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| ntroduction — e-beam stability

e-beam size at sour ce points
RM S erticas = 8 LM
RM S, orizonta = 59 um for low-f3 section, 402 um for high-f3 section

e-beam stability requirement

20% emittance growth Ae/e, ~ 10% e-beam size & 10% divergence
ARM S\/ertical< 0.8 wm, ARM Shorizontal <6 wm (|OW-B), 40 um (hlgh'B)

Quadrupole stability requirements
e-beam vibration amplification by optics ~ 20 (V), 30 (H)
quadurpole vibration RM Sq yertica< 0.04 um, ARM Sq porizonta < 0.2 pm (low-p3)

Ground stability requirements
guadrupoles vibration amplification : 2 (compared to ground)
ground vibration RM Sg_yertica< 0.02 um, ARM S rorizonta < 0.1 um (low-f3)
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Introduction — X-ray beam stability

ESRF : synchrotron light source
E-beam stability : quadrupoles, girders, ground

X-ray beam stability
Sample holder
X-ray optics (mirror, monochromator)
e-beam source
Ground

X-ray beam stability requirement
X-ray beamsize: 0.1 um~afew cm, 10% of size — 0.01 um
Angular stability : better than 0.1 urad
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| ntroduction

Transfer function
(ground vibration d(f) ->e-beam emittance growth As/%)

A G (pm) TRANSFER FUNCTION (Vertical plane)
7 10. p—
G(f)=—=%
d(f)
e-beam sensitiveto
vibrationsf > 4Hz
0. 1000
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1 (Hg)
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Ground vibration — versustime

Peak-to-peak displacement (Dpp) in the bandwidth of 1-100 Hz versustime
3.0 T B e :
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20 + '
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i P2P 0.80 0.36
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12:00 00:00 12:00 00:00 12:00 00:00 12:00 RM S4r100Hz 0.04 0.018
time (dd/mm/year hh:mm)
Requirements :

ARM SG-vertical <0.02 um
ARM SG-horizontal <01 um
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Ground vibration — 3D spectral displacement

3D spectral displacement at the site of the ESRF on 9-Oct-1996
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Vibration sour ce identification

Inter nal sources
Water flow : rubber connection, flexible versusrigid pipes, ...
Power supply : vibration isolation
Ventilations : in SR tunnel, experiment hall, optic table,...

External sources
Earthquake
Speed bump at the exit of the motorway
Road surface near the site (sewer covers, irregularities,...)
Speed bump in the site
Big machines near the site : compressor, electric-heat co-
generator,water pumps, ...
Traffic : trains, trolley-bus, trucks, buses,...
Bridges near the site
Grenoble site (3 Hz)
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Vibration sourceidentification - earthquakes

Date : 21/08/2000,

19:14:56
(local time)

Magnitude : 5.0

Epicentre : north of Genes
Italy

distance : 200 ~ 250 km

Date : 03/12/2000,

05:24.00
(local time)

Magnitude: 2.3

Epicentre : near Doméne
France
distance :15~20km
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M echanical design optimization

Design guideline:
Natural frequencies : as high as possible
low mass, high stiffness
Avoid non necessary adjustments : jacks, trandation, rotation stages, ...
Individual versus grouped supports or tables
fixations

Finite element ssmulation
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machine girder — modes identification

Nanobeam 2002, 2-6 September 2002

natural frequencies comparison

before tuning after tuning
No | frest | frem A frem A
1 | 868 | 889 | 24% | 864 |-0.5%
2 [11.74] 1164 -0.8% | 1175 | 0.1%
3 1363 ] 12.86 | -5.6% | 13.70 | 0.5%
4 | 2233 | 2247 | 0.6% | 2247 | 0.6%
5 | 2629 | 2645 | 0.6% | 26.35 | 0.2%
6 | 27182 | 2717 | -23% | 27.14 | -25%
7 | 3218 | 3158 | -19% | 3148 | -2.2%
8 | 3230 | 3312 | 25% | 3313 | 2.6%
9 | 3485|3639 | 44% | 3638 | 4.4%
10 | 39.49 | 3829 | -3.0% | 3828 | -3.1%
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machine girder — modes identification

from modal testing from FEA

1
1st mode (f1=8.64 Hz)

Finite Element Model of magnets-girder PROTOTYFPE
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Damping device — damping plates

Fre quency response of Qe proto-G10 in the direction Y
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Damping device — damping link

GMF :
Girder Mounting Fixture

VEM :
ViscoElastic Material

FMF:
Floor Mounting Fixture

Q-valuereduction by a factor of 6

Stiffnessincrease : 1 natural
frequency shifted to higher frequency
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Damping link for machine girder — performance

2 Frequency response of QD4_,. .Y, ' horizontal displacemef-nt PSD of the e-beam
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e-beam motion

RMS amplitude (um) of the horizontal
motion in the frequency range of 4-12 Hz
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e-beam motion

PSD of the e-beam and quadrupole when the booster ON or OFF

— booster ON )
booster ECO || the operation of the booster :

— hooster OFF

- during the weekly day of
Machine Dedicated Time (MDT)

- around re-injection time

the ESRF booster is
a 10 Hz fast cycling synchrotron

guadrupole CTEGFT

’ 10’ 10
frequency (Hz)

ratio= PDe-peam ~1000 =—p RMSe-peam ~ 30
quadrupole RI\/Isquadrupole
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e-beam feedback

Global feedback
Vertica : 16 BPMs and 16 correctors

Horizontal : 32 BPMs and 24 correctors
(to be implemented)

L ocal feedback (for Horizontal direction)
installed on 4 straight sections
4 steerers + 2 BPMs/ bump ——

¥ {\ BPM1

correction rate : 4.4 KHz
Bandwidth : 0.01 to 100 Hz

quadrupole
triplet

Nanobeam 2002, 2-6 September 2002 E-beam gtabilization experiences at the ESRF / L. Zhang, L. farvacque

D

BPM2

)ﬁj&erirb

guadrupole

triplet

Page 18



e-beam motion - summary

at the middle of ahigh-f straight section (B, = 35.4 m)

RIVIShorizontal = 402 um

ARMS, izonta (4M) 4-12 Hz | 4-200 Hz
no damping links (um) 10 12
with damping links (um) 2.7 4
damping links + feedback (um) 0.28 1

at the middle of ahigh-f straight section (B, = 2,5 m)

RlvlSverticaI =8 um

A RM Svertical (ILI m) 4‘12 HZ 4‘200 HZ
with damping links (um) (um) 0.5 1
damping links+feedback (um) 0.17 0.6
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6 um (low-5)

40 um (high-f)

0.8 um
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End

Thank you
For your attention
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