Highlights of the 2" Workshop on Beam Orbit Stabilization
12/04-06/2002, Spring8, Japan

Invaluable experience from electron & hadron rings such as ESRF, SLS, ......
(in orbit stabilization will benefit nanosize beam collider designs)

V. Shiltsev, A. Seryi
ICFA Nanometre Size Colliding Beam 2002

Y. Chao
Beam Physics Seminar
02/07/2003




3 Days of Workshop (9 am — 7 pm)
~ 40 presentations & ~5 discussion sessions
Organized by H. Tanaka, Spring 8
mFacility Reports
ESource Suppression
mSlow Orbit Measurement & Correction
mFast Orbit Measurement & Correction
ESpring® Tour & Invited Talk
BStrategy toward Sub-Micron Stability



Users' Requirements for Orbit Stabilization - T. Ishikawa (SPring-8 user)

Golden Rules

Requests from SR Users are Unlimited.

Users doubt Light Source before
doubting their Own Equipments.

Collaboration between machine people
and users is essential to achieve ultimate
performance.
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Extreme Sensitivity to Electron Beam Position
mPhoton spectrum dependence on incoming beam position
Notable shift with ~mm change 1n position
BCrystal monochromator
i=2dSin(8)—> Al:2dCOS(8)A8
B Thomson Scattering slide of T. ishikawa)
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Photon Users Can Provide Feedback on Electron Beam
Quality

BSource beam size measurement
X-ray slit interferometry
BOptimal orbit / Orbit stability

Correlation with X-ray intensity & spectrum



What New Sciences will Come Up with
the Further Stability of the Beam?

® Phase-Sensitive Imaging (such as
holography) demands ultimate
overall stability.

® Phase Retrieval of Coherent
Scattering

200212012 WMiarkzhop on Beam Crbit Stabilizt on@ S Pring-a



Causes for Orbit Distortions > N_

EERKELEY LAD

«—lhermal . Vibration .
. Insertion Device Errors .
Power Supplv Ripple
- } i } } } -
10 100 1000 Hertz
Frequency Magnitude Dominant Cause
I. Magnet hysteresis
Two weeks +200 wm Horizontal 2. Temperature fluctuations
iA typical +100 wm Vertical 3. Component heating between
experimental run) .5 GeVand 1.9 GeV
[ Day +125 wm Horizontal Temperature fluctuations
+50 Lm Vertical
8 Hour Fill +50 pm Horizontal [. Temperature fluctuations
+20 pm Vertical 2. Feed forward errors
Minutes | to 5 lm . Feed forward errors
2. VA converter digitization
noise
3 um Horizontal |. Ground vibrations
o 300 Hz | tm 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

s Advanced Light Source I ——
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Source Suppression
Temperature

Cooling water (temperature fluctuation, flow rate, valve
shape, .....)

Ground motion — short & long term
Power supply

BPM drift/noise — thermal, intensity dependence, rogue
HOM’s

Vacuum chamber vibration

ID induced disruption



Evolution of Orbit Spectrum at SPring8

‘:H:‘ Buper Piatonr Hing E] ﬁ Huper Platonr Hing &

4. Stabilization of F. O. V.

00'~01": Suppression of Quad. Mag. PS
current ripple 1l

01'~02": Suppression of Chamber Vibration in
Quad. Mag.

97'~02": Precise correction of gap & ¢
dependent ID error fields

QQ'winter - Suppression of Quad. Mag. PS
current ripple |

00'autumn: Suppression of coherent synchrotron
oscillation

00'~02'": Precise correction of ID error fields
driven by fast phase switching
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Alignment / Monitor Methods at SLS (M. Boege)

= Cirhit Stability at the SLS NiTuy PE Cirhil Stability at the SLS Ty
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Excitation due to Vacuum Chamber Vibration (through
Induced Eddy Current) S. Matsui & M Oishi, Spring-8

Induced Magnetic Field
Quadrupele magnetic field B (B=gy, B=gx)
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Magnet Ripple Induced
Field due to Chamber
Asymmetry,

H. Takebe, Spring-8

Q magnet Power Supply Tuning and
Modification History

2000 Aug.

2000 Sep.

8-10

2000 Oct.

2001 May

2002 Jan.

23-30

: Thyrister Phase Tuning

: Input Transformer adopted

. Phase Timing Circuit Modify
: DCCT exchange

. Phase Control Circuit Modify

Big eddy current in the right chamber
causes a beam center field!

Eddy Current of the Yacuum Chamber in the 0 andSx Magnet
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Beam Spectrum 2001 and 2002
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Damping Links at ESRF
(L. Farvacque & L. Zhang)
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Invar Strut Support for BPMs
SPEAR 3
(J. Safranek/SSRL) NVAR P

Rigidity against temperature
change

With photon beam line users,
absolute alignment of BPM’s SPEAR 3 chamber/BPM
becomes more favorable to many supports

light sources.

3 umAC vert, 15 pm/PC hor



Characterizing Ground Motion Caused by Lorry Traffic at
SOLEIL (M-P. Level)

* Can be up to 0.7 um peak-to-peak, too much
*Test conducted by running trucks on neighboring roads

 Condition for worst source of 2.5 Hz vibration identified as resonance
between truck suspension & characteristic frequency of the ground

— 60 km/h truck over 3m long ground deformations
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We notice that the lorry produces essentially a frequency of
2.5 He (057 mucron peak to peak)
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Slow Orbit Control
Architecture (some control system particularities)

Configuration issues (full or partial SVD, interference of
control loops, ...... ) General understanding 1n this circle
appears elementary

Stability on slow time scale (precision of magnets, BPM
resolution, DAC/ADC, ...... )

ID related issues (XBPM used 1n loop, special ID bump
configuration, impact of ID motion/switching)

Operational 1ssues (BPM offset dependence on current
degradation, top-up impact, ...... )

Most systems can get close to um level, but requirements are
tightening up......



Fast Feedback
*Mostly about digital BPM’s

*Mostly similar architecture with ~kHz update rate
correcting to a few um

—E SI;S.—\I

[ Digital 8PM System |

SLS Dlgltal BPM System Implemented Modes:
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(T SChllCher) 1. tum by turn 1041 416 14 g
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4. clozad Mitmndq 4 15 12

alternative FOF B modes (?):

DeCCntralized System o 4 kHz DDC output rate, 05 kHz analogue BW?

¢ B kHz DDC output rate and decimation on RSP, 1.5 kHz analogue BW? ...
h
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Strategy toward Sub-Micron Stability

* Electrical power systems
 BPMs (resolution & stability)
» Feedback on X-rays

* ID improvements

* Building stability



Digital BPM’s

Configurable for both high
bandwidth (turn by turn)
and low bandwidth (closed
orbit correction)

R. Ursic (Inst. Tech.)
M. Boege (SLS)

The Problem

= To fulfill at the same time the
requirements for:

— Real-time operation with sub micrometer
resolution and ~micrometer accuracy and
reproducibility in a relatively low bandwidth
(kHz) for feedback applications

— More relaxed resolution and accuracy but
higher bandwidth (MHz) for commissioning
and machine physics studies

TWES J002, ok LeaE -
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F=D Orbit Stability at the SLS

SR - Innovative Subsystems - Digital BPM System
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A Solution

s 4 channel BPM system with direct
sampling of IF (RF) signal
= Advantages
— Re-configurability (bandwidth, tuning
frequency, gain control,...)
— BExtremely good linearity
— Reproducibility of digital signal processing

TWES J002, Rk i -
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Multiplexed Electrodes BPM system:
BPM Options for hlgh pros and cons
I'ESOIU.tiOIl, hlgh Stablllty Pros Cons

Operatlon W Simgle electronics — single gain & @ Resolution 1ssues

offset for the 4 electrodes = Synchrotron oscillations — noise
J C D d SOLEIL B Excellent position stability mcrease due to alasing
T\ cnar ( ) @ Excellent current dependence ~ Difficulty to get low noise
+ Signal available 14 of the ime

) + Front end matching for low
Bergoz company current dependence

0.2 Hm / SeC; 3 “m / month + Preamplifier with AGC capabulity

@ Mo turn-by-turn acquisition

@ Commercially availlable from

IWES, Inpan, 4-6 High Resolution and Stability Beam Position Measurements;

Digital BPM system SULEIL "

SYNCHROTRON
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RF
B o S Anc 8 ooc 8o B8 Digital BPM system: Pros and Cons
RF Pros Cons
T,SI ADC 18 00C FIm—|__: . @B Programmable — turn-hv-turn as @ Mee clﬂ.hnmlu ca]ihm'lin;aq:‘-chumc
i . Inter- . well as stored beam i gain ratios vary with AGC
36c | °F Y puce [ : . : :
_.. W [xcellent resolution voltage)
i3 ; 3 _|_‘ better resolution = lower beam ® Current dependence and stability
Fﬂl ADC B DDC B FIFO noise OR wider bandwidth with rely on excellent calibration
last feedback performance for beam stabilization
RF B Large dynamic range ( AGC) at the submicron level
i F::g' Bl 7 B °°C T W Digital Down Conversion has no
oifset
@ Commercially available from i-tech
IWES, Japan, 4-6 High Resolution and Siability Beam Position Measurements; - (see i-tech talk at this "r"»'t"‘l']'-l."ihﬂ}'!'}.
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X-BPM

Example: APS XBPMs used in

insertion devices

Metalized CVD diamond blades

Provides additional
accuracy needed in the ID

Integrated into the global
orbit control system

0.2 urad over 24 hrs.
Variable ID gap calibration

X-bpm housing

\*\ | X-Y Translation Stage

APS ID X-ray BPM Photoemission Blade Sensor Geometry

-~

p
Upstream X-BPM (P1)
-— 4,65 mm

A B
I 4.50 mm
C D

P1-x = [(A+C) - (B+D)] / [(A+B+C+D)]
P1-y = [(A+B) - (C+D)] / [(A+B+C+D)]

e

Armgonne Mational Laboratary

Advancsd Photon Sourcs
% ADD Diagnestics

Downstream X-BPM (P2)

=

=

A

\F

P2-x = [ E-F] / [E+F]
P2-y = [ A-B ]/ [A+B]

oy

IWBS 2002, SPring-2
Oim Singh
December 4-8, 2002/




MOSTAB

User keeps complaining!

MOSTAB

Storage Ring I i
p — —
o ] B )
Photo TR L sigmal
source XETM@FE  pies fpeen MOBSTAB ™3 sestabiized

piezn controller

MOSTAB (Monochromator Stabilization) module
applies a lfeedback voltage to the piczo actuator of DCM.



Tour of SPring8 & 1 km Beamline
1000/m Beamiine, BLZoAU

3D reconstruction
of non-crystalline
structure

50 nm 3D
& nm 2D
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Conclusion

*Very interesting progress has been made world wide towards
achieving micron orbit stability over broad time scale

*Major challenge seems to be ground motion, while other
causes can be isolated and addressed

*Active control mainly benefited from BPM improvements.
But configuration / algorithm issues will catch up sooner or
later.

e Digital boundary further upstream

*A few things that we can learn from




