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Sensitivities of Gravitational
two sepaate frequencyranges:

Earth -basedantennas
typically> 1Hz to 10kHz

Space-borne antennas(LISA)
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Object (ive) s of Gravitational Wave Search

asidefrom distinct events:
alsotry to measurestochastic background

triangular con guration
with 3 s/c doesnot allow
Indeendentmeasurements

square con guration
with 4 s/c is therefae
one alternative con guration




Con gurations of Square GW Antennas

J\/

2F 4 = 8 's/c, in opposmon 3E4= 125s/c, In tri\angle

In all concepts:

Importance of independentinterferometers
to allow measuremenbdf stochasticbackground
iImportance of long baselinedbetweenconstellations
to provide high angula resolution




Alternative Con guration of an Advanced LISA

currently favared con guration:
6+ 2£ 3 = 12 spacecraftin ecliptic formation:
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Sensitivity of LISA:

2 accelerationnoise
belov 10 3 Hz

2 shot noise°oor
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Alternative Armlengths of LISA

being discussedn evaluationsof LISA:
what can be gainedin extremelylow-frequencysources

Bad (Acc + Sh.n.)
Long

LISA, + BadAcc
Shat



Concept of ASTROD proposedby Wei-Tou Ni

goingto extremelylong armlengths

measure(sola) relativistic e®ects, ;°, and J-

1 spacecraftnea Eath SIC 2
at Lagrangepoint L1

2 s/c on Eath-like orbits
slightly (20%) bigger
slightly (20%) smaller Launch Position

Outer Orbit

after about 27 yeas:
2 distant s/c behind Sun
ideal for measurementsf :°:J,

Earth Orbit

L1 point
Earth (800 days after laune

but particularly bad for GW detection



ASTROD for GW Detection:

during approach, and after \relativistic* con guration

armlengthsof » 1 ¢¢¢2 AU
good openingangles
only slawvly varying

variation of equalsign

arms rather unequal:
a challengeto M. Tinto's time delay interferometry

\b reathing" armlength: further complication
but alsoconsideredn someLISA vaiants



Sensitivity Given in Early ASTROD Literature

shoved ASTROD sensitiviy curve
as pure shift of LISA curve

Although desirable,
take with grain of salt
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Sensitivity Law :  shot noiseas function of armlength

2 shot noise e®ect

.. . = £I—sh:n: 5 nl
sh:n: L L P Procy
2 received power
P
Precv » L_g
2 thus sensitivity
oo il
ﬂ = = sh:n: 5 —
sh:n: L 19?0

Independent of arm length L



Sensitivity of ASTROD :  ascompaed with LISA:

changein sensitiviiy dueto armlength changeby factor ®
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Sensitivity of ASTROD :  ascompaed with LISA:

changein sensitiviiy dueto armlength changeby factor ®
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Sensitivity of ASTROD  (as compaed with LISA)

givenfor three assumptionn accelerometenoise:
asin 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

only one spacecrafttaunched:
behindthe sun: after 400 days,
and againafter 700, 1100days
via doubleswing-ly at Venus
with laserasfor ASTROD

onetelesco on ground:
at Kunming Observatoy
dedicatedfor that mission

Phase-AStudy to be perfamedin 2003



Trajectory of Mini-ASTROD

spacecraftlaunchedfrom Eath (top)
(Earth orbit not shavn)

..... \\\
. 0.4 -
1st swing-ty at Venus N . _ T ens ot
= S ey Mercury orbit

into Venus-lile orbit | .."'
with 245 days' period .

2nd swing-ly 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 Universiy, Taiwan

It IS now sup

orted simultaneoushby

2 National AstronomicalObservatoy of China, Beijing

2 Purple Mountain Observatoy, Nanjing

2 and other Institutions in Chinaand Taiwan



International Collaboration for ASTROD :

ASTROD is ajoint project of \the two Chinas",
asit Is supported simultaneoushby 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 Universiit Disseldd

Centre d'8itudes et de Recherchesen Godynamique et Astrom$trie

ofe] ,
Zentrum f&r Angewandte Raumfahrttechnologie und Mikrogravitation



Schedule for Space GW Detectors:

2

2

2

2006:
2006:
2010:
2011:
2017:
2077

LTP on SMART-2
ST7 on SMART-2

Mini-A STROD launch?
LISA launch

ASTROD launch?

DECIGO launch? (\b efae end of this century")



\Bey ond Einstein”
NASA Initiative for future reseach in Relativiy

Detecta LISA is one prominent missionin this initiative °
“ note addedin proof: LISA now in top place

Detectas Beyond LISA will form further decisive eld
Big Bang Observer(BBO) is onetypical project

SuchLISA follow-onswill againbe opportunity
for closecollaboration with ESA




Conclusion:

Although LISA not yet launched:

iInvestigationsinto LISA follow-ons (belon and above

2

2

2

So:

are timely

are necessgy

will encouraganternational collaboration
will wideninterestin specialtopics

will yield great scienti ¢ returns

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



The End



