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Abstract. We study the influence of the assumption behind thierived even from magnitude limited samples in an unbiased
use of the inverse Tully-Fisher relation: that there should be nanner. Secondly, Teerikorpi (1984, 0r T84) showed explicitly
observational cutoffs in the TF parameteg V. It is noted that the inverse relation gives unbiased average distances for a
how lower and upper cutoffs would be seen iog Hy vs. sample of galaxies (if is not affected by selection), aresult later
“normalized distance” diagram. Analytical expressions, undeonfirmed by Tully (1988) via simulations (see also Hendry &
the simplifying assumption of a normal distribution and the usimmon$71994). Thirdly, Ekholm & Teerikorpi (1997 [orET97)
of the correct TF slope, are derived for the resulting biaseshowed that with the inverse relation, one does not necessarily
especially the average bias whielg 1, cutoffs produce in the need a volume-limited calibrator sample, which on the contrary
derived value off{,. This bias is shown to be relatively weakjs quite critical for the use of the direct relation:
and as such cannot explain the large differences in the reporﬁdﬁ b 5
values ofH|, derived from direct and inverse TF relations. =ap+ (@)

Some problems of slope and calibration are shown to @e direct TF relation has been succesfully applied for deriva-
more serious. In particular, one consequence of fitting througbn of H, by the method of normalized distances that was
the calibrators either the slope relevant for field galaxies or thest used by Bottinelli et al[{1986). Theureau et Al. (1997b)
steeper slope followed by calibrators is that the derived valhgve used an improved version of this method in an analysis
of the Hubble constant comes to depend on the nature of #fea sample of 5171 spiral galaxies that leads to the value of
calibrator sample. If the calibrator sample is not representatigg ~ 55 + 5kms~ Mpc . In this method, which is rather
of the cosmic distribution diog Vi, large errors in the derived similar to the Spaenhauer diagram method of Sandage (1994),
value of H, are possible. Analytical expressions are given f@ne identifies the so-called unbiased plateau inlheH) vs.
this error that we term the calibrator sample bias. normalized distance diagram for a magnitude or angular di-

ameter limited sample, from whicH, is determined without
Key words: galaxies: distances and redshifts — galaxies: spitdke need to make further model dependent correction due to
— cosmology: distance scale selection. Normally, the unbiased plateau contains only 10-20
percent of the total sample. That one can use the whole sample
without bias correction is a remarkable advantage of the inverse
1. Introduction relation approach.
However, several problems balance the advantages of the

There have been sincere hopes that the inverse Tully-Fisher (fdykrse relation (Foudiuet al[ 1990, Teerikorpi 1990, Sandage
relation could overcome the distance dependent selection bigs|.[1995[ ET97), and one has not yet been able to use it re-
the so-called Malmquist bias of the 2nd kind (Teerikorpi 1997l)ably for an independent determination &, (see Theureau
influencing the determination of the value of the Hubble cofggg7, Ekholm et al; 1999). In the present paper, we study two
stant. First, Schechter (1980) pointed out that the inverse relatjgfportant points which must be clarified before a successful use
of the form of the inverse TF relation:

p=aM+V (1) 1. How would possible cutoffs itvg V4 be seen in the data?

whereM is absolute magnitude (or linear diameter) arislan 2 E'OW Iarg:ja an mcm;luence do dgptper and Iov(\;err] cu(t%fﬂ:sﬁgw Vi
observable parameter not affected by selection effects (e.g. %1e ave on derived average distances (and hendéd)

maximum rotation velocityog V) in the TF relation), can be HO\.N does the natyre of the' cahb_rator sample influence th_e
derived average distances if the inverse TF slopes for cali-

Send offprint requests 1®. Teerikorpi (pekkatee@astro.utu.fi) brators and field galaxies differ?
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As regards the first point, we emphasize that our approachm [
follows the lines which we have adopted and found useful with .
the direct TF relation: to detect and overcome the bias without | LT ]
detailed modeling, by studying how the cutoffs would appearin S - Py S -
kinematical applications (cf. the increase(éf) as a function i % |
of true (or normalized) distance, when the direct TF relation is
used). Another, more technical approach to the direct TF reT*a—N B
tion is that of Willick (1994), based on corrections to individual
galaxies within an iterative scheme. In principle, a good knowl- |
edge of théog Vi selection function could also permit Willick's -~ v ~7+ |
method to work for the inverse TF relation, in order to derive = [ - T !

1

the slope as it would be without the selection. :
Our approach necessarily cuts away a part of the sample., .~ | |- 5 55
However, as shown by Ekholm et al. (1999) for the KLUN sam-
ple, the remaining subsample suitable for the determination of
Hy Wlth the inverse TF methpd is still mu_ch larger than thﬁig. 1. p vs. log of apparent diameteiog Do diagram for distant
unbiased subsample for the direct TF relation. cluster and calibrator galaxies. Upper cutoffpadotted line) makes
The observational motivation for studying question Zhe inverse TF distance to the cluster too small when we force the
comes from Theureau et dl. (1998), who discuss the detectmect slope, followed by both the calibrators and the cluster (dashed
rate of 21cm line profiles at the Namgradio telescope, in con-lines), through the cluster. The solid vertical line shows the angular
nection with the angular size limited KLUN galaxy sample. Théiameter limit, the dashed vertical line is the ‘unbiased plateau’ limit
detection rate is relatively high, 86 percent for galaxies withfgr the distant cluster. Cluster members that are not in the observed
previous redshift measurement and 61 percent for those with SA7PI€ are marked with small symbols.
known z. However, more important than the average detection

rate, ishow detection depends @n i.e. the selection function This paper is structured as follows: In Sect. 2 we show qua|_
S(p). Unfortunately this is difficult to derive from the raw dataitatively how cutoffs inlog V4 influence the distance determi-
Theureau[(1997) notes that one expects loss of galaxies Wiltion. In Sect. 3 the method of normalized distadgss in-
either a narrow or broad 21 cm line width. Narrow profiles afgoduced for the inverse TF relation. In Sect. 4, the behaviour in
difficult to detect among the noise, while broad profiles, beirfle 1og H vs. d,, diagram is calculated analytically. In Sect. 5,
low, also tend to be missed. we derive an analytical expression for the average bikssifl
Hence, as a first approximation we suppose that the distfihen there is an upper or lower cutofflisg Va1, and give some
bution oflog Vi is affected by sharp lower and upper cutoffsexamples in Sect. 6. The fundamental problems of slope and
p1 andp,, although the selectiofi(p) more probably dependscalibration are discussed in Sects. 7 and 8. Sect. 9 contains con-
on various galactic parameters in a complicated manner. Hgliding remarks, emphasizing the essential points and conse-
such cutoffs influence, e.g. the valueléf as determined by the quences of the present study.
inverse relation method, has not been previogsigntitatively A note on the nomenclature: We use capis for the di-
discussed. ameter of a galaxy)ss is the usual apparent 25th-mag isophotal
We study the above questions using normal distributioniameter [D,5] = 0.1 arcmin),D is the linear diametef D] =
which allow analytic expressions. This forms a natural Seqqgjc)_ In Sect. 4, to make the formulae more readable, wéuse
to our previous discussions of the TF relations, both direct af} thelog D's. Smalld’s are used for inferred distances, is
inverse, where the assumption of Gaussianity has been adogethormalized and,;,, the kinematical distance. It is assumed
(Teerikorpi 1984/ 1987, 1990, 1993). It is worth noting thahat kinematical distances have been calculated from a realistic
though we occasionally refer to the KLUN sample (see e.gelocity field model, giving reliable relative distances (in prac-

Theureau et al. 1997a), the theoretical ideas concerning @ from a Virgo-centric infall model as e.g. in Theureau et al.
above mentioned points 1-3 have general validity. As an extaig97p). The true distance is denotedrby

sive sequel to the present work, Ekholm et[al. {1999) have inves-
tigated whether the large value &), derived with a straight-
forward application of the inverse TF relation for the KLU
sample, could be due to the errors arising from cutoff and/pet us assume that the selection may be described as cutoffs on
calibrator sample biases. They show that the calibrator samiie wings of the symmetrig distribution. To illustrate, let us
bias is more important. consider the simple case when there is only an upper cutoff

In this paper we also aim at a better general understandi@that allp > p, are missed, while ajy < p, are measured.
of the inverse relation as a distance indicator, and present sorh@ situation is sketched in Fig. 1. The calibrator sample (at a
arguments in a heuristic manner, since the method has bggad distance) is on the right, while a distant cluster of galaxies
justly criticised as difficult to visualize, in comparison with thes on the left. Thep,-limit is indicated by a dotted line. The
“more natural” direct relation approach. correct regression lines, with the same slopes, are shown. Note

logDyy

,\?. Influence of cutoffs inlog Vi: schematic treatment
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thatunaware of theselection, one would derive from the cluster
galaxies (or more generally from field galaxies) a too shallow apper
slope. For the moment we simply assume that the correct slope p—cutoff
is known. We return to the problem of slope in Sect.7, and
this issue will be discussed elsewhere (Ekholm et al. 1999) in
connection with real data. T
In inverse TF method (iTF) for deriving distances, one ba relevant slope a’
sically shifts one of the regression lines over the other, and the
required shift olog D55 gives the (logarithmic) ratio of cluster
to calibrator distance. Lover it
In practice, one calculates for each cluster galaxy the iTF
“distance”d,, using the calibrating relatiopn = a’log D + ¥/,
so thatog (de1/dca1) = log D(p) — log Do5. Averaging over all
cluster galaxies gives the unbiased distance. This is equivalent a
to “shifting the regression lines”. The iTF “distance” has a sys- _
tematic error depending gn though one does not know howFi9- 2. Effec.t of th(_ep-cutoff_s on t_he value oflog H) at differentd,,.
large the error is (c.f. Sect. 5[0 T84). The normalized distancg, is defined ad2sdin.-
Inthe depicted situation, even if one knows the correct slope,
the attempt to force-fit it on the cluster data will shift the linéame, the critical vertical lines will almost coincide. Hence, in
towards largetog D5, because the upper cutoff has eliminatetiie general case of afield galaxy sample, one may shift all galax-
more galaxies from above the “correct” (unbiased) regressit§ independent of their distances, to one diagrabag¥y; vs.
line than from below it. Hence, the inevitable result of an upp&ts D25 + log diin, Where the abscissa is up to an unknown
cutoff is that the iTF distance to the cluster will be underesgonstant (as far a is unknown) the same as linear diameter,
mated. log D. If one now accepts galaxies left of the (common) critical
Now, because of the limiting angular size, not all galaxid&ie only, an unbiased average distance is derived.
of the cluster are included. So one should add to the diagram One might termlog D5 + log diin (OF dn = D5 - dicin)
a vertical line, only galaxies to the right of which are largéhe normalized distance, analogously to the case of the direct
enough to enter the sample. Note that this cutoff does not bids Normalized distance introducedlin T84. Then in e H
the distance indicator if there is pecutoff. vs. log d,, diagram, using the correct slopé there is at small
If one moves the cluster closer (to the right), the angular sigermalized distances an unbiased plateau, after wiigh/7)
limit cuts away less of the cluster galaxies. Then the influengEIts to grow.
of the p,-cutoff on the derived distances becomes weaker. In The resulting unbiased plateau should be horizontal, if the
terms of the calculated Hubble constant (actually up to an uHopea’ is correct. ET977 pointed out a simple device of deciding
known factor, becausk /a’ is still unknown), one should seeWhich is the correct inverse slope: in the H vs. dy, diagram
in alog H vs. dii, diagram first at small kinematical distance$he run of points should be horizontal. This was, however, made
(proportional to the true ones) a constant “plateau” when the atiider the premise of np-selection. Now we understand that

gular size limit keeps out of the cluster. Then there is an incredBgtead ofdxi, one should usé, = Djsdyi, on the abscissa,
due to the larger influence of thg-cutoff. in order to identify the cutofél,,. Only galaxies below this cut-

off are expected to show a horizontal run onthe H vs. dy;,
. _ . diagram, ifa’ is correct. Fig. 2 shows how in the more general
3. “Unbiased plateau” for the inverse relation case, the lower cutoff causes too smdg H) below the un-

The plateau in théog H vs. dy;, diagram is not an unbiasedbiased plateau. Ekholm et dl. (1999) will discuss the evidence
plateau; it still gives too large a value dbg H), because of for upper and lower cutoffs itog V4 in the KLUN sample and

a residual effect of the,-limit. The bias can be reduced byn°W the described method can in practice be implemented.

applying an upper cutoff to the cluster sampleldg Dss, as Though in t_hls manner one may detec_t sharp cu_toffs in

illustrated by the dashed vertical line in Fig. 1. The galaxiags V\x and derive an unbiased value & without detailed

between the upper and lowkrz Ds; cutoffs now provide the modelling, it is important Fo kn.ow how large an !nfluence the

best iTE distance estimate. cutoffs would have orH,, if their presence were ignored. We
The position of the critical righthand side vertical line ifliSCuss this in Sects. 4-6.

Fig. 1, which cuts away the “badbg D.5 interval, depends on

the distance of the cluster (compare the cluster and the calib#aAnalytic calculation of (log H) vs.d,

tors). However, its position is practically constant onlihear

X . . L ssuming Gaussian distributions and sharp cutoffs ahdp,,,
size scaleindependently of the cluster distance. This is clea.rI is easy to calculate the expected rurflo ) vs. normalized

seen if one shifts in Fig. 1 the cluster galaxies to the right, i.e. L ! . :
decreases their distance until it coincides with the distance of { %tancedn. For simplicity, we write the inverse relation as

calibrator cluster. Because the TF relations are essentially the: a'D + b/ 3)

unbiased plateau

n
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We useD = log Dy, as shorthand notation for the logarithm of
the linear diameter. At any fixel the dispersion op is o,. Rl

Now the task is to calculate the biasling H at eachD. i
This is done starting from the same initial formula (28) of T84 © |
which was used to show the absence of bias. However, in this

case one must add the selection functitip): o OF
7. (D—D®)S(p)®(p)dp ;

(bias)p ™ S(p)®(p)dp 4) —f

where®(p) = const - exp [ (p — p(D))?/(207)] andD(p) 9

(p—0)/d.
This formula gives for the sample galaxies with true (log)
diameterD, the (log) error in the diameter deduced by the in-

verse relation (usin@(p)). Itis directly reflected to the derived p

value of(log H) at constanD (i.e., at fixed normalized distanceFig. 3. A volume limited subsample of a synthetic data-set is shown as

dy). crosses, and the diameter limited subsample of the same parent data-

With the present choice of the selection function (sharp upet is marked with circles. Direct TF relations of these subsamples,
per and lower cutoffs), and after a change of variable, Dair(p) andDaa,air (p), are parallel and separated vertically (By—
a)-In10 - o3 (EqQ.11). The inverse relatioi., (p) (Eq. 12), that

_p- aD-V 5 under ideal conditions is the same for both subsamples, intersects the

r= V20, ’ ®) direct regression lines @ = Dy andD = Dy + (3 —a) - In 10 - ¢5.

Eq. (4) becomes
a-(4) Eqg. (8). We assume for simplicity that the cosmic distribution

(bias)p = — \/2/7(%/@/)3(% Ty) (6) ofp(aswellas oD)is normal, which is a rough approximation
for fixed Hubble types, see e.g. Fig. 1 in Theureau €t al. (1997a).
Here the termB(zy, z,,) can be evaluated in terms of the error  Asijllustrated by Fig. 1 il T84 for the case of magnitude TF
functionerf(z) = (2//7) [y exp (—t*)dt: relation, in magnitude and volume limited samples the direct
9 9 regression lines are parallel and separated.By2032, (when
exp (—27) — exp () (7) «=0). The separation happens so that the volume-limited line
erf(zy) — erf(z1) (carrying with it the bivariate distribution) glides along the un-

wherez; andz,, correspond to the cutoffs andp, via Eq. (5). changed inverse line which goes through the avefdgs both
Inspection of the formula confirms the qualitative concluhe volume & M) and magnitude limited< M, — 1.38253,)

sions of Sect. 2. Putting, = — oo, so that only the upper cutoff Pivariate distributions. Fig. 3 gives a similar diagram for the di-
remains (and recalling thatf(—co) = —1), the bias is seen ameter TF relation, showing the three kinds of regression lines

to be positive: the diameters are underestimated, leading to ff-a synthetic sample of field galaxies.
derestimated distances, hence to overestiniageH . Note that In the present calculation we need to know how the diameter

this calculation does not tell us the average bias in the sampirect relation is constructed from the parameters defining the
iTF (c.f.[184, Teerikorp[" 1993, where this was given for the

magnitude TF relation):

] ) D o _ / 2 2 D 2 /b/ 2 2 9
In order to have an idea of how large an influencegtfueitoffs air(p) = (a /U”)UDP p+(Dofop —a /UP)UDP ©)
have on the value dfiog H) calculated from the whole samplewhere
using a (correct) inverse relation, we derive the average bias {or

B(xy,xy) =

5. Calculation of the average bias

— 2 N2

a special case of radial space density behaviour: /0D, =1/0p +1/(op/a')*. (10)
n(r) = kr—e, ®) The Malmquist shifted (angular size limited) direct relation is

: . Dua.dir(P) = Dair —a)-In10- 0% 11
wherer is the radial distance from our Galaxy atd= 0 corre- Madie (P) air(p) + (3 =) -In10 D, (11)
sponds to homogeneity. It is easy to understand that the average the inverse relation is
bias depends on how the observed galaxies are distributed along , 1 y 12
thed,,-axis, which must depend on how galaxies are distributédinv (?) = (1/a’)p —t'/a’. (12)

in space. One can expressthe average bias at a fixesing the inverse

Rather than trying to start with averaging the derivegihd (Malmquist-shifted) direct relations:
(bias)y, overd, (Eq.6), we use another route, based on the

fact that the bivariate distributioRi(dy, p) is known foran an- .. o _ JZo (D = D(p) Pria,p(D)dD
p

: s . = 14
gular diameter limited sample, when space density behaves as’> ffooo Do p(D)dD (142)
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where Table 1. Bias in (log H) due top cutoffs. The upper sign in the-
symbols refers t, while the lower sign refers tp;.
Brtap(D) = cONSt exp (—(D — Dypaai(p))?/20% ) (15) > ? 9 o
so that Ty % —/2/rB(—oco,zy)  bias
(bias)p = Da.dir(P) — Dinv(p) (14b) (= V2/nB(x1, 0))
This simple expression is then easy to integrate overialthe =~ oo 100 0.00 0.000
sample, when one notes that the distributiop &f +0.84 80 +0.22 +0.015
) 0.00 50 +0.80 +0.056
const - exp (—(p — pp)?/(2a'" %)) (16) F0.84 20 +1.68 +0.118

wherep;, gives the Malmquist-shifted average valug ¢shifted  « for op = 0.28, op, = 0.14.
by o’ times the shift ofDy):

po=aD+V +(3-a) 0.0, (17)
Averaging(bias),, over allp from p; to p, gives: 7. Problems of slope and calibration
(bias)ave = — (0D, /O’D)2 opV2/mB(x1, y) (18) In the discussion thus far, we have assumed that the normalized

distance has been accurately calculated, so that there are no
, observational errors itog Dos and the kinematical distance
Ty = DPru — Po (19) scale (i) is accurate as well. However, this cannot be the

’ V2d'op case, and as a result, field galaxies collected from a fixed true
Note that the information on the space density (vand Eq. 16) distance will show in the vs.log d,, diagram a different slope
is contained inz; andzx,,, which show how far away from the than without such errors. This slope will differ from the intrinsic
Malmquist-shifted averagg), the cutoffs are, in terms of theslope followed by calibrators.
dispersioncp = a’op of the cosmic (Gaussian) distribution  Two questions arise: first, in such a situation, what happens
function of p. The factor beforeB (), z,,) can also be written to the slope-criterion requiring thdtog /) for the unbiased
in terms ofo, andop. Then plateau galaxies goes horizontally inthg H vs.dy;, diagram?

) Secondly, how do we calculate the actual valuéogfH, with
(bias)ave = —(03/ (0, + o)) (op/a')\/2/mB(z1,20)  (20) calibrators known to have a different iTF slope? Here we expand
Such an analytic calculation is possible only in the given speciggimewhat the compact treatment in Teerikdrpi (1990).
cases of space density. Generally, the distribution of points in Consider two galaxy clusters in thevs.log D5 diagram,
thep vs.log d,, diagram will differ from the Gaussian bivariateboth having (in their unbiased,-part), the same iTF slop#,
case: at each, the shift of (Dg;,(p)) will be due to different which however differs from the calibrator slope. Itis evident that
Malmquist biases of the 1st kind. However, even in this case tthe slope:’ gives the correct relative distance of these clusters,
inverse relation is not affected and the calculation and predictisfien one shifts the regression lines one over the other (c.f.

wherez; andzx,, are

of Sect. 3 is valid. Fig.1). Hence, as an answer to the first question, this is also
the slope which corresponds to the horizontal distribution of
6. Application of the average bias formula (log H); correct distance ratios reveal the linear Hubble law.

Assume now that the calibrators follow the slafje> o’.
We are interested in seeing how large an effecto@/ cut-  One may describe in a picturesque manner how to do the com-
offs of different severities have. Table 1 shows the values girison with calibrators, leading to an unbiased valueg.
B(—00,zy) (B(z1,00)) and the bias inlog ) for different s the shallower slope for the field galaxies is assumed to be
values of upper (lower) cutoft, ), and the correspondingdue to errors ini,, one may think of “adding” random errors
completeness percentage of the sample. to calibrator linear log diametef®, until the slope falls ta/

In particular, if half of the galaxies are lost because of thghd then use the obtained relation for calibration (“shifting of

upper cutoff (while there is no lower cutoff), formula (18) adoptgegression lines”). Fortunately it is not necessary to actually
a simple form, which gives a rough estimate of the bias for suethyffle” D's - this is equivalent to forcing the slopéthrough

distorted samples. the calibrators, at least in an ideal situation.
(bias)sos, = _(O'DP/UD)QUD 2/7B(~00,0) _ .So, let us assume first that the calibrator sample is volume-
) limited. Then adding random errors®means thatD) = Dy
= —0.8(op,/op) 0D (21)  remains the same, and one arrives at the relation
With representative valuesp = 0.28 andop, = 0.14 this
gives the bias-0.056, or distances underestimated by aboup) = o’ (D) + ' (22)

14 percent, in the average. Intuitively, one might have expected

a more substantial influence of thecutoff, knowing that the On the other hand, the actual calibrators follow
assumption of ng-selection is so fundamental for the inverse

relation method. (p) = a.(D) + b (23)
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Hence, after this trick, the new zero-point which must be appligeble 2. H, as derived using’ = 0.5 when Hy(true) = 55 and the

for the sample galaxies is: true calibrator slope isr.

V' =0 + (a; — a')(D) (24) & Ho(a=0) Hola=0.8)
There is also a longer route to this result, using Eqg. (7) givirige0 67 64
the direct relation in terms of the inverse parametersndf 0.65 74 68
one increasesp, so thata, — o’ and requires that the direct0-70 82 74
relation does not change, one also arrives at Eq. (24). 0.75 90 79

On the other hand, the formula fatis exactly what is ob-

tained if one simply forces the slopéthrough the calibrators. : , . . .
. R ) calculation ofD, from the field sample requires, besides a suit-
From this follows that a correct calibration is achieved by de- ; . .
- . ; able method, the value é{, itself, hence an iterative approach.
riving the zero-point by a force-fit of the slopé through the . .
calibrators Below we show that there is another much more convenient

route which does not require an explicit knowledge of the dif-
ferenceAD (or the value offH,). However, it assumes a radial
8. The calibrator sample bias space distribution law of galaxy number density.
when one uses relevant field slope’

In the above discussion it is noteworthy that one does not hav@teAnother route: using calibrator slopea;,
know the intrinsic slope’, for the calibrators. However, the cal- and making a;,/a’ and Malmquist corrections

ibrator sample must fulfill a special condition. It must be equiv:i\];I principle, the problem of the-distribution of the calibrators
lent to a volume-limited sample, or reflect the cosmic Gaussiglaq ot affect the determination of the zero-pbintshen one
distributio_n,_ as was already no'ged in Teerikofpi (1_990_)' FIofces the correct slop€. on the calibrators. This makes one
Eq. (23), it is clear that two calibrator samples with d'ﬁererﬁskwhat happensif. andy/, are then used for the field sample.

. . o ; )
<DI> y!eld dg‘f?reat ZerO'PO"?@ fc|>r the samsn O;: tgt? field First of all one expects a distance-dependent bias, according to
galaxies, while there can exist only one such corbdhe one Eq. 15 from Teerikorpi (1990), here adopted to diameters:

corresponding t¢D) = Dy or (p) = a’Dy + V' = po.

If (D) of the calibrator sample deviates from the cosic  A(log H)(r) = ((D)(r) — Do)(aL./a’ — 1) (27)
there is a systematical error by resulting in an average error
; 9 asy | . 0 resulting i verag Here (D)(r) is the average (log) diameter for the galaxies at
in the derived(log H): ) i .

true distance. Now one may ask what is the average bias for
Allog H) = (a./a’' — 1)AD (25) the sample? The average bias clearly depends on the average of
_ (D)(r) — Dy. This is actually the Malmquist bias of the 1stkind

or in terms of the average for Gaussian distribution of diameters with dispersiasn and
Allog H) = (a./a’ — 1)Ap/d’ (26) in the case of a space density distribution—* one gets:

AlogH) = (3—a)-In10-05(a./d —1 28
Thissourceoferrorisverysignificantifthecalibratorsam<— ogH)=(B3-a):In op(ac/a ) (28)

ple has not been constructed with the intention of reaching téhena = 0 the distribution is homogeneous. In order to use
cosmic distribution o, if for example the selection of galaxiesthis as a correction, one must know bathanda’. Clearly,
has aimed at detection of Cepheids. In this way, one may havéthe field and calibrator slopes are identical, thésy H) is
volume-limited sample for eagh(c.f. Theureau et al. 1997a),unbiased, and this is so irrespective of the nature of the calibrator
but this does not guarantee that the distributionzofeflects sample. Note also that this formula contains the widthof the
the cosmic distributiofrom which the field galaxy sample hagotal diameter function, not the smaller dispersigs), . Hence
been drawn. the effect can be formidable even when the slafjeanda’ do
Thatthis could be a genuine problem, consider the calibratwst differ very much.
sample of KLUN with Cepheid distances. An indication of the As a concrete example, consider the KLUN field galax-
calibrator sample bias is seen by comparing the distributionies following the inverse slope’ ~ 0.5 which is in agree-
calibratorp’s with that of the whole sample. Because the lattenent with the simple disk model of Theureau et al. (1997a).
is diameter limited, it suffers from a Malmquist bias, hence ifBhis slope, when forced through the calibrators, gi¥ks =
median should be displaced to a larger valugiofcomparison 75kms~—! Mpc~!. Above it was noted that the calibrator sam-
with the calibrators. Ekholm et al. (1999) show that there is e cannot represent the cosmic distributiotiogf14, and this
such shift, which implies that calibrator®) is larger than the is the situation when a too higHt, is derived if the actual slope
cosmic value. Such a situation results in an overestimateH is steeper than the slope from the field galaxies. It is natural
when one is compelled to ugé < a/. to ask, how large a slop€ would in this manner explain the
Application of Egs. (25-26) requires a knowledge of the adifference betweettl(dir) ~ 55 and Hy(inv) ~ 75. Taking
erageD, or py of the cosmic distribution functions to be comop = 0.25, we get predictedd, (inv) for different slopes, as
pared with those of the calibrator sample. It is clear that agyen in Table 2.
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The last column corresponds to a decrease in the averamly on the nature of the calibrator sample. First, there is the
space density, corresponding to density-—%® as derived by possibility that the calibrator sample is a true, volume-limited
Teerikorpi et al.[(1998). It may be concluded that in order t@presentation of the Gaussian cosmic distribution function of
explain the difference betwedi, = 75 and 55 solely in this log 4y from which the field sample has been taken (the latter
manner, it is required that actually, ~ 0.65-0.75, instead of subject only to Malmquist bias). In this ideal case, it is permit-
~ 0.5. Ekholm et al.[(1999) show that such a steep calibrattad to use the field sample slope, with the zero-point obtained
slope really is consistent with the data. by a force-fit through the calibrators. This was the solution sug-
gested by Teerikorpi{1990), and in this case it is not necessary
to know the value of the calibrator slope.

However, generally the calibrator sampléjs) is shifted
In the present study we have searched for answers to a few i@ the cosmigy. If one knows the shiff\p (or AD) andthe
sic questions concerning the inverse TF relation as a distag@Pesa; anda’, then one may calculate the resulting error in
indicator. First, how to see the signature of observational ifog H, when the field samples’ is used. The systematic error
completeness in the TF parameleg Vi, analogously to the is given by Eq. (25).
well-known increase iog H at increasing (normalized) dis-  Another, more convenientroute, which bypasses the explicit
tance, in the case of the direct TF relatid&condlyin which need forAp, is to use the calibrators’ slopg (and correspond-
sense and hosignificantis the influence of théog 4, incom-  ing zero-point) and to calculate analytically the resulting sys-
p|etenegs alone on the derived Va|ud(@°H (supposing one tematic error in terms of the Malmquist bias of the 1st kind.
knows the correct inverse TF slopd)Rirdly, how to work with  This assumes that the average space number density around us
the situation when the inverse slope obeyed by the calibratigProportional to-=“. The systematic error is given by Eq. (27).
sample differs from the relevant slope for the field sample (or We repeat that in the general case bathanda’ (with
for a cluster), and how important is in this regard the nature e®rresponding zero-points from force-fits through calibrators)
the calibration sample? result in erroneous average distance estimates. Fortunately, we

We have generalized the “fine-tuning” scheme discussedbgve now some quantitative control on this error.
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