r w4

Orbit Correction Within
Constrained Solution Spaces
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Constraints for Orbit Correction

i.  Hardware limitation of physical corrector strengths

- Global orbit correction on a
misaligend (low emittance) magnet \attice

- Local orbit bumps of increased amplitude
(aperture scans, BBL, eic)

- Enhanced by:

C Little maximum corrector strengths
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Corrector Coils
Magnetic Field
Electron Beam
Resulting Deflection
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Constraints for Orbit Correction

i.  Hardware limitation of physical corrector strengths

- Global orbit correction on a
misaligend (low emittance) magnet \attice

- Local orbit bumps of increased amplitude
(aperture scans, BBL, eic)

- Enhanced by:

o Little maximum corrector strengths
e Little phase advances (low tune)

A, Marc Grrewe, INBS 2004, Grindelwald, CH L/2




0.5

v
Vertical BPM Phase Advances at

DELTA

Phase 04

5

advance 0.3

4 Total

between

= 3 Phase

neighbouring

" 2 Advance

BPMs [ Y1 |

il 1 [217]

0.0

0

mmmmmmmm
oooooooooo

QQQQQQQQQ
nnnnnnnnnn

! ! P T T T T T T T T I IR
< w 225AVIR QN X2 SAVILYS I T 0[S ONODOTN o
- ~ CANNNAN AN ANG QOMOOMN  OOF T S (S8 S IYDOwD [is}

£ € EEEEEEE EEEEE EEEEEEE EEE £ £E EEEEEEE EE
g % G08806868 80088 038888 888 O 86 |88 448884888 98
) a 0000000 00000 00AA6AA QA8 4 28 |88 000490464 a4

Marce Grrewe, IWBD 2004, Grindelwald, CH 1/2\



~

e

bpmib -100pm
bpmiT +100pm

N |
L]

T
| J S

i
L [T

Sl ik 1b

e o — - — o —

|
[ 1

ficance of Calibration Errors

I (AN 0 i G

Correction of simulated offsets for

Igﬂl

S w0
— o

D

|€21143A

<
S

[ww)] juewaereydsig

* Large corrector strengths afforded (>0.5 out of 0.5 1o 1.1 mrad max)

e Error propagatation (1.2mm If)
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Constraints for Orbit Correction

i.  Hardware limitation of physical corrector strengths

- Global orbit correction on a
misaligend (low emittance) magnet \attice

- Local orbit bumps of increased amplitude
(aperture scans, BBL, eic)

- Enhanced by:

o Little maximum corrector strengths
e Little phase advances (low tune)
g Calibrational errors of BPM offsets

ii.  Dolution space of local impact (bumps)

iii. Exploitation of nullspace
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SVD -Based Orbit Correction

(w,

L0

0/ \
R R,R;-+R, | = WR = Uldiag(g, )]V
W, )\ J

U'u=v'v=vVv' =1

Inverse within the | (WR) =V[diag(l/o; )JU"
Range of WR 8, = -R*AK
(Pseudoinverse): HW(RéOC + A/?}

— min.
'

g,y.i"-ﬁ J'\i)‘

Marce Grrewe, IWBD 2004, Grindelwald, CH 10/2\



v &
DOF* for Correction

Free Parameter for QVD -B®ased matrix inversion:

(WR)" = V"diag(1/0. )JU
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Dolutions for Constraining
Correctors ?
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e rather ficticious task here

o typical for DELTA about 2 limited correctors

! vertically (usually no problems horizontally)
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Weighted Orbit Space

— Find the closest spot to a given point on
a set of hyperplanes in
n dimensions

HUTW(RQ’OC +A/?}

......
ra
L}

— min.
2

— Restrict solution space to the ,Range”

Sp an{ I:izl Ji > Ucutoﬁ” }

— n-dimensional so\ving strategies...

| - KKT criterion to identify unique solution

intermingled nullspace orthogonal nullspace
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Gegenwartige Yerteilung
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,suboptimal’ strategy
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Constraints for Local Orbit Bumps

* Locality = minimise orbit impact ouside bump (Ol)

- Choose correctors k surrounding bump monitors — 7 ={k}

... under restriction of the solution space to

= Qolve

U, W, (RBHB +/?B’ref} — min.

2

span{ gl Oy, > Ucutoﬂ} N span{ U;WBRBV;J v, OV,,i> 2}

— |H -2 column vectors ot V, corresponding to
constitute ON-Basis for local orbit bumps

! (minimum impact outside ROl)
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Local Orbit Bumps (Example)
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* Dynamically choose as many correctors as needed

e Produce asked orbit offset without concern” of corr. lims.

! e Provided as agent service to external clients
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Exploitation of Nullspace (i)

 Use little orbit impact of ON-Base

span{ Vi V.OV,0<0

cutoff }

to ease \arge corrector s’rrengths in current seﬁing éoz

— find 4. such as to minimise

w.(6.+6,)

— min.
2

with diagona\ corrector weigh’t matrix

g,y.# 75)’

C
Wy 0 — choose large weights w'
W, = to put an emphasis on
0 w€ correctors j to be eased
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e ... again, use OVD to create a weighted ON-Base U . of

correctors:
YA — X1 |;]' ; ‘ =C "ITT

... under restriction of the solution space to

Exploitation of Nullspace (ji)

= olve

—

U. W, (éc +6’0M2 — min.

span{UgWCVi |0, < Ucumﬂ}
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Bottom Line

VD based orbit correction restricted to the
common set of feasable corrector strengths

.@_

Restriction to
local orbit bumps

Flexibility

(,no matter” what the offsets and limits are)

.@_

Restriction to
Nullspace

operational

Effectivity (1?)

(still an idea, usefulness to be proven)

since 4/2004

Reliability!!

(while retaining the best solution possible)
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Thanks for your attention
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