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•Analyzed 188 even-even alpha emitters

•26 new even-even alpha emitters added to previous 

evaluation

•Listed radius parameter for 186 nuclides

•02 nuclides (106Sn & 198Hg) not included as %a is 

appearing from calculations/systematics



Systematics of r0 parameters as function of parent neutron number for different Z 

chains.

Exhibit minima at major closed shell N=126 and increasing sharply above closed 

shells 



Behaviour of nuclides from Th to Cf after N(parent)=126 is different and interesting.

Th, U and Pu isotopes display two minima, which keep shifting by two neutrons to the

right. These minima lie at N=134 and 140 for Th, at N=136 and 142 for U, at N=138

and 144 for Pu. Thereafter Cm has a minimum at N=150, and Fm, Cf at N=152. This

behaviour of shifting minima for these heavy nuclides is interesting and has not yet

been explored in literature and explained on the basis of theoretical considerations.



Systematic of r0 parameter as a function of proton number of parent for six isotonic chains

with parent neutron numbers N=102, 104, 106, 108, 110 and 112. Isotonic chains with

N=104, 106 and 112 exhibit a minima at Z=82, which indicates the role of Z=82 proton shell

closure, consistent with shell model prediction of Wauters et al. [1]. However, the shell

effects at Z=82 disappears for the isotonic chains with N=102, 108 and 110 as suggested by

Buck et al. [2, 3] and Brown [4]. Z=82 proton shell clouser or not?



Systematics of r0 parameters as function of parent neutron number for different Z chains 

of even-odd nuclei

Exhibit minima at major closed shell N=126 and increasing sharply above closed shells 

Extension of radius parameter deduction to even-odd, odd-even and odd-odd nuclei



Systematics of r0 parameters as function of parent neutron number for different Z chains of 

odd-even nuclei



Systematics of r0 parameters as function of parent neutron number for different Z chains of 

odd-odd nuclei



Systematics of r0 parameters as function of parent neutron number for Pb,Po, Rn

and Ra nuclides. The overall uncertainty in ro is determined by propagating all the 

relevant uncertainties within the operation of ALPHAD.



Even-Even Nuclides

Original ALPHAD

Calculated r0 parameter is getting printed in ALPHAD report file, but not

in ALPHAD output file. Evaluator has to insert r0 parameter in output

file manually.

ALPHAD_RadD

ALPHAD_RadD program automatically insert r0 parameter in report as

well as output file.

Position of comment lines is also fixed i.e. comment lines about radius

parameter are inserted just above the parent record as:

Differences Between Original ALPHAD and ALPHAD_RadD



Odd-Odd and Odd-A Nuclides

Original ALPHAD

The HFs and T1/2 can be calculated, provided r0 parameter must be

supplied by user in pre-defined ENSDF below format:

1

ALPHAD_RadD

There is no need to provide value of r0 parameter for odd-odd and odd-A

nuclides. Recently inserted RadD subroutine automatically deduces r0

parameter for odd-odd and odd-A nuclides (using procedure of M.J.

Martin [1]). The input r0 parameters of even-even alpha emitters are taken

from our recent evaluation [2] (an update of previous 1998 file by Y.A.

Akovali [3]).



• HFs and T1/2 for odd-odd and odd-A nuclides are calculated and

corresponding r0 parameter is printed in output file with appropriate

comment as:

• Additionally, this program also accepts the r0 parameter supplied by user,

which later on used in the calculation of HFs and theoretical half-lives.

The comments lines corresponding to given radius parameter will be

inserted in output file as:

ALPHAD_RadD



The original version of ALPHAD program had following problems:

• It gives unrealistically low HFs corresponding to alpha records where alpha intensity is

not listed in given input ENSDF.

• Inability to handle unplaced alpha records, which leads to incorrect calculation of

radius parameter (r0) and hence Hindrance Factors.

• Unable to read official symbols of super-heavy elements Z=112-118 from input ENSDF

file.

First two issues were fixed by Dr. T. Johnson at NNDC and 3rd issue along with

appearance of abundance for alpha records with missing intensities was fixed by us.

Successfully tested for different systems and submitted to IAEA on March 11, 2019 for

final testing.

Some recently observed issues with original ALPHAD



Issue 1: Handling of unplaced alphas



Report File of Original ALPHAD



Comparison of Original ALPHAD and Revised ALPHAD (ALPHAD_V2d)



Issue 2: Handling of alphas with missing intensity



Report File of Original ALPHAD



Comparison of  results of original ALPHAD and ALPHAD_V2d 



Revised ALPHAD then successfully re-welded with RadD subroutine to automatize

the radius parameter deduction procedure and hence calculation of HFs.

All the above mentioned issues have been successfully fixed in latest version of

ALPHAD_RadD_v1.1, and revised code has been submitted to IAEA, Vienna.

ALPHAD_RadD_v1.1



Future Plans for Improvement of ALPHAD and ALPHAD_RadD

1. Asymmetric uncertainty in half-lives of parent: At present only the first uncertainty in

the half-life of parent is being used in the calculation of radius parameter.

Option-1: program must have some logic to use both upper and lower uncertainty

should be used by program in calculation

or

Option-2: It should first converted to symmetric uncertainty and then should be used in

further calculations.

2. ALPHAD_RadD program does not have any logic to replace the previous statement

about r0 parameter with the newly generated statement in the ALPHAD output file.

Probably not possible with code to delete earlier comment : position and number of

lines containing ro parameter comment varies in input ENSDF files.

Better to delete earlier ro comment lines manually.



In whole ENSDF database :

The alpha decay data sets, containing asymmetric uncertainties of

parent half life and executed through earlier version ALPHAD,

should be checked as earlier version of ALPHAD consider only

half-life value with first (+ve) uncertainty.
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