MICHIGAN STATE

219 Order Optics MinimizationuniEISE
Purpo;e: S _ v.9.10.156
2"d gptics minimization of existed separators from 07/27/15

1. Introduction: First order optics minimization in LISE** (links)

2. Modification of M-multipole blocks for 2"d order optimization

3. Modification of the “Fitting constraints” block for 2"d order

e Aberrations list

4. Run new minimization version

« High order truncation problem

5. “OptBeam” : New Beam sigma vector used only in the Optics Optimization

Acknowledgements to Drs. M.Hausmann and M.Portilio (NSCL/MSU) for fruitful discussions.
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@ MICHIGAN STATE

Introduction: First order optics mnimzationiniSISE =

NSCL

v.9.10.100 22-05-15 Optics minimization (main part)
v.9.10.119 23-06-15 Optics minimization (update)
v.9.10.142 22-07-15 Using LISE++ optics minimization for the

DRAGON2000 extended configuration development
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http://lise.nscl.msu.edu/9_10/9_10_minimization.pdf
http://lise.nscl.msu.edu/9_10/9_10_minimizationU.pdf
http://lise.nscl.msu.edu/9_10/DRAGON/DRAGON.pdf
http://lise.nscl.msu.edu/9_10/DRAGON/DRAGON.pdf
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Multipele: Q2

— Magnetic Multipole Settings

|| QUADpole | SEXTupole

Block settings, Information

Block length 0.33385 m
Current [Real] Brho-value I—
for the setting fragment EkE T

Setting fragment I 39Ca13+

L_ef (sffective length) | S "
mode: <Keep>
" B ffield atpoletip) | 195491 | [ 01059 kg
Radius (hal-apetture] || 7.9375 || 7.9375 | om
|
—B & 5 field values in Fitting 7
Lse in Fiting process v v
|Jse Bounds constraints 2 4
Lower baund | 1 1 kG

Upper bound

tultipole fised Brho-value I 0.49996 T

carrezponding to the zetting fragment )
(it will be used for scaling]  Fix curent value

¥ Caloulate 2nd order matrix elements B(l] calibration |

v Allows remote matrices recaloLlation [fio calibration file

— if Brho-value has been changed then

" no actionz

¥ recalculate automatically B (fields], keep the matix| [Recomended]

" recalculate automatically the matrix, keep E [fieldd)

g Recalculate Bffield) for the fragment cumrent Brho

#  Calculate Optical matric | o OK I

X Cancel |

& Edit optical matrix |

New feature: using sextupole fields in the Optimization process.
Evidently, it has an effect only in the 2" order optimization




MICHIGAN E
& The “Optics settings” dialog and Sextupole fields for eptimization %

| Given Mame | Startim] | Lengthim) | BOKGYU | BriTmjcorreal | Diiftt#éngle | RappicmlR(.. | Leffm)Ldipim) | 2nd oider | CalcMati’Z-Q | Anghec fpps Slits | COSY1Fit | SE |
=Dipole  tuning 0000 D.0000 +1.B6B5  *0.5000 * 400 *3,0000 *0.0000 - 57 Hy - - -
drift t-ql 0.000 1.0683 standard - Hv -
Quads @1 1.069 02523 21576 05000 QUAD 5.3975 0.2523 1R - Hy -
drift ql-g2 1.321 0.2563 standard
02 1578 03338 +1.9649 05000 MULT 7.9375 0,333 1R - HyY -
Fit Fit 1 1912 00000
diit d3md1 1912 063\ standard
=Dipale  MD1 2580 087 +4.9996  *0.5000 * 450.0 *1.0000 “0.8727
drift md1-zlits 3423 03073 standard
Fit Fit =T 273 noom
Fit Fit x4 373 00000
FitvP 373 00om
T122 373 0000
CHARGE sits 3731 0.0000 SLITS
zltz-zm 373 02720 standard
diit SM1 4003 02560 standard
drift =m-z1 4285 01862 standard
<Quad> 51 4445 01875 +01372 05000 SEXT : . - HY - fit-5
drift 2103 4632 01614 standard
Quads 03 4794 0338 +1.7749 05000 QUAD : | - Hy - fit-0
drift q3-gd 5127 02162 standard
Quad> 04 5344 0333 22980 05000 QUAD : | - Hy - fit-0
q4-q5 BEYY 02162 standard - - - -

—&ngular acceptance (mrad]— |~ Inside Aperture [mm) — Slits () after this BLOCK ——| [ 1-st order Matix Elements
LeEIthﬁk[m] @ Selected Block Edit Use i mas & i max  se h Matrie Plot
Harizontal + I I I 75 v | I r
Block name [03385 oy Wutipok Eat
r ':-,L;tti; |2— Wertical + I r I I r

Use in the FIT process v Q

Drift [roultipole, zlitz)

h Beam-Sigma Plot

&’ View

Length after T ot |
thiz block [m] I s (Acceptances)

H= H=
Y= Y=
Shape ape ape
I 1.9119 Optical Matrix | Rectangle ¢~ (+ Ellipse ’7Hectanglef" {* Ellipse (Hectangle(" " Ellipse
e 6 " { o aut I 7 Hep |

It is possible to change quickly the use of Quadrupole and/or Sextupole fields from the Optics settings dialog
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MICHIGAN E
€ The “Optics settings” dialog and Sextupole fields foroptimization L

NSCL

Dpﬁﬁ ﬁt 86)\lise\results\aberration_check.fit_inif
[[nitial +3% 1859 LISE fit reduced valuss
Elocks with parameters to vary Active Constraint blocks 5%?28 = Ieftbound — Initial =~ RighiBound I
#02-g 2 +1.0e+00 <¢ +1.965e+00 <« +5.0=+00 |
- - - - : #03-s - foz -1 0e+00 1.089e-01 1 0e+00 |
#01-g US!‘!UV"@DDE- a1 #01 @008 R12=0 F!H MIFE 5 Ti0ei00 ¢ 41372001 ¢ 11 0o+00 |
#002-g P osition&007; U2 #O02 @012 R12=0 Fit =T zgg—q 3 +é gagg < +é;;ge+gg < +§.ge+gg I
i #03 @014 R34=0 Fit P a Tooperbd < ce.ddgetull < —loled
uy #07-q: fas 40 02400 ¢ +1.263e+00 ¢ +5.0e+00 |
#04- Position@020 51 #04 @015 Ti22=0 T122 o |2 Honeton ¢ l3057ical < +ilnesdn !
#05-q Poziion@022: 03 #05 @033 R12=0 Mazs_#h e e ThoDerll ¢ Jl-atBerif < 4D el
#0E-q Position@024: Q4 #0E @034 RIE=0  Mass %D MR f002i00 ¢ 412380400 ¢ 45 0medn i
#07-gq Position@026: 05 #O7 @035 R44=0 Masz PP Fi2-a: o 25 0et0D o -3.504e-01 < 4. 0=400
o = #13-3: foio 0. 0e+00 1.0662+00 5. 0e+00
#08-s [Posiion@028: 52 #08 @03 R26=0  Mass 1D - *ODEHOD L BEeeOD s hentt
#09-q Poziion@044: 0E #09 @038 T122=0 w122 r
#10-q ositinn@EMB: Q7 #10 @053 R12=0 Charge2 =T Dnstralnt waluss Initial Final Precision {Init-Des) P Desired
#11-q PositionE053; 08 #11 @ R44 =0 Charge2 PP ol Eie l 123782400 103 roateets | 2 0
#12-q Pozition@0ES: (03 2 #0730 Fit 7D +2.796e—05 1.0e-02 +2.796e-03 =0
#13-g Position@071: 210 #04: Ti22 -5 1i6e-03 1.0e-01 45116208 | =0
. 405 Mass Za -1 284e-05 1 0e-03 178402 | =1
#14 @075 R3d=0 Fin¥P #06 M::::XD T2 271004 1 0oo03 12 e -0
. = i #07 Mass_PP +4 431e-04 1 0e-01 41423103 | =1
Eg @g;gj ??252 _DD I::'TZTzD #00: Mas=TD 13 iTae0t 1.0m+00 Yii7ae01 | -0
@07s: = #09: M122 +1 627e-04 1.0e-03 +1.627e-01 | =10
#10: Charge2 ¥T +2 . 844e-05 1.0e-03 +2.844e-02 | =0
#11: Charge2 PP -8 730e-04 1.0e-01 +8.730e-03 | =0
#12° Fin 2T -1 052e-04 1 0e-03 41.062e-01 | =1
. #13° Fin 2D -7 852e-04 1 0e-03 47 852e-01 | =10
W iter = 1000 #14: Fin ¥P +8.59%=-06 1.0e-03 +8.599e-03 =1
. #15: Fin TD -5 760e-01 1.0e+00 45 760e-01 | =0
Restore {@} Fit Settings #16: F122 -1.236e-04 1.0e-03 +1.236e—01 =0
: Optics Settings
5 FIT Previuns o
walues ﬂ"ESt Edlﬁll"lg) E-; put file ==» "Flz2" last fitting block global optical matrix and sigma vector

N . Format [mm—mrad]
Show initidhganditions 1& Matrix Plot ===ssss=csss==sss==== G L O B A L ==== matrix =ss================ | Bean(signa} |
+9 116201 -1 .062=-04 0 0 1 7852204 | 1.05=-02 |
i +2 838201 +1.097=+00 0 a a —E5 760=-01 | 1.10s+02 |
x Exit Beam-Si Plat 0 0 -1 1462400 +48.599e-08 0 i | 0 |
am-igma 0 0 -1.52%e+00 -8.724e-01 0 0 | 0 |
+5.2472-02 -9.829=-05 0 0 1.0 -9.640=+00 | 9.83=-03 |
0 i 0 0 0 +1.000=+00 | 0 |

=)
I
o
=]

I abisation_check. fit

Chars “q” and “s” show what component (“q”’uadrupole or “s”extupole) of multipole is used in the Optimization process

OT, 28-July-2015, East Lansing 5
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Modification of the “Fit constraint” block for: 2% order optimization

[~ This constraint is ACTIVE Select Element to Fit
[will be used in the minimization process)

— Global Block matrix - 1zt arder —"Opt.Beam" at this point

~ Desired parameters of element ta fit ) ("‘l -0.4447 ("l 0 ('l ] ("'I 1] ("l E.0425 ) (‘I 9075  [mm]

Canstraint : [Equalto - T | aEze 2488 o 0 o 0 | 8033 T [ EE [med
c[ o o[ 0 o[zl o 0 cf oo PR

Desired Value = I 0 l
et = NI o IR T o VI o I v o I ol oo b [ 4489 [mead]
=== COUracy = A
. I oL | -0B2E |38 | 0 | 0 | 10862 L~ [ 20454 [om]
Constraint name = I T2z ] ('*I 0 (-I 0 rl i] (-I ] (-I 1 : (_ 15 %
TRANSPORT notation ] Amiad] ] Amrad] Ao %] R [ 777 [

m m S ] —
100 4. 12 0 01 "Ti22 Det = 1.00015 EE.| [rzd Initial Beam ["Dpt Beam")
for Optical Optimization

; . — Global Block matrix : 2nd arder i :
U el VRANSIRTIAN eersiais || tatrix Element alue R.&beration ] {
mm {* " cm

ol |1 ;|1 ;|2 ~| [ 8222004 | 1.23s02
|

/.-’-‘«benations list |
T

o OK | X Cancel P Hep |

Bloclk: "Tizz" Hatrices: "GLOBAL"
New feature: Selection of 2" order matrix transport format [mn-mrad]
“ H H . ”
element for the “Optimization” process * TRANSFORM 1 =
1 [%]: 4.4470e-01 0 0 0 0 +6.04252+00
2 [T]: 1.6278e+00 -2.2488+00 O 0 0 +8.0233e+00
3 [¥]: 0 0 ~3.6394e+00 O 0 0
4 [F]: i i —1.7275e+00 -2 .7480=-01 0 i
md 1-slits slandard 5 [L]: € 2680e—01 -1 3588400 O 0 +1.0000e+00  —1. 06622400
079 cm & [D]: 0 0 i i 0 +1.0000e+00
Fit XT cansira nt
R12 =0 I x * TRAHSFORM 2 =
conslra nt 1 1: 2
Fit YF R34 =0 1z —§.2225e—04 ) -5.11622-09
103 G 0 +1.51622-03
14 0 0 +3.22052-04 -1.0056=-03
F *I Ti12 cansira nt i« 0 0 0 0
T112 =0 1 & +1.4137e-02 +5.8617e-04 0 i i -5 . 4986e-02
' zlifz 2 1 -1.8740e-04
5 ]IFHMEEQES 2 2 -2 0000804 -4 3467204
23 0 0 —4.21842-05
2 4 0 0 -1.26382-04 -4, 4552=-04
2 5 0 0 0 0
2 6 +1.6955e—02 +1.36%6=-02 0 0 0 —8.3502e-02

OT, 28-July-2015, East Lansing 6



- Desited parameters of slsment ta fit

Constrairt : [Equal to -
Desired alus - 0

TRANSPORT notation

00 .12 0 01 T2z

I This constraint is ACTIVE
(will ber used in the minimization process)

Select Elemert to Fit

1

2
3
1
|3
E,

- Global Block matrix © 1st

3

T
¥
P
L
D

el o[ 1 o[ 0 o[ 0 o 1 c[eum
c[em c[zzm o[ 0 o[ 0 o[ 1 c[ems
e[ 0 e[ 0 ofmm [ 0 [0 [0
e[ 0 e[ 0 ¢[a7m ofoze o[ 0 [ 0
cloezwe c[qms [ 0 cf 0 ¢ 1 c[1mez
c[[0 e[ @ [0 [0 [0 [ 1

"DptBeam™ al this point

1R [ 9075 [
27 ¢ [BE2 [wed
3y C[ 368 [l
4P [ 4483 [wad
51 [ 2084 [l
6o [ 15

o] Mmrad]

Jlmm] Mvad]

Jom]

Det= 1.00015

4 2R C[ a7 Il

Tupical TRANSFORT constiainis ||

Initial Beam ("Opt Beam']
for Optical Optimization

Global Black marix : 2nd

D

Matix Element Value  Ribenstion  [r3nfprgras:
@1~z -] 822204 12302 _ i i F o em
7 0K | xﬁam‘l ? Hep | Abenalions list

[¥ Block:"T122" Aberrations (Elements normalized on Phase Space) I
Block: *T122"  Aberrations (Elements normalized on Phase Space)
Ist order : (a/bj*bsan(b); 2nd order: (acb/ci*hsantb)*bsan(c)
TEEpOrT T T =T
* TRANSFORK 1 =
1 (1] -4.4470e-01 0 0 o o +9.06302+00
2 [T] -1.6278e+00 -3.3732e+01 O 0 0 +1.2035e+01
3 [1] 0 0 -3.6394e400 0 0 0
4 [F1: q q -1.7275e+00 -4.1220e+00 0 0
5 [1] -6.2680e-01 -3.0382e+01 O o o -1.5993e400)
6 [D] 0 0 0 0 0 +1.5000e+00)
% TRANSFORK 2 ®
1 1 —1.4514e-03
i z -1.2334e-02 -1.1512e-06
103 0 0 +1.5162e-03
| s 0 0 +1.8300-03 -2.2625e-01
1 L) o o o o o
16 +2.1206e-02 +1.3189e-02 O 0 0 -1.2372e-01
] —3 0000e-03 -9.7800e-02
2 3 0 0 -4.2184e-05
2 1 0 0 -1.8958e-03 -1.0024e-01
2 5 0 0 0 [ 0
) +2.5432e-02 +3.0816e-01 O o o -1.8788e-01
31 0
32 0 0
303 +4.4630e-03  +1.3156e-02 O
E +3.6492e-02 +2.4205e-01 O 0
3 s 0 0 0 0
3 6 0 0 46.03682-02 +1.7923e+00 0
41 0
Mo« 2 0 0
4 3 +1.5335e-03 43 9716e-03 o
|+ 4 -1.9887e-03 +4 4déde-02 O o
4 s 0 0 0 0
i 6 0 0 +3.37662-02 +9.8199e-01 0
5 1 +8.6711e-04
5 2 +1.0955e-02  +3.6816e-02
5 3 0 0 -1.6471=-03
) 4 o o —2.3437e-02 -8 8334e-02
5 5 0 0 0 0 0
5 6 +1.7033e-03  +2.6231e-01 O 0 0
&1 0
6 2 0 0
6 3 0 0 0
| e 4 0 0 0 0
[ 0 0 0 o o
s e 0 0 0 0 0
% Aberration analysis *  (Larget sbsolute value) X
: 1st order | nd order | >
index value | index value | status
1[X]: 16 +9.06e+00 | 144 -2.26e-01 |
2 [T]: 22 -3 .37e+01 | 226 +3.08e-01 |
3[Y]: 33 -3 64e#00 | 346 +1.79e+00 | attention
4 [F]: a4 —4.12e+00 | 446 +3.82e-01 |
5 [L]: 52 -2.04e+01 | 526 +2.62e-0L |
& [D]: 66 +1 . 50e+00 | ooo +0.00e+00 |

OT, 28-July-2015, East Lansing

The Aberration list purpose : show a 2" element to pay
attention. Aberration value is:

1st order :
2nd order :

V,= (a|b)*s(b)
V,=(a|bc)*s(b)*s(c)

* TRANSFORM 1 =
1 [%]: —4.4470e-01 O 0 0 0 ]
2 [T]: -1.6278e+00 -3 .3732e401 O 0 0
3 [¥]: i i —3.63942400 O 0
4 [F]: i i —1 7275e+00 —4 1220=+00 0 i
5 [L]: —6.2680e—01 -2 .0382e+01 O 0 0 —1.59932+00
& [D]: i i i 0 0 +1.5000e+00
* TRANSFORM 2 =
101 -1.4514e-03
12 -1.23348-02 -1.1512e-06
103 i i +1.51622-03
14 i i +4 8308203
1 5 i i 0
1 6 +2.1206e—02 +1.3189e-02 O -1.2372e-01
*  Aberration analysiy = {Larget |absolute walue)
1st order | 2nd order
index wvalue | index wallues | status
1 [¥]: 1b +9 . 06e+00 | 144 -2 . 26e-01
2 [T]: =22 —a.aiET] | 226 L=
3 [¥]: 33 -3 . 64e+00 | 346 +1.79=+00 | attention
4 [F]: 44 -4 .12e+00 | 446 +9.82e-01
5 [L]: &2 -2 .04e+01 | 526 +2.62e-01
& [D]: &6 +1 .50e+00 | aoo +0.00e+00
Comparison of absolute Status messages
largest 1st and 2nd V,<3V, attention
orders aberrations V<V, Critical

V,;< V,/3 VERY critical
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Run 279 order: optics minimization

The 1st part of DRAGONZ2000 :

Targ et —-Ch arge Slits bifEFEe (el S iEs In |t|a| settl ngS
OUADmpale | | SEXTupale
L_sf [sfective length)
it 2z n
B (field at pole tip] [0 ke :
Radius (hall-aperure] [ 53375 53975 | cm Beam vector used for Optical Optimization &Iﬂ

B &5 field values in Fitting "Opt.Beam"

Use in Fitting process v r

Uze Bounds constraints v m 1.% 2 mrm

|
|
|
|
|
|
|
|
|
|
|
|
|
|
Lower bound 5 -100 kG 2T 20 mrad 1
Upper baund -1 100 kG 1Y ’T T :
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

4 F 20 rrad ¢ o
’m ’m a L a mm
L_sif [sffective length] N " 5D 2 % X Cancel
mode: <F.eep:
B [field at pale tip] 1.96503 0106 kG
Radius [half-aperture] ’W ’W cm

B &5 field values in Fitting

M agnetic Multipale Settings

Use in Fitting process v v
Use Bounds constraints v v

Laower bound 1 Bl [4E]
Upper bound 5 1 kG

1 31
1 3 2 1
I i3 +1.7870e-02 +3.5159e-02 0 1
34 +9.73872-02 +4 3065e-01 0 0 I
1 e - 0 0 0 0 0
I ¥ Block it YP 36 0 0 +1.6097e-01 +3.1863=+00 0 0 1
1 Block: "Fit YP" Aberrations (Elements normalized on Phase Space) 4 1 1] I
1 1st order : {a<b)%xbean(b): 2nd order: {(a<b-c)*beam(b)*bean({c) 4 2 o 1] 1
| . \ formst [amonrad] 4 3 +6.14272-03  +1 06282-02 0 |
Tansport format [mm-mra 4 4 —L 2666203 +7.9210e-02 O 0 |
1 4 s 0 0 0 0 0
" * TRANSFORM 1 * PR 0 0 +3.0040e-02 +1.7458e+00 O 0 |
1 [X]: —-8.9000=e-01 -1.0000e-02 0 1] 1] +1.2085e+01 1
1 2 [T]: —3.2558=+00 -4.4978e+01 0 1] 1] +1.6047=+01
| 3 [yl 0 0 —7.27842+00 +4.00002-03 0 0 ) ) 1
4 [F]: 0 0 _3 454B8e+00 -5 .4940e+00 0 0 * Aberration analysis = (Absolute largest walue) |
| S [L]: -1.2532=+00 -2.7170e+01 0 1] 1] —2.1324e+00
1 & [D]: o o 0 o a +2.0000s+00 : 1=t order | Znd order |
| index walue | index walue | =tatus 1
|
I = TRANSFORM 2 = 10 16 +1.21e+01 [0 144 —4.02e-01 | || |
| 11 c 8101e-03 2 [T]:. 22 —4 50e+01 | = T . |
1 : 2 = B . 3 [¥]: 33 -7 .28=+00 | 3146 +3.1%9%=+00 | attention
| oz 3-292Remlz B .S3e0S et 4 [F]: 44 -5 49e+00 | 446 +1.75e+00 | I
11 0 0 +1_29393_u 5 [L]: 52 —2.72e+01 | 526 +4 66e—01 | "
| 1 5 0 0 0 o 0 6 [ 5133 +2.00e+00 | oo +0.00e+00 |
| 1 B +5.6559s-02 +2.354%-02 O 0 0 —2.1994e-01 1
1 2 1: -7.5022=-04 , |
2 2: —8.0057=—-03 -1.7388e-01 H H H H
I o3 cpse TRl resed Let’s try to neglect the element T144 in the optimization !
] 2 4: 0 0 -5.0458e-03 -1.781%=-01 usin Ql & Q2 multl OIeSI 1
2 5. i i i i |
10T, 28-July-2 3 & +6.78222-02 +5.4786e—01 0 0 0 ~3.3401e-01 g p 8!

T [




MIC H

Run 279 order: optics minimization UN

Let’s try to neglect the element o sk f Selec Eloment o
il e used in the minimization process] T s T Ee e
. . . - - — 2lnbal Block matrm: st order  UptbBeam™ at this poin
T144 in the optimization using _
} i~ Desired parameters of element to fit 1. % f"l -0.445 ("I -0.0004 ("I 0 ("I 1} f"l a f"l 5.0425 1% (-IW [mm]
UItlpOIES! Constrain: [Equalto -1 21 188 o[22 o 0 o 0 o[ 0 c[amsm 21 [T med)
av o o o o ofaem cfoom: o o o o 3y [ 728 [l
Desiedvabe= [ D ap [0 [ @ c[dms c[aze o[ 5 [ 0 AP el BED |G
Dasired A :| 0.0
N I°°“'a°y 5L cfoess ofdwms o 0 o[ 0 e 1 oo 5L [z i
nstramtnamezl T144 ED r-| [ (~| 0 (-| 0 (-| [i] r'| ] r'| 1 6o (..IT 1%
TRAN e Arnr] f[mrad] /mm] Hrnrad] ] /%] 7R [7273%  [mml
100 1. 44 0 0007 P Det= 033333 ﬂ & Inilial Beam ["Opt Beam’]
I \HK 2| BT | for Optical Dptimization
; ; Tilobal Hlork matris - 2nd ord
memmwmanwﬂl oba Blosk et - End orcer Malrix Element Value R.Aberration hmmqu
(GO S e R [T 005e03 A 0Ze mm & Coem
J 0K I x Cancel ? Help Abermations list |
7

Blacks with garameters o vary Active Constraint blocks

#01-q Position@005: 01 #OT @M1 R1Z2=0 Fit =T
#02-q Position@007: 02 02 @MF R34=0 Fit P
#03-z Position@007. 02 O3 @016 T144=0 T144
Initial +0.0343823 and Final +9 . 08292e-14 L1ISE fit reduced values
Paramsters: Lef tBound Initial RightBound | Final
#01-q: 01 =5 De+00 < -2, 158&+DD < —1.0e+00 | 2. 1583+DD
#02—q: Q2 +1 . 0e+00 < sbll, < +5. 0=+00 |
#03-s: Q2 —-1.0e+00 < < +1.0e+00 | +4 781e-01
Constaint walues: Initial Final Precision (Fln ~Dg=)-F | Desired
#01: Fit XT -4 024=-04  -2.850e-15 1.0=-03 | =10
#02: Fit YP = = 1.0e-02 | =10
#03: T144 -1.005=-03  -9.109=-18 1.0=-03 | =10
|
==> Results for aberraffion _check fit:
Levenberg-Harquardt retfirned 3 in 3 iter. rea=on
M iter = 1000 Termination reason: 6 —|stopped by small ||e||_2
) I
————————y Fit Settings |
Restore } - {g} inini ation info
previuos ey ?p;c:dﬁfﬁ"}gs B 0> 1. 1732400 [1&]]_2 at initial p
walugs g 1] 3. Browse output file 1: B.136e-24 1EI I 2
2 2: 2.574e-07 | T e |_inf
B 3: 1.895e-19 Ifopll_2
Show initial conditions h Matrix Plot | 4: 2.180e-12 mp-max(J°T J1 ii
x == | u Beam-Sigma Flot | l \ l
Hel - - During the optimization Sextupole field Q2-s has been changed
aberration_check. fit
the T144 element has from 0.106 kG to 0.428 kG
been changed from .
1.00e-3 t0 -9.1e-18 Quadrupole fields Q1-q & Q2-q

OT, 28-July-2015, East Lansing have not been changed
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High order: truncation proplem CNDVERSITY

Let's create the Beam vector for optimization
with large X’ component

Beam vector used for Optical Optimization &Ig

—"Opt.Beam' at this paint

First order X-sigma is small
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Inihial Beam ['Upt Beam™]
for Optical Optimization

No large aberrations with using
GLOBAL matrices!

|
| |
| |
' |
! Block: "T144" Aberrations (Elements r 1
| 1st order . [a<b)*bear I
| . . .
I Aberration list @ Charge Slits '
| * TRANSFORM 1 = |
1 1 [X]: —4.4500s—-01 —4.0000e-02 0 !
2 [T] —1.6279=+00 -2 2488=+402 O 1
' e a 3 !
| : . .
| g %%: —3 2660=-01 -é A5REe+02 g # Aberration analysis #* {Abzolute large=st wvalue) 1
’ |
: : 1=t order | 2nd order | 1
| * TRAHSFORM 2 * : index values |  inde= values | status 1
|
! Pl Rl e 1 [X]: 11 ~4.45e-01 | 112 23e-02) | I
! [ IEE 0 0 0 2 [T] 22 —-2.2E5e+02 | 222 .35e+00 | | 1
! IS H i H 3 [¥]: 00 +0.00=+00 | ooo .00e+00 | | |
| 16 i i i 4 [F]: a0 +0 . 00=+00 | oon _00e+00 | | |
| 1 1 a7550 01 5 [L]: &2 —1.36=+02 | g2z .Bde+00 | | I
1 g g 73.00143702 73.34?ne+00 . 6 [I] i1l +0.00e+00 | oon .00e+00 ) | I
! 2 4 0 0 0 1
1 2 s: i 0 i I
| 2 6 0 0 0
| |
| |
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MICHIGAN STATE

High order: truncation proplem IRALE N

1y 1 o I

1.% mm I 1 IHectangle uriformm

2T mradl 100 IHectangIe uniform

But Let’s run Monte Carlo calculation

B

u -l

v a i -

the similar beam emittance | [Rectangl wifom __~|
4 P mrad I a IHectangIe uniform d

5L mm I a IGaussian LI

6D = I a IHectangle uniform LI

39Ca (1.3 MeV/u) + ; Transmitted Fragment 3°Ca3+-13* (heam); Optics Order 39Ca (1.3 MeV/u) + ; Transmitted Fragment 3%Ca'3+ 13+ (beam); Optics Ord
qplp=100'00%,,; Brho(Tm): 0.5000, 0.5000 dp;’p=100.00% ; Brho{Tm): 0.5000, 0.5000
AngAccept: Off, Bounds: Off, "CHARGE slits” - last block for MC calc; no gates; Config: AngAccept. Off. Bounds: Off, "CHARGE slits" - last block for MC calc; no gates; Config
180 180
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E £
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_E|-?37éi+n+1C[G1-2jgrrdarnan_cneck.mp: after "CHARGE slits™: X [mm] 28072015 144858 ) - .

after "CHARGE slits": X [mm]

LIS E++ [Glaberration_chacklpp]
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High order: truncation proplem

We did not observe large values in the Aberration list
calculated with the Global matrices

Large aberrations have been observed in Monte Carlo
calculations where local 2@ order matrices are used

It is happen due to truncation of high order values with
matrices multiplication

Recommendation: not to use large Beam sigma
values for optimization. 2" order optic optimization
operates with small emittances

For large emittance the LISE** optimization should be
updated to work with Monte Carlo results.

>?Ca : MC Transmission Plot - Envelope (only pasS
38Ca (1.3 MeV/u) + ; Transmitted Fragment 39Ca’3*-13* (beam); Optics Order:

dp/p=100.00% ; Brho(Tm): 0.5000, 0.5000
AngAccept: Off, Bounds: Off; "CHARGE slits” - last block for MC calc; no gates; Config: C

2nd order

250  With insignificant X’ emittance (20 mrad)
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Ca : MC Transmission Plot - Envelope (only passed)

3%Ca (1.3 MeV/u) + ; Transmitted Fragment 39Ca'3*-13* (beam); Optics Order: 1
dp/p=100.00% ; Brho(Tm): 0.5000, 0.5000

AngAccept: Off,  Bounds: Off; "CHARGE slits" - last black for MC calc; no gates; Config: DSSSSSDSSA
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With large X’ emittance (100 mrad)
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3Ca : MC Transmission Plot - Envelope (only passed)

39Ca (1.3 MeV/u) + ; Transmitted Fragment 39Ca'3+-13+ (heam); Optics Order: 2
dp/p=100.00% ; Brho(Tm): 0.5000, 0.5000
AngAccept: Off;, Bounds: Off, "CHARGE slits" - last block for MC calc; no gates; Config: DSSSSSDSSA

2nd order
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MICHIGAN STATE
¢ “OptBeam” : New Beam sigma vector used only in the OpticsiOptimiZation UMY ERS 1TV

[i--

NOCL b 1S B

“Main” Beam emittance is used for transmission calculations in both (“Distribution”
and MC) modes, for matrices in Optical Block dialogs and so on.

“Beam” dialog

Beam
A Elment g [ Besmeneigy e v 2D| — New Beam sigma vector
eam - - shape ~ R
I u [5:] Energy & | 7955705  MeMAu ?_I [sigma, semi-axis, [Distribution mod [Monte Carla CU':V?JﬁlEd (“OptBeamu) used Only fOl‘ 0pt|CS
I 92 TKE ¢ [189/E19  Mev halt-width...) method) methad] beam respect to spectrometer . . . h N C .
z ge @ [ IE | T 1% o [ 5 |Rectengkuwniom <] a0 mm I optlmlzat_lon in the Fit onstraln_t
[ see | p [ moew Geve f| 27 mad[ 15 [Gamsn = dT [0 mead b!ock dialog and the Optics Fit
Tk U O [2744e8 KV 3 mm [ 1 [Gaussian ~l - dv [ 0 mm d|a|og_
Nuclid = . .
= Feen— 47 ol N EREE ] = dpfl O e Access to the dialog to this bema
<= J< = 5L mm I o IGausswan ;I r dTI o degrees ' .
N el
= =) © [Tooosa0s ena o - e vector modification can be done
. & . - ISOress
C[Tasnes  pa : through the Beam or Fit Constraint
Ok & | 308035 i
& pee e e RF frequency I 20 tHz = bIOCk dlalogs
X Cancel | 9356e7 KW ; a b TR 9.23e-8 Beam Sigma Yector_used for
aiget box [Kiw/] Burnich length |1— ns Optics Optimization ['Opt Beam') - —
Beam vector used for Optical Optimization &Iﬂ
—"Opt.Beam'
U . v 1 1.% I 1 mm 3
Fit constraint” dialog 27 [TH00 med o
- &% I 1} mm
"
T144 X
o — e
i 7 Ok
[ Th BETIVE =
'7 [wi:\sbcsnazgsni:: :?ws minimization process} | - SEIECtF‘BmEnl o Fit — = S— i 5L o e
Global Block matrix : 1st oder 'Opt.Beam' at this point ED IT o x Cancel
- Desited parameters of element to fil 1L cf0ms oo cf 0 cf 0o o 1 cfens 1% o [T 4|
Corstraint : [Equal o - 21 ofqEm ofl2nm o 0 o 0 o 0 o a0zs 27 298 (madl
av o o o] o ofamm cfomz o] 0 o 0 3y o[ 0 [l |
B R rEe v ap o[ 0 o 0 ofqms ooz o 0 o o 4P [0 [mwad
BesiaReer= | s o o[awmes o[ 0 o[ o o 1 c[ame 5L r[TEmEm
Conshaint name = T144 5D (‘I ] ("I [i] ("l 1] ("I 0 (‘I 0 (‘I 1 6D IT 1%
TRANSFORT notation /lmm] Alrorad] /[mm] Aroeadl] Armm] %] S vt
: BETTE Det = 0.99392 By | [z = - H F H
00 A 40 0 T Bl | etgean opige | This new beam vector for optimization
Tysical TRANSFORT constins | | b Bk e ZE S ek Pbenston 20 o e | has been created to avoid additional
@ -+ =]+ = T 005e: 000 & . - . .
v ok | owed| o | || Tl T TR i | | beam emittance editing due to switching
between fragment transmission

calculations and the optimization mode,

which done for the primary beam
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