MICHIGAN STATE

LISE* : Fall 2011 update () TR

LIS E

From 12/09/2011

LISE** version 9.2.159

Update of isotope discovery history

Update of Statistics window

Extended version of the Isotope dialog : Decay analysis
Decay mode revision

Color editing of the table of nuclides

Update of LISE for Excel

o o 0o O 0 O O

Miscellaneous

The code operates under MS Windows environment and provides a highly user-friendly interface.
] It can be freely downloaded from the following internet addresses:
OT, 09-Dec-2011, East Lansing http://iwww.nscl.msu/edullise 1




MICHIGAN STATE

History, Ol ISOtOPE CISCOVER T SIAN

L 1 5 I

-

9.2.127 28/11/11 Implemented: Isotope Discoveries of elements Ca,In,Sn,Pt

"?_ 2> |@ www.nscl.msu.edu/~thoennes/isotopes/abstracts/20-calcium,/20-Ca-39.pdf
Caleim - Tableof o

& Element 2 / Muclides i ¥Ca was first observed in 1943 by Huber et al.: “Der Kernphotoeffekt mit der
W IF IT alz = Lithium-Gammastrahlung: 1. Die leichten Elemente bis zum Calcium” [?]. 3°Ca was
a v = populated in a radiative capture reaction with 17 MeV y-rays. 500 keV protons bom-
barded lithium to produced the y-rays from the reaction "Li(p.y). Subsequent to the
irradiations the decay curves of the emitted B-rays were measured. “Als Resultat von
|Betar decay = ﬂl | 600 durchgefiihrten giestrahlungen erhie]tenﬁfir gie in Fig. 13 aufgezeichnete Zerfall-
- skurve mit einer Halbwertszeit von T = 1.06 &= 0.03 sec.” (As a result of 600 irradi-
Atamic Mass l 3BE707 aem ations we achieved the decay curve shown in Figure 13 with a halflife of T = 1.06 +

0.03 sec.).

Dizcovery Hiztory

[1] O. Huber, O. Lienhard, P. Scherrer, H. Wiiffler, Helv. Phys. Acta 16 (1943) 33.

Dizcoveny History iz Available
I for thiz izotope

Adapted from
A. Amos, I.L. Gross, and M. Thoennessen
At. Data Nucl. Data Tables 97, 383 (2011)

|

¥ Show Dizcovery Histary availabiltiy in the chart ’

9.2.131 28/11/11

Show discovery history availability in
the chart of nuclides

OT, 09-Dec-2011, East Lansing 2
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Statistics Wincow, NI SIAR

LIS E

rE]_stat‘.sticsm& —— Lo | B | 9.2.129 28/11/11

e — — el P —— e .
T —= Call the LISE++ database dialog
_ . . ransm.Analysis S .
4aca Stable (2=20, N=24) Caloimm — from the Isotope statistics window
Q1(D1) 20
Q2 (D2} 20 LISE++ database& 9.2.152 07/12/11
gi :E:: ;g Decay analysis € S

Call the “Decay analysis" dialog
pooamotion Rate wps) e | Zwallet_NNDC | from the Isotope statistics window

Reaction Fragmentn
Sum of all reactions (pps) 8.73e-3 A,Z NNDC

C5 in the target (mk) 3.55e-5 I—_:
Total transmission (%) 0.636 A,Z JAEATD S 9.2.128 28/11/11

T t & 99.07 H
e @ A.Z TOr [Se) Update of JAEA (Japan Atomic Nuclear
gpace transmission (%) 100
Y space transmission (%) 100 Chemistry - Ca Agency Chart) Nuclear Chart - 2010
Unreacted in mater. (%) 939,07 )
Unstopped in mater. (%) 100 File Save
D1 (%) 98.65 Discovery
X space transmission (%) 939.76 I I e
¥ space transmission (%) 100 = — e
N 20-Ca-44
Spin and half life
Level emergy(kev)  spin & Parity Haic-1ire

Mass (taken from Audi et al. (2011)

43.955481345 & 0.000000342 (amu) [mass excess = -41468.860 % 0.319 (keV) ]

9 . 2 136 01/12/11 Beta-decay energy (calculated as M(A.Z)-M(A Z+1), taken from Audi et al. (2011))
H H H -3652.499 % 1.756 (keV)

Douple click by left mouse button. on an |s.otope in Ith.e chart of e

nuclides -> show only database information on this isotope Tomte of cross sesions, cacts,

Figures of cross sections, Ca—44: type-1l: type—2: type-3.

type-1: total, elastic and inelastic scattering, capture and fision cross sections
type-2: same as type-1 but cross sections are averaged in 70 energy group intervals
type-3: threshold reaction cross sections
Evaluated Data Libraries
—

| strsticsaaca _l—l—‘g_@' Zinks to the lsbrarses.
Print
44Ca Stable (Z=20, N=24) Calciam Parent Nuclides by Reactions in JENDL-4.0
LISE++ database = - .
Ca- 43 (2= 20, A= 43), MI=102 (m,V)
. Ca—- 44 (2= 20, A= 44), MT= 2 (Elastic scattering)
AME2003 index 20024 error Decay analysis Ca— 44 (2= 20, A= 44), MI= 4 (Inelastic scattering)
Mass excess, [MeV]  -41.4685 0.0004 il o o). M 17 (n,am
Binding energy 380,959 0.0004 ZauallcTENNDE e e i
Beta- decay —-3.6524 0.0018 A’z NNDC Ti- 48 (2= 22, A= 48), MT= 22 (n,na)
92130 28/11/11 /Bua+ decay -5.6585 0.0400
5(2n) 19.0640 0.0003 A,Z JAEA-1D
Beta+ & Beta- values s (2p) 216238 0.cose > Ton
Q(alpha) -8.8535 0.0004 : i (Se]
results are shown S(a) 11,1312 0.0002 Chemistry - Ca
. 5(p) 12,1642 0.0080
in the Isotope T2 stable File Save
statistic WIndOW g-reaction (b+t —» f14f2) 6.33 MeV  (error=0.0500 MeV) Discovery
| No user cross sections were found for this isotope
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Extended version of the “Isotope” dialog = =Decayanalysiszidialog

9.2.13501/12/11 Extended version of the isotope dialog
9.2.13702/12/11 Analysis of "conflict" decay branches

Access from

St Table of
A Element Z Nocldes

B [s [ i’z = stable chose decay mods
afv = Masses fiom Stable

AMEZ003 (A1) + LOM2

Stable <] Change Font : Element
Font : Rt

AmioMass [ HT5T aem on e SRR

Backgound [change

|~ Properies fiom Database / [~ Colors Fonts and backa

‘

- Unknown” decay made

“Isotope”

o g Search “Dossnt
. ist”)and mark them 25 "Unknonn”
ialo = Discovey Histoy is Avaible
for i sclope oot e Ut
ptions for search Urknow” sotopes————— ecaymode
I~ Show Discovery Histor availabiliy i the chart 7 =
& Include poton eites f et lfves

T_1/2theshoid = | 1.00¢ oo I~ Make it defauit

[ Show UnBound isotopes in the chart of nuclides

see The Proton Radieactivy dislog

¥ Show UnKnown isotopes in the chatt of nucides " oy
Sulies Table of - Propeties iom Detabase 4 Mass formuda [[ Options to search *conlit™ —
=) sumtsiestica — . == A Element 2 Nucides Accept as "Doss nat exst” f T1/2 less than see
[ stistiesaca s = [s [ oD Aceept as Stable'f T1/2 more than sec
Print Masses from Accept a second brunch decay if it more than 5 %
44ca Stable (Z=20, N=24) caloimm AMEZ003 (A1) + LDM#2
LISE++ database find "canfict” decay made ————— ~Extemal ~Hakife (secl
P ——— NNDC | NNDEC-Z E tal
352003 index 20024 e )——> e e L =
YMase excess, [MeV] — -41.4655 0-0004 Z-wallet NNDC itis used in the LISE++ nuclear chart - e
St atl Stl CcS Binding energy 380,952 0.0004 Sy | Doe | ~fom LISE++ masses [ Mevl— |~ Caloulation—————————
Beta- decay ~3.6524 0.0018 A.Z NNDC Stable ~]  Change beta decay Help
. Beta+ decay -5.6585 0.0400 - Bt damy| [ AFERT | —
WlndOW 5(2n) 19.0640 0.0003 A.Z JAEATD ap——. ot it b he chat Botardecay [ 17105
s(2p) 21,6238 0.0058 5.2 Torl (5e) o Discovely Tistony: avaiablyinthe char = sip[ BEEE v &z Proton
Q(alpha) -£.8535 0.0004 B E S UErspsimleceeimsts ~Detalled analysis with T172 use prediels to be sm[Ew07 v || 'Ed“;;:gw
S(n) 11.1312 0.0002 Chemistry - Ca ==
s 121640 5. 0030 ¥ Show Unknown isctopes in the chart of nuclides = s1n[ 150820 v
T1/2 stable File Save S| BIEI v ||| dohadecd  pypadecay
Discave Oacha| B37E v || dialog
Q-reaction (b+t -> £1+£2) 6.39 MeV  (error=0.0500 MeV) v X out | T Makeidefault
v I Spontfission |
No user cross sections were found for this isotope
Utilities | 1D-Plot  2D-Plot Databases Help
CODES: Charge, Global, PACE4, etc. 3
“Utility”
(_Radioactivity, decays J Proton radioactivity
menu . i Alpha deca
Reactions utilities r P Y
Cluster radioactivity
. : : ¥ .
Plots: Energy loss, Ranges, Straggling, ete. Spontaneous fission
Range optimizer (Gas cell utility) Decay analysis
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Decay analysis™ dialog == modes: stable, decay or-unbound UNIVERSITY

2nd step

Dialog "Isotopes” extended version : Decay analysis

Ralossty Table of ~ Properties from Database / Mass formula Dpftrs 1o eoeretn el
4 Element 2 Nuclides Accept az "Does not exist” if T1/2 less than ”: aftel’ 1st Step th em Od e
£ 3 L] alz = I 1 s Accept as "Stable'if T1/2 more than n
was set as “decay” then
Masses from : Accept a second brunch decay if it more than
AME 2003 (&) + LDM#2 R
find "'canflict” decay mode — External link: r— Half-life [zec) AN \\\
NNDC NNDC-Z2 E tal
_NNDC | NNDE-Z| | N Accept as “unbound” If
_— UeEA=Tal | e | half-life of this mode
it is uged in the LISE++ nuclear chart
<3 prev | = nedt | m = fram LISE ++ masses [in MeW]——) |~ Calculation smaller than “does not
oesh't exist - ange beta d 5
_I—I Betar decay [ 181871 ¢ Iﬂ exist” threshold
4.15e-02
_ - Betas decay [ 161541 © E
I~ Show Discavery History availahiltiy in the chart . . s1p[ 62 s eﬁ:gtsuign Proton
[ Show UnBound isatapes in the chart of nuclides — Detaied analysiz with T1/2 use predicts to be ‘ . I TS v I TBW Iad::l?;cotglty
¥ Show Unknown isatopes in the chart of nuclides Dioesrt euist | Sin| 217313 v n
52 39.6379 v
" dfimdesy Alpha-decay
Dapha [ 28043 o |||] dialog
Ok | X out | [ Make it defaul
5/ I Spont fission | J

Accept as “stable” If

half-life of this mode

greater than “stable”
threshold

1st step

// According chosen mass model or database

-lp" Stable. No decay. Qa, b-, b+ <0, and S1n,S2n,S1p,S2p >0

3d step

« If more than 2 decay modes are present,
than only tyo will be chosen based on short

(] Decay. Qa, b-, b+>0,and S1p,S2p <0

half-life
B Unbound. Qa-CB>0, and S1p+CB,S2p+CB,S1n,S2n <0,
where CB — Coulomb Barrier «if there are tWo bunches are present, then
K\ // LISE++ accepts\the second mode if its half-
life no greater thgn 15t mode half-life value

divided on “2"? bhanch value” or

\\ [T1/2] , * Coef < [T1/2] , //

OT, 09-Dec-2011, East Lansing 5




MICHIGAN STATE

“Decay analysis” dialog == *“conflictz decay mode UNIVERSITY

Dialog "Isotopes” extended

“conflict” decay mode happens then

Decay mode set in LISE++ chart of nuclides
is not the same as
the “Decay analysis” dialog predicts

_ g " P .
ey Table of F PrupalliWalabase dMass formula—————— )ﬁuns to search “conflcit
A Element Z Nuclides /’ ficoept as "Does not exist” § T1/2less thapd” 100009 sec
I 178 I Ha I e (=N I3 = /l/ Breeer A EEE Accept as “Stable’if T1/2 margAhan Te+14 zec
(=] M = | Masses from : Accept a second brunch decay if Mrore than 5 %
AME2003 [&4] + LDM#2
find "conflict" decay mode & P  External links Halblife [zec)]————
NMDLC DC-2 Experirmental
|conf|ict —I |2uae-uz databs
JAEA-T oM (3¢ | [doebess)
= it is used in the LISE++ nuclear chart — fin bev] e
prev | — from “+masses [in Me]—— |~ Caleulation———————————
N Alpha and Beta+ decay - Change | beta decay _IHEID
Bta- decay I -12.3290 v
I E.50=-01
. . A Betar decey [ E7ETD 0 =
I~ Show Discpvery History availabilfy in the chart : : : K s1p [ 120 v Eﬁ:gt:‘gn Protan
¥ Show Unfound isotopes in the dhart of nuclides - Detailed analysis with T1/2 uze predicts to be ‘ 520 I T v l rad‘\joi:‘coztévlty
K nown izotopes in the hart of nuclides Alpha decay | S1n I 11.8603 v
o I 1 9TAE
S| A 7 alpha decay Alpha-decay
D alpha | 68371 o ||| 21003 dialog
x Cuuit | I ake it default
7 I Spont.fission I

/

Find
Previous Conflict

(n--)

Find
Next conflict
(n++)

OT, 09-Dec-2011, East Lansing

Pay attention, that
the Decay analysis is evidently very sensitive to mass model being used.
So A&W?2003 is good to determinate decay modes for nuclei close to the stability line,
but is not good tools to define possible particle-bound isotopes (so called “unknown” mode).

The “ktuy.lme” file gives plenty conflicts even for nuclei close to the stability line ®




MICHIGAN STATE

Revision of: Decay modesin the [EISEEChartofnuciiGes IENEEIE IR

e

" :
— —_—

Doesn't emist

9.2.141 05/12/11 New decays:p & B+,p & a S lable
9.2.144 06/12/11 New decay : B- & o Beta+ decay
_ Beta- decay
9.2.147 06/12/11 New decay : SF & B+ Beta+ and Beta- decay
9.2.149 06/12/11 New decay : SF & B- Alpha decay
Alpha and Beta+ decay
Alpha and Beta- decay
9.2.153 07/12/11 New order of decay modes Proton decay
_ _—— 7 |Poton and Beta+ decay
=> New iso-file : “table2012.is0” Proton and Alpha decay
. . 3 - Spontaneous fizsion
(instead previous “table.iso”) SF and Beta+ decay
5F and Beta- decay
9.2.154 08/12/11 Total Revision of Decay modes oF and Alpha decay
Unbound
in the LISE++ chart of nuclides, Uik ricowr

and revision of half-lives of heavy elements

115 |
T12 (sec) M r
<Experiment>

N=0-200

105 |

95 |-

Protons (Z)

85

75

t
4Bh

264gn | 26%Bn | 25%Bh | 267Bn Bh 2 27

Neutrons (N)
110 120 130 140 150 160 170

OT, 09-Dec-2011, East Lansing 7

65




MICHIGAN STATE

UNIVYVERSITY

9.2.154 07/12/11 Color editing of the table of nuclides

Sulfur
Element = 1;?5{';;;5 — Properties from Databaze / Mass formula

A
[a2 [s [ Gz = |
<« N = Maszes from :

AMEZ003 (4] + LDM#2
IStabIe LI Change | Font : Element

—"Unknown' decay mods Font : Fates
Atamic M I .
(@00 [k N.g7A =l Transform "Unknown” to "Doesnt exist”

— Colors: Fonts and background —

stable

choze decay mode

Backaround
Dizcovery Higtary

g Search particle bound isotopes (set as "Doesn't “
exist") and mark them as "Unknown”

= Dizcovery History iz Available
far this isotope

. . S Opticns for search "Unknown” izotopes
[~ Show Digcovery History availabiltiy in the chart

v Include proton emitters if their halflives
exceed the next threshold

v Show UnBound isatopes in the chart of nuclides T_1/2 threshald = I 1.00e-03 3BC

. . ] z2e The Proton R adioactivity dialo
¥ Show Unknown isotopes in the chart of nuclides v g

[rmenu “Utilities"] to get details ¢ Ok | x Quit

Decay mode
g analysis

I~ Make it default

Example of user modifications

Color modifications will be saved in the “lisepp.ini” file
(if you have checked “make it default” in the “Isotopes” dialog)
* If you want to restore default LISE++ colors, then erase blocks

[Decay_ Font], [Decay_Background], [Decay_Label]
in the “lisepp.ini” file

OT, 09-Dec-2011, East Lansing




9.2.15006/12/11 Default text font and background colors for the nuclear chart have been changed

Version 9.1 Version 9.2.159

2034 | 5.
98.834%

OT, 09-Dec-2011, East Lansing 9



MICHIGAN STATE

LISE for: Excel s nterpolaton LEEL R

New functions:

. public find_line (x1,y1,x2,y2, X)

. public find_parabola (x1,y1,x2,y2,x3,y3, X)

. public interpolate2 (Xarray, Yarray, Xx)

. private interpolate3L (Xarray, Yarray, X) : based on find_parabola. X is between 1st and 2" parabola points
. private interpolate3R (Xarray, Yarray, X) : based on find_parabola. X is between 2" and 3 parabola points

. public interpolate3 (Xarray, Yarray, X) : combination of interpolate3L and interpolate3R. Recommended

80

——Yy
—inter2
====inter3L
—k—inter3
—#-inter3R

Xarray should be sorted!

-778 : count(Xarray) != count(Yarray)

-777 : atleast one cell in Xarray is not value
-776 : Xarray order is wrong. Non-sorted
-775: count(Xarray) < 3

-774:  x < min(Xarray)

-773: x> max(Xarray)

-771:  atleast one cell in Yarray is not value

See example “test for_lise_excel.xlsx”,
Sheet “interpolation”

OT, 09-Dec-2011, East Lansing 10
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MICHIGAN STATE

UNIVYVERSITY

&

LISE for: Excel : OperationsSatnsVIatRCeS

New functions:

Function MatrixElement (ByRef M As Object, ByVal row As Integer, ByVal col As Integer) As Double

Function GetSquareMatrixOrder (ByRef M As Object) As Integer

Function MatricesMult (ByRef M1 As Object, ByRef M2 As Object, ByVal row As Integer, ByVal col As Integer) As Double
Function MatrixVectorMult (ByRef Matrix As Object, ByRef Vector As Object, ByVal row As Integer) As Double

Function MatrixVectorSumSquare (ByRef Matrix As Object, ByRef Vector As Object, ByVal row) As Double

See example “test_for_lise excel.xlsx”
Sheet “matrices”

1 2 3 4 6 1 2 3 4 5 6
1 0.433 -0.751 0 0 0.852 0l - local 1.32 1.52 1.49 1.00 0 0.070 INIT
2 1.316 0.026 0 0 -17.06 X A Y B L D
3 0 0 1.188 -0.054 0.00
4 0 0 4,445 0.641 0.00
3
6 1 SIGMAS
1 2 3 4 5 6
1 0.495 -0.159 -0.683 IF- local 1.28 2.11 1.78 6.68 0 0.070 sigma-1 CALC
2 1.658 1.487 24.07
3 0.937 0.103 0.00
4 0.146 1.083 0.00
5
6 1
6 1 2 3 4 5 6
1 OF- global 0.60 3.98 2.35 7.49 0 0.070 sigma-G CALC
2
3
4
5
6 1
OF_global =IF_local x OI_local

OT, 09-Dec-2011, East Lansing
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MICHIGAN STATE

o  Update ofi LLISE fors EXcel SATO00NDINOIERN a0t

NSCL

New functions:

. public A1900_R_Dipole (N,B), where N — dipole number, B — magnetic field (T); return R in m

. public A1900_Br_Dipole (N,B), where N — dipole number, B — magnetic field (T); return Brho in Tm

. private A1900_R_DipoleX (B), where X — dipole number, B — magnetic field (T); return R in m

. private A1900_Br_DipoleX (B), where X — dipole number, B — magnetic field (T); return Brho in Tm m

A1900 Dipole D2

A1900 Dipole D1

Hall Probe  Current  1/2Effective R eff(m) D1=>R_4(B) 200
(Tesla) (amps) Length (cm) @ 45deg 1 T 1 1
0.000 31000 18.0 eiasad
0653 40 121.511 3.0042 |, 00 T 7
0975 60 121.400 30914 16.0
1211 75 121207 30888 | 50500
1716 120 120,064 30574 ’\.\ 140 A
1822 135 119.708 30483 | 50400 : 7
2020 170 118.440 30180 | il
2057 180 118 258 30114 \\A 120 i
2100 190 117.790 29995 | 30000 Yy — ,’q;,;
v=-0.042371%% +0.107587%2 - 0.097616x + 3123894 g 10.0 * “““““““““““
28800 2-005805 = fi I HH
0.500 1.000 1.500 2.000 2500 % 80 ;’?‘ﬁ’
A1900 Dipole D2 i 4! : ——170A
Hall Probe Current 1/2 Effective R eff (m) / .
(Tesla)  (amps)  Length(cm) @45 deg D2 =>R.4(B) 6.0 pidi 1004
0.000 3.1000 7 140 A
0954 60 121302 30889 o0 — 4.0 5 120A
1259 80 120816 ao7es | .o T sy ——100A
1513 100 120.352 30647 oo ~ 2.0 - s 80A
1697 120 119,669 30473
1837 140 119147 30341 | ot N 0.0 e
1.948 160 118.495 30175 | ;o500 % L
1.094 170 18476 30093 | 0000 [ ] |
1 y=-0.057268: +0.190835x2-0.249934x +3.203346 % 20+
20100 R*=0999154 i 30 -15 0 15 30 45 80 75 90 105 120
0500 0700 0900 1100 1300 1500 1700 1500 2100 POSi'liDn a'OI‘Ig arc Iength (cm)

See example “test for lise_excel.xlsx”
Sheet “A1900_dipoles”
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MICHIGAN STATE

Miscellaneous SRS

9.2.132 29/11/11 “inter" modification for Distribution class
9.2.133 30/11/11 “inter2" modification for Distribution2 class

changed from interpolation3L to interpolation3 (universal) : see presentation page
9.2.138 02/12/11 Correction for half-life calculation in the database and isotope dialogs
9.2.142 05/12/11 Revision of mass constants
9.2.143 05/12/11 Corrections for 1D plot legends

9.2.145 06/12/11 New decay spontaneous fission formula : maximum of four other formulas

9.2.157 08/12/11 Mass excess extrapolation is based now on 4 points instead 3 points from previous version

320 T T e | | | [—:ts ] 20 Mass Excess S
Mass Excess J{i Mass Excess - ass kxcess ;
<Database: AME2003 (ABW) +LDM2> o <Dalebase; A2 (AW) + LONZ> 1 I <Database: AME2003 (A&W) + LOM2> \
280 Z=76 i 260 = A =78 Hi
I
I LTl - /
i 240 | (HHH o
“ df I A
i f
il : x| 3

S K a R = based on 4 points i

2 o 3 . I g /
0 § il ) based on 3 points I wf &

o = au ').

i based on 2 points o H 5 8 y,

T | o] || | s | ) 2 o
H

* i 2 ;.'%ﬁ V4

a0 g 80 i a0 /
[T
40 ;&5;# « 40
B | st i .
it H H 1 H H ol
o o E;HT ! “‘q%l} “Known” region ] N 7
40 h%*mgzﬂiﬁ A 40 s :"—-;—--,TH_--ET":: A | FH 40 I S — A
1855 185 175 185 195 T 24F 155 165 175 185 195 205 215 25 Z 24 155 188 175 185 195 208 215 225 235 245
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