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Tritium beta spectrum

General form : ;—]; = CF(Zg,Ee) |Ee® — Me2Eey/(Q — Ec)2 — m,2(Q — E¢)0(Q — m, — E,)

* Neglects nucleus’s recoil energy

2 2
e C= %WEIZ, |M]? : nucleus matrix element = 549193 (%)

*  F(Zs, Ep): relativistic fermi function
* me+ Qg =0Q Qp=18598keV (x)
* (%) : 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 w; and V; respectively,

0 2
« Sudden approximation gives, w; = |f0 rzdrRLO(r)( 3H)Ri,o(r)( *He)

-> change Q to Q — V; for each excitation

da 2 ,
dE = WiCF(Zf» Ee) Ee2 - mezEe\/(Q - Vi— Ee)z - mvz(Q - Vi— Ee)G(Q —Vi—m, — Ee)
e -
i



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

TABLE 1. *H B-decay shake-up/shake-off probabilities, and

screening potentials. The overlap probabilities, chemical energy
shifts, and orbital excitation energy predictions are given for the 3
decay of atomic *H, for various excited levels of the daughter atom.

dE

Final Transition Energy Excitation
state probability shaft energy
(PHe!*)) (a,) (eV) (eV)
B electron feels, additionally, Coulomb potential from ith sate electron cloud of helium U; n=1 0.7023 —54.46 0.0
n=2 0.2504 ~13.52 ~40.94
o o2 2 n=3 0.0131 —6.02 —48.44
U; = |f0 r drRi'o(r)( *He) (T) Ri,o(r)( *He) n=4 0.0040 -3.39 —51.07
3He? 0.0302 0.0 —54.46
. Weighted sum 1.0000 —41.73 —12.73
Shift electron energy E, to E, — U;
da 2 2 2 2
= WiCF(ZgEe = U (e = U)? = mZ (Be = U@ = Vi + Uy — )2 —my2(Q— Vi + Uy — E)O(Q — Vi + U; = m, — )
e "
1



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

« [2] does not consider this correction for smallness of it ( factor of 10™%, 10~° in their calorimeter) ( # of event of a run : 108)

« In [1], it appears as multiplicatively to spectrum function 1+ 6,(E., Z¢)

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

-> shift E, to E. — V; in final spectrum function

— dd];\ _ ZWiCF(Zf; Ec — U — Vi)\/(Ee —Vi—=U)2 —mg2(E. -V, — \/(Q + Ui —Eo)2—my2(Q+ U; —E)O(Q + U; —m, — E&)(1 + 6, (Eq, Z)
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(2) screening of *He orbital electron
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Table 1. For each multiplicative function ¥; (V; = S. I, G, Q, R, C, Ly) and the final state distribution
(FSD) correction we define 6¥; = (é‘f};ﬁlﬂr — 1. The variation over the whole energy spectrum
is defined by AA = |0¥;(1 keV) - §¥,(18 keV). og, provides a rough estimate of the uncertainty of
each physical effects, obtained by varying key parameters or comparing different calculation methods

as described in the 6! column. Additionally, the 6" column contains comments about the current
status of the computation.

Correction E=1keV E=9keV E=18 keV AA Comment/Error estimation method Ref.
[ppm] [ppm] [ppm|  [ppm]
dFSD(E) 1400 -635 -351175 352575 Computed only for the endpoint [68]
OFSD — — — —
OS(E) -8850 -1765 -995 7860 Vo computed only for “He™ ion [71]
os 1780 360 200 Vo varied by £10%
o1(E) 2470 45 10 1320 Excitations computed only for “He™ ion  [73]
o1 1145 20 5 Diff. between [72]| & this work
IG(E) -6995 -7270 -8110 1115 Only first order considered [77]
e 25 260 830 Diff. between [77| & [77] approx.
5Q(E) 135 15 230 105 - [75]
oQ <1 <1 <1 A+ varied by +1% (30)
SR(E) 875 905 935 60 - [74]
OR 5) 5) ) A+ varied by +1% (30)
5C(E) ~105 105 -105 I — [72]
oc 3 3 3 R varied by +5%
5Lo(E) 220 220 220 1 - [72]

oL 6 6 6 R varied by £5%




