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In the reviewer’s opinion this document is reasonably well prepared. However

it fails to address several issues which are crucial for the timely operation of
the Laser Interferometric Gravitational Wave Detectors after they are built.
These issues are listed below:

1) A small section of the 4-foot diameter LIGO tubes will be constructed using a
stainless steel plate which is helically wound into a cylinder and then welded
along the edges. A 2 km main section of the beam tube is constructed out of these
small sections welded to each other at the ends. This implies that the main 2 km
section will contain a large number of welded edges. This document does not say
anything about the leak-proofness of these welds. No data is supplied about the
probability of having a number of leaks of a given size. If the small sections are
going to be leak tested as they are manufactured, this should be mentioned be-
cause it might be a major cost item. If they will not be leak tested as manufac-
tured, then one may consider leak testing a structure which contains several of
these small sections. This also may tum out to be too costly. If no leak testing
will be performed until the main 2 km section is complete. then one must have an
idea of how many leaks of a given size will appear. If there are too many small
leaks in the main section it may take an inordinately long time to find them and to
seal them once they are found.

2) Although this document describes the leak testing apparatus it says nothing
about how the leak testing is going to be performed. This is not a trivial question
though it may sound like one at first sight. Given the fact that the cover for the
main beam tubes may have to be "non man-rated” to reduce the cost of building
the observatory, i.e. one is not allowed to send a person with a canister of helium
under the cover along the tube, it is not clear how the leak testing is going to be
accomplished. This is especially worrisome if the main sections tum out to con-
tain numerous small leaks. Even if one is allowed to send a person along the tube
to squirt helium around, it is still not clear how to hunt for all those leaks in a rea-
sonable time span.

3) In the document it is emphasized that one needs "rugged” mass spectrometers
because one needs to use them in the "field". If one adheres to the design given in
the document, then there is no reason to move the mass spectrometer more than
once to test all four 2 km sections of the beam tubes. Since the leak testing ap-
paratus is connected to the exhaust of one of the main turbo pumps, all one has to
do is to use the "mid-station"” buildings as the mass spectrometer locations. Once
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it is installed in one of those buildings, it can check both of the 2 km sections
along that arm. It then has to be moved only once to check the other arm. This
may enable us to dispense with the "ruggedness” of the instrument and to buy a
more sensitive one which may shorten testing time. As a matter of fact it may be
wise to buy two and to leave them installed in the mid-stations to continuously
check the state of the affairs in the main beam tubes and chambers.

4) The reviewer heard that in the prior designs for the main beam tubes there were
quite a few ion pumps on the main sections. If this is the case in the current
designs then one can estimate the positions of the leaks by looking at the ion
pump currents and by interpolating between the two pumps that are straddling a
leak. This will surely make hunting for the small leaks much less time consuming.

5) It would be really useful if this document made it clear how long it would take

to get a leak-tested vacuum system with the required pressures after all of the

construction of the tubes and the chambers had been completed. This will direct-
ly impact the schedule of the science team since it will be rather sad to have a

functioning interferometer waiting for a good vacuum for a long time in order to

reach the required sensitivity.

he reviewer would be delighted to see the resolution of these issues. This
will make this document a very useful guide in designing the LIGO system.
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