MICHIGAN STATE

Optics Minimizationim: LEISE = IR A
SUITEEE . . v.9.10.100
Minimization of optics of existed separators trom 05/22/15

First step: quad fields

1. Introduction

Recently the first stage of optics minimization procedure was introduced,
based on the “levmar” package by M.LA. Lourakis using the Levenberg-
2. New Block “Fitting Marquardt nonlinear least square algorithm. At this stage only the quadrupole
fields can be varied to minimize user constraints for matrix and beam ellipse
elements. In the future this minimization procedure will be used to define
curved profile shape, fragment spatial distributions in Monte Carlo mode, and
optimize intensity/purity combination.

3. Selecting a block to Based on

minimize levmar: Levenberg-Marquardt nonlinear least
squares algorithms in C/C++. M.I.A. Lourakis
July 2004. http://lusers.ics.forth.gr/~lourakis/levmar

constraints”

4. Run minimization

5. Examples Minimization for

» E-blocks (extended configurations)

« with non-linked matrices

* setthe option “Allow remote matrices

6. levmar example :
recalculation”
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Introduction: “levmar” package

users.ics.forth.gr/~lourakis/levimar/

levmar : Levenberg-Marquardt nonlinear least squares algorithms in C/C++

Home About FAQ ngelog Download Con

If you are locking for a general-purpose sparse Levenberg-Marquardt C/C++ implementation, please have a look at sparselL M.

Introduction

This site provides GPL native ANSI C implementations of the Levenberag-Marguardt optimization aloorithm, usable also from C++, Matlab, Perl, Pvthon, Haskell and Tcl and explains their use. Both
unconstrained and constrained (under linear equations, inequality and box constraints) Levenberg-Marquardt variants are included. The Levenberg-Marquardt (LM} algorithm is an iterative technique that
finds a local minimum of a function that is expressed as the sum of squares of nonlinear functions. It has become a standard technigue for nonlinear least-squares problems and can be thought of as a
combination of steepest descent and the Gauss-Newton method. When the current solution is far from the correct one, the algorithm behaves like a steepest descent method: slow, but guaranteed to
converge. When the current solution is close to the correct solution, it becomes a Gauss-Newton method.

Technical Overview

levmar includes double and single precision LM C/C++ implementations, both with analytic and finite difference approximated Jacobians. It is provided free of charge, under the terms of the GNU General
Public License. The mathematical theory behind unconstrained levmar is described in detail in the lecture notes entitled Methods for Non-Linear Least Sqguares Problems, by K. Madsen, H.B. Nielsen and
0. Tingleff, Technical University of Denmark; Matlab implementations of the algorithms presented in the lecture notes are also available. Note however that the formulation of the minimization problem
adopted here is slightly different from that described in the lecture notes. There is also a short note, providing a quick overview of the material in the lecture notes.

To deal with linear equation constraints, levmar employs variable elimination based on QR factorization, as described in ch. 15 of the book Numerical Optimization by Nocedal and Wright. For the
box-constrained case, levmar implements the algorithm proposed by C. Kanzow, N. Yamashita and M. Fukushima, Levenbera-Marguardt methods for constrained nonlinear equations with strong local
convergence properties, Journal of Computational and Applied Mathematics 172, 2004, pp. 375-397.

levmar provides the following two options regarding the solution of the linear systems formed by the augmented normal equations:

1. If you have LAPACK (or an equivalent vendor library such as Intel's MKL, AMD's AMCL, Sun's performance library, IBM's ESSL, SGI's SCSL, NAG, ...}, the included LAPACK-based solvers can be used. This is
the default_option. The employed solver is based on the LU decomposition. Additionally, for experimenting with other approaches, linear solvers based on the Cholesky and QR decompositions have

2. If LAPACK is unavailable, a LAPACK-free, LU-based linear systems solver can be used by undefining HAVE_LAPACK in levmar.h. )

27,555 Visitors

= Unconstrained optimization
o dlevmar_der(): double precision, analytic Jacobian
o dlevmar_dif(): double precision, finite difference approximated Jacobian
o slevmar_der(): single precision, analytic Jacobian
o slevmar_dif(): single precision, finite difference approximated Jacobian

« Constrained optimization
o dlevmar_lec_der(): double precision, linear eguation constraints, analytic Jacobian P 1

— LevMar package info——— o dlevmar_lec_dif(): double precision, linear equation constraints, finite difference approximated Jacobian (35 ClustrMaps™® Click 1o see

o slevmar_lec_der(): single precision, linear equation constraints, analytic Jacobian

o slevmar_lec_dif({): single precision, linear equation constraints, finite difference approximated Jacobian

LE'MAR
Levenberg-t arquardt
nonlinear least squares
algonthmz by M.LA Lourakis

J

o dlevmar_blec_der(): double precision, box & linear equation constraints, analytic Jacobian

o dlevmar_blec_dif {): double precision, box & linear equation constraints, finite difference approximated Jacobian
o slevmar_blec_der(): single precision, box & linear equation constraints, analytic Jacobian

'? levmar link o slevmar_blec_dif {): single precision, box & linear equation constraints, finite difference approximated Jacobian
#

o dlevmar_bleic_der(): double precision, box, linear eguation & inequality constraints, analytic Jacobian
o dlevmar _bleic_dif({): double precsion, box, linear equation & inequality constraints, finite difference approximated Jacobian
o slevmar_bleic_der(): single precision, box, linear equation & inequality constraints, analytic Jacobian
o slevmar_bleic_dif(): single precision, box, linear equation & inequality constraints, finite difference approximated Jacobian

o Convenience wrappers xlevmar_blic_der()/xlevmar_blic_dif(), xlevmar_leic_der()/xlevmar leic_dif() & xlevmar_lic_der()/xlev

. are also provided.
OT, 26-May-2015, East Lansing 2
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Introduction: minimization SCheme UNTVERSITY

LISE™

1. Select a optical block to minimize,
Check in a parameter to minimize,
Set bounds constraint

2. Create a block "Fitting constraints”
Set constraints

3. Run minimization

Ly 1 S5 LA

Transport

Command
501 "glB" 0.7 -1.86164 9.75;

Command
10.0 "fit1" -2.6. 0.0 .001;

3. Run minimization

Al
[M 1] Fr_rraco e
sfandard
2104 432 cm
consira nt
focusX B2 -0

conglra nt
et R34 = 0
- consira nt
Hdispers R16 =0 |
) consirant I
T-dispers RZ6 = 0
. consira nt
sigmaX g1 = 2
sigmaY conglra nt
FF_PPACI Al
m - 2 mgicm2

Image-i{ﬂ]ﬁ zlitz

-150) E [+150

-150] v [+150
OT, 26-May-2015, East Lansing

files\examples\NSCL\
A1900 extended LISE_FIT.Ipp

The next file is to append
standard constraint blocks
files\examples\
FlTconstraints.lpp 3



@%

I
NSCL

First order matrix elements : View & Print

[Optics settings : FAST EDITING )
Optics settings : View & Print

File

or

8|2

Options

Experiment Settings

Bhysics Models  Calculations

£33 setur| |

O-ol:l

| H T BlEiE]E

e B
Block | Given Mame | Statim) | Lengthim) | BOKG) | BriTmcorsreal | Dritthdangle | Rappler)#RL. | Lefifm)#Ldipm) | 2nd order | CaleMa/Z-0 | Anghcespps Sl | cosvirie |JBE | »
d [ drift =083 28783 0.5640 ztandard - HY - - e
BBy |-Dipcl= D4 29,347 24300 +9B965  *3.0000 = +450 = 30939 = 24299 pes =0 - H¥ - - 5
d [ drift =097 N.TTT 0.5260 ztandard - HY - - e
F I Fit =g’ 32303 00000 23 ¢ B0 e
9 & <Quad:  Q09-TA 32,303 04300 +7.0851 2.0000 GQUAD 15.0000 0.4300 = 1R - H¥ - FIT e
F : Fit g’ 32733 [0.0000 33 ¢ B0 e
d [ drift 2093 32733 01720 standard - HY - - e
9 &|<0uad: 110087 32,905 0.74a0 -B11E7 2.0000 GQUAD 13,3000 07480 = 1R - H¥ - FIT e
F : Fit g’ 33653 [0.0000 33 ¢ B0 e
d [ drift 21 33663 01756 standard - HY - - e
9 &|<Quad:  ©102-8TC 33828 0.74a0 +4. 2117 2.0000 GQUAD 13,3000 07480 = 1R - H¥ - FIT e
F : Fit g’ 34576 [0.0000 33 ¢ B0 e
d [ drift z103 34.576 0.3750 standard - HY - - e
d [ drift z104 34,951 0.4320 standard - HY - - e
F : Fit focus 35,383 [0.0000 R1z=10 e
F : Fit focusy 35,383 0.0000 R34=0 ER
F : Fit H-dispers 35,383 0.0000 R16=0 e
F : Fit T-dizpers 35,383 0.0000 R26=10 e
F : Fit Tigma, 35,383 0.0000 sl¢2 2
F : Fit Figma’’ 35.383 0.0000 s3< 1 g |
5 I|_sits.  Imaged[ios) 35383 0.0000 5LITS - Hv . s
ﬁ drift z105 35,383 0.3430 standard ]
o [ | drift z106 35,732 0.0830 standard o [
Selected block Angular acceptance [mrad] Inzide Aperture [mm) Slitz [rm] after thiz BLOCK, 1-st order Matriz Elements
| Dizpersive (M-dipole) Leﬁlgctlﬁk[m] % Selected Block Edit | _ Use it mas  Use mir max  Use l'l Matrix Plot
’W @ Mutlipole Edit | Horeontel l— : “ IT,T : " l—l— a l.l Beam-Si FI
Let call automatically [ Vertical + l— r e IT’T - Ve I—l— - am-Sigma Plot
Block name = W thﬁsnlgltc}-]c?qﬂ[?;] .I Cuts (Accsptances) | Shape Shape Shape " View
Charge State [Z-0] = ’T Q.o & Optical Matrix | Rectangle ©©  + Elipse Rectangle (@ Elipse Rectangle ¢ Elipse Wl ? =




MICHIGAN E

New Optic Block “Fitting Constraints™ AL LA

LIS K

Blocd | Given Name | 20 | Lengthm | Enable | »  —lnsert Mode ~ Inzert block
O &l<Ouad>  Q041-37B 0.812 -

& hefore b aterials

o [ drift 2042 Rk o
0 &lguad>  043ITC 0.43 .  after Wedge

o [ dhift 2044 0.563

Ty - Dipole D2 543 Material{Detectar) | IE‘ Stripper after Target

 Move element —

4 11 i 2052 0552 A®]  Fomdsye |
3 o ﬁ Up | 3y cup
CBuads  OO534TA 043

d 0 i 2054 017 3 oom |
Q@ &luad>  QOS5ATE 0732 = Dptical
d 0] it 2056 0.176

2 O|<Ouad: Q057-4TC 0.526 {& Edit | dizpersive nan-dizpersive
d [ drift =058 0658

S5 T st Image2i053) 0 sl Dispersive (M-dipole) Drt (mutpole sifs)

W

' Wedge Wedge IE Wien velocity filter Beam Rotation
d [ drift 20E0
Q & <Quad> Q0G2-ETA IE Blectrostatic dipole Shift of Optical fuds

d [ drift z0R3
-G Bl| Gasdilled separator -L -.- Solenoid
9 &lQuad>  OOG4ETE

d T Arirt #NF5 Compensating Dipole

r Selected block Total

special

Eiabie ¥ l Dligperie (el NET;EESDF dispersive AF-based [na beam dinamics changes)

Let call automatically [ Block Length[m] | 0.0001 I 82
- ’ Length after IE RF separator | Delay (efficiency) block |
Block name = [tuning o block [m] | D Length [m]
RF buncher | Fitting constraints
Charge State [Z-0] = I Sequence number I 3 I 36821 <

(v ) B = B =

Desired parameters of element to fit

Constaint E - Beam [sgmas]
s 1% c[zes cfoses ¢ 0 o[ 0 o[ 0 o[ o || c[3%E
ST —— 21 o358 cfom <[ 0 o[ 0 o 0 o 0 || c[755
3y o0 oo clzmm c[ams o[ 0 e[ 5 || ¢ [®5
Consrartmame = [~ g wF o 0 o 0 cfsmms c[zior o o o 0 || c[3E4838 (wed
5L cfoooe cfoos <[ 0 [ 0 [ 1 c[nses || c[07E3 [
TRANSPORT noffication N B e B e et R R
el €0 1 HEr Sl fwed Anel Amed Al a2

- Dimension

= By | [:z]

| P Typical TRANSFORT oonstns || ﬂu‘ ’7 m e ®am
v 0K xcEncal ? Heb | ypical constaints ||
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MICHIGAN STATE

New Optic Block “Fitting Constraints™ R

42* possible selection for global matrix elements The “Fit constraint” dialog. For a constraint the user
and beam Sig ma vector selects an elem'ent fro'm an optical matrix'o'r beam'sigma
(some matrix elements can be disabled if non rotation or solenoid blocks) vector, and set its desired value and precision (weight).
sig¥ S - = =) == W
 Desired parameters of element to fit - 1 = Select Element to Fit
Constraint : [T - Global Block matrix | |~ Beam [sigmas)-
1.X [2%2% c[os29 ¢ 0o ¢ o ¢ o cf o ¢ [43808 " [mm)
217 c[1568 [ooss [ 0o [ o cf o [ o ¢ [15535  [mrad)
3y ] o ¢ o [27809 c[30218 [ 0 [ 0 ¢ [36.9083  [mm)
4F cf 0o cf o c|Baussc[27200 [ 0 | 0 ¢ [334838 [mrad)
5L c[o004 [oooos ] o [ o ¢ 1 c[108s48 c [07613 " [mm)
I e [T O <! IO <! I = I ) c| 007 (%
2R SN fAoml  Awed]  Aow] Awed) Mm% —
7 / ! ' Det = 1.00074 &I [ i [Dmensen
o oK Cance | 4 Hep | Typical TRANSPORT constraints == mm & €lom
/ \ \
1

7 —

_ _ §
% Typical TRANSPORT constraints o - [E=R =

ZoomIn  Zoom Qut

Equalto . . . . - . .
. Inverse Welght Desired optical condition Typical fitting comstraint

Lawer limit iz

w Point to point_imaging:

Horizontal plane R(12) = 0 10. =1, 2. 0., .0001 'Fl';
w‘ Vertical plane R(34) = 0 10. -3. 4. 0. .0001 'F2';

L . Parallel int f :

TRANSPORT notification of selected constraint. 2iabe Lhdwial i
Second order constraint input under development Horizontal plane R(1l) = 10, -1. 1. 0. .0001 'F3';

Vertical plane R(33} 10. =3. 3. 0. .0001 'F&'j;

Point to parallel transformation:

Horizontal plane R(22) =0 10. -2. 2. 0. .0001 'F5';
Vertical plane R({44) = 0 10. -4. 4. 0. .0001 'Fe';

OT, 26-May-2015, East Lansing Achromatic beam: 6
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LowerLimit =10 UpperLimit =10
Precision D=1 Precision D=0.5
20.00 I
[ 20.00 I
18.00 | :
| 18.00 i
|
16.00 : X=Y |
16.00 |
|
14.00 I |
i 14.00 |
100 : LISE** deduced |
. . |
| 12.00 function for I
10.00 k== - —— - ———— limits
10,06 ta et et e M ML MR T L e o ™ o o o
8.00 I I
| 8.00 |
| |
6.00
LISE** deduced : 6.00 :
200 function for I ros I
limits I :
|
2.00 I 2.00 |
I |
0.00 I 0.00 !
7.00 3.00 5.00 10'00 11.00 12.00 13.00 14.00 15.00 6.00 7.00 2.00 Q.00 10800 11.00 12.00 13.00 14.00 15.00

Levmar functions for “equal_to” constraints are used.
Important to have limit constraints in LISE** for apertures
New Functions should continuous!

OT, 26-May-2015, East Lansing 7
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Selecting optic block and its parameters to use i the mimmMIZations s N LY ERs Ty

NSCL] 1S BFe

In current version only M-Quad B-fields and E-Quad voltages

Set in it!
i Al pt (2 fomom)
Multipole: Q098-8TA
R - — . — '- B
— Magnetic Multipole Settings — Block zettigs. Information
|E!L|.-'-‘-.Dru|:u:|Ie SExTupale Block length I 0.43 il
e : Ciret e Bovake 3 1y
| B (field at pole tip) || 7.08518 0 kG Seliing fragment [ 1HT+
- ‘w’
Fadus fhalfspetture) I 1 ; = — B [field] parameter in fitting
| Bounds [kG]——
Multipole fized Brho-value | 3 T W Use in Fitting | IT
cormesponding ta the seftting friagment  Fi - rent value | _ CAET
¥ Uze Bounds constraints upper I o
i ¥ Calculate 2nd order matris elements B[l calibration |
! Iv Allow remote matrices recalculation | no calibration file
— if Brho-value has been changed then g Recalculate Bffield) for the fragment cument Brho
" nho actiohs
& recalculate automatically B [fields), keep the matix [Flecomended] g Calculate Optical matrix “ OK
7 recalculate automatically the matrix, keep B ([figldz) i Edit optical matrix x Cancel
N i 1 i T—

No matrix link to external file!

OT, 26-May-2015, East Lansing 8
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Optimization dialog e

EpelimentSeﬂings ,Physics Models  Calculations  Utilities  1D-Plot  2D-Plot  Databases Help

Projectile
Target
Stripper after Target
Spectrometer Design

{ Optics [ Tune spectrometer for setting fragment on beam axis
Gamma registration Tune spectrometer for setting fragment at middle of slit
Setting Fragment @PTIM]ZATION (optical element parameters fitting) )
Tune spectrometer for the primary beam Manual recalculation of e-blocks matrices (only for Experts!)

Update matrices linked with COSY files
Envelope plot

. . . r ———

First erder matrix elements : Plot e : : -

First erder matrix elements : View & Print E
i~ Option: — Leviar package samples——

|

O‘ptl s settlngs : FAST EDITING Maximum number of iterations = | 500 SeesoamEhe IT
Optics settings : View & Print Uee lavert Uperlmmss [ R
2" Run minimzation
Brho(Erha) Analyzer
r~ Stapping threshald Lo O——
The First- and Second-Order Matriy Elements for an Ideal Magnet Optars s Stopping Default Sl package info
threshald value LEVMAR
\ / Levenberg-t arquardt

tau I 1.00e-03 mu/marf) T JL i 1e-03 nonlinear least squares
" algorithms by M.1LA Lourakis
epsilon 1 I 1.00e-15 17T e IL_inf Te15

epsilon 2 I 1.30e-15 IDpI_2 Te-15 7 levmarink
epsilon 3 | 1.00e-20 lel2 1e20

Blocks with parameters ba wary Canztraint blocks defe [ 10005 spprosinaionsiep” 105 [ Make defaul
HOT PostionG@ss:  Q0B4-7TA Postion@063. 53 < &0 1 okac. W e e gttt i oo letonces wich v
HO2 Position@DE?: QDSB_?TB Position@DEE: =3¢ B0 :: n';ol: accur::[hut slowerl) compared to the fonward differences Cancel
03 Posiion@®053  D0ES-7TC Position@®0EE: 3 < 51 povedby sk X o |
#04 Position@0Bd:  J033-8TA Positiordz071: =3 ¢ B0
#05 Posiion@0E7.  Q100-8TE Pozition@075:  R12=0
#06 Position@070:  Q102-8TC Posiion@076: R34 =0
. . i Position@077: A16=10
The “Optics Fit” dialog. The left Position@078:  R26=0

. . Pogiti 073: 1¢2
panel shows optical blocks with S O
varying  parameters,  whereas
blocks with fitting constraints.

M iter = 500

Restore

£ Fi pevives | 3% Fi Settings P WaircPiot |

values
X = |

Eé Browse output file h Beam-Sigma Plot |

t4.fit

OT, 26-May-2015, East Lansing



MICHIGAN STATE

Fit Settings Dialog e T

LIS K

For the first step use “50-100” “levmar” package examples to
play with settings

F

Levmar minimization settings -

— Options % — Lewhar package samplesB‘
b aximurm number of iterations = I R0 Chaose example = IT
Use Lower & Upper bounds W (0-18)
N |§ Run minimzation J\
BT e — LevMar package info

] Stopping Default
| Options Walue
threshold value LEVMAR -
Levenberg-Marquardt
tau I 1.00e-03 mu/maxl T J]ii 1e-03 nonlinear least squares “see the next page

algorithrz by k1A Lourakis

epsilon 1 I 1.00e-15 17T & I_inf 1e-15
epsilon 2 I 1.30e-15 IDpI_2 1e-15 ? levmar link
epsilon 3 I 1.00e-30 lel_2 1e-20

delta I 1.00e-06 approximation step * 1e-06 ™ Make default

o Ok

X Cancel

* delta - difference approsimation step, uzed only in the Bounds mode
It delta<0, the Jacobian iz approkimated with central differences which
are more accurate [but glowerl] compared to the forward differences

employed by default.

OT, 26-May-2015, East Lansing 10



Levmar’s examples (#5— Osbrone data fitting)

MICHIGAN

case 5:
/* Osborne's data fitting problem */
{

double x33[1={

8.44E-1, 9.0BE-1, S.32E-1, 9.36E-1, 9.25E-1, 9.08E-1, 8.81E-1,
§.5E-1, 8.18E-1, 7.84E-1, 7.51E-1, 7.18E-1, 6.85E-1, &.58E-1,
6.28E-1, 6.03E-1, 5.8E-1, 5.58E-1, 5.38E-1, 5.22E-1, 5.06E-1,
4.89€E-1, 4.78E-1, 4.67E-1, 4.57E-1, 4.48E-1, 4.38E-1, 4.31E-1,
4,24E-1, 4.2E-1, 4.14E-1, 4.11E-1, 4.08E-1}:

n=5; n=33:

p[0]=0.5; p[1]=1.5; p[2]=-1.0; p[3]=1.0E-2; p[4]=2.0E-2;

work=malloc ( (LM DIF WORKSEZ (m, n}+m*m)*sizecl (double)):
1f('work){
fprintf (stderr,
exit (1)
}
covar=work+LM DIF WORKSZ (m, n):

"memory allocation reqguest failed in main()\n"):

if (box)
{
1b[0]=1b[1]=1b[2]=1b[3]=1b[4]= -20;

ub[0]=ub[l1]=ub[2]=ub[3]1=ub[4]= 20:
1f(jacob) ret=dlevmar_bc_der (osborng, jacosborne, p, x33, n, n,
else ret=dlevmar_bc_dif (osborne, x33,

if (jacob) ret=dlevmar_der (osborne, jacosborne, p, x33, m,
else ret=dlevmar_dif (osborne, p, X33, m, n, N,

break;

1b, ub
1b, ub

, NULL
, NULL

Anfo, 9

hﬂ&k:

S AN A AN AN AN AN A AN A A A NN AN AN A AN AN A NI AN NAAA A NANA A NA]
S /NN NN AN NN NN AN AN NN NW AN AAAAFNAAAAANAAARENE
/* Osborne's problem, minimum at (0.3754, 1.9358, -1.4647, 0.0123, 0.02
;259 ozborne (double *p, deouble *x, int m, int n, veld =*data)

reglster int 1;
double t;

for (1=0;
t=10%1;
x[1]=p[0] + p[l]*exp(-p[3]*t)} + p[2]*exp(-p[4]=~L);
}

l<n; ++1){

FFNNAFA NN AN A N AN AN AN AN AAFAAANAFAAAAANAAAAANAAET
voeld jacesborne (deubkle *p, doubkle *jac, int m, int n, weld =*=data)

OT, 26-May-2015, East Lansing

{
reglster int 1, j:
double t, tmpl, tmp2:

for (1=3=0;

t=10%1;

tnpl=exp (-p[3]*t) s
tnp2=exp (-p[4] *t) s

1<n; ++1){

Jac[j++]=1.0:

Jac[j++]=tmpl:

jac[j++]1=tmp2;
Jac[j++]=-p[l]*t*tmpl;
Jac[j++]=-pl[2]*t*tmp2;

1

S AN AN N A AN AN AN AN NN NN NN AN NN NN AN AW AN AN AN NN AN A NI N AN NATNE W

11

E

UNIYERSITY



Levmar’s examples (#5) = fitting results

/* Osborne's problem, minimupm at

(0.3754,

BT

1.83548

MICHIGAN STATE
UNIVYERSITY

L4647, 0.0129, 0.0221) */

r

E

J
(o]
IN

%+ c\program files (xB6)\ise\results

IIIIIEIIIIIIII =

E]G

Jacob: Ho, Box: Ho

== plt= for e ntoblen (D]

Levenberg-Harquardt returned 90 in 90 iter, reason 2 I
Solution: 0.3764101 1.936847 1 464687 0. 01286763 0. 0221227
Options info

0: 1. 000e-03 mu

1: 1.000e-15 epsilonl | |J°T el |_inf

2. 1 000e-15% ep=ilom? | |Dp||_2

3. 1.000e-20 ep=silond ||el||_2Z

4. 1. 000e-08 delta aprrox. step

Hinimization info

0: 8.790e-01 | |lel|_2 at initial p

1: 5.465e-05 | lel|_2

2: 4.899e-10 [ [I°T e||_inf

3. 5.068e-31 [ 1Dpl|_2

4. 2.233e+01 nusmax[J°T J]_ii

5. 90 # iterations

bl i i i

70141 # function evaluations I

L =

9. 91 # linear =systens zolved, 1. e # attempts for reducing error

Covariance of
+4.293184e-06
+4 . 168233e-04

Ternination reason

2 — stopped by =small Dp

the fit
+4 168233e-04 —4 204934e-04 +8 751658e-07 -1 63553%=-0F
+4 . 853246e-02 —4.884843e-02 +9.847883e-05 -1 962537e-04

m

Jacobial

Termination reason: 2 — stopped by small Dp

Covariance of the fit
+4.294491e-06 +4 . 169215e-04 -4 205927=-04 +8 751991e-07 -1 636147e-06
+4 . 169215e—04 +4.853941e-02 -4 885547=-02 +9 847325e-05 -1 963069%=-04

4 n

'l 1 ©) *
-
———— = Z
—— = T =
E‘ c\program files (x86]\ise\results\LevMar 5 10.log . =
- (V2
Jacob: Yes, Box: Ho o Print I -
m
== FPFesults for Oshorne's problem(5)
levenEerg—ﬁarquarat returne& 31 1n 31 1ter, Teason I
Solution: 0.3754101 1.935847 -1 464687 0.01286753 0.0221227
Options info
0: 1.000e-03 mu
1: 1.000e-15 epsilonl | |J°T e\\
2: 1.000e-1% epsilon? | |Dp||_
3. 1.000e-20 epsilond | |e||_2Z
4. 1. 000e-08 delta aprrox. step
Hinimization info
0: 8 790e-01 | |e]|_2 at initial p
1: 5.465e-05 | lel|_2
2. 4.522e-09 []I°T" e\\ inf
3 5.227e-30 [ 1Dpl|_
4. 4. 923=+01 mu/max[J T J]_ii
5031 # iterations
L 2 £ r r
740 # function evaluatlansl
T =
9. 40 # linear =systens zolved, 1. e # attempts for reducing error

Jacobh

Jacob: Ho, Box: Yes m -
Low Bounds:-200 -20 -20 -20 -20 T
Upp Bounds:+20 +20 +20 +20 +20
— =} 14 £ =1 L 11 L
Levenberg-Harquardt returned 24 in 24 iter, reason 2 I
Solution: 0.3754098 1.935822 1 4pd662 0 01286748 0.0221228
Options info:
0: 1.000e-03 mu
1: 1.000e-15% ep=silonl | |J°T e||_inf
2: 1.000e-15 epsilon? |Dp||_2
3: 1.000e-20 epsiloni  ||el]|_2
4. 1. 000e-08 delta aprrox.step
NQZatlcm info:
D 90e-01 |le]|_2 at initial p
5.465e-05% |le]]_2
1.902e-07 13T e|| inf
3.009e-33 el
7.378=-11 mu/max[J T J]_ii
24 + iterations
o o for terninating
983 # function evaluations I
24 # linear systens solwved., i.e. # attenpts for reducing srror

Termination reason:

Covariance of the fi
“ T

¥ chprogram files |

Jacob: Ves, Box: Ve

it

2 — stopped by small Dp

=

Low Bounds:-200 -20 -20 -20 -20
Upp Bounds:+20 +20 +20 +20 +20
== E= o O=borne=! problenltl
Ilevenherg—Marquardt returned 28 in 28 iter. reason 2 I
Solution: 0.3754101 1.935847 1 464687 0 01286763 0.0221227
Options info:
0: 1.000e-03 mu
1: 1.000e-15% ep=silonl | |J°T e||_inf
2: 1.000e-15 epsilon? |Dp||_2
3: 1.000e-20 epsiloni  ||el|]|_2
4: 1.000e-08 delta aprrox.step
Hininization info:
0: 8.790e-01 |le]|_2 at initial p
1: 5.465e-05% | e ]_2
2: 1.435e-09 | 37T e||_inf
3: 0.000e+00 | Dpl|_2
4: 7.4808e-11 nusnax[J°T J]_ii
5: 28 * 1terat10n3
1 for terninatdno
|7: 1389 ¥ functlon evaluations I
L =
9: 28 # linear systens solved., i1.e. # attenpts for reducing esrror

érMeg on reason:

Covariance of the fi
4 ]

2 — stopped by small Dp

it

With Boxes is slower!!

OT, 26-May-2015, East Lansing
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i ui f measur delta fexcel f levmar delta delta/f
0 0.45 34.92 34.78 5.49E-04 Mevyer's example 34.92 34.78 0.14 0.39%
1 0.5 28.65 28.61 4.47E-05 40.00 - 28.65 28.61 0.04 0.13%
2 0.55 23.63 23.65 2.15E-05 23.63 23.64 -0.02 -0.07%
3 0.6 19.59  19.63 8.29E-05 35.00 o messr 19.59 1963  -0.04 -0.22%
4 0.65 16.32 16.37 1.35E-04 2000 16.32 16.38 -0.05 -0.32%
5 0.7 13.67 13.72 2.10E-04 13.67 13.72 -0.05 -0.37%
6 0.75 11.49 11.54 1.77E-04 25.00 11.49 11.54 -0.04 -0.38%
7 0.8 9.71 9.744 1.11E-04 000 9.71 9.74 -0.03 -0.35%
3 0.85 8.24 8.261 5.74E-05 8.24 8.26 -0.02 -0.28%
9 0.9 7.02 7.03 1.69E-05 15.00 7.02 7.03 -0.01 -0.17%
10 0.95 6.00 6.005 4.68E-07 6.00 6.01 0.00 -0.04%
11 1 5.15 5.147 9.77E-06 10.00 5.15 5.15 0.01 0.13%
12 1.05 444 4427 4,58E-05 =00 4.44 4.43 0.01 0.33%
13 11 3.84 3.82 1.10E-04 3.84 3.82 0.02 0.55%
14 1.15 3.33 3.307 1.95E-04 0.00 3.33 3.31 0.03 0.79%
15 1.2 2.90 2.872 2.54E-04 o4 o2 o8 o7 o8 o2 : . L2 2.90 2.87 0.03 1.06%
2.06E-03

po 9.460866 2.48 8.85 5.72E-06 2.06E-03
pl 5.096541 6.15 4 init init
p2 3.112559 3.45 2.5 po 2.85 po 9.46 8.85

pl 4 pl 5.10 4

p2 2.5 p2 3.11 2.5

x[11=p[0]*exp(L0.0*p[1]/(ui+p[2]) - 13.0)

Initial parameters Levmar Excel
for both cases results results

Levmar chi-square result by 3 orders of magnitude is lower, than Excel’s result!!!

OT, 26-May-2015, East Lansing 13



You can get plots before fitting process
and after to compare values

Blocks with parameters to vary

Canztraint blocks

First order matrix elements

1H (358.5 MeWViu) + Be (1e4 um); Ssttings on 'H; Config: DSSSSSSSDSSSSSSSSSSSSSSSOS..
dp/p=5.07% ; Wedges: 0; Brho(Tm): 3.0000, 3.0000, 3.0000, 3.0000, 3.0000

e RO B

=]
RR

#01
#02
#03
HO4
#05
#OG

M iter =

Pogition(z055:
Positioniz0s
Positiorza053;
Positioniz0gd:
Positiorz0sT:
Positionizad 7 0;

500

[084-7T4
(036-7TH
[088-7TC
[1033-8T4
(100-8TE
Q102-8TC

Pogition(z063:
Positioni0gs:
Positiorza0ss:
Positionizd71:
Positiorzd5:
Positioniz0 76
Positiorzy 7
Positionizl 7 8:
Positionisdss:
Pogition(@0a0:

EXER]
=34 50
EXER]
34 50
R12=0
A3 =0
R1E=0
R2E=0
42
3¢

[RIR

RIA (mmimrad)

R/D {mm#%)

[ 4 8 O

% 20 24 28

AR (mradimm)

Length [m] Length [m]
WR «[RIA s o
i ‘B
I 1T % I
2| 1 Tn
0 ,‘Ltl ;Ln i :Lg r 7
4 ! [ (! 5 \‘A
5 ISR N w
P T e T Tl s
|

£ Fit

X Ed

After fitting
process it is
possible to restore
initial settings

OT, 26-May-2015, East Lansing

i

Fit Settings ‘ I Matic Plot

B -
= Brows‘e output file ‘ h Beam-Sigma Plot

\

b4 fit

Initial log-file name is
LISE** filename with the
“fit” extension. Located

by default in the directory
“LISE\result”

Spatial: X,Y,L (mn)

1H (358.5 MeV/u) + Be (1e-4 pm)

Beam Sigmas
Seftings on H; Config D
dp/p=5.07% ; Wedges: 0; Brho(Tm): 3.0000, 3.0000, 3.0000, 3.0000, 3.0000

: : — 50 : :
g
— L
16
50
42
38
40
34
k=)
[
H 30
30 o 26 m
=
8 22
=
g
20 £ 18
14
10 10
6
0 u 2

24 28 32 36

24 28 32
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and Final +641.173 LISE fit reduced values

: Lef tBound Initial RightBound | Final
01: QOB4=7TA =1.000e+39 ¢« +9_403=+00 < +1.0002+39 +3.916e+00
: QOEe-7TE =1.000e+99 « -1.083e+01 < +1.000e+99 =9.624e+00
: Q0B8=FTC =1.000=+99 ¢ 48 752e+00 < +1 000=+99 | +7. 892e+00
© Q098-8TA -2.000e+01 « 47 .085e+00 < +2.000e+01 | +6. 310e+00
© Q100-6TE —4.000e+01 « -5.000=+00 <« +2.000e+01 | -6.152e+00
© Q102-8TC =1.000e+01 < 44 212=+00 < +4 000401 | +3. 994e+00
ot g, Tmise Gmpele )| e - "
1: s1g¥ +2 . 469%e+01 +1 . 648+ 1. = : et < +5.00e+01
Bool o DEEM Dimm o omEmocamm ) A e ees compiotod
© mig 4. =2 +6 =4 1. = . =4 < +5. 00=+01
04: sig¥ +4.71l6e+01 +7.588e+00 1. 000e+00 0.000e+00 | < +5.00e+01 process Completed
#05: focusk +6.022e-01 -1.913=-06 1.000e-03 1.913e-03 | = +0.00e+00
#06: focusY =5_364e+00 =8 _493e<01 5. 000==01 1.699e+00 | = +0.00=+00
#07: X-dispers -1.287e-13 -1.T67e-06 1.000e-03 1.767e-03 | = +0,00e+00
#08: T-dispers #2.814e-13  -2.038=-05 1.000e-02  2.038=-03 I = +0. 00=+00
209 sigmaX +3 618e+00 +1.991e+00 1. 000=-01 9.911e-01 ¢ +2 . 00=+00 1 1 i
#10: sigma¥ +6.510e+01  +1.134e+01 1.000e-02 1.035e+03 | < +1.00e+00 Itis plannlng to use different colors and

fonts to underline, to select key moments

==} Results for t4. fi
Levenberg-Harquardt returned 500 in 500 iter, reason 3
Solution: B.916349 =9.623625 7.891567 6.309539 -5.1521]35 3.993751

Hinimization info:

0: 4.147=+07 ||s]| 2 at initial p

1: 4.111e+07 llell_2

2: 2.840=+00 ||J"T e| |_inf

3: 2.275=-06 IDpll_

4. 2.378e-04 lu/nax[J T d]_11

5: 500 & iterations

B 3 resson for terminating

74499 # function evaluations

g: 500 # Jacobian evaluations

9: 500 # linear systems solved, 1.e. ¥ attempts for reducing error

I . - -
Termination reason: 3 — stopped by itmax ==3 "sigma¥" : last fitting block global optical matrix and sigma vector

Format [mm-mrad]

sasszsssssszsssssmn=s G L O B AL ==== matrix =======szsssss==z==z== | am{sigma) |
+1.991e+00 -1.913e-08 0 -1.767e-06 | 1.99=+00 |
=1 _482e+00 +5. 025==01 II 0 o =2 .038==05 3. 362400
0 0 -9, 083e+00 -8.493=-01 0 0 1.13=+01
0 0 =3, 3126m+00 =4.210==01 0 0 | 4. 73=a00 |
-1.428e—03 +5.792e-04 0 0 1.0 -1.083=+01 | 7.62e-01 |
0 0 i} ] o +1.000=+00 | 7.00e=02 |

variance of the fit

.071318e+15 -7 303656e+15 +5_ 433857e+15 +6. B02513e+16 -1 067550e+17 +2. 799623e+15
. 3835952415 +1 . 775066e+l6 <1 306325e+16 =1 .6353E8%9%=+17 42 5665502417 6. 7426228+15
.433800=+1% -1.306322e+16 +9.613624=+15 +1.203536e+17 —1.BE8E1Ea+17 +4.964434e+15
(83553 e+lE =1 B8374Be+17 +1 306313e+l7 +1.182920e+18 =9 006090e+17 =1.998219=+18
LADB364e+17 43, 385910e+17 -2 491815e+17 -1.296397e+18 -1 . 118B88=+18 +6.699783e+18
.149371e+16 =9 97658%=+16 +7_ 342309e+16 =1.150617e+18 +5.385693e+18 =7.714485=+18

Lo R LA

OT, 26-May-2015, East Lansing 15



Example for A1900(1)

Multipole: Q100-8TE

— Magretic Multipole S etting:

— Block. settings, Information

|| QUADpole | F SEXTupole
L etf [effe_ctwe lzngth] I 0748 -
mo;ﬁ <Keeps H
B [field at pole tip] fj -2.11665 0 kG
Radius [half-aperture) 133 5 cm

Black length 0748 i
Current [Real] Brho-value If Tm
for the setting fragment
Setting fragment I TH1+

— B [field) parameter in fitting

Multipole fixed Brhdtvalue | 3 Tm
comesponding to the setting fraament  Fi cunent value |

Bounds (kiG]

lower I -40

¥ Use in Fitting

¥ Use Bounds constraints

upper I 20

v Calculate 2nd order matrix elernehts

W Allow remote matrices recalculatibn

B(l] calibration |

| nhio calibration file

— if Brho-value has been changed then

" no actions
% recalculate automatically B [fields) keep the matix [Fecomended]

" recalculate automatically the matik, keep B [fields)

5 Recalculate Bffield) for the fragment cument Brho

£ Calculate Optical matrix | o OK |

x Cancel |

" Edit optical matrix |

Multipole: Q100-8TB — - -

Let’s destroy it manually

— Block. settings, Information

— Magretic Multipole S etting: |
[O0ED pole| ! SEXTupoke
L_eff [effective length)
mode: <Keep: ﬁ( D7 i
B (field at pole tip) -4 i kG
Radius [half-aperture) 133 5 cm

Black length 0748 i
Current [Real] Brho-value If Tm
for the setting fragment
Setting fragment I TH1+

— B [field) parameter in fitting

Multipole fixed Brho-value | 3 Tm
comesponding to the setting fragment  Fiu cument value |

Bounds (kiG]

lower I -40

¥ Use in Fitting

¥ Use Bounds constraints

upper I 20

v Calculate 2nd order matrix elernents Bil] calibration

W Allow remote matrices recalculation

| nhio calibration file

Do nat forget to recalculate the Optical matris if you
changed cell contents in the Manual moda!

— if Brho-value has been changed then

" no actions
& iecalculate automatically B (fields). keep the matix [Fecomendsd]

" recalculate automatically the matris, keep B [fields)

5 Recalculate Bffield) for the fragment cument Brho

£ Calculate Optical matrix | o OK I

x Cancel |

" Edit optical matrix |

OT, 26-May-2015, East Lansing

Blocks with parameters to vary

Constraint block s

W iter = 500

£ Fit

#01 Position@054:  Q084-7TA #01 Position@062: 53 < 50
#02 Positiond@056:  (JO3E-7TH #02 Postiond@084:  £3 < 50
#03 Position@058;  [Q085-7TC #03 Postion@0E7: 3 <50

#04 Position@070: ¢3¢ 50

#05 Positiond®2066:  G100-8TE #05 Position@074:  R12=0

H#OE Pogition@075: R34=0
#O7 Postion@076:  R16=0
#08 Position@077:  R26=0
#09 Position@078: 5143
#10 Position@073: 53¢ 1

Restare

previLog {% Fit Settings
values

|1-l Matrix Plot |

X b

? Hep

Eé‘ Browse output file | h Beam-Sigma Plot |

4 fit

16
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Example for A1900(1) —

; First order matrix elements
A 1H (358.5 MeV/u) + Be (1e<d pm); Settngs on 'H; Config: DSSSSSSSDSSSSSSS5SSSSS8SS0S First order matrix elements
) dpip=5.07% : Wedges: 0; Brho(Tm}: 3.0000, 3.0000. 3.0000, 3.0000, 3.0000 "H{358 5 MeViu) + Be (1e-4 ym). Settings on 'H; Config: DSSSSSSS0ESSSS558555S55505
| Kt dpip=5 Wedges m)
;‘f‘; [ BE - R .A,' — — — X ip/p=5 07% , Wedges: 0; Beho[Tmj: 30000, 3.0000, 3 0000, 3 D0GO, 3 DOGO
g ) !"-L\ » ) H ﬂ ﬁ - S—L = = S Cat ssEm = RO
; ":‘._&ﬁ‘:?‘-.v*’\"\ FU N b }‘_‘ r -\\ ',f ., A '\‘. ‘j ’\-. . .
=) 1 \" - b’ w " / Ji " J‘
:f « "'rl"e E i o \; - g v i | —— B M - i . bt » y \
i J A e \ﬂ ! Ve . A P - N/
' i 1E e F B/ .q:.: L *\ I "‘.‘;.\E ' \
] ) l~ : ; + . \ J K ‘ g o 2 E
" i 7 d ‘ Y o “
] . . pH
T e 7 v o o a0 al; : oaos e g ; — s e ;
=[P - WA — WD o | Lengi ] Length fm] Length [m] = ]
@ | [ AR | i A | A -y
: . 4 o | . i :
_ i ol oo i " I [ .
S, j ] H ] F I 7 " Wi | i
I e PR = D | [ 1 - - I A P \
§ T Hn I‘\FT"’: , I'_:sr_ﬂu.--”; qud%'-ﬂ‘-' -ﬂ s . “‘--J\ 7 i ’ T._TL | : | : . |l | {l ﬂi s —]
i e [T M L‘ i U g z“ﬁrﬁrp_ﬂ:ﬂ [ = I, P i e e o
i LR N Lo . ‘ . \r i | T K N <
= - L il .‘ | X !l R %r— —T‘ I .
o I : ! IR
.. I Longth m] g e s o= T T o omw s T . —=
I t = T D ' = F I =
Beam Sigmas n I I a 1= Beam Sigmas I n a
= H (358.5 MeV/u) + Be (1e-4 pm); Settings on H; Config: DSSS.- oo oo ooooocooooooo = 1H (358.5 MeV/u) + Be (1e-4 ym), Seltings on H, Config: DSSSSSSSDSSSSSSSSSSSSSumuw.
dp/p=5.07% ; Wedges: 0; Brho(Tm): 3.0000, 3.0000, 3.0000, 30000, 3.0000 ﬂ dplp=507% ; Wedges' 0; Brho(Tm): 3.0000, 3.0000, 3.0000, 3.0000, 3 0000
™ s patial N y i N ! ’ — ‘angular g s patial —x 38 [angular
— o =
‘.:E; 45 %‘ 32| =r
120
f fi 28 | k|
B = 100 5 35 AEI’E 5
E £ E &
= H = £
> 80 e > e
o = % =
o e 25 . I~
w = o =
= = =
] o
20
5
0 [ 4 12 16 20 24 28 32 36 0 4 E] 12 16 20 24 28 32 El L] 4 XI! 12 Ilﬁ 20 2.4 Z‘E 3‘2 36 0 -; 8 |I2 1‘6 2‘0 2‘4 ZIB 3.2 3
Length [m] Length [m] Length [m] Length [m] 3;;:
Initial +870.782 and Final +870.318 LISE fit reduced walues Fitting values: Tnitial Final Precision (Fin-Des)<P Desired
#01: =ig¥ +2 . 4p9%=+01 +7 .589=+00 1.000e+00 0.000e+00 < +5.00e+01
Paramnsters: Lef tBound Initial nghtBDund Final #02: S:!.EIY +3.323e+01 +7.188=+00 1.000e+00 0.000e+00 < +5.00e+01
#01: QOB4-7Th -1.000e+99 < +3 403e+00 < +17000e+39 | +8 750e+00 303 =i9f TeoBbeidl  th.miEetll L.Dpmednl D.000etAD ¢ *E.Dheddl
#02: QUS6-7TE -1.000e+39 ¢ -1.083e+01 ¢ +1.000e+99 | -9.228e+00 - 59 DR Telaaer T Jopor MR
: . . : . #05%; focusX +7.758=-01 +5.198e-05% 1.000e-03 5.198e-02 = +0.00e+00
#03: QO088-7TC -1.000e+99 ¢ +8.752e+00 ¢ +1.000e+99 +7 .597e400 #06: focusY —-7.236e+00  +3.918=-05 5.000e-01  7.836=-05 = +0.00e+00
X104 O198-8TA —2 0=+01 47 (18C=+4(11 47 N10=+01 40 7308=4(1]] #07: X—d:@.spers +7.190=e-05% +3.171e-1% 1.000e-03 3.171e-12 = +0.00e+00
#05: (100-8TE —4.000=+01 ¢ —-4.000e+00 < +2.000e+01 -5.247e+00 | *08: T-dispers -1.354e-04 -3 .960e-15  1.000s-02  3.360=-13 | = +0.00=+00
LTS RN o B =S A P LR L LU L L L[S P LR [‘10: signa¥ +8.802e+01  +3.395e+00 1.000e-02 2. 40Ge+02 ¢ +1.00e+00

. --FThe-Quad field value was not restored exactly The last consiant was not succesrull —
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Example for A1900(2)" -- only/last triplet torusenn it IRRALE

-
; First order matrix elements %) Firt arder matrs elements
X 'H (358 5 MeV/u) + Be {1a-4 pmj; Settngs on 'H; Config: DSSSSSSSDSSSSSSSSSSSS5SSDS | ot nrE———m
. dplp=5.07% ; Wedges: 0; Brho(Tm: 3.0000, 3.0000, 3.0000, 3.0000, 3.0000 = I . First ‘;: der m Mcl '; “Dls‘;glgé;sss;ssﬁssbssscs
= H(366.5 MeViu) + Be (164 pm); Settings an °H: Canlg 5! 55535558
R . - - o | R S e
0 % 1=
7 » ‘ - = - === =
2 o -'gk— P A~ s ’u:\—'\ _ﬁ._\ i ’f‘. A ;-L\‘ ,\- o i
3 Sl s N - =
] ' \-, - v W N o » ] ; ) ~ :
2 'irl' 5 v ¥, 1 * . / S | F“x : | ®
A 3 . \ / 3 _ _ ¥
. M E a 3 E 10 = . \ e _ |—
£ I E = | E \1 i o S HH g .
: \ ' k3P N ik
< . E £
- I L B ] e = 1T 4| € H
. | 1 . Il 3l L e
1 = 1 § .
nu B L L k3 ﬁ
,n
I ] Ca — N > s I .
Langrn im) Lengin im) Lengin (m) =
[ e = =z WS = Lengin [m)
35| 1 [ AD

o
bt
o
-1
Ak
Tt
"..
=
dg
LT
o
"
d
bl |
[
1
1 | .
i
;t‘; :
j
AR (mrad/mm)
e
==
TED
i
_TES
=
i

i) | f I [= ! '
o | e " d| ol R < <
L y Y1 881 i ) D |' — T e | I -
.l ! | Lo b il |
= L L i I il Il
35 - s i =
- - I:E"ﬂ"'l;l"*ll oo S et Y e S .
Initial —— = F | =
L= Beam Sigmas n I I a Beam Sigmas I n a'
H (358.5 MeV/u) + Be (1e-4 pm), Setlings on H; Configi DSSS - oo o oo oo H (358.5 MeV/u) + Be (1e-4 pm); Settings on H, Config: DSSSSSSSDSS555555555S88E
o dp/p=5.07% : Wedges: 0: Brho(Tm): 3.0000, 3.0000, 3.0000, 3.0000, 3 0000 dp/p=5.07% : Wadges: 0: Brho(Tm): 3.0000, 3.0000, 3.0000, 3.0000, 30000
—— - - - - v . = — — - . . - v v = —
ko spatia = angular spatia = N angular
= 140
i 50
s 15 42
X £}
% 120 8
:{ 40 34
e 100 E 35 = §
E £ E & 30
- - - -~
> 80 a > 30 e 26
» = = e
g §E " g E =
E a0 3 ] ]
& z & 20 g 18
0 » "
10 10
20 .
5
0 o - :
0 4 12 16 20 24 28 32 36 0 4 8 12 16 20 24 28 32 3 0 4 g 12 16 20 24 28 a2 0 4 g 12 16 20 24 28 32 4
Length [m] Length [m] Length [m] Length [m] 2-:24;_:
Fitting wvalues: Initial Final FPreci=zion (Fin-De=)~-F De=ired
#01: =ig¥ +2 . 469=+01 +2.469=+01 1.000=+00 1.014e-11 < 45 .00=+01
#02: =ig¥ +3.323e+01 +3.323e+01 1.000e+00 5.224e-08 ¢ 45 .00=+01
- . : *N3: =sig¥ +4 . 846e+01 +3.711e+01 1.000=+00 2.536e-06 < +5.00=+01
Initial +870.782 and Final +870.376 LISE fit reduced walues 14 sig¥ +5.902e+01  +1.3550+01  1.000=+00  0.000e+00 | < +5.00=+01
o . T ofen B i1 T B .y ; 15 focusX +7 .758=-01 -1.178=-06 1.000=e-03 1.178e-03 = +0.00=+00
¥ = 16 focusY =7 .236e+00 -4.717=e-02 5. 000=-01 9. 434e-02 = +0.00=+00
#01: Q100-8TE —4. 000=+01 < —4.000=+00 < +2. 000=+01 -8 040=+00) 17: H-dispers +7.190=-05  +3.588e-04 1.000e-03 3.588e-01 = +0.00=+00
: = +4 =+ 18: T-dispers -1 .354=-04 -5 .358e-05 1.000=e-02 5. 358e-03 = +0.00=+00
19 sigmnai +4 . 744e+00 +2.414e+00 1.000=-01 5.56de-01 < +3.00=+00
The Quad f|e|d Value was restored #10: =sigma¥ +8 . 802e+01 +4.777=e-01 1.000e-02 5.931e-01 < +1.00=+00

OT, 26-May-2015, East Lansing All constraints are good! 18
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