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The major question:

 What is               Yang-Mills? SU(1)

Old, fascinating and famously  hard. Will try to 
convince you that it may be the right time to 

think about it.
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FIG. 10: Isosurface and surface plot of C(y⃗) for a 10-sweep
smeared T-shape source with quark positions as in the seventh
configuration of Table I. The maximum expulsion is 8.3% and
the isosurface is set to 4.4%. Further details are described in
the caption of Fig. 6.

FIG. 11: Isosurface and surface plot of C(y⃗) for a 10-sweep
smeared Y-shape source with quark positions as in the seventh
configuration of Table I. The maximum expulsion is 8.3% and
the isosurface is set to 4.4%. Further details are described in
the caption of Fig. 6.

FIG. 12: Isosurface and surface plot of C(y⃗) for a 10-sweep
smeared L-shape source with quark separations of ℓ = 10.
The maximum expulsion is 8.8% and the isosurface is set to
4.4%. Further details are described in the caption of Fig. 6.

tive three-quark potential for the various quark positions,
source shapes and Euclidean time evolutions. The vac-
uum expectation value for W3Q is

⟨W3Q(τ)⟩ =
∞
!

n=0

Cn exp(−a Vn τ), (4)

where Vn is the potential energy of the n-th excited state
and Cn describes the overlap of the source with the n-
th state. The effective potential is extracted from the
Wilson loop via the standard ratio

a V (r⃗, τ) = ln

"

W3Q(r⃗, τ)

W3Q(r⃗, τ + 1)

#

. (5)

If the ground state is indeed dominant, plotting V as a
function of τ will show a plateau and any curvature can
be associated with excited state contributions. Statistical
uncertainties are estimated via the jackknife method [16].

Our results for the various quark positions and source
shapes are shown in Fig. 16. All small shapes are stable
against noise over a long period of time evolution and
even some of the largest shapes show some stability be-
fore being lost into the noise.

Robust plateaus are revealed for the first four quark
positions of Table I for the T and Y shape sources. This
suggests the ground state has been isolated and indeed
the four lowest effective potentials of the T- and Y-shape
sources agree. This result was foreseen in the qualita-
tive analysis where Figs. 6 and 7 for the T- and Y-shape
sources respectively displayed the same correlations be-
tween the action density and the quark positions.

Conversely, the disagreement between Figs. 10 and 11
indicates the ground state has not been isolated in one
or possibly both cases. Indeed the nontrivial slopes of
the seventh effective potentials of Fig. 16 for the Y- and
T-shape sources confirm this. On the other hand, the
curves are sufficiently flat to estimate an effective poten-
tial at small values of τ , and given knowledge of the node
position from our qualitative analysis, one can make con-
tact with models for the effective potential.

The expected r⃗ dependence of the baryonic potential
is [2, 4]

V3Q =
3

2
V0 −

1

2

!

j<k

g2CF

4πrjk
+ σL , (6)

where CF = 4/3, σ is the string tension of the qq̄ poten-
tial and L is a length linking the quarks. There are two
models which predominate the discussion of L; namely
the ∆ and Y ansätze.

In the ∆-ansatz, the potential is expressed by a sum
of two body potentials [4]. In this case L = L∆/2 =
3⟨dqq⟩/2 where L∆ is the sum of the inter-quark dis-
tances. In the Y-ansatz [2, 6], L = LY = 3⟨rs⟩ is the
sum of the distances of the quarks to the Fermat point.

Bissey et al, hep-lat/0606016 

QCD is a theory of strings

Can we solve this free string theory?

Large N QCD is a theory of free strings
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✓Confining gauge theory with a gap        
✓Unbroken center symmetry 
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all the data from the papers by 
Athenodorou, Bringoltz and Teper 

Looks hopeless to solve without experimental data



Looks hopeless to solve without  new theoretical tools 
TBA technique
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Colliding  left- and right-movers
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Colliding  left- and right-movers

Red points:
A new massive state appearing as a resonance in the

antisymmetric channel!
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m`s ⇡ 1.85+0.02
�0.03 Q ⇡ 0.382± 0.004

SD, Raphael Flauger, Victor Gorbenko, 1301.2325



More theory questions: 

✴Can 2D theory be integrable, at least in the planar limit? 

✴Could it be integrable for planar (pure glue)?   

✴How to calculate for                              and whether 
(approximate) integrability may help?

4D theory
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Could QCD string be integrable for pure glue?           

NO, at least not at finite N

✴Integrable at tree level 

✴Universal one-loop particle production if D 6= 26, 3

Sstring = �`�2
s

Z
d2�

q
�det(⌘↵� + @↵Xi@�Xi) +O(`2s)

All these one-loop amplitudes can be explicitly calculated, 
SD to appear



A simple option to restore integrability:

Sstring = �`�2
s
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Q =

r
25�D

48⇡

This is also known as a linear dilaton background



Another simple option to restore integrability:

Sstring = �`�2
s
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16⇡
⇡ 0.373176 . . .

Compare to

Qlattice ⇡ 0.382± 0.004

???



What this could mean? 

✴Numerology 

✴In the planar limit axion becomes massless and the 
planar QCD string is integrable   

✴ This is the UV asymptotics of the planar QCD string


