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(== Alignment Tolerances and Stability at the SLS SIS

SLS Layout'

e Pre-Injector Linac
— 100 MeV

e Booster Synchrotron
— 100 MeV —-2.4(.7) GeV @ 3 Hz
— ¢, =9 nmrad

e Storage Ring
— 2.4 (.7) GeV, 400 mA
— ¢, =5 nmrad

e Eight Beamlines:
MS —4S uXAS —5L,
DIAG —5D, PX-6S
LUCIA —7M, SIS-9L,
PXIl —10S5 SIM —11M

p ERL2005

Michael Bogem 3



Alignment Tolerances and Stabllity at the SLS

SWISS LIGHT SOURCE

SLS™

-

Booster - Desigﬂ

—+ 15 mmx + 10 mm Vacuum Chamber

— Magnet Power205 kW, ¢, @ 2.4 GeV:9 nm rad

— 3 FODO arcs with 48 BD (+SD) 6.44T@&nd 45 BF (+SF) 1.1296
— 3 x 6 Quadrupoles for Tuning, 54 BPMs 254 Correctors

— Energy:100 MeV — 2.7 GeV, Repetition Rate3 Hz, Circumference270 m

Maximum Energy GeV 2.7
Circumference m 270
Lattice FODO with 3

straights of 8.68 m

Harmonic number

(15x30=) 450

Storage RF frequency MHz | 500
Ring Peak R F voltage MV | 0.5
Injection Q % Maximum current mA 12
Maximum rep. Rate Hz 3
Booster Tunes 12.39/8.35
Injection Chromaticities -1/-1
Momentum compaction 0.005
Equilibrium v alues & 2.4 GeV
— Emittance nm rad 9
1 10 1520 2 Radiation | oss keV/turn 233
Energy pread, rms 0.075 %
Partition numbers (X,¥,) (1.7,1,1.3)
Damping times (X,¥) | ms (11, 19, 14)

p ERL2005
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SWISS LIGHT SOURCE ®™

(== Alignment Tolerances and Stability at the SLS SIS

SR - Desigd

Beta functions [m] Dispersion [m]

e 12 TBA:8°/14° /8° 40 0.4

B
e 12 Straight Sections: 30 y\ /\ \Bx /\ 02
NVA'AY

— 3 x 11 m(nL) 2

Cbomzos N
l f ZJLTI]E(SnEIS\,/IL)JEM \/ v " \/ U \

0o T Tac (TBA8-14-8)  siml  arc(TBA8-14-8) 8_0'4
— 6 x4m(nS)

Energy [GeV 2.4 (2.7
* 2xX RF, W61, 2xU19 Circumference [m 88
RF frequency [MHZz 500
. Harmonic number (&3x5 =) 480
o Energy. 2.4 (7) GeV Peak RF voltage [M 2.
Current [MA] 400
® c,..5nNm rad Single bunch current [mA4] <10
Tunes 20.38/8.1
e Current:350 mA (400 mA) Natural chromaticity —66 / -2]
Momentum compaction 0.0006%
. ) Critical photon energy [keV] 5.
o Clrcumference' 288 m Natural emittance [nm raH] 5.0
. Radiation loss per turn [keY] 51
e Tune:20.43/ 8.73(Femt0 OptICS) Energy spread (1§ 0.9
Damping times (h/v/l) [mq] 9/9/4}

e Natural Chromaticity-66/-21 Bunch length [mm| 3.5 /

ERL2005
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B50 Alignment Tolerances and Stability at the SLS SISy

\SR - Lattice Errors I

Dipole (2.4 GeV, 1.4 T) Quadrupole (max. gradient) Dynamic acceptance with physical limitations
R= 20 mm R= 30 mm
Multipole n B, (R)[T] Bu/Bi(R) bub;[m'™  Multipole n BB, (R) bub, [m*] . . A St
. Streun
Dipole 1 1.39797 1 1 Dipole 1 0 0 30 — without mU|t|p0|es
Quadrupcle 2 5.77E-06 4.13E-06 2.06E-04 Quadrupole 2 1 1
Sextupole 3 -1.20E-04 -8.57E-05 -2.14E-01 Sextupole 3 0 0 s Ax (ideal magnets)
Octupole 4 1.02E-06 7.30E-07 9.12E-02 Octupole 4 1.00E-05 1.11E-02
Dekapole 5 8.64E-05 B.18E-05 3.86E+02  Dekapole 5 0 0 o5 | [---m-- Ax (with multipoles) N
Dodekapole 6 0 0.00E+00  0.00E+00 Dodekapole 6  3.00E-04 3.70E+02 ‘-
14-pale 7 -8.25E-06 -5.90E-06 -9.22E+04  14-pole 7 0 0 —<©—— Ay (ideal magnets) with multipoles
16-pole 8 4.00E-05  5.49E+04 - - @--- Ay (with multipoles)
. 18-pole 9 0 0 =
mUItIpO|e errors lkosapole 10 BOCE-05 122E+08 ®© 207
E
dipole =®'® guadrupole®®® E
10504 0.01% 4.0E-04 7 0.04% E
8.0E-05 + 35E-04 4 — T
o
6.0E-05 of JOEM4 T o 1
0.006% ] 0.03% S 10
4.0E-05 + Py
2.0E-05 + ZOE01 #
- 1.5E-04 +
0.0E+00 { t T 1 t {
) 2 olo|a 2 oz 1.0E-04 + 0.007% 5t
20e05+-2 2 (B2 & 2 8
a 2|8 |2 2 £ < 5.0E-05 + i
amosl” EIENE & 5 7 || S = dynamic acceptance [mm mrad]
0.0E+ — t T T t t 1
-6.0E-05 — “ e o 2 9 4 o 2 g @ e o o Il Il Il Il Il Il Il Il Il Il Il
ggg28gsggey 0 } } } } } } } } } } } |
BOE0S ¢ -0.008% St §Z2ziEwe g -8 -5 -4 -3 -2 -1 0 1 2 3 4 5 6
-1.0E-04 L s @ s =
dp/p [%]

Specified alignment tolerances (RMS, Gaussian with cub@?2

e Girders 300um (100 urad),Girder joints 100 um (girder to girder)

ERL2005

e Magnets on girders30 um (25 prad) (with respect to magnetic center) /
6
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SWISS LIGHT SOURCE ®™

(== Alignment Tolerances and Stability at the SLS SIS

SR - Lattice Errors - “Bare Orbit” I

= |
measurement 5 2% 43 E2 21 E 5t 33002 P8 5EA2iYiiGofigigiEEiiiiaioai I l
5 T T T H
.

BPM Data vs. e
0.050 mm displacement iaA iR A R AR RE A AR AR ST AR AT A A AR AT SR A T AR f A A AR AT
0.030 mm displacement --------
5
20 4 5
\&
=
P z‘n
§ 15 phase*2pi [rad]
@
g Vaveforn Index E“# Mean: -0.082 mn Sdev: 1.829 rm 0x: 20,380 Print
/
g = =]
e e )
E ol E =i oam T im o@y @ @ moE B @ o
= ol Eep gu = gIE= e g8 oo dgem ﬁz.éﬁ :;
prenniin iririn} i i firirind
2
! 1 /\/XMM/A&MAM/A\
n \\f = T \\(41 V
o :
0 . T i 1 1 G
phase2pi [rad]
0 6 8 10 12
Xrms [MM] Vaveforn Index ﬁm“'m— Mean: 0.019 rmn sdev: 0,715 mn oy: 8.160 Print

e Right/Top: Horizontal Orbitzga 5= 1.8 mm
e Right/Bottom: Vertical Orbityz;s= 0.7 mm

e Left: Consistent with quadrupole displacements o B RMS (simulation
for 200 seeds)

p ERL2005 /
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SWISS LIGHT SOURCE ®™

. ags L]
Alignment Tolerances and Stability at the SLS SN
‘ SR - Lattice Errors - Betatron Coupling I
80 - :
sextupoles, tilt, no corr -~ [).3() [T e
70 EMIANCE COUPING o, ogies o i, no'corr - - | -
sextupoies, no'tilt, corr r betatron coupllng
60 MO sextupoles no sextupoles, tilt, no corr | measurement QX
no sextupoles, tilt, corr -~ 015+ oy T
8 no sextupoles, no tilt r —_— ]
8 50 + - i e ]
2 o N @0 + QX
5 40r - ¢ o.10f
£ 0.002 '
5 30} \\:
20r T 005F " _ 40, min = 0.007]
W
10  with standard b 1 i
L o ¥ % o L “\-_._._,_________.___________,_,—-—-—-"'—’F
mlsa“gnmuents il Elrﬂ“::'l‘ré ga B an PR Y L’KQ%A 0.00 : : I
0 0.0001 R — 0.01 0.010 0.020 0.030 0.040 0.050 0.060

TSET d0x
emittance ratiok

e Betatron coupling: dQ=0.007
— Emittance coupling in absence of spurious vertical dispar$.2%
(Guignard)

e Left: Emittance coupling after betatron coupling correatwith skew
guadrupoless 0.1% (simulation for 200 seeds)

ERL2 j
005 Michael Bogem 8




SWISS LIGHT SOURCE ®™

(== Alignment Tolerances and Stability at the SLS SIS

SR - BPM/Corrector Layout I

sector

BPMS

e ‘%% 288 %%-Héggg 85

%%% e 28 5 B5g
f Dlpole
Quadrupole /

Horizontal /Vertical Correctors

e 12sectors
e 6 BPMsand 6Horizontal\ertical Correctors pesector
e Correctorsin , BPMsadjacent tadQuadrupoles

p ERL2005 /
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B50 Alignment Tolerances and Stability at the SLS SISy

4 )

SR - Lattice Errors - Sources of Vertical Dispersion'

0.015 .
q adePt| E— 40 ' ' ' " quadrupolés+correcto S Nyrms ———
B — quads+correctors q“adr“po'es*co”"’C“t’gfaﬁ‘meén —
35 F al n,y,m’u,“ ,,,,,,,
0.01 ¥ ; i correctors
g | — 30 - ) quads co+qu 1.25198e-03+/-4.59177e-04
Y i ; : i i total 2.88592e-03+/-1.02626e-03
0.00 j ; : ‘ : —
T N /‘N‘V\I W i w N i y
i Lo M\ el g »w (| “‘v» AN 8 ; measurement
E 0 /ﬂ\ /F ‘7\/;)/ E (/ K\/\} \// \<\J\ : | Y\K \ \/\‘\/V : i’ 20 | \\\\ i 7777777 i
> A Ny ST / A M\ 3 - §
P ‘ T \W ”[/ /\'CM \ U”v‘-‘ M‘/\ i Wi ﬂ/ 2 T 3 Dy~ (4.5 mm
TR R | Vo 5L i i a
-0.005 ‘ \ 1 ‘
1’ ——l LT ]
-0.01
-0.015 0 I I 1 | i —‘ L 3 1 i 1 3 i
0 50 100 150 200 250 300 -0.001 0 0.001 0.002 0.003 0.004 0.005 0.006
sml Murms @Nd Nymean [M]

e Left: Dispersion waves from quadrupoles and correctorstiphase if
BPM-quadrupole errors are smait$0 um RMS) (— Beam-Based
Alignment) after correction to quad centers

e Main contribution to dispersion from sextupoles througtabren coupling
(simulation for 200 seeds)

p ERL2005 /
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Alignment Tolerances and Stabllity at the SLS

SWISS LIGHT SOURCE ®™

SLS™

-

7th harmonic of U24 at 8 mm gap

SR - Lattice Calibration - Energy Spread, Energy'

energy [eV]

— 0 =0.910"3

— Beam Energyw = 2.44 GeV

o X710 13 1.09¢+06 : —
~ [ ata  +
S L pinhole size: 60 * Froissart-Stora Fit- — —
E - LOBe0S L s, A pepazed tetel 7
S 8><7072 *IN?& RS P

""""""""""""""""""""" | W W g W S W, T T
S o——— o measurd 1.07e+06 [+ * " *ﬁwm St

- o \,
> . L b's
3 jof T theoretic < 060+06 :‘“
e e e g Hoeeer \

= *

- o B ediron = <244 Ge 2 1.05e+06 | A
§ L ron xl )s?
= 12 &
R, AXTOT T g 1.04e+06 |- \
i | = +
% i 5 Loseros \
S r g 1.03e+06 - -
S 2x1Q7E / 3 ey
§ i % 1.02e+06 - LN nﬁt ﬁ“{:!
o 77\77&* '7‘"7"7'7"**7"

L i
Q 0 M Lt bbb b bbb bbb bbb bbb bbb bbb bl 1ole+06 I #~m~

W
7500 7600 7700 7800 7900 8000 8100 8200 10+06
e

2.434e+092.434!

e 7/th Harmonic ofU24 at 8 mm gap:

L L L L L L L
5e+092.435e+092.4355e+092.436e+092.4365e+092.437e+092.4375e+092.438e+09
Energie [eV]

e Resonant Spin Depolarization; i, = 5.45,Peq ~ 91 % with1, = 30 min
— Beam Energy = 2.4361+5-10"° GeV

~

p ERL2005
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Alignment Tolerances and Stabllity at the SLS

SWISS LIGHT SOURCE ®™

p ERL2005

\ SR - Lattice Calibration - Beta Functions.

174 Quadrupoles with Individual PS

——

Gradient Correction:

e Procedure:

1. Measure< 3; > for=1..174

ov = —ﬁ ffﬁ(s)ék(s)ds
Precisioni~ 1.5/ 1.0%

2. FitErrorsok; to < 3; > (SVD) 25

3. Correct< 3; > with -dk; <

4. Measure< (3; > again ‘;5
e Results: .

— Horizontal 5 Beat:~ 4 %
— Vertical 3 Beat:~ 3 %

Michael Bogem



Alignment Tolerances and Stabllity at the SLS

SWISS LIGHT SOURCE

SR - Stabillity - Requirementsl

o 5,=14m3,=0.9matID position of section 8 —

e With stability requirementAc = 0.1 x ¢ —

o, =84pum, o, =7 pmassuming emittance coupling/e, =1 %

Requirement: Orbit jitter <1 um at insertion devices

Noise Scenario from 1998 bhefore SLS construction

p ERL2005

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 7.5/1.5 um
Attenuation by orbit feedback =55 =35 dB
— Maximum Orbit jitter hor. /vert. 40/30 130/30 nm

)

Michael Bogem
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Alignment Tolerances and Stabllity at the SLS

SWISS LIGHT SOURCE Bm

‘ SR - Stability - Noise Sourcei

e Short term (<1 hour):

Ground vibration induced by human activities, mechanieaiaks like
compressors and cranes or external sources like road fatientially
attenuated by concrete slabs, amplified by girder resoisaamue spa-
tial frequency dependent orbit responses, ID changesdatization
switching IDs <100 Hz), cooling water circuits, power supply (PS)
noise, electrical stray fields, booster operation, slownglea of ID set-
tings, “top-up” injection.

e Medium term (<1 week):
Movement of the vacuum chamber (or even magnets) due to ebang
of the synchrotron radiation induced heat load especiallgtacaying
beam operation, water cooling, tunnel and hall temperatarations,
day/night variations, gravitational sun/moon earth tigele.

e Longterm (>1 week):
Ground settlement and seasonal effects (temperaturdafiiresulting
in alignment changes of accelerator components includirtgs and
magnets.

p ERL2005

msecC

sec

hours

days

weeks

years
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Alignment Tolerances and Stabllity at the SLS

SWISS LIGHT SOURCE ®™

SSE

SR - Stability - Short Term I

p ERL2005

f[Hz] | Noise Source
3 booster stray fields
12.4 helium-refrigerator
15-50 | girder resonances
50 power supplies&pumps
10 s . : :
—® FE calculation g”,der response
103 21.6 Hz
N 15.5Hz 27.7 Hz
T 1
& 100
g
§ 10"
D->\
10° |
ground
o power spectrum
10 : : - : :
0 10 20 30 40 50

Frequency [ Hz ]

Vertical vibration PSD (1-55 Hz)
measured on the slab and a girder
(Redaelli et al.).

Vertical orbit amplification factor A, for planar waves:

\

HH“HT

10 Hz

without girder

60 Hz 90 Hz

I\

A AU,

Vy

=8.28 (=14 Hz)

with girder

Vertical orbit PSD (1-60 Hz) without and with orbit feed-

50

100 150
ground wave frequency (c=500 m/s) [Hz]

back @ BPM (3,=18 m):

1 4 vertical cumulated vibration spectru'm . . T
1.2} o S IO — FOFBoff || . J5]. ... ]
—_— .-+ FOFB on 3
T 1 -NE ........... RS SRR B | T P .
Ng 08_§1j _J ........... Integrated e 4
— 0.6} o ’J/ ] e RMS noise |- I J
Q. i :
€ 0.4} o R TTSreTeee 17Hm ........... S0 H [ RN i
® ool '[N\ ....... Girder Resonances ] ............ B 1 I |
' Booster : : =
O - J S S S J' . 2
0 10 20 30 40 50
frequency [Hz]

— Integrated RMS motion o, only ~0.4um -4 /3, !

Michael Bogem
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Alignment Tolerances and Stabllity at the SLS

SWISS LIGHT SOURCE ®™

SSE

R - Stability - BBA/Golden Orbit

oy

Beam-based alignmen

alter focusing of individual quad
is proportional to initial orbit exc

p ERL2005

t (BBA) techniques to find

offset BPM — adjacent quadrupole center

rupoles, resulting RMS orbit change
ursion at location of quadrupole.

BBA offset = convolution of mechanical and electronical properties of BPM
RMS offset even for well aligned machines >100 pum!

DC RMS corrector strength reduced when correcting to BBA orbit !

_1mm 5‘0 . J ..1 l 2;0
0 ring position [mf 288

number of BPMs

B By 9ms wil BT B im sy uE BT iEm
0.5 mm Vertical Golden Orbit @ SLS ‘/fx”a Sile_e“”g
1 E ]\
; é ""'\|//—'\' HAL "":/\\/'" HEE LA e e H ""
= BN \ \
BBA Orbit
—-0.5 mm 4S 6S 7/m 9L 11M
0 : phase [rad/2m] : - 8.47
1mm ‘ oﬁsetr
Golden Orbit: goes through centers of quadrupoles il PR R S Ry R
and sextupoles in order to minimize optics distortions i ﬂﬂ gl 1{] i
leading to spurious vertical dispersion and betatron 2 ‘gﬂ i ﬂ][ I [ﬁl in ol
coupling (emittance coupling) + extra steering @ 1Ds L S S S

14 +

12

10

8
6

!
R e e
2
0

 Vertical
" BBA

| Offset 4

T T
fit (<y>=-0,11 mm, V<y®>=0.24 mm
i

-0.5mm

~

Michael Bogem



Alignment Tolerances and Stability at the SLS S
‘ SR - Stability - Girder Design I

girder body

HLS

hydrostatic HPS

levelling system horizontal
| positioning system /

ERL2005 Michael Boge 17



50

Alignment Tolerances and Stabllity at the SLS

SWISS LIGHT SOURCE ®™

SLS™

-

p ERL2005

oSk
o4k
waf e
G2k
0.1 B A

®a

&5
a0
oaf
L
e
oAb,
u

G2r

SR - Stability - Beam-Based Girder Alignment (BBGA)I

horizontal

L I L 1 L
a 20 40 60

Vertical Corrector Strength [rmrad]
T TT |I

vertical

(FA N

GOE o ooy
a an 40 B0
A. Streun

Horizental Corrector Strength [mrad]
T T T

O.BE
]

04 F

O.3F

0.2

a1F

[s K s ] SETHITENTE FERETE FTR FENETRRTEE IR TRRTHE] FRTHIT

..
o5RY
i

Girder Sway [mm]
T T IT T

0 10 20 30 A0

Girder Heave [mm]
T T T

!

TEETRTE ETRRIE TR IR R TRRTRUTRR TRRTHTI NRTHET
i} 10 20 a0 AQ

iRl

[N ) FEETE TR FETENTRETE AN ERTENT TR RN TR FRRTTE

04r

[
'

[ II
o.3F
[

Girder Yow [mrad]
T T T T

4]

10 20 30 40

Girder Pitch [mrad]
T T T T
) -

Mms

OCO only

BBGA + OCO
SLS/D0 mode

200 seeds
(12 rejected).

error settings
(rms, cut 2s):

uolne|nwIS

. 50 um magnet +

BPM vs. girder,

. 300 um girder abs.

100 um girder vs.
girder

Reshuffle Machine Errors —> Minimize Distortions horizontal  vertical ~ girder
SVD weighting factor filter o /w, > 0.001 0 remote
SVD weighting factors used (from 96) 60 96 control
(saved magnetic corrector strength (rms) 75 % 100 % )

~
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SWISS LIGHT SOURCE Bm

Alignment Tolerances and Stability at the SLS SIZSE

\
‘ SR - Stability - Orbit Correction I

“Response Matrix’A;;, mappingCorrector j(1 < j < n) to the corresponding BPM pattern
BPMi (1 <1 < m) (from model or orbit measurements) needs to be “invertedrder to get
Corrector jfor givenBPM i

— n = m: square matrix witm independent eigenvectors not ill-conditionedunique
solution by matrix inversion

— n # m: non-square matrix by design or due to BPM failures and/arecbor
saturation— solution:

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

Aij = VBili o [mv — |¢p; — ¢;]|] containing the orbit “response” BPM i to a change of

2 sin wv

Corrector jinto matricesV,W,V with A = U « W « V1. W is a diagonal matrix containing
the sorted eigenvalues df. The “inverse” correction matrix is given by

A=V x1/WxUT

— n > m: minimizes RMS orbit and RMS corrector strength changes

— n < m: minimizes RMS orbit

— n = m & all eigenvalues: matrix inversion

— “Most Effective Corrector” combinations by means of cusafi the eigenvalue spectrum
— SVD makes other long range correction schemes like “MICABOpPerfluous

ERL2 /
005 Michael Bogem 19




SWISS LIGHT SOURCE mm

(== Alignment Tolerances and Stability at the SLS SIS

4 )

‘SR - Stability - Orbit Correction I

Remarks on orbit correction by means of response matrixsmve (“hard correction”):

e Since modern light sources are built with very tight aligmit®lerances and BPMs are well
calibrated with respect to adjacent quadrupoles, orbrection by matrix inversion in thexn
case has become an option since

— resulting RMS corrector strength is still moderate (typyca=100 prad)

— BPMs are reliable and their noise is small (no BPM averagimgerformed which is similar
to a local feedback scenario)

e This allows to establish any desired “golden orbit” withire limitations of the available
corrector strength and the residual corrector/BPM noise.

Remarks on horizontal orbit correction:

e Dispersion orbits due to “path length” changes (circuntiees model-machine differences, rf
frequency) need to be corrected by means of the rf frequéncy

e A gradual build-up of a dispersiab related corrector patterE A;Di with a nonzero mean
must be avoided- leads together with rf frequency change to a corrected atlatdifferent

beam energy.
e Subtract patteni: Aj_z.lDi from the actual corrector settings before orbit correctioorder to

remove ambiguity.
N ERL2005 /

Michael Bogem 20




SWISS LIGHT SOURCE

(A=) Alignment Tolerances and Stability at the SLS SIS

SR - Stability - Feedback II

In order to implement a global orbit feedback based on therdesd algorithm which stabilizes the
electron beam with respect to the established “Golden Qubito frequencies<100 Hz with
sub-micron in-loop stability the following is needed:

e BPM data acquisition rates of at leasi-2 kHz.

e Integrated BPM noise must not exceed a few hundred nanosreierieved with modern digital
four channel (parallel) and analog multiplexed systems).

e A fast network for BPM data distribution around the ring oremtral point since every
Corrector jin general depends on &PM i readings.

e Since matrix multiplications with thBPM i vector can be parallelized a distribution on several
CPU units handling groups @forrector jis a natural solution.

e “Inverted” matrix can be sparse depending onB#Vl/Correctorlayout such that most of the
off-diagonal coefficients are zere only subset of all BPM readings in the vicinity of the
individual correctors determines their correction values
At the SLSY2 BPMswith adjacentCorrectorsin both planes, phase advance between
Correctors<180° — inverted72x72 matrix “resembles” a correction with interleaved closed
orbit bumps made up from 3 succesdB@rectors(“Sliding Bump Scheme?)

p ERL2005 /
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Alignment Tolerances and Stabllity at the SLS

SWISS LIGHT SOURCE ®™

SLS™

p ERL2005

SR - Stability - Feedback Ii I

Feedback loop closed
with  PID  controller
function optimizinggain,
bandwidth and stability
of the loop.

Notch filters allow to
add additional har-
monic suppressioni of
particularly strong lines
at 50/60 Hz.

Frequency Response to External Beam

Perturpations |FFB SOLEIL
. 100 Hz
10 =528 /@
400 Hz
x1 800 Hz
3dB
o %(1)on Simulation

100 1000

10| . J.C.Denard
Frequency in Hz

PID

Gain

L3

50 Hz

b

e rp=aind
—i-{ T

\

| NSLS vertical
VUV ring feed
i PID + notch fil

O I ngtch,g=100

back @ Lo

ter @ N 60HZ ...........
x15:

Harmonic Suppressors % 100
OHz f[Hz] 100Hz
ELETTRA  D. Bulfone
Closed loop transfer functions at the SLS (damping up to ~100 Hz)
10 ‘ ‘ 32,5
PID =
m O odBline N/ 100Hz T 013
ke 13
—-10 321% 5
B g
.g -20 10 .8‘*—
2.-30 2|8
540 ~ horkonl | oo |8
r x100
-50 316
10° 10’ 10° 10°
T.Schilcher

frequency [Hz]
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50

SWISS LIGHT SOURCE

Alignment Tolerances and Stability at the SLS SIS

-

e Minimum correction strength defined by power sup-
ply (PS) reSOIUtion for a Strength rangbk. must be ADC Resolution: @ 50 samples/s (1_Vuffset, 2ppm (20uV) steps)

within the BPM noisetypically ~210 nrad — a18 bit .| Precision of the U S
(~4 ppm) resolution for a PS with Ak +1 mrad. g gzgic;:rtjlcarin o SW ........ |
PS with digital control have reached noise figure és s Epp IZMJWW """" i
of <1 ppm providing kHz small-signal bandwidth £ °ppm v l
— possibility to use the same correctors for DC and f ¢ 7 "™ 'ﬁffﬁﬁﬁ;ﬁﬁffﬁ_ﬁ'ﬁi;;{;@j____..__ﬁﬁﬁﬁffﬁﬁ%ﬁﬁﬁffﬁﬁﬁiﬁffﬁﬁﬁﬁﬁﬁ%ﬁfﬁﬁﬁﬁﬁﬁ'f.
correction (- SLS). s nrwmqwml IR N YT A
Eddy currents induced in the vacuum chamber shc - 25 L E,D St?Ub'“thmlO f’f m Tfo ‘T’;C o

not significantly attenuate or change the phase of the U.Om'“ Time [min] 18min
fective corrector field up to the data acquisition rate.  “** 7

45007 |- weemeeteneenend Stab|llty 30 ppm < 1000h
e Eddy currents are proportional to the thickness and e g*m R?Pfoqucﬁb"'tY <30 ppm
trical conductivity of materials— thin laminations %, [T
(<1 mm thickness)or air coils (— SOLEIL) should 3«
be used. o N
e Low conductive materials preferred for vacuum cha 8 “sf o B Jena €t al.
bers. Eddy currents in vacuum chambers impose iiiimmzmmﬂmm E——
most critical bandwidth limitation on the feedback loo,  on UL 1000h

ERL2005

‘ SR - Stability - Feedback Il I

ADC Long term slatnhtyr 1000h
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Alignment Tolerances and Stabllity at the SLS

SWISS LIGHT SOURCE

SLS™

-

SR - Stability - Transition from Slow —Fast Orbit Feedback.

horizontal vertical
mode Trms Tkrms Yrm s Ykrms
SOFB(250) | 1.0um | 410nrad| 750 nm | 230 nrad
SOFB(co) 1.0um | 120 nrad| 300nm | 80 nrad
FOFB 0.7 pm 17 nrad 60 Nnm 15 nrad

p ERL2005

8000 4000 T T
FOFB Yms  + FOFB ! Wops  +
FOFE Hms %

- 60 nm - 15 nrad 17 nrad i
5 7000 SOFB (250 ms ramped) 5 3500 : .
2 T = ‘ e o ol
— E + ‘H 1.5 - SOFB (250 ms ramped) - (T
n + . S
o 6000 hl 1T e 3000 1ALt SOFB (closed orbit)
= i =] L + o B2 [ T
= ‘ SOFB 1250iniramped| i §+ = < 0 ﬁ%ﬁ& B
I 5000 : g i g é B (clor it -1 I 2500 i N 3": 0
E SOFB (closed orbit) % % y s E SOFB (closed orbit)  F
- = a0 - FOFB - w  fix *
" 4000 300 nm | Ll EE i LT 2000 80 nrad 120 nrad 1L |
= - 3 - j*
g N oank EE L i =) o5t
2 : b i p ‘ \
S 3000 , 1 2 1500 ks -
E ; o 20 a0 =
3 | week number #/ 3 | ;
S 2000 H-fof - : : 5 1000 Hif-F-¥ . :
8 T SOFB (250 ms ramped 3 SOFB (250 ms ramped
o H o
5§ 1 " 750 nm E 230 nrad 410 nrad
2 1000 H-}- h: i ; 2 500 fil-f3" ;

. i :

. 1 m% “““““““““““ o il :
0 05 1 1.5 2 2.5 0 0.2 0.4 0.6 0.8 1
Yrms [um] K [1rad]

Temporal mean of the RMS orbit deviation from the BPM referesettingsc,s / yrms and the
corresponding RMS corrector strength, s / yk,ms IN 2003 for three different operation modes:

~

Michael Bogem
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Alignment Tolerances and Stabllity at the SLS

SWISS LIGHT SOURCE

-

p ERL2005

‘ SR - Stability - RMS Orbit Distortion vs. PS Resolution'

Residual vertical RMS orbit after orbit correction as segihg monitors:

60

) ) ) 1 m
T RMS Girder Error: 0.001mm §§ §Em —
50 | B i
T simulation result
40 |- for 200 seeds

35 | ]
30 |
25 |
20 | -

15 |
10 | i
il

oL ,

0 1 Yrms [uml 2 3 4

e 60 ppm &52 nrad) yryprs =750 nm,30 ppm yrars =500 nm,
15 ppm &13 nrad) yrars =250 nm
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SWISS LIGHT SOURCE ®™

(== Alignment Tolerances and Stability at the SLS SIS

~

RMS position at the insertion devicesq{;s = yrars=0.5um for 15 ppn):

T T
n 15 ppm —— vc m 15 ppm ———

\\ﬁgm/h m 60 ppm ffffffffff /h m 60 ppm 7777777
S5 | vem/hem 0 ppm -----=-- 7 55 - vem/hem 0 ppm -----=-- 7
50 i . B 50
N simulation result N B
,,,,,,,,, for 200 seeds
40 - B 40 -
1% [ 1%}
® 3B 2 35t
g ; Q L
S 30 M S 30|
& - &
E 25t E 5t
2 2
20 20 +
15+ 15 -
B N O N 10 +
5 ’ """" 5
——————————— L 1
0 0
0 1e-06 1.5e-06 2e-06 0 1e-06 1.5e-06 2e-06
Xms [M] Yrms [M]

RMS angle at the msertlon dewcesI(RMS = ayRMS—O Oaurad for15 ppn):

ven l 5ppm —— ven 1 5ppm ——
: 3 ch/h m60 ppm ”””” i vcm/h m 60 ppm 7777777
55 [ vem/hem 0 ppm -----=-- 7 55 - } } vem/hem 0 ppm -------- 7
50 o B 50
45 | Pl 4 a5
s y . a0t |
% I O S L e T O (e —
® 35 B® 3B
[ L T S
0 0
S 30 [1] c sor
3 @
o Eel
E st E o5t
5 5
20 + 20 |
15 15
10 + 10}
5 5 F
0 0 [ T N W N = M
0 3e-07 0 1.5e-07 2e-07 2.5e-07 3e-07
0y rms [rad]

p ERL2005 j
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SWISS LIGHT SOURCE ®™

SLS™

\

Alignment Tolerances and Stabllity at the SLS

SR - Stability - Fast Orbit & X-BPM Feedback
PSDs on tune BPM (off-loop) Feedback on X-BPM @ U24
Ao E " [ FOFB reference orbit e —
4F FOrB (o] = FOFB Off | ooomimmmrmmim . § 3 Changes hal airﬂ:emperamure T s
— 3.5} — on == FOFBon | ] £ 5 (- 1 1 )
N 4 o
S — 1 & LAY el UHHW EHHHHHHPW Labead” 5
E 250 horizontal - T TR VA [ Al zes g
E 1 g- ......................... e . 5 L H ] uwﬁﬁ;ﬂﬁlﬁ ﬁﬁwrﬂ | FHH o 26 g
S I L] | e TP T s
0.5kt oo 2 oo w0 0o | g [without filling pattern feedback i »s
' " i : 04/29/2004 04/29/2004 04/30/2004 04/30/2004 05/01/2004
0 - 00:00:00 12:00:00 00:00:00 12:00:00 00:00:00
0 frequency [Hz] 100 150 time [h]
— 4 r 27
1 4 H vertical cumulated vibration spectrum g O:jb:l :gf Sff:m 0558 : ‘
1.2}¢ --- FOFBoff | : ...................... == FOFB off p -------- . B 3 | BPM rack Ohbaﬁ aif[te%l)eéfgtﬁusr% —— |25
< . |L—_FOFBon | | ps| == FOFBon | 7 £ | temperature filing patter feedback off — 5
E 1- ................................. “l ...................... - . § i 2|.,lm ,\MM#J fﬂﬁmﬂ WLW - gy Zde_‘
o . y = & WY T AT g
g 08- Vertlcal ......... :: ...................... §1-5 . % o - E
= ! 5, Hf ] 5, M%ﬁ% e GASTUN e g
g’ 04k o o5 T § . = L e W S P
S| R R j\ ......................... "% & o % w] 5 , Withjiling pattem feedback s
. 'I,‘ requency [Hz > i ) .
ol oo A g wmme  ommm  omme g
0 frequency [Hz] 100 150 time [h]
25 = —— 10
= ~500 nm RMS @ 8.60 m from ID (<0.5 Hz) ;
horizontal vertical =20 vertical LiD gap 19
FOrB off on off on % 15 , _ g g
1-100Hz | 0.83 um VB, |[0.38 um VB, | 0.40 um - VB, [0.27um-¥B,| £ w0f10um = e nggBPM reading @ U24 - |17 <
100-150Hz | 0.08 um - B, |[0.17 um - VB, | 0.06 um VB, |0.11pm B, | & s y - 178
1-150 Hz | 0.83 pm - VB, ||0.41 pm VB, | 0.41 um- B, |0.29 um - VB, g o 2 days top-up grgggf;]lA 16
S |- y -u —
-5 5
J. Krempasky et al. THPLT023, B. Kalantari et al. THPLT024, T.Schilcher et al. THPLT186 061212004 061212004 0611312004 06/13/2004 0611412004
time [h]

/

27

p ERL2005

Michael Bogem



50

Alignment Tolerances and Stabllity at the SLS

SWISS LIGHT SOURCE ®™

SLS™

-

p ERL2005

feedback

‘ SR - Stability - Feed Forward & X-BPM Feedback.

e The feed forward tables (here foi24) ensure a constant X-BPM reading for the desired gap
range (here 6.5-12 mm) within a femm. The remaining distortion is left to the X-BPM

110 T T T T T T T T 70
3 ‘ ‘ ‘ X-BPM X, X-BPM FB off, FF off ——
i _ X-BPM Y, X-BPM FB off, FF off ——
FF+X BPM FB Off X-BPM X, X-BPM FB off, FF on ——
; | : | X-BPM Y, X-BPM FB off, FFon ——
100 [ X BRI BEMEB on, FFon X 7 60
, X-B B0
E
=
x
-
=
o
L
v
<
]
©
o
X
= ; ;
ol

6.5 7 75 8 8.5 9 95 10 105 11 115 12
X06SA-ID-GAP:READ [mm]

XO0B6SA-FE-BM1:Y [um]

~
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ast Alignment Tolerances and Stability at the SLS SISE

SR - Stability - Medium Term I

In this regime high mechanical stability is needed to aah&ability on the sub-micron level:

e Stabilization of tunnel, cooling water temperature andtdigdPM electronics tox +0.1°and
the experimental hall tez +1.0°.

e Minimization of thermal gradients by discrete photon absog and water-cooled vacuum
chambers.

e Stiff BPM supports with low temperature coefficients and itammg of BPM positions with
respect to adjacent quads (POMS).

e Monitoring of girder positions (Hydrostatic Leveling Sgat (HLS), Horizontal Positioning
System (HPS)).

e Full energy injection and stabilization of the beam curter:0.1 % (“top-up” operation):

400.0 T 7 [ L T T 7 .

350.0 Beam current [mA] from 25. May 2004 to 31. May 2004 a
300.0
250.0
200.0
150.0
10016 300(+1) mA top—up @ SLS ~6 days

50.0

A.Ludeke THPKF012
0.0 L L | i L | 5 L 1 L | ' 1 | L T 1 L

p ERL2005 /
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SWISS LIGHT SOURCE m™

(== Alignment Tolerances and Stability at the SLS SLS™

4 )

SR - Stability - Medium Term - Top-up I

e “Top-up” operation guarantees a constant

electron beam current and thus a constant 2o ; 0
load on all accelerator components. It alsc _\ ‘ o movement e LLL

moves the current dependence of BPM r¢ ™ asum NG -
ings under the condition that the bunch pat ) - .
is kept constant T ] 1L

120 mA

—»‘ ‘ top—up @ 200 mA 6

i—»| <+— decaying beam

e Horizontal mechanical offset<0.5 um res
olution) of a BPM located in an a

beam current [mA]
=
o
S]

POMSH-02SE reading [ pm]

50 -8
of the SLS storage ring with respect 1L
the adjacent quadrupole in the case ¢ T B i 10
beam accumulatigftop-up” @ 200 MA anc | o sy —— "“”“”‘”i"am
decaying beam operatia 2.4 GeV: PSR Uhoseue s ocovcu  Uhoson Gmem  osopl

— Accumulation and decaying beam opera-
tion: BPM movements of up to bm.

— “Top-up” operation: no BPM movement
during “top-up” operation at 200 maf- e 0.3 % current variation (350 (+1) mA) @
ter the thermal equilibrium is reached 7™~ 11h

(=1.7 h). e Injection everyx 2 min for~ 4 sec

p ERL2005 /
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SWISS LIGHT SOURCE ®™

(== Alignment Tolerances and Stability at the SLS SIS

4 )

SR - Stability - Top-up - X-BPM & Bunch Pattern Feedback.

e The bunch pattern feedback maintains the bunch pattern@®€hes {1 mA)) within <1 %

e The X-BPM feedback (slave) stabilizes the photon bea® in from source point) by means of
changes in the reference orbit of the fast orbit feedbacls{@nato~0.5 ym for frequencies up
to 0.5 Hz

10

T I T T
22/11/04 top—lup @ 350+1 mA

i U =

L | L

5r X-BPM reading [um]

il

busaiarrins s s anaromsions,

| bunch pattern

restoration
RF-BPM reference [um] '
|

-10

-15

0 2 4 6

Time [h]
p ERL2005
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(== Alignment Tolerances and Stability at the SLS SIS

4 )

SR - Stability - Top-up I

e Change of the vertical BPM reference within the X-BPM fearklaop for decaying beam
operation (0-4 h) and “Top-up” (Time constant for gettingl#o thermal equilibrium-=1.7 h):

380 T T T T T T T 0005
| | current [mA]
vertical reference ARIDI-BPM-03SB [mm]
; ! ‘ ‘ ‘ ‘ 1~1.7h -
360 - A e e s . 1
: : : b : . : : O l'l m ,E,
340 P\t i L
! ! ! ' ' ' ' ! m
‘ ‘ g : o
| | time constant 1=1.h <
— | i | | | | | o
L 320 [y f i pr e e N Q
3 3 : 4-0.005 =
g 0.005 > 290 ma| ((;17e;15r1;nr'n</mm/2 — E
3 300 P, | 3
0.1pm/mA %r
e 4001 ®
280 ;; = 1 - "
2 9O
“ -7y ¢
260 ?ﬁ rrrrrrrrr
-0.015 — —15 H m
240 60 80 ::)::em - 320 340 360 |
0 2 4 6 8 10 12 14 16 18
time [h]

p ERL2005
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Alignment Tolerances and Stabllity at the SLS

SWISS LIGHT SOURCE ®™

SSE

-

SR - Stability - Long Term I

400 T T T T T

step
0.5um

10 um

outside temperature [°C]

10 um

p ERL2005

T
350 [ )
T MA L en ond |
o L VY V Y ¥y oy 1
S 0250 oo gt
> : : T X ; i :
§ : : i : : ; :
Q200 i SR~ SR S L
e} L] H H i X : : :
% ‘>:; { H H H :
e S TSSO LU . S N S f
E 10 i S i O A s
£ ko[l NS ‘ ]
g 100 fopfe il
3 “ | H : :‘,
1 - [ X H H 1
50 |
e s s
0 | | | | | | | | | | | | |
33 3 35 36 37 38 39 40 41 42 43 44 45 46 47
Week #/2002

50

40

T T T T T T
outside temperature

A pathlength —— | _

10 18 26 34 42 50 58 66 74 82 90 98 106 114 122 130 138 146
week #/2002-4

e Horizontal BPM/Quadrupole offsets for BPM upstreanl&24 over 14 weeks @ different
top-up currents (180, 200, 250, 300 mA) with 3 shutdowng (ft)

e Circumference change over 3 years of SLS operatien/ circumferencex 3 mm) (right plot)

e Severe problems with the cooling capacity of the SLS dutireghtot summer 2003 (#82)! Again
“scheduled” problems in 2004 (#130) due to the cooling sysipgrade!

\

A pathlength [mm]

/
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Alignment Tolerances and Stability at the SLS SIS

-

A pathlength [mm]

SR - Stability - Long Term I

e Fitted circumference change over 3 years of SLS operationd) circumferencex 2 mm) as a
function of the fittecbutside temperature(left plot)

e Circumference change as a function of the avetagael temperature (right plot)

05 . . . -
‘ ‘ ‘ Circumference Change 5 : , : , ,
01/2002 1 of the SLS Storage Ring ) A pathlength{ tunnel temperature 24.65 °C) _+
[ S — over 3 Years - '
l | | i 4 + //
‘ . E + + #82 g ! pe
: : : : : 07/ 2002 E + ' >m;+ it : : | - it T
T 01/ 2004 o \; £ oy e e LR
| j . 5 FIPWES, s i #130
‘ = . ‘
: ‘ ‘ : ; 07/2003 § |u et
T oS O OO OO OSSOSO S-S SRS SS SN IS < | T e L+
> 07/ 2004 e o e 1.2 mm/°C
2 S T— 01 s i : :
o e S I ! — 5um/°C/m
25 i i i i i i i 4 L i i I |
-4 0 4 8 12 16 20 24 28 05 0 05 1 15 2 25 3
outside temperature [°C] tunnel temperature -24.65 [°C]

e Stabilization of theunnel temperature to ~ +0.1°is needed to guarantee sub-micron
movement !

ERL2 /
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B50 Alignment Tolerances and Stability at the SLS SISy

\ Conclusions.

e The fast orbit feedback and X-BPM
feedbacks guarantee excelleshort
term stability up to 100 Hz.

e “Top-up” Operation allows to maintain
this degree of stability on themedium
term scaleover weeks.

e Long term stability suffered from
problems with the cooling system dur-
Ing the summer months over the last 2
years.

p ERL2005 /
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4 )

IWBS2004, December 6-10, 20

PAUL SCHERRER INSTITUT

| Eh g 3rd International Weorkshop on Beam Orbit Stabilization - WES2004
[t = Paul Scherrer Institut | CH-5232 Villigen PS5l | Phone +41 56 310 21 11 | Fax +41 56 310 21 99

e U i ahisn o ) v b a0y

e be % 4 3 ANy it

[ R N i
il http://iwbs2004.web.psi.ch/ _
Regyistration
Participants Next'ﬁl Previous'
Next: WORKSHOP PROGREAM

Program

s SUMMARY OF THE 3RD INTERNATIONAL WORKSHOP ON BEAM ORBIT

e STABILIZATION - IWBS2004

Orals with Ahstracts

M. Bige, PSI
Download PDF (gs) e

Diownload for PDAS Ahstract:
In 2004 the Paul Scherrer Institute was privileged to continue a series of two very successful WBS warkshops, previously hosted by the
SPring-8 Accelerator Division in 2001 [1] and 2002 [2]. IWBS2004 [3] was held at the Hotel Kirchhihl in Grindelwald, Switzerdand during
December B-10, where 47 accelerator physicists from 12 countries gathered to talk about orbit stability matters. Excellent orbit stability is

Upload [ Downloadd

Summa one of the key issues in 3rd generation light sources since the orbit has to be stabilized typically to 1/10th of the beam size at the location
of the insertion devices, translating to sub-micron stahility requirements over time periods ranging from ms to days. The upcoming linear
Support accelerator based 4th generation light sources also have tight tolerances on their residual trajectory jitter which induces the need for slow,
; fast and “very fast" multi-bunch feedforward/feedback systems. The aim of this workshop series is to give people involved in orbit stability
Information issues an oppartunity to share their experiences, identify problems and discuss salutions.
Moo g1 02 #3

Pictures
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