effect of the high-latitude lag on our analysis is unlikely to be
The method works by modelling the radial and velocity dissignificant.

tribution of each slice through an edge-on galaxy that has be
integrated over the vertical axis This requires the usual as-  Although the method will not detect spatial asymmetries in
sumptions of circular motion, azimuthal symmetry, isoyra@b the gas surface density, such as might be expected from bars o
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Fig. 4c. Fitted kinematics measured from an XV diagram observed avtdlescope beam of FWHM300 pc and to a peak signal-
to-noise of 20. Beam-smearing correction is not necesdatyisahigh resolution, as the scatter due to beam-smeasinguich
smaller than the scatter due to noise. This figure and the ii¢tig [4h demonstrate th&ect of noise on the measured kinematics.
To reduce the scatter we have averaged the measuremergsausuenly weighted 7 pixel wide bin after fitting the whole XV
diagram via the radial decomposition method. The dasheddlia as in Fid. 4b.

spiral waves, it will detect radial annuli devoid of tér a central where each Gaussian simulates the gas at that radius. Due to t
HI hole, as the surface density is modelleEagR). approximately exponential outen Histribution of most galax-

The method fits the radial kinematics by modelling eadﬁs' the gas from radii near the line of nodes dominates tke flu

sightline through the XV diagram as a cut through a superpd- each velocity profile slice through the XV diagram. At the

sition of annular rings, in which the gas at each radius et outermost Ilng-of-sught, the velocity pr0f|le_|s approxﬁeﬂa_s a
Gaussian velocity profile described by the radial gas kirn&sa smgle Gaus_S|an_as t_he flux can be approxmated as coming from
seen in projection according to Eqfl (6). Each slice corepris? Single radial bin witfR'=Rrax. The properties(R), o (R),
gas at a range of radial bins, with the gas in each radial bimgn EH'(R) at that rad“_‘s can be d|reqtly measuredgky. In thg
slice forming a Gaussian profile next innermost radiug,=Rrax — (1pixel), the observed velocity

« centred at the rotation velocity seen in projections profile is moc_ielled as a superposition _of th(_a Gaussian with th
(Vios=V(R) along the line-of-nodes;os < V(R) for radii outside knov_vn Rrmax klnematlcs,.and th_e G_au_ssmn with k|_nemat|cs_from
the nodal radius); the Ilnejof-nodes atradiug, which is flt_ted.for rotation, \_/elocny

« broadened to a velocity FWHM due to thieet of intrinsic dispersion and total flux. By proceeding inwards in this nenn

velocity dispersion and the instrumental resolution, F\WM the model never bepomes iII-.con_strained as there are omges f
and parameters in the fit to any sightline.
¢ with the integrated flux of each Gaussian consisting of the

. The radial kinematics are thus obtained with radial sangplin
flux at that radius.

corresponding to the pixel size of the khage cube along the
Starting at the outermost radius on one side of the galagalaxy major axid}’. The derived kinematics from fitting to all
tic centre, each line-of-sight is modelled as a sum of Ganssi slices of the raw XV diagram using in the above slice fit are
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Fig. 5a. Fitted kinematics (without beam correction) measured feonoiseless XV diagram observed with a telescope beam of
FWHM,=1 kpc. The plots shows that the rotation velocity exhibitsrea beam-smearingfiect and the velocity dispersion is
broadened due to beam-smearing480% at the Galaxy centre. The dashed line are as il _Flg. 4b.

shown in Fig[2. The fit has been made to a synthetic galaxy wighl. Instrumental broadening correction
a constant velocity dispersion, a simple rotation curveamelx-
ponential surface density distribution. The plot dematss that
the radial decomposition method does an excellent job afrec
ering the actual galaxy structure and kinematics. Near dge e
of the edge-on galaxy, the fits are systematically high it bioe
velocity dispersion and the surface density, because thaem

Fits of real galaxy observations also require correctiantlie
instrumental broadening due to the signal response of the-sp
tral channels of the interferometer correlator. For siaipj
the signal response function of the correlator channelgis a
roximated as a Gaussian. Consequently, the dispersiotndue

assumes that the outermost detected slice contains fluxefla s . Oth the H velocit_y dispersion and the instrumental broaden-
radial bin. The overestimation of the velocity dispersicauises ing is the quadratic sum of each property. Thus, the measured

the fitting process to compensate on the next few inner ricii s veIO(_:ity dispersion. is rellated to the intrinsid Melocity dis_—
persion and the dispersian, s Of a spectral channel with

fits; thus the velocity dispersion fit oscillates around thtual
value in the outer few slices. The small deviation in the entFWHMuyinsr=207vinsr v2109 2 by:

slice is a numerical artifact. We remove this artifact bylase

ing the central fits within  kpc of the galaxy centre. Aithoughvitet = /T + 05 nar 9)
these plots show the derived fits to the XV diagram formed fro
a simple galaxy model with a constant velocity dispersiam; s
ple surface density and rotation curve, the same fittingesscc
is achieved for fits to synthetic galaxies with more compéda
intrinsic kinematics. 3.2. Beam correction

I:Irhis allows the intrinsic Hvelocity dispersion to be easily de-
rived from each Gaussian fit.

Any method that aims to recover spatial resolution on saafles
the image pixels must also correct for the convolutifiea of
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Fig. 5b. Fitted kinematics (without beam correction) measured feonoiseless XV diagram observed with a telescope beam of
FWHM,=2.0 kpc. The plots shows that beam-smearing by a 2 kpc beasesaularge error in the inner rotation velocity and a
~70% increase of the measured central velocity dispersioe.dished line are as in Fig]4b.

the telescope synthesised beam. The beam is approximatedesolution to simulate the actual observatiorfidets. This sim-
elliptical Gaussian, which is near circular for objectsmaapro- ulated XV diagram is then fitted with the radial decompositio
priate declination relative to the latitude of the obsesmatThe method and the resulting kinematics compared to the ofiitna
telescope beam causes a smeariffigce along the spatial axested kinematics. Where theftirence between the kinematic fits
of the H channel map cube by convolving the flux distributioris greater than a critical level the kinematic models areenc
with a 2D Gaussian. As the XV map is formed by integratingented and the process repeated until the fitted kinematits a
overz, then providing the beam is near circular, the bedimee the simulated galaxy resemble the original fitted kinensadicd
tively smears the spatial axis of the XV map by a 1D Gaussi#éime observed galaxy distribution.

with FWHM equal to that of the beam, along tReaxis.

Beam smearing is a problem when the galaxy kinemati
vary strongly on intervals along the major axis smaller ttten

FWHM of the synthesised beam. In practise, the largest varig, qjisicult to correct the velocity dispersion by iterative fitting
tions usually occur in the inner region where the rotationveu ¢ yhe first pass fits were too deviant from the true fit, as of-

rises steeply and to a lesser extent in any region with vi@iae, occurs when fitting galaxies with steep inner rotatioves
kinematics due to heating processes in the ISM.

that have been observed with a large beam. The optimal method
In the following section[(3]3), we describe in detail how wevas found to be using the beam correction method applied by
incorporate an iterative process to check the derived katemKregel & van der Krultl(2004) whereby instead of fitting the ac
ics measured from the observed XV map. Briefly the processl observed slice, the slice is first corrected by subitrgct
works as follows. Firstly, the first-pass kinematics frora the the flux contamination due to beam-smearing of flux in nearby
kinematic model is used to build a synthetic galaxy XV diagraslices. The residual profile is then fitted using the radiabde-
using Eqn.[(B), which is then convolved by the known telescoposition method. As the radial decomposition method fits pro

Initially beam correction was attempted by iterating the fit
fifg process as described above. However the velocity dispe
sion fits are particularly sensitive to noise, and it was fbtm
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Fig. 6a. Fitted kinematics (with beam correction) measured from Xagdam observed with a telescope beam of FWHMkpc
and with a peak signal-to-noise of 80. To reduce the scattdre measured kinematics, the velocity dispersion andiootaurve
were averaged (post fitting) over an evenly weighted bin aftlwof 5 pixels. In Fig[6b, the XV diagram built with the beit-
measured kinematics and observed to the same telescoplicspiens is compared to the original XV diagram.

gressively inwards, the kinematics are known at radii latiggn Here each beam weight, is the flux of a normalized Gaussian
the slice of interesR’, thus it is possible to form a raw “mini-XV in the n" pixel from the beam centre. Therefore, the intrinsic
diagram” comprising solely the slices at high®r However to velocity profile is

correctly derive the flux contamination due to beam smeaaing
raw “mini-XV diagram” must be built spanning Sicient slices . _ Fo— (Xt fbn + X774 fabn)
on both sides, but excluding the slice of interest. This i 0= bo ’
diagram is convolved along by a Gaussian of FWHM equal ) ) )
to that of the beam FWHMalongR, to determine the beam-Whereby is the peak flux of a normalised Gaussian beam
smearing component of the flux in the slice of interest.

(11)

e 1 i FWAMy (12)
Consider the observed beam-smeared velocity profile at tfe™ 0o = >—

slice of interestq. This velocity profile is the sum of the in- 2 2y2log2

trinsic proflle fo We|ghted by the beam Centt@ and the flux Beam correction is thus undertaken by determining

of all nearby slices weighted by their respective beam V\teigrE;o:l f,bn andY. =, fub, by convolving a raw mini-XV diagram
bn, whereb, becomes negligible for slices further than a feormed from all slices but the slice of interest. Then thisrbe
FWHMg's from the slice of interest. Thus smearing component is subtracted from the observed slick, a
the normalisatioty is applied. The raw un-beam-smeared mini-
XV diagram is built using Eqn[{6). This requires the intiins
o oo kinematics which are only known for radii Bt> R’ determined
Fo = fobo + Z fobn + Z fbn. (10) from fits outside the slice of interest. To estimate bothgafrthe
n=1

= mini-XV diagram, we conduct an initial radial decompositiit
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Fig. 6b. Top: Original XV diagram observed with a FWHML1 kpc telescope beam and pegiN of 80. Middle: The XV diagram
built using the best-fit measured kinematics and observéudtive same telescope resolution and sensitivity limite measured
kinematics used to build the middle plot are shown in [Ei¢y Bestom: The diference between the top and middle diagrams. Contour
units are 2, 3, 5, 7, 10, 15, 20, 30, 50, 70 times the r.m.serpithe channel maps.

across the whole observed XV diagram. This first loop fit is ac- The beam correction is necessary for galaxies with large
curate, except near the galaxy centre, where the high griadié beam sizesZ 500 pc, as for these galaxies the beam smear-
rotation and velocity dispersion ovBf distort the line profiles. ing is suficient to distort the slice shape away from a sum of
The kinematics near the galaxy centre are estimated (fanbe&aussians, over the major axis range where the kinematigs va
smearing correction) by extrapolating inwards using ttghar  significantly over the span of the beam. Without beam correc-
quality fits over the rest of the galaxy. Subsequent itenatiof tion, radial decomposition fitting of the inner disk will o
the radial decomposition fitting process can then be beam coscillate with a large scatter, due to the intrinsicly nonkin
rected using the mini-XV diagram method, whereby the minGaussian shape of the velocity profiles in these sightlinbs
XV diagram is formed using these estimated kinematics. occurs as an erroneous fit to gas on the line of nodes in any one
This beam correction is essentially a deconvolution of ttéghtline will cause the fit to the next inwards radius to ceen-
XV map to remove theféect of the telescope beam. As such theensate, resulting in an oscillating fit over the beam-seubdo-
sampling of the beam, i.e. the number of pixels per bediacts Mmain.
the success of the deconvolution, as the deconvolutiorepsoc
amplifies the noise. The recommended sampling for deconvo
tion is 3 pixels per beam FWHM To recover a slightly higher
spatial resolution, which is useful when modelling the mdiee  To assess and improve the quality of the fitted kinemat-
tant galaxies, we used a beam sampling of 5 pixels when fgrmiics, the process is iterated by building a model galaxy
the H image cubes. Both sampling densities work well, howfrom the original fitted kinematics, simulating the obser-
ever a yet higher sampling density. (8) dramatically reduces vations and comparing the fitted properties of the model
the peak signal-to-noise of the beam corrected XV slicehas tfy[V(R), ovni(R), 211 (R)] galaxy XV diagram to the original fit-
telescope beam naturally limits the spatial resolutiorhefab- ted kinematicsfi[V(R), ov.1i(R), Zri (R)]. A schematic showing
servations. As the galaxies in our sample lie at recessitmtve the method is shown in Figl 3. In the initial lodpppg, the ob-
ities from 400- 2500 km s?, and distances of 3 30 Mpc, the served XV map is fitted to obtain a rough kinematic model that i
FWHM, beam size of the galaxy observations i 9 1.0 kpc. used to perform beam correction. This mini-XV diagram isithe
Given that the kinematics can be recovered on a scal¢®bfl. used in the next fit to the observed XV map, which we will call
the beam FWHM, this leads to a recovered spatial resolution dbop;. The radial functions of Hsurface density, rotation and
20— 200 pc for our galaxies. velocity dispersion fitted ioop; fit, which are the first fits in-

&'3. Iterating to ensure self-consistent fits
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Fig. 7a. Fitted kinematics (with beam correction) measured from X&fdam observed with a telescope beam of FWHM kpc
and with a peak signal-to-noise of 30. Although the rotatretocity and the surface density are well recovered, thé gfiohe
measured Hvelocity dispersion shows that a peak signal-to-noise a3t high enough to perform beam-smearing correction
for this kinematic model and moderate spatial resolutidre Measurements are binned over 3 pixels post-fitting, heweaeraging
only improves the measurement when it is accurate. By casgrarthe observation with a larger beam to the same signabise
recovers more of the Hemission distribution and thus recovers the radial shafieedfl velocity dispersion (compare to Fig]9a). In
Fig.[7D, the XV diagram built with the best-fit measured kiraics and observed to the same telescope specificationmijsared

to the original XV diagram.

corporating beam correction, are then used as the first kitiem 4. Quality testing on synthetic galaxy observations

model for a new XV diagram. By iterating the fitting process,

and incrementing the kinematic model between fits, the ®cerhe quality of the derived kinematics is quantified in two way

is repeated until the fitted kinematics from the model equ@l tFirstly, we calculate the total absolutefférence between the

original fitted kinematics with beam correction to withinidtie  pest fit and original fit for each of the three functionR),

cal threshold. ovni(R) andZy (R). This diference is summed over all mea-
sured slices across the galaxy and divided by the numberaf me
sured slices to present a averag@edence at each radius.

By intrinsically incorporating fitting of the gas velocitysd Secondly, the XV map formed from the best fit kinematics
persion into the radial decomposition method, it is posstbl is compared to the observed XV map by computing the resid-
replicate the observed XV diagram from the best fit kinensaticial. The residual map (with absolute values for the resgjusl
as all three functions characterising the XV map are obthinenormalised by the observed XV map to obtain a total percentag
rotation curvev(R), Hi velocity dispersiorry i (R) and the de- difference between the actual galaxy XV diagram and the best
projected H surface densitEy, (R). Unlike earlier methods of fit model. The residual XV map is a good indicator of surface
measuring rotation curves ot Melocity dispersion, this method density and rotation curve accuracy, but is relatively msié/e
is internally self-consistent. to errors in the measured velocity dispersion.
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Fig. 7b. Top: Original XV diagram observed with a FWHM 1 kpc telescope beam and pegiN of 30. Middle: The XV diagram
built using the best-fit measured kinematics and observédtive same telescope resolution and sensitivity limite measured
kinematics used to build the middle plot are shown in [FiyBtatom: The dfference between the top and middle diagrams. Contour
units are 2, 3, 5, 7, 10, 15, 20, 30 times the r.m.s. noise ictlhanel maps.

4.1. Effect of noise mentioned above, both the rotation curve and the radiahsarf
density are well measured, even in the low sensitigit{= 20

The noise level is of most concern when fitting observatibas t andS/N= 30 figures. However, thellelocity dispersion is par-
sufer significant beam-smearing, as the beam correction methidlarly sensitive to high noise levels that submerge theeio
uses deconvolution, which is particularly sensitive toseoiTo H) distribution. Comparison of an ideal XV map and XV map
isolate the &ect of noise from that due to beam-smearing, wgenerated with finite telescope sensitivity and resolufisee
tested the radial decomposition method on high spatialuesorig. [4a) demonstrates the limited ketected at low sensitivi-
tion XV maps (observed with FWH4 300 pc) with diferent ties. But despite the low flux recovery, these simulatiormash
sensitivities corresponding to peak signal-to-noiseogatng- that low sensitivity observations still yield reasonabégarate
ing from 20 to 80. In each case the same galaxy model is usRhematics, albeit with dramatically increasing measigeter-
featuring a diferential rotation curve, an exponential face-dn Hor at lower sensitivities.
surface density (with a bscalelength of 5 kpc) and aflat outer g reduce the scatter, an evenly weighted running mean was
HI velocity dispersion that rises parabolicly in the |nnerkd|sapp|ied to the measured fits after the XV diagram was fitted wit
from an outer plateau of 7 kn1sto a central peak of 10 km'S  the radial decomposition method. By averaging the measured
In Fig.[4a we show the XV diagrams for this synthetic galaxiinematics every 3 or more pixels in radius, it was possible t
without noise and with noise introduced at pe@i levels of yeqyce the scatter in measured velocity dispersion andreeco
80 and 20. The upper diagrams, labelled ‘raw unedged’, &e e radial trend of the kinematics with good confidence. This
pure synthetic diagrams that would be observed in the absepgoyed to be more revealing, although fietively lowered the
of noise. The lower ones show théfets of introducing noise. gpatial resolutions of the measurement. The simulatioosvsh
The radial (horizontal) scales in the diagrams left andtrige  {hat measurements of galaxies observed with @&k < 100
different .and. have been chosen §uch that it the observable ragigefit from this post-fit averaging. Given an XV image gridide
extents fit within the frames. This shows the sevefeats of \yith 3 beam sampling density of 5 (i.e. each pixel j§ bf the
noise. beam FWHM) and beamwidth FWHNE 300 pc, the final post-

In Figs.[4b and’4c, we show the measured kinematics frameraging resolution is still high at 180 or 300 pc after agang
the simulated observation of this model galaxy with noise leover a 3-pixel or 5-pixel wide bin. A post fit averaging intakrof
els corresponding to peak signal-to-noise ratios of 80 &di2 5 was used for th&/Nn.x= 80 dataset; while this was increased
each figure the actual kinematics are shown in grey (yell&w). to 7 for the noisyS/Nmax= 20 XV map. As shown by the plots
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Fig. 8a. Fitted kinematics (with beam correction) measured from X&fdam observed with a telescope beam of FWHMN kpc

and with a peak signal-to-noise of 80. To reduce the scattdre measured kinematics, the velocity dispersion andiootaurve

were averaged (post fitting) over an evenly weighted bin aftlwvof 3 pixels. In Fig[8b, the XV diagram built with the bdit-
measured kinematics and observed to the same telescoplcspiens is compared to the original XV diagram.

in Figs.[4h and4c, it was possible to recover the radial tienddecomposition method models all the flux as originating faom
the velocity dispersion for XV diagrams with these kinerogti single radial bin. Consequently, the measured velocitpetis
providing the pealS/N > 20. sion is broadened by the projected rotation of gas away from

In Figs.[4b and4c, we show the measured kinematics frdfjf line-of-nodes, i.e. at radii higher th&=R'; similarly the
the simulated observation of this model galaxy with noise leMeasured surface density is overestimated due to thevaitiib

els corresponding to peak signal-to-noise ratios of 80 @ndin2 of flux away from the lines-of-nodes. This problem is system-
each figure the actual kinematics are shown in grey (yell8w). atic of the rad|al. decomposition method, although itistreddy
mentioned above, both the rotation curve and the radiahsarf Unimportantas it only ects the outer few slices.

density are well measured, even in the low sensiti@iti}N= 20
andS/N= 30 figures. However, thelWelocity dispersion is par-

ticularly sensitive to high noise levels that submerge th&I0 o \\nderlvi : ; g

> O ! . ying flux profile. The radial decomposition fittialg

HI distribution. Comparison of an ideal XV map and XV map,ithm starts fitting where it finds velocity profile slicesthv
generated with finite telescope sensitivity and resolufsee ¢ greater than @ in 4 adjacent velocity channels. A galaxy

Fig.[4a) demonstrates the limited detected at low sensitivi- it an exponentially declining radial surface densityiegtly
ties. But despite the low flux recovery, these simulatiorsash ¢ 4 pea®/N < 5- 8 in the slices at the outermost12 kpc.

that Iowlsensitivi_ty (_)bservatio_ns St".l yield r_easonabbplarate Gaussian fitting of these lo®/N velocity profiles is particu-
kinematics, albeit with dramatically increasing meas\@Bt®r- |5y sensitive to underestimating the velocity dispensigue to
ror at lower sensitivities. fitting the noise peaks instead of the underlying flux profiis.

In the slice fits of the edge of the galaxy, the measurememisise peaks typically have a FWHM of 1-2 velocity channels,
are biased by twofBects. Firstly, in the outer few slices the radiathe velocity dispersion measurements in these outer fewiskpc

Secondly, the fits to the velocity profile of slices with very
low peakS/N ( £ 5 — 8) are biased by noise peaks dominating
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Fig. 8b. Top: Original XV diagram observed with a FWHM 2 kpc telescope beam and pegiN of 80. Middle: The XV diagram
built using the best-fit measured kinematics and observédtive same telescope resolution and sensitivity limite measured
kinematics used to build the model XV plot are shown in Eig. Battom: The diference between the top and middle diagrams.
Contour units are 2, 3, 5, 7, 10, 15, 20, 30, 50, 70 times thasrmoise in the channel maps.

contaminated with noise fits exhibiting a velocity dispersof 4.2. Effect of spectral resolution

oy ~ (1 - 2channelg)2+/2log2) ~ 1 -2 km s?. As the ra- .
di\;i| décomposition fistot(ing met%ozj progressively fits inveaess- Modern radio telescope array correlat?rs of the ATCA and VLA
ing the outer fits to model the gas at radii away from the life-ol'aVe @ spectral resolution 0f-35 km s, when configured for
nodes in each velocity profile, erroneous fits cause subseqtf?efrequincy bar|1|dtw |dth§ﬁx:|ent o <|:ove|r the r‘l“g'&;‘i' velcl)cny
measurements to oscillate around the correct value. These819€ © u‘; s_matt— o-mel IU?]S?:I\V/?/HQJ S)W"ﬁx ?h i m IS )t.'
roneous fits only fect the adjacent few slice fits as the typi-, "> 'S S |C|e_? dq resoive ?7 s thue o the ylplcz 'ntr'g'
cally near-exponential radial surface density in the oitedisk SIC gas velocily dispersion o n's(the commonly adopte

causes the flux contribution of outer radii to be relativehad. value) by 3-5 channels._ For this reason we did not investi-
gate how spectral resolution chang&®&eted the measurement

accuracy, although it should probably be considered if low H
clocity dispersions are found. All measurements of siteda

cessfully measure the radial distributions of the velodigper- | observations were corrected for instrument broadening, ac

sion, rotation velocity and surface density for XV diagrabt o cording to Eqn.[(P).

servations with peal§/N greater than 20. This could perhaps

be undertaken with lowe3/N maps, if the observation is actu-4 3. Effect of spatial resolution

ally detecting the bulk of the actuall Histribution, as could be

the case on a galaxy with an intrinsically shallow radiaface The shape of the beam is the largest factor apart from the sen-
density. The method breaks down for lov&N maps which are sitivity affecting the accuracy of the measured kinematics. But
dominated by the noise over a larger major axis extent of ghe dhe dfect of the beam smearing on the measuredkiHemat-
tected gas distribution. Also, as can be seen from the abgve fts is only serious if the intrinsic galaxy kinematics hagdeep
ures, the major limitation of the low signal-to-noise olysgion gradient over the scale of the beam. As a result, the observed
of the above galaxy model is that one is only detecting therinrHI distribution is more distorted over projected radial damsai
half of the gas disk, because the outer digKies below the 2 with steep gradients of rotation, velocity dispersion orfate
noise level. The outermost radius withfscient flux above @ density than those parts of the galaxy with shallower gradie

to allow kinematic fitting is marked by vertical dashed lires In practice, the observediHistribution of a small galaxy with

the XV maps observed with fierent noise limits in Fid. 4a. a maximum rotation speed of 100 km s! and a slowly ris-

In summary, the radial decomposition method is able to s
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Fig. 9a. Fitted kinematics (with beam correction) measured from X&fdam observed with a telescope beam of FWHMN kpc

and with a peak signal-to-noise of 30. To reduce the scattdre measured kinematics, the velocity dispersion andiootaurve

were averaged (post fitting) over an evenly weighted bin aftlwof 9 pixels. In Fig[ b, the XV diagram built with the bdit-
measured kinematics and observed to the same telescopficgpens is compared to the original XV diagram. The pldisw

that the larger beam of this observation allows the shaphe¥¢locity dispersion to be recovered more accurately ghiaigher
resolution observation with al kpc telescope beam, observed to the same noise limit (centp&ig[7a).

ing inner velocity dispersion is only minimally distorteg la  extent of the galaxy. To investigate thext of beam-smearing
telescope beam with FWH)M 300 pc. (See Figé. ba ahdl5b toon the measurements kinematics, simulations we analysed si
view the magnitude of the beam-smearifigets of diferentthe ulated, noise-less XV maps. Fi§is] 5a 5b show the redults o
beam size on the measured kinematics of the model galaxy.) fits when beam-smeared with a telescope beam with an FWHM
s smodtf 1.0 and 2.0 kpc beams. The beam-smearifigoe becomes
guite dramatic in the measurements of galaxies observed wit
1'8538 beams (2 kpc or more). Because of the location of tie gri

pc. The sensitivity of the observations and accuracy ofaldéet points, the unc_:orrected kinematics shows some marked asym-
kinematics was improved by convolving the observations by etges (e.g. Fid. 3a) which are almost completly c(;jordabge
larger beam size prior to fitting. This is demonstrated irsffg (1€ Peam-smearing correction process (Figs. 6a.and 7a).

and9a which show the measured kinematics using beam correc-

tion from the same galaxy observed with FWHM beams of 1 and ag explained in SecE3.2, beam-smearing causes the veloc-
2 kpc, respectively, at a low sensitivity with pe&kN of 30. ity profile of a slice to deviate from a sum of Gaussians. As a

However, as the beam-smearing correction is performed tBsult, the measured fits of the velocity dispersion andiosta
deconvolution — which amplifies thedfective noise — it is im- velocity oscillate around the true value, due to the pragjves
portant to perform beam correction only over the major axigature of the fitting process. Similar oscillations alsowda
range #ected by beam smearing. Otherwise one is adding uhe fitted surface density; however these oscillations arfux
necessary scatter to the measurements across the whaié radales lower than the scatter due to noise.

Calculation of the dark halo mass density require
functions of the kinematics. Consequently, it is more intaot
to determine the gas kinematics on scales of 1 kpc, than
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Fig. 9b. Top: Original XV diagram observed with a FWHM 2 kpc telescope beam and pegiN of 30. Bottom: The XV diagram
built using the best-fit measured kinematics and observédtive same telescope resolution and sensitivity limite measured
kinematics used to build the bottom plot are shown in[EifyBedtom: The diference between the top and middle diagrams. Contour
units are 2, 3, 5, 7, 10, 15, 20, 30 times the r.m.s. noise ictlhanel maps.

The best procedure is to first perform an initial radial deFhe velocity dispersionis well recovered over large rastiales,
composition fit of the galaxy without beam-smearing coioect except for the measurements on the low signal-to-n@ge £
This gives accurate kinematic fits at radii where there isangd  30) dataset observed with the 1 kpc beam. Very high signal-to
intrinsic gradients of the kinematics. The radiiected by beam- noise observationsS{N 2 100) were able to recover the radial
smearing are determined from the radii with oscillating meaelocity dispersion structure on sub-beam scales to aciasraf
sured fits. Subsequent iterations of the fitting processpare less than 1 kms, however measurements to observations with
formed using beam smearing in this radial range. As expthinkarge beams FWHI> 1 kpc at 30< S/N < 100 are limited to
in Sect[3.2, the shape of the inner galaxy kinematics aie esecovered the velocity dispersion on radial scalesbFWHMy
mated by extrapolating inwards to build the mini-XV diagranand an uncertainty of approximately-12 km s1.
used in beam-correcting the radifected by beam-smearing. The measured rotation curve is accurately recovered. The
Fortuitously, the large radial gradients of the intringiedmatics surface density is also recovered with good accuracy, thtue
that necessitate beam smearing correction occur predathinauncertainty is more sensitive to the noise level of the XV map
in the inner disk. Most late-type, gas-rich galaxies congaifi-
cient H in the inner disk to apply the beam smearing correcti
method.

Figs.[6& td 9a show the measured kinematics fits obtainee minimise the noise sensitivity of the velocity dispersfi-
with beam-smearing correction of XV maps obtained from moting method, various adaptions were trialed on simulatestob
erate (FWHM= 1.0 kpc) and low spatial resolution (FWHM vations with diferent spatial resolutions and noise levels. These
2.0 kpc) XV maps. The measurements are undertaken on battaptions trialed were:

024. Fine tuning the iterative method

low and high sensitivity XV maps (pe&yN= 30 andS/N= 80, e Binning of theR’ dimension of the XV map prior to fitting
respectively) at each spatial resolution. The XV maps ith  to increase the signal-to-noise.
the measured kinematics are displayed in Figk. blto 9b. e Smoothing of each velocity profile slice through the XV

The residual ffects of beam-smearing after correction imap by a Gaussian of known dispersion prior to fitting kinemat
high SN data (peak 8\ = 80) can be appreciated by comparingcs to each velocity slice. Profile broadening by a Gaussi#im w
Figs.[4b (300pc beand), ba (1 kpc beam) 8a (2 kpc beangrying FWHM from 3 to 6 velocity channels was tried. This
It can be seen that the beam correction process does a goodgddhitional known source of velocity dispersion was takeo in
of correcting the beam-smearing that occurs over the iniskr d account in the derivation of thelelocity dispersion.
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Fig. 10a. These plots display measures of the fit to the kinematics andthese areféected by varying the iterative onion peeler
for a synthetic galaxy with signal-to-noi&fN= 80, and a small beafiy,= 0.3 kpc. The first three columns show the integrated
absolute dierence between the final model and the the original XV diagoaraach kinematic function (from left to right respec-
tively velocity dispersion ‘SigmaR’, rotation velocity “&nd surface density ‘Surf’), normalised by the number ghslines within

a fit. The units for the total fit dierence of the velocity dispersion and the rotation curveraken s, while the surface density
difference is measured in log flux. The fourth column displaysntegrated flux dierence between the final XV diagram built
from the best fit kinematics, and the original XV diagram, agecentage of that in the original XV diagram. See the texfufther
explanation.

e Smoothing of the derived fitr, 4 (R) with a Gaussian e Damping of the model incrementations(see Fig[B) to
FWHM of varying number oR’ pixels. The smoothed fits wereminimise oscillations in the fits used to create the new model
then compared to determine the new madggl; (R). Only the Damping was only applied to the model incrementation of the
velocity dispersion fit was smoothed, as the rotation cune avelocity dispersion, as the small scatter of the fits to thation
deprojected surface density fits exhibited a very low scatte  curve and H surface density removed the need for any model

damping.
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Fig. 10b. These plots display the same measures of the fit to the kinesrest in Fig[C10a, but now for a synthetic galaxy with
signal-to-noises/N =30. Lay-out and units are the same as in Eig] 10a.

Several variations were tried for each adaption, resuiting indicator of measurement accuracy on large scales, it te qui
108 separate simulations, which were run on both a HigN€  sensitive to measurement errors on small radial scalesefExc
80) and low §/N= 30) signal-to-noise XV map observed withfor one fit which diverged in the simulations on low signal-to
a 03 kpc beam. The galaxy model used was a exponential ibise XV diagram, the summed residual was not more th@h 1
surface density, constant Melocity dispersion and afiierential (0.25% in the SN80 dataset) of the total flux in the original map
rotation curve. Two indicators of the accuracy were meakure for both the low and higts/N measurements, being approxi-

Firstly, a residual XV diagram was calculated by subtragtifmately three times greater in the fit to the low signal-toseoi
the original XV diagram from the XV diagram formed from thenap.
best fit kinematics. The summed absolute residual XV flux in % Secondly, we also used thef@dirence between the kinemat-
of the total flux in the maps is displayed in the plots in the facs measured from the XV diagram formed with the best fit kine-
right column of Fig[ZI0a for th&/N= 80 results, and Fig._10b for matics and the kinematics measured from the observed XV dia-
the S/N= 30 results. While the residual XV diagram is a goodram. The dierence in fit (again absolute values) at each radius
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was then summed to form a totalfidirence for the fit to that 5. Summary
kinematic function. We were able to compare the fits obtain
from binned and un-binned XV maps, by normalising the tot

difference in fit by the number of sightlines used in the fit. T : X . SN
normalised total fit dference for each kinematic function is dis- escribe the planar kinematics and distribution of a galthey

played in the plots in the first three columns of Fig.]10a far tfﬁ.idial H sur_ﬁlge denrs]ityé, _the rqtatjf(_)n curve and thevlelloci'gy
N= 80 resul nd Fig_10b for tt&N= 30 results. ispersion. This method is a significant improvement on iprev
S/N= 80 resuilts, and b for tr/N=30 results ous methods to model edge-on galaxies which approximated on
Each line marks the trend in the normalised total fifedi lor n;orel of_theshe kl?herrt]atlc fuknc_tlonls.t Measgr(eﬁrggnts O:; S('jmu'
ence if only the method plotted on the abscissa is varied, Aipd galaxies show that a peak signal-to-noise & Is neede
"?ﬂ accurately measure all three kinematic functions on axyal

all other method variations are held constant. Sometimes tir. e ;
diamond symbols overlap, giving the impression that theee é/\qth alntrlnsmally.steep (exponential over all R) surface den-
' y. However, reliable measurements would probably also b

fewer simulations in some of the panels. However, the num P ; , . 2

of lines in each panel is the same and the variation of pammeb%m?r']ned with :)hbserv?r?ogs ﬁt algealik sgnal-to-ncﬁi;&ll(N 20)| .

is distributed evenly over the various panels. The largeagpr ~Urtneérmore, the method should aiso be successtul on galaxi
with an intrinsically shallower surface density — as is coomm

in normalised total fit dterence of the dierent lines is primar- . t disk qalaxies due to depleti fil the stellar disk
ily due to binning the XV diagram along the major axis priof! MOSt diSk galaxies due o depletion o € stefiar disk.
d In the next paper in this series, we present the derived H

to fitting. In the plots showing how the measurements vari?( ; ; . .

with other method variations, the lines with high measuname Inematics ar_1d radial surface density of our galaxies as mea

error are those which used a large major axis binning intervaur.eOI with ltth's T].Et;“.)d' Paper '(IJ: alsofcon:_ams ]Ehelv(ecgw_ﬂal

As expected, binning the XV diagram prior to fitting reducer:(;'ing [JeSSIrL: Sth\g dlg rE’&?gjggtriﬁzﬁo#gﬁéﬂzr?er%igcs e

the amount of major axis structure information, which drama 9 proj :

ically increased the measurement uncertainty of all thitéedfi acnowledgements. We are very grateful to Albert Bosma who contributed

functions. The dierent values of the binning interval have inyreatly to initiating this project. He pointed out that aring studies are

some cases resulted in the outcomes being distributedeebin best doorpe on ed%tle_-ohn égalaxli(esk with Iowfmgximum rc)ltation?;dﬁi!?S, and §

ot we used an unpublished Parkes silirvey of edge-on galaxies by Bosma an
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