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BetaShape

A new code for improved 

calculations of beta spectra

The BetaShape program is available at http://www.nucleide.org/logiciels.htm
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BetaShape vs LogFT

LogFT BetaShape

Range 𝛽−, 𝛽+ and 𝜀 transitions 𝛽−, 𝛽+ transitions. 𝜀 transitions not treated yet.

Calculated

values

Mean energies, log ft, 𝛽+/𝜀
probabilities. No spectrum

Mean energies, log ft, 𝛽−/𝛽+ and correlated  𝜈𝑒/𝜈𝑒
spectra, multiple transitions

Input ENSDF files ENSDF files, command line for individual transitions

Output
Report file, new ENSDF file.

Uncertainties.

3 report files, new ENSDF file, ASCII files for single

and total spectra. Uncertainties.

Structure Fortran, 78 functions, 1 program C++, 6 classes, 155 functions, 4 interfaced programs

Modelling

1. Analytical model, tabulated

values of electron wave

functions

2. Allowed and first- and second-

forbidden unique transitions.

Otherwise allowed.

3. Approximate Fermi function

and 𝜆𝑘 parameters

4. Approximate finite nucleus size

and screening

1. Dirac equation solved numerically

2. Extended forbiddenness (allowed and every

forbidden unique). Forbidden non-unique with xi-

approximation (1st as allowed, 2nd as first forbidden

unique, etc.)

3. Exact Fermi function and 𝜆𝑘 parameters

4. Inherent finite nucleus size and more precise

screening

5. Radiative corrections

6. Database of experimental shape factors (130)
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Outlook

• Electron capture transitions

An improved modelling has been developed and presented at the ICRM 2017

conference.

1) Dirac equation solved numerically; 2) extended forbiddenness (allowed and every forbidden

unique); 3) realistic shell occupation; 4) more precise overlap and exchange corrections; 5) hole

effect by means of first order perturbation theory; 6) shake-up and shake-off effects.

Improvements are on-going to speed-up the calculations before any implementation

in BetaShape.

• Atomic effects

High precision calculations of screening and exchange effects for allowed

transitions were demonstrated to be of importance. Improvements are still

necessary to speed-up the calculations before any implementation in BetaShape.

These corrections have to be extended to forbidden unique transitions.

• Nuclear structure

Inclusion of the nuclear structure for beta decays is in progress. This should allow

the precise calculation of forbidden non-unique transitions.
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About  mean energies 

and log ft values
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Calculated quantities in BetaShape

→ log𝑓𝑡 = log
𝑓𝛽+

𝐼𝛽+
𝑇1/2 + log

1+  𝑓𝜀 𝑓𝛽+

1+  𝐼𝜀 𝐼𝛽+

provided that 𝑓𝛽+ ≠ 0

and 𝐼𝛽+ ≠ 0

However 

𝐼𝜀
𝐼𝛽+

=
𝜆𝜀
𝜆𝛽+

=
𝐾nuc 𝑥 𝑛𝑥𝐶𝑥𝑓𝑥

𝐾nuc  1
𝑊0𝑁 𝑊 d𝑊

≈
𝑓𝜀
𝑓𝛽+

𝐶𝑥: lepton dynamics

𝐾nuc: nuclear structure (allowed, forbidden unique)

𝑛𝑥: relative occupation number of the orbital, not 
accounted for in the LogFT program

• Mean energy  𝐸 =   0
𝐸0 𝐸 ∙ 𝑁 𝐸 d𝐸  0

𝐸0𝑁 𝐸 d𝐸

→ log 𝑓𝑡 ≈ log
𝑓
𝛽+

𝐼𝛽+
𝑇1/2

For allowed and forbidden unique electron 
capture transitions, one has

• Experimental shape factors (database of 130 transitions)

→ if existing, used to determine recommended values

 𝑓𝜀/𝛽+ = 𝒇𝜺 + 𝒇𝜷+

• Log ft value  𝑓𝛽− =  1
𝑊0𝑁 𝑊 d𝑊

Partial half-life:      𝑡𝑖 =  𝑇1/2 𝐼𝛽 → log 𝑓𝑡
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Uncertainties

BetaShape | X. Mougeot

• Standard uncertainties from input parameters are propagated: Q-value, level energies,

half-life, branching ratio. Calculations are performed at 𝐸max − 𝑢(𝐸max), 𝐸max and

𝐸max + 𝑢(𝐸max).

• Asymmetric uncertainties are symmetrized. Warnings are given in the output files.

• Otherwise, the code estimates a relative uncertainty of about 60% (i.e. the uncertainty

associated with a flat distribution between zero and twice the value). Warnings are

given in the output files.

• Uncertainties from experimental shape factors are not accounted for. Correlations

between the parameters of a shape factor are not provided in the publications and

must be considered.

• This treatment of uncertainties is opened to discussion and can be changed following

different recommendations.



| 7

Examples (1)
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BetaShape LogFT

RN Emean (keV) log ft Emean (keV) log ft Nature Comments

14C (-)
48.2323 (13) 

49.4506 (14)

9.0954 (22) 

9.0474 (22)
49.47 9.0400 (30) allowed

exp.

calc.

63Ni (-)
17.1777 (14) 

17.4817 (14)

6.942 (6) 

6.680 (6)
17.425 (6) 6.7 allowed

exp.

calc.

210Bi (-)
317.56 (21) 

389.88 (31)

7.7118 (10) 

8.1384 (12)
389.00 (40) 8 1st f.nu.

exp.

calc.

241Pu (-)
5.096 (33) 

5.209 (33)

3.284 (8)

5.925 (8)
5.23 (5) 5.8 1st f.nu.

exp.

calc.

90Sr (-)
193.6 (5)

195.5 (5)

9.390 (6) 

9.424 (6)
195.8 (8) 9.400 (10) 1st f.u.

exp.

calc.

204Tl (-)
235.82 (6)

239.98 (6)

10.2152 (15) 

10.1933 (15)
244.05 (6) 10.0980 (15) 1st f.u.

exp.

calc.

exp. built from experimental shape factor

calc. full calculation (theoretical shape factor)
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Examples (2)
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BetaShape LogFT

RN Emean (keV) log ft Emean (keV) log ft Nature Comments

36Cl (-)
314.102 (29) 

278.418 (19)

13.3454 (28) 

13.6716 (28)
251.33 13.3210 (30) 2nd f.nu.

exp.

calc.

99Tcgs (-)
95.19 (44)

101.39 (49)

11.929 (10) 

12.087 (10)
84.6 (5) 12.325 (12) 2nd f.nu.

exp.

calc.

10Be (-)
252.33 (26) 

252.02 (26)

13.867 (18)

13.872 (18)
202.56 (25) 13.397 (18) 2nd f.u.

exp.

calc.

87Rb (-)
56.46 (19) 

115.14 (43)

16.206 (14) 

17.062 (13)
81.67 (36) 17.499 (10) 3rd f.nu.

exp.

calc.

40K (-)
583.982 (48) 

583.283 (48)

20.5788 (14) 

20.6006 (14)
560.18 (5) 20.75 3rd f.u.

exp.

calc.

113Cdgs (-)
139.83 (35)

140.42 (40)

22.931 (11)

22.795 (11)
92.6 (10) 23.127 (14) 4th f.nu.

exp.

calc.

exp. built from experimental shape factor

calc. full calculation (theoretical shape factor)
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ENSDF database analysis

Allowed
70%

1FNU
20%

1FU
6%

2FNU
3%

2FU
1%

Allowed 1FNU 1FU 2FNU
2FU 3FNU 3FU 4FNU
4FU 5FNU 5FU

• 21 768 ± transitions read in ENSDF database

• 19 602 ± transitions with 𝐼𝛽 ≥ 0 and 𝐸max ≥ 0 keV

• 4 529 transitions calculated as allowed due to lack 

of spins and parities

Study of the consistency of the results from LogFT and 

BetaShape at 1, 2, 3 (68.3%, 95.4%, 99.7% C.L.)
Validation of BetaShape

BetaShape | X. Mougeot
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BetaShape vs LogFT

∆ 𝑬 > 𝟏% ∆ 𝐥𝐨𝐠𝒇𝒕 > 𝟏%

→ 21 of 8 506 + transitions with inconsistent log ft at 1

(experimental shape factors, no uncertainty on intensities, 
disagreement ≤ 2.5%)

This approximation leads to

consistent results with LogFT for

𝜷+/𝜺 transitions at the precision

level of current nuclear data.

log 𝑓𝑡 ≈ log
𝑓𝛽+

𝐼𝛽+
𝑇1/2

For allowed and forbidden 

unique 𝛽+/𝜀 transitions
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Example of outputs
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Structure of the BetaShape code

• 6 C++ classes, 155 functions

• ~ 18,500 lines  and  spectra, experimental shape

factors, normalization, mean energies
Calculations

ENSDF file

bsan

single transition

bsan_mult

multiple transitions

readENSDF

.read, .trans

writeENSDF

.rpt, .new

log ft, uncertainties

.bs

Total spectra, mean energies

.bs

by radio-

nuclide

Shell 

command
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Output file

..
.

..
.

..
.

.bs
single transition

Transition parameters and 

options for calculation

Experimental shape factor

Mean energies, log ft

values, analysis 

parameters

 and  spectra
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Output file

..
.

..
.

..
.

.bs
single transition

BetaShape | X. Mougeot

Transition parameters and 

options for calculation
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Output file
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..
.

..
.

..
.

.bs
single transition

Experimental shape factor
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Output file
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..
.

..
.

..
.

.bs
single transition

Mean energies, log ft

values, analysis 

parameters
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Output file
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..
.

..
.

..
.

.bs
single transition

 and  spectra
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Examples of improved spectra
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Precision of the common 𝝀𝒌 = 𝟏 approximation

Complete 𝟏 − 𝑹𝟐 = 𝟎. 𝟎𝟔 % and 𝜟 𝑬 = 𝟎. 𝟗𝟗 %

𝝀𝒌 = 𝟏 𝟏 − 𝑹𝟐 = 𝟎. 𝟗𝟑 % and 𝜟 𝑬 = 𝟑. 𝟖 %

Complete  𝟏 − 𝑹𝟐 = 𝟎. 𝟎𝟎𝟑 % and 𝜟 𝑬 = 𝟎. 𝟏𝟕 %

𝝀𝒌 = 𝟏 𝟏 − 𝑹𝟐 = 𝟓. 𝟗 % and 𝜟 𝑬 = 𝟓. 𝟓 %
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Examples of improved calculations

These two transitions are calculated as allowed by the LogFT program.
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