Expression of Interest for R&D towards A Neutrino Factory Based on a Storage Ring and a Muon Collider

Submitted to the National Science Foundation by The Neutrino Factory and Muon Collider Collaboration

Edited by K.T. McDonald for the Collaboration

(November 7, 1999)

Collaboration Home Page: http://www.cap.bnl.gov/mumu/

This document resides at http://puhep1.princeton.edu/mumu/NSFLetter/nsfmain.ps

Executive Summary

Recent evidence from atmospheric, solar, and accelerator neutrinos suggests that neutrinos have mass, and mix among the flavors ˚_e, ˚_μ and ˚_τ . Neutrino mass is evidence for physics beyond the Standard Model, and has cosmological implications.

Because neutrinos interact so weakly, unusual efforts are required to detect them. Although many of the recent, exciting results in neutrino physics have been obtained by non-accelerator techniques, the neutrino mass and mixing parameters appear to be such that a new generation of accelerator experiments with long baseline distance to the detectors can perform detailed measurements. For this, a new source of well-characterized neutrinos is needed.

We are exploring the feasibility of a neutrino factory based on a muon storage ring. In this, beams of ˚_μ and ˚_e arise from the decay of ¯� particles (or alternatively, ˚_μ and ˚_e from ¯^+). The muons come from the decay of low-energy pions produced by a megawatt proton beam incident on a nuclear target. The muons are captured into a magnetic channel, “cooled” by ionization in liquid hydrogen, accelerated to energy of order 50 GeV, and injected into a storage ring. A nonhorizontal ring can deliver neutrino beams to an on-site detector, as well as to two off-site detectors separated by global distances.

Such a neutrino factory is a challenging extension of present accelerator technology. It is also a natural path to a muon collider, in that both facilities share many common elements upstream of their storage rings. Prior to a formal design study, R&D must be performed in several keys areas, such detailed simulations and actual targetry and cooling experiments. This in an excellent opportunity to advance the field of accelerator physics both at national laboratories and at universities.

The Neutrino Factory and Muon Collider Collaboration

D. Ayres,^1 M. Goodman,^1 A. Hassanein, T. Joffe-Minor,^1 D. Krakauer,^1 J.H. Norem, C.B. Reed, P. Schoessow,^1 D. Smith, R. Talaga,^1 J. Thron,^1 L.C. Teng, C. Wagner,^1 C.-X. Wang,^1 ANL S. Berg, E.B. Blum,^1 M. Blaskiewicz,^1 R.C. Fernow, W. Fischer,^1 J.C. Gallardo, W.S. Graves,^1 R. Hackenburg,^1 H. Huang,^1 S.A. Kahn, J. Keane,^1 B.J. King, H.G. Kirk, D. Lissauer, L.S. Littenberg, V. Lodestro, D. Lowenstein,^1 W. Morse, R.B. Palmer,^2 Z. Parsa, F. Pilat,^1 P. Pile,^1 S. Protopopescu,^1 P. Rehak, J. Rose, T. Roser, A. Ruggiero,^1 N.P. Samios, Y. Semertzidis,^1 I. Stumer, M.J. Tannenbaum,^1 V. Tcherniatine, D. Trbojevic, H. Wang, R. Weggel, J. Wei,^1 W.-T. Weng, E.H. Willen, S.Y. Zhang,^1 Y. Zhao, BNL G.I. Silvestrov, A.N. Skrinsky, T.A. Vsevolozhskaya, Budker Inst. Nuclear Physics E.-S. Kim, G. Penn, J. Wurtele, UC Berkeley J.F. Gunion, UC Davis D.B. Cline, Y. Fukui, A.A. Garren, K. Lee, Y. Pischalnikov, UCLA K. Gounder,^1 UC Riverside K.-J. Kim, R. Winston,^1 U. Chicago A. Caldwell, J. Conrad, M. Shaevitz, F. Sciulli, W.J. Willis, Columbia U. M. Tigner, Cornell U.

A. Badertscher,^1 A. Bueno,^1 M. Campanelli,^1 C. Carpanese,^1 J. Rico,^1 A. Rubbia,^1 N. Sinanis,^1 ETH Zurich D.R. Winn, Fairfield U.

C.M. Ankenbrandt, M. Atac, V.I. Balbekov, R. Bernstein,^1 D. Boehnlein,^1 E. Buckley-Geer, M. Carena,^1 W. Chou, F. deJongh, H.T. Diehl, A. Drozhdin, D.A. Finley, S.H. Geer, D.A. Harris,^1 N. Holtkamp, C. Johnstone, P. Lebrun, J.D. Lykken, F.E. Mills, N.V. Mokhov, J. Monroe, A. Moretti, D.V. Neuffer, K.-Y. Ng, R.J. Noble, M. Popovic, Z. Qian, R. Raja, A. Sery, P. Spentzouris, R. Stefanski, S. Striganov, A.V. Tollestrup,^3 A. Van Ginneken, S. Vejic, W. Wan, R.M. Yamamoto, J. Yu,^1 Fermilab M.S. Berger, G.G. Hanson, P. Schwandt, Indiana U. E.L. Black, D.M. Kaplan, IIT Y. Onel, U. Iowa S.A. Bogacz, Q.-S. Shu, Jefferson Lab T. Bolton, Kansas State U.

R. Rossmanith, Research Center Karlsruhe Y. Kuno, Y. Mori, T. Yokoi, KEK S. Caspi, S. Chattopadhyay,^1 J. Corlett, M.A. Furman, M.A. Green, R. Gupta, C.H. Kim, D. Li, A.D. McInturff, R.M. Scanlan, A.M. Sessler,^4 W.C. Turner, M. Zisman, M.S. Zolorotorev, LBL I.F. Ginzburg, Inst. of Math., Novosibirsk M. Berz, R. York, A. Zeller, Michigan State U. J.K. Nelson,^1 E. Peterson,^1 U. Minnesota

1Adjunct Member 2Spokesperson 3Associate Spokesperson 4Associate and Acting Spokesperson

L. Cremaldi, D. Summers, U. Mississippi J.H. Miller, S. Prestemon, J. Van Sciver, Nat. High Magnetic Field Laboratory G. Blazey, M.A. Cummings, D. Hedin, Northern Illinois U. C.K. Jung,^1 R. Shrock,^1 Y. Torun, SUNY Stony Brook H. Schellman, Northwestern U.

T. Gabriel, J. Haines, R. Taleyarkhan, ORNL J. Cobb,^1 Oxford U.

A. Bazarko,^1 C. Lu, K.T. McDonald, P.D. Meyers,^1 E.J. Prebys, Princeton U. R. Bennett,^1 R. Edgecock,^1 D. Petyt,^1 RAL A. Bodek,^1 K.S. McFarland,^1 U. Rochester G. Apollinari,^1 E.J.N. Wilson, Rockefeller U. O. Benary, Tel-Aviv U.

W.R. Leeson,^1 A. Mahmood,^1 U. Texas Pan American T. Patzak,^1 Tufts U.

R.V. Kowalewski,^1 U. Victoria V.D. Barger, T. Han, U. Wisconsin

Industrial Partners:

R. Meinke, M.W. Senti, Advanced Magnetic Laboratory D. Howard, LDH Business Systems R. True, Litton Systems, Electron Devices Division J.-P. Ichac, J. McVea, Thomson Tubes Electroniques W. Wang, Wang Magnetics