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speed of Gran Sasso neutrinos

Friday, September 23, 2011

OPERA experiment

speed of νµ:

v = (1.000 024 7 ± 0.000 004 1)c

⇓

6 sigma deviation !

OPERA Measurement of the neutrino velocity



speed of Gran Sasso neutrinos

Friday, September 23, 2011

OPERA experiment

speed of νµ:

v = (1.000 024 7 ± 0.000 004 1)c

⇓

6 sigma deviation !

OPERA Measurement of the neutrino velocity



Oscillation Project with Emulsion-tRacking Apparatus

νµ −→ ντ

〈Eν〉 = 17 GeV
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CERN Neutrinos to Gran Sasso (CNGS)
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Laboratori Nazionali del Gran Sasso (LNGS)
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Laboratori Nazionali del Gran Sasso (LNGS)

l ∼ 1400 m of rock
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Measurements

2009 – 2011:

CERN
1020 protons

−→ OPERA
16 000 neutrinos

distance: 731 278.0 ± 0.2 cm

time of flight: ∼ 2.5 ms
precision: < 10 ns

δt = ToFc − ToFν = (60.7± 6.9± 7.4) ns

6 sigma deviation !
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Expectations

expectation due to the neutrino mass:

|v − c|
c

< 10−19

measurement:
v − c
c

= 2.5× 10−5
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Other experiments vs. OPERA

Fermilab, USA, 1979

short baseline
νµ, Eν > 30 GeV

|v − c|
c

≤ 4× 10−5

supernova SN1987A

168 000 l.y.
νe, Eν ≈ 10 MeV

|v − c|
c

≤ 2× 10−9

Fermilab’s MINOS, USA, 2007

732 km
νµ, Eν ≈ 3↘ 100 GeV

v − c
c

= (5.1± 2.9)× 10−5

(1.8 sigma)

OPERA, Italy, 2011

732 km
νµ, Eν ≈ 17 GeV

v − c
c

= (2.48± 0.28± 0.30)× 10−5

(6 sigma)
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SN1987A

Feb 24, 1987

type II supernova

168 000 l.y.

23 neutrinos (13 s, 10 MeV)

light 3 hours later

3 hours ⇒ 1.000 000 002 0 c

OPERA ⇒ 4 years earlier
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