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Discussion of configurations in LISE++

1. Introduction, definitions

2. Using Quadrupole and Dipole fast editing dialog

3. Concept of “Tuning” dipole

4. Definition of the cuts by the block
(Angular acceptances, Apertures, Slits)

5. Slits and optical blocks 

6. Slits and material blocks

7. Angular acceptance and  Apertures

8. Using extended configurations with Monte Carlo

9. How to obtain an angular acceptance?

10. Benchmarks

User

Advanced

Beam physicist

Some definitions 

will be used in 

the presentation

This document describes the options for determining the transmission through a 

fragment separator and includes some description of these options



1. Introduction : LISE++ configuration types
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 Classical or original (segmented) configuration: 

dispersive block contains quads, drifts, dipole and 

other optical components 

 Extended (elemental) configuration: 

like in the TRANSPORT  code all  elements are separated,  

and their matrices can be calculated by the LISE++ code

Only 1 block after stripper

Taken from 

TRANSPORT

segmented

16 blocks after stripper

Calculated by 

LISE++

including 2nd

order 

(see next page)

extended 

So, let’s take the first dispersive block of A1900 as an example



A comparison of the two configuration types from LISE++
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segmented

extended 

Brho Slits,

acceptance

Boxes indicate the 

parameters generally 

changed by user
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Comparison of the Classical  Segmented & Extended configurations
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 Classical (segmented) configuration: 

 Fast transmission calculations

 Optical matrices can be input by user or linked to COSY maps

 Simple and compact description of optical system

 Effective with analytical calculations for experiment planning 

 Extended (elemental) configuration: 

 Allows detailed analysis of transmission

 Optical matrices can be input by user, linked to COSY maps or  

calculated in the LISE++ code,

and used in segmented configurations

 Tools to obtain angular acceptances, 

(which can be entered into classical segmented configurations)

 Tools for displaying ion-beam optics

 Very useful with Monte Carlo calculations 

including fragment separator design
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1. Introduction : Types of transmission calculations
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 “Distribution”  (analytical)  method 

 Fast  calculations

 All internal optimization procedures in the code are based on this method

 Mostly used with segmented configurations for experiment planning 

 Calculation of very small transmission values (for example charge states of primary beams)

 Monte Carlo method:    (since 2007)

 Used to benchmark the fast “Distribution” method

 Allows detailed analysis of transmission with extended configurations

 Allows using High Order Optics (up to fifth order)

 Allows observation of correlations between parameters in different blocks

 Includes gating  on all correlations in parameters (four gates)

 Tools for displaying ion-beam optics

 Useful for fragment separator design

 Some optical blocks (Solenoid, RF buncher) 

are calculated exactly only in MC mode

LISE ver.1 “Distribution”   :  D. Bazin, B. Sherrill, Phys. Rev. E 50 (1994) 4017

LISE ver.4 “Distribution2”  :  2000

LISE++ ver.6 “Distribution4” :  2002
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2. Using Quadrupole and Dipole fast editing dialog
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Useful dialog box for editing Quadrupole and Dipole settings 

“Calculations → Optics → Quad & Dipole settings : EDIT”

shown all set slits, acceptances, Apertures
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3. Concept of “Tuning” dipoles
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• A tuning dipole defines magnetic rigidity for entire segment, particularly for 

quadrupole fields.

• A “tuning” dipole with zero length indicates an extended configuration

• It is especially important for the first segment just after target (stripper)  

• Parameters for tuning dipole : 0-length, 0-angle, unitary matrix, no slits, no bounds
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4. Definition of the cuts by the block
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* - Apertures are used only in 

Monte Carlo calculations

Configuration
type

Angular 
Acceptance

Aperture
Slits 
after 
block

Classical 
("segment")

Yes No Yes

Extended
("element")

No Yes*

please use 
only

for "slits" 
element

Block angular acceptance < Entrance acceptance

Note: the code does not distinguish 

segmented and extended 

configurations, it’s up to the user.
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5. Slits and optical blocks 
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Configuration 
type

Angular 
Acceptance

Aperture
Slits 
after 
block

Classical 
("segment")

Yes No Yes

Extended
("element")

No Yes*

please use 
only

for "slits" 
element

1. It is recommended to include a 

“slit” block instead using the slits 

in the Dispersive blocks themselves.

Only include the minimum number of slit blocks

because it slows down the calculation and 

causes an unphysical decrease in transmission 

in analytical calculations

2. In the analytical solution mode avoid using slits at positions without a 

focus. In MC mode Apertures are used in addition to slits.

3. Long optical blocks should be split to obtain a better calculation of the 

effects of Apertures.
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6. Slits in materials
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It is not recommended to use slits in any material,

especially if they are located at dispersive planes.

The slit should be a separate optical block!
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7. Angular Acceptances & Apertures

11

1.  In extended configurations the user has several options for 

transmission calculations. 
Recommendation do not use a fixed angular acceptance

in MC mode for extended configurations 

if the Bound mode is turned  on. 

Apertures defines angular acceptances.

2. Apertures are not used in “Distribution” analytical case. 
Angular acceptances should be entered by hand 

in each segment for both configuration type. 

* - Apertures are used only in 

Monte Carlo calculations

Configuration 
type

Angular 
Acceptance

Aperture
Slits 
after 
block

Classical 
("segment")

Yes No Yes

Extended
("element")

No Yes*

please use 
only

for "slits" 
element

Note: the code does not distinguish 

segmented and extended 

configurations, it’s up to the user.
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8. Using extended configurations with Monte Carlo
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no angular acceptances,

no bounds,

no trajectories show
(example LISE3 separator) Cut by slits

MC transmission 

options dialog
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8. Using extended configurations with Monte Carlo
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no angular acceptances,

with bounds,

no trajectories show,
(example LISE3 separator)

Cut by slits and 

Apertures

MC transmission 

options dialog
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8. Using extended configurations with Monte Carlo
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no angular acceptances,

with bounds,

show trajectories
(example LISE3 separator)

No transmission cuts

MC transmission 

options dialog
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9. How to obtain an angular acceptance?  (1)
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1. No target

2. No wedges and materials 

3. Setting fragment = Primary beam

4. Beam Emittance sx=sy=sp=0, sx’ and sy’ 

should be large

5. Open momentum slits

6. Enable only the segment that you want to calculate the angular acceptance in

the Set-up dialog using enable-disable commands with a Faraday cup after 

the segment

Extended Configuration Settings
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9. How to obtain an angular acceptance?  (2)
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1. The Bound mode should 

turned on in the MC dialogMonte Carlo settings

2. Set the gate and  MC block 

parameters as indicated in figure

Example with “No gates”
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9. How to obtain an angular acceptance?  (3)
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With last optic block gate

This is the

Horizontal angular acceptance

For rectangle

This is the

Vertical angular acceptance

1st segment  (D3P1) of LISE3 separator
File: http://lise.nscl.msu.edu/9_8/LISE3/lise3_AngAcc_D1.lpp

Rectangle shape

http://lise.nscl.msu.edu/9_8/LISE3/lise3_AngAcc_D1.lpp
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9. How to obtain an angular acceptance?  (4)
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With last optic block gate

This is the Horizontal 

angular

acceptance for ellipse

This is the Vertical angular 

Acceptance

for ellipse

An example the 

2nd segment (D3P) of LISE3 separator
File: http://lise.nscl.msu.edu/9_8/LISE3/lise3_AngAcc_D2.lpp

Ellipse shape

http://lise.nscl.msu.edu/9_8/LISE3/lise3_AngAcc_D2.lpp
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8. How to obtain an angular acceptance?  (5)
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With last optic block gate

Horizontal angular acceptance
Vertical angular acceptance

Another example the 3rd segment (D3P)

of LISE3 separator
File: http://lise.nscl.msu.edu/9_8/LISE3/lise3_AngAcc_D3.lpp

Rectangle shape

http://lise.nscl.msu.edu/9_8/LISE3/lise3_AngAcc_D3.lpp
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10. Comparison of transmission calculations
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1.  “Distribution” method  = 2.3%

With Angular Acceptances

File: http://lise.nscl.msu.edu/9_8/LISE3/LISE3_cito_extended_v2.lpp

2.  Monte Carlo method  = 2.1%

With Angular Acceptances

No bounds

An example the LISE3 separator

http://lise.nscl.msu.edu/9_8/LISE3/LISE3_cito_extended_v2.lpp
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10. Comparison of transmission calculations (2)
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File: http://lise.nscl.msu.edu/9_8/LISE3/LISE3_cito_extended_v2_NoAngAcc.lpp

3.  Monte Carlo method  = 1.9%

No Angular Acceptances

With bounds

Conclusion: all three runs (Distribution,  MC+bounds-AngAccept, MC-

bounds+AngAccept ) give almost the same transmission about 2 %  (90 pps) 

http://lise.nscl.msu.edu/9_8/LISE3/LISE3_cito_extended_v2_NoAngAcc.lpp
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