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| Welcome to the LISE++ Setup Wizard

* Introduction to LISE**code
! This will install LISE++ 3. 10,342 on your computer. i
*  FRIB rates 771 Click Next to continue, or Cancel to exit Setup. i

“Direct” production: #4Ti example

« Commensal operation:
Helium-Jet lon-Guide System

e

NSCL / Michigan State University

[ dext> ][ cancel ]

LISE™ : ExoTic BEAM PRODUCTION WITH FRAGMENT SEPARATORS
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Introcduction

U The LISE** program is designed

» to predict intensities and purities for the planning of future experiments with in-flight separators

» |s also essential for radioactive beam tuning where its results can be quickly compared to on-line data.

In-Flight isotope production: Basic principle of operation

Fragment Separator
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2. Separation
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MICHIGAN STATE

Production &  Reaction Mechamsms

Tab I.E I- Heactions_,l‘ Energy Logs, Stragglingj‘ Charge states_{r [Databaszes: Mazzes, lsomers ,l'
Reactions and production models implemented in LISE++ : Al B
. - - a [ Reactions additionally calzulate
Reaction Production cross-section model Ref. .o yields or the nest
o l_ reactions
Projectile fragmentation EPAX 2.15, 3.1 [17] I Satings |
LISE‘I"‘I" abraSiDn—ablatiDn [2?] - Settings | ¢ Fugion -> Residual
Fusion-residues LisFus model [27] Setirms | € Fusion - Fission
PACE4 {maﬂuaﬂ}"] [28] Settings |  Coulomb fiszsion
FllSlD[l—ﬁSt-:lDEl LISE++ pa{:kagﬂ [29] Settings |  Abrasion-Fizsion
Coulomb fission LISE++ package [30] - Toe Body Feasions
Abrasion-fission LISE++ 3EER model [31] Projectie —_—
Two body kinematics EPAX 2.15 (temporary) ! "

™ Make defaul o OK I XCancell 7 Help |

References:

[17] K. Summerer, B. Blank, Phys. Rev. C 61 (2000) 034607; K. Summerer, Phys. Rev. C 86 (2012) 014601

[27] O. Tarasov, D. Bazin, Nucl. Instr. and Meth. B 204 (2003) 74.

[28] A. Gavron, Phys. Rev. C 21 (1980) 230.

[29] O.B. Tarasov, A.C.C. Villari, , Nucl. Instr. and Meth. B 266 (2008) 4670-4673.

[30] O.B. Tarasov, Eur. Phys. J. A 25 (2005) 751; Tech. Rep. MSUCL1299, NSCL, Michigan State University, 2005.
[31] O.B. Tarasov, Tech. Rep. MSUCL1300, NSCL, Michigan State University, 2005.
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Electromagnetic separation devices in LISE~

Separation device | Changeable field Strength Selection by
my
Magneti - _ = | Magneticrigidity Bp=— [T-
S Magnetic (B[T]) F, =qvxB gnetic rigidity I p [Tm]
dipole
(Gas-filled Magnetic (B[T]) Fs Magnetic rigidity
separator
Solenoid Magnetic (B[T]) FB Focusing (combination A,q,v)
2
Electrostati = - ic rigidi A T
.E ostatic Electric (E [kV/m]) | Fy = qF Electric rigidity Ep . [3/C]
dipole
RF kicker Electric (E [kV/m]) | £, L
RF buncher Electric (E [kV/m]) | F. Bunching
Wien-filter e i et [N [P _
Ecross.B £l Electric (E [kV/m]) =Fp +Fp | Velocity
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MICHIGAN STATE

Fragment Separator Constructon R

L 1S I

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

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

: —,
T ==
Block I Given Name I Z-0 l Length,m I Enable l - Insert Mode Insert block
Q Ol<quad> Q041318 0.812 + .
: & before Materials
d 1] drift 2042 0.136 +
0 Ol«quad>  Q0433TC 0.43 + o Wedge | Target |
d 1] drift 2044 0.563 +
f L Dok D2 0 243 s [EI Material(Detector) | Stripper after Target |
Move element
d [ drift 2052 0.552 + Faraday cup |
0 Ol<uads Q05347 043 O
d O] dift 2054 017 + Il Down
Q@ Ol<quad> Q055478 0.732 + i Optical
d 1] drift 2056 0.176 +
@ Ol<Quad>  QOS74TC 0.526 + @ Edit | dispersive | non-dispersive
d ] drift 2058 0.658 + x Delet
5 M sits.  Image2(059) 0 + L Cepeaes 08 dvoe) | £ ol i) [
W
Y Wedge Wedge * Wien velocity fiter | Beam Rotation [
d ] drift 2060 0.658 +
Q &|<Quads Q0B2-5TA 0526 + Electrostatic dipole | Shift of Optical Axis I
d : ? Help
gl ot = i i Gasfilled separator | Solenoid l
Q@ Ol<quad>  Q0645TB 0.732 -
d 11 i AR ni7 r:_|bd Compensating Dipole |
Selected block Total
- - - special
Enable ¥ | Dispersive (M-dipole) N;clgl‘):ekrsof dispersive RF-based (no beam dinamics changes)
Let call automatically |~ Block Length [m] | 0.0001 82 -
Sk = Length after 5 RF separator | Delay (efficiency) block l
lock name = |tuning this block [m] Length [m] =
= RF bunch | Fitti straint: l
Charge State (2-Q)= | 0 Sequence number | 3 | 35821 m uncher - ing constraints

Configuration: A1900_S800BL
(2nd order) 164 blocks

Fig. 1. Updated view of the “‘Spectrometer Design” dialog window.



Ol Application

FRIB

Includes extended configurations of separators at NSCL/MSU,
RIKEN, GANIL, GSI, FLNR/JINR, TAMU, TRIUMF, ANL and others.

The LISE** code geography

SECAR, MSU DRAGON, Canada PRISMA, Italy

SHELS, Russia

SuperFRS_HEB, Germany

BigRIPS+ZeroDegree, Japan

MARS,
TAMU

OT@IHW.msu.edu 08/18/16




MICHIGAN STATE

LISE " package AikELCIR

* The code is distributed free
with the LISE** user license

* Version 10 will be released soon
e Official site : lise.nscl.msu.edu

» Current operating system : MS Windows
» Current version 9.10.343, 15-Aug-2016

» Currently porting to new framework :
cross platform & parallel computing

Built-in powerful tools:

uw Monte Carlo simulation of fragment transmission,

w Monte Carlo simulation of fission fragment kinematics,
u lon Optics calculation and Optimization {new),

u LISE for Excel (MS Windows, Mac OS - download)

LISE*™ Utilities:
u Stripper Foil Lifetime Utility,
u Brho Analyzer,
u Twinsol (solenoid) utility,
w Units Converter,
u ISOL Catcher,
uw Decay Analysis (includes Proton, Alpha, Cluster, Sp.Fission half-lives calculation),
u Reaction Utilities (Characteristics, Converters, Plots),
u «Bl»-the automatized search of two-dimensional peaks in spectra

LISE™* calculators:

u «Physical Calculator»,
«Relativistic Kinematics Calculator»,
«Evaporation Calculator»,
«Radiation Residue Calculator» (new),
«lon Mass calculator" (new),
«Matrix calculator"

Implemented codes:
u «PACE4» (fusion-evaporation code),
u «MOTER» (raytracing-type program for magnetic optid
u «ETACHA4» (charge-state distribution code) (new),
u «Global» (charge-state distribution code),
u «Charge» (charge-state distribution code),
u «Spectroscopic Calculator” (of J.Kantele»)

Databases:
w Nuclide and Isomeric State databases with utilities,
u Large Set of Calculated Mass Tables (includes FRIB mass tables),
u lonization Energy database (used with the lon Mass calculator),
u Decay Branching Ratio database (used with the Radiation Residue calculator),

permit to work well below this energy limit, and this makes the program very attractive for all
users dealing with physics of heavy ions from 10 keV up to some GeV per nucleon.
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L ISES: framework

NIYER

r

LS k¥

-
[ LISE + [GAt\tIpp] (E dE-TKE =|E] % W =8 R
File  Options ExperimentSettings PhysicsModels  Calculations _ Utiities  1D-Plot  20-Plot _ Databases  Help = JdE-TKE Continue
B =iE . )
£°0%] 8|18 @ sorun| an J o HT BlEESE palolal beiEre 40Ar (50.0 MeV/u) + Ta (100 ym): Settings on 3%Ar; Config: DWDMMMMMMM
Flrojectie Hset dp/p=4.05% ; Wedges: Al (100 um); Brho(Tm): 1.8555, 1.7893
: ial 3 5 E- ; ; -
140 MEVI 100 pnA. 1st TKE detector: Material 3 ** dE: Material 3 - Si (350 pm) wilul chiarge stales
agment  80Ca20+
Be
1.5 gicmr2 800
ho
3.9686 Tm %
3.8686 Tm Ea 700} _—
QUAD =)
3.9686 Tm o B A Element 2 Table of afz = aftervinto 51300 micron
= ® a0 18 [18
e % [ [18 ’7 Nocides | <2 [N = Energy Fiemain 0 Me/u
QuAD = [ sabe lonmass=  BHET  amu Energy Loss 438 Mev
2.8686 T
mm:; § 600 - - Eneray Straa [sigmal [ Q.00604% MeV/u
s > Eregy [ 120116 MeAu  Enegp O [ 11997 AMeV i Staplimal [ [,
2568 = 1o I T 0 L2 W[ CEIET|[LY Leteral spread fsigma] | 016122 micions
Standard a Eia | 477438 MIC voiooky | 47EBI5  cmins Biha ffor 0=2) o ™
2.9686 Tm o I Mewr ~
e 500 GRS | Ceo (#| OTEEEED Equilbium values for material 5"
2 6886 T 5 potmspt | 0299732 GV Gamma O [ 101285 Change Stete <05 T}
standard
i ] Ater & 3
e c i Enery Reman, | [ELos | m[jgm] e s
w 400 Black. [Z\ Thickness | MeVu| Mev | MeV | <@ | ickness IS
e I Material 151 300 micron 0 0 a8 0w
1388 cm (M W|Materia 2 5i 250 micron 0 0 i Range andEnery Losst || &I
QUAD
s Miaterial 3 51 350 micton 0 ] 0 Rorge dRange igna)
sfandard 200 » Material 4 5500 micion 0 o 0 [ 3a3e19 07778 mg/em2
0. A1900_5300BL_extended_LI itz o[ Taeos 033612 micon
n: defaul B i|Mateia &
650 750 Material 7 Energy Remain 0.000 Mehiu
F .: Total energy (MeV) fbe Material thickness | 34362 mg/om2
forenerqprest [T73804  micion
@‘ Calouiation method of
7 . Energy Losses [ 2 Eneigy stragging [ 1
AN
NSCL ap 43 S Pint | P Hep [ X Qut Charge States | 3 Angular shiaggling [ 1
Projectile

Sunel 03 ||

Ho charge states

DG=0.02mm% NP=32 R=0:01

= designations

Sodelicineiany ield = Number of atoms; M of DI = Mumber of Different lsotopes:
Final Time [FT) = Inadiation Time 1T + Decap Time [DT]

,5@ "238U_Coulomb Fission.radlist ™ M of isotopes = 490

FF_PFACD

1, One nucleus ta mplant, Chase manually here

@ 2 List of isotopes to implant from file

3, Select detectr to abtain the lst of isatapes stopped in 11 f etz =

Tatal Iradiation Rate

Iradfation (Implartation]

IT - iradistion Time [see] = 1
NeofDl @time(TI=[ 558

Radiation Residues as Function of time [DT)

Fress "Escape’ to
interrupt calculations

Rate = | 7.569e+07

pps

RADIATION
“# AREA %

T Decay Time
sfter inadiation (sec)=| 167

NofDl @time FT) =] 138
Totalield @ time (FT)= [ 757247

New utility from 08/01/16
‘Radiation Residue Calculator”

Is important tool regarding to isotope harvesting

i 1D: R o e http://lise.nscl.msu.edu/9 10/RadiationResidue.pdf

h. 1D - Activity as function of time

D

X out | P nk

8% options ‘ h 2D : Final Residues (& TF) Elapsed time is 00:00:35. 74

o1 36.74 sec
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MICHIGAN STATE

LIS K

ERIB: Beams anc Rales

Site: https://groups.nscl.msu.edu/frib/rates/fribrates.html

— | 100% | + & (D& | https//groups.nsclmsu.edu/frib/rates/fribrates.htm

Enter values for A and Z

A s P
Z 22
N 22 '
Ti
Tqz 1.890e+9 sec

FRIB

SENI
Energy 275 3 MaViu FRIB Estlmatggmlsgﬁf Version 1.06
Fragment
Energy 2239 MeWiu
B. (Q=Z) 4.560 Tm
Fast beam rate 1.46e+10 pps
Stopped beam rate 1.17e+8 pps
Reaccelerated beam rate  3.28e+7 pps

A). The LISE™ code (v.9.2.68) has been used for transmission calculations.

B). The rates are estimated based on the EPAX 2 150'] cross section parameterization for fragmentation and the LISE++ 3EER model2-2! for in-flight fission.
C). Reaccelerated and stopped beam rates above 1E+9 are very uncertain. The use of solid catchers may yield higher rates in some cases.

D). Estimated rates may change as the various assumptions are tested and refined.

[1]- K. Siimmerer and B. Biank, Phys. Rev. C 61 (2000) 034607,

[2] - O.B.Tarazov and D.Bazin, NIl B 266 [2008) 4657-466.
[3] - O.E. Tara=zow, "LISE++ development: Abrszion-Fizsion”, Tech.Rep. MSUCL {1300, NSCL, Michigan State Univerzify 2005,

For further information regarding these calculations, please refer to the readme file (PDF - 420 kB).

Applet oreated by Dennis Wey.

Flease contact Oleg Tarasow
with any questions or comments concerning to yields or this site.

OT@IHW.msu.edu 08/18/16 9
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FRIB: Beams and Rates

l Utilities IlD-_PIot 2D-Plot  Databases Help
++ for Excel

CODES : Charge, Global, PACES, etc.
Radioactivity, decays
Reacticns utilities

Plots : Energy loss, Ranges, Straggling, etc.

NSCL/ FRIB rates |

Set-up utilities

Range optimizer (Gas cell utility)

Gas pressure optimization for gas-filled dipole
CATCHER utility (ISOL, Fusion-Residual)

Rate & transmission calculation: batch mode

Stripper foil lifetime

plot: MSCL PAC35 rates
plot: MSCL PAC35 beams
link: NSCL PAC35

plot: FRIB rates (v.1.07)
plot: FRIB beams (v.1.07)
link: FRIB (v.1.06)

Protons (Z)

FRIB beams

20 40 60 80
Neutrons (N)

OT@IHW.msu.edu 08/18/16

100 120

140

FRIB rates (v.1.07)
. mmi The rates are estimated based on
the EPAX 3.1 cross section parameterization for fragmentation and the LISE++ 3EER model for in-flight fission.
Primary beam intensities and energies based on 400 kW and 200 MeV/u for 238U
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MICHIGAN STATE

“Direct” production: ““Ii example

settings
[Plrojectile  58nj28+
Table 1. Priority isotopes for harvesting at FRIB. These isot identified at| Lol sl LT
aple 1. Friority isotopes 1or harvesiing a A ese Isotopes were identified a .
Working Group meeting in Santa Fe, NM September 30 — October 1, 2010. raﬂ ment  4Ti22+
i w— T iBe
I:otope Half-life | Application Target 5242981 moicn?
Si 160y Tracer; geology and botany @ Stripper
{ T 60y Medicine, astrophysics, nuclear structure
%‘g Ie.l D1 Brho
Vv 16d Stockpile Stewardship 2 9663 Tm
Cu  |26d | Medicine 11_slts I
| ®Kr 10.0d | Astrophysics, stockpile stewardship ISR o R
Brho
Eu* Stockpile Stewardship — 2 9668 Tm
211 A 1ia
B 144 Hiclciite Use the wedge for purity
“*Ra 14.9d Medicine, Electric Dipole Moment - -
Zpc [10.0d | Medicine 12_wedge e
gring
D3 2.8676 Tm
Brho
D4 2.2676 Tm
In-Flight  Target [*_1] Fe_PPaco Al
g : Fast beam experiments — jl"g‘c"z
heavy ions Stopped FP_PPACT 2 mgicw2

In-flight lon
separator catcher

5 T Fe_slits 2=

-B| H |+8

Reaccelerated

Reaccelerator

-25|V [+25

FP_FIN Si

913 mcron

CAOH10
M 1] Fr_sci i

http://lise.nscl.msu.edu/9_10/radiation/RadiationResidue _44Ti.pdf
OT@IHW.msu.edu 08/18/16 11



http://lise.nscl.msu.edu/9_10/radiation/RadiationResidue_44Ti.pdf

iation =

= designation

- hMode to implant

Yield = Mumber of stoms; M of DI = Mumber of Different [satopes;
Final Time [FT) = lradiation Time (IT] + Decay Time [OT]

1. One nucleus to implant. Chose manually here

| 2. List of isotopes to implant fromm file é@ 2381 _CoulombFission radiist" | N of isotopes = 430 ‘
( + 3. Select detector to obtain the list of isotopes stopped in FP_SCI *| Refresh | M aof isotopes = 36

AWA )

Isotopes selected by the Fragment-Separator

i Toatal [radiation Fial ~ Irradiation (Implantation)

Rate= | 2277e+06  pps IT : Irradiation Time [sec] = 3E000
NofDl @tme(T)=[ &3

Press "Escape” to
interupt calculstions

P e
KDA N G E R J -~ Radiation Residues as Function of time [DT]——
e e
DT : Decay Time
HIGH RADIATION after iradiation (sec) = 36000
R, G NefDl @imeFT) -]

Totalvield & time [FT] = I 8.18e+10

h. 1D : Residues as function nftlme

i? Calculate . -
|h 1D : Activity s function of time I X Quit | P Link

8 Options | {7\ 20 Final Residues [@TH

Elapsed time is 00:00:08.79
or 879 sec

are implanted in FP_SCI detector

http://lise.nscl.msu.edu/9 10/radiation/44Ti%20from%2058Ni.lpp

10 hours of irradiation, 10 hours of decay :
4Ti’s number of atoms is highest!

\

Radioactive decay residues
Implantation detector : "FP_SCI" (36 different isotopes)

Irradiation Time (IT) = 3.60e+04 sec; Decay Time (DT) = 3.60e+04 sec; Plot only Radioactive
N_Implant=1000, N_Resid=1000, Abs.Error=1.0e-09, Rel.Error=1.0e-03, Threshold=1.0e-08, Model="0l

24|

22}

20

Protons (Z)

18

16

32p

32.5e=-02

14 31

48Cr 49Cr

<4 Ze+086 3.2e+00

ary 48y a9y

3.2e+07 2.5e+06 5. 9e+05

42K
7. 52+05

i8cl 8¢l

7.3e+02 9.0e+07

358
7.7e+06

32gj

4. 5a+032

£ 0e-01
16
OT@IHW.msu.edu 08/18/16
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http://lise.nscl.msu.edu/9_10/radiation/44Ti from 58Ni.lpp
http://lise.nscl.msu.edu/9_10/radiation/44Ti from 58Ni.lpp

MICHIGAN STATE

“4Ti’s case : Evolution ofi Radiation Residues

RPN

Evolution of Radiation Residue Yield

Implantation detector : "FP_SCI" (36 different isotopes)
Irradiation Time (IT) = 3.60e+04 sec; Decay Time (DT) = 3.60e+04 sec; Plot only Radioactiv
N_Implant=1000, N_Resid=1000, Abs.Error=1.0e-09, Rel.Error=1.0e-03, Threshold=1.0e-08, Model=

1.4e+10

8¢

1.2e+10
1e+10 i 44Ti

0
(4]
E
0
®
& 8e+9 4 \
0
[
2 6e+9
E
=
4 4et9
44T T
2e+9 il o . Activity
uk detector : "FP_SCI" (36 different isotopes)
0 m&?——-———._\ sec; Decay Time (DT) = 3.60e+04 sec; Plot only Radioactive
70 10000 20000 30000 40000 50000 60000 Jo000n _En'Ol.:'] .0e-09, Rel.l%rror=1 .0e-03, Threshold=1 .06:08, MOde|="O!:)
Time [sec]
B 9e+5
w
g
%
g Tetd
B
o
£ 5e+5
I
=
2 3e+5
2
Q
<
Tetd
1e+0 1e+1 1e+2 1e+3 1e+4 1e+5 Tad
OT@IHW.msu.edu 08/18/16 Time [sec]
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@ Commensal operation: Helitim=Jet lon=GGe SySemma Lo

NSCL

In-Flight  Target

Fast beam experiments

heavy ions Stopped

In-flight lon
DIR ECT separator catcher

Reaccelerated

Reaccelerator

Commensal operation:

* Rare isotopes produced off-axis of the fragment separator are caught in a high-
pressure cell filled with a helium-aerosol mixture

* Harvested isotopes are transported to the helium-jet ion source

* Rare isotopes are accelerated, purified and delivered to experimental stations

ACCELERATOR TARGET  IN-FLIGHT FAST BEAM EXPERIMENTS
S;’ARATOR

HEAVY IONS

- STOPPED
ION

CATCHER

HARVESTING

B —.REACCELERATED
REACCELERATOR

HELIUM-JET ION
SOURCE

OT@IHW.msu.edu 08/18/16 14
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“He-jet” case calculation TS EN
Assume the production >2Ca from using the
82Se beam with the A1900 fragment separator,
and the He-jet block located at 40-160 mm

(12 position)

http://lise.nscl.msu.edu/9 10/radiation/82Se 58Ca.lpp

12 slits-Xspace: output before slits
82Se (140 MeV/u) + Be (500 mg/cm?2); Settings on 8Ca; Config: DSDSWDDMMSMM
dp/p=1.00% ; Wedges: 0; Brho(Tm): 4.4920, 4.4920, 4.4920, 4.4920

without charge states
um of reaction

2.2e-7
©Ca18.7%

1.8e-7 Z

€
£ 1.4e-7
I
[=1
=z
z 1e-7 He-jet
;_:, SLITS block

6e-8

2e-8 J L

-200 -160 -120 -80 -40 0 40 80 120 160 200

X (mm)


http://lise.nscl.msu.edu/9_10/radiation/82Se_58Ca.lpp

MICHIGAN STATE
UNIVERSITY

“He-jet” case calculation ;

Ly 1 5 s

Steps to create the “He-jet” configuration from previous case:

Set Width of 12 slits equal to the He-jet block width (+/- 60 mm)

Behind the 12 slits insert a thick material enough to stop all products

After this material set the Faraday cup

Insert the shift block dX=100 mm in front of the 12 slits, assuming the central
axis is passing through the center of He-jet block

W

http://lise.nscl.msu.edu/9 10/radiation/82Se 58Ca He-jet.lpp

[Plrojectile  825e34+
140 Meliu 100 pna
[Flragment 58Ca20+

g
102 EUEﬁ'g-cn'Z

IE Stripper
Brho -
B2 o 44920 Tm  —

|
1_slts slits _l

-100| E |+100
Brh
2 o0 QHH L

Shift 1 d¥=+100.0 rm

12 cits zlils

i |+ED

ED
[ 1] Heset block Fe
1o ATy | 48T | 49T 50T

[E@]Faradaycup 1 v

enakb e



http://lise.nscl.msu.edu/9_10/radiation/82Se_58Ca_He-jet.lpp

MICHIGAN STATE
UNIVERSITY

“He-jet” case calculation -

il e ] "F I

i
al

82Se 58Ca.lpp 82Se 58Ca He-jet.lpp

ﬂ% i Y, i
Qs Qe

Rate 0.02 pps Rate 1.6e5 pps

4 NI N i
We» o co co 7Co
26 26| ™re TIFe T2Fe TFe MFe  TSFe - TSFe
&pMn Spin T0Mn Smn  SwMn S9un Owin mn #mm M 4wn
Ber 86Cr BCr 88cr S4cr  Bgr ®gr Sigr S8gr Baw or Ticr TIgr
62y 63y 64y 88y, &6y sy, 62y 63y 6ay &y gw Sy &gy 88y
22 597§ 60Tj 61Tj 62T 63T} 64Tj 22| == HTj 60Tj ST 621 Bem 84T 85Tj 66Tj
#/5c S75¢ 8Bg5c S95¢ B5¢ Gigc 62§c g  %gc (dsc  Bge MWge  Blgg Glgc f25c S5 S4se
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“He-jet” case calculation

Calculate all products with new 82Se_58Ca_He-jet.Ipp file

Call the Radiation Residue Calculator

Set the Irradiation and Detector (Transportation) times (for example* 1 & 10 hours)
Chose “He-jet block” as detector

Click the “Calculation” button

arwdE

= = —— [
Radiation residue calcula LE7IL| Radiation residue calculator settings L—q—
i - designation — Integration model |zotapes to plot
g [z Yield = Mumber of atoms: M of DI = Mumber of Different [satopes:
i - c o = . & & ODE [(ordinary differential equation salver] ISEN: 0716704617 N
. Final Time [FT] = Iradiation Time (IT] + Decay Time [0T) [ v 4 ! & ALL (Stable & Radioactive)
1. One nucleus ko implant, Chose manually here " REF45 [Funge-Kutta-Fehlberg ODE slover)
g " only Radioactive
X ) . . . ~ Mumerical Recipes: ODEINT
2 List of izotopes to implant from fils Iga no file | M of izotopez =0
= Murerical Recipes: STIFF " only Stable
I ' 3 Select detector to obtain the list of izotopes stopped in He-jet block LI Refresh I N of isotopes = 161 | ¢ Mumerical Recipes: STIFES
s 5 i ik Default
.. 0 - Total Iradiation Rate————— | [~ |madiation (Implantation) Optian Walue Description o
Prezs "Ezcape’ to
inberupt calculations . P _ Hurnber of
Fate= | 2043=+04  pps IT: Iradiation Time: [sec] = 3600 M_Implant number of points : Iradiation 100 one-g!mtg‘r;sl_onal a0
. Iztnoutions
Nof DI @& time [IT] = I 375 H_Decay number of points : DECAY 100
d — - - . AbsEnor absolute eror tolerance Te-11
’\DAN G E R ; — Radiation Residues as Function of ime [DT]—— I™ Make default
e oT. D i FielEmor relative ernar tolerance Te-03
: Decay Time |
HIGH RADIATION after iradiation [sec] = I 3e000 *_thrshld Minimurn yield value Te10 ’/ Ok x Cancel
&4 wniorizeo A i =
4 PERSONNELONLY & N of DI & time [FT] = 30 At each step ok first two models, the code requires
T Tatal Yield (@ time [FT) = 11e+8 absl local ey 1 <= abs [ 1% RelEm + AbsEr

h 1D : Residues as function of time |
%  Calculate
h 10 : Activity as function of time x Quit | ? Link |
Opti 2D : Final Resid @T El d time iz 00:00:45.93 . H H
& oser | b, 2:-Aursmem | spesdiime s Maximum number of iterations (50000) has

or 45 98 sec
been reached for N_implantation=100 for two
last implantation steps

*Itis a JUST EXAMPLE!
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Activity Activity
Implantation detector - "He-jet block" (161 different isotopes) Implantation detector : "He-jet block” (161 different isotopes)
Irradiation Time (IT) = 3.60e+03 sec; Decay Time (DT) = 3.60e+04 sec; Plot Allisotopes Irradiation Time (IT) = 360e+03 sec; Decay Time (DT) = 3.60e+04 sec; Plot Al isotopes
N_Implant=500, N_Resid=500, Abs.Error=1.0e-11, Rel Error=1.0e-03, Threshold=10e-10, Mode="0ODE" N_Implant=500, N_Resid=500, Abs.Error=1.0e-11, Rel Error=1.0e-03, Threshold=1.0e-10, Mode="0DE"
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“He-jet” case calculation: : Final residie products LA

1y 1 ™~ H»

A L WS AR

Only radioactive residues Radioactive decay residues

Implantation detector : "He+jet block™ (161 different isotopes)
Iradiation Time (IT) = 3.60e+03 sec; Decay Time (DT) = 3.60e+04 sec; Plot only Radioactive
N_Implant=500, N_Resid=500, Abs Emor=1.0e-11, Rel Error=1.0e-03, Threshold=1.0e-10, Model="ODE"
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“He-jet” case calculation & kinal resicue proaucts _—

A L WS AR

i
'

NSCL
Only radioactive residues

Radioactive decay residues
Implantation detector : "He-jet block" (161 different isotopes)
Irradiation Time (IT) = 3.60e+03 sec; Decay Time (DT) = 3.60e+04 sec; Plot only Radioactive
N_Implant=500, N_Resid=500, Abs.Emor=1.0e-11, Rel.Error=1.0e-03, Threshold=1.0e-10, Model="ODE"
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summary: LLISE Y package RSy

* The code is distributed free
with the LISE** user license

* Version 10 will be released soon
e Official site : lise.nscl.msu.edu

» Current operating system : MS Windows
» Current version 9.10.343, 15-Aug-2016

» Currently porting to new framework :
cross platform & parallel computing

Built-in powerful tools:

uw Monte Carlo simulation of fragment transmission,

w Monte Carlo simulation of fission fragment kinematics,
u lon Optics calculation and Optimization {new),

u LISE for Excel (MS Windows, Mac OS - download)

LISE*™ Utilities:
u Stripper Foil Lifetime Utility,
u Brho Analyzer,
u Twinsol (solenoid) utility,
w Units Converter,
u ISOL Catcher,
uw Decay Analysis (includes Proton, Alpha, Cluster, Sp.Fission half-lives calculation),
u Reaction Utilities (Characteristics, Converters, Plots),
u «Bl»-the automatized search of two-dimensional peaks in spectra

LISE™* calculators:

u «Physical Calculator»,
«Relativistic Kinematics Calculator»,
«Evaporation Calculator»,
«Radiation Residue Calculator» (new),
«lon Mass calculator" (new),
«Matrix calculator"

Implemented codes:
u «PACE4» (fusion-evaporation code),
u «MOTER» (raytracing-type program for magnetic optid
u «ETACHA4» (charge-state distribution code) (new),
u «Global» (charge-state distribution code),
u «Charge» (charge-state distribution code),
u «Spectroscopic Calculator” (of J.Kantele»)

Databases:
w Nuclide and Isomeric State databases with utilities,
u Large Set of Calculated Mass Tables (includes FRIB mass tables),
u lonization Energy database (used with the lon Mass calculator),
u Decay Branching Ratio database (used with the Radiation Residue calculator),

permit to work well below this energy limit, and this makes the program very attractive for all
users dealing with physics of heavy ions from 10 keV up to some GeV per nucleon.
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