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    A Model with Colorons and Hyper-Pions
Dicus, Dutta, and Nandi (1995); Dobrescu, Kong, Mahbubani (2008);

Kilic, Okui, and Sundrum (2008), Kilic, Schumann and Son (2009)

In this model, we assume that there exists a new 
strong force (hypercolor, HC) which becomes 
confining at a higher energy than the strong QCD 
force: SU(N)HC X SU(3)C X SU(2) X U(1).
Hyper-quarks will form spin-1 bound states that are 
hypercolor singlets but carry QCD color quantum 
numbers (octet). These hyper-gluons are the colorons. 
Analogous to the chiral symmetry breaking, this 
model will also produce relatively light scalars 
(hyper-pions) as pseudo-Goldstone bosons.
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The Effective Lagrangian



Relevant Parameters



    Constraints from CDF and CMS Data
CDF Collaboration (2008);  CMS Collaboration (2010)

Electroweak precision data provide important 
constraints on electroweak models beyond the SM. 
New strong interactions can still be consistent LEP 
and Tevatron Data.
In this model, the hyper-pions couple sufficiently 
weakly to gluons.
The hyper-rhos have only a small branching fraction 
to decay into two quarks or two gluons. 



CMS Limits with 7 TeV
CMS Collaboration (2010)



CMS and CDF Limits



Production Cross Section

In this model, the coloron decays predominantly 
into a pair of hyper-pions, which then each 
decay into a pair of gluons. 
Thus the dominant signal for resonant coloron 
production is a 4-jet decay chain.
A new model has been added in MadGraph with 
new interactions and new particles to generate 
matrix elements squared for all processes.



Production of Coloron Pairs

Signal: 

Cross sections of signal evaluated with 
analytical formulas are in good agreement with 
results from MadGraph.

Dominant Physics Background:
calculated with COMIX using Berends-Giele 
recursion relations, and checked with 
MadGraph for  

pp→ 8g + X

gg → 4g

pp→ ρ̃ρ̃→ 4π̃ → 8g + X



Diagrams by MadGraph  g g -> pip pip pip pip  
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gg → ρ̃ρ̃→ 4π̃ + X



pp→ ρ̃ρ̃ + X



pp→ ρ̃ρ̃ + X



 

Effect of χ and Unitarity, Y = χ− 1



The Physics Background



Recursion Relations in QCD
Duhr, Hoche and Maltoni (2006)

Berends and Giele [1988]
Twistor: Witten [2004]
Cachazo, Svrcek and Witten (CSW) [2004]
Britto, Cachazo and Feng (BCF)[2005]



Discovery Potential at the Early LHC



Relative Mass Cuts



Relative Mass Cuts



Relative Mass Cuts



Fixed Mass Cuts



Fixed Mass Cuts



Fixed Mass Cuts



Conclusions


