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Tritium beta spectrum

General form : 
dλ

dEe
= CF Zf, Ee Ee

2 −me
2Ee Q − Ee

2 −mν
2 Q − Ee Θ(Q − mν − Ee)

• Neglects nucleus’s recoil energy

• C =
GF

2 Vud
2

2π3
ℳ 2, ℳ 2 : nucleus matrix element = 5.49193 (∗)

• F Zf, Ee : relativistic fermi function
• me + Qβ = Q,Qβ = 18.598keV (∗)

• (∗) : needed to check the value and error

Corrections to energy spectrum

1. Final energy state of bound electron in helium 3
2. Screening potential by electron cloud
3. Radiative correction   



1. Final energy state of bound electron in helium 3 ([1],[2],[3])

• Some portion of decay energy is delivered to excitation of bound electron of helium 3

• For each state i, setting excitation probability and excitation energy to wi and Vi respectively, 

• Sudden approximation gives, wi = 0
∞
r2drR1,0 r 3H Ri,0 r 3He
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-> change Q to Q− 𝑉𝑖 for each excitation

dλ

dEe
=

𝑖

wiCF Zf, Ee Ee
2 −me

2Ee Q − Vi − Ee
2 −mν

2 Q − Vi − Ee Θ(Q − Vi −mν − Ee)



2. Screening potential by electron cloud ([2])

• β electron feels, additionally, Coulomb potential from ith sate electron cloud of helium Ui

Ui = 0
∞
r2drRi,0 r 3He
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r
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• Shift electron energy Ee to Ee − Ui

dλ

dEe
=

i

wiCF Zf, Ee − Ui Ee − Ui
2 −me

2(Ee − Ui) Q − Vi + Ui − Ee
2 −mν

2 Q − Vi + Ui − Ee Θ(Q − Vi + Ui −mν − Ee)



3.  Radiative correction ([1], [2], [3])  

• [2] does not consider this correction for smallness of it ( factor of 10−4, 10−5 in their calorimeter ) ( # of event of a run : 108 )

• In [1], it appears as multiplicatively to spectrum function 1 + 𝛿𝑅(Ee, Zf)

For detector kind of calorimeter, if excited bound electron go backs to ground state 
within response time, detection energy will include this energy.

-> shift Ee to Ee − Vi in final spectrum function

dλ

dEe
=

𝑖

wiCF Zf, Ee − Ui − Vi Ee − Vi − Ui
2 −me

2(Ee − Vi − Ui) Q + Ui − Ee
2 −mν

2 Q + Ui − Ee Θ(Q + Ui −mν − Ee)(1 + 𝛿𝑅(Ee, Zf))
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