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LISE++ version  12
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Will be released soon!
(October 2019)

• High-Z  Abrasion-Fission production cross sections

• Initial  Fissile Nuclei  (IFN) Analyzer

• Plotting and passing two fission fragments 

simultaneously 

o Two Fission Fragments registration efficiency BATCH

• Abrasion-Ablation minimization to describe user cross-

sections 

• Momentum distribution: Universal parameterization

o Projectile Isospin and Velocity fragment

• Fragment deformation at the Scission point

• New configurations: ARIS, AIRIS, ISLA, HRS…

• FRIB rates v 1.08

• “Loading A1900 settings” utility

• Mass tables in LISE++

• Production of super neutron-rich  Ca isotopes

Number of versions

• Last three years – a lot of experimental 

activity, data analysis

• Main part of LISE++ modifications related 

with development and improvement of 

LISE++ reactions models

Let’s rock-n-roll! (152 slides) No…  Less

The main point to mention new features to find it later in documentation



Still pending… Sorry
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• LISE++ porting to a modern framework 

• ATIMA 1.4

• LISE for Excel

• ETACHA4

• Range Optimizer at high energies

2017 

100% dialogs been ported to Qt

100% Mathematics and physics

10% dialogs been connected

no graphics…

time is needed to

convert from C++11

MS “support”, LISE++ porting to 64-bit

Still stiffness problem

It required some time…

Looking for more people to overcome it!



High-Z  Abrasion-Fission 

production cross sections
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High-Z  Abrasion-Fission production cross sections
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Scaling has been used to describe experimental 

results of Z=59 neutron-rich isotopes production
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LISE++ Abrasion-Fission 3EER model

1. Fast Analytical 

model

2. Averaging 

substitution of more 

than 1000 fissile 

nuclei by 3 nucleus
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LISE++ : version 10.1.127 from 10/18/18

The user can specify the fissile nuclei region in the new version 
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LISE++ Abrasion-Fission 3EER model : high Z settings

S settings

N2 settings
N4 settings

Let’s consider 3 

different rectangle 

areas : S, N2, N4

Where 

S : standard

N2 : not more than 2 

abraded neutrons

N4 : not more than 

4 abraded neutrons



O.B.Tarasov@FSEM.De; 02.10.19 9

“3H“ settings for Z=75

High excitation energy regions are responsible for Z=75 isotopes production!
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Fissile nuclei topology for Z=75 isotopes production

“3H”  settings
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Fissile nuclei topology
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Only special high 

excitation energy 

region settings should 

be used for high Z 

isotopes production!



Initial  Fissile Nuclei  (IFN) 

Analyzer
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Initial Fissile Nuclei (IFN) dialog

1st step 

settings

1st step 

results

2nd step 

settings

2nd step 

results

Batch mode 

settings and 

run
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1st step calculation results

Not enable 

(gray color)

99 isotopes will be used for the 2nd step calculations

gated by the selected region (Z_stop, N_stop) and the

cross-section threshold value (2nd step settings) from 349

isotopes calculated at Step #1.
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2nd step calculation results:  Initial Fissile Nuclei (IFN) 

gated to the selected Final Fission Fragment (FFF)  - b

FFF=136Sn, N_p=3; Large IFN region (489)
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2nd step calculation results:  Final Fission Fragment (FFF) 

FFF=136Sn, N_p=3; Large IFN region (489)

Excitation energy, MeV

Velocity in CMS, cm/nsNumber of emitted nucleons
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Initial Fissile Nuclei (IFN) for  final Ge-isotopes (Z=32)

N

Z

N

Z
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IFN-analysis for  final Ge-isotopes (Z=32) : a 

Cross-sections Z(N)beam – Z(N)FisNucl

Fragment velocity 

(CMS – cm/ns)

Small difference :

3EER settings

vs IFN analysis
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IFN-analysis for  final Ge-isotopes (Z=32)

86 @ GSI (1994)  Pb-target

88 @ GSI (1997)  Be-target

90 @ RIKEN (2010) Be-target
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Initial Fissile Nuclei (IFN) for  final Rh-isotopes (Z=45)

Z

N
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IFN-analysis for  final Rh-isotopes (Z=45)

128 @ RIKEN (2018) Be-target
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IFN-analysis for  final  Sm-isotopes (Z=62)  :  a

Cross-sections Z(N)beam – Z(N)FisNucl
Fragment velocity 

(CMS – cm/ns)
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IFN-analysis for  final  Sm-isotopes (Z=62)

167 @ RIKEN (2018) Be-target
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IFN-analysis for  final  Lu-isotopes (Z=71)  :  a

Cross-sections Z(N)beam – Z(N)FisNucl
Fragment velocity 

(CMS – cm/ns)

Large difference :

3EER settings

vs IFN analysis
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IFN-analysis for  final  Lu-isotopes (Z=71) : b

188 @ GSI (2012) Be-target
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Conclusions and Next steps

• Utility calculation speed optimization

• Using the new utility try to define Fission, Evaporation, AA excitation energy parameters for best 

agreement with experimental data 

• Generate Z-full range IFN1 and IFN3 tables for different targets (and energies?)

• Develop new Abrasion-Fission mode to use IFN tables, that 

provides more fast and qualitative yield calculations

This analysis allows to understand 

what reaction mechanism involved  choice of target



Plotting and passing 

two fission fragments simultaneously 
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Plotting and passing two fission fragments in the Fission Kinematic Calculator

• Passing and plotting two fission fragments 

simultaneously 

o Angular Acceptance

o Momentum Acceptance

o Using non-zero target thickness

Two-fission registration setups (SOFIA, 

SAMURAI, HRS in future)  use a wide 

aperture magnet : large AX angular 

acceptance, moderate AY (vertical gap), and 

large Brho-acceptance
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New features of the Fission Kinematic MC Calculator

“Brho” plots

Momentum 

acceptance instead 

the previous 

pseudo-energy 

acceptance

Main new feature to start 

plotting and passing two 

fission fragments 

simultaneously
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Plotting two fission fragments simultaneously (AX vs. Energy)
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Passing two fission fragments simultaneously (Angular acceptance) 
A
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Passing two fission fragments simultaneously : Brho = 5.3 Tm 
A
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Using non-zero target thickness
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Acceptances and non-zero target thickness
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Some other plots…..



Two Fission Fragments registration 

efficiency BATCH mode
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Fission Fragment Batch Mode dialogue

“Cross Sections” is Default directory

1 2

3

Pay attention for the 

number of lines 

corresponding to 

number of fission 

fragments (Z, N, 

Yield after target)

LISE++ automatically proposes output 

fil name. The user can rename it.

Calculations will be stop reaching this 

set number of events.

Default value is equal to 1e5, 

that correspond of  1 event 

registration to  0.001% efficiency

Run Calculations
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Results :  with energy loss in a target   Brho = 4.9 Tm 

Z

N

YieldZ

N

Two fission fragment 

registration efficiency
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Results :  with energy loss in a target  Brho = 5.0 Tm 

Z

N

YieldZ

N

Two fission fragment 

registration efficiency



Abrasion-Ablation minimization to 

describe user cross-sections 
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Abrasion-Ablation minimization to describe user cross-sections 

The new utility allows to minimize Abrasion-Ablation excitation energy 

polynomials (up to 2nd order) to describe user (experimental) cross-sections
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User cross-section analysis using Abrasion-Ablation model :  MATRIX method

v.7.5  09/2005
http://lise.nscl.msu.edu/7_5/lise++_7_5.pdf#page=85

The user defines dimensions of the 

matrix  E* vs Sigma

Excitation Energy per Abraded Nucleon (MeV)

S
ig

m
a

 (
E

*)

http://lise.nscl.msu.edu/7_5/lise++_7_5.pdf#page=85
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Abrasion-Ablation minimization dialog

http://lise.nscl.msu.edu/7_5/lise++_7_5.pdf#page=85

The same approach as 

@ Abrasion-Ablation “MATRIX” dialog
2 parameters from 8 

possible will be varied in 

the current settings

Press it to get 

initial values:

11 CS points at the local line (Z=18)

29 CS points total down to Z=18

Value to minimize
Minimization start

Restore previous values if the minimization 

process has been canceled

http://lise.nscl.msu.edu/7_5/lise++_7_5.pdf#page=85
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Next steps

Applying the new utility to analyze the recent RIEKN experimental 

data obtained with 132Sn, 70Zn, 78Kr and 48Ca beams 

using different mass tables.



48Ca+Be  @ RIKEN,  UNEDF0 mass
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78Kr+Be  @ RIKEN,  AME2016 mass
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Z=32 Z=34



132Sn+Be  @ RIKEN,  WS4_RB mass
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Z=47



Momentum distribution: 

Universal parameterization
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Velocity of fragments : neutron-rich region
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76Ge 82Se

OT et al., PHYSICAL REVIEW C 87, 054612 (2013)

for DJM

for DJM

The Universal parameterization fairly describes mean values and

widths of velocity distributions in a neutron-rich region, whereas

fragments are faster and distributions are narrow comparing to

the DJM parameterization with default parameters.



Velocity of fragments : proton-rich region
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78Kr (150 MeV/u) + Be(374 mg/cm2) @ NSCL

DJM Convolution A0 #1

http://lise.nscl.msu.edu/paper/velocity/2019_05_17_78Kr_results.pdf

Both models with default parameters predict significantly faster fragments.

DJM with  Es parameter equal to 10  (instead default 8) reproduce experimental data 

http://lise.nscl.msu.edu/paper/velocity/2019_05_17_78Kr_results.pdf


Binding energies changes from west to east
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82Se 
experiment 

region

78Kr 
experiment 

region

http://lise.nscl.msu.edu/9_8/LISE_stability_plot.pdf

82Se 
experiment 

region

78Kr 
experiment 

region

+ Coulomb option

http://lise.nscl.msu.edu/9_8/LISE_stability_plot.pdf


New excitation energy model (#1) to use in prefragment search
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New radiobutton frame with new search option: 

“E* per abraded nucleon”. The Previous search 

version was based only on the “dSurface” energy.
new search option : 

P = W * CSgeom * factorial

CSgeom – geometrical cross section to for production of prefragment with A-nucleons, 

factorial – probability for Z-protons and N-protons after projectile abrasion



Prefragment calculation settings
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New default 

Settings “C1”
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What is already out of date?  [3]   

 Momentum distribution 

“Convolution” model 
• separation energy models

Update of the Convolution method dialog

New version

Old version

ES = E0 *  dA

dA - number of abraded nucleons 

calculated by a module set in the 

Prefragment search dialog

E0 – currently set to 14 Mev #0
#1

#2

#2



78Kr (150 MeV/u) + Be(374 mg/cm2) experiment @ NSCL
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C1A0

Version 11.0.80 Version 11.1.102

#1
#2

LISE_opt Brho-value corresponding to maximum yield from the convolution model

Universal 

parameterization

New revised Universal parameterization 

(options C1 #2) predictions are  more 

close to experimental proton-rich results



78Kr (140 MeV/u)  A=70 : Prefragment search “C1”
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Final 

fragments

Prefragments

X

X

X

70Kr 70Ge

EPAX2

70Ni70Se

X
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Fragment deformation 

at the Scission point
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Update of the Fission Properties dialog

Previous versions LISE++ values are “Fit” mode and default Wilkins’s parameters 

B. D. Wilkins, E. P. Steinberg, and R. R. Chasman., 

Phys. Rev. C 14, 1832 (1976).

New panel

NOTE: For Cross Sections and transmission calculations the LISE++ code uses the internal Four-momentum relativistic

apparatus, where deformation energy is taken into account in excitation energy balance in TXE #0 mode. TKE of fission

fragments is a by-product result of these calculations.

Discussions with Prof.J.Benlliure are appreciated.
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Excitation energy mode   TXE #0
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“Loading A1900 settings” utility
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Browse file and view of  A1900  settings 



O.B.Tarasov@FSEM.De; 02.10.19 62

Reading and Analysis of A1900  settings

e_A1900_2018.lpp (extended)

press the “3. Read data” button

default A1900_2016 (segmented)

Difference

between

configurations
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Loading values into the code and matrix recalculation

press the “4. Load values into the code & Calculate matrices” button

Important!

LISE++ automatically proposes you to save the modified file.

Please, do not overwrite the original e_A1900_LISE_2018.lpp file

Matrices are recalculated by LISE++ based on 

the TRANSPORT approach using dipole and 

quad settings of e_A1900_LISE_2018.lpp  file
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Plot quad (scratch, final, initial before fudging ) field values

Version 11.0.8 (update)

11/13/18

Corresponds to initial 

e_a1900 fields @ 3 Tm

Corresponds to initial 

experimental settings 

before fudging @ 

3.6852 Tm

Corresponds to final 

(current) fields @ 3.6852
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MC envelopes for imported A1900 data settings in LISE++

loss

loss



1

O.B.Tarasov@FSEM.De; 02.10.19 66

FRIB rates 1.08
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FRIB beams to for best isotope production
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FRIB rates



1

O.B.Tarasov@FSEM.De; 02.10.19 69

RF-kicker update
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LISE++ version 10.0.27:  RF-kicker update

Toshiyuki Sumikama’s request (OEDO)

Modification of the exit 

angle of a particle 

passing a RF-kicker

due to spatial shift

v.10.0.26 : Monte Carlo solution

v.10.0.27 : Analytical solution RF kicker

F11
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Optics

Global matrix in front 

of the RF-kicker

Local matrix of 

the RF-kicker

F11 

Global matrix
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Monte Carlo solution (after RF-kicker) : Versions

ToF

X
’ 
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)
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X
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X
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18

10

-20Phase = 100 deg Phase = 100 deg

After RF-kicker

Version 10.0.27 Version 10.0.24
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Mass tables in LISE++
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2018 : New mass tables in LISE++

RF kicker

F11

You can use own mass tables. LISE mass file extension is “lme”.

Line Format :  Index <separator>  ME  (+ optional  <separator>  dME),

Where “Index” is Z*1000+N, <separator> can be space, comma, or tab,  “ME”  is Mass 

Excess in MeV, “dME” is Mass Excess Error in MeV.
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Modification of the mass excess extrapolation in LISE++

RF kicker

F11

Original data, 

no extrapolations

AME2016, nl3s, ldm#0,1,2 AME2016 & ldm#0

AME2016 table has 

been  extrapolated 

using ldm#0

Z=20

S2n plots for Z=20 (corresponds to the previous Mass Excess page )

Where LDM #0,1,2  are  Liquid Droplet Models in LISE++ 

http://lise.nscl.msu.edu/6_1/lise++_6.htm#_Toc26162476

http://lise.nscl.msu.edu/6_1/lise++_6.htm#_Toc26162476
http://lise.nscl.msu.edu/6_1/lise++_6.htm#_Toc26162476
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“Stability” plots

http://lise.nscl.msu.edu/9_8/LISE_stability_plot.pdf

More information can be find at 

Z=20

Z=20
The Purpose is to deduce and plot a minimum value from the set of S1n, S2n, S1p, S2p,

Fission Barrier in order to

 Show particle bound isotopes

 Avoid “saw” structure due to odd-even corrections in separation energy

Fission barrier is a maximum value obtained from Fission barrier models in LISE++,

including experimental information. BarFac=1, L=0. Fission barrier is decrease by

1.0,roughly assuming that at Fission Barrier =1 a nucleus is not particle bound against

fission

http://lise.nscl.msu.edu/9_8/LISE_stability_plot.pdf
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PID resolution calculator
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Elaine’s formula

𝑍 =
∆𝐴

(  𝐴 𝑞)1−(  𝐴 𝑞)2

(A/q)1 isotope – should be belong to  A/q line as 2, 2.5 or 3

(A/q)2 isotope – should be the element as the first isotope

A – isotope mass difference 
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LISE for Excel : PID resolution calculator

(A/q)1 isotope

(A/q)2 isotope 
Where A – isotope mass difference

Z(A/q) -> when ion masses are used for both isotope A/q ratios

Z(Aint/q) -> when integer A-value is used  to define a/q value (Elaine’s case)
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New PID capabilities and features : timing resolution

All calculations were done for 

• A1900 separator

• No wedge

• E(1st fragment)=120 MeV/u

• I1_slits =  1mm 

Under current conditions,

the identification above 

Calcium is possible



198Pt experiment :  

fragment-separator  &  spectrometer
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Working in High-Z region at intermediate energies
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NSCL E15130

“Search for isotopes and isomers in the Hf region”

PIs:

• Partha Chowdhury (UML)

• Oleg Tarasov (MSU)

• Andrew Rogers (UML)

Working region 

dP/P ~ 0.8-1.0% 

• Working between primary beam charge states

• Try to avoid in-flight detectors (charge state production)

• No in-flight detectors in Dispersive plane (“wedge” property)

• “Separator + Long Spectrometer” method

07 / 2019



Layout of  the e15130  experiment at NSCL / MSU  (07/2019):

“Search for isotopes and isomers in the Hf region”
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e15130  experiment : PID
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• New isotopes have been observed in the 192Hf70+ settings

• Similar experiment (High-Z beam, working between charge states, dispersion at the FP detectors) will be 

held in RIKEN (11/2019)
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e12022

Charge states “cleaning”
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E12022 :  PID

PI: M.Famiano

• Mass measurement

• Disperse mode 

• PIN-telescope at the 

S800 FP

• Bhro measurement at 

the S800 TP by MCP
RF kicker

F11

Good

RF kicker

F11

(A/q) = 0.00064

It’s almost one order better 

than in e12006 (only S800)
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Resolution : Z 

RF kicker

F11

Average of |Zcalc - Zpeak| = 0.057  in Z=32-50 region

(Z) = 0.157 for all Z=42 isotopes, (Z) = 0.153 for 108Mo

Good

All “bananas”
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Resolution : TKE & Q

RF kicker

F11

BAD !3rd and  4th PIN-diodes not well depleted

Average of |Qcalc - Qpeak| = 0.29 (!) in Z=32-50 region

Qmeasured = 42.24 with (Q) = 0.27 for 108Mo42+, for all Z=42 full-stripped isotopes (Q) = 0.274*

Actually (Q) is not so bad, 

but charge state overlapping

was observed in the Z-q plot. 

So, the “banana” selection 

method can help.

See next slides
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PID plot without filtering  

A/q

Z
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Charge state separation with “A-3Z” integer values

This method can be used only in the case of  

• perfect Z and  A/q resolution 

• far from integer values of A/Z (2,3) **(see last slide for details)

• Only to separate  Z-q =0  and Z-q=1.

So, in our case we are working  around 2.5, and no helium-like products

Zi = int(Z+0.5)

Am3Z = (A/q – 3) * Zi

Am3Zi = int(Am3Z + 1.5) 

dA3mZ = Am3Z - Am3Zi

(A/q-3)Z A-3Zd(A-3Z)

d
(A

-3
Z

)

ZSelect “full-stripped” 

peak
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Final PID plot of full-stripped ions passed to the 4th detector

A/q

Z
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Region to cut charge states using the “integer” method

The red color shows  

that charge states 

will be cut for 

specific isotope of 

Z=42



O.B.Tarasov@FSEM.De; 02.10.19 93

Region to cut 

charge states using 

the “integer” 

method

The red color shows  

that charge states will 

be cut for specific 

isotope of Z=50

For example for A=132 (A-3q =18), main 

problem to clean will be Z-q=3 (A=124)



1

O.B.Tarasov@FSEM.De; 02.10.19 94

Summary
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LISE++ summary

Thank  you  for  choosing  our  company!

We appreciate  your  business

Comfort

Speed

Quality

Large Variety  of 

destinations

Would like to thank  

colleagues

for Inspiring, discussions,  

feedbacks,  requests,  

advices,  collaborations 


