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Introduction
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"VASSILISSA" electrostatic separator http://flerovlab.jinr.ru/flnr/vassilissa.html

“SHELS” separator http://www-win.gsi.de/tasca14/program/contributions_TASCA14/TASCA14_contribution_Popeko.pdf

The “SHELS” configuration in LISE++ is so called “extended” configuration with effective 

quadrupole lengths and use of the “S/E” new construction property. For details on these 

subjectsplease use the next links:

• Configurations http://lise.nscl.msu.edu/9_8/LISE3/Extended%20configurations%20at%20LISE++.pdf

• Effective quad lengths http://lise.nscl.msu.edu/9_8/QuadEffLengths.pdf

• S/E construction property http://lise.nscl.msu.edu/9_8/SE_blocks.pdf

http://flerovlab.jinr.ru/flnr/vassilissa.html
http://www-win.gsi.de/tasca14/program/contributions_TASCA14/TASCA14_contribution_Popeko.pdf
http://lise.nscl.msu.edu/9_8/LISE3/Extended configurations at LISE++.pdf
http://lise.nscl.msu.edu/9_8/QuadEffLengths.pdf
http://lise.nscl.msu.edu/9_8/SE_blocks.pdf


Effective lengths
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“iron” “iron”

Original
Values used in LISE++

(cells marked white background)

LISE++ does not support effective dipole lengths, 

so it has to be set manually



Effective lengths : D22 m-dipoles
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LD1    = 500; {Length of dipole 1 in mm }

LD1eff = 650; {Effective length of dipole 1 in mm }

SDip1  =   0; {Radial shift of dipole 1 axis in mm}

LD2    = 500; {Length of dipole 2 in mm }

LD2eff = 650; {Effective length of dipole 2 in mm }

SDip2  =   0; {Radial shift of dipole 2 axis in mm}

Original information

Based on the 

logbook information Finally used in LISE++

after Br recalculation



Effective lengths : Quads
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Used in simulations:

6 identical quads



Effective lengths :  Quads  
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Effective Lengths measurement



Effective lengths :  Quads  
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For information :

The same coefficient value 0.7  has been 

obtained in the case of NSCL A1900 quads
http://lise.nscl.msu.edu/9_8/QuadEffLengths.pdf#page=5

http://lise.nscl.msu.edu/9_8/QuadEffLengths.pdf#page=5


Electrostatic Dipoles C1 & C2 settings
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Use double “logbook” voltage value !!



Magnetic Dipoles D22_1 & D22_2 settings
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YDlim = 67;  
{Halfhight of 
dipoles gape
in mm}



Magnetic Dipole D8 settings
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Apertures & Slits
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slits aperture

Note: Slits 4 are temporary not used due to large 

transmission cut of fragment of interest.

It should be discussed!



Calibrations
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Calibration data of all 6 quad, m-dipoles D22-1, D22-2 and D8 

have been transported to LISE++ calibrated files and linked to the 

SHELS configuration to be used in the corresponding dialogs.

Calibration files are located in the directory “calibrations\FLNR”.



Reaction Choice
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208Pb(50Ti,2n)256Rf experiment used to create configuration  (logbook 14.04.2014)

Energy = 237 MeV

Target   208PbS (0.35mg Pb)



Reaction choice: Charge state model
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Schiwietz’s model has been chosen for this reaction

with setting charge state  20+

According to the logbook 

<q> = 19.5, sig(q) = 2.44

Question: The Sulfur component has 

been taken into account ?



Reaction choice: Fusion residual (SHE region)

15OT, 11/23/14, East Lansing

Temporarily turned off

For nuclei in this 

region, which are 

absent in data file



Reaction choice: Fusion residual (SHE region)
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“LisFus” model  (LISE++))

2n channel is overestimated.:

• No P_{CN} used. 

• Play with Kramers coefs

for fission.

• Fission barriers



Configurations
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http://lise.nscl.msu.edu/9_8/SHELS/

 Experimental (logbook) settings
 Brho values by LISE++
 Q5 field value modification
 Obtaining angular acceptance
 Final version for the LISE++ package

The LISE++ package already contains the SHELS configuration and calibration files.
Please use v.9.8.166

http://lise.nscl.msu.edu/9_8/SHELS/


Configurations : Experimental (logbook) settings
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U_C1 = U_C2



Configurations : Experimental (logbook) settings
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Br_D22_1 = Br_D22_2



Configurations : Experimental (logbook) settings
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The sectors with different rigidities



Configurations : Experimental (logbook) settings
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Configurations : Experimental (logbook) settings
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Overall

transmission  

45.1%

Analytical solution

Analytical solution

MC solution

7.9%

8.5%

About 50% lost in 

the slits 3 in both cases

slits 4 were not used



Configurations : Experimental (logbook) settings
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X Y

Main lost

MC solution



Configurations :  Brho values by LISE++

24OT, 11/23/14, East Lansing

All disperse optical blocks were set to Brho = 0.7489 Tm 

calculated by LISE++ to be optimal for 256Rf20+



Configurations :  Brho values by LISE++
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Overall

transmission  

54.3% 9.0%

Analytical solution

Still large lost in the slits3 

Transmission through the slits 3 about 62% 

for the setting ion (vertical cut)

slits 4 were not used

It’s necessary to make vertical  focusing at the end.

See matrix elements on page 21



Configurations : Q5 field value modification
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Let’s use  Q5  B-field equal to 

-4kG (-685A) 

Overall

transmission  

80.7%

13.4%

Transmission through the slits 3 about 92% 

for the setting ion (vertical cut)

slits 4 were not used

Analytical solution

The Quad field minimization utility is expected 

to be developed in LISE++ in 2015!!



Configurations : Q5 field value modification
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Configurations : Q5 field value modification
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Experimental (logbook) settings

Settings with Brho and Q5 field 

modifications



Configurations : Q5 field value modification
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Settings with Brho and Q5 field 

modifications

Analytical solution

Experimental (logbook) settings



Configurations : Q5 field value modification
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Analytical solution



Configurations : Q5 field value modification
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MC solution
256Rf charge states at the Slits 4 position



Configurations : Q5 field value modification
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MC solution Analytical solution

<TKE>=42.3 <TKE>=42.3

Q      <TKE>

27+    42.7

22+    42.4

19+    42.2

14+    41.9    



Configurations : Q5 field value modification
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MC solution

2nd order optics1st order optics

Y’ vs Y  @ the SV slits
256Rf20+



Configurations : Q5 field value modification
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MC solution

X & Y envelopes 

of 256Rf20+

X

Y

256Rf20+ transmission 
(without charge state coefficient)  

86.6%

No slits 4 in use



Configurations : Q5 field value modification
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Analytical solution Fusion-Residues products

Total rate is 8.5 pps / 1 puA



Configurations : Q5 field value modification
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Analytical solution Fusion-Residues + 

Fusion-Fission products

Total rate is 

8.7 pps / 1 puA

File (link) :
SHELS_v9_brho_quad5_fission.lpp

http://lise.nscl.msu.edu/9_8/SHELS/SHELS v9 brho_quad5_fission.lpp


Configurations : Final version for the LISE++ package
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are based on 



Angular Acceptance
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The Initial angular emittance gated on drift before the slits 2

File: SHELS v9 brho_quad5 acceptance.lpp

So, it is angular acceptance of 1-st part of the separator



Angular Acceptance of the 1s-t half of separator
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Angular acceptance  X’ = ± 93 mrad, Y’ = ± 46 mrad (Rectangle shape) 

has been applied to the “Tuning” dipole.

It’s important for Analytical transmission calculations (“Distribution” method).

The Angular acceptance option can be turned off in the Monte Carlo case.



Angular Acceptance of  the entire separator
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Initial angular emittance gated on the final slits 4

The Vertical component has been cutted

It should be checked!!

Angular acceptance  

X’ = ± 88 mrad, 

Y’ = ± 41 mrad

Ellipse shape



Beam suppression : after C1
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beam



Beam suppression : after D22_1
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beam


