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High Energy Physics - Experiment

Measurement of the neutrino velocity with the OPERA detector in the CNGS beam

The OPERA Collaboration: T. Adam, N. Agafonova, A. Aleksandrov, O. Altinok, P. Alvarez Sanchez, A. Anokhina, S. Aoki, A. Ariga, T. Ariga, D. Autiero, A. Badertscher, A. Ben

Dhahbi, A. Bertolin, C. Bozza, T. Brugiére, R. Brugnera, F. Brunet, G. Brunetti, S. Buontempo, B. Carlus, F. Cavanna, A. Cazes, L. Chaussard, M. Chemyavsky, V. Chiarella, A

Chukanov, G. Colosimo, M. Crespi, N. D'Ambrosio, G. De Lellis, M. De Serio, Y. Déclais, P. del Amo Sanchez, F. Di Capua, A. Di Crescenzo, D. Di Ferdinando, N. Di Marco, S.

Dmitrievsky, M. Dracos, D. Duchesneau, S. Dusini, J. Ebert, |. Efthymiopoulos, O. Egorov, A Ereditato, L. S. Esposito, J. Favier, T. Ferber, R. A_ Fini, T. Fukuda, A. Garfagnini, G

Giacomelli, M. Giorgini, M. Giovannozzi, C. Girerd, J. Goldberg, C. Gollnitz, et al. (122 additional authors not shown)

(Subrmitted on 22 Sep 2011 (1), revised 17 Now 2011 (this version, v2), latest version 12 Jul 2012 (v4)}
The OPERA neutrino experiment at the underground Gran Sasso Laboratory has measured the velocity of neutrinos from the CERN CNGS beam over a baseline of about 730 km with much higher
accuracy than previous studies conducted with neutrinos. The is based on high-statistics data taken by OPERA in the years 2000, 2010 and 2011. Dedicated upgrades of
the CNGS timing system and of the OPERA detector. as well as a high precision geodesy campaign for the measurement of the neutrino baseline, allowed reaching comparable systematic and
statistical accuracies. An early arrival fime of CNGS muon neutrinos with respect to the one computed assuming the speed of light in vacuum of (57.8 \pm 7.8 (stat.)+8.3-5.9 (sys_)) ns was measured
This anomaly correspands 1o a relative difference of the muon neutrino velocity with respect to the speed of light (v-c)/c = (2.37 \pm 0.32 (stat ) (sys.)) times10-5. The above result, obtained by

paring the time of neutrino and of protons hitting the CNGS target in 10.5 f\mu}s long exiractions, was confirmed by a test performed using a beam with a short-bunch

time-structure allowing to measure the neutrino time of flight at the single interaction level
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ZH8: Who's Afraid of Peer Review?
http://scicomm.scimagdev.org/
Science 342, 60-65 (2013)
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