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The early map of neutrino oscillations

Eratosthenes of Cyrene, 194 B.C.
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Long baseline experiments
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Towards a quantitative understanding of 
neutrino oscillations

Claudius Ptolemy, A.D. 200
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K2K (KEK to SuperK)
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K2K 
Collaboration

94�;���

��.9�;��� $	�.



K2K present results
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Near Detector 980 tons

Det. 2

Det. 1

Far Detector 5400 tons

735 Km
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MINOS: a two detector neutrino 
oscillation experiment



MINOS experiment

Argonne ● Athens ● Brookhaven ● Caltech ● Cambridge ● College de France ● Fermilab ● Harvard ● IIT ●

Indiana ● ITEP-Moscow ● James Madison ● Livermore  ● Lebedev ● Macalester ● Minnesota - Twin Cities ●

Minnesota - Duluth ● Northwestern ● Oxford ● Pittsburgh ● Protvino ● Rutherford ● South Carolina ● Stanford ●

Sussex ● Texas-Austin ● Texas A&M ● Tufts ● University College London ● Western Washington ● Wisconsin
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The NuMI beamline
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NuMI civil construction
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NuMI Horn system
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NuMI horns
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Neutrino spectra in the 
Far Detector
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MINOS Far Detector
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Detector Technology
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MINOS Near Detector
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Far Detector νµ CC distributions
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MINOS sensitivity
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CNGS, CERN to Gran Sasso neutrino 
beam
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CNGS: a ντ appearance program
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OPERA: direct observation of ντ
appearance from νµ→ντ oscillations 
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COLLABORATION

35 groups
~ 160 physicists

Russia
INR Moscow, ITEP Moscow, JINR Dubna, Obninsk

Belgium
IIHE(ULB-VUB) Brussels

France
LAPP Annecy, IPNL Lyon, LAL Orsay, IRES Strasbourg

Germany
Berlin, Hagen, Hamburg, Münster, Rostock

Israel
Technion Haifa

I taly
Bari, Bologna, LNF Frascati, L’Aquila, LNGS, Naples, Padova, Rome, Salerno

Japan
Aichi, Toho, Kobe, Nagoya, Utsunomiya

Switzer land
Bern, Neuchâtel

Turkey
METU Ankara

China
IHEP Beijing, Shandong

Croatia
Zagreb

Underlined : groups having joined since last year

Interest for participation
from Sofia
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OPERA sensitivity
ννννµµµµ→ν→ν→ν→νττττ appearance sensitivity

0.6526.310.34.3

BackgroundSignal
∆∆∆∆m2=4.0××××10-3 eV2

Signal
∆∆∆∆m2=2.5××××10-3 eV2

Signal
∆∆∆∆m2=1.6××××10-3 eV2

��)�$����+��� �1��××××�
�� %��7)�$�

Sensitivity to θθθθ13

ννννeCC
beam

ννννµµµµNCννννµµµµCCττττ→→→→esignalΘΘΘΘ13

185.21.04.65.87º
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ICARUS: a Liquid 
Argon Imaging 

Detector
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The ICARUS Collaboration
S. Amoruso, P. Aprili, F. Arneodo, B. Babussinov, B. Badelek, A. Badertscher, M. Baldo-Ceolin, G. Battistoni, 

B. Bekman, P. Benetti, A. Borio di Tigliole, M. Bischofberger, R. Brunetti, R. Bruzzese, A. Bueno, E. Calligarich,
D. Cavalli, F. Cavanna, F. Carbonara, P. Cennini, S. Centro, A. Cesana, C. Chen, Y. Chen, D. Cline, P. Crivelli,

A. Dabrowska, Z. Dai, M. Daszkiewicz, R. Dolfini, A. Ereditato, M. Felcini, A. Ferrari, F. Ferri, G. Fiorillo,  S. 
Galli, Y. Ge, D. Gibin, A. Gigli Berzolari, I. Gil-Botella, A. Guglielmi, K. Graczyk, L. Grandi, K. He, J. Holeczek, 
X. Huang, C. Juszczak, D. Kielczewska, J. Kisiel, L. Knecht, T. Kozlowski, H. Kuna-Ciskal, M. Laffranchi, J. 

Lagoda, Z. Li, B. Lisowski, F. Lu, J. Ma, G. Mangano, G. Mannocchi, M. Markiewicz, F. Mauri, C. Matthey, G. 
Meng, C. Montanari, S. Muraro, G. Natterer, S. Navas-Concha, M. Nicoletto, S. Otwinowski, O. Palamara D. 

Pascoli, L. Periale, G. Piano Mortari, A. Piazzoli, P. Picchi, F. Pietropaolo, W. Polchlopek, T. Rancati, A. 
Rappoldi, G.L. Raselli, J. Rico, E. Rondio, M. Rossella, A. Rubbia, C. Rubbia, P. Sala, D. Scannicchio, E. 

Segreto, Y. Seo, F. Sergiampietri, J. Sobczyk, N. Spinelli,  J. Stepaniak, M. Stodulski, M. Szarska, M. 
Szeptycka,  M. Terrani, R. Velotta, S. Ventura, C. Vignoli, H. Wang, X. Wang, M. Wojcik, G. Xu, X. Yang, A. 

Zalewska, J. Zalipska, C. Zhang, Q. Zhang, S. Zhen, W. Zipper.

University and INFN of: L'Aquila, LNF, LNGS, Milano, Naples,  Padova, Pavia, Pisa - Italy
ETH Hönggerberg, Zürich - Switzerland IHEP, Academia Sinica, Beijing - China
CNR Istitute of cosmogeophysics, Torino - Italy Politecnico di Milano - Italy
University of Silesia, Katowice - Poland University of Mining and Metallurgy, Krakow – Poland
H.Niewodniczanski Inst. of Nucl. Phys., Krakow - Poland Jagellonian University, Krakow - Poland
Cracow University of Technology, Krakow - Poland A.Soltan Inst. for Nucl. Studies, Warszawa - Poland
Warsaw University, Warszawa - Poland Wroclaw University, Wroclaw - Poland
UCLA, Los Angeles - USA University of Granada - Spain
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ICARUS is … a long baseline tau and 
electron appearance experiment
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ICARUS νµ→νe sensitivity
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Next Proposals for Long Baseline 
Experiments: θ13 ?
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The Off-Axis concept
(D. Beavis et al. BNL Proposal E-889)
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NuMI off-axis detector
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JHF for a neutrino beam



JHF: the physics reach



Conclusions 
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