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RECAP ON mν
• To determine the neutrino mass from -decay one needs to carefully 

look at the end-point spectrum.
β

• Naïve in-vacuum picture:

• For nuclei on condensed matter, more d.o.f. participate to the decay:

 3H → 3He+ + e− + ν̄e + extra stuff
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APPROACH SO FAR
• Phenomenological approach employed so far :

 in the ground state of 
a initial “potential” 

generated by electrons, C 
nuclei and other  nuclei

3H

3H

 can end up in 
any eigenstate of the 

final potential

3He+

-decayβ

initial state effect final state effect
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APPROACH SO FAR
• Given the initial and final potential, the matrix element for each 

possibility is:

                          ℳf = ∫ d3x ψ*f (x) ψ0(x) eiq⋅x

• All these final states contribute to the final electron’s spectrum,

                               
dΓ
dEe

=
2π
ℏ ∑

f

|ℳf |
2ρf (Ee)

• How do the potential and wave functions look like?

final  wave function3He+ initial  wave function3H
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NOT THAT SIMPLE
• A more basic question: what is the “He potential”?

• Within the Born-Oppenheimer approximation the nuclei are subject 
to an effective interaction:

Eeff(xHe , {xT} , {xC} ρ({x}))

• To go from this to the “He potential” turns out to be an ill posed 
question…

position of all the nuclei

electronic density, which depends 
on the position of the nuclei
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additional  charge,3He+

{xT,C}post = {xeq
T,C}pre , ρpost = ρpre({xeq

T,C}pre)
VHe(xHe) ≡ Eeff(xHe , {xeq

T,C}pre ρpre({xeq
T,C}pre))

This should be correct near the 
minimum.
For larger distances the electron 
density should have time to rearrange.
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{xT,C}post = {xeq
T,C}pre , ρpost = ρpre(xT = xHe , {xeq

T,C}pre)
VHe(xHe) ≡ Eeff(xHe , {xeq

T,C}pre ρpre(xT = xHe , {xeq
T,C}pre))

This might describe well the potential 
away from the minimum, at early times.
At later times the nuclei also have time 
to rearrange.
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For each position of the He nucleus, the system is completely 
allowed to relax, both electrons and the other nuclei,

{xT,C}post = {xeq
T,C(xHe)} , ρpost = ρ(xHe , {xeq

T,C(xHe)})
VHe(xHe) ≡ Eeff(xHe , {xeq

T (xHe)} , {xeq
C (xHe)} ρpre(xHe , {xeq

T,C(xHe)}))

This is likely a good description only at 
very large distances, where the whole 
system had enough time to relax.
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