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NOMENCLATURE AND ACRONYMS

ADP Ammonium Di-hydrogen Phosphate [(NH4)H2PO4]
AES Auger Electron Spectroscopy
AMU Atomic Mass Unit
BT Beam Tube
FTIR Fourier Transform Infrared Spectroscopy
HC Hydrocarbons
HF Hydrofluoric acid
KDP Potassium Di-hydrogen Phosphate [KH2PO4]
LIGO Laser Interferometer Gravitational Wave Observatory
OFHC Oxygen Free High-Conductivity Copper
NEO Neodymium Iron Boron
PFA Perfluoroalkoxy fluoropolymer (Du Pont)
PTFE Polytetrafluorethylene (Du Pont)
PZT Lead-Zirconate-Titanate
RTV Room Temperature Vulconizing Silicone elastomer
SIMS Stimulated Ion Mass Spectroscopy
TBD To Be Determine
UHV Ultra High Vacuum
XPS X-ray Photoelectric Spectroscopy
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1. INTRODUCTION

All items to be installed inside LIGO vacuum vessels or tubes must be on the "approved
materials" list (components and materials).  Items on the "presently used materials" list have
been installed into the prototype/R&D interferometers (i.e., the 40-meter interferometer at CIT
and the 5-meter interferometer at MIT) and maybe used for LIGO preliminary designs.
Presently used materials are deemed as “provisionally approved”.

2. APPLICATION

Materials can only be added to either the "approved" or "presently used" lists by the LIGO
Vacuum Standards Board.  The procedures to be followed, and the data required, for submitting
a material for consideration by the Board for inclusion on either list are documented in the
"LIGO Vacuum Compatibility, Cleaning Methods and Procedures".

For commercially produced components with potentially many materials used in the
construction, a detailed accounting of all of the materials and the amounts used must be
submitted for review.  It may be necessary for some components to get certifications (per article
or serial number) of the materials employed in their manufacture, so that material substitutions
by the manufacturer are visible to LIGO.  The specific requirements/procedures to ensure that
approved components do not have material substitutions by the manufacturers are discussed in
LIGO Vacuum Compatibility, Cleaning Methods and Qualification Procedures, LIGO-E960022.

With improved specifications and qualification procedures, and time (to be documented in the
"LIGO Vacuum Compatibility, Cleaning Methods and Procedures" document), it is anticipated
that provisionally approved materials will be transferred to the approved list.  Provisionally
approved materials shall be used sparingly and only as necessary, to minimize the impact of
unforeseen contamination problems.  At the same time, an effort shall be made to change the
status of these materials to "approved" or to find replacement approved materials.

3. APPLICABLE DOCUMENTS

LIGO Vacuum Compatibility, Cleaning Methods and Qualification Procedures, LIGO-E960022-
00-E.

4. PROBLEMS ASSOCIATED WITH MATERIAL IN THE VACUUM SYSTEM

The outgassing of the material in the vacuum vessels or tubes raise concerns in the LIGO
detection system.  There are two concerns that are associated with material in the vacuum
system:

a)  Outgassing that increases the gas load (and column density) in the system and through this
either compromises the Interferometer phase noise budget or forces higher pumping
capacity.  Reduction with time, whether 1/t (range of adsorption energies) or 1/sqrt(t) (dif-
fusion followed by desorption) is important and the particular gas species (whether con-
densible or non-condensible) is critical.



LIGO-E960050-A

page 6 of 14

      The literature is most useful in providing total and water outgassing rates.  Since in LIGO,
there is a special problem of larger phase noise sensitivity to heavy hydrocarbons ( and
fear of optical contamination from them), where possible, the hydrocarbon outgassing or
surface contamination information should be provided.

b)  Outgassing as a source of contamination on the optics with the result of increased optical
losses and ultimately failure due to heating.  The amount of outgassing is less important
than the molecular species that is outgassed.  Little is known of the most important con-
tamination sources or the mechanisms that lead to the optical loss (e.g., UV from second
harmonic generation, double photon absorption photoeffect, simple molecular decomposi-
tion in the optical fields leaving an absorbing residue, etc.).

In the following sections of Approved Materials and Other Materials, a column is provided in
the tables to identify whether the listed material has the potential for (is suspected of) being a
problem as regards a) or b) or both.

5. APPROVED MATERIALS

The following Table 1 materials list is approved for use in the LIGO vacuum vessels or tubes, in
the 40 meter prototype interferometer at CIT, and in the 5 meter research and development
interferometer laboratory at MIT.  The outgassing rate entries in the table are representative of
material sample measurements and provided as a design guideline for working up a gas budget
in the vacuum vessels or tubes.
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6. PRESENTLY USED MATERIALS

The  following list of materials (Table 2) used in the 40m and the 5m Facilities presently used
in the LIGO Project prototypes.  At present, they are not approved for use on LIGO.  Outgassing
properties of these materials have been assessed in the past; however documented values are not
available at present in usable format.  Before any of these materials are used  in LIGO, their
vacuum properties must be determined.
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7. EXPLICITLY REJECTED MATERIALS

Alkali metals

Cadmium and zinc plating on metal parts
- Cadmium and zinc have prohibitively high vapour pressures.  Crystalline
whiskers grow on cadmium, can cause short circuits.

Delrin™ or similar polyacetal resin plastics
- Outgassing products known to contaminate mirrors.

Oilite™ or other lubricant-impregnated bearings

Oriel MotorMike™ actuators filled with hydrocarbon oil, not cleanable

Palladium

RTV Type 615

Soldering flux

Tellurium
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