Large Hadron Collider: preparing for the next decade in Nuclear and Particle physics
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The Large Hadron Collider (LHC) at CERN is the most complex scientific machine ever built and is expected to begin operation in the spring of 2008. By providing the world’s highest energy colliding beams of protons and nuclei, it will dominate high energy Nuclear and Particle physics for the foreseeable future. LHC will usher in a “new golden age” † of scientific discovery by providing precision tests of the Standard Model (SM), creating new states of matter at unprecedented temperatures and energy densities and allowing for direct and unambiguous exploration of physics beyond the Standard Model (BSM) at the TeV scale. The future scientific findings at the LHC will revolutionize our understanding of the physics laws that govern Nature, such as the origin of mass and the makeup of dark matter.    
LHC will provide the opportunity for the experimental discovery and theoretical characterization of “jets”, collimated showers of energetic particles, in nuclear collisions. These will be instrumental in pinpointing novel effective interactions and phenomena that arise in matter under extreme conditions, allowing the development of precision radiography of strongly interacting plasmas. In particle physics, the theory and measurement of jets is critical for the planned discovery of new physics as predicted by most BSM models, such as supersymmetry, technicolor, large extra dimensions or black holes. Specific signatures of physics beyond the standard model include very high jet multiplicities, jets plus missing energy or jets plus energetic leptons. LANL hopes to also lead an integrated program of studying the suppression / enhancement of jet BSM signatures in nuclear collisions. 

A program in theory, simulation and experiment at the LHC will tie the expertise available at LANL and our capabilities (T-16 - leaders in the theory of matter under extreme conditions, T-8 - experts in BSM particle physics, P-25 and P-23 - leaders in particle detection, event reconstruction and data analysis) to the Lab's mission in basic science and the BSM challenges. LHC physics will become a focal point of high-impact theoretical / experimental efforts at LANL and provide an opportunity for close collaboration between the Theory, Simulation and Computation and Experimental Physical Sciences Directorates. With LHC commissioning in 2008, now is the unique and timely opportunity for LANL to join the “new golden discovery age” in Nuclear and Particle physics, which is expected to take place in the first few years of operation.  

  
Participation at the LHC is a high priority of both the Nuclear Physics and High Energy Physics Programs of the DOE. In the past, relativistic Heavy Ion Collider physics has been instrumental in recruitment and retention of outstanding staff in the Theoretical, Physics, and International Space & Response Divisions.  It is the LHC program that now has tremendous growth potential, the ability to bring outstanding science to the Lab and to revitalize a vibrant atmosphere of scientific discovery at Los Alamos. Historically, advances in theory, simulation, computation and detector technology have been adopted in Homeland Security applications. A successful strategic LDRD DR investment in a large-scale project at the LHC will help ensure long term Nuclear Physics (NP) funding by DOE and open new possibilities for High Energy Physics (HEP) support.

† Frank Wilczek, Nobel Prize Winner

  

