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Closed Orbits & Correction Methods

Christoph Steier
ALS Accelerator Physics Group

Lawrence Berkeley National Laboratory

* Introduction/Motivation

* Measurement Methods/BPMs

* The Advanced Light Source (ALS)
* Sources of Orbit Noise/Drift

* Correction Algorithms

* Feedback Systems (Slow, RF, Fast)
* Beam Based Alignment
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Motivation

III‘
BERKELEY LAB

Orbit stability is one of the most important requirement in
accelerators

“* There are many reasons why good orbit stability is
necessary

“* Accelerator Physics:

* Spurious effects (dispersion, coupling, beta beating)
due to off ccenter trajectories in magnets

* Equipment protection

* Beam-beam overlap at interaction point.
“* Users:

 Stability of photon source point

 Stability of interaction point in colliders.
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Why does the orbit/position need to be constant Q

BERKELEY LAB
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% Without slits it is obvious that beam motion will translate to motion of
photon beam on sample, i.e. different sample areas are measured

% Similarly in a monochromator without slits a vertical beam motion
translates into a photon energy shift

“ With slits, the effects get smaller and smaller with smaller slit size
(there still are 2™ order effects because of the beam profile and the
nonzero slit size). However, the smaller the slit the smaller the
transmission and the larger the intensity fluctuations (and effects of slit
alignment and motion).
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» Beamline 10.3.2 at the ALS .

% Hard x-ray, microfocus, micro X- P, Pl
ray absorption or fluorescence, ... o ) e

Actual Beamline Example

Ll LL

< Environmental samples (‘dirt’) | sy S

20 ot
FwHIL L Torokl

E Farabala #l i l o it
Flevatian - :
fermblznl Frmussing Parahole #2 L4

Fieure 1. Optical lavout. The dimensions L1..L6 and mirror tvves are as follows.

“* Very heterogenous

Figure 1. Synchrotron-based micro-X-ray radiation fluorescence (USXRF) Fe and Mn maps of the outermost Fe and
Mn layers of a ferromanganese nodule from the Baltic sea (6600 pm x 3780 pum, step size 15 1m, counting time 250
ms/pixel, red = Zn, green = Mn, blue = Fe, beamline: 10.3.2.). The onion-like structure of growth rims is clearly
discernible as few hundreds pm thick Fe/Mn-rich bandings. Zn is exclusively associated with Mn, as indicated by the
orange color of the Zn-containing Mn layers, and its concentration increases towards the surface.

| Advanced Light SoOUrCe | EEEREERERERERERERERERIRIREREREE————

June 16-20 2008 USPAS Annanolis 4



e

A
] L i r:}l n
Orbit Stability Requirements

INTRODUCTION '

Table 1: Typical stability requirements for selected mea- €. | I
surement parameters cominon to a majority of experiments '
(Courtesy R. Hettel)

Measurement parameter Stability requirement
Intensity variation AJ /T < 0.1 % of normalized [ -
5 wertica
Position and angle accuracy | <1 % of beam o and o’ L Farvacque aperture
. . : 0, \
Energy resolution AE/E <0.01 % o Tq > Ty
Timing jitter <210 % of critical ¢ scale Eoff = €0 + fom
. oag _ F H ) pA !
Data acquisition rate ~10~3-10°% Hz Motion of ~230 % of o and
gt : _ = smeared out
Stability period 10~2(3).105 sec o _
= 10 %0 1mcrease 1 .5
= Stabilization of the electron beam in its 6D phase space ® Tg << Ty
to meet stability requirements for the photon beam pa- Eoff ~ €0 + QV-"'F|_|EL31-H + €cm
rameters. Effect of photon beam instability on flux de- Motion of =5 %o of  and o’
pends on the time scale of the fluctuation 7, relative to = new medasurement noise
the detector sampling and data integration times 7;: = 10 % increase in €.g

| Advanced nght Source I
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Closed Orbit: “Definition” f%

BERKELEY LAB

d The closed orbit is the
(periodic) particle trajectory
Wh|Ch Closes after One tu n Orbit resptlmse to one vertif:al corrector magljnet in ALS
around the machine (in
position and angle) i.e. the 02t
fixed point in 4 (6)
dimensional space for the il
one-turn map. o \ \

T
O Particles close to the closed £
orbit will oscillate around it.

[ The ideal orbit is the orbit |
through the centers of all o3l
(perfectly) aligned magnetic
elements. 04 50 100 150 200

s [m]

| Advanced nght Source e
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Closed orbit errors N

BERKELEY LAB

% A single dipole error will
create an orbit distortion x(s)= b VA (s)/?o
which looks very simple 2si
iIn normalized

coordinates:

cos()w (s)-Uu 0‘ nv)

A x = Transverse position
A x' = Kick strength [radians]

X f = Beta function

12
B

¢ = Phase advance

JB1AX'y >0 ¢
/\AN\\/\/\__A
\VARVARVARY.VERV. v

“* The matrix containing the change in position at every BPM to a kick
from every corrector magnet is called orbit response matrix (used in
orbit correction). For an uncoupled machine it can be calculated
Slinear aeeroxmatlon) using above formula.

Advanced Light Source

June 16-20 2008 USPAS Annanolis 7




_ \
f::}l I
Measurement Methods \\

BERKELEY LAB

“* Main categories are:

* Destructive/non destructive measurements

* RF/synchrotron radiation/scattering/absorbing based
detection

* Pure position/profile measurements
* Fast/Slow (GHz-mHZz)

“* Linear accelerators and beamlines often use very different
methods from storage rings

“* Lepton accelerators often use methods different from
hadron accelerators

| Advanced nght Source e
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Electromagnetic Beam Position Monitors <] L

BERKELEY LAB
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Capacitive Pickups
* Typical
geometry used ©
in the presence @J
of synchrotron APS =
radiation.

:_K(VQ+L%)_(VE+L%) :_K(VQ+L%)_(V5+I%)
V;*'V%+ Vb+ Vb V;i—V%+ Vb+ Vb

A x

* Capacitive type (derivative response), low coupling impedance, relatively
low sensitivity, best for storage rings.

2 =

| Al
: HENS
e AN
Chz \jl/\
N L
== A
s | Vi
i V
[ N B -
SOR-Ring IO 2n[sec]/|div ;?:;
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Signal Processing Electronics | (Bergoz
g g (Bergoz)

Bitiner / Biscardi / Galayda / Hinkson/ Unser / Bergoz Narrowband Receiver

Normalization accomplished via multiplexing plus automatic gain control (AGC)*:

Active

Mafrix

Typical Fy = B0 to 800 MHz ,
Receiver |F bandwidth as narrow as a few hundred kHz

Position signal (X or YY) bandwidth a few kHz
*G. Vismara, DIPAC 99 httpiisra.dl.ac ukidipac

| Advanced nght Source I
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Signal Processing Electronics Il (i-tech, Slovenia) f%
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When your users demand
a stable orbit

(B

Electron Firsh Tumns
From ADCs _ | Digital Dovn | Frequency Cical | Uplienal y Turneby-Tum
(onverfer R )| Fibtering & ; T
D0C) Buffer . bl Booster F
| Decimatian Pact Martam
) Rhlr -
iiFast
Foedbaek
Acleditivne Fraquency
Filtwring & Fiaad Pusssrf bk

Ceciimetion

{rialow
Acquisiion

... Daer en Demand
; Fracuency

_ o nfinuous ala Sream

Aeldifional
Fi|‘.l::1'|1t_| &

Slaw Acquisition

iy
Decimafion

RMS uncertainty 1 kHz bandwidth, Pin = -20 dBm -90.5dB 0.2 ym
RMS uncertainty 1 MHz bandwidth, Pin = —20 dBm -63dB 7um
8-hour stability (ambient temp. = T£1° C) -80dB Tum
Temperature drift (ambient temp. range: 10 to 35° C) -94dB/°C 0.2um/°C
Bunch pattern dependence -80dB 4 ym

- Advanced Light Source ' —
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Stripline BPMs

* Stripline structures are also widely used as the “kicker” in
transverse and longitudinal feedback systems.

=i
I‘Er FNAL Injector

|

to terminator
\l/ 46 deg. N-type connector

1\ SPRING 8 Kicker
ke el
————p AR

( Diameter=19 mm,
Length=1000 mm ) CF208 flange

Fig. 6. Cross-sectional view of RFKO electrodes.

Advanced Light Source
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Other BPMs (using Photons)

“* Synchrotron radiation is abundant in many accelerators — very
useful for low noise, non desctructive position measurement

BESSY I,
ALS,
SLS,
LNLS

FMB

“Blades’

“* Work very well for dipoles in the vertical plane —
not so simple for insertion devices

< Fundamentally limited in the horizontal plane
for dipoles

| Advanced nght Source I
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Aerial view of the Advanced Light Source

jcfALSaerial1-98

| Advanced nght Source
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ALS lattice — orbit measurement + correction Q

BERKELEY LAB
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i 21_ - E E% $ EE E N; =
wa\l 3 185 o 2° 2 2 aly 3 Hajf
'\9“‘ > O IC DTg = Stra;

\

EPM A1
EPM 8

Arc

%« 12 nearly identical arcs — TBA; aluminum .
vacuum chamber

** 122 beam position monitors in each plane 30 o e A e

(about 4 of stable type per arc)

5 FA A

8 horizontal, 6 vertical corrector magnets BetaVjm} / \ / \

per arc (94/70 total) 20 A g
% 24 individual skew quadrupoles . / \/\ /\/ \
“* beam based alignment capability in all ctaH Im

quadrupoles (eit%er individBaI po¥ver 10 m\/ y \ / y h
% supplies or shunts) 5 M\ /\ Y /\ /Xﬁ
% 22 corrector magnets in each plane on —— M S

especially thin vacuum chamber pieces 0 . . .

0 5 S[m] 10 15

| Advanced nght Source
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rror Sources

Typical Error Sources

| Advanced nght Source I
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Causes for Orbit Distortions

Thermal

Vibration

Insertion Device Errors

Power Supply Ripple

)
reerrerr

BERKELEY LAB

June 16-20. 2008

1 10 100 1000
Frequency Magnitude DominantCause
1. Magnet hysteresis
Two weeks £200 | m Horizontal 2. Temperature fluctuations
(A typical t 100 ym Vertical 3. Component heating between
experimental run) 1.5 GeV and 1.9 GeV
1 Day 125 §tm Horizontal Temperature fluctuations
50 i m Vertical
8 Hour Fill 50 pm Horizontal 1. Temperature fluctuations
20 j'm Vertical 2. Feed forward errors
Minutes lto5Um 1. Feed forward errors
2. D/A converter digitization
noise
3 ' m Horizontal 1. Ground vibrations
.1t0 300 Hz 1 i m Vertical 2. Cooling water vibrations
3. Power supply ripple
4. Feed forward errors

Beam Stability in straight sections w/o Orbit Correction, w/o Orbit Feedback,

but w/ Insertion Device Feed-Forward

Advanced Light Source

Hertz
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ELECTRON BEAM PSD

Horizontel Electron Beam F5SD

Imeter® Hal
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Vertical Electron Beam PSO

— IDEFMH9,2) :
—— IDEPN Moise Floor [

meter? Ha)

Frequency (Hz)

Square Rootof the Cumulative Reverse Infegral of the Displacement PSD

IDEP MWe,2)
— IDEF M boise Floor

R. . &, Displacement meters]

Freguency (Hz)

Square Rootof the Cumulative Reverse Integral of the Displacement P50

B.M. 5. Displacement [metars]

Frequency (Hz)

—
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POWER SPECTRAL DENSITY

Horizontal Power Spectral Density (RME=2.59 pm)
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- Gir'de'r Elénding Mu:nde
E_ - - GF & Power Supply -
o E
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= F
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o |
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= 0" L ) ) !
F . o ':-.-"Ihra‘tlljll'l H.
i o0
Yerical Power Spectral Density (EMS=0.9 pn)
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I
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E [
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= o
(v
m
o |
1 L o

i
Fregquency [HZ)

Data taken on 12-12-1999, during & 1.9 Gel uzer run at 273 mamps
Advanced Light Source
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MAGNET VIBRATION PSD

Vertical Power Spectral Densite
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Orbit Correction E

Orbit Correction Methods

| Advanced nght Source I
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By measuring the orbit distortion in N BPMs along the ring, we find the set of
displacements:

u, :{ul,uz,...,%}
By using M correctors magnets, we can find a set of kicks that cancels the
displacement of the beam at the BPM positions. This is obtained when:

JBG)) & |
—ujzzsfl—(m/); B(s,) 6, cosvﬂgo(sj)—gp(s?)‘-l—z] j=L2,.,N

Orbit Correction

Or in matrix representation, when:

_ B )BGs)

2sin(zv)

-u, =M60,, with M cos VUQO(S“ ; )— 6 )( + 72']

Ji

The kicks that need to be applied to the steering magnets for correcting the
closed orbit distortion, can be obtained by inverting the previous equation:

_ -
BM =—M ‘u,

The elements of the response matrix M, can be calculated from the machine
model, or measured by individually exciting each of the correctors and
measuring the induced displacement in each of the BPMs.

| Advanced nght Source
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Orbit Correction Methods E
< Simplest method is the direct inversion of the orbit response matrix
(in case of equal number of independent BPMs and corrector
magnets).

» In case the numbers of correctors and BPMs do not match one can
use least square correction (minimizing the sum of the quadratic
deviations from the nominal orbit) often with the additional
c?nstr?ri]nt (if solution is degenerate) to minimize average corrector
strength.

« SVD uses the so called singular value decomposition. In this
method small singular values can be neglected in the matrix
inversion.

» MICADO/MEC is a maodification of the least square method. It
iteratively searches for the single most effective corrector (starting
with one up to the selected total number), calculates its correction
strength using least square, finds the next most effective corrector,
calculates the correction using those two via least square, ...

« Local Bumps allow to keep the orbit ‘perfect’ locally (sensitive SR
user, interaction point, ...) while relaxing the correction elsewhere.

** Harmonic Correction:

Advanced Light Source
June 16-20 2008 USPAS Annanolis 24
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Singular Value Decomposition

<* Any Matrix M can be decomposed (SVD)
M=URD" =) ig v

< Where U and V are orthogonal matrices Uu'=1 v =1
(l.e. , ) and ¥ is diagonal and contains the (o))

singular values of M.
< Examples:
* M is the orbit response matrix

* U contains an orthonormal set of BPM vectors
* V contains an orthonormal set of corrector magnet vectors

< Because of orthogonality the in\ierse of M can be simply calculated:
M=y W =Y v —a.
0y

1

Singularities and small singular values can be removed by removing
m Advanced Light Source .
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Singular Value Decomposition (cont.)
Ax=Ml=ULR V'

Least Squares:J = (M'M)_IM'Ax

SVD: 0=VI 'U Ax
Note:|[Mv,, = 7,
Least squares can be thought of as a projection on to the columns of M
X3
0,
X2
0,

Xl
| Advanced nght Source e
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Example: SVD inverted matrix vs. number of SVs i

ERKEELEY LAB
. Response Matrix Singular Values 5 Response Matrix Singular Values Response Matrix Singular Values
10 T T T T T T T T 10 T T T T T 10° T T T T T T T T
I = w
= & £
N i) R
3 ¥ 8
5 = 5
T T T
107 L . . . . . . L . 107 - . . : - : - : - 1o i ; . L A L L L L
10 20 30 40 50 80 70 80 90 10 20 30 40 50 60 L W a8 10 20 30 40 50 80 70 80 90
singular value # singular value # singular value #
x 107

40
20

80

20

40
Corrector # BPM # Corrector # BPM # Corrector # BPM #
a Response Matrix Singular Values . Response Matrix Singular Values . Response Matrix Singular Values
10 T T T T T 10 T T T r T T T 10 T T T T T T

10° 4

= s |

= [=4 =4

B :

= =

£ £ b

107
10 . L 1 . L 1 L L L 10 L 1 L L L L . L ! 107 . 1 L . L 1 . . L
10 20 30 40 50 80 70 80 90 10 20 30 40 50 80 70 80 90 10 20 30 40 50 80 70 80 90
singular value # singular value # singular value #
10 100
Yl
0

0

~10 \

_ Iy :
-20 O 11 :

—100
40

40 . 40
20
Corrector # BPM # Corrector #

BPM #

Corrector #

BPM #

Advanced Light Source
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Advantages of Correction Methods

% Least square or direct matrix inversion

* Disadvatages:
* Have to trust every BPM reading

* BPM and corrector locations very critical (to avoid
unobservable bumps)

* Advantages:
* Minimizes OBSERVABLE orbit error
* Works well for distributed/numerous errors
* |localizes the correction.

“* MICADO
* works well for few dominant errors (IR quads in colliders)
* Does not allow good correction for many errors.
% SVD
* allows to adjust behavior based on requirements.
* Most light sources nowadays use SVD.

Advanced nght Source .
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Insertion Device
Compensation
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Elliptically Polarizing Undulator (EPU) ] \‘

BERKELEY LAB

The EPU is different than other insertion devices

“*The jaws can move in two directions
(vertically and longitudinally)

“*The motion in the longitudinal direction is fast
(At the ALS, up to 17 mm/second)

This makes orbit compensation more difficult
than other insertion devices

Advanced nght Source .
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Feed-forward example: EPU COMPENSATION /%

BERKELEY LAB

EPU

Electron Beam |

™ Corrector Magnets —

Mechanically, an ALS EPU can move from left to right circular polarization mode in ~1.6 sec.

Vertical Orbit Distortion Without compensation the EPU would
o distort the electron beam orbit by £200
Mm vertically and £100 pim horizontally.

D'z N Using corrector magnets on either side
[ R of the EPU, 2-dimensional feed forward
2 0. SR correction tables are used to reduce the
l - . . .

Dot A orbit distortion to the 2-3 pum level.
0o e SRR R Update rate of feed-forward is 200 Hz.

Wartical Gap [mm] 4 -20

EPU Longitudinal Offset [mm)]

] Advanced nght Source .
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EPU FEED FORWARD ORBIT CORRECTION ‘\‘

Orbit Error without Feed Forward Correction

Harizontal [rmm]

0.0 T

e

A
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BERKELEY LAB

200 Hertz Feed Forward Correction

0.005

Harizantal [rrm)
o

-0.005

-0.01 !

43 a0 35

003

Yertical [mm)
]

=

o =

\
=

0.1 T

0.005

Wertical [

-0.005

AVAY

-0.01 L

12 mm f second

30 T T T T T T T T T T 30 T
20k 20
T 10 1 mm f zecond =
E E 10
S0 1 =)
> =l
o w
-10 B ~ 10k
5! r 10
=20 B 20 -
0 . . . . . . . . . . = )
) s 1 15 220 25 30 35 40 45 50 55 0 05

Time [seconds]

-
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Orbit Feedback

| Advanced nght Source I
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Slow Orbit Feedback

w/ ID Compensation w/ ID Compensation

August 15, 1998: w/o Orbit Correction April 12, 2000: w/ Orbit Correction
w/o Slow Orbit Feedback w/ Slow Orbit Feedback

August 15 1998 Agaril 12, 2000
T T T T T T T T
H [ F R PR PR L SERERTERRREEE .
E EDDS .................. .................. .....................................................
z £ 5 :
E [SRTY R =R - ey e S T
T £ : :
T 2 : :
& o : :
o 2 : :
5 i oosk o e e
T : :
T
1 1 1 1
a 5 10 15 20 u] a 10 13 20
0.08 0.05 , ,
o4 0 A ................................
E _ : 5
£ ooz E 0.0z e e . ............................... .
5] E : :
Z 2 : : 5
. - e ) o
&) =] g D eyt [ty
™ i : :
5] = :
_E_ooz g 002 .........................................................................................
7]
> : : :
oM ondb e .................. .................. .................. Lo
—0.06 -0.08
1] 5 10 15 20

Titne since April 12, 2000 [Hours]
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RF Frequency Feedback

% Circumference of ring

changes (temperature 2
inside/outside, tides, water

levels, seasons, differential {5l Superbend
magnet saturation, ...) B oo

» RF keeps frequency fixed
— beam energy will change

% Instead measure
dispersion trajectory and
correct frequency (at ALS
once a second)

** Can see characteristic
frequencies of all the
effects in FFT (8h, 12h,
24h, 1 year)

** Verified energy stability (a 1.5/
few 10-°) with resonan
depolarization

osl- ' ¢ .ff'm. /r‘f‘{

/
) / November '02
April 02 / Shutdown
Shutdown I

\ Winter
.’1 Holiday '01 ,/ {‘
ﬂ |

~0.5} , Wkl [A‘ | :
/‘P/M pf/ ) . / ‘PH!/' ﬁ!ﬂ

Holiday ‘02

l

Change in ring circumference [mm]
o

2 4 6 8 10 12 14 16 18
Months since September 1, 2001

| Advanced nght Source e
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Fast Orbit Feeback ,%

BERKELEY LAB

Recent Orbit Feedback Upgrades at ALS

January 9, 2001 to January 13, 2001 (5 days) January 8, 2002 to January 12, 2002 (5 days)

M "

O Uy st g niey

0.05

x [mm]
o
x [mm]

-0.05

R el B S
t [days] t [days]

]

ALS, fast feedback, 100 Hz, step response

* RF-frequency feedback (significantly improved
hor. orbit stability in arcs, energy stability)

* 20 Bit D/A converters (no digitization noise from
SVD — mid term orbit stability now typically
submicron)

* Start of commissioning of fast orbit feedback
(standard hardware, 1 kHz update rate)

0 0.1 0.2 0.3 04 05
t[s]

June 16-20. 2008
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Fast Orbit Feedback

’:‘ Time response Of a” 100 "" m'.'. ----"‘""""“-5\ —
clements becomes T
important! . N

* Controller type used is often g ol . \ :f:
PID .

== VCM(7,1) AC —> AM (.06 A) S | S "‘f

% System often are distributed Syt el

(ALS 12 crates, about s o e o 1ot
40BPMs, 22 correctors each

plane) .

Frequency [Hz]

100

=100

Phase [

-200

-300[

10° 10' 10° 10 10
Frequency [Hz]
I

] Advanced nght Source
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Simulink model of one channel of system

— ] _ T
> l:l r du/dt I Bsam
Ermor o Disturbancs
command Darivative 5law Rate
Controller Power Supply Model Vacuum Chamber Model Beam Modsl BPM Model
I ._4_5_ ; w PID - ,_rr o o | n_vcm(s) - » | n_vem8_chamber(s)
Ir i Paint . . ' g 7| d_vemis) > "] d_vems_chambar(=)
u all
Step | ' Invarsa 5 -Matrix Gain DAC  Powsr SUpplY  Powar Supply  Fawer Supply Vacuum Chambar S-Matrix Gain
in mm IDBPM(7, 1) b vomE, ) Certolkr changad tolax/Min Limit T znsfer Function  Slew Rate WGM(T, 1) ta IDEPMIT, 1)
[mm/amps] +-12 A 1000 Alsag [mmiamps]
[
Ll
Powear Supply Ouput
Step
|:I in mmi
BF LI
_,_,_--"1""]_ ?F' n_BPyis)
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Performance of Fast Orbit Feedback at ALS f%

BERKELEY LAB

Horizontal Power Spectral Density Vertical Power Spectral Density

IDBPMx(10,2) [um?/Hz]
IDBPMy(10,2) [um>/Hz]

0

10 10

10'
Frequency [Hz] Frequency [Hz]
Cumulative [PSD Cumulative [PSD

0

10

X—error [mm]
S
=
T

20 . . P 0'81

-
[4)]
e
[=2]

t[s]

IDBPMXx(10,2) [um?]
3
IDBPMy(10,2) [um?]
[=]

'Y

o
o
A

Comparison of simulated
(Simulink) and measured step
response of feedback system in
closed loop in a case where PID
parameters were intentionally set

o
o

10 10° 10
Frequency [Hz] Frequency [Hz]

0 1

10

1

Comparison of orbit PSDs with and
without fast feedback.

Fast orbit feedbacks are in use at several
light sources: APS, NSLS, ESRF, (SLS) [0 create some overshoot.
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Achieved orbit stability at ALS _\‘

BERKELEY LAB

Frequency Magnitude Dominant Cause
1. BPM chamber motion
1 hour — 2 weeks 5 ym Horizontal 2. BPM electronics drift and
3 §im Vertical systematic errors
3. Limited number of
BPMs/correctors
Minutes <<1lym 1. BPM noise and beam

vibration (aliasing)
2. Corrector resolution
(digitization)
Ground vibrations
Cooling water vibrations
Power supply ripple
4. Feed forward errors

Beam Stability in straight sections w/ Orbit Feedback and w/ Insertion Device Feed-Forward

<2 i m Horizontal
.2 to 300 Hz <1 ym Vertical

W N =
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Beam Based Alignment

Beam Based Alignment
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Beam Based Alignment

“* To achieve optimum performance (dynamic aperture,
beamsize, ...) of accelerators, it is necessary to correct the beam
to the center of magnetic elements

“* Non centered beam can reduce physical aperture

* in quadrupoles: spurious dispersion, larger sensitivity of closed
orbit to power supply ripple

* in sextupoles: gradient errors (horizontal offsets), coupling
errors (vertical offsets)

“* Allows to link beam position (photon beams) to magnet alignment
grid — helps to allow predictive optimum alignment of beamlines

“* BPMs centers are not known well enough relative to center of
magnetic elements (vacuum chamber positioning, button positions,
button attenuations, cable attenuations, signal electronics
asymmetries, ...)

| Advanced nght Source e
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Beam Based Alignment

<* BPM centers can be . AYpen
. . reference plane y \ v
determined relatveto @ @ —77027——¢——"— sl
adjacent quadrupole (or quadrupote 4 >H+ Y
sextupole, skew quadrupole, misalignment AY temod
using other techniques). A Y quaa BrN ot
“* Basic principle is that a

Change in quadrup0|e modulated quadrupole magnet
current will change the
closed orbit if the beam

=

e an
does not pass through the soneraor I o catabase
quadrupole center. AT L.

“* Sweeping the beam across . {0733 Hz
a quadrupole and changing S o A< 107 beam position monitor |
the quadrupole strength conpler)_— g
allows to find the centers. displaced clomed B X

Ay=Ay - cos(2nf t)
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Orbit change for a quadrupole change

Orbit Change Due to a Quadruple Change

Orbit Change Due to a 5% Change in QF(7,1)
0.04 L B L (A. Wolski & F. Zimmermann)
C(s,50) K, = C(s,50)K,

1- C(s,s0)K,

/B ()P, cos()w ()= |- ITV)

2sinmy
x,; = Initial offset at the quadrupole

Ax(s)=-x,

C(s,s,)=

K. = Initial focusing value

K, = Final focusing value

A x = Transverse position

A x' = Kick strength [radians]
f = Beta function

= Phase advance

BPMy [mm]

0 50 100 150

Position [meters]
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Beam Based Alignment at the ALS /—%

BERKELEY LAB

Center for BPMy(7.2) QF(7.1)
I

: - * The offset of all quadrupoles at
= ALS (and many other

£
E
EZ ° — : accelerators using the MML) can
B 0,05 e A S = be found with beam based
03 04 05 06 07 08 09 alignment.
= SEMY(T.2) rawvelues fmml * The algorithm is fully
£ oL ' " automated.
E 0 *Offsets are fairly significant
& 005 ] (rms of 300-500 microns) but

03 04 05 06 07 08 09 very stable.

S P 3 * Offsets are typically measured
B e ' annually or after hardware
changes or realignment.

* Main problem were systematic

— ] errors due to C-shaped magnets.

_______________

e
o
[ %]
Po—1
= DO A S

BPM Center [mm]
o o
Lo3 ] (=3
+ (ay]

- .i_ __________ .i _________

D6t ] i
0 40 60 80 100 120
BPM Mumber
Offset BPMy(T, 23=0.629194, AQF(7,11=1.000000, AWCK(3, Fi=2.000000 11-May-2005 03:11:42
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ummary

“* Orbit Stability is one of the most important performance criteria at
accelerators

A/

** Many different methods for position measurement exist, tailored to
specific needs. Best resolutions are nm scale.

L)

» Multiple noise sources perturb the orbit. Passive noise reduction
methods can improve the situation a lot.

» Different correction algorithms are available. Advantages depend
on the situation.

» Orbit feedbacks are used routinely, nowadays with several kHz
update rate.

» Beam based alignment is essential to guarantee optimum
performance of accelerators.
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Further Reading (incomplete list): f%

BERKELEY LAB

** B. Hettel, Rev. Sci. Instr. 73, 3, 1396
“* W.H. Press et al., Numerical Recipes, Cambridge U. Press (1988) p. 52

“* Presentations at 2" International Workshop on Beam Orbit Stabilization
(2002):
http://www.spring8.or.jp/ENGLISH/conference/iwbs2002/abstract.htm

% A. Friedman, E. Bozoki, NIM A344 (1994) 269

% J. Carwardine, F. Lenkszus, Proceedings of the 1998 Beam
Instrumentation Workshop,
http://www.slac.stanford.edu/pubs/confproc/biw98/carwardine.pdf
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