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1. Introduction
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Fragment-Separator EXPErtSImEeetngs PRIRLLER

4th Fragment-Separator experts meeting : v. 9.2.33 (10-DEC-2010) v.9.3 01/06/2012
v.9.5 03/06/2013

v.9.7 11/01/2013

5th Fragment-Separator experts meeting : v. 9.7.01 (01-NOV-2013)

Lectures at the Euroschool on Exotic Beams 2013

August 26-31, 2013
Dubna, Russia

"Production of Fast Rare lon Beams"
with the use of examples prepared with the LISE** code

(available on-line through LISE++ and Euroschool sites)

4th Fragment-Separator experts meeting

LISE*  : high order optic calculations —f——* Introduction to transmission

calculations in LISE**
MOCADI : make user-friendly, interface

COSsY : use of materials
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Al IGAN E

[LISE* site address ancraoyamioacitimnik Y

slllize.nscl.msu.edu/lise.html

NeW addl’eSS versien 9.5

SIMULATION OF FRAGMEMT SEPARATORS

. I i;.;..-, aj \a
httD//llse.nSCI.mSU.edU J!‘jl Range of application

The program LISE++ has been developed to calculate the fransmission and yields of
fragments produced and collected in a spectrometer. This code allows to simulate an
experiment, beginning from the parameters of the reaction mechanism and finishing with the
registration of products selected by a spectrometer. The program allows to quickly optimize the
parameters of the spectrometer before or during the experiment. It also makes it possible to
estimate and work in conditions of maximum output of studied reaction products and their
unambiguous identification. Wedge and Wien filter selections are also included in the
program.

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

built-in Energy loss, Time-of-Flight, Position, Angular, Charge, Cross-Section distribution plots
and dE-E, dE-TOF, Z-A/Q and dE-X two-dimensional plots allow to visualize the results of the
program calculations. An application of ransport integral lies in the basis of fast calculations
of the program for the estimation of temporary evelution of distributions of phase space.

The LISE code may be applied at medium-energy and high-energy facilities (fragment- and
recoil-separators with electrostatic and/or magnetic selections). A number of these facilities,
v.9.5 like A1900 and 5800 at NSCL, LISE3, SISSILISE3 and SPEG at GANIL, FRS and SuperFRS at
G3I, RIPS and BigRIPS at RIKEN, based on the separation of projectile-like and fission
fragments, fusion residues are included or might be easily added to the existing optical
configuration files

The Projectile Fragmentation, Fusion-Evaporation, Fusion-Fission, Coulomb Fission, and

Redirection from previous addresses

http://www.nscl.msu.edu/lise
http://groups.nscl.msu.edu/lise

New download link is = LISE site connect.. sl
http://lise.nscl.msu.edu/download

&= | @ lise.nscl.msu.edu/download/ lize. necl mau edu-- Host Resolved
. Connected
16 bytes of 16 received

Index of /download Disconnected

HTTP Success = Get Success
Statuz: Tranzaction Completed
Dizconnected

No more FTP-server to download Name Last modified _ Size Description Dis

the LISE++ package 0G-HAR-2013
a Parent Directory -
LISE++ 9 5.exe 09-Mar-2013 16:19 11M
E} open version/ 07-Mar-2013 11:13 -
E}m 18-Feb-2013 14:19 -
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LISER & NRV S| partnersite
MY Wclenr  Keacions  Video

-t .;.\J4 — 11
st e LOW) €En@rw Nudeor Knowledoe Rose

Russian Foundation for Basic R

Nuclear Properties Nuclear Models Nuclear Decays Nuclear Reactions

Nuclear Map Shell Model Alpha - decay Elastic scattering Experimental
Classical Data
Semiclassical

Optical Model do/id

Phase analysis

Liguid Drop Model Beta - decay Inelastic Scattering
Check your Browser Settings Coulomb excitation
Direct process (DWBA)
Channel coupling
Dieep inelastic collision

Java applets blocked?

gl Warning! NRV extensively Two-Center Shell Model  Fission Transfer reactions:

3 uses Java Your browser must Direct process (DWBA)

o +t Java Virtual Machi Semicalssical approach (GRAZING code)
JEIE| support Java Virtual Machine 3-body classical model

on transfer

Massive transfer

Decay of excited nuclei Fragmentation
EPAX v3
Break-up (DWBA)
Zemiclassical modal BER

Fusion Experimental
Empirical model Data
Channel Coupling
Langevin aquations Gf “s(E)
Driving potentials
Synthesis of SHE (movie)
Evaporation residues | Experimental
Monte-Carlo Data

Oygn (B
Radiative capture Experimental
Potential model Data

NACREAI

Pre-equilibrinm LP formation

classical modal

Kinematics:
2-body / / 3-body / [ Q-values
Detector loading

£ s sizez AN ¥ L 1S B

‘What is it? History and Support NEV under Windows ‘Work team Nuclear databases Partner site
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NRV : LISE'" s partnersite —4
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lise.nscl.msu.eduslise.htrml

its difisCi freely SIMULATION OF FRAGMEMNT SEPARATORS
PIS B 4 -

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 conditions of maximum output of studied reaction products and their
unambiguous identification. Wedge and Wien filter selections are also included in the
program.

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

built-in Energy loss, Time-of-Flight, Position, Angular, Charge, Cross-Section distribution plots
and dE-E, dE-TOF, Z-A/Q and dE-X two-dimensional plots allow to visualize the results of the
program calculations. An application of transport integral lies in the basis of fast calculations
of the program for the estimation of temporary evolution of distributions of phase space.

The LISE code may be applied at medium-energy and high-energy facilities (fragment- and
recoil-separators with electrostatic andfor magnetic selections). A number of these facilities,
v. 9.4.52 like A1900 and 5800 at NSCL, LISE3, SISSILISE3 and SPEG at GAMIL, FRS and SuperFRS at
G281, RIPS and BigRIPZ at RIKEM, based on the separation of projectile-like and fission
fragments, fusion residues are included or might be easily added to the existing optical
configuration files.

The Projectile Fragmentation, Fusion-Evaporation, Fusion-Fission, Coulomb Fission, and
Abrasion-Fission assumed in this program as the production reaction mechanism allows to
simulate experiments at beam energies above the Coulomb barrier.

Built-in powerful tools:

w «Physical Calculators,

u «Relativistic Kinematics Calculators,

w «Evaporation Calculators,

w «Spectroscopic " {of J.Kanteles),

w «Matrix calculator”,

w «PACE4» (fusion-evaporation code),

u «Globals (charge-state distribution code),

w «Charges {(charge-state distribution code),

u Nuclide and Isomeric state Databases utilities,
w Units converter,

w ISOL catcher,
w
w
w
w
w
w
w
ch

Twinsol {solenoid) utility,

Transport calculations,

Brho analyzer,

Stripper foil lifetime utility (new),

Monte Carlo simulation of fragment transmission (new),

Monte Carlo simulation of fission fragment Kinematics,

«Bl» - the automatized search of two-dimensional peaks in spectra and definition of their
aracteristics

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.

LISE++ presentation on EBS52011 - PDF (1.6 MB)

LISE++ first steps - PDF (EBSS2011-tutorial)

LISE++ status (2008) - PDF (1.8 MB)

o= Muiear LISE++ presentation (2007) - PowerPoint (4,3 MB)
fneniedge Base LISE++ presentation (2004) - PowerPoint (4 MB)

LISE++ Coulomb fission - PowerPoint (3 MB)

LISE++ Abrasion-Fission - PowerPoint (3 MB)

R L T
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I EISES UNTYERSITY

-
E‘ Kinematics calculator (;

- —

Fusion -» Residual

Excitation I E[CH] = 101816 MeW

—Reactions | | Parhicipant: WE
[tet] Energy
4 Beam |[amAr [3E04 [ 0 Beam energy = || 1400 MeViu
B[4, C=A]D=E B Target || SBe I 11.35 a Intensity=| 1 prdy
RREAKLIP Cc fooen [JH0AC 3508 [ 0 Tagettickress - |[“Te meron
D= I SBe 1]

 [FISSION) w[A.CDJx | 11.35 | Q-value = 0.00 MeV

o Fesidual
[gamma-emission) —I

I Use Mott's scattering — Reaction takes place at the

Evaporation settings I

Twi0 BODY B(A,.CID
reaction

— Transmission prabability for a one-dimensional potential barrier

" Classical

 Quanturr-mechanical

h_omega - Curvatune parameter " ENTRANCE of the target & MIDOLE of the target © ERIT of the target
of the parabolic potential describing I [ el
the barrier [default value 3 MeV] “Getup
fragment [C] residual (D]

Search an angle in Ck

& from 0 degrees and up we I_I— o |1—
~
from 180 degrees and down he T o I?

— Probabilty for compound nucleus formation P_{CH}

Take into account the Probabilty for compound nucleus
¥ fomnation P_{CN} according to
V. Zagrebaey & W Greiner, PRCYE, 034610 (2008)

Make
¢ oK | r default

xCancel ? Help |

- 8 o> -
For Kinematics Plots use energy values Angle (de) I 5439 I £2.885 I 50 I 130
nale (deg) = . L g
Partner site " after reaction fragment [C] residual [0 fragment [C]  residual (0]
1 atenbrance of detectors SEaculahon LAB | CH

|
m Fusion | -
: bl, Kinematics plots Counting in monitar = | 1.13s-2 I Ble4 pps
[ETEZ] Evaporation | Differential Cross Section= | 7.23 | 0.33 | o203 [ 0203 mbdsr
Rutherford plot .
M Ereergy sfter reaction = ["124.55 [ 6a.51 |28 [ 91ar Mevru
Energy at the entrance

bl. 2D fragment plot of detectors = I 12455 I E8.51 Mebfu [ for gamma [MeW] )
(Maorte Carlo)
I aximum &ngle = I 13.03 I 30,00 deg
Jbody kinematics Soidénge=| 02 [ 02 | 717 [ 035 mer

| = | delta Theta= |  0.57 0.57 34 11 d
x ot ? Hielp lelta eal I I l eg

r —

Fusion -» Residual

Eaporation settings

— Transmission probability for a one-dimensional potential barrier

" Classical
% Quantum-mechanical
h_omega - Curvature parameter

of the parabolic potential describing I 5 Mey

the barrier [default value 3 Mev]

— Probahilty for compound nucleus formation P_{CH}

T ake into account the Probabilty for compound nucleus
¥ formation P_{CM} according to
W .Zagrebaey & W.Greiner, PRC7S, 034610 [2008)

Partner site

W OK [ECEE]  Fusion |
xCancell ? Help | m Evaporation |
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Types of transmission
calculations In LISE*
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Types of transmission calcUlatioNSMAEISERAN: o e

> “Distribution” (analytical) method

= Fast calculations
= All Optimization procedures in the code based on this method
= Effective with segmented configurations for experiment planning

= Calculation of low transmission (important for primary beams)

LISE class “Distribution” . D. Bazin, B. Sherrill, Phys. Rev. E 50 (1994) 4017
LISE class “Distribution2” : 2000
LISE++ class “Distribution4” : 2003
RE
> Monte Carlo method; (from2007) C ¥

= Benchmark for the “Distribution” method

» Detailed analysis of transmission with extended configurations

= Possibility to use High Order Optics

= Observation of correlations between different parameters of different blocks
» Possible gates on different parameters

= Good tools for understanding (learning) ion-beam optics issues

= Effective for fragment separator design

= Some optical blocks (Solenoid, RF buncher) are effective only in MC mode

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 9



Distribution & Monte Carler metheds

MICHIGAN STATE

UNIVYVERSITY

o dE-TOF .
82Gp (140.0 MeV/u) + Be (443.61 mg/cm?); Settings on *5Ca: Config: DDSWDDMMS MM
= dp/p=1.12% - Wedges: 0 Brho(Tm)- 4.4056, 44056, 4.4056, 4.4056
2 E Start Target. Stop: FP_PIN, ACQ_start: Detector ™ dE- FP_PIN - Si (516 um) 0
270 n_' ]
L
=g 9
@
| 2 ¥ pseudoMC method for plots :
0 s 26410
") 26409
2281 © 26408 . .
> et Monte Carlo method is applied
m 2e406 .
=S to analytically calculated
c . X . .
2e | W Final Distributions
£
246
ol Distribution
238 " Time of flight (ns)
I E W isotope Gmﬁp : Monte Carlo Yield Plot
r . . . +
T Distribution + pseudoMC i Monte Carlo
280 | I D
a =
-u'-.. S 270 3
270 S' : (-]
o -
E w0t o il
| e el
@ w .
] p e
S x| Z S
=S g
[«
b L
: 2A40}*
20| E
3 20 "Stripper" vs "FP_PIN": Time of flight [ns
& Time of flight (ns) PP - b
—— —— —— 248 252 256 260 264 268 272 276
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“Iar (140.0 MeViu) + Be (1e-3 um); Trasmitted Fragment %87 (beam)
OrdEI' 1 dpip=507% - Wedges: 0; BricTmi: 3916 3916 3916 3916

» LISE*" is able to operate with . € WO R orgmn: COSNDOMMSM
5th order matrices R s P TN

» High order optics can be used
only in Monte Carlo mode

http://lise.nscl.msu.edu/8 3/HighOrder v8 3 158.pdf

» LISE** can calculate 1st and 2nd e DX feed
order matrices based on the :
Transport formalism

» Higher matrices can be loaded
(or linked) from files prepared

by the COSY code
http://lise.nscl.msu.edu/9 2/9 2 33/9 2 33.pdf 45
after "04° | X [mm)
: ::n’:;'mm ;’:““;""“‘"-55 gxz‘vmocsvw,m
I \
VN
W
- \
LISE** 1st LISE*+ 2nd

- + B El .
o W ey A e W el

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 11



http://lise.nscl.msu.edu/8_3/HighOrder_v8_3_158.pdf
http://lise.nscl.msu.edu/9_2/9_2_33/9_2_33.pdf

O MICHIGAN STATE

Classical’ Segmented & EXtended configunationsEsEOSICA(CONSEN  ELEEEs ! 1Y

a > Classical (segmented) configuration:

= Fast transmission calculations
= Simple structure
= Effective with analytical calculations for experiment planning

@ > Extended (elemental) configuration:

= Detailed analysis of transmission

= Optical matrices can be calculated in the code,
and used in segmented configurations

= Tools to obtain angular acceptances,
which can be used in segmented configurations

= Good tools for understanding (learning) ion-beam optics issues

= Effective with Monte Carlo calculations for fragment separator design

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 12
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r

-
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Calculations

Tune specsometer forsettng fagment o beam ais
Goodies Tune spectrometer for setting fragment at middle of slit
Cahbrailmrlm Update matrices linked with COSY files
Transmission and rate 3
Optimum Target Saiaal
Optimum Target-Wedge and Wedge-Wedge configurations First order matrix elements : PLOT
Brho scanning First order matrix elements : View & Print

Optimum charge state combination
Monte Carlo calculation of transmission

Quad & Dipole settings : EDIT

Quad & Dipole settings : View & Print

Calculators »
Brho(Erha) Analyzer

The First- and Second-Order Matrix Elements for an Ideal Magnet

segmented
Bilack | GiveriMame | Statim] | Lengthim) | BOKG] Bi[Trrjcorreal | Drittd #2ngle | RappicmlsFim] | L effimlL diplm] | 2 nd order | EaIcMatrf"‘Z-lI! A .:.:A 5 Slits
By | Dipole o 0.000 87190 +142116 |_* 4.405_| #4510 = 31000 "2 4347 Hy'

Brho — Q Sllts
acceptance

extended

Block | Given Name | Statm) | Length(m)} | BOKG] | Br(Tmjcon/real | Driftd #4ngle | Rapp(cm)s F|[m]| L_eff[m)#L_dipfm) | 2 nd order | CalcMati*Z-0 II.-'-‘-.ng.-‘-‘-.u:u:}l'-.ppSSllls
Ll |Dipole turing 0.000 0.0001 +146853 | * 4.4055 “0.0 *3,0000 *0.0000 no “0

S []oiitt 2015 0.000 0.3960 standard - HY -
@ ] ot Qo17-1TA 0.39 07430 | +154196 | 44056 quadiupole 133000 0.7480 yes 1 ~ HY -
8[| oiitt 2018 1.144 0.1756 standard - HY -
@ ] ovit Q019-1TB 1.320 07480 | 143295 | 44086 quadiupols 13.3000 0.7480 yas 1 - HY -
S []oiitt 2020 2,063 0.1720 standard - HY -
@ ] ot Qo214TC 2.240 04300 | +103091 | 44056 uadrupole 15.0000 0.4300 yes 1 - Hy -
S []oiitt 2022 2,670 0.5260 standard - HY -
Ly | Dipole D1 319 24300 | +142396 | * 4.4056 “45.0 *3.09 yes “0 ~ HY -
8[| oiitt 2030 5626 05640 standard - HY -
@ ] ovit Q031-2TA £.190 04300 | +125140 | 440856 quadiupole 15.0000 0.4300 yes 1 ~ HV -
5[] oiitt 2032 B.620 0.1358 standard - HY -
@ ] ot Q033-2TB E.755 08120 | 155591 | 44086 quadiupole 15.0000 0.8120 yes 1 - HY -
S []oiitt 2034 7.567 0.1358 standard - HY -
@ ] ovit Q035-2TC 7.703 04300 | +136724 | 44056 quadiupole 15.0000 0.4300 yes 1 ~ HY -
S ] oitt 2036 8.133 0.5860 standard - Hy -
8 Oloiitt Image1(037) 8.719 0.0000 SLITS - HY

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 13
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Fragment separator: design @' IEISE™ AR

Configuration: A1900 S800BL_extended LISE 2012 2nd order

x
Block | Given Name | z0 | Lengthm | Enable | 2]  —j|nsert Mode ~ Insest block
T@® T arget T arget + -T Taraet
Sta|syi Stri O b=t 2 —
Tipper Tipper + -
= G St@| Stipper after Target
tuning 0 0 + . after -
S 0ot 2015 0.396 . Wedge
Q - ] .
11| Dt QO7-1TA 0.748 +  Move element E‘ Material(Detector)
5 [ Drift 2018 0176 +
2 1o QO13-1TE 0.743 - i W e
5 [ Drift 20120 0172 + Il Down
N~ Dmy| Dispersive (Dipol
@ )] oiin QO211TC 0.43 2 spersive (Dipole)
8 [t 2022 0,526 + Viien velocity fitter
Timy | Dipole o1 0 243 + {8y Edt Drt multipole sits)
5 [ Drift =030 0.564 + —x -
ete .
0 1] oiif Q031-2T4 043 5 Beam Rotation
5[] Drift 2032 0136 + Shift of Optical Awis
@ [1{orire Q033-2TB 0.812 +
' v 0K Erm|  Hectrostatic dipol
S 0ot 2034 0136 . — osene TeeE
1 ooriee Q035-2TC 0.43 + ? Help G| Gasfiled ssparstor
S .
(1] Corift 036 0.586 + B e
S it Irnane] IN371 1 . =
— Selected block ~ Tatal Ka RF separator
Enahl I3 Dizperzsive [Dipole Mumber of
natle | persive (Dipole] Elocks AF buncher
Let call autamaticaly [ Block Length [m] | 0.0007 I 164
- Length after L3 Solencid
Black name = [iuning this block [m] | © Length [m]
Charge State [£-0] = I n Sequence number I 3 I 82,838 Delay (efficiency) block

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 14
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L 1S HAare

[ LISE*" block |
| Material block || || Optical block ||

Compound Resolution Optical Calibration
class matrix files
Thickness defect Calibration Angular set "Z-q" value
HECE]II‘E'IE‘B for m blocks
Inclination | L e
Dispersive block Hon-dispersive Hon-dispersive block
(dipole) utility block DRIFT class
Target
= e Magnetic || Beam | slits
dipole Rotation
a SN Electrostatic | | |  Shif of | beam.line
dipole optical axis
Wedge Wien velocity Delay magnetic
] filter ] block | guadrupole
Material (detector) Compensating J || magnetic
o dipole sextupole
Faraday cup Gas-filled || electrostatic
|| separator quadru pole
RF Kicker
RF buncher

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 15
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High order optics
calculated by LISE** “ Optical block I

0 1 2

2 Magnetic Beam 1 slits
dipole | Rotation B
Electrostatic Shif of beam-line
1 i dipole | optical axis B
1 | Wien velocity | Delay | | magnetic 2
filter block guadru pole
|
Compensating | | magnetic
dipole 0 sextupole 2
Gas-filled [ | electrostatic 1
— 0 separator quadrupole
0 RF kicker |

O RFbum:herl

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 16
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Official VEESIONS LKL,

L 1 S I

v.9.3 01/06/2012 v.9.5 03/06/2013 v.9.7 11/01/2013

| version 9.3 | version 9.5 | Vo raronliiogT: |
] dam = e FRIB ratcs (v.1.07) e,
i et ry au Updists of the infernai datsnese 1| L Diferemia o BN | =peeecoas
! order insids LIZE™ Based on e mmzxm
{ \ \ AME_S_NUBASE_2012
\ " FDF
! 1 Proveviny for compound { AR
A ‘nusisus formation —
o)
3 ' ‘ Elsotrostatio opliosl blooks:
Utiitties §o develop and modiy updsds, ! 73 A
- Plof of intital prefragments. l FOF E-dander (dipaie)
' ‘ New optios! blook.
of snsiytiost w = = ® = = = M}n ~ane
b--uha:lnl‘-u N3CL and FRIE rale plots A At o R
58 Al : Monte Carlo Transmission Plot —
——_— Now New testures of LISE™
Datadase Piots, Monds Cario caloutstions.
imporisnt updsies of anatytioal Oatsdase fastures,
transmis sion osloulstions a8 Piot options.
(v.8.288) 2
. =] z
e
: '—"' Pl [ s as New biook “RF-dunoher” "MARE" speoiromedsr
8| (7= e - exdended configuration
$ <o 1 RE SOLUT separaior L,
=5 @ < " m;m:n configuration
- bl — Nusiide 24
o [TET Somtiuam k¢ & e
g e Ichiced resobont
e s acanded e Kinematio Caloulsior
148 configuration
Trra mye e ' ‘ Isatope discovery history.
Z Mot ] e Owmosten Vake  Dwnanson &
Code s Deosy mode revision
WS 92 Vescahabshse o bendegmazer | 0 - 3% =) % 00 3% ' ‘ NRV Envaiopss
T %7 D newmveutesmidte g attac “RFbencher 17 X'(Theta) (mead] .a‘ Lo Snargy hosciase Mroaleson Sasa - wiih rotsfion blooks
b g e o 4 bancieg magzet — Por LIBE™ °s pariner siie or
T T O o
Imitial Prefragments Plot for *Ca « —_
TR 1612 UL hanilla et o cuion o o— (TS Updsts of the » ABRANCHN ARATON - e s Bu ISr e sy
sozes 20 Betal degde of pole tace stsmon e dagens x
s B et e iripper iWstime uliy | ' ‘ T i a List of Modoations -
‘a momentum distridutions * version 354-36°
10248 118 P a5, o = ot e i - o
hE | 2x J|w
. g «
ot e s Do bt ol —
PACE4 oode updsie: " Jopmant:
et ) :[.?l_[m]] oL baioh mode ! R Y = ;:oe‘:; : varsions v.9.5.005 -
2K B ax |l gafatiad anavels » mwEn s 'a‘ Modfioations tadie. 2, Davaiopment: varsions v.9.5.123 -
'y of amitiad garfiole B s0ring o7 30plicaTion 95133
J S S ST FOF - - - T T T . 3. Beam and Seming Yagmen: chage
TITEE w0 MR beRlatensadanand  [5  1m =" 3 ‘-'= i etila ] s cisyiouTions i
o ! (o~ ——— — L R LY T " —— e — ——
'-fm: 20 ;-: w:ﬁ-;:-n [0 oo ™ ; = -
'a‘ s B = Lﬂ Modmostion tadie:
» ks ¥ £ Gl s = e 3 FOF Dy
7 e i otw G Coosmecmanan | ok | X cwen | FOF focoscod
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New blocks

RF-buncher

Shift of optical axis

Electrostatic dipole (revision, matrix calculation)
Electrostatic quadrupole



RF-buncher
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S-gaps PUNCHER

Note: RF-buncher block is
more effective in MC mode

RESOLUT (FSU)
J (e ,L+)L~E -) t configuration

RI HJL L http://lise.nscl.msu.edu/9 4/b
= = = uncher/9 4 87 buncher.pdf
RLDTL - RLDTZ
o o
ifl -y | al i
- RLRES?Z -
( - . 1 _ _ l
581 _/\‘“""' 862
Gap Gap Size Bias
1 D +V
2 2D -2V
3 D +V

Multi-gaps bunchers are constructed for specified speed

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 21


http://lise.nscl.msu.edu/9_4/buncher/9_4_87_buncher.pdf
http://lise.nscl.msu.edu/9_4/buncher/9_4_87_buncher.pdf

’@ MICHIGAN STATE
UNIVERSITY

Three gaps RE-buncher in' COSY: = inree REEDUnNchersuni SIS

NoCL LIS B

RESOLUT_3gap.lpp

COSY 3 gaps

Gap Gap Size Bias
1 D +V
2 2D -2V
3 D +V

LISE++ 3 bunchers:

Buncher Gap Size Bias Phase
1 D \% a
2 2D 2V a+180
3 D \% a

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 22



MICHIGAN STATE

Initialf RES@ILUAYSCHEME UNIVERSITY

L1 S Eee

[P fruning Dipole 270 <—— Tuning dipole to define magnetic rigidity of the separator,
: —— Unitary matrix, no slits, zero length
_DI Dritt 1 0.35 m
LI solencid1 .05 <« Initial drift+solenoid+drift
sfandard configuration to define angular acceptance
I@Hm”maz L <«—— 3gap Rf-buncher was realized as 3 RF bunchers
Ph 215 deg
] 118 KV
@Hmunmaa o e
. slandard
lS_DI Drt 3 0.54 m
quadrupo'e
MI Mat 0.3 m ‘\
. {andard
5 O] o4 [EE
I quadrupao'e
e S QQDQQ spectrometer
; fandard
5 O] o5 04T m
) Brh
E‘ Bipole 0617 Tm
. slandard
E Dt & 0.48 m
quadrupo'e
E MQ3 041 m
. slandard
E Drt 7 022 m
I T
. slandard
Drt 8 0.74m
slits1 S s
-200| H [+200
0|V |45
. B
L} Solencid 2 52888 T
slts2 =
-200| H [+200

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 23



MICHIGAN STATE

Three RE-DUnchersamisiSE NS

| 2541 : MC Transmission Plot - Envelope . oo et ]
| 25A1 : MC Transmission Plot - Envelope (only passed) BT
25A] (5.0 MeV/u) + Be (1e-4 um); Transmitted Fragment 2°Al (beam); Optics Order: 1
dp/p=21.51% ; Brho(Tm): 0.6197, 0.6197
Bounds: Off; "Drift 7" - last block for MC calc; no gates; Config: DLBBBSSSSSDSSSSS5LSM
: y y y J ) ) Contour
5.35 [CH TP L Tt R PP TP PEPEPLPL ERERLPLS 4 | Sum 3.36e+05|
Bunchers
<X=>2.33
<Y=5
dX 0.258
|| 525 4| dY 0.109
XY -3 5e-04
| SUM
W 7.580e+02
CPU speed
| 5.15 0pps
i
3
2 505
=
>
=)
=)
)
c 4.95
I L 500
| 321
4.85
15
475 e I
[ 6 ]
4
H | H 1 2 *
465k Solenoid 1.\ . ; , , i , : 1
i 1.9 2 21 2.2 2.3 2.4 2.5 26 2.7
ch |-‘Ds1|;+u+1 U[C1:':i|.s1;;|.""1c:'.lise_pp_g4'.f|Ies".examples".RESOLU'I".RESOLUT_3gap.Ippj after "Drift 7": L [m]

— —= o

File: RESOLUT_3gap.lpp

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 24



©

NSCL

File: RESOLUT 3gap_reaction.lpp

& Element g+ Beam energy r~ Emittance ——
[2¢ Mg [Tz Enegy & | 62 Mevu il [S,SSZT"S?Q,F.LE,S, Distibuton
IT TKE ~ 13871 Me half-width...] mithad]
z Bhoe | 0777  Tm X omm | 15 IGaussnan |
I Stable P o 2502 GeVie 2T rmrad I 20 IGaussian ;I
I o Tableof u O 124048 KY AY mm | 15 |Gaussian |
rd MNuclides B intersity 4P mrad | 20 Gaussian ;I
Z eam Intens -
2 - g e IT - 5L Tm I 0 IGausslan ;I
& |1— oh ED % | 0.5 IGaussnan ;I
v Ok [l BT IO,
rojectile  24Mg12+
5.2 MeViu 1 pn&
[Flragment  25A113+
T®] Targe de
1 mgicm2
Two body reaction
. : Brho
1395 [Tuning Dipole
- 0.6187 Tm

Primary beam is taken into account, but
Think about other reactions.

EPAX cross section have been used
for Two-body reactions

O.Tarasov@FragmentSeaparator2013.RIKEN.JP

Energy [MeV/u]

after "Stripper™:

Three RE-bunchers in LISE++: Vs Reaction(Separationstiarismssion)

Al IGAN E

UNIVYVERSITY

After target

25A1 : Monte Carlo Transmission Plot [astinme ]
2Mg (6.2 MeV/u) + Be (1 mglem2); Transmitted Fragment 2°Al (TwoBody); Optics Order: 1
dp/p=21.19% : Brho(Tm): 06197, 0.6197
Bounds; Off; "Stripper” - last block for MC calc; no gates; Config: DLBBBSSSSSDSSSSSSLSM

5.2

48

44

36

3.2

281

24}

0.8

Contour
Sum 2.59e+04
Max 15
<X=-0.0717
<¥»32
dx 162
dy 1.06
XY -28e-01

SUM
2585e+05

CPU speed
16.99e+03 pps|

-350

29-01-2013 17:49:10

-250 -150 -50 50 150 250 350
lesIRES LunREsoﬂﬁﬂa:ﬁtﬂHH&ﬂ X(Theta) [mrad]

LISE ++ [Clusericlise_pp_94iile

25



MICHIGAN STATE
O Three RE-bunchers in LISE++: Vs Reaction(Separationstiarismssion) UNIVERSITY

NGCLl Ly 1 S b
st i i . .
angular acceptance angular acceptance
B3A1: Monte Carlo Transmission Plot Mo Al : Monte Carlo Transmission Plot e
#)g (6.2 MeVlu) + Be (1 mg/em?); Transmitted Fragment 2Al (TwoBody); Optics Order: 1 #\g (6.2 MeV/iu) + Be (1 mglcm?2); Transmitted Fragment 2°Al (TwaBody); Optics Order: 1
m dplp=21.19% ; Brho(Tm} 06197, 0.6197 dplp=21.19%: Brho(Tm); 0.6197, 0.6197
P Bounds; Off. "Solenoid 1"- last block for MC calc; no gates; Config: DLBBBSSSSSDSSSSSSLSM Bounds: Off, "Solenoid 1"- last block for MC calc; no gates; Config: DLBBBSSSSSDSSSSSSLSM
E Contour 7 Contour
Sum4.15e+05 = Sum 1.79e+03)
E Max 89 i Max 7
2 X>0207 <X 0685
By 5 <¥=319 R <¥>413
el dx 186 IMC| X 222
.ﬁ dY 1.06 -ﬁ 6 dy 1.54
bt wasen || (12 XY 150400
? SUM ? SUM
5 475 || [T 1768¢+03
S 5 CPU speed 3 5 CPU speed
% 000e+00pps |l || B 0008400 pps
| £ | &
|3 | B
§ 4 g
| € —— 4
w w
| i- il i-
T T
(Hl Ig 3 [l .E 3
] 500 ] 500
[ 21 I 321
o 206 o 206
i % 2 [ 133 | i -a-’ [ 133 |
[ £ 2
| ® il ®
15 15
1 10 1 10 ]
[ [ 0|
4 4
2 2
1 1
[_] ) -700 -500 =300 -100 100 300 500 700 l?—140 -100 -60 -20 20 60 100
Lt e g g e, AREE Solenoid 17 X' Theta) [mrad] s v s AR Splenoid 17 X (Theta) [mrad]
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NSCL

Energy [MeV/u]

Three RE-bunchers in LISE++: Vs Reaction(Separationstiarismssion)

After the 3 gap buncher without
angular acceptance

[FET =)

5A1 : Monte Carlo Transmission Plot ZCoutiaset]
Mg (6.2 MeV/u) + Be (1 mg/cm2); Transmitted Fragment Al (TwoBody); Optics Order: 1
dp/p=21.19% ; Brho(Tm): 0.6197, 0.6197
Bounds: Off; "RFbuncher 3" - last block for MC cale; no gates; Config: DLBBBSSSSSDSSSSSS

Contour
5.5} Sum 1.66e
Max 259
=X>-0.284
<Y=3.21
dxX 186
dY 109
XY 22601
SUM
1.661e+06

500
k7l

[

after "RFbuncher 3":

o

B r\JIbII

0.
-%00 -300 -100 100 300 500
29-01-2013 18:03:28

LISE++[C ﬂuser‘.c‘.\|sa_pp_ﬂ4mIas‘.examplesﬂﬁg[ul;ﬁf£l‘!ﬂ%[ré;ﬁ\¥p‘;jThEta) [mrad]

O.Tarasov@FragmentSeaparator2013.RIKEN.JP

MICHIGAN STATE

UNIYERSITY
[ -

4
- 1
T A

After the 3 gap buncher with
angular acceptance

Al : Monte Carlo Transmission Plot [ Couion |
XMg (8.2 MeVlu) +Be (1 mgicm?); Transmitted Fragment 25Al (TwoBody); Optics Order: 1
dp/p=21.19% ; Brho(Tm}: 0.6197, 0.6197
Bounds: Off, "RFbuncher 3'-last block for MC cale; no gates; Config: DLBBBSSSSSDSSSSSSLSM
7 Contour
Sum 1.32e+03)
Max 13
<X>-0.56
=416
6 dX 213
dy 192
XY 1.2e+00
1= SUM
e 13226403
> 5 RS CPU speed
s : 0.00e+00 pps
>
2]
-
£y
u
Y
-
Z
0 3
E 50
Kyl
r
g 2
&
15
1 10|
L |
4
2
) 1
__-120 -80 -40 0 40 80 120
LLQI-DS?Pj'[01";L\;§r;clxuse_pp_EI:i‘.ﬂIes‘examp\asxRESOLUT\RESOLUT_,@HE!BWH”MI}H Ep XI(Theta) [mrad]
+/- 47 mrad acceptance,
Transmission 1.6% 27



MICHIGAN STATE

RESOLUT (One gap RE-BUNCHER) S firagmentiansmission e T T

1y 1 D AR

After the Slitsl with angular acceptance, Bounds OFF

| '@ ZSA\:MonteCaﬂoImnsmissio;PI-ut- T —— ' . __. u— ‘; @E‘g‘
Isotope Group : Monte Carlo Yield Plot Coalie | Al : Monte Carlo Transmission Plot Coalie |
g (6.2 MeViu) + Be (1 mgicm?); Transmitted Fragment %Al (TwoBody); Optics Order: 1 g (6.2 MeViu) + Be (1 mgicm?); Transmitted Fragment %Al (TwoBody); Optics Order: 1
" dolp=17.35% : Biho(Tm): 06197, 06197 dolp=17.35% : Biho(Tm): 06197, 06197
F‘ Bounds: Off; "Material 1" - last block for MC calc; no gates; Config: DLSBSSSSSDSSSSSSLSM Bounds: Off; "Material 1" - last block for MC calc; no gates; Config: DLSBSSSSSDSSSSSSLSM |
Confour ' ! ! ' ' Confour
% i Sum 1.33e+03) % Sum 303
Max 8 Max 7
f %07 ||| B x> 00926
. ® Isotope Grou w8 | i
MCl ) dX 541 MCl dX 441
L1 p p aro || On | 25 A | 0 0953
2o xt36e ||| 8 y XY-28400
U= . | s S
@ £ : 1327e:03 |}~ £ 3030e+02
2 CPUspeed (|| @ O speed
F 000e:00pps ||| F 275:01 pps
5w 5
0 Rate (ops) 0
- 2101e+0? £ %i
F F
& B y e g 3 :
- . -
[ [
= 325 *
2 500 2 500
p k71| p k71|
0 0
? 35 2 35}
= =
0 0
2 2
|2 . 2
| T o T
] ]
: 15 : 15
10| 10|
2% — 29} —
— —
285 1 85 w
-250 -150 -50 50 150 250 -250 -150 -50 50 150 250
L g gLt s v AT ST X ] | e [ T————— ] L)
O.Tarasov@FragmentSeaparator2013.RIKEN.JP Transmission values are identical in RESOLUT_1gap & RESOLUT 3_gap 28



RESOLUT & RE BUNCHERPIOLS

Tuning mode : "d5"

Final Energy = f (phase) gy
R
=

=

Energy (MeV/u)

160 200
Phase shift [deg]

Final d_Energy = f [phase)

d_E (MeV/u)

.
.
-
-
-
. .
- -
L
S S

30-01-2010301210223340 80 120 160 40
L1SE ++ [Clusenclise_pp_84¥iles\examples\Eimse shitt ™ oap.Ipp]

O.Tarasov@FragmentSeaparator2013.RIKEN.JP

minimum at Phase =216.05 deg

Energy (MeV/u)

=
=
&
=]
[&]
=
o
=

RF buncher: U=0.49 MV 5Gap=0.08m RF =97.0 MHz

MICHIGAN S

UNIVYVERSITY

B o e— e N e
RF buncher

25A] (5.0 MeV/u) + Be (1e-4 um), Settings on 2°Al; Config: DLSBSSSSSDSSSSSSLSM

¢ Energy(t) = fiXgap); phase=21

6 deg

002 0.04
Gap Z-Position [m]

V(t) = f(Xgap); phase=216 deg

Gap Z-Position [m]

29
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MICHIGAN HT\TE

RESOLUMI & optimization

RF buncher optimization (Phase & Voltage)
25A1 (5.0 MeV/u) + Be (1e-4 pm); Settings on 25Al; Config: DLSBSSSSSDSSSSSSLSM
Tuning mode : "d5"  minimum = 1.900e-03 at Phase =216.0 deg & Voltage = 488.00 kV
RF buncher: U=488.00kV Gap=7.60cm RF=97.0MHz

e 488 kV

1400 216 degrees

1200

S
= 800
@
3
S 488 kV in this mode
600
corresponds to
122 kV nominal value.
400
From FSU COSY file
200 V=119.6 kV
(see page 7)
]
o] 40 80 120 160 200
EI}_OI’USEZE: 3;[;\?1:292;\2(3Is9709794\11\es\examp\es‘RESOLUT\RESDLUTJgap.lpp] Phase {deg)

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 30



Optical blocks :
E-quad, E-bender



Electrostatic guadrtipole

Al IGAN E

UNIYERSITY
[ &

L__T'_J'_‘;

Electrostatic Quadrupole

- T

- i

— Settings

L_eff [effective length) = I [0.1] m
U [voltage] =| BE0491 ey
Radiuz [half-aperture) = I 3 cm
| Quad fized Erho-value I 012004 MJAC
1 coresponding to :
1l the setting fragment  Fixt cument value |

[T calculate 2nd order matri elements

Infarmation

Block length IT m
Current [Real] Ehro-value 012004 M/
far the setting fragment 2

Setting fragment I 100R w1+

— if Etho-value has been changed then

 no actions

IS recalculate automatically U [voltage),
keep the matis  [Fecomended)

recalculate automatically the matrix,
keep U [voltage)

Do not forget ta recalculate the Optical matrix if you
changed cell contents in the M anual mode!

{E’ Recalculate Voltage for the fragment cument Erho |

£  Calculate Optical matrix 4\ o 0K I

G Edit aptical matrix |

Right now it is only 1-st order calculations

E-quad -- options : matrix keeping & automatic U recalculation,
and U-keeping & automatic matrix recalculation

O.Tarasov@FragmentSeaparator2013.RIKEN.JP

— Kind of Drift [or Multipole] block

BEAM-LIME block. Mon-dizpersive optical block.
IJger can change the optical matris values.

STANDARD DRIFT block az in the

r Transport code. Use this mode for a long
detector. The Optical matrix iz determined
by the code.

Calculate
Optical

matrix

AUADRUPDLE [magnetic]. The matriz can
¢~ be calculated a3 in the Transport code with % Seftings |
uzing block parameters [radiuz, effective
lergth, magnetic: field)
SEXTUPOLE [magretic). The matrix can be
¢~ caleulated as in the Transport code with {333; Settings |
uzing block parameters [radius, effective
i field]

— Optical block properties and data——

Lenath = l 01 m
Brho = l 03523 Tm

.I Cut{Slits) & Acceptances |

I8 Optical matrbc |

General setting of block |

— Show in the "Setup'" window

eJUADRUPOLE [electrastatic). The matnx ) |
% izan be calculated with using block @ Settings

iparameters [rA,gl]

' Black length
" Brha value

W OK Ixcancell 7 Hep |

Do not forget to recalculate the
Optical matrix if you changed
the DRIFT MODE!

r —
Optical matrix - BO1 D957 pa—— ¥ a
G -L G, "Dlmensl " (Mw ‘ Fecondcudeu LocaL malnxm‘
G - Gilobal, L - Block [Local) mm O F g Block flocal) " Giohal Non @ " Exist Wwansission
 Black mari | - Global matii | - Beamfsig-
1w 1553t [ootim [ o [ o [ o | © [issan [oomse [ o [ o [ o [ o Ekm L
2T [tamez[1sam [ 0 [0 [0 [ o [Tames2[6as228 [ o [ 0 [ o [ o lmad 2581916
av[ o [ o [omms[omes| o [ o [0 [0 [osze[omor [ o [ 0 lenl [ 12043
af[ 0 [ o [smeefoss| o [ o [0 [ o [easerf2smor [ 0 [ 0 fmad 18.2317
sc[a [0 [0 [0 [ 1 [ © [ [0 [0 [0 [ 1 [0 o
so[ o [ o [ o [ o [ o [ 1 [0 [0 [o [¢ [ o [ 1 ® [Tom
foml  Amead]  Aem]  Awad)  Jem] Az | 2nd Moml  Amead]  Jem]  Awad)  Aew] /%] 2nd
order order
Det= 100024 OB jpot/firk COSY mep @E[_]—'I view Det= 100024 EE;;}' view o

| Drft (multpole,sits)

« Ok I xCancaul P Heb | WX Spectrometer matrix |

32



ElecDip

— Electrostatic Dipole Settiings

Electrostatic bender(cipoie)

— Separation plane

Harizontal

& Vertical

% E [electric field) I 13351

* 1 kism
U [voltage) IW [
" Electic igidy | 0.40053 —{ MJ/C
" Magnetic rigidity IW ~ T

[corresponds ta the setting fragment)

— Electrostatic: Dipole Cokstants

Distance betweean

plates [gap) = I 01 m
Bend Sectar
Radius [10] = I 3 m
Angle = I 45 deq
Length= | 23562 m

— Optical block properties and data

Setting Charge state

for the Block (23] [0

Calculate the Yalues using
the Setting fragment from

.I Cut(Slits) & Acceptances | D1
" Optical matrix | Tweak | 01 %
: Calculate other

General setting of block | optic blocks

—Advanced Elec. Dipole settings for extened configurations

Eend type; |

Important: Selection [#/D] in thiz block by Electic
rigidity, where D = d(Erha)/[Erha)

o 0K | xt:ancell ? Helpl

O.Tarasov@FragmentSeaparator2013.RIKEN.JP

=) Show ED Scheme |
& Cylindrical INF &a" Matrix calculations |
¢ Spherical I 3 Autarnatically recalculate the
' I— [ matrix, when LISE++ hag
" Tomidal il changed the block ngidi

UNIVYVERSITY

H )
—

MICHIGAN &
LIS
-
E Electrostatic dipole (deflector) scheme
Zoom In

Foom Qut

P s

N

iy

7

)
S

N

4

7,
?

2

v

IR

-y

2

AN

OO

»

N

This checkbox is available after matrix

calculations done

33
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Al IGAN E

& BIOEnas exampie Ak

http://lise.nscl.msu.edu/9 6/Edipole/EB case.lpp M.Portillo’s example,
Purpose and COSY calculations

= Create an energy achromat system

# = Using double focusing
I_ ISE++ « E-dipole _
» Bend of 90deg at R=0.2 m

spherical electrodes for equal x- and y-focus strength COSY
» Drift before and after bend = R

 B-dipole
» Bend of 90deg at R=0.2 m
» 26.56deg entranc & exit edge angles for equal x- and y-focus strength
» Drift before and after bend = 2R

Dimenszion
" Glabal | Lister - [c\user\cosyLISE_COSY_App\EB_focusl TXT]
File Edit Options Help
Global matrix o
-.10088E+81  .55116E-07  .@0GGBOE+80 .0BBOOE+08  .00GBOE+80  .BEGOOE+00
1 | 0 | o0 | o0 | o0 | 08 |em -.50080E+E2 -.10B00E+01  .MOOOOE+A80  .0ABOOE+08  .DOOGOE+A0  .2BA00E+02
.800BGE+B8  _AOBABE+BA -.1B006E+G1  _0BGABE+AA  .GBBOBOE+88  _OBGABE+AO
=0 [ 1 [ 0 [ 0 [ 0 [ 20 [|med .80000E+08  _B0BEBE+B0 -.58000E+02 -_108@OE+61  .0BOGOE+88  _0OAAOE+A0
-.20080E+81 -.3000PE-01  .GOOOOE+A0  .0ABOOE+08  .100B0E+61 —.ASG6ME+00
| o J o | 2 J o J o | o fe> P | emennei MAP IN TRANSPORT UNITS, COSY FORHAT, PH
o [0 [ = [ 4 [ 0 [ 10 |mad E bend fOCUS -.2045573E-08 -.7363069E-07 .0000D00 0000000 .1681321E-08 B000A00A
-.9999986 -49.99997 8880800 . 8080808 -2.p00008 108008008
| 2 [ oo | o | 0o | A | -0.45664 [lcm] .5511577E-07 -.9999986 .0a8B0aR 0006060 -.7990990F-1 B1000080
. . . -1. -58.08000 .8800080 801688008
[ o | o | o [ o | o [ 1 | . . . -1. : 00010000
- 8000800 8800080 8800880 8086880 1.0080808 40861088
Alcm] Amrad] Hcm] Amrad] fcm] M%] .7999999 20.66000 .80000688 .6000000 - 4566366 aoeoa1eg
-39.09907 -999.9901 8800800 80000080 22.83182 apoaae1a
Det= 1.00000 ~40.08002 ~108008. 881 8880880 . 8080808 22.83184 g8eaR0e
Dimension Matrices
mm @ cm Block [local) ¢ & |4 Lister - [c\user\cosy\LISE_COSY_App\EB_focus2.TXT]
File Edit Options Help
Global matrix T
.10086E+681  .61410E-B6  .GO0GBE+60  .BAOOGE+BA  .0AOBOE+08 - .24965E-04
[1001z21 [oooooz | o | o | O |-0.00086 [om] .87501E+062  .1800GE+01  .GBO0BOE+00  .GOAOPE+80  .PADGAE+08 - .350@0E+62
.BO00BE+A0  .OOO0GE+BD  .9909GE+B0 -.66931E-86  .0AOBOE+00  .0OBOOE+0R
|ss2to7 (100033 | o | o | o [-350121 [ovad) .000OOE+00  .0ODOOE+D0  .SO364E+02  .99999E+00  .DODDOE+00  .0ODBOE+DD
.35080E+81 -.34741E-86  .GO0GOE+80  .GUOGBE+EB0  .1800GE+E81 - .33788E+E1
| o | o |o@sss |oooooz| o | O cm) N 4 N . . .
—————————————————— MAP IN TRANSPORT UNITS, COSY FORMAT, PH
| o | 0 [soassssfosssrz| o0 | O mrad] _1861954E-12 . 1288709E-06  .0000000 .60aA000 .1241115E-07 ABAOOEAE
1.800845 87 58076 .88008680 .868006880 3.499983 1680068008
|3497 | o0 | o | o | 1 |337082 fom] _61M18B1E-86 1. . . —_3474118E-086 61080060
T o [ o [ o [ o | o [ 1 %] .8800808 .8800808 9999564 86.36445 .8080008 861680860
E + B b d f .8800000 .8800008 -.6603090E-06 .9999898 8000000 80010000
A[em] Amrad] Acm] Amrad)] Acm] %] - . . . 1. 00001000
en ocus —.2496493E- B4 —35.0BB4S .8800800 .8800800 -3.370789 90080100
Det= 0.99998 By [:::l u8.00114 2500.819 .8800808 .8800800 162.8314 90080610
=1 S I ~39.99865 1000. 026 .8800800 .8000800 174.2475 20000001
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http://lise.nscl.msu.edu/9_6/Edipole/EB_case.lpp
http://lise.nscl.msu.edu/9_6/Edipole/E_B_di_acrho_90deg v2.pdf
http://lise.nscl.msu.edu/9_6/Edipole/E_B_di_acrho_90deg v2.pdf
http://lise.nscl.msu.edu/9_6/Edipole/E_B_di_acrho_90deg v2.pdf

“HIGAN STATE

E & Bibends example —

RN
http://lise.nscl.msu.edu/9 6/Edipole/EB case.lpp ﬂ b 1D -shepe M.Portillo’s example,
? sigma, semi-asis. istribution .
b and COSY calculations

1% mm I 05 IGaussian

L I S E++ 2.T miad I &0 IF\eclangIe unifarm

Y mm | 05 |Baussien

COSY

4 P rmrad I ED Rectangle uniform
L mm I 0 IGausslan
60 % | 001 |Saussien

LedLedLefLefla]]4]

50

X [mm]

X-motien

-50

0 02 0.4 06 08 T2 14 6 T8
DN e soetomment ez Feininoern o After "Driftd QR" L[m]

45

35

Y [mm]

-45

W.rnotian

02 0.4 06 08 1 12 1.4 16 18
16-08-2013 180116 after "Driftd 2R": L [m]

1S E v+ ICWisanl ISF dayelonmentFlacricNinalel?013 EladricDinalalFA cas

O.Tarasov FragmentSeaparétor2013 RIKEN.JP 35


http://lise.nscl.msu.edu/9_6/Edipole/EB_case.lpp
http://lise.nscl.msu.edu/9_6/Edipole/E_B_di_acrho_90deg v2.pdf
http://lise.nscl.msu.edu/9_6/Edipole/E_B_di_acrho_90deg v2.pdf
http://lise.nscl.msu.edu/9_6/Edipole/E_B_di_acrho_90deg v2.pdf

MICHIGAN STATE

D-line & extenced cConfiguiration UNIVERSITY

L1 S Eee

LISE* file: http://lise.nscl.msu.edu/9 6/Edipole/D-line BTS01-12%20with%20rotation.lpp

Almost 137 blocks,

where
M-dipole: 1
E-dipole: 7

E-quad : 32

- a:\‘L-.H i Y“TTF-;:_T'
SR _.,73.7_%\

‘
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http://lise.nscl.msu.edu/9_6/Edipole/D-line_BTS01-12 with rotation.lpp
http://lise.nscl.msu.edu/9_6/Edipole/D-line_BTS01-12 with rotation.lpp
http://lise.nscl.msu.edu/9_6/Edipole/D-line_BTS01-12 with rotation.lpp
http://lise.nscl.msu.edu/9_6/Edipole/D-line_BTS01-12 with rotation.lpp
http://lise.nscl.msu.edu/9_6/Edipole/D-line_BTS01-12 with rotation.lpp

MICHIGAN STATE
UNIVERSITY

Extended configuration BiSO1=BiiS12

From “Report on recalculation of

http://lise.nscl.msu.edu/9 6/Edipole/D-line BTS01-12%20with%20rotation.lpp
Low-E beam lines” by M.Portillo

LISE** file:

100Ru (0.0 MeV/u) + ; Transmitted Fragment 100Ru1+-1+ (bea;'n); Opﬁcs Order: 1
dp/p=0.76% ; Brho(Tm): 0.3523, 0.3523

Bounds: Off; "LastDrift BTS11" - last block for MC calc; no gates; Config: DSSSSSSSSSESSSSSSSSSE
BTS 01, BTS10, BTS11a

. BTS 01, BTS10, BTS11
T
E
* X
-70
-90
0 2 4 6 8 10
S P . after "LastDrift BTS11": L [m]
70
£
E
" Y

0 2 4 6 8
3 e after "LastDrift BTS11": L [m]
37

E ++ [G\ElectricDipoie\D-ine_BTS01-11.Ipp]
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http://lise.nscl.msu.edu/9_6/Edipole/D-line_BTS01-12 with rotation.lpp
http://lise.nscl.msu.edu/9_6/Edipole/D-line_BTS01-12 with rotation.lpp
http://lise.nscl.msu.edu/9_6/Edipole/D-line_BTS01-12 with rotation.lpp
http://lise.nscl.msu.edu/9_6/Edipole/D-line_BTS01-12 with rotation.lpp
http://lise.nscl.msu.edu/9_6/Edipole/D-line_BTS01-12 with rotation.lpp

Optical blocks :
Shift of optical axis




Al IGAN E

New optical block : “Shift of optical axis* LIKLLTIR,

HH Allows to simulate misalignment,
projectile scattering and so on.

E Spectrometer designil
[ Biock [ Given Name | z0 [ Lengthm [ Enable [ - Insert Made Insert block
[T @] 7 a00et Targat + [ Target
=t o @ before -
ipper Shipper "
Stripper after Target
[T Dipoie [ i 8719 + © after
[5 Cloit 1_slts i NO Wedge
W
Ii_s-iige D Maove element Material{Detector)
02 0 877 .
[P W] Materisl  12_PRACO wo |7 | _fF ‘ EreT
[ Do 12_sits 0 . Il Down
[# ¥|wedge  1Z_wedge . T=eied
M aterial 12_PPaCT NO Wien velocity fitter
= )
(M W] Material 12500 ND & e e
[Bme|oicce D3 L . g o |
et
[ o 13.slts 0 NO il e
Wedge 13_wedge O Shift of Optical Axs
[Bme|oioe s 0 3m . T s
(M B|Mateial  FR_PRACD .
[P W] material  FP_PRACT . ? Heb Gasfiled separstor
[ Do FP_slis 0 .
= Compensating Dipole:
MWl Material  XF SEI w7
Selected block Total RF separator
Enabl il Dipol Murmber of _
nable I | ispersive (D ipole] ] ———
Let call automatically [~ Block Length [m] | 8713 [
Length after Solencid
Block name = [D1 e i g [ E719 Length ]
Charge State Q)= | 0 Sequence number 3 35643 Delay (efficiency) block

(8 Optical matrix

Optical Axis Shifts
dx | 2000 mm
dT 800 mrad
| dv[ o mm
dP 'T mrad
. dT ,W degress
» Property : optical block 4P [T dogees X Cancel

» Always Identity matrix
* Length block =0 —

. dX=+2000.0rm
Shift dT=-200.0 mrad

] BT slts

General setting of block
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“HIGAN STATE
UNIVERSITY

Optical block *“Shift> : triplet misalignment

LISE** file: http:/llise.nscl.msu.edu/9 6/Edipole/misalignemnt A1900 extended COSY.Ipp

Example:
H TH - MC Transmissi el )  DASSE
st H : MC Transmission Plot - Envelope (only passed)
1 trl p | et 5 m m 1H (358.5 MeV/u) + Be (1e-4 uym); Transmitted Fragment H (beam); Optics Order: 1
H dp/p=5.07% ; Wedges: 0; Brho(Tm): 3.0000, 3.0000, 3.0000, 3.0000, 3.0000
A” d|p0|es Set to 30 Tm Bounds: Off, "Image4(105)" - last block for MC calc; no gates; Config: DSHSSSSSHSDSSSSSSSSSSS
80

[Plrojectile  1H™
358.49 MeViu 1 pnA

[Flragment  1H™ =beam=
=
Be
TS 0.0001 m cran
ST.I Stripper
. Brho -
| s 3.0000 Tm |—| T
2015 slandard |; x

dX=+50mm

Shift 1

D17TA  SuadEos
2018 slandard
[@ 0] porgtTe  auadieee
2020 sian:;:lgrrr-::: .
@ )] jaoz1-11C QI ' .]0 - : ‘ ..é. . 12”aﬂer“l:'5age4 os;z‘?l.lm] “ ® ”
Hel|l shit2 dX=-5.0mm 3 w

»

S
|Ih p1 3.EIEtIaEl2h<':I’n1
Bl v wen
Bf agran i
= S — \V

) ) 342 EX) ED E2X) £ 362 EX)
after "Image4{105)”; L [m]

2 28
after “Imaged(105)": L [m]

X [mm]

78 82 1856 19
after "Image4(105)": L [m] n

Biez 166 7 174
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MICHIGAN STATE

Optical block “Shift” : triplet misalignment T

~ T
E-N

LISE** file: http:/llise.nscl.msu.edu/9 6/Edipole/misalignemnt A1900 extended COSY.Ipp

Example:
: 1§y - PR _ acw
1st tr|p|et 5mm H : MC Transmission Plot - Envelope (only passed)
TH (358.5 MeV/u) + Be (1e-4 pm); Transmitted Fragment 'H (beam). Op Qrder: 2
dp/p=5.07% ; Wedges: 0; Brho(Tm): 3.0000(3.0082, 3.0000, 3.0000, 2 9965 )
) X . Bounds: Off, "Image4(105)" - last block for MC calc; no gates; Config: DSHSSSSSHSDSSSSSSSSSSS!
Playing with Dipoles 120

to be for Images

at the central axis
80

40

LK |

T o
E 0 !
I~
-40
-80
-120
0 12 16 20 24
after "Image4(105)": L [m]
Brho, Tm i X> 00737 ¥ D
Brho(Tm): 3.0082 3.0000 - 0911 sl Brho(Tm): 3.0082, 3.0000, 3.0000, 2.9965 > 00663
Initial Set SetfInit
15
Beam 3 3 - = -
£ £
E E
x 5| X
Dipole 1 3 3.0082 027% § 5
(=]
o -
g g
i g
Dipole 2 3 3 - E 5 E
] 5
£ g
Dipole 3 3 3 -
15| =25
Dipole 4 3 29965 -0.12%
T ET r; = 2 G 0 T R 2 3 3 0 r 3 12
after "Image1(037)": X [mm] after "Image3(082)": X [mm]
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Monte Carlo
calculation of
Transmission



©®

NSCL

MC dialog

Monte Carla calculation of fragment transmission

20 4B T 0 UUE

=R

New A, Z, g, A/, Vs » ... fields and filtexrsin VMIC (1)

"HIGAN ST,

UNIVYVERSITY

-

] ol

MC option dialog

: : MC transmission options - (—
—What izotope trangmizsion to calculate’? | ¥-coordinate - f-coordinate Gated
) After BLOCK After BLOCK S8 — High Order Optics Calculations
¢ One fragment of interest, Choze manualy here as a: r i
IFF'-F'F"""E1 ﬂ Y IFF'-PF"*‘E1 d ® Usze in calculations : ™ through 3rd arder Highest
» Group of lzotopes already calculated | e intk
by the Digtribution method [Neale = 0) I mm 1 mam 4 " through dth order canfigu
. i . CUEUT) rirad T mirad
List of isctapes fram fle B o file ¢ through 2nd order €7 through Sth arder |_1
L to produce inzide target = =lE Y i - i
~ Inputions raps from file i TP T'ad CR) de — Straggling in material Detectar rezolution
emitted from target = == " dPP % O dreP % ~Gate 2 i i
& ¥ dnoul Use energy and time resolutic
. " Radial [f£Y] mm " Radial [ <) mm I IRy ¥ of detectars for TOF, Eneray
- Chose fragment of interest " Angle[ B4 ) mrad © Angle [ 4] mrad | : W Energy losz, and TKE walues
i i
A Element Z s Tableof  Energy el  Erergy beh A Lateral = Use spatial resolution of
I ER] I 5 I 16 # MNucldes © TKE My  TKE May Dijistera W detectars for 4 and Y values
& |2 = ' Momerturm S " Mamentuni el — Bounds
| | Stable =1 =] " Brho T*m " Brho T*m ll F Tak
I & Elw MJ/C ¢ Etho WJAC cGates r Use physical limits [aperture] inside: blacks e
| ~ Charge state ' to calculate fragment transmission W Taks
| 16+ D1 - Gt C Energyloss  MeV  Erergyloss MV | e Far block apertures LISE ++ uzes the it limits Il
" Range mm " Range i 4 acceszible from the Black Cut & Acceptance r i th
| - Reaction mechanism " Envelope m " Erwvelope m f dialog. [Pap attention there for the checkbox
IProiectiIe Fragmertation ;I ¢ Energy MV /mm ¢~ Energy tetdfmm
Depositon  /particle Depositon  /paticle I - only for ENVELOPE mode - Assumne |
i i ; i -~ Gate 4 . . . .
6;‘;1\ . = : | " Time of fight  ns " Time of fight ~ ns ate r Show trajectories of all fragments (including [ fard
EEIEEL LTS " Length " Length m I L unzelected by fragment-zeparator) I forh
I IStlipper - Stait > IStripper ;I [ i) ez
Shop > IFp_ppAm =] —Width to plot Integer Values [A2.q ... Options
Add in the R — ; | & [mass nurbe o
[ previous MC § _“Distibution” calcuation Z [atomic number) »-sigma=| 01 0.001 < Sigma < 0.5 W R
plat windaw M [reutran nurber] I Yz - iR default 0.1 J
@% MC calculation to file | Ve% (o charge) Yelocity S : staut It
| . ﬁf’% o I\u"eloc:it_l,l [emdns] vl il
Mante Caro calculation AZg | — ‘ I
| X o | % 2D-plot | lor 4.3q O parameters M2.0-] V‘ OK x Cancel
(o [mass number] ;” . IZ-q ;”

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 43



MICHIGAN STATE

New A, Z, q, A/q, ... fields and filters in M€ (2) URIVERSITY

1e 1 S5 LA

Example: After target without beam

Isotope Group : Monte Carlo Yield Plot ot
40Ar (140.0 MeV/u) + Be (500 um); Transmitted Fragment 32S (Fragmentn); Optics Order: 1
dp/p=100.00%
Bounds: Off, "Stripper” - last block for MC calc; no gates; Config: A

wiidth to plat Integer“-f'alues [A2. ...]'
ansanas) 004 By nni sioma < 05
PR T Y -sigma =] 0.08 default 0.1
18} ik 4g #
: 8 ¢ 0§ BB B -

e & & ¢ 1 | o
= s 8 & § § B ¥ o5 5.331e+04
E . v ) ) , CPU speed
= ¢ § & § ¥ & 57 3 ¢ 0.00e+00 pps
3 X )
< 141 LN SHEE SR R IR S 1| Rate (pps)
Q ) . ]
= r 2 § ¥ £ & € 3.672e+07
g % % & &8 8 a
N ¥ 8 & E& % !

G 10} R S T S .
2 ® & ¥ # ¥ )
-
o #. & & e
£
© 6 e e B o :
8 e =
s e
2 g
13 15 17 19 21 23 25 27 20

after "Stripper": Alq
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MICHIGAN STATE

Several locations for outpUEIMECHTHEN(E) RN e

-~ i

1 < Number of locations < 10 MH’s request

1 < Number of fields <10 “last” block” (most downstream) is
defined from gate locations, location
In previous version: for file, location for plot

Number of locations =1

Rays generator - new -
e il — g~ =
Setting Fragment /— Laocations — Fields
1005n50+ 50 Field
Projectile r;ra;men:atiun Murnber of locations = I A Murnber of fields = I 10
1.10 1.10
—Eele N Lacation M Field (Theta) [rorad]
| no gate 1 IStripper ;I 1 |>< [cm] ;I’ v [em]
: T'[Phi] [rrad]
Only for plot 2 {12_slts | 2 |X(Theta] [mrad] | ap ,Iajp I[,[;] |
adial [cm
" Fields ta Plot \\ 3 o3 B 3| fem =] Angle [mrad]
. 4 i - 4 TPhi = Energy [Mev /U]
. amis |>< [ ﬂ \ IFF'_SMS _I IY [Phi] [rorad] _I TKE [Mev]
. = b FP_PIr - 4] dF/P [% - [ k e
Vs [FPE ] . B - Monerlum GeV/c|
i Locations for file 6 [Momertum [Gev/c]  ~ | Length from Target [m]
7 [Length from Target [m[® Time from T arget [nz]
after BLOCK, |D1 ;l I —I Energy Lozs [Mel]
g ITime from T arget [rs] ;I R ange [mm)
| ["IMTO" thiz Block for Range and Energy Loss) Crozz Section [mb)
\ J g IHange [rrirn) ;I Mazs [amu)
i . UM ficr charge) 14 [mass. nurmber)
Dutput B ay file e 12 [atomic number]
q [ion charge)
E% MC_LISEray | ~ File format 7
Header [zettings, &g
i Field separator = It*f"l:l LI v field namesz] &-2q
&3
Z A X ot | Number of Faps = | 100 11000000 [ Mske Defaut {0 Tompty]

f —
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MICHIGAN STATE

Several locations for outpUutIEHieN2) CNIvERSITY

. 1 S EW.

Column name: “Location position (0,1,2..) — Field Name”

I Last block "FP_PIN", setting fragment: 100Sn50+..50+ [Projégctilefragmentation); N_Locations=5; N_fields=10; N_Rays=100
! location #01 : Stripper
!'location #02 : 12_slits
!location #03 : D3
!location #04 : FP_slits
!'location #05 : FP_PIN

_ - E =
[T] Lo =

_ s - $ % 3 |

¥ = = _ ki = 5 [ = _ k

E g E B E & E £ = € & E

— E — E ] — E — 2 o E £ o =

= = = E < i - e c = o — < i

- E z e E E T £ ET E = & ® % % s E :

s E & = & § & s E S5 = & § 2 & i 2 & E

X X > 5 T = = % x > > 5 = 3 E o T X *

= — — — — — — — ™~ ™~ ™ ™ ™ ] ] ] ™~ ™ m o
- o o o o o o o o o o o o o o o o o o c
1 -0.1129 7.1959 -0.08535 15.994 0.55118 60.997 50 -3.4593 4.9738 -0.0412 15.21 0.55118 60997 17.521 106.04 1] 50 1.7004 -5.371
2 -0.1034 -11.708 -0.18591 -13.868 -0.4247 60.404 50 2.3029 -2.3776 -0.15483 -27.278 -0.4247 o©0.404 17.472 107.07 1] 50 -1.1027 1.071
3 -0.0763 10.787 1.58E-05 2.1415 0.14412 60.75 50 -1.0236 5.5121 0.01037 3.0404 0.14412 60.75 17.521 106.94 1] 50 0.51187 -5.770
4 -0.2455 16.445 -0.07911 16.538 0.01029 60.668 50 -0.5326 11.026 0.04611 20.454 0.01029 60.668 17.553 107.24 0 50 0.12823 -12.49
5 0.03839 -8.1885 0.11778 6.0167 0.36481 600.883 50 -2.0458 -3.5871 0.08634 13.784 0.36481 60.883 17468 106.40 1] 50 0.90589 3.372
6 -0.1524 4,346 -0.13531 0.96609 -0.6603 60.262 50 3.59747  3.2643 -0.1306 -7.3991 -0.6603 60.2062 17.504 107.45 1] 50 -1.6265 -3.407
7 -0.0803 1631 -0.21527 5.5061 0.67223 61.07 50 -4.1487 7.9158 -0.1736 -7.1395 0.67223 6107 17.539 106.66 1] 50 1.9576 -8.359
3 0.10658 30.736 0.024456 -4.2877 -0.0938 60.605 50 0.79488 12473 -0.0018 -4.8769 -0.0938 60.005 17.561 107.36 1] 50 -0.8 -13.22
9 -0.0447 -16.965 0.08971 -4.7103 -0.3342 60.459 50 1.8671 -8.5517 0.07398 -0.1478 -0.3342 060459 17.447 106.85 1] 50 -0.9158 6.707
100 0.03292 -2.2843 0.19896 -20.981 -0.5731 60.314 50 3,557 -0.4255 0.16668 -13.721 -0.5731 60.314 17.484 107.25 1] 50 -1.8213 0.4369
11 -0.0066 1.9967 -0.1925 6.2534 0.49975 60.965 50 -2.9596 0.78228 -0.1613 -4.9283 0.49975 060.965 17495 106.52 1] 50 1.4361 -0.8354
12 -0.0745 16.087 0.010426 2.5637 -0.8187 60.165 50 4.7286  7.3007 0.03743 4.8563 -0.8187 o60.165 17.528 107.72 0 50 -2.3ed46 -7.379
13 0.01758 11.048 0.11291 2412 -0.5771 60.312 50 3.4812 4.4142 0.1192 10.614 -0.5771 60.312 17511 10743 0 50 -1.7954 -4.7
14 -0.0596 -2.5842 -0.01268 -9.1291 -0.092 60.006 50 0.4208 -0.0777 -0.0308 -12.41 -0.092 o0.606 17.486 106.91 1] 50 -0.1648 -0.1801
15 -0.0878 -3.9601 -0.00054 -10.435 -0.1519 60.57 50 0.71231 -0.2775 -0.0265 -13.431 -0.1519 60.57 17.485 106.94 1] 50 -0.2788 -0.0082
16 0.03588 -7.0353 -0.13446 -4.0601 -0.1641 60.563 50 1.0604 -3.0864 -0.1162 -12.988 -0.1641 60563 17.468 106.85 1] 50 -0.5912 2.820
17 0.07869 B.0604 -0.10436 3.5092 -0.0457 60.634 50 0.45453 2.0144 -0.0839 -2.0557 -0.0457 60.634 17.502 106.97 1] 50 -0.3286 -2.732
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O MICHIGAN ST,

E
Input 1ons: rays: from filer emitted iromitahgetanEVICITTOCENEYRN L EEs F 1

NSCL

DJM'’s request

-
Mente Carlo calculatis is5it |
What isotope transmission to calculate? - *-coordinate - Y-coordinate
P ot ot CF h After BLOCK After BLOCK. rGatel
ne fragment of interest. Choze manually here a3 a3
G fl Iready calculated |D1 ;I kit |D1 L i
roup of [zotopes already calculates . Ny Fil
C b the Distribution method [Mealz = 0] i mm % fr | no gate % View file
¢~ List of isotopes from file —nofile CRm mrad ORI miad -
i e Clhy o Cly --- abgent --
¢ input ions rays from file —rofile - e Trra [N (3] mmrad
et from target ik « dpp % & PP % ~Gate2
- MHurmber of rows
— Chaose fragment of interest " Radial [fixY) mm " Radial [f(xY) mm Dt : t
I © Angle [ <) mrad  dingle [f(<"]] miad | FETaE &l Bl
A Element £
" Energy Meiu " Energy Metiiu
[700 [5n [0
| L © TKE Mev  TKE Mev
I I " Momentum Mevic = Momentum Meic
Beta+ decay
 Brho T'm € Biho Tom Gate3—————— o 0K | X Cancel T Help |
‘ — Charge state  Velocity cm/hs  Velocity cm/ng r
[ |5D+ m 'l Fet | " Energy Loss Mey " Energy Loss Mel! | i - Mate
= > " Range il  Range il The lzotope lizt file iz in ASCI farmat.
| — Reaction mechanism ~ - . N T o
— - Erwelope m Envelope m Comment sting begin with 1" ar ™
IF'r0|ec:t|Ie Fragrentation ;I ~ Energy WYy ~ Enery YTy
Il Deposion  /particle Deposion  /particle The Columns can be separated by a Space. a Comma or
o B e — a Tabulation. User can put comments also at the end of
(| | [ MC transmission options |  Time of fight ~ ns  Time of fight  ns — data lirne
" Length m " Length m |
/e At least 13 columng should be in the zpecified order.
IStripper L” i IEI‘taTItI - IStripper LI R
r ’Si‘ifg&?;c 1% "Distibution” calculation | [12_wedge || < Stop > 12_wedae =l Three first columns: "2, "N, g™ where Z iz atomic
plot windav number, M iz number of neutrons, q iz ionic charge
@é MC calculation to file |
o . e . The nest ten are =, d=, =, d=' 7, dv' " .dr", E. dE.
Morte Carlo calcilation R pEEEtER (U2 RS (12 "d" means StDev. Set 00 pou do not want to use i,
x Quit | % 2D-plat IA-2q ;I IZ [atomic number] ;I .‘X.','T' in T, .lX.",‘T" in ITI[EIIZI, E in Metsu
Twa addional calumne can be uzed far birme [tdt] inns
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© . . ) . MICHIGAN STATE
Input 1ons rays from file.emitted fromtargetiniiCImoteNs) e T T

NSCL

Data line structure

A B C D E F G H I J K L M M o] The |zotope lizt file iz in A5CH format,
12 2 z < Z E z E 2 2 i L i it b Comment string begin with ™" or ;"
21z N q X dX) X dix) Y dy) Y diY) E dE) t dt)
3 mm mm  mrad  mrad mm mm  mrad mrad MeV/u MeVju ns ns The Caolumnz can be separated by a Space, a Comma or
4 18 20 18 _0.549 1 _0.409 4 1,571 0.8 -4.045 5 95.20 1 _0.891 7 a T abulation. User can put comments alzo at the end of
5 18 23 18 -0.509 1 6.557 4 0.120 0.8 7.029 5 102.66 1 -0.463 2 data line
6| 16 19 6 | -1.603| 1 -1041 4 |-1435 08 | 8051 5 97.17 1 0.863 2 At leazt 13 columns should be in the specified order.
7| 15 19 15 -2.177 1 4.244 4 1317 0.8  -0.575 5 104.09 1 0.683 2
8 15 19 15 0.209 1 -2.225 a 1561 0.8 1710 5 98.53 1 0.004 2 Three first columns: "2, "N", "q", where Z iz atamic
9 14 15 14 2.412 1 -4.756 4 -1.051 0.8 0.530 5 102.42 1 -0.095 2 number, M iz number of neutronz, q iz ionic charge
10| 14 17 14 2.288 1 0.295 a 0992 0.8 4415 5 95.77 1 -0.173 2
1| 14 15 14 1.495 1 1.112 4 0.580 0.8  -0.943 5 102.13 1 0.455 2 The next ten are =, d=, = d0 Y, dY " dy, B, dE.
12| 17 20 17 1.533 1 4.954 4 0.863 0.8 @ 6.794 5 93,28 1 -0.404 2 d" ME&n: 5“:"3‘*_“- SetOif fau do not want ko use it
13 16 17 16 2.462 1 -5620 4 1109 0.8 -149 5 10495 1 0.424 2 A mm, U inmrad, B in e /u
14| 13 15 13 1.185 1 4911 4 1.873 0.8 -1.027 5 99,03 1 -0.504 2 Tosm o=l el memfEe veed i e [ s
15| 18 22 18 1373 1 7.311 4 0105 08 -9.83 5 98,95 1 0.191 2
16| 16 19 16 0.710 1 5.501 4  -0534 0.8 -6920 5 98.37 1 -0.057 2
17| 15 19 15 1.785 1 5.563 a 1699 0.8  8.535 5 10478 1 -0.263 2
18| 18 20 18 0.117 1 -2.653 a 0445 0.8  9.797 5 98.79 1 0.593 2
19| 17 19 17 0.203 1 1.481 4 0.955 0.8 -9.887 5 95.41 1 -0.557 2
0 17 18 17 -1.885 1 -7.375 4 | -0.024 08  -7.897 5 99,34 1 0.995 2 Examp le of In put ion rays fileis
21| 15 16 15  -0.357 1 -0.539 a 0392 08 -6350 5 98.54 1 0.800 2 : .
22| 18 22 18 -1.197 1 7.231 4  -1778 0.8 -2706 5 99,27 1 -0911 2 located in LISE++ paCkage'
23| 16 20 16 -2.477 1 1.283 4  -0446 0.8 -5.652 5 96,69 1 -0.120 2 . .
4| 16 19 16 087 1 5091 4 0604 0.8 553 5 10444 1 -0.002 2 \Files\examples\ Input MC rays.inrays
25| 15 17 15  0.849 1 2.037 4  -1.268 0.8  -8.549 5 98.56 1 0.614 2
26| 17 22 17 2.320 1 2.574 a 1.015 0.8  -2.753 5 95.23 1 0.680 2
27| 14 15 14 0.974 1 -6327 4  -1404 0.8 9.402 5 99.26 1 -0.119 2
28| 18 20 18 -0.816 1 4.964 4 -0.116 0.8  5.200 5 97.26 1 0.200 2
29| 16 17 16 -0.543 1 -6.363 a 1384 0.8  -0102 5 10126 1 0.429 2
30 14 15 14 -1.535 1 -1722 4 0291 0.8 -0.900 5 97.06 1 0.120 2
31| 15 19 15  -2.164 1 4.317 4 1.030 0.8  5.206 5 102.23 1 -0.493 2
32| 16 19 16 0.135 1 5.462 a 1926 0.8  9.343 5 10070 1 -0.119 2
33| 18 22 18 -1.250 1 6.402 a 1.069 0.8  -3461 5 98.95 1 0.736 2 This Excel example with random
34| 14 18 14 -1.402 1 2.364 a 1405 0.8 | -7.775 5 97.24 1 0.716 2 ]
5| 16 17 16  -0.948 1  -7.159 4 0.966 0.8 1677 5 97.07 1 -0595 2 generator values is located at
36| 15 17 15  -1.916 1  -1.048 4  -1879 03 1071 5 103.65 1 -0.446 2

http://lise.nscl.msu.edu/9 6/Input MC rays.xIsx
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NSCL

Options:

Input ions rays from file emitteadfromitargetniViCITote4)

MC transmission options

- - =

— High Order Optics Calculations
Uze in calculations ™ thraugh 3rd order
- er  through 4th order
" through 2nd order ™ through Sth order

for the |zotope group caze only

High_est I;Irder

o this . H-zections independent
configuration oS-

| ] [all cross zections equal)

— Straggling in materal Detectar rezolution

- _—_— .
Use energy and time resalution Mo resolution will be taken into account

¥ Angulat ¥ of detectars for TOF, Energy if the selected block is optical or wedge
lozz, and TEE values
W - - . .
¥ Eneray ) ) Only energy resolution of _flrst detectar
Lateral = |Jze zpatial resalution of after _the zelected block will be taken
[ Latera 4 detectors for % and ' values into account for TRE walue
i Bounds //
- Use physical limits [aperture] inside blocks W Take into account thickness defect of materials
i el iz Wement e Fe W Take into account losses due to reactions in mater
For block. apertures LISE ++ uzez the it imitz q
acceszible from the Block Cut & Acceptance r lir:ﬁlﬁEEED"::F{Eﬁi;ﬁ;gigﬁlcﬂlamm
| dialog. [Pay attention there for the checkbox

= time consumed/options

| - only for ENVELDPE mode

r Shaow trajectories of all fragments (including
unselected by fragment-zeparatar)

— Azzume the reaction takes place at the middle/Af target——

[~ for Angular distributions * these tyh distributions
are cor ated for fuzion

[~ for Momestumn distibutions — and fsion reactions

—Wwidth to plot Integer Walues [b2.9 ...

SRR 001 R
Y-zigma=| 008 default 0.1

o OK

— Optionz for the “Input file of ion rays'/mode

¥ Recycle input reading file

v Use standard deviations from the fils

x Cancel ? Help | [ Make default

O.Tarasov@FragmentSeaparator2013.RIKEN.JP
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If this option is set, then after MC
reaches the end of file,
MC starts to read file from
beginning

If this option is set,
MC uses St.Dev. values from file to
randomize output values.

If this option is not set, then it is

equivalent to all of St.Dev values
are zero
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NSCL

Tons rays after target : MC Yield Plot - Envelope (only passedjtinied

Input rays file: "Input MC rays";
dp/p=5.07% ; Wedges: 0; Brho(Tm): 3.0000, 3.0000, 3.0000, 3.0000, 3.0000

Number of rays: 433; Optics Order: 1

Bounds: Off; "Image4(105)" - last block for MC calc; no gates; Config DSSSSSSSDSSSS5S5555558SSDS..

220

o Recycle
StDev

140

no
no

Contour
Sum 2.6e+04
Max 59
<X=17.8
<Y=>-0.695
dx 10.2
dY 336

XY -6 5e+00

SUM
5.900e+01
CPU speed

0pps

Rate (pps)

1827e-05

500
3

-180
2
-220 1
0 4 8 12 16 20 24 28 32
after "Image4(105)": L [m]
Contour
220 Sum 1.84e+06
Recycle : yes Vi 4 18000:
' <X>17.8
180 <Y>-0.641
StDev : no ax 102
. dy 323
140 XY -4.2e+00
SUM
4.182e+03
100 CPU speed
0 pps
Rate (pps)
® 1.594e-01
20
-20
-60
-100
-140
-180
220
0 4 12 16 20 24 28 32

_after "Image4(105)": L [m]

220 |

180 |-

-140 @Eﬁ
-180 |
=220k
o] 4 8 12 16 20 24 28 32
_ after "Image4(105)":_,L [m]
Contour
Sum 4.23e+06
Max 9.6e+03
140 .
Recycle : yes X e
dx 102
100 St DeV )C(‘YY’,—A?,ZQS+OO

60

MICHIGAN STATE

Input ions rays from file emittediiromitarge i ECImoteNs)

NIVERSI

TY

Ions rays after target : MC Yield Plot - Envelope (only passedy =

Input rays file: "Input MC rays"; Number of rays: 433; Optics Order: 1
dp/p=5.07% ; Wedges: 0; Brho(Tm): 3.0000, 3.0000, 3.0000, 3.0000, 3.0000

Bounds: Off; "Image4(105)" - last block for MC calc; no gates; Config: DSSSSSSSDSSSSS5SSS55SSSSDS...

Recycle : no
StDev : yes

Contour
Sum 0
Max 0
<X=0
<Y=0
dxX 0
dy 0
XY 0.0e+00
SUM
2.500e+01
CPU speed
25pps

Rate (pps)
1562e-01

321

4 8 12 16 20

after "Image4(105)": L [m]

24 28 32

1900 S800 extel

SUM

9602e+03

CPU speed
0pps

Rate (pps)
1.593e-01

9602
4988
2591




Plotting
configurations with
Rotation blocks
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Plotting Envelopes with rotation ploCkSEIVIONTENSa ONTIELTO0 LERALERY

L 1S b

Previous versions and

#-7 onentation

#-7 arientation

“Abzalute" > Laboratony frame

"Local -» Follow Rotation blocks "Local" - Fn:uIIn:uw R otation blocks

"Li : MC Transmission Plot - Envelope (only passed)

7Li (16.0 MeV/u) + Al (1e-4 mm); Transmitted Fragment 7Li#+-3* (beam); Optics Order: 1
dp/p=20.55% ; Brho(Tm): 1.3510, 1.3510, 1.3510, 1.3510

. "QB5"- last block for MC calc; no gates; Config: DSSSSSDSSSSSSDSONSDOSSSSE

"Li : MC Transmission Plot - Envelop# (only passgd)

7Li (16.0 MeV/u) + Al (1e-4 mm);, Transmitted Fragment 7L3*34/(beam); Optics Order: 1
dp/p=20.55% ; Brho(Tm). 1.3510, 1.3510, 1.35/10, 1.3510

Bounds: ON; "Q5" - last block for MC calc; no gates; Config: DSSS$SDSSSSSSDSONSPOSSSS! Bounds: ON;
120
120
80
80
40
40
— — 0 H 5 -
£ E
E E
> off s sl
- -40
-40 -80
80 -120
-160
2 4 ] 8 10 12 14 16 2 4 6 8 10 12 14 16
1710-201 after "Q5": L [m] 1\2?&1“\: lise-wahsitald Aiblars - 2013 after "Q5™: L [m]

N1 Nrtakuar 2 I

IR
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L 1S HAare

Previous versions and

=1 anentation

(" “Absolute” > Labaoratory frame

fo "Local" --» Follow Ratation blocks

Envelope for 7Li_ProjFrag 3+ 3+ 3+ 3+ 3#: x space
7Li (16.0 MeViu) + Al (1e-4 mm); Settings on 7Li* % Config: DSSSSSDSSSFSSDSONSDOSSSS
dplp=20.55% ; Brho(Tm). 13510, 1.3510, 1.3510, 1.3810

140
100
FEI
o
60 s B o
¥ S
»
g 20 * T
= ” Mo R - "-\‘
mean
o me
220 E T = -
A | Vo
\ i o
= |
R N f
60 \ " /
e N 7 T
~
S =~ Ve
e
-100
2 4 6 8 10 12 14 16
-websiteld §Wars - 2013-Oclobver v2.locl Length [m]

O.Tarasov@FragmentSeaparator2013.RIKEN.JP

X (mm)

#-7 arientation

“Absolute” -3 Laboratory frame

Hos000000000EEnORCENORCENOREEnoon

(" "Local" --» Fallow Ratation blocks

{o

Envelope for 7Li_ProjFrag 3+ 3+ 3+ 3+ 3+: x space
7Li (16.0 MeViu) + Al (1e-4 mm); Setings on 7Li*3*; Config: DSSSSSDSSSSSSDSONSDOSSSSSS...
dp/p=20.55% ; Brho(Tm). 1.3510, 1.3510, 1.3510, 1.3510

all charge states separ
um of reaction

140

100

60

20

-20

-60

-100

o
A R
g O -
A I‘ T
' i T
%\ [
mean | ¢
- e 4
1 ' s
] 1 ™
Jf. o
| e
' f 5
" r'-\\ I
\ = 7 = Lo
N~ —
\__/-/ ey / "
\\ Ve
e
2 4 6 8 10 12 14 16 18
AMaArs - 2013-0rt Inn Lengm [m]
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Optics:
utilities
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Utilities to cevelop and moaiiy/ exXtencec ConGURaiIONSENT s rs

NSCL LIS E

version 9.2.95

Utilities 1D-Plot  2D-Plot

Databases Help

Tune spectrometer for setting fragment on beam axis

Goodies Tune spectrometer for setting fragment at middle of slit

Calibrations Update matrices linked with COSY files

Transmission and rate »
Envelope plot

Optimurmn Target

Optimum Target-Wedge and Wedge-Wedge configurations First order matrix elements : PLOT

Brho scanning First order matrix elements : View & Print

Optimurn charge state combination Quad & Dipole settings : EDIT

Monte Carlo calculation of transmission L Quad & Dipole settings : View & Print

Physical Calculator Brho Analyzer

Kinermatics Calculator The First- and Second-Crder Matrix Elements for an Ideal Magnet
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Envelope of BIESt OrCerR Mathi@elEments RHIT I

-

First order matrix elements
40Ar (84.3 MeV/u) + Be (1e-4 um); Settings on “?Ar; Config: SSSSSSSDSSSSSSSSSSSSSSSDSS. ..
dp/p=5.07% ; Brho(Tm): 3.0000, 3.0000, 3.0000, 3.0000

without charge states
sum of reaction

i i * ! * * * S — XX glol % 035 H * i * * * S [— XIT glot ¥ 1 H : [ . . . S [— XD glol
RJ‘R — ;’)’2 ﬂllca\ RIA — ;J'T ﬁ:llclal R"D — ))Z'D ﬁ:llcal
0.25 3
/1
0.15} = 1 ®
= /o .
b= L -
2 Pl = ] ,, |
& E 005 b,i ¥ , Rl i
— E o
o A = [ J | X J [ S
ot a
< o
&€ o005 3
2
015} ol
Al
025 Ui
0 4 8 12 16 20 24 28 a7 0 4 8 12 16 20 24 28 32 0 4 8 12 16 20 24 28 32
Length [m] Length [m] Length [m]
AR =z AA gy AID A
35|
50 |
30}
—_ u
5 £ /\
e b= 10 |-
] <t E
£ 3 £ AUl . T A
— gl by
x© = 4 “ [N
q: << 10 |-
|
|
-30 |
-
2| -50 |
_359 4 8 12 16 20 24 28 37 0 4 8 12 16 20 24 28 32 0 4 8 12 16 20 24 28 32
: scl.msu.eduifilesiuser tLr%@gm-Lmlents LISEbetalf 1900_expanded_2011.1pp] Length [m] Length [ml
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Quads & Dipolessettings s EDI B

It’s easy access to edit all kind of slits Example of extended configuration
=] Quadrupoles and dipoles fast editting (S|
Block | GivenMame | Stafm) | Lengthim) | BOKG) | BiTmjconsreal | Drift #angle | Rapplem)Rim) | L_effim)*L_diplm] | 2 nd order | CalcMat#Z-0 | Anghcc.spps, SI|t$| COSY, Ilnkl -

m tuning 0.000 £.0001 F1EH7 - 34555 0.0 = 3,000 = 00001 no *[) T
8[| Drif 2015 0.000 03950 standard - HY - 3

O (] ot Q017174 0,396 0.7480 21083 34595 quadrupcle 13,3000 0,740 yes 1 - HY - ves

5 L1 i 2018 1144 01756 standard = [H - - mil

[@ it QOIS1TE 1.320 0.7480 A1.2523 34595 quadrupcle 13,3000 0.7450 yes 1 - HY - yes

5 0|t 2020 2,068 01720 standard - HY -

[@ it BOZ1-17C 2,240 0.4300 40953 34595 quadrupcle 15,0000 0.4300 yes 1 - HY - ves

8 [ oritt 2022 2,670 0.5250 standard - HY -

el | Dipole D1 3196 24300 A11817 = 345595 *45.0 = 3.0939 = 2.4299 yes = - HY - ves

8 [ oritt 2030 E.625 05640 standard - HY -

O (fy] it B031-2T4 £.190 0.4300 43,9052 34595 quadrupcle 15,0000 0.4300 yes 1 - HY - ves

8 [ oritt 2032 E.620 01358 standard - HY -

O [fy] it @033-278 B.755 08120 422178 34595 quadruple 15,0000 0.6120 e 1 - HY - yes

8 [ oritt 2034 7.567 01358 standard - HY -

O [fy] it E035-27C 7.703 0.4300 A07IE2 34595 quadruple 15,0000 0.4300 e 1 - HY - ves

5 [ oritt 2036 8133 0.5350 standard - HY -

8[| Drif Image1(037) g.719 0.0000 SLITS

5 [ oritt 2038 8,719 0.5350 standard - HY -

O [f] it Q039-3T4 9,305 0.4300 A07IE2 34595 quadrupcle 15,0000 0.4300 e 1 - HY - ves

5 [ oritt 2040 9735 01358 standard - HY -

O [fi] ritt 0041-378 9.871 08120 42044 34595 quadrupcle 15,0000 0.6120 yes 1 - HY - yes

5 [ oritt 2042 10653 01358 standard - HY -

O [fi] ritt 0043-37C 10619 04300 +39018 34595 quadrupcle 15,0000 0.4300 yes 1 - HY - ves s

— Selected block —&ngular acceptance [mrad)— | — Inside .-’-‘«pertule [mm)———| —5lit [mm] after this BLDEK— 1-st order Matrix Elements
I Dispersive [E)ipole] Leﬁlgotﬁk[m] {@ Selected Block Edit | Usze max  Use l'l Bt |

Harizont Itl - I_I— r I—I— I—
I 0.0001 {g} Quadr/Sextu-pole Edit | e

K= b
Let call automaticaly [~ Werlical £ I— - v I_I— 'l % I—I— r G View |
Block name = [turing thing'rcft[ﬁ:] #] Cuts (Acoeptances) | "Shap37 [ Shape [ Shape

ChalgeStateE-Q]:l i | 00001 Gt Optical Matrix | Rectangle ¢~ &+ Elipse Rectangle & Ellipse Rectangle (+ Elipse o CQuit | ? Help |

H —horizontal
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BeamiSIaes VR

[0 1 S Jaes

& Element g+ —Beam energy — Emittance

I_ Eeam CARD 1D - shape N0 2D - zhape ‘ n |
I 40 I Aro| 18 Enengy & IT Behiiu ? | [zigma, semi-ais, [Distribution [Monte Carla Conelated mm & € om

mode with

I 18 TKE [ FE84.73  MeV half-width...] methad] method) — beam respect to spectrometer—
z Biho (7 19218 T . IGaussian di rnrn
I Stable P . M2 GeV/ic : IGauss.[cut @ 1sigma] dT mrad
¢ Table of u T 311es5  RY 5 I Rectangle unifam dv i

Nuclides . . : IEIIipse unifarmn [praj.) dP rarad
| Beam intenzity —————————

dT deqrees

o 18 end,

; |
& |1— o D % . IGaussian | dP degrees

| BEZ25e+9  pps

Energy Loss inthe I—
. 0.0058 faas target box [K] 0.000141 RF frequency I 20 MHz

1D-shape
1. Gaussian Sigma=1 => Area = 2.51 St.Dev =1
2. Gauss.(cut @ 1sigma) Sigma=1 => Area =1.74 St.Dev = 0.55
3. Rectangle uniform Half-width=1 => Area = 2.00 St.Dev = 0.58
4. Ellipse uniform(proj.) Semi-axis=1 => Area = 1.56 St.Dev = 0.51

See the next slide
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LD =SHIaES Lt

[\ [\ ]
[l [\ 5
S [ ol [ g
? [ 1\ ®
i i o
§ / a4 \ a4 \(:_;/
/. \ N "
: - [0p)
/ \ 3
/ \ N ©
/. a \ r a
-4 -3 -2 -1 (4] 1 2 3 4 -4 -3 -2 -1 (4] 1 2 3 4

= &8 _ \ —~
= o6 =
LS.
5 . [0\ o
= - \ =
C N—”
o6 —
> ks 1 c
D os o
o =
c o o <
® . = =)
O s s Q
[5 = [72]
@ o . =
o _ L
-4 -3 -2 -1 a 1 2 3 4 -4 -3 -2 -1 Q 1 2 3 4
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20" - shapes (for Monte Car GATIONE) IR

20 2D - shape Correlated
rode [Monte Carlo with
rmethiod)
¥ |Ellipse unifarm | [T -
£ —I —I Four 2D-shapes.
o Fiectangle unifom A ;l Hollow configurations (which are not physical)
[~ |Elipze hollow are designed for debug purposes
Rectangle hall
= ectangle hallow
i 10 - shape a0 2D - shape
awis, (Driztribuition made [Monte Carlo
o methad) method)
Assignment for 1D-ShapeS, :IEIIipse urifarm [prui.ﬁ—F-IEllipse unifarm j r
which are used for the IEIIipse unifarm [pra. ) ﬂ ] IEIIipse unifarmm jl-:

Dl Stri b Utl on met h Od -I Rectangle uniform ﬂ—p- I Rectangle uniform ;I r
-IHectangIe Lnifarm H—EIEWDSE huollon ;I r
-I Rectangle unifarm H_E Rectangle hollow [l r

File used for the next slides: http://groups.nscl.msu.edu/lise//9 2/9 2 85/A1900 extended 2011 v5.lpp

& Element g+ Beam enemgy -fmitlanc,c \
l_ = l_ I_ Beam CARD 1D - shape ) 20 - shape
A 18 Erergy @ | 842755  Meliu ? [sigma. semi-axis. [Distributian made [Monte Carlo EDU:tlﬁIEd m e ®en
18 TKE 33785 MeV half-width. ] method) method) bearn respect to spectomet§
Z Brho 3 Tm 1% mm I 15 IEII\pse unifarmn (proj.| ;I I’d IEIIlpse unifarm j IT j di I 5 rm
I I Stahle P i 16.189 Gev/c 2T rmrad I 30 IEII\pse uniform (praj.| ;I I IEIIipse uriform j |>( j dT I -20 mrad i
e Table of u O [ 1aress K 3 mm I 10 Rectangle uniform ;I V' |Rectangle uniform j P ﬂ dv I 5 mm
I Nuclides = = 4P mrad I 20 Rectangle uniform ;I ¥ |Rectangle uniform LI N LI dP I 20 rirad I
= = Beam intensity
I < Ial 18 no, Gl mo I 0 IGGUSSia” LI r dT7 I 115 degrees i
a v = ® \t -
D % 03 |Gaussian ~| dP | 115 dear
. o CEm o [
| | B25e+d  pps
Energy Loss in the I—
| % conce | © [TomaEm kw e e [ 4met FF fequency | 20 Mz
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http://groups.nscl.msu.edu/lise/9_2/9_2_85/A1900_extended_2011_v5.lpp

M

20" - shapes = alter target

MIYER

40Ar (84.3 MeV/u) + Be (1e-4 um); Transmitted Fragment 4%Ar (beam); Optics Order. 2
dp/p=100.00% ; Brho(Tm): 3.0000, 3.0000, 3.0000, 3.0000
Bounds: Off; "Stripper" - last block for MC calc; no gates; Config: SSSSS5SDSSSSS5555S5SSSSDSS.

Contour
Sum 7 68e+04
Max 15
<X 5.01
<Y=>-20.1
dX 7.49
dY 15

Ellipse uniform

3
20
2
)
©
g
E 0
I
=
@
E=
[
>.<. -20
=l_
@
-3
=
=
o
= -40
&
o
-60
-80

12-05-2011 12:30:43

clise_pp_92iles\A1300\41900_extended_2011_v5.Ipp)

-20 -10 0 10 20 30
after "Stripper™: X [mm]

. - . - o - o3 1 H »
Ay : Monte Carlo Transmission Plot IRCOHE
40Ar (84.3 MeV/u) + Be (1e-4 um); Transmitted Fragment 4%Ar (beam); Optics Order. 2
dp/p=100.00% ; Brho(Tm): 3.0000, 3.0000, 3.0000, 3.0000
Bounds: Off; "Stripper" - last block for MC calc; no gates; Config: SSSSS5SDSSSSS5555S5SSSSDSS.
Contour
Sum 4 93e+04
Max 159 w
<X> 5.02 |
<Y=>-20.2
dxX 10.6
20 dy 21.2
XY -58e-01
SUM
—_ . — 4928e+04
g - . CPU speed
- - . 0.00e+00 pps
E 0
= .
°
<
=
>.<. -20
=l_ d
)
-3 N
2 ;
2]
= -40 " -
& -
o
-60
Ellipse hollow
. 80 -20 -10 0 10 20 30
Gl 1[A:1‘.];Sr?:-mse,pp,azxmes‘.c19nn‘.¢wnu,ex\encec,2n1UE Ipp) after "Stripper”: X [mm]
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&l

after "Stripper": X'(Theta) [mrad]

after "Stripper”: X'(Theta) [mrad]

20

-40

=0 = =0 =
3 40Ay : Monte Carlo Transmission Plot I || = 40Ay : Monte Carlo Transmission Plot [ comiure

40Ar (84.3 MeV/u) + Be (1e-4 um); Transmitted Fragment 4%Ar (beam); Optics Order. 2
dp/p=100.00% ; Brho(Tm): 3.0000, 3.0000, 3.0000, 3.0000
Bounds: Off; "Stripper" - last block for MC calc; no gates; Config: SSSSS5SDSSSSS5555S5SSSSDSS.

Contour
Sum 1.13e+05
Max 15
<X> 497
<Y=-20
dX 8.66
dY 17.3
XY -12e-01

0 10
after "Stripper™: X [mm]

40Ar : Monte Carlo Transmission Plot
40Ar (84.3 MeV/u) + Be (1e-4 pm); Transmitted Fragment 0Ar (beam); Optics Order: 2
dp/p=100.00% ; Brho(Tm): 3.0000, 3.0000, 3.0000, 3.0000
Bounds: Off; "Stripper"” - last block for MC calc; no gates; Config: SSSSS5SDS55555555555888DSS..

20

-40

-60

Contour
Sum 1.54e+05)
Max 427
<X=>4.97
<Y>-20
dx 122
dY 24.5
XY 3.3e-01

SUM
1.536e+05
CPU speed
2.19e+04 pps

500
321

Rectangle hollow

-15 -5 5 15 25

after "Stripper”: X [mm] =t

2 files A 1000UA1000_extanded_2011_v5.Ipp 3.2137e+1

62



Physics



MICHIGAN STATE

Probability for: compotina nucietiSTonmaion ' T

L S Iy

]

PHYSICAL REVIEW C 78, 034610 (2008)
Synthesis of superheavy nuclei: A search for new production reactions

Valery Zagrebaev! and Walter Greiner”
'FizrchLabcramry of Nuclear Reactions, JINR, Dubna, Moscow Region, Russia
2 Frankfurt Institute for Advanced Studies, J. W. Gaethe-Universitit, Frankfurt, Germany
{Received 23 May 2008; published 24 September 2008)

i M ——

Fusion -» Residual

Nuclear reactions leading to the formation of new superheavy (SH) elements and isotopes are discussed in the
paper. “Cold™ and “hot” synthesis, fusion of fission fragments, transfer reactions, and reactions with radioactive
ion beams are analyzed along with their abilities and limitations. If the possibility of increasing the beam intensity 5 5
and the detection efficiency (by a total of one order of magnitude) is found, then several isotopes of new elements E vapuratlun SEttlngS
with Z = 120-124 could be synthesized in fusion reactions of titanium, chromium, and iron beams with actinide
targets. The nse of light- and medium-mass neutron-rich radioactive beams may help us fill the gap between the
SH nuclei produced in the hot fusion reactions and the mainland. In these reactions, we may really approach
the “island of stability.” Such a possibility is also provided by the multinucleon transfer processes in low-energy . I o r 2 2 2
damped collisions of heavy actinide nuclei. The production of SH elements in fusion reactions with accelerated Transmlssmn prDbablllt—"' I:Dr 3 one l:III'I'IEr'ISIEIr'IEll FIDtEI"ItIEII tla”IEr
fission fragments looks less encouraging.
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+ex A aof the parabalic potential describing I 5 ke
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pe _ 1 | ff —Probahbilty for compound nucleus Formation P_{ICN}
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1+ exp # Take into account the Probabilty for compound nucleus
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W Zagrebaey & W Greiner, PRCY3, 0234610 [2008]
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FIG. 5. Above-bartier CN formation probability in the ***Pb

induced fusion reactions. Results of calculation are shown by the
circles, whereas the fitted curve corresponds to expression (3).
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Probability for compoundmnucietiSHiormation FARLLERLY

-3

Cross sections (Fusion-Residual) [Vith P_{CNj]

45Ca + 226Ra -> 2*Hs* (Q =-154.04) Model: LisFus v.4.0 ~Fis.Bar.MeV$3.65 JFisRot -RIDM(Cohen)
Veoulomb = 184.38 MeV; Fusion height®2ss.,: Br = 186.97 MeV; h_omega = 2.00 MeV

PHYSTCAL REVIEW C78, 034610 (2008) Beam energy: ELap = 4.50 MeV/u; NPevap=32; Vert.lines: Br & Epeam(1/2 target)

le+5) : — — Capture - Fus QuantMechan
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100 te+2 T e s ]
: T
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10 — - / "
2 £ 1| /7 .
E 1073k - /S
c c g .
5 i S 1e2f . ]
B 1074 S : /o
I | @ -
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L 6 i/ K
_67 = r"
10 1e-5f
1077k 1e-6)e ]
10-8L 17} 4an ‘
; o T
—9 PRI B e-of /’ ““‘»-ﬁ,_ L
1075530 s e
E* (MeV) 1e-9)s va '“"w--\\ :
FIG. 7. Calculated capture, fusion, and evaporation residue 1e-1 0 ,fJ H“%-.__‘_
(21, 31, 4n, and 5» channels) cross sections in the *Ca 4+ 2%Ra H - —
fusion reaction. The arrow indicates the Bass barrier. 30 34 38 42 45 50
. [Exgitation energy, (MeV)
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Asymmetry imnimomentimeciStRuGOnS

asymmetry coefficient “Ol” (in %) and reduced
The asymmetry coefficient “alpha” is

applied for models [1-3] width “0” are used to describe an asymmetrical

Gaussian momentum distribution

F

=

Projectile fragmentation ’ 5w

I \
I Fragment velocity | Momentum distribution j' Crogs sect’un, E:-:citéﬁon energy and etc !
\
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Parallel momentum distribution been uzed in the prograng [Meliic] = | 2459 with Gamma-factor = | 2823
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= 0. Tarasoy, NP4, 734[2004)535 ﬂl o= : Sn= :
60 \ — Corections of the mormentum distribution width
. . Sigmaltd]
L ow \ [a] Coulomb energy correction W4, Friedman, PRC o= il-F. /B 12 ted
; \ I 271983 569 0= G- Esl Eg) Mevie]
s [b] Particle mass correction [RL.E.Tripathi '
o : Oy = (0, —204+24,/
I L Townsend, PRC 43(199412237] 0= (o 2!3)
0 Al
" — Perpendicular momenturmn distribution
| \ Siigiagt Aeldel)  p=[ 20 Mevre [ Make default
| \ — I
! N / - Ap(Ap-1 =[ 2931
[ ) 700 7900 8100 8300 8500 300 8900 9100 P( — ) GJ._ — Meliic “ QK x Cancel ? Help |
. e P P [MeVic]

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 66



MICHIGAN ¢ E

UNIVYVERSITY

ERAXSHL

EPAX 3 set by default
in the version 9.5

| ey

L_.._J'_I.v

Cross sections (Projectile Fragmentation)
#3e +Be > Z=20
Excit Energy Method:< 2>; <E*>15.0'dA MeV Sigma:9.15; CoefThemalizaion=5 )g-22MeVs DB,="GKPF1E"
NP=64; SE."DB1+Cal0" Density:"auto" GeomCor:"On" Tunlg:"auto" MsBar=#1 Bar%=1.00 Modeg=10101010010

— (- Abrasion/Ablation v.6.3
1e2k — = 1-EPAX 1.00: K.Summerer et al,Phys.Rev.C42(1990)2546
PHYSICAL REVIEW C 86, 014601 (2012) e+ E e 2- EPAX 2.15: K Summerer et al.Phys Rev.C61{2000)034607
le+1g - - = 3-EPAX 2.15 + user modifications
.. e . . 1640k —--= 4 - EPAX 3.01: K. Summerer, aniv
Improved empirical parametrization of fragmentation cross sections te b
e
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ST Helmholtzzentrum fiir Schwevionenforschung, Planckstrl, D-6429] Darmstadt, Germany 19:3 E ‘\\:\\}\
(Received 25 May 2012, published 2 July 2012) ¢ E \‘}l\:\
1e-5 e
1ok \\"\_\\\
A new version is proposed for the universal empirical formula, EPAX, which describes fragmentation cross &g \\ *1\\_\
sections in high-energy heavy-ion reactions. The new version, EPAX 3, is shown to yield cross sections that 'g 18' E {m EN
are in better agreement with experimental data for the most neutron-rich fragments than the previous version. ~ le-8 E \_ “u \\y\
At the same time, the very good agreement of EPAX 2 with data on the neutron-deficient side has been largely E Te-9 E i _“\ ‘-L\\
maintained. Comparison with measured cross sections show that the bulk of the datais reproduced within a factor ‘E 1e-10 3 \.._n__ \\‘-\
of about 2, for cross sections down to the picobarn range. tg Te-114 LSS
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|2 Selected for a Viewpoint in Physics
PHYSICAL REVIEW C 87, 054612 (2013)
g}
Production cross sections from *>Se fragmentation as indications of shell effects in neutron-rich
isotopes close to the drip-line

0. B. Tarasov,"" M. Portillo,” D. J. Morrissey,'* A. M. Amthor,” L. Bandura,” T. Baumann,' D. Bazin,' J. S. Berryman,'
B. A. Brown,'* G. Chubarian,” N. Fukuda,® A. Gade,'# T. N. Ginter,! M. Hausmann,? N. Inabe.® T. Kubo,® I. Pereira,!
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Options | Calculations  Utilities  1D-Plot  2D-Plot  Databases

Preferences

Production Mechanism
Evaporation options
Excitation energy of prefragment

Fission Barrier

User Cross Sections

-
Differential cross section file

)

User Cross Sections from File

Options of Fragment Preduction in Material (wedge)
Secondary Reactions in target

[sotopes

Two body reactions

User CSs are saved to
LISE** files and
retrieved at reading of
LISE** files
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Preferences: cross sections fiom I FILE

IniCS - Integrated Crass Section
DilfCS - Differential Cross Section
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Tihe User: Differential Cross Sectionsiciaiog UNIVERSITY

1y 1 D AR

User Diff Cs file is do /dQ (mb/sr) in CMS

. B
Dl coss=icn T

| 2H [B.0Meh/ul + 180 —> 1H [+190] T

— Data File The Differential Cross Section file iz in ASCI farmat.
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%E' View data Clear data
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- Mumber of rows
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[rata Comments Total

[Itilities
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Kinematics Plots
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LISE++ automatically integrates These buttons become enable after the UserDiffCS file loaded

the UserDiffCS (dSigma/ dTheta)
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The UserDiffCS dialog plots i CrOSSISECUONS(file =19 ONSSXEIME0)I Ly e s T

Differential Cross Section
2H (6.0 MeV/u) + 180 —> H (+ 19Q)
User file: "190_gs.txt"; Integrated Cross Section: 22.12 mb; Grazing angle in CMS [ 2H+"80]: 9.00 deg
Max.Angle in Lab: 180.00 deg cormresponds to CM Angle 180.0 deg; Q reaction : 1.73 MeV (Excitations 0.0+0.0=>0.0+0.0)
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The UserDiffCS dialog plots : cross sections (file 190 10096 txt> S ==006) U N | Y ERS ' TY
NSCL b I S BEAP®
Differential Cross Section
2H (6.0 MeV/u) + 18Q —> 'H (+ '°Q)
User file: "190_L0.96.txt"; Integrated Cross Section: 2.286 mb; Grazing angle in CMS [ 2H+180]: 9.00 deg
Max.Angle in Lab: 180.00 deg corresponds to CM Angle 180boggeg; Q reaction : 0.77 MeV (Excitations 0.0+0.0=>0.0+1.0)
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@ The UserDiffCS dialog plots : cross sections (file =190 IO 6 X1 == (I06) U N LY E 8 s ' T

NSCL

Differential Cross Section

Inverse for test 180 (6.0 Meru]+ 2H > 190 (+ 1H]

User file: "190_L0.96.txt" Integrated Cross Section: 2.286 mb; Grazing angle in CMS ['80+ 2H]: 8.93 deg
Max.Angle in Lab: 4.77 deg corresponds to CM Angle 94.9 deg; Q reaction : 0.77 MeV (Excitations 0.0+0.0=>1.0+0.0)
0.44 ds gmaldOmega <CM> —— User data from file ;. dsigma!d Dmega <LAB> —— User data from file
—— Isotropic 190 |- — lsotropic
04} ---- User data from fils BACKWARD
— - lsotropic BACKWARD
036 170 |
= %
2 o032} 5 190
£ E
= ozsf m 130}
2 S
: 0.24f ' -
-3 - 110
o g
£ 0.2} £ ap |-
2 o
=~ 016 2 70
po .
E £
o 012 o ol
2 7]
0.08f ©
30
0.04f
10|
05 20 40 60 80 100 120 140 18N 0 04 08 12 16 2 24 28 32 36 4 A4 e
Angle [CMS-deg] Selise Angle [LAB-deq]
2 ds gmaldTheta <CM> —— User data from file . 65 dSigmaId rheta <LAB> —— User data from file
— Isotropic — lzotropic
18} ---- User data from file BACKWARD
— - lsotropic BACKWARD
16l 55|
g E
= 14} E
g € 45|
= 12} @
7 5 35
s 1 ]
2 k]
£
b= 08} =
= o 25 |
1]
E 06| E
2 2
m -
=] 04} ) 15
02}
5 -
oo ghsﬁ? 20 40 60 80 100 120 140 1A/0 0 04 08 12 16 2 24 28 32 38 4 AA 49
7-06-21 ] 28727
_ISE ++ [G:180_d_two-bocy.Ipp] Angle [CMS-deg] Angle [LAB-deq]

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 73



MICHIGAN STATE
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m CovabVy C Vabhe & EdA £ A kphi ¢35 Eed —
i CozbV O Vehhe  ©E b & phi Tovaulet Distoon [ : y : : . p I Bl Distibution [CH)
C Axkby O Veddy O ERdy Lol 1 Axkay Ve kA E&ay Axbdy
I ISOTROPIC USER's FILE
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NSCL

5 e

-

E [Lab-MeV/u]: window projection - H + 180 == 'H + 190

User Ang Distrib (CM): "190_gs t’; Rectangle Ang Acceptance (mrad): H = 10000.0(0.5); V = 10000.0(0.5)

fragment kinematics (expected final)
(Projectile Energy : 5.98 MeViu)
Qreaction: 1.73 MeV (Excitations 0.040.0=0.0+0.0)

'H fragment kinematics (expected final) [EGontinse |
2H+ 180 => 'H+1%0 (Projectile Energy : 5.96 MeV/u) 1H
Q reaction: 1.73 MeV (Exciations 0.0+40.0=>0.0+0.0)
User Ang Distrib (CM): "190_gs.t&xt"; Rectangle Ang Acceptance (mrad): H = 10000.0(0.5); V = 10000.0(0.5)
145
8000
X
g
7
H H 7000
wae|l  Y-projection
CPU speed
Opps 6000
) a
% 5000
H
]
= 4000
w
3000
2000
. . . 1000
" This plot from the previous slide
300 800 1200 1600 2000 2400 2800 3200 [} — -
w200 15 A {Lab-mrad] o 08
O 130 wovonis

1s 125
E [Lab-MeV/u]: window projection

e =

g 1H fragment kinematics (expected final)
X Vi [Lab<mins]: window projection —- 2H+ %0 => H+ 0 (Projectie Energy : 5.96 MeViu)
2 Qreaction: 1.73 MeV (Excitations 0.0+0.0=>0.0+0.0)
i User Ang Distrib (CM): "190_gstxf’; Rectangle Ang.Acceptance (mradj): H = 10000.0(0.5); V = 10000.0(0.5)
i - - -
0
%
ﬁ 2000
I
7]
1600 s .
Y-projegction
€ ¢
¢
1200 4
[
2
x
>
800
400
-3 - 1 3 5
- Vix [Lab-cm/ns]: window projection

'H fragment kinematics (expected final) Rt

H+%0=> H+"0 (Projectile Energy: 5.96 MeViu)
Qreaction: 1.73 MeV (Excitations 0.0+0.0=>0.0:0.0)
User Ang Distrio (CM): "190_gs.xf;  Rectangle Ang Acceptance (mrad): H = 10000.0(0.5); V = 10000.0(0.5)

ie=<ia|

H Fragment kinemaics (epecid fnal]

&#

1H fragment kinematics (expected final)
Vz [Lab<mins]: window projection —- 2H+ %0 => H+ 0 (Projectie Energy : 5.96 MeViu)
Qreaction: 1.73 MeV (Excitations 0.0+0.0=>0.0+0.0)
User Ang Distrib (CM): "190_gstxf’; Rectangle Ang.Acceptance (mradj): H = 10000.0(0.5); V = 10000.0(0.5)
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% 8000
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6000
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3000
2000
1000
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Vz [Lab-cm/ns]: window projection

15

75



'H fragment kinematics (expected final)
?H+180=> 1H+190*  (Projectie Energy : 5.96 MeViu)

Q reaction: 0.77 MeV (Excitations 0.0+0.0=>0.0+1.0)

User Ang.Distrib.(CM): "190_L0.96.t"; Rectangle Ang.Acceptance (mrad): H = 10000.0(0.5); V = 10000.0(0.5)

1263
122

1.8

E [Lab-MeV/u]

1086 |

102

98

94

This plot from the previous slide

400 800 1200 1600 2000
A [Lab-mrad]

2400 2800

szioomn Y-projection

—

1H fragment kinematics (expected final)
E[Lab-MeViu}: window projection — 2H + 60 => 1H+190°  (Projectie Energy : 5.96 MeViu)
Q reaction: 0.77 MeV (Excitations 0.040.0=-0.04+1.0)
User Ang Distrib.(CM): "190_L0.96.:x"; Rectangle Ang Acceptance (mrad): H = 10000.0(0.5}; V = 10000.00.5)

MICHIGAN STATE

UserDIffCS in the MIC 2d-Kkinematics s fille*= 190 1b0:96:txt> 3 1==1):96 UNIVERS

[

106 " 114 18 122 126
E [Lab-MeV/u]: window projection

f:J 1H fragment kinematics (expected final)
’fq Vit [Lab-emins]: vindow projection — 2H+ 0 = 'H+ 0" (Projectie Energy: 5.96 MeViu)
Q reacfion: 0.77 eV (Excitations 0.0+0.0=-0.0+1.0)
N Uses Ang Distio{C:"190_L0861", Rectange Ang Acceptance mradyH= 10000015}V = 1000005)
D ow
2
{8
¥
0
4000
3000
2000
Yipr
1000

Djectig

'H fragment kinematics (expected final)
H+10=> 140" (Profetie Energy : 596 MeVi)
Qreaction: 0.77 MeV (Exctations 0.0+0.0=>0.0+1.0)
User Ang Distrb (CM):*190_L0.984d", Rectangee AngAcceptance (mrad): H=10000.0{0.5); V= 10000.0{0.5)

=

- 25 |

Vx [Lab-cm/ns]

-1 1
Vi [Lab-cm/ns]: window projection

1H fragment kinematics (expected final)
Vz[Lab-emins]: vindow projection — 2H+ 0 = 'H+ 0" (Projectie Energy: 5.96 MeViz)
Q reacfion: 0.77 eV (Excitations 0.0+0.0=-0.0+1.0)
User Ang Distb{CH-*190_ L0961 Rectange Ang Acceptance (mvad): H= 10000015, V= 10000.00.5)

25 -15 05 05 15 25 35 45
Vz [Lab-cm/ns]

35 25 -3 05 05 15 25 35 45
Vz [Lab-cmins]: window projection
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Using (p,n) reaction in the DifCS dialogsH (MeBocyAreactonm)

Al IGAN E

UNIVYVERSITY

Mumber of saved cioss sections

&  Element Z /‘ Table of
WITIT Nuciides AICS  IntCS  DifCS
- E’Z = A\Iraacllonsl 1) I a I 1)
° afv = this aclion [0 [ ro
Reaction
I 180 +H Input new Int C5

e
I -

Delete
Current C5

Selected Reation | Two body reaction B
Integral cross sections fram models far selectes reaction

£ TR g D T

X Cut \

LISE** automatically proposes (p,n) case,
if the conjugate fragment has been chosen

Differential cross section file

. A}

Delete &l user [ 8 ) |
cross seclons | | 180 (B0 Meviul + 2H - 15 [[+1n] |

IntCS - Integrated Cross Sex

Data File

DiffCS - Differential Cross 5

=]
Ly Load from file

View data | Clear data

I 190_gs.tat
— Murnber of rows
Data Comments Total
l 23 I 2 l 25

~ Mate

The Diffe
Cornrment

Two colu
the 2nd is

The colun
Cornma o
also at the

b [ E M

- Excitation energies of products [Mel]

E"Uf'ISF=| 0 E* of 'In=| 0

Integrated Crozs Section [mb)

I 2212

| Df Cross Section Pits

X

)
dSigma/ dOmega - CM [mb/sr]

v
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dsigma/ dTheta - CM [mb/rad]

o5 Section N oal=laf |

Differential Cross

20 (6.0 MeMiu) + H

Userfile:"190_gs.td",  Integrated Cross Secfion: 22.1
MaxAngleinLab: 5.49 deg comesponds to CM Angle 95.6 deg;

— Geer camomal [y
| seomomo

angle in CMS ['*0+ 2H]: 8.93 deg
Qreaction:5.77 MeV (Excitations 0.0+0.0=>0.0+0.0)
dSigma/dOmega <LAB> —

dSiFmaIdOmsga <CM>

3400

3000

dSlgma/ dOmega - LAB [mb/sr]

20 0 C] 80 100 120 140 e

Angle [CMS-deg] Angle [LAB-deg]
dSigmaldTheta <LAB> — e .
\ A —

750 | oo eacionass
E 850
]
E
m
<
4
T 450
]
£
]
£ 250
©
s
E 2=
=
w
v 150

0
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MICHIGAN STATE

LISE** Abrasion-Ablation : 2012 update AR

During analysis of GSI’'s 238U, RIKEN'’s 238U, MSU’s 82Se

experiments there was significant modification of LISE++ AA:

* Improving/Fixing problems (interpolation, new methods),

* new properties (excitation energy thermalization and etc),

* new utility: Initial prefragments plot, Decay Analysis utility
update,

* new mass tables (AME2011, GXPF1B), unknown masses
extrapolation procedure update and so on

e
E] Evaporation calculator LE L |
| Initial nucleus it o —Modes — 2D -plot:
woitation energy window ——————————— B - ) )
. | . gmentation of beam Final Evap Resid D channel
|| el nteis Lawer = I— Me¥ % gaussian “ [#brasion-Ablation] l'l' B h ooy chenne s
I 825 Upper =| MeM € rectangle " Excited nucleus evaporation l‘l Fission channel CS h Temperature
" Load initial conditions from file Break-up channel CS Fission Excitation Enengy I
Initial nucleus production cross-section = I b l-l' h
make calculations down to 2 = I 1
I | 5 CALCULATE I {9} Evaporation settings | |
— Final nucle: i Average values |
A Element Z Final fragment production crozs-section I Elde-8 mb  Minimum separation energy [SE) I IR3 MeY T
I 54 I Ca I 20 Initial production CS of Final fragment e mh Minimum sum of [ SE + deduced IT oy SlEp= :
I stable [For fragmentation of file optiong] 1 =5 M effective Coulomb barrier) g S (T3= I 5,39
Table of Crosz section from EPAX 215 I 27%-6 mb Fizzion barrier at L=0 I 4689 MeV
Muclides |
& |z = I PAREMNT 3.49e+0 41e1 1.78e-1 2.01e1 4.28e+0 | 58Ca
=] M = Decay modes n 1p alpha t Break-up sum i
mi:& [DALGHTER | 49520 15de-1 B03e-2 16led 5.32e+l | 53Ca
N'of all [ Sum 1.092+4 234243 784e+2 197042 s ReSEEo Rk Bl s
calculated nuclei 1.662+3 1.ERe+3 1.1Ee-2
Output crozs-section fle [ |I38234_EIEISD4.ICS Eé Browse Show {Z ;:;tit?#;rjﬁ%rﬂsrﬂs Plot
Ouput file of parent - B ; : |
danghter | 108234_00304 I 3 Browse Shaw
Fizzion C5 ouput file 7 |I38234_EIEISD4.IFCS EI% Browse Show ? FEr | x Quit |
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MICHIGAN STATE

LISE** Abrasion-Ablation: Decay Analysis R
Current mode: Initial CS > [ S residue ]|/ [ Sr total ]
ABRASION-ABLATION - #8Se +Be

Excit Energy Method:< 2 >; <E*>:15.0dA MeV Sigma:9.15: CoefThermalization=5 0Qg-22MeVs DBq="CGXPF1B"
NP=64; SE:"DB1+Cal0" Density:"auto" GeomCor:"On" Tunlg:"auto" FsBar=#1 Bar 2°=1.00 Modeg=10101010010

34 |- ... S5 S35p S35 Tige  Tigp Mg Tige Mg Tigg Tige

24205 12205 2800 17e08 2907 1807 H0=07 100 SR05 3705

Sasl Sag STas Pas  TBas s Tas

1.1els 23208 4@ AT 1% 1% 1@ ?g E2e08 30T 12200 1.3e08

- B5Ge  ®Ge S7Ge ®8%e Ge MGe /e  TGe  T4Ge
32 B & =

3209 3209 1509 8510 1409 Glle9 17 G307 SEe0

gz Bga g ¥oa &a za  Hga !g gz TRa  Tga
9712 1211 2311 22211 41 2420 1Teld T TolE 353207 52=06

30 |- %“ﬁ%ﬁa'ﬁﬁaﬂa%"m%
T3 21e12 44212 27 10 1203 5309 5RO 31e07 33205

Gy  Gigy  SiCu Sgu  Cu  BAgy E Moy oy
14e13 91eid 10ef Sfetl GSeld 43209 4%Ms 2807 13eld
BN N i M BN BN NI
—_ 28 2%e13 1011 531 S1efD 5205 THASS 40e07 5320
0 Se1z a7etl 951D 1E07 E5e07 11205
c
S5 W o SR
-g 26 17208 1! 1aa7 23035 3308 ﬁ
8e-01
£ - oo | 8e01 |
S0e 1D LT 670 10eDd 1e-01
- o 2e-02
24 1% 2205 a0t Je-03

RECIONMOINNIERESTIN 8

8305 11e03

22 é )

20

18 " 1/

22 26 30 34 3.8 42 46
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MICHIGAN STATE

LISE** Abrasion-Ablation: Initial prefragments plot (82Se) UNIVERS TV

L 1S HAare
Initial Prefragments Plot for 3Ca (2.78¢-08 mb) Initial Prefragments Plot for Ca (2.57¢-12 mb)
ABRASION-ABLATION - 82Se + Be: more probable 68Ti(4 02e-09 mb); <-dZ>=2 88 <-dN>=1178 EVAPORATION - Compound nucleus €Ti: more probable 70Ti(5.73e-13 mb); <-dZ>=2.27 <-dN>=8 89
ExcitEnergy Method:< 2 >; <E*>:15.0*dAMeV sigma:9.20; Thermal.Intr.Coef. = 5.00e-22 MeV*s Excit Energy: 149.0-207.0 MeV; Fus.CS: 0.0 mb; Fus Barrer: 10 82 fm: h_omega= 2.0 MeV
NP=64; SE:"DB1+Cal0" Density:"auto" Geom.Corr"On" Tunlg:"auto” FisBar=#1 BarFac=1.00 Modes=1010101001(  NP=64; SE:"DB1+Cal0" Density:"auto" GeomCor"On" Tunlg:"auto" FisBar=#1 Bar2:=1.00 Modes=10101010010
3Bp 35
@{
33 33
3 31
29 29
N -
~ N
m S’
c 0
27 3 27 5
: ;
o 69 7 7 75 -
1.55—?0 ZEO 2.9&5—?0 2.651%0 1 E—?ﬂ o
25 ;H]o 4!‘0 172239 5?131”0 2&4’!?0 1% 17;3?4 2?&?4
161?5{0 3,677£1r0 76251[0 16096(?59 9?;51[0 6771ec1rﬂ 27e1rO 2?51[4 3?{4 6!4 5.7201r4 /
23 2.2e-10 4.!0 9.?]8&\/10 30§ O 3.?&\(10 1 23 265‘;\113 7264 1;:/13 Q;QA

BT T 6]
1910 7.1e-10

o aT 6T
1.6e-09 5114 22e13

21 1(2&?0 7 76:;3-?0 7655-100 4!0 1% 5?(;2(1:4 1 .
B5 s B oo, (58 %o W,
1 33 35 37 39 4 43 45 47 49 10 33 35 3 39 41 43 45 47 49
Neutrons (N) Neutrons (N)

More probable prefragments are Ti-isotopes (dZ=2)
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© i ] N MICHIGAN STATE
@n LISE** Abrasion-Ablation: Initial prefragments plot ("°Ge) AR .

Ly 1 S5 I

NSCL

Initial Prefragments Plot for *Ca (4.85¢-08 mb)
ABRASION-ABLATION - 76Ge + Be: more probable 56Ti(9.68e-09 mb); <-dZ>=2 .46 <-dN>=8.90
Excit Energy Method:< 2 >, <E*>:15.0*dA MeV Sigma:8.60; CoefThermalization=5 (0g-22MeVs DB4="GXPF1B"
NP=64; SE:"DB1+Cal0" Density:"auto" GeomCor:"On" Tunlg:"auto" FisBar=#1 Bar 2¢=1.00 Modeg="0101010010

33
76Ge -> 54Ca
|76|
31
29
N 27
2]
c S7Fe S3Fe S9Fe
% 1.1e-10 1.3e-10 1.8e-10
4@-{]9
IJL. 25 S5hN S5NIn 87NN SENIn S9N
1.4e-10 34e-10 58e-10 69e-10 52e-1
- _ S5Cr
32e-10  9.0e-10
a3\ a4\
23 2 6e-10 8.6e-10
82Tj &=
59e-10  1.1e-09
21 #2Sc
3.9e-10
54
19 33 35 37 39 41 43 45

Neutrons (N)

More probable prefragments are Ti-isotopes (dZ=2)
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Detailed analysis ofiemitted partiCIEShPACEZ

MICHIGAN STATE

UNIVYVERSITY

PACEA4 version 4.18
LISE++ package version 9.2.75

IDIST should be >0to
have access to the
“Particle analysis”

group

“Particle analysis”

r.
| PACE4 - [Untitled]

—— e e, S .

File Page Help

MCASC  [100

INPUT |1 v|

FYRST IU

BARFAC IU

ARATIO |1
FACLA I‘“-rJ

Mext page ‘

number of cascades. (events in Monte Carlo calculation < 1 000 000)

=1 projectile + target input . AGRAZ parameter determines diffuseness of partial wave distribution
=2 compound nucleus input for single spin.

=3 compound nucleus input. Spin distribution read in.

=4 compound nucleus input. Spin distribution calculated taking spin-cutoff paramater at given Ex.
=5 triangular (sigma = 21+1 ) cross section between LMINMN and maximum spin

parameter determining yrast line to be used. FYRST < 0 provides the G-C yrast line.

=< Gilbert-Cameron spin cutoff parameter. EROT = (SPIN)™2/(2 *SI1GSQ)

I= 0. EROT = rotating liguid drop rotational energy, multiplied by factor of FYRST.

==0 value changed to FYRST = 1. In both cases level density calculated aT E = EX-EROT.

The program assumes the A.J Sierk modified rotating liquid drop barrier if this is equal to 0_ If
you provide a fission barrier of your own, the Sierk barrier will be renormalized accordingly.

If BarFac is positive it will be taken as the desired zero spin fission barrier.

If BarFac is negative, its absolute value will be taken as a factor to multiply the Sierk barrier.

Ratio of the Fermi gas level density parameter LITTLE-A" at the saddle point to the ground
state value. The saddle point level density is determined by g.s. LITTLE-A" * ARATIO.

level density parameter = MASS/FACLA If not zero.

Limits of residual
yields (in %) to show

if ==0 Gilbert and Cameron value used.

IST

angualr and energy

—MDIR

i =0 brief, schematic results of particle spectra and list of evaporated (residual) nuclei
@ =1 detailed angular and energy distribution of residual nuclei and evaporated particles.
= =2 detailed(1) # transmission coefficients for particle emission

distributions
Low limit = |2
High limit = |1UU

@ =0 Compound nucleus is initially in M=0 states and the Z-axis is the recoil axis.
= =1 Compound nucleus is initially in M=J states, the Z axis is perpend. to recoil direction.

MDIR=1 - itis
appropriate for deep
inelastic fragment
deexcitation

ITRAC

- it controls the degree of event traceback
& =0 prodyces compact traceback, summed over all residues.

—Particle analysis—

group

O.Tarasov@FragmentSeaparator2013.RIKEN.JP

" =1 detailed traceback leading to each individual isotope separately.

v Create output file

~MOSHL

@ =0 uses AMEZ2003 values (A, WA&T, NPA 729, 2003, pp.336-676)
= =1 uses Lysekil masses with shell correction

[~ proton
[~ alpha

The code operates under MS Windows environment and provides a highly user-friendly interface.
It can be freely downloaded from the following internet addresses:

http://www.nscl.msu/edu/lise 85



MICHIGAN STATE

Particle analySiSioutpUiEfilESSERUCIURE RIKAZ KA

-

i
- al .
] " ot 4 I

i N
E@ Detailed analysis of Emitted particles: "Untitled particles” E@g
Decay M M Chain  £_f M_f il M_c J e JE M_Jo Fizzion  Ewx_i Ew f Ep Lab Ap Lab -~
tode mode Al final final emitter  emitter  init final proj-f1 prob b ! b ! ki et deqg L
1 1 1 1 70 93 70 102 5a 54 0 1.5e-03 1431 1265 EB5 115.0 =
1 2 2 2 (2] a0 70 102 24 21 0 4he-05 1431 1276 72 0871
1 3 3 Cia] E7 91 70 102 24 26 0 48e-05 1431 1315 17 1366
1 4 4 a1 BE 1 70 102 24 23 0 4505 1431 13085 22 1511
1 5 5 3 B3 92 70 102 22 22 0 31e-05 1431 1325 356 056 4
1 E E 23 70 91 70 102 22 21 0 31e-05 1431 1335 25 0492
1 7 7 4 70 92 70 102 L 48 0 5.he-04 1431 1295 B9 0549.0
1 8 8 a3 70 92 70 102 52 iE 0 5.he-04 1431 12665 7.8 093.0
1 3 3 a0 B2 T 70 102 52 a1 0 5.0e-04 1431 1335 119 0E5.5
1 10 10 100 B3 93 70 102 b2 47 0 5.he-04 1431 1275 103 041.8
1 11 11 M h 9 h mn- M M I} 4 7eR 1431 1375 3A Mn511

Decay mode : type of particle emitted 1-n, 2-p, 3-alpha

N mode : number of emitted particle in this mode (for example “p”)

N all : number of emitted particle in all modes (n,p,a)

Chain : Number of chain (cascade)

Z f,N_f: Zand N of the final nucleus in the chain of decay

Z c,N_c: Zand N of emitting nucleus (if Z_c is negative, it means that the nucleus fissioned)
J_c,J_f:initial and final spin indices for this particle emission indices for this particle emission

M_Jc : the projection of J_c on the Z-axis.
(Fractional spins are neglected for the projection. For J_c, J_f, the actual spin =J_c, J_f-1 in even mass nucleus, J ¢, J f-1/2in
odd mass nucleus)

Fisson prob : Fission probability

Ex_i: excitation energy at emitting level (MeV)

Ex_f : excitation energy at final level (MeV)

Ep_Lab : emitted particle energy in the Lab. System (MeV)
Ap_Lab : emitted particle angle in the Lab. System (degrees)
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MICHIGAN STATE

Batchi mode i PACEZ AR

IS E

—a

!

PACE4 version 4.19.2

LISE++ package version 9.2.108
06/14/2011

Projectile Target —Compound

A=|8 M=28 A=|‘|24 M= 74 A= 172 W=102
Z= IED Ca = |5IZI Sn Z=70 ¥b
Spin [gg] = ID Spin [gg] = ID

ME [Mev] = -44.214 DB ME [MeV] = -88.237 DB| | ME [MeV)=-53.260 DB

rCalculation—————————— .
QCH = 0 value of reaction [Mey]
If == 0 it iz calculabed from mazs tables. QCH= -73.191
B E kel
eam Eneray (V) E_CH = 216279

ELAB_mit = ISDD ¥ Batch Mode
ELAB_max = [390 N of Steps = [20 S [leled
expenimental fusion cross section if known, TL-S from optical model shifted to

ExPSIG = IU reproduce this value if inputted, preserving the L-diffuseness. if == 0 Bass
model (PRL 1977 fuzsion crozs section being uzed. [only for “'classical mode),

ICMA = IU Maximumd to be used.during calculations. [if Ot iz taken

from optical model rautine]

PACEA - calculating...

Be patient, I'm working...

To bypass input channel optical model routine [TLOM)] specify L-diffuzensss of N

£ I o AGRAE = |4 fugion cross section. |f == 0 diffuzenzss will be set ta 05 which iz essentially
Toneko cnokoncTEMe! Beé byger sharp cutoff. [only for "classical” mode]
npn:Tu :lME"llTenth! ELOSS = ID energy loss of beam thru full target width. [total dE) |

energies will be distributed between Ebeam & Ebzan-Eloss

Lowest partial wave L in calculation. Partial waves from L=0 ta LMINN W
= ID A " . ! : -
Ll exciuded, enabling low-L non-fusion window in reaction calculation,

Restez calme... Tout va bien!

Tranzmizzion probabilty for a one-dimensional barier (0T

* Classical [use it above the barrier)

" Quantum-mechanical [D.Hil & J Wheeler, PhysRey 83(1953) 1105]

Excitation Energy = [#09] 33.5 MeV

MHaote: If pou are running at high bombarding energies for which the grazing angular momentum is
above 75 hbar, it iz recomended to input AGRAZ » 0, and ta specify an arbitrary value for
E¥PSIG [or 0 = Bass] which comesponds to a fuzion crosz section with a limiting  L-value around
80. This will give you all the evaporation rezsidue data and the fiszion probabilities vou need. For
J380 all ruclei will fizzion arwway, and vou will s out of dimenzion if you by,

shows current step
in the Batch mode

The code operates under MS Windows environment and provides a highly user-friendly interface.
It can be freely downloaded from the following internet addresses:
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HIGAN STATE

Batchi mode i PACEZ S

[ batch in 170
W batch f 94208 (g paceaf toatcn O Il
Lbatch_step001 pexticies 1.606.052 [
@]hdl::h_stepl]ﬂ 1 tf 107.244 /_Pmied“ei r— =
I__Dlhﬁdl_stmmz particles 1,754,603 4= [m N-28 a= 124 N=72 A=172  N=102 |
@hzldl_ﬂepﬂﬂﬂ i 112,204 z- [ Ca z- [m sn z=70 b
[ | batch_stepD03 particles 1.851.573 Spin [gs) = Spin(gs)= [0
@Jhﬁch_stepﬂﬂ:i f 121,202 MEMevl= 44214  DB| | ME[Mev)= 88237  DB| | ME Mev]--59280 DB
- —Caleulastion—————— |
[ | batch_step004 particles 1.949.429 o Bt
@hﬁd’l stepDU-II rﬂ- 123 w = It == Dt is calculated from mass tables. QCN= 73191
[ [ batch_stepD05 particles 2.060,912 [[Besm Eneray [MEVIJ_ E_CM=216.27
ELAB_min = |200 [¥ Batch Mode
batch_step005 tf 124,967 - R
@ _Step . ELAE_mav = [330 N of Steps = [20 (36 R
D batch_step D06 particles 2,192,401
expenimental fusion cross section if known. TL-5 from optical model shifted to
@]hzl::h stepD06 i 124 066 ExPSIE =0 reprouce this valus i inpuited, preserving the Ltfuseness. f == 0 Bass
— i - model (PRL 1377) fusion cross section being used. [anly for "classical” made]
|| batch_step007 particles 2.306.423 Ut a[§ Masimumd tobe uoed duting caleultons. i 01t taken
batch stenD07 f 124,422 from optical model routine)

I@J _step : To bypass input channel optical madel routine (TLOM) specify L-difuseness of |l
D batch_step008 particles 2.391.162 AGRAZ =[4 ey et | a1 e s £yt
et nne e e shrp cultof, arly for "classical” mode]

= ELDSS =[5 enenay s of beam th full erge vk (ltel o) I

energies will be distibuted between Ebeam & Ebeam-Eloss

-0 Lowest partial wave L in calculation. Partial waves from L=0 ta LMINN b
LAY excluded, enabling low-L non-fusion windaw in reaction calculation.

Transrission probabilty for & one-d | bartier (0T}
.:‘m_ Files w‘hﬁhﬁn == ’7(-' Classical [use it above the barrier)
" Quantum-mechanical [0 Hill & J.Wheeler, PhysRev 89(1953) 1108]
tName Ext | Size |
M| <DIR>
D [Mimma] (DIH} Maote: If you are running at high bombarding energies for which the arazing angular momentum is
[Fbatch csd 637 above 75 hbar, it s recomended to input AGRAZ » 0, and to specity an arbitary value for
[7batch_step001 cs4 927 JEE;F;SﬁT i ;‘_Cf Hf.;ﬁ]_a"ﬁT;‘feh.ffa'ﬁiﬁgﬂﬁé&i{é‘iﬂ?{éﬁ;ﬂzﬁ: ﬁi‘?a”mwf SEE%G?&T@? o e
>80 all nuclei wil fission anyway. and pou wil run out of dimension if you ty.
| batch_step002 csd 985
[ ‘{batch_step003 csd 1.101
{ | batch_step0D4 csd 1.217
| '|batch_step005 csd 1.246
| batch_step006 csd 1.362
| batch_step007 csd 1.478
| batch_step008 csd 1.622
| batch_step009 csd 637
[f|batch_step010 csd 753
| batch_step011 csd 782
| batch_step012 csd 898
[f|batch_step013 csd 782
[“|batch_step014 csd 869
[“|batch_step015 csd 956
[‘|batch_step016 csd 810
[ ‘| batch_step017 csd 956
[‘|batch_step018 cs4 927
[‘|batch_step019 cs4 1.014
(‘| batch_step020 cs4 1.130
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© - . . MICHIGAN STATE
Quantum-mechanicals transmiSSIONTUPCALENTIRACGEMAAR xtye st
NSCL S B9

] Tl P

PACE version : 4.20

In LISE** package v.9.6.31
from 23-May-2013

Tranzmizzion probabiltiy for a one-dimenzional bamer [0.T.)
" Clazsical [use it above the barrier]

t* Quantum-mechanical [D.Hill & J wheeler, PhysRey 89(1953) 1105}

1. R_fusion value has been used to calculate partial waves L in QM
mode, in order to avoid “classical” subroutines in at energies below
the barrier.

However this assumption gives some serious jumps (it will be
shown later), and the code has been modified to avoid this problem,
coming back above the barrier to the classical solution in QM mode.

2. Default value of AGRAZ which was equal to 4, now setto 2
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MICHIGAN STATE

LISE for: Excel s S Interpolation LEEL R

New functions:

. public find_line (x1,y1,x2,y2, X)

. public find_parabola (x1,y1,x2,y2,x3,y3, X)

. public interpolate2 (Xarray, Yarray, x)

. private interpolate3L (Xarray, Yarray, X) : based on find_parabola. X is between 1st and 2" parabola points
. private interpolate3R (Xarray, Yarray, X) : based on find_parabola. X is between 2" and 3" parabola points

. public interpolate3 (Xarray, Yarray, x) : combination of interpolate3L and interpolate3R. Recommended

80

——Yy
—inter2
====inter3L
—k—inter3
—#-inter3R

Xarray should be sorted!

-778 : count(Xarray) != count(Yarray)

-777 . atleast one cell in Xarray is not value
-776 : Xarray order is wrong. Non-sorted
-775: count(Xarray) < 3

-774:  x < min(Xarray)

-773: x> max(Xarray)

-771:  atleast one cell in Yarray is not value

See example “test for lise_excel.xlsx”,
Sheet “interpolation”
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MICHIGAN STATE

UNIVYVERSITY

&

LISE for: Excel : OperationSaGISNSGRICES

New functions:

Function MatrixElement (ByRef M As Object, ByVal row As Integer, ByVal col As Integer) As Double

Function GetSquareMatrixOrder (ByRef M As Object) As Integer

Function MatricesMult (ByRef M1 As Object, ByRef M2 As Object, ByVal row As Integer, ByVal col As Integer) As Double
Function MatrixVectorMult (ByRef Matrix As Object, ByRef Vector As Object, ByVal row As Integer) As Double

Function MatrixVectorSumSquare (ByRef Matrix As Object, ByRef Vector As Object, ByVal row) As Double

See example “test_for_lise _excel.xlsx”
Sheet “matrices”

O.Tarasov@FragmentSeaparator2013.RIKEN.JP

1 2 3 4 5 6 1 2 3 4 5 6
1 0.433 -0.751 0 0 0.852 0l - local 1.32 1.52 1.49 1.00 0 0.070 INIT
2 1.316 0.026 0 0 -17.06 X A Y B L D
3 0 0 1.188 -0.054 0.00
4 0 0 4,445 0.641 0.00
3
6 1 SIGMAS
1 2 3 4 5 6
1 0.495 -0.159 -0.683 IF- local 1.28 2.11 1.78 6.68 0 0.070 sigma-1 CALC
2 1.658 1.487 24.07
3 0.937 0.103 0.00
4 0.146 1.083 0.00
5
6 1
6 1 2 3 4 5 6
1 OF- global 0.60 3.98 2.35 7.49 0 0.070 sigma-G CALC
2
3
4
5
6 1
OF_global =IF_local x OI_local
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MICHIGAN STATE

o) Update of LISE for Excell 3 AIG00NDIpOIES N virs

- al
] " ot

NSCL

New functions (2011):

. public A1900_R_Dipole (N,B), where N — dipole number, B — magnetic field (T); return R in m

. public A1900_Br_Dipole (N,B), where N — dipole number, B — magnetic field (T); return Brho in Tm

. private A1900_R_DipoleX (B), where X — dipole number, B — magnetic field (T); return R in m

. private A1900_Br_DipoleX (B), where X — dipole number, B — magnetic field (T); return Brho in Tm m

A1900 Dipole D2

A1900 Dipole D1

Hall Probe  Current  1/2Effective R eff(m) D1=>R_4(B) 200
(Tesla) (amps) Length (cm) @ 45deg 1 T 1 1
0.000 31000 18.0 eiasad
0653 40 121.511 3.0042 |, 00 T 7
0975 60 121.400 30914 16.0
1211 75 121207 30888 | 50500
1716 120 120,064 30574 ’\.\ 140 A
1822 135 119.708 30483 | 50400 : 7
2020 170 118.440 30180 | il
2057 180 118 258 30114 \\A 120 i
2100 190 117.790 29995 | 30000 Yy — ,’q;,;
v=-0.042371%% +0.107587%2 - 0.097616x + 3123894 g 10.0 * “““““““““““
28800 2-005805 = fi I HH
0.500 1.000 1.500 2.000 2500 % 80 ;’?‘ﬁ’
A1900 Dipole D2 i 4! : ——170A
Hall Probe Current 1/2 Effective R eff (m) / .
(Tesla)  (amps)  Length(cm) @45 deg D2 =>R.4(B) 6.0 pidi 1004
0.000 3.1000 7 140 A
0954 60 121302 30889 o0 — 4.0 5 120A
1259 80 120816 ao7es | .o T sy ——100A
1513 100 120.352 30647 oo ~ 2.0 - s 80A
1697 120 119,669 30473
1837 140 119147 30341 | ot N 0.0 e
1.948 160 118.495 30175 | ;o500 % L
1.094 170 18476 30093 | 0000 [ ] |
1 y=-0.057268: +0.190835x2-0.249934x +3.203346 % 20+
20100 R*=0999154 i 30 -15 0 15 30 45 80 75 90 105 120
0500 0700 0900 1100 1300 1500 1700 1500 2100 POSi'liDn a'OI‘Ig arc Iength (cm)

See example “test for lise_excel.xIsx”
Sheet “A1900_dipoles”
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MICHIGAN STATE

LLISE for Excell— \Mas ©C Wersion UNTVERSITY

Daniel has transported some LISE++ libraries to Mac OS,
and modified the LISE-Excell shell and its macros to operate under MaC OS.
It is a beta-version. Please, submit your remarks to Daniel (bazin@nscl.msu.edu)

http://lise.nscl.msu.edu/download/other/LISE for Excel Mac OS/

Links to download the installer of “LISE_for_Excel” version for Mac OS from the LISE++ site

= | @ lise.nscl.msu.edu/lisehtrml N c @ lise.nscl. msu.edu/changes.htrml 1 ¢
Range of application [ETSE] smuLATiON OF FRAGMENT SEPARATORS
o 4
>/ b |
The program LISE++ has been developed to calculate the transmission : Last Changes

fragments produced and collected in a spectrometer. This code allows to
experiment, beginning from the parameters of the reaction mechanism and fini:
registration of products selected by a spectrometer. The program allows to quickl
parameters of the spectrometer before or during the experiment. It also makes
estimate and work in conditions of maximum output of studied reaction produ
unambiguous identification. Wedge and Wien filter selections are also inc
program.
LISE++ is the new generation of the LISE code, which allows the creation of a
through the use of different "blocks”™. The number of blocks used to create a sg
LISE++ iz limited by operating memory of your PC and your imagination.
built-in Energy loss, Time-of-Flight, Position, Angular, Charge, Cross-Section dis
and dE-E, dE-TOF, Z-A/Q and dE-X two-dimensional plots allow to visualize the
program calculations. An application of transport integral lies in the basis of fas
ofthe program for the estimation of temporary evolution of distributions of phase
The LISE code may be applied at medium-energy and high-energy facilities (f
recoil-separators with electrostatic andfor magnetic selections). A number of th
v.9.6.23 like A1900 and S800 at NSCL, LISE3, SISSILISE2 and SPEG at GANIL, FRS anc
GSl, RIFS and BigRIPS at RIKEM, based on the separation of projectile-lik
fragments, fusion residues are included or might be easily added to the e \1
configuration files.
The Projectile Fragmentation, Fusion-Evaporation, Fusion-Fission, Coulomb
Abrasion-Fission assumed in this program as the production reaction mechan SBL: Jlise.nscl.msu.edu/download/ ather/LISE for_Excel_Mac 05/} c|

simulate experiments at beam energies above the Coulomb barrier.
Index of /download/other/LISE for Excel Mac OS

Version Description

16-04-13 LISE for Excel — Mac QS version )

9.6.23

-+
o T New features of LISE™ Monte Carlo calculations

Built-in powerful tools:

or Excel (M3 Window Name Last modified Size Description
u LISE for Excel (Mac OS), (download)
PRV [ L L L (o]

: Parent Directory -

LISE_forExcel_MacOS installaltor will be in this directory soon
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MICHIGAN STATE

On NSCL AL1900 configurationsumisISES L

version 9.2.106

Segmented configurations: Number Start Stop Optics Source
of blocks order maps

A1900_2010.lcn 4 z15 z105 1

A1900_segmented COSY.lcn 4 z15 z105 5 link

Extended configurations:

A1900 extended COSY.lcn* 73 z15 z106 5 link
A1900 extended COSY_only_Quads.lcn 73 z15 z106 5 link
A1900 extended LISE.Icn 73 z15 z106 2

A1900 1190 extended LISE.lcn 113 715 i190 2 link
A1900_S800BL_extended_LISE.Icn 157 z15 i250 2

Final extended configuration (version 9.2.107):

A1900_extended_COSY_S800BL_LISE.lcn* 73 z15 i250 5-2

*- includes sextupoles and octupoles for A1900

- Extended_LISE versions (based on TRANSPORT calculations) have been created with use of TRANSPORT files obtained from J.Stetson,T.Ginter & D.Bazin
» Extended _ & Segmented_COSY versions (based on COSY maps) have been created with use of COSY files obtained from M.Portillo

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 96


http://groups.nscl.msu.edu/lise/9_2/9_2_106/source/COSY_A1900_Maps_Segmented.zip
http://groups.nscl.msu.edu/lise/9_2/9_2_106/source/COSY_A1900_Maps_extended.zip
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MICHIGAN STATE

New Extenced Configurations UNIVERSITY

S800 beam-line

G-line

O.Tarasov@FragmentSeaparator2013.RIKEN.JP

1S B

ACCULINNA2 @ FLNR

gt

%
"

MARS @ TAMU

‘v

RESOLUT @ FSU

|ty
/
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MICHIGAN STATE

Future Extended ConfigURationss?

LIS E

After E-bender & E-quad
Development

FMA @ ARGONNE

DRAGON @ TRIUMF
Beam physicists:
S3 @ GANIL
A2400 @ FRIB

SupeFRS @ GSI
MARS @ TAMU
+ compensating dipole FRS @ GSI

BigRIPS @ RIKEN

LISE3 @ GANIL

- almost finished
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MICHIGAN STATE

MARS spectrometer: extended configurationAnties] Sl S EaIECKS(ERN " N LY ERS T T
NSCL

. 1 S EW.

X

« Use of two rotation blocks for vertical selection performance
 Using regular the “dipole” block instead the “compensating dipole” block
« Vertical dipole parameters (angle, radius) were calculated manually

« Second order optics

Using Monte Carlo method
1st order angular acceptance
momentum acceptance: T~15mrad, P~ 35 mrad
sig(P) ~ 4.9%
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@ MICHIGAN STATE

MARS spectrometer: extenced ConfigurationaeN Sl SERSIACKAGERS © L LS T T

NSCL

— Emittance
Beam CARD 1D - shape
5 [zigma, semi-axis, [Distribution
half-width. ..] rnethod)
1% mm | 0001 |Gaussian

Monte Carlo method
2nd grder, transmission ~75%

2T mradl 20 IHectangIeunifDrm
3% mm I 0.0 IGaussian

4 P rmrad I 25 IFlectangle Lrifarm

AL mm I 1 IGaussian

D % I 45 IFIeu:tangIeunifDrm

for sig(P) = 4.5%

L L Ll Led L]

=) e R = x
s w P 1. B i M3« MO - el I ) Continue
7Li : MC Transmission Plot - Envelope (only passed) SCoutiie] Li : MC Transmission Plot - Envelope (only passed) SContinied
7Li (16.0 MeV/u) + Al (1e-4 mm); Transmitted Fragment 7L+ 3+ (beam); Optics Order: 2 7Li (16.0 MeV/u) + Al (1e-4 mm); Transmitted Fragment 7Li3*-3+ (beam); Optics Order: 2
dp/p=20.55% ; Brho(Tm): 1.3510, 1.3510, 1.3510, 1.3510 dp/p=20.55% ; Brho(Tm): 1.3510, 1.3510, 1.3510, 1.3510
Bounds: ON; "Slit #4 Target' - last block for MC calc; no gates; Config: DSSSSSDSSSSSSDSONSDOSSSSSS Bounds: ON; "Slit #4 Target' - last block for MC calc; no gates; Config: DSSSSSDSSSSSSDSONSDOSSSSSES
Contour
Sum 4.72e+06|
Max 1.07e+04| ey
140 <X>9.45 3
<Y= 0217
dx 54
dy 262
7 XY 6.7e.01 ? 60 |
I 100 s —ff || SUM
1070e+04 82826+03
CPU speed CPU speed
0pps 0pps
I 60 I
| | 2ol
| |l
. E 20 T
E I E
x >
-20 10699 -20} 8282
5515 4348
2843 2283
i -60 il
] If _60 |-
-100
-140 |
7102078 1798 40 2 4 8 8 o 12 4 1 1 1005 2 4 6 8 10 12 14 18 18
LISE + [Hsenicesiise websiteld_BWars - 2013-Octobver v2.Ipp] after "Slit #4 Target™: L [m] 17‘10:'0:3” Jrasar e wEne e Bl 2013 OB 2 o after "Slit #4 Target™: L [m]
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MICHIGAN STATE

MARS spectrometer: = YA (A/g =Selecton)PVssh@k

g . T ==
Isotope Group : Monte Carlo Transmission Plot Isotope Group : Monte Carlo Transmission Plot ~ Hosiiéd
126 (20.0 MeViu) + Al (50 mglem?); Transmitted Fragment 'Li*-* (ProjFrag); Optics Order: 1 ﬁ 12C (20.0 MeViu) + Al (50 mglem?); Transmitted Fragment 'Li*-3 (ProjFrag); Optics Order: 2
dpip=100.00% ; Brho(Tm): 1.3510, 1.3510, 1.3510, 1.3510 dp/p=100.00% ; Brho(Tm): 1.3510, 1.3510, 1.3510, 1.3510
V] Bounds: ON; "DE Target Det' - lastblock for MC calc; no gates; Config: DSSSSSDSSSSSSDSONSDO Bounds: ON; "DE Target Det'-last block for MC calc; no gates; Config: DSSSSSDSSSSSSDSONSDOSSSSSS..
h Contour
FE . [FE Sum 1.02e+03]
0 First order || Second order  ||ya s
2 7 X> 342
% % o 20 <¥>13
B B dX 167
. ; dY 564
% 6Li %] 6Li XV 730401
: ? ‘ SUN
2 dres g 1020e+03
Y £ .8 E CPUspead
£ c E 1 264e+00 pps
E o E
g = g
8 Y O
& — g
+ (D) +
¥ (1) 3
'57-1 P o 8L 500
: o : . 321
] ~ 5 -0 . 206
§ < 8Li §
-15
-20
10
6 |
ﬁ
-25 ?
210 290 30 330 350 310 390 410 &0 270 290 310 330 350 310 390 M0
e e vy "StrippeI” v "DE Target Det": Time of flight [ns] e e iy "Stripper” vs "DE Target Det": Time of flight [ns]
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@ MICHIGAN STATE

MARS spectrometer. : Y’ (Momentum-selection) V/S: BI10S (1E0order) SRl

NSCL LIS E

Isotope Group : Monte Carlo Yield Plot R
12C (20.0 MeViu) + Al (50 mg/ecm2); Transmitted Fragment Li3* 3+ (ProjFrag); Optics Order: 1
dp/p=100.00% ; Brho(Tm): 1.3510, 1.3510, 1.3510, 1.3510
Bounds: ON; "Slit #4 Target" - last block for MC calc; no gates; Config: DSSSSSDSSSSSSDSONSDOSSSSSS...

|§| Isotope Group : Mo

140 F Contour
First order |J|Sum169%:+03
Max 3
<X=135
<¥Y=118
i 100 | dx 0.0401
dy 414
I XY 3.5e-01
[ SUM
T 1690e+03
— S 80 | CPU speed
E £.00e+00 pps
| = Rate (pps)
| o 1674e+02
| > 20 |1
5
o
| .
1 [\
= -20
E 500
| = 321
® 206
E 60
1 m
15
-100 |
4
3 ]
2
-140 1
1.2 1.26 1.3 1.34 1.38 1.42 1.46
28-10-2013 15:37:13 nal:
LISE++ [G\TAMUWars - 2013-Octobver v4_reaction pp] after "Slit #4 Target": Brho [T*m]
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MICHIGAN STATE

UNIVYVERSITY

dp/p total resolttionwitiranguil arciSPERSION

If insert one more PPAC between
the last Quad and FP

—

MARS 5800 BL
¥, PPAC resolution 1 mm 1 mm
¥, 2 PPACs resolution 1.414 mm 1.414 mm
distance between PPACs 0.5 m 1m
angle 2.83 mrad 1.4 mrad
angular dispersion 11.8 mrad/% 53 mrad/%
dp/p-resolution 0.24% 0.03%
dp/p-resolution from optics 0.50%
total dp/p resolution 0.55%
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MARS spectrometer s compensatingaipolesSettings LNIVERSITY

| degrees rad sin Length  Radius .
mom Assuming rectangle shape
0.001 0.000 0.000 1
0.5 0.009 0.009  1.000013 114.364
1.0 0.017 0.017  1.000051 57.241
15 0.026 0.026  1.000114 38.176 . .
20 | 0035 | 0035 |Loooz03| 28639 NOTE: in the future LISE++ should calculate itself the angle to
25 | 0044 0044 1000318 22916 compensate dp/p dispersion with taking a shape into account
3.0 0.052 0.052  1.000457 15,101
3.5 0.061 0.061  1.000623 16.376
4.0 0.070 0.070  1.000813 14.332
4.5 0.079 0.078  1.001029 12,743
5.0 0.087 0.087 1.001271 11.471
5.5 0.096 0.096  1.001538 10.432
6.0 0.105 0.105  1.001831 9.565
6.5 0.113 0.113  1.002149 8.832
7.0 0.122 0.122 1.002493 8.204
7.5 0.131 0.131 1.002862 7.660 — Bending magnet seftings  (Important!! - USE IT only in extended configurations)
8.0 0.140 0.139  1.003257 7.184 I
2.5 0.148 0.148  1.003678 6.765 Eﬁﬂz Description Walue Dimenszion
9.0 0.157 0.156  1.004125 6.392
165  g/2 -Vertcal half-aperture of bending magnet I 45 cm
9.5 0.166 0.165 1.004598 6.058 [ BEMDING - bt el erent el
- an intergal related o the extent ol £
100| 0175 0174 100509  5.758 MAGNET. 187 e ii=dich o i) memye: [ 07
10.5 0.183 0.182 1.00562 5.487 I K.2 - a second intergal related to the extent of I
PR P R . mmme— - - 1518 the fringing filed of a bending magnet 44 |
ENTRANCE 1612 1R1 - where A1 is the radius of curvature of | 1] 1/m
FACE OF the entrance face I
BEMDING Betal - Anale of pole-face rotation I il d
MAGNET a0 [pay attention for angle signl) i
—Dispersive bldek —————————| 1~ Optical block properties and data 3
M . 401.005 2229 _| 1 (&5
i* Brho 1.35038 . Calculate the Walues using n=—]— 5 I 0
- Setting Charge state - B |2
— for the Black I i the Setting fragment from b o | P
B 022233 or the Block [Z-0) T “ thiz line has been zet = p=0
the parent dialog
[Fm| wien Fiter IE dius, Bfield, angl 2
| .I Cut(Slits) & Acceptances - (Radivs. Bfield. angle] 8= 1 8 BJ‘ - 0
& = [ o5 | -
e Optical matrix | Tpet
Bend Sector
Tweak I 1 b4 | R . )
Fadiuz = E.05 m General setting of block | EIT FACE OF 1613 ;IH-"F!2 - where RZ iz the radivs of curvature of I il 1/m
= BENOINE e exit face >
Angle = 35 deg Caloulate other MAGMET 20 Feta2t-tAr:_gle fof pole-lfac:_e rID]tation I 95 degrees
pi— N pay attention for angle signl
I Length= [ 1.0048 m 10 cabratonfie | optic blocks
3 Calcualte 2nd order . X Copy These Calculations
oy Matrix calculations « 0K x Cancel P Hep P matrix elements §  Caloulate Optical matix | v in the Block Matrix X Cancel |
i ; H I
L. -

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 105



Utilities



MICHIGAN STATE

Stripper Litetime ity LI

Inspired by the 4t F.-S. experts meeting v. 9.2.38

< Target initial temperature

<+ Modification for “stationary beam” models in the case of pulsing beams
< Rotation target: modifications for a reduced beam pulse length
< New flux structure: Pulsing beam & rotating target

E Calculation of the lifetimes of thin stripper targets

=101 %]

—Cetup aterial properties — Subrilimation influence ["Pulsing beam'" caze 11|~ Radiation damages

. ~ kd [at
Beam |[™ 2380 Energy = [[1000.0MevA It v peie e =[233 alpha g Ko(1/2] fsecdome di$p|a.:ement[?;t2] -[2831T 1/cm2
. Pt [eg.22far [1]] = IE!.‘|23+‘|D defaul 8.12e10 T .
Intensity = Il 3.2e+7 pndy emizaivity fachar =|D.E 0.1 Sl WETIIAE I A= K [e]
: [ ta,g,:tl-S amm] B2tz uptemperature = | 48 e beam
Fail II 12C Thickness = II 3 gscm2 displacement energy = |25 oy Mode to plot [dimension) ———— KT

o - Foil lfetime dusta | 1938411 goc
* F[M=1e3] 51[M=1eh)" radiation damages =" 5 42407 h
I Pt 1 _ e+ aLr
— Flus structure WB shucture time =k K BXPI: &, ’fT) MM =Ted) " 52[M=Tef)"
Beam pulze length = IEE-S IEC k1 =007 LISE reduced value . . 53N =1e7)" t‘_\' Lifetime and Temperature from Bearn Current
' Stationary beam » * - with compression .
Repetition rate = |1 Hz k2 =870 default 870 [Carbon) pay attention for “caomression” results in the
case of very short pulses. Might be curios. — Submlimation influence ['Stationary beam' (21—

£ Pulsing beam

- Fotation target options ———————— v Usze LISE++ k1[Z] function 7 |

) Rise Time [dT=+1K] =| 4 67e-10  sec [a] alpha cm B7142) / sec
Ruatation Frequency = |1 Hz =50 = =
oo ot [ k10=[30 default50 “Plateau” (dT=-1K] =] 658210 sec (o] | =H13frlEl) [783e10 | i 7 8310 0
i P |25— - k11 =|-0.07 default -0.07 .
- Sickimaly bos of beam zpat = . Fall Tirne [dT=-1 K]=| 1.03e+01 szec [c] LISEu:nef=|1.T 01 ... 10(deflt1.7)
rotating tar - Final reduced stucture—————————J | |l Heat Lapaciy [1 /g /1 3] Riange to plot =| £50eAlE | sec ""Stationary beam'
Beam pulse length = IW - I Carbon capacity dependence Fail Iifetinfe due to e sec
- fram T 1{:‘_\' Height & Temperature from Time | bt = INF hour
¢ Pulsing beam & Repetition rate = [ 0.00127 Hz " manually [constant from T) [a] TO = 293.0K
ratating target Beam on-aff - i
) K tirne ratic.=| £.37e9 Z) B= ID_502 ‘? Table | EE% %g:iigg E E:g t‘_\' Height [tirne] & Lifetime [Bearn Current) |
ING— 7

— Shape — Calculated beam characterstics [during the pulze]

- Radiuz from Interaction Area Terll W/ om? ? LISE-doc
+ 2D Gaussian ;
Reduced beam spot Bearn power lost Density of

: . i I— Jem2) at the =| 4.¥3e+03 article flux I B.43e+04  pud /o P Aicles =
7 Uniform: ellipse radivis(sigma) = 20 rrirm centre\:’fof targ}et [t=00 [al:tl the center] I GEl fal
= I 5.30e+17 . :
 Uriform: rectangle drea BR0%] = | 4271 e E+17 pps f omz X out |

— References
[115.G.Lebedey & 4.5 Lebedew, PhypsRew ST: ALB 11 [2008) 020401 [2]B.Gikal et al., Freprint P3-2005-110, JINR, Dubna

File: Stripper foil settings

[3] C.Liaws et al., Proceedings of the 1333 PAC, Mew vork, p. 3300
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Calculations of high-power: production: target ancdibeamcimpioRtieNss)

il
- '
R )

NSCL

Pulsing beam +
Rotating target

"— Pulze structure

Pulsing beam

y -8 N
Pulse structure—\

Rotating target

p ==

— Flux structure—" Pulse structure——————————————

Probability with rotating
target Is defined as

— Flu structure

— Flus structure

" Stationary beam

Beam pulze length = ISE-S IBC
Repetition rate = I‘I Hz

Stationaty beam &
rotating target

Pulzing beam &

Rotation target optians

Final reduced structure

Beam pulze length =| Be-8  zec
Fiepetition rate =| 1 Hz

™ Stationary beam

" Pulsing beam

Pulzing beam &

- Stationaty beam |

— Fiotation target options

Rotation Frequency = |‘| Hz

Fiadial pozition

of beam spat = |25 (=11}

antating target =g

Final reduced structure

Beam pulze length =| 0.00127  zec
Repetition rate =| 1 Hz

™ Stationary beam

" Pulsing beam

Stationaty beam &
rotating tanget

Eeam pulze length = IEB-S e
Fiepetition rate = |1 Hz

— Fotation target options

Ratation Frequency = I‘I Hz

Radial pogition

of beam spat = |25 =11]

— Final reduced structure

Bean pulze length =| Be-8  sec

Fiepetition rate = | 0.00127 Hz

X-spot size / Target Length
=0.127%,

where the target length
is 2PiIR,

Therefore distance between
reduced “pulses” is 787

; : seconds
rokating target Eeam an-off rotating target Beam on-off Beam on-off . !
timeratio=| 98B % tirne ratio=| 0137z tire: rati0=| B3fed x with the pulse length equal
S N N to 50 ns
N.A.Tahir et al., J. Phys. D: Appl. Phys. 38 (2005) 1828—-1837. LISE++
4?5:“||||||||||||||||||||||||||||||||||||||||||||||| I [=] ]

5 B
b 1M
=

g

Maximum Temperature (K)

350
325F
'mﬂ""
R 200 400 600 800

Time (s)

Figure 5,

106

{a) Temperature versus time in the target during 1000

irradiations by a | GeV u~! U bunch with N = 10'° and 1 = S0ns,
oy = Il mm and oy = 6 mm.

O.Tarasov@FragmentSeaparator2013.RIKEN.JP

plot:

Fulsing beam + Rotating target;
Bearn cumrent = 2e+10Wcm? or 8.5e+04 pulicm?,

Influence of submlimation (Pulsing beam [1]): Temperature

2221 Projectile Energy: 1000.00 Meiu
Cn-off Ratio=0.00%

Red PulselLength=5e-08sec;

Fail C (3 gforrd)
Reduc Rat
epsilon=0.80

500}

400

300}

Temperature (K)

200

100

—— Temperature (K)

LIS e Mot

|
|
|
|
00 E

1200 1600 2000

Time (se¢)

2400

Wh— —— —

2800 200 3600
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On Yield Plot gated onidownstreamialoCka (@) e

Inspired by the RIKEN experiment

— Output in plats Default Dispelé
238U beam y Novem ber 2011 —Charge states —————— - Reactions ———————— Default Disper
= One [set by user] ™ One [zet by user] e
= Al [zeparate] ™ Al [zeparate] % space de

€ Al summed) =i e

. . . i 2 d
= Only for “Distribution” method 1-D plots & space e
2-D Pseu d oMC p | ots [ Dutputs in plots just for one selected isotope " space de
ield gate from dawnstream black o e
e . . ’ . . . ield gate fram dawnstrean blocl
= For “Distribution” method jUSt Ield 1S gated ! i |Jze vields after the following dowstream block for dE2 - de
notas h ane! "Digtribution’" plots of upstream blocks 1zt TKE de
[Range - det
[FP_PIN |

Acquigition Start o

» Use the MC transmission dialog to see shape

Mumber of one-dimensional distributions I 40

changes due to gates on downstream blocks Start of TOF oale
Tlrmalmdd Fer s Aircmammimin =l sk 1-1n
Example File: gate.lpp
With applied gate.
No gates You should see a message in the top left corner
- - Yield values D1-Xspace: output after slits
D1-Xspace: output after slits correspond to 10Ar (140.0 MeV/u} + Be (5!:0 pm; Sen'ngzl:n 125, Config: DDSWMDDMMSMM
19AF(140.0 MeVlu) + Be (500 um); Seftings on 2S; Config: DDSWMDDMMSMM FP_PIN dplp=100% ; Wedges: Al (1000 ym}; Brho(Tm}: 34601, 3 4601, 3.3166, 3.3166
dplp=1.00% ; Wedges: Al (1000 um), Brho(Tm}: 34601, 34601, 3.3166, 3.3166 blockl it char s
tesaf —_
g
1e+2 A
5
\\\

. Te+1 b N
-E 1e+3 E tes0 b
a g
g s z
3 ]
] > et
2 sg

2

1e2
1e+2
g
s 1e-3f
-120 -80 -40 0 40 80 120
20 0 e doce 26 > mcseate o X {mm)
X (mm)
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Al IGAN E

Yield Plot gated on doWnStrEamBoiOCK (2R o e o

LIS E

Plot Options

_ 7 Default Di

=2-D PseudoMC plot | oy
— Charge states———————  ~Reactions——————— Diefault Disper
e . . ” . . . ' One (zet by user) " Orne (zet by user] e
» For “Distribution” method just yield is gated, & Al separate) &l (separate) % space de
not a shape! € Al (summed) 3 space de
. . [~ Dutputs in plots just f lected isot T space de

= Use the MC transmission dialog to see shape \ T
changes due to gates on downstream blocks [ ieid gate from downsream block B
¥ Uz vields after the following dowstream block, for dE2 - de
"Digtribution” plots of upstrean blocks 1zt TKE de
3] - det
[FP_PIN | [anae-de
_— Acquisition Start o
Example File: gLeIQQ Murnber of one-dimensional di&tributinnsl 40 Start of TOF calc

T lurmalald Fer bos Aieemanmiman =0 mlaba I 4-H4n

With applied gate.

No gates .
You should see a message in the top left corner
TOF-X ield values TOF-X
“9Ar (140.0 MeV//u) + Be (500 um); Settings on ¥28; Config: DDSWMDDMMSMM f:;egﬁ’;{‘d“’ 49Ar (140.0 MeViu) + Be (500 um); Settings on 28; Config: DDSWMDDMMSMM
dp/p=1.00% ; Wedges: Al (1000 ym); Brho(Tm): 3.4601, 3.4601, 3.3166, 3.3166 biock! dp/p=1.00% ; Wedges: Al (1000 um); Brho(Tm): 3.4601, 3.4601, 3.3166, 3.3166
Start: Target, Stop: 12_PPAC1;, ACQ_start: Detector ™ X-detector: |2_PPAC1 e Start: Target, Stop: 12_PPAC1; ACQ_start: Detector ** X-detector: 12_PPAC1
50| sof
30} a0l
g

E 10f T 1of
£ E
c c .
o =l =g
] B .
9 g
< -1of & -0}

-30 -30

50| =50}

6 17 118 119 120 21 122 123 124 116 17 118 119 120 121 122 123 12
- . [14-11-2011 11:50:10 - H
e_doclo_29_2_126lgatelgate Ippl Time of flight (ns) L1 E o inanetnest meu ecuies userisrasoniy DocumensLisessate iy 1iMeE OF Flight (ns)
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MICHIGAN STATE

HiStory, O ISOLOPE CISCOVER KAty

M.Thoennessen

"?_ 2> |@ www.nscl.msu.edu/~thoennes/isotopes/abstracts/20-calcium,/20-Ca-39.pdf
Caleim - Tableof o

& Element 2 / Muclides i ¥Ca was first observed in 1943 by Huber et al.: “Der Kernphotoeffekt mit der
W IF IT alz = Lithium-Gammastrahlung: 1. Die leichten Elemente bis zum Calcium” [?]. 3°Ca was
a v = populated in a radiative capture reaction with 17 MeV y-rays. 500 keV protons bom-
barded lithium to produced the y-rays from the reaction "Li(p.y). Subsequent to the
irradiations the decay curves of the emitted B-rays were measured. “Als Resultat von
|Betar decay = ﬂl | 600 durchgefiihrten giestrahlungen erhie]tenﬁfir gie in Fig. 13 aufgezeichnete Zerfall-
- skurve mit einer Halbwertszeit von T = 1.06 &= 0.03 sec.” (As a result of 600 irradi-
Atamic Mass l 3BE707 aem ations we achieved the decay curve shown in Figure 13 with a halflife of T = 1.06 +

0.03 sec.).

Dizcovery Hiztory

[1] O. Huber, O. Lienhard, P. Scherrer, H. Wiiffler, Helv. Phys. Acta 16 (1943) 33.

Dizcoveny History iz Available
I for thiz izotope

Adapted from
A. Amos, I.L. Gross, and M. Thoennessen
At. Data Nucl. Data Tables 97, 383 (2011)

/|

¥ Show Dizcovery Histary availabiltiy in the chart ’

Show discovery history availability in
the chart of nuclides
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© 13 BTIA GIELY SR
Decay analysis™ dialog == modes: stable, decay orunbound UNIVERSITY

2"d step

Dialog "Isotopes” extended version : Decay analysis

Ralossty Table of ~ Properties from Database / Mass formula Dpftrs 1o eoeretn el
4 Element 2 Nuclides Acoept as "Does not exist” if T1/2 less than | 1.00=09 ”: after 1st Step the mode
EERR LS 13 ez = I T e Accept as "Stable'if T1/2 more than | Te+14 t “g ” th u
Masses from : Accept a second brunch decay if it more than 5 was set as ecay en
AME 2003 (&) + LDM#2 R
find *'confict” decay mode ~ Extemal link: — Half-life [sac] Ay
NNDC NNDC-Z2 E tal
_NNpe | NNpc-z| | . Accept as “unbound” If
_— UeEA=Tal | e | half-life of this mode
it is uged in the LISE++ nuclear chart
<3 prev | = nedt | D : = fram LISE ++ masses [in MeW]——) |~ Calculation smaller than “does not
I oestTt exist 'l ange | beta d .
_I Bela-decay | 1218471 v i exist” threshold
I 4.15e-02
] - Beta+ decay [ 161441 © <

I~ Show Discavery History availahiltiy in the chart . . s1p[ B2 ~ eﬁ:gsuign Proton

[ Show UnBound isatapes in the chart of nuclides — Detaied analysiz with T1/2 use predicts to be ‘ . I TS v I TBW Iad::l?;cotglty

¥ Show Unknown isatopes in the chart of nuclides Doesn't exist] | Sin | 21.7313 v n

52 39.6379 v
" dfimdesy Alpha-decay
Dapha [ 28043 o |||] dialog
Ok | X out | [ Make it defaul
5/ I Spont fission | J

Accept as “stable” If

half-life of this mode

greater than “stable”
threshold

1st step

// According chosen mass model or database

-lp" Stable. No decay. Qa, b-, b+ <0, and S1n,S2n,S1p,S2p >0

3'd step

 If more than 2 decay modes are present,
than only tWo will be chosen based on short

(] Decay. Qa,b-, b+>0,and S1p,S2p <0

half-life
B Unbound. Qa-CB>0, and S1p+CB,S2p+CB,S1n,S2n <0,
where CB — Coulomb Barrier « if there are two bunches are present, then
K\ // LISE++ accepts\the second mode if its half-
life no greater thgn 15t mode half-life value

divided on “2"d bhanch value” or

\\ [T1/2] , * coef < [T1/2] //
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Revision of: Decay modes in the [LISE+#E Chart ointiclicies

New decays :
p&p+, p&a, B-& a, SF & B+, SF & B-

New order of decay modes

=> New iso-file : “table2012.is0” instead previous “table.iso”)

Total Revision of Decay modes in the LISE++ chart of nuclides,

and revision of half-lives of heavy elements

t
4Bh

264gn | 26%Bn | 25%Bh | 267Bn Bh 2 27

O.Tarasov@FragmentSeaparator2013.RIKEN.JP
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105 |

95 |-

85

75

65

Dioesn't exizt

Stable

Beta+ decay

Beta- decay

Beta+ and Beta- decay
Alpha decay

Alpha and Beta+ decay
Alpha and Beta- decay
Praton decay

Proton and Beta+ decay
Fraton and Alpha decay
Spontaneous fizsion

S5F and Beta+ decay

5F and Beta- decay

5F and Alpha decay
Unbound

Uik ricowr

[

e

!

Protons (Z)

T12 (sec)

<Experiment>
N=0-200

Neutrons (N)

110

130 140 150 160
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- 4 3

L -— ol el

9.2.154 07/12/11 Color editing of the table of nuclides

Sulfur Table of i
& Element Z Nauc:;des — Properties from Databaze / Mass formula———————————— — Colors: Fonts and background —)
I 32 I 5 I 16 Gz = I stable chase decay made
<:I N I::> tazzes from : el y

AME2003 (4] + LDM#2

IStabIe LI Change | Font : Element - .

~"Unknown'" decay mode Falt = Belies -l_
Atomic Mass | '
omic Mass 31.97A1 aEm  Transform "Urknown''to "Dossnt exdst” |
Backaround _l—

Dizcoveny Higtamy g Search particle bound isotopes (set as "Doesn't “
exist") and mark them as "Unknown”

= Discovery History is Available
for this isotope S . .
) ) o ptions for search "UnkKnown" isotopes ——————— D d
I~ Show Digcovery History availabiltiy in the chart i?’ S

~ Include proton emitters if their halflives analysis
exceed the next threshold

v Show UnBound isotopes in the chart of nuclides T_1/2 threshald = I 1.00e-03 =S [ Make it default

The Proton Fadioactivity dial
¥ Show Unkrown izotopes in the chart of nuclides Se'[ameni"ﬁtiﬁt?es'% Lza;eltwdgtaliiog ¢ Ok | x Quit

Example of user modifications

+  Color modifications will be saved in the “lisepp.ini” file
(if you have checked “make it default” in the “Isotopes” dialog)

« If you want to restore default LISE++ colors, then erase blocks
[Decay_ Font], [Decay_Background], [Decay_ Label]
in the “lisepp.ini” file
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HelpHinksanaialogs Ly

-3

1y 1 o I

example

- =S

Fusion -»> Residual

‘ Ewvaporation zettings I

— Transmizzion probahiliy for a one-dimengional potential barrier
Y4

" Classical ;+

% Quantum-mechanical

h_omeqga - Curvature parameter
of the parabolic: patential describing I 5 My
the barrier [default value 3 Mey]

— Probabilty for compound nucleus farmation P_{CN}

Take into account the Probabilty for compound nucleus
v farmation P_{CM} accarding to
W Zagrebaey & W Greiner, PRCYE, 034610 [2008)

— Partner site

Make
W DK | r default Fusion
? HE:IDJ\ Evaporation

x Cancel

No F1l-key help more

O.Tarasov@FragmentSeaparator2013.RIKEN.JP

& lize.nscl.msu.edu/G_2/lise++_6_2.pdfEpage=22 Trve| B

— 4+ Automatic Zoom

6. Sub-barrier fusion cross-section

The possibility to calculate sub-barrier fusion cross section is available now in the
as in the LisFus model. There 15 a brief introduction for the quantum-mechanical -
codes. The cross section for the compound-nucleus formation is given as

o=m Y (A+1)7T,.
1D
where 7;1s the transmission coefficient for the /th partial wave:

oot ]

= & lisensclimsu.edu/5_15/lise_5_15.pdf g c E

Classical (

— | 4+  Automatic Zoom *

Fusion residue transmission

Mass number (A}

12| mm 0=+
mon 13 4 158 16 17 18 14
Praotons (2

Plat of transmitted residues calculaied by the IISE program for the reaction "C(37 MeViu) + Al {4
performed for the LISE spectrometer with the Wien velocity filter (E=2000 kI7m) set on the ion 75"
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. 1 S EW.

TB’s request

r M
File Settings Options Calculations Utilities 1D-Plot 2D-Plot Databases Help File Settings Options Calculations Utilities 1D-Plot 2D-Plot Databases Help
Lol = = 1 Lol = o 1
29[22 G serur + T Bl s m| vl ol ke £9[3 @ setup + T Bl s m| vl ol ke
[Plrojectile  40ar18+ o [Plrojectile  40ar18+ ! o
140 MeViu 1 pnA 140 MeViu 1 pnA
[Flragment 32516+ [Flragment  32516+.16+
T Be Be
L 500 mcran 500 mcran
Brho Brho
3.4601 Tm 3.4601 Tm
Brho Brho
3.4601 Tm 3.4601 Tm
siis siis
i i
I I
12_wedgs
il il
Brho Brho
3.4601 Tm 3.4601 Tm
Brho Brho
3.4601 Tm 3.4601 Tm
Al Al
2 mgicm2 2 mgicm2
Al Al
2 mgicm2 T 2 mgicm2
FP slits s/is s/is
1 1
Al 516 mcron 516 mcron
C9H10 C9H10
FP_3CI 100 mm 100 mm
config: A1900_2013 dpip | DAT800_2013 dpip |
option: A1800_2013 1% - 1800_2013 1%
version: 9.6.25 = . 5.25 = .
' mo 2yg 2pg q S I 29pMg S
n CGAMNIL r
RN ACTELE AT NATRIIAL DIDME L CUFDE
FRIB 2Na TNa 2ENa
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Use this CheckButton to change the change state option
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Beam and Setting fragment charkgeStalte CISHROURIOITSINC ALY RS (1

~ T

v.9.6.29 TB’s request
from 04/19/13

|1D-Plot | 2D-Plot Databases Help —_S

Block selection distributions

Angular distributions
Horizontal (X) space distributions
Vertical (¥) space distributions

Momentum distributions

vuvvvvvvv

Energy distribution -
Total Kinetic Energy distributions Actl o n S
‘ Beam and Setting fragment charge state distributions Target
Debug distributions SHEE .
T " Save the Charge State option
_slits
B L Set Charge State on
IT“"”E”_C Gm"; = 4 e Insert the Faraday Cup after the
e s D wedge selected block
ange dls.trll.]UtI(-JHS —
e nsa 4.  Calculate beam projectile and
Cross Secton distibutions o setting fragment charge states
Q-gg distributions B . . .
G disribatons Bt transmission up to this Faraday cup
- FP_pPACD 5.  Find out a direction of the
ot Options FP_PPACL H H
Fp.sits dispersive plane (X or Y)
XF_SCI . . . . . .
PN 6. Plot spatial distributions of ions in
FP_Stackd the dispersive plane
FP_Stackl
oo Delete the Faraday cup
e Restore the Charge State Option
FP_SCI
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Neutron and Gamma induced reactions n the Kanematici@alculator:
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-3
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9.6.132 10/08/13
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" SCATTERING B(A.C=]D=B
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The 2012 Atomic Mass Evaluation
(AME2012)

The evaluation has been published in Chinese Physics C 36 (2012) 1287-1602 (PDF), 1603-2014 (PDF).
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Comparison AME2003 & AME 2012 for Z=20 & 50
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LIS E

- 238U equilibrium charge distribution after Target (Be): Fragment energy = 126.1 MeV/u
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Customizable Chart oiithe NCCIIGES
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AME & properties: View, Edit

( AME & properties: Plots

Isomer database: View, Edit

User database: Edit
User database: Plots

Choose a Plot Typ

Binding energy
Binding energy per A

Why in database plots?

LISE++ Database (based on AME2003) values or

calculations could be joined with the user color board

Neutrons (N)

O.Tarasov@FragmentSeaparator2013.RIKEN.JP

SF + A decay
Spont fission
Proton decay

Beta+ decay
Beta- decay
Stable

™ OME-dimensional
* Tw-dimensional
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Mmas = | 200

— Dimengion of the plat—  —Plat type
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— function of

i N-ZZ

¥ Z [protons)
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—20: Color szale board bazed an

Internal database values
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Lol

('— 150 file [external database)
= table

- Enternal source

—ISOLIST file [description of database]

izo & izolist fles] = decay_mode
— Decay mode filker
[ modes =] | A v OK
" 0dd
/ NZ chart | i~ Even x Cancel

Default location of ISO and ISOLIST files is
the “My Documents\LISE\bin” directory
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ASCII file
LISE++ reads first two columns

1st column is name (should be in quotation marks)
2"d column is color (decimal base)

- . .
IS E AL T Nbin\discovery_lab.isolist]

File : —
= EIlE | | I' |'st
“Stable"” 4210752 MU 9523017 | welcome ol
“Beta- decay" 15224912 S o 481967 Eile
“Beta+ decay” 13133000 “RIKEN" 11470694 . "
2011 2523917
|| "B+ & B- decay" 13993481 "Dubna’ 598489 g 481967
"Alpha decay” 1367260 CGAHIL™ 11804186 "LISE" 11470694
"A & B+ decay” 15016867 “Argonne™ 12871363 "to" 598489
“Proton decay” 6121687 .gern 10593035 "welcome" 11804186
" . P 0Dak Ridge' 2007034
Spont.fission® ¥67243 “R -
. " erkeley 3666878
SF + A decay” 16720639 other 4570308

SE + Adeca

Spont.fission
Proton decay
A & B+ decay

s

Cemn
Argonne
GANIL

welcome

B+ & B- decay
Beta+ decay
Beta- decay

Stable

Dubna
RIKEN
G5l
MSU
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1o 1 35 LA
<Database: AME2003 (A&W) + LDM2>
N=0-200
The color scale board is based on "welcome.iso" & "welcome.isolist" files
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<Database: AME2003 (A&W) + LDM2>
N=0-200
The color scale board is based on "welcome.iso" & "welcome.isolist" files
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LISES & NSCIL andiERIBIrate PIots
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LISE** version 9.4.34

1D‘-F'|Dt 2D-Plot Databases Help

CODES: Charge, Global, PACES, etc.
Radicactivity, decays
Reactions utilities

Plots: Energy loss, Ranges, Straggling, ete.

MSCL / FRIB rates

Range optimizer (Gas cell utility)

(3as pressure optimization for gas-filled dipole
Calculation of Angle on the LISES target
MEP-144 utility

Twinsol (solenoid) utility

CATCHER utility (I50L, Fusion-Residual)

Rate & transmission calculation: batch mode

Stripper foil ifetime

plot: NSCL PAC3S rates
plot: N5CL PAC35 beams
link: NSCL PAC35

plot: FRIE rates (v.1.07)
plot: FRIE beams (v.1.07)
link: FRIB (v.1.08)

[0 1 S Jaes

From 27.08.2012

The code operates under MS Windows environment and provides a highly user-friendly interface.
It can be freely downloaded from the following internet addresses:

O.Tarasov@FragmentSeaparator2013.RIKEN.JP

http://lise.nscl.msu.edu
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l l_.'tiﬁl'ls]l][}-_Plot 2D-Plot  Databases Help
++ for Excel

CODES : Charge, Global, PACE4, etc,
Radicactivity, decays
Reactions utilities

Plots : Energy loss, Ranges, Straggling, etc.

| nscL/FRBrates )

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)

100 120 140

Protons (2)

4-08-2013 13:.09°57
LICE 44 1 n

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

-
= g
i
85 —
- -
B
. f
]
-
85 o=
—- l
-

= 55
N
"] -
E -

45 e
2
[

35

aH
25 1k
il
15
5
0 20 4 60 80 100 120 140
Neutrons (N)

57Cr 58Cr SSCr

08 1.7e+08 3.7e+05

7.2e+03 9.4e+02 1.4e+02 2.6e+01
21 )/ sssc :‘:Ss 393&. 3']33 54
06 1.2e+06 1.6e+ .5e+03 1.2e+03 3.1e+01 7.4e+00 1.1e+00 2.0¢
20 oo Hey gy Wy
1.3e+05 2 3.0e+01 4.2e+00 2.3e-01 4.3e-02
1o (L Mo s o sy sy
2 3.1e+01 1.6e+00 4.1e-01 4.7e-02 8.4e-03 1.8e-03
35 36 37 38 39 40 41
Neutrons (N)



Plots :
Half-lives



MICHIGAN STATE

Half:life database: nevi featuires R

DataBase |0-AME2012 (database) | * Private String
A Element Z N Hassium * New time scale
[ Algha decay HE ;/ » Stable isotopes : Abundance
N

Database Index l 108162

Tz [ a0s piiv ate |

=

[ vae |z
a3
tazs Excess I 125.0900  Jie B save
[=]

Binding Energ_l,ll 1969.6500 ﬁs

. I E us
Beta- decay energy B 6240 e x Quit
Beta+ decay energy I [.8630 FEC
S2n [ 128380 | # caloulstions

I d
8] ? ip zijzz }Ik_l,l Add Recard
alpha I ] ¥ |

o Delete Record
S1n| 7.5710 Gy L |
! Shew Stuct
stp [ 28810 |y ow Stricture

THAN

stable L) I R =
Put =" ink Il 1f wal tabl = ===
R e et DataBase |0-AME2012 [database]
Az e Calculation _He": I
E xperimental protan
[datahase] beta decay alpha decay emission & Element £ N

I [(7aeds [Tesez | ElENENE
I Stable

Database Index I 20028

Abundance,% | 0187 |stable LTJ
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MICHIGAN STATE

UNIVYVERSITY

Plot “Private” strings in 21D plots

LIS E

| Databases | Help
AME 8 properties: View, Edit

Choose a Plot Ty

AME & properties: Plots ’ 51n Select a data set to plot
] - S2n
Isomer database: View, Edit ' Ewper.Beta Alpha Proton
51p e D_ - [F Include "unbound' isotopes ]
User database: Edit s2p Exper. ar compilation set
User database: Plots 3 Q alpha letaglnhaiiaon]
Beta- decay
Erlieca) 3 - Experimental values + notes from the Database
T1/2
Mass Excess . . . .
g ey |  Dimenzion of the plot— — Plat type Wertical Axis
Binding energy per A " ONE-dimensional " lsotopes, Z=const & 2 [protars)

& Twi-dimenzional

" lsobars, A=const

A [hucleons)

sd I

>3re & lzotones, N=const £ N [heutrons]
St o
- Mit= I D " Isozpin, N-Z =const  N-Z [izospin)
P (pairing energies) 3 " i
max = . _ E
D (separation energy derivatives) 4 " lsospin, N-ZZ=canat N2

— 2D Color scale board baged on 1500 fle [eatermal database)

5+ Intenal database values
or calcualtions

—ISOLIST file [description of database]q
Exrternal source

fizo & izolizt filez)

Private strings

|| Decay mode filter

Al mod = & 4l o 0K
\ T2 (sec) (compilation) I — = © 0dd
= = =  Ewven X Carcel |

7
\
: SC 10¢ 1¢
128.5 ms 19.571 ss¢ 20.38 m
. ) S Abundance (%)

7119 101

Be

Protons (Z)
£

3 8Lj 9Li ]
439.4 mis 178.5 ms
5 SHe 8He |

1.3e-04%

308.92 ms 19 ms

0 0

3
Neutrons (N)
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MICHIGAN STATE

Isotope Half=1ives

— T1/2 (sec) (compilation)
AME & properties: View, Edit | <Experiment+Noies>
AME & properties: Plots d Sin - N=0-200
Isomer database: View, Edit 34 ?’
r | S 1p
User database: Edit S52p
|User database: Plots v Qalpha
Beta- decay
Beta+ decay
Mass Excess
Binding energy
Binding ener A
90} i qy per
5 3He
Sk
P (pairing energies) L4
D (separation energy derivatives) »
— f0F i
u
0
s
8
g
a 50 | ]
30 F J
Half-lives are need to
ol generate reaccelerated
beams tables
40 60 80 100 120 140 160
e e Neutrons (N)
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Improvement,
Fix of bugs



©

Fixed: Bug in the passing material’suorottine @iVIEImoae

4 Element g+ Beamenergy—————————| ~Emittance
I_ I_ I_ Beam CARD 1D - shape 20 20 - shape &
- - 18 4| 0 8 Energy & 400 Ll ? | [sigma, semi-axis, [Distribution mode [Monte Carlo Eouﬁtlﬁmd I e
A ter r eV I S I O n I 3 TKE ¢ [ 719988 Mev methad) method) beam respect to spectrometer
z Briho 71402 Tm 1% mm I 1 IGaus ian j r d¥ I 0 mm
| [ Stable p o [T71E Gevie 2T mad| 1 [Rectggleuntorn  v| [ 4T[0 mad
pp——- u C [ 58 K 2 mm [ 1 [Gaushan = r dy [0 mm
/ Nuclides Beam intensiy 4 P mrad I 1 Gausfian j r dF I 0 rirad
ez = P z o A IGaus ian = dT I 0 degiees
N
a = - ] - ED % 0.01 | Gayfian LI r dF IT degress
| B25e+3  pps
~ e . Energy Loss in the i RF frequency I 20 MHz
: target bow [Kw] I

=

3

Bunch length I 1

130 : MC Transmission Plot - Energy Deposition L e ] 130 : MC Transmission Plot - Energy Deposition L e ]
18Q (400.0 MeV/u) + ; Transmitted Fragment 180 (beam); Optics Order: 1 18Q (400.0 MeV/u) + ; Transmitted Fragment 180 (beam); Optics Order: 1
dp/p=100.00% dp/p=100.00%
Bounds: Off; "Material 1" - last block for MC calc; no gates; Config: MMMMM Bounds: Off; "Material 1" - last block for MC calc; no gates; Config: MMMMM
25 | dd( Edeposition [MeV/particle] ) / d( Z [mm] ) / d( X [mm] ) 25 (dd(-Edeposition [MeV/particle] ) /-d( Z [mm] } /-d(-X-[mm]-) Amg‘;"‘%'{;og
Max 216
B <X>1.39e+03
- - - <Y>-0.0282
dx 670
: No straggling with straggling
15 |1 XY -27e+01
? 15 SOM SOM
1680e+03 5200e+02
I CPU speed I CPU speed
= Opps = Opps
E E
= = 5|
> >
ES ES
B B
= =
= =
[} © 5}
= e
2 2
£ £
| | -15
| s |
-25
25|
. 400 800 1200 1600 2000 2400 . 400 800 1200 1600 2000
D\:\VDSJEVUJ “[C1‘:HSE \SE,-}E'VE\meem",REOUESTS"ZDW3%201E,D4702,—w\\-)LFRIE'-!ERp:Ma‘ﬁ@ T;L%jg]mateﬂal Ipp] D\:\VDSJEVUJ “[G1H\5Er‘.Lw\SE,dE've\meeutLREOUESTS"ZDW3%201E,D4702,—w\\-)LFRIE'-!ER;D:Ma‘ﬁ@al;’j‘d‘t%jg]mateﬂal Ipp]
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Correction in calculation for transmission throughimaterals MICHIGARN STATE

UNIVYVERSITY

(so called coefficient TS B
Gas Cell utility modification

Number of particles stopped in GasCell_120Torr Number of particles stopped in GasCell_120Torr
Ca (1400 MeV/) + Be (957.24 mglem?) Settings on 7k; Config: DDSWDDSDDDMDMDWMSMMM ICa (140.0 MeViu) + Be (957.24 mglem?; Settings on 'K; Config: DDSWDDSDDDMDMDWMSHMM
dpip=1.00% ; Wedges: Al (145,55 mglem?), Al (2000 um); Brho(Tm): 2.6931, 26931, 2.5434, 25434, 25434... dplp=1.00% ; Wedges: Al (145,55 mglem?) Al (2000 um); Bho{Trm): 26931, 26931, 2.6434, 25434, 2.5434...
A-yield before FinalDegrader: B - yield before GasCel_120Tor; C - yield after GasCell_120Torr A-yield before FinalDegrader; B - yield before GasCel_120Tom; C- yield after GasCel_120Torr
* version 9.6.123 ey ] B e
et R (AB) stopped before THIS detector ‘an A AP | (AB) stopped before THIS detector
#-%{-- (B) vield before THS defeco VerS|0n 9,6,1 26 =+~ (B) vield before THIS detector

i 8.t M M MM N e MM M

Tvoy
vy

Tetd 75645

6e+5 6.5e+5
N N
g & el
0 [1]
3 3 4.5e45
0 o 4.0et
& detd <
35645
deth
2.5e+5
2eth
1.5e+5
145
50000
D - - - - Bl
. % ¥ 10 12 14 16 18 0 2 % % 7
03:10:2013 140806 inati i 03102013 140543 — .
8 e s dement sEaesTcn o 1 o on INCHnation,angle, of FinalDegrader [deg] e e e 1 s Inclination angle of FinalDegrader [deg]
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. Correction in Monte Carl o ENergyAl0SSIanUNRENGENII TSI A e Ls 1y
NSCL ———

> ¥
g T
lonte Carlo calculation of fragme ansmi LEuL
- What isotope transmission to calculate? - H-coordinat - f-coordinah Gate ]
_ After BLOCK, It block ate
 One fragment of interest. Choze manually here - as as '
I GasCellwindaw ha [ I GasCell_120Tarr | %
Group of |sotopes already calculated
. by the: Distribution method [Meale = 0] IO mm % i [ I
's List of izatopes from file  #E _nofie— R i R e
to produce inside target = oy mm L mrm
's Input ions rays from file B i Covtpl Trad TPl :nrad
emitted from target = =riiE= C drp % P % - Gate 2
" Radial [f2Y)  mm " Radial [fF4Y)  mm o
- Chose fragment of interest  fngle [ mrad  Angle [ % "5] mrad
| T
A Element Z /' Table of " Energy M " Enegy Metdu
[5 [k |9 Hickdes © TKE Me C TKE Mey
< Ji2 = " Momentum Mt/ i " Momentum Melic
| Beta+ decay a |[n| = " Brha T*m " Brho T*m
" Etho MJ/C  Etha MJ/C Bz
Charge state ml
’7 19. D1 - Get " Energy Loss el Lass Medf
" Range mm " Ran mm [ Fic efzite
Reaction mechanizm " Envelope m TElope m
Frojectile Fragmentation - Energy PN nergy Met'smm
“ ! J _I L Depaosition particle Eepnsition Jparticle
e of fight  ne " Wime of flight  nz - Gate 4
Szgl MC transmission options J/  Length M rath ™ I
n FI
e YK : Monte Carlo Tra ssion Plot ~ Continue_[§ 37K : Monte Carlo Transmission Plot I
40Ca (140.0 MeV/u) + Be (957.24 mg/cm?); Trans ragment 7K (ProjFrag); Optics Order: 2 40Ca (140.0 MeV/u) + Be (957.24 mglcm?); Transmitted Fragment 37K (Fragmentn); Optics Order: 2
dp/p=1.00% ; Wedges: Al (145.55 mg/cm?), Al (200 » Brho(Tm): 2.6931, 2.6931, 2.5434, 2.5434, 25434 dp/p=1.00% ; Wedges: Al (145.55 mg/em?), Al (2000 um); Brho(Tm): 2.6931, 2.6931, 2.5434, 2 5434, 25434, 25434, 2.5434, 2 5434,
Bounds: Off, "GasCel_120Torr" - last block f calc; no gates; Config: DDSWDDSDDDMDMDWMSMMM Bounds: Off, "GasCel_120Torr" - last block for MC cale; no gates; Config: DDSWDDSDDDMDMDWMSMVIM
Contour Contour
Sum 642
1 2 M“a"; 3 4400 '\SAA;T 2,4494-03
) 3600 . . <X>5.95 <X=>4.01
b <Y>1.79e+03 <Y> 1.50e+03
dXx 302 4000 dx 291
- dY 384
3200 - XY 98e+02 || )?\‘;15;;03
2l - [ SUMm == r7| _. 3600 o
E 6420e+02 £ 3445e+03 |||
= .- o Erllerzzd £ CPU speed | |
Py 25851 - 0.00e+00 pps | & 3200 0.00e+00 pps
| 5 2 I
x = I
s 2400 x 2800 \
£ il == I
2 S 2400 |
& 2000 - ) i
< S - .- \
= ; | =' =000 l
]
(8] - -
?a 1600 | ‘é 1600 :
. ¢ - |
2 o l
€ 1200 - | £ 1200 \
I
I 800
800 -
400 =
400
140 100 80 20 20 50 100 140 0 T ) =) 50 50
09-10-2013 17:19:50 ", i . -10-2013 17:21:2 nps g 94846e+1
LISE++ [CluserLs dev'elﬂpmenf\j‘EOUESTS'\ZD13’\2013,1D,DB,—muﬁﬂsgtri:ﬁ%.gﬁgwéndow : X [mm] Uf" ;UE ot [C1‘.A\5;n\j\sE,-:aw-ala;:mamLREOUESTS\ZD1S\ZD13,1D,Ds,-m-m\G,MEM-J\WEE“?.RF& : X [mm] 448662:3
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S modification for large angular straggling @VerR/A OWENERHES LTS E

[==] slits-X=pac

Corrections in transSmissIoN SURROUGINES: pliehlis ANE PRI

40Ca (140.0 MewWiu) + Be (2957.24 mg/cr -

i

p— s

slits-Xspace

fig: DDSWV DD S DD DMDMMDW NS MISH N

dp/p=1.00% ; Wedges: Al (145 55 mg/cm=2), Al (2000 um); Brho(Tm) 2.6931, 2.6931, 2.5434, 2.5434, 2. 5434 .

wwithout charge states
sum of Feactions

Yield {ppsfmm)

":I 3000 |_c'-utput after slits ]

9.6.123

- 220 -

Yield {ppsfmm)

10-10-2013
LIS E ++ [ClusenlISE_developr]

40Ca (140.0 MeW/iu) + Be (957.24 m

dp/e=1.00% ; WVWedges: Al (145.55 mglc

slits—_Xspace
g/ocm2); Settings on 37K, Conffig: DDSWVWDDSDDDMDMDWVVMSMSMM
m2), Al (2000 um); Brho(Tm: 2.6931, 2.6931, 2.5434, 2.5434, 2.5434. ..

without d
=ur

Yield (pps/mm)

4500

[outpui after slits

<4200

132

Yield (pps/mm)

o




Complications

Fusion reactions & thick targets
Abrasion-Fission (High Z)
Quad- and Sextupole fields

PF & proton drip-line



MICHIGAN STATE

EUSION KEACTIONS Sa tMICKILARget LILKLTARY

Experiment e547 @ GANIL

Fu
[ 2300241 Me/u) + Be > 247Cm * - 96z 238J(24.1MeV/u) + Be target (15 mg/em?) ->
Fusion-Fission
[-value of reaction = -B.877 et
Fusion max.barrier = 42,95 et
Fusion radiug = 2.80 frn
— Depending on a place of reaction in the target
l beginning  middle end
Beam energy [Lab) [Meviu] 2410 20.65 16.87

Beam energy (Lab) [MeY] 573F.0 4957 40166
Center of mazs energy [Mev]  209.26 1733 1456 51
Ewxcitation energy [Mel] 20229 17242 13962

oSN i = W=
2

Capture crosz zection [mb]  2.2e+03  216e+03 Z2.09%e+03
Frobability of Compound  1.00e+00  1.00e+00 1.00e+00

Wide excitation energy range 139.6-202.4 MeV

Compound recol energy [Mel]

238U + Be -> Fusion-fission > Z=40

_ 1.395
Compound formation CS [mb]  2.2e+03  216e+03  2.09+03
Compound-Fizsion C5 [mb]  2.03e+3 1.9%+3  1.94e+3 1.390
Compound-Breakup CS [mb] 1] 1] 1]
_ 1.385
— for zetting residue after the stripper ci'
. J 1380
Energy diapazon [MMew/u) 17926 -- 15.664 -
Comezponding ion charge state IFEY -- a7 £ 1.375
: |
u Plot the excitation function -
~  1.370
=
=] Fusion-Residue calclat v
All fusion charactenstics are -"aﬂ LSIOn-nEsIdue calcuiator 1.365
calculated with BAS S -model
v Out | 1.360

120 140 160 180 200 220
Excitation Energy, MeV
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MICHIGAN STATE

UNIVYVERSITY

Fusion reactions & tcketarget

238U(24.1MeV/u) + Be target (15 mg/em?) -> Fusion-Fission

102Zr .
S0Ir - 5.01E+00 B
% —+—"bzn ' —&"middle’
—a—"midd ! e
451F+00
. veng’
4.01E+00
70
3516400
80
3.01E+00
50
2516400
40
201E+00
30
151E+00
@ LO1E+00
10 5.108-01
0 1 HGEOUOOIERY L00E-02 ‘e
15 16 1 21 195 2 5 21 115 12
10
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Finally the “slice” technique was used to analyze these data
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Abrasion-Fission
Cross sections

Neutron-rich & High Z



MICHIGAN STATE

Abrasion-FIssion TRk

PV

, B ®
@ ., ® 9.2

projectile
target

Q LISE** 3EER Abrasion-Fission model (analytical)

Tech. Rep. MSUCL1300, NSCL, Michigan State University, 2005
http://lise.nscl.msu.edu/7_5/lise++ 7 5.pdf

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 154


http://lise.nscl.msu.edu/7_5/lise++_7_5.pdf

MICHIGAN STATE

© - - - S - UNTVERSITY
o Abrasion-Fission: : ocean o fissienuciel PUALLY

NSCL v

Abrasion-fission
A3"+ A4'< 238

85}

5

65}

55t

45¢

Protons (2)

35

25

15 i L > L4
Fission channel cross-sections
ABRASION-ABLATION - 238U +H

10 30 50 70 90 110 130
Neutrons (N)
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. i . i . . MUELAE AR STETE
o> Abrasion-FIssion : ocean ot fissile nucler = L. 5

NSCL e 1S I

Abrasion-fission
A3"+ A4"< 238

85|

75¢

65}

55|

a5t

Protons (Z)

35¢

25¢

15}F

Average fission excitation energy
ABRASION-ABLATION - 238U + H

10 30 50 70 90 110 130

Neutrons (N)
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MICHIGAN STATE

ABrasion-FISSION S SIEERITIONE]

Fission channel cross-sections
ABRASION-ABLATION - 238U + Pb Excnt Energy Method:< 2 >; <E™>:13.3%dA MeV sigma9.680

A ! ! T | LLELTT |
an} 238U, 1337 mb ulllllllllllll
CUCEAE ENEEEEEEEE
GOl AENNNEEEEEEN
. HEEENNENENEEREEEE .
a6 } 5-0-8 .........l. . ‘ :
SEREER B N | [ [ | ] . (1] I
SEEEE B | | [ [ [ ] »___,_ » | [ L[| [ | [SISiss
ssnnnnlin Illlllllllll_ | L LT 1] SIS
a2} ” NEL R BN | | | [ [ ] ' | | | SISl
. Tansus ~ HEVNNNERRSEEER EEEEEREEEEE
s =aEER . HEEEEN (LTI [ 1] [ |SESienie .
" s saREESE . EFEEEE LW [ 1] [ [ BN
] ¢ wsmawm - HEN T T . a
o ‘s saxmaEm BN | CHENRERpN NN EREEEEE s e ue
o raann 7l 1110 EREEENEEEEER wle
§ TS EELE R © ENENEN ENEERNENEEE ¢ LRI
o . ssREN . EmoEn DEENREEREED D00 LR R o
i TR i | SEREREREEREREN BEEE e
' (7 o4 B8 EANEEEERERRREER EEmE
= fimmans EEEEREN Emnns
70 se d LI Y BEE-EWE
SRS . e ~  ITERE SEEEen
231Th’474mb. .l.ll:::l:llllll i IIII::::.l E
66 . - ¢ -0 s-%-5 -8 ss s+ R EBERERBRERERIBREER "R .
" ABPo, $17mb. 2 4 =1t YRR NEORR R ST, ) -
95 105 115 Neutrons (N) 135 145
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MICHIGAN STATE

FISSION EXCITAUONITUNCHONS R

-3
- al -
] " ot 4 I

: : . | ] | ] .I | ] : . _Ll:'-“-l.ﬁ-F
5 Fission excitation functions —— Middle a7
- —— Hig
L1000, 0Merfa) + Pb —— EM Fission
—— Sum
2 -
Te+2 |-

55 Lo | MIDDLE | HIGH |EM fizzion
= - LISE ++ hint for the fizsile
% nucleus fram excitation energy I el I =31Th I <TeAL I 38U
o 21 E ucitation energy [MeV) I 2848 I 926 I 2E3.9 I 154
"E' Cross section [mb) I A03.5 I 510 I E73.4 I 1342 4
E Te+1 |-
™) -
H -
o [
un
un
o
s I
i
O 1e+0]-

5[

2 -

Te-1|-
51
0 100 200 Excitation energy (MeY) 400 00
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MICHIGAN STATE

Production rates by <**U + Be(7mm) at Bp=7.249 Tm  ‘*''©>'"

NSCL
1 setting, no energy degraders used

_ o _ _ Bp=7.2Tmil%
- LISE++ Abrasion-Fission Fairly good reproduction

Bp=7.2Tm

Exp. data

T | |
34
36
32 38 40 | —— LISE++: Abrasion-fission
" 42 50

By LISE++ |

Production yield (pps/pnA)

Production yield (pps/pnA)

T 1 PRI [ SR SR SR S N SO SO ST TR (T SR ST S T AN ST ST ST SN NN N ST SR T N ST ST S T N ST ST U S N S S T’
50 60 70 80 950 100 110 120 130 140

Mass number
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MICHIGAN STATE

Abrasion-kission: MC Abrasion=Aniaton AIRAL I

O  Priorities : Quality (1) & speed (2)
0 Recent GSI & RIKEN experiments Z=50-90

« Cross sections? Excitation energy? Kinematics-transmission?
« Abrasion-Ablation (for PF)
» Abrasion-Fission (define EERS)

O MC solution for AA

U

Take into account angular momentum

0 Take into account models development

0 New analytical AF model

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 160



Quadrupole and sextupole
flelds superposition



MICHIGAN STATE

Quadrupole = Sextupole ERALENEA

LIS E

- —
11_slits . M
- =
— Kind of Drift (or Multipole) block — Optical block properties and data——
e BEAM-LIME block. Non-d_i&per&iw_a optical block. Length = I ] M
|Jzer can change the optical matrix values.,
Brho = I i Tm
STAMNDARD DRIFT block az in the Calculate
r Transport code. Use this mode for a long {ﬁ} Optical i
detector. The Optical matris is determined it .I Cutt(Slits) & Acceptances |
by the code.
& Optical matric |

é EQU.*‘-‘-.DFHUF'EILE [magnetic). The matrix c:ara
|| ¢ e calculated as in the Transport code with @ Settings |

iusing block. parameters [radius. effective Generdd actiing of block

length, magnetic field)

| I calculated as in the Transport code with @ Settings |
uzing block parameters [radiuz, effective

lenath, magnetic field) )

SEXTUPOLE [magnetic). The matrix can be

— Show in the "Setup" window

. . ¢ Block length
eQUADRUPOLE [electrostatic). The matix )
" can be calculated with using block @“ Settings " Brho value

parameters [ri.gL)

r  OK I X Cancel

Do not forget to recalculate the
Dptical matrix if you changed
P Help | the DRIFT MODE!

So the A1900 fragment-separator
has several multipoles (Q+S)
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COSY Quad

Block: "Q821-1TC"

Matrices: "LOCAL"™

Quadrupole

trans
* TRAMSFORH 1 =
1 [¥]: +8.814%e-01 +4_81208e-082 a a
2 [T]: -8.9145e+08 +8_814%e-01 a a
3 [Y]: a a +1.2126e+08 +4_60810e-082
4 [F]: a a +1_8224he+01 +1.2126e+00
5 [L]: a a a a
6 [D]: a a a a
* TRAHSFORH 2 =
1 1: a
1 H a a
1 H a a a
1 I: a a a a
1 H a a a a
1 H +1.91660-083 +2_B255e-05 a a
2 1: a
2 H a a
2 H a a a
2 L: a a a a
2 H a a a a
2 H +8_2Babe-082 +1_9166e-03 a a
3 1: a
3 H a a
3 H a a a
3 L: a a a a
3 H a a a a
3 H a a -2_1981e-83 -3.8675e-05
L 1: a
L H a a
L H a a a
L h: a a a a
L H a a a a
L H a a -1.8985e-81 -2.1981e-83
5 1: -6.8266e-04
5 H +1_.7880e-04 -1_.B788e-05
5 H a a -7 .1831e-084
5 I: a a -2_3517e-84 -2?_4696e-05
5 H a a a a
5 H a a a a

Block: "0821-1TC"

LISE** Quad

Matrices: "LOCAL™

* TRANSFORM 1 =

MICHIGAN STATE
UNIVYVERSITY
L 1S

—d

trans|

a

a
+4.60108e-82
+1.2126e+88

a
-3.0675e-05

-2.1981e-83

+8.014%9e-81 +4.0128e-82 a
-8.9145e+00 +8.014%9e-01 a

a a +1.2126e+80

a a +1.08224e+81

a a a

a a a

* TRANSFORM 2 =

a

8 a

8 a a

8 a a

8 a a
+1.9166e-83 +2_8255e-85 a

a8

a8 a

a8 a a

a a a

a a a
+8.28660-02 +1.9166e-83 a

a

a a

a a a

a a a

a a a

a a -2.1981e-83

a

8 a

8 a a

8 a a

8 a a

a8 a -1.08985e-M

a8

a8 a

a8 a a

a a a

a a a

a a a



Block: "0Q@21-1TC™

COSY Sext

Matrices:

“LocAaL™

Sextupole

tran:
* TRAHSFORH 1 =
1 [X]: +1_0600e+88 +4_3000e-02 a 5]
2 [T]: a +1_0000e+080 a 5]
3 [Y]: a 5] +1_0600e+88 +4_30008e-02
4 [F]: a i] a +1.00080e+008
5 [L]: a i] a i]
6 [D]: a i] a i]
* TRAHMSFORH 2 =
1 1: -1.3696e-83
1 H -3.9263e-85 -4 _2207e-07
1 H a 5] +1.3696e-83
1 h: a 5] +3.9263e-85 +4 _2207e-07
1 H a 5] a 5]
1 H a 5] a 5]
2 1: -6.3784e-A2
2 H -2.7393e-83 -3.9263e-08%
2 H a 5] +6.378he-A2
2 h: a 5] +2_.7393e-83 +3.9263e-05
2 H a 5] a 5]
2 H a 3] a 3]
3 1: a
3 H a 3]
3 H +2.7393e-83 +3.9263e-05 a
3 I: +3.9263e-085 +8_ui15e-07 a 3]
3 H a 3] a 3]
3 H a 5] a 5]
L 1: a
L H a 5]
L H +1_.2741e-81 +2 _7393e-03 a
L L: +2_7393e-83 +7_8525e-05 a 5]
L H a i] a i]
L H a i] a i]
5 1: a
5 H a -2.1588e-05%
5 H a i] a
5 L: a i] a -2 .15 08de-05
5 H a i] a i]
5 H a 5] a 5]

O.Tarasov@FragmentSeaparator2013.RIKEN.JP

Block:

"s821-1TC"

1 [¥]:
2 [T]:

LISE™ Sext

+1_0000e+00

Hatrices:

"LOCAL™

* TRAMSFORH 1 =

+4_30080e-082
+1_00808e+ 800
a

a
a
+1_0000e+00

MICHIGAN S

UNIVYVERSITY

L

L S

transy
[§]
[§]
+4_308008e-82

+1_08008e+00

-1.3696e-83
-3.9263e-85

* TRANSFORH 2

-4.22087e-87

*

+1.3696e-83
+3.9263e-85

+4 22087e-87

-6.3704e—-82
-2.7393e-83

+6.37 Bhe—-82
+2.7393e-83

+2.7393e-03
+3.9263e-05

+3.9263e-05
+8 . 4415e-07

+1.2741e-01
+2_.7393e-03

+2_.7393e-83
+7 _8525e-85

i
at

—d
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MICHIGAN STATE

UNIVYVERSITY

Quadrupole £ Sextupole IS ECOSY

COSY Quad COSY Sext

COSY Quad+Sext

Block: '"Q821-1TC" Hatrices: "LOCAL" = ArF1CeS ¢t 1-11C" HMatrices: "LOCAL™
trans tran tran
* TRANSFORM 1 = * TRANSFORM 1 = * TRANSFORH 1 =
\
1 [¥4]: +8.0149e-01 +4.0128e-82 @ a +8.0149e-61 +4.0120e-02 @ a +1.0000e+00 +4_3000e-02 0 8
2 [T]: -8.9145e+08 +8.814%e-01 0 8 -8.9145e+00 +8.014%-01 @ ] ] +1.08008e+08 @ 8
3 [¥]: 8 8 +1.2126e+08  +4_6010e-02 (i} (i} +1.21260+008  +4.6010e-02 0 8 +1.0008e+08 +4_3000e-02
4 [F]: 8 8 +1.0224e+01  +1.2126e+00 0 0 +1.02248+01  +1.2126e+00 8 8 8 +1.0008e+00
5 [L]: 8 8 8 9 (i} 0 0 0 (] 0 0 0
6 [D]= 8 8 8 8 0 0 0 0 Y, 0 0 0 0
* TRANSFORM 2 = * TRANSFORH 2 = *= TRANSFORH 2 =
N
1 1: 8 -1.23580-03 -1.3696e-83
1 2z: ] 8 -3.53020-05 -3.94040-07 -2.9263e-85 -4_22870-07
1 : a 8 8 a a +1.4211e-03 ] 8 +1.3696e-83
1 4z a a a a 5] 5] +4 1788e-05 +4, 3998e—07 A [\ +3 9233005 +4 _22AFp-—A7 /
1 &5: @ 8 8 & ] () [ 1] [ 1] 0 8
1 : [ +1.9166e-83 +2.8255e-85 @ 8 +1.9166e-083 +2.8255e-05 | @ a ] e ] ]
2 : ] (-5 .1565e- 82 -6.3784e-82 )
2 : ] 8 -2.29650-03 -3.5392e-05 -2.7393e-83 -3.9263e-05
2 3: 8 g g 8 8 +6.8716e-02 8 8 +6.3704e-02
2 4 a 8 8 9 \_ a +3.0378e-03 +4.1788e—05 [ 1] +2.7393e-83  +3.9263e-05)
- o ol ol 0
2 H & ) [5] 5] ] [[] a [} |
2 6: [ +8.2866e-02 +1.9166e-83 @ 8 +8.28660-02 +1.9146e-03 ] ] ] ] 1] 1] i}
e __ ot o o o o _ .
3 H a 5] a
3 2: 5} ] (@ a a ] )
3 3 ] 8 8 +2_82020-03 +4.16740-05 @ +2_7393e-83 +3.9263e-65 @
3 a: 8 8 a 8 +3_84170-05 +8.5545e-07 @ ] +3.0263e-85 +8_4415e-87 @ i} )
3 : o ] [} a oy o o ) o 5 ] )
3 6: 8 o [ ~2-1981e-83  -3.8675e-85 [} [} -2_1981e-83 —3.06?59—05] 0 (i o g
IS o e i L o . ___
4 H a A a
y 2 a i} (a [ ] ] )
¥ 3 a 8 8 +1.3559e-01 +3.0193e-03 @ +1.2741e-81 +2.7393e-83 @
4 : ] 8 8 8 +2_.63910-03 +8.0091e-05 @ ] +2.7393e-83 +7.8525e-685 0@ [}
y : ] i} [} a g - - - i o q q /
I T a o [ -1-8905e-01 -2.1981e-03 ] ] -1.0905e-61 -2.1981e-63 ] ] ] g
L H —6.08266e- 84 -6.02660-04 ) a o o o
5 2: +1.7880e-04 -1.8788e-85 +1.78808e-04 -1.8788e-05 5] -2.1500e-05
5 3 8 8 -7.1031e-04 0 0 -7.1031e-04 ] 0 (i
L : 8 8 -2.3517e-04 -2_L696e-05 0 0 -2.3517e-84 -2 _4696e-05 0 0 0 -2.15086-05
5 H i) & & 8 5] 5] 5] <] a <] 8 a
5 6: 8 8 8 8 0 0 0 ] [ 0 8 8
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MICHIGAN STATE

Quadrupole £ SextupoleinsSISE RIRELSAAR

1y 1 o I

f — I
i e B

A . — Kind of Dinft [or Multipole) block — Optical block properties and data——

BEAM-LIME block. Mon-dispersive ophical block. Length = I 1] M
|Jser can change the ophical matnix values.
Brho = I ] Tm

STAMDARD DRIFT block a in the

; Calculate
Tranzport code. Usze thiz mode for & lang - .
detector. The Optical matris is determined @ 2?:};& .I Cut(Slits) & Acceptances
by the code.
EFPPH?'JPPP @4@“0]. The matrix can ; &’ Optical matric |
[l | & becalculated asin the Transport code with Settings

wuging block parameters [radius, effective General setting of block |

length, magnetic fisld)

L ;
LE [magnetic). The matrix ca
| r calculated az inthe & with @ Settings |
usin meters [radius, effective ~Ehow i the "Setun” wind
ength, magnetic field) o In e o etups window

. ) % Block length
eJUADRUPOLE [electrostatic). The matrix )
™ can be calculated with using block % Settings = Brho value

parameters [r4.g.L)

I v OK I X Cancel

Do not forget to recalculate the
Optical matrix if you changed
? Hep | the DRIFT MODE!

B. Second order 2.5.**in LISE++ are zeros. Is it important?

C. Check the effect between matrix (Q+S) and (matrix(Q)+matrix(S)
for the A1900 case
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Requests,
Feedback



LLISE** user requests, the code SUppoRE S MompRORG/

MICHIGAN STATE

UNIVYVERSITY

. 1 S EW.

Evidently a lot of simple questions : version for MAC, why, when and so

on...

Serious requests: bugs, configuration questions-analysis-requests ,
guestions-presentations on 10 pages,

then answer needs some power point presentation, LISE++ file

1 TS
[ J[2011_01_01
[J[2011_01_17
[J[2011_0D1_24
[J[2011_01_31
[J[2011_02_03
[J[2011_02_14
CJ[2011_02_24
[J[2011_04_01
[J[2011_04_02
[J[2011_07_22
[J[2011_07_2¢
[J[2011_07 _2¢
[J[2011_D8_0<
[J[2011_09_Ar

[J[2011_09 _C«
[J[2011_09 |
[J[2011_10_
[J[2011_10_Ni
CJ[Ro11_11_
CI[2011_11_
[J[Ro11_11_
[J[R011_12.G
[J[o11_12_

ESize  [LDate Attr  Name ESize  |lDate Att
DIR>  10/30/2012 16:17— 9.1 <DIR> 1271772012 17-27—
DIR> " 01/20/2011 1936 [ J[2012 01 <DIR> T 01/23/2012 1658
DIR> 01/20/2011 19:35—  [(J[2012_01_| <DIR> 01/23/2012 16:58—
DIR> 01/28/2011 15:25— [ ][2012_01_ 1<DIR> 01/23/2012 16:58—
DIR> 02/01/2011 11:39— [ J[2012_01_ ] <DIR> 01/23/2012 16:59—
DIR> 02/04/2011 1750— [ [2012_02_ <DIR> 04/03/2012 12:52—
DIR> 04/20/2011 12:50— [ [2012_03_ <DIR> 04/03/2012 15:06—
DIR> 06/15/2011 11:31—  [[2012_03 <DIR> 04/03/2012 13:00—
DIR> 06/15/2011 13:49— [ [2012_03_ 1<DIR> 04/03/2012 12:53—
DIR> 04/18/2011 16:44— [ [2012_04_ 1<DIR> 04/16/2012 11:15—
DIR> 0772972011 15:16— [ j[2012_04_ <DIR> 05/18/2012 13:21—
DIR> 07/23/2011 15:16— [ [2012_04_ <DIR> 05/18/2012 13:29—
DIR= 0772972011 15:15— [ [2012_04_ <DIR> 05/18/2012 13:29—
DIR> 10/03/2011 16:1+—  [3[2012_05_ <DIR> 05/18/2012 13:22—
DIR>  11/14/2011 16:28— 512012 _06_ <DIR> D06/25/2012 17-177—
DIR>  11/07/2011 03:47— " [2012 08 <DIR> 08/31/2012 12-55—
DIR> 12/13/2011 16:09— 150312 pg_ |<DIR> 08/31/2012 12:57—
DIR>  11/04/2011 10:533— 5012 pg ] <DIR>  10/21/2012 11:29—
DIR>  11/04/2011 1031 — 5992 1 | <DIR>  10/30/2012 16:28—
DIR>  11/14/20011 12:15— 55092 19 1<DIR>  10/26/2012 10-38—
DIR>  12/01/2011 12:03— "~ 5049 qp ] <DIR>  10/26/2012 11-13—
DIR>  T1/0772011 09:48— 15095 g | <DIR>  11/12/2012 15:10—
D e O[012_12 1<DIR>  12/06/2012 14:06—

- 112012 12 <DIR> 12/17/2012 17:27—

O.Tarasov@FragmentSeaparator2013.RIKEN.JP

[ [2012_01_13_] <DIR>
(J[2013_02_17.] <DIR>
(J[2013_02_18.] <DIR>
([2013_02_26.] <DIR>
(J[2013_03_02.] <DIR>
([2013_03_04_] <DIR>
(312013 _03_11.] <DIR>
(J[2013_03_13.] <DIR>
([2013_03_14.] <DIR>
[J[2013_03_16.] <DIR>
(J[2013_03_18.] <DIR>
(J[2013_03_18.] <DIR>
(J[2013_03_19.] <DIR>
(J[2013_03_20.] <DIR>
([2013_03_21_] <DIR>
(J[2013_03_22.] <DIR>

01/25/2013 17:28—
02/18/2013 12:45—
024182013 11:03—
02262013 15:01—
03/06/2013 12:50—
03/06/2013 12:49—
04022013 12:31—
0372772013 12:12—
0371972013 14:47—
0371972013 14:46—
03/20/2013 12:38—
04/08/2013 10:06—
0371972013 14:43—
07/09/2013 16:25—
03/22/2013 10:55—
032872013 14:42—

I[2013 03 95 ] <DiR>

03/26/2013 13:07/—

(5112013 03 26 ] <DIR>
(J[2013_03_26.] <DIR>
([2013_04_02.] <DIR>
([2013_04_02.] <DIR>
([2013_04_08_] <DIR>
([2013_05_09.] <DIR>
([2013_05_23 ] <DIR>
([2013_05_28.] <DIR>
(J[2013_06_19..] <DIR>
([2013_06_26.] <DIR>
([2013_07_05.] <DIR>
([2013_07_08_] <DIR>
(312013 _07_11.] <DIR>
([2013_07_16.] <DIR>
(J[2013_07_17.] <DIR>
[J[2013_08_06..] <DIR>
([2013_09_13.] <DIR>
(3[2013_09_17..] <DIR>
([2013_09_18.] <DIR>
([2013_09_18.] <DIR>
([2013_10_01_] <DIR>
([2013_10_08.] <DIR>
[3[2013_10_09..] <DIR>
(J[2013_10_18.] <DIR>
(J[2013_10_29.] <DIR>
(J[2013_10_29.] <DIR>
(J[2013_11_05.] <DIR>
(J[2013_11_18_] <DIR>

03262013 13:0/—
03/26/2013 13:09—
040352013 16:51—
041272013 16:22—
04/08/2013 10-40—
06/25/2013 13:42—
12/06/2013 12:08—
062172013 12:37—
06/24/2013 12:01—
062772013 10:57—
07/09/2013 16:24—
07/09/2013 16:24—
071772013 12:15—
071772013 12:14—
071772013 12:14—
0940972013 10:04—
10/08/2013 15:12—
091772013 13:58—
091772013 14:43—
091772013 14:48—
10/08/2013 15:11—
10/08/2013 15:11—
10/14/2013 09:41—
10/29/2013 13:57—
10/29/2013 13:57—
10/29/2013 13:57—
11/18/2013 13:57—
11/18/2013 13:58—
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MICHIGAN STATE

User’s feedback T GO

1/19/2012
In the context of my present activity, | would be interesting in using the LISE++ for my application at CERN.
....... input; in particular, if the LISE++ code is applicable to simulate the antiproton transport through a spectrometer line. .........

recent

3/12/2013
I am currently looking at cancer therapy approaches such as implanting nanospheres containing radioactive materials into specific
locations within a tumor site (e.g., the blood vessels supplying the tumor). .....

Set a bond as a target. | assumed Ca (3 mm). Just behind a bond we set a material "Brain" (Water 10 cm). You can input more
realistic chemical formula (up to 5 components)

3/19/2013

Thank you very much. LISE++ appears to offer considerable flexibility and could be very useful in my research. .... The code also
appears to run considerably faster than a code | wrote to investigate energy deposition from internal radiation generating devices.
Attached is a recent paper to illustrate the types of items that | am investigating.

3/20/2013

It has been a while since we last communicated and | was wondering if there has been any progress with respect to including angular
distributions in the two body reaction mechanism for LISE. Also is there a possibility of including regular Rutherford scattering, as
you see it in the kinematics calculator? In other words, if we choose two-body for the outgoing nucleus being the same as the projectile,
then instead of being isotropic distribution, we could have option of using the rutherford scattering distribution peaked at forward angles.
Finally, | was wondering if there is a plan to include excitation energy of the outgoing nucleus in two-body reaction mode.

3/25/2013
| am beginner for using LISE. | really appreciate your work. It is amazing. Could LISE model the independent and / or cumulative
photofission fragment yields of delayed gamma rays precursors?

The LISE++ code was designed to estimate yields of produced fragments passed through a fragment-separator.
In your case of photofission it is possible only use LISE++ for preliminary cross section calculations.

3/26/2013 Thanks, it is also beneficial to me.

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 170



MICHIGAN STATE

LISER development Strateny e T
High priority Low priority
* Bugs fix (ifthey do still exist © )  Requests
 Requests o Outside

o FRIB fragment separator group
o A1900 fragment separator group
o FRIB “isotope” group

» Tasks from the
accepted low priority list

« User support
« Tasks from the accepted high priority list

Strateqy

Medium priority

_ « Engage users in the creation
Documentation and use of the extended
Requests configurations

o Local (MSU)
o Collaborations

« Do not create utilities based
on outside requests, which
wont be widely used

Tasks from the accepted medium priority list

Sufficient improvement of existent utilities
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Perspectives



MICHIGAN STATE

Minimization for quacihielcs ALY

* Creation new block : “minimization”
(not used for transmission calculations)

 Quadrupole option (checkbox) “use for minimization”
 Implementation of minimization procedure
« First order optics, analytical solution

* First step: only quad fields

additionally
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MICHIGAN STATE

[LISE " Site S future development

-

i
-y sy, ..
Lo 1 S A

r iy ExoTmic Beam PRODUCTION WITH FRAGMENT SEPARATORS

> -

Future developments of LISE™

Harrie Link to get the list of tasks from 6-DEC-2013
|t [

Bopumentetion Scheduled works done out in 2013

Global tasks (first priority)
w Evaporation cascade: create Monte Carlo version
W ADA (Abrasion-Dissipation-Ablation) model creation
W Implementation of Intranuclear cascade (INC) model in LISE™ windows

Fegistration @ The "MOTER" code development

Sl w High order optics calculation: improvement, adaptation GICOSY format

Local tasks
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MICHIGAN STATE

2013 LISE:: tasks :dore KA T

h0/10/2013 7:05 PM LISE++ development done

Subject Priority Status new  Order Time
LongTerm

LISE for Mac EXCEL 1.5 weeks

5.1 1.5 week

Two-body reactions : user differential cross section - utilities

Two-body reactions : user differential cross section - using in transmission calculations

ShortTerm

1 week

Help links from dialogs on the LISE++ site

Two or more locations for the MC output file

Input source of ions @ MC (A,Z,q,EE* dtxx" y.y')

Corrections in PACE4's Quantum-Mechanical mode

Two-body reactions : manually set excitation energy of fragment

Develop a subroutine to calculate a reduced dispersion for large values of dP/P
Improvement of existent blocks : Electrostaticx dipole, transpart solution
Creation of Electrocstatic Quad (see Drift block)

Mew block : SHIFT (position & direction of optical axis)

MC Gates @ A,ZQ, A/g medium

MC gates procedure optimization for speed medium
Easy way to change the charge state option medium
Beam and setting fragment charge state distributions @ selected point medium
neutron channel in Two-body reaction in the "User Diff.C5" case medium
Kinematics calculator: g, n low
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2014 ILISE*

Subject

long termitasks

UNIYERS
[

~ R
L W A

LongTerm

Evaporation cascade: improvement, create Monte Carlo version
Abrasion-Ablation: create Monte Carlo version

Abrasion-Fission: create Monte Carlo version

Abrasion-Fission: new analytical model. Calculations (CS, E* TKE) are kept in files

Time in the distributiond class (RF-buncher, RF-kicker)

Custom shape degrader optimization in MC mode for high order optics
Input angles in wedge in MC mode

ETACHA implementation

ADA (Abrasion-Dissipation-Ablation) model creation

Implementation of Intranuclear cascade (INC) model in LISE++ Windows
Minimization in LISE++ (light version - only for quad fields)
Minimization in LISE++ (TRANSPORT, MC, Ray tracing cases)

Write full LISE++ documentation

Ray tracing in LISE++

MNew compliler, New Shell

PACE4 generator of one event (creation dli-library)

PACE4 in MC LISE++ (using PACEZ dll-library)

The "MOTER" code development

Energy loss in PACEZ

Three-body kinematics relativistic calculator

Water wedge procedure (wedge with one moving plane and filled by liquid)

Trochoidal Mass Separator

O.Tare Calculation of composition from time of isotope implanted in detectors

medium

medium
medium
medium
medium
medium
medium
medium
medium
low
low
low
low
low
low
low
low
low

low

2
3

4

- 1 month

2weeks

2weeks
1 month
1-2 weeks
= 2weeks
<1week
1.5 months
2 months
3 months
1 months
2 months
3 months

1year
& months
<1 week
<1lweek
1year

<1 week
1 month
< 2weeks
1-2 weeks

1-2 weeks

MICHIGAN STATE

I TY
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2014 ILISE*™

MICHIGAN STATE

Subject

Short term taSkS UNIY Ei R.."i) I TY

Priority | Status new QOrder Time

ShortTerm

Superposition Quadrupole and Sextupole fileds in LISE++
Improvement of existent blocks : Compensating dipole
MARS fragment-separator & Compensating dipole
Improvement of existent blocks : gas-filled dipole

Gas-filled dipole : rays-tracing mode in MC

Gates for analytical solutions (like dane for MC)

Cross section for stripper

Create possibility to Insert @ material before the target

Rutherford scattering of the primary beam (transmission)

User database: import, edit, plot low <5 days
Wedge (including curved profile wedge) inclination lowe <4 days
Brho method to measure T1/2 (MC: possibility of decay in flight) lowe <5 days
High order optics calculation: improvement, adaptation GICOSY format low <3 days
MOCADI =-= LISE++ converter low <4 dyas
Transport <-> LISE++ converter low <2 da}FS
m-rad dimensions for LISE++ optics lowe <2 dasy
Proklem with Projectile Fragmentation in the Catcher utility lowe <1day
Simulation reactions in Si-telescope in MC mode lowe <4 days
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Statistics



MICHIGAN STATE

StatiStEs Py year, UNTVERSTTY

Ly 1 5 s

8000

5000

LISE** sites hits per year
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Statistics & 20138 /Ahotal THIT TR

country Total 2013 201% [ Total country Total 2013 2013 [ Total
1 Uzbekistan 18 20 - 90% I A Colombia 3 19 [ 16%
2 Morocco 18 28 B 6% 32 Sweden 30 193 I 16%
3 Hong Kong 12 19 B 63% 33 Ukraine 20 131 5%
4 Saudi Arabia 29 57 B 1% #  India 371 2462 P 15%
5 Iran 50 100 B 0% ®m UK 181 1202 P 15%
6 Malaysia 8 16 B 5% 3% Canada 92 626 F15%
7 Pakistan 18 39 B 46% 37 South Africa 32 226 I 14%
& Kazakhstan 45 112 B 4% 32 (Grand Total 7025 24047 B 13%
9 Chile G 15 B 40% 1 ltaly 294 2264 L 13%
10 Egypt 18 50 B 36% 0 USA 1003 8532 L 12%
11 Philippines 2 14 B 36% #1 Russia 284 2453 P 12%
12 rag 11 31 B 3% 42 Japan 999 8726 I 1%
13 Thailand 11 32 B 34% 43 Austria 8 76 i 1%
14 S Korea 441 1410 B 1% 44 USA-MI 781 7826 [ 10%
15 Portugal 25 81 B 3% 45 France 345 3517 L 10%
16 Vietnam 47 158 B 30% 4 Croatia 8 84 L 10%
17 Armenia 13 47 B 2% 47 Denmark 8 87 i 9%
18 Slovakia 15 56 B 7% # Germany 372 4187 i 9%
12 Poland 105 462 B 3% 43 Belgium 53 627 I 8%
20 Spain 210 942 B 2% 50 Argentina 12 152 I 8%
21 China 591 2754 B 21% 51 Czech 6 80 i 8%
22 Slovenia 3 14 FE 1% 52 Switzerland 28 375 I 7%
23 Indonesia 4 19 B 2% 53 Lithuania 1 15 I 7%
24 Bulgaria 28 142 o 20% 54 Peru 1 15 I
25 Brazil 40 204 FE 20% 55 Finland 29 440 I T%
26 Greece 7 200 FE 19% 56 Morway 1 182 I 6%
27 Serbia 12 69 B 1% 57 Algeria 2 35 I 6%
28 Romania 78 452 B 17% 58 |srael 3 66 | 5%
29 Australia 50 298 E 1% 59 Turkey 35 784 | 4%
% Hungary 30 183 6% 50 Netherlands 7 383 2%
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