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e A brief summary of our recent paper
“Bulk first-order phase transition in
three-flavor lattice QCD with O(a)-
iImproved Wilson fermion at zero
temparature,” hep-lat/0409016.

e No Introduction; jumps to results...
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Actions
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« Nf=3 lattice QCD with the O(a)-
Improved Wilson fermion. The
unimproved Wilson fermion will also be
discussed.

C., IS from tadpole improved one-loop
PT (boosted by 1/P34).

e Plaquette and improved (LW or Iwasaki)
gauge action
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B Algorith

e HMC for Nf=2, Polynomial HMC for
Nf=+1; The correction factor for the
polynomial approx. is included in Monte
Carlo using a stochastic estimator.

To be short, an exact algorithm.
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Lattice

=

e Zero temparature simulation on 43x8,
83x16 and 123x32.

e Systematically scan the parameter
space ([3,K) to find a target simulation
pointa = 0.1~0.15 fm and m, = 50~100
MeV.
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Plaquette history at [3=4.88, c,,=2.15 on 123x32
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Very clear two-state signal!
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Thermal cycles
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e |Large gap in the
plaquette expectation
value at [3=4.88-5.0

Vanishes around [3=5.0

Stable against the PP
lattice volume, p
Indicating that the

phase transition is of

the bulk nature.
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Lattlce spacmg

Lattice spacing measured through r,

a ' =08GeV ~0.83GeV =0.85 GeV
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At [3=4.9 meson masses are measured for both phases
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Phase structure

e e e M T Nl W e Tt P o S i i i, iy,

/
/

0.14 | W\M
% 0.13 | By

=T ><l6,x:y “EH._
| SiYiRemt v | Transiionine
o 86k disappears around [3=5
4.6 4.8 50 52 onthe weak coupling
P side.

« \What happens on the strong coupling side:
an open issue. Does the “High” phase exist?
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”" Improvements

= Improvement of the
gauge action
changes the 045 ¢
situation drastically. 40}
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is found in the "
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Facts and speculatlons
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Related phenomena

e Thermodynamics with two flavors of
Wilson fermion

e Pure gauge with fundamental-adjoint
couplings
e Three-flavor unimproved Wilson fermion
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Nf:2 _Wilson

fermion

Blum et al. (MILC), PRD50 (1994) 3377.
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No jump in Polyakov line
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S =p, Z[l—%ReTrUP}+,8a2[1—$TrUPTrUFT,}
P P

Blum et al., NPB442 (1995) 301. Heller, PLB362 (1995) 123.
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Are they related?
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If the dynamical Wilson fermion induces the
adjoint gauge coupling, they are naturally
explained...
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Not really. B,
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Nf=3 Wllson fermion
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e |s the phase f=6.0

transition due to the 0N =
00 e E

clover term? It may 0.55 ‘“;:://""—T;—/// /
Induce the adjoint S S
coupling in a
different way.

e Thermal cycles for 83x16
the unimproved

Wilson fermion. T
& No visible jump is observed.
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Beyond the end point
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= The thermal cycle e . e am

ended when a large 0.4
A\H Is encontered. 048 !

e Sea gquarks are not 04Ty |
necessarily ||ght enough_ 0'46400 800 1200 1600 2000 2400

Kk=001710 x=0.1714 K=01717

1%t order-like history; finally PHMC

i stacked at K=0.1718 (need extremely v,
high order for the polynomial ~ 400). L |
Note that this point is far from the chiral - ~2m,
limit. T
Iwasaki et al. PRD54 (1996) 7010. §
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No conclusion
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