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We  are  theoretical  physicists,  
therefore  we  cannot  and  do  not  check this
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OPERA: 

Neutrino propagate in a metric 
different from gravitational            by  
 

Only possible if the Lorentz symmetry is spontaneously broken by 
a background 

SN 1987A                  this background is local, sourced by the Earth? 

vν − c

c
= (2.48± 0.28 (stat)± 0.30 (sys))× 10−5

gµν

g(ν)αβ = gαβ + δgαβ

|δgαβ | = ε ∼ 10−5

(ηαβ + δgαβ) ν γ
α ∂βν
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   Magnetic Field 

Gravitational Field 

B⊕ ∼ 0.1Gauss

δgµν =
c1FµλFλ

ν + c2F(µλF
λ
ν)

M4
B

δgµν =
Gµν

M2
g

MB ∼ 1 eV

Mg ∼ 10−16 eV

Known  Earth’s  Backgrounds 

Low 
Strong 

Coupling 
Scale! 

Λ ∼
(
MPlM

2
g

)1/3 ∼ 10−1 eV
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Unknown Backgrounds?
local  effect                general decomposition in  massive        
degrees of freedom: 

δg(ν)µν =
hµν

M∗
+

∂(µAν)

M2
1

+ ηµν
φ

M0
+

∂µ∂νφ

M
′3
0

+ ...

Spin 2 Spin 1 Spin 0

On  this   level  only  massive  spin 2  field  
survives! 

δgαβ ν γ
α ∂βν ! δgαβT

αβ
(ν) ∂αT

αβ
(ν) ! 0+ energy conservation
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But other particles  are  not  superluminal !

This  massive   spin 2  field  is  not universal !

hµνEhµν + m2(hµνh
µν − hµ

µh
ν
ν)

Pauli-Fierz Lagrangian: 

Earth’s size

hαβ T
αβ
(ν)

M∗

hαβ T
αβ
(other particles)

M
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Neutrino  Metric  Sourced  by 
the Earth

g(ν)00 = ((1− 1

3
ε) + ε)η00 , g(ν)ij = (1− 1

3
ε)ηij ,

where ε ≡ M⊕
4πM∗M R⊕

superluminality ε < 0

OPERA M∗M ∼ 10−4M2
P

M∗M < 0

Sign asymmetry!  -  Off  Diagonal  Antigravity...
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5th force 

Star cooling and BBN

Linear approximation works because for the  Vainshtein radius  

M > 102 ÷ 106 MPl

M∗ > 108 GeV

M∗ ∼ 10−6 MPl M ∼ 102 MPl&

Naive    Constraints

RV ∼ ((M⊕/M
2)m−4)1/5 ∼ 105 cm " R⊕

one can choose
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Strong   coupling

Tαβ
(ν) is not conserved ! There are weak and neutral currents!

For  the “scalar part” of the graviton hLL
µν = ϕηµν +

∂µ∂νϕ

m2

g
∂µϕ∂µν̄ γα%νW+

α

m2M∗

g

cos θw

∂µϕ∂µν̄ γανZα

m2M∗
and

Λ =
(
m2M∗

)1/3 ∼ 10−3 eV

very low strong coupling scale of the strength of  Dark Energy!
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Superluminal Neutrinos. . . . . . . . . . . . . . . .    ???

Conclusions:                                                                                                             
no good theoretical model -  always rather low strong coupling 
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