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H, uncertainty and universe equation of state

. Ow 5H0
Hubble constant uncertainty 2> — R QFO
EoS parameter w
w— 2
c2p
despite enormous effort still: oH,>5% > ow>0.1

Direct 1% Hy determination !



The value of the Hubble Constant changed by 100 % over the time, but
at any moment every measurement of it was claimed to be 10 %
accurate !

The determination of the Hubble Constant 1s (almost) always claimed
to be more precise that any distance determination to nearby galaxies.

Alistair Walker






The principal sources of error 1n the
calibration of the cosmic distance scale

« population effects
o extinction (internal extinction, reddening law)

the zero point

physics of the distance indicators

4

Calibration of the Cepheid PL relation

_ Calibration of the local distance scale

- Stellar evolution and pulsation



Eclipsing binaries

d(pc)=1.337x10" x r(km)/q@(mas)

1

Light + RV curves analysis
=> ~ 1 % radu (e.g. Andersen 1991)



Late-type eclipsing binaries

d(pc) =1.337x107 x r(km)/q@(mas)

1

¢ 1s derived from the surface brightness - color relation,
very well established for late-type stars based on interferometric

data (d1 Benedetto 1998, 2005; Kervella et al. 2004)
S, =2.656+1483%x(V-K),-0.044 x (V —K)(Z)

¢ [mas] = 100-2(5-m0)

Currently rms on such relation 1s 0.03 mag (2 % !)
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F1G. 9.—Surface brightnesses of nearby stars in the V' band is plotted
against V—I,V—J,V—H,and V —K colors. The solid lines are quadratic
least-squares fits to the data, the coefficients of the fits are listed in Table 9.
The arrows correspond to a reddening 4,, of 1 mag.
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F1G. 10.—Synthetic relations S,—(V —K) for [Fe/H] = 0 (solid lines)
and [Fe/H] = —2.0 (dotted lines).



The distance error budget (2.5 % total error)

B surf. bright.
calibration

M infrared pho-
tometry

optical pho-
tometry

® radial velocity
B absolute radii
reddening

B uknown third
light




Improving S, ©(V-K), relation
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S, © (V-K), tor early type stars
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Very precise calibration of the Cepheid P-L relation !
A must for 1 % H, right now at least 5 % contribution
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= Dynamical mass
= Cepheid PL calibration
= BW method calibration

= precise distance

=> pulsation theory
=> evolutionary models
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The dynamical mass of a classical Cepheid variable star
in an eclipsing binary system
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Stellar pulsation theory provides a means of determining

the masses of pulsating classical Cepheid supergiants—it AARERA
is the pulsation that causes their luminosity to vary. Such  *=* Print
pulsational masses are found to be smaller than the $ email

masses derived from stellar evolution theory: this is the
Cepheid mass discrepancy probleml’ ?-, for which a

&7

download pdf

. . . 345 . ¥ download citation
solution is missing™’ -~ .. An independent, accurate .
dynamical mass determination for a classical Cepheid ™ order reprints
variable star (as opposed to type-ll Cepheids, low-mass A rights and permissions
stars with a very different evolutionary history) in a binary  :%. share/bookmark

system is needed in order to determine which is correct.
The accuracy of previous efforts to establish a dynamical
Cepheid mass from Galactic single-lined non-eclipsing binaries was typically about

eclipsing double-lined binary has hitherto been reported. Here we report the discovery
of a classical Cepheid in a well detached, double-lined eclipsing binary in the Large
Magellanic Cloud. We determine the mass to a precision of 1% and show that it agrees
with its pulsation mass, providing strong evidence that pulsation theory correctly and
precisely predicts the masses of classical Cepheids.

Full text access provided to Warsaw University Lib
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Interferometry => Cosmology

o Sv —color relation (eclipsing binaries, Cepheids, etc)
=> the best zero point
=> very precise determination of the metallicity effect
=> independent way of using Cepheids for distance

determination (BW technique)

« New opportunities to study basic physics of stellar
distance indicators

=> Cepheids masses (and other parameters) to 1 %

=> p factor determination



The principal sources of error 1n the
calibration of the cosmic distance scale

« population effects SOON
« eXxtinction DONE
« the zero point 2 % DONE 1 % SOON

« physics of the distance indicators YES !

4

Calibration of the Cepheid PL relation at 1 %

H, 1-1.5 % soon ?



