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FINAL TECHNICAL REPORT 

Project: Collaborative Research Between Oklahoma State University and Fennilab 

Several scientific projects were completed in the area of Theoretical High Energy Physics 
(Elementary Particles and Fields). The results obtained were published in refereed international 
journals and presented in several natibnal and international conferences by the project personnel. 
A brief summary of the projects completed and the results obtained are given below. 

A. Collider Phvsics and Extra Dimensions: 

String theories predict that there.may he extra compact space-like dimensions. We proposed 
new signals for the cxistence of such extra dimensions which can bc tcslcd in the Fermilab 
Tevatron Collider or at the upcoming Large Hadron Collider. These signals come from the 
productions and decays of the Koluza-Klein excitations of the gauge bosons as well as 
quarks and leptons. The dominarit signals are high transverse momentum dijets plus missing 
energy or high transverse momailurn photons and missing energy. The observation of these 
sisals could lead to the discovery of evidence of such extra dimensions. 

B. Unification and Extra Dimensions 

We proposed a supersymmetric model in six dimensions where thc strong, wcak and 
electromagnetic forces were uniticd as a single force, as well as the particles were unified 
(the gauge bosons, fermions as well as the Higgs bosons). In this project such a complete 
unification has bccn achieved for the first time in the framework of Quantum field theory. 
The model unifies not only the gapge couplings but also the Yukawa couplings, and in 
agreement with the currcnt measurements of these parameters. We make several predictions 
which can be tested in the upcoming Large Hadron Collidcr. 

C. &.q-aymgehv. Anomalous U(1) Svmmetrv and Lmtm F iavor Violation 

We solved the problem of negativl: slqlon mdss square using an anomalous U( 1) symmetry, 
and studied the lepton flavor violation in such supersymmetry breaking scenario. Several 
key predictions have been made for the processes such as muon decaying to electron and a 
photon, g-2 of the muon and othq. Thcse predictions can be tested in the upcoming 
experiments at such as at the Broalchavcn National Lab. We can also accommodate axion as 
the dark matter in this model. 
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I). Neutrino Masses and Mixinas 

We proposed a new mechanism for the generation of the neutrino musses and the niixings at 
the two loop level. -4 new mechanism for explaining [he LSND neutrino experiment was also 
proposed. This can be tested at the mini Boom experiment at Fennilab. We also ~ T O P O S ~  a 
new mechanism for generating light neutrino mass introducing new soft supersymmetry 
breaking term and using it to generate neutrino mass. In this model, light neunino mass is 
given by soft SUSY breaking scale square divided by the right-handed neutrino mass scale. 
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Conference Presentations 

( I )  PHENO 2001 Symposium, Madison, WI, May 7-9.2001. Talk presentcd by S. Nandi 
Title of the talk: Collidcr signals of extra dimensions. 

(2) Conferelice on Underground Science, Rapid City, S.D. October 4-7,2001 Attmded by 
K.S. Babu. 

PHENO 2002 Symposiui, Madison, W1, April 23-25,2002 Talk presented by S.  Nandi. 
Title of talk: Orbifold breaking of gauge symmetry. 

American Physical Society-Division of Particles and Fields Meeting (DPF '02), May 24-27, 
2002. Talk presented by S. Nandi. Title of talk: Orbifold breaking of left-right gaugc 
symmetry. 

SUSY 2003 Conference, Hamburg, Gemany, June 17-23,2003. Talk presented by 
K.S. Babu. 

International Conference on High Energy Physics, Amsterdam, Netherlands, July 24-30, 
2002. Talk presented by K.S. Babu. 

(3) 

(4) 

(5 )  

(6)  

(7) Conference on Particlcs, Strings and Cosmology (PASCOS 2003), Bombay, India, January 
3-8,2003. Talk presented by R.S. Babu. 

S U G U  20 Conference, Boston, MA Maroh 17-21,2003. Talk presented by S. Nandi. 
Tillc of the talk: Unification of gauge, Higgs and matter in extra dimensions. 

Workshop on Future Hadron Colliders, Ferrnilab, Balavis, IL, October 16-18,2003. 
Talk presented by S .  Nandi. Title of talk: Sigrlals of extra dimensions at VLHC. 

(8) 

(9) 
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