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9.3 Linac and FF Stabilisation
Highlight talk: Stabilization to 1nm

A.Jeremie




7 EUCARD

R ——

Main objective of task 9.3

* Address quadrupole stabilisation issues on CLIC

Object of highlight talk

— Main linac quadrupole stabilisation

* Design, build and test for stabilisation a CLIC quadrupole
module in an accelerator environment where a stability
of 1 nm above one Hz is required.

— Final Focus quadrupole stabilisation

* Design, build and test for stabilisation a Final Focus test
stand where a stability of 0.1 nm above a few Hz is
required.

,dPP A.Jeremie, 1st EUCARD Annual Meeting, .
April 2010
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CLIC layout

126 klystrons ) 3.7 klysbrons
33 MW, 139 s | I I circumlenendes 33 WY, 139 s
delay loop #3.0m
drive beam scoelerator CR1 46T m drive beam accelerator
-] CRI4383Im
: ) 1 ke ]
4 Final Focus quadrupoles i ( = detay locp
Ak @ deoelerator, 24 sectors of B m

o —— T T T e

275 km 275 kM
IF

TaA120m main limao, 12 GHz, 100 &m, 2140 &% main linsc

TA s =120 m

-

483 km
ﬁ' combiner ring
biar P rcnd _ . }
DR \damping ring 4000 Main beam linac quadrupoles ‘
EEH Dr:d.;n ﬂnnﬁ;% ‘ booster linac, 6.14 Gev
BDS m ealivary systam
| teraction polnt
= o injeator, = Ilaciar,
2 HE Gl iy = ot eF 206 Gay
FIOR DR 0OR FOR

%8 m | 493 m 493 mg 'L 398 m
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J.P.Delaha'yeqCIC’OS CLIC feasibilitv issues

3
o c
= @
SYSTEMS (level n) Critical parameters ﬁ 3
© L
()] —
L2 ()]
a.
Main beam acceleration structures
. . . 100 MV/m
Demonstrate nominal CLIC structures with damping 240 ns X X X
2 features at the design gradient, with design pulse length "
] 3-:10-7 BR/(pulse*m)
= and breakdown rate .
©
=
& Decelerator structures
Demonstrate nominal PETS with daniping features at 136 MW X X
design power, with design pulse lenjjth, breakdown rate 240 ns
on/off capability
% Validation of drive Beam
S - production 0.2 degrees phase stability at 12 X X
9 - phase stability , potential feedbacks GHz
e - MPS appropriate for beam pgwer
o E . N
Z 3 Test of a relevant linac sub-unit with both beams NA X
(]
9 Absolute blow-up
2 - Preservation of low emittances (main linac + RTML Hor: 160nradm X X
=
Main Linac : 1 nm vert (>1 Hz)
BDS: 0.15...1 nm vert (>4 Hz
Main Linac and BDS Stabilization . . ( ) )
depending on implementatio

of final doublet girder

Staging of commissioning and construction Handling of drive beam power
MTBF, MTTR of 72 MW
Machine protection

Operation
reliability




/" CLIC Two Beam Acceleration Module” ewcaro

COOLING CIRCUITS

ACCELER. STRUCTURE
RF DISTRIBUTION (BRAZED DISKS)

VACUUM MANIFOLDS

BEAM

X Q :- é T
Drlv& : _— - INSTRUMENTATION

1300

CRADLES

Transfer lines

ALIGNMENT =
SYSTEM

INTERCONNECTIONS PETS INI-TANK) o PETS (OCTAN

20760 modules  Tagk also includes work on
(2 meters long) agnet design and fabrication
*Pre-alignment
*Compatibility between all

,aPP A.Jeremie, 1st EUCARD Annual Meeting, }
April 2010  CHE TUMEL TYFICAL CROSS SECTION | NeE==
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Teams involved

slides taken from different presentations within the CLIC stabilisation WG

e Task Coordinator: A.Jeremie

* Oxford University/ JAlI (John Adams Institute)
— D. Urner et al; Interferometry;
— P.Burrows et al Feedback; simulation

 LAPP/Annecy CNRS
— A. Jeremie et al; stabilisation, feedback
* CERN

— C. Hauviller/K.Artoos et al; stabilisation
— H. Mainaud-Durand et al; pre-alignment
— M. Modena et al; magnets

lapp)
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<5 | Things needed to be studied for
nm stabilisation

e |nstrumentation:

— nm, low frequency (0.5Hz-100Hz), compact, rad hard,
insensitive to magnetic field

 Mechanics=> design and dynamic calculations

— Maximise rigidity, Minimise weight, Minimise beam
height, Optimise support positions

e Stabilization strategy
— automatics, active or passive isolation, feedback etc...

lapp)
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Instrumentation

|

/ ’dpp A.Jeremie, 1st EUCARD Annual Meeting, .
/ April 2010
_
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Sensors that can measure nanometres aasacid
Absolute velocity/acceleration studied at LAPP:
Type of sensors Eleciromagnetic | Elecirochemdical Piezoeleciric acceleromeiers
geophone geophone
Model iJURALFP CIv- SEA00-B EMDEVCO 26 393B12 4507B3
40T
Company Geosiz FID Seientific | Briel & Fjaer PCRE Brilel & Ejaer
Piezotrorics

Sensihility 1600V s 2000V s 10Wig 10V DEmWig
Frequency range [0.033; 50] Hz [001a7;, 75 Hz | [0.01;100] Hz | [0.05;,4000] Hz | [0.3;4000] Hz
Measured noise 0.051r 0.051r 0. 2510 11.1%um 1001m

f= SI-II) =50Hz: 0.02nm | =300Hz: 4 Bprm

Sub- nanometre H ﬂ W H
measurements

Relative displacement/velocity:
\ CERN test

Capacitive gauges :Best resolution 10 pm (PI) , 0 Hz to several kHz | bench :
Linear encoders best resolution 1 nm (Heidenhain) medmbrane
=~ an

Vibrometers (Polytec) ~1nm at 15 Hz
Interferometers (SIOS, Renishaw, Attocube) <1 nm at 1 Hz

= interferometer

OXFORD MONALISA (laser interferometry) ATF?2 vibration
Optical distance meters and vacuum test
=Validation

Compact Straightness Monitors (target 1 nm at 1 Hz) I

test
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/ Characterisation of vibration sources

What level of vibrations can be expected on the ground?
Several measurement campaigns: LAPP (LHc, ATF2, SuperB), DESY (LHC, DESY etc...)....

aletrology
it

——LHC tunnel (DCUM584) Under 3HZ! none Of the pIaCeS
s pekiche mecelaridr measured are in the right

----CesITA particle accelerator

P tolerances => need active
— ~CLEX experiment (Bld. 2013)

----AEGIS experiment (Bld. 193) ISOIatlon

1,00E-08 +

1,00E-09
\ —TT1 tunnel (ISR) . . .
1,008-10 % —-mecscanvessenen: | MOdelling of Ground Motion ongoing:
Lab (Bld. 376)

j e A.Seryi + O.Napoly: DAPNIA/CEA 95-04
B.Bolzon et al PAC 2009
C.Colette et al ILC-CLIC LET WS 2009

Integrated RMS Displacement [m]

1,00E-11 +

1,00E-12 +

0.1 1 10 100
Frequency [Hz]




A;‘cuato rs
Sélection actuator type: comparative study in literature

/First selection parameter: Sub nanometre resolution and precision

NANO STABILISATION

This excludes actuator mechanisms with moving parts and friction,
we need solid state mechanics

_ _ — + Well established
Piezo electric - Fragile (no tensile or shear forces), depolarisation
materials .
_High
” rigidity -Rare product, magnetic field, stiffness < piezo,
Magneto S_tr'Ct'Ve - force density < piezo
materials | + No depolarisation, symmetric push-pull
) Risk of break through, best results with um gaps,
Electrostatic plates No rigidity, small force density, complicated for multi d.o.f.
__ ideal for not commercial
Electro magnetic soft Heat generation, influence from stray
(voice coils) supports magnetic fields for nm resolution

Shaize Memory
alloys

Slow, very non linear and high hysteresis, low rigidity, only traction

I-I e .
c.ectro active
I SIOW’ not C(?’-\r.]gmr%g,cfsatlEuCARD Annual Meeting,

polymeis April 2010 =
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Mechanics

’aPP A.Jeremie, 1st EUCARD Annual Meeting, -
April 2010



Dyrﬁ\mic analysis support, alignment and magnet

ype 1 + 4 quads M. Modena/CERN

Mounting and stiffness

Features to decrease
vibrations from water cooling

Dynamic analysis LAPP

7 EUCARD

\\\.._____‘_____/

Prototype (aluminium) for modal testing + assembly

Guillaume Deleglise comparison between eigenfrequencies
S ,) from calculations and measurements: A<5%

| ?QNHZ

- full length welding

feen T2 T

I
~L local weldin 1IS5ta
'dﬂﬁ | J A.Jeremim‘mﬁmﬁualM

e R
o S, o il

Dynamic analysis of magnet plus support is needed for beam simulations and support optimisation



7 EUCARD

—

Stabilisation strategy

*Two options studied => still in R&D phase
*Preliminary results expected end of 2010

«Study both options and eventually choose one, or take the
best of each

lapp)
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/ Option CERN: Rigid support and active vibration control

/

|
Approach: PARALLEL structure with inclined actuator legs with integrated length
measurement (<1nm resolution) and flexural joints

Concept drawing

Up to 6 d.o.f.

-----

~~~~~

Option LAPP: Soft support (joint more for guidance than really « soft »)

and active vibration control
sensors  Soft elastomere

joint in betwee

&

Rigid: less sensitive to
external forces but less —
broadband damping

A.Jeremie, 1st EUCARD Annual M¢
aC uators April 2010

/ IGP\P/)



/ LAPP option Lf@@o
Untll now, the Integrated vertical RMS motion verSLEeq/uency
Isolation function was ‘ - S i '
studied on a TMC ‘ : 10f
commercial active
table: almost CLIC
specifications but too

(Normal working area)

Floor

of linac
quads

{ Toleran

Integrated RMS motion [ nm ]

Toleran
. oo .. == 1T ; of FF
b|g/expenS|Ve! 01k { quads
(2.4mx0.9mx0.6m) opares . Redaell
motion below 4Hz CERN 2004
0.01 . : :
1 4 Hz 10 100

Frequency [Hz]

Approach: « Replace » TMC table by a more compact device

e design: W . . . .
: ? g 7 Ty T =maawwaes ] And adding active isolation
e ] o L ' I—uPSI.'II.'H-?-tIIranF-:I racal 1 e

L
=SPS00 1-2 - 1 trarf 2erw pRds recda o

e . 1 ™F - ———r:
Passive isolation o]

Passive isolation
\ i

Girder:

482 mm

igenfrequency of
the feet (~8 Hz)

P — rms






CERN/bption: Steps toward performance demonstration
/.

S/{ep 1: Stabilisation single d.o.f. with small weight  (*“membrane”)

1,E-06 -
1,E-07 =
Z
LY
S
Al
Al
1,E-08 s
1.E-09 by e T
1.2 K\ :
nm
1,E-10 2 =
10

Frequency (Hz)

Step 2: Stabilisation single d.o.f with tvne 1 Wmnhf (“trlpod”)’

Transforhunction Trpad ix)vs Ground (W)

S. Janssens 1%@”%

Preliminary result 0.5.

NANO STABILISATION

—Without Stabilization
=-With Stabilization

Integrated RMS Displacement (m)

OOH-IAN/NI N

Transfer functl

Froquency e

Step 3: a. Inclined leg with flexurar jOIﬂIS
b. Two inclined legs with flexural joint ﬁ" @%
c. Add spring guidance /

d. Test equivalent load per leg

Step 4: Stabilization of type 4

(angd t Main beam Quadrupole A
P A.Jeremie, 1st EUCARD Annual Meeti J§ZS0¥ y

April 2010



Option CERN: Rigid support and
active vibration control

Bonus: possibility to nano position the oms ()

~ Quadrupole
Ref. D. Schulte CLIC-ACE4 : “Fine quadrupole motion”

“Modify position quadrupole in between pulses (~ 5 ms) ©

“‘Range 20 um, precision 2nm »

, x10°
\ - - . I ‘ I ' N Membrane displacement
\Demonstration nano positioning : 4 S Janssens Input
open loop T
10+
:
§ o
Measured with PI capacitive gauge  ° 4.
2_
10 nm, 50 Hz
For FREE -

,aPP A.Jeremie, 1st ERCARD Aguat Ig8te, 5 03 0.04 0.05 0.06 0.07 19 0.08
April 2010 Time [s]
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Stabilizing beam

A.Jeremie, 1st EUCARD Annual Meeting,

April 2010
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FONT prototype at KEK/ATF: stabilising
the ATF 1GeV beam to the um level

| BPM

| Kicker | BPM
= 1
113 GeV
Drive Analogue BPM
amplifier processor

. Digital 4_
feedback

lapp)

| BPM

3 bunch train
Spacing 140-153ns



S

FONT prototype at KEK/ATF

Burrows
LCWS10,
Beijing

22

7 EUCARD

| BPM | BPM

Kicker and BPMs
meet ILC + CLIC
requirements



Frequency

Béam jitter reduction

|
(February 2010)
|

Bunch 1

*\Not corrected
!
\
|
|
\

Interleaved P2 position feedback with gain 5070. 18th February 2010

Bunch 1 jitter viewed from P2
100 T T

I - ccdback off - RMS 13

a0 [ Fecdback on - RMS 13

-
=)
T

=3
3
T

@
=}
T

=
3
T

w
=3

-20 -10 0 10
Bunch offset with respect to mean (microns)

Frequency

120

Bunch 2

Corrected

Interleaved P2 position feecdback with gain 5070. 18th February 2010

Bunch 2 jitter viewed from P2
T
eedback off - RMS 12ur
eedback on - RMS Spm

-10 0 10
Bunch offset with respect to mean (microns)

um

7 EUCARD

Bunch 3

Better corrected

Interleaved P2 position feedback with gain 5070. 18th February 2010

Bunch 3 jitter viewed from P2
Feedback off - RMS 12pm
Feedback on- RMS 3pm

120 T T

Frequency

-20 -10 0 10
Bunch offset with respect to mean (microns)

um
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Publications a—

*<EuCARD-CON-2009-028> "CLIC OVERVIEW*
*<EUCARD-CON-2009-026>,"FUNCTIONAL REQUIREMENTS ON THE DESIGN OF THE
DETECTORS AND THE INTERACTION REGION OF AN E+E- LINEAR COLLIDER WITH A
PUSH-PULL ARRANGEMENT OF DETECTORS®
*<EUCARD-CON-2009-019>,"SUPERCONDUCTING MAGNETS FOR A FINAL FOCUS
UPGRADE OF ATF2"

*<EuCARD-CON-2009-025>,"BEAM TEST RESULTS WITH THE FONT4 ILC

PROTOTYPE INTRA-TRAIN BEAM FEEDBACK SYSTEM®
*<EUCARD-CON-2009-024>,"DESIGN AND PERFORMANCE OF INTRA-TRAIN
FEEDBACK SYSTEMS AT ATF2“

*<EUCARD-CON-2009-023>, "DEVELOPMENT OF A FAST MICRON-RESOLUTION BEAM
PQOSITION MONITOR SIGNAL PROCESSOR FOR LINEAR COLLIDER BEAMBASED
FEEDBACK SYSTEMS®

*<EuCARD-CON-2009-022>,"PROPAGATION ERROR SIMULATIONS CONCERNING THE
CLIC ACTIVE PREALIGNMENT*

<EUCARD-CON-2009-021>,"GROUND VIBRATION AND COHERENCE LENGTH
MEASUREMENTS FOR THE CLIC NANO-STABILIZATION STUDIES®
<EUCARD-CON-2009-020>,"STUDY OF THE STABILIZATION TO THE NANOMETER
LEVEL OF MECHANICAL VIBRATIONS OF THE CLIC MAIN BEAM QUADRUPOLES®
<EUCARD-DIS-2009-001>,"Qualification de l'instrumentation pour des mesures
nanometriques«

*<EUCARD-CON-2009-018>,"ATF2 COMMISSIONING*

lapp)
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Conclusions

| * Active isolation devices still in R&D phase :
— CERN rigid option (hexapod)

— LAPP soft option (isolation feet)

— Test both options on CLIC module prototypes

* But no device isolates perfectly and only by a
given factor (x2 to x30): need a quiet

; background to stabilise to tolerances
| demanded for CLIC=> impact on the whole CLIC

design (support, module, tunnel etc...

/
!
"1
/ ,dPP A.Jeremie, 1st EUCARD Annual Meeting, Je
A April 2010
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A.Jeremie, 1st EUCARD Annual Meeting,
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Guralp CMG-40T

Sensor type: electromagnetic geophone broadband

Signal: velocity x,y,z

Sensitivity: 1600V/m/s

Frequency range: 0,033-50Hz
Mass: 2,5kg
Radiation: ? <
Magnetic field: no

Feedback loop

First resonance 440Hz
Temperature sensitivity: 0,6V/10°C

Electronic noise measured at >5Hz: 0,05nm

Stable calibration

’aPP A.Jeremie, 1st EUCARD Annual Meeting, -
April 2010



Endevco 86

Sensor type: piezoelectric accelerometer

Signal: acceleration z
Sensitivity: 10V/g

Frequency range: 0,01-100Hz but useful from 7Hz

Mass: 771g
Radiation: piezo OK, but resin? ICP electronics will not.
8

Magnetic field: probably OK but acoustic vibrations? -
Feedback loop

First resonance 370Hz

Temperature sensitivity: <1% —
Electronic noise measured at >5Hz: 0,25nm, >50Hz 0,02nm

Stable calibration, flat response

Doesn’t like shocks

' ,aPP A.Jeremie, 1st EUCARD Annual Meeting, ”
/ April 2010



SP500

Sensor type: electrochemical, special electrolyte

Signal: velocity

Sensitivity: 20000V/m/s

Frequency range: 0,016-75Hz

Mass: 750g

Radiation: no effect around BaBar (don’t know exact conditions)
Magnetic field: tested in 1T magnet => same coherence, amplitude?

Feedback loop —
First resonance >200Hz "';'ﬁ"‘” '
Electronic noise measured at >5Hz: 0,05nm =
Unstable calibration, response not flat A6 i
Robust < !

/ ,aPP A.Jeremie, 1st EUCARD Annual Meeting, ”
/ April 2010



How to support the quadrupoles?

i Tww( f) Fa l . NANO STABILISATION
1 —---r ------------ r ------ iy
- . Low noise | / m P
. r i ----- 100
| I
I | in LAl M (™
\ ! 100p o J,\\'/.\L’“N‘ At
A\ High noise i - i & I " -
0.05 |----F i | Jw -
1Hz 20 Hz - f e
Comparison control laws and former stabilisation experiments Ch. Collette
F.| r Stabilisation WG 7
” - I
m - - kﬂ%nT o k EC"

m Contraller
— 7 % 'Jr - ? EER
,_T w Controllar
u

DESY, 1996 CERN, 2004 LAPP, 2007 SLAC, 2002
Actuator Piezo Piezo Piezo Electrostatic

Positioning

(RMSw/RMSx) @ 1Hz

30




| Deliverables & Milestones

J
j‘
{ Deliverable | Description/title Nature Delivery
month
9.3.1 CLIC Quadrupole Module final report R M48
\ 9.3.2 Final Focus Test Stand final report R M48
\ Milestone Description/title Nature | Delivery Comment
\ month
k? 9.3.1 Characterization of noise/vibrations 0 M24

sources in an accelerator
Installation of interferometers at CTF3

9.3.2 Module D M24
933 Insta‘llatl'on of ATF2 final-focus alignment D M6
monitoring system
9.34 Installation of ILC prototype FB/FF at ATF2 O M24
9.3.5 Commissioning of CLIC quadrupole D M30 Complete mo'dule with girder
module and accelerating structure
936 Quadrupl.e mock—.up manufactured and D M30
ready for installation

/
/ ’dPP A.Jeremie, 1st EUCARD Annual Meeting, 1
/ April 2010
_



