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Calculating conditions at the birth of the
universe

August 26 2014, by Anne M Stark

This galactic snapshot is part of a collage of close-ups pulled from the Ultra
Deep Field of the Hubble Space Telescope. Credit: NASA/ESA/S.
Beckwith(STScl) and The HUDF Team.

(Phys.org) —Using a calculation originally proposed seven years ago to
be performed on a petaflop computer, Lawrence Livermore researchers
computed conditions that simulate the birth of the universe.

When the universe was less than one microsecond old and more than one
trillion degrees, it transformed from a plasma of quarks and gluons into
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bound states of quarks - also known as protons and neutrons, the
fundamental building blocks of ordinary matter that make up most of the
visible universe.

The theory of quantum chromodynamics (QCD) governs the interactions
of the strong nuclear force and predicts it should happen when such
conditions occur.

In a paper appearing in the Aug. 18 edition of Physical Review Letters,
Lawrence Livermore scientists Chris Schroeder, Ron Soltz and Pavlos
Vranas calculated the properties of the QCD phase transition using
LLNL's Vulcan, a five-petaflop machine. This work was done within the
LLNL-led HotQCD Collaboration, involving L.os Alamos National
Laboratory, Institute for Nuclear Theory, Columbia University, Central
China Normal University, Brookhaven National Laboratory and
Universitit Bielefed in Germany.

This is the first time that this calculation has been performed in a way
that preserves a certain fundamental symmetry of the QCD, in which the
right and left-handed quarks (scientists call this chirality) can be
interchanged without altering the equations. These important symmetries
are easy to describe, but they are computationally very challenging to
implement.

"But with the invention of petaflop computing, we were able to calculate
the properties with a theory proposed years ago when petaflop-scale
computers weren't even around yet," Soltz said.

The research has implications for our understanding of the evolution of
the universe during the first microsecond after the Big Bang, when the
universe expanded and cooled to a temperature below 10 trillion degrees.

Below this temperature, quarks and gluons are confined, existing only in
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hadronic bound states such as the familiar proton and neutron. Above
this temperature, these bound states cease to exist and quarks and gluons
instead form plasma, which is strongly coupled near the transition and
coupled more and more weakly as the temperature increases.

"The result provides an important validation of our understanding of the
strong interaction at high temperatures, and aids us in our interpretation
of data collected at the Relativistic Heavy Ion Collider at Brookhaven
National Laboratory and the Large Hadron Collider at CERN." Soltz
said.

Soltz and Pavlos Vranas, along with former colleague Thomas Luu,
wrote an essay predicting that if there were powerful enough computers,
the QCD phase transition could be calculated. The essay was published
in Computing in Science & Engineering in 2007, "back when a petaflop
really did seem like a lot of computing," Soltz said. "With the invention
of petaflop computers, the calculation took us several months to
complete, but the 2007 estimate turned out to be pretty close."

The extremely computationally intensive calculation was made possible
through a Grand Challenge allocation of time on the Vulcan Blue
Gene/Q Supercomputer at Lawrence Livermore National Laboratory.

More information: "QCD Phase Transition with Chiral Quarks and
Physical Quark Masses." Phys. Rev. Lett. 113, 082001 — Published 18
August 2014. Tanmoy Bhattacharya, Michael I. Buchoff, Norman H.
Christ, H.-T. Ding, Rajan Gupta, Chulwoo Jung, F. Karsch, Zhongjie
Lin, R. D. Mawhinney, Greg McGlynn, Swagato Mukherjee, David
Murphy, P. Petreczky, Dwight Renfrew, Chris Schroeder, R. A. Soltz, P.
M. Vranas, and Hantao Yin (HotQCD Collaboration).
journals.aps.org/prl/pdf/10.11 ... ysRevl ett.113.082001
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