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The extragalactic Cepheid distance bias: Numerical simulations
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Abstract. We present numerical simulations for a selection bias in the extragalactic Cepheid method (as detected in Teerikorp
& Paturel 2002), which results in underestimated distances for host galaxies. The sel@etibimeolves the Cepheid detection

magnitude limits iV andl, the dispersion ifM(P)), and importantly, variation amplitude, observable upper period limit, and
also extinction. It influences both the bias curve fitting method and the method where short-period Cepheids are removed. Whe
V, |, andP-limits exist, one expects a typical bias pattern in theHogs. M, diagram. A full bias correction is possible only
for special favourable situations, but there always appears a nearly unbiased plateau. The simulated bias varies from galaxy-t
galaxy roughly as was revealed by the strong and puzzling observed trend for galaxies in TP02.
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1. Introduction class has a constant luminosity, but each Cepheid has a vi

tion amplitude. When predicting the bias, one must distingu

Ihf;rglnuénﬁaes %fe:??ﬁt'gﬁ s(:n d.ee)((jtr?fralzigc d“I:tt::ng dmcegﬁtween “Cepheid type” and classical “TF type” relattons
u u udi galaxy “Let the Cepheid magnitude limit bey, and the am-

dles”, e.g. in the TF-method. Sandage (1988) pointed out ﬂbﬂ : .

i i ude AV. To determine(m(P)) requires the whole range
Cepheids are alsdfacted: only long periods may be fully sam- . N
pled due to the magnitude limit (cf. Paturel et al. 1997, Lanom(P) +AVis observed. AM(P) has a small scatter, an unbi

Q%edm P) requires a somewhat wider range, to the magnit
et al. 1999). Because of the small scatter in the PL-relati (P) requi what i ge, gnit

: IP + AV + ao (@ = 1-2). If the observationdP-limit is too
this source of error has been regarded as small and correct% g?t or if long-period Cepheids are rare, this faint limit m
in modern HST studies. ever be reached '

But Teerikorpi & Paturel (2002; TP02) found an unexpec{l Itis instructivé to make a diagram for real Cepheid me
edly large &ect, when inspecting the Hubble parameter Vel red galaxies, showing thé vs. logP relation and its am-
sus the deepness of the Cepheid sample in a galaxy. The d ' :

fiflide = 0.5 mag. Each galaxy is characterized by the lir
ness was measured by the absolute Cepheid magnitude i ‘ - : : '
Mim = Mim — 5logVe — 165 + 5logH/50, wheremy, was i tg absolute magnitude and period (Fig. 1, with;, for

H = 56 kms?! Mpc™). The lower-left quadrant defines the re

deriv_ed fr_om histograms of magnitudes for each galaxy a Pon from which one was able to collect Cepheilds galaxy
relative distances\;) were based on the Hubble law. In th s below the “PL+ AV” line, then one cannot measure the

logH vs. Mim dlagra_m a familiar bias pattgrn appgared: f%hole variation rangeDots are examples of “unbiased” galax
deep samples] remains about constant, while for brigHim, ies (logH < 1.8) from Table 1 in TPO2, open circles ar

it starts to grow. “ ; " ; ;
. . . trongly biased” (lo 1.9). The unbiased ones lie wel
The same behaviour was seen in two sets of Cepheid %53 gy (logt > )

i ) jove the PL line, having a large triangle in which the PL re
tances_. 1) the HST Key Project \_/alues (Freedman e_t al. 20 h is sampled also on its faint side. Notwithstanding the ex
for which shortest period cepheids were excluded in order\;g

S . . . ) . lue ofH, the biased ones have small areas allowing Ceph
diminish the bias, and 2) those derived iteratively using a the(?étection which meansfiicult distance determination

retical bias curve by Paturel et al. (2002a,b). In this Letter we report results of numerical simulatior

. In ordertp ex_plam thisect, a simple model was proposethich test the selection model, now including also threag-
in TPO2. This bias diers from the usual selectiorffacting nitude. We are interested in such questions as:

standard candles with dispersion Though the scatter in the
averagemagnitudgM(P)) for Cepheids is small at a peri®t] e What is the typical bias pattern one expects in theHogs.
it is not this dispersion which basically defines the bias here as Mj,, diagram?

it does for the TF relation. A member of such a standard candi;f We have here always in mind the Malmauist bias of the 2nd ki

Send g@print requests toG. Paturel, in the terminology in Teerikorpi (1997): the systematic error in tt
e-mail:patu@obs.univ-1lyonl. fr average deriveuger) Whenpye = constant.
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Fig. 1. Locations of some “unbiased” (dots) and “biased” (open cir- [ sigma=0.30
cles) Cepheid-measured galaxies from Table 1 of TP02 orivie o b AV=0.50 .
vs. logP;m diagram. The solid line is the PL relation. Dashed lines. f ~ y
give the amplitude range, here assumed te®@8& mag. The lower-left § [ |
guadrants show the regions from which Cepheids are allowed. Cloge

to the upper dashed line, distance determination becomes increasi@lg L ]

difficult. § o
¢ On what conditions do bias correction methods give unbr § g © o ggwoo 2 o -
ased distances at & ? i o
e Does the normalizet;i,, lead to a bias pattern with less
scatter, like for real galaxies in TP02? I S S .
e What is the role of extinction? -6 -5 -4 -3 -2
Mlim

2. Simulations: One-magnitude  PL relation Fig. 2. One-magnitude PL relation: the simulated behaviour of the
In our numerical simulations we study what happens to digdubble parameter versus the absolute magnitude limit for Cepheids

tance determination, when one observes a galaxy containth alibrator galaxies when distances were derived by bias curve fit-
thousands of Cepheidsffacted by magnitude and period Iim_tin .a) The amplitudeAV ignored in the bias curve arddetermined

its. One first chooses randomly a period normally distributticré’ m each galaxy separatel) The amplitude included in the bias

. . . rve ands is fixed= 0.3 mag. The input logl = 1.75 is shown b
around log? = 1.2 with dispersion= 0.5. Then the av- i horizontal line. g put log! y

erage magnitude comes from a normal distribution around
M = M(P), with dispersionr. If a Cepheid at its faintest phase
is dimmer tharmyq,, it is removed from the sample. Thus wevariable, i.e. it was derived for each galaxy individually from
start with the available set of calibrator galaxies, fix their dishe observed dispersion. The bias pattern appears, but even
tances kinematically{ = 56 or logH = 1.75), and use the at the horizontal plateau one underestimates distances (or the
apparent magnitude and period limifsom Table 1 of TP02, plateau is hardly reached).
in order to create for each galaxy its observable Cepheid The bias vanishes when one puts the amplithdénto the
population. magnitude limit, when the distance is derived using the bias
There are two ways in use to treat the bias, previoustyrve fnin (effective)= mym —AV) and fixesr into its universal
thought to be small and depending basicallyoorl) using it- input value (Fig. 2b). For variable we still found a bias at
eratively the bias curve (Paturel et al. 2002a,b), or 2) removibgight magnitude limits, reflecting a too smallderived from
short period Cepheids as suggested by Paturel et al. (1997) tirebiased part.
Lanoix et al. (1999) and used in Freedman et al. (2001). We We conclude that the iterative bias curve fitting method
wish to check whether the corrections return, on the averaggrks for the one-magnitude Cepheid relation, but only when
the input value of. This was first done for one magnitudé)( the amplitude and dispersion are known.
PL relations. For simplicity, zero extinction was assumed.
Figure 2a shows a typical end result of simulation, when in
the bias curve fitting the amplitudéect is ignored. Here- is 3. Simulations: Two-magnitude ~ PL relation

2 |n TPO2P;, was not the maximum observed period, but was inLhings are more complicated when the Cepheids are measured

dicative of into how long periods the bulk of the sample extends. iR two magnitude systems. Thus, for the combiked method
simulations we add 0.1 to the list},. there remains a bias, which partly seems to be related to the
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fact that now two magnitude limits are involved. A Cepheid o

may be accepted by i magnitude, but is cut away because [ sigma=0.30
its | magnitude cannot be measured. Thimit is brighter AV=0.00
thanViim, while theV andl PL relations are numerically not ° * Lim=Viim—15
widely apart from each other (we uddy, = —2.77 logP—1.44,
M, = -3.05logP -1.81). When we pulj, = Viim —1.5 (based
on the meary — | colour) when defining thé cut-of for each i °
simulated galaxy, the bias is strong (Fig. 3a). Even the unblasgd i 40
plateau at logd = 1.75 is not reached. o o f N A RO
In Figs. 3b,c we show examples in which the period limit o
is infinite. This dfects significantly the end results. In Fig. 3c
the ideal situation dreamed by an observer (a failinit, a
long P-limit) results in unbiased average distances all over the
Miim axis.
The manner in which we have in our previous pa- Miim
pers derived distance moduli to calibrator galaxies roughly o
corresponds to that in Fig. 3a (hereis fixed, while we had [ sigma=0.30
it variable, but this does not cause muclktetience). Though o AV=0.50
we cannot yet correct the two-magnitude bias exactly, at legst— | Lim=Viim—15
we can conclude that the simulation well reproduces the trer§d [ with_no_logPy;
seen in the data. The “unbiased plateau” gives close to the trTﬂeOO 8
input value of logH, or slightly larger. ” - S
We also tested the “normalization” used in Fig.1b of TPO% I
(Mjim (norm) = Mji, +2.77(logPjim—1.6)), and similarly as hap- & S o
pened with observations it also resulted in a narrow relation for
simulations (cf. Figs. 4 and 3a). The rationale of this second-
order shiftis seen from Fig. 3a, in whichfidirent symbols indi-
cate diferent ranges of the limiting period (filled triangles are
longest:Py, > 1.75, asterixes are shorte§j, < 1.65, and
open circles are intermediate. Shoig, makes the bias start Miim
already at a fainteM;,, which also broadens the bias pattern. oo et
That we found in TP0O2 a significantly narrower relation after [ sigma=0.30
this normalization, is evidence for the bias interpretation. o AV=0.50 h
The HST Key Project distances agree rather well with thg < | Lim=Viim—0.0
values derived by the TF-type bias curve fitting in Paturel et d§ i with_no_logPy
(2002a,b), though the latter result in somewhat larger valugs
at large distances. Our above simulations are applicable to 1%(3-‘ i
latter treatment. As the resulting I8gdistribution for the ob- & [
served Cepheid sample in our simulations is not far from whé‘l o [ 8 o o
was obtained in the HST studies, we can also test that approach,._.  © g g%?%) 5 5 o
The HST values involve exclusion of some short period
Cepheids for which the bias was expected to increase (Paturel
et al. 1997; Lanoix et al. 1999). But this straightforward ap-
proach is also vulnerable to the present bias, as is shown by
the simulation in Fig. 5. There we have used 30 longest pe- M,

riod Cepheids for each galaxy. Roughly corresponding to tp .3.V andl PL relations: the simulated behaviour of the Hubble p
real practice, this results in a good unbiased plateau, but bri eter when the distances have been derived by the bias curve fi

limit galaxies are clearly biased. method fromV and| magnitudes witho having the constant value
A plus-side of this unbiased plateau approach is that th& mag.a) I, = Vim — 1.5, and thev amplitude ignored in the bias

plateau galaxies will be automatically corrected from extineurve.b) As in a) but here the/ amplitude has been put into the bia

tion. But note that the average extinction between us and theve and the period limitis infinite) Here thel limit is made fainter.

whole Cepheid population in the host galaxy will brighterin a) different symbols mean fierentPy, ranges (see the text).

the dfective limiting magnitude, hence increase the bias for

the bright My, part of the diagrameven if each observed

Cepheid has been corrected for extinctiobhis was ex- pattern is roughly like in observations.) In our future app

plained in TPO2 and we have confirmed it with simulationsation of these simulations to real Cepheids we will pay sj

(open circles in Fig. 5: here Cepheids are viewé@iéded by cial attention to the extinction problem in the bias curve fittir

reddeningsE(B — V)) = 0.15 andog_y = 0.05. The bias method.
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Fig. 4.V andl PL relations: the simulated behaviour of the Hubble p&ig. 5. The simulated behaviour of the Hubble parameter when one

rameter using the bias curve fitting method witlvariable. The lim- attempts to avoid the bias by excluding short-period Cepheids, leav-

iting magnitude is here normalized as for the observations in Fig. iy for each galaxy 30 longest period Cepheids. Dots: zero extinc-

in TPO2. Note the reduced scatter both in observations (TP02) dmh; Open circles: the whole Cepheid population fieeted by red-

simulations (here). dening, and each observed Cepheid is extinction corrected using the
standardv, | procedure.

4. Conclusions As our next step, we will reanalyze our previous distance
determinations, now understood to be partly biased, to the
galaxies with available Cepheids in the light of these simula-
« In practice, whei, |, andP-limits exist, one expects atyp-tio.ns gnd the results in _TP(_)2. We will then also discuss the im_-

' L ’ plications on the cosmic distance scale (Paturel & Teerikorpi,

ical bla_s F’f"“em n the log vs. M"m. diagram. A fuI_I bla_s in preparation). Independently of the present bias, the recent
correction is possible only for special favourable situations

. ahalysis by Tammann et al. (2003) of the non-uniqueness of
but there always appears a nearly unbiased plateau. Lo . .. .
X ; . ... the PL relation in dterent galaxies, anticipated in Paturel et al.
e For the one-magnitude PL relation, the bias curve fitti

n : . i
gives unbiased distances at ®lj,,, but only if the univer- s&e(t)t?:;), shows the distance scale problem is not yet finally
sal dispersior and amplitude\V are known and both are '

used in the bias calculation. AcknowledgementsiVe would like to thank the anonymous ref-

e The two-magnitude method, using the standard PL relgee for useful comments. This study has been supported by the
tions forV andl, is more sensitive to the upper linfi,  Academy of Finland (project “Fundamental questions of observational
and gives unbiased distances onlyRif, = co and the cosmology”).

| limit is faint enough.
¢ The extinction, which brightens théfective limiting mag-
. . References
nitude and enhances the bias, is a problem to overcome in
the analysis of real Cepheid samples. Freedman, W. L., Madore, B., Gibson, B. K., et al. 2001, ApJ, 553, 47
e The normalization oMim, based orPjim as in TP02, re- Lanoix, P., Paturel, G., & Garnier, R. 1999, ApJ, 517, 188
sults in simulations in a bias pattern with less scatter, jusaturel, G., Lanoix, P., Garnier, R., et al. 1997, in Proc. ESA Symp.

as happened with the observations in TP02. Hipparcos-Venice 97, 629, ed. M. A. C. Perryman, & P. L.
Bernacca, ESA SP-402

Our conclusion is that the strong trend in the Hubble paranfgturel, G., Theureau, G., FouP., et al. 2002, AZA, 383, 398
ter, as found in TP02, may really be due to the selection bﬁ%t“(;ggee;‘-rfgggog'sﬁ' Igg“ggasu' G., etal. 2002, A&A, 389, 19
n C?g’?e'd d'itance (Teasurer_n?”ts' we V‘iond_etrh'f Vt‘)’? see jnglmann, G., Sandage, A., & Reindl, B. 2003, AGA, 404, 423

an old lesson for modern precision cosmology: the bias creq@z i o' b 1097, ARAGA, 35, 101

ing into distance measurements has been a constant proble%g?ikorpi, P., & Paturel, G. 2002, A&A, 381, L37 (TP02)

astronomy.

We summarize our results from numerical simulations:



