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LISE++ Version 9.10.209 

from 11/19/2015

Attached files:
11/19/15
SHELSeff.lpp :  previous SHELS.lpp file modified for effective lengths and new drifts according to SHELS_parameters.doc and new last 

drifts information. The Tof start detector has been included. Constraints were not optimized

SHELSeff_sym.lpp : SHELSeff.lpp with a Faraday cup 38.1cm after Q6, to make symmetrical system. 

SHELSeff_sym_part0.lpp : SHELSeff_sym.lpp with a Faraday cup after the tuning dipole to get 254No fragment distribution parameters 

after the target in order to use them in the optics optimization

SHELSeff_sym_part1.lpp : SHELSeff_sym.lpp with a Faraday cup after the CV slits to optimize Quad fields on new constraints

11/20/15

SHELSeff_sym_part2.lpp : SHELSeff_sym_part1.lpp without a Faraday cup after the CV slits to optimize Quad fields on with  the 2nd half

SHELSeff_sym_part2_E.lpp : as SHELSeff_sym_part2.lpp with large energy emittance (optimization beam sigma vector)

SHELSeff_sym_part3_7.lpp : as SHELSeff_sym2_part2.lpp with modified Q6-FP drift to be equal to 4.18 m

11/23/15

SHELSeff_All_v1.lpp : configuration with  D8-part  using SHELSeff_sym_part3_7.lpp quad fields

SHELSeff_All_v3.lpp : attempt to optimize SHELSeff_All_v1.lpp for smaller horizontal final spot and higher transmission

Version 3
From 11/23/15

(the update starts from page 24)



SHELSeff_sym_part0.lpp : 254No fragment distribution parameters
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X’ vs. dP/P



SHELSeff_sym_part0.lpp : 254No fragment distribution parameters
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dP/P  (vertical projection of the previous plot)



SHELSeff_sym_part0.lpp : 254No fragment distribution parameters
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X’ vs. Y’



SHELSeff_sym_part0.lpp : 254No fragment distribution parameters
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Y’  (vertical projection of the previous plot)



SHELSeff_sym.lpp
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Principal purpose of this file to find solution for known optical constraints of the 

symmetrical configuration as 

• Dispersive plane (Y/P)=0  (point to point),  (T/T)=0 (point to parallel)

• Focal plane X/D=0, X/T=0, Y/P=0  - achromatic with both focuses

Main purpose of the optimization is to provide highest transmission of  254Nb ions.



SHELSeff_sym_part1.lpp
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thus, main restriction for the dispersive point (SV-slits)  is Y-size due to M-dipole gaps,

Which does agree with constraints of the symmetrical configuration for the Dispersive plane 

(Y/P)=0  (point to point),  (T/T)=0 (point to parallel)

Main purpose of the optimization is to provide highest transmission of  254Nb ions.

Preliminary solution:
For the next conditions:

Quad to vary and constraints:

See result on the next page

1st quad was not modified



SHELSeff_sym_part1.lpp  : 1st results
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SHELSeff_sym_part1.lpp  : 1st results
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Beam sigma plot for the current beam sigma vector



SHELSeff_sym_part1.lpp  : 1st results
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1st part envelopes 

for all produced 
254Nb ions

Transmission  

98.94%



SHELSeff_sym_part2.lpp  : 1st results
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SHELSeff_sym_part2.lpp  : 1st results
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SHELSeff_sym_part2.lpp  : 1st results
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Beam sigma plot for the current beam sigma vector



SHELSeff_sym_part2.lpp  : 1st results
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1st and 2nd parts 

envelopes for all 

produced 254Nb 

ions

Transmission: 

Monte Carlo 97.5%

Analytical 96.3%



How to get overall transmission?
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Analytical 



How to get overall transmission?
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Monte Carlo

Step 1

Step 2

Step 3



How to get overall transmission?
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Monte Carlo

Step 4

Step 5

7.43% / 7.62% * 100% = 97.5%



SHELSeff_sym_part2_E.lpp  : 1st results
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Larger emittance



SHELSeff_sym_part3_7.lpp  : moving away the focal plain
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1. First three quads are frozen!

2. L=4.18 m corresponds to the 

real SHEL configuration
(assuming D8 as drift)



SHELSeff_sym_part3_7.lpp  : moving away the focal plain
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SHELSeff_sym_part3_7.lpp  : moving away the focal plain
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Beam sigma plot for the current beam sigma vector



SHELSeff_sym_part3_7.lpp  : moving away the focal plain
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All parts envelopes 

for all produced 
254Nb ions

MC 

Transmission  

96.74%

Lost



SHELSeff_sym_part3_7.lpp  : where we are losing?
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All parts envelopes 

for all produced 
254Nb ions

Lost



SHELSeff_All_v1.lpp
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The Dispersion probably 

should be decreased!

Using

SHELSeff_sym_part3_7.lpp 

quad fields



SHELSeff_All_v1.lpp
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Using

SHELSeff_sym_part3_7.lpp 

quad fields



SHELSeff_All_v1.lpp
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Horizontal distribution of 254No ions in the final point

“Distribution” method Monte Carlo method

With the D8 dipole implementation we created large charge dispersion! (x/dQ ~ 10mm/unit)



SHELSeff_All_v1.lpp : ToF vs  Xfinal
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ToF resolution ~ 0.5 us??
Assume for simulations a little bit better

254No19+ , s(TOF) =5 nsE vs ToF

E vs ToF 254No19+ , s(TOF) =1 ns

Xf vs ToF 254No19+ , s(TOF) =1 ns

Correlation washed out due to large |X/X|

X_final vs X_target 254No19+

So, the final dispersion is not equal to 0, 

then what is about X–ToF correlation?



SHELSeff_All_v3.lpp
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Smaller X-spot

and X-dispersion

Larger |X/X| and 

worse focus

attempt to optimize SHELSeff_All_v1.lpp for smaller horizontal final spot and higher transmission



Conclusion
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1. It has been shown that with the symmetric configuration QQQ+EDDE+QQQ

it’s possible to obtain good separator optical properties, as focuses in both

directions, momentum and charge zero dispersions, as well high 97%

transmission of all produced 254No ions (1st order optics). This configuration is

used to be easy to tune.

2. The neutron flow made to implement a special dispersive block to move

charge particles from central axis of the symmetric separator. The D8 magnet

creates large charge dispersion (x/dQ ~ 10 mm/unit), that decreases overall
254No ion transmission.

3. First attempts of the QQQ+EDDE+QQQ+D configuration optimization could

not make zero momentum dispersion and avoid charge dispersion. These

attempts made large horizontal magnification and worse focusing, even the

spot has became a little bit smaller. Transmission is about ~90%.

4. It has been shown that Analytical calculations (“Distribution” method) fairly

agree to Monte Carlo transmission calculations.



Outlooks
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1. It is necessary to note the significance* of electric dipole 2nd optics

contribution, which was not applied for this analysis, and should be used in

future.

2. The charge dispersion value should be calculated in LISE++, and further be

used in optimization process for constraints.

3. Consider (discuss) a possibility to implement a new additional disperse block

at the end of separator to compensate dispersion.

4. Work more under the SHELSeff_All_v1.lpp configuration optimization to get

better optical properties and higher transmission.

* lise.nscl.msu.edu/9_10/EMMA.pdf#page=18

lise.nscl.msu.edu/9_10/EMMA.pdf#page=18

