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This document describes the options for determining the transmission through a
fragment separator and includes some description of these options

Introduction, definitions
Using Quadrupole and Dipole fast editing dialog
Concept of “Tuning” dipole

kWD e

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

Slits and optical blocks

Slits and material blocks

Angular acceptance and Apertures

Using extended configurations with Monte Carlo

© 0 N o O

How to obtain an angular acceptance?
10. Benchmarks

3 User
Some definitions
=

will be used in @ Advanced
the presentation

% Beam physicist
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1. Introduction : LISE** configuration ty/pes AR .

2 > 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

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

segmented Only 1 block after stripper

— Block matris
Plrojectile t25ei2" 1A |2z45a | ooos | o | 0 | 0 |z23253
140 MeViu 35 pnA
[Eliagment  cazo+ 2 T|1o6245 [-0adBa | o0 | 0 | 0 [-000283
= . Taken from av[C 0 [ 0 Jorss[oomz [ 0 | o©
‘LSE - TRANSPORT |4 ¢[00 [ 0 [372n |13 @ | o
o1 2402 T 5 L[z 127 [ o [ o [ 1 [577es
H ol o | o | o | o | o | 1
extended 16 blocks after stripper ~ Global matrix
[Blrojectile  825e32+ |-z30361 |oooaos | o [ o | 0 |28E8518 [mm]
Elregmont_Sicaz00s | Calculated by  |[wea[oem® o [ 0 | 0 | ooo0e [wed
++
T . L|SE [o [ o [omemfomess [ o [ o [ml
Fre] = including 2nd | o | o | 3mm |12 o | 0 [wad
‘ ............. T — / order |310724 |aze823 | 0 | o | 1 |-242226 [mm]
3.4585 Tm ]
o | o | o | o | o | 1 [#
50| 205 [ Hlanitad see next page I
e - SR ( page) Amm] Amiad]  Amm] Amead]  Amm] A%
OT, 08-Jul-2014, East Lansing 2



MICHIGAN STATE
UNIVERSITY

. 1 S EWS

Calculations
Tune spectrometer for setting fragment on beam axis

Goodies Tune spectrometer for setting fragment at middle of slit
Calibrafions Update matrices inked with COSY fles

Transmission and rate 4

Optimum Target SRR

Optimum Target-Wedge and Wedge-Wedge configurations First order matrix elements : PLOT

Brho scanning First order matrix elements : View & Print

Optimum charge state combination

Quad & Dipole settings : EDIT

Monte Carlo calculation of transmission

camdatn S Quad & Dipole settings : View & Print Boxes ind |Cate the
'?';:ogiirrs:?}axa;::;dﬂrder Matrix Elements for an Ideal Magnet paramete rS general Iy
changed by user
segmented

Bilack | GiveriMame | Statim] | Lengthim) | BOKG] Bi(Trrjcorreal | Dritthd #ngle | Bapelcml#Riml | L effimlL diplm) | 2 nd u:uru:lerl EaIcMatrf"‘Z-lI! A .:.:A 5 Slits
By | Dipole o 0.000 87190 +142116 |_* 4.405_| #4510 = 31000 %2 4347 Hy'

Brho N Q Sllts
acceptance

extended

Block | Given Name | Statfm) | Length(m)} | BOKG) | Br(Tmjcon/real | Driftd #4ngle | Rapp(cm) F|[m]| L_eff[m)#L_dipfm) | 2 nd order | CalcMati*Z-0 [I.&ng&ccﬁ.pp&ﬁlll;
Ll | Dipole turing 0.000 0.0001 +146853 | * 4.4055 “0.0 *3,0000 *0.0000 no “0

8[| oiitt 2015 0.000 0.3360 standard - HY -
@ 1] ot QO17-1TA 0.396 07480 | +154196 | 4.4056 quadiupole 133000 0.7480 yes 1 ~ HY -
8[| iitt 2018 1.144 0.1756 standard - HY -
@ ] ovit Q019-1TB 1.320 07480 | 143295 | 44056 quadiupole 13.3000 0.7480 yas 1 - HY -
8[| oiitt 2020 2,068 0.1720 standard - HY -
@ ] ot Qo214TC 2.240 04300 | +103091 | 44056 wadiupole 15.0000 0.4300 yes 1 - Hy -
5[] oiitt 2022 2,670 0.5260 standard - HY -
Ly | Dipole D1 3196 24300 | +142396 | * 44056 “45.0 *3.09 yes “0 ~ HY -
8[| oiitt 2030 5.626 0.5640 standard - HY -
@ ] ovit QO031-2TA £.190 04300 | +125140 | 44086 quadiupole 15.0000 0.4300 yes 1 ~ HV -
5[] oiitt 2032 B.620 0.1358 standard - HY -
@ ] ot Q033-2TB E.755 08120 | 155591 | 4.4056 quadiupole 15.0000 0.8120 yes 1 - HY -
5[] oiitt 2034 7.567 0.1358 standard - HY -
& ] ot Q035-2TC 7.703 04300 | +136724 | 44056 quadiupole 15.0000 0.4300 yes 1 ~ HY -
8[| citt 2036 8.133 0.5860 standard - HY -
8 Ol oiitt Image1(037) 8.719 0.0000 SLITS - HY
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Comparison of the Classicalt Segmented & EXtencet CoMGURERDITSI N LY ER S T

F 1 25 A

S > 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

OT, 08-Jul-2014, East Lansing 4



MICHIGAN STATE

1. Introduction : Types of transmission calculations AL IR

> “Distribution” (analytical) method ;.__g|lg|Pg

= Fast calculations

« " Allinternal 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)

LISE ver.1 “Distribution” . D. Bazin, B. Sherrill, Phys. Rev. E 50 (1994) 4017
LISE ver.4 “Distribution2” : 2000
LISE++ver.6 “Distribution4” : 2002
> Monte Carlo method: (since2007) R,

» 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

(31

= |Includes gating on all correlations in parameters (four gates)
= Tools for displaying ion-beam optics

# Useful for fragment separator design

'Y Some optical blocks (Solenoid, RF buncher)
are calculated exactly only in MC mode

OT, 08-Jul-2014, East Lansing 5



2. Using Quadrupole andiDipoletasteditngicialog

Useful dialog box for editing Quadrupole and Dipole settings

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

shown all set slits, acceptances, Apertures

: | _
| = Quadrupoles and dip =)
Block | GivenName | Startfm) | Lengthim) | BOKG) | BiTmjcorreal | Diifthdéngle | Rapp(em)#Rim) | L_efiim}L_dipim) | 2 nd order | CalcMat#Z-0 | Angack Adps Slits | COSY_link | B

B2 | Dipole Tuning 0.000 0.0000 +HB552 28965 0.0 * 3.0000 = (.0000 no “q Al =] -

EDHH Dift 0,000 0.3500 standard - |Hv| -

5 0ot Dift 0,350 01480 standard - |Hv| - L

[@ m]oiit 05 0,495 0.4520 +85042 28965 quadrupale 10,0000 0.4520 pes 1 - |Hv| -

EDrifl Dift 0.948 01700 standard - |Hy| -

EDrifl Drift 1.118 0.2230 standard - |Hy| - B

Eonrt 025 1,341 04610 T.E774 B35 quadrupale 10,0000 04610 pes 1 - |HY| -

EDHH Dift 1.802 0.4340 standard - |Hv| -

[8 Do Dift 2236 03110 standard - |Hv| -

B Dipole D3Pl 2547 20420 11406 = 28965 451 * 26000 =2 0420 pes “q - |Hv| -

EDrifl Dift 4,589 01500 standard - |Hy| -

EDrifl Drift 4739 05950 standard - |Hy| -

Eonrt o 5334 03080 459885 28965 quadrupale 10,0000 0.3080 pes 1 - |HY| -

EDHH Dift 5642 03920 standard - |Hv| -

@ m|oiit 032 £.034 0.3080 42269 28965 quadrupale 10,0000 10,3080 pes 1 - |Hv| -

5 OJoiit Dift £.342 0.5000 standard - |Hv| -

EDrifl Dift 7.142 01580 standard - |Hy| -

EDrifl Slits 31 7.300 0.0000 SLITS - Hy

Eonrt Dift 7.300 01630 standard - |HY| -

EDHH Dift 7.463 02710 standard - |Hv| -

5 0ot Dift 7.734 0.4000 standard - |Hv| -

[@ m]oiit 033 8134 0.3080 +55336 27265 quadrupale 10,0000 10,3080 pes 1 - |Hv| -

EDrifl Crrift 8442 0.7920 standard - [HY| - -
~ Selected black —&ngular acceptance (mrad]— | Inside Aperture (] —Slits [mmn) after this BLOCK.—— | [~ 1-st order Matrix Elements
I Dirift [multipole, lits] Lesgﬁk[m] {g} Selected Block Edit N '—IEB . max Lllie ] min max Lllie h -
Let call automaticaly [~ == {3&} B Yertical + I— r Y = I_I— v = I—I— I Gkl View

Block name = IDlift

Length after
this block. [m]

.: Cuts {Acceptances)

I 7.734

g

Oiptical Matrix

Shape
(Hectangle i~ & Ellipse

Shape
’7Hectangle % Elipse

Shape
Rectangle &+ (" Elipse

1 X

/QunI?Helpl
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MICHIGAN STATE

3. Concept of “Tuning’> CipoIES LB

Block Given Name Start{m Lengthiml | BOKG) | Br(Tmjcon/real | Driftd/*Angle | Rapplem)#Rim) | L_effm)/L_diplm] | 2 nd order | CalchMatiZ-0 c.Apps S
By | Dipole tuning 0.000 0.0001 +14.6853 | * 4.4056 “0.0 *3,0000 *[0.0000 ho =0 ===

(3

« Atuning dipole defines magnetic rigidity for entire segment, particularly for
gquadrupole fields.

A “tuning” dipole with zero length indicates an extended configuration
« Itis especially important for the first segment just after target (stripper)

« Parameters for tuning dipole : 0-length, 0-angle, unitary matrix, no slits, no bounds

T - e
~ANGULAR ACCEPTANCE —— | ~"Tuning” block : Apatures (throughout. Sits [after)
horzonta
o ﬂ Left limit S | Right fimit ?  Heb
=50 C Rectange | _* {aperture] } fapeture)
Tunir —. . 50 mim P AT 50 mm X
. . @ Eiipsd e R S I I
it - -} i T
~ Dispersive block ~ Optical block properties and datg ———————————————— M= (BB Ol
. mrad ¢ deg = = *
& Sk 2895 Sating Charas et Caloulate the Values using APERTURES e = %[ 1 [ o | o [ o [ o
L R e il the Setting fragment from Hoizonialz [ T000 mad ~Shape (see ") —— (zpeture) ’
‘w 0 9RE52 - for the Block [£-Q] Rectangle & Elipse £
B =T Wertical = | 1000 mrad ) 2T I i I 1 I ] I ] I ]
‘I GEnn Target | Soid anie 288837 mst " Restangle ~Horizontal Slit——————————————| T sl 20 g
5
= ———— @ Elipse s || o
D3P1 F & canjointly I Use in Calculations o 3 I a I 0 I 1 I 0 I 0
& Optical matrx | e in Calculations € separately ™ Show in schematics i 4 F I ] I il I il I 1 I i}
Bend Sector sein lations
) _ Tweakl 0.1 % - S
Radis=[" 3 ' m General setting of black | I L N R T T
frge=| U dea Calculate other © ity | | W UDMER ED| 0 0 0 0 0
Length= [ 0.0000 m 1~ Calibration file | optic blocks I ] © ey || B Stz g I I I I I
. £[mm] mrad] ] mrad] ]
g ~Hotzortal p ~Vettial p
I Oy th 5 . N
& Matrix calculations « 0K X Cancal | P Hep | mg“ D dispersion (mm%) dispersion (/%)
' momentun(] [~ u [
) wemomentum[%] momentum(¥]
sltvdisparsion] (sltdispersion
ol 700 sl [0
Ok X Cancel | o e
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3

Block angular acceptance < Entrance acceptance

o - el [

ml

~ ANGULAR ACCEPTANCE —K

"D1" block : Apertures [thioughout), Slits [after)

—Shape
" Rectangle
% Ellpse

mrad <-» deg |
Horizontal + I E0
I 40

mrad

Wertical + mrad

—Horizantal plane

[accept. Adisp.)

—Vertical plang

| horizontal

Left limit f Right lirnit
[aperture] J [aperture] ? Help

-125 mm ' i ./ o 125 mm

' o T I RE———

L shit 70 2 — R sl 70

| wertical
—AFEF\TUHES# —SLITS

Slits shape [see ] Top limit
roEpe(E=E ’7 Rectangle & ¢ Elipse (aperture)

dizpersion
[iad?%) o
¥ ' -momentum[] l_
[accept. Adisp.| 100

v 0K |xt:ance||

Only the Monte Carlo
mode uses "Elipse"
Shapes and Aperture
settings.

The Distribution method
uses only "Rectangle™
shape slits

Solid angle [ 764 mer ¢ Rectangle —Harizortal Slit
& Elipse e ) }
@ canjointly ¥ Use in Calculations
¥ Use in Caloulations i separately I Show in schematics
dispersion r~ Use in Calculations -
[mrad/] [ ~Vertical St
' -momentum%] l W Harizontal St
1657 @ canjointly ¥ {Use in Caiculations
¥ Vetical - -
" separately [ Show in schematics
¥ Uss in Calculations . .
r —Horizontal plane —Wertical plane

dispersion [mm./%] dispersion [mm/%]

= || =

s-momenturn[%]
[elit/dispersion)

tnta\l 15.47

y-momentura[Z]
[elit/dispersion)

total IW

T slit: 45 ./

E sl 45

Bt lirmit
[aperture]
-45 mm

L vettical

OT, 08-Jul-2014, East Lansing

. . Slits
Configuration| Angular !
- Accentance Aperture after
P P block
lassical
"C assica " Yes No Yes
("segment")
please use
Extended only
No Yes* -
("element") for "slits
element

Note: the code does not distinguish
segmented and extended
configurations, it’s up to the user.

* - Apertures are used only in
Monte Carlo calculations



5. Slits;androphical I0CKS
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1. Itisrecommended 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

Configuration| Angular Aperture
type Acceptance
"CIasswaI" Yes No Yes
("segment")
please use
Extended * ol
("element") No e for st

element

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.

OT, 08-Jul-2014, East Lansing



MICHIGAN STATE

6. Slits Intmaterials PR

LIS K

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!

OT, 08-Jul-2014, East Lansing 10



MICHIGAN STATE

7. Angular Acceptances & APERLURES AR

1. In extended configurations the user has several options for
transmission calculations.

—Angular Acceptance & Bounds

Recommendation do not use a fixed angular acceptanCce | @ usetised angular acoeptances
i n MC m Od e fO I exten d ed coO nf| g u I‘a'[i ons r ze phyzical limits [aperture] inzide block s
. . to calculate fragment transmizzion
if the Bound mode is turned on.

. For block apertures LISE++ uses the st limits
Apertures defines an gu lar acceptances. aceessible from the Block Cut & Acceptance

dialog. [Fay attertion there far the checkboy

2. Apertures are not used in “Distribution” analytical case.
Angular acceptances should be entered by hand
in each segment for both configuration type.

. . Slits
Configuratio Angular
Aperture after
type Acceptance
block N .
- Apertures are used only in
Monte Carlo calculations
Classical
n n YeS
("segment")
Note: the code does not distinguish
please use segmented and extended
Extended only configurations, it’s up to the user.
("element") for "slits"
element

OT, 08-Jul-2014, East Lansing 11
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8. Using extended configurationsatiisMIONTENCard ORI X s

Mgpiriiﬁzrgiizlsci)(;n / no angular acceptances,
—angular dcceptance & Bounds———————— n O bO U n d S y

—

e e - no trajectories show
e zical imits [aperture] inzide Dlockz
r~ b EETCL}.IILEItE fragmentptransmissiun (example LISE3 Separator) Cut by slits

For block apertures LISE ++ uses the sht imits
acceszible from the Block Cut & Acceptance

dialog. [Pay attention there for the checkbos Tootope Group : MC Vield Plot - Envelope (only passcc) N (—
‘// y y . Continue
 any for the ENVELOPE mads Isotope Group : MC Yield Plot - Envelope (only passed)™
= 18Ca (61.1 MeV/u) + Be (561.89 um); Transmitted Fragment S (ProjFrag); Optics Order: 1
r Shaow trajectones of all fragments [including dp/p=0.50% ; Wedges: Be (531 um); Brho(Tm): 2.8965, 2.8965, 2.7265, 2.7265, 2.7265
unzelected by fragment-separator) iy Bounds: Off; "Q46" - last block for MC calc; no gates; Config: DSSSSSSSSDSSSSSSSSSWSSSSSS|.
@ 220 Contour
Sun 1169406
E 180 ; f»"”_hl‘x;.- / -0.682999
- 621438
-Ei_ J R 37.3409
1A 140 -§.675e+00
A~ SUM
El 621e+03
= 100 LPU speed
0 pps
Rate (pps)
60 2362e+02
T 20
£
* 20
2621
60 1494
852
-100
-140 30
17
10 ]
-180 [}
2
-220 1
_0 8 12 16 20
1LIJ\-DSD;PJ4[(31"é0310-3\l4In-J\l 03_Omar_GANILLISE_lise3_cito_optique_extended_config_v2 at_ter "Q46": L [ITI]

OT, 08-Jul-2014, East Lansing — 12



@ a . MICHIGAN STATE

8. Using extended configurationsatiisMIONTENCard ORI X s

MC transmission no angular acceptances,
options dialog with bounds
’ Cut by slits and

-Tjgﬂafféczptaﬂﬂf& Bounds "~ no trajectories show, Apertures
22 [IHed anguilar acceptances (example LISE3 Separator)

v Ize physical hrits [aperture] inzide I:qu:u:ks‘/
o calculate fragment transmission :

For block apertures LISE ++ uzes the =lit limits
acceszible from the Block Cut & Acceptance
dialog. [Fay attention there for the checkbox : S— =
rd Isotope Group : MC Yield Plot - Envelope (only passed) oo
— only for the ENVELOPE mode——————————————— = 48Ca (61.1 MeV/u) + Be (561.89 um); Transmitted Fragment#4S (ProjFrag); Optics Order: 1
dp/p=0.50% ; Wedges: Be (531 um); Brho(Tm): 2.8965, 2.8965, 2.7265, 2.7265, 2.7265
r Show trajectories of all fragments [including Bounds: ON; "Q46"- last block for MC calc; no gates; Config: DSSSSSSSSDSSSSSSSSSWSSSSSSY.
. : Cont
unzelected by fragment-separatar] 0 o |Camour
Maj 1274
<Xq 10.8662
Yy -0.165341
70 <dX 6.21438
dy| 17.7198
XY | -1.776e+00
SUM
1|274e+03
QEU speed
0 pps

= oo W T

Rate (pps)
7.912e+01

X [mm]

1274

-90

0 4 8 12 16 20

16-06-2014 14:54:03 " ",
LIS E++ [G\2014_04_03_Omar_GANIL\LISE_lise3_cito_optique_extended_config_v2 ﬁt_ter Q46 - L [m]

OT, 08-Jul-2014, East Lansing 13



O 8. Using extended configurationsMatiMONtENCar o =<t IE

- i

S I
T A

MC transmission no angular acceptances,
with bounds,

show trajectories
(example LISE3 separator)

options dialog

— Angular Acceptance & Bounds No transmission cuts

[T Usze fived angular acceptances

Uze phyzical limits [aperture] inzide blocks
v .
to calculate fragment transmizsion

o I
For black apertures LISE ++ uses the sit imits EETTEE T N
accessible from the Block Cut & Acceptance . <. —
dialog. [Pay attention there faor the checkW Isotope Group : MC Yield Plot - Envelope (all)
7 48Ca (61.1 MeV/u) + Be (561.89 um); Transmitted Fragment 445 (ProjFrag); Optics Order: 1
dplp=0.50% ; Wedges: Be (531 um); Brho(Tm): 2.8965, 2.8965, 2.7265, 2.7265, 2.7265
—only for the ENVELDPE mode —2 Bounds: ON: "Q46" - last block for MC cale; no gates; Config DSSSSSSSSDSSSSSSSSSWSSSASS..
: A A H " Contour
{Show trajectories of all fragments (including Sum 3.220+06
unzelected by fragment-separatar) Ve
Y= -0 906731
d}  3.73128
Y 27.3806
-3.071e+00
SUM
904e+04
PU speed
0 pps
Rate (pps)
Isotope Group : Mg Yield Plot - Envelope (all) S
after "Q46" L [m]: window projection — *Ca (51.1 Me)fi) + Be (551.89 um); Transmitted Fragment 'S (ProjFrag); Opfics Orde:
dp/p=0.50% ; Wadges: Be (53 im); Brho(Tm): 2.8965, 2.8965, 2.7265, 2.7265, 27265 —
Bounds: ON; "Q45" - last block for W& cale: no gates; Cenfig: D £
I £
50000 il ;
|
5407
20000 l 2927
1584
b
30000 l
20000
10602 -140 2
0 4 8 12 16 20
oz - = = = = tjl-gjéinj 4[:;%5 ::j[l47I]370maLG‘-J‘J\L'LISEJ|E937E|1-17-3p1|queiextende.j?mnﬁg?vz ﬁﬂer "Q46": L [m]
after "Q46": L [m]: window projection

OT, 08-Jul-2014, East Lansing 14



MICHIGAN STATE

9. How to obtain anrangti 2 acCepiancez (d) LR
a
Extended Configuration Settings
1. No target
2. No wedges and materials N
Beam CARD 10 - zhape o0
2] e L
3. Setting fragment = Primary beam 1 om | 0 [Gaussan =] O
2T mad [ 5O IFlectangIe uniform  w| [
3% mm I a IGaussian j r
4 F mradl 50 IFlectangIe unifarm ;I r
4. Beam Emittance sx=sy=sp=0, sx’ and sy’ 5L o | 0 Isaussfan = r
should be large 50 % | 0 [Gaussan Efs

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

OT, 08-Jul-2014, East Lansing 15



MICH I AN STA
R

9. How to obtain anrangti 2 aCCEPLANCEZ N 2)

TATE
SITY

L Iy

1. The Bound mode should
Monte Carlo Setti Ngs turned on in the MC dialog

—angular Acceptance & Boundz

[T Use fixed angular acceptances

v {Usze physical limits [aperture] inside blocks |
o calculate fragment transmission i

2. Set the gate and MC block For block apertures LISE ++ uses the glit limits
) L .. acceszible from the Block Cut & Acceptance
parameters as indicated in figure dialog. [Pay attention there for the checkbox

—only for the ENWELOPE mode

Monte Carlo cal

¥ coordinat =
Alter BLOCK After BLOCK ~Galel

[<trpper 1| 32| | stinper <1zl Fl g setnos
cx X B ftelxtarget mn -

| orad CROm miad

Wihatisctope tansmission to caloulats?

r Show trajectories of all fragments [including
unzelected by fragment-zeparator]

" One fragment of interest. Chose manually here

7+ Broup of Isclopes aleady calculated
by the Distribution method [Neale =0

List ofisotopes fromn s 2o
e produce insids target = it Cly i o mmn
~ Inputions iys o e~ ) C P mrad Y P miad
emitted from target & ~nofie - Il o =
A Element 2 i r-
- Status [Coneltian)—— After BLOCK,
® [ta [20 £l
© absent Sl 31 El
I S = = .
o cxm e [135tothical block of Example with “No gates”
Chirgs sates Pl e m  the Segmentof interest p g
{2u+ Tumr’\g o iR ) ™ Length m
© dPp % — T
Fieaction mechanism A Start | Stipper =l e :
{Pm.ecme [Frojectie Fragmentaton | =|  Angle "] mrad Stop [Stipper - #Ca : Monte Carlo Transmission Plot ~Coutase |
i 4Ca (61.1 MeViu) + ; Transmited Fragment #Ca (beam); Optics Order: 1
f 0 ® G Mevdu dp/p=6.27% ; Bho(Tm): 27433, 27433
. N “Stipper”- forNC cak;
i M oo ot o ® TE o Bounds: ON; "Stipper”-last bock for MC calc; no gates; Config: DSSSSSSSSDSSSSSSSSA .
 Maomentum Mevie Welocity %0 Sum 64exdd
" Biho Tm  [Velosity (emin] Y
 Etho MJ/C il >0 10835
o 2
Addinthe 1z o . e
T e W § Temamteetor : Erenyloss MV Jon parameters (MZ.q..) P
e Rags ol TP T o
By Ccaleulation tofie . Ler(Emy o 6400e/04
Hwslopes i s o
Ensray Mt 2
Mg VomeCotocolndten Depnclion fpaticls E of
X as | 2Dplot =
£
£
%
5
a -10
a
T
@
2 )
o
o
g
0
7oft
%0
I
0 70 0 30 e 0 ] £ 70
after "Stripper”: X'(Theta) [mrad]

OT, 08-Jul-2014, East Lansing 16



MICHIGAN E

9. How to obtain anrangti 2 2aCCEPLANCEZNS)

; #Ca : Monte Carlo Transmission Plot Continue
43Ca (61.1 MeV/u) + Be (1.06e-4 ym); Transmitted Fragment 46Ca?0+ 20+ (beam); Optics Order: 1
dp/p=6.27% ; Brho(Tm): 2.7433, 2.7433
Bounds: ON; "Slits 31" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSSSSSSSSDSSSSSSSSA
30 - . ;.;:C(;n}l?ﬁ:‘!ox
With last optic block gate |::
<¥>-0.00103299
& 1005
20 XY _-8.0616-01
‘ SUM
2930e+04
5 CPU speed
® 0.00e+00 pps
E 10
g
-3
o
i of—
s
-
£
o 21
. -10 —
®
-20
Rectangle shape
st 3 f LISE3
1st segment (D3P1) of LISE3 separator |
File: http://lise.nscl.msu.edu/9 8/LISE3/lise3 AngAcc D1.lpp = = s 5 - 5 )
after "Stripper”: X'{Theta) [mrad]
v
. . .. 48Ca : Monte Carlo Transmission Plot
48Ca : Monte Carlo Transmission Plot after "Stripper": X'(Theta) [mrad]: window projection ---4¢Ca (61.1 MeV/u) + Be (1.06e-4 um); Transmitted Fragment 45Ca20+-20+ (beam); Op
after "Stripper”; Y'(Phi) [mrad]. window projection ---46Ca (61.1 MeV/u) + Be (1.08e-4 pm); Transmitted Fragment 48Ca23* 20+ (beam); Opt dplp=6.27% ; Brho(Tm): 2.7433, 2.7433

dp/p=6.27% ; Brho(Tm): 27433, 2.7433 Bounds: ON; "Sits 31" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSSSSSSSSDSSSSSSSSA

Bounds: ON; "Shits 31" - last block for MC cale; Gate 1: "AND" (X [nm]); Cenfig: DSSSSSSSSDSSSSSSSSA

170
150 | | | 200
BT i) ]
T B, L e Bl s
s ] ‘! '||\| "”n ] | i I |‘|"| |H “ y nll-- N, |"|
| d I ] ‘l | ‘ [ ||| | B L 160
110 ‘ | ’
I
% " 120
o] This is the +17
Vertical angular acceptance - .
50
This is the
. Horizontal angular acceptance
. « -18 For rectangle +18
-18 -14 -10 6 -2 2 6 10 14 1A
- 1 0 after "Stripper”: Y'(Phi) [mrad]: window projection
. 0 -30 -20 -10 0 10 20 an
OT, 08-Jul-2014, East Lansing ot s st evenses ATteT,"Stripper”: X'(Theta) [mrad]: window projection 17
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9. How to obtain anrangti 2 acCEpLanCeZ N (4)

Ca : Monte Carlo Transmission Plot
48Ca (61.1 MeV/u) + Be (1.06e-4 um); Transmitted Fragment 48Ca20+ 20+ (beam); Optics Order: 1
dp/p=1.34% ; Wedges: 0; Brho(Tm): 2.7433, 2.7433
Bounds: ON; "Slits 43" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSWSSSSSSSDSSSSSE

£
An example the i
2"d segment (D3P) of LISE3 separator
File: http://lise.nscl.msu.edu/9 8/LISE3/lise3 AngAcc D2.lpp = = s 5 5 s = 3 P
03 Omar GANI sea Annace N2 10 after "Strippen": X'(Theta) [mrad]
v

48Ca : Monte Carlo Transmission Plot
"Stripper": Y'(Phi) [mrad]: window projection ---48Ca (61.1 MeV/u) + Be (1.06e-4 um); Transmitted Fragment 48Ca20+ 20+ (beam); Opti
dplp=1.34% ; Wedges: 0; Brho(Tm): 2.7433, 2.7433
Bounds: ON; "Slits 43" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSWSSSSSSSDSSSSSSSSSSSSA

48Ca : Monte Carlo Transmission Plot
r"Stripper": X'(Theta) [mrad]: window projection ---43Ca (61.1 MeV/u) + Be (1 08e-4 um); Transmitted Fragment 46Ca20+.20+ (beam); O
dplp=1.34% ; Wedges: 0; Brho(Tm). 2.7433, 2.7433

Bounds: ON; "Slits 43" - last block fOlj MC calc; Gate 1: "AND" (X [mm]); Conflg: DSWSSSSSSSDSSSSSSSSSSSSA )
180
160
160
140
140
120
120
100
100
80
80
60 60
40 This is the Vertical angular a0 This is the Horizontal
) Accept_ance " angular
for ellipse - acceptance for ellipse +25
0_10 S = > 5 10 e 0-45 -35 -25 '15. -5 5 . 15 . . ;25 35 45
OT, 08-\]0[‘.20‘14; E'asfl_a‘ﬁsmgaﬂer “Stripper": Y'(Phi) [mrad]: window projection w0 on 0 omar_canuses_pagwce oz s After "Stripper”: X'(Theta) [mrad]: window projection

18
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Another example the 39 segment (D3P)

of LISE3 separator
File: http://lise.nscl.msu.edu/9 8/LISE3/lise3 AngAcc D3.lpp

48Ca : Monte Carlo Transmission Plot
ter "Stripper”: Y'(Phi) [mrad]: window projection — #6Ca (61.1 MeV/u) + Be (1.06e-6 um); Transmitted Fragment #Ca (beam); Optics
dp/p=8.70% ; Brho(Tm): 2.7433, 2.7433, 2.7433
Bounds: ON; "Foc_2m" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: D )]

 With last optic block gate
Rectangle shape

9 | i || | ‘ ‘ ‘ \”‘ ‘
R H B ol |\|
Al \ ‘ ‘ ||‘ il
J AT
50
-15.1 +15.1
30 il
Vertical angular acceptance
10
-18 -14 -10 -6 -2 2 6 10 14

512014_04_03_Omar_GANILVise3_AngAcc_D3.Ipg after "Stripper”: Y'(Phi) [mrad]: window projection

OT, 08-Jul-2014, East Lansing

“Ca : Monte Carlo Transmission Plot
48Ca (61.1 MeV/u) + Be (1.06e-6 um); Transmitted Fragment *3Ca (beam); Optics Order: 1
dp/p=8.70% ; Brho(Tm): 2.7433, 2.7433, 2.7433
Bounds: ON; "Foc_2m" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSSSSSSDSSSSSSSSSS¢

24 -20 -16 -12 -8 -4 0 4 8 12 16 20 24
after "Stripper": X'(Theta) [mrad]

48Ca : Monte Carlo Transmission Plot
after "Stripper”: X'(Theta) [mrad]: window projection - *#Ca (61.1 MeViu) + Be (1.06e-6 pm); Transmitted Fragment *3Ca (beam); Optict
dp/p=8.70% : Brho(Tm): 2.7433, 2.7433, 2.7433
Bounds: ON; "Foc_2m" - last block for MC calc; Gate 1: "AND" (X [mm]); Config: DSSSSSSDSSSSSSSSSSSDSSSSSS...

110

@
S

o127 127

* Horizontal angular acceptance

-14 -10 5 -2 2 8 10 14
after "Stripper”: X'(Theta) [mrad]: window projection

19
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10: Comparison ofitransmissionical CUIaLions

= statistcs: 445 e —

File: http://lise.nscl.msu.edu/9 8/LISE3/LISE3 cito extended v2.Ipp sas meta. decay (716, N-28)
An example the LISE3 separator | w e e
02 (D3P1) 16
O3 (D3E) 16
o4 (DA1) 16
©5 (DRAZ) 16
Q6 (Wien 1) 16
Q7 (CompDip) 16
Tion ProiFr
- u - on Prodnction Rate (pp=) S.41e+l j
1. “Dlstrlbutlon” methOd — 2.30/0 Iéotal ion transmission (%) 2.2497
Total: All reactions (pps) 9.41e+1
. X-Section in target {mb) 1.06e-3
With Angular Acceptances Target (%) 98.78
Unreacted in material (%) 898.78
Unstopped in material (%) 100
Tuning (%) 37.25
¥ angular transmission (%) 62.4
Y angular transmission (%) 59.69

Continue

443 : Monte Carlo Transmission Plot
48Ca (61.1 MeV/u) + Be (561.89 um); Transmitted Fragment 44S (ProjFrag); Optics Order: 1
dp/p=0.50% ; Wedges: Be (531 um); Brho(Tm): 2.8965, 2.8965, 2.7265. 2.7265, 2.7265
Bounds: Off; "Drift 84" - last block for MC calc; no gates; Config: DSSSSSSSSDSSSSSSSSSWSSSSS!

14 Su?nc':ﬁgém
Max 3
=X>-0.01070&
<Y=-0.094575
10 N dX 941629
- dY 4.19108
2. Monte Carlo method =2.1% —s | s
e ° o
. = spe
With Angular Acceptances 7 p.00e+00 ppe
Q
£ 2
No bounds %
[g -2 321
E 206
2
2
T
—
4
-40 -30 -20 -10 0 10 20 30 40 :

16-06-2014 16:22:07 : .
ORI v e it i i o @FtET "Drift 84" X [mm]
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10. Comparison ofitransmissionicalCulationsy(i2)

rJms

4
- 1 ¥
R Ly I Ca

File: http://lise.nscl.msu.edu/9 8/LISE3/LISE3 cito extended v2 NoAngAcc.lpp

Continue

44S : Monte Carlo Transmission Plot
— 48Ca (61.1 MeV/u) + Be (561.89 um); Transmitted Fragment S (ProjFrag); Optics Order: 1
3. Monte Carlo method =1.9% dp/p=050% : Wedges: Be (531 um): Brho(Tm): 2.8965, 2.8965, 2.7265, 2. 7265, 2.7265
Mmiﬂ 84" - |last block for MC calc; no gates; Config: DSSSSSSSSDSSSSSSSSSWSSSSS!
No Angular Acceptances

Contour
. Sum 2.94e+0
With bounds Max 3
— 14 <X -0.261051
<Y=-0.280657
dx 917684
10 dY 396839
— XY 2.981e+0
e SUM
E 2.940e+03
= 6 CPU speed
o .00e+00 pps
-
2
- 2
-
>
I 2
o
E
[
o -6
-L
2
=
© -10
15
10 |
6 |
-14 4
3 |
2
-18

-45 -35 -25 -15 -5 5 15 25 35 45

16-06-2014 16:29-07 WviFE AN
LIS E +4 150014 04 03 Omar GANILLISES cito extended w2 1 AHEEDrift 84": X [mm]

Conclusion: all three runs (Distribution, MC+bounds-AngAccept, MC-
bounds+AngAccept ) give almost the same transmission about 2 % (90 pps)

OT, 08-Jul-2014, East Lansing 21



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

MICHIGAN STATE

AcKnoWIedgements P

Thank to Dr. Omar Kamalou
for providing the
LISE3 extended configuration.

Remarks and Comments of
Prof. Dave Morrissey
are very appreciated.

OT, 08-Jul-2014, East Lansing 22



