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ABSTRACT

While Norma (ACO 3627) is the richest cluster in the Grearaktor (GA) region, its role
in the local dynamics is poorly understood. The Norma clulsés a mean redshift {zi)

of 0.0165 and has been proposed as the “core” of the GA. We Usaa theK ;-band Fun-
damental Plane (FP) to measure Norma cluster’s distanterespect to the Coma cluster.
We report FP photometry parameters (effective radii anthsarbrightnesses), derived from
ESO NTT SOFI images, and velocity dispersions, from AAT 2g&csroscopy, for 31 early-
type galaxies in the cluster. For the Coma cluster we use 2Mifséages and SDSS velocity
dispersion measurements for 121 early-type galaxies tergénthe calibrating FP dataset.
For the combined Norma-Coma sample we measure FP coefficibnt= 1.465 £+ 0.059 and
b=10.326 + 0.020. We find an rms scatter, ilog o, of ~ 0.08 dex which corresponds to a dis-
tance uncertainty of- 28% per galaxy. The zero point offset between Norma’s and &om
FPsis0.154 +0.014 dex. Assuming that the Coma cluster is at rest with respebgtcosmic
microwave background frame andyp(Coma) = 0.0240, we derive a distance to the Norma
cluster of5026 + 160kms™!, and the derived peculiar velocity is72+170kms™1, i.e.,
consistent with zero. This is lower than previously repopesitive peculiar velocities for
clusters/groups/galaxies in the GA region and hence thenda@luster may indeed represent
the GA's “core”.

Key words: galaxies: clusters: individual: Norma cluster (ACO 362 %alaxies: distances
and redshifts — galaxies: photometry

1 INTRODUCTION shift survey of the Hydra-Centaurus region, da Costaleflage)
: N 1
By studying the sky distribution of the Sc galaxy sam- concluded T[hatthls supercluster e.x_tendsgg_?SSOOkm.s .
The discovery of large positive streaming motions in the

le of [Rubin etdl. [(197 h h | -
01 Sandace (1675). Chincarni & Rdoit (1576 found evidenee, Hycra-Centaurus director_(Lynden-Eelle hl1068) led e
'dea of a large, extended mass overdensity, i.e., the GritcA

for a supercluster in the Hydra-Centaurus region. This su-
percluster encompasses the rich clusters now catalogued as for (GA), dominating the local dynamics. They found a siupri

Abell S0636 (Antlia, vne ~ 2800 kms), Abell 1060 (Hydra, ingly large positive peculiar velocity for the dominant Gérsub-
vhr ~ 3800 km s'1), Abell 3526 (Centaurus,, ~3400kms 1) component of the Centaurus cluster, i.e., +110@08kms .

and Abell 3574 (IC4329y,,. ~4800kms ). The Local Super- Whlle_ several _S’FudIeS confirmed the presence of.these lagitve
cluster has a sizable motion-@00 kms ') towards this super- ﬁar Ve|OCItI.eS,.§.gL_AaLQD§_QD_Qt Mg

cluster (Sh 1984 Tammann & San 1985) and the galaxy ), aillnon-5|gn|f|cant peculiar velocity for Cen30 of 826 _
motions in the Local Supercluster have a shear that is @idetci- 300kms ' was measured by Lucey & Catter (1988) (c.f. Burstein,

wards Hydra-Centauru’ (Lilie, Yahil & Jones 1086). From d-re ' aPer & Dressler 1990). _ _
Subsequently the SPS redshift survey (supergalactic ptahe

shift survey, Dressler 1988) and the redshifts of IRAS galax
in this region |(Strauss & Davls 188) confirmed that there was

substantial concentration of galaxies in this region editey from

T EnTZ:: ;%%%;Ségztt'ﬁf:&za 2000 to 5500 km's'. While in the literature the GA term has been
1 E-mail: pwoudt@ast.uct.ac.za used differently by various studies ( Lynden-Bell
§ E-mail: john.lucey@durham.ac.uk IBurstein et al.| 1990 LR.OMLaﬂ_R_O.bLn.S_QD_dth_ZlQQQ._MQ_uJ_d_bt al
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12000;[ Courtois et al. 2012, 2013), an inclusive definition tiee
GA is the mass contained in the volume spanrirg60 to 350,
=-35 t0 45, vy =2000 to 6000 km's'. This broad definition
encompasses the Hydra-Centaurus supercluster but exerass
the galactic plane to include Pavo-I, Pavo-1l and the Nortaster.

After more than two decades of study the nature and
full extent of the GA is still not well established. The orig-
inal work by [Lynden-Bell et al. [ (1988) estimated the GA to
have a mass ok 5.4 x 10'®Mg, centred at 4,b) = (307°,9°)
and vne = 4350 £350kms™'. From SBF (surface brightness
fluctuation) distances for~300 early-type galaxies (ETGS)
Tonry et al.[(2000) place the GA &t b, vne1) = (289°, 19°, 3200+

260 km s7') with a mass~ 8 x 10'°Mg, i.e., approximately six

times less than the original derived mass. As the GA spans low

galactic latitudes, where the extinction is severe, oueustdnding
of this important local large structure is still incomplete

Beyond the GA atl( b, vner) = (312, 31°, 14400 km § ') lies

the extremely rich Shapley Supercluster. While first recseph by
mO) as a very populous cloud of galaxies, thigstr

ture was highlighted by Oort (1983) in his review of supeselu
ters. With the publication of the southern extension to thlA
cluster catalogue (Abell, Corwin Jr. & Olowin 1989) a Iargmn
ber of rich clusters in Shapley was noted (Scaramellal 2089
|Raychaudhufyl (1989) from an analysis of galaxies on the UKST

survey plates independently found this remarkable stractu

The role of Shapley in the local dynamics is unclear. While
most studies concluded/advocated that Shapley has onlyda mo
est contribution £100kms ') to Local Group motion with re-
spect to the CMB, e.g.. Ettori etlal. (1997); Branchini e(#9299);
IHudson et 81.[(2004), some studies have concluded a muotrlarg
contribution 300 kms!), see, e.g.]_Marinonietall (1998);
[Kocevski & Ebeling [(2006). The lack of clear evidence for any
backside infall into the GA (Mathewson et al. 1992; Hudsof4)9
led to the idea that the Shapley supercluster dominates dtiems
on the farside of the G 90). Extensive refishir-
veys (e.g.. Radburn-Smith et al. 2006; Proust Et al. 120069 hex
vealed the complex interconnections of the structuresgrégion.

The Norma cluster (Abell 3627) was identified by

IKraan-Korteweg et al.| (1906) as the richest cluster in the GA
region lying close to the galactic plane &t §, vn.) = (325, -7°,

4871kmst) 8). Norma’s mass and richness
is comparable to the Coma clustmmoo& How the
observed motions in the GA region relate to Norma is of great

survey [(Woudt et al._2008, hereafter Paper I) and nearriedra
(Skelton. Woudt & Kraan-Kortewég 2009).

In this third paper we report Norma's distance (and hence
peculiar velocity) derived from distance measurementsaofye
type cluster gaIaX|es We use both the Fundamental Plane

[ 1987 Dressler etlal. 1987) and the neetri
aperture Faber-Jackson relation_(Faber & Jackson| 1976eyl uc
m). We apply these techniques using N{R-band photometry
where the effect of foreground galactic extinction is oriy.07
mag. We determine Norma’s distance relative to the Comaezlus
which we assume is at rest with respect to the CMB frame; uario
measurements support this assumption, m@
Bernardi et all. 2002; Hudson etial. 2004; Springob bt al.[p007

This paper is structured as follows. Sample selection,rebse
vations, and spectroscopic data analysis are discussi@. ifihe
photometric analysis is discussedf8. In §4, we discuss the meth-
ods used to determine the zero-point offset, and thereaftethe
zero-point offset into a distance and peculiar velocif§i)( We fi-
nally discuss our results undgf@l.

We have adopted, where not stated, standard cosmology with
Hy 70.5 km s~! Mpc™!, Qm = 027, andQa = 0.73
(Hinshaw et all 2009). For the Coma cluster we adopt a redshif
(zp ) Of 0.0240 which results in an angular diameter distance of
99.2 Mpc and a scale df’ =0.481 kpc for Coma.

2 SAMPLE SELECTION, OBSERVATIONS AND DATA
REDUCTION

2.1 Sample selection (photometry)

The Norma cluster has a mean heliocentric velocity.) of
4871+ 54kms ! and a velocity dispersions(;) of 925kms™*
(Paper I). For our Norma ETG sample we selected galaxies that

(i) had velocities withint 30 of vy, i.€., the velocity range
2096 kms' < v < 7646kms!

(ii) were within the Abell radius R4 =1°74), and

(iif) we had successfully measured a central velocity disipa

for (see§2.2).

This resulted in a sample of 31 ETGs. Figlite 1 (left paneljvsho
the sky distribution of our sample; all galaxies lie withir6® 4.
Figure[d (right panel) shows the velocity distribution of tample
which is very similar to the distribution of the 296 known sier

interest and this can be investigated via the measurement ofMembers.

Norma’s peculiar velocity. In general, if Norma is indeeddted
near the core of the “classical” GA overdensity, then thistdr is
likely to possess a small peculiar velocity. Whereas if gfaample,
the relatively nearby GA model dl._(2b00) is cotre

For our Coma cluster ETG sample we selected galaxies that

(i) were typed as E or E/SO or SO MS@QSO),

(ii) were redshift-confirmed cluster members,
(i) had a central velocity dispersion in SDSS DRS8

then the Norma cluster might be expected to have a negative dm_a”ﬂh) and

peculiar velocity of the order of —500kms. Alternatively, if

a sizable component of the observed GA flow were due to a

large-scale bulk flow caused by the distant Shapley supseriu
then the Norma cluster would possess a sizable positiveomofi
the order of +500 km's'. The large-scale peculiar velocity field
derived from density field reconstructions predict that iNals
peculiar velocity is less than 100 km’s (Branchini et al! 1999,
PSCz an 10, 2MRS).

There has been keen interest in the Norma cluster,
with dedicated multi-wavelength studies, for example ¥-ra
(Boehringer et al. 1996), H (Vollmer et al. [2001), deep opti-

L(Woudt & Kraan-Kortew

cal surveys eg_2001), a deep redshift

(iv) we were successfully able to measure the FP photometry
parameters from the 2MASS Atlas images (§@€3).

This resulted in a sample of 121 ETGs.

2.2 Spectroscopic data

Fibre spectroscopy was undertaken with the 2dF facility
[2002) on the 3.9m Anglo-Australian Telescdfer
the Norma cluster three fibre configurations were used. TitHs e
abled repeat observations of Norma’'s ETGs for velocity elisp
sion measurements as well as an in-parallel redshift swf/éye

(© 2013 RAS, MNRASO00,[THI6
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Figure 1. The sample selection for the Norma cluster NiR-band FP. In
the left panel, the outer dashed circle corresponds to tledl Admlius,R 4,
the black solid and the blue dotted circles correspond Ry and 1 Ry,
respectively. The red filled circles show the positions ef 31 ETGs. The
right panel shows the corresponding velocity distributithe over-plotted
Gaussian (blue solid curve) corresponds to the mean hatidce/elocity
and central velocity dispersion for the Norma cluster assuesl from 296
cluster member galaxies (Paper 1). The blue vertical dditedrepresents
the mean heliocentric velocity of our Norma cluster FP sampl

cluster (see Paper I). Immediately before the observatibribe
Norma cluster, two fibre configurations centred on the Centau
cluster (Abell 3526) were observed to calibrate the measuee
locity dispersions onto a standardised system. Along \kigls¢ sci-
ence frames, observations were also made of four K-giarg @
act as templates for the cross-correlation) as well astafigeand
flat-field frames.

The 2/1 diameter of the 2dF fibres translates into a physical
size of 0.70 kpc at the Norma redshift. As described in Papéel
observations were made with the 1200V gratings which reduit
a wavelength coverage of 4700-5848t a FWHM resolution of
125 km s at Mgb; this is sufficient to determine velocity disper-
sions down to~ 60 km s™1. Spectra were extracted from the raw
data frames, flat-fielded, wavelength calibrated and skyraated
using the AAO2df dr software packade After redshift deter-
mination via cross-correlation, the spectra were shifted rest-
frame wavelength and continuum subtracted. Velocity d&pas
(o) were measured by comparing galaxy spectra to those ofdhe st
lar templates, using the Fourier quotient metho

). Errors were determined by bootstrap re-sampliagfiec-
tra.

Systematic offsets in velocity dispersion measurements at
the level of ~0.015dex exist between different observing sys-

tems (telescopes, spectrographs, runs, etc). The SM#iGject
(Hudson et dil 2001) intercompared measurements from 27 dif

ferent systems and constructed a standardized system of ve-

locity dispersions. Our Centaurus velocity dispersion soee
ments were used to calibrate our 2dF data onto the SMAC sys-
tem. Table[ll presents our velocity dispersion measurenfents
the Centaurus cluster galaxies; the independent measoreme
from the two different fibre configurations are reported.oPri

to the comparison to SMAC, our measurements were averaged
(weighted mean) and corrected to a standardized physieat ap
ture size of~270rm =1.1907 ! kpc following the prescription

Lhttp://wwv. aao. gov. au/ 2df / aaonega/ aaomega_2df dr.
ht m
2 Streaming Motions of Abell Clusters

(© 2013 RAS, MNRASD00,[1HI6

of Jorgensen, Franx & Kjaergaard (1995):

log onorm = log o + 0.04 log (

o G,
Tnorm

whereo,orm 1S the normalised velocity dispersion corrected to the
standard aperture of radiutgo:m, o is the measured velocity dis-
persion and~ 2., ™' kpc for this work is the projected fibre
diameter at the cluster distance. For our adopted cosmdleily

Ho = 100k km s~ Mpc™'), at the Centaurusz(= 0.0123),
Norma ¢ = 0.0165) and Coma £ = 0.0240) distances, 2,orm

is equivalent to 681, 5705, 3751, respectively; for fibre diame-
ters of 2’1, 2”1 and 3 the corrections are-0.0204, —0.0152 and
—0.0027, respectively.

The two fibre configurations centred on the Centaurus cluster
resulted in 26 velocity dispersion measurements for 18xgzga
There is good agreement between our 2dF measurements and the
SMAC standardized values with an observed mean offset (SMAC
2dF,0rm) Of +0.01224- 0.0073 dex (see Figl 2pper panel). There
is a sizable overlap = 130) between the SMAC survey and the
more recent fibre velocity dispersion measurements in thiaem
hemisphere by the SDSS D@Oll). There is also
good agreement between these two surveys with an obsenad me
offset (SMAC-SDSS.,mm) of +0.00454- 0.0039 dex (see Fifll 2,
lower panel). Included in this comparison are 38 Coma cluster
galaxies; these have an offset of +0.0039.0067 dex. The Coma
cluster galaxies are represented by the open squares iowiee |
panel of Fig[2.

Our velocity dispersion measurements for the Norma cluster
galaxies are presented in Talile 2. The individual measursme
from the three fibre configurations are given. A total of 112 ve
locity dispersion measurements were made of 66 galaxiesizhw
we present only the 31 galaxies in our Norma sample. Alsongive
in Table2 for each galaxy is the averaged (weighted meangirg!
dispersion corrected to the standardized physical apesiae and
the SMAC system, i.e., a correction of +0.012 dex is applidte
uncertainty in calibrating to the SMAC system is 0.007 dexclvh
translates into systematic distance error at Norma 2¢6.

2.3 Photometry: observations and data reduction

While the effect of galactic extinction is significantly lewat NIR
wavelengths than optical, the sky is also brighter. The NKRR s
brightness also varies significantly at short time intesvab avoid
background saturation, NIR observations employ short sx@Es
with a dithering pattern. Such short exposures ensure aiecaky
determination, while the dithering mode minimises the affef
bad (dead, faulty) pixels.

For the Coma cluster photometric analysis, we used the fully
calibrated and reduced 2MASS Atlas ima@ﬂo
2MASS observations employed a total of six sky exposureh eac
with 1.3s (total integration time-7.8s). The resulting frames
(with 2" pixel scale) were combined into Atlas images with resam-
pled 1’ pixels. The average FWHM seeing was” 2. Detailed in-
Eﬁa}tion about the 2MASS data reduction is give

).

The NIR imaging for the Norma cluster was conducted on four

nights in June 2000 at the ESO, using the SORstrument on the

3 SOFI (Son of ISAAC) is the infrared spectrograph and imagiagera
on the ESO New Technology Telescope (NTT), covering 0.9 205
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Table 1. Velocity dispersions for the Centaurus cluster. Bheandos columns refer to velocity dispersion measurements madetht two different fibre
configuration.err; anderrs are the errorse,orm IS the weighted average of the andoe measurements with the aperture correction applied (—@.628)

andlog o, , . is from table 7 of Hudson ethl. (2001).

Identification ~ RA (2000.0) DEC (2000.0) o1 ern o2 ey logonorm  €Morm  10gosmac  €rffsmac
E322-075 1246 26.00 -404508.6 139.7 26 1289 2.9 2.110 60.00 2.164 0.038
124831.02 -411824.1 83.9 5.0 1.903 0.026 1.893 0.026
124918.60 —-412008.0 81.0 3.8 1.888 0.020 1.911 0.026
E322-099 124926.27 -412922.6 121.6 2.1 2.065 0.008 2.072 0260.
E322-101 12493455 -410317.6 165.4 2.7 165.8 2.6 2.199 50.00 2.205 0.019
N4706 12 4954.17 -4116 46.0 226.1 2.7 2.334 0.005 2.325 0.014
1250 11.54 —-411315.8 113.8 3.2 119.5 2.2 2.050 0.007 2.075 0090.
125011.87 -411757.0 66.3 4.8 72.9 4.6 1.823 0.021 1.837 80.01
E323-005 125012.26 -413053.8 219.0 3.2 2152 2.7 2.316 40.00 2.343 0.026
E323-008 125034.40 —412815.2 137.1 3.0 2.117 0.010 2.134 0140.
E323-009 12504298 4125495 136.4 1.9 2.114 0.006 2.126 0180.
125137.33 -411812.3 126.2 3.2 2.081 0.011 2.120 0.025
1251 47.97 —-4059 37.4 74.0 3.5 74.2 3.1 1.849 0.014 1.884 50.02
125150.85 —-411110.7 65.3 5.2 1.794 0.035 1.720 0.025
125156.51 -413220.2 132.9 3.4 1323 2.7 2.102 0.007 2.095 0250.
N4743 12 52 16.02 -412325.8 135.7 2.3 2.112 0.007 2.107 0.021
12522258 -411655.5 218.4 3.7 2.319 0.007 2.309 0.025
125240.86 —-411347.3 124.1 51 127.3 4.9 2.079 0.012 2.154 0250.

Table 2. Velocity dispersions for the Norma cluster. The, o2 andos columns refer to velocity dispersion measurements madetht three different fibre
configuration,o. is the weighted average of tlig , 02 andos measurements with the aperture correctief). 0152 dex) and the run offset 6£0.0122 dex
applied.

Identification ~ RA (2000.0) DEC (2000.0) o1 ern o2 eI o3 errs  logoc err.
WKK5920 16 07 52.618 -60 31 12.95 206.8 4.6 2.312 0.010
WKK5972 16 09 16.053 —60 31 51.00 254.8 4.8 277.8 7.5 2.414 070.0
WKK6012 161012.103 -611601.15 151.3 5.2 147.1 6.4 2172 120.0
WKK6019 161017.131 -6057 32.44 269.7 6.2 250.9 5.0 2.409 070.0
WKK6047 16 1058.873 —-605524.51 96.8 3.7 120.9 6.3 2.010 30.01
WKK6116 1612 11.560 —60 47 00.00 230.6 6.3 212.9 6.8 2.344 090.0
WKK6180 16 1332.141 -61 00 22.69 212.4 6.5 200.6 4.9 2.308 080.0
WKK6183 16 1332.930 -604923.71 240.3 5.0 2.377  0.009
WKK6198 16 1354.073 -61 37 57.00 81.0 5.1 81.1 5.1 1.905 0.019
WKK6204 16 1356.206 —61 00 40.92 314.4 4.8 322.3 54 2.499 050.0
WKK6221 16 14 02.807 -602941.07 116.0 58 105.3 5.2 2.038 150.0
WKK6229 1614 10.410 -605101.34 163.3 5.0 2.210 0.013
WKK6233 16 14 18.007 -60 53 25.87 176.1 5.0 2.243 0.012
WKK6235 16 14 22.561 —61 08 38.17 139.3 51 2.141 0.016
WKK6242 16 14 30.538 —-60 53 46.35 280.5 6.8 249.6 7.8 2.424 080.0
WKK6250 16 14 45.228 -61 01 50.68 219.4 6.2 210.0 3.8 2.324 070.0
WKK6269 16 1503.833 —6054 25.61 381.9 6.9 2579 0.008
WKK6282 16 1515.440 -6056 15.54 183.0 5.7 194.1 4.9 2.274 090.0
WKK6305 16 1532.922 -603955.27 220.3 40 2079 3.8 2.327 060.0
WKK6318 16 1550.163 -6048 10.67 227.8 5.9 2.354 0.011
WKK6342 1616 18.929 -60 57 23.60 234.9 6.0 206.7 34 2.326 060.0
WKK6360 16 16 36.915 -61 02 45.90 323.4 4.7 330.0 6.6 310.2 73505 0.005
WKK6383 1617 00.358 —60 52 24.96 165.3 4.9 147.9 5.7 2.195 100.0
WKK6431 16 1757.345 -605522.98 191.8 4.9 197.0 4.2 2.286 070.0
WKK6473 1618 41.300 —60 17 38.00 112.6 4.6 130.5 8.3 2.064 150.0
WKK6477 16 1848.612 -610447.79 128.6 5.2 2.106 0.018
WKK6555 16 20 15.031 —61 00 44.75 161.6 3.3 162.9 3.9 2.207 070.0
WKK6600 16 21 06.095 -60 37 08.90 221.9 4.7 215.2 6.6 2.338 080.0
WKK6620 16 21 26.857 —611106.12 57.1 9.9 64.2 109 1.777 30.05
WKK6615 1621 26.940 -612442.51 129.1 5.8 2.108 0.020
WKK6679 16 2234.872 —-610214.19 141.4 3.4 155.0 55 2.159 090.0
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Figure 2. Comparison of the velocity dispersion measurements from
SMAC, 2dF (aperture corrected) and SDSS (aperture codectde up-
per panel is the comparison of the 2dF Centaurus measureméhtthe
SMAC values. The lower panel is the comparison of the SDSSSAMAC.
Open squares represent the Coma cluster galaxies.

Figure 3. Images of one of the Norma cluster galaxies in our FP sample;
WKK 6318, from 2MASS (left panel) and ESO/NTT (right panel).

3.6 m NTT. The SOFI imaging instrument provides a higherlteso
tion due to the low pixel scale (@9 per pixel), and therefore pro-
vides higher quality (well resolved) images, than 2MAScliSa
relatively low plate scale imaging instrument, combinethvgood
seeing conditions (mean FWHM for our observations-i” 08),
is crucial, especially in the crowded, high stellar-dgnsibrma re-
gion. For our sample, a total integration time of 300 s sptit ~ 40
short exposures of 7.5 s each was used.

Standard NIR data reduction procedures were applied,dnaclu
ing: dark subtraction, flat-fielding, sky-subtraction, amnbining
the dither frames for each target into a single science imatgge
calibration (both astrometric and photometric zero-®)imtas per-

5

3 PHOTOMETRY DATA ANALYSIS

The FP is the relationship between two photometric paraisete
(that is, the effective radius;. and the mean surface brightness
within that radius{u.) ), and the central velocity dispersion. In this
section we describe the methods adopted to determinad(y.).
The Norma cluster is located close to the galactic plane eviigl-
lar contamination is severe and therefore special teclsiguere
needed to reliably subtract the foreground stars.

3.1 Star-subtraction

Star-subtraction was performed using a script that emplays

ous IRAF* tasks mostly from theRAF package RoPHOT

[1987). Figurd ¥ shows one of the images in our sample before
and after star-subtraction (left and right panel, respely). We
have performed a thorough analysis to investigate the tefiec
our star-subtraction algorithm on our photometry for theria
cluster. To quantify this effect, a simulation was perfodmes-

ing 12 ETGs from the Centaurus cluster. The choice of the Cen-
taurus galaxies was motivated by the low stellar densitythin
simulation, stars from a typical, randomly selected Norneddfi
were added to the Centaurus galaxies. Photometric analigss
performed both before adding and after subtracting thersupe
posed stars. We found a small correction with a mean value of
Am = —070106 &= 070003 (see Fig[[Al). We apply this value

to correct the measured galaxy magnitudes for star-sulunaef-
fects.

3.2 Sky background estimation

For accurate photometry, a reliable estimate of the skydrackd

is crucial — over-estimating the sky value results in gaaxippear-

ing fainter than they are, and vice-versa. We have detedrtine

sky background within an annulus and measured the median sky
value. The width of the annulus varied according to theahisti-
mate of the galaxy size, i.e., we approximated the galaxg/tsibe

~ three times the measured effective radig @nd set the inner
and outer radii t®3.5r. and6r., respectively. In cases (only for
the Coma 2MASS images) where the outer radius.} is greater
than the image size, the outer radius was set to match theeimag
size but excluded the pixels on the edges. To minimise treeteff
of unresolved stars and other major artefacts, we itetgtamplied

a 2o, clipping whereo is the standard deviation in the sky back-
ground within the annulus used. This effectively narrowslthe
effect of outliers at both the lower- and higher-ends of thelp
value distribution. The resulting distribution is Gaussia nature
with the median sky value: mean sky value.

3.3 Determination of total magnitudes: surface brightness
profile fitting

formed using the 2MASS Point Source Catalogue (2MASS PSC, Galaxy surface brightness profiles are usually fitted usisignale
'Skrutskie et all 2006). Figutid 3 shows a comparison between asgrsic [(Sersic 1958) profile. In flux units, the single &rsmpo-

2MASS (left panel) and a SOFI (right pandt);-band image for
the Norma cluster galaxy WKK 6318. The white circle représen
80". Clearly, the low pixel scale of the SOFI imaging instrument
coupled with our deep observations significantly impromestual-

ity of the images and hence the reliability of the photoneatsults
—the high resolution of the SOFI instrument results in wedlalved
point sources which can then easily be subtracted.

(© 2013 RAS, MNRASD00,[1HI8

4 |rAFis the Image Reduction and Analysis Facility; written anpisarted

by the IRAF programming group at the National Optical Astronomy Obser-
vatories which are operated by the Association of Univiesitor Research

in Astronomy, Inc. under cooperative agreement with theddat Science
Foundationhtt p: / /i raf . noao. edu/
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Figure 4. Star-subtraction — WKK 6318. The left panel shows the ogbimage while the right panel shows the corresponding inadige star-subtraction.

nent takes the form:

I(r) = Ioexp [— <:—0) %] .

I refers to the central intensity, is the scaling radius; is the
Sérsic index, also known as the concentration or shapenedea
Special surface brightness profiles, where 0.5, n=1,n=4 are
referred to as Gaussian, exponential and de Vaucouleufisepro
respectively. In units of magnitudes, Egj. 2 can be expresstite
form:

@)

®)

1
ulr) = plro) + 1.086 [(1) ];
o
wherepu(ro) is the central surface brightness in mag arcéeand
fre < —2.5 log Ie.

In our photometric analysis, we have used the IESE task
under the $SDAS-ANALYSIS—ISOPHOTEpackage in RAF, to fit
isophotes and derive galaxy surface brightness profiles ré@sult-
ing surface brightness profiles were then fitted using a coatioin
of two Sérsic functions (see, e. mow) arddh

tal flux was determined by extrapolation. The fitting methaasw

The total luminosity,L+. for a single Sérsic component, can
be obtained by extrapolating the surface brightness profilefin-
ity. Within a given radius',,.x, the luminosity,L,,.... is given by
integrating the galaxy profile to the given radius

Lioy = / 2771 (r) dr = 2nlonro” T'(2n); (4)
0
Lo = / 27mrI(r)dr;
0
r 1/n
= 2nlynro’y [27% (M> ]; ®)
To

whereI'(z) and~(s, z) are the complete and incomplete gamma
functions, respectively. For a double Sérsic profile, titaltlumi-
nosity for the galaxy is computed by combining the two compo-
nents. To recover the galaxy flux in the outer parts that wotte
erwise get lost within the background noise, we apply:

Liot = L (r = rmax) + L (rmax <7 < r'oo) .

(6)

3.4 Effective radius and PSF correction

applied to both Coma and Norma samples. Fidre 5 is an exam-

ple of the fitted profiles, for Coma (top) and Norma (bottonf)eT
red solid line represents the best fit (which is the sum of W t

Sérsic components), which we extrapolate so as to deterthm
galaxy flux that would otherwise get lost within the backgrdu

noise. The data used to fit the galaxy surface brightnesslggofi

for the Norma sample were restricted for the radius rangiomf
twice the FWHM (indicated by the small dashed vertical lioes

the extreme left) to where the galaxy flux is.Jabove the sky back-

ground (vertical dashed lines on the extreme right). FWHRKBl@n

are the seeing and sky background deviation for each image, r

spectively. For the Coma sample, we restricted the data tttirwi

an inner radius of 05 and an outer radius where the galaxy flux is

1o, above the sky background.

The effective (half-light) radius for each galaxy was meedu
from the circle enclosing half the total flux through intelgdmn.
This was then corrected for seeing effects usimg. 81 (Version
3.0.5m0) following the descriptiolﬁm.

), i.e., we used &.FIT to model the galaxy images with and

without PSF convolution. The effective radii were measurec
the resulting QLFIT models. The difference in the effective radius

5 For convenience, we have left out the fadtbr- e); wheree is the galaxy
ellipticity, since it does not affect our final expressiornr tbe magnitude
correction;dm. The full expression should be:

Loy = / 2n(1 —e)ri(r)dr
0

(© 2013 RAS, MNRASO00,[THI8



The near-infrared K ,-band FP of the Norma cluster

7

2MASXJ12590006+2758029 2MASXJ12592491+2744198
E ‘ T T T ‘ T T T ‘ T | F ‘ T T T ‘ T T T ‘ T T T ‘ ‘ T pu|
=12 ‘ Hop= 1745740036 | — 121 ‘ fo 5= 17.83840.057 ]
T 1 To5 = 3.383£0.056 1 0, F | o5 = 4.697+0.114 1
2 16 | ngs = 0.637+£0.009 | 38 15 ‘ ngy = 0.563£0.015 ]
Z 0L Hoa= 17644200827 ! 4 Pk s 1593620011 | ]
£ T = 2.198+0.014 ‘ 1 AL = 227040007 i B
= [ oy, = 0.42040.009 | 1 2 [ ny. = 0.534+0.003 |
24 — 24 — .
C Il ‘ Il Il Il ‘ Il Il Il ‘ Il 1 Il ‘ Il Il Il ‘ Il | | — ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il [ Il ‘ Il Il Il ‘ Il i
= T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T ] [T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T
05 : 1 s :
=8 E ' 1 3 C '
3 e oo eI
—0.5F rms = 0.009 ! - -0.5F rms = 0.009 !
£ ‘ Il Il Il ‘ Il Il ‘ Il ‘ Il Il ‘ Il B £ Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il ‘ Il Il ‘ Il Il ‘
0 2 4 6 8 0 2 4 6 10
SMA [arcsec] SMA [arcsec]
WKK6318 WKK6242
‘ T T T ‘ T ‘ T T T ‘ = T T T ‘ T T T T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ ™
12k Hop= 1347540.015  _| 12— Hop= 1446940119 ]
S To5 = 5.388+0.100 1 5 [ o5 = 6.37240.316 ]
g b ngg = 1.626 £0.010 1 g E | ngy = 0.594£0.027 ]
g 16 L B 16 ! : .
= o B o = | 4
< L : « . | i b
%} L [ %D L |
£ 201 py,=11.833+0.022 P 820 g, = 12.781+0.093 | LE
= | 7o, = 1.734+0.038 1% b r. = 2954+0.096 1
24l Mo = 1.306=0.013 A 24 Mo = 0.5650.029 B
Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il ‘ | L Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il L ‘ Il Il Il ‘ -
T T T ‘ T T T ‘ T T T ‘ T T T ‘ T ‘ | ] T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T i
0.5 L4 05F 1 Iﬂ]ﬁﬂL
E ! e E ‘ ! I 3
J 00— ~— e I X st AL - -
-0.5 rms = 0.027 | = 0.5 XYY\’Y‘:k rms = 0.049 : =
£ Il Il ‘ Il Il Il ‘ Il Il ‘ Il Il ‘ Il ‘ B :\ Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il B
0 10 20 30 40 50 2 4 6 8 10 12 14
SMA [arcsec] SMA [arcsec]

Figure 5. Double Sérsic component fits to the galaxy surface brigistipeofile for some of the Coma (top left and right panels) &edNorma (bottom left
and right panels) cluster galaxies in our sample. The datetidot-dashed blue lines represent the individual Semitponents while the red solid line
represents the combined fit. The small dashed vertical litb@extreme left corresponds to a radius twice the seeMtH#) for Norma and an inner radius
of 0”5 (for the Coma sample). The small dashed vertical line orfaheght corresponds to the radius where the galaxy flux p@pmately equal to the
measured deviation in the sky background — these two snréitaklines represent the range of the data points usedtttefijalaxy surface brightness profile.
The subscripter and 3 denote the fit parameters for the two separate Sérsic coenpowhich were used to simultaneously fit the galaxy suffaicgtness
profiles. The best fit (solid red curve) is the combinationheftwo Sérsic components.

from the PSF convolved modeld,s¢) and the model without PSF
convolution (. nopst) iS the seeing correction, i.€ pst — e nopst-
This was subtracted from the effective radius measured tien
original image. The effective surface brightness is coregdtom

the seeing-corrected effective radius (circular) using
(e) = my,, + 2.5 log(2m) + 5 log re;

wherem, ., is the total extrapolated magnitude corrected for the

star-subtraction and sky background effects.

3.5 Measurement errors and analysis

The errors on the effective radius and the total extrapdlategni-
tude (and hencéu.)) are correlated. For the Norma cluster sample,
we modelled the errors in the photometric parameters using-G
FIT. Using the Q\LFIT output parameters (total magnitude, effec-
tive radius along semi-major axis, axial ratio, positioglan Sérsic
index) of the galaxy, we created mock images corresponditiget

convolved with the PSF image for the respective galaxy field b
fore adding it to the different positions in the original @&} image
field (the data image) but avoiding the centre or the positicthe
original observed galaxy. Photometry was performed on edich
the added fake galaxies and the output is compared with the in
parameters. The difference between the simulated and tagaim
tude is negligible, with a median value ef0"008. This indicates
that our photometry is not significantly affected by sky geats
or faint unresolved stars in the field. By using the mediaueal
for each individual galaxy field, the measurement error ertdial
magnitude from the simulation is 07024 0701. In addition, we
measured the magnitude error within an aperture whosessfoar
times the measured effective radius (taking into constaerahe
photometric zero-points error as well). The total error loa total
extrapolated magnitude is the quadrature sum of the ertaireul
through the simulation and the aperture photometry errtirivthe
4r. apertures. The measurement errors on the total magnitude fo
the 2MASS Coma cluster galaxies were determined followirgg t

respective GLFIT output parameters for each of the galaxies in  description given in the 2MASS All-Sky Data Release Explana
our Norma cluster sample. Each of the mock galaxy models was

(© 2013 RAS, MNRASD00,[1HI8
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Table 3.Corrections and systematic errors for the Norma ETGs. Ttieex
tion correction presented in this table is from SF11 (refesectior 3.6]1
for details).

Correction Error S/IM
1 2 3 4
Star-subtraction [mag] —0.0106 0.0003 M
Sky background [mag] —0.008 0.020 M
Photometric calibration [mag] - 0.025 S
o-aperture correction [dex] —0.015 - M
o-run offset [dex] 0.012 0.007 M
Malmquist bias [%] 0.587 - S
Extinction correction [mag] 0.057 - 0.088 - S
k-correction [mag] 0.042 -0.071 - S
Seeing correction']] 0.001 - 2.607 - M
Cosmological dimming [mag] 0.051 -0.091 - S

NOTES:

Column 1 represents the different corrections applied ecstiectroscopic
and photometric measurements for the Norma sample. Colusith2
mean value of the correction. Where the correction was eppd
individual galaxies, the range is given. Column 3 is the reorothe mean
value. M and S given in Column 4 refer to the type, i.e., meament and
systematic errors, respectively.

tory Supplement (sedattp://ww. i pac. cal t ech. edu/
2mass/ rel eases/ al | sky/ doc/ sec6_8a. html ). The er-
ror on the total magnitude was calculated using:
[(S/gav) + 1 (2k0.)? + (0.024n0.)%] /> -
S b
whereg., = G x N whereG = 10 is the gain,N = 6 is the
total number of co-added framesS,is the total flux,k ~ 1.7 is
the Kernel smoothing factog is the co-added noise, andis

Amag = 1.087

the total number of pixels within an aperture. We used a sfze o

aperture equal to four times the effective radius, so treaterture
magnitude within that radius would be a good approximatiotiné
measured galaxy total extrapolated magnitude.

For both Norma and Coma sample galaxies, we measured the

corresponding error in the effective radius (arising frdma error
in the total magnitude), and applied simple propagatiornrafrs to
compute the error in the mean effective surface brightness.

For our analysis, we adopt the correction factor of 0.86
by [Schlafly & Finkbeinér [(2011) which is a modification of
the [Schlegeletal. maps. We used NEDo extract the
|S_thail.)L&_E|nkb_em_é [(2011) extinctions in the Landdk-band
and converted them to th&,-band usingAx, = 0.085 Ag. The
extinction values for the Norma sample range from 0.057 to
0.088 mag (see Tallé 3). The mean difference due to the mmdific
tion is, on average, W11, which corresponds to a Norma distance
offset of 45kms*

3.6.2 Redshift and cosmological dimming correctionsto (. )

We applied ak-correction,kx, = —3.83z + 21.92%, as given
by@@g) Various redshift corrections exist,

(2003) gives a&-correction of—2.1z. Applying this correction re-
sults in a magnitude difference 602 and0703 for the Norma
and Coma clusters, respectively. The corresponding distafiset
for Norma is~ 33 km s™!

The cosmological dimming effect on the mean effective sur-
face brightness, which is due to uniform expansion of spaag w
corrected for, using thé¢l + 2)* term — the cosmological dim-
ming correction term is-10log (1 + z). At the redshift distances
of Norma and Coma, the mean corrections are 0.07 mag arcsec
and 0.10 mag arcseé, respectively.

3.7 Fundamental Plane datalog 7., {tte) and log o

The FP relates the stellar properties (central velocitpetision,
o), galaxy size (effective radius,), and the mean galaxy surface
brightness within the effective radiug{.)) of ETGs, i.e.,

®)

wherea and b are the FP slopes, whileis the intercept (zero-
point). The fully corrected mean effective surface brigiss (.. ))
that is finally used in fitting the FP is

Mot +2.5log (2772 ) — Ak, +kx, —101log (1 + 2) 5 (9)

logre = alogo + b{ue) + ¢;

<M6> =

wheremy.: is the measured total extrapolated apparent magnitude.
Table[4 shows the results for the Norma cluster sample. dieclin

the table are the final variables.( (u.), andlog o) used to fit the

FP. A similar table for the Coma cluster sample is providetha
appendix (refer to Tab[e’A1).

An independent photometric analysis was performed on the
Coma sample, where the effective radius for each galaxy was

measured based on the galaxy's total extrapolated magnitud
from the 2MASS Extended Source Catalog ttag200 4 RELATIVE DISTANCE BETWEEN NORMA AND

ISkrutskie et dll_ 2006). There is a small offset (median Vahfe COMA
07014 + 07009 between these measurements and ours, with
2MASS magnitudes being brighter. The median differencenén t
X-component of the FP (i.elog r. — 0.32(1)), between our re-
sults and the independent measurements0i§05 + 0.001 dex.

4.1 Fitting the Fundamental Plane

The FP relation (or the closely equivalent, > relation)
has been widely used to determine the relative distances of
ETGs and measure peculiar velocities, em
[1988;[ Lucey & Cartef 1988), SMAC (Hudson et fal. 1999, 2004),
ENEAR’ (da Costa et all_2000), EFAR(Colless et al.[ 2001),
6dFGSV (Magoulas et al. 2012).

3.6 Photometric corrections to{u.) and systematics

3.6.1 Galactic extinction corrections

The effect of galactic extinction can be corrected for using
DIRBE/IRAS reddening maps df Schlegel, Finkbeiner avis

@). It has been found however, that Meteﬂl NI

reddening maps, over-estimate the extinction at low Gialaa:t-

6 The NASA/IPAC Extragalactic Database (NED) is operated fzy et
Propulsion Laboratory, California Institute of Technojpginder contract
with the National Aeronautics and Space Administration.

7 Nearby Early-type Galaxies Survey

itudes where they are uncalibrated — see, et 8 Ellipticals FAR away
(2000); | Schroder et Al. |_(2d071,_S_Qh_|_aﬂ;L&_ELn_Kb_e|nd[ (2})11 9 Six-Degree Field Galaxy and Peculiar Velocity Survey

(© 2013 RAS, MNRASO00,[THI6
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Table 4. Norma cluster photometry results obtained by fitting antiagolating the galaxy surface brightness profiles.

Identification Tot. mag Te (pe) A, Zneo log o
@) @ ©) Q) ®) © @

WKK5920 9.93:t0.04  4.63:0.43 15.03%0.21 0.086 0.0159 2.31#20.012
WKK5972 9.64+0.05 6.72:0.76  15.54:0.25 0.079 0.0185 2.4340.010
WKK6012  10.89:0.05  4.48:0.38 15.94-0.19 0.080 0.0146 2.1420.014
WKK6019 9.94+0.04 3.72:0.26  14.56:0.15 0.070 0.0186 2.4@90.010
WKK6047 11.96£0.07 3.040.21 16.1#0.16 0.070 0.0180 2.010.015
WKK6116 9.39:0.03 6.66:0.56 15.330.19 0.066 0.0129 2.3440.012
WKK6180  10.15:0.05  6.040.59 15.8%40.22 0.065 0.0153 2.3@80.011
WKK6183 10.3G£0.04 4.35:0.30 15.2A40.16 0.063 0.0198 2.370.012
WKK6198  11.7H0.09  4.29-0.58 16.64:0.31 0.056 0.0158 1.9650.020
WKK6204 9.39:0.04 6.58:0.64 15.280.21 0.065 0.0154 2.4990.009
WKK6221 10.7G£0.06 6.44:0.48 16.5%0.17 0.066 0.0195 2.0380.017
WKK6229 11.59£0.04 1.92:0.07 14.78&0.09 0.063 0.0177 2.240.015
WKK6233 11.7#0.06 2.36:0.16 15420.16 0.062 0.0171 2.243.014
WKK6235 10.95£0.05 3.3#0.30 15.36:0.21 0.069 0.0135 2.1440.018
WKK6242 10.92£0.03 2.09:0.09 14.3%0.10 0.061 0.0175 2.4240.011
WKK6250 10.440.04 3.18:0.24 14.74:0.17 0.064 0.0206  2.3240.010
WKK6269 8.274:0.05 15.931.44 16.040.20 0.060 0.0182 2.5790.011
WKK6282 11.23t0.04 1.56:0.17 14.0&:0.24 0.060 0.0165 2.2740.012
WKK6305 9.15:0.04  8.05:0.61 15.450.17 0.080 0.0165 2.3270.009
WKK6318 8.706:0.06  15.52:1.46 16.48:0.21 0.073 0.0114 2.3540.013
WKK6342  11.04:0.03 ~ 2.3%:0.06 14.72:0.06 0.062 0.0162 2.3260.009
WKK6360 10.110.02 3.14:0.08 14.3%:0.06 0.063 0.0208 2.5@50.009
WKK6383 10.95:0.05 4.068:0.27 15.74:0.15 0.071 0.0185 2.199.012
WKK6431 10.840.03 2.5@:0.16  14.680.14 0.075 0.0118 2.2860.010
WKK6473 11.94£0.07 2.0:0.16  15.230.19 0.067 0.0186 2.0640.017
WKK6477 11.84£0.06 2.69:0.21 15.7%0.18 0.073 0.0135 2.1660.019
WKK6555  11.04:0.06 ~ 2.79:0.38 15.05:0.30 0.067 0.0165 2.2670.010
WKK6600 10.040.05 5.15-0.58 15.4#0.25 0.068 0.0168 2.3380.011
WKK6615 12.04£0.08 2.22:0.21 155%0.22 0.060 0.0139 2.1@80.021
WKK6620 12.94£0.21 2.83:0.56 16.9A40.48 0.062 0.0208 1.7770.054
WKK6679 10.79£0.04 3.19:0.20 15.16&:0.14 0.074 0.0155 2.1590.012

NOTES: The columns refer to (1) galaxy name (2) the measwatafieéxtrapolated magnitude corrected for the star-satidraand background effects (3)
effective radius in arcsec corrected for the seeing eff§ctnean effective surface brightnessiimg arcsec~2, corrected for galactic extinction, redshift,
and the cosmological dimming effects (5) galactic extmetirom SF11:Ax . = 0.085 Ap (6) galaxy redshift (heliocentric) (7) central velocitysgersion
in dex, with both aperture correction and run offset applied

We have used the Coma cluster for calibration. To minimise 4.2 The MIST algorithm

the effect of sample selection biases and the effect ofeyatlive
fitted for the FP parameters by minimising the absolute tesdsd

along thelog o direction (Strauss & Willidk 1995; Jorgensen et al.
[1996;| La Barbera et al. 2010). Simultaneous least-squattig fi
was used by constraining the FP parametesiadb to be the same
for both Norma and Coma, while we allowed the FP intercepts to

vary between the two clusters.

Our FP fit parameters are = 1.465 4+ 0.059, b = 0.326 +

0.020, with an rms scatter of 0.08 dex inlog 0. The zero-point

For comparison, we have fitted the FP using the Measurement
errors and Intrinsic Scatter Three dimensional (MIST) atpm
kindly provided by|La Barbera, Busarello & Capac¢idli (2000
The MIST algorithm is a bisector least-squares fit, used terde
mine the FP parametess b, andc. The statistical errors on the FP
coefficients are computed through an inbuilt bootstrapyasisl For

the MIST algorithm, we fitted the Coma FP (alolog o-direction)

and fixed the slopes andb to determine the median value of the

offset is 0.154 +-0.014. Figure[® shows the projected FP. The interceptc, for the Norma cluster. The FP zero-point offset mea-

Norma cluster which is represented by the red filled circkestieen

shifted to the Coma distance. The error in individual galdist
tances isA, = aln(10)A.. For cluster distances, the percentage While low velocity dispersion galaxies have larger measure

error reduces according to the number of galaxi€¥ iq the sam-
ple, and is given by\,/+/N. However, one needs to correct for
the effect of Malmquist bias. The homogeneous Malmquist ivia
creases with distance but also decreases with the numbaiaf-g
ies in the sample. For a measured distafidbe distance corrected

for the homogeneous Malmquist bias is givendayp(3.5A2 /N)
(Hudson et di. 1997). The correction is thus 0.59%20 km s™!

at the Norma distance).

(© 2013 RAS, MNRASD00,[1HI8

sured using this method (5154 + 0.019.

ment errors (see Fif.B1), we found no significant change én th
derived Norma distance as a result of including these lowois/
dispersion galaxies in our FP analysis. Through a bootstnay-

sis (using the Coma ETGs), we analysed the change in the FP fit
parameters with and without a magnitude cut. We applied a mag
nitude cut of 12'5 as this effectively excludes most of the Coma
ETGs withlog o < 2 (see Sectiol B). The bootstrap results (FP fit
parameters) are shown in Fig.]B2.
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Figure 6. Ks-band FP projection, obtained by simultaneously miningisin ~ Figure 7. The FJ relation, based on aperture photometry using anuapert
absolute residuals alorigg o; for the Coma cluster (open circles), and the  radius equal to 2 kpc. The black open circles represent theaCguster,
Norma cluster (red filled circles). The Norma cluster hasnbsgifted by the red filled circles are from the Norma cluster.

applying the FP offset so that it lies at the Coma distance.

analysis we adopt the offset from the simultaneous leastreg fit
4.3 Fixed metric aperture magnitudes: the modified which has the smallest measurement error. This offset extiyr
Faber—Jackson relation related to the difference in the angular diameter distagbes of

the two clusters, i.e.,
Relative distances can also be measured using the Faleedac

(FJ) relation [(Faber & Jackson 1976) with galaxy magnituties log D4 (Coma) —log D4 (Norma) = 0.154 £ 0.014.  (10)
termined within a fixed metric radius (Lucey 1986). This ayamh In our analysis we assume that the Coma cluster has zero

bypasses the uncertainties that arise from the determinafito- peculiar velocity and hence Coma’s Hubble flow redshift, is
tal magnitudes and allows relative distances to be meagdorad equal to the observed redshift in the local CMB rest frame,

P . . . B*
similar accuracy to the FP. We have applied this techniquanas ko our adopted cosmology and a Coma CMB redshift (,) of
alternative way to determine the Norma-Coma relative dista 0.02400+ 0.00016 thenog D4 (Coma) = 1.996-+0.003 where

Tomake the PSF-corrections to the aperture photometry man-the angular diameter distance is given in Mpc. Hence we find
agable, we adopt a metric radius of 2kpc which corresporats, f log D4 (Norma) = 1.842+0.014 which implies a Hubble flow

our Coma cluster distance, to an aperture radius’df64 GaLFIT redshift for Norma £,,) of 0.01667+ 0.00055.

was used to determine the PSF-corrected aperture magsitoide We derived Norma’s peculiar velocity redshift, .., via
all galaxies in our Coma sample. For each galaxy in the Norma

sample we determined a set of PSF-corrected aperture mdgsit (1 + zepp) = (1 + 24)(1 + 2pg0)

that spanned a range of possible Norma cluster distandesriifia
has zero peculiar velocity then the 2 kpc radius correspémds
size of 5/99. Galactic extinction and k-corrections were applied.

A least-squares fit, minimising in thleg o direction, was
used to simultaneously determine the slope of the combined
L(r=2kpc) —o relation and the relative Norma-Coma offset. A
range of Norma-Coma offsets were considered and for eacipthe
?:r:))ragaé?s?:rnec:rg;r\?v:szis(gs.,ch)ratSheedNocr:rtmhz aizltqun?gt?@rﬂ:;z;ast-ﬁ and allow reconstructions of the density field (and the pecul
was taken to be where there was no syst%matic dif)f/érenceein th velocity field) to be madt_a. The reconstruction of the IRASTROI

Source Catalogue redshift survey (PSCz, Saunders|et dl) 290

L(r=2kpc) —o relation between the two clusters and this corre- — . -
. . ) Branchini et al.[(1999) provides a data cube of the prediptsmli-
sponds to an offset @f.159 & 0.022 dex (see Fid.]7). This derived liar velocity componentss,, v, andv, at grid positionsz, y, z.

value is in very good agreement with that directly determifiem |_(2_QJ|0)'S predictions derived from the 2MASSIRe
the FP analysis. shift Survey [(Huchra et &l. 2012) are available at the Etieg
tic Distance Databas@ (Tully et all[200D). We have used these

two reconstructions to estimate the peculiar velocity i orma

m@)- Norma’s redshift in the local CMB rest flgm
Zonps 1S 0.01652+0.00018. Hence we derived a value for
Norma’s peculiar velocity of —43 170 km s *. Adding in the ho-
mogeneous Malmquist bias correction (see Se€fidn 4.1)kothes
value to —72 kms'. Hence, we find that the Norma cluster has a
small and insignificant peculiar velocity of —#2170kms .

All-sky galaxy redshift surveys map the local cosmography

5 THE DISTANCE AND PECULIAR VELOCITY OF THE line-of-sight direction (see Fifi] 8). The PSCz reconstamctinder-
NORMA CLUSTER estimates the peculiar velocities as compared to the 2MRS re

) ) construction possibly due to the former being less semsiti/
The measured Norma-Coma offsets derived from the threerdiff

ent methods presented in Section 4 are in excellent agreengen
0.154+ 0.014, 0.154+ 0.019, 0.159+ 0.022. For our following 10 ledd. i fa. hawai i . edu/ df i rst. php

(© 2013 RAS, MNRASO00,[THI6
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Figure 8. Model predictions for the peculiar velocity in the Normastker
direction. The green and red curves represent PSCz and 2R ons,
respectively. The crosses shown at the bottom of each phoel the red-
shifts of the PSCz galaxies in the cone. The black squares 8f®@2MRS
predictions. The squares are non-grouped galaxies wlgleithles repre-
sent groups with the size of the circle reflecting the numbbeyataxies in
the group. Norma is the large bold circle.

galaxy clusters (Branchini, private communication). Boliese
studies predict a small peculiar velocity for Norma, i.esd than
+100kms!, which is in good agreement with our measurement
of =72+ 170kms*.

In Table[3, we presented a summary of possible sources of

measurement and systematic errors and the applied comscti
We found through simulations, that the effect of star-saditon

is very small,~ 07011 which translates into a distance offset of
~44 km s . The systematic effects arising from possible gradi-
ents in the sky background and non-resolved stars are veail,sm
i.e.,~32 km s !. For extinction corrections, the correction factor
ranges from 70% to 90% (e.(., Bonifacio eflal. 2000; Yasugdl et
12007 Schroder et al. 2007; Schlafly & Finkbeiner 2011) wliin-
plies an uncertainty in distance in the range of —63kr $o
16kms'. Note also that a-100kms' peculiar velocity for
Coma would change our value for Norma 69 kms™*

6 DISCUSSION AND CONCLUSIONS

The GA is now widely identified as the Hydra-Cen-Norma su-

percluster [(Courtois et al. 2012; Shaya & Tully 20L3; Tullag

[2013). Since the original discovery of the large positiveytiar

velocities in the Hydra-Centaurus region (Lynden-Belll¢1888),

new measurements, particularly for clusters, in the gé@tare-

11

Table 5. Peculiar velocities of Clusters/Groups in the GA regiov, is
the angle on the sky between the cluster and Norma. SMAC measu

ments fro 04), SFI++ measurements
@), ENEARc measurements fr d_al_._(bOOZ).
Cluster 14 b Ny CMI% N VpgC Source
° ° o© kms kms— 1
A1060 (Hydra) 270 26 62 4055 26 +234223 SMAC
39 474168 ENEARc
21 4224169  SFl++
AS636 (Antlia) 272 19 58 3129 17 +292 102  SFl++
AS639 281 11 47 6526 6 +1615453 ENEARC
N3557 group 282 21 50 3318 7 4281160  SFl++
A3526A (Cen30) 302 22 37 3300 27 +331136 SMAC
21 +5004 153 ENEARC
23 42604 124  SFl++
AST714 303 36 47 3576 7 +558245 ENEARC
A3537 305 31 43 5370 4 +482560 SMAC
CIZAJ1324.7-5736 308 5 21 5899
E508 group 309 39 48 3310 9 +382122 SFl++
A3574 (K27) 317 31 39 4881 8  +48£351 SMAC
10 +4794 310 ENEARC
13 1994210 SFl++
AS753 319 26 34 4431 14 +376282 SMAC
18  +8124 204 ENEARc
A3581 323 33 40 6714 8  +131 533 SMAC
A3627 (Norma) 325 -7 0 4954 31 —72 170  This study
AS761 326 32 39 7076 11 +332483 SMAC
AS805 (Pavo-Il) 332 23 17 4266 9  +293326 SMAC
12 -184 268 ENEARc
8 +304+ 147  SFl++
Pavo | group 334 -36 30 4055 16 +4#3191  SFI++

(e.g./Hudson et &l. 1999) have attributed a major part flthige
scale outflow to the Shapley Supercluster that4d® 000 kms'*
more distant in this general direction. Bolejko & Hellab@(B) es-
timate that Shapley can cause the GA to have a net peculiziixel
of ~+80km s*

While our knowledge of the local cosmography in the GA
direction has improved considerably from galaxy redshifieys
that probe close to the galactic plane (Radburn-Smith| @0l6:
\Jones et al. 2009; Huchra eflal. 2012), there are still aspleat are
incomplete and some important clusters/groups belongintne
GA may still remain hidden. An example is the discovery of £1Z
J1324.7-5736/(Ebeling, Mullis & Tully 2002), the secondhest
cluster in the GA region_(Nagayama eflal. 2006). Dedicatad su
veys are now underway to map larger swaths of the local uni-
verse veiled by the Milky Way, including ground-based niar-

surveys (see, e.d.. Kraan-Korteweg éfal. 2011), and in tile m

gion have been made. In Talile 5 we summarise the results fromIR using WISE |(Bilicki et al| 2014]; Jarrett etlal. 2013) andifire

the FP-based SMAC and ENEARCc surveys, the Tully-Fisher $FI+

radio by targeting neutral hydrogen, notably with HIPASSI an

survey and our Norma measurement. Although the typical mea- HIZOA (Henning et all 1999, 20D0; Kraan-Korteweg etlal. 2000

surement errors are between 150 and 400 kmsost GA clusters
are observed to have positive peculiar velocities with arerage”
value of~+300kms!.

Our peculiar velocity measurement of =£270kms ! for
the Norma cluster is lower than most values found for other GA
clusters and hence may indicate that Norma lies close to &= G
“core”. The uncertainties on the cluster peculiar velesitlisted
in Table[B are sufficiently large that we can not currenthed®sine
whether or not Norma partakes in the general GA outflow. Hewev
there is strong independent support for the GA outflow from th
Type la supernovae data ( 005) and manyestudi

(© 2013 RAS, MNRASD00,[1HI8

[Schroder et al._2009). Judicious application of the midaired
Tully-Fisher relation is now being considered to study teeyiar
motions of gas-rich galaxies in massive structures thabithor
cross the ZoAl(Sorce etlal. 2012; Lagattuta ét al. PD13][Sz@p
And our study of Norma has demonstrated that, despite thie cha
lenges of the large galactic extinction and severe stetiatamni-
nation, FP distances can be derived reliably for ETGs tleateli-
atively close to the galactic plane. The exploitation oftstech-
nigues will be essential to gain a more complete understgnafi
the GA and other important large scale structures that cisefine
hidden cosmic web.
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noni C., 2007, ApJS, 172, 599
Stetson P. B., 1987, PASP, 99, 191
Strauss M. A., Davis M., 1988, in Audouze J., Pelletan M.-C., APPENDIX B: DISTRIBUTION OF FP FIT PARAMETERS

Szalay A., Zel'dovich Y. B., Peebles P. J. E., eds, IAU Sympo-

. ! B1 FP projections
sium Vol. 130, Large Scale Structures of the Universe. p. 191

Strauss M. A., Willick J. A., 1995, Phys. Rep., 261, 271 Figure[B1 shows different FP projections showing the distion
Tammann G. A, Sandage A., 1985, ApJ, 294, 81 of the ETGs in Norma (red filled squares) and Coma cluster (in
Tonry J. L., Blakeslee J. P., Ajhar E. A., Dressler A., 2009JA blue open and black filled circles). The blue open circlesasgnt
530, 625 Coma cluster ETGs witlbg o < 2 while the black filled circles
Tully R. B. et al., 2013, AJ, 146, 86 represent Coma cluster ETGs wilbg o > 2. The vertical and
Tully R. B., Rizzi L., Shaya E. J., Courtois H. M., Makarov D, | horizontal dashed red lines represegic = 2, only two galaxies
Jacobs B. A., 2009, AJ, 138, 323 in the Norma sample haveg o < 2. On the other hand, there are
Vollmer B., Cayatte V., van Driel W., Henning P. A., Kraan- 42 Coma ETGs witllogo < 2 and 79 ETGs withog o > 2.
Korteweg R. C., Balkowski C., Woudt P. A., Duschl W. J., 2001, Using the MIST algorithm, we checked the consistency of the
A&A, 369, 432 FP fit parameters obtained by regressing alonddpe direction.
Woudt P. A., Kraan-Korteweg R. C., 2001, A&A, 380, 441 By re-sampling the Coma cluster (with replacement) 10 O9@i,
Woudt P. A., Kraan-Korteweg R. C., Lucey J., Fairall A. P.,0vi® we analysed the distribution of the FP parameters andc. Fig-
S. A. W, 2008, MNRAS, 383, 445 ure[B2 (left panels) shows the bootstrap results when alllete

Yasuda N., Fukugita M., Schneider D. P., 2007, AJ, 134, 698 Coma ETGs were used while FI[g.1B2 (right panels) shows the re-
sults for only Coma ETGs brighter than12 (N = 78, only 9%
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Table Al. Coma cluster photometry results from fitting and extrapotathe galaxy surface brightness profiles.

Identification Tot. mag Te (te) Zpetio log o

He
1) 2 3 4 ®) (6)

2MASXJ13023273+2717443  1348.15 3.230.59 17.830.42 0.0254 1.7020.055
2MASXJ13020552+2717499  13.4D.14 2.2#0.52 17.040.53 0.0243 1.8360.033
2MASXJ13000623+2718022  12.8D.07 4.46:0.46 17.86:0.23 0.0263  1.7480.038
2MASXJ12593730+2720097  14.2D.24 2.2%0.58 17.8%¢0.60 0.0233 1.6480.076
2MASXJ13010615+2723522 13.88.17 2.15:0.41 17.280.45 0.0271 1.8020.041
2MASXJ12564777+2725158 1348.12 2.24£0.27 17.0%0.29 0.0259 1.6180.042
2MASXJ12583209+2727227  12.5D.05 1.870.20 15.740.23 0.0234 2.0560.014
2MASXJ12573614+2729058 12.49.04 2.05:0.04 15.520.06 0.0241 2.2180.009
2MASXJ12570940+2727587  11.16.02 3.02:0.02 15.3A0.02 0.0249 2.3040.008
2MASXJ13002689+2730556  12.%P.05 2.4@£0.21 16.2%#0.20 0.0260 2.0280.014
2MASXJ12580974+2732585 13.28.10 2.95%:0.27 17.4%0.22 0.0233 1.72%0.042
2MASXJ12573584+2729358  10.20.02 3.57%0.02 15.4&0.02 0.0244 2.32%0.009
2MASXJ12572435+2729517 9.40.00 21.1%0.20 17.53%0.02 0.0245 2.43%0.008
2MASXJ12570431+2731328  13.48.15 3.1#0.49 17.920.37 0.0277 1.8720.041
2MASXJ12563418+2732200 11.60.03 3.59:0.07 16.2@0.05 0.0237 2.2080.009
2MASXJ13014841+2736147 12.8D.07 24%0.14 16.5%0.15 0.0275 1.8460.022
2MASXJ13011224+2736162 12.58.05 4374031 17.530.16 0.0252 1.7280.039
2MASXJ13001914+2733135 11.3#9.03 3.9@:0.24 16.5%0.14 0.0196 2.0380.013
2MASXJ12585812+2735409 12.66.04 2.12:0.10 15.53%0.11 0.0200 2.1660.011
2MASXJ12573284+2736368  10.48.01 3.76:0.09 15.3%0.05 0.0201 2.3720.008
2MASXJ13020106+2739109  12.#0.07 3.02:0.24 16.9%0.19 0.0236 1.80&0.026
2MASXJ13015375+2737277  10.898.01 5.490.07 15.54:0.03 0.0262 2.4280.008
2MASXJ12591030+2737119  12.34.05 2.7%:0.25 16.38&0.20 0.0191 2.0780.014
2MASXJ12571682+2737068  12.48.05 1.18-0.33 14.64-0.61 0.0242 2.2080.009
2MASXJ12594713+2742372  11.30.02 3.66:0.04 15.74-0.03 0.0280 2.1380.010
2MASXJ12584742+2740288 11.6D.02 6.7#0.11 17.0&0.04 0.0280 2.2780.009
2MASXJ12583157+2740247  12.920.07 1.86£0.15 15.99-0.20 0.0231 2.1040.012
2MASXJ12563420+2741150 13.8D.21 2.0%£0.53 17.24:0.59 0.0229 1.7980.029
2MASXJ13000626+2746332 11.98.04 4.21#0.15 16.94:0.09 0.0206  2.06%0.013
2MASXJ12592491+2744198 12.2D.04 1.96£0.13 15.580.15 0.0201 2.1580.012
2MASXJ12591348+2746289  11.90.03 3.41%#0.11 16.380.08 0.0228 2.07t0.014
2MASXJ12590821+2747029  11.8.02 3.450.08 15.630.06 0.0234 2.31#0.009
2MASXJ12590745+2746039  11.98.04 2.25%0.06 15.56:0.07 0.0212 2.2280.010
2MASXJ12585766+2747079  13.£D.09 3.41#0.37 17.6&0.25 0.0231 1.5820.055
2MASXJ12585208+2747059  11.69.03 3.34:0.09 16.1%#0.06 0.0189 2.1780.011
2MASXJ12581922+2745437  1348.13 1.86:0.40 16.680.49 0.0182 1.8720.031
2MASXJ12574616+2745254  12.19.04 5.02£0.34 17.4%0.15 0.0204 1.6960.042
2MASXJ13011761+2748321 10.88.01 3.69:0.03 15.53-0.02 0.0244 2.27#0.009
2MASXJ13003334+2749266  13.%8.12 3.44£0.31 18.0&0.23 0.0273  1.6250.060
2MASXJ13000551+2748272 11.89.03 3.3@:0.10 16.3@&0.07 0.0219 2.06¥0.013
2MASXJ12595489+2747453  13.F#9.13 144035 16.36:0.53 0.0275 1.6580.041
2MASXJ12593697+2749327  13.6D.15 1.36:0.41 16.130.68 0.0209 1.92%0.023
2MASXJ12592936+2751008  11.4D.02 2.2%0.02 15.020.03 0.0226  2.38%0.009
2MASXJ12580349+2748535 12.68.04 2.03:0.14 15.3#0.15 0.0238 2.2160.009
2MASXJ12574728+2749594  12.10.04 2.16:0.05 15.63%0.06 0.0202 2.1180.012
2MASXJ12571778+2748388 12.86.08 3.62£0.25 17.46:0.17 0.0238 1.71£0.038
2MASXJ13025272+2751593  11.29.02 2.82£0.10 15.3%0.08 0.0274 2.1860.009
2MASXJ13015023+2753367 11.6D.03 2.64:0.02 15.590.03 0.0252 2.2980.010
2MASXJ12594610+2751257 12.68.04 2.48:0.08 15.84:0.08 0.0270 2.0900.011
2MASXJ12593789+2754267 11.49.03 2.930.11 15.620.09 0.0267 2.26%0.009
2MASXJ12592016+2753098  12.48.05 3.12£0.35 16.78&0.25 0.0216 1.83%0.021
2MASXJ12590459+2754389  12.¥8.08 2.06:0.13 16.1%0.16 0.0214  2.04#0.012
2MASXJ12590791+2751179 11.46.03 2.780.11 15.5&0.09 0.0219 2.2580.009
2MASXJ12575059+2752454  12.50.05 3.03:0.10 16.720.08 0.0232 2.0180.017
2MASXJ12572169+2752498  12.9P.09 2.44:0.30 16.66:0.28 0.0248 1.6850.037
2MASXJ13004285+2757476  12.10.04 3.05:0.22 16.3%0.17 0.0281 2.0680.012
2MASXJ13004737+2755196  12.50.06 3.0%£0.20 16.76:0.15 0.0286  1.94#0.016
2MASXJ13003975+2755256  11.18.02 4.4@0.03 16.2@:0.02 0.0250 2.2480.009
2MASXJ13002798+2757216  12.26.05 2.280.06 15.86:0.08 0.0234 2.1210.011

NOTES: The columns refer to (1) 2MASS galaxy name (2) the oreastotal extrapolated magnitude (3) effective radiusasec corrected for the seeing
effect (4) mean effective surface brightnessriag arcsec ~2, corrected for galactic extinction, redshift, and the cokagical dimming effects (5) galaxy
redshift (heliocentric) (6) central velocity dispersion dex) — aperture corrections have been applied.
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Table Al — continued

The near-infrared K ,-band FP of the Norma cluster

Identification Tot. mag Te (pe) Zpetio log o
@) @ @) 4) ®) ©
2MASXJ12595670+2755483  12.49.05 3.76:0.33  17.16:0.20 0.0257 2.00+0.016
2MASXJ12594438+2754447  11.28.02 3.74:0.09 15.93-0.06 0.0224  2.20%0.009
2MASXJ12594234+2755287 12.%8.05 1.26:0.15 14.740.27 0.0230 2.2380.011
2MASXJ12594423+2757307  12.68.07 3.16:0.25 16.95:0.19 0.0230 1.81£0.025
2MASXJ12593570+2757338  8.9®.00 20.02-0.12  17.3@&0.01 0.0239  2.4260.009
2MASXJ12590414+2757329 12.98.11 2.16:0.32  16.4@0.35 0.0235 2.1120.014
2MASXJ12565310+2755458  12.26.04  1.25:0.01 14.5%:0.05 0.0204  2.2720.009
2MASXJ12562984+2756240  11.70.03 3.440.15 16.230.10 0.0221 2.2660.009
2MASXJ13012713+2759566  12.60.05 1.15:0.16 14.7&0.31 0.0255 2.1980.010
2MASXJ13005445+2800271 10486.01 6.94:0.18 16.54:0.06 0.0166 2.37£0.009
2MASXJ13003877+2800516  11.94D.03 4.58:0.16 17.0&0.08 0.0254 2.0260.014
2MASXJ13000809+2758372 8.5D.00 17.2240.06 16.520.01 0.0215 2.5700.008
2MASXJ13000643+2800142  12.6P.04  3.22£0.23 16.3A40.16 0.0242  2.08%0.013
2MASXJ12594681+2758252  11.58.02 4.66:0.11 16.66:0.05 0.0314 2.1160.012
2MASXJ12593827+2759137  13.4D.10 3.76:0.48 17.7#£0.30 0.0227  1.90820.022
2MASXJ12592657+2759548  13.66.09 2.240.13 16.66:0.16 0.0222 1.90#0.018
2MASXJ12592136+2758248 13.48.14 2.53:0.53 17.340.47 0.0202 1.7130.050
2MASXJ12590603+2759479  11.30.02 4.83:0.24 16.520.11 0.0256 2.1780.010
2MASXJ12583023+2800527  11.406€.02  3.710.03 15.8&:0.03 0.0238  2.2820.009
2MASXJ13025659+2804133  12.2P.05 4.45:0.10 17.26:0.07 0.0259 1.7580.030
2MASXJ13024442+2802434 10.84®.02  6.38:0.26  16.84:0.09 0.0208  2.25#0.010
2MASXJ13004867+2805266  10.89.01 3.66:0.02  15.480.02 0.0232 2.32%0.008
2MASXJ13002215+2802495 11.59.03 4.56:0.17 16.620.08 0.0273  2.08%0.011
2MASXJ13001702+2803502  12.39.04 2.4@:0.23 16.09:0.21 0.0205 2.0780.013
2MASXJ13001475+2802282  11.80.03 2.1#0.08 15.2A40.04 0.0191 2.2060.010
2MASXJ13001286+2804322  12.39.05 1.85:0.10 15.480.12 0.0250 2.0780.011
2MASXJ13000803+2804422  115D.02  2.13:0.07 15.020.08 0.0241  2.2680.008
2MASXJ12595601+2802052  11.64.02 4.85:0.15 16.250.07 0.0272  2.2060.010
2MASXJ12593141+2802478  11.86.04 2.88:0.13 15.980.10 0.0231 2.1080.011
2MASXJ12591389+2804349  12.4D.05 5.36:0.26 17.5%0.12 0.0260 2.1560.014
2MASXJ12564585+2803058 134D0.12  2.83:0.48 17.5%:0.39 0.0231 1.6620.048
2MASXJ12563890+2804518 13.4D.11 4.55:0.61 18.250.31 0.0270 1.6250.062
2MASXJ13014700+2805417  1140.02  3.440.03 15.66:0.02 0.0194 2.25%0.008
2MASXJ13004459+2806026  12.486.05 2.92:0.20 16.61%0.16 0.0220 1.89%0.017
2MASXJ13003552+2808466  11.846.03  4.56:0.16 17.1@0.08 0.0182 1.8850.020
2MASXJ12595511+2807422  12.28.04 2.98:0.23 16.420.17 0.0252 2.0960.014
2MASXJ12590392+2807249  10.38.01  4.96:0.12 15.5%-0.05 0.0265 2.4220.008
2MASXJ12585341+2807339  12.5P.05 2.16:0.09  15.9%0.11 0.0234 2.0620.013
2MASXJ12583636+2806497 11.28.02  3.53:0.07 15.8&:0.04 0.0227  2.2380.009
2MASXJ12574670+2808264 13.4D.14 3.76:0.83  18.1#0.50 0.0214  1.60%0.066
2MASXJ13021025+2811309 13.48.11 3.0#0.43 17.2%£0.33 0.0191  1.8340.025
2MASXJ13012280+2811456  12.1P.04 3.35:0.22 16.550.15 0.0254 2.1080.013
2MASXJ13001795+2812082  104P.01  6.45:0.13  15.95:0.04 0.0284 2.3620.008
2MASXJ12592021+2811528  12.88.05 2.94:0.18 16.980.14 0.0316 1.9480.022
2MASXJ12581382+2810576  12.48.05 55#40.30 17.680.12 0.0240 1.8620.019
2MASXJ12574866+2810494  11.69.03 2.65:0.22 15.62:0.18 0.0241 2.1580.011
2MASXJ12572841+2810348 11.69.03 4.54:0.14 16.76:0.07 0.0272  2.02%0.015
2MASXJ12563516+2816318 12.68.04  3.04£0.20 16.26:0.15 0.0243  2.0980.013
2MASXJ12592611+2817148 13.58.12 1.86:0.35 16.72-0.42 0.0267 1.6950.039
2MASXJ12584394+2816578  13.#8.17 1.49:0.36 16.43-0.55 0.0254 1.6280.046
2MASXJ12582949+2818047 13.29.12 2.44-050 17.06:0.46 0.0197  1.84#0.027
2MASXJ13024079+2822163 11.498.03 5.14:0.24 16.8%0.11 0.0247  1.94%0.020
2MASXJ13021434+2821099  12.62.08 5.4@:0.56 18.06:0.24 0.0288 1.8550.032
2MASXJ13020865+2823139  11.60.02  5.610.17 16.56:0.07 0.0253  2.2180.020
2MASXJ13010904+2821352  12.%D.05 2.65:0.39 16.44:0.33 0.0230 1.8720.018
2MASXJ13005207+2821581  10.80.01 4.2#0.10 15.7%0.05 0.0255 2.2460.010
2MASXJ13004423+2820146  11.3#8.03 2.82:0.20 15.820.16 0.0264 2.0980.010
2MASXJ13003074+2820466 ~10#®.01  6.03:0.15 16.52:0.06 0.0199  2.20£0.009
2MASXJ13023199+2826223  13.44.16 3.76:0.76  18.120.48 0.0199 1.7760.064
2MASXJ12575392+2829594  12.46.06 1.69:0.21 15.42-0.28 0.0244 2.12%0.012
2MASXJ12593568+2833047 12.28.04 2.26:0.11 15.820.11 0.0253 2.1180.012
2MASXJ12565652+2837238  11.94D.03 2.95%:0.16 16.140.13 0.0219 2.0360.013
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Figure B2. The distribution of the FP fit parameters through bootsteapampling, using the MIST algorithm by minimising along thg o- direction. The
Coma cluster galaxies were randomly selected, with repiacé 10 000 times. The left panels represent results wheéineaComa ETGs were used while the
right panels represent the bootstrap results for only Com@astbrighter than 12'5. The panels (top to bottom) show the distribution of the ERametersd,

b, andc). The red curve is the Gaussian fit to the data. The blue ce@sents the shift when the Gaussian fit parameters aszeepby FP fit parameters
obtained by fitting the original Coma data — the differencedscated byAa, Ab, andAc.
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Figure B1. FP projections; the top left panel shows the Kormendy @tati
The galaxies in the Norma cluster sample are representelebyed filled
squares. The Coma ETGs have been subdivided into two: ETiGsentral
velocity dispersions less thdi®0 km s~ are represented by the blue open
circles, while the black filled circles represent Coma ET@h g o > 2.

of these havdogo < 2). The FP fit parameters in either case,
are consistent with each other. The red solid curve is a Gauss
fit to the data. The mean value from the Gaussian fit of each of
the FP parameters is indicated at the top part in each pahel. T
difference between the FP parameter from the original Coata d
and that from the fitted distribution through bootstrap soahdi-
cated (asAa, Ab, andAc). The blue curve shows the small shift
in the Gaussian fit due to this difference, i&g, Ab, andAc. The
magnitude cut of 125 was motivated by the fact that it includes
majority of Coma ETGs wittlog o > 2, thus making it possible to
determine the effect (possible bias) of including ETGs wihtral
velocity dispersions less than 100 km'son the measured Norma
distance. We found the zero-point offset to remain unchamgth
and without the magnitude cut, i.e., the small skift in Fig.[B2
(slightly larger in the left panels than the right panelsdésompa-
nied by small changes in the Fundamental Plane fit paramaters
andAb, which in turn affect the FP intercept of the Norma cluster,
thereby leaving no significant changes in the zero-poirstedff
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