Vibration measurements on the final doublets
and the Shintake Monitor
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Introduction

v' To haveonly 2% error on the beam size measurements at the I P,
tolerance of vertical relative motion above 0.1Hz between:

» Shintake Monitor and QF1: 20nm

» Shintake Monitor and QDO: 7nm

v Tolerancesare about 0.5um in direction perpendicular to the
beam and 10um in direction parallel to the beam

v' Tolerancesarelessstrict if QDO and QF1 move in the same way

v’ 2 sources of excitation which can make final doublets vibrate:
» Ground motion: amplitude depends on time (coherence does not)
» Cooling water: flow already specified for ATF2 final doublets




Plan of my presentation

1) Instrumentation used for vibration measurements

2) Ground motion measurements during 72 hours (week-end and
one day of the week) to analyse the evolution of amplitude with time

3) Measurements of vibrations only due to ground motion between:
» [QDO; QF1] and the floor (LAPP team responsable for support)
» QDO and QF1
» Shintake and the floor (Shintake team responsabl e for support )
» Shintake and [QDO; QF1]

4) Vibration measurements between [QDO; QF1] and their support
with flowing cooling water

5) Conclusion on the tolerance achievement




1) Sensors used for vibration measurements
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v" In fact, because of sensor noise, ground motion can be measured:

» From about 0.2Hz to 50Hz with geophones
» From few Hz (1Hz: ATF / 10Hz: LAPP) to 100Hz with accelerometers

= GURALPdata: from about 0.2Hz to 50Hz in X, Y, Z direction
= ENDEVCO data: from few Hz to 100Hz in vertical direction
= MG-102S data: from few Hz to 100Hz in X, Y, Z (only used in part 3)




2) Ground motion measurements at ATF2
during 72 hours




Introduction

v" Ground motion measurements done during 72 hours non-stop
» Near the final doublets
» From Friday 11/12/08 at 4:00 to Monday 14/12/08 at 4:00

v’ Vibration sensors used:
» Guralp geophones from 0.2Hz to 50Hz in X, Y, Z direction
» ENDEVCO sensors from 50Hz to 100Hz in vertical direction

arameters:
indow: Hanning
verlap: 66.67%
Frequency resolution: 0.016Hz
Time resolution: 1 hour
Averaging: Exponential (2*Tau=1216s) and 195 averages




Integrated RMS of ATF2 motion above 0.2Hz
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v Very big peak up to 100nm
when people working around




3) M easurements of vibrations only dueto ground
motion between:

v [QDO; QF1] and the floor

v' Shintake M onitor and the floor

v' QDO and QF1

v" Shintake Monitor and [QDO; QF1]
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f» Measurements with
| f': Shintake Group
(T. Yamanaka et al.)

m : '
Final doublets and Shintake Monitor with
their supports at ATF2




Introduction

v Contribution of Shintake team and Sugahara sensors (M G102S5)

v Vibration sensor s used:
» Guralp geophones from 0.2Hz to 13Hz in X, Y, Z axes
» MG-102S accelerometers from 13Hz to 100Hz in X, Y, Z axes
» ENDEVCO accelerometers from 13Hz to 100Hz in vertical axe

v FFT parameters:
» Window: Hanning
» Frequency resolution: 0.016Hz
» Averaging: Linear, 50 averages, 66.67% overlap

v" Integrated RMS of relative motion:

RMS; ¢y« (K) =/ i[H (K)—1[H" (k) -1 PD, (k)Af




Measurements between [QDO0; QF1] and the floor

Transfer function magnitude between QDO and floor vibrations R Transfer function magnitude between QF1 and floor vibrations
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v Almost the same for QD0 and QF1
v’ Totally flat below 10 Hz

v" In horizontal directions: first resonance around 20 Hz

v In vertical direction: only one resonance at 66Hz




Measurements between [QDO0; QF1] and the floor
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v" Almost the same for QDO and QF1
v Equal to one below 10Hz

v" In horizontal directions: decrease above 10Hz

v" In vertical directions: very good up to 80Hz




Measurements between [QDO0; QF1] and the floor

Integrated RMS of relative motion between QDO and floor - Integrated RMS of relative motion between QF1 and floor
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v Almost the same for QD0 and QF1
v" Almost flat below 10Hz
v" In horizontal directions: 20-30nm due to the resonance at 20Hz

v" In vertical direction: only 1nm due to the resonance at 66Hz




Measurements between QDO and QF1

Transfer function magnitude between QDO and QF1 vibrations Transfer function phase between QDO and QF1 vibraticns
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v’ Totally flat below 10Hz v Equal to 0 below 10Hz

v ¥: QDO and QF1 1st resonance (not v : high from 1st quad resonance (>10Hz)
exactly at the same frequency)

v’ Z and X: no 1st quad resonance v X: high from 2" quad resonance (>50Hz)
(exactly at the same frequency) v Z: good up to 60Hz




M easur ements between Shintake and the floor
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4 v Vibration measurements done
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M easur ements between Shintake and the floor

'gransfer function magnitude between Shintake Monitor and floor vibrations
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v' Totally flat below 10Hz v" In horizontal directions: equal to

one below 10Hz and decrease above
v' Resonance around 50Hz

v' In vertical direction: equal to

v’ Very flat up to 40Hz in
y . one up to 60Hz

vertical direction




M easur ements between Shintake and the floor

of relative motion between Shintake Monitor and floor
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v" Almost flat below 10Hz

v’ Large around 50Hz due to the resonance

v Increase below 0.5Hz due to the low S/N Ratio and not to motion




M easurements between Shintake and [QDO; QF1]
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v" Almost the same for QDO and QF1
v’ Totally flat below 10 Hz

v' Decrease around 20Hz in horizontal directions and around 70Hz in
vertical direction because of final doublet resonance

v Increase around 50Hz in horizontal directions because of Shintake
table resonance and above 50Hz because of final doublet antiresonance



M easur ements between Shintake and [QDO; QF1]

Coherence between Shintake Monitor and QDO vibrations Coherence between Shintake Monitor and QF1 vibrations
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v Equal to one below 10 Hz in all v Equal to one below 10 Hz in
directions horizontal directions

v" Small decrease above 30Hz and v Small decrease above 4Hz and

big decrease above 50Hz in vertical big decrease above 10Hz in vertical
direction direction




M easur ements between Shintake and [QDO; QF1]

- Integrated RMS of relative motion between Shintake monitor and QDO . Integrated RMS of relative motion between Shintake Monitor and QF1
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v" Almost the same for QD0 and QF1

v Very small in vertical direction

v' Quite the same level for the two horizontal directions

v' Increase above 50Hz mainly comes from Shintake Monitor

v Increase around 20Hz comes from final doublets




4) Vibration measurements between [QDO; QF1]
and thetable with flowing cooling water

v Stationary study of cooling water vibrations

» Temporal data analysis
» 3D frequency analysis

v' 2D freqguency analysis

Set-up done at LAPP at the end of July 2008
(same than the one at ATF2 now)




| ntroduction

v’ Water flow twice higher than specified (20 I/min instead of 9.31/min)

v’ Stationary study of cooling water vibrations
» Temporal analysis (GURALP: 0.2~50Hz and ENDEVCO: 10~100Hz)
» 3D frequency analysis (ENDEVCO:10~100Hz)

 Window: Hanning

* Frequency resolution: 2Hz

* Time resolution: 1s (configured size of the multibuffer)

* Averaging: Exponential (2*Tau=1.167s), 5 averages, 66.67% overlap

v’ 2D frequency analysis (Guralp: 0.2~13Hz and ENDEVCO : 13~100Hz)

» Frequency resolution: 0.016Hz

» Window: Hanning
» Averaging: Linear, 50 averages, 66.67% overlap




Stationary study of cooling water vibrations

Stationary of ground motion checked to compare with/without water
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Stationary study of cooling water vibrations

v For QD0 and QF1, almost the

g4l same vibratory behavior
- j/;: ! 21%0 water ] )
e R e e LI With cooling water, very low

random vibrations above 70Hz

Frequency [Hz

Transfer function magnitude of QF1 quadrupole vibrations

o QF1

== IR 5 random
N=sp. vibrations
g m-E. ,:". No water

/ i
o ¥ Time [g]

’ !
40 50 60 70

Frequency [Hz]



2D Frequency analysis in [0.1; 100] Hz range

Transfer function magnitude of the quadrupole final doublets fixed to the honeycomb tablgl Transfer function magnitude of the quadrupole final doublets fixed to the honeycomb tablg
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5) Conclusion on the tolerance achievement




v Flowing water: no impact on [QDO; QF1] relative motion to the floor

v With ground motion, relative motion of Shintake to [QDO; QF1]:

Tolerance Measurement Measurement
(between QDO) (between QF1)

Vertical 7 nm (for QDO) 4.8 nm 6.3 Nnm
20 nm (for QF1)

Perpendicular ~ 500 nm 30.7 nm 30.6 nm

to the beam

Parallel to the ~ 10,000 nm 36.5 nm 27.1 nm
beam

v’ In horizontal directions, vibrations are well below tolerances

v’ In vertical direction, tolerances are stricter but vibrations are still
within tolerances

v’ Future prospects: check that vibrations are still within tolerances
with higher ground motion




