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Yang-Mills around for 53 years, non-abelian gauge theory

L =
1

4
FµνaFµνa with

Fµνa = ∂µAνa − ∂νAµa + gf abcAµbAνb

Why still investigate

• Non-perturbative gluon behaviour

• High temperature QCD
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N = 4 super-Yang-Mills (SYM) ⇒ maximal SUSY Yang-Mills
version
Interesting because

• Superconformal QFT (CFT and SUSY)

• Multiplet structure (gluon,fermion,scalar)

• Testing functional methods (β = 0)

• Maldacena’s conjecture → AdS/CFT

Stefan Zitz N = 4 SYM within Dyson-Schwinger equations (DSE’s)



Motivation
Method
Results

Summary and Outlook

N = 4 super-Yang-Mills (SYM) ⇒ maximal SUSY Yang-Mills
version
Interesting because

• Superconformal QFT (CFT and SUSY)

• Multiplet structure (gluon,fermion,scalar)

• Testing functional methods (β = 0)

• Maldacena’s conjecture → AdS/CFT

Stefan Zitz N = 4 SYM within Dyson-Schwinger equations (DSE’s)



Motivation
Method
Results

Summary and Outlook

N = 4 super-Yang-Mills (SYM) ⇒ maximal SUSY Yang-Mills
version
Interesting because

• Superconformal QFT (CFT and SUSY)

• Multiplet structure (gluon,fermion,scalar)

• Testing functional methods (β = 0)

• Maldacena’s conjecture → AdS/CFT

Stefan Zitz N = 4 SYM within Dyson-Schwinger equations (DSE’s)



Motivation
Method
Results

Summary and Outlook

N = 4 super-Yang-Mills (SYM) ⇒ maximal SUSY Yang-Mills
version
Interesting because

• Superconformal QFT (CFT and SUSY)

• Multiplet structure (gluon,fermion,scalar)

• Testing functional methods (β = 0)

• Maldacena’s conjecture → AdS/CFT

Stefan Zitz N = 4 SYM within Dyson-Schwinger equations (DSE’s)



Motivation
Method
Results

Summary and Outlook

Dyson-Schwinger equations ⇒ e.o.m. for Greens functions

• Non-perturbative method

• Exact solution of theory, but

• n-point fct. depend on higher n-point fcts.

• Tower of coupled integral equations → truncation
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To derive DSE’s a Lagrangian is needed

L = ca∂µDµcb−
1

4
FaµνFaµν +

g2θ

64π2
εµνρσFaµνFaρσ

−1

2
[ψT

iaLε( /Dψ
i
R)a − ψiT

aRε( /DψiL)a]

+
1

2
(Dµφ

ij)a(Dµφ
ij)∗a −

1

8
|f abcφijbφklc |2

−
√

2Ref abcφija (ψT
ibLεψjcL)

• SU(4)-R-symmetry (Yukawa)

• Gauge-symmetry (e.g. SU(N))

• Conformal-symmetry
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What one ends up with:

−1
=

−1
−

−1
=

−1
+ + + + + −

−1
=

−1
+ +

−1
=

−1
+ + + −
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Equation diagrammatically

−1
=

−1
−

and mathematically

Dab
G (p2)−1 =− δabp2

− igf ade
∫

ddq

(2π)d
Def
µν(p − q)Ddh

G (q)ΓccA;bfh
ν (−p, q, p − q)
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Propagators look like

D(p2) = D0(p2)A(p2)

Complicated structure hidden in dressing fct. A(p2)’s
Ansatz for propagator dressing fct., due to conformality powerlaws

G (x) = axκ1 ghost

Z (x) = bxκ2 gluon

F (x) = fxκ3 fermion

S(x) = sxκ4 scalar

...x = p2
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What we get → a single κ
Crossing of all propagators
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κ ≈ 0.69 κYM ≈ 0.59
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All couplings show conformal behaviour

α(x) = α(µ)A2(x)B(x) = const.

Correspond to
β(α) = 0

Dressing fct. given by

G (x) = ax−κ

Z (x) = 3s(a)x2κ

F (x) = f (a)x−κ

S(x) = s(a)x2κ
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The Gribov-Singer ambiguity
Pure non-perturbative problem

• Faddeev-Popov → ghost

• Not unique several Gribov copies (gauge transf.)

• What we want → fundamental modular region (FMR)

• Conjectured FMR = 1.Gribov region for N = 4 SYM

• Perturbative expansion around global minimum (FMR)
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Lets summarize

• First ever solution of N = 4 SYM

• Gribov problem same as in Yang-Mills (IR divergent ghost)

• Before and after DSE’s β(α) = 0

And outlook

• Improvement of truncation, higher order vertex modelling

• Simulate on lattice
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To emphasise it again, first full solution

Gauge sector of N = 4 SYM behaves as YM gauge sector
arXiv:1512.06664

Thank you
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