
Gradient flow and IR fixed point in SU(2) with 8
flavors

V. Leino1,
T. Karavirta2, J. Rantaharju2, T. Rantalaiho1,
K. Rummukainen1, J. Suorsa 1, K. Tuominen1

1
Department of Physics and Helsinki Institute of Physics,

2
CP3-Origins, University of Southern Denmark

15.07.2015



Intro

I A Class of gauge theories
have an IRFP

I Nearly conformal theories
can have walking behavior
needed by technicolor

I β-function can be measu-
red with gradient flow met-
hod

I SU(2) with 8 massless fun-
damental fermions 1 2

I IRFP expected at large
coupling
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The Model

S = (1− cg )SG (U) + cgSG (V ) + SF (V ) ,

Ui (x) = 1 , when x0 = 0, L , Uµ(x + L̂i) = Uµ(x)

ψ(x) = 0 , when x0 = 0, L , ψ(x + L̂i) = ψµ(x)

I HEX-smeared1 gauge field
V , unsmeared U

I Three sequential stout
smearing steps using
only orthogonal direc-
tions

I Gauge action smearing tu-
ned by cg = 0.5

I SG standard Wilson single
plaquette gauge action

I SF Clover improved Wilson
fermion action cSW = 1

I Schrödinger functional
boundary conditions

I Trivial time boundaries

2 / 121 S. Capitani, S. Durr and C. Hoelbling, JHEP 0611 (2006) 028



Gradient Flow

∂tBt,µ = Dt,µGt,µν ,

B0,µ = Aµ ,
Gt,µν = ∂µBt,ν − ∂νBt,µ + [Bt,µ,Bt,ν ] .

I Smoothing operation of the initial gauge field
I Fix flow time t to L by setting scale: c =

√
8t/L = 0.4

I Measuring field strength and topological charge:

〈E (t)〉 =
1
4
〈Gt,µνGt,µν〉 =

3(N2 − 1)g2
0

128π2t2 +O(g4
0 )

Q =
1

32π2

∑
x

∑
µ,ν

G̃ a
µν(t, x)G a

µν(t, x)

I Fixed boundary conditions: measure energy only using the
middle time slice x0 = L/2
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Coupling from Gradient Flow

I Coupling defined as1 2:

g2
GF =

1
N

t2〈E (t)〉

I We improve the continuum limit by adding a correction to flow
time2:

g2
GF =

t2

N
〈E (t + τ0a2)〉

=
t2

N
〈E (t)〉+

t2

N
〈∂E (t)

∂t
〉τ0a2

I τ0 fixed by hand to remove a2 effects
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Step scaling function

Σ(u, s, a/L) = g2
GF (g0, s

L
a

)

∣∣∣∣
g2
GF (g0,

L
a )=u

,

σ(u, s) = lim
a/L→0

Σ(u, s, a/L)

I s=2
I Can be used to measure

running of the coupling
I Fix τ0 in continuum li-

mit: Σ(u, a/L) = σ(u) +
c(( a

L)2)
I Calculated using interpola-

ted coupling:

g2
GF

(
g0,

a
L

)
= g2
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Fixing τ

I Choosing τ = 0.032665g0 for c = 0.4
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Measured couplings
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Step scaling on the lattice
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Continuum limit and the β

I β-function approximated near IRFP as: β(g) ≈ g
2 ln(s)

(
1− σ

g2

)
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Step scaling function (Alternative continuum limit)

I Parametrize both the continuum step scaling function and
discretization errors as polynomial functions of the coupling

I Constrain c1,2 to perturbative values

Σ(u,
a
L

) = σ(u) +

n0∑
k=2

fk(u)
ak

Lk

σ(u) = 1 +
m∑

l=1

clul

fk(u) =

nk∑
l=0

ak,lul
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Mass anomalous dimension

I Schrödinger functional
pseudoscalar density renor-
malization constant allows
calculation of γm

1

I Near fixed point approxi-
mate as γ?

ZP(g0,
L
a

) =

√
3f1

fp(L/2a)

ΣP(u,
a
L

) =
ZP(g0,

2L
a )

ZP(g0,
L
a )

∣∣∣∣
g2
GF=u

σP(g2) = lim
a→0

ΣP(g2,
a
L

)

γ? = − log σP(g2)

log 2
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Note: Poster by Joni Suorsa about γ
with spectral density model (21)
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Conclusions

I SU(2) with 8 fundamental representation fermions
I Running coupling

I Gradient flow coupling
I τ -correction
I Step scaling function

I Mass anomalous dimension from Schrödinger functional
I We can get up to relatively large couplings
I We see clear indication of IRFP in the step scaling function
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