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Th The arrow of time
e To the relief of physicists, time really does have a preferred direction

E C Ononli St Sep 1st 2012 | from the print edition
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TIME seems to flow inexorably in one direction. Superficially, that is because things deteriorate with aged
and this, in turn, is because there are innumerably fewer ways to arrange particles in an orderly fashion than
in a jumbled mess. Any change in an existing arrangement is therefore likely to increase its disorder.

Dig a little deeper, though, and timeds
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PARTIGLE PHYSILS

Time’s arrow in B mesons

A cornerstone of theoretical particle physics —
the idea that not all processesrun in the same
way forwards in time as they do backwards —
hasbeen observed directly for the first time.
Members of the BaBar Collaboration
trawled data from their experiment {pictured),
which ran at the SLAC National Accelerator
Laboratory in Menlo Park, California, from
1999 to 2008. The researchers identified
B-meson decay chains that were time reversals
of each other, and a comparison of the decay
rates revealed a strong asymmetry. Earlier
experiments have caughthints of time-reversal
viclation but failed to distinguish it dearly from
violations of other fundamental symmetries.
Phys Rew. Letf. 109, 211801 (2012)
For alonger story on this research,
see go.nature.com/258vei
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Time-reversal asymmetry m particle
physics has finally been clearly seen

Bertram M. Schwarzschild

Movember 2012, page 16
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PHYSICS WORLD REVEALS ITS TOP

BREAKTHROUGHS FOR 2012

http://physicsworld.com/cws/article/news/2012/dec/14/physics-world-reveals-its-top-10-breakthrough..

CERN discovers Higgs-like boson aioraqafemions
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One of man oton roton collisions at CM S

Time-reversal violation

"To the BaBar collaboration for making the first direct ohservation of time-reversal violation by

measuring the rates at which the B® meson changes quantum states."
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-EXPERI MENTAL RESULTY
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SYMMETRIES IN THE LAWS OF PHYSICS |

UdMi croscopico Symmetry Violations.

U T-Violation exists in the Standard Model or any field theoretic extension.

U All field theories with Lorentz invariance have CPT symmetry

== Automatic connection between CP-violation < related T-violation

U T and CPT described by ANTIUNITARY rather than unitary operators,
Introducing many intriguing subtleties.

m==) Observed CP-Violation — T should be violated as well: Is it observed?

T - Violation means Asymmetry under

MEAELLE ~—— OUl states

U Effects in particle physics odd under t == -t are not necessarily T-violating.

U t- asymmetries can occur in theories with exact T- symmetry: ;”_“VerseA /
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