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1. Title: Quantum Computation 
2. Contact: Frank Fradin, MSD

3. ANL Divisions Involved: MSD, CHM, BIO, CNM
4. Sponsor: DOE-BES
5. Outside Collaborations and Especially Interested Parties: Vinayak Dravid, Northwestern University and the materials science, physics and computer science communities.
6. Goal: Our focus is the development of the basic understanding of an electron spin based scalable solid state quantum computer.  This requires the development of a qubit with appropriately long spin phase coherence time, a methodology to prepare initial spin states, a means for measuring single electron spins, a method for preparing networks of qubits with precise separations, and appropriate qubit gating. 
7. Costs: ~0.8M$/year for ~10 years
8. Status: 

· Quantum computation with electron spins FWP established and funded in July 2005 at 400K$/year.
· Endohedral nitrogen in C60, N@C60, qubit initially prepared by low energy nitrogen ion irradiation and purified in small quantities using High Performance Liquid Phase Chromatography.
· Dedicated STM for electron spin resonance of single molecules under design.
· Modification of existing Omicron variable temperature, ultra high vacuum STM for single molecule studies in progress.
9. Next Steps: Construction of dedicated ESR-STM
10. Expectations: Creating scalable electron spin based quantum computer at Argonne will
a. Leverage the power of existing ANL CNM
b. Open the power of quantum computation to quantum mechanical simulation in physics, chemistry and materials science. 
11. Benefit Perspective: Establish world-class single molecule STM as a core research activity at Argonne 

12. Risk Perspectives: 
a. Hardware: Moderate – Many design issues must be solved on the ESR-STM but there are no show stoppers. 
b. Funding: High –BES should find additional funding for the chemical aspects of DNA templating of qubit networks and for nanolithography of qubit gates.
c. Scientific: Moderate – We have many scientific challenges to overcome, including single electron spin detection.  
13. Discussion:

This initiative holds major opportunities for computational sciences in many disciplines, including physics, chemistry and materials sciences because of the exponential speedup of a quantum computer (QC) over classical computers for doing quantum mechanical simulations of physical systems.  Because of the exponential speedup of QC over classical computers for large number factorization, QC’s are also of interest for the defense intelligence agencies.  
