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Dr. Robin Staffin, Director

Office of High Energy Physics

U.S. Department of Energy, SC-

19901 Germantown Road

Germantown MD 20874-1290

Dear Dr. Staffin:

This letter is submitted to the Office of High Energy Physics of the U.S. Department of Energy as a preliminary proposal from Brookhaven National Laboratory to construct a Super Neutrino Beam at BNL, using the substantially upgraded Alternating Gradient Synchrotron (AGS) accelerator as the proton driver source for a newly constructed wideband neutrino beam.  The resulting AGS-based Super Neutrino Beam will provide a megawatt-class neutrino beam for use in the planned future U.S. neutrino-oscillation particle physics program.  

The proposal provides a follow-up conceptual neutrino beam design for the Very Long Baseline Neutrino Oscillations (VLBNO) experiment1, first presented to the HEPAP Future Facilities Workshop held on February 15-16, 2003 at Pittsburgh, PA.  The BNL-AGS neutrino experiment seeks to explore and measure all the important parameters of neutrino oscillations and our VLBNO concept, was awarded the HEPAP classification of “absolutely central” to the field.  The associated “Super Neutrino Beam” was later included as one of the future science facilities identified by DOE in “Facilities for the Future of Science – a Twenty-Year Outlook”2, a planning document from the Office of Science in November 2003.  The Super Neutrino Beam is part of Brookhaven National Laboratory’s strategic plan as presented to the Office of Science on April 26, 2004.

We also note that this proposal is responsive to one of the top recommendations provided by the U.S. Office of Science and Technology Policy in their recent document titled, “Physics of the Universe – a Strategic Plan for Federal Research at the Intersection of Physics and Astronomy”3, February 2004.  In their Summary of Recommendations and denoted as, “Ready for Immediate Implementation and Direction Known”, there are two bullets under the sub-heading, “Dark Matter, Neutrinos and Proton Decay”, that describe a mechanism for road-mapping and identifying a core suite of experiments for an underground facility to be developed by the National Science Foundation acting as the lead federal agency.  This activity is going forward at the present time as the “Deep Underground Science and Technology Laboratory”4 (DUSEL) Initiative.  BNL is fully involved in the NSF process, coordinating the AGS Super Neutrino Beam with the science goals in the neutrino physics part of the DUSEL program.

1 “Super Neutrino Beam (Proton Driver)”, M. Diwan, T. Kirk and W.T. Weng, February 7, 2003, http://www.bnl.gov/henp 

2“Facilities for the Future of Science – a Twenty-Year Outlook”, DOE Office of Science, November 2003, http://www.science.doe.gov (Revised December 2003)

3“Physics of the Universe – a Strategic Plan for Federal Research at the Intersection of Physics and Astronomy”, February 2004, http://www.ostp.gov 

4“Deep Underground Science and Technology Laboratory”
The conceptual technical design document for the AGS-based Super Neutrino Beam is attached to this letter.  It is titled, “The AGS-Based Super Neutrino Beam Facility – Conceptual Design Report”, October xx, 2004, BNL Report xxxxx.  It is available in PDF format from the BNL website, http://bnl.gov/henp along with other related documents.  In the report, there is also a preliminary cost estimate that totals $400M in FY 2004 dollars.  The cost estimate includes all direct and indirect costs for the AGS upgrade and the complete Super Neutrino Beam.  It also includes an average contingency of 30% on all project costs.  A simple Table of costs is given here with details provided in the conceptual design report.

Total Estimated Cost (TEC) for the BNL Super Neutrino Beam

(FY 2004 Dollar Millions) costs in red are questionable
	Cost Item
	EDIA
	M&S
	Labor
	Total
	%

	Superconducting Linac Upgrade
	6.9
	123.0
	17.4
	147.3
	54.9

	AGS Upgrade to 2.5 Hz/1 MW
	10.0
	25.6
	5.1
	40.7
	15.2

	Neutrino Target and Horn System
	0.7
	3.4
	1.2
	5.3
	2.0

	Conventional Facilities
	7.5
	60.1
	1.2
	68.8
	25.7

	ES&S
	0.1
	0.3
	0.4
	0.8
	0.1

	Project Support
	1.1
	0.4
	4.1
	5.6
	2.1

	Total Direct Costs
	  26.3
	212.8
	29.4
	268.5
	100.0

	BNL Project Overhead @ 14.5%
	
	
	
	38.9
	

	Contingency @ 30%
	
	
	
	92.2
	

	Total Estimated Cost (TEC)
	
	
	
	399.6
	


The schedule start is not known at this time, so escalation cannot be applied to this cost estimate.  The attached conceptual design paper indicates a construction period of about five years with three years of R&D required prior to the start of construction.  BNL is prepared to begin the needed R&D as soon as funding can be secured.  We imagine this to be not earlier than FY 2006.  If such an early start is achieved, the beam will be ready for the start of the neutrino oscillations experiments in FY 2014.  Although this seems like a long time in the future, the VLBNO experiment will still yield a world leading set of measurements in neutrino physics.  We believe that no experiment presently foreseen, worldwide, can compete with the power of this method.

The physics case for the VLBNO experiment, including the role of the Super Neutrino Beam and DUSEL in our method, will not be described in this proposal.  The case has been made in several neutrino forums already, including the 2004 APS Neutrino Study5; the main scientific elements are available in published scientific papers6.  Here, we simply observe that this experiment is able to measure all the important neutrino oscillation parameters with the possible exception of the CP-violation parameter , if the mixing parameter sin2213 (magnitude is presently unknown) is numerically below 0.01.  The VLBNO will provide the following measurements:


( precise determination of the oscillation parameters m322 and sin2223;


( detection of the oscillation of  ( e and measurement of sin2213 (if the value is > 0.01);


( measurement of m212 sin2212 in a  ( e appearance mode, independent of the value of 13; 


( verification of matter enhancement and the sign of m322 (determine the neutrino mass hierarchy);


( determination of the CP-violation parameter CP in the neutrino sector (if sin2213 > 0.01).
5M. Diwan et al., yyy

6 xxx “APS Study on Neutrino Physics”, http://www.aps.gov/NeutrinoStudy ,October, 2004.
To clarify some of the physics points made above, it is useful to make comparisons to other neutrino oscillations experiments now contemplated or under construction around the world.  Most of the near-term future experiments are aimed at the observation of a finite value for the neutrino oscillation parameter sin2213.  The leading candidates for this important measurement are reactor-based experiments.  These experiments have the ability to measure a value for this parameter (or set a more restrictive upper bound) within the next five years.  The present upper bound from the CHOOZ7 experiment is 0.17.  BNL’s VLBNO experiment is capable of measuring the CP-violation phase-angle parameter to about +/-20( out of 360(, assuming sin2213 > 0.01.  If the value of sin2213 is less than this limit, no super beam based experiment will be able to measure CP-violation.  The VLBNO experiment, however, will still be able to reach all its other goals and is not essentially compromised by this outcome.

There are also several long baseline experiments planned or proposed in Japan, Europe and the U.S. that rely on the use of so-called ‘off-axis’ neutrino beams to investigate the magnitude of sin2213 and, in some cases, resolve the mass hierarchy issue for the neutrino mass ordering.  In most cases, the location of neutrino beam sources relative to the intended detectors is limited to baselines of less than 1000km.  In the case of the J-PARC (Tokai, Japan) to Super Kamiokande (Western Honshu) experiment (300km), the locations of both source and detector are already fixed by history.  This is also true for the NOVA proposal from Fermilab to an off-axis detector site near Soudan, MN (780km).  In this case, the neutrino beamline tunnel already exists and the curvature of the Earth limits the distance from the beam source to the NOVA detector.  In Europe, the distance from CERN to Gran Sasso is 750km and no other plan has emerged for a satisfactory alternative for a longer baseline in Europe.  Why is this important?  The National Research Council (NRC) study, “Neutrino Study”8 released in 2003 stated that the minimum effective distance for a long baseline neutrino experiment would be 1000km.  Only the United States has the continental distances sufficient to meet or exceed this criterion and (so far), only BNL’s VLBNO proposal exploits this national advantage.

On top of the basic geographical circumstances, we believe that the wideband beam approach of VLBNO enjoys a fundamental advantage over any of the off-axis concepts.  This is the ambiguity issue in determination of the CP-violating phase , an ambiguity that is intrinsic to any shorter baseline, narrow band beam method.  The ambiguity derives from the need to be experimentally sensitive to the ‘cos213’ terms in the oscillation formula.  The advocates of the off-axis, narrow-band beam method argue that a multiplicity of detector sites and measurements will resolve the ambiguities.  We would argue that the time frames to get to this state of knowledge are comparable and that the single beam and experiment method of VLBNO offers the most direct, timely and cost-effective approach to the measurement of all the neutrino oscillation parameters.  It has also been pointed out many times, that combining the neutrino oscillation experiment with the next nucleon decay experiment (plus supernova neutrino astronomy) will maximize the benefits to science of the required megaton detector that is common to all these experiments.  This philosophy is part of the DUSEL development effort and was noted in Physics of the Universe.

Coming back to the proposal at hand, the construction of the Super Neutrino Beam at BNL, we note that our conceptual design is evolving in time.  Although we wanted to have a complete and responsive beam design submitted in fall of 2004, as the national neutrino oscillations discussions 

7 CHOOZ Reference and website
8 “APS Study on Neutrino Physics”, National Research Council, October, 2004 http://www.aps.gov/NeutrinoStudy .

begin in earnest, we have ideas for the further improvement of the BNL design, both for the AGS upgrade and for the neutrino beam itself.  Because the conceptual design document is modular, we anticipate substituting sections in the design report as they mature and supplant the baseline design concept.  All the improvements foreseen so far are able to be inserted without compromising the remaining design considerations.  We next comment briefly on the design evolutions presently under discussion.

The superconducting linac upgrade raises the currently available linac beam energy from 200 MeV to 1.2 GeV.  It makes use of the existing AGS Linac and adds three superconducting rf sections, the first at 805MHz and the next two at 1650MHz.  The change of frequency is necessary to get the full 1.2 GeV out of the new linac in the space available.  In Appendix B of this report, we provide a next conceptual design step, where we extend the existing 200 MeV linac to 400 MeV and follow this with a uniform 805MHz superconducting section with a final beam energy of 1.4 to 1.5 GeV.  Although this improved design was not complete and able to be costed in time for this version of the report, we can already foresee that it will enable us to extend the neutrino beam source power from 1.0MW to 1.5-2.0MW, providing beam power margin in case the final VLBNO experiment requires a higher power beam source.  The next version of the conceptual design will incorporate this improvement.

Likewise, the neutrino beam focusing system may be changed from a standard pulsed current horn system to a plasma lens system in a later version of the conceptual design.  The plasma lens concept has been known for many decades but recent engineering advances could make it practical for use in the wideband neutrino beam focusing system.  If all the promised benefits are realized, a plasma lens based focusing system should provide greater reliability against failure and may even produce an increase in neutrino flux over the traditional horn system.

We are also studying how to incorporate the capability of producing an auxiliary off-axis neutrino beam in the same decay pipe and using a second proton target and focusing system to achieve this.  We will only develop this capability if the ongoing detector studies indicate that supplementary running in a narrow-band neutrino beam is needed to resolve certain stubborn background problems that occur in the wideband beam.  These studies are ongoing.

Finally, we realize that the DOE Office of Nuclear Physics must also agree to this use of the AGS and it should not conflict with the NSF’s RSVP program.  We are ready to discuss these subjects.

Sincerely,

Thomas B.W. Kirk

Associate Laboratory Director

High Energy and Nuclear Physics

Attachment (1)

Cc: P. Chaudhari, BNL Director

A. Byon-Wagner

      P. Bond, BNL Deputy Director

D. Kovar, DOE ONP Director

M. Holland, DOE Site Manager

G. Rai, DOE ONP RHIC Program Officer

N. Narain, DOE Site S&T Officer
M. Goldberg, NSF RSVP Program Manager

