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Abstract

The Laser Interferometric Space Antenna (LISA) m|55|on observes itational waves by ing the sep. 1s b 1 freely floating proof masses located 5 million kil apart with an of
~ 10 pi The separations are lly. The tel is an afocal C: in style design with a magnification of 80x. The entrance pupil has a 40 cm diameter and will either be
centered on-axis or de-centered off-axis to av0|d obscuratlons Its two main purposes are to transform the small diameter beam used on the optical bench to a diffraction limited collimated beam to efficiently
transfer the logy laser b ft, and to receive the incoming light from the far spacecraft. It transmits and receives simultaneously. The basic optical design and requwements are well
understood for a conventional telesoope design for imaging applications, but the LISA design is complicated by the additional requwement that the total optical path through the telescope must remain stable at
the picometer level over the measurement band during the mission to meet the measurement accuracy. This poster describes the 1ts for the tel and the preliminary work that has been done
to understand the materials and mechanical issues associated with the design of a passive metering structure to support the telesoope and to maintain the spacmg between the primary and secondary mirrors
in the LISA on-orbit environment. This includes the requirements flowdown from the science goals, thermal modeling of the ft and tel tod e the exp ion, layout
options for the telescope including an on- and off-axis design, and plans for fabrication and testing.
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» Develop and test a mechanical design for the main spacer element between primary and secondary mirrors Basic spacer design is a cylinder for both on- and off-axis ¢ e

» Tolerance analysis identifies the M1-M2 spacing as critical fcn:od a design,

* Mirrors and telescope are not part of the scope; just the spacer with the four-fold il but

matches the symmetry of lhe quad cell main detector. < SiC Parts
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Telescope Stabi ty Requirements
» The LISA is for stability is key
» Two main requirements
1) Wavefront error is < A/30 — driven by the system-level Strehl ratio requirement of 4720
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2) length stability 5;%(f)= 1pm/Hz 1+( 7 ’) 30uHz< f <018z oA
» On-axis design used initially because a tolerance analysis was available; off-axis design has tighter requirements
» Main emphasis in this work is on a demonstration of the length stability requirement
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Compensator is singlet along the beam direction.

“ No New Model !

= Two versions, same prescription
P L - Baslc geometry Is Astrlum’s MTR layout

» Not a comparison between designs, but rather the same design implemented on- vs off-axis

“ Minor modifications
Ratio of RMS WFE off-axis to on-axis itivii e
In general, the compensated sensitivities of an off- - Removed MLI behind primary Comppacnt s i
2 % - = -t ma "
X Y z a o =z axis system for SM motion are 4x greater than an - Added second strongback {per IDL study = i -
415 6% 073 65 416 157  UNeompemsted equivalent on-axis one, but the axial SM motion is recommendation) Rag ™ | woorosss | i | siuows | oawse | owo
46 68 16T 3 416 0003 Compemmied 18x greater due o the off-axis nature of the system ~ Twsaked some emissivities ) oy | s10001_| omiwow | oswss | wooes |
and z-axis motion (only) of the compensator. % "M;u'n‘ mle':ut is the spacer and A Sk | Alim74 | lAw | Maw.6 | Si0e4iz | 3m
eat flow Opcosl Benh 61075 63m73 A0e0-24 80154 o
iota toss | osems | meens | awens | oz
On-axis tolerance analysls - Other mechanical elements and detalls may not
e 1o6tum be strictly comect but are Included to set some
Lami30= 3548867 nm boundary conditions
Max sllowed motions
RMS WFE sensitivity RMS WFE sensitivity
it = v WEE for u or urad mation it = um or urad for lambda/30 WFE
potubatan Ty e e R Perturbation  x B ~ w " Results
2 PM 271 Zom tes 413 413 o0 ster H03-061-
noan o oam o m om Mmoo n e ak o a0 (Soe J. Sanjuan, poster H03-061-10 for more detalls)
Lene g0 000 0. G000 000 000 Lens 000 000 15203 000 000 000 N N N N
exitpupil 000 000 000 DOO 000 000 exit pupll 000 000 000 00 000 000 = Observed Fringe agree with values
Lens compensation — Fringes move slowly, so stability is acceptable
CHIEF RAY SENSITIVITIES e
87 um mofion of lans compensates 1 um SH4 adal motion phoil ol — Visibility is >~ 60%
0.2 v RN VFE resuls o 1 Um SHfaxel moton wih lens comasrsation  gne 0P o 5 —_— ; < s P
AR s e AR GRSl - . * Coefficient of Thermal Expansion (CTE) slightly less than vendor’s reported numbers
ange o fens moton rom nominal . o 4
range of SM compensation (from nominal o Bal U mElE  oe8 T o —E ing: no uni | m joints or i
tal range of SM compensation (f 0 o oot Dol pfoEdr e OB “ ncouraging: no unusual effects from joints or bonding
Lens 12 L e sz H = Next step is to construct a Fahry-Peml cmty and Iock alaser for stability
exit pupil 1.00E:
OPL sensitivity units = umfum ar umnurad max tlt 1 rac, by laser
o ¥ . > w Xl sansitivities U o Lrad of a ma tt
PM _1.86C06 -1 96C.06 2 401C06 101006 0 x ~ ry "
SM B17EDr BTELT 2 oy 1o v Gsort 9 g st o -
Lons 81307 81307 0 BaEN 6EE0 0 o
P TR . G S T Summary and Conclusions
XAt sansitiviies  nits = radim o ueadirad o o 0 o
Perturbation v ™ v . il ide is a vk i
PN - 06 o a 0 -151.302¢ 0 units = uradium or uradiurad Silicon Carbide is a viable foraLISA
sm 1330901 o 0 o 173307 0 » ¥ z ™ o " .
Lons 1576057 o o 0 0054361 0 P 0 -0.006718 0 0008609 ) o » Care must be taken when choosing a vendor
exitpupl o a 0 o 1 o sm 0 13 0 0057681 0 o
ens o uoss 1838556 0 o
Yt sensitiviies s = radim or uradiurad exit pupil 3 o 0 0
Perturbation v 2 o P "
P 0 -1p508 1513024

sM 0 1330801
Lens. 0 1576067
exit pupil

2 2 ACKNOWLEDGEMENTS: We wish to thank Pete Bender for illuminating discussions. This work is
g 2 supported in part by NASA contract 00089955.

0054351
El


https://core.ac.uk/display/10555512?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

