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What happens if the OPERA result is correct?

v − c

c
= 2.48± 0.28(stat)± 0.30(sys)× 10−5

Thursday, October 27, 2011



What happens if the OPERA result is correct?

Lorentz invariance 

v − c

c
= 2.48± 0.28(stat)± 0.30(sys)× 10−5

Thursday, October 27, 2011



What happens if the OPERA result is correct?

Lorentz invariance 

Causality  

v − c

c
= 2.48± 0.28(stat)± 0.30(sys)× 10−5

Thursday, October 27, 2011



What happens if the OPERA result is correct?

Lorentz invariance 

Causality  

v − c

c
= 2.48± 0.28(stat)± 0.30(sys)× 10−5

Thursday, October 27, 2011



Lorentz invariance:

Laws of physics are the same in all inertial frames

Speed of light is the same in all inertial frames

Implication

c is the maximum speed in nature!!!
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Atomic clocks, 
telecommunications
satellites, computers, GPS, 
astronomy, nuclear power.... 

These obviously work!!!
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Causality

Causality is the relationship between an event (the cause) and  second event (the effect), where the 
second event is understood as a consequence of the first... (Wikipedia et al.)
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The facts...

The most striking result of the OPERA experiment is the energy 
independence of the neutrino speed

13.9 GeV :
v − c

c
= (2.16± 0.76± 0.30)× 10−5

42.9 GeV :
v − c

c
= (2.74± 0.74± 0.30)× 10−5

3 GeV :
v − c

c
= (5.1± 2.9)× 10

−5
(MINOS)

but...

10 MeV :
v − c

c
≤ 2× 10−9 (SN1987A)
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In “ordinary” tachyonic theories, Lorentz invariance brakes down in 
Planck scales & tachyons have negative masses

ν≥c → ν≤c + e+e−

lower energy neutrinos should also have >c velocities!!!

upper limit for OPERA baseline: ~12.5 GeV

Andrew G. Cohen & Sheldon L. Glashow (arXiv:1109.6562 29-Sep)

“...Thus we refute the superluminal interpretation of the OPERA results...”

high energy neutrinos should decay fast
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Speculations...
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Giacomo Cacciapaglia, Aldo Deandrea, Luca Panizzi (arXiv:1109.4980 23-Sep)

Paper I

Explain the data using a step function ~ 1 GeV
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Paper II

Φ(r)

Scalar field coupled to matter, originating from the earth

•Breakdown of Lorenz invariance

• v-c/c depends on the baseline 

but....
such a strong field would show up in satellite experiments (e.g. Cassini) 
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Paper III

Implications 
 

Jean Alexandre, John Ellis and Nick E. Mavromatos (arXiv:1109.6296 28-Sep)

•Look at how strong the Ev dependence should be in order to
satisfy data

• New gauge-field theory with a new fermion-U(1) coupling

• Superluminal speeds arise naturally due to background Bv gauge field

• Light-cone seen by neutrinos is different (no causality problem)

•Particles acquire their masses dynamically... No need for a Higgs boson!
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