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P Introduction

NGCLIREETE

O The LISE** program is designed

= to predict intensities and purities of rare isotope beams for the planning of future experiments with in-flight separators,

Li sl MICHIGAN

99 UNIVERSITY

= is also essential for tuning of rare isotope beams where results can be quickly compared to on-line data.

O The LISE* program is widely used

LISE** in Action

[ LISE~+ GAttipe] [% de-Tke

=@ = |

= @ =y

File  Options Experiment Settings  Physics Models  Calculations _ Utilities  1D-Plot 2D-Plot  Databases  Help

dE-TKE
40Ar (50.0 MeV/u) + Ta (100 pm); Settings on %A

oo @se dp/p=4.05% ; Wedges: Al (100 ym); Brho(Trm): 1.8555, 1.7893
140 NeViu 100 pna 1st TKE detector: Material 3 ** dE: Material 3 - Si (350 pm) witiout charge states

Continue

r; Config: DWDMMMMMMM

alireactons separ

ragment  8Ca20*
800
Brho T = = - . .
3.9686 Tm T T i 4 ;&
B 5] Physical calculator
H 700 | . -
QuaD = = = =
3.9686 Tm 2 435¢ M5¢c 455¢. 465¢c 415¢ 485¢ 495¢ A Element Z @ . Tableof <z = alterfinte | 51300 micron
Jandrd 5 % & [18 [18  # Nocides afv = EregpRemsin © | 0 Mevh
QUAD f : i A A E SEED lonmass= /I amu Enery Loss S Mev
3.9686 Tm Mca 42Ca 4ica Hca 45Ca 46iCa 4ca 4iCa 4 = soo}
= Eneigy Stisa (sions) [ DO0B0836  Mev/u
e < Enegy [ 120116 MeW/u  Enewgy © | 118875  AMeV angier Sty igne) [—TTE— ™
: ] I plare)
QUAD 5 E Bho & [ 10000 Tm TKE C [ 3151 MeV
38686 T g [ [ g [ [ 47K =k - e . e Loterol spread sigms] | 016122 microns
T @ Eiho O [ 47.7436 Velociy [ 47848 o for 02 o m
ST 1w o 500 P [ BI%®AE  Mevic Beta ¢ [ 01530566 B e T
iho "~ Equibium values fo maleiial 51
29686 Tm 2 pimspt © [ 0299792 GeVle  Gamma O | 1012895 Charge State <> 172
standard 5 ——
5] Afer € d 53
2 an I.I:.I © Enerqy Remain | Edoss | Ta [igma] [
p— = 400 i Block [Z Thickness [Meva [ mev | Mev | cas | fekness
390 0| 30 c 4 ! .
T cl cl C C Sy Material 151 300 micron 0 EER
1353 om 2 By % B W] aterial 2 51250 micron 000 Riange and Energy Loss to 5
QUAD 0. Sy
e Stendard | _ 200 . B W aterial 4 51500 micron 0 0 0 e [0 ngena
lconfig: A100_S2008L_extended_LI cpip E™ B Wvateis o[ 1ae0s a1z mison
loption: defaul A (B W] Materials
e 750 550 650 750] | 0] a7 Eneray Remain, [ 0000 Mevu
ci0eseranplesce - 10tAl energy (MeV) /bef)| Metertickress | 94962 maronz

1.07e+0

B

N
NSCL

4

& Print ? Hep X Quit

foreneray rest [~ 14304 miowon

- Calculation method of
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The LISE** code geography




LISE** package R

Q The LISE** package (including codes PACEA4, Global, Charge, MOTER, ETACHA4, GEMINI++, Spectroscopic

Calculator) operating on Windows, macOS, Linux environment

O The LISE** package is maintained by LISE** group @ Michigan State University and is freely available and

distributable through the LISE** website: <http://lise.nscl.msu.edu>

'?n About LISE++ b4 lise.nscl.msu.eduy/lise.html

[
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Version 15.5.1 Range of application

Last revision 22-JAN-2021

O.B. Tarasov & D. Bazin

LISE .);. transporiation team

The program LISE** has been developed to calculate the transmission and yields of
fragments produced and collected in a spectrometer This code allows to simulate an
experiment, beginning from the parameters of the reaction mechanism and finishing with the
registration of products selected by a spectrometer. The program allows to quickly optimize the
parameters of the spectrometer before or during the experiment. It also makes it possible to
estimate and work in conditions of maximum output of studied reaction products and their
unambiguous identification. Wedge and Wien filter selections are also included in the
program. The LISE* package operating on Windows, macOS5, Linux environment is a
freeware software product with the LISE** user license.

LISE** is the generation ofthe LISE code, which allows the creation of a spectrometer through
the use of different “blocks™. The number of blocks used to create a spectrometer in LISE™ is
limited by operating memory of your PC and your imagination.

The LISE™ package has been ported to Qt-framewaork for compatibility with multiple operating
and D .Bazin, MIM B 26 systems. The benefits include 64-bit operation, cross-platform compatibility (Windows,

macO$S, Linux), and the ability to take advantage of future computational improvements. LISE™
version 15, created using the Ot framework, is named LISE-ue™" o indicate a new

v.15.5.1

generation different from the previous LISE™ Borland-based versions.




& Fragment Separator Construction and Transmission calculations

NGCLIREETE

= Spectrometer design with different sections called "blocks"
(magnetic and electric multipoles, solenoid, velocity filter, RF deflector and buncher, material in beam, drift, and others)

= a user-friendly interface that helps to construct a fragment separator from the different blocks.

gg Spectrometer design

Block Given Name
Target Target

@ Stripper

Stripper

_slits_ 11_slits
Wedge  M_wedge
**Dipole D2

[ 1] material  12_PPACO
slits_ 12_slits
Wedge 12_wedge
Material  12_PPAC1

[ 1] material  12_sCI

~Dipole D3

Z-q Length, m Enable =
v

v
| M
v

0 8767 v
0 v
v
0 8.767 v
0
o 9.39 v
v
v
0 v
v -

_slits_ 13_slits
Wedge  I3_wedge
*Dipole D4
[ 1] waterial  FP_PPACO
Material  FP_PPAC1
_slits_ FP_slits
[ 1] material  xF_sci
Material  FP_PIN

Selected block

Enable V| |

Set block name automatically

Blockname = D1

Dispersive (M-dipole)

Block Length [m] 8719

Length after

this block[m] | 5719

— Insert Mode ——

(e before

) after

— Move element —
T w |

[l Down

5 Edit

< Delete

Total
MNumber of Blocks

T

Length [m]

Charge State (2-Q) = | 0 | Sequence number | 3

| 25643

— Insert block

Materials

Wedge
[N waterial (Detector)
Faraday cup

Target
El Stripper after Target

Optical

dispersive

non-dispersive

Dispersive (M-dipole)
IE‘ Wien velocity filter
|E‘ Electrostatic dipole

Gas-fillled separator

Compensation Dipole

Drift (muttipole, slits)
Beam Rotation

Shift of Optical Axis

Solenoid

dispersive RF-based

special

{no beam dinamics charges)

@ RF-separator
RF buncher

Delay (efficiency) block
Fitting constraints

Analytical and Monte Carlo
calculation of fragment transmission

lon optical calculation up to 2"d order
(5" order use in MC mode)

Minimization of lon optic properties

Li gl MICHIGAN STATE
99 UNIVERSITY
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Reaction Mechanisms Bso]u NIV ERSITY

= Not only using classical reaction
mechanism models, but actively
developing fast and accurate in-house
| “Ca (140.0 MeViu) + Be — 28 models

/ReadiUﬂSVEnergy Loss, Straggling\/l:harge statesVDatabases: Masses, Isnmers\

Ei Production Mechanism W

= |ncludes fragment production in

— Readlions . materials (wedges, detectors)
@ additionally
calculate yields for
the next reactions
ul -
U Setftings '@ Projectile Fragmentation vl cit-ns
“ Settings Fusion —= Residual . T
Analysis of momentum distributions NPA 734 (2004)
ﬁ O.B.Tarasowv o . 35
] . o . of projectile fragmentation products  536-540
Settings I Fusion —= Fission j
U’ _ _ 0.B.Tarasov, Development of the program LISE: MNIM B204 (2003) 9
o Seflings ) Coulomb fission - D.Bazin application to fusion—evaporation 174-178
o Settings " Abrasion-Fission v 0.B.Tarasov, F”'c'i:"_fi“i:" s Ednew reafmn NIM B 266 (2008) <
° . A.C.C.Villari MECnantsm to produce exotic 4670-4673
Prl‘..'[.'-ﬂcﬁfe i P TWU Bnd}- REE.C“U”S rEdIDECtWE bEEmS
Fragnentation . LISE™ development: application to ENAM2004: EPJ
Al > A2 = A3 [ 130L mode O.B.Tarasov  low-energy fission of projectiles at

A25 (2005) 751

4 realtivistic energies
Preprint N5SCL
O.B.Tarasov  LISE™ development: Abrasion-Fission MSU, MSUCL-
1300, 09.2005

Make default v 0K || < Cancel || 7 Help |




Application Examples ol MICHICAN STATE

&

MARS,
TAMU, USA

SECAR, MSU DRAGON, PRISMA,
Canada Italy

The LISE** code may be
applied at low, medium,
and high-energy facilities
(fragment- and recoil-
separators with
electrostatic and/or
magnetic selections)

SHELS,
Russia France

BigRIPS+ZeroDegree, SuperFRS_HEB,
Japan Germany

0O.B.Tarasov@WANDA.US; 01/25/2021 6



Databases used (produced) in (with) LISE** MICH AN STATL

Atomic Masses

lonic Masses

Isomeric states database

Fission barrier database

Experimental production cross sections
Decay branching ratio database
Compound material database

Discovery database

® ® & ®© 6 ® O 0

BEIELEEEE  Help
AME & properties: View, Edit
AME & properties: Plots k

Isomer database
lonization energy database

Decay Branching Ratio database

Intrinsic datasets (ranges, model
parameterization, and so on)

Set of separator
configurations /LISE/ ©

NSCL & FRIB
secondary beam rates
ILISE/ ©
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Atomic Masses
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« lon mass for optics settings, isotope selection

« Half-life calculation, decay analysis

* Plotting isotope properties (energy separation, binding energies, T,,,)

* Production rates with built-in reaction models (separation energies for de-excitation cascade
calculations in abrasion-ablation, fusion-residues, all fission reactions)

'!'n Production Mechanism

*

gu Databases

/Reactions\/Energy Loss, Straggling\/Charge states Databases: Masses, Isomers\

| “Ca (140.0 MeV/u) + Be — 25

— Masses

® Database + Calculations DataBase 0 - AME2016 (database)

only Calculations Formula 2 - LDM#1 + shell corrections (O.T.)

User's MassExcess File AME2016.1me £8 Browse
lon mass
{ v Take into account electron binding energies for ion mass calculations (Recommended) ‘
— |somer database USER database
isomer.dbf £2 Browse user_database dbf £® Browse
Make default v OK X Cancel 7 Help

DataBase 0 - AME2016 (database) - ]

Sz | 37.6454 0.3451 | MeV
Q. |-15.8924 | | 01048 | MeV
S | 6.7005 0.0050 | MeV

S | 19.9470 0.1202 | MeV

Put "*" into a cell If value is unknown

[ Index=16026
A Eement z | L || [ sufur [ N=26
2 | s |16 &« ’T =
Beta- decay = ’T = 7 Discovery
T 1.016 sec A B3 Save
8T 0.015
# Calculations
Mass Excess |-17.6377 MeV 75 Quit
Binding Energy |344.1155| | 0.0028 | MeV
B decay |W| |W| MeV 7 Help
B decay |-18.6474 | | 0.3144 | MeV
Sz | 10,9425 0.004% | MeV
Add Record

Delete Record

Show Structure

< 272 =

LISE** built-in mass
excess files

AME2003.Ime
AME2011.Ime
AME2016.Ime
FRDM2012.Ime
hfb17.Ime

hfb22.Ime

hfb27.Ime

hfb8.Ime

hfb9.Ime

ktuy.Ime

Moller95.Ime

tuyy.Ime

WS4.Ime

WS4 _RBF.Ime
FRIB_mass\SKMS.Ime
FRIB_mass\SKP.Ime
FRIB_mass\SLY4.Ime
FRIB_mass\SV-MIN.Ime
FRIB_mass\UNEDFO0.Ime
FRIB_mass\UNEDF1.Ime
RMF_mass\ddme2.Ime
RMF_mass\ddmed.Ime
RMF_mass\ddpcl.Ime
RMF_mass\nl3s.Ime

— Half-life (sec)

p-emission

Experimental Calculation
Database p-decay a-decay
1.02e+00 [ 104"

We need more experimental data
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lonization energy database & lon mass calculator o TR

B ; B '!'ﬁ lon Mass Calculator / lonization Energy Database >
U lon mass for E-M device precise settings and |
. H —— " — =92 - Uranium
isotope selection A Eomew 2 | 7 B |
— . o Shell £ Q  lIscel Seq Ground Shells loniz. Ener Total BE =
O Generation of X-ray spectra (in future with zf o fm] i)z |9 @ | o[ v ssese ow  misw
y p Stable | & | N | = | oz 13 Pa [An].5f3.782 0.0116 761.507
ETAC H A4) - - 5] e 2+ Th [Rn].5f4 0.0198 761.495
— Atom & lon M 5] e 3+ Ac [Rn].5f3 0.0367 761.476
u Si N g Charge  Ground shell TOt:Lglrndlﬂg Mass 5] e 4+ Ra [Rn].572 0.046 761.439
state configuration (ke\?? s GeV |§| g2 S+ Fr [Rn].5f 0.08 761.393
- 6] = B+ Rn [Hg].6p8 0.089 761.333 |
S AME2012 (OI’ other Mass model) .-3;:1 [Rn].5f3.6d.7s2  761.513 238.05079  221.742894 B o 7+ At [Hgleps 0.101 761.244
. . . 6] s2 8+ Po [Hg].6p4 0.116 761.143
* lonization Energy Database (NIST Atomic Spectra Q= 92 0 2004 2089664 | o o120 et 027
Database lonization Energies) o S;ﬁpe y 0 238.00114 221696644 | [B] 92 - Pb [MHalep2 0.158 760,898
6] s2 1+ m [Hg].8p 0.173 760.740
~ Comments 6] s2 12+ Hg [Xel.... 0.21 760.567
Ioni?atic—n en_ergies are taken from the NIST Atomic Spectra Datahase _ B = 13+ Au [Xe]... 0227 780357
http:/fwww.nist gov/pml/data‘asd.cfm with in-house extrapolation for heavy ions.
Their configutions are marked by the symbal "?". (5] e2 14+ Pt [Hel4f14.5d10 0323 760.130
@ 92 15+ Ir [Xe].4f14.5d9 0.348 759.807
The database range is 1 <=Z <= 110. : = - |§| 92 16+ Os [Xe].4f14.5d8 0.375 759.459
238 92+ . Designations _used in the G = = Q ertesar 0402 759,084
Example: U 100 Mass For heavier ions no electron binding corrections. ground shell lists: ’ e = ' '
Binding energies are determine by summing (5] 92 18+ w [Xe].4114.5d6 0.431 758.682
up all relevant ionization energies. [Ne]_= 152,252 2p6 5] @2 19+ Ta [Xe] 4714 5d5 0.453 758.251
o . Mi(A Z,Q)=Ma(A Z) - Q*Me+TBE(0)}-TBE(Q) [Ar] = [Ne].352.3p6 5
v.9.8.114 atomic mass was used 238.0508 amu [Kr] = [Ar]-3d10.452.4p6 % S EE TeTTE
IselSeq —Isoelectronic sequence E?d]] :[[g(;]]-gdpénﬁsz [A] s2 21+ Lu [Xe].4f14.5d3 0.525 757.296
. Ground Shells — Ground-state electronic shells e = -
® v.9.8.117 correction for e- masses 238.0003 amu loniz.Energy — lonization energy [keV] [Hg] = [Xe] 4f14 5d10 652 Bl = | 2| w |peprmse josv e
Total BE — Total binding energy [keV] [Rn] = [Hg].6p6 (5] e 23+ Tm [Xe] 4114.5d 0.585 756214
9 0510 g 9z 24 E 4f14 073 755.629
® v.9.10.131 correction for e- binding energies 238.0011 amu : : dl | = pe
| 7 Link | | «  Exit | [A] =2 25+ Ho [Cdl4f14.5p5 077 754.399 -
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Experimental Production Cross Sections

?ﬂ Cross section file

Cross section file

@& Browse Cross-Section data dialog

| 86Kr_Al_T0AMeV.cs

— Load cross sections from file

| £8  Load CS to memory

() Append to existing CS

(8 Overwrite existing CS

— Method to keep User C5 —
() Attached CS file

(e Inside LISE ++ file

View By Save As & Clear

— Operations with User (memory) CS
{L. 2D-Plot of User (memory) CS

4 Copy AA (LisFus,Fiss) CS to memory

& Remove all CS from memory

Number of User CS for this reaction = 62
Total number of User CS = 62

v Show User CS in Cross section plots

Calculate and show Chi2 between

MICHIGAN STATE
UNIVYERSITY

El se

LISE** built-in cross section files

\i28%e Al 790AMeV cs
\136Xe Al 760AMeV cs
\208Pb\208Pb_1H_1AGeV evap.cs
\208Pb\208Pb_1H_1AGeV fission.cs
\208Pb\208Pb_2H_1AGeV_evap.cs
\208Pb\208Pb_2H_1AGeV fission.cs
\238UN238U_Be_750AMeV fission.cs
\238UN238U_d_1AGeV fission cs

User and Calculated cross-sections

2382380 d 1AGeY fragmentation.cs

~ Cross section file format -0 W2380238U p 1AGeV fission cs
ke defact The CS file is in ASCIl format. Comment strings begin with ™ [™. CI'OSS Sectlons .\EBBNBBU_[I'_I HE v_ "alﬂl’l
There are five co_lumns: ", N "CS value”, "CS ermor”, "RE" u%m:}ﬂu m IN“E'U' ﬁﬁﬁiﬂ'ﬂ_ﬂ!ﬁ
7 OK where Z is atomic number, N is number of neutrons. CS value error — — —
is equal to 0 if fourth column is absent. Columns can be separated § i W2I8UR23EU Ph 1AGeY fl'mi‘iﬂﬂ_ﬂﬁ
X C I by space, tabulation sign, or comma. R# - reaction order number . HFE #! F! FE - -
ance
where CS - cross sections; "User” is identical to "memory CS"; el Bl ded 00 “M—BE—IN-‘EVH
Calculated CS: AA ("Abrasion-Ablation”), Fusion-Evap.("LisFus"), DAr DAMeY o=
? beln Coulomb Fission, Abrasion-Fission. '"I ﬂm Hm ‘“ “ —C—H v
“!2 (55 S CE S L B CE R |

\48Ca_Ta_90AMeV cs

& 24 Wy iy owoKy g ’ \58Ni_Be_650AMeV cs
B TS AT VI PY 5= N . A \78Kr Ni_75AMeV cs
SO | [TEEEESTIS rET
N A 1 7 [
& ‘; 62 R N R % N N2 (R TR L 11 \825e W_140AMeV cs
- £ 2 .ll... EEEETEREER \86Kr_Al_70AMeV.cs
- E ‘M ?M e M e Bl BRTOTRE BB 1B TR .
ALY .lll..l. TEEEE ERERERE + user can enter his own data
i 653 R O CE N 1 N % I T CHN % N O % A
A | TTEEEREIE R
A 5 B S L S T B A N . .
- 19 l..l EETREERRE « Need more! (installer size?)
Y el ?M FACE N I % S TR B 0 N3 A B

External link?
Data format
Reactions with exotic nuclel

18

l T T T T

22 24 26 28 30 32 34 36 38 40
Neutrons (N)

LISE ++ [Noname]

23:05 01/23/2021




Compound material database

¥
Nslell FRIB

Ma Compounds x
Common Mame Atomic Stoich. Density | * Cancel|
Muclear physics materials |P._I.mn.i.num Cxide alpha Rlz O3 3.98 A | | Input |
Plastic-polimers |Bakeslite HS C5 OL 1.45 - | iput
Liquids | 1-2 - Ethanediol HE C2 02 1.1088 - | | Input |
Gases | icetylene .0010825 Input |

gas mixture

Allene Propadienc H4 C3 0.0016656
Ammonia H3 H1 0.000708B04
Butane H10 C4 0.0024164
1-3-Butadiene H&é C4 0.0022488
Carbon Dioxide Cl o2 0.0018296 . .
Carbon Tetrafluoride Cl F4 0.0036586 Eﬂ Gas dEf‘ISIt_‘f X
Cyclobutane H8 C4 0.002332¢6
Cyclopropane H&6 C3 0.0017485
Cyclopropene H4 C3 0.0016656 | H1DC4
1-2 Difluorethane H4 C2 F2 0.0027458% - M{}IECUIEF formula
1-2 Difluorethene H2 C2 F2 0.0026621
Ethane HE C2 0.0012501 ) Gas mixture
Ethane - Hexafluoride C2 F6 0.0057376
Ether Dimethyl He C2 01 0.0019153 . )
T Ha C2 0. 0011663 Parameter Value Dimension
Ethylene Sulfide H4 C2 51 0.0024994
Hydrogen Sulfide HZ2 51 0.00141&% Temperature {K} 29315 K
Herhans e ©-oooeeesy Pressure (Tarr) 760 T60 Tarr
Methane Chloro—-Tri.Freongas Cl F3 CL1 0.0043427

- - 3
Methane D:!.CthID—Dl. Freon-12 Cl F2 CL2 0.0050268 DEF‘ISit}" | 24.154 | 24’15‘1 k“'ig"gm
Methane Dichloro-Fl. Freon-21 H1l C1 F1 CL2 0.00427889 g"lTi 9\’|_
Nitric Oxide N1 O1 0.0012475
Hitrous Oxide H2 ©C1 0.00182598 |ﬁ Un”_s c_ﬂ,nlurerte| | '\‘ F|x | | K Eancel |
P10 (10% Methane in Argom) ** C2 H8 ArsSo 0.0015%
Propane H8 C3 0.0018333
Propylene Sulfide He C3 51 0.003082¢
Sulfur Hexafluoride F& 51 0.006072
Water wvapor H2 ©O1 0.000748585
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gﬁ Fission Barrier

Cohen barrier information

— For models #0,1.2

ment)

A Element Z el ) . factor to multiply
|¢| Barrier vanishes at = | 64  hbar Bafac= | 8 | the fission barrier
254 Rf 104 =] z = (default value 1)
Srrriranis T <l N = I Fission Barrier Plot : f (AZ,N) ¥ Use LISE shell corrections for LDM
V| Use odd-even corrections for LDM
. Fission Barrier Barrier G.5. Energy Odd-even Delta parameters
IeemiieEris at L=0 at Ly at Ly (MeV) default
) 0 - "Barfit” > invalid for this istope(A.Z) | 4.81 | ‘ for Protons 9 9.0 MeV
') 1 - “FisRat" - S.Cohen et al_An P 82(1974) | 6.53 | 6.28 \ 0.32 for Neutrons | 2.5 2.5 MeV
1 2-LDM - W Myers W Swiatecki.NP81(1966) 718
(" 3 - FILE: A Mamdoun et al NPAG73(2001)337 53 for models #3, 4 paCamadesEis
- . . - - - ; if FILE data are absent
4 - FILE: Experimental barriers - L in Jout (e max (inout) then use LDM model #
) & -FILE: P.Moller et al_ LANL-UR-08-4190 587 -
. 1 - "FisRot" - S.Cohen et al. An.P 82 ~
\_' 6 - FILE: P.Maller et al., PRC91(2015)024310 587
ﬂ. 1. Fission Barrier Plot-f(L)
Make default ¢ OK ¥ Cancel 7 Help 2. Yrast Line
125} <6 - FILE: P.Moller et al., PRC31(2015)024310>

115}

105}

Protons (Z)

65}

95}

|

100

120 140

Neutrons (N)

160 180

@ Fission barrier

53R M <D D

ol =‘l I%'+ E '-"3 Elf
Fission barrier, MeV

- O e
Fission barrier
7=84
Barfac=1.00; Corrections [Odd-Even: "yes"; Shell: "yes"] Mode="gMax"
i T i i —— "Barfit" - A.J Sierk
-=-="FisRot" - RLOM(Cohen)
- LDM (Myer s & Swiatecki)
261 ———AMamdouh et al NPABTY - "gMax"
LN Experimental barriers - "gMax
P.Moller . PRCY1{2015)
241 ]
22 | 4
20} " 1
.

18} T, 1

. =
., L "‘-
. !
6l N S |
.— e .

s ——
14 ™ ]
‘\:\__

. -.\._
12| Ty
104 )

200 204 208 212 216 220
A
LIS E ++ [Noname] 23:21 01/23/2021




Simulation of coincidence fragments and isomer gamma-lines o e

99 UNIVERSITY

LISE** simulations
121Xe (142.1 MeVIW) + . ' _ A
Be 20062mgkm? | +¢% o correlation with
Settings on *Cd ocaco gamma-radiation -
.osoc:cﬂ ) v
;:’0?:‘32?' A Lo
') - "
4 2008582500 N T
0226%58% 50 o® e,
N oW :agﬁaé;%.;:a;w 0990 e
. 4 1A TIANY T ee® o0
SRR | 4 0050856050 e e 8%e%%e
'8 % & o 'f,.oiog"co‘;,s : f/'
EY 2 LISE** > 12958859251 P R
i W 5 +25628%0%% - o %hi
¥ wa2C g0 gu " oo
g e y—database - Lg%
: b ‘9889899 "\ e %.0® 00
2 & 4 s e 52 Qae Qe s L a 0w
® g ; T KA % @ "
R cesafvaf% . i o
4 ::g .,3_’;: :::vn"‘n -_) -
. B 8 = ® ® eiw "
g ZE % NS .
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Decay branching

atio vs. Radiation Residue calculation

P,for2<Z<

Nuclear Data Sheets 128 (2015) 131-184

Z=2-28

M. Birch,! B. Singh,':
 Department of Physics and Astronomy, McMaster University, Hamilton, Ontario L8S 4M1, Canada
*TRIUMF, Vancouver, British Columbia V6T 243, Canada
! Department of Physies, TANDAR Laboratory, C.N.E.A., Buenos Aires, Argentina
" National Nuclear Data Center, Brookhaven National Laboratory, Upton, NY 11973-5000, USA

We present an evaluation and compilation of A-delayed neutron probabilities and halFlives for
nuclei in the region Z = 2 — 28 (*He This article includes the recommended values of these

s as well as a compiled list of experimental measurements for each nucleus in the region for
=th

3-delayed neutron em is possible. The literature cut-off for this work is August 15
Some notable cases as well as new standards for -delayed neutron measurements in this mass
region are also discussed.

Evaluation of Beta-Delayed Neutron Emission Probabilities and Half-Lives for

L Dillmann,? D, Abriola,® T.D. Johnson,* E.A. McCutchan,® and A.A. Sonzogni*

28 are taken from

Other branching ratios and
P, for 38<Z are taken from
NNDC

Ratios for higher Z will be entered
soon.
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Link to the Nuclides discovery database

El Database information: 1295m
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January 23, 2021

News: 280Ds discovered

https://people.nsd.msu.edu/~thoennes/isoctopes/

Discovery of Nuclides Project

Yesterday, the first isotope of 2021 was discovered. Samark-Roth
et al. reported the first observation of 280Ds in the paper
"Spectroscopy along Flerovium Decay Chains: Discovery of 280Ds
and an Excited State in 282Cn" in Phys. Rev. Lett. 126 (2021)

Video

o 2012 Timeline Movie
o 2015 Timeline Movie
o 2018 Timeline Movie

Other links

99 UNIVERSITY

it is useful for experiment planning how
nucleus has been discovered: beam,
target, reaction, energy, location.

https://people.nscl.msu.edu/~thoennes/fisotopes/abstracts/62-samarium,/62-5m-129.pdf

1295“1

Xu et al. first identified ?’Sm in 1999 and reported the results in “New B-delayed
proton precursors in the rare-carth region near the proton drip line” [1]. A 165 MeV
36 Ar beam was accelerated with the Lanzhou sector-focused cyclotron and bombarded
an enriched **Ru target. Proton-¥ coincidences were measured in combination with a
He-jet type transport system. “A 134-keV ¥ line found in the proton coincident y(x)-ray
spectrum in the *®Ar+*Ru reaction was assigned to the y-ray transition between the
lowest-energy 2% state and 0 ground state in the ‘daughter’ nucleus '**Nd of the B p
precursor '2?Sm.”

[1] 5.-W. Xu er al., Phys. Rev. C 60 (1999) 061302.

Adapted from E. May and M. Thoennessen, At. Data Nucl. Data Tables 99 (2013) 1
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Excitation energy of (fissile) nuclei after abrasion
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< Needs in detailed information

LISE** Abrasion-Ablation model calculation

« Fissile nuclei after abrasion of 238U by 12C target
» Colors : cross-section

» Contours : excitation energy

| Fissile nuclei

regron nuclel

/ 189 o*
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0=3.8e-9 mb

c=3.8e-9 mb.);
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o]

fe-2 —z=1

e Final Excited

(Initial)

Cross Section (mb)
&

152 156 160 164 168 172 176 180 184 188
Mass number (A)

Decreasing excitation energy by 10%
shifts 18°Ho de-excitation distribution by
~1.3 neutrons

Excitation energy variation makes
large impact in high-Z neutron-rich
production cross-sections

Experimental data  measurement
(cross sections, neutron multiplicity?)
and theoretical study are required to
obtain an excitation energy function in
order to improve fast Abrasion-Fission
models.
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;” = = :. The “limiting” temperature defines the

. Aleeo EEsaEd breakup stage (multifragmentation)
O Experimental study
S o @ s ) . . i ism:
@. . ¥ @ LISE** Abrasion-Ablation uses T=f(A) of abrasion mechanism:
° v
Abrasion - Fission ° o’ — Break-up parameters . . t of
‘ The limiting temperature calculated T (A=050)= 8 8o AUSEHAS IS .
from the curve based on three fragment productlon
@ > = = %o SECEITOTEE l ELeA L= cross section for all
¢ 0%%e — -
O Default values from ZiLi & M.Liy, | (722007 4.7 147 channels
Abrasion - Breakup PRCE3, 034615 (2004). Fig.5  pifyseness= 005 | o0os
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£ GSI Abra-Abla uses T=f(Z,<N/Z>) * temperature
g 19F determination
g Determination of the Freeze-Out
8 o L Temperature by the Isospin Thermometer
O Theoretical study
S P. Napolitani, et al., Physics of Atomic
e S “U+Be Nuclei volume 66, pages1471-1477(2003)
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Protons




LISE*™ data needs summary

Data

« Atomic Masses

* Isomeric states database

« Fission barrier database

* Experimental production cross sections

* Experimental fragment momentum distributions

Needs for detailed information
« Excitation energy of (fissile) nuclei after abrasion

« Limiting temperature
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Reactions with exotic nuclei



