Acknowledgments

Support for this work from the U.S. National Science Foundation and the U.S. Department of Energy is gratefully acknowledged.

I would like to thank the organizers of the Summer Institute for the ef�cient organization and the congenial atmosphere provided. I want to thank Bob Bernstein, Bob Cousins, Byron Lundberg, Larry Wai, and Hywel White for their help in obtaining the most recent �gures from their work. Finally, I owe deep gratitude to Judy Meo for the key role she played in creating this document.

References

[1] W. Pauli’s bold suggestion of the existence of a new particle, the neutrino, was never published. The idea was put forth in a letter dated December 4, 1930, to the attendees of a Conference in Tubingen. It was addressed to "Dear Radioactive Ladies and Gentlemen." Pauli himself was not able to participate in the meeting because of a prior committment to attend a ball in Zurich. The letter has been reproduced in a number of places, e.g., N. Solomey, The Elusive Neutrino (Scienti�c American Library, 1997), pp. 16-17.

[2] F. Reines and C. L. Cowan., Phys. Rev. 92, 830 (L) (1953). [3] M. Goldhaber, L. Grodzins, and A. W. Sunyar, Phys. Rev. 109, 1015 (L) (1958).

[4] G. Danby et al., Phys. Rev. Lett. 9, 36 (1962). [5] Some of the key early papers are: F. J. Hasert et al., Phys. Lett. B 46, 121 (1973); F. J. Hasert et al., Phys. Lett. B 46, 138 (1973); A. Benvenuti et al., Phys. Rev. Lett. 32, 800 (1974); B. C. Barish et al., Phys. Rev. Lett. 34, 538 (1975).

[6] Some of the early papers are: B. Aubert et al., Phys. Rev. Lett. 32, 1457 (1974); B. C. Barish et al., ibid. 34, 538 (1975) ; D. Cline et al., Phys. Rev. Lett. 37, 252 (1976); F. A. Harris et al., Phys. Rev. Lett. 39, 437 (1977).

[7] The early work is described in: F. Reines et al., Phys. Rev. Lett. 37, 315 (1976); A. M. Cnops et al., Phys. Rev. Lett. 41, 357 (1978).

[8] R. M. Barnett et al. (Particle Data Group), Phys. Rev. D 54, 1 (1996). [9] For a comprehensive review of the subject of neutrino masses, see S. M. Bilenky and S. T. Petcov, Rev. Mod. Phys. 59, 671 (1987).

[10] F. Zwicky, Helv. Phys. Acta 6, 110 (1933); V. C. Rubin and W. K. Ford, Astrophys. J. 159, 379 (1970); T. S. van Albada et al., Astrophys. J. 295, 305 (1985).

[11] The �rst experimental paper on the subject was by R. Davis, Jr., Phys. Rev.

Lett. 12, 303 (1964); for a recent review, see A. Y. Smirnov, in Proceedings of the 17th International Conference on Neutrino Physics and Astrophysics (Neutrino ’96), edited by K.Enqvist, K. Huitu, and J. Maalampi (World Scienti�c, 1997), pp. 38-55; for a review of solar models, see J. N. Bahcall and M. H. Pinsonneault, Rev. Mod. Phys. 67, 1 (1995); for a nonconventional point of view, arguing that the solar neutrino data are consistent with solar models if all the uncertainties are taken into account, see A. Dar and G. Shaviv, Astrophys. J. 468, 933 (1996).

[12] The initial evidence came from K. S. Hirata et al., Phys. Lett. B 280, 146 (1992); Y. Fukuda et al., Phys. Lett. B 335, 237 (1994); R. Becker-Szendy et al., Phys. Rev. D 46, 3720 (1992); the recent data are discussed in the parallel lectures at this Institute by K. Martens.

[13] C. Athunassopoulos et al., Phys. Rev. Lett. 75, 2650 (1995); but see also J. E. Hill, Phys. Rev. Lett. 75, 2654 (1995).

[14] K. Martens, these proceedings. [15] The possibility of neutrino oscillations was �rst suggested by B. Pontecorvo, Zh. Eksp. Theor. Fiz. 33, 549 (1957); ibid 34, 247 (1958).

[16] G. S. Abrams et al., Phys. Rev. Lett. 63, 2173 (1989) for the SLC results;

J. R. Carter, in Proceedings of the Joint International Lepton-Photon Symposium and Europhysics Conference on High Energy Physics, edited by S. Hegarty, K. Potter, and E. Quercigh (World Scienti�c, 1992), pp. 1-26, for a summary of LEP results from Z line shape; for a recent compendium of the latest CERN results using other methods, see S. C. C. Ting, Phys. Rep. 279, 204 (1997).

[17] For a recent review of various possible schemes, see A. Yu. Smirnov, in Proceedings of the 28th International Conference on High Energy Physics, edited by Z. Ajduk and A. K. Wroblewski (World Scienti�c, 1997), pp. 288-306.

[18] B. C. Barish et al., Phys. Rev. Lett. 39, 1595 (1977). [19] K. Abe et al., Phys. Rev. Lett. 58, 636 (1987). If the neutrino has electromagnetic structure like that predicted by many extensions of the Standard Model, there will be additional contributions to the neutrino lepton scattering. See the cited paper for a comprehensive list of references discussing such possibilities.

[20] This general idea, based on a plasma lens, was �rst used to focus the protons from the 184" cyclotron at Berkeley. W. Panofsky and W. Baker, Rev. Sci. Instrum. 21, 5 (1950).

[21] BNL E889 Collaboration, Long Baseline Neutrino Oscillation Experiment, April 1995, BNL No. 52459.

[22] J. Hylen et al., Conceptual Design for the Technical Components of the Neutrino Beam for the Main Injector (NuMI), September 1997, Fermilab-TM- 2018.

[23] K. S. McFarland et al., Phys. Rev. Lett. 75, 3993 (1995). [24] B. C. Barish et al., Phys. Rev. Lett. 32, 1387 (1974). [25] M. Holder et al., Phys. Rev. Lett. 39, 433 (1977). [26] This possibility was suggested in connection with a proposal for an intermediate baseline neutrino oscillation experiment at CERN to look for nmfi ne oscillations. L. Ludovici and P. Zucchelli, �An Antitagged Experiment for nmfi ne Oscillation Search,� paper presented at the Fermilab Workshop on Fixed Target Physics at the Main Injector, May 1-4, 1997.

[27] This principle was to be used in the BNL long baseline neutrino experiment, Ref. 21.

[28] A. Rothenberg, �A Search for Unknown Sources of Neutrino-Like Particles,� Ph. D. thesis, Stanford University (1972).

[29] P. Alibran et al., Phys. Lett. B 74, 134 (1978); T. Hansl et al., Phys. Lett. B 74, 139 (1978); P. C. Bosetti et al., Phys. Lett. B 74 , 143 (1978).

[30] Fermilab Proposal E-872, B. Lundberg, spokesperson.

[31] J. Kleinfeller et al., in Proceedings of the 17th International Conference on Neutrino Physics and Astrophysics, edited by K. Enqvist, K. Huitu, and J. Maalampi (World Scienti�c, 1997), pp. 193-202.

[32] A. De R�jula, E. Fern�ndez, and J. J. G�mez-C�rdenas, Nucl. Phys. B 405, 80 (1993).

[33] E. Fernandez, Nucl. Phys. B (Suppl.) 31, 326 (1993). [34] To my knowledge, the earliest proposal to use m storage rings as a source of copious nm and ne �uxes was put forth by the author in 1974 in an unpublished note. For the current situation on m+m- colliders, see: m+m- Collider: A Feasibility Study, BNL-52503, Fermilab-Conf.-96/092, LBNL-38946.

[35] Y. Declais et al., Phys. Lett. B 338, 383 (1994). [36] P. Anselmann et al., Phys. Lett. B 342, 440 (1995). [37] J. N. Bahcall and M. H. Pinsonneault, Rev. Mod. Phys. 67, 1 (1995). [38] G. Barr, T. K. Gaisser, and T. Staner, Phys. Rev. D 39, 3532 (1989). [39] See, for example, A. Burrows, Astrophys. J. 334, 891 (1988); also A. Burrows, Annu. Rev. Nucl. Part. Sci. 40, 181 (1990).

[40] K. S. Hirata et al., Phys. Rev. Lett. 58, 1490 (1987); R. M. Bionta et al., Phys.

Rev. Lett. 58, 1494 (1987); E. N. Alexeyev et al., JETP Lett. 45, 589 (1987); M. Aglietta et al., Europhys. Lett. 3, 1315 and 1321 (1987); V. L. Dadykin et al., JETP Lett. 45, 593 (1987).

[41] See, for example, F. Halzen in Proceedings of the 1994 Snowmass Summer Study, edited by E. W. Kolb and R. D. Peccei (World Scienti�c, 1995), pp. 256-266.

[42] P. O. Hulth (for the AMANDA Collaboration) in Proceedings of the 17th International Conference on Neutrino Physics and Astrophysics, edited by K. Enqvist, K. Huitu, and J. Maalampi (World Scienti�c, 1997), pp. 518-523.

[43] B. Monteleoni (for the NESTOR Collaboration), same as Ref. 41, pp. 534-538. [44] KamLand Proposal, private communication from G. Gratta, Stanford University.

[45] R. H. Heisterberg et al., Phys. Rev. Lett. 44, 635 (1980). [46] M. Jonker et al., Nucl. Instrum. Methods A 200, 183 (1982); J. Dorenbosch et al., Nucl. Instrum. Methods A 253, 203 (1987).

[47] K. deWinter et al., Nucl. Instrum. Methods A 278, 670 (1989); D. Geiregat et al., Nucl. Instrum. Methods A 325, 92 (1993).

[48] C. Bemporad in Proceedings of the 17th International Conference on Neutrino Physics and Astrophysics, edited by K. Enqvist, K. Huitu, and J. Maalampi (World Scienti�c, 1997), pp. 242-247.

[49] G. Gratta (on behalf of the Palo Verde Collaboration), same as Ref. 47, pp. 248-255.

[50] G. Drexlin et al., Nucl. Instrum. Methods A 289, 490 (1990). [51] P. Astier et al. (NOMAD Collaboration), CERN-SPSLC/91-21 (1991);

J. Altegoer et al., Nucl. Instrum. Methods A 404, 96 (1998). [52] ICARUS was proposed by C. Rubbia in CERN-EP 77-8(1977); for recent developments, see A. Bonetti et al., Nucl. Instrum. Methods A 332, 395 (1993).

[53] The �rst hydrogen chambers used for neutrino physics were the BNL 7’ chamber [see, for example, E. G. Cazzoli et al., Phys. Rev. Lett. 34, 1125 (1975)] and the Argonne 12’ chamber [S. J.Barish et al., Phys. Rev. D 16, 3103 (1977)].

[54] R. J. Cence et al., Lawrence Berkeley Laboratory report LBL-4816. [55] See, for example, A. M. Cnops et al., Phys. Rev. Lett. 51, 357 (1978). [56] The largest and most productive of heavy liquid chambers used for studies of neutrino interactions was the Gargamelle chamber at CERN; see, for example, J. Blietschau et al., Phys. Lett. B 73, 232 (1978).

[57] K. Abe et al., Phys. Rev. D 30, 1 (1984). [58] Fermilab Proposal No. 745, Muon Neutrino, T. Kitagaki, spokesman. [59] Fermilab Proposal No. 636, Beam Dump, T. Kitagaki and I. A. Pless, spokesmen. This experiment was approved but never took data.

[60] The key developments in the automatization of the emulsion scanning techniques have been pioneered by K. Niwa and his group at Nagoya University. For a discussion of various experimental emulsion schemes, see A. Ereditato, K. Niwa, and P. Strolin: The Emulsion Technique for Short, Medium, and Long Baseline nm-n t Oscillation Experiments, Report INFN/ AE-97/06 and Nagoya DPNU-97-07.

[61] K. S. Hirata et al., Phys. Rev. D 44, 2241 (1991).

[62] K. S. Hirata et al., Phys. Lett. B 280, 146 (1992); R. Becker-Szendy et al., Phys. Rev. D 46, 3720 (1992).

[63] K. S. Hirata et al.; R. M. Bionta et al. (Ref. 39). [64] Y. Itow, these proceedings; also Y. Totsuka, University of Tokyo Report No.

ICCR-Report-227-90-20. [65] Kamiokande Collaboration, presented at the 16th International Conference on Neutrino Physics and Astrophysics, Eilat, Israel, 29 May-3 June, 1994 (unpublished).

[66] T. Ypsilantis et al., A Long Baseline RICH with a 27-kton Water Target and Radiator for Detection of Neutrino Oscillations, LPC-96-01, January, 1996.

[67] G. T. Ewan et al., Sudbury Neutrino Observatory Proposal, Report No. SNO-87-12 (1987).

[68] See, for example B. J. Stanger, Nucl. Phys. B (proc. Suppl.) 14 A, 153 (1990). [69] I. A. Belolaptikov et al., Nucl. Phys. B 43, 241 (1995). [70] L. W. Alvarez, University of California Radiation Laboratory Report UCRL-328, 1949 (unpublished).

[71] B. Pontecorvo, National Research Council of Canada Report No. 205, 1946, (unpublished).

[72] P. Anselmann et al., Phys. Lett. B 327, 377 (1994). [73] M. Aufderheide et al., Phys. Rev. C 49, 678 (1994). [74] A.I. Abazov et al., Phys. Rev. Lett. 67, 3332 (1991). [75] K. Lande and P. S. Wildenhain (for the Homestake Program) in Proceedings of the 17th International Conference on Neutrino Physics and Astrophysics, edited by K. Enqvist, K. Huitu, and J. Maalampi (World Scienti�c, 1997), pp. 25-37.

[76] F. Dydak et al., Phys. Lett. B 134, 281 (1984). [77] E. Bergsma et al., Phys. Lett. B 142, 103 (1984). [78] I. E. Stockdale et al., Phys. Rev. Lett. 52, 1384 (1984). [79] N. Ushida et al., Phys. Rev. Lett. 57, 2897 (1986). [80] N. Ushida et al., Phys. Rev. Lett. 45, 1049 and 1053 (1980). [81] M. Gruwe et al., Phys. Lett. B 309, 463 (1993). [82] H. Harari, Phys. Lett. B 216, 413 (1989).

[83] V. Palladino, in Proceedings of the 28th International Conference on High Energy Physics, edited by Z. Ajduk and A. K. Wroblewski (World Scienti�c, 1997), pp. 1723-1726.

[84] D. Rondeshagen (for the CHORUS Collaboration), these proceedings. [85] B. Schmidt (for the NOMAD Collaboration), these proceedings. [86] B. Achkar et al., Nucl. Phys. B 434, 503 (1995). [87] G. S. Vidyakin et al., JETP Lett. 59, 364 (1994). [88] G. Zacek et al., Phys. Rev. D 34, 2621 (1986). [89] M. Apollonio et al., preprint hep-ex/9711002v1, Nov. 5, 1997 (unpublished). [90] C. Athanassopoulos et al., Phys. Rev. Lett. 77, 3082 (1996);

C. Athanassopoulos et al., Phys. Rev. C 55, 2079 (1997); see also Ref. 13. [91] C. Athanassopoulos et al., Report LA-UR-97-1998, UCRHEP-E191, submitted to Phys. Rev. C.

[92] G. Drexlin et al., Nucl. Instrum. Methods A 289, 490 (1990); see also Ref. 31. [93] G. Drexlin, Prog. Part. Nucl. Phys. 32, 375 (1994). [94] K. Eitel et al. in Proceedings of the XIIIth Rencontres de Blois, June 8-12, 1996 (to be published).

[95] G. Drexlin and B. Zeitnitz, Proposal for an Upgrade of the KARMEN Veto System, internal KARMEN Report.

[96] L. Borodovsky et al., Phys. Rev. Lett. 68, 274 (1992). [97] A. Romosan et al., Phys. Rev. Lett. 78, 2912 (1997). [98] Fermilab Proposal no. 802, N. W. Reay, spokesman. [99] R. A. Sidwell, in Proceedings of the 17th International Conference on Neutrino Physics and Astrophysics, edited by K. Enqvist, K. Huitu, and J. Maalampi (World Scienti�c, 1977), pp. 152-158.

[100] K. Eggert et al., Nucl. Phys. B (Proc. Suppl.) 38, 240 (1995). [101] A. Ereditato, TOSCA�A High Sensiti vity Short Baseline Experiment to Search for nmfi nt Oscillations, paper presented at the Fermilab Workshop on Fixed-Target Physics at the Main Injector, May 1-4, 1997.

[102] Y. Suzuki (for the E362 Collaboration), in Proceedings of the 17th International Conference on Neutrino Physics and Astrophysics, edited by K. Enqvist, K. Huitu, and J. Maalampi (World Scienti�c, 1977), pp. 237-241.

[103] Proposal for Japan Hadron Facility, KEK Report 97-3, JHF-97-1, May 1997. [104] Fermilab Proposal No. 875 (MINOS), Stanley Wojcicki, spokesman. [105] W. W. M. Allison et al., Phys. Lett. B 391, 491 (1997). [106] The current most up-to-date description of the experiment is in an internal MINOS note, NuMI-L-300.

[107] The ICARUS Collaboration, LNGS 94/99-II, May, 1994; see also Ref. 51. [108] G. G. Barberino, NOE——Neutrino Oscillation Experiment, paper presented at the Fermilab Workshop on Fixed-Target Physics at the Main Injector, May 1-4, 1997.

[109] H. Shibuya et al. (OPERA Collaboration). The OPERA Emulsion Detector for a Long-Baseline Neutrino Oscillation Experiment, LNGS-LOI 8/97, September 1997.

[110] BooNE Collaboration, Proposal submitted to the Fermilab National Laboratory, Janet Conrad and William C. Louis III, spokespersons.

[111] ICARUS Collaboration, CERN/SPSLC/96-58/P304, December 1996. [112] To my knowledge there is no printed proposal or a description of this effort at this time; most of my information comes from a Letter of Intent from the U.S. groups for this experiment and from private communications from G. Gratta.