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How did matter gain the upper hand over antimtter?

By Hel en Qui nn,
SLAC National Accel erator Laboratory
Menl o Park, CA

Antimatter exists! We routinely make it in
| aboratories. For every famliar particle type we find
a matching antiparticle with opposite charge, but
exactly the sane mass. For exanple, a positron with
positive charge has the sane nass as an el ectron; an
antiproton with negative charge has the sane mass as a
proton. Antimatter occurs naturally all over the
uni ver se wherever high-energy particles collide.

The | aws of physics for antimatter are very, very
simlar to those for antimatter — so far we know only
one tiny difference in them a detail of the weak
I nteractions of quarks that earned Makot o Kobayashi and
Toshi hi de Maskawa a share of the 2008 Nobel Prize for
Physi cs.

Qur understandi ng of the early Universe
also tells us that after inflation ended equal anounts
of matter and antimatter were produced. Today there's a
|l ot of matter in the universe, but very little
antimatter. This | eaves a big question for cosnol ogy.
How did matter gain the upper hand over antimtter?
It’s a question at the root of our existence. Wthout
this excess, there would be no stars, no Earth, and no
us!

When a particle neets its antiparticle, they
anni hilate each other in a flash of radiation. This
process renoved all the antimatter and nost of the
matter as the universe expanded and cooled. Al that’s
| eft today is the excess anount of matter when
destruction began to dom nate over production.

To get fromequality to inequality for matter and
antimatter requires a difference in the | aws of physics
bet ween them —and sone special situation where it
affects the bal ance between them But, when we try to
use the tiny difference we know about between quark and
antiquark weak interactions to generate the inbal ance,
it doesn’t work. W find a way that it can indeed give
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a smal | excess of matter over antimatter, but not
nearly enough to give us all the matter we see in our
uni ver se.

We can patch up the theory by addi ng unknown
particles to it to nake a scenario that works. |ndeed
we can do that in two very different ways. One way adds
nore quark-antiquark differences. The other introduces
a matter-antimatter difference that affects only
neutrinos, ghostly subatom c particles that barely
interact with matter. As yet we have no way to choose
bet ween these two specul ative ideas; future experinents
may hel p us deci de between them
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