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Reverse technique
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• The Reverse technique is widely used in Spectrographs, so, to get a

momentum vector at the S800 target, the COSY procedure “RR” based on

measured X, A,Y, B values and the “global” spectrograph map reconstructs a

trajectory (initial A,Y, B) with energy computing.

• The LISE++ reverse technique approach is assumed to applied for extended

(elemental) configurations, that makes it more useful for beam dynamics and

benchmarking.

• Therefore, local maps are used in reverse configurations, which can be

calculated by LISE++, or be entered by the user directly or linked to COSY

maps (up to fifth order).

• There are two methods can be used in the LISE++ reverse technique:

 LISE++ type →

 COSY type →



Reverse methods in LISE++

LISE++ type
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COSY type

target target

• The coordinate system is changed 

(xn = -x, y’n= -yn, Ln= -L)

• Matrices are calculated by LISE++

• The coordinate system is not changed

• COSY matrices are imported (linked)

• These maps are inverted from the  “direct” 

maps by the COSY procedure “MI”

• Ideal case : invert matrices inside LISE



Reverse technique application 
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• Momentum vector after reaction in target (for example standard S800 technique)

 Reaction mechanism study

 Beam spot

 Angular acceptance vs emittance

• Beam emittance measurement (X,A,Y,B,E) 

 Study of correlations between beam emittance components 

• Determination of location of new ions production

 BigRIPS case : production in the beam-dump

• Benchmarks based on LISE++ MC apparatus and spectrograph segmentation  

 Beam dynamics visualization

 Beam optics calculation verification

 Experimental analysis and calibrations test

• Experiment set-up feedback  with LISE++

 Obtaining experimental information by detecting devices in some (or one) locations

 Retracing up-stream (or down-stream) from detection locations based

 Analysis, minimization 
 will be demonstrated here

 in future



Creation of 

reverse configurations
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Creation of reverse configuration in LISE++
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1. Blocks behind the stripper up to a last optic block (or Faraday cup) will be inversely located in a new file

2. The New Primary beam will be set to after the Setting Fragment in the direct configuration with energy corresponding 

to its energy  in the last optical block of the direct configuration

3. New “tuning” dipole will be inserted behind the stripper with rigidity corresponding to the new primary beam energy

4. All materials will obtain corresponding negative thickness

5. Optical blocks with “element” properties:

* LISE++ method : dispersive block bending & sextupole field signs will be changed, 

entrance and exit dipole faces will be swapped

* COSY method :  all standard drift blocks will be set to drift with beam-line  properties, 

and their dx/dt and dy/dp signs will be changed; old links to map files will be destroyed

6. The separator scheme will be rotated on 180 degrees

7. Matrices of Optical blocks with the “Element” property in the case of  the LISE++ method will be recalculated 

8. The New file name will be based on old one with adding substring “_Lreverse” or “_Creverse” to the end

Note: Not all blocks can be used in reverse configurations: So no RF-blocks, FIT-constraints, Compensated dipole, Gas-filled separator



COSY-type reverse configuration
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Courtesy 

of 

M.Portillo

& 

D.Bazin

Example of COSY-file to create simultaneously 

S800 direct and reverse 5th order maps to use in LISE++

http://lise.nscl.msu.edu/doc/e12006/Br1/invmap_Br1.fox

Important!  Do not use “FR3.0” & “CB”. Use “FR2.5” for this purpose

All optical (except drift standard  and rotation) 

should be linked or manually entered

http://lise.nscl.msu.edu/doc/e12006/Br1/invmap Br1.fox
http://lise.nscl.msu.edu/doc/e12006/Br1/invmap_Br1.fox


LISE++   Input ray file
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http://lise.nscl.msu.edu/9_6/9_6_23.pdf#page=10

http://lise.nscl.msu.edu/9_6/9_6_23.pdf#page=10


Rays file generation in LISE++ for reverse configurations
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LISE++ approach COSY approach

Monte Carlo Rays 

Generator dialog
Monte Carlo 

dialog
→ →

Besides experimental data  the LISE++ rays 

can be  used for benchmark purpose



Block and configurations 

benchmarks

OT, 21-Mar-2016,  East Lansing 10



LISE-type reverse file creation
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direct reversebeam beam



First order matrix elements:  R/R, R/A, R/D
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First order matrix elements:  A/R, A/A, A/D
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Initial emittance to generate an array of rays to benchmark
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X

X’

Y

Y’

• Pay attention to the optics order 



LISE-type reverse ray file creation
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With reverse configurations it is possible to use

• experimental rays from the final point

• LISE++ rays generated for current reverse mode (LISE or COSY)

zoom



Benchmarking process of the reverse technique
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1st order optics Direct and Reverse envelopes : A1900 LISE-type
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X Y

reverse

direct

Benchmark: should be in bounds!



LISE-type Block Benchmarks
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2nd order 

Reverse @ target

Initial @ target

Y-direction reconstruction  is not  good

X

Y

X

Y



5th order optics Direct and Reverse envelopes : S800 COSY-type
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excellent agreement ! 



Operations with secondary maps 

in Excel
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Operations with secondary maps in Excel
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Lise.xlsm



Operations with secondary maps in Excel
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http://lise.nscl.msu.edu/doc/e12006/Dipole_MatriceMulipl%20v3.xlsx

v2 = Adirect * v1

v2R = rotated (v2)

v3R = Areverse * v2R

v3 = rotated (v3R)

Minimization of | v1 - v3 |  

varying Areverse

Areverse is correct  if  v1 = v3

Where A is the  set of 1st and 

2nd order maps

http://lise.nscl.msu.edu/doc/e12006/Dipole_MatriceMulipl v3.xlsx


Dipole with faces
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http://lise.nscl.msu.edu/doc/e12006/Dipole_MatriceMulipl%20v3.xlsx

9 random initial vectors compared with their 

reversed images

Reversed 1st & 2nd order maps

used in calculations, and varied 

in the minimization

Direct 1st & 2nd order maps

Reversed 2nd order maps 

calculated by LISE++

Opposite signs

Opposite signs

http://lise.nscl.msu.edu/doc/e12006/Dipole_MatriceMulipl v3.xlsx


Reverse technique 

and detector resolution:

S800
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S800 reverse simulation with detector resolution and optics 
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http://lise.nscl.msu.edu/doc/e12006/S800_reverse_resolution.pdf

http://lise.nscl.msu.edu/doc/e12006/S800_reverse_resolution.pdf


Initial @ S800 Target

X’ vs Y’X vs Y

X vs dP/P
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Simulation with detector resolution v.2  (order 5→2)

Reverse @ Target

2nd order  (5->2)

With Ideal detector resolution

Fair..

Case 2-2

XX vs Y

Y

OT, 21-Mar-2016,  East Lansing 27



Reverse @ Target

2nd order  (5->2)

Ideal resolution

Good!

Case 2-2

X’X’ vs Y’

Y’
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Simulation with detector resolution v.2  (order 5→2)



Simulation with detector resolution v.3  (order 5→5 & nonzero resolution) 

Reverse @ Target
5th order (5->5)

Resolution
dX = 0.25 mm

dX’ = 0.25 mrad

dY = 0.50 mm

dY’ = 0.50 mrad

dE = 0%

V3_o5_S.ray

X vs Y X

Y
Case 3
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Simulation with detector resolution v.3  (order 5→5 & nonzero resolution) 

Reverse @ Target
5th order (5->5)

Resolution
dX = 0.25 mm

dX’ = 0.25 mrad

dY = 0.50 mm

dY’ = 0.50 mrad

dE = 0%

V3_o5_S.ray

X’ vs Y’ X’

Y’
Case 3
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The S800 case :  Summary 

Case 3 :  current analysis for #12006 experiment  (S800)

Case 2-1 (inverse 1st order  LISE++)  & 4 (E from ToF) : non-acceptable

We  need (MH) for this  S800 particular case*

(1) at least 2nd order, 

(2) good spatial resolution, 

(3) an energy measurement that is clearly better than a 

typical TOF measurement.
* for A1900 (achromatic case) the 

conclusions may be different

OT, 21-Mar-2016,  East Lansing 31



Reverse technique 

and detector resolution:

A1900
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Reverse technique for A1900

1. LISE-type reverse file creation

2. Optics (1→1)

3. Optics (2→1)

4. Detector resolution for optics (1→1)

5. Contribution of straggling in wedge

6. Some remarks: charge states

7. Summary
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Direct file: http://lise.nscl.msu.edu/9_10/reverse/A1900_direct.lpp

Reverse file: http://lise.nscl.msu.edu/9_10/reverse/A1900_Lreverse.lpp

http://lise.nscl.msu.edu/doc/e12006/A1900_reverse_resolution.pdf

http://lise.nscl.msu.edu/9_10/reverse/A1900_direct.lpp
http://lise.nscl.msu.edu/9_10/reverse/A1900_Lreverse.lpp
http://lise.nscl.msu.edu/doc/e12006/A1900_reverse_resolution.pdf


X (horizontal) direct & reverse envelopes  for 1st & 2nd order optics

34OT, 21-Mar-2016,  East Lansing

reverse

direct

1st order 2nd order



Y (vertical) reverse envelopes for different order optics 
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Using detector resolution (x,y) with 1st order optics : X vs X’
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X vs X’
1st order
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“Ideal resolution” case

Band

0.3 mm

d(X), d(Y) = 1 mm, d(X’), d(Y’) = 2 mrad,    d(E) = 0 %   manually been entered in the ray file



Using detector resolution (x,y) with 1st order optics : Y vs Y’
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d(X), d(Y) = 1 mm, d(X’), d(Y’) = 2 mrad,    d(E) = 0 %   manually been entered in the ray file Y vs Y’
1st order
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“Ideal resolution” case

Band

0.3 mm



Contribution of straggling in wedge : Y vs Y’
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Y vs Y’
1st order

Thin wedge:

10% of range

Thick wedge:

40% of range
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“Ideal resolution” case, no wedge

Band

0.3 mm

Contribution of straggling in wedge : X vs X’
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X vs X’
1st order

Thin wedge:  10% of range
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“Ideal resolution” case

Band

0.3 mm

Contribution of straggling in wedge : X vs X’
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X vs X’
1st order

Thick wedge:  40% of range



Charge states in reverse technique

41OT, 21-Mar-2016,  East Lansing

Focal plane : X vs q
Negative thickness material do not 

change charge state distributions!!!
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The A1900 case: Summary
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1. The A1900 LISE-type reverse configuration has been created, its 

benchmarks have been done

2. High order optics is important in the reverse A1900 case.

COSY-type reverse configuration should be tested.

3. LISE-type second order optics operates well in the reverse A1900 case

4. Energy resolution at the final focal plane detectors is not a key factor in 

the reverse A1900 case comparing to the S800 case

5. Use of thick wedge destroys reverse resolution quality in the horizontal 

spatial plane



Reaction mechanisms,

Abrasion-Fission
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238U(80MeV/u) + C  reaction scheme as impact parameter function
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LISE++ calculations based on

J.-J.Gaimard, K.-H.Schmidt, 

Nucl.Phys. A531 (1991) 709-745;

E* = 27 * Aabr

J.Gosset et al., 

Phys.Rev. C16 (1977) 629.



Fission kinematics and Abrasion excitation energy
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Monte Carlo method Distribution method



3D fission kinematics
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3D fission kinematics
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Velocity-Z   vs Theta plot

48OT, 21-Mar-2016,  East Lansing

Monte Carlo options

Gate for 

Kr isotopes

contour

84Kr

1

2

3

4



Velocity-Z   vs  X,Y-Angles  3D-plots @ S800 Target position
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Bp1_COSY_Creverse.lpp Bp1_COSY.lpp

Pay attention that in LISE++ calculations the isotope 

range is 83-92 instead experimental 83-90

LISE++ direct calculations are

gated on the Scintillator position



Velocity-Z   vs  X,Y-Angles  3D-plots @ S800 Target position
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Bp1_COSY_Creverse.lpp Bp1_COSY.lpp

Pay attention that in LISE++ calculations the isotope 

range is 83-92 instead experimental 83-90

LISE++ direct calculations are

gated on the Scintillator position
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