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Why two-flavor QCD?
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| attice fermions

naive 16 exact 4
Wilson ] none 4
staggered 4 exact 1
min double 2 exact 4
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Minimal-doubling fermion

« H¥doublers = 2 [Karsten '81] [Wilczek '87]
[Creutz '08] [Borici ‘O8]
[Creutz-Misumi ’10]

. exact chiral symmetry

. Ultra-locality

4 3
Dxw(p) =1 Z Yy Sinp,, + 174 Z(l — COoSP;)

p=1 / 7=1

Wilson-like term: Misumi 121
not mass, but (img) chemical potential
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Minimal-doubling fermion

. Weak point:

. Symmetry Is not enough to restore I

« KW fermion:

. Cubic symmetry



Minimal-doubling fermion
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Symmetry of KW fermion

. Cubic symmetry
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Symmetry of KW fermion

. Cubic symmetry
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Symmetry of finite density

. Cubic symmetry
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Symmetry of finite density

. Cubic symmetry
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KW fermion Finite density
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KW fermion Finite density
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Renormalization effect

. KW term -> flavored chemical pot

3
SKw = 174 Z(l — Ccos p;)
j=1

[Misumi "12]

— > additive (img) chem pot renormalization

. Counter term : 3 ¥sivat),
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Strong-coupling analysis
IN finite density



Strong-coupling lattice QCD

I.Link variable integral
2.Bosonization & fermion integral
3.Determine the vacuum from the

effective potential

— > Finite temperature & density case

[INishida-Fukushima-Hatsuda '04]
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Meson fields

. Chiral : (¢¢) =0
. Vector (imag density): (yivs) = m4
— (i)

Derive the effective potential
In terms of these meson fields
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Effective potential

N.D
Fet (0, Ta;m, T i, pi3) = 1 (1+7r*)o”+ (1 —r°)my) — Nelog A
1
_Z lOg Z det (Qn‘m_j)lgi,jg]\fc

nez

for Nc = 3

Z det (QnJri—j)lgi,jch

nez

E E E E E E
= (1 + 12 cosh? A + 8 cosh? T) (15 — 60 cosh? o + 160 cosh? Al 32 cosh® o + 64 cosh® T)

4 cosh — cosh — [ =15 + 4 h® — h™ — + 32 h™ —
+64 cos 7 cosh — ( 5 + 40 cos T + 96 cos T + 320 cos B

h—— (1 h® — + 24 cosh™ — h®> —
+80 cos 0 ( + 6 cos 0 + 24 cos - + 80 cos -

SiB L o b dpp
h——cosh = [ —1 h” — 2 cosh —— 1
+-80 cos 7 cosh — ( + cos T) +2cosh ——, (19)
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Effective potential

with

D y D
A2:1—|—</L3—|—D7“—§\/1—7"27T4> , B:m+§\/1+r20,

B B B\~
E:arcsinh<z>zlog Z+\/1+<Z> ,
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Phase diagram
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Phase diagram
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Phase diagram

. Critical density/temp ratio

:uc(T — O)

.
« KW fermion : Ry = T (im0

~ 2.3

. Staggered : R ~ 1

- Phenomenology : R), > 5.5
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Phase diagram

. [ricritical point ratio

tri

' - rl H
« KW fermion : Ry = 75 ~ 34

. Staggered : R ~ 2.0

. Monte-Calro simulation : R’ >3
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Phase diagram

. 3-dim diagram : (us, T, u3)
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Summary



Summary

. KW-type minimal doubling fermion

. Availablility in finite density two-
flavor QCD with exact chiral sym

. QCD phase diagram

. close to phenomenological result
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