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Abstract. We present a new method of bias correction for deew redshift measurements; in paper Ill (Paturel et al. 1994),
riving reliable Tully-Fisher distances in a magnitude or diametere have discussed the completeness of our IBrépand KLUN
selected sample of field galaxies. TF sample (see Sect. 2); in paper IV (Theureau et al. 1997a),

This normalized distance method (NDM) is first presentede have shown evidence for a morphological type dependence
in a theoretical way using the formalism of bayesian statistio§ the TF zero point and explained this behaviour in terms of
and is further applied to three different Tully-Fisher samplesass-luminosity structure; in paper V (Theureau et al. 1997b),
corresponding to three different passband®jd andr. Con- we have calibrated the direct TF relation and obtained a firm
straints imposed by the method, and influences of underlyinglue of the Hubble constantl=55 km s Mpc—!) from an
assumptions and measurement errors are discussed in detailnbiased sample of 400 field spiral galaxies; in particular, we

A main feature of the methodology is to extract an unbiasé@ve shown that this value depends only on the primary calibra-
subsample from the parent sample. We show that by takitign given by the Period-Luminosity relation of cepheids and is
into account all the components influencing the bias at a givenperfect agreement up t6=0.1 with the result given by SNla
distance, the NDM method allows to extend the unbiased rarggandard candles; in paper VI (Theureau 1998), we have shown
and to analyze peculiar velocities of galaxies within a sphetteat the use of the mean surface brightness as an additionnal
out to 8000 km s' around the Local Group. parameter allows us to reduce the scatter oRRHeand TF rela-

Finally, thanks to this tool, we show first evidences faiion by 30%, and then to reduce both distance uncertainties and
both frontside and backside large amplitude infall toward tlstatistical biases; hence, in paper VIl (Theureau et al. 1998a)
Perseus-Pisces supercluster. The strong convergent flow wegre presented the data of our 2700 galaxies HI-observational
pected in the Great Attractor region is not confirmed, evenpfogramme. On the basis of this careful step by step analysis,
infall centers are detected in this direction. The observed wee are now able to study peculiar velocities at the scale of the
locity field rather corresponds to the cumulative pull of severabcal Universe, i.e. for radial velocities up to 8000 km's

clusters present in this sky area. We discuss herein a new application of the normalized dis-
tance method (hereafter NDM), whose main principle was early
Key words: galaxies: spiral — galaxies: distances and redshifigesented by Bottinelli et al. (1986, 1988). Our main goal is the
— cosmology: distance scale building of a reliable method for correcting TF distances from
selection or Malmquist-like biases. In its most complete and up-
dated form (Theureau et al. 1997b, Theureau 1998), the NDM
1. Introduction method takes into account all observable astrophysical parame-
. ) ) o tersinfluencing the selection bias: i.e. the redshift, maximum of
Th|s_ paper takes place_ln aseries W_h|ch mtendsto_study the k'FlﬁationaI velocityogV,,, magnitude or diameter completeness
matics of the Local Universe by using the Tully-Fisher relatiofiyit internal and Galactic extinction corrections, morpholog-
(hereafter TF) as a distance indicator. Our research programpg type, and mean surface brightness. The NDM method has

has required numerous stages from data acquirement to stafigyed to be an optimal tool for controling accurately the be-
tical and physical study of the distance criterion: in paper | apgdviour of this bias against distance.

Il (Bottinelli et al. 1992, 1993), we have presented a set of 600

We recall that the selection bias we are dicussing here is
Send offprint requests to: Gilles Theureau, different from the bias described by Malmquist in his 1920's
(theureau@cerere.na.astro.it) paper, which can be understood essentially as a geometrical ef-
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fect. It has appeared in the literature under the following names: The values used for the direct TF slope and zero-poift-in
"Problem I” (Kapteyn, 1914), "Selection effect” (Han, 1992)band are those calibrated by Theureau 1998, using as primary
"Distance-dependent bias” (Sandage, 1994), "Selection biasilibrators a set of 15 pure cepheid extragalactic distances. In
(Strauss & Willick, 1995), and "Malmquist bias of the secondgreement with this previous study, the TF zero-pbiil) is a

kind” (Teerikorpi, 1997). However, as well shown by Teerikofunction of the mean surface brightneésf the galaxies. By

rpi (1997), this selection bias can be also understood as a pateking into account this dependence, the TF scatter was shown to
of the classical Malmquist bias, both refering to two oppositee reduced by 30%, which is an important improvement when
points of view: we face a selection bias when we are concernamhsidering the Malmquist and selection bias effects as dis-
with the average TF distance at a fixed true distance (e.gcussed further/-band andr-band TF parameters have been
given redshift); we face a geometrical bias when we are caerived in a separate paper by Theureau et al (1998b).

cerned with the average true distance at a given TF distance The mathematical formalism and notations refer to a series
(e.g. agiven observed coufilB;, log V;,,)). When estimating a of papers by S.Rauzy, R.Triay, and M.Laehé-Rey (Triay et
correction term, one has to choose either the former or the lak- 1994, Rauzy&Triay 1996, Triay et al. 1996, Rauzy 1997)
ter point of view, remembering that both have their advantagésvoted to the statistical analysis of the TF relation. We show
and their disadvantages. In the former case, a strictly magnitubat the normalized distance method can be fully described and
complete or diameter complete sample is required for contralderstood in this context.

ling the selection, i.e. one has to throw away an important part of Main characteristics of the galaxy samples are summarized
the sample. On the other hand, no assumption is required atinuSect. 2. In Sect. 3, we describe theoretically the (NDM)
the spatial density distribution of the objects, and the uncertaimfyethod, using the mathematical formalism of probability den-
on corrected TF distance moduli decreases naturally as the dities. The empirical test of the plateau (see Theureau et al.
tance increases, as a consequence of the magnitude or diani®@vb) is presented as a statistical test of the method and of the
cut off. In the latter case, no assumption is needed in termsagsumptions used. Special attention is paid to the influences of
magnitude or diameter completeness (the whole sample ntlag underlying hypothesis, measurement errors and parameter
thus be used), but the spatial distribution has to be known @rrections. Sect. 4 is devoted to the construction of the cor-
assumed uniform) as well as the precise value of the TF scattssted samples, to their properties, and to the constraints that
(in the uniform case, the biasd/d is proportional tarrr), and  the correction method imposes on further steps of the analysis.
the uncertainty on distances remains largg/ d « orr). In Sect. 5, we give some examples of kinematical studies in the

In principle, by applying the appropriate normalizatiowicinity of some great mass concentrations such as the Perseus-
along the redshift scale, the NDM method allows to extraBisces (PP) region, and the controversed Great Attractor (GA).
from the data the largest unbiased subsample as possible. 3@gt. 6 finally contains elements of discussion on possible ap-
unbiased subsample we mean that for a set of galaxies atliaations and prospects.
given "true distance” (or at a given redshift or kinematical
distance), the average TF distance of the group returns tEiSData
true distance. Furthermore, under a restricted set of conditions,
we show below that the bias can be expressed analyticafilye KLUN sample currently contains 6620 spiral galaxies hav-
as a function of only one parameter: the normalized distarieg measured isophotal diameiBss, HI line width, radial ve-
dn=f(cz,108 Vin, mMyim, ag, a;, T, ¥) (see Sect. 3, and Egs. llocity, and also partially (61585-magnitudes. The sample was
and 2). It thus becomes possible to construct a bias correctetbcted according apparent diameter; it is complete down to
set of distances that extends farther and contains much morepb: = 1.6 arcmin (see Paturel et al. 1994 for a detailled study
jects than the strictly unbiased range: about 50% of the parefthe sample completeness) and covers the type range Sa-Sdm
sample is usable (the strictly magnitude complete or diame{@l=1-8). The data were extracted from LEDA (see e.g. Paturel
complete part of the sample), while only 10-20% can be keptét al. 1997b) and complemented by our own observatiens (

a purely unbiased subsample (equivalent to a volume comple@® optical and- 2250 HI spectra) with ESO and OHP opticall
subsample for eachrlog V;,,). In addition, while the unbiasedtelescopes, and Nancay and Parkes radiotelescopes (Bottinelli
part is well populated only up te: ~ 3-4000 km s, the bias etal. 1992, 1993, di Nella et al. 1996, Theureau et al. 1998a).
corrected sample reaches the deepness of the parent catalogwgy have been reduced to a standard and common system ac-
i.e.cz ~ 8000 km s'!. This corrected sample allows the studyording to Paturel et al. (1991, 1997a, 1997b) for photometric
ofthe peculiar velocity field over large scales, in particular in thgata and Bottinelli et al. (1990) for HI data. Isophafads di-
vicinity of some interesting region such as the Perseus-Pise@seters and appareBtmagnitudes are corrected for galactic
supercluster (PP) or the putative so-called Great Attractor (GA&ktinction according to Fou@&Paturel (1985), and for incli-

In this paper, the method is applied to three independearation effect (i.e. opacity effect) in agreement with Bottinelli
samples: our KLUNB-band TF-sample (6600 spirals diset al. (1995). Errors on apparent magnitude are less than 0.4
tributed on the whole sky), the-band TF-sample from Math- mag, while errors on apparent diameter are less than 0.115 ar-
ewson et al. (1992a) (1355 spirals in the Southern sky) aawhin. HI line widths, reduced to the standard levels of 20% and
ther-band TF-sample from Willick (1991) (320 galaxies in th&0%, are corrected for internal velocity dispersion according to
Perseus-Pisces region). Tully&Fouqué (1985). We recall that the observational errors
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on astrophysical parameters are computed in LEDA by takifig Statistical approach
into account both the quality of individual measurements and Probl .
the standard deviation of these measurements from a weigh%éld roblematic

mean. The use of the Tully-Fisher relation is based on several param-

TheI-band Mathewson, Ford, and Buchhorn (1992a) samgters which appear in a statistical model as random variables.
ple (hereafter MFB) contains 1355 spiral galaxies (SO-Sm) diphese variables are listed below:

tributed in the Southern hemisphere. Accurate CCD photometry

was obtained in the Kron-Cousifigopassband. According to the — the absolute magnitudi/

authors, the error in magnitude is less than 0.1 mag.03 on  — the logarithm of the absolute or linear diamdiayD
average). Extinction il was taken to be 42% of that iB  — the apparent magnitude in a given passband

(using Burstein&Heiles 1984 system), and K-corrections were- the logarithm of the photometric diametey D5

taken from Schneider, Gunn, and Hoessel (1983). The sample-isthe intrinsic parametes = logV,,,, whereV,, is the max-
complete in magnitude up #6=12.5 mag (see e.g. Federspiel et imum of rotational velocity obtained either directly from
al., 1994). Maximum of rotational velocity parametéigV;,) rotation curves or derived from the 21-cm line width
were mainly derived from H rotation curves (for 965 objects) — the distance modulys = 5log r + 25 (with the distance
obtained with a dual beam spectrograph attached to the 2.3 min Mpc). Thusu = 5(logD — logDas5) + 25 = m — M
telescope. The resolution is 18 km'sper pixel at H,. These — the TF residua{s; or (p, of zero mean and dispersioq,,
observations were complemented with 21-cm line widths ob- or o,,, equal to the TF intrinsic dispersion, which account
tained with the 64 m radiotelescope of Parkes Observatory (551 for intrinsic error in the TF relations

objects). The Hl spectral resolution after smoothing is 7 kin s

The whole sample compiled by Willick (1991) contains 320  —M = ayp + bar + Cur (magnitude version)
spiral galaxies of the Perseus-Pisces region (hereafter W91PP).
It covers a small area on the sky, restricted to the main filamen- 1,40 = app + bp + (p (diameter version)

tary structure of the supercluster, and extends in radial velocity
fromcz ~ 3000 km s tocz ~ 8000 kms'. The photometric  Assuming that there is no evolution effect for the galaxy
data were carried out through a red filter centered\e0.67 population investigated (i.e. neithaf nor D depends on the
pm (r-band). The sample appears complete in magnitude gigtance modulug) and that theV galaxies of the sample are
to r=14.3 mag. Extinction in- was taken to be 60% of thatindependent events, the probability densifyy, (for the mag-
in B (using Burstein&Heiles 1984 system), and K-correctionsitude relation) orl P, (for the diameter relation) of a sampled
were taken from Schneider, Gunn, and Hoessel (1983). HI ligalaxy is expressed as follows:
widths, obtained with Arecibo radiotelescope, were got from
Giovanelli&Haynes (1985) and Giovanelli et al. (1986). dPy o< W(m, p, u)F (M, p)dMdp h(p)dpf (v, x)dv

For the three samples, heliocentric radial velocities are cor-
rected to the centroid of the Local Group according to Yahil gtp;, o W (log Dys, p, 1) F (log D, p)d(log D)dp
al. (1977). A kinematical distance scalg;,, is built assuming
an infall velocity of the Local Group toward the Virgo cluster x h(p)dpf (v, x)dv
vo = 150 km s and an observed radial velocity of Virgo
(Vo)vir = 980 km st (Mould et al. 1980) and using Peebles’%here.
linear infall model (1976). Galaxies close to the galactic plane '

([b] < 15° for KLUN galaxies, [b| < 10° for MFB galaxies)  _ p(f, ) (resp.F(logD, p)) is the distribution function of
are excluded because of too large uncertainties in the galacticipe coupled variable@\, p) (resp.(logD, p))

extinction correction (see Paturel et al. 1997b). Face-on galax- h(u) is the spatial density distribution function along the
ies (ogRo5 < 0.07) are excluded because of the larger error on line-of-sight pointing toward galactic coordinatg@sb)

logV,,,. We excluded also too close objects and those belonging U (m, p, p) is the selection function applied to the sample; it
to the "triple value region” around the Virgo core because of the  ayes into account the actual observational selection of the

large uncertainties on their kinematical distance. sample, and possible choices of subsampling related to the
Finally, for fulfilling the conditionH3 of Sect. 3.3, the method of analysis

three samples are strictly cut off at their completeness limit, i.e. f(v,x) is the spatial distribution function of peculiar ve-

atlog Dzs1im=1.2 (Do5 expressed in 0.1 arcmin) for KLUN,  ocities; it generally depends on the spatial position of the
I}, =12.5 mag for MFB, andj;,,,=14.3 for W91PP. After these galaxyx = (rcoslcosb, rsini cosb, r sinb)

restrictions, we are left with 2454 galaxies for KLUN, 597

galaxies for MFB, and 167 galaxies for WO1PP (see Figs. 7- The characteristics of these functions motivate the choice of

9). working hypotheses and so determine the method of analysis. In
particular, constraints are different if one wants to calibrate the
TF relation in the field or in a cluster, calculatg, or compute
the peculiar velocity field from individual TF distances.
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3.2. Normalized distance method and plateau technique the sample is complete either in magnitude or diameter. The

The normalized distance method was first elaborated by BConSIStenCy of this method depends on the good knowledge of

L o e completeness limit, and on the influence of peculiar veloc-
tinelli et al. (1986), and updated in its complete form by:. b b

. . . . ' Pies on the sharpness of the plateau limit. These aspects are
Theureau etal. (1997b). The original aim of this semi-empiricgle . cced in the next subsection.

method was to extract an unbiased subsample from the data of a

strictly magnitude or diameter limited sample, in the most rig-

orous and efficient way. We will show further that, since it i8.3. Formal analysis
possible to predict the general behaviour of the selection bLﬁ%e direct (i.e. forward) TF relation is characterized by the inde-

as a function of the normalized distance, it becomes natura tg . .
. - ) dency of the residuafswith respect to the parameter (the
extrapolate the unbiased range and to build, for a given pargnp y & P op (

mple. an intrinsi rrection method of TE distan ovarianceCov(p, ¢) is assumed equal to zero). In the case of
sample, a sic correction method o Stances. — ihe magnitude TF relation, it implies that the functiBa), p)
Obviously, due to the existence of a completeness limit,

Bwrites (M, p)dMdp = h is th
magnitude or in diameter, for any sample of galaxies, the | Burites (M, p)dMdp = f,(p)g(C)dpds, wheref, (p) is the

N . o ’ : distribution function of the variablg andg(¢) is the distribu-
minosity or size distribution function of the objects present flon of residuals. One gets the same kind of formula in the case
the catalogue (e.g. corresponding to a given value of the

o . 8¥the diameter TF relation.
trinsic parametep) is fully traced by the sample only up to We now consider the following hypothesis:
a fixed distance limit. Above this limit, the distribution func- '

tion (or the distribution of the TF residuals) is truncated in its- H1 : the radial velocity field/ obtained after subtraction

fainter part, and the average luminosity or size of the objects of a peculiar velocity field model,(x) (herein the Virgo
sampled no more corresponds to the value set by the TF re-infall) reduces to a pure Hubble flow.

lation. This effect results in a progressive under-estimation of

derived distances. Moreover, the distance limit, or the shape of V' = cz — V,(x) = Hyr 3)
the bias curve against distance, not only dependsg,afr _ . .
and the magnitude (or diameter) limit, but also on the Galactic 12 the global selection functiod (i, p, ) can be split
extinction and opacity, and on the morphological type and the 't W(m,p, p) = Y (M) (p, 1) _ o
mean surface brightness of the objects. The normalized distarice! > - (e sample is complete and strictly magnitude limited
method allows to treat all these influences in a coherent way. (8. ¥ (m) = O(myim — m) with 6(z) the Heaveside or

. . . . ) tep function).
The normalized distan is defined as follows: S
at, — H4: the distribution functiog(¢) is agaussian of zeromean

dy = dyp - 100-2a1(2:7=10g Vin) . 1()0-2a;(logR25,T) . 1()0-2a5 and constant dispersian: equal to the standard deviation
100-2(m0—maiem (T)) . 1(—0-2(b(T)—b(6)) 1) orr Of the TF relation
. . . . _ 1 (¢ —0)?
for the magnitude relation, and for the diameter relation 9(¢) = 9a(¢;0,0¢) = exp[— 5] 4)
V2m o 20(

dyy = dyip - 10002 7=log Vi) . 1(=Clog R . 1()0.094ag .

100108 Diulog Do) 1g—((T)=b(6). o Under these assumptions, the probability density of a sampled

galaxy reads as follows:

wherea,, or ap is the TF slope; the factar;(logR25,T) or 1

the constanC takes care of the influence of the opacity col’ = Ze(mlim = m)Yp (s 1) fp(P)9c (C)dpdC h(p)dp (S)

rection on the observed magnitude or diameter; the term in ) o _

is the extinction correction: the term iny;,, or Dy;,, accounts WhereA is the normalization factor warrantingd P = 1.

for the catalog limit and its variations with the morphological

type; the term withb(T') takes care of the TF zero-point variag 3 1. Bias correction

tion with morphological type (it can be replaced &) when ) )

considering rather the mean surface brightness dependenk®};us now expressF for a subsample of galaxies having the

anddyin = V/Viirgo is the kinematical distance in units of thes@me normahzeq distandg = dj. By using d_ef|n|t!op of Eq.

Virgo cluster distance (see Sect. 2). (1) and assumption H1 of Eq. (3}, may be written in its most
The technique consists in replacing, in the diagtegr#/ = Simple form as:

log(V/drF) vs. d, the distancel by the normalized distance

d,, using the above formulae. The bias curvés;H)(d) cor-

responding to the various classes of objects (diffefeqit’,, \here influences of opacity, extinction and type or brightness
different inclination, different Galactic latitude, different mormay pe understood as variations of the magnitude limit,,
phological type or mean surface brightness) are then supergpvariations of the normalisation constant At this stage, it

posed, and the bias effe¢bg H)(d) — logH, is only afunction s convenient to introduce the functiar{d):
of the normalized distance. Doing so, the unbiased subsample

appears as a plateau in this diagram (see figs. 1 and 2), provigéd) = 5log d — Cte @)

5logd, = (1 — app+ appo) + Cter =m+ ¢+ Cte  (6)
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such thatl,, = dy impliesm + ¢ = w(d,) = w(dp) = wo. Ap- 3.3.2. The unbiased plateau
plying conditional probability to EqL{5), the probability density . . .
dP,, of a sample at a given normalized distangaeads: !n practice, the extraction of the gnblased platgau (cf. Sect..3.2.)
) is performed through the following subsampling. For a given

APy, = —0(C — (wo — Muim -0,00)d¢ x J(p)dp (8) Value ofp, the cut-off in absolute magnitudeyin, = miim —u

¢ Aq, (¢~ o tim))96 (¢ Q) (p)dp (8) should not be closer tham3to the mean-M (p) = anp+bas.
with J(p) = ¥y .(p, wo + ap + b) f,(p) h(wo + ap + b) and It corresponds to add the following extra selection function to
Ayg, the normalization factor: Yp (D 1)
Ay = / QG(C§ 0, UC) dC « / J(p) dp wp,u(n M) = H(Mlzm 3UC M(p)) d)p,u(pa M) (14)

0

o Twommiim o _ Such a subsampling is equivalent to a selection in normalized
This is mind, one can now calculate the average bias on ﬂﬂgtancein, e.g.d, < do With w(dg) = myim — 30

random variabléog H = log(V/drr) as a function of the nor- B

malized distancd,,. The rough TF distance modulus estimatéy, ,,(p, ) = 0(myim — 30¢ — m — C) ¢p, (P, 1) (15)

urr is defined as: .
where Egs. (6,7) have been used. We now remark that the first

prr =5logdrp +25=m+ ayp + by (9 factorf(myim — 30¢ —m — () in the above expression is more

Following assumption Hllpg H thus reads: stringent (e.g. at®) than the apparent magnitude sample selec-
tion ¢, (m) = 6(mym, — m). It thus turns out that the global

log H =log V' —log drp = log Ho +0.2¢ (10)  selection function of the unbiased plateau can be expressed as

It implies that, for a given normalized distandg = d,, one follows:

gets(log H)(dp) = log Hy + 0.2 E(¢) with E(¢) the mathe-

matical expectancy of at a givendy (i.e. E(¢) = [ (dPy,). Wi (11, 1) = O(Mi — 1)8p,1u(ps 1) = Pp,pu(ps 1) (16)

The calculation givef: and the probability density of EQ.](5) for a galaxy belonging to

L oxp— (wo=myim)® the plateau rewrites as:
E(g) = C(Ld()) = 20’? \/ﬂgc womel:: (11) 1
Lterf(=eggte) APy = (P, 1) Jp(P) h(p) dpdps x 96(;0,0¢)dC (17)
P

whereer f(z) = %f: exp (—t2) dt. It thus turns out that if lias thatth I situted of plat lax i
hypotheses H1, H2, H3 and H4 are satisfied by the sample, m(ranp 1es that the sample Constiilted oT plateau galaxies veriies

averagedog H by bins of normalized distanag, verifies: € 3 following properties:
(log H)(d,,) = log Hy + 0.2 C(w(dy,)) (12) E(Q) =0 (a); Cov(p,¢) =0 (b); Cov(u,¢) =0 (c). (18)

where functionsv andC' are respectively defined Eq. (7) andNote that these 3 properties are valid whatever the specific shape
Eqg. (11). We thus expect first a plateau at short distances (i.eofthe functionsi(n), f,(p), ande, ,.(p, 1), i.e. respectively the
d,, suchthatv(d,, ) —mm << o) correspondingtdlog H) ~ distribution of galaxies along the line-of-sight, the distribution
log Hy, followed by a progressive divergencdoef H fromthis  function of thep’s, and the observational selection jnand
plateau agl,, increases (see Fig. 1). distance modulus.

Note that the tern?.2 C'(w(d,,)) involved in the quantity Property (18a) results from the fact that residuafsllow
(log H)(d,,) of Eq. (12) appears in fact as a bias correction. # distribution centered on 0. We remark that, according to Egs.
suggests to introduce the following bias corrected quantity agld,12), one obtainglog H) ~ log H, for the plateau galax-
distance indicator: ies. Property (18b) permits the estimation of the direct TF slope
- _ apr by means of a least square direct TF regression. These re-
Ainp = prr+ Cw(dn)) =m +anp+ by + Cw(dn))(13) sults constitute the theoretical basis of the normalized distance
whereC'(w(dy)) has to be understood as an averaged correctigithod used by Bottinelli et al. (1986), Theureau et al. (1997a,
term, at a given normalized distanég, for the rough TF dis- 1997b) and Theureau (1998).
tance modulus estimafey .. For a subsample of galaxies with  Finally, when used with the appropriate selection function,
the samei,,, one can check that the distance modulus estim@e plateau method consists in selecting a set of data for which
tor iy p verifies E(fiyp — p|dn) = 0 (i.e. the average of the the covarianceov(y, ¢) is zero (property (18c)), or in other
finp's coincidates with the mean true distance modylusof words, for which the TF residuals are independent of the dis-
the sample. This unbiased distance modulus estimator will f@ce. Consequently, the plot Gfov(y, ¢) as a function of
used hereafter Sects. 4 and 5 as a starting point for kinemat'@g!im (the plateau limit adopted) provides us with a statistical
analyses. test of the method, i.e. of the selection of the unbiased range,

! The form of the functiorC' herein defined is comparable to thedNd then atest of the actual completeness of the sample (in mag-
expression of the "average bias at a given true distance” as calculdigide or in diameter) as required from the hypothesis H3. The
by Teerikorpi (1984), assuming a gaussian luminosity function andrethod provides us also with a test of the velocity field model
gaussian distribution of the residuals of the inverse TF relation.  used to correctradial velocities from the Virgo infall component:
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the dispersiomw (log H) is minimized when the correct param-The additional term is roughly zero, if we exclude from the sam-
etersVg, and Vi, are used (cf Sect. 2). An applicationple galaxies close to the center of rich clusters, where peculiar
leading toV;,.=200+ 30 km s™!, may be found in Theureau etmotions are more important, and where tidal effects may change
al. (1997b). Influences of assumptions and measurement ertbesinternal dynamics and the neutral hydrogen gas distribution
are discussed in the following subsection. in the disc.

For the plateau condition, we get:

3.4. Checking of observational errors and assumptions 1 v, vV »
? ¥ Cov(ji, €) ~ Cov(j1,¢) + —5 Cov(“2=t 2250y (34

The least square direct TF regression supposes that all errors a

are along the magnitude (resp. diameter) axis, i.e. that tHete that the influence of peculiar velocities (right term) is re-

slopea of the TF relation is calculated by solving the equatioduced when:

Cov(p,¢) = 0. Because there are only a few primary calibra-

tors available € 20 extragalactic cepheid distances), the sIop@ a velocity field model is used to correct for the Vi‘r/go infall:
is estimated using field galaxies, assuming that the kinemati- With the right infall parameters, and (Vo) vir, |Zetee

cal distance scale (moduld, and corrected for a Virgo infall is minimized.

component) provides us with a satisfying relative distance scafd. Peculiar velocities are small with respect to Hubble expan-

From Cov(p,¢) = 0, one gets for the magnitude relation ~ Sion: this is the case when galaxies with observed radial
the slope: velocity smaller than 700 knT$ are excluded.

cz Ccz

a _ COV(p’ [L) B COV(p, m)
M Cov(p, p)

or, for the diameter relation: Hereafter variables with hat denote the measured variables while
those without hat are the true ones:

(19) 3.4.2. Measurement errors and their correlations

P Cov(p, 5log Das) + Cov(p, i)
P 5Cov(p,p)

wherey = 5log cz + const.

(20)

. f= p+ e, with e, =~ 1 Y2* s due to the presence of

peculiar velocities. cz
. m = m + g, Wheree,,, are the measurement errorsan
(of dispersioro,, ).
. p = p + ¢, wheree,, are the measurement errors pxof
3.4.1. Influence of the peculiar velocity field dispersiors.. ).

We have calculated the TF slope and estimated the unbiageghe case of the direct TF relation, all errors are supposed
range limit, assuming in first approximation that the velocity, pe on the magnitude axis; this is not true, even if the error

field is described by a pure Hubble flow. Hereafter the measured e, 41 Ytew , _
radial velocitycz is decomposed as follows: ratio between the two amw, favours this asumption.

Note also that it is generally assumed that measurement errors
cz=Hor +V, + &, (21)  on both axis are not correlated; this is not true either.

whereHyr is the pure expansion componehi, is the sum of e know from Eq. (19) that the derived TF slope depends
contributions of sytematic peculiar motions due to the graf" the three following terms which can be developed as:
tational environment (Local Anomaly, Virgo infall, Great At-
tractor, constant field, ...), and, takes into account both a
random velocity component and measurement ereqris(as- + Cov(m, ep) + Cov(em, p) + Cov(em, £p)
sumed to be described by a gaussian law centered on 0, with

a standard deviation. ). The observed kinematical distance&ov(p, 1) = Cov(p, )

modulusi = 5log cz — 5 log Hp + 25 is then related to the true

Cov(ri,p) = Cov(m,p)

distance modulug as follows: + Cov(ep,eu) + Cov(p,e,) + Cov(ep, 1)
1 1 ! =
f=p— > In(1 — %) ~ o+ E% ¥ (22) Cov(p,p) = Cov(p,p) + Cov(ep, &) +2Cov(p, &p)

wherea = 0.2 In 10 and the last term is the approximation offhe following points have then to be taken into account:

the formula atits first order (this approximation will be hereafter L . .

considered as a fair one) ( PP — Cov(em,ep) # 0, because the inclination (or the axis ratio)
Then, the presence of peculiar velocities influences slope ©f (€ galaxy is used both to correct= log V,,, for projec-

estimation as well as plateau limit. The measured TF sidge tion effect, and to correct magnitudes for internal extinction
related to the true one by the following formula: effect. However, in the case of the diameter relatigg,  is
poorly correlated witt,,, due to the very small opacity cor-

1 Cov(p, %) rection for apparent diameters (see Bottinelli et al. 1995),
o (23) and the effect can be neglected.

Q>

=~ a

a  Cov(p,p)
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~ T T T

— Cov(ep,¢p) = o2 differs from zero, the average of,
over the whole sample is roughly 0.1; even if small, this
effect has to be taken into account.

— Cov(ep,€,) # 0 because the measurement eregrande,,
are correlated, bothandcz being carried out from the same
HI profile. However, the influence of vanishes rapidly
when the distance increases.

— Cov(p,e,), Cov(p,ep) andCov(p, €,) may not be null due
to the coupled selection effectsirand .

log(H)

1.6

3.4.3. On the assumptian; ¢ (p) = const.

The use of the normalized distance method requires that the d
TF dispersion is constant whatever the valuepof log V,,
(H4,Sect. 3.3.), but this is not necessarily true... ObviousKig.1.logH vs.d, diagram for the KLUN sample. Open circles rep-
when in the case of th8-band TE relation no correlation isfesent the average value ffg I for a series ofd,, bins. Error bars
observed between TF residuals and ghgarameter (Theureau deno_te the statistigal err_oron this mean vglue. The full line fitted to the
et al. 1997b), there is a marginal correlation whenthnd data is the theoretical bias curve, as obtained from Eq. (14).
is used (see Willick et al., 1997), and a significant effect in the
case of the-band TF relation (about 0.2 mag from slowest to
fast rotators, see e.g. Theureau et al. 1998b). Giovanelli et al.
(1997) showed that this component is mainly intrinsic and could o
result from variety of sources, such as "asymmetries in the spi-
ral disks” light distribution and velocity field, and di1°ference:;§/D
in the formation and histories of galaxies”. S of
Such a systematically changing character of the TF scatter — [.
might have important effects in the estimates of our bias correc-
tions. It first introduces some "fuzzyness” on the plateau selec-
tion, which then must be chosen more conservative. Italso leads |
to larger uncertainties on derived peculiar velocities, whichin ¢ 5 10 15
the case of thd-band sample are slightly overestimated for
small p and slightly under-estimated for large This may re- n

sult in a second order systematic effect creating at large dig. 2. 1ogH vs. d,, diagram for the KLUN sample. Each point rep-
tances a spurious enhancement of the infall pattern in its bagksents an individual galaxy. As in Fig. 1, the full line fitted is the
side (Sect.5). theoretical bias curve, as obtained from Eq. (14).

In more formal terms, becaugg is correlated withp, the

Eq. (8) which gives the normalization_ factor is no more \_/eriﬁegomplete or diameter complete sample. To this end, the samples
E(C) then cannot be calculgted as in Eq. (11), since its vallgs cut off at their completeness limit (see Sect. 2). In addition,
dgpends on th.e shap_eMp), I.€. on the galaxy spat|a_l dISt”bu'due to the use of kinematical distances as a reference distance
_t|on, on thep Q|str|but|on function, _and on the seIchoq eﬁedgcale, it is also required that the integral over all the directions
inp andy. This means that, for using thieband T,F relation in (1,b) of the functionf (v, x) describing the peculiar velocities is
aproper way, one should treat separgte!y the dlffqveanges, the unity, i.e. except the cosmic expansion there is no coherent
provided a sufficiently large and statistically reliable szamplgeIOCity field at the scale of the sample. Such an hypothesis

Finally, one notes that if the,; dependancy opaffects the def- requires either a large sky coverage of the sample (typically as

inition O.f the plateau fimit, it_ does not "T‘Odif_y Eq. (17) and thug UN), or areasonably deep survey, otherwise itis not possible
properties (18a,18b,18c); i.e. the calibration of TF slope a fit safely the theoretical bias curve to the data.

zero-point using plateau galaxies is insensitive to a TF scatter Using the normalized distance method, all the bias curves

dependancy op. (logH ) (dkin) associated to the various parameters are super-
imposed in a unique curvlogH)(d,) traced by a function
4. Corrected distances AH = 0.2C(w(d,,)) where function&” andw are defined Egs.
) _ _ ~ (11)and (7). Note that the bidsH is independent of the galaxy
We have shown in Sect. 3.2. that since the selection Bias gpace distributiort(y). Its general form, which takes into ac-

on the estimated TF distance modulus depends on the setQlint all the parameters implied, requires to replagg, by
parametersyl, diin, ay(l,b), a;(logRas, T), T or X), it can  he effective magnitude limit;

be only expressed as a function of the normalized distdpce

We recall that this is true only in the case of strictly magnitud@;;,, 5 = myim (') — a4(l,b) — a;(log Ras,T')
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Fig.4.logH vs.V,..q diagram for the unbiased sample only (KLUN). &
© = -
And the normalisation terrg by:
~ [ .
1 - 10 30
Po.efs = po+ —(o(T) = b(6)) q
or Fig. 6. As in Fig. 2, but for the W91PP-band sample

1
Po,eff =Po+ —(b(X) — b(10.)) |
¢ to the Local (Coma-Sculptor) Cloud. They take part in the Lo-

The corrected distance is finally given by the following equatiof@! Anomaly, a local bulk flow discovered by Faber&Burstein
(1988). Figs. 5 and 6 are the equivalent of Fig. 2, for the MFB

log deorr = logdrr + 0.2C(w(d,)) = and W91PP samples respectively. Due to the smaller dispersion
of the TF relation in/ andr, the unbiased range is deeper and

0.2(m + arpp + brrp — 25) +0.2C (5 log dpin +a(p —po) ~ thebias curve shallower thanih However, the corresponding
corrected distance samples are less populated and less deep than

tag(L,b) + ai(log Ros, T) + (mo — muim (T)) for our B-sample, and only a few objects are available at large

distances.
(T — b(6 o5 the corrected distance sample contains 2454, 597, and 167
—(b(T) = (6)) — ) galaxies for the KLUN sample, the MFB sample, and the

i ) W91PP sample, respectively. The Aitoff projection of these
Figs. 1 and 2 show the bias cunied Ho + 0.2C(w(dx)))  three samples is displayed on Figs. 7, 8, and 9.
fitted to a series of average poititsg H )(d,,) and to individual

points(logH, d,,) respectively, using the KLUN sample. Note

the clear plateau region, at short normalized distance, whighToward a kinematical study of the Local Universe

defines the unbiased range. For comparison, we plot in Fig : .

and 4 the corrected sample and the extracted unbiased sub::,saijr?fﬁ-v against d or d against V2

ple in alogH vs.V,.q (radial velocity) diagram. As expected,There are two ways for investigatingla(velocity) vs.d (dis-
(logH) = (log(Vyea/drr)) appears now constant whatever theance) diagram from the direct TF relation: the plotoégainst
distance is, up td&,,4 ~ 8000 km s'!, whereas the unbiasedd or of d against/. It was shown by Teerikorpi (1993) that both
subsample is limited t#,,4 ~ 3000 km s'. Note in Fig. 2 points of view hide some specific problems, and that special
the small set of galaxies lying at small; (H) (~ 1.3), clearly care is needed for interpreting such diagrams in the search for
out of the main cloud of points. These galaxies have a rad&@lstematic peculiar motions. Difficulties are due to the large TF
velocity between 300 and 700 knt'sand belong essentially intrinsic scatter, which makes distance uncertainties large (15%
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Fig. 7. Aitoff projection of the KLUN cor-
rected distance sample in galactic coordi-
nates (2454 galaxies)

Fig. 8. Aitoff projection of the MFB cor-
rected distance sample in galactic coordi-
nates (597 galaxies)

360

Fig. 9. Aitoff projection of the W91PP cor-
rected distance sample in galactic coordi-
nates (167 galaxies)

to 25%, depending on the passband) and forces us to smdtically correct, given the construction of the corrected dis-
the derived peculiar velocity field for extracting reliable infortance scale, because corrected distariggs were built so that
mations. (V/deorr) = Hy for every normalized distaneg,, and conse-

Fig. 10 shows the Hubble diagram obtained from the KLUQUENtly for every kinematical distanak;,, or radial velocity
sample, together with the average poifits,,..) (V) (open cir- qud. Inthis way{dco'm = (dtr’ue) whateverthe radlal'velouty.
cles, upper panel) and)(d..,,) (open squares, lower panel).Th'S last assertion is not valid with the second series of mean
The first series of points follows quite well the uniform Hubblé’o'n'_‘S' b_ec"_iuse corrected distances a"f_ CO_”_eCt ”,(,)n_ average”,
law up to a distance of 130-140 Mpc. These points are s@d in principle, they cannot be used as "individual” distances,
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this means that the observed infall amplitude traced by the series
(deorr) (V) is reduced, compared to the true infall motion. On
the other hand, if such an infall pattern is observed (the typical
"S-curve”), we are sure of the existence of an important mass
overdensity in the region sighted.

Concerning the second series of poifig {(d..r+)), the ob-
served infall pattern is strongly biased by the convolution of the
galaxy density gradient (due to the cluster) and the distribution
function of the TF residuals. The overdensity region appears
more extended, and the infall motion is magnified by the bias.
It has the advantage of revealing infall motions, even of small
amplitudes, and the location of their center.

We give below two examples of kinematical study in the di-
rection of the Perseus-Pisces supercluster and toward the Great
Attractor.

5.3. Aninfall pattern in the Perseus-Pisces region

The Perseus-Pisces (PP) supercluster is a massive, filamentary
structure concentrated at a redshift of about 5000 krhis

the direction(l,b) ~ (120°,-30°) (Haynes&Giovanelli,1988).

The deepness of the KLUN sample (redshifts up to 10,000 km
s~1) covering a wide solid angle, is particularly well adapted
for studying peculiar velocities in this region, which is rich in

spiral galaxies.

Fig. 10.Hubble diagram obtained from the KLUN sample. Radial ve- The Pe_rseus-Plsces_ r_e_glon has b_een studied by rumerous

locity corrected for a Virgo infall component is plotted against th uthors, W'thPUt,an,y def|n|t|ye conclusm.n -aboutapo‘fssmle bulk

corrected TF distance. On top panel, the open circles represent {RY/ Of galaxies in its direction, though it is a proeminent fea-
mean pointsd...) (V) obtained within bins of 250 kms; on bot- ture of our Local Universe. However, on the basis of a sample of
tom panel, the open squares represent the mean p@iltel....) 274 spiral galaxies spanning the right ascension rangé@1-
obtained within bins of 5 Mpc. The straight line correspondéfte= 4" and the declination range 22:33.5°, Willick (1990) con-

57 kms* Mpc™? cluded that the region can be described by small scale motions,
most likely due to the pull of the PP filament and the push of the
foreground void, superposed on a large scale flow revealed by

for bining the distance axis. Moreover, they suffer from whain excess of negative peculiar velocities. This overall motion of
could be called a "Gould effect” (Gould, 1993) due to a selegalaxies in PP, was found to be in about the same direction as the
tion effect in redshift space: beyoiti~ 8000 km s'! redshifts large scale flow modeled by the Great Attractor. On the basis of
measurements are lacking, afid) (d...) divergesbeyond ~ the same sample, but using a different method based on Monte-
100 Mpc (see Fig. 10). Carlo simulations for controling biases, Freudling et al. (1995)
revealed a significant infall into the PP supercluster complex.
This result was further confirmed by Da Costa et al. (1996) from
a whole sky sample of 1300 field galaxies. An other study by
Our bias correction method assumes that in first approximatidan & Mould (1992), on the basis of 21 clusters distributed on
the kinematical distance well represents the true distance dha whole sky (among them five in the direction of PP), showed
galaxy, i.e. that the velocity field is a pure Hubble flow. This ithat the kinematics of our Local Universe can be described by
no more true if the galaxy takes part in a bulk motion like an i model in which galaxies are infalling to two mass concentra-
fall motion toward the center of a cluster. When approaching ttiens, one in PP and one in Hydra-Centaurus. Finally, this region
cluster from its front side, observed radial velocities of galaxiegas studied recently by Hudson et al. (1998), using the inverse
become greater and greater with respect to their cosmic cdrendamental Plane (FP) relation and a set of 103 ellipticals dis-
ponentH,yd; when going away from the back side of the clustributed in several clusters. For one of the background clusters,
ter, observed radial velocities of galaxies become smaller tHaese authors evidenced a marginal backside infall toward the
their cosmic component. As a consequence, when approactnter of the PP complex, the latter being found roughly at rest
ing a cluster, we tend to over-correct TF distances (the trwith respect to the CMB frame.

distance is overestimated); and when going away beyond the We show in Fig. 11 the Hubble diagram obtained with the

cluster, we tend to under-correct TF distances (the true distakddJN corrected distance sample in the direction of PP. The

is under-estimated). Translated in terms of peculiar velocitiesgion surveyed covers the area{989 [/ < 155°; -45° < b <

5.2. V vs. d diagramin the direction of a cluster
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toward Perseus—Pisces (KLUN).

toward Perseus—Pisces
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Fig. 11. Hubble diagram obtained from the KLUN sample, in the difi9- 12. Hubble diagram obtained from thw91PP sample(see text
rection of thePerseus-Piscesupercluster (see text). Radial velocity?"d Fig. 9). Radial velocity corrected for a Virgo infall component

corrected for a Virgo infall component is plotted against the correctéPlotted against the corrected TF distance. Open circles, and open
TF distance. The open circles represent the mean pits, (1) Sduaresare defined as in Fig. 11. The straight line correspotisto

obtained within bins of 250 km's; the open squares represent the1 kKm s Mpc™*
mean pointsV')(d.orr) Obtained within bins of 5 Mpc. The straight
line corresponds téf,= 57 km s~ Mpc™!

ently high-amplitude bulk flow was due to the gravitational pull

of aso-called Great Attractor, an extended overdense region cen-
-15°). Open circles and open squares correspond to the méaned at- 4300-4500 km st in the direction(l, b) ~ (307°,9°).
points described in Sects. 5.1. and 5.2.. A large amplitude infilbre extensively, this region includes the Hydra-Centaurus su-
pattern is clearly revealed by the two sets of points, exhibitipgrcluster and some important concentrations in Pavo-Indus and
forthe firsttime both front-side and back-side infalls. Accordingntlia. The GA model became a challenge to structure forma-
to the discussion of Sect. 5.2, the true "S-curve”, corresponditign model based on hot or cold dark matter, both unable to
to the true density distribution, is somewhere between the tgenerate such large fluctuations in the mass distribution.
patterns traced by the two series of points. Another difficulty comes from the fact that the putative cen-

A similar result is obtained with the-band W91PP sample ter of this attractor is close to the Galactic plane in aregion where
(Fig. 12), even if this sample covers a too narrow area on test and gas hide background galaxies when observing in the
sky for actually tracing the infall motion in the suroundings afisual passband8 andV. Thanks to some recent and system-
the PP supercluster. In addition, a non negligible part of the ddttic blind surveys at 21-cm in this zone (e.g. Kraan-Korteweg,
jects belongs to the triple value region, and disturbe the pattet896; Bottinelli et al. 1993), which have searched for the mass
However, due to the smaller scatter of the TF relationband, conterpart responsible for the observed flow. These investiga-
the "open square curve” is here less affected by the bias thams have revealed some new extragalactic features, such as the
with the KLUN B-band sample. Puppis cluster and Abell 3627 cluster, accounting for at most
The center of the infall is located dt~ 90 Mpc orV,.q ~ 10% of the mass required by the GA model.

4850 km s !, and the dynamical influence extends frend0 Note that a variant of the GA model has been proposed by
Mpc up to~ 140 Mpc. This large scale flow is probably noseveral authors (Mathewson et al. 1992b, Rauzy et al. 1992,
only due to the PP supercluster, but also to the gravitational pillilick 1990), concluding that our local region and the GA
of numerous dense clusters in the surveyed region (Pegasusitadf could take partin a larger scale but constant velocity field.
A400 clusters are for example located close to the PP direction). We show in Fig. 13 the Hubble diagram obtained with the
KLUN corrected distance sample in the direction of the GA.
As in Mathewson et al. (1992b), the region surveyed covers the
sky area (260 < | < 330; -40° < b < +45°). Unfortunately,
The existence of a Great Attractor dominating the kinematidsie to large extinction effects i8-band and consequently large
of the Local Universe has been a long and controversial debatecertrainties on magnitude, objects belonging to the Zone of
First report on a large scale coherence in the field of peculiroidance (i.e. the area 1&appart from the Galactic plane) have
velocities goes back 10 years ago, with a paper from Dresdberen excluded, and the region is consequently poorly sampled.
etal. (1987). The authors showed evidence that galaxies ovét@vever, the large bulk flow implied by the GA should be well
large volume of space share the Local Group’s motiok 600 revealed by this plot, especially because the noisy triple value
km s~! with respect to the microwave background radiatiomegion has been naturally excluded by the selection. Indeed, such
Lynden-Bell et al. (1988) proposed a model where the appartarge flow is not evidenced by our KLUN sample, and only a

5.4. On the Great Attractor debate
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toward the G.A., 6=45° (KLUN) toward the G.A., 6=45°
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Fig. 13.Hubble diagram obtained from the KLUN sample, in the direc- toward the G.A., §=25°
tion of the putativeGA (260° < [ < 33(°; -40° < b < +45°). Radial

velocity corrected for a Virgo infall component is plotted against the
corrected TF distance. Open circles, and open squares are defined as
in Fig. 11. The straight line correspondsia= 57 km s ! Mpc—!
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hint of infall pattern can be guessed, centered roughly aroung § L . R |
a redshift of 3000 kms!. This redshift range is compatible Vv < Ry
with the location of the Hydra-Centaurus complex, which ies R
contained in the area investigated. Nothing is detected at theO - oo ) -
expected redshift of 4500 knrs. I vk, "
This result is confirmed by a study of the same region with
the MFB I-band sample which extends closer to the Galactic 5 5 100
plane (down tdb|= 8°). Fig. 14 shows the Hubble diagram in & (Mpe, H.=51)
the direction of the GA, for two different solid angle around its o
center § <45° andf <25°). Thanks to the smaller TF scattelrig. 14. Hubble diagram obtained from the MFB sample (see Fig. 8)
in I-band, and a better sampling of the area, a clear thoughtwo solid angle § < 45° andf < 25°) around theGA direction
small amplitude infall pattern is seen on both panels. The inféll b))=(307°,9°). Radial velocity corrected for a Virgo infall component
center corresponds in both panels to a reshift 8000 km s''. s plotted against the corrected TF distance. Open circles, and open
However, a second possible center is seen on the top panel gﬂ:ﬂares are defined as in Fig. 11. The straight line corresporiis=to
a larger sky coverage) at a redshift-0f4200 km s (d ~ 62 °>1kms " Mpc
Mpc, Hy=51). Contrarily to the conclusions by Mathewson et
al. (1992) with the same sample, a significant backside infall
is detected up to redshifts of 6000 km's Rather than a greatis free from selection effects on magnitudes, and thus does not
attractor, the results are in better agreement with a cumulatiegjuire the extraction of a strictly magnitude limited sample.
pull of the numerous mass concentrations roughly alignedTihese corrected distancds,,,, = drr exp(;oﬂa%p) are
this direction, reinforcing the conclusions by Federspiel et ainbiased in the sense that for a givép,,,., i.e. for a given
(1994). couple(m, p), the mean true distance is equaldg,,,.. It is
Mathewson et al. (1992b) did not detect any backside infalien the mean point§d/)(d....) Which trace either the Hub-
but a large bulk flow with large positive peculiar velocities uple law, or the infall pattern we are interested in. Moreover, if
to the limit of the sample. Thanks to the good quality of thetrne instead uses the other series of mean pdifits,..)(V),
data, and of the use of the less scattdrdxhnd TF relation, the one gets negative peculiar velocities at short distances and pos-
authors claimed that the classical GA model of a large convéive peculiar velocities at large distances, because for a fixed
gent flow was definitely ruled out. They used the TF relatidnue distancé,, ¢, dnon. Overestimates,,.,. at short distances
as distance criterion, and corrected their derived distances frand under-estimate..,.. at large distances. Indeed, the bias
the Malmquist bias of the first kind (Teerikorpi 1994, 1997) bylog drom.) — 10g dirue =~ 2a0d.p — 0.2C (w(dy)) (cf Sect. 3)
applying to the whole sample a correction factor of 8% deducededpends differentially on the true distance, i.e. on the redshift,
from the classical Malmquist formulAM = 1.38202. and also on the completeness limit of the sample.
We recall that this kind of correction is valid only inthe case We plotted on Fig. 15 the Hubble diagram in the direction
of a homogeneous spatial distribution of galaxies. Howevergit the Great Attractor region, using for the TF scattef» the
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toward the G.A., 0=45° — The method allows us to define an unbiased distance indica-
§ — tor valid for the whole parent sample, as long as complete-
°° - ness in magnitude (resp. in apparent diameter) is verified.
5 . 597, 7 — This NDM distance indicator is robust since no assumption
= § B 2% a2 is required neither on the spatial density distribution of the
v o S ] galaxies, nor on thg and luminosity distribution functions.
g9 oL In addition, this distance estimate is also independent of
5; = selection effects ip and distance modulys.
=" o :Bf:” A first application of this new tool to kinematical analysis leads
ST o bt to the following results:
Hoged "0 . .
SE | — We showed evidence for a large amplitude convergent flow
o 5‘0 e wéo e in the direction of the Perseus-Pisces supercluster. For the

first time, thanks to our reliable correction method, a back-
side infall was detected.

Fig. 15.Hubble diagram obtained from the MFB sample (within a solid ™ ’The expected I{,;’\rge convergerjt infall t‘?""ard the putative
angled < 45 around(l, b)=(307°,9°) in theGA direction, when using Great Attractor” was not confirmed, neither a large con-
the homogeneous Malmquist correction factor. Open circles, and open Stant bulk flow in the same direction proposed by some au-
squares are defined as in Fig. 11. The straight line corresporifisto ~ thors. However, centers of infall were clearly detected, in
56 kms ! Mpc™! the region (260 < | < 330°;-40° < b < +45°), and it
seems that the peculiar velocity field may be essentially de-
scribed by the cumulative pull of several structures such as
Hydra-Centaurus complex, Antlia and Pavo-Indus clusters.

d (Mpc, Hy=56.)

hom.

observed value of 0.43, which leads to a homogeneous correc-
tion of 14.7% on TF distances. Even if more scattered than in

Fig. 14, the plot indicates three possible centers of infall at Our kinematical study set the preliminary steps of a more
3000 km s*, V' ~ 3700 km s*, andV' ~ 4500 km s* as general dynamical analysis, where the method will be applied
traced by the open squares. The Hubble condtiarestimated to various mass concentrations. Tolman-Bondi simulations will
using these corrections is also slightly different from the onrglow us to compare the derived infall pattern (for different angu-
estimated from the unbiased part only (56 instead of 51k s|ar distances from the infall center) with theoretical *S-curves”,
Mpc~! with the NDM method). These value is less sensitivgroviding us with informations on cluster mass distribution and
to the influence of peCUIiar VelOCitieS, but it is valid Only UNgluster mass_to_"ght ratio (Hanski etal. in preparaﬁon)_
der the assumption of the homogeneity of the galaxies space peculiar velocity field reconstruction, such as POTENT (see
distribution. e.g. Dekel, 1994), still requires a large and homogeneous all sky
Notice that using a TF scatter of 0.32 mag, derived from Tf= sample with reduced distance uncertainties. This should be
regressions in clusters (where selection effects reduce the géhieved in the next years with current NIR surveys such as
served magnitude dispersion), Mathewson et al. (1992b) hayeNIS and the associated spectrometric programmes 6dF (6

under-estimated the effect of the Malmquist bias, and thgBgree Field multi-fibers spectrograph) and FORT-Key-project
under-estimated the correction to be applied. Moreover, becayiggh the refurbished Nancay radiotelescope).

they sliced their plot (in their Fig. 1) into horizontal bins, i.e.
according to redshifts, they obtained a biased sequence of poj t?

(the open circles in Fig. 15) that diverges toward spurious pog—e erences
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