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Isotope Production in the FRIB Beam Dump : 2°°U case
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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
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Isotope yields in the beam dump with the Uranium beam = Files TS

Radiation residue calcu

Op tions .. = designation:

— Mode to implant

Yield = Mumber of atoms; M of DI = Mumber of Different |zotopes;
Final Time [FT) = Iradiation Time [IT) + Decayp Time [DT]

1. One nucleus to implant. Chose manually here

i
2 List of isotopes to implant from file !‘"3 "238U_al radlist" M of izotopes = 2647 I

L YOU Can Use the LISE++ file 13 Select detector to obtain the list of isotopes stopped iré Stopper LI Hef[eshl Nofisotopes=284?‘
http://lise.nscl.msu.edu/work/BeamDump/AF 238U Li.lpp
Press "Escape" to

and then Mode #3 (Select detector) in the Radiation —~ TR Fote = [ 7076413 ops T “;ﬂjl_“&“‘
residue calculator

""_'_.—‘_‘_‘-‘\ T 0 0 0
‘\DA N G E R ) — Radiation Fesiduss as Function of time [DT)——
e —— — .
DT : Decay Time
HIGH RADIATION alter imadiation [zec] = I 2.Be+d

&A inoars A4 M of DI & time [FT] =
A& PERSONNELONY @
il TotalYield & time (FT) =

— Irradiation [Implantation)

— Tatal lradiation Fate

h 1D : Residues as function of time View Results (Text) |
— = | Caloulate
Radiation residue calculat: : ;| h 1D ; Activity as function of time | i Cuit | ? Link |

F deszignation

— Mode to implant

{&'}a Options | h 2D : Final Residues (@ TF) |

Yield = Mumber of atoms; M of DI = Mumber of Different |zotopes;
Final Time [FT) = Iradiation Time [IT) + Decayp Time [DT]

2 List of izotopes to implant from file Iga "238U_al radlist" | M of isotopes = 2647

¢ 3 Select detector to obtain the list of isotopes stopped i Stopper ;I Refresh | M of izotopes = 2647

Total liradiation Fate — Irradiation Implantation)
Press "Escape" to

intermupt calculations IT : lradiation Time [zec] =| 3.Be+d
Rate= | 7.051e+13  pps
M of DI @time[IT]=|

(;DA N GE R ) — Radiation Residues as Function of time [DT)——
e DT : Decay Tine - i i ) ) )

HIGH RREA T O chbiz o BT 2. OrYou can use the Radiation list file obtained with AF 238U Li.l

l‘l m%“? M af DI @tlme[FT]—I —_— —_ —_

b el @i ()= | http://lise.nscl.msu.edu/work/BeamDump/238U all.radlist

. [ B, 10 Fesesencion e s [ . and then Mode #2 (List of isotopes to implant from file) in the
h 1D : Activity as function of time x Guit ? Link | . . .
Radiation residue calculator

{\ﬂ,& Options h 2D : Final Residues (& TF) |



http://lise.nscl.msu.edu/work/BeamDump/AF_238U_Li.lpp
http://lise.nscl.msu.edu/work/BeamDump/238U_all.radlist
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LISE** version 9.10.371 : T,,, boundaries in the Radiation residues calculator ey’
NOCI|FRIB S B9

Please download the latest LISE** version 9.10.371 from 10/28/16
to overcome the stiffness problem in the Radiation Residue Calculator.

See the “Radiation residues calculator : T1/2 boundaries against the “stiffness” problem” page in this presentation

Use the next OptIOnS fOI" the rRau::l'laticrr'l residue calculator settings s
iati i . — Integration model |sotopes to plot———————— 20 -plat
Radiation Residue calculator
{* {0DE [ordinary differential equation solver] 1SBM: 0716704617 & ALL [Stable & Radioactive)  Zwe N
1. Totalirradiationis 7.1e13 pps, and we ¢ RKF45 (Runge-KuttaFehiberg ODE slover) " only Radioactive C ZvsNZ
are interested in iSOtOpeS with ™ Mumercal Recipes: ODEIMT ™ anly Stable e vz W22
H H 5 T H " Mumerical Recipes: STIFF
residual yield > 10, so it is possible to . ﬁaw-nfebmdanes boc)
increase the global threshold up to 10 e [ o — ]"unl:u:uunu:l"l:ueln:uw
. T . _fmin = I e+ thiz wal
for fast calculations avoiding low-yield “Stat'je‘j',a;‘;e
production Optian Yalue D escription E:E‘zlt T1/2_max = I 1.0e+15 this value
Te19 < Tmin< Trmax < 1+20
] . M_lmplant I 100 number of paints : [radiation 100 I slE e imnc imacle
2. The decay time is expected more than o " N
. . . i N_Decay 100 number of points © DECAY 100 |zotope cunsewatmn_law
one hour (that it is obtained from M [apply primary inadistion rates of
AbsEror | 1.000e+00

absolute emor tolerance 1e-11 \ elurninated nuclei to their daughters) r
N

relative error tolerance 1e-03

chemistry), so please set the T,,, min ReEror | 1000500

boundary (important!) equal to 1 sec Y_itrshd [ 7.000+07
assumi ng Short_l |Ved prOd ucts be At each step for first bwo models, the code requires “ Ok

unbound for faSt Ca|CU|ati0nS, absl local error 1<= abs 1% 1% BelErm + AbsEn [~ Make default

Murnber of none-dimenzional 100
distributions

Minirnurm yield walue 1e-10
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Calculations with the Radiation residues calculator URIVERS T
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After settings of the Radiation Residue

T —— ) calculéto.r options, please, c.enter the
— “Irradiation” and “Decay” times (10 h &
: — dezignationz . )
e Yield = Mumber of atoms; M of DI = Mumber of Different |zotopes; 10 hin thlS example)'
. Final Time [FT] = lradiation Time [IT]1+ Decay Time [OT]

™ 1. One nucleus to implant. Chose manually here

2 List of izotopes to implant from file 5@ "238_all radiist” | M of izotopes = 2647 Press “Calculate”

{3 Select detector to obtain the list of izotopes stopped in FF_PPACO ;I Fefresh | M of izotopes = 0

Pay attention for “stiffness” flag
“Total nadiation Rate | [ madiation (mplantation] appearance, and change settings.

Frezz "Ezcape’’ to
interrupt calculations IT : Irradiation Time [zec] = 36000

Rate= | 7061e+13  pps
M of DI 3 time [IT]=| 2602

In the shown here example there was not stiffness
problem.

— Radiation Rezidues az Function of time [DT]

0T : Decay Time

after iradiation [zec] = H H
H#ﬂ“}} oS @time[[FTLIT Elapsed time is 34 seconds
[Eeee S e Rate x IrradiationTime should be equal to Total Yield
1 1D Residues asfunction oftme View Resuts (Tex) @ Final time .
£ Calculate If not, so there are some leaks may be due to low
{7\, 1D : Activiy as function of time X Qut | P Link error tolerance in the ODE solver, stiffness problem,
gy Options {7\, 2D : Final Residues (@ TF) Eloped tne s 03003438 ’ or violation of “Isotope conservation law”

In this example no any leak:
7.063e13 * 3.6e4 = 2.54e18
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Calculation results : Activity

NOCILIFRIB

Activity Activity
Implanted isotopes file : "G:\BeamDump'238U_al.radlist" (2647 different isolopes) Implanted isotopes file : "G:\BeamDump\238U _al radlist" (2647 different isotopes)

Irradiation Time (IT) = 3.60e+04 sec; Decay Time (DT) = 3.60e+04 sec; Plot Allisctopes Irrediafion Time (IT) = 3.60e+04 sec; Decay Time (DT) = 3.60e+04 sec; Plot Al isotopes
MOdI="0DE", Nyl 100, Neseig=100, Abs. Er=".0e+00, Rel Er="1.0e-04, Threshold=1.0e+0t, Typ00unts =10e+00,1.0e#15 odet="ODE", Nipiar=100, Npssig=100, Abs. Err=1.0e+00, Rel.Emr=1.0e-04, Threshoid=".0e+01, T2 =1.0e+00,1.0e+15
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Calculation results : 2D final plots

Radioactive decay residues
(2647 different isotopes)

Implanted isotopes file : "G:\BeamDump\238U_all.radlist"
Irradiation Time (IT) = 3.60e+04 sec;
Model="ODE", Nimpiant=100, NRresit=100, Abs.Err=1.0e+00, Rel.Err=1.0e-04, Threshold=1.0e+01, Tj,2P°unds =1 0e+00,1.0e+15

Decay Time (DT) = 3.60e+04 sec;

Plot All isotopes
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Implanted isotopes file : "G:'\BeamDump'\238U_all.radlist”

CHIGAN STATE
UNIVERSITY

Radioactive decay residues
(2647 different isctopes)

Irradiation Time (IT) = 3.60e+04 sec; Decay Time (DT) = 3.60e+04 sec; Plot All isctopes
Model="ODE", Nimpian=100, Mresig=100, Abs_Err=1.0e+00, Rel Err=1.0e-04, Threshold=1.0e+01, Ty,z00unds =1 0e+00,1.0e+15
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2D final plot

Radioactive decay residues
Implanted isotopes file : "G:\BeamDump\238U_all.radlist" (2647 different isotopes)
Irradiiation Time (IT) = 3.60e+04 sec; Decay Time (DT) = 3.60e+04 sec; Plot All isotopes
Model="ODE", Nimplan=100, Nresigz=100, Abs.Em=1.0e+00, Rel.Err=1.0e-04, Threshold=1.0e+01, Tytounds =1 0e+00,1.0e+15
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MICHIGAN STATE
UNIVERS

Radioactive decay residues
Implanted isotopes file : "G:\BeamDump\238U_all.radlist" (2647 different isotopes)
Iradiation Time (IT) = 3.60e+04 sec; Decay Time (DT) = 3.60e+04 sec; Plot All isotopes
Model="ODE", Nimplant=100, Nresiz=100, Abs.Err=1.0e+00, Rel.Err=1.0e-04, Threshold=1.0e+01, Ty;202unds =1 0e+00,1.0e+15
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&&’ Uranium beam @ beam dump : Production mechanism
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-
Production Mechanism

I- Heactions,l' Energy Loss, Stragglingj‘ Charge states,l' Databases: Masses, Isomels,!'
I 238001543 Met'fu] + Li -> 1325n

— Reaction: =
additionally calculate
yields for the nest
w J’ reactions
U Settings | " Projectile Fragmentation v

Settings | " Fusion -» Residual r \\
U_ Settings | ™ Fugion -» Fission r \
Settings | " Coulomb fiszion
Setlings |

S g %
o Two Body Reactions
° 1501 mode
Abrasion-Fission

A3+ Ad'< 238
[~ Make default  OK | X Cancel

?Helpl

Abrasion-Fission a u

I 238U 54,3 Mevdu) + Li
I T
. . Projectile fragmentaticn — m ——‘—‘ j
— Energy region definitions .
Ewcitation energy region I Lo I MIDDOLE I HIGH Fragment velocityj' Momenturmn distribution § i Cross sechion, Excitation energy and etcijr
Choosze a primary reaction = r e | 238U[154.3 MeWu) + Li -» 1325n
Perform transmizzion calculations i v v
for this Energy regiu:un Prefragment and Evaparation options | E xcitation energy for Abragion-4blation model
Choose FISSILE nucleus 236U | 232Th | 222Rn |
Excitation energy (el | 341 | 1082 I 294 Cross Sections
Cross section mb] | 431 | 5138 | 5325 2- EP&X 2.15; K.Summerer et al. Phys. Rev, C51(2000)034607 =]
Restare previouz setings | Cross sechions surm [mb) I 15373

OT@NSCL.MSU 10/31/16
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Beam dump
materials

Production settings

e Ti90 Al6 V4 window : thickness* =1 mm

e Water: thickness** =2.09 mm

* Its equivalent is pure Ti material a thickness of 1.011 mm

** In the case of the Uranium beam

LISE** does not calculate isotope Abrasion-Fission production in compounds
And.... There are two compound targets
It is necessary to find an equivalent target
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Equivalent target

[

[ 5
T L "I

Abrasion- "Quasy”
Atoms Fission Thick NA . v
Yield
cs
There are two conditions for inimg/em2 | mb g/cm2 atoms csmha
] 5.97E+20 1101.3 0.023  1.39E+22 1.53FE+25
equivalent target : 3.76E+19  1652.2 0.185 6.97E+21 1.15E425
1.00E+20 1284.9 0.209  2.09E+22 2.69E+25
1.26E+19  1869.7 0.457 5.76E+21 1.08E+25
(Production mechanism condition) 8.60E+19  1538.2 0.253  2.18E+22 3.35E+25
Number of fission reactions
should be the same in the targetl+target2 2.67E422 3.76E+25
original (Ti90 Al6 V4 window + l l
Water) case and its equivalent _ Thickness
Thickness .
from Thickness
from NA .
Yield
g/cm?2 g/cm2 delta % average
] H A4.47E-02 5.72E-02 22% 5.09E-02
o (Energy loss condition) The Uranium 0 7 09E-01 6.06E-01 15% 6.57E-01
primary beam passes the H20 2.67E-01 2.93E-01 9%, 2.80E-01
) ) Ti 2.12E+00 1.60E+00 25% 1.86E+00
equivalent target and stops in a
downstream material. Li 3.10e-01 284601 8% 2.97€-01
Smallest delta is observed in /

Final equivalent
target thickness

the case of Li-material.
The best equivalent material



Radiation residues calculator : LAlvERs Ty
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LIS K

T,,, boundaries against the “stiffness” problem

http://lise.nscl.msu.edu/work/BeamDump/RadResCalc v2a.pdf

21y irradiation case : summary
@ Final Time
T1/2 Deca Elapsed
{ Y Number of Total . .
min time, : i Activity calulation
isotopes yield .
boundary s time
1E-08 0 13 1E+09 3.0E+11 6.07
1E-05 0 10 1E+09 5.0E+09 1.73
1E-02 0 9 1E+09 1.5e+07 0.57
@ 1 &10 sec
1E-08 100 11 1E+09 1.5e+07 9.09
1E-02 100 11 1E+09 1.5+07 0.81

OT@NSCL.MSU 10/31/16 11


http://lise.nscl.msu.edu/work/BeamDump/RadResCalc_v2a.pdf
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the “Isotope Production in the FRIB Beam Dump: projectile fragmentation case” presentation

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

* Energy of beam is taken after the production target
Production ickness is equal to 30% of range of projectile
with energy from the FRIB be st Reactions

iecti T8K 36+ secR
* |nitial beam intensity (400 kW) is corrected for reaction lost \“\r;l’fgt'le ; :(el i 722
> m . +
in the primary production target [Flragment nKlmm S
T8] o o
* Ti90AI6V4 (1 mm) “beam dump window” is assumedbea | — ——— " R e
target in LISE* file — | [Pre| swoper N0
Equivalent material (Ti 1.011 mm) for energy loss and atoms i Fe
number (important for CS) is used in LISE*" W 50 gicm2
* Water (beam dump material) is assumed be a stripper in
LISE** file

“stripper” thickness is equal to difference of projectile ranM

water with energies after the Ti-target and 35 MeV/u
correspondingly.



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

