
SU(2) gauge theory with Nf = 2 Dirac fermions in the fundamental representation. 

 Pseudo-real irrep of SU(2): global flavour symmetry is upgraded to SU(4) : 

 Chiral symmetry breaking pattern : SU(4) -> Sp(4)          ( SO(6) -> SO(5) )            
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 QL = (UL,DL) : SU(2)L doublet with hypercharge 0 
                     : SU(2)L singlet with hypercharge  

Two interesting alignments of the condensate :  

 General case : 

 Two limit cases : 
 θ = 0 : EW does not break : composite Higgs limit

 θ = π/2 : EW breaks + DM candidate : technicolor limit 
  at LO : mW2 =2 g  (FPS  sin θ)2
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EW embedding

 The model interpolates between TC and CH
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Summary and comparison with Nc=3

• Shifted upward 
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QCD ?
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R. Arthur, VD, A. Hietanen, C. Pica, F. Sannino   [arXiv:1602.06559]
R. Arthur, VD, A. Hietanen, C. Pica, F. Sannino   [arXiv:1607.06654]
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Beyond the spectrum.

Phenomenology considerations:   
 Properties of resonances related to searches at the LHC 
 Contribution to EW boson scattering?  In the CH limit, is the 
scattering length more relevant ?  
 Is it useful to constrain the timelike form factor ? 
 Other resonances ? 

Theoretical interest: 
 How does the coupling changes with the underlying theory 
 Is the KSRF relation satisfied ?
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Constraints on resonances@LHC

Constraint example

Example: Minimal walking technicolor.

T. Janowski
Resonance study of SU(2) model with 2 flavours of fermions in the fundamental representation
6 / 23

“Search for high-mass dilepton resonances in pp collisions at s√=8 TeV with the ATLAS 
detector”, ATLAS collaboration, [arXiv: 1405.4123], Phys. Rev. D90 (2014) 5, 052005 
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Phase shift: GB scattering (vector meson channel)
Extracting g⇢⇡⇡ and M⇢ - without 163

g⇢⇡⇡ = 10.7(23)

aM⇢ = 0.445(95) amnaive
⇢ = 0.444(9)

T. Janowski
Resonance study of SU(2) model with 2 flavours of fermions in the fundamental representation
20 / 23

T. Janowski, C. Pica, S. Prelovsek, VD, to appear.

Preliminary
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Figure 17. Comparing the ratios of the vector mass and pseudoscalar decay constant mV/
p

2fPS

in various lattice gauge theories with two fundamental Dirac flavors. Purple, red, green and blue
colours are for SU(2) [40], SU(3) [97], SU(4) [96] and Sp(4) gauge groups , respectively. The black
circle is the experimental value of the coupling in the real world of QCD.

extrapolation leads us to the ratio in the massless and continuum limit of ⇠ 2.1.
The second KSRF prediction relates the on-shell coupling constant associated with the

decay of a vector meson into two pseudoscalars to mV and fPS in the following way

gV PP =
mV

p
2fPS

. (6.2)

As discussed above, the vector meson mass receives small corrections from the non-zero mass
in the linear mass regime, where the corresponding values at the lightest ensemble and in
the massless limit are 5.32(9) and 5.70(19)(14), respectively. In the real world, the mass of ⇢

meson in units of the pion decay constant f⇡ is roughly m⇢/f⇡ ⇠ 5.9. In the literature a few
lattice results for SU(N) gauge theories (other than N = 2) with two fundamental Dirac
fermions are available: for the lightest ensembles considered we found mV/fPS ⇠ 9.3(16) for
SU(2) [40] and ⇠ 5.2(3) for SU(4) [96], respectively. The general trend in SU(N) theories
is that the value of mV/fPS decreases as N increases, which complies with the expectation
of that gV PP decreases in the large N limit. Three values of N are not large enough to
perform a large N extrapolation, though. Near the threshold of mPS/mV ⇠ 0.5, the vector
meson mass we found for Sp(4) lies in between the values for SU(3) and SU(4). A more
reliable way to determine the coupling gVPP might be to use the low-energy EFT discussed
in the previous section: with some limitations we found the coupling in the massless limit,
gVPP = 6.0(4)(2), which is slightly larger than the KSRF value at non-zero fermion mass.
In Fig. 17, we summarize our findings for the coupling compared with the results for other
gauge groups.

We want to close this section by comparing the dynamical results with the quenched
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y3

2B̂w0

, ŷ4 =
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y3

2B̂w0

, ŷ4 =
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Large Nc argument:

Kowarabayashi & Suzuki (1966)
Riazuddin & Fayyazuddin (1966)

From Lee, Bennett, Piai, Lucini, Hong, Lin, Vadacchino, Lattice 2019.


