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Gradient flow for fermions
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4+1 Local field theory

5 = 5g + 5a,a + Sr,qcp + Sk A

SFH—/ dt /d4 _ Oy — A) x(t,x) + Xx(t, )((‘9,5—Z))\(t,x)}
@ Wick contractions
@ Renormalization. All order proof for gauge sector Liischer, Weisz: 2011
: : §As Luscher: 2013
@ Chiral symmetry and Ward identities o
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4+1 chiral symmetry

A.S. 2013
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x(t,z) — exp {i (oz%”/%a S TTG%) Fxtiz) {)\(t, r) — exp {i (a% L~ — a4 L-75)} A(t, 7)
X(t, x) = X(t, x)exp {Z (—oz%/%a + a% TTa%)} : At 2) = At z)exp {z (—oz“’“/% — a4 TTCL%
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4+1 chiral symmetry
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4+1 chiral symmetry

e /O ghest / d*e [X(t,2) (0 — A)x(t, ) + X(6,2) (90— B) At, @)

{x@, x) = exp {i (04 G + a5 * ~75)} x(t; @) {A(u z) = exp {i (@ G —a%2 "y5)} A(t, z)
x(t, z) — x(t, z)exp {4 (—oz%/%a + a% TTQ%)} . At,z) = At z)exp {i (—a%L- — a4 L-75))

Chiral variation before integrating
the Lagrange multipliers
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4+1 chiral symmetry
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Discretization 4+1 local field theory

S=5c+2e¢atdrach O

Standard discretization for the gauge action

Wilson-type discretization for the quarks

Srig =& Z a* Z _X(a?, t) (0 — Vz) x(x,t) + x(x, t) (%t — %2) Az, t)

n>0 s

Bix(@t) = = (x(mt+ 6 —x@t) A=VV,
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Seﬁr =) e &Sl e O(CLZ) Sl — /d4£l? ZOZ

Flow equations on the lattice are classically O(a) improved + loop diagrams do
not contribute for large t ==> S; contains only boundary terms

Luscher: 2013
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O(a) cutoff effects
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Os = 7712@1@

Bhattacharya, Gupta, Lee,
Sharpe, Wu: 2006
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O(a) cutoff effects
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O(a) cutoff effects
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O(a) cutoff effects

S gl it e e i /d% S0,
O = vo,,,G,, -
L sy O = A)
Or =D} 1§D Or =m (W + )

08 = X’yuDuw S @ﬁmg,&)‘

N Sk Iy ﬁ —, /
S S 2 S T 44

OfF = 8tXXit:()
Os = m2¢¢

9 fields - 4 conditions ==> 5 independent operators

9



O(a) cutoff effects
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Discrete gradient flow equation
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Discrete gradient flow equation
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Discrete gradient flow equation
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Discrete gradient flow equation
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Tree-level calculation - warmup
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Tree-level calculation - warmup
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Tree-level calculation
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Tree-level calculation
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Tree-level calculation
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Tree-level calculation
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Tree-level calculation
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l (xX,t =0) = |

H(x, t= @F=

Tree-level calculation
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Tree-level calculation
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O(a) improved gradient flow for fermions
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