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Do we live in a simulation? Should we reach out to aliens? (o1

SCIENCEFOCUS.CoM

- How did life begin? Is religion dying out? o=
// #” Should we play with evolution? What are emotions? Y =

Are we getting happier? What'sinside the fifth dimension?
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What happens when we die? Canwe cure old age?
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IN THIS ISSUE Icy plunge Dragon man Artificial heart —
Why doctors think you should ‘ Meet the long-lost member I A machine-based transplant
try cold-water swimming of the human family Iron Man would be proud of




KAMIOKA OBSERVATORY, ICRR (INSTITUTE FOR COSMIC RAY RESEARCH), THE UNIVERSITY OF TOKYO, SCIENCE PHOTO LIBRARY

Photomultiplier tubes
in Japan’s Super-
Kamiokande detector
facility, buried Tkm
underground, stand
ready to pick up
neutrinos generated
295km away in Tokai
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WHERE DID ALL THE
ANTIMATTERGO?

Some of our antimatter must be missing, given the amount of matter
leftover in the Universe. MARCUS CHOWN investigates...

articles and antiparticles have
opposite properties, such as
electric charge. For instance,
the antiparticle of the negative
electron is the positive positron. Every
physics process we know of creates equal
amounts of matter and antimatter. When
a particle meets its antiparticle however,
it ‘annihilates’, ultimately into high-energy
photons. As such, the Universe should
contain no matter or antimatter, and just be
a sea of photons. Instead, it contains enough
matter to make about two trillion galaxies
and, as far as we can tell, no antimatter.

A clue to what happened to all the
antimatter comes from the fact that the
‘afterglow’ of the Big Bang (the cosmic
background radiation) contains about 10
billion photons for every particle of matter
in today’s Universe. This tells us that, in
the Big Bang, there were 10 billion and one
particles of matter for every 10 billion of
antimatter, and after an orgy of annihilation
there were 10 billion photons for every
particle of matter.

Physicists have long been looking for a
subtle asymmetry in the laws of physics
that explains this excess of matter over
antimatter in the Big Bang. And they think
they may have found it in the behaviour of
neutrinos. Neutrinos are ghostly subatomic
particles that rarely interact with matter.
(Hold up your thumb; about 100 billion
neutrinos, generated by nuclear reactions in
the Sun, pass through your thumbnail every
second.) Neutrinos come in three types and

each neutrino continually changes from an
electron-neutrino to a muon-neutrino to a
tau-neutrino and back again.

NEUTRINO BEHAVIOUR

Since 2016, physicists at the T2K
experiment in Japan have been trying to
show that neutrinos behave differently to
antineutrinos. To do this, they generate
beams of muon-neutrinos and muon-
antineutrinos at a facility in Tokai and
send them to the giant underground Super-
Kamiokande detector, 295km away. So far,
they’ve detected more electron-neutrinos
and fewer electron-antineutrinos than
expected, suggesting neutrinos do behave
differently to antineutrinos. It’s a small
effect that needs to be confirmed, but it
could provide the mechanism for creating
a matter-dominated Universe.

Neutrinos have too little mass to have made
much difference to the Universe. Crucially,
however, they only spin clockwise around
their direction of flight, and physicists
wonder whether neutrinos and antineutrinos
had super-heavy partners with opposite spin
in the Big Bang. These ultra-heavy particles
would have been able to form only in the
high-energy conditions of the Big Bang
and would have quickly decayed into the
particles we see today. In doing so, they
could have imprinted their asymmetry on
the cosmos, producing the 10 billion and
one particles of matter for every 10 billion
of antimatter needed to explain why we
live in a Universe exclusively of matter. SF
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Positive particles (red) ’!"
and negative particles /
(green) curve away

from the moment of .
annihilation in this
false-colour bubble
chamber image
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