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For centuries, astronomy was essentially limited to cataloguing and measuring the position of ob-
jects as they appear on the celestial plane, mostly stars and Solar System planets. However, during
the first part of the 20th century significant developments in theoretical and experimental physics
appeared, notably in thermodynamics, optics and nuclear physics. It was quickly realised that
stars could be used to further extend and test those physical laws, since stars are not distributed
randomly on a temperature versus luminosity diagram (the so-called Herztprung-Russel diagram),
as a direct consequence of being bound by the laws of hydrodynamics and nuclear physics. How-
ever, while a star’s temperature can be obtained by spectrophotometric analysis of the spectral
energy distribution, its luminosity can only be derived with knowledge of the distance to the star.

The parallax method is the only direct technique to measure stellar distances. However, the
accuracy of this technique is strongly dependent on how well the position of the star in the sky
can be measured, i.e., the astrometric accuracy. The first results from the Gaia mission [1], which
is dedicated to parallax measurements and is currently gathering data, will be released in summer
2016. This mission boasts unprecedented accuracy, more than 1000 times better than the previous
mission HIPPARCOS [2].

Despite this extraordinary improvement, the parallax method still only allows distances to be
measured on limited scales, i.e. basically not further out than our own Galaxy. Hence, many
indirect techniques have been developed to allow distances to be inferred for structures observed
up to cosmological scales; e.g., by using standard candles such as Cepheids [3], stellar clusters [4]
and Supernovae [5], or by theoretical template matching [6]. Nevertheless, such techniques are all
at some point calibrated using objects with a known parallax. Therefore, accurate parallaxes are
highly anticipated by the entire astronomical community.

Furthermore, measuring parallaxes requires to observe several times the position and distribution
of objects in the sky. The resulting dataset provides more information than just distances to the
stars; e.g., it also determines the stars’ motion through the Galaxy, and can be used to identify
objects other than stars. Thus a mission such as Gaia will also be used to tackle other fundamental
questions, such as about the distribution of dark matter in our Galaxy [7] and about the population
of exoplanets orbiting other stars [8].

The aim of this essay is to review the importance of deriving accurate stellar distances in astro-
physics and its implications. Your essay should cover the following points:

(1) After reviewing the principles and history of the parallax method, focus on the most recent
missions and instruments: HIPPARCOS and Gaia. Accurate parallax determination requires a
variety of effects intrinsic to the stars to be properly taken into account (such as proper motion,
3D motions, luminosity variability, binarity, extended sources, transient events). Explain how
those effects will be disentangled, for example using on-board instruments.

(2) Describe the various principles and techniques used to determine distances using indirect tech-
niques. To what extent will the new precision achieved by Gaia impact on the precision of these
indirect techniques?

(3) Consider some of the applications outside of stellar physics that will benefit from the unprece-
dented astrometric accuracy of Gaia (e.g., stellar motion or the detection of non-stellar objects).
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