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"TPF-C: Terrestrial Planet Finder [28]

SMAXIM: Micro-Arcsecond X-Ray Imaging Mission [29]

9GIFTS: Geosynchronous Imaging Fourier Transform Spectrometer [30]
19 ADM-Aeolus: Earth Explorer Atmospheric Dynamics Mission [31]

" ACES: Atomic Clock Ensemble in Space [32]
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TRL 4
Component and/or breadboard validation in laboratory environment

Following successful“ proof-of-concept” work, basic technological elements must be
integrated to establish that the“ pieces” will work together to achieve concept-
enabling levels of performance for a component and/or breadboard. This validation
must devised to support the concept that was formulated earlier, and should also be
consistent with the requirements of potential system applications. The validation is
relatively“ low-fidelity ” compared to the eventual system: it could be composed of
ad hoc discrete components in a laboratory. For example, a TRL 4 demonstration
of a new' fuzzy logic’ approach to avionics might consist of testing the algorithms
in a partially computer-based, partially bench-top component (e.g., fiber optic gyros)
demonstration in a controls lab using simulated vehicle inputs.

000000000000000000000000000000000 (000000
000000000000000)00000000000000000000000

0000000 AODODOOOOOOOOBOOOOOOOOOOOOOTRL5000O
0000000000000000000000ONASADODOOOODOOOOOOODO
39]0



OO0OC DbOOOoo 114

TRL 5
Component and/or breadboard validation in relevant environment

At this, the fidelity of the component and/or breadboard being tested has to increase
significantly. The basic technological elements must be integrated with reasonably re-
alistic supporting elements so that the total applications (component-level, sub-system
level, or system-level) can be tested in a* simulated ' or somewhat realistic environ-
ment. From oneto- several new technologies might be involved in the demonstration.
For example, a new type of solar photovoltaic material promising higher efficiencies
would at this level be used in an actual fabricated solar array* blanket ' that would
be integrated with power supplies, supporting structure, etc., and tested in a thermal
vacuum chamber with solar simulation capability.
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. . United States
University of Colorado NH Department of Commerce
at Boulder National Institute of Standards
]ILA and Technology
formerly Phone: (303) 497-3126 FAX: (303) 492-5235
Dr. John L. Hall Joint Institute for Laboratory Astrophysics i j(Ha”)@JlLA Colorado e((ju )

Dr Seiji Kawamura

National Astronomical Observatory of Japan November 2, 2006
Mitaka, Tokyo

181-8588, Japan

Dear Dr Kawamura,

You asked for my comments on your proposed new space-based approach to detection of
Gravitational Waves. | was extremely glad to learn that Japanese colleagues are beginning to
take a serious interest in space-based G/W detection and subsequent detailed studies. Many
people believe that this avenue offers us one of the best chances to secure key observational facts
that can help lead us to a more acceptable status in our understanding of astrophysics and
cosmology. If we are lucky some large scale astrophysical observations will also give us
important hints about the problems inherent in our present physics understandings.

In brief, we scientists and engineers have been able to bring together many useful
branches of science and engineering for obtaining powerful new information. The Hubble
Telescope is one celebrated case. Even more integration is present in the Global Positioning
System, which uses — Atomic Clocks, General Relativity, Gravity, Special Relativity and
Doppler shifts, not to speak of the experimental control, measurement of orbital parameters,
atmospheric phase-delay estimation, and more. The final product is available to ordinary people
at low cost and with ease of use. It is a major triumph.

But many of the physical theories involved are not fully satisfactory: we have mesons
which should have equal lifetimes but instead show orders of magnitude difference. We have
Einstein’s General Theory of Relativity which has passed every test so far, but is manifestly
inconsistent with our other best-tested theory, Quantum Mechanics and Quantum
Electrodynamics. The Einstein formulation is shown to predict gravitational radiation, although
the form of his equations does not allow quantized units of gravitational interactions. Most
experts and other knowledgeable scientists regard this situation as fundamentally unacceptable.
Something fundamental is missing or slightly wrong in our understanding of the outside world.
What should we do? What are the most powerful tools for such an investigation?

The metrology community has recently developed new measurement technology —the
Optical Frequency Comb — which allows optical frequency measurements of several magnitude
improved precision. The promise of this field led to the Nobel Physics prize in 2005. But the
capability to measure in the 15" digit seems unlikely to be the avenue which helps scientists
catch the new idea which can lead to the needed revolution in understanding strong gravity,
where one deals with the two stars of a binary pair approaching the final minutes of gravitational
in-spiral. How can we study this domain? From the theory side this regime grows out of the
more benign domain where we suppose the Einstein formulation is adequate — so we can know
something about the starting conditions. What we need next are experimental waveforms of the
emitted gravitational radiation. Their careful study, and especially careful comparison with
template waveforms calculated from General Relativity and its likely extensions, will provide
invaluable hints for further progress in understanding our gravitationally-interacting world.
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re: Proposed Japanese GW Observatory - DECIGO 2

At present there are a number of earth-based interferometers being developed and tested
which, when taken collectively, may be capable of the first discovery of Gravitational Wave
signals. These are the 4 km LIGO interferometers in the US; the 3 km Virgo system near Pisa;
the 600 m GEO system in Hannover. As well, a research and development base has been
established in Japan — the TAMA 300m system — which has already shown the possibility to use
tuned optical feedback to extract the gravitational signal. But on earth the Signal/Noise margin is
going to be very small unless the source event is massive in scale and very close by.

So we have a halfway reasonable chance of first discovery based on the current earth-
based systems. Unfortunately little sensitivity growth can be expected for these systems: the
sensitivity can increase as the interferometer length, in the ideal case, and drastically longer
lengths are hard to imagine on earth. The sensitivity limit also is due to environmental noise --
just set by the seismic noise of the earth. Even if superb vibration isolation systems were
devised, the sensitivity improvement is rather limited since the vibrating parts of the earth will
set up noise in the actual gravity field at the detector — the source is large and very close! So
most researchers believe that a fully adequate Gravitational Wave Observatory can only be built
in space.

The proposed Japanese Gravitational Wave Satellite Detector System, (DECI-hertz
interferometer Gravitational wave Observatory (DECIGQ)) is a new concept for a future
Japanese space gravitational wave antenna. The conceptual design is very clever in my opinion
as it represents a vastly simpler and less costly approach compared with LISA. The DECIGO
requires extensions of known technology, but with relatively modest risk since partial success
only degrades sensitivity, but does not cause mission failure. The DECIGO team has more than
35 institutions represented, mostly located in Japan. Due to the intelligent choice of dimensional
scale, taken with a novel optical design, the proposed system design is expected to actually
produce gravitational wave detected signals so frequently that this one single instrument can
fairly be called a “Gravitational-Wave Observatory.” By not over-reaching on making the arm-
lengths too huge (1000 km vs the LISA’s 5 x10° km), the launch requirements — and cost -- are
dramatically reduced. The shorter distance and larger optics mean the useful light level is hugely
increased, with a big S/N gain. The current design obtains a ~1000-fold sensitivity enhancement
over LISA by recycling the light between the two passive mirrors of each optical cavity. The
bandwidth also is extended up into the 10 Hz range at least, where the signal size of an inspiral
event is vastly larger than it would be in the low frequency band that can be viewed with LISA.
In fact, the expected sensitivity of the LISA Detector may well be limited by confusion of the
signals from a plethora of radiating sources. With the many-fold higher bandwidth of DECIGO
compared with LISA, the source-confusion problem will be almost unimportant.

What is being proposed in DECIGO is an active and broad collaboration of many leading
Japanese researchers in Optics, Signal Processing, Astrophysics, space-lab design, and many
other essential fields. Support of this team cannot help but build toward a better understanding of
how one should really design the actual flight hardware — in the next decade.

Sincerely yours,

DL AN

Dr. John L. Hall

Adjoint Fellow of JILA

Senior Fellow of NIST, Emeritus
2005 Nobel Laureate in Physics
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