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| ntroduction

* Preparations are actively underway to carry out
vibration measurements in a RHIC guadrupole using a
dual beam laser Doppler vibrometer.

* A fixture was designed and built to mount the fiber-
optic laser heads on the cold test stand for measuring
horizontal motion.

e \/ibration characteristics of the fixture have been
presented in earlier phone meetings (Feb.7, 2005 and
May 9, 2005.)

* A laser system was ordered from PolyTec Inc. after
encouraging test results at the vendor’ s site (presented
at the phone meeting on March 7, 2005).
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Delivery of the Laser System

* The system purchased is adual fiber-optic head Doppler
vibrometer, PolyTec Model OFV-552 along with OFV -
5000 controller, aVVD-06 digital velocity decoder, and a
L F-02 adaptive filter module.

* Delivery was expected around the end of June, but the
system was actually received on July 20, 2005.

Good News:;

* PolyTec agreed to loan us their demo unit at the
beginning of July, free of charge, until our unit arrived.

* We had ordered a used laser head to save ~$8K in cost.
However, PolyTec agreed to supply us anew unit for no
extracost. Thisnew unit even performs slightly better
than the demo unit.
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L aser Performance Tests: Intrinsic Noise

* \We measured the intrinsic noise of the system by
terminating both arms of the laser head with mirrors.

* Thisisnot afool-proof test of the intrinsic noise,
because the mirrors could still have some internal
motion of their own. Similarly, the fibers themselves
are somewhat sensitive to acoustic pick up.

* |nthe absence of aperfectly stable laser holder, and a
perfectly stable target to look at, terminating both fibers
nerhaps comes as close to intrinsic noise as possible.

* All measurements were done in the velocity mode,
1 mm/s per Volt range, and 5 kHz low pass filter
programmed into the laser controller. An amplifier was
used to further boost the signal output (typically 200X).
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Dual Mirror Setup for Noise Tests

Mirror
Terminations
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Power Spectrum with Both Beams Terminated
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Laser Vibrometer: Both Beams Terminated by Mirrors
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System Performance: “Real Life’ Situations

* |tisdesirable to obtain a measure of the system
performance under typical measurement conditions.

* Asopposed to “noise measurements’ this does not
require an absolutely stable object, or aholder. One only
needs an independent knowledge of the motion of the
object and the holder (could be provided by geophones).

* One can evaluate the performance of the laser system in
both the single beam (= relative motion of laser holder
and object) and the dual beam (= relative motion of two
objects) modes.

* We used the side of a7 ton granite table as the object,
with the laser holder placed on an ordinary wooden table.

* Geophone data were compared to the laser system data.
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Performance Tests. Single Beam Mode
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System Performance: Differential Mode

e Dua beam mode measures the differential motion
between two points.

* |f both the points are chosen to be on the side of the
granite table, very near each other, then the true
differential motion between the points can be assumed
to be zero.

* Thedifferential signal from the laser may be treated as
an indication of system noise in this mode, except for
any internal motion of the laser holders.

* Results show that the differential mode helps
significantly in reducing the effects of common mode
motion of the laser holder.
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Performance Tests: Dual Beam Mode
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Granite Table M easured by 2 Geophones
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Correation between 2 Pointson Granite Table
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Performance Tests: Dual Beam Mode
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Differential I\/IeasurementSW|th Dual Beams
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Summary of Laser Performance Tests

* |ntrinsic noise, based on both beams terminated by mirrors,
is below 1 nm/NHz above ~ 2 Hz.

* Single beam measurements pick up motion of both the
object and the laser head.

* Single beam measurements are consistent with motion
derived from geophone data.

e Dua Beam differential data are consistent with the intrinsic
noise (<1 nm/\'Hz above ~ 2 Hz) when the absolute motion
1S also small.

* Absolute motion islargely suppressed (>10X) in the
differential mode for most frequencies. An exception was
11 Hz peak, which was not significantly suppressed.

* Resultslook promising for the CQS test. However, still
need to keep the absolute motion of laser heads small.
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L aser Set up for Horizontal M easur ements
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Status of CQS Tests

* Work has started to install the CQS magnet, along with
necessary fixtures, in the test bay.

e \We continue to make modifications to the laser holder to
minimize the absolute, as well as the relative motion of the
two laser heads.

* Fixture for measurement of the vertical motion is being
built and will be installed and tested shortly.

* Metal plates of various surface finish were evaluated as
potential reflectors for the laser. None worked too well.
Need to use retro-reflective tape.

* Verified integrity of retro-reflective tape in liquid Helium,
aswell as under several cyclesin liquid Nitrogen. Was OK.

* CQS scheduled for vibration tests around the beginning of
September’ 05. Possible presentation at Nanobeam 2005?
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