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(== Orbit Feedback at the .S SINE

‘ Introduction - SLS Layout'

e Pre-Injector Linac
— 100 MeV

e Booster Synchrotron
— 100 MeVto 2.7 GeV @ 3 Hz
— ¢, =9 nmrad

e Storage Ring
— 2.4 (2.7) GeV, 400 mA
— ¢, =5 nm rad

e Initial Four Beamlines:
MS —4S PX —-6S
SIS-9L, SIM -11M

CUWMaterials Seiences T

; CAS'03 /
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Orbit Feedback at the S.S
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‘ Introduction - Storage Ring Desig:'

12 TBA: 8°/14° /8°
12 Straight Sections:

— 3 x 11 m(nL)
x Injection, U212

— 3 x 7m(nM)
x+ UEbS6

— 6 x4m(nS)
x 2x RF, W61, U24

Energy: 2.4 GeV (2.7 GeV)
€z 5nmrad

Current:400 mA
Circumference: 288 m
Tune:20.42)/ 8.17)
Chromaticity:-66/-21

Beta functions [m]

Dispersion [m]

40

N

AN

By
30 \

I

/ \B"\/

L

TP

Y

VAWAYE

/<

arc (TBA8 14 8)

s[m]

arc (TBA 8 14 8)

Energy [GeV] 2.4 (2.7)
Circumference [m] 288
RF frequency [MHz] 500
Harmonic number (2°x3x5 =) 480
Peak RF voltage (MV] 2.6
Current [mA] 400
Single bunch current [mA] <10
Tunes 20.38 / 8.16
Natural chromaticity -66/-21
Momentum compaction 0.00065
Critical photon energy [keV] 5.4
Natural emittance [nm rad] 5.0
Radiation loss per turn [keV] 512
Energy spread [107] 0.9
Damping times (h/v/l) [ms] 9/9/4.5
Bunch length [mm] 3.5

0.4

0.2

CAS'03
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= Orbit Feedback at the 9.S

SWISS LIGHT SOURCE m™

‘Introduction - BPM/Corrector Layout I

sector

BPMS

%%w%é%é% @% =-a S8

%%% '%Sgg\
F Dlpole
Quadrupole /

Horizontal / Vertical Correctors

e 12sectors
e 6 BPMsand 6Horizontal\ertical Correctors pesector

e Correctorsin , BPMsadjacent tadQuadrupoles

; CAS'03
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BSt Orbit Feedback at the LS LS

4 )

Motivation - Stability - Ground Noise
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1 Orbit Feedback at the .S SISE
Motivation - Stability - Worst Case Estimate

o 5,=14m3,=0.9matID position of section 8 —
o, =84pum, o, =7 pmassuming emittance coupling/e, =1 %

e With stability requirementAc = 0.1 x 0 —

Requirement: Orbit jitter <1 um at insertion devices

Worst case Noise estimate 30 60 Hz
Seismic measurements 300 30 nm
Damping by hall's concrete slab neglected
Girder resonance max amplification <10 <10
Closed orbit amplification hor./vert. 8/5 25/5
—  Maximum Orbit jitter hor./vert 24/15 7.9/1.5 um
Attenuation by orbit feedback —55 —35 dB
— Maximum Orbit jitter hor. /vert. 40/30 130/30 nm

N casos /
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SWISS LIGHT SOURCE m™

= Orbit Feedback at the IS LS

g S ‘ D
T&S - Orbit Correction Schemes

e Sliding Bump - Phase advances betwe€arrectord)® < A¢ < 180°, Correctors 1,2,allow
to zero the orbit iBPM 2 nearCorrector 2 1 opens “Orbit Bump”2 provides kick for3 to
close it again. Continue (“Slide”) wit#,3,4to zero orbit inBPM 3.... iterate until orbit is
minimized in allBPMs!

Corrector BPM AD< 180 deg
L3
WHW
2 3 4
1
g
Orbit Bump

e MICADO - Finds a set of “Most Effective Correctors”, which minimitee RMS orbit in all
BPMsat a minimum (“most effective”) RME orrectorkick by means of the SIMPLEX
algorithm. The number aforrectorq= iterations) is selectable.

e Singular Value Decomposition (SVD) Decomposes the “Response Matrix”

Aij = 22&’5{/ cos [mv — |¢; — ¢4|] containing the orbit “response” BPM i to a change of
Corrector jinto matricesV,W,V with A = U « W = V1. W is a diagonal matrix containing
the sorted Eigenvalues ¢f. The “inverse” correction matrix is given by

| A=l =V« 1/W x U’. SVD makes the other presented schemes obsolete !-) /
CAS'03
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=)= Orbit Feedback at the .S LS

4 )

T&S - What SVD derI

72 monitors / 72 correctors

Monitors Correctors Correctors Monitors
A=U*W*V T
*1/W ™ U
=> Minimization of the RMS orbit (=0 in case of "Matrix Inversion" using all Eigenvalues)
72 monitors / 36 correctors
72

=

=> Minimization of the RMS orbit (monitor averaging)

N casos %
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= Orbit Feedback at the 9.S

SWISS LIGHT SOURCE m™

SEIENE

‘T&S - Response I\/Iatricej

2 sin v

e 1, =20.42 &3 BPMs/Correctors per unit phasg—= 360°)
e 1, =8.17 &9 BPMs/correctors per unit phase)

p CAS'03

Ay = L505 cos [y — gy — ] = (U = W % VT,

72 vem

~
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SWISS LIGHT SOURCE m™

= Orbit Feedback at the IS LS

4 )

‘T&S - Inverse Response Matrice'

72 hcm

72 vem

vem index 60 0

° A;jl Is a sparsetfidiagonal” matrix (3 large (+1 small) adjacent coefficients are nonz@nce
BPM and Corrector positions are slightly different)
—“Sliding Bump Scheme” iteratively invertd

° A;jl containgglobal information although it is atfidiagonal” matrix !
— Implementation of a Fast Orbit Feedba€&lOFB)

N caso3 /

Michael Bogew 11




= Orbit Feedback at the 9.S

SWISS LIGHT SOURCE m™

SEIENE

/
T&S - Inverse Measured Response Matrice'

72 hcm

) ) 56 0
hem index vem index 60 75=0

e Horizontal 3 Beat:~ 4 %
e \ertical § Beat:~ 3 %

— A(real); ;! is still a sparsetfidiagonal” matrix plus some noise
1) p

~

; CAS'03
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BSt Orbit Feedback at the LS LS

‘T&S - Single Corrector Example'

[corr]=A(real)"-1*[bpm] [bpm]=A(real)*[corr]

0.01 0.01
\\\\\\
+ s~ comr X bpm +
0.008 [+ g 0.008 |+ N T bpm diff ~ x
£ ¥ |
0.006 |- \ £ 7 4 0.006 -
LT | +
0.004 |- # | ‘ E 0.004 |-
T T + + T +
| T s | |
0002 | | | | \ | g 0.002 g
4
E E B ootk %%
= 0 = 0 Zsgpoeppesiinaonieononebocppooagannocedin AR
+ | i I f |7
-0.002 1 { | | | g -0.002 | g
| | \ |
+ T +
-0.004 - N \ ‘ 1 7 -0.004 -
!
\ | ¥
-0.006 { g -0.006 |
+ T + +
-0.008 ot et g -0.008 |
0,01 . . . . . . . . . . . 001 . . . . . . . . . . .
0 6 12 18 24 30 36 42 48 54 60 66 0 6 12 18 24 30 36 42 48 54 60 66
corr/bpm number corr/bpm number

e \ertical Jtron oscillationin a machine with distortions

e The measure(zl_lk(vf'eal);j1 would predictone corrector

) A(ideal)i_jl for the ideal machine predicthe correctorplus some noise on

the other correctors

e Residualstron oscillationafter the correction

N caso3 %
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Orbit Feedback at the S.S
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1000

‘T&S - SVD Eigenvalueﬂ

T T T T T T T
wh
horbit -------
H H H H B B WV ,,,,,,,,
| | | | | | vorbit
100 oo . | | | | | |
R
Ko
3 ek, } } } ! } }
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I : TR R R e i :
= : : RIS A s 30K xk
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OO e T e "\\7\‘?\\;\%' e e
P o
: ‘1\\%
0.001 i i i i i i i
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CAS'03

index of w[index]

e Range of Eigenvalugs.5 < W < 500

e Eigenvalue Cutoff @g (W; = 0 for ¢ > ig) determines the minimum achievable RMS Orbit
and Corrector Strength after Correctien “MICADQ?” like: the largest Eigenvalues correspond
to the “Most Effective Corrector” patterns

e No Cutoff corresponds to “Matrix Inversion”. The RMS Orbitex Correction is Zero !

~

J

Michael Bogem
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50 Orbit Feedback at the LS SISy

‘T&S - Path Length Correction'

central design orbit
{closed orbit for p=po)

(@)

closed orbit

closed orbit i
for p»pe {b) for p=po
- Ap LG N
D122 - L et
e *o Po
closed orbit for p>p,
%?Speg porb:t central design orbit -I 8
° =closed orbit for p=p, Xpls}=Dis)- 5

e In a homogeneous magnetic field (a) the radius of the Closbd ®proportional to the Energy
p (shown arep < pg, p = po undp < pg). The Orbit gets shorter or longer (“Path Length”
changeA L/ Lg)

e Inthe case of “strong focussing” (b) the Orbit Deviation @edtions is given by
xo(s) = D(s)Ap/po with Ap = p — pg, D(s) denotes the DispersiodNL /Lo = a.Ap/po
with the momentum compaction factar. = 1/Lg fOLO D(s)/p(s)ds (= 6-107%)

e p variations due to “Path Length” (thermal or modelling et®achanges have to be corrected
by means of the RF Frequengywith Af/f = —a.Ap/po and NOT by the Orbit Correctors !

— Fit Ap/po part of the Orbit using SVD on a 1 column response matrix doimg dispersion

. valuesD;y @ the BPMs and change the RF frequency-k¥ f to correct forAp/pg ! /
CAS’03
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Orbit Feedback at the S.S

-

T&S - Model for a Closed Orbit Feedback.

Corrector
Settings

; CAS'03

Corrector
Fields

Beam Position
Readings

Orbit

Offsets

+

Electron

Beam Jitter

&
s

VA%
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Orbit Feedback at the S.S
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B

Horizontal Polarization

l o N
095 -
09 -

0.85 -

0.75 -

0.7

0.65 S

Ihbluding lamination, d=1mm -+~

| | | | |

; CAS'03

0 10 20 30 40

50 60 70 80 90 100
flHz

8]
0.9
0.8
0.7
0.6
05
0.4

0.3

‘T&S - Calculated Corrector Transfer Functions | B| I

e MAFIA estimated Eddy Current Effects induced by the Vacuuna@ber (3 mm Stainless
Steal) and the Laminated Iron of the Sextupoles:

Vertical Polarization

T

T

T

T

T

I I I I I

w/o magnet losses —
with magnet losses ---

| | | | | | |

I

|

0

10

20 30 40 50 60 70 80
flHz

90 100

~
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Orbit Feedback at the S.S

SWISS LIGHT SOURCE =

-

; CAS'03

\T&S - Simulated Attenuation of Orbit Noise.

20

10 - | Vertical Orbit Feedback Loop

0| Sample Rate: 4 KSamples/sec.

20 dB Bandwidth: 90 Hz
10 b

dB 20 -

30 e
40 SR |

-50 | . . . . IV”I”I VVVVV .

-60

1 10 T 100 1000
Frequency/Hz

e 4 KHz Sampling Rate needed in order to have a g&®® dB @ 90 Hz

J

Michael Bogem
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Orbit Feedback at the S.S

SWISS LIGHT SOURCE mm

-~

T&S - Power Supply Resolution and RMS Orbit Distortion'

TRACY estimated Residual Vertical RMS Orbit after Orbit @amtion as seen by the BPMs
(histograms for 200 seeds introducing RMS girder misaligntof 1.m):

60

55 RMS Girder Error: 0.001mm

50 }
45 | —
40 }
35} ]
30 }
25 | L
20 } a

15 | 1
10 } ]

i |

0 .

- BEE—=

0 1 7Yrrms fTuml 2

3 4

e 1 ppm in amplitude corresponds to a resolution of $@&t a maximum Current of 7 A

(=~ 860 urad in the vertical plane)
e 60 ppMm yrms = 0.75um, 30 ppMm yrms = 0.5um,

— 15 ppm & 10 nrad or 10Q:A) sufficient

CAS'03

1 Yrms = 0.25um
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Orbit Feedback at the S.S
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ffffffffffffffffffff

ffffffffffffffffffff

; CAS ’;73

RMS Angle at the Insertion Devices /., s= 0.08urad for ):
'i"’j:'} 1‘””7‘} 777777 :m%r" ""W"‘i} 777777777
AL ol I ——

T&S - Power Supply Resolution and RMS Position/Angle @ IDI

RMS Position @ tsertion Bevices withG, ~ 1.4m,5, ~ 0.9m (z/yrms= 0.5um for ):

Michael Bogem



Orbit Feedback at the S.S
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‘ FOFB - Digital BPM System.

Power Level [dBm]

A" A

\ gm
Al\ \l \
| A [
closed orbit / A\:‘A ll .y :

" '--{N..)E/ Closed Orbit:

80 70 60 50 -40 30 -20 10 0
= [ el § T . Only One BPM System
50_1 IL PQT 4 oo . .
=1 VB . { 1n Different Operation
2 ° .
E - Mode for All Machines
R \ @ :
~ \}. $0%40%08 o /.\../u,.,o I ,..‘.l\\... ]
0.01 A\ﬁi L == — Turn—by—Turn:
i e “ramp-2 s” moge 1
; A L 1 MSample/s, <20 pm

; CAS'03

| feedback mode N A A 4 N
Alaafa fa, Taaga, 4 KSample/s, <1.2 pm
0.001 il LY S
' L e [ |1 roian e
0.1 1 10 100 100C .
timing PS PS
Beam Current [mA] signal |CTRL — CTRL‘
ti:rning fiber optic links to adjacent \l : ' :6 .
Turn_by_Turn: pM signal scctors (40 MB/see) _ \ 0 i ﬁbf;ﬁptlc
! 6 > Lt \ / mks
0 pickups
Vital for I | l 1 \\\ ] s
. LAN
19Q10N1 v RF > Digital |[(=F - PS (TCP/IP)
Commissioning R s Dl || = \T[ pseafsea| | (P50 S
Vo, End L ) Converter ||/ 3 £ i Interface
T F SHARC link ports r o wsa26
1 | Ry a 1 ]

VME Bus

Closed Orbit Mode —> Fast Orbit Feedback

~
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= Orbit Feedback at the IS LS

4 )

‘ FOFB - Digital Power Supplies.

One Digital Control Unit for ~600 power supplies of the SLS
Precision of the AD converter card

ADC Resolution: @ 50 samples/s (1V offset, 2ppm (20uV) steps)
T 1 T T T T T T

o
R

=

* Long- term stability
(1000h) better than 30ppm

* Reproducibility better than

e Sl e ol

‘ h | =

i [ i

' v '
__..;.._--4.’hi e i 1

‘ h '

i v P

' \ '

n)

.

Input value -10000ppm offset [ppm]
o

30ppm
2 I
ot hvd
2o 20 40 60 a0 100 120 140 150 I ADC Long term stability: 1000h
Time [min] 4.5008 T I ! ! ! ! T
AN

« Resolution upto 1ppm

+«  Short- term stability (<60s)
better than 10ppm

BRI RN C ¢~ > Y, R R ™

N caso3 /
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= Orbit Feedback at the LS SIENE

FOFB - Inverse Response Matriﬂ

e 12sectors

e 6 BPMsand 6HorizontalVertical Correctors pesector

N caso3 /
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= Orbit Feedback at the 9.S
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SIESE

FOFB - Schematic Viev_v'

o
#  slow Link
1Mb/s |:i| \
O !
: E /E/ ;
G
Slow Link §
Response Matrix A
theoretlcal
" measured

Fast Link 40Mb/s

5 |: I
\

8

o

-A L = Submatrices of A -1
= SVD Engine
o = Signal Processors

e DedicatedSignal ProcessoqgerformMatrix Multiplications in parallel !

; CAS'03

~
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DBPM System

FOFB - Hardware Layout I

PS
CTRL

PS
CTRL

ﬁf’f?.ing fiber optic links to adjacent
BPM signal sectors (40 MB/sec)
. p «
pickups | i
[ I : F

| RF > Digital

c,| Front : Down

o, End - 3 Converter|||\

; CAS'03

SHARC link ports
(40 MB/sec)

VME Bus

lfiber optic

links

EPICS

CTRL | | IOC 4=

Interface

LAN
(TCP/IP)

Michael Bogem



Orbit Feedback at the S.S
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w1.00E-09

; CAS'03

AZOnm!

y

SOFB - Stability - Girder Response'

2.00e-1120 pm

se
27.7 Hz e
z NN
15.5 Hz * 35.2 Hz|: I
21.6Hz ; 3-
g \
g |l
X2 x10
x4 50-5Hz |
I X0 61.4 H
/ P
tunnel slab y 1X2
Measurement 1999 vertical tunnel slab/girder motion
E]!-'I:‘rf*f!'.:':-l'.r_"f' (Hz) - — 1011HZ

0'Hz =

girder respon

~

/

Michael Bogem
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Orbit Feedback at the S.S

SWISS LIGHT SOURCE =

~

ampl. [um/sqrt (Hz)] ampl. [um/sqrt (Hz )]

o

o

o

o

o

o

N

‘ SOFB - Stabllity - Power Spectral Densitiej

power spectrum density

integrated vibration spectrum

3
2 -
1k
— h ntal
O 1 | 1 1 1
0 50 100 150 200 250 300
freq. [Hz]
3 T
2 -
1L ]
‘ — vertical
O 1 1 1 1 1
0 50 100 150 200 250 300
freq. [Hz]

B—2t6Hz
311 Hz 50Hz  measured with: _
¢ ‘27.7Hz’/ dlglta| BPM E
4 ; =
25
0. | b | tha s
0 50 100 150 200 5
| | | freq. [Hz] 3
B | ®
.44; _______________________________________________________________________________________________

- |D Power Supply|

Booster: 3.1 Hz
Girders: 21.6, 27.7Hz

Malns 50 Hz
BX 11m<Bx> 10m

1 5|0
freq. [HZ]

100

200

250

200 By 18m<By> 11m
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Orbit Feedback at the S.S

0.5 Hz (3 Hz)
precision

72 BPMs
72 corrs
/plane
~0.3um
of BPMs
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SOFB - Schematic Viev_v'
%peramr Console p =

—————————— )/— A———‘—\Event@OSHz————————— "
- | CPEY oM CORBA Server e & =
Server @EOYZr;:Z Server erver % x
o Z
A 05
— %/ent @ 2Hz —.
TRACY Feedback -
Server po|| Client @i‘z —\

— FB LO

et Model Server =

EZCA Server

LowLevel
BPMs ——» ——— Correctors BPM Hardware
FOFB Fast Orbit Feedback

e Development within £lient-Servei(Common Object Request BrokEORBA) environment

VME/DSP
Level

e Hard Correction (“Matrix Inversion” on the Model based Resge Matrix using SVD)

e BPM Datasets @ 2 Hz, average over 3 successive Datasets 6.4 Hz correction rate (toggle
between x/y plane = 5 s for full cycle)

; CAS'03 /
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Orbit Feedback at the S.S

SWISS LIGHT SOURCE m™

SEIENE

SOFB- oco Client

-
[
Fi

les Options Tools Help

Orbit C tion (Mode: RT, Meth: ma) Energy {dipole ARTMA-BE-0IL with 8 deq deflection): 2427.8 Mev canbined
(v Corredt 4 Sgpart Feedback ~- Stop Feedback .- Feedback Data J id ref orbit.030221 0221403 16:09:27 ol i1
— | S0FB active
X 05/08/03-08:16:31> Executing fwork/bd/binsSlshdService status 40647 ... 1059374794 [sec
05/08/03_08:16:33> slshdservice: —— 407 ——- SLSBdAnalysisLogRTIFB (pid 16943) is rumning. .. T 10775
05/08/03_08:16:33> slshdservice: —- 406 ——- SLSBdAnalysisRIFB (pid 16837) is ruming... S
05/08/03_08:18:49> Notice: Combined feedback ON 1.05 fym m
05;08/03 08:18:49> Notice: SOFB Feedback Mode active (1) 0,33 |va m
05;08/03 08:18:49> Notice: Feedback Fun NMumber #1052364019 0.46 |ym rad
05;08/03 08:18:49> Not:?.ce: Feedback De}ay 2 ~0.00 | rad
05/08/03_08:18:49> Notice: Feedback Slices 1 0.8l
05/08/03_08:18:49> Notice: Valid Feedback BPM Gain 10000.0 EES SR
05/08/03_08:18:49> Notice: Vertical Feedback Bain 0.75 oco =0.04 Jru 1
05/08/03_08:18:49> Notice: Horizontal Feedback Gain 0.75 . 0.29 | v rad
05/08/03_08:18:49> Notice: Vertical Feedback Threshhold 0.0 Cllent —0.02 |y rad
05/08/03 08:18:49> Notice: Horizontal Feedback Threshhold 0.0 wuwn —3.085856e-06
. |05/08/03_08:18:49> Notice: Vertical Feedback Limit 50.0 rnwn 0.00 [
/ 05;08/03 08:18:49> Notice: Horizontal Feedback Limit 50.0 xwm .
499651843.00 |Hz
~r & Feedback ON Mode active false | Apply
300.87 |mA
File Options Find. . Find Next.. | 2 lnml A
May 8 07:25:37 slsbd4 BdCdevServerWF2slsbd4[5019][4448]: printError2911 CDEV_NOTGOMNECTED: Not cormected et
to device/attribute->
May 8 07:25:37 slsbd4 BdCdevServerWF@slshd4[5019][4448]: BDCdevGetSet:1234 CdevErrorNo: 5 ABODI-BPM-SF at [min] Event
get GET-ENABLE.RVAL BPM SECTOR: SECO L
May 8 D7:25:38 slshdd BdCdevServerWFeslshd4[5019][4448]: BDCdevGetSet:1234 cCdevErrorNo: 5 ABODI-BPM-GF |——
get GET-ENABLE.RVAL BPM SECTOR: SECO
May 8 07:34:04 slshd4 BdAnalysisRIFB2slshd6]16837][4448]: BdAnalysisRIFB: Frequency correction
(dP=-0.000021, dfref-6.000000, fref-499651843.000000%

May 8 D8:09:41 slshd4 BdedevServerWFeslshd4[5019][4448]: printError2911 CDEV_NOTCOMNECTED: Not ted
to device/fattribute—>

May 8 08:09:41 slshd4 BdedevServerWF@slshd4[5019][4448]: printError2911 CDEV_NOTCOMNECTED: Not cormected
to device/attribute->

May 8 08:09:41 slshdd BdCdevServerWFeslshd4[5019][4448] : BDCdevBetSet:1234 CdevErrorNo: 5 ABODI-BPM-5F Feedback
get GET-ENABLE.RVAL BPM SECTOR: SEGO C||ent

=l

Priority Messages

or Status ARTDI-BPM-06SE GET-EMAELE

May 5 22:48:55 slsbdd Bdinalysis:RT:BPHcotslsbdd[15398][4448]: 0: BPM ARTDI-BPM-09SB ¥-AYG is STAME—_|

Value: 0014.000000 ; o

May 5 23:09:04 slsbdd BdAnalysis:RI:BPMco@slsbdd[15398][4448]: 0: BPM ARIDI-BEM_0BLB X-AVG is STATIC. ——|Logging Facility
0000

Value: 8347.0000 Client
May 5 23:56:16 slshdd BdAnalysis:RI:BPMcoslshdd[15398][4448]: 0: BPM ARIDI-EPM-0ILB X-AVG is STATIC. ien
Value: 7982.000000

May 8 06:09:00 slsbd4 BdNewCdevServerSL52slsbd4[5269][4448]: callbackfn463 ErrorNo:4l:Thusual Severity
. |oxr Status ARTDI-BPM-02MB GET-ENABLE

- - Console
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SWISS LIGHT SOURCE mm

Orbit Feedback at the 9.S SIS

~

‘SOFB- RMS/Mean Orbit, Path Length I
35 ! ‘ ' o —— 35 ! : datasst # D29209530 — 5 " dataset #1029209830 - -- -
M : d?msm#1?)292099::30 : ! i 0 i‘qﬂ'.l i ;‘. . ?4 ! "/i' ﬁ"‘ v n'l' 'i""h.\ | : /.' /'.F—"‘-
bt - T M Y- ool I —— _ E.:\W NS TNV AWTRAN PN
i g 80co I[\\ E:r::?l-ons E Bana m -0 | i
RN Deod i | WARNEN S I Dt || T sl
CPMER i - Ealdm N | 2 o] [sm S 2o
: | K -30 gsmo
10 - 10 i 351§ Al
il | f ° | il S R 1T A
°c 14 28 42 s 70 8 °0 14 2 42 % W m -500 114 2|8 4|2 56 70 84
time [h] time [h] time [h]
e Sample run Aug, 13-16 2002:,.,..s, V-ms ~ 1 um (see histograms)
o Off energy orbits fitted through SVD and subtracted before correction
e RF frequencychanged by df whenevedf| exceeds 5 Hz
( ) —> correction everys 45 min (see Saw tootH)

; CAS'03 /
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50

Orbit Feedback at the S.S

SWISS LIGHT SOURCE =

SIESE

-

e X-BPM @ PX
~ 8.6 m from

80

guencychanges >

op = 2.7 um (drift: 2.3 pm)

oy = 1.5 pm (drift: 1.7 pm)
o, < 0.31urad @ source point !
o,r < 0.18urad @ source point !

30

SOFB- RF changes vs. T, X-BPM Readingi

e Outside air temperature amtF fre-

28

" qataset #1029309930 —’

IDU24:

22t

14

Lo e | -

12

outside temperatures [deg C]

1day |

10

70 A (RS S
60
BO  feregpres s b

X position [pm]

30

T

-1540
-1550

-50

-1580 1

-80

y position [um]

-100

T —— S S S O N
SFO Lot g b g

SO0 L]

Af [Hz]

-1590 1
-1600 |
-1610 |
-1620 |

0 11

; CAS'03

22 33 44
time [h]

-1630
0
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SWISS LIGHT SUUK[E!‘E

= Orbit Feedback at the IS SIEN)

4 )

SOFB - Long Term Stability - BPMS I
10 40 ' I ' I outside temp'eraturle x 25
8 Apathlengtf[: *
= 30 B % il -2
= 6
@ -1.5
g g % T
2 o 1 E
0 g 10 g
10 I i b S 05 3
2 9 5
= 8 § rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr o £
= 6 3 10 <
E 4 x Lo 0.5
7 2 20 |- ,,,,,,,,,,,,,,,,, 1
0 1 1 : Aug :
-30 . L . L . L . ! . L . 1.5
week number #/2002 2 10 18 26 34 42 50
week number #/2002
L4 X?"ms andyrms over 28 Week$ 04 ‘ ' A pathlength (outside temperature) —
e Outside air temperaturand A circum- > \\ ~ Jan
ferencein 2002 — T b
g 02
e A circumferencevs. outside air temper- £ \
. E 04
aturein 2002— s Nov
H 0.6 "\
A circumferencex 1.2 mm ! T~ N
0.8
A RF frequencyx 2000 Hz ! T~ g
10 5 10 15 2IO

outside temperature [°C] /
~——— CAS'03
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SWISS LIGHT SOURCE m™

= Orbit Feedback at the IS LS

SOFB - Stabllity - Top-up I

Electron beam current
from 8.October 15:00 to 10.October 15:00

00T T EREEE
< 20T
E
= 200 .
c | i
o a
S 150
o ;
£ 100
() :
L i i
50
0 ] | 1
£ E £ £ E g E
o — © o — N~ (40]
o — N~ o — .
o o o o o — —
— - = = = o o
o] o] (o] (o] (0] — —

e 2 days run @ 250 mA with a deadband of 1 mA in October
e 7=12 h @ I=250 mA (k7=3 Ah)

e time between injectiondt=3 min (=960 injections in 48 h)

e SR in thermal equilibrium ! j

; CAS'03
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(== Orbit Feedback at the .S SINE

4 )

| SOFB- Stability - POMS I

250 —— — — — ——0
i J-_. A no movemer;t! A LLL
200 200 }mA D)
f 3.5um Sﬂm I—L
150 L . 4 E
3 ] \ g
= _ 120 mA §
S | (|- top-up @ 200 mA | <«— decaying beam o
= 100 -6
E g
E Ny
2 2
50 -8 )
a
Ll 15h
0 I i I. -10
dump beqm dump beam
beam current [mMA] ——— |
| POMSH-02SE reading [ m] —]
1 1 I n 1 I 1 N I 1 L L L L L -12
05/05/2002 050572002 05/05/2002 05/06/2002 05/056/2002 050572002 05/08/2002
06:00:00 0%:00:00 12:00:00 15:00:00 18:00:00 21:00:.00 00:00:00

e Top-up: Current is stabilized @ 200 mA£12 h) with a deadband of 0.5 mA (injection every
~~ 2 min)
e PQOsition Monitoring System: linear encoders on all BPM stations measuring BPjsicatit

\ Quadrupole offsets (0.bm resolution)-> no movement during Top-up ! /
CAS'03
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SWISS LIGHT SOURCE m™

= Orbit Feedback at the IS LS

4 N

‘SOFB- Long Term Stability - POMS I

400 l l l l l l l l l l I I I
? ? ? ? ? ? ? ? ? ‘ current ~

pomsy
350 pomsx ‘ - step

Faoof |/ O
soo (180 | 180..1250 1200 | 200 00 L,

wof VoV Yt VoL Y

00k, b e T bt 10um

> : : : : : : : : :
150 [ o e

current [mA] and poms [1/10 mu m]

T P R e O e L I T

sof oL He

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
Week #/2002

e POMS Readings for ARIDI-BPM-05SB upstream@d24

; CAS'03 /
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SWISS LIGHT SOURCE m™

= Orbit Feedback at the IS LS

4 _ ™
\ FOFB - From Manual Correction to FOFB I

Stepwise Implementation of the Orbit Feedback:

1. Manual Orbit Correction, 0.5 Hz Operator corrects Orbit usingco
Client

2. — Operator is replacedy

3. Fast Orbit FeedbackQOFB), 4 KHz — .
e Corrects Orbit to< 5 um with respect to “Golden Orbit” usingOFB
e |nitializesFOFB (“Golden Orbit”, “Inverted” Response Matrices)
e Starts/Stop&OFB
e Runs in “Watchdog” like passive Mode supervisir@FB

e Monitors BPM, Corrector Values (Faults, Saturation), RestFOFB
with adapted settings

N casos /
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Orbit Feedback at the S.S

SWISS LIGHT SOURCE =

SIESE

-

‘ FOFB - Power Spectral Densitiei

; CAS'03

e Snapshots of the horizontal and vertical power spectradides measured with the digital BPM
system at the location of the tune BPM(~ 11 m, 8, ~ 18 m):

ampl? [um?]

integrated spectrum

fbck off .- :

fbck on

40 60
frequency [Hz]

-+ - fbck off
— fbck on

60

0.8 0.18
0.7+ integrated spectrum 0.16F |
i ' vertica
0l horizontal g oot o.14l
'ﬁ' Né‘s ' fbck on N
NE 05 s i 0.12+
N
.% 0.4 . g o
= — 0.08
g 03} o
© € 0.06} :
0.2 -+ -~ fbek off :
— fbck on 0.04+ =
0.1} 1 :
- 0.02} ::
0 20 40 60 80 100 0 20 40
frequency [Hz] frequency [Hz]
horizontal vertical
FOFB off on off on
0.5-100 Hz 1.7 um 1.4 um 1.5um 0.9um
100-400Hz | 0.95um | 1.1pum | 0.95um | 1.2um

..8-‘0' y

~
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SWISS LIGHT SOURCE =

(== Orbit Feedback at the .S SEENE

4 )

\ FOFB - Vertical Transfer Functions I
Openloop Transfer Functions + Low Pass Filter Fit + Time Delay Fit
5 T 100
| — measured = measured
0 PR Bl | 0 fit
) | \ R RRATITEE IR "EERERRRTRRRRER
S 5l N ] =)
© | B 200 e N
= 9
8101 %—300 -------------
E BW1=87Hz \ 400N
~15-BW2=2010Hz - -: - b
| =500 e
-20 ‘ -600 :
10° 10° 10" 10° 107 10*
frequency [Hz] frequency [Hz]
Closed Loop Transfer Function with Moderate Pl Parameters
20 — T T T 200
= SRR il i e
o it ek e VSRS = = phase o 'a
T, | ~ —eeee g
o 0 . X 0 =
e : -~
> ()
= n
35,20 ~4-200 g
£ o
©
_40 L L N L L N L L Lo L L ......_400
10° 10’ 10° 10° 10°

frequency [Hz]
— CAS'03 /
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= Orbit Feedback at the 9.S

SWISS LIGHT SOURCE m™

SIESE

Conclusions'

e For Frequencies-0.2 Hz: residual orbit noises 1 yum level

e For Frequencies 0.2 Hz: SOFBfor “Long Term” Drifts:

<—7.5hours — 13 hours <—7.5hours —=<———13 hours————=
/ yrrrlls LU
ol TOHM . e
df
+-5Hz
fb passive fb active ¥ fb passive fb active
— 20 =
IS o
= » -€—12um g
g /"WM bt " . Ll . J g_
z ° s
£ °
=20 S 20
E
yrms % Xrms
-40 -40
—40 um
210000 220000  230000( 240000 250000 260000 270000 280000 210000 220000 230000 [ 240000 250000 260000 270000 280000
time [sec]

ime fsec
e |D Operation induced Distortions{10 xm) corrected byYsOFB

e Path Length changes corrected by means of the RF Frequency
e “Golden Orbit” established bOFB

e Top-up Operation is vital form level stability !

e FOFBperforms according to Design and will repla8®FB

~
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