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Static quark-antiquark potential, SU(2) gauge theory
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Casimir scaling hypothesis

At intermediate distances the string tension between charges in
representation r is proportional to C..

Argument. Take a planar Wilson loop, integrate out fields out of plane,
expand the resulting effective action:

Wr(C) = %’ / DA (z, y)D“ll/(x-y)Xfr'[U(C)] exp(—Sefr)

Seft = / dz [cqTr(F?) 4 ¢y Tr(DyFDuF) + .. |

Truncation to the first term gives Casimir scaling automatically.

A challenge is to explain both Casimir and N-ality dependence in terms of
vacuum fluctuations which dominate the functional integral.
Shevchenko, Simonov, arXiv:hepph/0104135
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Casimir scaling 1 lattice evidence, SU(2)
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Piccioni, arXiv:hep-lat/0503021
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Casimir scaling
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I lattice evidence, SU(3)
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N-ality (Abialityo) dependence| from
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A simple model of Casimir scaling and color screening
from thick center vortices percolating in the QCD vacuum

Casimir scaling results from uncorrelated (or short -range
correlated) fluctuations on a surface slice (piercings of vortices with
the Wilson loop).

Color screening comes from center domain formation.

Idea: On a surface slice, YM vacuum is dominated by overlapping
center domains. Fluctuations within each domain are subject to the
weak constraint that the total magnetic flux adds up to an element

of the gauge-group center.
Faber, Greensite, G QarXiv:hep-lat/9710039
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A serious question: What about G , gauge theory?

Al i ce, I n LibrouglstheCar r
Looking-Glass,and What Alice Found
There, enters a garden, where flowers
speak to her and mistake her for a

flower. Does the gauge theory with

the exceptional group G, belong

to the same species of flowers

with Aordinaryo6dé con
gauge theories, or is it different
and only mistaken for a flower?
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Center-vortex confinement mechanism claims that the asymptotic
string tension of a pure non -Abelian gauge theory results from
random fluctuations in the number of center vortices.

No vortices implies no asymptotic string tension !

Is G, gauge theory a counterexample?
Holland, Minkowski, Pepe, Wiese, arXiv:heplat/0302023
Pepe, Wiese, arXiv:heplat/0610076

We believe not.

The asymptotic string tension of G, gauge theory is zero, in accord with
the vortex proposal.

G, gauge theory however exhibits temporary confinement, i.e. the
potential between fundamental charges rises linearly at intermediate
distances. This can be qualitatively explained to be due to the group
center, albeit trivial.

Greensite, Langfeld, G QReinhardt, Tok, arXiv:hep-lat/0609050
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G(2), 12, (100) (110) (111)
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Greensite, Langfeld, G QReinhardt, Tok, arXiv:hep-lat’/0609050
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SU(2)
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SU(2) . G
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V(R)

Leads to (approximate) Casimir scaling at intermediate distances
and N-ality dependence at large distances.

Vi(R) =~ o;R
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Casimir scalingin G , gauge theory

Specific prediction of the model: Casimir scaling of string
tensions of higher-representation potentials even for the
(centerless) G, gauge theory

Can beT and had to be T tested in numerical simulations of the G,
lattice gauge theory.

Lipt§ k , G O:0807alBIR i v
A straightforward task, but not cheap: simulations more CPU time
consuming, determination of potentials requires all the machinery
developed in the past for calculating potentials (anisotropic lattices,
ground-state overlap enhancement, smearing) plus some
information from group theory (thanks to colleagues from
mathematics departments all over the world!).
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G, T some group -theory wisdom

G, is the smallest among the exceptional Lie groups G,, F,, Eg, E;, and Eg. It has a trivial
center , its universal covering group is the group itself, and contains the group SU(3) as a
subgroup.

G, has rank 2, 14 generators, and the fundamental representation is 7 -dimensional. It is a
subgroup of the rank 3 group SO(7) which has 21 generators.

Ua,bUa(: —_— 5(7(?
Tave = TaefUagUebUfes Tupe 18 totally antisymmetric

T127 = Tis4 = Th63 = T235 = T4 = T374 = T576 = 1

With respect to the SU(3) subgroup:
fundamental rep.: {7} — {3} @ {3} ® {1}
adjoint rep.: {14} — {8} @ {3} & {3}

3 G, gluons can screen a G, quark:

{7} {14} {14} {14} = {1} &...
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G, irreducible representations f Dg are labeled by two Dynkin coefficients [, 4,, ,], the dimension
of the representation is given by:

D = (6 - 8)(5 - )5 - 86)
=31+ ) £L=3@+M+3X) L=31(5+2\+3N)

The ratio of quadratic Casimir operators:

oy = I = 1 (B4 4+ G-

The adjoint-representation matrix, corresponding to an element g of G ,, can be constructed from
the fundamental-representation matrix in the usual way:

D2,(9) =2 Tr [DF(g)T ta DF(g) ty)

Using tensor decompositions of di frdpenmatecescande o d u c
expressed through traces of the F- and A-representation matrices, e.g.:

TRT=178143 27
Tr D27 = —1 — Tr DA — Tr DF 4 (Tr DF)?
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G, on a lattice

Wilson action on anisotropic L3£ (2L) lattice:

S = b &o Z Re Tr [Pio(x)] — gl Z Re Tr[P;;(x)]

7 z,i>0 0 x.i>5>0

&0 tuned so that € = aPVs/aP™s = 2
Klassen, arXiv:heplat/9803010

Most results for 143£ 28 at = 9.5, 9.6, and 9.7.

Complex parametrization of G, matrices based on explicit separation of the

SU(3) subgroup and the G,/SU(3) coset group.
Macfarlane, IJIMP A, 2002

Pepe, Wiese, arXiv:heplat/0510013

To increase overlap of the trial quark-antiquark state with the ground state:

construct Wilson loops from smeared (spatial) links 7 stout smearing
Morningstar, Peardon, arXiv:hep-lat/0311018
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-In W, (r,t)

G, static potentials

Standard procedure:

Wipy(r,t) = e(py(r) exp [—Vipy(r) t] ... at large t
fit — In Wipi (r,t) = Cipj + Vip1 (r) - tfor t € (miin, tmax)

2 {D}
Vigplr) =¢qpy —— =+ Gipy 7
fundamental rep.
r=1 8~
St v =2 &
r=3 »&-
= 4 R =
4 + r=5 ol
[=6 v
r=7 v
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