Proposal to NOAO for the Dark Energy Survey

1.
Introduction and Summary

The National Optical Astronomical Observatory (NOAO) issued an Announcement of Opportunity (AO) in December 2003 that requested proposals for the development of a major new instrument for the Blanco 4 meter telescope at Cerro Tololo Inter-American Observatory (CTIO) in partnership with NOAO.  The AO encouraged the construction of an instrument that could exploit the wide field capability of the prime focus.  We, a group of astrophysicists and physicists from Fermilab, the University of Illinois, the University of Chicago, the Lawrence Berkeley National Laboratory (LBNL), and CTIO formed the Dark Energy Survey Collaboration and are submitting this proposal to build a Survey Instrument consisting of a 520 megapixel CCD camera and wide field optical corrector for the prime focus.  Our proposed instrument will have an effective field of view of about 3 square degrees and will have four filters that will enable observations in the g, r, i, and z bands. These features will give it greater survey power than any optical-near infrared camera currently in existence.  We plan to use this instrument to carry out a deep imaging survey in these four bands over an area of approximately 5000 square degrees over the course of five years. Our collaboration will also develop the processing and archiving software for the data produced with our instrument and will provide the facilities and staff to process, archive, and distribute the processed data from our survey.  

A number of national panel reports, including Connecting Quarks with the Cosmos (2003), the Physics of the Universe (2004), and the Quantum Universe (2004), have assigned high priority to answering the question: What is Dark Energy?  Our collaboration proposes to determine the dark energy equation of state parameter, w, using four complementary techniques in a single survey: (i) the redshift distribution and clustering evolution of galaxy clusters, (ii) weak gravitational lensing on large scales, (iii) the evolution of galaxy clustering, and (iv) type Ia supernova distances.  We selected 4000 square degrees of our proposed survey area to coincide with the area that the South Pole Telescope (SPT) collaboration plans to observe. The SPT project, which is already under construction, will detect and measure masses of galaxy clusters through the Sunyaev-Zeldovich effect. The DES will provide photometric redshifts for these clusters; in combination, the two projects will determine the redshift distribution and clustering evolution of the galaxy clusters. The two collaborations plan to carry out a joint analysis of the clusters in the overlap area.  We expect that these four independent measurements of w when taken together will provide a measurement with a statistical precision of order 5%, substantially better than the present combined precision of ~15%.  Moreover, our use of multiple, complementary techniques allow us to probe for possible systematic errors and provide a far more robust constraint than any single technique can offer.

The Dark Energy Survey will catalog and provide photometric redshifts for roughly 300 million galaxies out to a redshift of order 1 (and a smaller number beyond that).  Thus the DES will be substantially deeper and cover a larger volume than the Sloan Digital Sky Survey (SDSS): the DES galaxy catalog will contain nearly four times the number of galaxies contained in the SDSS catalog, the largest CCD imaging survey to date.  Like the SDSS, which has already had a deep impact on science, we expect that the public archive from our survey will yield rich scientific data and discoveries in a very wide range of topics of interest to astrophysicists, cosmologists, and particle physicists.  

Fermilab will lead the effort to build the Survey Instrument, and it will take the responsibility for designing and building the camera, the prime focus cage, and the mechanical and electrical interfaces to the Blanco telescope.  The University of Chicago plans to take the leadership role in designing, acquiring, and testing the optics, with assistance from Fermilab and CTIO.   LBNL will manage the acquisition of the CCDs and deliver them to Fermilab.  Fermilab will package, test, and grade the CCDs and then install them on the focal plane at its Silicon Detector Facility.  The University of Illinois will design and build the data acquisition system, including the interfaces to the electronics in the prime focus cage. They will also provide all of the necessary software to operate the system in test environments at Fermilab and the operating environment at Cerro Tololo.  CTIO will fabricate some of the mechanical components in its shops and provide the collaboration with the benefit of its experience in building and operating Mosaic II and the Blanco.  CTIO will take the lead in defining the communications, electrical power, and cooling interfaces with the Blanco.  The Survey Instrument team will integrate the camera, the data acquisition system, and the related mechanical and electrical components into a fully integrated, tested, and functioning unit at Fermilab prior to shipping the instrument to Cerro Tololo.  CTIO will lead the instrument commissioning on the Blanco, with support from all of the participating institutions.

The University of Illinois Astronomy Department will lead the data management and archiving effort.  Their efforts will be supported by the National Center for Supercomputing Applications (NCSA), the Fermilab Experimental Astrophysics Group, and the NOAO Data Products Program.  This will allow the Collaboration to take advantage of the experience that NCSA and Fermilab have gained in processing, archiving, and distributing astronomical data.  The University of Illinois will also distribute the Survey data and catalogs to the collaboration; after a period for validation of the archive, it will release the archive to the public in partnership with NOAO.  

The Collaboration began work on the Reference Designs for the Survey Instrument and the Archive in November 2003.  In March 2004 it submitted a proposal based on the Reference Designs to Fermilab, requesting support for the design and development of the Survey Instrument.  The proposal was considered at the April meeting of the Fermilab Physics Advisory Committee (PAC) and, on the basis of the positive PAC recommendation, the Fermilab Director authorized the preparation of a more complete design and cost estimate.  The Collaboration submitted the revised proposal, containing more detailed Reference Designs, preliminary cost estimates, and a funding model, to Fermilab on June 7.  A special committee, appointed by the Director, reviewed the revised proposal, including the funding model, on June 7 and 8.  The PAC considered the DES project for the second time during the week of June 21 and recommended stage 1 approval, which has since been given by the Director.  

The estimated cost of the Survey Instrument is $ 18.40 M. This estimate includes $11.45 M for the cost of materials and services (M&S) and $6.95 M for the engineering and technical labor costs that will be incurred by Fermilab and the University of Illinois.  Since the Collaboration has asked the participating institutions to make the cost of the overhead a contribution to the Survey Instrument, these figures do not include institutional overhead.  Fermilab and the University of Illinois plan to contribute the scientific and technical labor for the Instrument.  These cost figures have been escalated for inflation and are in as spent dollars.  

The estimated cost of Data Management is $1.8M, primarily for technical labor and computing professionals and a small amount for equipment. The University of Illinois administration and NCSA have already made a commitment to provide a significant fraction ($0.6M) of the effort required for data processing and archiving as a contribution to the project. NCSA has also agreed to provide the computing and archiving equipment needed during the software development phase and later for base operations as well as the operations staff to operate it as a contribution to the project.  An additional $1.2 M is needed to cover the cost of the technical staff at U Illinois and NCSA for software development and hardware.  The Collaboration plans to obtain the funds for these costs from the NSF.  

On the basis of the current requests and commitments, the Collaboration needs to obtain an additional ~$5 M of cash funds to fully fund the construction and commissioning phases of the Survey.  The Collaboration plans to approach the NSF, the participating universities, and private foundations for the remaining funds. Faculty members from the University of Chicago and the University of Illinois have requested funds from their institutions to help pay the M&S costs for the Survey Instrument development phase that will begin this September 2004.  At U. Illinois, the NCSA director and the Dean of the LAS college are enthusiastic about the Dark Energy Survey and have responded with pledges of institutional support. At U. Chicago, the Kavli Institute for Cosmological Physics has also responded favorably and will help support the project.  Finally the Collaboration will seek additional partners that can contribute to the project in ways that will reduce the amount of funds that they plan to request from the DOE and NSF.  

If funding can be obtained in accordance with the funding model, the Survey Instrument construction phase will begin in October 2005 and it will be completed at the end of 2008. After integration and acceptance testing at Fermilab, it will be shipped to CTIO in early 2009.  In parallel with the instrument construction and commissioning, the data processing pipelines will be built, tested, and deployed with the Survey Instrument. Following a commissioning period of several months, the Survey Instrument at CTIO and the pipelines and computing systems at NCSA will be ready for survey operations. The first observations of the survey region near the south galactic cap could begin in September 2009.  The survey will continue through five observing seasons (September-February), 2009-2013.  Initial Dark Energy constraints could be completed in 2011, after the first two observing seasons, weather permitting.  During the year prior to October 2005, the Collaboration will focus its efforts on the completion of the technology development of the CCDs, the creation of a CCD test facility at Fermilab, and the final design of the optical corrector, because the CCDs and the optical corrector present the greatest cost and schedule risks to the project.  

We request that NOAO award the DES collaboration 30% of the observing time on the Blanco telescope over the five-year period beginning September 2009, in exchange for providing the new instrument and the software systems.  Moreover, we request that CTIO upgrade the Blanco telescope controls and infrastructure to efficiently accommodate the new instrument prior to delivery of the instrument and software, as noted in the AO.  In the event that this request is granted, the Collaboration will submit proposals to the Department of Energy Office of Science and the Astronomy Division of the National Science Foundation for funding.  

The remainder of this proposal is organized in chapters as follows:  Chapter 2 presents the compelling science that we expect to obtain with the DES, Chapter 3 contains the DES scientific requirements that flow from our science goals, and Chapter 4 describes the preliminary strategy that we propose for observations.  The Reference Design of the Survey Instrument and the initial formulation of our Data Management Plan are contained in Chapters 5 and 6.  Chapter 7 contains the project management plan and the relevant prior experience in instrumentation and large surveys.  Chapter 8 describes the relationship of the Dark Energy Survey to other relevant astrophysical surveys in which the Dark Energy Collaboration members are engaged and the temporal relationship of our survey to other closely related astrophysics projects.  Chapter 9 provides an outline of the science that could be done by general observers with the proposed instrument. Finally, Chapter 10 summarizes the observing time that the collaboration is requesting. 

