RECENT RESULTS FROM THE AMANDA EXPERIMENT

B. Hughey for the AMANDA Collaboration:

M. Ackermann^a, J. Ahrens^b, H. Albrecht^a, D. W. Atlee^c, X. Bai^d, R. Bay^e, M. Bartelt^f , S. W. Barwick^g, T. Becka^b, K.-H. Becker^f , J. K. Becker^f , E. Bernardini^a, D. Bertrand^h, D. J. Boersma^a, S. Böser^a, O. Botner^i, A. Bouchta^i, O. Bouhali^h, J. Braun^j , C. Burgess^k, T. Burgess^k, T. Castermans^l, D. Chirkin^m, J. A. Coarasa^c, B. Collin^c, J. Conrad^i, J. Cooley^j , D. F. Cowen^c, A. Davour^i, C. De Clercq^n, T. DeYoung^o, P. Desiati^j , P. Ekström^k, T. Feser^b, T. K. Gaisser^d, R. Ganugapati^j , H. Geenen^f , L. Gerhardt^g, A. Goldschmidt^m, A. Groß^f , A. Hallgren^i, F. Halzen^j , K. Hanson^j , D. Hardtke^e, R. Hardtke^j , T. Harenberg^f , T. Hauschildt^a, K. Helbing^m, M. Hellwig^b, P. Herquet^l, G. C. Hill^j , J.

Hodges^j , D. Hubert^n, B. Hughey^j , P. O. Hulth^k, K. Hultqvist^k, S. Hundertmark^k, J. Jacobsen^m, K.-H. Kampert^f , A. Karle^j , J. Kelley^j , M. Kestel^c, L. Köpke^b, M. Kowalski^a, M. Krasberg^j , K. Kuehn^g, H. Leich^a, M. Leuthold^a, J. Lundberg^i, J. Madsen^p, K. Mandli^j , P. Marciniewski^i, H. S. Matis^m, C. P. McParland^m, T. Messarius^f , Y. Minaeva^k, P. Miočinović^e, R. Morse^j , K. Münich^f , R. Nahnhauer^a, J. W. Nam^g, T. Neunhöffer^b, P. Niessen^d, D. R. Nygren^m, H. Ögelman^j , Ph. Olbrechts^n, C. Pérez de los Heros^i, A. C. Pohl^q, R. Porrata^e, P. B. Price^e, G. T. Przybylski^m, K. Rawlins^j , E. Resconi^a, W. Rhode^f , M. Ribordy^l, S. Richter^j , J. Rodríguez Martino^k, H.-G. Sander^b, K. Schinarakis^f , S.

Schlenstedt^a, D. Schneider^j , R. Schwarz^j , S. H. Seo^c, A. Silvestri^g, M. Solarz^e, G. M. Spiczak^p, C. Spiering^a, M. Stamatikos^j , D. Steele^j , P. Steffen^a, R. G. Stokstad^m, K.-H. Sulanke^a, I. Taboada^r, O. Tarasova^a, L. Thollander^k, S. Tilav^d, J. Vandenbroucke^e, L. C. Voicu^c, W. Wagner^f , C. Walck^k, M. Walter^a, Y. R. Wang^j , C. H. Wiebusch^f , R. Wischnewski^a, H. Wissing^a, K. Woschnagg^e, G. Yodh^g aDESY-Zeuthen, 15735 Zeuthen, Germany bInstitute of Physics, University of Mainz, D-55099 Mainz, Germany cDept. of Physics, Pennsylvania State University, University Park, PA 16802, USA d Bartol Research Institute, University of Delaware, Newark, DE 19716, USA e Dept. of Physics, University of California, Berkeley, CA 94720, USA f Dept. of Physics, Bergische Universitat Wuppertal, D-42097 Wuppertal, Germany g Dept. of Physics and Astronomy, University of California, Irvine, CA 92697, USA h Universite Libre de Bruxelles, Science Faculty CP230, B-1050 Brussels, Belgium i Division of High Energy Physics, Uppsala University, S-75121 Uppsala, Sweden j Dept. of Physics, University of Wisconsin, Madison, WI 53706, USA k Dept. of Physics, Stockholm University, S-10691 Stockholm, Sweden l University of Mons-Hainaut, 7000 Mons, Belgium m Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA n Vrije Universiteit Brussel, Dienst ELEM, B-1050 Brussels, Belgium o Dept. of Physics, University of Maryland, College Park, MD 20742, USA pPhysics Dept., University of Wisconsin, River Falls, WI 54022, USA qDept. of Technology, Kalmar University, S-39182 Kalmar, Sweden r Dept. of Physics, Universidad Simon Bolivar, Caracas, 1080, Venezuela

We present recent results from searches for high energy extraterrestrial neutrinos using the Antarctic Muon and Neutrino Detector Array (AMANDA). Several analyses are briefly discussed, including searches for diffuse flux, point sources and gamma ray bursts.

1 The AMANDA detector

The AMANDA-II neutrino telescope^1 is composed of 677 optical modules arranged in 19 strings and has been operating since the year 2000. Prior to this, in the years 1997-1999, the detector was composed of what are now the inner 10 strings of AMANDA-II and was referred to as AMANDA B10. The detector is buried deep in the transparent ice near the geographic South Pole. When a neutrino interacts with an ice molecule through the weak force, AMANDA uses the Cherenkov light emitted by the products of this interaction to reconstruct the path of the original neutrino. The detector is sensitive to muon tracks from ν_μ interactions as well as cascade events. Cascades are hadronic or electromagnetic showers resulting from charged current interactions of ν_e or neutral current interactions of any flavor. Although its depth (1.5 to 2.2 km) protects it from a large percentage of cosmic-ray-induced atmospheric muons, these muons are still the primary background for the detector. For this reason, most analyses are limited to searching for neutrinos coming from the northern hemisphere or near the horizon, since the Earth itself acts as a shield against muons in these directions. Atmospheric neutrinos, also caused by cosmic rays interaction in the Earth’s atmosphere, are the other main background in searches for an extraterrestrial neutrino signal.

The AMANDA detector addresses several issues in astrophysics. The analyses discussed in these proceedings search for high energy neutrinos (TeV and above) from astrophysical phenomena such as AGN and GRBs. These analyses address the origin of high energy cosmic rays, since the identification of high energy neutrinos from one of these phenomena would be indicative of hadronic interactions in them. AMANDA also studies the cosmic ray spectrum through analysis of the atmospheric neutrinos and muons, which are backgrounds for most analyses. Cosmic ray composition is studied by using AMANDA in coincidence with the SPASE-II air shower array. Additionally, searches for exotic particles such as WIMPs and magnetic monopoles are conducted. AMANDA is also used as a supernova monitor by looking for an overall noiserate increase resulting from a flux of neutrinos in the MeV range.

2 Diffuse Searches

2.1 Atmospheric Neutrino Spectrum

AMANDA has produced the first atmospheric neutrino spectrum for energies significantly above 1 TeV (see figure 1). This is in good agreement with the lower energy data from the Frejus experiment^2. The lack of any excess compared to the predicted spectrum has allowed a limit of to be placed on any extraterrestrial neutrino flux contaminating the spectrum in the range of 100-300 TeV. This 90% confidence level upper limit is

E^2Φ_{νμ} = 2.87 × 10^{−7}GeV cm^{−2}s^{−1}sr^{−1} (1)

This and all other limits presented here follow the ordering scheme of Feldman and Cousins^3 and include systematic uncertainties of around 25%. Modelling of muon propagation and optical ice properties are the main sources of this uncertainty^4.

2.2 Diffuse Flux Search using Cascades

A search for a diffuse flux using the cascade channel was conducted using data from the year 2000. Since cascade events appear distinctly more spherical than muon tracks, topology as well as energy can be used to distinguish cascades originating from extraterrestrial neutrinos from atmospheric backgrounds. The cascade search is therefore conducted in 4π steradians, rather than just the northern hemisphere. One event survived cuts, consistent with a background expectation of .96. The 90% C.L. flux upper limit set by this analysis was

Figure 1: Preliminary atmospheric neutrino spectrum. AMANDA results are consistent with lower energy Frejus data^2 and are within the bounds of model predictions^5, with the upper solid black line showing predictions for horizontal flux and lower line showing the prediction for a vertical flux.

E^2Φ_ν = 8.6 × 10^{−7}GeV cm^{−2}s^{−1}sr^{−1} (2)

between 50 TeV and 5 PeV, assuming neutrino flavor ratios of 1:1:1 at the Earth.

2.3 Ultrahigh Energy Search

The Earth is opaque to neutrinos above 10^{16} eV. However, events of energy this high produce long tracks, bright events and few single photoelectron peaks, which allows them to be distinguished from atmospheric muons. Therefore, it is possible to search the southern sky and the area near the horizon for ultrahigh energy neutrino events. Using year 2000 data for this analysis, 5 events were observed on a background of 4.6 events, with a 90% C.L. upper limit of

E^2Φ_ν = .99 × 10^{−6}GeV cm^{−2}s^{−1}sr^{−1} (3)

in the 1 PeV to 3 EeV range. This limit assumes an E^{−2} energy spectrum and a neutrino flavor ratio of 1:1:1.

3 Point Source Searches

Both binned and unbinned searches for extraterrestrial point sources have been conducted using the entire currently available AMANDA II data set (years 2000-2003). There were 3369 events after cuts in the sample used in these analyses, which is consistent with an expected background of 3438 events. In the binned analysis, a grid of 7 degree by 7 degree bins was applied to the sky, then the grid was shifted, so that any sources on the grid boundaries were not separated into multiple bins by both grid sets. The cuts were optimized independently in each declination band. Separate optimizations were done for both E^{−2} and E^{−3} energy spectra. No significant excess was found in any bin. An unbinned statistical analysis was also conducted, resulting in a maximum excess in any area of 3.4 sigma, which is again consistent with no signal (see figure 2).

Figure 2: Unbinned 2000-2003 point source sample (left) with scrambled skymap for comparison (right) Maximum significance anywhere in the sky is 3.4σ, comparable to the results of the scrambled skymap.

4 Gamma Ray Burst Searches

Searches for a neutrino signal coincident with a gamma ray burst have been conducted for several years using GRB catalogs produced by the BATSE satellite and the IPN3 satellite network. The combination of burst-coincident searches from the years 1997-2000 has resulted in a 90% confidence level upper limit of

E^2Φ_ν = 4 × 10^{−8}GeV cm^{−2}s^{−1}sr^{−1} (4)

assuming a Waxman-Bahcall type broken power law spectrum^6 with Γ_{bulk} = 300 and E_{break} = 100 TeV. Since there are also GRBs not caught by the satellite network, a rolling search, which looks for a signal from a Waxman Bahcall type spectrum througout the entire year rather than using satellite coincidences, is also in progress.

Acknowledgments

We acknowledge the support of the following agencies: National Science Foundation Office of Polar Programs, National Science Foundation Physics Division, University of Wisconsin Alumni Research Foundation, Department of Energy and National Energy Research Scientific Computing Center (supported by the Office of Energy Research of the Department of Energy), UC-Irvine ANEAS Supercomputer Facility, USA; Swedish Research Council, Swedish Polar Research Secretariat and Knut and Alice Wallenberg Foundation, Sweden; German Ministry for Education and Research, Deutsche Forschungsgemeinschaft (DFG), Germany; Fund for Scientific Research (FNRS-FWO), Flanderns Institute to encourage Scientific and Technological Research in Industry (IWT) and Belgian Federal Office for Scientific, Technical and Cultural affairs (OSTC), Belgium; Fundacion Venezolana de Promocional Investigador (FVPI), Venezuela; D.F.C. acknowledges the support of the NSF CAREER program; E.R. acknowledges the support of the Marie-Curie fellowship program of the European Union; M.R. acknowledges the support of the Swiss National Science Foundation.

References

1. E. Andres et al, Nature 410, 411 (1992). 2. K. Daum et al, Phys. Rev. C 66, 417 (1995).

3. G.J. Feldman and R.D. Cousins, Phys. Rev. D 57, 3873 (1998). 4. J. Conrad et al, Phys. Rev. D 67, 012002 (2003). 5. L.V. Volkova, Sov. J. Nucl. Phys. 31, 784 (1980). 6. J. Bahcall and E.Waxmann, Phys. Rev. D 64, 023002 (2001).