Center for Computational Sciences, University of Tsukuba

http;//www.ccs.tsukuba.ac.jp/

Resexaichllin %@

Particle Physics (1)

= Hadrons are the constituents of atomic nuclei. The
computation of their mass spectrum from the quantum
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1-6{"680"8 e _Uf - chromodynamics(QCD), the fundamental theory of
_o 5z - "' = guarks and gluons, has been a principal subject in
_ EEE s Tow particle physics. In this figure, our results are compared
N ' with experiment. Experimental results are reproduced
Zof L@ ¥ - within about 5-10%, critically proving the validity of
T * SRR QCD. At the same time, with the precision first acheved
K  —— by the CP-PACS, a limitation of the widely accepted
T a = corcs | "quenched" approximation, in which dynamical quarks
are neglected, was made clear, answering a question
since 1981 about the effects of quenching.
= Because quarks are confined within hadrons, their 200

fundamental properties such as masses have to be
theoretically calculated from QCD. This figure shows
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the "s" quark mass determined using different 160 quencliecieiEs
methods in quenched QCD and two-flavor full QCD in 140

which the dynamical effects of the light u, d quarks ool

are incorporated. The final value is obtained after an Mev] |

extrapolation to the limit of vanishing lattice spacing a, 10og

and is independent of the methods as expected. On 80

the other hand, the full QCD result is much lower than -

the quenched value, indicating the importance of 0 e M

dynamical quarks.

= At extremely high temperatures and densities, quarks

“ N Nt=4 """ . are expected to be liberated from their confinement,
- T to form a new state of matter, quark-gluon plasma
| o (QGP). Clarification of the nature of QGP is important
< 15F  di for understanding nucleosynthesis in the early
- . T ok _ : .
= Yoa Ya v L S universe and for detecting QGP through heavy ion
0F  gfr INEE e collision experiments. This figure shows the
5 | ;4 t-0s temperature dependence of the energy density.
Al x--00 B Results for N (lattice size in the temperature direction)
0035. .:2:-'1- SESEURLITS 25 0.'9.5.; of 6 are believed to be close to the values in the

/e ' continuum limit.



