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*Analyzed 184 even-even alpha emitters

«/b new even-even alpha emitters added to previous

evaluation

isted radius parameter for 186 nuclides

17 nuclides (""Sn & "8Hg) not included as %o is

appearing from calculations/systematics
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Systematics of rO 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
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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.
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Systematic of rO 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?



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

1.60 . I ;
—a— X e

——Gd -

+Er

—v—Yb ]
1.55 Hf
- - +W .

—— Os

—+—Pb /\/v
1.50 — ——Po

—=— Rn
—+—Ra
i —=—Th N

+Pu -
1.45 — ——Cm

r,(Daughter )

—a«— F'm
— —eo— N

—+—— Hs

1.40

| T | T | T | T | T | T | T | T | T |
70 80 90 100 110 120 130 140 150 160

N (Parent)
Systematics of rO parameters as function of parent neutron number for different Z chains
of even-odd nucleli
Exhibit minima at major closed shell N=126 and increasing sharply above closed shells
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Systematics of rO parameters as function of parent neutron number for different Z chains of
odd-even nuclei
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Systematics of rO 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.



Differences Between Original ALPHAD and ALPHAD RadD

Even-Even Nuclides

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

in ALPHAD output file. Evaluator has to insert r, parameter in output
file manually.

ALPHAD RadD

ALPHAD_RadD program automatically insert r, 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:

210RA cA HFSThe nuclear radius parameter r{-0} ({+210}Ra)=1.4989 {I56G}

210RA2cA 1s deduced by assuming HF=1.0 for the ground-state to
210RA3cA ground-state alpha decay branch.




Odd-Odd and Odd-A Nuclides

Original ALPHAD
The HFs and T,, can be calculated, provided r, parameter must be

supplied by user in pre-defined ENSDF below format:

Ry's may be specified on an ALPHA comment record by “HF” m
columns 10 and 11 and a dollar sign (*$”) in column 12 or blanks mn columns 12 through 19. The
first value and uncertainty in columns 20 through 80 preceded by an R (* R™: case insensitive) and
an equal sign (“=") or approximate sign (* AP *) will be taken as Ry.

ALPHAD_ RadD

There is no need to provide value of r, parameter for odd-odd and odd-A
nuclides. Recently inserted RadD subroutine automatically deduces r,
parameter for odd-odd and odd-A nuclides (using procedure of M.J.
Martin [1]). The input r, parameters of even-even alpha emitters are taken
from our recent evaluation [2] (an update of previous 1998 file by Y.A.
Akovali [3]).



ALPHAD_RadD

HFs and T,, for odd-odd and odd-A nuclides are calculated and
corresponding r, parameter is printed in output file with appropriate
comment as:

217P0 cA HFSThe nuclear radius parameter r{-0} ({+217}Po)=1.55206 {I14}
217P02cA is deduced from interpolation (or unweighted average) of radius
217PO3cA parameters of the adjacent even-even nuclides.

Additionally, this program also accepts the r, 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:

194BI cA HFSThe nuclear radius parameter r{-0} ({+194}B1)=1.5524 {124}
194BI2cA as specified by the user.




Some recently observed issues with original ALPHAD

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 (r,) 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 3" 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.



Issue 1: Handling of unplaced alphas

23417 238PU L DECAY 19848041, 1970BAT2 07ND3 200704
234U H TYP=FULSAUT=E. BROWNE, J. K. TULISCIT=NDS 108, 681 (2007)%

234U 2 H CUT=1-Jun-20065

23470 D Mndlfled by E. Browne (July 28, Z200&)

238PU0 P 0.0 0+ 87.7 ¥ 1 2393.20 15
234U N 1.00E-4 1.0

234U PN C3
234U ZPN FOR %IG MULTIPLY BY 1.00E-4

234U R 4579 LP ZE-3 2
234U L 0.0 0+

234U A 545%5.03 20 70.91 10 1.0

234U ch E recommended in 1991Ry0l from measured energies of

234U 2ch E|a=3499.2 (1970Ba7Z) and E|a=55%9.0 {I2} (19%71Grl7).

234U ch IASI|a=71.8% {Ill}, deduced by the evaluators from |g-ray transition
234U 2ch intensity balance.

234U ci IA other measured intensities ars:

234U 2ch 72 (1954ms07); T1.1 {I12} (1957Fc33); 72.2 (1970Ba7Z);

2340 3ch 70.7 {I2} (19718013); 70.9 {I1} (1984nh06), 71.3 {I&} (1987Bol3).
234U L 43.4%B81 10 2+ 0.252 N3 7

234U R 5436.3 3 2B.98 10 1.4

234U cRh E recommended 1n 1991Ry0l from measured energies of

234U 2ch E|a=3456.1 (1970Ba72) and E|a=5436.3 {I4} (1971Grl7).

234U ck IASI|a=28.1% {Ill}, deduced by the evaluators from |g-ray transition
2347 Zck intensity balance.



Report File of Original ALPHAD

Qo ALPHR E TOTAT ALPHX HALF LIFE BEADIUS (1E-132 cm) BAERRD
5.59320 19 5.6304% 19 3.203E4 D 4 5.8761 € _953563 89
RO (T+DT) : 0.953527 -4
RO (T-DT) : 0.953600 4
RO (Q+DQ) : 0.953482 -8
RO (Q-DQ) : 0.953644 &
ToOTAT, HALEF LIFE AT, PHR BERELNCH
87.70 ¥ 10 1.000
THIS BADIUS ADJUSTED
E
ENEEGCY LEVEL ATL,PHL EMNERGY ABUNDANCE CATLC. HALF LIFE HINDEANCE FACTOR
0.000 4579 2 _000E-7 1.6016E11 19 1.000
0.000 5499.03 20 0.7091 10 1.6016E11 24 2.8205E-7 €7
43.4981 10 5456.3 3 0.2898 10 2.862E11 5 3.863E-7 16
143.352 4 5358 0.00105 5 1.1137E12 18 2.74E-5 13
296.072 4 5206 3.00E-5 10 9.590E12 16 0.000111 4
497.04 3 5015 €.0E-8 4 1.890E14 4 0.00249 15
786.288 16 4724 2 _200E-T 1.913E16 4 7.611E-6 18
809.907 18 4704 5. 000E-7 2_.841E16 & 2.2546E-6 52
849 _.266 18 4662.6 4 9_.E-10 4 5.530E16 11 0.0006 3
851.74 3 4661 5.93E-8 23 5.768E1E 12 5.37E-6 37
526.720 15 4550 1.200E-7 2_.101E17 5 1.2704E-6 30
947.64 & 4565.8 3 2 _.5E-9 8 3.031E17 7 4.2E-5 14
955.430 13 4524.9 4 1.300E-9 6.348E17 14 3.882E-5 10
1023.9 3 4491.1 3 1.000 1.177E18 5 2.722E-14 11
1044.536 23  4470.8 3 1.20E-8 20 1.709E18 4 1.56E-6 26
1085.26 4 4430.7 4 1.100E-8 3.595E18 8 8.100E-7 21



Comparison of Original ALPHAD and Revised ALPHAD (ALPHAD_V2d)

Report File of ALPHAD_V2d

S — Output of Older

Z: 94. A: 238. DATE RUN Ol-Zpr-201% ALPHAD Version 2.0d [0l-Rug-201B] Version of ALPHAD

Q RLPHZ E TOTAL ALPHE HALF LIFE RADIUS (1E-13 cm) REZERO RAERO

5.59320 19 5.6304% 19 3.203E4 D 4 5.2395 3 [T.c0725 12]
RO (T+DT): 1.50742 -8 0.953527 -4
RO (T-DT): 1.50757 8 0.953600 4
RO (Q+DQ) : 1.50739 -10 0.953482 -6
RO{Q-DQ) : 1.50759 10 0.953644 @

TOTAL, HALF LIFE LT.PHER BEANCH
87.70 ¥ 10 1.000

THIS EBADIUS ADJUSTED

F

ENERGY LEVEL ALPHZ ENERGY ABUNDAMNCE CALC. HALF LIFE HINDELANCE FACTOR HINDEANCE FLCTOR

1000

0.000 5495.02 20 0.7051 10 4.517E4 9 1.000 P

43.4981 10 5456.3 2 0.2898 10 7.979E4 10 1.385 6 : REim_n 1e

143.352 4 5358 0.00105 5 3.024E5 4 101 5 S cap-s 13

296.072 4 5206 3.00E-5 10 2.501E6 4 427 15 S 000111 2

497.04 3 5015 6.8E-8 4 4.675E7 7 1.008E4 €0 S onmas 1=

786.288 16 4724 2.200E-7 4.387E9 8 33.19 7 S eiim_c 1e

809.907 18 4704 5.000E-7 6.476E9 11 9.893 20 ~ozacp-c =9

849.266 186 1662.6 4 5.E-10 4 1.2473E10 21 2.9E3 13 S oooe 3

851.74 3 4661 S5.93E-8 23 1.3001E10 22 41.5 17 & immec a7

926.720 15 4590 1.200E-7 4.644E10 € 5.747 12 L croap-c 30

547.64 € 4565.8 3 2.5E-5 8 6.663E10 12 192 62 2 oE_= 1a

989.430 13  4524.9 4 1.200E-9 1.3803E11l 25 178.5 4 3.882E-5 10

1023.9 3 4491.1 SiitEoia 11

1044.536 23 4470.8 3 1.20E-8 20 3.663E1L 7 7.3 13 L cemoc sc

1085.26 4 4430.7 4 1.100E-8 7.625E11 15 3.819 9 5 lopE- a1

No IR given.
Following record not changed.
2340 L 4451.1 3 2 =3



Issue 2: Handling of alphas with missing intensity

194BI 1%BAT 2 DECAY (4.1 3) 1992HU04, 1996ENQL, 2005UU0206NDS 200606
194BI H TYP=FULSAUT=BALRAJ SINGHSCIT=ND3 107, 1531 (2008&)S5CUT=15-Rpr—-20065
1%4BTI ¢« On-line mass-ssparated source from {+202}Fr |a decay produced by
194BI2c Ir({+20}Ne,xn) {+202}Fr and {+181}Ta({+32}53,2p9%n) {+202}Fr, and directly
194BI3c by Re({+20}Ne,xn) {+198}at. Measured |a particles, |g rays,
154BI4c conversion electrons, |a|g(t) coin. Detectors: germanium, Si(Li).
194BISc (1992Hu04). Others: 1998Bol4, 1995BiZZ, 1988Woll.
1%4BTI ¢« ©On-line mass ssparated (gas—-filled recoil separator) source from
134BIZc {+202}Fr |a decay produced by {[{+170}Yb({+33}Cl,3n) E=171-186 MeV.
194BI3c Measured |a particles. Detector: semiconductor (19%6En0l).
194BI <« {+198}2at half-lifes i1is from 1992Hul4. ©ther walus: T{-1/2}=4.6 s
194BIxc {I+18-10} (1%%&En0O1l).
194BT « {+198lat produced in |a decay of {+202}Fr produced in
134BIZc {+141}Pr({+€3}Cu,P{-n}) E=27B-288 MeV and in {+170}¥b({+36}2r,p3n)
154BIxc E=180-1835 Mev (Z2003UulZ, 20050Tull)
194BT cR HF r{-0}=1.315 fm
198aT P 0.0 (3+) 4.1 = 3 6B93.0 22
198AT cP TS from timing of |a decay, weighted average of 3.8 s {I4} (2005Uu02)
198ATZcP and 4.2 = {I3} (19%2ZHul4). Other: 4.% = {I3} (1l%&7Tx0E&).
1%4BI N .97 3
1%4BI cN BRS from %|a|>94 (1995BiZZ). Others: %|a=7¢ {IZ21} (1%%8Bxl4),
194BT2cH =B0 (1992Hu04), >%0 (1%98B0EwD3).
154BIZcN Z002zZh04 evaluation guotes 0.90 {Il0} from %|a>80 (19%5ZHul4)
1%4BT L 0.0 (3+)
1%4BI R &733 4 100 2.9
194BI ci ESweighted average of 6748 {16} (20053Uu0dZ), €753 {14} (1996En01l)
194BIZch and &733 {I4} (1l9%ZHuO4).
194BI3ch Others: €747 {I5} (l19&7Tr0€), €747 {I15} (1l9BO0EwO3), €755 (l995BiZ3)
154BT L 218 1
194BI & 6525 10|

GIEL G Z10 il
194BI L 296 1
1%4BTI R &30 10 0,34 2 23
154 = 1B1 1



Report File of Original ALPHAD

1%48BT 1%82T B DECRY (4.1 3) 15%92HU04, 199eENOL, 2005U00206ND3 200606
1%4BI H TYP=FULSAUT=BALRAJ SINGHSCIT=NDZ 107, 1531 (2006)5CUT=15-Rpr—-Z200c5
1%34BT -« On—line mass—-separated source from {+Z202}Fr |a decay produced by
1%4BIZc Ir{{+20}Ne,xn) {+202}Fr and {+181}Ta({+32}3,2p9%n) {+202}Fr, and directly
1%34BI3c by Re ({+20}Ne,xn) {+138}at. Measured |a particles, |g ravs,

1%34BT4c conversion electrons, |alg(t) coin. Detectors: germanium, Si(Li).

1%4BI ci HF r{—-0}=1.3515 fm

l1ssnT P O.0 (3+) 4.1 3 3 e893.0 22

138RAT cP TS5 from timing of |a decay, weighted average of 3.8 = {I4} (Z005Uud2)
198AT2cP and 4.2 s {I3} (1992Hu04). Other: 4.9 s {I5} (l967Tr0&).

154BI 0.97 3

1%4BT =N BRS from %|al|>%4 (1l995BiZZ) . Others: %|a=76 {IZ21} (l1l%%8B<14),
134BIZ2cHN >B0 (19%%2Hu04), =%0 (1SBOEwD3).

b

1%4BIZc 20022h04 evaluation quotes 0.%0 {I10} from %|a>80 (13%2Hu04)

1%48BT L 0.0 (3+)

134T = £753 4 100 2.5

1%34BT c& ESweighted average of €748 {I&} (2005UaldZ), €753 {14} (1996En0l)

1%4BIZch and &7535 {I4} (1l99ZHuD4) .

124BI3c2 Others: €747 {IS} (12&7Tr0&), €747 {Il15} {(1980Ew03), &755 (1995BiZ3)

1%48BT L 218 1

134T =2 £5395 10

1%48BT = 218 1

1%48BT L 296 1

134T =2 c360 10 0.34 2 23

1%48BT = 181 1

a: B5. Z: 1%8. DATE RUN 01-Rpr—201%|ALPHAD Version 2.0a [0&6-Now-—200&]

2 ALPHER E TOTAL ALPHZ2 HALF LIFE BEADITUS (1lE—12 cm) RZERO

&.8930 22 c.9253 2=2 4.9E-5 D 4 8.770 1.3515
TOTAT, HALF LIFE AT, PH:R EBEZLNCH
4.1 3 3 ag.87 3

K

ENER=Y LEVEL ALPHE ENERGY AEUNDANCE CATL.C. HALF LIFE HINDEZNCE FACTOR
O.000 c753 4 1. 000 2. 138F—5 1& 2.29 19
2Z18.0 10 539 10 [I-DDD o 0001404 13 .35 3'
3%c.0 10 c3el 10 0.0024 5 O.0007032 7 20 4

Mo IR given.
Following record not changesd.
1%24BI = &£539 10



Comparison of results of original ALPHAD and ALPHAD V2d

Report File of Older Version of ALPHAD

i 85. L: 19%98. DATE RUN 0l1-Apr—-Z201% |ALFHAD Version Z2.0a [0&6-Nowv—-Z00&]

Q ATL.PHR E TOTAT, ATL.PHE HALF LIFE EnDIUS (1E-132 cm) RAERD

&.23930 Z2 G.9%253 22 4.9E-3 D 4 g2.770 1.315
TOTAT, HALEF LIFE LT.PHZ BERELNCH
4.1 3 3 0.97 3

K

ENERGY LEVEL AT,PHER EMNERGY ABUNDANCE CAT.C. HALF LIFE HINDEANCE FLACTOR
0000 €753 4 1_000 2.138F—5 16 2_.29 139
L21g2.0 10 65395 10 ] [Z-DDD 0.0001404 13 0._.35 3'
2%9c .0 10 c3e0 10 0.00324 5 O 000703 7 20 4

No IR given.
Following record not changed.
134BT 2 6539 10

Report File of ALPHAD V2d

w ALFH=Z E TOTAL ALPH2R HALEF LIFE BERDIUS (lE-12 cm) EZERO
€.8930 ZZ 6&.9253 22 4.%E-5 D 4 2.770 1.513

TOTATL, HATEF LIFE LAT.FHRE BEANCH

4.1 3 32 .97 3
E
ENERGY LEWVEL ALPHZ ENERGY AERUNDANCE AT.Z. HALF LIFE HINDRANCE FLCOTOR
0.000 £E753 4 1.000 2.138E-5 1l& 2.29 19
1z1s.0 10 FEE I
3%&6.0 10 6360 10 0.00324 5 D.oooT03 7 20 4

No IR given.
Following record not changesd.
1%4BI =& 6539 10



ALPHAD RadD v1.1

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 vl1.1, and revised code has been submitted to IAEA, Vienna.



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 r, 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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