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Instantons and Landau gauge gluon Green functions

Motivation

Classical solutions of Lgcp
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Instantons and Landau gauge gluon Green functions

Motivation

Classical solutions of Lgcp
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» Chiral anomaly

2N
Opds u(x) = Tr(GquuV)

» Dirac operator zero modes

nr(1o); ne(vs5¢o)

» Topological charge

Q=n.—nr

Genuinely non-perturbative
QCD vacuum

SBxS?

Deep inelastic scattering?
Mass generation?
Confinement?

Gluon Green functions?

[Rev. Mod. Phys. 70, (1998) 323]
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Instantons and Landau gauge gluon Green functions

Instantons

Instanton gauge field
Only exact solution [PLB59 (1975) 85]:

a _a Xv X
A[ = AH«(X) = 277‘“,?@5 <;)

with
1

¢BPST(Z) = 1_’_722

» Multi-instanton solutions are constructed
by the sum of those solutions.

A:ZA,

» The profile ¢ is modified at large distances
due to instanton interactions [NPB245
(1984) 259].

Finite action
2
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topological
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Instantons and Landau gauge gluon Green functions

Gluon Green functions in an instanton background

| Independent pseudo-particle sum ansantz:
2Raa au Xy — z.u X—z
Z n“L 21)2 ¢ pi

in (A?)min Landau gauge.
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Instantons and Landau gauge gluon Green functions

Gluon Green functions in an instanton background

| Independent pseudo-particle sum ansantz:
2Raa au Xy — z'u X—z
Z n“L 21)2 ¢ pi

in (A2)m;n Landau gauge.

Il Fourier transform

A = B o] 1) =2 [T dr 2 a(sr) o(2)
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Instantons and Landau gauge gluon Green functions

Gluon Green functions in an instanton background

| Independent pseudo-particle sum ansantz:
2Raa aV Xy — z'u X—z
Z 17” 21)2 ¢ pi

in (AQ),,,,-,, Landau gauge.

Il Fourier transform

A = B o] 1) =2 [T dr 2 a(sr) o(2)

Il Neglecting instanton correlations [PRD70, (2004) 114503]

G™(K2) ~ n KE(p*™ 1" (k) )

with (---) the average over instanton sizes.
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Instantons and Landau gauge gluon Green functions

Computing aprom from the lattice

» | Gluon propagator

(A2 (K)AZ(—K)) = G (k)

» Il Three gluon vertex

(AL (k)AL (k2)Ap(Ks)) iz — G (k%)

» Ill The coupling is defined by the ratio: c.f. J. Rodriguez-Quintero’s talk

oy _ K (GP(K))
cnonll) = 4 (G ()p
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Instantons and Landau gauge gluon Green functions

Gluon Green functions in an instanton background Il

The ratio of Green functions defining amowm (k) is then:

I (RIC)s

avon () = 3 Gy
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Instantons and Landau gauge gluon Green functions

Gluon Green functions in an instanton background Il

The ratio of Green functions defining amowm (k) is then:

s 2
(kz)_iﬁ(G(B)(kz))z D ) 1+4825; kp<1
aMoM T 4r (G@(K2))3 ~ 18mn (517 (kp))®  187n

1 kp>1

Instanton detector

In an instanton background anom (k) should exhibit a ~ k* behavior sensitive
to the instanton density n [JHEP 04 (2003) 005].

» This result is independent of the instanton profile ¢ / /

» For small k depends on the width of the instanton distribution, dp/p
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Instantons and Landau gauge gluon Green functions

Lattice set-up

Large-volume Ny = 0 configurations:

) » Twisted mass Ng =2 +1+1
> Tree-level Symanzik configurations (m, ~ 297MeV)

B a 14 confs.
3.8 0.285fm  (13.7fm)* 1050 B a v confs.
3.9 0.243fm (15.6fm)* 2000 1.95 0.083fm  4.03 x 7.9fm* 200
4
42 014lfm  (45fm)" 420 ETM Collaboration: [JHEP 06
> Wilson

(2010) 111]

5.8 0.140fm  (6.72fm)* 960 » Domain-Wall Nf =2 + 1

56 0.235fm (11.3fm)* 1920

configurations (m, ~ physical
5.6 0.235fm (12.3fm)* 1790 & (mx ~ physical)
» Iwasaki a v confs.
237 0.0626fm  (2.00fm)* 590
2.25 0.0835fm  (5.34fm)* 330
2.37  0.140fm  2.83 x 5.6fm* 200

2.13  0.1139fm  (5.48fm)* 350

RBC & UKQCD collaborations: [PRD
93 (2016) 074505]

Details for the lattice setup in: [PLB
760 (2016) 354]
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Instantons and Landau gauge gluon Green functions

Ng = 0 lattice results for aniom

10°
tISym (B=3.8, 3.9, 4.2)
0 Wilson (B=5.6, 5.8)
107 | |wasaki (3=2.37)
-1
g 10 F
=
g
3 10-2 L
10-3 L
107
1
k (GeV)

Instanton prediction anonm(k?) ~ k*/187n works for k € (0.3,0.9)GeV ! J
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Instantons and Landau gauge gluon Green functions

Ng =2+1+4 1 twisted mass
ETMC configurations g = 1.95

10" .
ETMC (B=1.95)

apom(k)

104 .
1

k (GeV)

m4i1+1
- ~1.5(1
R 15(1)
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Instantons and Landau gauge gluon Green functions

Ng =2 + 1 Domain Wall fermions
UKQCD configurations, DW g =2.13, § = 2.25, & = 2.37,

10!
DWF (B=2.25) 64°x128
o [ DWF (B=2.13) 48°x96
107 F DWF (B=2.37) 32%x64
-1
z 10
=
o
=
3 10-2
108} 1
10-4 L
1
k (GeV)

my1
o 1.3(1)
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Instantons and Landau gauge gluon Green functions

» Instanton k* law works for 0.3GeV < k < 1GeV

> Density grows with the number of dynamical flavours
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Instantons and Landau gauge gluon Green functions

» Instanton k* law works for 0.3GeV < k < 1GeV
> Density grows with the number of dynamical flavours

» What if we eliminated quantum fluctuations?
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Wilson Flow

Wilson Flow

v

Flow Equation:
8TBM(T7X) = DVGI—W(Tvx) )
with B, (0,x) = Au(x)
> In the lattice:
6"’ VH(Xv T) = _ggaxnus[v] VH(Xv T)

and V(x,7) = Uu(x) with S the
gauge action.

» Has a smoothing effect of radius v/87
[JHEP 08 (2010) 071]

> Flow time usually expressed in terms
of ty defined by /8ty = 0.3fm
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Wilson Flow

anom (k) after Wilson Flow
Asymptotic freedom disappears and k*-law emerges [PLB760 (2016) 354]
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LWiIson Flow

anom (k) after Wilson Flow

n (fm™)

Loglo™ ()]

En v
Loglk /1 GeV]

25

Different slopes at small and large k are
associated to the instanton distribution.

p 1+4822, kp<1

187n x

anvom(k®) =
kp>1

At large momenta we can obtain instanton

density n.

At small momenta the slope is a factor

c=1 +48 W2 times larger.

If 592 ~ 0.014 [PRD58 (1998) 014505,
cr 1.6 and n = 12(1)fm~*
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Direct instanton counting

Locating instantons after Wilson Flow
Wilson flow eliminates short-range fluctuations

Topological charge density
For BPST instantons,
1
Qx) = Wewfﬂd Guv Guw

behave as:

6 0° ¢
o= 27 (257)

For modified profiles this shape
Action density after Wilson flow. remains unchanged for small x
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Direct instanton counting

Locating instantons after Wilson Flow

Wilson flow eliminates short-range fluctuations

» Search for local extremes

x/Q(x) > Q(x £ i)

» Fit Q(x %+ 1) to BPST
(like PRD 88 (2013)
034501)

> Check self-duality

» Discard close pairs when
Action density after Wilson flow. r,-? < pipj
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Direct instanton counting

Instanton sizes (tISym 32%, 3 = 4.2)

25 T T

thy=3.4 —
/t/t0=68 —
ty=13.7 ——
20 ¢ tty=25.6 ——
ey
g 15}
Q
=3
<o 10t
c
5 L
0

p (fm)



Instanton dominance over acs at low momenta from lattice QCD simulations at N = 0, Np =2+ 1and N =2+ 1+ 1.

Direct instanton counting

Radial distribution function (tISym 32%, 3 = 4.2 at t/ty = 3.4)
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Direct instanton counting

Instanton density (tISym 324, 3 = 4.2)
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Direct instanton counting

Direct counting vs aniom (k?) (tISym 324, 3 = 4.2)
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Conclusions & outlook

- 1iSym (p=3.8, 3.9, 4.2)
Conclusions Wison (3-5.6, 5.8)
10° | |wasaki (3=2.37)

» Instantons explain the behavior of
amvow in the IR

5
H
. . 52 2
» After Wilson flow instantons "
dominate also at large momenta 10° g
» Instanton density increases with 10 ¥ :
NF Kk (GeV)

> Determined n and p after WF

Perspectives

» Instanton prediction for other
Green functions

> Investigate the profile function

» Understand how WF gets rid of
Aqcp
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