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Introduction

e We study quark condensates using improved staggered fermions. e / = =+1 : quantum number of € = |y5 ® &5]
| | X = +1 : quantum number of |[y5 ® 1]
e We search zero modes of the Dirac operator to subtract out their con- 1
e . . o Y = 4+1 : quantum number of |1 ® &5]
tributions from the quark condensate, in which they give simple poles
in the chiral limit.
e We also identify the quantum numbers of those zero modes using spec- Xy A Y 4 =AY
tral flow method in the staggered fermion formalism.
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, nxy 18 the number of zero modes with X and Y quantum numbers
— D, : staggered Dirac operator, m : quark mass

— V : lattice volume, N, : number of tastes, U : gauge field, e We will measure the entries of this table by spectral flow method.

— trace 1s over space-time, color, taste

o D]; = — D : eigenvalues are purely imaginary or zero. TOp OlOgi cal Charc
D fa(z) = iAfa(x) (2) .
e () = 93 /d4£17 Epvpo 1T | Fup (2) Fpo(x)] =g — n
e cD, = —D,e for e = [y5 ® &5] : nonzero eigenvalues exist as £ pairs.

e can be measured from the gauge field configuration with proper smooth-

e In terms of the eigenvalues, ing. We used APE smearing with the parameter a = 0.45 ([2]) (In plots,

B 1 1 APE MxN means that I}, is calculated from M x N rectangular clover
(P1h) = VN, E \+ ., simple pole as m — 0 (3) leaves, and 5Li means 5 Loop improvement in [3].)
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where n are the numbers of zero modes with Py = > projection. g 2 g |
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e To subtract out the simple poles, we need to find the zero modes of Dy. 4 1
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e One can show that the total number of the zero modes of Dy is equal
to that of the zero modes of the continuum Dirac operator D. (|1])

e topological charge distribution for a 20° x 64 MILC asqtad lattice
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where n and n_ are the number of right-handed and left-handed zero 9
modes of D, respectively. g |
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e Consider a Hermitian operator H,: %
c S
: O
H; = —iDg + plvys ® 1) (6) 5 27T
|
e Eigenvalues of Hy are real: H,fs(x, 1) = As(p) fs(x, ). 5 I | |
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o \o(=0)=\and fo(z, n=0) = fr(z) for A and fy in Eq. (2). e We can compare the results with those by the spectral low method

e Taking derivative with respect to pu,

N (1) = {fs ()15 @ 1| f () 8) | | Reterences
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