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1. Introduction

Using “Spectrometer description & Beam optics studies

2o SELMENE] ComigLEens for the operation of S3” (draft) and LISE** files

by Bertrand Jacqout and Omar Kamalou

3. Extended: Geometry, Corrections
4. Optimization
5. S3 acceptances

6. Outlook

 Initially the plans were to develop LISE** configurations for S3,
but Bertrand and Omar have made the main construction part

* Some insignificant updates and corrections, benchmarks

* The presentation will be updated this weekend
+ and then distributed including LISE** files

Modified 09/11/2015 for
the LISE** package
v.9.10.176

OT, 05-June-2015, Caen 1



MICHIGAN STATE

GANILL in-house LLISE files UNTVERSITY

[ 1S B

Ipp 356,323
Ipp 165.515
Ipp 184 422

pdf 7.403.564

50% extended - 50% segmented
Configurations

Quads are implemented,
But B- & E-dipoles by LISE**

In the LISE** package ﬁ[__]

v.9.10.176 ] - —> eS3 _dispersive v4_5fit.lpp
- ._ . _. !
there are two files : L_E—SE—dmam"E in this presentation
—
L4

Corresponds to

OT, 05-June-2015, Caen 2



2 Beam settings and Reaction for Segmentediconfigurations tM

NS
R

NSCL

Partial cross sections
58Ni(4.8 MeV/u) + *6Ti-> 1MSn* (Ecy=122.9 MeV); [with Py, Penetration@M]
Cross Sections[mb] : Intr=1.4%9e+03, Comp=9.37e+02;, QF=1.42e+01, FA=2.06e+02, QE=3.31e+02,
Leri=104; L max8a2=82.1; L maxSE=84.0; Lg_fs-0=67, Verticalical lines correspond to Lert & Limax

40 ——Interaction
Beam 36|
A Element g+ — Beam energy r Emittancs
7 I Beam CARD 10 - shape azlk
I Wi o Energy I 48 Mevdu ? [sigma, semi-axis,  [Distibution
[z TE [ omie Mev liffefiih.] method) )
2 Btha 1.8296 Tm 1% mm | 1 IGausswam = .E, 28}
| Stable P o [ 5amm Gevic 2T mad| 2 [Gaussian - 5
/. Table of u o 2784 KV 3% mm | 25 IGausswam =l % 24}
Nuclides Beam itarsily 4P mad| 2 IGausswam = :
ajz = | ELomm [ 0 |Gousen - w 20
=N I = e Te+h end, — g
—_— & 6.0 % | 01 IGausswam =] =
[ e o 16}
v Ok o[ 6mera  pps =
XK Concel oz kw B e ey | 00751 E 12}
g sl
a4l
10 20 30 40 50 60 70
04-06-2015 18:48.08
L 15 E+ [C:\buffer\S2\S3disoersiv-BJ1.ool Angular momentum [hbar]

Probabilities as f (L)
S2Ni(4.8 MeV/u) + “6Ti -» 1045n* (E¢y=122 9 MeV); h_omega=5.0
Leri=104; L max®22=82 1: | max"E=84 0: Nuclear potential- WoodSaxon
Verfical ines correspond o L critcal & L maximum

y S N Compotind 1st tép de-excii— o,
| 1e+0f e i
[Plrojectile  58Nj10+ 1”: | 1e-1f | 1
43 MeViu 1e+4 pna 08} | \
[Clompound 1045p | le-2 \ :
Rlesidual  102§p28+.28+ | i \
2 | 2 e \ ]
T Target 46T = of | = 3 |
i 0.01 magicm2 o S le-4 E
= 2 | 2 |
&ﬂpp&f = [
IE 0.04 mgicm2 o 04l : o 19“55 } 1
d ; sfandard - i
W Dtz 50 cm I I le-6F } ]
02} | 1e-7 \ 1
| |
le-8 ‘ 1
L. | L ‘
o5 20 40 60 80 100 0 20 40 60 80 100

OT, 05-June-2015, Caen . Angular Momentum, hbar Angular Momentum, hbar



Segmented configurations 6pLics

MICHIGAN STATE
UNIVERSITY

[ S

Ly

First order matrix elements

=Ni (4.8 MeV/u) + Ti (fe-2 mg/en?).C (de-2 mg/cm?). Settings on ™Sn™ 3. Config: SSSDSSSISSSSDSSISSISSSESSS

dp/p=15.62% ; Brho(Tm) 0.6319, 0.6319, 0.6319

converging
g i E
E &
Global matrix Beam [sig)
| 064351 Jo44244 | 0 | 0 | 0 |3&7600 [mm] 1.1608 )
|10g98es Jorgess | 0 | 0 | 0 [1.34000 [mwad] 1.9432 .
| o | 0 |17e492 |-040826 | 0 | 0.00015 [me] 45364
| o | 0o |amnozz|ooetz | 0 [-0.00008 [mrad] 5278
|[033984 03625 | o | o | 1 |-0.027E6 [mm] 0.8075 H =
o [o [o [0 [0 [ I 01 E H
Amm]  Amead] ] Arrad]  Amm] %] 2'351 g g
arder
Det= 1.00539 By Ex"| | view
8 12 8 20 24 B o [ 4 3 H 18 20 24 23 o 4 B 1z 18 0 24 S
SroieA Length [m] [ Length[ml o @ s mmmwmm e Length [m]
SN (4.8 MeViu) + Ti (1e-2 mglcm2),C (4e-2 mgicm?); Settings on 1925n28+ 28, Config: SSSDSSSSSSSSDSSSSSSSSSESSS...
dp/p=17.28% ; Brho(Tm}: 0.6319, 0.6319, 0.6319
a1 ez
. . ¥ =
dispersive g : g
= 2
Global matrix Bieam [sig)
[146716 [-002853 [ o0 | o | 0 |-0.686% [mm] 1.4633
| 01173 oe=383 [ o | o | 0 [1.62633 [mrad] 1.3824 v+ s w ® = @
| o | o fszoamsjorsms| o | o [mm] 10.7686 e
| o | o [2204m|oi3s2 | 0 | -00000 [mwrad] RE17E
|-02z891 [004668 | 0 | 0 | 1 [-018363 [mm] 02479
[ o | o [ o | o | o [ 1 & ] E %
Amm]  Amrad]  Ame]  Awead]  Awm) eS| 2:nd g ] E
; ander z E
Det= 1.00641 Ba []‘ - ) = .
-7
OT, 05-June-2015, Caen 4 ] 12 16 20 3 = a 4 ] 12 16 20 D 28 * a 4 ] 12 16 20 3 A
PR 0 ] Length [m] Length [m]




Segmented configurations transmissions

E‘ statistics: 1025n

1025n Beta+ decay (Z=50, H=32) Tin Converg I ng
A1]1 reactions total isctope rate 2.55e-8 pps R .
and Overall isotope transmission 73.945 % F4blS-XSpaCBZ Olltpllt after SlltS
Q1(D11) 31 20 23 28 27 2 3.4e-10
Q2 (D21) 31 30 29 28 27 2 g 26 - 2+ 254
Q3 (ED31) 31 30 29 28 27 2 3e-10
Q4 (D41) 31 30 29 28 27 2
Feaction FusERes FusBes FusBes FusBRes FusRes F . 26e10
Ion Prodoction Rate (pps=s) 4.6e-10 3.31e-9 6.1e-9 T.2e-9 5.91e-5 2 E
Total ion transmission (%) 1.333 9.602 17.689 20.854 17.117 7E 22e10
Total: thi=s reaction (pps) 2.55e-8 2.55e-8 2.55e-8 2.55e-8 2.55e-8 2 g
X-Section in target {mk ) 4,22e-12 4.22e-12 4.,22e-12 4.22e-12 4.22e-12 4 E_— 1.8e-10
Target (%) 100 100 100 100 100 1o
Unreacted in material (%) 100 100 100 100 100 10 14e10
Unstopped in material (%) 100 100 100 100 100 1>
Stripper (%) 5.6 12.25 15.47 22.52 18.53 1 0
Unreacted in material (%) 100 100 100 100 100 1
Q (Charge) ratio (%) 5.8 12.25 15.47 22.52 18.83 1 0
Unstopped in material (%) 100 100 100 100 100 1 0
-50 -30 30 &N
X (mm)
El statistics: 1025n
1028n Beta+ decay (Z=50, N=52) Tin dlSperS|Ve
All reactions total isotope rate 2.5e-8 pEs
and COverall iscotope transmission 81.237 E F4bis-Xspace: Output before SlitS Il
Q1(D11) 31 30 23 28 27 26 1980 ; S A ;
Q2 (D21) 31 30 29 28 27 26  17e9 | sn 1028000 %s  20- 2510 0o |
Q3 (ED31) 31 30 29 28 27 2& 1560 | |
24(D41) 31 30 28 28 27 28 - | |
Reaction FusRes FusRes FusRes FusRes FusRes Fu £ 1.3e-9 \ 1025 275 272 27 27500 0% \
Ion Production Rate (pp=) 3.086e-10 3.85e-9 6.69e-9 7.75e-9 6.4%9e-9 2. % 11e9 \ \ i
Total ion transmission (%) 0.888 11.164 19.381 22.459 18.82 g 2 ‘ 1025 20 20 - 20-100.0% |
Total: this reaction  (pps) 2.8e-8  2.8e-8  2.8e-&  2.8e-8  2.8e-8 2.7 %10 } }
X-Section in target (mkz) 4.22e-12 4,22e-12 4,22e-12 4.,22e-12 4.22e-12 4, E 7e-10 : :
Target (%) 100 100 100 100 100 10 >
. . mzén 26+ 26+ 26+ 26+-1()(0. 0% ‘
Unreacted in material (%) 100 100 100 100 100 10 5e-10 ‘ ‘
Unstopped in material (%) 100 100 100 100 100 10 3e-10 | |
Stripper (%) 5.6 12.24 15.47 22.52 18.93 11 ‘ ‘
Unreacted in material (%) 100 100 100 100 100 10 1e-10 [ A
O (Charge) ratio (%) 5.6 12.24 19.47 22.52 18.93 11 -120 -80 -40 0 40 80 -
Unstopped in material (%) 100 100 100 100 100 10 X (mm)
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Monte Carlo segmented configuration transmiSsIons

Dispersive, 1storder. X/T @ F4 bis

E Isotope Group : Monte Carlo Yield Plot = [ax
=1 . i
= Isotope Group : Monte Carlo Yield Plot Remiih
X BN (4.8 MeV/u) + Ti (1e-2 mg/cm?),C (4e-2 mg/cm?); Transmitted Fragment 10285n28+.28+ (FygsRes); Optics Order: 1
i'i dp/p=17.28% ; Brho(Tm): 0.6319, 0.6318, 0.6319
= AngAccept: ON; Bounds: Off; "F4bis" - last block for MC calc; no gates; Config: SSSDSSSSSSSSDSSSSSSSSSESSS...
Contour
i a0 | | Sum 6.56e+03
10 '-| i Max 7
eyt N =X=0.532804
uid; .- |: : <Y> 0120355
S ol R o
k'3 o = e - XY_-3.970e+00
P 3 & T
k- o S S
n_. E }} '::-_:-'-i' _-:;"El_ . 2.34e+02 pps
7= = : K . Rate (pps)
®E  of e R
< o EE—.— & i
e . & F 500
) =
— : - - 321
_E | £ %
g E =X - =,
® 20 : B ¥ S
= }; - = E
30 - '
| N - 4
- 2
40 B 1
-140 -100 -60 -20 20 60 100 140
05-06-2015 09:55:43

L |5 E++ [C\buffet33\33-dispersiv-BJ1.1pp]
OT, 05-June-2015, Caen

after "F4bis™: X [mm]



In-house Extended disSpersive configuration

MICHIGAN STATE
UNIVERSITY

Dispersive, 1storder .

@ F4 bis

= — Global matrix —Beam [zig)-
A Element qr  [Beameneigy -~ Enitanc — | 116433 ||1.19835 o | 0 0 0.47558 | [mm] 47,9507
lT IT Erergy * IW Mehu ? [s|Bni:,ms§?£|s, [DiSt-fiEU?iE?‘
e S S 2] o soans D ethed |-0.44223 | 0.40371 o | o i -0.52224) [mrad) |1E.1E2?‘
‘ s # | T | T L : 1 [Gaussian ﬂ [0 | o Jaisee fosoze3a| o [ o0 [mm] [ 381385
[ sabe p o [ B3 Gewie 27 mad [ 40 |Gaussian >
e U [T kv ¥ [ 3 Iﬁman 3 | o | 0 |050769 | 035085 o | 0 [orad) [141183
Nuclides _ _ 4 F mradl 40 GG aussian ;I - 34795
g . :; B:t:ys ) I S - :IZI.IZISEIES :n.nama : 0 : 0 : 1 :1.1?F82 (] |
b ° 6D % I 1 IGaussian ;I 1] 1] 1] 1] 1] 1 [Z] I 1
(:'I 1 phd
e [ome s Amm]  Awead]  Amm] Awead]  Amm] A%) 2nd
fall Y Energy Losz in the 5 oraer
X Cancel | DUIEESY | (399 target box [Kiw] 2li=s Det= 1.00054 E‘él [EEE '|| — o
First order matrix elements
“Ar (9.7 MeViu) + Be (10 um); Settings on 2Ar™™; Config: D
dp/p=2971% : Brho(Tm) 10304, 1.0304, 10304
[Plrojectile  40A[16+ - _
9.74 MeViu 1 pna « £ E
[Flragment 40A17+AT+ oo < g
=3
: ‘Be
. - 10 mcron
standard - ’ ) o Len‘gaih[rHIm e
d |:|| DR11 624 cm_ [ = e
QuAD hr
SCan 37.82 cm
g E
OT, O5'June'2015, Caen 24 28 3z iko 4 E) 12 LE“:“‘IMIZO 4 28 az 7200 4 E) 12 LE“';(h[m]m 24 28 3z




In-house Extended disSpersive configuration

Beam Sigmas: spatial
“0Ar (9.7 MeV/u) + Be (10 pm): Sefiings on ®Ari 717+ Config: SSSSSSSDSSSSSSS55555555SSS... ] statistics: 40ar

dpip=29.71% - Brho(Tm): 1.0304, 1.0304, 1.0304
S— 40AT Stable (Z=18, N=22) Argon
=um of teon
160T "
]y — e —— All reactions total isotope rate 5.42e+9 pps
apertureS —L and Overall isotope transmission 86.7 ]
140 [
Q1(D11) 18 17 18 13
Q2 (D22) 18 17 18 13
Q3 (ElecDip 1) 18 17 18 13
120} Q4 (D51) 18 17 18 13
_ Reaction EEAM BEAM BEAM BEAM
c Ion Production Rate (pps) 3.07e+8 2.12e+8 2.26e+8 7.15e+6
E, 100} Total ion transmission (%) 49,102 33.3864 3.619 0.114
1 Total: this reaction (pp=) 5.42e+8 5.42e+8 5.42e+8 5.42e+8
. X-Section in target (ml ) beam beam beam beam
> Target (%) 56.65 38.98 4.18 0.162
» 80| X space transmission (%) 100 100 100 100
.. Y space transmission %) 100 100 100 100
- Unreacted in material (%) 100 100 100 100
= gol Q (Charge) ratio (%) 56.66 38.99 4.18 0.162
g_ Unstopped in material (%) 100 100 100 100
w0
40}
20}
. .
F4bis-Xspace: output after slits
0 (9.7 MeV/u) + Be (10 pm); Settings on *PAr'7+ 17+ Config: SS5SS55DSS588855888

16 20

dp/p=29.71% - Brho(Tm): 1.0304, 1.0304, 1.0304

Lengih [m] 1\ all chan
[— PR
m—"0 e gy 15+ 13+ 15+ 13+
e g 16+ 16+ 1B+ 16+
Ja+7 a2 2 ] 15+ 15+ 15+ 15+
2.6e+7
—2%e+7 /
E
E
71 Be+T
2
T
. S 14e+7
Bad @ F4 bis =
le+7
Be+b
Good @ F2
2e+6 \

-220  -180 -140  -100 -60 -20 20 60 100 140
owerge X (mm)

extend

OT, 05-June-2015, Caen 8




Extended: Geometry, Corrections

MICHIGAN STATE

UNIYERSITY

OT, 05-June-2015, Caen

Tuning dipole

tunil

— Dizperzive Block [M-dipale]
r—————

L
ol ID.33333 JIE

Bend Sector——————————
Radius = IT m
Angle = IW deg

[ Length = ,W m ]

[Plrojectile  40Ar16+
974 MeViu 1 pn&a

=heam=
T iBe
. e 10 mcran
ST g Stripper
Brho
1.0000 Tm
ao] oR e
] scan QD

— Optical black properties and data

B Section-Elerment construcion property
S-block [Section) ¢ @ E-black (Elemant] ﬂ

Sty T bl Calculste the Yalues using
for the Black 2-0) I 1 the Setting fragrment fram

Target

®] Cut(Sits) & Acceptances

T

" Optical matrbc

General setting of block

< Calibration file

Calculate other
optic blocks

| Tweak I %

I~ Allow remote matrices calculation

&’ Matrix calculations

v 0K I xCancell P Help




Quad fields have been checked, Sext fields been entered

Extended: Geometry, Corrections

OT, 05-June-2015, Caen

S3MS_1 © NOMINAL , momentum DISpersion F1: 10 mm/%
for Magnetic rigidity = 1.000 T/m
Triplet Quadrupole (T/m) Hexapole (T/m") Octupole (T/m®)
B1=dB,/dx B2= dB,/d%x B3= d3B,/d¥x
Q11 =+2.700 HX11=0 0C11=0
T1 Q12=-5.563 HX12=+2.86 OC 12=0
Q13=+2.700 HX13=- 0.667 OC 13=+20
Q21=+1.331 HX21=+160  (B2eff") No octupolar correction
T2 Q22=-2.131 Hx22=+127  (BZeff") No octupolar correction
Q23=+1.331 HX23=+1.12  (B2eff") No octupolar correction
Q24=+2.408 HX24=+4.01 OC 24=-372
T3 Q25=-4.3992 HX25=+1.15 0OC 25=0
Q26=+2.156 HX26=+6.36 OC 26=0
Q31 =+2.702 HX31=+1.82 0OC 31=0
T4 Q32 =-5.266 HX 32=0 OC 32=+595
Q33=+2.702 HX 33=0 0OC 33=0
S3MS_1
for Magnetic rigidity = 1.000 T/m
Triplet Quadrupole (T/m) Hexapole (T/m’) Octupole (T/m’)
B1= dBy/dx B2= d?8,/d%x B3= d%By/d*
Q34=+4.3878 HX34=-2.25113 0C34=0
T5 Q35=-6.0251 HX 35=.3.56469 0C 35=+50.8
Q36=+3.1112 HX36=-0.4186 0C 36=-33.8
Q41=+2.2873 HX 41=-6.410 Ooc41=0
T6 Q42 =4.0025 HX 42=-0.824 oc4z2=0
Q43=+2.5066 HX 43=-0.879 0c43=0
Q44=+2.2864 HX 44=-2.637 0C 44=-30.2
7 Q45=4.1230 HX 45=-0.732 0C45=0
Q46=+1.9718 HX 46=-6.641 0C46=0
Q51=+2.1550 HX51=+2.01 for Ty3;=0 0C51=-28.7
T8 Q52=4.190 HX52=-20 for T127=0 0C 52=+130.0
Q53=+2.155 HX53=-50 for Ty»;=0 0C 53=130.0

MASS SPECTROMETER BEAM OPTICS : “MASS DISPERSIVE MODE, 1°

T3

TG

T7

T3

T1

T2

T3

T4

Q41
Q42
Q43

Q44
Q45
Q46

Quad

T/m KG
27 4.050
-5.563 -8.345
27 4.050
1331 1.997
-2.131 -3.197
1331 1.997
2.408 3.612
-4.3992 -6.500
2.156 3.234
2702 4.053
-5.266 -7.800
2702 4.053

Quad

T/m KG
4 3878 6.582
-6.0251  -9.038
3.1112 4.667
2.2873 3.431
-4.0025  -6.004
2.5066 3.760
2.2864 3.430
-41239  -6.186
19718 2.958

2.155 3.233

-4.19 -6.285

2155 3.233

Hexa
T/m2 KG
0 0.000
2.86 0.644

-0.667 -0.150

16 0.360
127 0.286
112 0.252
4.01 0.902
115 0.259
6.36 1.431
182 0.410

0 0.000
0 0.000

Hexa
T/m2 KG
-2.25113 -0.507
3.56469 0.802
-0.4186  -0.094

-6.41 -1.442
-0.824 -0.185
-0.879 -0.198

-2.637 -0.593
-0.732 -0.165
-5.641 -1.494

2m 0.452
-2 -0.450
-5 -1.125

10



MICHIGAN STATE

Extended: Geometry, Corrections RS ¥ TR

LIS K

Quad fields have been checked, Sext fields been entered

MASS SPECTROMETER BEAM OPTICS : “MASS DISPERSIVE MODE, 1°

Quad Hexa
Q T/m KG T/m2 KG
T3 Q34 43878 6.582 -2.25113  -0.507
Q3s -6.0251 -0.038 \_ 3.56469 0.802

Q36 3.1112 4,667 4186  -0.094
TG Q41 2.2873 3.431

Q42 -4.0025  -6.004

Q43 2.5066 3.760
T7 Q44 2.2864 3.430

Q45 -41239  -6.186 -0.165

Q46 19718 2.958 -6.641 -1.494

'Mu|tipo|e:\ng34 Y : - [ERX
T8 Q51 2155 3.233 2.01 0.452 ——\ _ N\ _ _
— M agnetic Mulipdle S ettings \C — Block zettings, Information
Qas2 -4.19 -6.285 -2 -0.450 N\

\ ||QU.-’-\Drup0\ SEXTupole Block length I 0.3782 m
Q53 2.155 3.233 -5 -1.125 N\
L_eft [eftective leng 0ar Current [HeaI.]Bth-vaIue |1— m
mode; <Kespr  N\) i I : m for the zetting fragment

I E [field at pole tip] | B.5617 0507 | kG Setting fragment [ 40ArM7+

Radius [half-aperture] | 15 15 cm - —
| B [field) parameter in fitiing Baunds (KG]
| tultipcle fized Brho-value I 1 Tm ™ Usein Fitting | I 00
coresponding to the setting fragment  Fiy coment value | et
] [T Use Bounds constraints upper I 100
|

v Calculate 2nd arder matrix elements BIl] calibration |
| |

[v Allow remote matrices recalculation | o calibration file

i — if Brho-value has been changed then g Recalculate Bffield) for the fragment curent Brho
 no actiong
| | . .
| & recalculate automatically B (fislds), keep the matix [Recomended) g SLILTE T e | ~/ OK |
 recalculate automatically the matriz, keep B [fields) Fo— ; | |
ﬂ & Edit optical matrix x Cancel
i o — T S = = =

OT, 05-June-2015, Caen 11



MICHIGAN STATE

Extended: Geometry, Corrections T
> ILEFE
)
d | drift DR21 3589 09585
. Q
Second triplet parameters - :j) <L,'.Juau:|> NSC_021 4,547 0.6080
@ O|Quad>  NC5_022 5,302 06130
d | drift DR23 5.915 01470
@ Olquad>  NC5_D23 6.052 06130
4 ] drif DR_24 E.E75 0.4635
_ —/
|-||.::u|||uu|| bbbl g _ [} I e P [ \‘
Triplet 2 (normal conducting, open) ( \
S3N-DR21 mm 1035 1035-(619.8-450)12=950.6
S3N-Q21 type N.C. open Triplet 2(L=2141.8) mm 430 619.8
S3N-DR22 mm 310 310-(619.8-450)=141.2
S3N-Q22 type N.C. open mm 450 619.8
S3N-DR23 mm 310 310-(619 8-450)=141.2
S3N-Q23 type N.C. open mm 450 619.8
S3N-DR24 mm 825 825-(619 8-450)/2=740 6
F1 mm 0 \ 0
N

Final File for fitting after updates and modifications: eS3_dispersive v4.lpp

OT, 05-June-2015, Caen 12



MICHIGAN E

Extended: Geometry, Corrections RS ¥ TR

LIS K

Quad type L R Leff 53 a 53

_ 1 0.5 0.15 0.3782 -0.812
Effective lengths
2 0.45 0.15 0.6198 1.132

Wrong geometrical
values in the
document

Should be
around 0.5-1.0

Multipole: SC_Q11 5C_Q11 : multipcle effective length

Motel

Effective length is used for
ophical matnx calcualtion,
Block length is uged for
tirne-of--fight calculations

— Block settings, Information

||I3UADrup0Ie ” SExTupole Block length I 0.3782 m

["eff [effective Tength] ; 0a7 " Current [Real] Brho-value |1— Tm

for the zetting fragment

B ffield at pole tip) | 405 0 e %@gment [ 47
Fradius [half-aperture] | 15 15 o —

— B [field] parameter in fitting Bounds (k&)

i . X
tultipole fixed Brho-value I 1 Tm ™ Use in Fitting | I 00
corresponding to the setting fragment i cunrent value | e
[T Use Bounds constraints Lpper I 100

— Magnetic Multipole Setting

 Set manually by user

" Calculated : Leff = L + a*coef

where coef =| 0.3a

"L block [physical) length [m] recommended
"g" : half-aperture [m] wauleis 0.7

Meighbour blocks have ta be diiftz. Their effective
lengthz will be recalculated in order to compenzate

v Calculate 2nd arder matiiv elements Bl calibration thiz effective quad length.
L ¥ &llow remote matrices recalculation | nao calibration file

— {* Obtained from calibration file Leff= flB]

— if Brho-walue has been changed then g Recalculate Bffield) for the fragment current Brho
o actions ’—I

. ) . i i Ok it | ‘? He

* recalculate automatically B [fields), keep the matix [Fecomended] g e i | ” 2 | J x - J 2
" recalculate automatically the matrix, keep B (fields) o Edit optical matrix | x Cancel |

OT, 05-June-2015, Caen 13



Optics fit

Blocks with parameters to vary

MICHIGAN E

Optimization AU

RO
HO4
#05
HOG
ROV
RO
#03
#10
#11
#12
#13
H14
#15

I iter

Position(@i034:
Pogitionzi042:
Position{044:
Position@043:
Position@i054:
Position(@053:
Position{@062:
Position@063:
Pogition@i072:
Position(@07E:
Pogition@082:
Position@0as:
Position@090;

= 30

g

Fit

| X 5
? Hep
|

OT, 05-June-2015, Caen

Constraint blocks
SC_H33 . #17 Position(=2074: 3150 »
SC_034 #18 Position@077: 1 ¢ 150
5C_035 #19 Position{@078; 53 <150
SC_Q36 #20 Position(2083: 51 < 150
SC_Q4 #21 Position(=2084: 3 <150
SC_042 #22 Position(=2087:  £1 <150
5C 043 | #23 Position{=@088; 53 <150
5C_044 |7 #24 Position(®2031: 51 < 150
SC_045 #25 Position@032: 53 <160 |
SC_Q46 #26 Position(=036: R12=0 |=
SC_051 #27 Position@097: R34 =0
SC_052 #28 Position®@038: R16=0
SC_ @53~ #23 Position(®203%:  3<20 7
&% Fi Settings | I Matc Plot ‘ o ==
Eé Browse output file l‘l. Beam-Sigma Plot ‘ Siven Mame | Starfm] | Length(m| | BOKG] | BiTmloor*real | Diitd/angle | Fapplomb"R. | LefimlLdipim) | 2 nd oider | CalcMansz-0 | AngAccApusjlils [ cosvire [ sE -
it 22 23,5930 0.0000 == +3 ¢ 160
DR_48 23990 0.6034 standard
| e53 digpersive wd_ Bt fit 51 4593 15708 40000 +1.0000 * 3R * 26000 *1.6708 e 1R FERT
DRS1 26,164 0.6030 standard >
I5C_051 26,767 03782 +2.7982 1.0000 MULT 15.0000 na3rez pes 1R = H¥ - FIT
— Fit 23 27145 0.0000 === 51 < 150
F ¥[rit Fit 24 27145 0.0000 s3< 150
’E drift DRE2 27145 01584 standard
’E <Quad>  SC_052 27.303 03782 -5.8455 1.0000 MULT 15.0000 0.3782 yes 1R - H¥ - FIT
E Fit Fit 25 27.682 0.0000 === #1 ¢ 160
,E Fit Fit 26 27.682 0.0000 :3< 150
’E diift DRE3 27.682 0.1584 standard =
,E <Quad>  5C_0O53 27.840 0.3782 +3.4556 1.0000 MULT 16.0000 03re2 yes 1R — H¥ - FIT
E Fit Fit 27 28.218 0.0000 === 51 <150
E Fit Fit 28 28218 0.0000 === +3 ¢ 160
’E diift DR54 28.218 0.9454 standard
,ﬂ _slits_ F4 29,164 0.0000 SLITS
’E diift Fdbiz 29164 1.0000 standard E
E Fit focd » 30164 0.0000 === Riz=0
,E Fit focd y 30164 0.0000 === R34=0 =
’E Fit dispd 30164 0.0000 R16=0
E Fit bearry4 30164 0.0000 s3c20
’E diift Dirift 64 30164 01000 standard - Hw - - -
Selected block. Angular acceptance [mrad) Inside Aperture [mm) Slits (mm] after this BLOCK. 1-st order Matrix Elements
’W Legg:t';k[m] {9} Selected Block Edit Use min max  LUse mmin max  Use b Matric Plat
’W ®—_ Harizontal £ ’— r %= ,T’T [ = ,—’— [ ‘\7
I Let call automaticaly [ et e Wertical + r v=[ =0 |y = — I Wﬂ
M | Biock name - W [hinﬁlrci&[i:] .I Cuts (Acceptances) e Siee e I8 View
Charge State [Z-0] = ,17 0.0001 & Optical Matrix Rectangle & Elipse Rectangle & ¢ Elipse Fectangle & " Ellipse
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Optimization

%

Short optimization test

FI n al  Gilobal matriz Optical matrix - F4bis — Bearn (ig]
f omss |foomi?s | o | o0 | 0 Jo0iss I,w;\ [05274
[-0.9729 | 108653 ~_ | 0 | 0 [20015 [ma [20m27
[ o | o | 486 gl 0 | 0 [wm] \ QREREEE
| o | o |a13s T 0 [mrad] 4035
|o1sss7 |oomie7 | o | o | 1 _ mm] B5.658
[ o J o [ o [ o | o | 1 PN [0
Hrmm] A[rmrad) A[rm) Arrad)] A[rm] %] ? ::\
araer
Det= 0.99339 B i '| Vo :
51 < 150 E
23 < 150 =
=
- - - =
Dispersive, 1storder. @ F4 bis

. ~ Global matrix ~ Beam [5ig) it Diift 64 30164 01000 e
Init — [

116433 [H1gess | o | o | o0 | od47558] 0 | 47,3507

|-044223 | 040371 | 0 | 0 | o— 052224 [mrad] [161827

| o | o |415726 Josozs| o | 0 [wm] [ 381385

| o | o0 |0s0769 (035085 | 0 | 0 [wrad] [T41783

0.03985 | 0.08185 | 0 0 1 |1.17782 [mm] [5.475

| = | = | = | = | = | : 1] |1— A lot of improvement and optimization

! ! ! ! ! ! i should be done more in the LISE**
Amm] — Amiad] - Amm] - Amiad] Amm] /] and optimization process !!!!
Det= 1.00054 Eg| [iii'l wvigw 9]

OT, 05-June-2015, Caen
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Optimization UNTVERSITY

. 1 S EPe

Short optimization test

F| n a| First order matrix elements

A (9.7 MeViu) +Be (10 pm); Settings on “*Ar™'™; Config: DSSSS55305335555555535355D. .
dp/p=2924% ; Brho(Tm): 1.0000, 1.0000, 1.0000, 1.0000

wl e " = = " = ] ———— N s —
— YIE gion ] =a — i gion
| 1
wl
e |
6 ~ I | f,-'\
= = | f .
e ‘I £
2 E o A w
5 g T ni
k] | I I 12|
KT -1} I I ]
-20
L
1L . . -4 24
] 4 ] 12 15 20 24 28 4] 4 ] 1z 16 20 24 28 I '] 4 ] 1z 16 20 24 8
Length [m] Length [m] I Length [m]
I
I
] N
I
|
I
g I e s ==
£
=
E
=L
< |
I
|
. I
5l 1
1] 4 8 12 16 20 24 28 4] 4 8 1z 16 20 24 2N o 1] 4 8 1z 16 20 24 28
Length [m] Length [m] Length [m]

OT, 05-June-2015, Caen 16
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Optimization

. 1 S EPe

Short optimization test

1 - -
- First order matrix elements
Exten d ed F| n al “Ar (9.7 MeV/u) + Be (10 pm); Settings on “Af™ ™. Config: DSSSSSSSDSSSSSSSSSSSSSSSSD.
dp/p=29.24% - Brho(Tm): 1.0000, 1.0000, 1.0000, 1.0000

RiD

R/A (mnymrad)
s da fa L ‘ (5] [

-4
2 -4

K]

=
= 12
ol
=20
-4 L . . -4
] 4 ] 12 15 20 24 28 4] 4 ] 1z 16 20 24 28 '] 4 ] 1z 16 20 24 8
Length [m] Length [m] Length [m]

Segmented

R/R
R/A (mm/mrad)
R/D (mm/*%)

A . . . -3EL 27k
4] 4 ] 1z ] 20 24 28 [+] 4 ] 12 ] 20 24 28 [+] 4 B 12 16 20 24 28

OT, 05-June-2015, Caen Length [m] Length [m] Length [m] |js1|9=+|
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Optimization veivies oy

Short optimization test

Init Final

F4bis-Xspace: output after slits foc4 x-Xspace: output after slits
(9.7 MeV/u) + Be (10 pm); Seftings on 4%Ar7+=17+ Config: 3553358DSSS5585585 7 MeV/u) + Be (10 pm); Settings on “Ar'7+17+. Config: DSSSSSSSDSSSSSSSS
dp/p=29.71% : Brho(Tm): 1.0304, 1.0304, 1.0304 dp/p=29.24% - Brho(Tm)- 1.0000, 1.0000, 1.0000, 1.0000
= crar;;a sta__tas_snapar Ell :I‘at;a states sapar.
4, b2 am] 7T+ 1?+|1r;4n17-; - 2 jemn of resetinn
0 o] 54 15+ 134+ 15+
m—larbeam] 5 104 164 16 le+9¢ arEarm] T T+ 17 74 174
3e+T a1 T o] 5 154 154 154 q
5 40prbegm] 13+ 18+ 18+ 18+ 154
2.6e+7 2
1e+8
— 22647 s
E £
E _g 2 40aTbaam] 16+ 16+ 16+ 16+ 16+
@ 1.8e+7 »
a g tev7
T ) 5
o 1.4e+7 e
> . 5
le+7 1e+6 1k
5 Aarmeam] 15+ 15+ 15+ 15+ 15+
Get+B 2
le+h
2et+6 \ :
- 220 -180 -140 -100 60  -20 20 60 100 140 N -140° -100 -60 -20 20 AN
L I-é-;- ":" Jinhouse\S3_dispersive_sxtended_OMAR.Ipp] X tmm} 3282 ve v4_Efit.ipp] X tmm}
File: eS3 dispersive v4.lpp File: eS3 _dispersive v4 5fit.lpp

OT, 05-June-2015, Caen



Optimization

Isotope Group : Monte Carlo Yield Plot
40Ar (9.7 MeV/u) + Be (10 pm); Transmitted Fragment “CAr17+-17+ (heam); Optics Order: 1

dp/p=29.24% ; Brho(Tm): 1.0000, 1.0000, 1.0000, 1.0000
AngAccept: ON; Bounds: Off, "F4bis" - last block for MC calc; no gates; Config: DSSSSSSSDSSSSSS!

|
18
T
D
(v}
=
[+]
c 17
2
o
)
-]
2 16
L
8
=
©
15
14

-140 -100 -60 -20 20 60 100
after "F4bis": X [mm]

Isotope Group : Monte Carlo Yield Plot
40Ar (9.7 MeV/u) + Be (10 um); Transmitted Fragment 4CAr17+-17+ (peam); Optics Order:
dp/p=29.24% ; Brho(Tm): 1.0000, 1.0000, 1.0000, 1.0000
AngAccept: ON; Bounds: Off, "F4his" - last block for MC calc; no gates; Config: DSSSSSSSDSSSSSS

after "F4bis™: X'(Theta) [mrad]

-70

o Tam -100 -60 20 20 80 nn
05-06-2015 11:45:02 after "Fabis™: X [mm]

LIS E ++ [C\buffer\S3\eS3 dispersive v4 5fit Ipp]

Isotope Group : Monte Carlo Yield Plot
40Ar (9.7 MeV/u) + Be (10 um); Transmitted Fragment 4CAr17+-17+ (beam); Optics Order: !

dp/p=29.24% ; Brho(Tm): 1.0000, 1.0000, 1.0000, 1.0000
AngAccept: ON; Bounds: Off; "F4bis" - last block for MC calc; no gates; Config: DSSSSSSSDSSSSSS

|

60 !
\

40 R e }
L

20 .‘

-40

after "Fdbis": X'(Theta) [mrad]

60" -

I
BN
|
!

BT E——T 100 50 20 20 60 00

after "F4bis": X [mm]

05-06-2015 11:46:53
LIS E ++ [Cbuffer\S3'eS3 dispersive v4 5fit Ipp]

40Ar : Monte Carlo Transmission Plot
40Ar (9.7 MeV/u) + Be (10 um); Transmitted Fragment 4CAr17+-17+ (beam); Optics Order:
dp/p=29.24% ; Brho(Tm): 1.0000, 1.0000, 1.0000, 1.0000
AngAccept: ON; Bounds: Off, "F4bis" - last block for MC calc; no gates; Config: DSSSSSSSDSSSSSS

after "F4bis": X'(Theta) [mrad]

20 35 -0 5 0 5 10 15 20 75
after "Fdbis": dP/P [%]
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MICHIGAN E

S° angular acceptances (example with the previous Configuration) i 1 5k

Short optimization test only for demonstration!!!

1st order 2nd order
@ A0Ar: Monte Carlo Transmission Plot _. i * @ 40Ar : Monte Carlo Transmission P[:)l" WO . W . e W (N N e @Eﬂ
40Ar : Monte Carlo Transmission Plot B 40Ar : Monte Carlo Transmission Plot  Continue_|
“Ar (10.0MeViu) + ; Transmited Fragment “Ar'717* (beam); Optics Order: 1 “Ar(10.0 MeViu) + ; Transmitted Fragment “2Ar'™7* (beam); Optics Order: 2
dpip=2924% ; Bho(Tmj: 10729 1.0729,1.0729,1.0729 dp/p=2924%; Brho(Tm): 1.0729, 1.0729,1.0729,1.0729
AngAccept ON; Bounds: ON; "F4bis" - last block for MC calc; Gate 1:"AND" (X [mm]); Config: DSSSS555D855 3 AngAccept ON; Bounds: ON; "F4bis" - last block for MC calc; Gate 1:"AND" (X [mm]); Config: DSSSS5550D55555555558
160 ‘ ‘ Sum C;mns
| 2 | .
‘ ‘ <= 0274024
120 | | o oo
0 -2217e01
| | G
80 911245
; ' GPU speed
i) 1002400 pps
) E E Rate (pps)
1.32%:408
E E | eam: 430 |
: z
g g
Y > >
i i M ——— — — — R R T e e — — — — — —
' ] 0
Q [+3
2 2
% ﬁ 500
¢ Y 3
-L -I. '40
Q Q
& &
| 40 |
-120 ‘ ‘
| |
160 } 120 }
-10 -0 -30 -10 10 30 a0 mn o '30 60 -40 20 0 20 40
atter "Stripper": X (Theta) [mrad] S e — after "Stripper": X (Theta) [mrad]

OT, 05-June-2015, Caen File: eS3_dispersive v4_5fit acc.lpp 20



MICHIGAN STATE

S® momentum acceptance SR RSy

Short optimization test only for demonstration!!!

41 : MC Transmission Plot - Envelope (all) &

“0Ar (10.0 MeV/u) + - Transmited Fragment *°Ar'™-17* (beam): Optics Order: 1

plp=29 24% Brho(Tm): 1.0729, 1.0729, 10729, 1.0729 Ay : Monte Carlo Transmission Plot
AngAccept ON: Bounds: ON; "Drift 64" - last block for MC calc; no gates; Config: DS555555D55555¢ 0Ar (10.0 MeViu) + - Transmitted Fragment Ar'™* 17+ (beam): Optics Order: 1
dp/p=29.24% ; Brho(Tm): 1.0729, 1.0729, 1.0729,1.0729
b0 AngAccept: ON; Bounds: ON; "Drift 64" - last block for MC calc; no gates; Config: DSSS33S3DS53358
. : : ‘ : : :
10 \
|
4) |
|
|
- |
- | — £ |
| — ; }
L - i : © |
2] Z—!:!_I P— 'E
- 5 }
200 A
— 0 X
®
40 |
-2 ‘
|
-0 |
4 \
0 1 3 12 18 20 % 8 ey 0 4 2 2 b 10
aﬁer "Drlﬁ 64": L[m] ]\S\UQDFQELU [([]‘.girj?\‘;fi?r‘m‘-pﬂ dieneraive vd At mam Innl after "Drift 64": dP/P [%]

File : eS3_dispersive v4_5fit mom.lpp

OT, 05-June-2015, Caen 21



MICHIGAN STATE

S® acceptances : envelope WSS SRR

Short optimization test only for demonstration!!!

Main cut @ the triplet after the E-dipole

=4 40Ar : MC Transmission Plot - Envelope (only passed)

40Ar : MC Transmission Plot - Envelope (only p.%lsse%igjM

2 40Ar (10.0 MeV/u) + ; Transmitted Fragment 40Ar17+.17+ (beam); Optics Order: 1
Ly dp/p=29.24% ; Brho(Tm): 1.0729, 1.0729, 1.0729, 1.0729
OingAccept: Off; Bounds: ON; "F4bis" - last block for MC calc; no gates; Config: DSSSSSSSDSSSSSSSSSS
‘: Contour
& Sum 7.84e+(!
e 220 K Max 1831
% <X> 15.1659
A <Y> 0.15536
= 180} dX 8.67093
o dY 28.3512
: XY _6.255e+0(
1.831e+03
100 K CPU speed
0 pps
60} Rate (pps)
— 5.502e+09
E Beam: 2.1e+03
= 20 |
; .
20}
-60 K
-100}
-140};
| 4|
1807 3]
2
-220 | 1
0 4 8 12 16 20 24 28
05-06-2015 13:45:27 " s, 2.2419e+1
OT, 05-June-2( LIS E ++ [Chbuffer\S3\eS3 _dispersive v4_5fit mom.lpp] after "F4bis": L [m] 1_9939212 22



MICHIGAN STATE

Outlook ERER

« Update of extended configurations

% Based on LISE** calculations (2"d order) -- possibility to optimize

+ Based on other sophisticated codes — 5 order for aberrations
observations

« Update of user (segmented) configurations
« Effective lengths issue is a main key

* Multipole calibrations

OT, 05-June-2015, Caen 23



