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● Describing elementary particles
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● Gauge bosons in minimal walking technicolor

● Propagators
● Vertices
● Zero mass limit

● Summary
[Maas JHEP '11]
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● 12+ orders of magnitude of scales
● Neutrino mass to new physics
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standard model
● “Minimal walking technicolor”

● SU(2), 2 flavors of massless adjoint fermions
● Likely walking

● Slow evolution with momenta
● Many orders of magnitude
● Large scale compared to the standard model

● Light, chiral fermions
● Strongly interacting chiral gauge theory 

when coupled to the standard model
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● Includes elementary or composite Higgs

● Nielsen identities only imply gauge-parameter 
invariance of mass, but not gauge invariance

● Electron requires photon cloud
● Only gauge-invariant quantities are 
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bound states

● Gauge-invariant bound states of tops, 
Ws, Higgses... may be rather unstable
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● PDG data for Higgs etc. based on the elementary, 

gauge-dependent degrees of freedom
● Gauge-dependent intermediate step

● Correlation functions contain all information
● Masses, running couplings, widths,...

● Final quantities are gauge-invariant
● Non-perturbative extension

● Correlation functions central element
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● Functional methods (DSE, RGE...)
● Coupled non-linear integral equations must be solved

✔Continuum, infinite volume, analytically accessible

✗ Requires (often uncontrolled) approximations
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● SU(2)+2 adjoint flavors of techniquarks
● Massless limit relevant – but what is the mass?

● Scale setting without experimental input complicated
● No scale if the theory is conformal
● Well-defined if the theory is quasi-conformal

● Scale setting by a scale with smooth limit to the 
Yang-Mills case
● Techniglueball mass

● Other possibilities exist
● Lattice scale, mesons, fixed scale,...

[Maas JHEP 2011]
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Quantization
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Quantization and gauge fixing
● Gauge freedom: Choice of internal coordinate system
● Particle fields change under gauge transformations

● So do most correlation functions
● Requires a choice of gauge/coordinate system
● Indirect by a condition on the gauge fields
● Local condition in perturbation theory

● Used here: Landau gauge ∂
 A

a
=0

[Maas 1106.3942]
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Quantization and gauge fixing
● Insufficient beyond perturbation theory [Gribov NPA 77, Singer CMP 78]

● Gribov copies: More than one solution to
● Gribov-Singer ambiguity: Requires non-local constraints

● Resolution by specifying a sampling procedure for 
Gribov copies [Maas PLB 10/PRD 09, Fischer, Maas, Pawlowski AoP 09, Neuberger PLB '87, von 
Smekal et al. '08/'09]

● Well-defined gauge prescription
● Necessary for comparison of methods
● Gives a precise meaning for the correlation functions
● Here: Minimal (or average) Landau gauge

● Impact of Gribov-Singer ambiguity very similar to Yang-
Mills theory at same lattice size/glueball mass [Maas JHEP 2011]

● Similar to other confining theories [Maas EPJC 2010]

∂
 A

a
=0

[Maas 1106.3942]
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Technigluon propagator

● Rescaled Yang-Mills results for comparison

[Maas JHEP 2011]

Problems – Methods – Foundations – Gauge boson – Interaction – Summary Slides left: 4 (In this section: 0)



Technigluon propagator

● Rescaled Yang-Mills results for comparison
● Very similar to Yang-Mills result

[Maas JHEP 2011]

Problems – Methods – Foundations – Gauge boson – Interaction – Summary Slides left: 4 (In this section: 0)



Technigluon propagator

● Rescaled Yang-Mills results for comparison
● Very similar to Yang-Mills result

[Maas JHEP 2011]

Problems – Methods – Foundations – Gauge boson – Interaction – Summary Slides left: 4 (In this section: 0)



Technigluon propagator

● Rescaled Yang-Mills results for comparison
● Very similar to Yang-Mills result

[Maas JHEP 2011]

Problems – Methods – Foundations – Gauge boson – Interaction – Summary Slides left: 4 (In this section: 0)



Technigluon propagator

● Rescaled Yang-Mills results for comparison
● Very similar to Yang-Mills result even close to massless 

limit

[Maas JHEP 2011]

Problems – Methods – Foundations – Gauge boson – Interaction – Summary Slides left: 4 (In this section: 0)



Technigluon propagator

● Rescaled Yang-Mills results for comparison
● Very similar to Yang-Mills result even close to massless 

limit
● Similar to QCD, scalar theories [Maas 1106.3942]

[Maas JHEP 2011]

Problems – Methods – Foundations – Gauge boson – Interaction – Summary Slides left: 4 (In this section: 0)



Technigluon propagator

● Rescaled Yang-Mills results for comparison
● Very similar to Yang-Mills result even close to massless 

limit
● Similar to QCD, scalar theories [Maas 1106.3942]

● Faddeev-Popov ghost propagator similar

[Maas JHEP 2011]
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Describing a theory

u

d
g

g g

Propagators 〈 A

a A

b
〉

u
u

g

Interaction vertices 〈 i A

a ta
ij
 j〉

Quantization

[Maas 1106.3942
 Fischer JPG 2006]
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Three-technigluon vertex

g g

g

k

q

k+q

[Maas JHEP 2011]
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Three-technigluon vertex

● Significant structure for Yang-Mills theory
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Three-technigluon vertex

● Significant structure for Yang-Mills theory
● Similar at finite mass
● Flattens out towards chiral limit?
● Strongly affected by lattice asymmetry

[Maas JHEP 2011]
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● MiniMOM scheme, related to Msbar [von Smekal et al. PLB 2008]

● Turnover in Yang-Mills case depends on the scheme 
[Pawlowski, Maas, Fischer AoP 2009, Maas 1106.3942] 
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[Maas JHEP 2011]
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● Elementary degrees of freedom gauge-
dependent

● Gauge-fixed correlation functions useful
● Intermediate steps to gauge-invariant physics
● Combination of methods

● Gauge bosons in minimal walking technicolor
● Outside massless limit similar to Yang-Mills case
● Massless limit subtle

● Next: Fermion properties
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