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1. Introduction 
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Fragment-Separator experts meetings 
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4th Fragment-Separator experts meeting :  v. 9.2.33  (10-DEC-2010) 

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

4th Fragment-Separator experts meeting 

LISE++    : high order optic calculations 

MOCADI  : make user-friendly, interface 

COSY  : use of materials 

Lectures at the Euroschool on Exotic Beams 2013 

 

August 26-31, 2013 

Dubna, Russia 

  

"Production of Fast Rare Ion Beams" 

with the use of examples prepared with the LISE++ code 

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

Introduction  to transmission 

calculations in LISE++ 

v.9.3    01/06/2012 

v.9.5    03/06/2013 

v.9.7    11/01/2013 

http://lise.nscl.msu.edu/paper/2013_Euroschool.htm
http://lise.nscl.msu.edu/paper/2013_Euroschool.htm
http://lise.nscl.msu.edu/paper/2013_Euroschool.htm
http://lise.nscl.msu.edu/paper/2013_Euroschool.htm
http://lise.nscl.msu.edu/paper/2013_Euroschool.htm
http://lise.nscl.msu.edu/paper/2013_Euroschool.htm
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LISE++ site address and download link 
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New address:  

 

http://lise.nscl.msu.edu 

 

 

 

Redirection from previous addresses 

 

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

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

 

 

 

 

 

New download link is  

http://lise.nscl.msu.edu/download 

 

 

 

No more FTP-server  to download  

the LISE++ package 

 

 

http://lise.nscl.msu.edu/
http://www.nscl.msu.edu/lise
http://groups.nscl.msu.edu/lise
http://lise.nscl.msu.edu/download/
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LISE++ :  NRV `s  partner site 
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NRV  :   LISE++  `s  partner site 
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Links  in  LISE++ 

7 



1 

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 8 

 

 

 
Types of transmission  

calculations in LISE++ 
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Types of transmission calculations in LISE++ 
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 “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) 

 

 

 Monte Carlo method:    (from 2007) 

 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 

LISE class  “Distribution”    :  D. Bazin, B. Sherrill, Phys. Rev. E 50 (1994) 4017 

LISE class  “Distribution2”   :  2000 

LISE++ class  “Distribution4” :  2003 



Distribution & Monte Carlo methods 
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Distribution 

Distribution + pseudoMC Monte Carlo 

pseudoMC method for plots :  
 

Monte Carlo method is applied 

to analytically calculated  

Final Distributions  



High Order Optics in LISE++ 
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  LISE++ is able to operate with 

5th order matrices 

 High order optics can be used 

only in Monte Carlo mode 

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 

LISE++ 1st  LISE++ 2nd  COSY 5th 

  LISE++ can calculate 1st and 2nd 

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/8_3/HighOrder_v8_3_158.pdf
http://lise.nscl.msu.edu/9_2/9_2_33/9_2_33.pdf
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Classical  Segmented & Extended configurations : Pros & Cons 
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 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 



Tuning of  Optical Blocks 
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segmented 

extended  

Brho Slits, 

acceptance 



Fragment separator design @ LISE++ 
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Configuration: A1900_S800BL_extended_LISE 2012   2nd order 



LISE++ block classification (2013) 
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LISE++  optical blocks (2013) 
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High order optics  

calculated by LISE++ 
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LISE++ 

Development 

2011-2013 
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Official versions 
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v.9.3    01/06/2012 v.9.5    03/06/2013 v.9.7    11/01/2013 
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New blocks 

• RF-buncher 

• Shift of optical axis 

• Electrostatic dipole (revision, matrix calculation) 

• Electrostatic  quadrupole 
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RF-buncher 
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3-gaps buncher 
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Gap  Gap Size Bias 

1 D  +V 

2 2D  -2V 

3 D  +V 

Multi-gaps bunchers are constructed for specified speed 

Note: RF-buncher block is 

more effective in MC mode 

RESOLUT (FSU) 

configuration 
http://lise.nscl.msu.edu/9_4/b

uncher/9_4_87_buncher.pdf 

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
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Three gaps RF-buncher in COSY  Three RF-bunchers in LISE++ 

22 

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  V a 

2 2D  2V a+180 

3 D  V a 

RESOLUT_3gap.lpp 
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Initial RESOLUT scheme 
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Tuning dipole to define magnetic rigidity of the separator, 

Unitary matrix, no slits, zero length 

Initial  drift+solenoid+drift  

configuration to define angular acceptance 

3 gap Rf-buncher  was realized as 3 RF bunchers 

QQDQQ spectrometer 
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Three RF-bunchers in LISE++ 
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Bunchers 

1 2 3 

File:  RESOLUT_3gap.lpp 
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Three RF-bunchers in LISE++  vs. Reaction (separation, transmission) 
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File: RESOLUT_3gap_reaction.lpp 

Primary beam is taken into account, but 

Think about other reactions. 

 

EPAX cross section have been used 

 for  Two-body reactions 

After target  
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Three RF-bunchers in LISE++  vs. Reaction (separation, transmission) 
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After the 1st solenoid without  

angular acceptance  
After the 1st solenoid with  

angular acceptance  
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Three RF-bunchers in LISE++  vs. Reaction (separation, transmission) 
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After the 3 gap buncher without  

angular acceptance  
After the 3 gap buncher with  

angular acceptance  

+/- 47 mrad acceptance, 

Transmission 1.6% 
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RESOLUT   (One gap RF-buncher) : fragment transmission 
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After the Slits1 with angular  acceptance, Bounds OFF 

Isotope Group 
Only 25Al 

Transmission values are identical in RESOLUT_1gap & RESOLUT 3_gap 
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RESOLUT :  RF buncher plots 
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RESOLUT :  optimization 
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488 kV 

216 degrees 

488 kV in this mode 

corresponds to  

122 kV nominal value. 

 

 

From FSU COSY file  

V= 119.6 kV  

(see page 7) 
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Optical blocks : 

E-quad, E-bender  
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Electrostatic quadrupole 
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Right now it is only 1-st order calculations 

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

and U-keeping & automatic matrix recalculation 
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Electrostatic bender (dipole) 
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This checkbox is available after matrix 

calculations done 
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E & B bends example 
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http://lise.nscl.msu.edu/9_6/Edipole/EB_case.lpp 

LISE++ 

M.Portillo’s example,  

and COSY calculations 

E  bend focus 

E + B bend focus 

COSY 

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
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E & B bends example 

35 

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

LISE++ 

M.Portillo’s example,  

and COSY calculations 

COSY 

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
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D-line : extended configuration 

36 

http://lise.nscl.msu.edu/9_6/Edipole/D-line_BTS01-12%20with%20rotation.lpp 
LISE++ file: 

Almost 137 blocks,  

where 

M-dipole : 1 

E-dipole :  7 

E-quad   :  32 

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
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Extended configuration BTS01-BTS12 

37 

http://lise.nscl.msu.edu/9_6/Edipole/D-line_BTS01-12%20with%20rotation.lpp 

LISE++ file: From “Report on recalculation of 

 Low-E beam lines” by M.Portillo 

BTS 01, BTS10, BTS11 
BTS 01, BTS10, BTS11a 

X 

Y 

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


1 

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 38 

 

 

 

Optical blocks : 

Shift of optical axis  
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New optical block : “Shift of optical axis” 
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• Property : optical block 

• Always Identity matrix 

• Length block = 0 

Allows to simulate misalignment,  

projectile scattering and so on.  
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Optical block  “Shift” : triplet misalignment 
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Example:  

1st triplet  5 mm  
All dipoles set to 3.0 Tm 

http://lise.nscl.msu.edu/9_6/Edipole/misalignemnt_A1900_extended_COSY.lpp LISE++ file: 

http://lise.nscl.msu.edu/9_6/Edipole/misalignemnt_A1900_extended_COSY.lpp
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Optical block  “Shift” : triplet misalignment 
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Example:  

1st triplet  5 mm  

 
Playing with Dipoles  

to be for Images 

at the central axis 

http://lise.nscl.msu.edu/9_6/Edipole/misalignemnt_A1900_extended_COSY.lpp LISE++ file: 

http://lise.nscl.msu.edu/9_6/Edipole/misalignemnt_A1900_extended_COSY.lpp
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Monte Carlo  

calculation of 

Transmission 
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New A, Z, q, A/q, v** , …  fields and filters in MC   (1) 
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MC dialog MC option dialog 



O.Tarasov@FragmentSeaparator2013.RIKEN.JP 

New A, Z, q, A/q, …  fields and filters in MC (2) 
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Example: After target without beam 
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Several locations for output MC file  (1) 
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MH’s request 
1  Number of locations  10 

1  Number of fields    10 

 

In previous version:   

Number of locations =1 

new 

“last” block” (most downstream) is 

defined from gate locations, location 

for file, location for plot 

Only for plot 

Locations for file 
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Several locations for output MC file (2) 
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Column name:  “Location position (0,1,2..) – Field Name” 
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Input  ions  rays  from  file  emitted  from target  in  MC mode (1) 
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DJM’s request 
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Input ions rays from file emitted from target in MC mode (3) 
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Data line structure 

This Excel example with random 

generator values is located at  

http://lise.nscl.msu.edu/9_6/Input MC rays.xlsx 

Example of Input ion rays file is 

located in LISE++ package: 

\Files\examples\ Input MC rays.inrays 

http://lise.nscl.msu.edu/9_6/Input MC rays.xlsx
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Input ions rays from file emitted from target in MC mode (4) 
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Options:  

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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Input ions rays from file emitted from target in MC mode (5) 
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Recycle : no 

StDev : no 

Recycle : yes 

StDev : no 
Recycle : yes 

StDev : yes 

Recycle : no 

StDev : yes 
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Plotting  
configurations with  

Rotation blocks 
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Plotting Envelopes with rotation blocks : Monte Carlo method 
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Previous versions and  



Plotting Envelopes with rotation blocks : Distribution method 
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Previous versions and  
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Optics: 

utilities 
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Utilities to develop and modify extended configurations 

version 9.2.95 

55 
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Envelope of First order matrix elements 
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Quads & Dipoles settings : EDIT 
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Example of extended configuration It’s easy access to edit all kind of slits 

H – horizontal 

V – vertical 



1 

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 58 

 

 

 

Optics: 

Beam shapes 
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Beam Shapes 

version 9.2.88 

59 

   1D-shape 

 

1. Gaussian  Sigma=1 =>  Area = 2.51 St.Dev = 1 

2. Gauss.(cut @ 1 sigma) 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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1D  - shapes 
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2D  - shapes (for Monte Carlo mode) 
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Assignment for 1D-shapes, 

which are used for the 

Distribution method 

Four 2D-shapes. 

Hollow configurations (which are not physical) 

are designed for debug purposes 

File used for the next slides: http://groups.nscl.msu.edu/lise//9_2/9_2_85/A1900_extended_2011_v5.lpp 

http://groups.nscl.msu.edu/lise/9_2/9_2_85/A1900_extended_2011_v5.lpp
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2D  - shapes : after target 
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Ellipse uniform 

Ellipse hollow Rectangle hollow 

Rectangle uniform 
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Physics 
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Probability for compound nucleus formation 
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where 
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Probability for compound nucleus formation 

65 



O.Tarasov@FragmentSeaparator2013.RIKEN.JP 

Asymmetry in momentum distributions 
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The asymmetry coefficient “alpha” is 

applied for models [1-3]  

asymmetry coefficient “” (in %)  and reduced 

width “” are used to describe an asymmetrical  

Gaussian momentum distribution 

asymmetry  
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EPAX 3.1 
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EPAX 3  set by default 

 in the version 9.5 
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Physics :  

 
User differential  

cross sections 
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Loading  User Differential Cross Sections  in  LISE++ 
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User CSs are saved to 

LISE++ files and 

retrieved at reading of 

LISE++ files 

Two body reactions 
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 The User Differential Cross Sections dialog 

70 

These buttons become enable after the UserDiffCS file loaded LISE++ automatically integrates 

 the UserDiffCS (dSigma/ dTheta) 

User Diff Cs file  is  d / dW  (mb/sr)  in CMS 
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The UserDiffCS dialog plots :  cross sections (file “19O_gs.txt”, E*=0) 
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The UserDiffCS dialog plots :  cross sections (file “19O_L0.96.txt”, E*=0.96) 
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The UserDiffCS dialog plots :  cross sections (file “19O_L0.96.txt”, E*=0.96) 
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Inverse for test 
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UserDiffCS  in the MC 2d-kinematics 
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Isotropic UserDiffCS 
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UserDiffCS  in the MC 2d-kinematics :   file “19O_gs.txt”, E*=0 
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Y-projection 

This plot from the previous slide 

X-projection 

Y-projection 
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UserDiffCS  in the MC 2d-kinematics :  file “19O_L0.96.txt”, E*=0.96 
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Y-projection 

This plot from the previous slide 

X-projection 

Y-projection 
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Using (p,n) reaction in the DifCS dialogs  (TwoBody reaction)  

77 

LISE++ automatically proposes (p,n) case,  

if the conjugate fragment has been chosen  
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Physics :  

Abrasion-Ablation 
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LISE++ Abrasion-Ablation : 2012 update 

79 

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 
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LISE++ Abrasion-Ablation: Decay Analysis 
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Region of interest 
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           So evap-channel / So evap-total   (one scale for all plots) 

81 
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LISE++ Abrasion-Ablation: Initial prefragments plot  (82Se) 

82 

More probable prefragments are Ti-isotopes (dZ=2) 
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LISE++ Abrasion-Ablation: Initial prefragments plot  (76Ge) 
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More probable prefragments are Ti-isotopes (dZ=2) 
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PACE 4 
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Detailed analysis of emitted particles in PACE4 

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 

PACE4 version 4.18 
LISE++  package version 9.2.75 

85 

IDIST should be > 0 to 

have access to the 

“Particle analysis” 

group 

“Particle analysis” 

group 
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Particle analysis output file structure 

86 

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 :  Z and N of the final nucleus in the chain of decay 

Z_c, N_c :  Z and 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_c, J_f-1/2 in 

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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Batch mode in PACE4 

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 

PACE4 version 4.19.2 

 
LISE++  package version 9.2.108 

06/14/2011 
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Batch mode in PACE4 
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Quantum-mechanical  transmission update in PACE IV 

89 

PACE version : 4.20 
In LISE++ package v.9.6.31 

from 23-May-2013 

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 set to  2 
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LISE for Excel 
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LISE  for  Excel  :   Interpolation 

91 

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 2nd parabola points 

 

• private interpolate3R (Xarray, Yarray, x) : based on find_parabola. X is between 2nd and 3rd  parabola points 

 

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

 

 

 

 

 

 

Xarray should be sorted!  

 

 

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

-777 :    at least 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:      at least one cell in Yarray is not value 

 

 

See example “test_for_lise_excel.xlsx”, 

Sheet “interpolation” 

http://groups.nscl.msu.edu/lise/9_2/9_2_157/test_for_lise_excel.xlsx
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LISE  for  Excel  : Operations with Matrices 

92 

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” 

http://groups.nscl.msu.edu/lise/9_2/9_2_157/test_for_lise_excel.xlsx
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Update  of  LISE  for  Excel  : A1900 Dipoles 

93 

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 

 

See example “test_for_lise_excel.xlsx” 

Sheet “A1900_dipoles” 

http://groups.nscl.msu.edu/lise/9_2/9_2_157/test_for_lise_excel.xlsx
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LISE for Excel – Mas OC  version 

94 

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 

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/
mailto:bazin@nscl.msu.edu
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Configurations 
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NSCL A1900 configurations in LISE++ 

version 9.2.106 

96 

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.lcn 73 z15 z106 2 

A1900_I190_extended_LISE.lcn 113 z15 i190 2  link 

A1900_S800BL_extended_LISE.lcn 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 

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
http://groups.nscl.msu.edu/lise/9_2/9_2_106/source/COSY_A1900_Maps_extended_only_Quads.zip
http://groups.nscl.msu.edu/lise/9_2/9_2_106/source/Transport_A1900_TransHall.zip
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New Extended Configurations   

97 

ACCULINNA2 @ FLNR 

RESOLUT @ FSU 

MARS @ TAMU 

S800 - spectrograph 

G-line 

S800 beam-line 
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Future Extended Configurations ? 

98 

After E-bender & E-quad 

Development 

 

 

FMA @ ARGONNE 

 

DRAGON @ TRIUMF 

 

S3 @ GANIL 

 

 

 

MARS @ TAMU  

+ compensating dipole 

 

 

 

Beam physicists: 

  

A2400 @ FRIB 

 

SupeFRS @ GSI 

 

FRS @ GSI 

 

BigRIPS @ RIKEN 

 

LISE3 @ GANIL  

 - almost finished 
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Configurations: 

MARS 
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MARS spectrometer extended configuration in the LISE++ package  

100 

• 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 

momentum acceptance: 

sig(P) ~ 4.9% 

angular acceptance 

T ~ 15 mrad,  P ~ 35 mrad 
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MARS spectrometer extended configuration in the LISE++ package  

101 

Monte Carlo method   
2nd order, transmission ~75% 

 
for sig(P) = 4.5% 
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MARS spectrometer   :   Y (A/q –selection)  vs. TOF  

102 

A
/q
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MARS spectrometer   :   Y’ (Momentum–selection)  vs. Brho  (1st order) 

103 
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dp/p total resolution with angular dispersion 

104 

If insert one more PPAC between 

the last Quad and FP 
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MARS spectrometer : compensating dipole settings 

105 

Assuming rectangle shape 

NOTE:  in the future LISE++ should calculate itself the angle to 

compensate dp/p dispersion with taking a shape into account 
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Utilities  
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Stripper Lifetime  utility 

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 

107 

Inspired by the 4th F.-S. experts meeting  

http://groups.nscl.msu.edu/lise/9_2/9_2_38/foil_lifetime_v9_2_38.pdf


108 

Calculations of high-power production  target and beam dump for the GSI 

Pulsing beam Rotating target 
Pulsing beam +  

Rotating target 
Probability with rotating 

target Is defined as 

 X-spot size / Target Length 

= 0.127%, 

 

 where the target length  

is   2 Pi R, 

 

Therefore distance between 

reduced “pulses” is 787 

seconds,  

with the pulse length equal 

to 50 ns 

N.A.Tahir et al., J. Phys. D: Appl. Phys. 38 (2005) 1828–1837. LISE++ 
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Yield Plot gated on downstream block (1) 

109 

Example File: gate.lpp 

 Only for “Distribution” method  1-D plots &  

2-D PseudoMC plots 

 

 For “Distribution” method just yield is gated, 

not a shape!  

 

 Use the MC transmission dialog to see shape 

changes due to gates on downstream blocks 

No gates 
With applied gate. 

You should see a message in the top left corner 

Inspired by the RIKEN experiment   
238U beam, November 2011 

http://groups.nscl.msu.edu/lise/9_2/9_2_126/gate.lpp
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Yield Plot gated on downstream block (2) 

110 

Example File:  gate.lpp 

2-D PseudoMC plot  
 

 For “Distribution” method just yield is gated, 

not a shape!  

 

 Use the MC transmission dialog to see shape 

changes due to gates on downstream blocks 

No gates 
With applied gate. 

You should see a message in the top left corner 

http://groups.nscl.msu.edu/lise/9_2/9_2_126/gate.lpp
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History of isotope discovery 

111 

  

Show discovery history availability in 

the chart of nuclides 

M.Thoennessen 
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“Decay analysis” dialog => modes: stable, decay or unbound  

112 

According chosen mass model or database 

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

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

Unbound.  Qa-CB>0,  and S1p+CB,S2p+CB,S1n,S2n  < 0, 

 where CB – Coulomb Barrier 

1st step 

2nd step 

If after 1st step the mode  

was set as “decay” then  

Accept as “stable” If 

half-life of this mode 

greater than “stable” 

threshold 

Accept as “unbound” If 

half-life of this mode 

smaller than “does not 

exist” threshold 

3rd step 

• If more than 2 decay modes are present, 

than only two will be chosen based on short 

half-life 

 

• if there are two bunches are present, then 

LISE++ accepts the second mode if its half-

life no greater than 1st mode half-life value 

divided on “2nd branch value”  or 

 

 

[T1/2] 2 * coef < [T1/2] 1 
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Revision of Decay modes in the LISE++ chart of nuclides 

113 

New decays :  

p & b+,   p & ,  b- & ,  SF & b+,  SF & b- 

 

New order of decay modes  

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

 

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

and revision of half-lives of heavy elements 
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Color editing of the table of nuclides 

114 

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

•  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 

Example of user modifications 
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Help links in dialogs 

115 

example 

No F1-key help more 
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Easy way to change the charge state option 
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TB’s request 

Use this CheckButton to change the change state option 
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Beam and Setting fragment charge state distributions  

117 

v.9.6.29 
from 04/19/13 

TB’s request 

Actions: 

 

1. Save the Charge State option 

2. Set Charge State on 

3. Insert the Faraday Cup after the 

selected block 

4. Calculate beam projectile and 

setting fragment charge states 

transmission up to this Faraday cup 

5. Find out a direction of the 

dispersive plane (X or Y) 

6. Plot spatial distributions of ions in 

the dispersive plane 

7. Delete the Faraday cup 

8. Restore the Charge State Option 
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Beam and Setting fragment charge state distributions  

118 

before 

after 
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Utilities : 
Neutron and Gamma  

induced reactions in  

the Kinematic Calculator 
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Neutron and Gamma induced reactions in the Kinematic Calculator  

120 

9.6.132 10/08/13 
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Neutron and Gamma induced reactions in the Kinematic Calculator  

121 
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Neutron and Gamma induced reactions in the Kinematic Calculator  

122 
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Database 
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Update of the internal database based on AME &NUBASE 2012 

124 

NUBASE 2012 

AME 2012 
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Update of the internal database based on AME &NUBASE 2012 

125 

Comparison AME2003 & AME 2012  for Z=20 & 50 
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New Database plots (P_x, D_x, St, S3He, Sd) 

126 
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New Database plots : P_x 

127 
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New Database plots : D_x 

128 
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Plots 
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Option to draw selected plots 

130 
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Plots: 

 identification 
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Nucleus identification in 2d-plot  : Values, Dimension 
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Nucleus identification in 2d-plot  (so called RGD, mode =25,35) 
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Customizable Chart of the Nuclides 

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 

Default location of ISO and ISOLIST files is  

the “My Documents\LISE\bin” directory 

Why in  database plots?  

 

LISE++ Database (based on AME2003) values or 

calculations could be joined with the user color board 

134 
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ISOLIST file 
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ASCII file 

 

LISE++ reads first two columns 

 

1st column is name (should be in quotation marks) 

2nd column is color (decimal base) 

135 
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Color board example 
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OT. 12/24/10,  East Lansing 137 

Color board example 

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 137 
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Plots :  

NSCL and FRIB rates 
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LISE++ : NSCL and FRIB rate plots 

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://lise.nscl.msu.edu 

LISE++ version 9.4.34 

139 

From 27.08.2012 

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


Next Generation Facilities :  Beams and Rates 

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 140 

FRIB beams 
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Plots :  

Half-lives 
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Half-life database: new features  

142 

• Private string 

• New time scale 

• Stable isotopes : Abundance 
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Plot “Private” strings in 2D plots 

143 

Abundance (%) 

Private strings 



Isotope Half-lives 
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Half-lives are need to  

generate  reaccelerated 

beams tables 
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Improvement, 

Fix of bugs 
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Fixed: Bug in the passing material subroutine @ MC mode 

146 

After revision 

No straggling with straggling 
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Correction in calculation for transmission through materials    
(so called "unstopped in material" coefficient)   

147 

Gas Cell utility modification 
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Correction in Monte Carlo Energy loss and Range plots  

148 

9.6.126 9.6.123 
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Corrections in transmission subroutines:  
modification for large angular straggling  @ very low energies  

149 

9.6.132 

9.6.123 
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Complications 

 
Fusion reactions & thick targets 

Abrasion-Fission (High Z) 

Quad- and Sextupole fields 

PF & proton drip-line  
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Fusion reactions & thick target 

151 

Experiment e547 @ GANIL 

238U(24.1MeV/u) + Be target  (15 mg/cm2) -> 

  Fusion-Fission  

Wide  excitation energy range   139.6-202.4 MeV  
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Fusion reactions & thick target 

152 

238U(24.1MeV/u) + Be target  (15 mg/cm2) ->   Fusion-Fission  

Finally the “slice” technique was used to analyze these data 
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Abrasion-Fission 

 cross sections 

 
Neutron-rich & High Z 



Abrasion-Fission 

projectile 

target 

154 O.Tarasov@FragmentSeaparator2013.RIKEN.JP 

 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 

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


Abrasion-Fission : ocean of fissile nuclei 

155 O.Tarasov@FragmentSeaparator2013.RIKEN.JP 
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Abrasion-Fission : ocean of  hot fissile nuclei 



Abrasion-Fission : 3 EER model 
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Fission excitation functions 
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Production rates by 238U + Be(7mm) at Br = 7.249 Tm 

Br = 7.2 Tm±1% 

Z =  
20 22 24 26 28 30 

32 
34 36 38 40 

42 44 46 48 
50 

21 23 25 27 29 
31 

33 35 37 39 
41 

43 45 
47 49 

Br (Tm) 

Y
ie

ld
 

70Ni 

72Ni 

74Ni 

76Ni 

78Ni 

By LISE++ 

+16% 

+9.8% 

+4.0% 

FWHM=21% 
76Ni 

70Ni 

1 setting, no energy degraders used 

LISE++ Abrasion-Fission Fairly good reproduction 

Courtesy of T.Kubo (BigRIPS, RIKEN) O.Tarasov@FragmentSeaparator2013.RIKEN.JP 159 
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Abrasion-Fission: MC  Abrasion-Ablation 

160 

 Priorities : Quality (1) & speed (2) 

 Recent GSI & RIKEN experiments Z=50-90 

• Cross sections? Excitation energy? Kinematics-transmission? 

• Abrasion-Ablation (for PF) 

• Abrasion-Fission (define EERs) 

 

 MC solution for AA 

 Take into account angular momentum 

 Take into account models development 

 

 New analytical AF model 
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Quadrupole and sextupole  

fields superposition 
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Quadrupole + Sextupole 

162 

So the A1900 fragment-separator  

has several multipoles (Q+S) 
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Quadrupole 

163 

COSY  Quad LISE++  Quad 
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Sextupole 

164 

COSY  Sext LISE++  Sext 
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Quadrupole + Sextupole   in  COSY 
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COSY  Quad COSY  Sext COSY  Quad+Sext 
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Quadrupole + Sextupole   in  LISE++ 

166 

multipole 

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 

A. 



1 

O.Tarasov@FragmentSeaparator2013.RIKEN.JP 167 

 
PF momentum  

Distributions 

 

Proton drip-line 

 

See the next presentation 
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Requests, 

Feedback 
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LISE++ user requests, the code support : high priority 

169 

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

on… 

 

Serious requests:  bugs, configuration questions-analysis-requests , 

questions-presentations on 10 pages, 

then answer  needs some power point presentation, LISE++ file 
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User’s feedback 

170 

1/19/2012 

In the context of my present activity, I 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. ……… 

3/20/2013 

It has been a while since we last communicated and I 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, I was wondering if there is a plan to include excitation energy of the outgoing nucleus in two-body reaction mode.  

3/25/2013 

I am beginner for using LISE. I 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. 

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. I 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 I wrote to  investigate energy deposition from internal  radiation generating devices.  

Attached is a recent paper to illustrate the  types of items that I am  investigating. 

recent 
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Strategy 

 

 
• Engage users in the creation 

and use of the extended 

configurations 

 

• Do not create utilities based 

on outside requests, which 

wont be widely used 

High priority 

 
• Bugs fix (if they do still exist    )  

• Requests 

o FRIB fragment separator group 

o A1900 fragment separator group 

o FRIB “isotope” group 

 

• User support 

• Tasks from the accepted high priority list 

Medium priority 

 
• Documentation   

• Requests 

o Local (MSU) 

o Collaborations 

 

• Tasks from the accepted medium priority list 

• Sufficient  improvement of existent utilities 

Low priority 

 
• Requests 

o Outside 

 

• Tasks from the  

accepted low priority list 



1 
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Perspectives 
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• 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 

Utility for storage rings? 

Factor for low-energy charge state models? 
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2013   LISE++   tasks   : done 
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2014   LISE++   long term tasks  
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2014   LISE++   short term tasks  
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Statistics 
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Months  (2002-2013) 
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181 



O.Tarasov@FragmentSeaparator2013.RIKEN.JP 

Statistics  : country  
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Statistics  :  Laboratory 
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Statistics  :  Japan 
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Statistics  :  Germany 
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Statistics  :  USA 
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