Flavored-mass terms and
symmetries on the lattice




Naive Chzralbmken Wﬂson GWsymmetry ngrlap
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Generalized Wilson&overlap

Naive = | Wilson =~ =" Overlap

#:1 6 Wilso:fz term #_ Overlap form.
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Staggered -> St.Wilson = St.Overlap
#=4 #=1 #=1
4 tastes Better Wilson & Overlap




Generalized Wilson&overlap

Naive = | Wilson =~ =" Overlap

#:1 6 Wilso:fz term #_ Overlap form.

4| Fine tuning Numerzcal expense
' Creutz, Kimura, Misumi (2010)
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Spin diag. Flavored-mass Spin diag.

Adams (2009), Hoelbling (2010)

Staggered -> St.Wilson = St.Overlap
#=4 #=1 #=1
4 tastes Better Wilson & Overlap




¢ Flavored-mass terms -~ generalized Wilson terms ~

My = Z C, Vector (1-link)
7

My = S: S: C,.Cy, lensor (2-link)

PeETM. SYMm.

Ma=> > ]]c. Axial-V (3-link)

perm. sym. v

4
Mp =Y 1]¢. Pseudo-S (4-link)

sym. p=1

* O(a) irrelevant terms ) 4 (Mp — 1), — —a / d*z(x) D2y (x) + O(a?)
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Imaginary part

Dirac spectra with flavored mass terms

(8,8)
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cf.) some combinations
Myv+Ma : (1,14,1)
Mp+Mr: (4,12)
Mp+My : (5,1,10)
Mr+Mvy: (10,5,1)
Ma+Myv +Mrt : (3,12,1)
Mua+My +Mr+Mp : (1,15)

— Multi-flavor Wilson & Overlap



Adams-type staggered flavored mass  adgams, pro104, 141602 [0912.2850]

* spin diagonalization

— T4 T3 T T1 . T1+1_ xo+1_ x3+1_ x4+1 o
XzVa V3 V2 1N 85 V3 V4 Xe4+1424344

To+T4 .—
1) ’ 4Xw75xx+i+é+3+41 (75 diagonalized)

— EX2€MN2M3N4X 541454344

Vay i i151344

* Adams fermions derived
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de Forcrand, Kurkela, Panero, [1102.1000]



Hoelbling—type flavored mass Hoelbling PLB696, 422(2011) [1009.5362], de Forcrand (2010)

* spin diagonalization

Vayiivs + Uathyiaia = (1) Xa1V2Xppiss T (—1) ™ Xa V314 X0t 344
— EX21€12MM2X 14145 T Xal€34M3M4X 14344

X% two terms simultaneously diagonalizable : [U 12,0 34] =0

* parts of Hoelbling fermions derived

P [(C1Cy 4+ CoCh) + (C3Cy + CyC3) |,
— X [te12mnN2(C1Cs + CoC) £ ie3ansna(CsCy + CyC3) | X

(4,8,4) (1,2,1)
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Hoelbling, PLB696, 422(2011) [1009.5362].



‘ Central CUSD S Creutz, Kimura, Misumi, PRD 83:094506 (2011),

Kimura, Komatsu, Misumi, Noumi, Torii, Aoki, JHEP 1201:048 (2012)

* Wilson fermion without on-site terms  ary = m + 41 = 0

1 _
S = 5 Z % [7u(¢x+u - %—u) o (¢m+u + wl‘—ﬂ)]
T,p

* Extra U(1)v symmetry emerge ! (works as chiral symmetry)

ie(_l)xl—{—az2+m3—|—x4

Ve — € 7@Zw_>7vzxe

i@(_l)m1+m2—{—x3—i—m4

* prohibits additive mass renormalization ! Aoki phase

» will be spontaneously broken due to pion condensation ! (py51))

§ Strong-coupling meson potential » = (7,7, 7,7 +imgpa)

2M2,(16 + M3,)
16 — 15M2,

Cosh(msPA ) =14 Massless NG boson

It is expected to describe 6-flavor Twisted-mass QCD. ¥« ysy

different bases




‘ Centl'al CU.SpS fOI' Othel' ﬂaVOI'Cd MasSScCS progress in NTFL workshop (2012)

* For other naive flavored mass terms

Ma : U(1) restored
M U(2) restored »

Mpr : N/A

* For staggered flavored mass terms

Ma : N/A

M+ : C-like symmetry restored
C: Xe— 9_6357 Xz — ng Upz — U;,x

— 2-flavor twisted-mass QCD!? cf.) de Forcrand, et.al. [1202.1867]

Alternative use of Wilson-type fermions....?



4. Summary

1. Flavored-mass terms give us new types of Wilson and
overlap fermions.
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