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• What is the tapered sapphire fiber.
• A sapphire fiber with a thick edge.
• We have already asked a dealer about the possibility of the example fiber.
• Answer: YES, possible.
• Φ1.8mm×600mm is possible. (Shorter fiber is enough for us.)
• No taper fiber is impossible.
• Larger edge diameter is possible.
• We should investigate more design options for the best design.
• Anyhow, we can buy it and test it.
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Example of the tapered fiber.
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• Ideas for LCGT suspension using the tapered sapphire fiber.
• Attach clamp parts to sapphire mirrors.
• The clamp parts may have holes or slots.
• Pass the tapered sapphire fiber through the hole or slot. 
• Hook the clamp parts by the thick edge of the tapered sapphire fiber. 
• We need...
• Design of the tapered sapphire fiber.
• Design of the clamp part.
• Method to attach the clamp parts to the mirrors.
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Figure 2. Sketch of the steps followed to realize a monolithic suspension, as detailed in the text.

flats are cleaned and the silica supports (ears) are glued with the silicate bonding technique
(KOH in H2O with a concentration of 1:250). Four magnets are glued on silica cylindrical
supports through the cerama bond; then the supports are placed on the mirror surface with the
anti-reflective coating through the silicate bonding. On Virgo+ mirrors, the markers are no
longer used. After the glueing procedure the mirrors are stored in the LMA cleaning room for
1 month.

3.2. Wires production and test

Silica wires, welded to anchors and cones as previously described, are produced and validated
in a three-task pipeline.

3.2.1. Wire pulling with a CO2 laser machine. Silica wires are produced starting from
commercially available high-purity, 1.5 mm thick fused silica cylindrical bars (suitable material
is Suprasil R©). Wires are obtained by melting the central region of a bar and subsequently
pulling the two ends apart. In order to get reproducible results, the pulling has to be done in a
controlled way. A machine for pulling fused silica wires using a 100 W CO2 laser, developed
at the University of Glasgow [15], has been assembled in a dedicated laser room at the site
of the Virgo experiment. A schematic view of the functional parts of the machine is given in
figure 3. Consider a silica rod clamped as in the figure. The laser beam is delivered onto the
fused silica rod by a series of gold coated mirrors. Thanks to the rotating and conic mirrors,
the beam hits the rod continuously all around its axis, assuring a homogeneous local heating.
The machine includes two arms connected to the vertical sleighs which are moved by software
controlled motors. Once the rod is melted by the laser, the upper arm pulls it upward following
a given velocity profile and the wire is produced. The geometry of the pulled wire depends
critically on the chosen velocity profile. Since the melting involves a small volume of the rod,
from which the material is driven away, the new material must be melted in order to feed the
wire. Therefore, during the operation, the melting point must be shifted downward, and this
is achieved by moving the conic mirror fixed to the lower arm. The machine can also be used
for local welding, in which case it can be manually operated to get accurate results.

For the integration in the monolithic design, first of all a silica rod is welded at the ends to
a silica anchor and to a silica cone. Then, the rod is annealed to melt structural imperfections
and cracks. Finally, the wire is pulled from the rod as described. The profile of the obtained

4

IOP PUBLISHING CLASSICAL AND QUANTUM GRAVITY

Class. Quantum Grav. 27 (2010) 084021 (8pp) doi:10.1088/0264-9381/27/8/084021

The monolithic suspension for the Virgo
interferometer

M Lorenzini on behalf of Virgo Collaboration1

INFN, Istituto Nazionale di Fisica Nucleare, Sez. di Firenze via G. Sansone 1,
50019 Sesto Fiorentino (FI), Italy

E-mail: lorenzini@fi.infn.it

Received 13 November 2009, in final form 24 December 2009
Published 6 April 2010
Online at stacks.iop.org/CQG/27/084021

Abstract
Monolithic fused silica suspensions are needed to reduce the suspension thermal
noise level in future, ground-based gravitational wave interferometric detectors.
We present the status of the monolithic suspension system which will be
employed for the test masses of the Virgo+ detector. Two fully monolithic
suspensions have been realized using a spare Virgo mirror, so the assembling
pipeline was checked; moreover, a very reliable recovery procedure was
developed to allow an efficient and fast (about a week) suspension repairing in
case of wires’ failure. The performances of a full scale prototype of the last
suspension stage, suspending an aluminum dummy mass, were tested and the
mechanical behavior of the suspension is currently studied in vacuum. The
obtained results, crucial to finalize the design of the silica suspension elements
for the advanced version of the interferometer, are reported.

PACS numbers: 04.80.Nn, 43.40.Cw, 62.40.+i, 46.50.+a

1. Introduction

Suspension thermal noise, coming from the thermal excitation of the mechanical degrees of
freedom of the wires that suspend the test masses, is a limit to present day sensitivity of
ground-based gravitational wave interferometric detectors at low frequency. Virgo [1] is a
3 km long arm power-recycled Michelson interferometer located near Pisa (Italy). In Virgo,
the suspending elements are C85 steel wires, 0.2 mm thick, which pass from below the mirrors
in a cradle-like arrangement [2]. Spurious contact losses and the high structural loss of steel
(φ ! 10−4) make this solution unsuitable for future detectors. Fused silica has a very low
loss level (φ ! 10−9 [3, 4]) at room temperature and high tensile strength; thus, it has been
suggested as an ideal material for the suspension wires. Fused silica wires, connected to
the mirror in a monolithic arrangement, have been installed in the German–British GEO600

1 A list of members of the VIRGO Collaboration can be found at the end of this issue.
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• Negotiation with Moltech.
• Moltech is a company in German.
• http://www.mt-berlin.com/
• Single crystal, materials, components for science...
• We are negotiating with them directly now.

• We also asked the possibility of the tapered sapphire fiber to ...
• Photoran in USA and
• Kyocera in Japan.
• No answer still now.
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• Monolithic sapphire fiber.
• Method is EFG.
• Polished only the end sides.
• We asked try to polish the surface indicated with the red arrow in the bottom figure.
• Bubbles content depends on pulling up speed.
• We asked control the speed to make the bubbles as small as possible.
• Impurities depend on the quality of raw materials.
• We asked select the raw material with the lowest impurities.

• We would like to buy 3 different axis directions and 4 fibers for each direction.
• We are waiting for the cost estimation.

5

Monolothic sapphire fiber
Fiber diameter: 1.8mm.
Fiber length: 350mm.
Edge diameter: 10.0mm.
Edge length: 5mm.
All the surfaces are polished.
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