reliminary LISA Telescope Spacer Design

J. Livas, P. Arsenovic, K. Castellucci, J. Generie, J. Howard, R.T. Stebbins H
NASA/Goddard Space Flight Center, USA
J. Sanjuan, A. Preston, L. Williams, G. Mueller
University of Florida, Gainesville, USA

UNIVERSITY OF

FLORIDA kS

Abstract

The Laser Interferometric Space Antenna (LISA) m|55|on observes g 1al waves by

ing the

~ 10 pi The separations are i The is an afocal C:

1s b 1 freely floating proof masses located 5 million kil

apart with an of

i .rstyle 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 d

ibes the ts for the

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

options for the telescope including an on- and off-axis design, and plans for fabrication and testing.

XD 1, layout

Objective

» Develop and test a mechanical design for the main spacer element between primary and secondary mirrors
» Tolerance analysis identifies the M1-M2 spacing as critical

» Mirrors and telescope are not part of the scope; just the spacer

Overview of the Mission
The LISA mission studies gravitational waves by detecting the
strain they produce with a laser interferometer that measures the
distance between p: of freely floating proof masses arranged
in a § x 10% km equilateral triangle constellation that orbits the
sun 20° behind Earth’s orbit. The plane of the friangle is angled
at 80° with respect to the ecliptic. Each of the three spacecraft
are in independent orbit around the sun, so no station-keeping is
required to keep the constellation together. The proof masses
are isolated from disturbances by using drag-free satellite

that keeps a around the proof
mass as it moves.

e 5 x 10% km

LISA Orblt

JTwo polarizations of GWs

The LISA constellation is placed in a helipcentric orbit at 1 AU

Outical Bench Ay Outical Bench
5x10°m
telescope
LOTx
Response Proofman / Baia
of LISA

LISA vscs » 3-part distance measurement to monitor the
distance between proof masscs on cach SC:

Short arm (d+L) + long arm @) = dy,

Direct GW detectors like LISA mensurc the changes in distance between
inertial referonce particlcs cased by passing GWs.

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

4
2) length stability SY%(f)= lpm/\Hz 1+(z‘s"f"”]

30uHz< f<0.1Hz

» 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

On-axis Off-axis

i

Compensator is singlet along the beam direction.

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

Ratio of RMS WFE off-axis to on-axis
X Y oz x W a2

416 62 078 665 416 157 Uhoompersoled
415 36 1613 37 415 0023 Compensaled

In general, the compensated sensitivities of an off-
axis system for SM motion are 4x greater than an
equivalent on-axis one, but the axial SM motion is
18x greater due to the off-axis nature of the system
and z-axis motion (only) of the compensator.
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Materials and Design

Basic spacer deslgn isa cylmder for both on- and off-axis
fcn:od a design,

with the four-fold i but

matches the symmetry of lhe quad cell main detector.

SiC Parts
befnre_ slfrfaee
Conceptual Design: side view finishing

Optical Assembly Strongback  Outer Shield
4

Primary Mirror
L ( Cold
= Space
SBecondary Mirror

Optical banch =™ Spacer (this work) [

Telescops Strongback
Thermal Insulation
MLy Flex mounts

Note: All components
shown except for the spacer
are for context only.
Goal: “short” (minimize) gradient on spacer
Materials properties typically very
vendor and process dependent

Assembled
Quadpod Spacer

|Range as high a5 4.1
| Process dependent: can be a few %

Second only to diamond {Moh scale)

Range: 100-200 Wim/K
| (Room Temperature)

Thermal Modeling
Thermal Model to
Determine Test Conditions
AT=1.5°

Comparison of Cylinder and Quadpod

n Cylinder Design Quadpod Design
_710< ] Prrery
. sz
*> No New Model !

- Baslc geometry Is Astrlum’s MTR layout

“ Minor modifications
Clla i Do

- Removed MLI behind primary G it Iy
- Added second strongback {per IDL study sl = i RN -Crinder
recommendation) RS | nTiset | e | stiwes | amawder | o

- Tweaked some emissivities rowyMi | #0567 | Stawsss | ssoss | wooaws | e

‘> Main interest is the spacer and EAsemet | Aliwad4 | dlewas | Mie-ns | ssediz | o
the heat flow el 43073 | atow-ne | sseiss | 2o

_ Other mechanical elements and detalls may not Diote toss | osems | meens | awens | oz

be strictly correct but are Included to set some
boundary conditions

Results (see J. sanjuan, postor H03-061-10 for more detalis)

» Observed Fringe dit agree with
— Fringes move slowly, so stability is acceptable
— Visibility is >~ 80%
» Coefficient of Thermal Expansion (CTE) slightly less than vendor's reported numbers
— Encouraging: no unusual effects from joints or bonding
» Next step is to construct a Fahry-Peml cmty and Iock alaser fnrl stability
by laser

Summary and Conclusions
= Silicon Carbide is a viable foraLISA
» Care must be taken when choosing a vendor
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