LANNDD – Liquid Argon Neutrino and Nucleon Decay Detector

M.V. Diwan, R.C. Fernow, H.G. Kirk, S.A. Kahn, Z. Parsa, B. Viren Brookhaven National Laboratory, Upton, NY 11973 USA D.B. Cline, K. Lee, B. Lisowski, P.F. Smith Department of Physics and Astronomy, University of California, Los Angeles, CA 90095 USA R.F. Burkart, W. Burgett, E.J. Feynves Department of Physics, University of Texas at Dallas, Richardson, TX 75083 USA A. Badertscher, A. Bueno, L. Knecht, G. Natterer, S. Navas, A. Rubbia Institut fr Teilchenphysik, ETHZ, CH-8093 Zürich, Switzerland J.G. Learned Department of Physics and Astronomy, University of Hawaii, Honolulu, HI 96822 USA V. Palladino Universita di Napoli “Federico II”, 80138 Napoli, Italy I. Mocioiu, R. Shrock C.N. Yang Institute for Theoretical Physics, State University of New York, Stony Brook, NY 11974 USA C. Cerri, F. Sergiampietri INFN-Sezione di Pisa, 56010 S. Piero a Grado - PI, Italy C. Lu, K.T. McDonald^1 Joseph Henry Laboratories, Princeton University, Princeton, NJ 08544 USA

(April 23, 2002)

A large (≈ 100 kton) liquid argon detector is proposed to study neutrino mixing in long baseline neutrino beams (Question 2 of the NRC CPU [1]), and to search for nucleon decay with excellent sensitivity to the mode p → K^+ν̄ (Question 5 [1]). The detector would also have good sensitivity to supernovae neutrinos (Question 11 [1]).

The concept of the LANNDD has been sketched in [2, 3], and is featured in a recent Letter of Intent to Brookhaven National Laboratory [4].

A liquid argon detector is the best choice for the next generation of neutrino mixing physics, in which the oscillation ν_μ → ν_e provides an “appearance” that depends on sin^2 2θ_{13} of the MNS mixing matrix, because of the ability of the detector to reject backgrounds from neutral current interactions. A recent study [5] indicates that a liquid argon detector is 10 times as sensitive, per unit mass, as a water Čerenkov detector for background-limited measurements. Also, a liquid argon detector has full sensitivity to the proton decay p → K^+ν̄ [6], which produces no Čerenkov light to first order.

The LANNDD would perform well with accelerator neutrino beams even if it were located at the surface of the Earth. For proton decay and neutrino astrophysics it should be sited at least 1500^′ deep. Good accelerator physics could be done with LANNDD if it were sited at an underground laboratory at the proposed NSF NUSL, or at the DOE WIPP, but a more

1Contactperson: mcdonald@puphep.princeton.edu

productive program is possible if the detector is closer to the accelerator [4], i.e., if it is sited closer to BNL or FNAL.

A 300-ton liquid argon detector is now operational [7]. The highest performance of LANNDD would be obtained if it were immersed in a magnetic field, for which R&D has been proposed [8]. Safe operation of a large liquid argon detector in an underground laboratory also requires further study [9].

A nonmagnetic LANNDD would cost roughly $1.5-2M per kton for masses over 10 kton. The cost of an underground site is dependent on local geology and the amount of existing infrastructure, but could easily be half again the cost of the detector. High performance accelerator-based neutrino beams require proton driver upgrades, target stations and decay tunnels at costs of $100-200M for 1-4 MW proton sources.

The quickest path to competitive neutrino physics with a LANNDD would be to build a 10-20 kton device in Wisconsin, in an off-axis NUMI beam. Later phases would emphasize a larger detector for proton decay, as well as upgraded neutrinos beams from BNL and/or FNAL.

References

[1] Committee on the Physics of the Universe, Connecting Quarks with the Cosmos: Eleven Science Questions for the New Century, Prepublication draft (Apr. 17, 2002),

http://www.nap.edu/books/0309074061/html/

[2] D.B. Cline, F. Sergiampietri, J.G. Learned, K.T. McDonald, LANNDD, A Massive Liquid Argon Detector for Proton Decay, Supernova and Solar Neutrino Studies, and a Neutrino Factory Detector (May 24, 2001), arxiv.org/abs/astro-ph/0105442

[3] F. Sergiampietri, On the Possibility to Extrapolate Liquid Argon Technology to a Supermassive Detector for a Future Neutrino Factory, NuFACT’01 (May 26, 2001),

http://kirkmcd.princeton.edu//nufact/sergiampietri_nufact01.pdf

[4] M.V. Diwan et al., Neutrino Physics with Detectors at Baselines of 100-1000 km from BNL, submitted to BNL (April 12, 2002),

http://kirkmcd.princeton.edu/nufact/bnl_loi/bnl_loi_short.pdf

[5] D. Harris, Comparison of Different Detectors with Same Beam, (Jan. 18, 2002),

http://kirkmcd.princeton.edu/neutrino/Harris/harris_0102.pdf
http://muonstoragerings.cern.ch/NuWorkshop02/presentations/harris.pdf

[6] A. Bueno et al., Nucleon decay searches: study of nuclear effects and background, ICARUS- TM/01-04 (Oct. 9, 2001), http://kirkmcd.princeton.edu/examples/detectors/icarus_01_04.pdf

[7] ICARUS home page: http://icarus.lngs.infn.it/

[8] M.V. Diwan et al., Proposal to Measure the Efficiency of Electron Charge Sign Determination up to 10 GeV in a Magnetized Liquid Argon Detector (μLANNDD), submitted to BNL (April 12, 2002), http://kirkmcd.princeton.edu/nufact/bnl_loi/argonprop.pdf

[9] D.B. Cline et al., Proposal to Study the Feasibility to Site Various Neutrino Detectors at WIPP for Neutrino Factories or Superbeams (Apr. 17, 2002),

http://kirkmcd.princeton.edu/neutrino/Cline/April17-WIPP-proposal.pdf