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Introduction

MICHIGAN STATE
UNIVERSITY

| Calculations | Mitilities

1D-Plot

2D-Plot  Databases Help

Goodies

Calibrations

Transmission and rate

Optimum Target

20-Plot

Physics Models

Utilities  1D-Plot

vl c @lE

Calculations Brho scanning

Calculators

. About 7300 differential equations

. LISE** uses the AME2012 database for
experimental half-lives and internal calculation
models for unknown values

. LISE** takes into account two possible decay
branches, but the Decay Branch database should
be updated

Optimum Target-Wedge and Wedge-Wedge configurations

Optimum charge state combination

Monte Carlo calculation of transmission 3

Physical calculator

Kinematics calculator
Evaporation calculator

Fusion-Residue calculator

Radiation residue calculator

lon Mass calculator

Matrix calculator

Mathermnatical calculator

Estimated error of mean

v.1l

[ntegration model

{+ 0DE [ordinary differential equation solver] [SBN: 0716570461 #

= REF45 [Runge-Kutta-Fehlberg ODE slover)

Lawrence Shampine, Marilyn Gordon,
Computer Solution of Ordinary Differential Equations:
The Initial Value Problem,

Freeman, 1975, ISBN: 0716704617, LC: QA372.5416.

C++ version by John Burkardt

V.2

— Integration model

f+ 0DE [ordinary differential equation solver] ISEM: 0716704617
" REF45 [Runge-KuttaFehlberg ODE slover)
4 " Mumerical Recipes: ODEINT

¢ Mumerical Becipes: STIFF
¢ Murmerical Becipes: STIFES

Numerical Recipes in ANSI C++ 2.11

NUMERICAL RECIPES SOFTWARE
P.O. Box 243, Cambridge, MA 02238 (USA)
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Modes : One Selected Nucleus

= designation

PRI “Vield = Mumber of atoms; M of DI = Mumber of Different |sotopes:

Final Tirme (FT) = Imadiation Time [IT] + Decay Time [DT)

& 1. One nucleus to implant. Chose manually here

‘ @ 7 (L o et i b e ] nofile | N of isatapes = 0 ‘

£ 3 Select detector to abtain the list of isotopes stopped in FP_PRACO vl EEnE I M of isotopes = 0 |

[ ) S e I e Ct n u CI e u S \ 1. Chose fragment to implant — lradiation (Implantation)

IT : Iradiation Time [sec] = 100]

;E%___ e (T)=]

— Radiation Residues as Function of time [DT]——

Element

e Setirradiation rate @— ,'ﬂ -

1 __Hr—;fge*' Implantation Fa e'>| Te+d pps

- . . 0 D'_[ : Decay Time
[ ] S d / Yield of this nucleus @ liradiation time (1T) = M
et Irra Iatlon tlme YB\W— : ‘:' IEll gl!maiz]
otal el time
. -
® S et D e C ay tl m e / p 5 Coode | l‘l 1D : Residues as function of time |

[, 10 Activty as function of e
« Press button “Calculate” — | @ o | B mrmrmen |

/

Radiation residue calcula

= designation

|- Mode to implant ‘field = Mumber of atoms; M of DI = Number of Different |sotopes:

Final Time [FT) = lradiation Time (IT) + Decay Time (DT)

@ 1 One nucleus to implant. Chose manually herel

‘ " 2. List of isotopes from file o implant I"@ no file | M of isotopes = 0 ‘

" 3. Select detector to obtain the list of isotopes stopped in IFF' FRACH Refresh M of izotopes = 0 |

1. Chase fragment ta implant  Irradiation [Implantation]

IT : Iradiation Time [zec] =| 100

Element

7[5 W o e |_l_:I | NofDl @timeT)=[ 2
Bala deca_u

= 3.03e+02 sec — Fladiation Residues as Function of time [DT]——
2 S Y- DT : Decay Time
Vield of this nucleus @ lradiation time (T = [ B34erd s iraditon fsec) <[ 1000 Information about
i B 2
*ield of this nucleus @ Final time [FT) = I Sle+3 TDt: :j; 2 ::: L:; ) — Ca|cu Iatlon resu |ts
B 1
_ _ and elapsed time
1] ” .
P | otS b u tto ns g . h 1D : Residues as function of time p
became enable ~ h 1D : Activity as function of time

83 Options {n,. 20 Final Residues (@ TF)
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MICHIGAN STATE

Plots S ACtIVIty

This horizontal
time shows the
irradiation rate
Activity
Initial isotope:~378
Irradiation Time (IT) =1.00e+02 sec; Decay Time (DT)=1.00e+03 sec; Irr.Rate = 1.00e+03 pps; Plot All isotopes
N_Implant=100, N_Resid=100, Abs.Error=1.0e-11, Rel Error=1.0e-03, Threshold=1.0e-10, Model="ODE"

Activity [disintegration per sec]

5 decay time

A

0 200 400 600 800 100N

[ / Time [sec]

This vertical time
shows the
irradiation time
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MICHIGAN STATE
UNIVERSITY

Plots : Evolution ofi Radiation Residue Yaeld

Evolution of Radiation Residue Yield
Initial isotope: 3738
Irradiation Time (IT) =1.00e+02 sec; Decay Time (DT)=1.00e+03 sec; Irr.Rate = 1.00e+03 pps; Plot Allisotopes
N_Implant=100, N_Resid=100, Abs.Error=1.0e-11, Rel.Error=1.0e-03, Threshold=1.0e-10, Model="ODE"

Tle+5} 37C|

37|

80000 |
60000 |

40000 |

Number of atomes

20000 |
37 S
decay time
0 200 400 600 800 1000
Time [sec]

This vertical time
shows the
irradiation time
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Modes : One Selected NUclets —> >/Naexample

Activity
= Chose 1 Btomplant Initial isotope: 3Na
CSeTagMEnt icmpian Rate = 1.0002+03 pps; Implantation time 1.0002+01 sec; Final Time = 7.2002+01 sec
A Element Z N_Implant=100, N_Resid=100, Abs.Error=1.0e-11, Rel Error=1.0e-03, Threshold=1.0e-10, Model="ODE"
I 37 I na 1 /f Table of L] I 2l = 5500
I Beta- decay Nuciides &N =
1 12 = 1.74e-03 sec
4500
Implantation speed (RATE) = | Te+3 PPS Iy
o
Yield of this nucleus @ implantation time (T1) = I 251 -
3
Yiled of this nucleus @ Final time (TF) = I 0 g' 2500
c
T
-]
— Implantation °
= 2500
Implantation TIME (T1] = I 10 FEC %
. : = 2
Murnber of izotopes & time (T1] = I 7 H
E 1500
— Radiation Residues as Function of time [TF)
Final Time [TF] to calcultate residues = I T2 TEC 500
Mumber of izotopes @ time [TF] = 3
Tokal Residues Wield (= time [TF) = Te+d 0 10 20 30 40 50 60 70
Time [sec]
Evolution of Radiation Residue Yield Evolution of Radiation Residue Yield
Initial isotope: ¥Na Initial isotope: *"Na
Rate = 1.000e+03 pps; Implantation fime 1.000e+01 sec; Final Time = 7.200e+01 sec Rate = 1.000e+03 pps; Implantation time 1.000e+01 sec; Final Time = 7.200e+01 sec
N_Implant=100, N_Resid=100, Abs Error=1.0e-11, Rel Error=1.0e-03, Threshold=1.0e-10, Model="ODE" N_Implant=100, N_Resid=100, Abs.Error=1.0e-11, Rel Error=1.0e-03, Threshold=1.0e-10, Model="ODE"
1e+f E
LOG pcale 10000
Tet5
tesa | = LINEAR scale
tes3 ], e 8000
1e+2 ( E
o lett E 6000
> tenf ] i~
1e-1 3
4000
1e-2 E
1e3 E
2000
Te4 E E
TeS E
5 15 25 35 45 55 65 0 0 10 20 30 40 50 60 mn
Time [sec] Time [sec]
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Modes : List ofiIsotopes toimplant ficom file

I
A

I

= designation:

- hode to implant ‘ield = Mumber of atoms; M of DI = Mumber of Different |sotopes;

Final Tirme [FT] = lradiation Time (IT] + Decay Time [DT)

1. One nucleus ta implant. Chose manually here

& 2. List of izotopes from file ko implant pB | M of isotopes = 0
: : g e\ i =Joen )  soa® <]
r in the list of i i [rePraco - i - — o e
3. Select detector to abtain the list of izotopes stopped in FF_PPACO Eefhsh M of isotopes = 0 Lock in: I . files j & ek B~
S
List of isotaes from file to implant in material Name Datejmoified L)
— Total lradiation Rate—————| |~ Imadial | examples 2/1/2016 5:01 PM Fi
i e . View fils E‘% . foils 5/21/201510:40 AM  Fi
Rate = | 0.000e+00 Pps == 3 =, || listl.radlist 7/11/2016 1:54 PM R
@é Save isotopes implanted in selected detector to file | £l lst2 adlie 010N OGN il
— R adiati
CAU Tl 0 N | - absent - il I e~ 3
mln“uu File name: |Ii5t? radlist
R = 0K Cancel
? AREA * eE I v | X Canc | Files of type: IUSt of implarted isctopes (* radlist)

Mote
The Implanted |zotope list flle is |n ASCII fiormat,
h 1D : Residues as function of time | Comment string begin with ** M
#  Calouate
s . . The Columnz can be separated by a Space, a Comma or
tl, 1D : Activity as function of tme | a Tabulation. User can put comments after the data. List of isotopes from file to implant in matéial M
Ot | 30 - Final Residues (@ T | There are three columns: "2", "N", "Rate""
{&} ptions h inal Residues (@ TF) where £ iz atomic number, M iz number of neutrong. PaE} Open file E‘% = |
"Rate" iz the izotope implantation rate [counts per zecond) =
@é Gotopes implanted in selected detector to file |
N /
[ list2. radlist ]
I Hows=| 7 I ' OK | XCancell
Mote
The Implanted lsotope list file iz in ASCI format. t
- Comment string begin with "' or ;"
IE‘ Ciuse
| The Caolumnz can be separated by a Space. a Comma or
S F H Fate a Tabulation. User can put comments after the data.
13 24 100 There are three columns: '2", "N", "Rate"
12 25 100 where £ is atomic numnber, N iz number of neutrons.
13 26 100 "Rate" iz the izotope implantation rate [counts per second)
13 27 100
13 28 100
13 29 100
13 20 100
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MICHIGAN E

Plots © Final Resiaues @ EiIs =5 PIotAll T

Opti

—lzotopez toplat——————————
fo ALL [Stable & B adioactive]
= only Radioactive

= only Stable

ons

Radiation residue calculato

= designation:

— Mode to implant

1. One nucleus to implant. Choze manually here

“ield = Number of atoms; M of Dl = Mumber of Different [sotopes:
Final Time [FT] = lrradiation Time [IT) + Decay Time (D7)

@ 2 List of izotopes from fle to implant 15@ "liet2 radlist” | M of isotopes = 7 ‘

" 3 Select detector to obtain the list of isotopes stopped in FP_PRACD 'l Fiefresh M of isotopes =0 |

— Tatal Iradiation Rate————— ~— lradiation (Implantation]

Rate= | 7.000e+02  pps IT : Irradiation Time [sec] = 10
Mof DI @ time (IT] = 45

CAUTION

RADIATION
“& AREA %

-~ Radiation Residues as Function of time [DT)———

DT : Decay Time
after iradiation [sec) =

M oof DI (@ time [FT

Total vield @ ]

{&} Options | | l-l

1D : Residues as function of time:
1D : Activity as function of time X Gut | ? Link: |
2D : Final Residues (@ TF) Elapsed time iz 00:00:06.11

OT, 04-Nov-2016, East Lansing

or 617 sec

LIS K

Radioactive decay residues
Implanted isotopes file : "C:luser\cllise_pp_910\iles\list2 radlist" (7 different isotopes)
Irradiation Time (IT) = 1.00e+01 sec; Decay Time (DT)=5.00e-01 sec; Plot Allisotopes
N_Implant=100, N_Resid=100, Abs.Error=1.0e-11, Rel.Error=1.0e-03, Threshold=1.0e-10, Model="ODE"

Protons (Z)

13393 05 213 78 73 245 %3 %5 75
Neutrons (N)



Plots : Final Residues @ Fiy — Rlotoptions e

Options

— |zotopes to plat

fo ALL [Stable & B adioactive]

= only Radioactive

= only Stable

\

Radioactive decay residues
Implanted isotopes file : "C:lusericllise_pp_910\files\list2.radlist" (7 different isotopes)
Iradiation Time (IT)=1.00¢+01 sec; Decay Time (DT) =5.00e-01 sec; Plotonle Stable
N_Implant=100, N_Resid=100, Abs.Eror=1.0e-11, RelError=1.0e-03, Threshold=1.0e-10, Model="ODE"

4Ca

195

185

5
» B
B

175

16.5

Protons (Z)

155

145

B33 05 75 5 75 s 55 %5 75
Neutrons (N)
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Protons (Z)

Protons (Z)

MICH

AN STATE
R Y

SIT

Radioactive decay residues
Implanted isotopes file ; "C:\ser\clise_pp_910\files\ist2.radlist” (7 different isotopes)
Iradiation Time (IT) =1.00e+01 sec; Decay Time (DT)=5.00e-01 sec; Plot All isotopes
N_Implant=100, N_Resid=100, Abs Error=1.0e-11, Rel Error=1.0e-03, Threshold=1.0e-10, Model="ODE"

B35

205 215 225 235 245 255 26.5 215
Neutrons (N)

Radioactive decay residues
Implanted isotopes file : "Clusericlise_pp_910\files\list2.radlist" (7 different isctopes)
Irradiation Time (IT) = 1.00e+01 sec; Decay Time (DT)=5.00e-01 sec; Plotonly Radioactive
N_Implant=100, N_Resid=100, Abs Error=1.0e-11, Rel.Error=1.0e-03, Threshold=1.0e-10, Model="ODE"

195

185

175

16.5

155

145

%«

3Ar

= =
41p - !
. '“_Si

205 215 25 235 245 255 265 215
Neutrons (N)




MICHIGAN STATE
UNIVERSITY

Modes : LLISt offIsotopes from DENECTHOR ]

 J
R )

File: http://lise.nscl.msu.edu/9 10/radiation/test radiation.lpp

_ 2 mgicm2
5 T Frsis alis

=5

-35] 7 [+25
ﬂ srelile E1§In'crcn
jM | FP_Stackd l=EISE}in'crcn
E e EEISDin'crcn
M Si
j iR 100 mcran
A@fasdmon1 Y

Radiation residue calo

- designations

e D ‘'ield = Mumber of atoms; M of Dl = Humber of Different |sotopes;
Final Time [FT] = Irradiation Time [IT] + Decap Time [0T)

1. One nucleus ta implant, Choze manually here

2 List of isotopes from file ko implant EE‘ no file | M of izotopesz =0
& 3 Select detectar bo abtain the list of isotopes stopped in FP_Stackl | Refresh | M of izotopes =5
—»
Tatal Iradiation Bate — lrradiation [Irmplantation)

Select detector

| Fiate = Im pps IT : Irradistion Time [sec]:l 10
where some NofDl @tmelT)=[

ISOtOpeS StOpped CDANGER — Radiation Fesidues as Function of time [DT]——

DT : Decay Time

HIGH E#EAMION after imadiation [zec) = 100
| t;l AUTHORIZED ‘i‘ M of DI & time [FT]=|

Total vield @ time FT] = I

h 1D : Residues as function of time
£ Calculate

ﬁ 1D : Activity as function of time X CQui | ? Link
8% Options I 20 :Final Residues (@ TF)

OT, 04-Nov-2016, East Lansing 10


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

MICH
UNI

© : .
Si Modes : List of Isotopes from DENECHOR = savetofile

Radiation residue cal

1. Select detector where some e
isotopes Stopped Final Time [FT] = lradiation Time IT)] + Decay Time [OT]

1. One nucleus ta implant. Chose manually here -

| b topes = 01 |

Fiefiesh N of Ratopes = 5 ‘

| 2. List of isotopes from file to implant

(% 3. Select detector o obtain the list of isotopss stopped i

~ lradiation (Implantation]

Fme |1 CEE | T Inadiation Time [sac]=] 10
N of DI @ time (IT) =

(DANGERD> ~Radiation Residues as Funstion of ime [OT)——

DT : Decay Time
HIGH E#DIATION after irradiation (sec] = 100

2. Chose the mode “List of isotope to a2 e B
implant” and then click the “File” button — oot @ a1 ——
Z  Calculste

{7, 1D Activiy as function of tme

 Total Imadiation Rate

’@ X Guit ? Lk |

&5 options | {7, 20 Final Residues (@ TF) |

= designation: /
AL “ield = Number of siffns: N of DI = Number of Different lsctopes:
Final Tirne: [FJA = Inadiation Time [IT) + Decap Time [DT]
. Ore nucleus to implant. Chose manually here

* 2. List of izotopes from file to implank 5@ no file | M of izotopes = 0 ‘

3 Select detector to obtain the list of izotopes stopped in IFFLStacH ~|  Fehesh M of isotopes = 5 | 3 S av e I O t O p eS tO f i | e

- Total liradiation Rate  Irradiation [Implantation]

- . r
Fate= [ 0.000e+00  pps 1T nasiaton Time [secl=[ 10 List of isctopes fn:m/ file to implant in material ﬂ
N of DI @ time (] = |
View file

CAU TI 0 N — Radiation Residues as Function of time DT]——
DT : Decay Time
RADIATION after imadiation [sec) = 10 A 4
“* AREA %" N of DI @ time [FT) :| Eé Save isotopes implanted in selected detector to file
Total*rield @ time [FT) =| [

Clear |

l-_l 1D : Residues as function of time | I a2 e
£ Caleuate : | 5
u 1D : Activity as function of time x Quit ? Linke Bows = I— ¢ 0K | x Cancel
{g} Options | u 2D : Final Residues (@ TF) |
-~ Mote
The Implanted |sotope list file is in ASCH format. [

Camment string begin with 1" ar

The Columnz can be separated by & Space, a Comma or
a Tabulation. User can put comments after the data,

There are three columns: 2", "N, "Rate"
where £ iz atomic number, N is number of neutrans.,
"Rate" iz the izotope implantation rate [counts per second)

OT, 04-Nov-2016, East Lansing 11



Options
s e settings . L = —

— Integration model lsotopes to plot————————— 20 -plat
& ODE [ordinary differential equation salver] 1SBM: 0716704617 > Tws N
= RKF45 (Funge-Kutta-Fehlberg ODE slover) " only Radinactive i Zvs NZ
" Mumernical Becipes: ODEINT " arly Stable i Zws N-2Z2

[ = MNumerical Fecipes: STIFF

_ _ — Half-ife boundaries [sec)
H = Mumerical Becipes: STIFES "arbound” bel
unbound" below
I T1/2_min = I 1.0e-09 this value
) . "stable' ab
Optiah Walue Dezcription Ez{:;‘lt T1/2_mas = I 1.0e+20 i t?-,iseva‘?u: ve
1e-19 < Tmin < Tmax < 1e+20
d ef au I t N_Imnplant I 100 rumber of points : lradiation 100 I
| N_Decay I 100 rurnber of points 1 DECAY 100 o "lsotape conservation law'”
- v [apply primary inadiation rates of
AbsError I 1.000e-11 abszolute eror tolerance Te-11 elurninated ruclei to their daughters]
RelError I 1.000e-03 relative eror tolerance 1e-03
*_thrshid I 1.000e-10 Minimum yield value 1e-10 Nurnfrer of none-dimensional I 20

distributions

At each step for first bwo models, the code requires
absf local emar 1= abs [ 17 RelEm + &bsEr [ Make default o Ok I X Cancel

- — —
Radiaticn residue calculator settings _
— Integration model lsotopes to plot————————— 20 -plat
)  ODE ordinary differential equation salver] ISEN: 0716704817 & ALL [Stable & Fadioactive) > Tws N
& FKF48 [ unge-Kutta-Fehiberg ODE slaver): " only Radinactive O Zws NZ
Fo r H U G E d ecay tl m e T Humencal Hecipes: UDETNT " arly Stable i Zws N-2Z2

[ = MNumerical Fecipes: STIFF

_ . i alf-ife boundaries [sec)
years i = Mumerical Becipes: STIFES Ayl
unbound" below
| T1/2_min = I'I— thiz value
. L “stable™ ab
Optiah Walue Dezcription Ez{:;‘lt T2 man= | 1.0e+20 i t?-,iseva‘?u: ve
—_— ) . I 1e-13 < Trin < Trnax < 1e+20
Try tO keep “AbSError” Value (Used in M_Implant 100 number of points : [rradiation 100
1 N_D 1000 rurnber of points © DECAY 100 "|sotope conservation law'
ODE) Sma”er S v [apply primary inadiation rates of
ini 1 sk rmor 1.000e-5 absalute eror talerance & eluminated nuclei to their daughters
than Y_thrshid (minimum yield value a3 bsolute errr fo lel luminated n.clei to their daughters]
Used in LISE*++ Radiation CIaSS) RelError 1.000e-03 relative eror tolerance Te03
*_thishid | 1.000e-4 Minimurm yield value Te-10 ] Number of none-dimensional | 40Q
distributions
At each step for first bwo models, the code requires
absf local emar 1= abs [ 17 RelEm + &bsEr [ Make default o Ok I X Cancel

OT, 04-Nov-2016, East Lansing 12



MICHIGAN STATE
UNIVERSITY

Options : 1\, POUNAS

http://lise.nscl.msu.edu/9 10/radiation/RadResCalc v2a.pdf

Radiation Residues Calculator : T,, bounds

* New T,;,, boundaries options
* 221Uy irradiation case

« 2% @ FRIB Beam Dump & T,;, boundaries options

OT, 04-Nov-2016, East Lansing 13


http://lise.nscl.msu.edu/9_10/radiation/RadResCalc_v2a.pdf
http://lise.nscl.msu.edu/9_10/radiation/RadResCalc_v2a.pdf

MICHIGAN STATE
UNIVERSITY

255(J fissioni case calculation LIS B

Version 2 :  http://lise.nscl.msu.edu/9 10/radiation/RadiationResidue U?2.pdf
\ersion 1 : http://lise.nscl.msu.edu/9 10/radiation/RadiationResidue Ul.pdf

Radioactive decay residues Activity
Ir_np_lanted isotopes fiIe:"G:\238U_Cou|omb_Fission.radIist" (490 different isotqpes) Implamedisompesﬂbj"Gj\EeamDump\QSﬂJ_Coulo:anission_radlist" (490 different isotopes)
Irradiation Time (IT) = 1.00e+00 sec; Decay Time (DT) = 3.15e+07 sec; Plot All isotopes | mediafion Time (IT) = 1.00e+00 sec:  Decay Time (DT) = 1.00e+12 sec;  Plot only Radioactive
N_Implant=100, N_Resid=1000, Abs.Error=1.0e-05, Rel.Error=1.0e-03, Threshold=1.0e-04, Model="RKF Model="0DE", Nigian=100, Nresig=10000, Abs.Err=1.06-05, Rel.Emr=1.0-04, Threshold=1.0e-06, Ty00unds =1.0e-01,1.0¢
[ ]
62} LN |
| |
HINEE N
||
581 BN
S 0
o o -
54} 5 EE N 8
o : .
a " ]
50 5 5
3
1e+07 L
46 ] g
| 1e+0B £
. i.. B 3e+05 2
3
4 NN B — >
ANEEEN 2
| | 3}
38 [ | <
[]
[ ][]
34
30
45 55 65 75 85 95 108

e el 1610 de 1612 der3 erd ders derd dell  1e'd ietd Jell0 JerTi ietts

Neutrons (N)
Time [sec]
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http://lise.nscl.msu.edu/9_10/radiation/RadiationResidue_U2.pdf
http://lise.nscl.msu.edu/9_10/radiation/RadiationResidue_U1.pdf

MICHIGAN STATE

229\ case AELRELELEE

RPN

\Version 2 : http://lise.nscl.msu.edu/9 10/radiation/RadiationResidue 229Th v2.pdf
\Version 1: http://lise.nscl.msu.edu/9 10/radiation/RadiationResidue 229Th vl1.pdf

Radioactive decay residues
Initial isofope: 229Th
Iradiation Time (IT) = 1.00e+02 sec; Decay Time (DT) = 1.00e-07 sec; Irr.Rate = 1.00e+20 pps; Plot Al isotopes
Modet="0DE", Niypiani=10, Nregig=100, Abs.Em=1.0e-10, Rel. Err=1.0e-05, Threshold=1.0e-40, Tybounds =1 0-20,1.0e+20

| iy
g o hital sotope: Z2Th
e 25pc 1e+d b Imadiation Time (IT) = 1.00e+00 sec; Decay Time (OT)=1.002+13 sec; Im Rate = 1.00e+20 pps; - Plot Allisotopes
% §.36406 7 5EI‘.ﬂode|=“0DE“,N| ii=100, Npesic=1000, Abs Err=1.0e-10, Rel Em=1.0e-03, Threshold=1 0e-30, Ty20un =1 0e-04 1 0e+20
x 2iRa 2%Rq 0t
35603 726411 "
¢
& 21gy a
1.30402 E
TRy [
9.2e-08 )
3
8 Hipt <
1.5e-02 [
3p 2
0
6.66-09 2
2
g3 | 2B 2g; %
9.3e-06 4.5e+00 <
Zthb
1.5e-02
81 20 ] Time [sec]
| OO ORI ST DU DU LU U DO S R S
126 128 130 132 14 138 138 T2 Tel Tes0 ferl fed fetd fetd 1etd fetb fet7 fe+B 1etd 1etll ferld fet12 Te+1d ferld tett:
Neutrons (N)
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UNIYERSITY

“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)

File: 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 eaction

2.2e-7
#Ca:18 7%

1.8e-7 Z

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

6e-8

2e-8 J L

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

OT, 04-Nov-2016, East Lansing X (mm) 16


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

MICHIGAN STATE
UNIVERSITY

“He-jet” case calculation ;

> 1 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

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

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

Target E;Eﬁ'g-cn'z
@ Stripper

|EI D1 4.4EEEF|;'1?|'I'I1 |:|
1_slits slits

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

Shift 1 dX=+100.0mm
12 cits slits

I |+ED

ED
; Fe
[ 1] Heset block =

[E@]FaradayCup 1 ¢

enakb e

MTi | T | 4T | 8T



http://lise.nscl.msu.edu/9_10/radiation/82Se_58Ca_He-jet.lpp
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“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 N N NI
We» o co co TCo
26 26| ™re TIFe T2Fe TFe MFe  TSFe - TSFe
Mn ®Bmn 7Min SMn  SMn SMn TMin TMn EmIR T3 TMin
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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 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 36000 *_thrshld Minimurn yield value Te10 x Encd
&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

or 45.98 zec

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

been reached for N_implantation=100 for two
last implantation steps
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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"
1e+5 [ T T T T T T ‘ T T ‘ T T T T T T T
| 1e+5 | |
5
5r
o 2
o
fe+d b
o
c fe+d b
2 )
i R —
5 5t @
b ]
E o
2l 3 -
T c
2 s
b =
fe3r E fesal &
< g
5 5t®
\ z
\ g |
2 7l =
\ g
\ <
1e+2 ‘ 1e+2 ‘
\ \
5 \ 5 \
i i i i i R i \
1e-2 1e-1 1e+0 fet+1 fe+2 e+l fe+d 1e+h 5000 10000 15000 20000 25000 30000 35000
Time [sec] L 0O g Time [sec] L | n
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MICHIGAN STATE

O “He-jet” case calculation & Einal residte proauCts
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"

e
30} = Tz
e
26 = E
22 |
N )
@ H =
S <= =
o 18} B = -
o =
-- [
14 | EHE -
--
10 -
6| 1
8 12 16 20 24 28 32 36 40 44
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“He-jet” case calculation : Final resicdue products

NSCL
Only radioactive residues

Radioactive decay residues
ZOOM 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"

22 |
4?sc 4950
1.8e+02 7.8e-01
-
2K MK 43K
4.1e-01 4.1e-05 2.6e-07
1.2e+02

38¢) 3¢
4 8e+02 1.4e+01

. 53 ks
1.2e+00
. - [E8

13 15 17 19 21 23 25 27
Neutrons (N)

Protons (Z)

10
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MICHIGAN STATE

Radiation Residue Calculator : *Ti

v.9.10.341 http://lise.nscl.msu.edu/9 10/radiation/44Ti%20from%2058Ni.lpp
from 08/05/16

Table 1. Priority isotopes for harvesting at FRIB. These isotopes were identified at the
Working Group meeting in Santa Fe, NM September 30 — October 1, 2010.

Isotope | Half-life | Application
= 160 y Tracer; geology and botany
“Ti @0y | Medicine, astrophysics, nuclear structure
= TEd | Slockpie Slewardenp \
Cu 26d Medicine ¥
Kr 10.0d Astrophysics, stockpile stewardship
Eu* Stackpile Stewardship - designatior
- Maode ta implant
T Py “field = Munber of atoms; M of DI = Mumber of Different lsotopes;
Rn [ 148h | Medicine _ S R =
= —_ — £ 1. One rucleus to inplant, Chose marualy here
Ra 14.9d Medicine, Electric Dipole Moment f
ZEps 10.04d Medicine ‘ 2 List of isotopes to implant from fils éa "238U_CoulombFission radlist" | M af isotopes = 430 |

( (& 3 Select detector bo obtain the list of isotopes stopped in FP_S0 ~| Refiesh | M ofisotopes = 35

- Total Inradiation Fate

Rate= [ 23765 o IT  Inadiation Time [sec]=| 36000

Nof DI @ time [IT]:I ]
r~Radiation Residuss as Function of time [DT]——
DT : Decay Time
HIGH RADIATION after imadiation [zec] =| 36000
e AA amozm _‘5_! NofDl @tine FT)= 38
Flnyton el Tokopes ol Totalield @ time [FT] :I B.18=+10

" . — Inadiaton (Implantation|
Press "Escape’ ta

rtenupt calculations

¢ N i e 4
1 REFLS (Funged0uiafelbeg DOF dove)
© Humescsl Recipes ODEINT & oriy Racicacive.

AL (31 & Fiacnacive)

{1 10 - Residuss s function of time |

 Mumsicsl Recpar STFF € whtiate & Calouldte — = — _

O e s P55 | [ 10 - Acivty s unction of ime._| ’@ X oue | P Lnk

ok vabe R Dea {3} Options | {p 20 Final Residues (@ TH) | Elapsed time i 00:00:08.79
Tk o or8.79 sec

H_lghar oo rmmbe) of otz : bnadabon Jon "dwb;m: 7

Neom | W0 s cipas: DECAY 100
e [THNRTH | snchioan ckenes em
AeEnor | 1000w e 2t ke Tedt]

e [ THERGE Min ke e o @ ] JESEET

A w0 o i o el e o s
2 ool enor | G203 7| ~ R + Ak

[ M crleut
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“Stifiness” problem

Radiation residue calculato

- designatior

“ield = Nurmber of atoms; M of DI = Mumber of Different lsotopes:
Final Time [FT] = Irradiation Time [IT] + Decay Time (D)

— Made toimplant

@ 1. One nucleus o implant, Chose manually here

In_ mathematics, a stiff equation is a
differential equation for which certain
numerical methods for solving the
equation are numerically unstable,

2 List of izotopes to implant from file 5@ o file | M of isotopes = 0

" 3. Select detector to obtain the list of izotopes stopped in FF_PFACO ;I Fefresh | M af izotopes = 0

. . —1. Ch f impl.
unless the step size is taken to be P eament o feent i
Elemiart: IT : Iradiation Time [sec] =
extremely small. It has proven Iﬁ o W cTaed | @ [Z 2D R —
difficul f [ i / Nuclides afn =
ifficult to formulate a precise [~ Onknown
%eflmt_lon hof strllﬁness, b_ut the Imdaun Tig ™ 1T s Paee [T oo
i:aea 1S t at t e equat|0n Inclu eS Yieldofthisnucleus@Irradiationtime[lT]:I 1.98e+4
Some terms that C_an lead to rapld Yieldofthisnucleus@FinaItime[FT]:I 1.88=+4 . Nlif?;@tlme[llj] I—I_IM
variation in the solution. e W

h 10 : Residues as function of time View Results (Text) |

£ Calculate

l-l 1D : Activity as function of time x Quit ? Link |

& Options | |,l 2D : Final Residues (@ TF) Elapsed time is 00:00:04.74
or 4.74 sec
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http://lise.nscl.msu.edu/9_10/radiation/RadiationResidueStiff.pdf
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© . ] . MICHIGAN STATE
@ Isotope Production in Beam dump: Eragmentation Cases ‘o ss

NSCL] LIS BP

http://lise.nscl.msu.edu/work/BeamDump/BeamDump v1.pdf

Isotope Production in the FRIB Beam Dump : projectile fragmentation case

/ * Manual “stcp-bg-step" \

table with initial beam & target settings
* Production settings
* Buergy, ntensity, Thickness
* Radiation residues caleulator

* Equivalent material and thickness

\' Next steps /

OT, 04-Nov-2016, East Lansing 25



http://lise.nscl.msu.edu/work/BeamDump/BeamDump_v1.pdf

© . . . MICHIGAN STATE
@ Isotope Production infBeam dump: Uramutimicase A .

http://lise.nscl.msu.edu/work/BeamDump/BeamDumpUranium.pdf

Isotope Production in the FRIB Beam Dump : *°2U case

e

« How to get isotope yields in the beam dump with the \
Uranium beam?

« Production settings : why a Li-target was used?

+ Radiation residues calculator : T,,, boundaries
against the “stiffness” problem

« Link to the “Isotope Production in the FRIB Beam
Dump : projectile fragmentation case” presentation

2 /

OT, 04-Nov-2016, East Lansing 26
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Using the decay branching ratio database MICHIGAN STATE
In Radiation Residue calctlations

UNIYERSITY

LIS K

Using the Decay branching ratiordatabase
in Radiation Residue calculations

v.9.10.331. No Decay Branch Database v.9.10.341. With Decay Branch Database

c il | TPy - desionafions |
=
Tk et sk < b s ers. W ol 5 = by o Dl rajoeen:
Vi b o e M < Mo o i i TradnnTine |- Dacag Toe
. . v Tiwe ) = i Tima 7] = Deag TinaIDT] || @ i, T Raruahy P e TS et T 1|2 T e T
& 1.0 o ! |
2 Listcl g el n 5 o=
| 2 Lis clisctepes In ke o e £ il | i -0 2 List ol antopes (0 rplant o e & mie Ockzteo0
% S deecto o chise e o sedin [rrr 8 = .
3 Bect etz i o et onpas sogped . [r s =1 fee] W0 | et et b oo spoed n[FE R0 ERESTRTTT
T e F i
T Thom regmen wakshea llnstiicnl o Eo I ELOLCEET
——— =] !_ T - r
l_n (] Tk Hal 0 @amellll=[— 17
l_ l_ - Mol @ame| Tl & [ Eeia andBetan
e d o 5509-03 = f
- oy
T e RS 12 mpaeazon Baree [ 110 pps o
2 Ingtaigizn R [ 1070 g -
G D e e ol [ WL “frihed s ks & aboicn i 171 = [ 73007 shmsdainiecl-| 2
w ks @ nadkekon s 17 = - N — — H oDl @ ins (FT) = 7
bt @ altina 1) - [T WDl @il =[5 Gkl Wy o 3 P b 1 [ 7 3007
Tataliek @neiFT = [ TeT3

T v @ balFTl = T3

[cioall]i7iui |

Flepses imais 010001 50
o150

& oo T |

i 10 Rt satreson of e CALTION [T N ——p—
t 0 Rctuity saresion o tma E EXna L’ [, 10 sty o of tem
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ol

Radioactive decay residues Radioactive decay residues
Infidl setope: “Na Initial isotope: *Na
Irradeaton Tme (1) = 1.00e+ (3 see;,  Uecay Tma {UT) = 1.000 06 sec, i Rate = 100010 pps. Plot Al isopes Madldm'rm! IT) = 1.00e+03 sec; Decay Time (DT) = 1.00e-06 sec. kv Rate = 1.00e+10 pps. Plot Al isotop
N_Implani=100, N_Resid=1000, Abs Error=1.0e-11, RelError=1.0u-03, Threshoid=1.0u-10, Modu="0DE" =

N_Implant=1000, N_Resid=1000, Abs Error=1.0e-11, Rel Emor=1.0e-03, Threshokd=1.0e-10, Model="O0E
. - stm - -
55 iLE)
- o +04 -
53e+07 5. ae
. - . -

135 E

2

H 34p) 32

H Al 3BAl 34p
25 §.1e+08 1.0e+07 3.7e+08 20e+08
. 290408 20e+08 25e+08

ha ¥Na
e 7.9e+07 7.9e+07
%57 5 T [ I8 B i E 3 7 13 WE T3 T =
Neutrons (N} 8 - = =
Neutrons ()
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MICHIGAN STATE

Einal Page CRIKEL ¥ T

* Thanks to Prof. D.J.Morrisey and B.Sherrill for discussions

« The Decay Branch database should be updated

» Calculations should be optimized for the stiff problem
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