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September 2015



Motivation

e´ e`

ν
ν

e´ e´

A. Segarra Neutrino-Pair Exchange Long-Range Force 2



Motivation

ż

d3q

p2πq3
ei~q ~r

1

q2
“
´1

4πr

A A1

QA

γpqq

B B1

QB

“ ie2QAQB rū
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Low-Energy Dispersion Relation
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S Matrix Unitarity
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S Matrix Unitarity

A A

ν
ν

B B

A. Segarra Neutrino-Pair Exchange Long-Range Force 9



S Matrix Unitarity

A A

ν ν

B B

ν ν

A. Segarra Neutrino-Pair Exchange Long-Range Force 10



Summing up...
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Low-Energy Effective Neutral Currents
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Low-Energy Effective Charged Currents
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Low-Energy Effective Weak Theory
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Scattering Amplitude Aνe Ñ Aνe
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Molecular matrix element

Jµpxq “ g̃eV xA
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Scalar, γ0: number operator, e:e.
COHERENT
Pseudo-scalar, γ0γ5: matrix element „ ~σ~q{M .
INCOHERENT, RELATIVISTIC
Polar vector, ~γ: matrix element „ ~q{M .
RELATIVISTIC
Axial vector, ~γγ5: matrix element „ ~σ.
INCOHERENT
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Scattering Amplitude Aν Ñ Aν
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Weak Flavor Charges of Stable Atoms
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Finally...
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Conclusion: Long-Range Weak Interaction
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Perspectives

Interesting ranges:
rmin „ 1 nm. a0

rmax „ m´1
ν „ p0.1 eVq´1 „ 1 µm. e´2mr

Competitors:
Electromagnetic residual interactions
Gravitation

Measurement of the absolute mass of the neutrino!

Dirac or Majorana?
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