Small Vibration Cooling
and Measurement



Points Of my talk (from ATF2/ILC meeting at BNL in 11/24/°09)

Requirement of vibration for ATF2 test

< 50 nm position stability between final focus magnet and
Shintake-monitor in vertical direction.
(Relative positioning)

To achieve ultra-stable system

* Eliminate vibration source from the system

* Avoid coupling of mechanical resonance of each parts
of system

* Temperature stabilization of surroundings



1. Environment at KEK

(1) Seismic Vibration Level

Replotted from A. Seryi, et al.,
"SimulationStudies of the NLC with Improved Ground
Motion Models," LINAC, Monterey, California(2000),
KEK and Kamioka data were measured by T. Tomaru @KEK Measured by laser accelerometer
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Integrated Displacement of KEK Seismic Vibration

Integrated Displacement [um,__ ]

The vibration amplitude below 10Hz reached over 1um.
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(2) Shintake-monitor

Measurement of 37um beam size

-> Require a few nm beam stabilization
-> Introduction of beam feedback/feedforward

mitigates beam stability of 50nm.

Shintake monitor and ATF magnet are located

on separated rigid-table.
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T. Yamanaka (2008)
T. Kume (2009)
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Relative displacement between Magnet bench and Shintake monitor bench
Is below 10nm at low frequency.



* Only vertical direction can be measured.

* Optics are in open air.

-> Affect of sound is worried.

-> Fortunately, sound affect is not observed in present stage.

-> But we don’t know whether sound from cryocooler affect or not.
-> This can limit setting location of cryocooler. Test item.

* Resonant frequency of Shintake-monitor bench is 50-60Hz.

= Averaging data acquisition

-> Below 10Hz is critical for Shintake monitor.

-> We should take attention at low frequency vibration especially.

- Temperature environment is not stabilized at ATF2

-> Normally, temperature unstablility cause largest error for alignment.

(very low frequency.)

Thermal expansion rate of steel is 10/-5.

Inver: 107-6, Super Inver: 10°-7



2. Ultra-low Vibration Cooling

(1) Ultra-low vibration cryocooler system for laser interferometric

gravitational wave detector
Conduction cooling was promising
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Key point of cryocooler vibration

= Cold head vibration: gas reaction, rotary valve, seismic vibration, sound and stuff

-> Cause whole vibration of the cryostat
= Cold stage vibration: due to elastic deformation of cylinder by oscillation gas

-> vibrate heat conductor
0.5W Sumitomo PTC

Vibration Reduction System in GW detector
Cold Head Connecting Tube

Rigid Pipes

Upper Flange
Lower Flalg - ' ' —1 Rotary Valve Unit
Support Frame R Z é} |/%/‘>\\ B
> 71 [~ Rotary Valve Table
Cryostat\\ '\ N
i i1 | T—FRP Pipes Clam
Cold Stage || I§ P
~— I \\
i | ' | I” Heat Link
Heat Conductor |H-/‘”" 0 C .
N - : o Compressor
o Vibration-Reduction |
<to M?;m? fjll”ylosltE}t Stage Flexible Tubes




Modal Analysis of Cold Head Support

L . ANSYS Model 1 |
D |
LI it s,
175Hz 282Hz 973Hz
Model2
U B

AN/ /AN /22
282Hz 462Hz 1038Hz




High Purity Al stranded cable

Kk [W/m/K]

Cu: 130GPa
Al: 70GPa

Young’s Modulus

5N purity class Al had no SIZE effect.
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Use of many thin wire is effective.
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=== RRR12500 (Calculation)
® Sample4 (Annealed in Sumitomo)

=== Fitting Curve for Sample4 (Below 30K) -> RRR=11200

B Sample3 (Annealed in KEK, 500°C, 1h)
wmm Fitging Curve for Sample3 -> RRR=10000
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T. Tomaru, Cryogenics 44 (2004) 309.
T. Tomaru, Cryocoolers 13 (2005) 695.
R. Li, Cryocoolers 13 (2005) 703.

Measured Result (Vertical direction)

- Seismic Vibration in Kamioka Mine
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nm level cooling by using mechanical cryocooler has been
successfully achieved.
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Load Map of New PT (VR Stage)

1st Stage Temperature [K]
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Load Map of New PT (Cold Stage)

Second Stage Temperature (K)
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(2) Superconducting Gravimeter

Restrain boiling type by using cooler

(Baby sitter, re-condensation, thermo siphon)
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3. Toward Vibration-Free Cooling of SC Mag.
One solution for ILC/ATF2 SCM cooling

N

* Cooling SC magnet -> SC gravimeter type Re-condensation cooling (Baby sitter
One or two 1.5W@4K PTC is available.
 Cooling current lead -> GW type conduction cooling. 0.5-1W@4K

In principle, we should reach 50nm level cooling at 0.1 — 10 Hz range.

But we have to design cryocooler mounting and cryostat carefully.
* Don’t make low frequency resonance parts,
especially below 10Hz.
-> Current lead, Cables, Gas pressure change...
* Don’t make large resonance.

-> Mag. support, Rad. shield, pipe...
* Don’t make coupling of resonant frequencies.
We have to know resonant frequencies of each parts.



Measured Vibration on Warm-Tube of JNU SCFM 7 direction

Displacement Spectrum (m/rHz)

2007.6.11
CCFMO1
Sensor: TEAC 710

m/rHz

Entrance of WT (with N2 gas cooling)
Inside of WT (with N2 gas cooling)
Inside of WT (without N2 gas cooling)
Ground at KEK

We have never measured vibration
of cryogenic parts



Thermal Drift of Laser Position for J-PARC SCFM
Magnetic Field Measurement
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4. Vibration Measurement at Cryogenic Temperature
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Commercial Displacement Sensor ?

RENISHAW LX-80

- DC — 50kHz
* nm order resolution
- Expensive S50k ?

s

Sy

Now investigating details by T. Kume.

# BNL is using Laser Doppler sensor. It has also
good sensitivity at low freq.
But expensive $750k.

Hand-made Interferometer ?
* Frequency Stabilized Laser

in this case, freq. stabilization

by using reference cavity and
feedback to laser

= AR coated windows

* Fringe lock by using Piezo electric
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5. Summary

To achieve ultra-stable system

* Eliminate vibration source from the system
* Avoid coupling of mechanical resonance of each parts

of system
e Temperature stabilization of surroundings

Nm Level position measurement is possible by using

commercial tools,
but we have to pay much attention for surrounding

condition to use them.



