i+l

NRC Publications Archive
Archives des publications du CNRC

A matter of matter
Tapping, Ken

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. /
La version de cette publication peut étre I'une des suivantes : la version prépublication de l'auteur, la version
acceptée du manuscrit ou la version de I'éditeur.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de I'éditeur, utilisez le lien
DOI ci-dessous.

Publisher’s version / Version de I'éditeur:
https://doi.org/10.4224/23000517
Skygazing: Astronomy through the seasons, 2016-07-26

NRC Publications Record / Notice d'Archives des publications de CNRC:
https://nrc-publications.canada.ca/eng/view/object/?id=7886f883-5a6a-446b-bd9f-8eac7521a833

https://publications-cnrc.canada.ca/fra/voir/objet/?id=7886f883-5a6a-446b-bd9f-8eac7521a833

Access and use of this website and the material on it are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.

L’acces a ce site Web et I'utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la

premiere page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez
pas a les repérer, communiquez avec nous a PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

National Research  Conseil national de C dl*l
Council Canada recherches Canada ana, a



A MATTER OF MATTER
Ken Tapping, 26" July, 2016

Everything we see around us in the universe
today, including our world and all the living things
in it, are the consequence of what happened right
at the beginning, almost 14 billion years ago. The
young universe was small, unbelievably hot and
extremely dense. Initially it was too hot for atoms
to exist. Anything that came together was
immediately broken up again. However eventually
the temperature fell to the point where hydrogen,
the element with the most hardy atoms, could
form. So almost all the primordial energy and
particles turned into hydrogen. Consequently as
the temperature fell further, to the point where
atoms of other elements could form, there was
litle material left over to make them. So the young
universe was mostly made up of hydrogen, with
some helium and only traces of anything else.

Over billions of years, stars formed from the
hydrogen, and made energy by turning it into other
elements. When those stars died, they distributed
those waste products into space, where they
slowly reacted to build the mix of chemicals that
are the basis of life as we know it. This chain of
events is interesting, but then we need to add two
more ingredients: dark matter and dark energy.

The trouble is that at the moment, these
mysterious concepts are a bit of a fudge. Studies
of galaxies suggested the existence of a lot of
material we can’t see; we called it Dark Matter.
Similarly, the expansion of the universe is
accelerating; to account for this an outward force
called Dark Energy was introduced. These
concepts nicely account for our observations, but
there is no direct proof that either of them exist.
Moreover, when we budget up how much dark
energy and dark matter we need to explain those
observations, they account for more than 95% of
the material in the universe. The less than 5%
remaining makes up everything we CAN see.
Knowing next to nothing about more than 95% of
the universe is guaranteed to trigger a lot of
curiosity, so there is a strong effort to get solid

evidence that dark matter and dark matter really
exist, and to find what they are. This means we
have to better understand what was going on at
the beginning. Unfortunately until 380,000 years
after the Big Bang, the universe was completely
opaque to light, radio waves and the other
electromagnetic waves we can observe.
Fortunately we are not completely blind; observing
gravitational waves can take us further back, and
we can look at neutrinos (strange particles that can
pass through almost anything, which however
makes them hard to detect), In Canada the
Sudbury Neutrino Observatory, in Ontario, is a
powerful tool for this. Using our current
understanding of physics does not help much
because the calculations break down or - as far as
we can guess — give unrealistic results when
applied to the bizarre conditions existing at the
beginning of the universe. There is one more
research approach we can use — laboratory
experiments. This means duplicating those
extreme conditions in the laboratory. This is very
difficult, because even the temperatures and
densities in the core of the Sun are negligible
compared with what are needed to emulate things
that happened at the beginning of the universe.

This research was one of the objectives that led to
the construction of the Large Hadron Collider, a
massive international research facility located near
Geneva, Switzerland. This instrument can, for tiny
lengths of time, on an extremely small scale,
duplicate the conditions existing during the Big
Bang. It's early days yet, but there are already
some cracks appearing in long-held theories.
However, finding out what is wrong with our ideas
is a key step towards finding out what is right.

Jupiter is lost in the sunset glow. Mars and Saturn
lie low in the southern sky. Mars is the brighter
one; Saturn lies to Mars’ left. The Moon will reach
Last Quarter on the 26™ and be New on the 2"
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