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Talks on Gravitational Wave Space Antennas

at Aspen Winter Conference2003

Beyond LISA:

Mon 18:20 A. RÄudiger LISA follow-ons+ ASTROD

Mon 18:55 N. Seto DECIGO

LISA:

Thu 16:30 M. Tinto Time Delay Interferometryfor LISA

Thu 17:00 A. Krolak On LISA SignalResolution

Thu 18:00 J. Camp LISA R&D

Thu 18:30 M. te Plate LISA TechnologyPackage(LTP)

Thu 19:00 A. Kuhnert DisturbanceReductionSystemon ST7
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Sensitivities of Gravitational Wave Antennas
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Schemesto moveoptimal frequenciesfor Spaceantennas:

Ã ASTROD ! LISA follow-ons ! DECIGO

10¡ 4 Hz Ã ! 10¡ 2 Hz ! 10¡ 1 Hz
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Con¯gurations of Square GW Antennas
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2£ 4 = 8 s/c, in opposition 3£ 4 = 12 s/c, in triangle

In all concepts:

importance of independentinterferometers

to allow measurementof stochasticbackground

importance of long baselinesbetweenconstellations

to providehigh angular resolution



Alternative Con¯guration of an Advanced LISA

currently favored con¯guration:
6 + 2£ 3 = 12 spacecraftin ecliptic formation:



Sensitivit y of LISA: three distinct regimes:
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² shot noise°oor

10¡ 3 to 2£ 10¡ 2 Hz

² antennaresponse

above2£ 10¡ 2 Hz



Alternative Armlengths of LISA

being discussedin evaluationsof LISA:

what can be gainedin extremelylow-frequencysources

Bad (Acc + Sh.n.)
Long
LISA, + BadAcc
Short



Concept of ASTROD proposedby Wei-Tou Ni

going to extremelylong armlengths

measure(solar) relativistic e®ects,̄ ; ° , and J2

Sun

Inner Orbit

Earth Orbit

Outer OrbitLaunch Position

.
Earth (800 days after launch)

L1 point

Laser Ranging

S/C 2

S/C 1

1 spacecraftnear Earth
at Lagrangepoint L1

2 s/c on Earth-like orbits
slightly (20%) bigger
slightly (20%) smaller

after about 21
2 years:

2 distant s/c behindSun

ideal for measurementsof ¯ ; ° ; J2

but particularly bad for GW detection



ASTROD for GW Detection:

during approach,and after \relativistic" con¯guration
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armlengthsof » 1¢¢¢2AU

good openingangles

only slowly varying

variation of equalsign

arms rather unequal:

a challengeto M. Tinto's time delay interferometry

\b reathing" armlength: further complication

but alsoconsideredin someLISA variants



Sensitivit y Given in Early ASTROD Literature

showed ASTROD sensitivity curve

as pure shift of LISA curve

Although desirable,

take with grain of salt



Sensitivit y Law : shot noiseas function of armlength
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Sensitivit y Law : shot noiseas function of armlength

² shot noise e®ect
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² received power

Precv »
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² thus sensitivit y

ehsh:n: =
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L
»

1
p

P0

independent of arm length L



Sensitivit y of ASTROD : as compared with LISA :

changein sensitivity due to armlength changeby factor ®
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expresschangeas

shift in frequencies:
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Sensitivit y of ASTROD (as compared with LISA)

givenfor three assumptionson accelerometernoise:

as in LISA, LISA/30, extreme; shot noiseassumedconstant

ASTROD

LISA



Technology Demonstrato r Mini-ASTROD

as SMART-2 for LISA:

a missionMini-ASTROD is to

test vital ASTROD technologies
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only one spacecraftlaunched:
behindthe sun: after 400 days,
and againafter 700, 1100days
via doubleswing-by at Venus
with laseras for ASTROD

onetelescope on ground:
at Kunming Observatory
dedicatedfor that mission

Phase-AStudy to be performed in 2003



Trajectory of Mini-ASTROD

spacecraftlaunchedfrom Earth (top)

(Earth orbit not shown)
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1st swing-by at Venus
into Venus-like orbit
with 245 days' period

2nd swing-by at Venus

into smallerorbit

with 165 days' period

S/C behindthe sunat days 400, 700, 1100



The Proposing Collaboration for ASTROD :

The project ASTROD hasbeenstudiedintensely

at Tsing Hua University, Taiwan

It is now supported simultaneouslyby

² National AstronomicalObservatory of China,Beijing

² PurpleMountain Observatory, Nanjing

² and other Institutions in Chinaand Taiwan



International Collaboration for ASTROD :

ASTROD is a joint project of \the two Chinas",

as it is supported simultaneouslyby institutions in

² the People'sRepublicof China,PRC

² the Republicof China,ROC,Taiwan

Further collaborations havebeenstarted with

² France,CERGA¤, CNES(2003{2005)

² Germany, ZARM¤¤ Bremen

² Germany, UniversitÄat DÄusseldorf

¤
Centre d'¶etudes et de Recherchesen G¶eodynamique et Astrom¶etrie

¤¤
Zentrum fÄur Angewandte Raumfahrttechnologie und Mikrogravitation



Schedule for Space GW Detecto rs :

² 2006: LTP on SMART-2

² 2006: ST7 on SMART-2

² 2010: Mini-A STROD launch?

² 2011: LISA launch

² 2017: ASTROD launch?

² 20??: DECIGO launch? (\b efore end of this century")



\Bey ond Einstein"

NASAinitiative for future research in Relativity

Detector LISA is oneprominent missionin this initiative ¤

¤ note addedin proof: LISA now in top place

Detectors Beyond LISA will form further decisivē eld

Big Bang Observer(BBO) is one typical project

SuchLISA follow-onswill againbe opportunity

for closecollaboration with ESA



Conclusion :

Although LISA not yet launched:

investigationsinto LISA follow-ons (below and above)

² are timely

² are necessary

² will encourageinternationalcollaboration

² will widen interest in special topics

² will yield great scienti¯c returns

So: let's start working on them, working on an exciting future



The End


