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= The program LISE** is designed to predict the intensity and purity of
rare isotope beams (RIB) produced by In-flight separators

LISE** : Rare Isotope Beam Production with Fragment Separators

Se

= The program is constantly expanding and evolving from the feedback of
its users around the world

= Many “satellite” tools have been incorporated into the LISE** framework

= |t can be freely downloaded from the following internet addresses:
http://lise.nscl.msu.edu
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i UsEcuter+ 16.7.1 Setup
= O.B. Tarasov & D. Bazin

LISE '+

transportation team

| Welcome to LISEcute + + Setup

§  This will install LISEcute++ 15.7.10n your computer.
Click Mext 1o continue, or Cancel to exit Setup,
Sdentific software: rare isotope beams production
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Main LISE** Functions

predict the fragment separator settings necessary to obtain a specific RIB

predict the intensity and purity of the chosen RIB

simulate identification plots for on-line comparison

provide a highly user-friendly graphical environment

X-e

it's diffused freely ExoTmic BEaAM PRODUCTION WITH FRAGMENT SEPARATORS

P

u

Range of application

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
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Fragment Separator Construction Reaction Mechanisms

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

= Not only using classical reaction mechanism models,
but actively developing fast and accurate in-house
models of rare isotope production

B Production Mechanism b4
= a user-friendly interface that helps to seamlessly construct a fragment TR = Includes secondary reactions in target
separator from the different blocks. & [ Reactions \ Eneray Loss, swagging | / crarge sttes'| /Datavases: Wasses, somers \ . .
e ey 52 " Includes fragment production in materials (wedges,
A\
[ T Gianriome | 20 | Lorgthn [ Bl | = | tncst Mo Ll -\Qo\q'/ — deteCtors)
Q0K1-318 [T . e et -“06/
;?:3 e Dn‘al; = i g‘;\e/ @ ":km et
Viesge L) \3@/ o] @ et reactions
e 051 1
o2 o 2w — (9] mewswecsr | ! o P LRt — | 0. Tamsov Analysis of momentum distributions  NPA 734 (2004)
3:”,; D::; o | Bl Femeo pos & Fuston — Raakiual N — - of projectile fragmentation products  536-540
it ur 0 Down a7 M—%‘_ﬁ
— J — W Y . -y
:::ua g‘z Opscal o /“,/ 0, U Seling Fusion—> Figsion — 0.B.Tarasov, Development of the program LISE:  NIM B204 (2003)
- - ® = L “h fecy,, @@ - P \‘H D.Bazin application to fusion-evaporation ~ 174-178
o5 06 1 il v
— = X Dsee | Doerers Bt | Ot ptpieses) | || @: : . Sefings ® Araslon Fleskon _— 0.8 Tarasov Fusion—fission is a new reaction NIM B 266 (2008)
;‘:ﬂ . (W] werwsccyime | [F5]  tewm Rotmen — ﬁfs(t °@ ACC Vlllan. mechanism to produce exotic 4670-4673
y : i Reacli L .
Qus25TA s o] =] Bevonmcsoie | [He] ot Cotcu b T Se_'fecr) - ¢ o BecrReadions radioactive beams
= - - . rasion-Fission
- o L ottt e | [CB] st Ao a8 10L mode USE" development: applicationto o)\ oo
o v (%] cComparsatng Dose 0O.B.Tarasov  low-energy fission of projectiles at
1 A25(2005) 751
s —- realtivistic energies (2005)
I T T — ks o P—r i — I b drmes changes]
- - Bock Lrghbnd [ T0507 = Preprint NSCL
Block gt = furrg ol 0 R EH) o (] o e 0.B.Tarasov  LISE™ development: Abrasion-Fission MSU, MSUCL-
’ Facilty § eza. [ Sensnce mastes [T = Rrocw | [F3]  Feng corars Configuration: A1900_S800BL Make default v oK X Ccancal T Hep 1300, 09.2005
U.S. De (2nd order) 164 blocks

Lo

El s LISE™ Powerful Tools

Besides analytical calculation of the transmission and yields of fragments

u Monte Carlo of frag Databases: gﬂ_/_
of fission frag: s u Nuclide and Isomeric State databases with utilities, -
£

o The LISE** code may b
u lon Optics calculation and Optimization, u Large Set of Calculated Mass Tables (includes FRIB mass tables), = Eaacasne

Application : Energy region and Facilities

" i

*&& "'1~.1—'z,,

uLISE for Excel (MS , Mac 0S - d « lonization Energy database (used with the lon Mass calculator), applied at low, medium, 2 R N\
w Decay Branching Ratio database (used with the Radiation Resid ) arz? hlgh-e?erg)é facm!:es /

LISE** calculators: ragment- and recoil- 7 \‘ /
» - Eliyplcal Calouiators separators with 43(‘“ -1 &
) e ¥ x ++ electrostatic and/or B MARS,
« “Evaporation Calculator”, The LISE** code seography (2021 year) R TAMU, USA
« "Radiation Residue Calculator” (new), gneti ) SECAR. MSU DRAGON, PRISMA,
« “lon Mass calculator” (new), Canada aly
« “Matrix calculator”
u “Initial Fissile Nuclei analyzer” (now) The LISE** package includes H"’y,l

. e \//

Implomented codes: USA Other Cinida configuration files for most of v,
» «PACEA4» (fusion-evaporation code), the existing fragment and - l /4&
» «MOTER>» (raytracing-type program for magnetic optic system design) recoil separators /2 gy -
u «ETACHA4» (charge-state distribution code) (new),
w «Global» (charge-state distribution code),
u «Charge» (charge-state distribution code), SHEL_S, S8,
uedp e O " (of J Kanteles) Russia France

LISE*" Utilities:
w Stripper Foil Lifetime Utility, D

- - ~
w Brho Analyzer, ‘ - - e - "
« Twinsol (solenoid) utility, % - S i - o ',’ - e
« Units Converter, N\ - T -
«ISOL Catcher, Germany ‘-France
« Decay Analysis (includes Proton, Alpha, Cluster, Sp Fission hall-ives calculation) 5% 4% c’ Facility for Rare Isotope B -
€« Reaction Ubiities (Characteristics, Converters, Plots) 4% Jap:m India 6 b P U.S. Department of Energy @&RE@;&%@Q@Q@& §yp%rﬁ8§~ﬁ§§,
& w «Bl»- the automatized search of two-dimensional peaks in spectra 15% 9% — 640 South Shaw Lane - East Lan Spa0 oimany de 5




LISE* porting

This time is better known as the time of Covid...
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LISE** transportation = LISE .},

B LISE++ - O X

= The LISE++ COde (V-6_13) WaS developlng at Borland C++ File  Options  Experimental Settings ~ Physics Models  Calculations  Utilities  1D-Plot  2D-Plot  Databases  Help
5.02 IDE (integrating development environment), which is not o g8 B v FTRERESEE KIVE PP % HMI
compatible with the next Borland (Builder, Embarcadero C++)

e E BN % a

secReact

. Projectile 238 92+ S
generations 1B3MeVIL 5 KW - Low
Fragment TR e
= The LISE** software suite was ported to Qt- ceRs ™ Uon P e Tl | o
1 T & | Targe 2¢ 1.2mm -
framework in order to L -
HE‘ Stripper | =
. . . - [[F_i]Ps_Islits [ slits ==
* Aid in sustainability of the code T
. ) [ ¥] Ps_wdg | Al 1.9 mm ‘
« Support modern compilers and computing methods: Bree | semsm 2
/ 64_b|t Operatlon | . | e Block:al:ction distributions
v’ Cross-platform compatibility (Windows, Mac, and Linux L [T T S —
Verslons) | RA-90 | Angle=- w Horizontal X space distributions
aye . || Bp=t h‘f Vertical ¥ space distributions
v The ability to take advantage of computational progress e Momentum ditrbations
(for example parallel computing methods) L
v'Integration with control systems N i
e ma | el Electrostatic rigidity distributions
EE;E?] ?E:g—_t;;;;ﬂaﬁon Beam and Setting fragment charge state distributions
MERET B2 Debug distributions
. e Maonte Carlo transmission calculations
1998: Currently. e
MS-DOS version 811 cpp-files u
14 cpp-files 565 h-files FRIB 4
262 dlalogs Abrasion-Fission (Low Ex) 4 ;
Show Disabled blocks v Z-g=0,0,0,0,0,0,0,0,0 | Ncalc=0 |Sum=0.000e+n | DG=2.45mm/% | NP=32 | R=0x70
@ Facility for Rare Isotope Beams . . . . .
¢ U.S. Department of Energy Office of Science | Michigan State University LISE™, created iilaie, the Qt frameWO"k,_B named LISE ., to 'nd!cate a new generation
640 South Shaw Lane « East Lansing, MI 48824, USA different from the previous Borland-based versions.
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—c e New Feature: 3-D Monte Carlo Transmission Plots -

X'X"d P/ P Projectile 238 92+  caten
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ETACHAA4 porting and development: evolution plots and corrections

£ ETACHAZ - eUntitled - m} x
Fie ExccteHolp We are very grateful to
~ Version ~ Integration mode| —8 —M - . -
utl B : ( )
2lullal ¢ oS verson || . b . R Dr. Toshiyuki Sumikama (RIKEN
(ordinary differential equation solver) H H
— Proectie v vz o ormohe || for the fast and quality analysis of bug
A Element Z [} Eneray Sglnmr:ﬂ v.34 “Y4) S (Runge-Kutta-Fehlberg ODE solver) Iocations during the porting proceSS
MeViu
207 Pb 82 || 64 M) evimgies) o) vt ~Y(123, 4) defuk Eulers method
Initial 289 75.905
Lo Fnal | zate2 | 7e772 VA3 Y5 teta ( Steps & Numerical uncertainties ———
Neutral atom = 6p2
Use Energy Loss Absolute = 1.00e-12
lon in ground state = 3pé Calculations — IOMIZATION model EXCITATION model ——
Relative = | 1.00e-5
5 CDW-EIS 5 Symmetric-Eikonal 000 Gharge state evolution (%)
-~ Target (default) (defaull) Minimum step = 1 pafam 077
.
1.004e+20  stomsiom? Maximum step = 200 pglom?
A Element z PWBA (fast) PWBA (fast) .
Thickness = 2 mg/cm? 750 .
12 Cc 6 — Show Results L]
Density = 228 glom® .
— Corrections for PWBA (parameter "ibin") —— EventLogs - :
- 50.0
Version 4.4.3 Reaction characteristics @ 0 empirical saturation correction (default) Intermediate output of e
cross sections -
30-5EP-2021 pertubation == i 1: binding correction included (not recommended) Debug mods °
g parameter Kp (n=3) = 0.02 a -
d po rted to projectile velocity v,= 33364 . 2: no empirical correction and no binding correction V| Plots S
h the framework of Finished al 02.00.16 =] [T0800> k 200 2s 1981 2p: 578 m: 112 n 020 Z= 1100 = “0.00 025 050 075 To0 @
inished at 02.00- T:0.850> k: 200 2s:190 2p:574 m: 104 n: 020 Te 1033 Thickness moiem1 ]
Elapsed time is 00:00:27 (or 27.863 sec) T:0.900> k: 200 2s: 189 2p:572 m: 087 n: 018 fe 1077
T:0.850> k:2.00 25188 2p:570 m:0.80 n 018 Te: 1068
atform Final energy - 28.162 (MeV/u) T:1.000> k:2.00 25187 2p:568 m: 084 n 017 Ie 1056
S T:1.050> k:2.00 2s:186 2p:565 m:0.73 n:0.16 Ie: 10.47
output data in files: T:1.100 > k: 2.00 18 Por 563 m 074 o046 Fed0n
T:1.150 > k: 2.00
00 to 09 EE- in Gl i_Eta0009 bt T imn0s b 200 55 ETACHAA charts #1 _ O X
10 to 19 EE- in Gl _Emogm im0 w200
20 to 29 EE- in Cillk |_Eta2003.bdt e '
30 to 39 EE- in Cilk _Eta3038.bd T:1.300> ki2.00
40 to 49 EE- in Cilk _Eta4049 bd :: :-3;’3: : :-gg
50 to 58 EE- Tl Eta5058 bt S g
bal:1s,k‘2p,152,153,152p|r‘1525,1524'2;: ions and sum of these in Dc _ETAPIED bxt T:1.450 > k: 2.00 <g> - mean charge state value Shell population evolution
mean 1s,25,2p,3s,3p and 3d in G Untitled_ bt ? :'ggg: : ;-gg 820 18.0
TA.700> k 200 | s
WARNING! Next calculation will overwrite these files. Consider saving or renaming these results ! T 1800+ k200
T:1.800 > k: 2.00 773 135 o2s
FINAL achieved == T=2.000 mgicm® <Q>=73.264 dQ=1.303 E=28.162 dSum=0.000 |  T:2.000> k: 2,00 7_______-‘_
725 9.0 82p
§ ETACHA cross sections X 4 | 3s
67.8 45 5
- . =]
(- Capture and anization - Excration | ’
63.0 0.0 B ad
(sub) MEC REC e oy 2s 2 3s 3p 3d n=4 0.0 125 25.0 375 50.0 0.0 125 250 375 50.0
shell (capture) (capture) To _ @ n=4
] Thickness [mgiemd] Thickness [mg/cm?]
1 1s 74753e-5 5.7628e-1 1.5660e-3 1 1s 3.4723e-3 5.9665e-3 5.6845e-4 8.6390e-4 7.3504e-5 5.1577e-4
2 = 1ei5e2 | 885TleZ | 22976et 2 2 6.8601e+0  13005e1 | 129791 47504e-1 | 13828e-1
3 2p 3.0644e-2 1.3817e-1 2.0481e-1
3 2p 1.4638e-2 1.5797e-1 5.8280e-1 1.3981e-1
4 35 4.2868e-2 2.6225¢-2 1.1414e+0 Charge distribution at current moment (%) Initial Cross Sections (1e-20 cm?)
4 3s 2.5257e+1 44038e+0 293
5 3p 1.2860e-1 4.0038e-2 1.1414e+0 1.08+00
6 214Me1 | 245632 | 11410 > 11368e<1 | 489630 220 10001
- u MECapture
T n=4 9.0063e-1 2.8335e-2 3.1926e+0 6 3d 6.5730e+0 ReCant
146 1.0e-02 apture
lonization
73 1.0e-03
lonization: CDW-EIS Table cells can :
be editted.
Version 4 Excitation: SE f\ Accept 5 Continue 0.0 [ | . - 10e-04 [
All cross sections : . . " . . . " . -
pp (28 OMeVIU) + C . 64 G5 G &7 68 69 70 71 18 25 2p 38 3p 3d n=4




GEMINI++ : GUI application

5 About GEMINI++ x . Gemini - X e
File About - bemint
, —
Exscute [= Open Elf__‘, Save @About I save E=p Print
GEMINI Compound Mucleus Decay | Fusion reaction Gemini
— Projectile ~— Targgt ————————— — Compound ———————— Statistical Decay Code
]
statistical decay code a=| 1 n=[ 8 || |as| 12 | n=[ & || |ac[ 28 | n=[ 1 |
= 8 D) E= 6 2¢ z=| 14 | B 5
starting Conditions
R. J. Charity ME (MeV)= -4.737 ME (MeV)= 0 ME (MeV) = -21.4028 z N A ‘*m
Projectile 8 8 16 O
~— Beam Energy — Spin ~— Local setings —M88 2

Calculation Target 6 6 12 c

B Diffuseness of fusion 2B oj

Lab Energy Qcu= | 167558 | Input max spin 23 spin distribution () 2 Compound nucleus 1414 28 TSI

MeV) —
Ecu= 685714 |
160 e — Number of
— 0 .
E.= | 853272 | Max spin ffom Bass Hodel e 900 Bombarding energy (MeV) 160.00
. Center of Mass ene Me V) 68.571
Version 2.7.3 roy (MeV)

Compound nucleus Excitation energy (MeV) 8533
12-JUL-2021 Masses Evaporation mode IMF emission Q-value of reaction (Me V) 16756

0 =widths (& KE) calculated from Weisskopf, S &L from HF. Compound nucleus recoil energy (MeV) 91.429
Traditional Gemini ¥ usein calculations

#® 1 =Hauser-Feshach formalism (HF) Compound nucleus recoil velocity (cm/ins) 2.512e+00

andu ® AME2016 database 2 = Switches bewteen options 0 and 1 depending enhanced IMF emission Compound nucleus recoil (B) 8.3738-02
The GUIv is currently maintained by O.B. T: T (T Beam velocity (crmins) 4.3956+00
Beam velocity (6) 1.4656-01
GEMINI++ scl.msu.edulfgemini.html Cross Sections (GEMINI)
. e EVAPORATION - Compound nucleus "2 Yb; Mode 2 diffuseness 200 &
LISE™* i .msu.edu _r’_.s E T Excitation energy 143.0 MeV: Max.compound nucleus spin 40.0 hbar Fusion cross section 65527 mb
Compound nucleus formation cross section: 1.00e+02 mb
Bass L 21.02 f
Lo 2085 i
706
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Bass cross section 67584 mb
The Geminit++ code was implemented to the LISE** package after 202 Excationenergy 8533 Wev
porting to a GUI application using the Qt graphics framework. o yp  tdyp yp My criteal spin 210 p
,,,,,,1l9i07mb7 Eﬁ@ﬂmﬁ 588"'0 mb 129+0 mb Fusion Product Summary
= 69.4 esu umber
The code was updated to use the AME2016 database and to plot S : = I ; ot Moms Fragments oot
calculation results with the LISE** code. g * .1 Tm ®n l| fm Symmetric Fission o
T ess 15es0mb 17e)mb Gdeim 1desdmb O8efmb S Residual Nuciet 22
. .. Se+0 TOTAL 500
http://lise.nscl.msu.edu/gemini.html 68.2 " m 0 | m et
. 57.8 Er Er Er ﬁr Er Yields of Residual Nuclei
@ FaCI|Ity fOl’ Ral‘e |SOt0pe BeamS [ 9.68'1 mb 3.99'1mb 1]8-{-0 mb 5.88'1mb 3'99.1 mb Z MName Events Percent x-section({mb) err{mb}
¢ U.S. Department of Energy Office of Science | Michigan State University 67.4 12 24mMg 11 47% 3107 9268
640 South Shaw Lane ¢ East Lansing, MI 48824, USA 67 Y ress
. 72 73 74 75 76 77 78 79 12 22Mg 44 19.0% 1243 1874
F R I B frib.msu.edu Neutrons (N)
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ATIMA 1.4 implementation in LISE ./,

Implementation of ATIMA1.4 (catimal.5) %) 2380 energy loss @B/ in A - o X
= 233U energy loss (dE/dX) in Al
H H H apply ZOOM for details
Complete agreement with site results were obtained =
L —————— 2 - ATIMA 12 LS+theory (recommended for high energy)
e —-—-3 - ATIMA 12 without LS-correction
ATIMA 1.4 is set as default Energy loss model in version 15 i
le+2 o RN
@ /,"’/ A \
£ Y
Em Production Mechanism X p f'( Y
E%t o 4 R
=] E / N, \\
4 (a (140.0 MeV/u) + Be -» 25 ta 2 i N
= (= ge \\ \\.
/Reacﬁnns\/Eﬂ&rgY Loss, Strﬁggling\/cnarge states\/Dataha.ses: Masses, lsumers\ gcz E 5t {_,"‘ \*\"\_
> / %\
Prefragment and Evaporation options E\ g :ff \‘\:‘\;\
— Energy Loss A+ 'E \‘:‘ﬁ
Energy Loss model | 4 - ATIMA 1.4 H.Weick, improved mean charge formula for HI - A i % \
?
— Energy straggling
Energy Straggling model 1-ATINA 1.2 (LS-theory) - 2r
Shape Calculation method
@ Gaussian ® | integration
Moyal approximation of the Landau distribution interpolation from table 1e+0 1e+1 1e+2 le+3 le+4 1e+d
Energy (MeV/u)
— Angular Straggling LIS E ++ [c\LISEcute’_installfiles\a1900_wedge.Ipp] 03:52 11/04/2020
Angular Straggling method 1 - Moliere et al. (ATIMA 1.2} -
Acknowledgements to Drs. H.Weick and A.Prochazka
— Coefficients for G.-M."s energy straggling calculations
a Slope | 0.217 | (default0.217) Free member | 112 | [efauit1.12) 7 Hep ) _ _ '
r ¢ ATIMA website: http://web-docs.gsi.de/~weick/atima/
w Make defaut / OK ¥ cancel 7 Hep O.B.Tarasov - LISE @ FSEM25.RIKEN.JP, 15 January 2025, Slide 12
FRIB
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LISE** development chart

Nuclear
Physics

GUI

Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science | Michigan State University

640 South Shaw Lane ¢ East Lansing, MI 48824, USA

frib.msu.edu

Completed

Software

Optics \ Development

Fig. A schematic diagram of the LISE"™ development plans.
M.P. Kuchera et al. / Nuclear Instruments and Methods in Physics Research B 376 (2016) 168-170
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Enhancing LISE**

Through Student Research Contributions
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e.

FRIB

Research group

LISE** Assistance Team

https://lise.frib.msu.edu/porting/assistance team.html

Research - Sherrill - Group |
 —————————————————————
Name Title
Sherrill, Bradley (M) University Distinguished Professor
Tarasov, Oleg (M) Senior Research Physicist
Ray, Arfjun Student Research Assistant I
Kalovanov, Daniel Student Research Assistant IT
Matthews, Holly Graduate Assistant
Watters, Shane Graduate Assistant
Richardson, Isaiah Graduate Assistant
Tarasova, Sasha Student Research Assistant I1

6 from 8-person list @ this workshop
with 4 talks and 4 posters

Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science | Michigan State University

640 South Shaw Lane ¢ East Lansing, MI 48824, USA

frib.msu.edu

= LISE++ Assistance Team X |+ o

C Q8 == https://lise.frib.msu.edu/porting/assistance_team.html B

_ ¥ Porting Team Assistance Team

The LISE™™ Assistance Team

Members assisting on the LISE™ code development

LISE* development assistance group meetings - 2024

LISE** development assistance group meetings : 2023

I. Richardson ;:inSU « Development of LISE Ray Reader (beta-version completed) (01/22)

» ARIS extended configuration and calibration files (p&23)

« LISE optical utilities benchmarks (p1/23)
PHYMSU

S. Watters
grad

« SpecTcl Filter Qutput (pz2/24)

» Obtaining ARIS matrices with LISE** jo7/24)

» LISE package maintenance in github

« LISE color palette update (completed) (05:23)

« Isomer database update (2" part Completed) p723)

« Migration of the LISE databases from DBF to SQLite (completed) (07/23)

= LISE for Excel64
« Using DLLs created with Qt in MS Excel64 (1% part completed) p7/23)
« Debugging with MS Visual Studio (psiz4)
« Creation ofthe LISE library for MS Excel64 (2™ part completed) (11/24)
« Merging LISE-Main and LISE-dll projects (3™ part) fin process)

« LISE site statistics analysis
« 2023 (completed) 01/24)

PHYIMSU « 2024 (in process)

(L e undergrad

O.B.Tarasov - LISE @ FSEM25.RIKEN.JP, 15 January 2025, Slide 15


The LISE++ Assistance Team

The LISE** Assistance Team : Daniel

https://lise.frib.msu.edu/16/16 Databases.pdf

Daniel Kaloyanov (joined in 2023)

o Cu 1ICHIGAN ST/
DBF — SQLite B

LISE' " package maintenance in github

LISE' Y color palette update Rt
-+ e inthe c_»ld system we stored data in dbf-format what are
LISE Isomer database 11Pdate essentially text files (Excel: only read). Post-Implementation
I‘.-iigratiﬂ.ﬂ of the LISE'T T databases from DBF to SQLiT,e *  While this works there are many issues with this primarily e There is now more versatility thanks to SQL queries
Scalability, Security, and Usability.
LISEtt for Excel: e Each query takes significantly less time to search for
- - - data than the old dbf cod
Using DLLs created with Qt in MS Excel64, ala fhan fhe ol bt code
Solutions e GEMINI++ reads in the data about 5x faster than

Creation of libraries in the LISE'" package

. . - before
LISE"' + _1_ ¢ t' 1__ a.l . e Using a library like libxl to read from an excel file
Slke SLAallSTICs all bl b i i
y e The better choice: using SQL to read from a database file ¢ PACE4 reads data in about 2x quicker
SpecTk: Improvement and maintenance T . lB:aSttIZr - the start is faster, the performance is slightly

databases, but ran into some issues and decided to switch.

e Overall, there were slight performance improvements,
but the databases in LISE and other codes overall is
now more future proof, safe, and easier to work with

e \We then began to use SQLite because it was light weight,

see Daniel’s poster for LISE for Excel and SpecTk, nigh performance, and had cross platform Support.

CISE website statistics at the end of this presentation

Facility for Rare Isotope Beams

€| ¢ ' U.S. Department of Energy Office of Science | Michigan State University
FRIB

o SQLlte files are also significantly smaller than Access files.

Hope, that Daniel joins our graduation program

640 South Shaw Lane « East Lansing, Ml 48824, USA O.B.Tarasov - LISE @ FSEM25.RIKEN.JP, 15 January 2025, Slide 16
frib.msu.edu


https://lise.frib.msu.edu/16/16_Databases.pdf

The LISE** Assistance Team : Sasha

3D ARIS BeamDump

Alexandra Tarasova (joined in 2023)

- Package benchmarks & optimization (profiler, memory check)
- Adaptation of the LISE" " "new version” utility to SSL connection
- FRIB logo application using Qt Design studio

. Creation of a LISEt video tutorial,

“How to Make Rare Isotope Beams at Home”,
LN to be used on YouTube
Sound support for LISE" code

Porting the LISE' " package to Android Operating System
- Development of the ARIS Beam dump utility [3D-graphics]

aid4d

Bemem 7

Charge
Qiemore S 0pen Sasme Wisbon ) YouTube & e Sasha

Eneray= [_m | MaViu = e

How to Make Rare Isotope Beams atHome ||

| RS

Zqe0  Tqel  Zee2 Thickness

FRIB

fractions

nermsiizatien 10000 05000  So0DY ree—

Hiory rociaties wlactron cashs (W) z-q=0 z-q31  I-qs2
BED{DI)= 1.7907e03 bam TA8Te01 EECIT IR )

BKD(1Z)= 14771603 bam ; )
Equibbwiumihickness  mgiem®  momsdem’

Rdthoe hection <aplie (REC
Thiscote 14537002 9 TIO0ETZ

REC{0T) = 28485e01 borm QOleg B. Tarasov Nl = = = Dy

Thiserger at al T.ENTae0d 4Z0THeI2
REC[e  1.405Tasl lsarm

SO - —
Ll Do S m L HEZV 0N 1A57e01 4147
BOAN (21} 1.65086+02 bam xmets | vares | aaed 0:00 /12:42
Double crogs secton .
ey (|~ ”n " ” How to Make Rare Isotope Beams at Home (LISE Package Video Tutorial v.2)
{F T -0 Erls 0

DKIN 20 = B1EResD0 bam




asha’s project : LISE**

erformance optimization

Frofiler {links) Latest Release | OS Languages | Integration | Setup Overhead | Tocls Licensing | Support Interz OId and New
Windows | G/C++ Standalone Performance 10 ’’
Mac Pythan Visual CPW/GPU o ot L 3 e oauble distribuciond: inver2Gonble inc method, bool Flagtog, bool |
N 'ccumentation W 15
Intel 05 Java Studio ) MemoryEvent-based -~ o 1900 327,340, 142.91 f(method>4 || methad<? o i
Intel VTune 2022 Linus WET Easy Low sampling Free Community 20 0 o0 5.1'3.033, 11 methode. ),'/d\uLk stupid warning in stacks window Class::Method Call Count |C:II Cou... | Function Function... | Children Children % | Total Total %
Call graph anslysis Forum A distribution2:inter2 327,340 138% 184606 077%) 9525289 37.78% £7,199.05 38.56%
i i 23
Threading snalysis 24 327,340 47,610.88  double Checkvalue = inter_New (x, method, Flaglog, OnlyPositive);
200 527340 dBISIES double p = inter2_01d (x, method, Flaglog, onlyPositive)}
Windons | Gices Vinal Prtormance 57 Class:Method Call Count | Call Cou... |Function | Function...” [Children | Children % | Total Total %
W s 28
. Pythen Studio CPWGEPU Documentation 29 AF( (p==0 && Checkvalue!=0) || (p!=0 & Checkvalue==0) distribution2:i 32731 179% 1,700.86 0.88% 2394529 1244% 25,646.15 1333%
" " Microsoft ) ) ) -~ P 30, I (gFabs (p)>0 && qFabs ( (CheckValue-p)/p) 9
M5 Visual Studio 023 Java Easy Low Memaory Free Community 310 327,340 152.30 || (gFabs(CheckValue)s0 & qFabs( (CheckValue-p)/Checkvalue):
NET Concumrency Visualizer Forum 32 )
33
Threading analysis u | . ! ,;( pod1-2) double (m 5 inter2 01d (x, mérhnd.)ﬂanlc
5 3 i thod ! =: = inter. , 2, Flaglog, On itive); .
36 3 0.0 cliep 2 ChecklaTuavd 00000; Taton, fnispositive Children
. . - ) - ~ 37 /
Very Sleepy R'd's,.'d.r"‘m“ Windows | GG+ Stendslons Easy Low ‘,;'PU . Free Documentation 38 4 [Functions callad by function: _ cistibuionz:inter2
2021 Call graph analysis 10 327,340 180.92 returnfiy Vv 16 16 11 . "
Q 3 etun checkval . . Class::Method Call Count | Call Cou... |Function Function..." ' | Children Children % | Total Total %
#/return checkvalue; i i
Windows | cice+ Standslone Memary 42 distribution:inter2_Old 327,340 138% 13,883.89 551% 3410787 1353% 190177 19.04%
Relyze Relyze Delphi Visual Easy Moderate | REsoUrCe allocation free | Documentation distribution2:inter2_New 327,340 138% 1127779 447% 3598343 1427%. 47,261.22 1875%]
2022 Studio Extensive graphs’
16 | =
representations L st | s e o le dTsErIbUCIond: incerZtdouble x, nt wethod, bool [laakog, £ eRtcinhelcaledb T cior I de ot T
. ,646. 151 <
Lommi7 | 371 1830 if(nethod>d || method<2) method=2; Class::Method Call Count | Call Cou... |Function Function... IChildren Children % | Total Total %
Windows | C/C++ Standalone Performance 20 B = . . distribution2-inter2_New 327371 179% 1498474 779% £36055 466% 2394529 12.44%
; i CPUIG 21827371 24,387 .48 double pn = inter2_New (x, method, FlagLeg, onlyPositive); —_— — — =
Java Visusl PGP -
SmartBear ! DT ITTETITET > e
AQTime Pro Software MNET Studia 1
23‘23 Delphi RAD Studic
time elapsed (sec)
Windows | C#iCe Standalone nt | Call Cou... |Function Function... | Children Children % | Total Total %
) MET Visual Average b0 1.20% 182121 0725 A s59.25 44.25% DR 380,46 44.97%
Deleak Softanics Delohi Studi E H H
maker 2023 elphi e e =3y version compl IE[ rEIEﬂSE {IﬂtE 124% e, 1135P1:r i 1 002% 20592 0085 1339026 531% 1359619 5.30%
QT Creator H'Ctﬂ'[
EPA}:, Abrasion-Ablation t | Call Cou... |Function | Function...  [Children | Children % | Total [Total %
Windows | C/C++ Standalone h h 20 156% 246168 128% 26137.36 13.58% 2859904 14.86%
Performance Software Verify NET
Performa e et Ess charge states charge states ol ool an| o] _awem|  aaw] awis] o

Profiler Comparison Cha

13.4

16.3.1

16.14.20

16.16.14

16.16.34

16.17.2

16.17.2

Borland(32)
MinGW
MinGW
MinGW
MinGW
MinGW

MSVC

5/5/2020
4/6f2022
4/26/2023
7/25/2023
8/12/2023
8/18/2023

8/18/2023

206

a9

a0

35

28

17

B85

230

187

167

90

87

2.60

3.20

2.96

1.86

1.63

Children} Total l

An example of identifying
bottlenecks and performing
subsequent optimization



Applying Graduate Research in the LISE development

Excitation energy distribution study with BeAGLE Optics calculations for PID reconstruction

Analysis of events generated by BeAGLE for TN  OPTIMIZATION (optical cement parsmeters fttng) NN

—— 238, 208Pp, 136Xe, 124Xe, 90Zr, 64N, 58Ni projectiles Shane e -
Richardson to deduce an excitation energy model to be used in LISE** Watters T
5 Fir G

Beam Sigmu £de (02|

results wiht the LogNormal distribution fit: Mode/dA

: B Sy Plol ¥,
ZIN| 127 128 120 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 DU WAL VANANR paramat NOnAR CoestTan Bk B, e s P 2]

A=231,2:87 ol 5 nzue 24042 21,33 23.17 23,86 23.58 2358 23.86 2357 .23 .37 um! . Trajec‘tory recon S‘truotlo n e R N R o [ S——r [ M it
8133

1000

—LogNormal fit 2 2123 22,60 2290 21,62 22.45 2221 2153 2147 2135 2095 2059 19.97 19.14 17.63 15.33 . . :
, —_— o required for PID analysis e S e
100 —EEE distribution fit [LISE 'D'] 9 2053 21.80 2136 21.22 21.58 21.48 21.04 2099 20.65 20.57 19.97 19.56 18.96 18.25 17.18 15.87 13.44 847
%0 19.55 19.56 21.95 21:02 20,67 20,34 2071 20.33 20:12 20.00 15.65 19.39 18.75 1626 17.36 1646 14.75 12.63(15.23 A Y
L] Ll s bt ik Fell Db gt cr ki b cicka Actumbe / Sosnciionis, et 7 wen
89 | 2120 21.95 20.93 19.99 19.82 2111 2049 20.47 20.13 20.18 19.89 19:62 19.29 19.00 18.54 18.06 1734 1655 1532 14.20(16.95 FaSt u pdates Of Optlcs L e 03 o S
® e 19.58 20.68 20.75 2048 20,57 20.62 20:37 20.12 19.86 19,76 15,55 19:17 18.56 18.57 18.10 17.52 16:95 16.07 15.77]17.95 SEttI ngS to analySIS
/ (o --:: P 4 87 | 19.09 19.93 2117 19.85 2013 20.22 20.02 19.81 20,0 19.82 19.48 19.16 15.02 10.60 18.29 18.09 17.52 17.01 164 16.20(17.39 . . LISE minimization results (Dipoles: COSY maps, Quads: effective lengths from calibration)
. YY)
e o o 86 | 20.85 19.23 19.39 2032 21.07 19.70 19.73 19.96 19.80 1947 19.26 19.26 18.89 18.73 1822 17.94 17.44 17.18 16.72 1652(18.36 . Creatlon Of I'e| |ab|e SR = N—IW RO —ry
’ ) i R e o
2 s = o n o o 25 Jed o 85 1985 15.69 20.27 20.11 19,67 19.50 19.89 19.59 19.25 1517 16,57 1846 18.53 18.20 17.69 1748 17.15 17.14 1657|1731 Conflgu rat| ons for g e 9 T o i
Excitation energy [MeV] 3
84 | 2023 19.95 19.58 1927 20.39 19.41 19.37 19.72 19.34 19.45 19.16 1689 1851 16.44 18.11 17.97 17:43 1735 17.21 18.01(18.73 H / 1 1 |
transport calculations of 1 = \ _ 7\
8 17.86 19.03 18.70 19.83 19.17 19.45 19.43 19.25 18.51 1£.58 18170 18.16 17.99 17.96 17.64 17.26 16.73 16.33 nd d 1 I a . | | = 20
- a2 16.05 1665 15.93 20.06 19.76 19,93 19.22 19.41 18,89 18.69 1841 18:27 18.06 17.27 18.16 17.1 1615 13.59 the 2 oraer s 3 | g \ 4 i E 10 )
Our first outlines from BeAGLE results ] | £, § <
% 81 20.04 17.35 18.66 19.11 18.68 19.11 19.26 19.55 18.31 18.67 18.21 17.28 16.77 16.21 16,56 17.79 N 7 § 1] .&, s 0 /
-, 3 i
+ No events in 0-20 MeV range (dA 7) ) 17.33 18,63 18.11 18.53 17,78 18,68 19.34 17.99 18.36 17.63 18.36 17,1 18.17 16.82 P ¢ It can be used to StUdy 7 b € 2 i ! | 10 \
. LOgNOI’maI dlStI’IbUtlon, nOt GaUSSlan b 17.78 17.29 17.88 17.78 18.68 19.56 16.02 17.99 15.99 17.50 ARI S 0pt|CS 9 U 4 \j | \ |
L - 4 i B 20
» N/Z dependence of modes (statistics) ” va 0w s e % ) U
7% - i -J0 S ARSEEr S = .43
4 1.9 = 04 3121520242832 36 4044 Em 004 B 1216202420 % 40 42

Length [m] Length [m] Length [m]

see Isaiah’s poster ,
see Shane’s poster
New Shane’s project:

Reverse trajectory reconstruction
with fragment-separators

a Facility for Rare Isotope Beams
q ¢ U.S. Department of Energy Office of Science | Michigan State University
640 South Shaw Lane « East Lansing, MI 48824, USA O.B.Tarasov - LISE @ FSEM25.RIKEN.JP, 15 January 2025, Slide 19
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Trajectory reconstruction



LISE_reconstruction.pptx#1. 2

Using trajectory reconstruction to benchmark

« The reverse ray-tracing technique provides valuable
benchmarks of the analysis providing the beam-optics
constraints of fragments passing through a spectrometer.

Reverse rays should be inside of beam optics element, that
can be seen from reverse envelopes in dispersive and non-
dispersive planes plotted

https://lise.nscl.msu.edu/9 10/ReverseConfiquration.pdf

« Blue and grey shadow areas demonstrate aperture
sizes of multpipole and drift elements correspondingly.

» These envelopes demonstrates how well rays fit in
apertures of two quadrupole located after a target

ﬂ Facility for Rare Isotope Beams
(¢ U.S. Department of Energy Office of Science | Michigan State University
640 South Shaw Lane ¢ East Lansing, MI 48824, USA

FR| B frib.msu.edu
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https://lise.nscl.msu.edu/9_10/ReverseConfiguration.pdf

Reconstruction of fission fragment trajectory at S800

« Data extracted from a ROOT tree (or SpecTcl) are converted to text
and processed in LISE**, using 5"-order COSY maps for ion-optical

transformations.

LISE** now supports reverse mode, allowing experimental data to
be input for simulation, with reaction product properties

extrapolated back to the target

https://lise.nscl.msu.edu/9 10/ReverseConfiguration.pdf

M. Bowry, O.T. et al., PRC 108, 034604 (2023)

Y’ angle mvaa)

Y'angle mac)

238U (8o Meviu) + C => 890Ky

Experimental momentum space of

krypton isotopes at the target position
(4 = 83[blue]-90[red]) reconstructed
from experimental data using the LISE**

software package

AN
0
R

60

* This reverse ray-tracing technique provides valuable benchmarks for
beam optics as fragments traverse the fragment separator

@ Facility for Rare Isotope Beams
d ¢ U.S. Department of Energy Office of Science | Michigan State University
640 South Shaw Lane « East Lansing, MI 48824, USA O.B.Tarasov - LISE @ FSEM25.RIKEN.JP, 15 January 2025, Slide 22
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Reaction mechanism:

Abrasion-Fission



LISE_AF.pptx#1. 2
LISE_AF.pptx#1. 2

LISE** 3 Excitation-Energy Regions (3EER) model

Fissioning nuclei map (CS, E¥)

M.Bowry, O.T., et al. PRC 108, 034604 (2023) Abrasion - Fission
calculated by the LISE** AA model

6 - ?{@@
®%
‘@

LISE** 3EERSs (excitation energy region) model:

~Y¢- 3 excitation energy
region nuclei

Simple approximation to substitute about 400 fissioning
nuclei by 3 nuclei based on excitation energy

issile nucleus
cross sections, mb

I Fission excitation functions e
0.00293 2| 280 OMeY) + Be T bigh A
Excit.Energy Methad:< 2 >, <E™>13.37d4 Mev  sigma:3.80 _EM Fission
0.00858 —
Te+1 | LOW | MIDOLE | HIGH | EM fission
C LISE ++ hint far the fissile

0.0251 | nucleus from excitation energy I 238U I Z31Th I 2134 I 238U

; 5 Excitation energy (ke | 288 I 923 I 2423 I 14.3
0.0737 (] i )

= Cinss zection [mb] I 404.4 I 3925 I 4266 I 5.3

=
0216 £ ol

s
0.632 8

3 e

o N
1.85 § A

A |
543 LS i

=]

15.9

466

137

400

0 100 200 Excitation energy (Mev) 400 500

http://lise.nscl.msu.edu/7 5/lise++ 7 5.pdf

a Facility for Rare Isotope Beams
(¢ U.S. Department of Energy Office of Science | Michigan State University
640 South Shaw Lane ¢ East Lansing, MI 48824, USA
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http://lise.nscl.msu.edu/7_5/lise++_7_5.pdf

Disadvantages of LISE** AF 3EER model : high Z settings

https://lise.nscl.msu.edu/10 1/10 1 127 highZ AF.pdf

-Y¥- 3 excitation energy
region nuclei

I Limitations of the 3EER model
cross sections, mb due to averaging on more
[ probable fragments

0.00858

0.0251

0.0737  Use manual cross sections
0216 as BIgR'PS CS table

0.632

1.85 * New model development to

- use pre-calculated tables

15.9 . .
(in process, see IFN analyzer slides)

46.6

137

400

————
128 130 135 140 145

@ Facility for Rare Isotope Beams
¢ U.S. Department of Energy Office of Science | Michigan State University
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https://lise.nscl.msu.edu/10_1/10_1_127_highZ_AF.pdf

Initial Fissioning Nuclei (IFN) Analyzer

- @ =g
O..

O The utility, Initial Fissioning Nuclei (IFN) O 'o y

[+] o
[=)

Analyzer, calculates the contribution from x
all possible parent Fissioning nuclei to the T (- Seings-1 (saectregion)
final fission fragment, which allows to calculate B —

http://lise.nscl.msu.edu/10 1/11 0 28 IFN search.pdf

coefforN,= | 0.8 | 0.1<coefs 1 recommendation: 0.80 N_stop = 117
. fission fragment pl‘OdUCtIOﬂ Cross section ggizfil.‘;,?‘;{al‘;n% ¥ Include Coulomb fission channel :::Z;’T‘oi:?A'Slgtiﬁe;foﬂz”‘i‘i":bcigf‘f'gﬁ
. . . . . after Abrasion* + CF
as contribution of all Fissioning parents, g Cacue —
1&I Cross-section minimum threshold to use a nucleus in calculations (mb) 1.0e-08

u more prObable pal'e nt Fisslonlng nuclel y & F‘scsfjl,iu;?tiw:‘g‘ gated {Numberufexctmon energy points |,Slalstca values to show in the result frames \‘

on Final Fragment ** distribution to use in calculations Mean value and Standard Deviations

12 only mean value <E> Maore Probable value and its variances

= fragment velocity in CMS (provide kinematics), . k2 % ~ 82

® 3: B~ <E=, E+v (v=FWHMIZ) ® Median value and its variances (default)

& Fission properies

=  excitation energy of the initial fission fragment, Detalet ouput V| [ 23692 07205 06730 pam vé | B3 Browse | | & Snow

¢ Evaporation setlings

- . B General log file v IFM_vd By Browse EB Show
= number of nucleons released to reach the final fission fragment. @ Preagment et eneroy
Batch file mode — Results - | (Fissile channels after abrasion)
V| Show 2D: Fissile Nuclei CS for each run Total fission cross section in the region (mb) | 1.67e+03

£* nofile or badfile Number of fissile nuclei is the region (1) 1130 h Fission Channels

O Still under development: L oo

& Run the batch filel Takes time.. Number of fissile nuclel used w50
to gate on the final fragment (11 )

=  OQverprediction reported by BigRIPS requires the Global revision of the

Make default — Results - llb: Final Fission Fragment

de-excitation process (mathematics & physics, constructed in 2003) ST Final gment. | Co ooy mon Cms, ). where
. . . . _— | L. 2D Fissile Nuclei C8 Initial fiss fragment ™7 2% 5 7m0 5y Mev B 1o Exci;ation Energy
= creation of pre-calculated tables to use in production rate calculations <o | e[ 1 cees om0 ST '
CS Value and VeIOCIt arra ) 2 T aE 5 Velocity in CMS | 1.407 (-0.101; +0.043) cmins t\__ 1D: Velocity in CMS
( yCMS y ? Hep X T T D) Z‘;’:&:;’Iﬂz;zfggg 547 (2.05; +2.86) b dA, dN, dZ
p Facility for Rare Isotope Beams
(¢ U.S. Department of Energy Office of Science | Michigan State University
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http://lise.nscl.msu.edu/10_1/11_0_28_IFN_search.pdf
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== IFN-analysis for final Ge-isotopes (Z=32) : summary plot

V B

92 Corresponds to Low excitation fission.
o |sotopes are well produced in Coulomb
fission with a heavy target.

88 86 @ GSI (1994) Pb-target
86
84 Corresponds to High excitation fission.

c |sotopes are produced in Abrasion-Fission.

= 82 .

N Preferably to have a light target.
80
88 @ GSI (1997) Be-target (high E*)
78 90 @ RIKEN (2010) Be-target (high E*)
T 92 @ RIKEN (2024) Be-target (high E*
76 last observed isotope
74
;-—nwedian
/2
125 127 129 131 133 135 137 139 141 143 145 nght tal‘get ShOUld be Used tO get fal’
Errors correspond to median variances N ifn
a Facility for Rare Isotope Beams
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Facility for Rare Isotope Beams
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Time to think about the multi-step reactions?
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Reaction mechanism:

Abrasion-Ablation



LISE_AA.pptx#1. 2
LISE_AA.pptx#1. 2

FRIB

&

Abrasion-Ablation model

abrasion ablation

« AAis the most advanced method, modeling final fragment production in two steps.

* Its applicability is limited by the extensive input requirements and insufficient data on
prefragment excitation functions.

« The excitation function is critical for setting energetics in the ablation step.

« Abrasion-Ablation calculations are highly sensitive to mass model input.
Considered as mass model benchmarking.

Facility for Rare Isotope Beams
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Obtaining excitation energies from
experimental cross-sections with mass model variation

O.B. T.etal.,, PHYSICAL REVIEW C 87, 054612 (2013) A .Kubiela et al., PHYSICAL REVIEW C 104, 064610 (2021)
82Se + Be E* =15 MeV/dA 8Kr + Be E* = 13.3 MeV/dA
— T r y ' = 10™ r—~ 1T 7+ T T T T*t T T T T T T T T
] 1 10° e this work '
; 3 4 Ref. [14]
Ir S eras i 10°4| v Ref[15]
E —o- E.S;\»;i(tgcxpms ; , ¢ Ref [1 6]
:: ; 107 4 e -EPAX3
: : 108 4 —— AA-HFB22
{ ; P | e AA-AME2020
{ e} 10 N

Cross section [b]

— — — — — —
O O O O O O
hn R W a3

[ P | —— AA with GXPF1B5 v 4
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\ ! = AA with AME2012
I == EPAX 3 1 1
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Neutron Number (N) Mass number
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LISE** Abrasion-Ablation minimization utility

The new minimization utility allows to deduce Abrasion-Ablation model parameters from comparison of AA-calculation results with
experimental cross-sections with selection one from 28 mass models distributed with the LISE** suite. The utility is based on the
levmar package using the Levenberg-Marquardt nonlinear least square algorithm,

https://lise.frib.msu.edu/AA.html

— Excitation energy model #3 (gaussian parametrization) — Common parameters — Break-up channel parameters ——
— E* - quadratic polynomial — sigma(E*) : quadratic polynomial — — AA X-sectior —~ dR correction - polynomial —— — Limiting temperature
<E*> - excitation energy per abraded nucleon (MeV) Excitation energy std.deviation Amplitude mode "auto” Tim @ Tim @ Tim @ 78KI‘ + Be
0 1 2 0 1 2 factor a0 at a2 A=050 A=150 A=250
0.5534 9.1083 6.8044 4.7001 3 :
0 + 137225 | + 00775 0 + 67032 | + 05161 5193 || 01321 004614 H.Suzuki et al_’ submitted to PTEP
*d abr *d abr? *d abrl"  *d abr
Use In Fitting process v v v v v o v v
_ v v v v
Use Bounds consiraints v v v v v v v v v H
05 ’ . ; ) 1 mass table chi2
Lower bound 0 10 -2 0 4 -2 - 2 1 05
Upperbound | 15 30 2 20 2 1.5 6 05 o 10 < WS-ﬂl_rbf 1.60
~— Local line to analyze —— ~ Fitting ~ Operations — Cascade Info & Dialog operations hf b 2 2 1 .g 1
This utility can be used if
Ch Z=30 e =
‘2}3 ange N iterations = 100 Make items 1-3 Press "Escape” to interrupt the analysis, ktu‘v 1 = g 1
— d_abr" is the number of abraded nucleons
P Show nitial frdm12 2.02
e Ty 29 conditions 1 "F‘roje_cﬁle Fmgme_nlation" reaction mode is selected
3 "Fi’ cross socion opion o atto o e | EELETETEELINE ws4 2.49
Restore previous G(:merate 4. There are more than 2 user CS in memory *
~ Universal analysis valug —M8 values chi2-table
Weights . tuvv 2-35
v Plot Product values from the chi2-table decay . _ .
— #2 | oad Settings B3y Save Settings channals Np=128; Modes=1011 1000 010; Q EG 16 2 95
nalysis X2 LoD B dime .
Target value = 8.11e+01 {é} Evaporation Settings
Local 05 1 — e el | 3 Pramnctved Gavocn dtiig ame2020 3.22
mode -F d
e : % Number of user CSs = 9(103) {33 Prefragment excitation energy
_ R Analysis Log-file hfbh27 3.87
v Use experimental CS errors in analysis & c T 3
ow intermediate results Bn
v Use Reduced chi-square (divide by "n-p") & Browse View Clear AA Make default Lne df 1 4.31
if exp.error is absent, then FIT Gauss_7Z30_hfb22
emmor=coef*CS, where coef is g v oK X Cacel ? rep Ll HEdfO 13 BB
L}
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Excitation Energy (theory)

“Exotic nuclei” collaboration BNL-FRIB

BeAGLE: Monte Carlo eA Generator

Courtesy of Barak Schmookler
W. Chang et al., Phys. Rev. D 106, (2022), 012007

Parton level interaction,
parton shower and jet

fragmentation from s :
PYTHIA. Multinucleon T :‘ """"" : ;
shadowing available in i I I .
1 e 1
BeAGLE. : P - { / o
[
1 !I I I
S d ﬁa ]
, I
! J
,,,,,,,,, 1,,,
=
- 1
I L —
] 1
1 A
| 1 T—
I ']
1 —
1 I
1 1

Nuclear geometry by BeAGLE
& PyQM plus EPSO9 nuclear
PDF provided in LHAPDF.

!l

IC

Nuclear evaporation, gamma
dexcitation, nuclear fission &
fermi break up treated by FLUKA.
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Parametrization of E* using BeAGLE
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Courtesy of
|.Richardson

E* distribution:
LogNormal shape

Slopes E/dA
kN = kZ

N\ "RIsospin”
(@br has been

obServed in the
’8Kr analysis

Two regions,
where Z=82
boundary

198pt NSCL data:
E, from the AA
minimization
agrees with
BeAGLE results
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PHYSICAL REVIEW C 96, 054602 (2017)

Excitation Energy (theory) : INCL Liege

Courtesy of I.Richardson

Improvement of one-nucleon removal and total reaction cross sections in the Liege

intranuclear-cascade model using Hartree-Fock-Bogoliubov calculations

Jose Luis Rodriguez-Sanchez,':” Jean-Christophe David,' Davide Mancusi,” Alain Boudard,'
Joseph Cugnon,? and Sylvie Leray’
VIRFU, CEA, Université Paris-Saclay, F-91191 Gif-sur-Yveite, France
2SERMA, CEA, Université Paris-Saclay, F-91191 Gif-sur-Yvette, France
JAGO department, University of Liége, allée du 6 aodt 19, bdtiment B5, B-4000 Liége, Belgium
(Received 20 July 2017; revised manuscript received 16 October 2017; published 20 November 2017)
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See Isaiah Ri
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Liege: "®Kr+p

Mo/dA dN
dz 13 12 11 10 9 8 7 6 5 4 3 2 1 0
17.6217.4819.1819.1818.8818.3713.84 9.34
8.7418.60 19.12-19.16 18.0917.6614.9712.00 7.79
15.7417.5118.2118.0518.1218.2317.8817.3415.7314.0111.12 8.45
15.4416.7516.9117.5717.5217.8217.0817.2416.0315.2613.66 12.37
15.0416.9016.2616.8416.9516.7617.0917.0116.9116.4216.3915.34 14.61
14.1215.9116.1915.9116.4416.2716.3716.5216.5916.4316.8215.76 16.55
15.0415.8115.5915.9216.0616.2916.3416.2516.7816.04 16.4216.86 18.02
7 14.7715.5014.9615.0315.7215.6715.6316.2815.8716.0715.9316.8216.0317.17
8 13.2115.4614.5415.2215.0915.4515.7916.1615.3415.6715.4116.4518.84
9 14.8014.1614.2715.0014.6714.5015.1414.8614.3015.5715.0715.01

DU R wWwN RO

10 13.3914.5314.5114.2215.38 14.5615.74 14.26 12.51
11 14.0312.7710.3115.45
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Coulomb deviation Projectile
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—, Global motion
bgfore interactions

chardson’s poster-

a Beam

p( )
p(p)

A Target

This schematic depicts the Liege event process. The interacting particles are
composed of spherical nucleons which interacts via a peripheral collision and
cascades through the nucleus resulting in an excited prefragment.
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a, vs. Z: Mode/dA
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 Velocity distribution modes (peak
location) of Prefragment* & Final
Fragment are the same.
(* before de-excitation)

* Probably for systematics:
AA should be equal to

Abeam B Aprefragment
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Li 8Kr + Be : Momentum distributions

63Se is most probable initial prefragment for >4Zn

Initial Prefragments Plot for > Zn (4.80e-12 mb)

ABRASION-ABLATION - "8 Kr + Be: more probable %2 Se(3.79e-13 mb); =-dZ==3.72 <-dN>=5.09
E* method: <2>;  <E*>: (0.0 13.70 -2.60e-01); ofE): (0.0 6.84 -6.29e-01); No Intrin Thermalztn; LimitTemp: No; DB,=hfb22
NP=128; SE:"DB1+Cal3"; Den:"auto"; GeomCor:"On"; Tunlg: "auto"; F*Bar= #1; Bart=1.00; Modes=1011 1000010

36.5

355

Protons (Z)

68 Kr

665e

64Ge

59%n 62 n

1ir
9Ga 80Ga 51Ga 82Ga E
.

25 26 27 28 29 30 31 32 33
Neutrons (N)
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8Kr + Be : Momentum distributions vs. E”

Prefragment velocity @ corresponding E* should be considered BeAGLE: ®Kr+e
. . Mo/dA  dN
V(APF) - f(E*) (CO”VOluthn model mEChanlsm) €& 9 8 7 6 5 4 3 2 1 0
20.2520.84 21,54 2009 1964 1814 17.23
20.34 20.00 20.61 19.51 19.63 18.54 18.09-
19.86 21.43 20.69 20.12 20.08 20.50 19.68 19.56 18.09 17.46
20.09 20.69'21.92 20.95 20.71 20.53 19.83 19.68 18.21 17.67
19.32- 21.74 21592112 2145 20.03 19.97 1866 19.24
20.24 20.66 21.36 21.30 20.03 19.66 19.63 18.81 18.52
20.29 21.0821.36 2093 20.63 20.06 19.08 18.07
21.42 19.9520.14 1933 20.17 20.24/17.31 19.87

(3218 2013 1982 1921 1801

63 Se excitation distributions: Input parent distr.
ABRASION-ABLATION - "8Kr + Be
E” method: <2=, <E*»:(0.013.70 -2.60e-01); o(E): (0.0 6.84 -5.29e-01); Mo Intrin.Thermalztn; LimitTemp: No; DB.=hfb22
NP=128; SE:"DB1+Cal3"; Den:"auto”; GeomCor:"On"; Tunlg: "auto"; PBar=#1; Bar"*=1.00; Modes=10111000010
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7
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d(CS)/d(E) [mb/MeV]
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80 120 160 200 12 19.7920,06200619:352024202219.9219.8720.1819.7920.13198019.86 1996 19.86 19.6119.6820.2919.71 20232023 19.733231
. B 193219.91200219.9320.4319.7019.792002 19821981 19 801980 18.7118.7719.9519.5319.7319.9420.01 205019.8319.91 1786
Excit.energy [MeV] m 18.5619.2019.6720,0019.7519.7519.54 19.6419.9719.7119,89 19.8319.82 19,71 19,84 18,6819.87 19.4719.9820.5919.26 2086 1853
5 185519.1219,6319.3619.8719.4619,6819.4919.9219.5919.9019.6819.6419.5320.0119.8619.4920.2520.53 20 26 A3 19,64
16 1879188218711950197919.1119.4219.4719.4819.481951199020.1319.8220.0119.6019.7320.29206620,4020.3619.23 185
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18 19.4117.62196318.6918.7218.63 19.0818.9419.46 13,06 19.46 19471975 19.3619.9519.522046 20652072029
1916951775 19.0318.4718.5719.06 189218.7918.7619.1719.11 19351959 19 811951 19.7620,0018.9018.91 18,56
20/15/5118.3318.2918.27182418.73189819.0219.07 18051927 13,6019.6219.9719.64205219.91 19.675389
2117,5318.1718.1318.65182918 9918518701877 190818 8018.7720.15 19.4318.41 19012052
2/160217.7718.3317.82185418.6518461851188319.0119.1619.1613.0018.33145918.2318.59
B 17351123174718721857185518781875 18 0818.1617.8917.07 17.97
2 1599175217.4517241838175718571832 179418541836 .
% 1726179918 0317131861 Courtesy of I.Richardson

1e-7 E

If E* / dA =const, dv/dA = const
but according to INC results E* / dA != const
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Li s

3 Momentum distribution “shift” — Dissipation contribution?

5 B

Fragment Velocity after the reaction: ™Kr+°Be —Z=36

1.001 [ £=345 eviy AT - This shift can be attributed to an
""" Velcty fom Convlion . intermediate step—Dissipation
1 e e —— (Friction)—between the Abrasion
£ and Ablation processes, which
- contributes to the appearance of
[} . . .
5 the low-energy exponential tail.
S ooms| - Discrepancy in results: Is the
g measurement reflecting the mean
value or the mode (peak
0.9975 ¢ .
Separation Energy Model E szparason GE‘M coef shift I O Catl O n) ?
Far e a 763 | 160 [ 15 |[ - NPT
0.9965 | | | . _ = |] * Further investigation is needed
67 69 71 A 73 75 7 on the neutron-rich side.
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Multistep reactions

(see NI presentation)



LISE_multistep.pptx#1. 2

LISE site statistics



LISE_statistics.pptx#1. 2

2024 LISE* site statistics

The LISE site log-file was sorted by Daniel Kaloyanov (P&A, MSU) The LISE** code geography
24000 USBI:\;A-JMI <:;t9rlozr
22000 1 LISE** site hits per year
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UK_—— ey )
18000 . _2% = France
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14000 - Sigc;rea Ru55| J;ﬂg:;n Italy 70/‘.'
12000 - *
10000 - The LISE** code geography (last 2024 year)
8000 -
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6000 - 5% Other
4000 7 USOI: \ 18% Canoada
2000 -
0 i
obotst 0203 04 0506 0708 091011121314 1516 17 18 19 20 21 22 23 24
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2023: Downloading the LISE package: Countries

LISE Downloads —_—

GET (Al [~
m— Windows_open
Count of code olumn Lak ~ | GET v 7% Linux
Row Labels '_lﬂ Linux mac0sS Windows Win_open Grand Total wwiggpws Linux mac0S PO
United States 109 175 605 91 980 % 11% 18%
China 57 76 607 47 787 7% 10% 1000
Japan a8 165 261 32 506 58% 9% [ i )
India 211 11 240 35 497 55% 42% 2%
Germany 96 32 119 29 276 54% 35% 12% 800
italy 50 58 107 7 222 51% 23% | 26%
France 74 32 80 10 196 38% 16% 700
Korea, Republic of 10 24 97 7 138 7% 17%
Spain 28 20 50 3 101 28% 20% 00
Russia 18 1 70 9 93 18% 1%
500 -
Romania 23 12 40 2 77 55% 30% 16% Sysien -2
Canada 26 18 19 2 65 32% a0% | 28% 400 Win_open
United Kingdom 11 12 30 a 57 60% 19% 21% B Windows
Australia 13 9 24 3 43 55% 27% 18% 300
Turkiye 14 3 26 1 a4 61% 32% 7% | R
Switzerland 14 13 15 a2 36% 33% - 200 & B Linux
Hong Kong 3 12 23 2 40 63% 8% 100 I
Kazakhstan 4 1 29 4 38 e ux 3% l I I
Brazil 23 a 8 1 36 25% 64% 11% 0 Illllllllllll
Finland 6 10 14 4 34 53% 18% W @ >>U% 8 0@ 8 T WS T T T YT
Portugal 4 10 16 1 31 55% 13% - §§§E§§§§§§5§§§§§§§g§?§§
i 9 = = e = € E®8 ®H 5 g ut £t <0
South Africa 7 3 20 30 . 67% 23% 10% o 2 4 v FF & S8 e Q<
poland 8 3 17 1 29 62% 28% 10% = & o 3 =0 2
Grand Total 857 704 2517 295 4373 64% 20% 16% =] @ =
‘5 s
<
Windows: China, Kazakhstan, Russia, Korea, US
1 down'oad per ~4 h|tS Linux: Brazil, India, Canada
macOS:  Japan, Portugal, Switzerland
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By countries per year (1)
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By countries per year (2)
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Private/Phys IPs by years
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LISE ™" Development Plans
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3|_i e
LISE /.. software development
In the near future:

» The creation of a LISE [}, library

s This library will allow to integrate LISE** calculations within control
systems, in order to directly assist the tuning of fragment separators.

s LISE for Excel-64 (just completed)
* The code parallelization will be undertaken (project of A.Ray)

* To take advantage of modern computing architecture, parallel computing
methods are essential in achieving faster computation. As a first step, the
LISE** code parallelization process will be implemented on the Monte
Carlo and “Distribution” analytical methods for fragment transmission
calculation.

» Block configuration converter | >

s This new tool will be built around a new type of block, labeled G (Group),
which allows the grouping and ungrouping of E blocks. The tool can be
applied to create sector configurations for fast analytical calculations.

a Facility for Rare Isotope Beams
(¢ U.S. Department of Energy Office of Science | Michigan State University
640 South Shaw Lane ¢ East Lansing, MI 48824, USA
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- LISE /., Reaction Models Development Plans

= Creation of fast and accurate Abrasion-Fission model based on the IFN Analyzer tables

= Abrasion-Ablation:

Global revision of the de-excitation process (mathematics & physics, constructed in 2003)
Improvement of the fast model for multi-step reactions (implementation of the AA for second step)
Intermediate Dissipation step in the Abrasion-Ablation model

Theoretical investigation of prefragment excitation energy with BeAGLE and INC-Liege models,
incorporating in-house developments

» Direct model implementation in LISE** code for transmission and cross section calculations

o ETACHAA4: Low-energy non-equilibrium charge state evolution
o PACE4: Projection Angular-momentum coupled evaporation
o INC: intranuclear cascade model to use at higher energies with light targets

= Creation of Monte Carlo de-excitation cascade utility to benchmark the analytical LISE** cascade
subroutine and to create condition (gating) options

O O O O

» Systematization of experimental production cross-sections ( ABE, ..)
» [nvestigate charge-exchange and pick-up reactions in RIB production
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Summary



LISE_summary.pptx#1. 2

LISE %, : Powerful tool of the FRIB scientific program

cute

The LISE*™ package has been ported to Qt-framework for compatibility
with multiple operating systems  The benefits include &4-bit operation,
cross-platform compatibility (Windows, macOS$, Linux), and the ability fo

16 take advantage of future computational improvements.
10-11-21 The new version is named LISE " to indicate a new generation K,
different from the previous LISE™ Borland-based versions. 2
%8
Ts
m z'lj \! A USI
My vacos &2
-fo%@,
= The latest official version 17.11 has been released 01/06/2025
03/17/23 openAl: Write an essay about LISE++ code
. . LISE++ is a computer code designed for the simulation of nuclear
_+_+ - ++ . T . e
T“ISECM’ the lat'est ggneratlon of the LISE™ package, to simulate rare Overall, the LISE++ code is a powerful tool for the simulation of nuclear reactions
isotope production with fragment-separators and ion beam transport. Its ability to accurately model these processes has made
0.B. Tarasov ®*, D. Bazin »°, M. Hausmann , M.P. Kuchera ¢, P.N. Ostroumov *, M. Portillo®, it an essential tool for researchers in a range of fields, from nuclear physics to
B.M. Sherrill ", K.V. Tarasova®, T. Zhang * medical imaging. As the field of nuclear science continues to evolve, it is
2 Facility for Rare Isot eams, Michis tate University, East ing, 3 H H H 1 H H
B A e e e g, USA likely that the L.ISE++ code will continue to play a critical role in advancing
< Department of Mathematics and Computer Science, Davidson College, NC 28035, USA our understandmg of the underlymg phy3|cs_
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++ H
++ .
The LISE™ Transportation Team The LISE** Assistance Team
Members working on the transportation of the LISE™ software suite to Qt Members assisting on the LISE** code development
D. Bazin physics & ion optics consulting, benchmarks, adaptation to macQ3
' M. Hausmann physics & ion optics consulting, benchmarks
| M. Kuchera source porting, development of porting process base l. Richardson grad
\
P. Ostroumov supenvision, funding acquisition S. Watters grad
\ .
M. Portillo physics & ion optics consulting, benchmarks D. Kaloyanov undergrad (Semor)
\ .
A.O. Tarasova undergrad (senior)
B. Sherrill supenvision, funding acquisition
\
A. Ray undergrad (sophomore)
O.B. Tarasov leading porting process worker
| K.V, Tarasova source porting, benchmarks
- T. Zhang process administration, IT consulting, adaptation to Linux

This material is based upon work supported by the U.S. Department of Energy, Office of Science, Office of Nuclear Physics and used resources of the
Facility for Rare Isotope Beams (FRIB), which is a DOE Office of Science User Facility, operated by Michigan State University, under Award Number
DE-SC0000661. This work was supported by the US National Science Foundation under Grant No. PHY-20-12040, 23-10078.
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Upgrading to 400 MeV/u



LISE_upgrade400.pptx#1. 2
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OCa production in 3-steps reaction: 238U - 23’U" - 81Ga - °Fe - °Ca
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