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Aim of OPERA: measuring neutrino oscillations



The long baseline experiment



The source



The detector
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Speed of neutrinos: schematic
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Accuracy of distance measurement

GPS + surveying inside tunnel
Claimed accuracy: 20 cm
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Proton beam pulse shape at CERN



Time delays at CERN



Time delays at Gran Sasso
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Blind analysis: add an unspecified delay



The edge shapes



The final (maximum likelihood) fit



Actual delay



Estimated sources of error
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Stability across time

Day-night: 17.1± 15.5 ns
Spring vs Fall: 11.3± 14.5 ns



Stability across energies

δt = 1948.5 ns - 987.8 ns = (60.7± 6.9[stat ]± 7.4[sys]) ns
v−c

c = (2.48± 0.28± 0.30)× 10−5
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SN1987A: 23 Feb 1987

Neutrino arrived only 3 hours earlier
(We know they left a few hours earlier, so OK).
|c − v |/c < 2× 10−9

If OPERA measurement is true, they should have arrived 4
years earlier.



Other long baseline neutrino experiments

T2K

MINOS



Older measurements by MINOS

(v − c)/c = (5.1± 2.9)× 10−5 (at 3 GeV)



Where can MINOS improve their errors?
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The future

OPERA: Recheck for systematic errors.
Tidal effects due to the moon
Beam profile: beam at CERN vs at Gran Sasso
Maybe some more not yet thought of

MINOS: a new measurement

Maybe this has already happened in someone’s reference frame.
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