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Outlook 

 
• “OPERA” 

 
• QFT models with superluminal velocity 
 
• Cherenkov radiation and Cohen – Glashow problem 
 
• New  (dark) neutrino as a possible solution to the  
    Cohen – Glashow problem 
 
• Oscillations for supeluminal neutrino 
 
• New   neutrino in the D-brane framework 
 

I.A., I.Volovich, arXiv:1110.0456.  



OPERA  
(Oscillation Project with Emulsion-tRacking Apparatus) 

• The special theory of relativity  (a cornerstone of modern 
fundamental physics )  has the upper limit of velocities 
which is the velocity of light in vacuum.  
 

• The OPERA collaboration has recently announced  the 
results about possible evidence for superluminal 
propagation of neutrinos. 
 

• Obviously such an astonishing claim requires  extraordinary 
standards of proof  including confirmation by independent 
experiments. 

Выступающий
Заметки для презентации
Священный сосуд Holy Grail, Holy cow



 Data 

• OPERA (Oscillation Project with Emulsion-tRacking Apparatus), 2011 
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 OPERA, arXiv: 1109.4897 

Earth  
CNGS beam  

CERN  Gran Sasso  
OPERA detector 

CNGS beam of muon neutrinos with mean energy of 17 GeV produced at CERN, 
travels about 730 km to the OPERA detector in the Gran Sasso Laboratory. 
 
An early arrival time of the muon neutrinos with respect to the one computed 
assuming the speed of light in vacuum of 60 ns is reported.  
 
This anomaly corresponds to a relative difference of the muon neutrino 
velocity with respect to the speed of light   

11км 

velocity = the precisely measured distance from CERN to OPERA/ time of neutrinos  
travelling 
                                                                                                                           

Выступающий
Заметки для презентации
The proton beam is produced with the CERN Super ProtonSynchrotron (SPS), these protons are ejected with 
a kicker magnet, in two extractions each lasting 10.5μs and separated by 50ms towards a graphite target where billions of mesons are produced. These mesons are focused into a 1km vacuum tunnel where the mesons decays into muons and neutrinos. Then neutrinos continue traveling through the inside of the earth 
by 730km until they arrive to Gran Sasso Laboratory 2.4ms later. Neutrinos are detected by OPERA in two separated groups: the first with mean neutrino energy of 13, 9GeV and the second with 42, 9GeV, corresponding to each one of the two proton extractions.




 The neutrino time of flight measurement 

From: arXiv:1109.4897 

 
Without  correction                  1048,5 ns 
Corrections to….                        988 ns  

Net difference                                60  ns 

The time of flight of CNGS neutrinos cannot be precisely measured at the 
single interaction level since any proton in the  extraction time may produce 
the neutrino detected by OPERA 

Comparison of the measured neutrino  
interaction time distributions (data points) 
and the proton PDF (red line) for the SPS 
extraction 

”short” 3ns LHC extractions  (20) (2-nd version of arXiv:1109.4897)  
     Recently the OPERA collaboration has reported 20 neutrino events obtained for very 

short proton extraction pulse, with a PDF gaussian mean width of only 3ms,   in four 
bunches separated 524ns. 

     This 20 neutrinos also appears to precede light for  
      62.1 ± 3.7ns with a RMS (Root Mean Square)=16.4ns 
•             

2 ”long” 10500 ns LHC extractions  separated  
by 50ms (16 000) with mean neutrino energy of  
13, 9GeV and with 42, 9GeV 

Выступающий
Заметки для презентации
The time of flight of CNGS neutrinos (TOFν) cannot be precisely measured at the single
interaction level since any proton in the 10.5 μs extraction time may produce the neutrino
detected by OPERA

Comparison of the measured neutrino interaction time distributions (data points) and the proton PDF (red
line) for the SPS extraction
This 20 neutrinos also appears to precede light for 
      62.1 ± 3.7ns with a RMS (Root Mean Square)=16.4ns



Possible explanations   

• Excluding of  experimental errors 
              Systematic errors,…  
 

 
• Breaking of holy principles of the theoretical physics in 4-dim 

space-time 

 
  
• Lorentz invariance 
• Causality  
 

 
 

• New physics in D-dimensional space-time 
 
• New neutrino in D-dim space-time 
 

 
  

There are various investigations of constraints on neutrino velocities and  possible 
mechanisms for breaking the standard Lorentz invariance motivated by the OPERA claim 



 Breaking of Lorentz invariance 
  

• Explicit  

• Non-explicit 

 
• Parameterization of Lorentz invariance breaking 
 
• A proper maximal velocity for each field 

 
• Models with higher space derivatives 
                                      
 
 

 
• Tachyon 
               Scalar tachyon 
               Neutrino as a tachyon 

Выступающий
Заметки для презентации
Forgive us every transgression, both voluntary and involuntary



 Explicit Breaking of Lorentz invariance  

 
• ‘’ A proper maximal velocity for each field’’ (PMV) 
 S.Coleman, S.Glashow, Phys.Rev, D59 (1999) 

For real scalar 
fields   

From:        invariance under space rotations  and shift; 
                  renormalizability 
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 Instability (Cherenkov radiation) in PMV models  
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Cherenkov radiation 
 

A.Cohen, S.Glashow, arXiv:1109.6562 
New Constraints on Neutrino Velocities 

Suppose that :  mu neutrino  with energy ~ 10 GeV  has superluminal velocity 

Cherenkov radiation 
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≈OPERA|

−

+

e
e

µν

µν
ev

Threshold energy 
Max velocity 

up to 
22

0 ,/2 ee vvmE −== νδδ 1ev =



Rate of 
 radiation  

 νµ with energy  E0 after covering  L will have energy Е 

 Conclusion: observation of neutrino with  Е ~ 12.5 GeV  
 and superluminal velocity is impossible 

Cherenkov radiation 

The original beam would be strongly depleted 
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 Conclusion: observation of neutrino with  Е ~ 12.5 GeV  
 and superluminal velocity is impossible 

Выступающий
Заметки для презентации
The original beam would be strongly depleted



Instability of superluminal neutrino 
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ICARUS collaboration. ”A search for analogue  
to Cherenkov radiation by high energy neutrinos  
at superluminal speeds in Icarus”, arXiv1110.3763v2. 
 
 Mohanty, Rao, 11111.2723 

2424 /)( MpppE +=

Rate of 
 radiation  

The original beam would be strongly depleted 
 

 Conclusion: observation of neutrino with   
Е ~ 12.5 GeV  and superluminal velocity is impossible 



Proposal 
New dark superluminal neutrino 

Interaction only via oscillations         I.A., I.Volovich, arXiv:1110.0456.  
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Oscillations for Lorentz invariant models  
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Oscillations for PMV 

Mass states 

Assume  dispersion relations 

Amplitude 



Oscillations for supeluminal neutrino 

2-neutrino system 

If active neutrino is superluminal then 

~ 



Group velocities 

In ultrarelativistic approximation 

Usual+Superluminal 
 
Superluminal+Superluminal 

Mass corrections 

The present of the superluminal propagation for small p 
Disappearance of the second superluminal propagation for  large p - 



Group velocities for momentum dependent mixing 

To have both group velocities superluminal we have to assume 



Group velocities for momentum dependent mixing 

We want  

Find M from 



Group velocities for momentum dependent mixing 

Simple example 

a=1    blue lines 
a=100 red lines 
a=250 green lines   
C_1=1000  thin lines 
C_1=  500  thick lines 



Group velocities for momentum dependent mixing 

Sharp change of velocity 

Problem  
with the cut 

Wigner  
distribution 



Group velocities for momentum dependent mixing 

M(p) from a “fundamental theory” (for example SFT) 

Problem with the pick 

2-3GeV 

20-30GeV 

Kostelecky,  Samuel, Phys.Rev.D39 (1998) 



Mixing angle for momentum dependent mixing 

M(p) from a “fundamental theory” (for example SFT) 



 D-dimensional Dark Neutrino 

SM 

graviton 1+3 
h 

χ

, , ,l l eν µ τ=

0,)( 2222 >++−= adhdxdthads i

We are living on D-brane Rubakov,Shaposhnikov,1983 

Kiritsis, 1999 

Gubser, 2011 



 D-dimensional Dark Neutrino 

SM 

graviton 
h 

, , ,l l eν µ τ=

0,)( 2222 >++−= adhdxdthads i

NO! 

NO! 



In the bulk 
Geodesics 



Conclusion 

• Dark neutrino solves the Cohen-Glashow 
problem with instability of neutrino due to 
Cherenkov radiation 
 

• New formula to neutrino  oscillation 
 

• New experiments to check the neutrino 
velocity 
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