© MICHIGAN STATE
@2  SHELS: “8Caz19mey) + PhS(0.406maiem?) — oANOLIE = fan e

NSCL

LISE** Version 9.10.209 V ; 3
from 11/19/2015 ersion

From 11/23/15
(the update starts from page 24)

Attached files:
11/19/15

11/20/15

11/23/15
SHELSeff_All_v1.Ipp : configuration with D8-part using SHELSeff_sym_part3_7.lpp quad fields

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

OT, 11/23/15, East Lansing 1



MICHIGAN STATE

& SHELSeff_sym_part0.Ipp : =*Nofragment distbutionipaaMetersis L (e *

NSCL

X' vs. dP/P

% Isotope Group :Monte Carlo Yield Plot (i .. TR . — T — o 6

Isotol_)e Group : Monte Carlo Yield Plot P

48Ca (4.6 MeV/u) + PbS (0.41 mg/cm?); Transmitted Fragment 2%*No'®"-'°* (FusRes); Optics Order: 1
dp/p=100.00% ; Brho(Tm): 0.7415

Contour
Sum 1.22e+05
Max 37
<X>-0.00402116
<Y= 1.07013
dX 202744
dY 13.8078
XY 1.543e+00
60 | . SUM
1.217e+05
CPU speed
0.00e+00 pps

Rate (pps)
1.730e+03

Beam: 4 4e+14

20 |

|
321

after "tuning": dP/P [%l]

15

) I‘:‘I"hI:_5

'1091 20 -80 -40 0 40 80

19-11-2015 18:32.01 Wy
LIS E ++ [G:2015_11_11_Dubna\SHELSeff_sym parl0.lpp] after "tuning”: X'(Theta) [mrad]

OT, 11/23/15, East Lansing 2



©® ] . . MICHIGAN STATE
@ SHELSeff_sym_partO.pp : 2>*NofragmenteiStrabtiionParaimetersi L f8 s 1!

NSCL LI
| deviation | FWHH |
dP/P (vertical projection of the previous plot) 1 331e:01 | 2 7890501 |
TR PR — e ETS

Isotol_)e Group : Monte Carlo Yield Plot

after "tuning": dP/P [%]: window projection -— “8Ca (4.6 MeV/u) + PbS (0.41 mg/cm?); Transmitted Fragment ?>*No'®* 1°* (FusRes); Optics Order: 1
dp/p=100.00% ; Brho(Tm): 0.7415

1

5 statistics lel@l % |
I=otope Group Honte Carlo Yield Flot . -
after " tunl?g" dF~F [#] window projection —— 48Ca (4 6 MeV-/u) + PbS (0 41 mng-cm?). Transmitted Fragment 254Ho0l1%+. 19+ (FusRes): Optics Order: 1 Print
2400 K dp-p=100.00% ; Brho{Tm): 0.7415% File Save - 4
Plot 1 1
W | distribution | H-mean | H-max | F-max | dewiation | FUHH | area | Sum0f Count=| LeftPsigma|RightPsigmal
01| | +1.0867=+00 | —-3.0702=400 | 1.879=+03 | 1.391=+01 | 2.789=+01 | 5.3360e+04 | 1.217=+05 | 1.122=401 | 1.247e+01 |
< [} (3
2000 | .
1600 | .
1200 | .
800 | .
400 .
0
-100 -80 -60 -40 -20 0 20 40 60 80
19-11-2015 18:32:38 after "tuning™: dP/P [%]: window projection
LISE =+ [G12015 11 11 Dubna\SHELSef sym partd.Ipp] g™ [%]: proj

OT, 11/23/15, East Lansing 3



@ MICHIGAN E
YVERSITY

SHELSeff_sym_partO:pp & 2*No firagmentdistrutioniPanaiTieterss - &

NSCL LIS E

X vs.Y

(%) sotope Group - Monte Carlo Yield Plat o W . . . . — — . Lol

Isotope Group : Monte Carlo Yield Plot P

*8Ca (4.6 MeV/u) + PbS (0.41 mg/cm?); Transmitted Fragment 2>*No'%* %" (FusRes); Optics Order: 1
dp/p=100.00% : Brho(Tm): 0.7415

Contour
Sum 2.11e+05
Max 40
<X>-0.0251755
; <Y>-0.048377
T - : - . ) . - dX 201781
) - e - - dy 20.168
P [ XY 9.466e-01
SUM
2.109e+05
CPU speed
0.00e+00 pps

80

Rate (pps)
T 1.728e+03
Beam: 7.6e+14

40

B 321

after "tuning": Y'(Phi) [mrad]

1o
o
T
H
L

19112015 18:33:36 i
LIS E ++ [G:12015 11 11 Dubna\SHELSeff sym part0.ipp] after "tuning": X'(Theta) [mrad]

OT, 11/23/15, East Lansing 4



MICHIGAN STATE

NSCL] [S B

& SHELSeff_sym_partO.pp : 2>*NofragmenteiStrabtiionParaimetersi L f8 s 1!

deviation | FWHH |

Y’ (vertical projection of the previous plot) 2 0310401 | 42760101 |

E Isotope Group : Mente Carlo Yield Plot L l = ‘ lg

Isotope Group : Monte Carlo Yield Plot

after "tuning™: Y'(Phi) [mrad]: window projection — “8Ca (4.6 MeV/u) + PbS (0.41 mg/cm?); Transmitted Fragment 2°*No'®* 19" (FusRes); Optics Order: 1
dp/p=100.00% : Brho(Tm): 0.7415

3200 [ [ Statistics Sle =] =
Isotope Group : Monte Carlo Yield Plot Print -
Sfter "tuning". T (Phi) [mrad]: window projection —— 48Ca (4 6 MeVou) + FbS (041 mgsom2), Transnitted Fragment 254Nold+. 19+ (FusRes). Optics Order: 1 rini =
dp-/p=100.00% ; Brho(Tm}): 0.7415 -
File Save L
Plot 1 1
2800 B W | distribution | H-mean | H-Nax | y-nax | deviation | FWHM | area |Sun0fCounts| LeftPsigma|RightPsigmal n
01] | -3.5564e-02 | -2.6316e+00 | 2.341e+03 | 2.031e+01 | 4.276e+01 | 1.1100e+05 | 2.109e+05 | 1.563e+01 | 2. 068e+01 |

< m b

2400 | : : ‘ : : 1

2000 |

1600 |-

1200 |

800 |

400 |

9’] 20 -80 -40 0 40 80
19-11-2015 183406 me o v D - wi iacti
LIS E ++ [G\2015 11_11_Dubna\SHELSelf_sym part0.lpp] after "tuning”: Y'(Phi) [mrad]: window projection

OT, 11/23/15, East Lansing 5



MICHIGAN STATE

SHEILLSeffi sym:Ipp LTS EPR

—

Main purpose of the optimization is to provide highest transmission of 2°4Nb ions.

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

OT, 11/23/15, East Lansing



MICHIGAN STATE

SHELLSeff sym partitipp e

. 1 S EPe

Main purpose of the optimization is to provide highest transmission of 2°4Nb ions.

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)

Preliminary solution:

For the next conditions:
Quad to vary and constraints:

O O0uad>  Quadi 0.3 0.3800 +4. 500

d o | diift d_gl2 0.761 0.2000 1st quad was not modified

F ¥ |Fi 32a R 0.951 0.0000

__ 1™ s Blocks with parameters to wary Active Constraint blocks

@ Ol<Quad>  Quad 2 0.951 0.3800 45018

e #01-g Pozition=01 0 Guad 2 B (@003 =H <30 [12a =R

d o | 633 L #02-9 Position@013 Quad 3 402 @012 sR<80  03ash

F I Fit [3a =R 1.54 0.0000 BO3 @019 X< 200 sv s
04 @020 R3d=0 v oo

Q & |<Quad>  Quad 3 1.541 [.3800 +1.9502 HOF @022 R22=0 ae TT

See result on the next page
OT, 11/23/15, East Lansing 7



SHEILLSeff sym_ partlipp 5l

Initial +41.2153e-09% LIEE fit reduced waluess
Paramnsters: Lef tBound Initial RightBound | ==3 "=uv TT
#ll-q: Quad 2 -1.0e+01 < -4.592e+00 < +0.0e+00 |
#02—q: Quad 3 +0.0=+00 < +1.9%0e+00 <  +1.0=+01 | c1o El N
-3. 9?Se+DD 0le+00
Constraint walues: Initial Final Precizion (Init-Des)-F| Dezired :% Sié::gg
#01: QZ2a =R +6.3762+01 1. 0e+00 1] | < BO +6 280e-01 _1 338e—01
H02: Q3a =R +6 . 638=+01 1.0=+00 1} | < 20 0 0
#03: =v =X +4.995=+01 1. 0e=+00 1] | < 200
#04: =v Yioc +1.347=-15 1. 0e-01 0 | =10
#05: =v TT -2.376e-16 1.0e-02 1] | =10
F
E]Fhiuﬂkr atrix eleme:
=) . .
= First order matrix elements
. 48Ca (4.6 MeV/u) + PbS (0.41 mg/lcm?); Settings on Z4No'9+-13+: Config: DSSSSSFSSFSSESDSFFFFA
s dp/p=100.00% : Brho(Tm): 0.7415, 0.7415
£
_____________
hy =
= T
= g g
| o E £
) g ' ot s E £
A = a
= << ¥
A [
I sl 0.6 32
I o 2 4 G g 10 ] 2 4 G 8 10
I Length [m] Length [m]
H
|
| g g
= k-]
I E < o
| E < E
[m]
14 =
| < N
2 -35k

OT, 11/23/

results

+1 34?8 15
==

MICHIGAN

UNIYERSIT

: last fitting block global optical matrix and sigma wector

Format [mm—mrad]
| Beami{=igma}

—2.223e+00 5. 00e+01
+1.114e+00 | 5.81e+00
D 1] | 4 51le+00
a a | 1.79%+01
1.0 +8.894e-01 | 7.07e+00
0 +1.000e+00 | 5. 00e+00

as

Length [m]

Length [m]

- e g ]

Length [m]

4 G 8 10
Length [m]




MICHIGAN STATE

SHEILSeff sym: partlippr 5 1St resulits (REALLELLY

B
- iyt ..
Lo 1 S HAgs

Beam sigma plot for the current beam sigma vector

OT, 11/23/15, East Lansing

% Beam Sigmas — =y e hblﬂg
Beam Sigmas [#2]: spatial
4Ca (4.6 MeViu) +PhS (0.41 mglcm?); Settings on 24No'®-1%: Config: DSSSSSFSSFSSESDSFFFFA
dp/p=100.00% ; Brho(Tm): 0.7415, 0.7415
Optimization Beam Sigmas ase used [#2] ol charge sates S?par.l
100 —X
—
Beam vector used for Optical Cptimization
80 —"Opt.Beam"
] T 1.% I 2 i 3 'T'""
£ | 27 [ 40 mad T em
60
- 3y [ 2 mm
>.
% i F I a0 mrad
Ok
._“; AL I 0 i J
o 40
H 6D [ B % ¥ Cancel
)
20
0 - - : : : i ; J i
0 0.5 1 15 2 2.5 3 35 4 4R
19-11:2015 192440
LISE++ [G12015 11 11 DubnalSHELSeff sym part! Ipp] Length [m]



- — =
[ Isotope Group : MC Yield Plot - Envelope (all) =

Isotope Group : MC Yield Plot - Envelope (all) E—
48Ca (4.6 MeV/u) + PbS (0.41 mg/icmz2); Transmitted Fragment 224No19*--19* (FusRes); Optics Order: 1
dp/p=100.00% ; Brho(Tm): 0.7415, 0.7415
AngAccept: Off, Bounds: Off;, "d_d1sv" -last block for MC calc; no gates; Config: DSSSSSSSSSESDSA

15t part envelopes
for all produced

Contour
. Sum  4.87e+05
254 Max 1210
N b IOnS 160 <X> 215498
<¥> 137739
dX 126791
120 dY 174892
XY_1.156e+00
SUM
1536e+04
80 CPU speed
0pps
40 Rate (pps)
— 2282e+04
I E
| E 0
<
-40
[ -80
-120
-160
2
200 -
- 0 0.4 0.8 1.2 1.6 2 2.4 2.8 3.2 3.6 4 4.4
19112015 19:27:33
T . . LISE ++ [612015 11 11 DubnalSHELSeff sym partl ips] Length [m]
m ———— = ————— ===
rans ISSlon B i H i Contour
Sum  8.55e+05
9 8 9 4(y Max 2228
. 0 <X> 228763
<¥> 319838
80 dX 130035
dy 122934
XY _2.0082+00
SUM
2.000e+04
CPU speed
40 0pps
Rate (pps)
2282e+04
I Beam: 8 2e+12

Y [mm]

-40

1205 0.4 08 12 16 2 24 2.8 3.2 36 7 T4

) 19-11-2015 19:28:27
OT, 11/23/15, East Lansing | LISE++ [G:2015 11_11_DubnalSHELSeff sym partl.ipp] Length [m]




MICHIGAN STATE

SHEILSeff. sym_ part2:ipp: & 15t resulits

.E.tli.ul' ) ':mi

Initial +0.00036785%3 LISE fit reduced walues

Farameters: Lef tBound Trndtdisl FEightBound |

H#01l—g: Quad 1 +0.0e+00 < f+4.834e+00 §< +1.0e+01 |

#02—g: Quad 2 -1 .0e+01 <« J—4.601le+00 < +0.0e+00 |

#03—g: Quad 3 +0.0e+00 <« §J+1.88%=+00 §< +1.0=+01 |

#04—g: Quad 4 —-3.0e+00 <« §J+1.881e+00 §< +3.0=+00 |

#05—g: Quad & -1.0e+01 <« §J—4.593=+00 §< +0.0=+00 |

#06—g: Quad b6 +0.0e+00 <« B+4.845%e+00 J« +1.0e+01 |

Conztraint walues: Initial Final Preci=sion {Init—Des}/P‘ Dezired
#01: Q2a =R +6.475e+01 1.0=+00 < B0
#02: 03a =R +6.614e+01 1.0=e+00 1] < B0
#03: =v =X +4 . 678=+01 1.0e+00 1] ¢ 200
#04: =v Yioo +4 . 373e-06 1.0=e-01 +4 . 373e-0% =10
#05: =v TT -1.572e-06 1.0e-02 +1 . 572e-04 =10
#0e: 2 =X +5 . 36d4e+01 1.0e+00 1] < an
#07: 152 =R +7 . 778e+01 1.0e-01 +1.083e-03 < an
#05: Q6a =R +5.004e+01 1.0=e-01 1] < B0
#09: =yn H—focus -3.525e-06 1.0=-03 +3.525=-03 =1
*10: =vym Y-focus -1.004e-08 1.0=e-02 +1.004=-04 =1
#11l: =vym E—disp +7 . 056e-06k 1.0e-02 L+?.DEEE—D4 1= 1]

la=t fitting block global optical matrizx and =igma vector

Format [mm-—mrad]

===============z===== B AL ==== matrizx =========z========= Beam({=sigma) |
—-9.91%e-01 l 1] 1] 1] 1.98=+00 |
+8.294=+00 1 l 1 TITUETUU S Z2de+01 |

n +1.003e+00 l—l.DD4E—DE 'D ] | 2.01et+00 |

1] +4 577e+00 : — 1] ] | 4 09%=+01 |

+4 . 11%5e-01 +6.462e-07 1] 1] 1.0 +1.284e+00 | 9. 02e+00 |

1] 1] 1] 1] 1] +1.000=+00 | 7.00e+00 |

OT, 11/23/15, East Lansing 11



|-/ P Destlond [ 2 Il < | 2

R/R

A/R (mrad/mm)

First order matrix elements

12t
101

-6

SHEILSeff. sym_ part2:ipp: & 15t resulits

R/R

—— X/X glob &
—Y/Y glob

A M O M MO ®

0 2 4 6 8 n
Length [m]

3 i i —T/X gob

AR —PAY ggfén

0
20-11-2015 09:17:55

LISE ++ [G:\2015 11 11

2 4 6

B 1N

pubnaisHisengthImlk- o)

R/A (mm/mrad)

dp/p=89.98%

?

26=

2.2
18
1.4
)
0.6
0.2
-0.2
06
-1
1.4
18
22

—XIT gob ~
RS —Y/P ggloub
0 4 6 8 n
Length [m]
3 i i — 17T glob
A& — PP gg?mb

Length [m]

R/D (mm/%]}

AID (mrad/%]}

First order matrix elements
48Ca (4.6 MeV/u) + PbS (0.41 mg/cm?2); Settings on 294No19+-19+: Config: DSSSSSFSSFSSESDSFFFFSSDSEF...

; Brho(Tm): 0.7415, 0.7415, 0.7415

05}
15}
25}
35|
45|

55¢

5.5

MICHIGAN STATE
UNIVERSITY

. 1 S E¥.

all charge states separ.
SH of reactions

RID
0 2 4 6 8 n
Length [m]
7 i i —T/D glb =
LAID —P/D ggfén

2 4 6 8 an

Length [m]

OT, 11/23/15, East Lansing

12



MICHIGAN STATE
UNIVERSITY

SHELSeff; sym_part2.pp: & 158 restlits

Beam sigma plot for the current beam sigma vector

4

100} —
— L
Beam vecter used for Optical Optimization
— 80|
o —"Opt.Beam"
27
_L 60} av
>- 4P
o) 5L
. ED
S 40|
et
[\]
Q.
7]
20|
0

0o 1 2 3 4 5 6 7 8
/kength;[m]

OT, 11/23/15, East Lansing 13



1st and 2" parts
envelopes for all
produced 2>*Nb

ions

Transmission:
Monte Carlo 97.5%
Analytical 96.3%

OT, 11/23/15, East Lansing

oS B

]

X [mm]

- . | T==

Isotope Group : MC Yield Plot - Envelope (all)
48Ca (4.6 MeV/u) + PbS (0.41 mg/cm2), Transmitted Fragment 254No19+.19+ (FusRes); Optics Order: 1
dp/p=89.98% ; Brho(Tm): 0.7415, 0.7415, 0.7415
AngAccept: Off, Bounds: ON; "Drift temp” - last block for MC calc; no gates; Configs DSSSSSSSSSESDSSSDSESSSSSSS

Continue

Contour
Sum 8.13e+05
Max 2200
<X 437507
<r> 49316
dX 266454
dy  14.4905
XY_2.9682-01

E

3.000e+04

CPU speed
Opps

Rate (pps)
22828404
Beam 82612

0 1

11_Dubna\SHELS=f_sym p

Length [m]

2713

39

- 1
I
7
L |

Y [mm]

20

-60

-100

Contour
Sum 1.528+06
Max 3435
<X» 44159
<v>0.0421922
dX 253756
dy 17.5675
2122601
ET
4508e+04
CFU speed
Opps

Rate (pps)
2287604
Beam: 1.3e+13

2 3 4 5 6 T 8
Length [m]




MICHIGAN STATE
UNIVERSITY

How to get overall transmission:?

E] statistics: 254No _— — ’ — e —

e il i c— i i — -

254No Alpha and Beta+ decay (Z2=102, H=152) Hobeliom
25401d
All reactions total isctope rate 1.6%9%&+3 =
and Cverall isotope transmission 96.302 %
( vy
Q1 (tuning) 25 24 23 22 21
02 (C1) 25 24 23 22 21
Q@3(D22_1) 25 24 23 22 21
Q4 (D22_2) 25 24 23 22 21
R5(C2) 25 24 23 22 21
Qe (D2) 25 24 23 22 21
Reaction FusRes FusRes FusRes FusRes Fus=R
Ion Produnction Rate (pps) 2.0%e+1 4.58e+1 B.6%e+1 1.43e+2 2.02
Total ion transmission (%) 1.188 2.608 4.95 g8.122 11.5
Total: this reaction (pps) 1.69e+3 1.69e+3 1.6%9e+3 1.6%9e+3 1.69
¥X-Section in target (mokx ) 1.38e-1 1.38e-1 1.38e-1 1.38e-1 1.38
Target (%) 1.22 2,87 5.08 8.33 11.8
Unreacted in material (%) 100 100 100 100 100
2 (Charge) ratioc (%) 1.22 2.87 5.08 3.33 11.8
Unstopped in material (%) 100 100 100 100 100
toning (%) 97.53 97.53 97.53 97.53 97.5
X angular transmission (%) 100 100 100 100 100
¥ angular transmission (%) 97.53 97.53 97.53 897.53 897.5
DTSl (%) 100 100 100 100 100
=lit=s 1 (%) 100 100 100 100 100
X sBpace transmission (%) 100 100 100 100 100
¥ space transmission (%) 100 100 100 100 100
D101 (%) 100 100 100 100 100

OT, 11/23/15, East Lansing 15



How to get overall transmission:?

Monte Carlo

Step 1

~High Oider Optics Caloulation

Use in calculations 1 through 3rd arder
 through 4th order

= through Sth order

= anly 1-st order
" thiough 2nd order

for the lsotope group case ol
Highest Qrder

in this [~ Hesections independent
configuration calcualtions

| 2 [all cross sections equal]

Detector resolution

NQUIST SCCeptance & B ound
™ Use fived angular acceptances

~ Use physical imits [aperture) inside blocks
to calculate fragment transmission

For block apertures LISE ++ uses the slit limits

accessible from the Block Cut & Acceptance
i dialog. [Pay attention there for the checkbax

1~ Straggling in material —

Use energy and time resallion N0 resalution wil be taken into account

I [ Angular ¥ of detectors for TOF, Energy if the selected block iz optical or wedge
loss, and TKE values

v 2 -
l ¥ Eneray Only energy resolution of first detectar
. Use spatial resolution of after the selected block will be taken
Lateral

I jiate g detectors for ¥ and Y values into account for TKE value

|

(|

r~ only far the ENWELOPE madh

r Show trajectaries of all fragments [including
unselected by fragment-zeparator] y

¥ Take into account thickness defect of materials

¥ Take into aceount losses due to reactions in materials

el Include charge state calculations
i the total ransmission =
“ time consumed options

r&gsume the reaction takes place at the middle of target——

* these bwo distributions
are conelated for fusion
and fission reactions

[~ for Angular distributions

[~ for Momentum distributions

i
# orientation [~ Options far the “Input file of ion raps" made
I % “Absolute” —» Laboratory frame ¥ Recycle input reading file r z‘afkeu
efaul
" "Local' - Follow Rotation blocks ¥ Use standard deviations fram the file

~wiidth to plat Integer Walues [42.9...]
K-dgma=| 01 0007 < Sigma< 0.5
Y - sigma = a1 default 0.1

V]

"Radial" & “Angualr values sign

 Always positive value X Cancel

@+ Use X-coardinate sign ? Hep

H

, ‘

—

OT, 11/23/15, East Lansing

Step 3

Step 2

r
Monte Carla calculaticn of fragment transmission

I»VE\ur.i

Cfvelaci 2 femins] ||

Veloci \
Clfvociy, ondsl-1|

/ =
/
. What isatope transmission to calculate? #-coordinal " Y-coording
i ol et Ch oh After BLOCK After BLOCK e
e fragment of intersst. Chose manually here
[Drit termp | 5 || | [oit temp - % T
< Giroup of Isotopes lieady caleulated T
O i berssonmeiied [Noslc=13) % o % o HEL
CoHm mrad CHYm) mrad
L o Crotles iy mm e mm
Ingutians rays hom fle. . LA e LA e
emitted from target = Snefles O dRiP % " dPP = ~Gate 2
 Radial [(Y]  mm © Radial [f) mm r
| ' Chose fragment of interest T Angle [1¢Y)] mrad " Angle [ "] mrad
e e
A Element Z  Erneny Wetsu  Energy MeWiu
&4 [ Mo [102  TKE Met  TKE Me!
 Momentum Meviic " Momentum Mel /e
| e e  Brho Tm  Brho Tim
 Erho MJAC  Etho /T T
|—Eha|ge states | r
 Eneigyloss  Me¥  Eneigyloss  Mev
19+ tuning - Set
L N  Range o " Range mm T
Fleaction mechanism * Envelope " " Envelope m
E - Energy Meismm Energy Mei/mm
ﬁFuS‘D" > Residual | © Deposion  /paticle " Depositon  /paicls
=  Tmeotfight s  Tmeoffight  ns ~Gate 4
§}- WC transmission options. " Length m " Length m I
| stipper [ Stat > favinoer IR N e
[Faradzytupz | -|[<=Step 2 fFasdytipz |-
Addin the 1 " T |
Il i M 4 "Distrbution” calculation
plat window

Monte Carlo calculation
X ot | kil 20-plot | r

~

Ion parameters [MZ.q..) |

lon parameters MZ,0..]

[ enveLore |

J& fmass mmben | -

F X L]

A

= v 4

16



MICHIGAN STATE
UNIVYERSITY

How to get overall transmission:?

Monte Carlo

Tsotope Group : MC Yield Plot - Envelope (only passed) HContinues]|
48Ca (4.6 MeV/u) + PbS (0.41 mg/cm2); Transmitted Fragment 254No19+.18+ (FusRes), Optics Order: 1
dp/p=89.98% : Brho(Tm): 0.7415, 0.7415, 0.7415 |

AngAccept: Off; Bounds: ON; "Drift temp" - last block for MC cale; no gates; Config: DSSSSSSSSSESDSSSDSESSSSSS

Contour
140 Sum 196808
Max 4455
X» 442962
¥ 0.0122271

dX 253331
dy 171126
100 v aganent | [|
E]

4.4556+03
CPU speed
D pps

Rate (pps)

1.694e+03
Beam: 1.6e+13

—_
E
E
Step 4 i
Monte Carlo transmission statistics by blocks
& r pai il e SR
I
Isotope Group : MC Yield Plot - Envelope (only passed)
-100
48Ca (4.6 MeV/u) + PbS (0.41 mg/cm2); Transmitted Fragment
dp/p=89.98% ; Brho(Tm): 0.7415, 0.7415, 0.7415
|| Anghccept: Off: Bounds: ON: "Drift temp" - last block i
-140 I
N of N of 0 1 2 3 4 5 [ 7 8 i
# Ion Passed Initial z iw‘:_n_n_m.:rs SHELSefi_sym pari2.Ipg] Length [m] i
All 4464 60123 ———— —
0 254No 0 4€6E
1 254N0 0 4662
2 254No 0 4488
3 254No 0 4604
4 254N0 0 4583
5 2540 0 4623 e p
13 254N0 0 4692
7 254No 0 4601
8 254No 0 4€6E
I 9 254N0 0 4537
io 254No 0 4583
11 254N0 0 4607
iz 254No 0 4674
> 7.43% / 7.62% * 100% = 97.5%
. . 0
Target 7.62% ——
Q-state T.682%
tuning 100.0%
DTS1 100.0%
slits 1 99.98%
5lits 99.98%
DsS1Q1 100.0%

OT, 11/23/15, East Lansing 17



MICHIGAN ST,
R

SHEILSeff sym_part2: “pp: = 158 results

S
L1 S P

Beam vecter used for Optical Optimization

"Opt.Beam"

1w [ 2
2T ’T mrad
Kl ’T mrm
4P 'T mrad
5L ’T mm v %
gD [ 11

Larger emittance

STLATRIT T

.0253866 LISE fit reduced walues — X
100 — Y
Farameters: Lef tBound Initial RightBound | — L
#01-g: Quad 1 +0.0e+00 < +4.834e+00 < +1.0e+01 |
#02—q: Quad 2 -1.0e+01 < -4 . 601e+00 < +0.0e+00 |
#03—g: Quad 3 +0.0e+00 <  +1.88%=+00 < +1. 0e+01 |
#0d—q: Quad 4 —-3.0=+00 < +1.881le+00 < +3.0e=+00 |
#05—g: Quad & -1.0e+01 < —-4.593e+00 < +0.0e+00 | 80
#06—q: COuad 6 +0.0=+00 < +4.845=+00 < +1.0e+01 | —
=
£
-
Constraint walues: Initial Final Precision | {Init-Des)-F Desired 1
R01: Q2a =R +6.475=+01 1.0e+00 < 80 ~ 60
#02: 3a =R +6.614e+01 1.0e+00 i] < B0 >
#03: =v =X +5.0432+01 1.0e+00 i] < 200 -
#04: =v Yioc +6.865=-14 1.0e-01 0 =0 x
#05: =v TT +1.114e-07 1.0e-02 +1.114e-05 =0 ..
C2 4+h 515=+01 1_Oet0n n < a0 T
‘%D?: (5a =R +8.078=+01 1.0=-03 +8.028=-01 < 81 = 40
| H o oo leTor o= ] < 20 ©
([#09: =ym E-focus —1.040e-09 1.0=-03 +1.040=-06 =0 Q
([#10: =ym Y-focus —3.457=-15 1.0=-02 0 =10 9]
[#11: =ym X-disp -2 .526=-08 1.0e-02 +2.526e-06 =0
. " o 20
|==» "sym X-disp" : last fitting block global optical matriz and sigma wector
| Format [mn-mrad]
—=zzzzzzzooooogmme e B AL ==== ===_ | Beam({sigma) |
-9.918e-01 | -1.040=-09 ] O D D | 1.982+00 | 0 ; ; :
+8.296=+00 =TrTETTT 0 0 0 Trsrero | 6.3le+01 | -0 2 4 6 8 10
i 1] +1.003e+00 i 0 | 2. 0le+0n | 20-11-2015 09:54:24 Length [m]
i 0 +4 5772400 7 0 i | 4 092+01 | VISE #+ 162045 11 11 Nubna SHE Seff sum nard? F iok=@NGEH [m
+4.116e-01 -1.020e-07 i] 1] 1.0 +1.284e+00 | 1.41e+01 |
0 i 1] 1] +1.000=+00 | 1.10e+01 |

OT, 11/23/15, East Lansing 18



MICHIGAN STATE

SHELSeff sym_part: " pp: s movingaweay: thesfocaliplaun R

LS _IAEs

1.8807
0.5 0.9816  -4.1051  5.1918
1 0.9575 | -3.6066  3.4325
1.5 0.9559 | -3.3021  2.6875
0.9557  -3.0862  2.2587

3 0.9556  -2.788%9  1.7617
3.5 0.9554  -2.6789  1.3986
4,18 0.9555 @ -2.5542 1.4239

=

First three quads are frozen!
2. L=4.18 m corresponds to the

real SHEL configuration
(assuming D8 as drift) Quad fields from Q6-FP distance

|5+ c\program files (xB6)\lise\results\SHELSeff sym part fit_init +Q5
Initial +0.005837755 LISE fit reduced values 4 QE
Paransters: Lef tBound e e RightBound |
#01-q: Quad 4 —3.0e+00 < [+9.555e-01 < +3.0e+00 |
#02-q: Quad 5 -1.0e+01 < [-2.554e+00 | < +0.0e+00 |
#03—g: Quad 6 +0.0e+00 < f+1.424=+00 < +1.0=+01 | o) 2
- \
Constraint values: Initial Final Precisionf (Init-Des)-P Desired = b - bl bl - -
#01: C2 =X +6.515e+01 1.0e+00 1] < 80 @
#02: Q5a =R +7.922e401 1.0e-03 .693e-01 < 81 = D
#03: Q6a =R +7.543e401 1.0e-02 .038e-03 < 80
#04° sym ¥-focus  +1 199e-05 1 0e—03 139e-02 || = D =
#05: =ym Y-focus +2 127=-08 1. 0e-02 127e-03 =10 o
#06: sym I—disp —2 . 605=-05 1.0e-02 C605e—07 =0 5, 2
- ’ )
([==> "sym X-disp" : last fitting block global optical matrixz and sigmna vector
: Format [mm-mrad] - 4
|============= &I B 4 L ==== matrix s======= Beami{sigma) |
| —4.560e+00 | +1.199=-05 1] 1] 1] —2.605e-05 9.12e+00 |
| +7.402e-01 "=2TI93e-0 a 0 1] TETE= 1.33e+01 |
0 0 +4 012e+00 2.127=—05 00 0 g.02e+00 |
0 0 +1 . 648=+00 EYEES a 0 1.05e+01 | _6
+4.116e-01 -&.161e-07 1] 1] 1.0 +1.284e+00 1.41e+01 I
0 0 1] 1] 1] +1.000e+00 1.10e+01 D l 2 3 4 5

Q6-FP Length (m)

OT, 11/23/15, East Lansing 19



[SF] First order matrix elements i e

|2 I < | D

|- [ [ Det|olf]oZ

R/R

AR (mrad/mm]

MICHIGAN STATE
UNIVERSITY

. 1 S EWS

e i

First order matrix elements

48Ca (4.6 MeV/u) + PbS (0.41 mg/em?); Settings on 254No19+-1%+; Config: DSSSSSFSSFSSESDSFFFFSSDSEF...

8 10 12 14
Length [m]

R/A (mm/mrad)

-2 L

dp/p=89.98% ; Brho(Tm}): 0.7415, 0.7415, 0.7415

0 4 [ 8 10 12 14
59689240
Length [m] amEate
R ot

Length [m]

R/D (mmi%)

AJID (mradi%]

0.5

25

05

all charge states separ
sum of reactions

RID
] 4 G 8 10 12 14
Length [m]
AD
0 4 [ 8 10 12 14
Length [m]

OT, 11/23/15, East Lansing
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UNIYERSITY

SHELSeffi sym_part3_ 7:pp: S moving away thesfocaliplain

Beam sigma plot for the current beam sigma vector

4

—_—X
100 _3
— L
80 -
Beam vector used for Optical Optimization
L] —"Opt Beam'"
—
E 1.5 mm
— 60 2T 40 mrad
- Y 2 e
o 4F 40 miad
x"‘ 5L 0 Tm
. 40 E.D 1 %
]
=
®
o
w
20
0 = i i " i "
0 2 4 6 8 10 12
~Length [m]

OT, 11/23/15, East Lansing 21



= roup : MC Yi — — = .
5 Isotope Group : MC Yield Plot- Envelope (all) ———

48Ca (4.6 MeV/u) + PbS (0.41 mg/cm?2): Transmitted Fragment 254No1%+- 19+ (FusRes); Optics Order: 1
dp/p=89.98% ; Brho(Tm): 0.7415,0.7415, 0.7415
AngAccept: Off;, Bounds: ON; "Drifttemp" - last block for MC calc; no gates; Config: DSSSSSSSSSESDSSSDSESSSSSSS...

Contour
Sum 1.7e+06
Max 4042
=X= 635292
<Y=-0.328543
dX 3.85029
dY 17.3295
XY -6.002e-01

SUM
5.376e+04
CPU speed

0 pps

All parts envelopes
for all produced
254Nb ions

—

80

40

Rate (pps)
2.282e+04
Beam: 1.5e+13

=172

4679

X [mm]

2443

-40

MC
Transmission 1205 5 ; ; 5 m =

20-11-2015 11:25:27 Length [m]

0 LIS E ++ [G\2015 _11_11_Dubna\SHELSeff sym part3_7.Ipp]
96.74% e - - - ——r
=]

Sum  1.43e+06
Max 3857
=X=> 6.48732
<Y=-0.238135
dX 366718
dY 923083
XY 2841e-01
SUM
5.000e+04
CPU speed
0pps

Rate (pps)
2.282e+04

Y [mm]

Lost —— ]

AN/ 2 6 B 10 12
- 20-11-2015 11:26:41
OT, 11/23/15, East Lansing LISE ++ (612015 1111 DubnalSHELSefl_sym part3 7po] Length [m]




NSCL

All parts envelopes
for all produced
254Nb ions

OT, 11/23/15, East Lansing

L ost — &

48Ca (4.6 MeV/u) + PbS (0.41 mg/cm2); Transmitted Fragment 254No19+..19+ (FusRes); Optics Order: 1

AngAccept: Off;, Bounds: ON; "Drift temp"

dp/p=89.98% ; Brho(Tm): 0.7415, 0.7415, 0.7415

— T . ==
Isotope Group : MC Yield Plot - Envelope (all)

- last block for MC calc; no gates; Config: DSSSSSSSSSESDSSSDSESSSSSSS...I

Continue

80

40

Y [mm]

-40

-120

Contour
Sum  1.43e+06
Max 3857
<X> 6.48732
<Y=-0.238135
dX 366718
d¥Y 923083
XY 2841e-01

o]
20-11-2015 11:26:41
LISE ++ [G:\2015 11
Isotope Group : MC Yiel

2

11_Dubna\SHEL Seff _sym part3 7.lpp

AngAccept: Off, Bounds: ON;

6 8 10
Length [m]

Isotope Group : MC Yield Plot - Envelope (all)

Length [m]: window projection --- 48Ca (4.6 MeV/u) + PbS (0.41 mg/cm?2); Transmitted Fragment 254No19+..19+ (FusRes); Optics Orde

dp/p=89.98% ; Brho(Tm): 0.7415, 0.7415, 0.7415

SUM
5.000e+04
CPU speed
0 pps

Rate (pps)
2.282e+04
Beam: 1 4e+13
Sory

4391

"Drift temp" - last block for MC calc; no gates; Config: DSSSSSSSSSESDSSSDSESSSSSSS. .

3950

3910

3890

3870

=

3850 k
0

20-11-2015 11:28:2

7
LISE ++ [G\2015_11_

2

11_Dubna\SHELSeff_sym part3_7.Ipp]

4 6 8
Length [m]: window projection

10

12




MICHIGAN STATE

SHELSefit AlltvIEIpp N EE;

L1 S Eee

Using SETTERI T R iy
SHELSeff_sym_part3_7.lpp

quad fields | A E B R T The Dispersion probably

should be decreased!

First order matrix elements
#5Ca (4.6 MeV/u) + PbS (0.41 mg/cm?); Settings on 2**No"®+-1%: Config: DSSSSSF SSFSSESDSFFFF SSDSEF ..

dp/p=50.98% : Brho(Tm): 0.7415, 0.7415, 0.7415, 0.7415

i 28 = T 15[
22 25
5| 18 .
L4 :
4
JII 0.5
T 7‘ -
g . E
& = 0.5
= "E L E
- 02 £
S = \"\_ = 15
<L
g 02 ‘S - =
25
=l 0 -\R =
gl
‘\- o~ 35
Tl \' /'
14 A 45
= q
E ] -
o 2z 4 & 8 10 12 0 2z 4 & 8 10 12 o 2z 4 ] 8 10 12
Length [m]
& T
25
4|
15)
E = 0.5
= E-]
g 0 = — = B EEE
'E' £
= = 05
[=]
€ 2
2 Al
15
i 25
Bl 2 -5
. 2z 4 & 8 10 12 0 2z 4 & 8 10 12 o 2z 4 ] 8 10 12

Length [m] Length [m] Length [m] 24



SHEILLSefrft AlIEVIEIpP

(. = e @% U .
" sing

"Opt.Beam™
S ® o SHELSeff sym_part3_7.lpp
. — quad fields
4P 40 rrad
I 5L o mm J O
6D hhl %

Beam Sigmas [#2]: spatial
48Ca (4.6 MeV/u) + PbS (0.41 mg/em?); Settings on 2%4No!*-19%, Config: DSSSSSFSSFSSESDSFFFFSST
dp/p=50.98% ; Brho(Tm): 0.7415, 0.7415, 0.7415, 0.7415
Optimization Beam Sigmas ase used [#2] all charge stes separ.

sum of reaclions

Initial +56.9948 LISE fit reduced walues

Farameters: Lef tBound Initial FightEBound

|
#01—q: Cuad 4 —-3.0e+00 < +9.555=-01 <« +3.0e+00 |
— % #02—g: Quad & —-1.0=e+01 < -2.554e+00 < +0.0=+00 |
100 —Y #03—g: Quad & +0.0=400 < +1.424e+00 <  +1.0e+01 |
— L
Constraint values Initial Final FPrecision (Init-Des)~F Desired
b C2 sk +6.515e+01 1.0e+00 0 < 80
=R +7.922e+01 1.0e-03 +1.693e-01 < 81
80} =R +7 . 543401 1. 0=-02 +1.0382-03 <80
: mdicperse 4. 416e+00 5. le-01 +4.831e+00 =0 "~
#057 Fin Rfoocus =L 2891 ETUE-01 T 57ge—0 =1
#06: Fin vfocus +1.130e-03 5.0e-01 +2.260e-03 =10
E = #07: Fin Y¥+ +3.993e+00 1.0e-01 +3.654e-03 < &
E E08 . Fin — +3 . 993=4 00 1 D=1 +1 42e_0F =5
= 9. Fin =X +2.799+01 1. 0e—01 +1.7992+02 < 10 )
4 s0l T#IUT Fin =¢ 7. 987e+00 T U101 1. 97517 < 10
- i
> |
x :==> "Fin =Y" : last fitting block global optical matrix and signa vector
g |
s a0} | =GLOEALE¥E=== natriz = = | Beami{=sigma) |
g | —4.390e+00 -1.28%=-02 1} 1} +2.416e+00 | 2.80=+01 |
(7] | +8.177e-01 -2.254e-01 0 0 0 +2.204e+00 | 2.59=+01 |
1] 0 +3.993e+90 +1.130e-03 0O 0 | 7.9%+00 |
o 0 +1. A35e+40 +2.50%9=-01 0 a | 1.06e+01 |
+1.165=+00 -5 160=-02 1} 1} 1.0 +1.480e+00 | 1.66e+01 |
1) 0 1} 1} 1} +1.000e+00 | 1.10=+01 |
20}
not so good
I due to large dispersion
2 4 6 8 10 12
23-11-201
LISE+ 1_DUbRISHELSef_sym ALIpE] Length [m]

OT, 11/23/15, East Lansing 25
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SHELSeffit AlIEVISIpp —

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

Horizontal distribution of 2>4No ions in the final point

drift final-Xspace: output after slits

(4.6 MeViu) + PbS (041 mglem?); Settings on 2%No'®*-1%: Config: DSSSSSFSSFSSESDSF
dplp=57.28% ; Brho(Tm): 0.7415,0.7415,0.7415,0.7415

. o s s =
s Conti
Isotope Group : Monte Carlo Yield Plot =%
26 19+ 10+ 0% 19+ 19¢ 1+ X| 48Ca (4.6 MeV/u) + PbS (0.41 mg/cm2); Transmitted Fragment 254No19+.1%+ (FusRes); Optics Order: ||
16 25ty 200 00 e e 200 dp/p=57.28% ; Brho(Tm): 0.7415, 0.7415, 0.7415, 0.7415
jAccept: Off, Bounds: ON; "drift final" - last block for MC calc; no gates; Config: DSSSSSSSSSESDSSSDE)
| 14 26 } a:;nnqmw:(s;ym
- =X= -1.7719
o S ‘ <> 19.3675
T | |
E 12 K0 4 ‘ XY 5236e+0
o | SUM
£ e | 1159¢+04
CPU
P 10 S | Datestoppe
Q- g . ‘ Rate (pps)
Q = | 1.575e+03
t 8 . Beam: 4.6e+1.
T E 20
— (o]
g :
6 £
o 18
-I-
£ 15
& 5
4 } 4+ 4 ® 16
- (
4
2 L
2y 25+ 2528 2% 14 2
y -60 -40 -20 0 20 40 60
. 23-11-2015 12:36:06 e .
0 80 100 LISE++ [G \2515']71mi)ubla\sELsEfﬁAw ) after "drift final -X[m'i
23-11-2015 12:33:11
LISE++ [G:\2015 11 11 Dubna\SHELSeff All v1.lool X(mm)

“Distribution” method Monte Carlo method

OT, 11/23/15, East Lansing 26



SHELSeffy All- VI PRk VSEo&Eas

So, the final dispersion is not equal to O,
then what is about X—ToF correlation?

= - IR
- 254No : Monte Carlo Transmission Plot

48Ca (4.6 MeV/u) + PbS (0.41 mg/em?); Transmitted Fragment 254No19+-19+ (FusRes);
dp/p=57.28% ; Brho(Tm): 0.7415,0.7415,0.7415,0.7415

Optics Order: 1
b

AngAccept: Off; Bounds: ON; "Material 2" - last block for MC calc; no gates; Config: DSSSSSSSSSESDSSSDS

=i

ToF resolution ~ 0.5 us??
Assume for simulations a little bit better

-l . -
=, .. Conting
254No : Monte Carlo Transmission Plot e
48Ca (4.6 MeV/u) + PbS (0.41 mg/cm?2); Transmitted Fragment 254No12+ 19+ (FusRes); Optics Order: 1
dp/p=57.28% ; Brho(Tm): 0.7415, 0.7415,0.7415,0.7415
AngAccept Off, Bounds: ON; "Material 2" - last block for MC calc; no gates; Config: DSSSSSSSSSESDSSSDSESSSSSSS. |

Contour
Sum 8250403
0 ToF _ T« Xfvs ToF 254N019+, S(TOF) =1 ns &,
2T wlEVSTO 254N019+, S(TOF) =5ns {152 vs lo . S(TOF) o
x = dX 626589
£ 2 2 P
= = 1 4280+
A 190 Ll e [ s |
-1 .| © 8251e+03
7 @ 71 @ CPU speed
£ E 0.00¢+00 pps
= 180 = 172 il
< . 2616e+02
N « Beam: 2 0e+14
2 170 2 168
i Q
® ®
= =
o 160 » 164
> >
% kS
7 150 B 160 R
5 5
e o0 F Correlation washed out due to large |X/X|
1
0.13 0.134 0.138 0.142 0.146 0.15 0.154 0.158 0.162 0.166 n 17 -30 -20 -10 0 10 20
23-11-2015 13:09:00 [Ipr? . 23-11-201 1145 "y .
= - = Y p—— e
=] . . =1 . . Contil
= 254No : Monte Carlo Transmission Plot = 254No : Monte Carlo Transmission Plot —
48Ca (4.6 MeV/u) + PbS (0.41 mg/cm2); Transmitted Fragment 224No’19+19+ (FusRes); Optics Order| 48Ca|(4.6 MeV/u) + PbS (0.41 mg/cm?2); Transmitted Fragment 24No'9+19+ (FusRes); Optics Order: 1
3 dp/p=57.28% ; Brho(Tm): 0.7415,0.7415,0.7415,0.7415 1) dp/p=57.28% ; Brho(Tm): 0.7415, 0.7415, 0.7415, 0.7415
AngAccept Off, Bounds: ON; "Material 2" - last block for MC calc; no gates; Config: DSSSSSSSSSESDSSS[ AngAccept: Off, ¥ounds: ON; "drift final" - last block for MC calc; no gates; Config: DSSSSSSSSSESDSSSDSESSSSSSS...
30 z
184 E T F . | Sum ' 8980+03
Ry _ : . Max 6
gz vs [0 254N019+ , S(TOF) =1 ns |2 X_final vs X_target 254N019+ || oo
x 180 20 -_ S — } dX 0998033
2 Co | & 4 rer
£ :: 0 g - | %
NE 176 | E | 8.985€+03
7 @ 7| £ 10 CPU speed
E = 0.00e+00 pps
[ =
- 172 ‘& s
N © of———— R S Beam: 2.2¢+14
s s
M 168 =
= T
= » -10 ‘
4 164 g ‘
T ® |
s -20 | i
3 160 ‘
6 \ —
[ | I
: 156 -30 | 2
| 1
0.126 0.13 0.134 0.138 0.142 0.146 0.15 0.154 0.158 0.162 0.166 -5 -4 -3 -2 -1 0 1 2 3 4
23-11-2015 13:10:12 " . 23-11-2015 13:14:30 " : .
LISE ++ (6120151111 DubnalSHELSefi_All v1.pp] after "drift final": Energy [MeViu] LIS E++ [6:2015 11 11 DubnalSHELSeff Al vi lpp] after "Stripper": X [mm]

OT, II7Z5715, EastTansimng
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SHELSefit Alltvsipp U N : 4 !

[

—

(o = Optimization L&%‘
Smaller X-spot
and X-dispersion T
S
Larger |X/X| and ol : | Mo ]

worse focus

la Beam Sigmas [#2]: spati

A Beam Sigmas [#2]: spatial
| c\program files i fit_ini PbS (0.41 mg/cm?); Settings on 254No19+ 19+, Config: DSSSSSFSSFSSESL
Initial +4 53ck9 LISE fit reduced walues dp/p=89.98% ; Brho(Tm): 0.7415, 0.7415, 0.7415, 0.7415
Porameters: Lef t Bound Tnitisl RidhtBound | Optimization Beam Sigmas ase used [#2] charge states separ |
#0l—g: Quad 4 —3.0e+00 ¢ +6.938=-01 < 3.0e+00 | X
#02—g: Quad 5 -1.0e+01 < =2 413e+00 < /+0.0e+00 | — ¥
#03—g: Quad & +0.0e+00 ¢ +1.474e+00 +1 . 0e+01 | — L
Constraint wilusgd: Initial Final Preci=zion (Init—De=)-P De=zired
#01: C2 =X +6.515=+01 1. 0=+00 < 80
#02: Q5a sR +7.935=+01 1.0=-03 +1. 922201 < 81
#03: Qta =R +8.000=e+01 1.0=e-02 +1.011=e-01 < BO a7 | -
#04: Fin zdigrerse +1.327=+00 5.0e-01 +2.695=+00 =10 2| €
#05%: Fin =zfofus +2.515=-01 5. 0=-01 +5.041=e-01 =N e
#06: Fin viofus —7.634e-02 1. 0e+00 +7.634e-02 =0 —
#07 . Fin ¥Y¥+ +4.016e+00 1.0=+00 +3.73%=-04 < & | 6ol
#08: Fin ¥V +4 . 016=+00 1.0=+00 +1.214=-07 » =5 >
o
#10: | +2.117e+01 1.0e-01 +1.1f2e+01 <20 | <
| \ —_—
©
| = 40|
|==» "Fin =Y[' : la=t| fitting block global optical matriz and sigma wector g_
| (7]
| Format [ mm—mr$]
|s=========J========2= 3 L 0 B & L ==== qatrix ss=s==s=s==s======2=== | Bean({sigma) |
| -5.784=+00 +2.515=-01 O 0 +1.327=+00 | 2 12e+01 |
| +7.548=e-01 -2.057e-01 ] ] 0 +2.123=+00 | 2.48e+01 | 20
0 0 +4 016e+00 -7 . 634e-02 O il | 8. 59e+00 |
a a +1.585=+00 +2.18%=-01 0 i} | 9. 3le+00 |
+1.328=+00 -8.070e-02 O 0 1.0 +1.600e+00 | 1. 8le+01 |
i i i i 0 +1.000e+00 | 1.10e+01 |
0
0 2 4 6
23-11-2015 13:21:23
. LISE++ (G015 11 11 Dubra\SHELSer Al valpp  Length [m]
OT, 11/23/15, East Lansing
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Conclusion LikEite

—

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 2>*No ions (15t 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.
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1. It is necessary to note the significance* of electric dipole 2" 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
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