Progress towards a high dimensional
stability telescope for gravitational
wave detection




Gravitational waves

Large accelerating compact masses

Two polarizations

Far field: change in proper separation between free bodies

Very small effect measured as AL/L (spacetime strain).
Roughly 5 pm amplitude change over 5 Gm baseline between 0.1 mHz to 0.1 Hz.







Exciting times: 2015/2016

« 14th September 2015 - LIGO detects GWs from merging black holes.

Observation of Gravitational Waves from a Binary Black Hole Merger

B.P. Abbott et al.”
(LIGO Scientific Collaboration and Virgo Collaboration)
(Received 21 January 2016; published 11 February 2016)
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Exciting times: 2015/2016




Exciting times: 2015/2016

« 14th September 2015 - LIGO detects GWs from merging black holes.
« 03" December 2015 - LISA Pathfinder launched.

« 26t December 2015 - LIGO detects another merger of black holes.

sW151226: Observation of Gravitational Waves from a 22-Solar-Mass Binary
Black Hole Coalescence

B.P. Abbott er al.”
(LIGO Scientific Collaboration and Virgo Collaboration)
(Received 31 May 2016; published 15 June 2016)




Exciting times: 2015/2016

14t September 2015 - LIGO detects GWs from merging black holes.
0374 December 2015 - LISA Pathfinder launched.

26" December 2015 - LIGO detects another merger of black holes.
07t June 2016 - Pathfinder results public.

Sub-Femto-g Free Fall for Space-Based Gravitational Wave Observatories:

LISA Pathfinder Results
(Received 4 May 2016; published 7 June 2016)

[(ms2 / VHz)

acceleration

0w
4
o n
]
=
B E
Y o
)
5 2
@
2E
=]
L o
x5




Exciting times: 2015/2016

NEW WORLDS,
~ . NEW HORIZON




Exciting times: 2015/2016




The LISA Mission

S/C 1

Spacecraft

(optical-bench)

“Optical Readout”
ORO

« 3 arms, 6 links

, » Avoids terrestrial noise

- * 'Two proof masses per spacecraft
» Geodesic orbits, not formation flying
» Trails Earth by about 20 degrees
» Precision heterodyne interferometry
» Post processing: TDI technique
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Spacecraft
(optical bench)

"Science Interferometry” “Optical Readout”
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The LISA Mission

S/C 1

Spacecraft

(optical-bench)

“Optical Readout”
ORO

» Compact binaries
= Physics of tidal interactions
- * Black hole and NS binaries and rates
« EMRIs - tests of gravity
» Double white dwarf binaries
» Guaranteed sources (verification binaries)
» Cosmic superstrings/exotic sources?

S/C 2

Spacecraft
(optical bench)

"Science Interferometry” “Optical Readout”
(Long Arm Interferometry) ORO



The LISA Sciencecraft

Typical
Sciencecraft

Note: solar il g
array not Pathfinder optical bench
shown for  (University of Glasgow)

clarity.
Telescopes y

Optical assembly
» Pathlength stable
* Not for imaging




Telescope Role & Function




LISA Telescope

“Full duplex”

Need to avoid scattering the
transmitted beam into the
received beam (phase noise)
High overlap on the detector
with the local reference

About 10 telescopes needed.
» 6 for spaceflight
« 2 for ground tests
» Spares/backups



Telescope Requirements
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Key Interfaces

Optical bench: 5 W of power
dissipation (4 W transferred to

Outer shield bench , 1 W lost to interior) Bench at T=300K
plus stin Inner shield AT = 0.1 pK//Hz
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0.2 W rad to baseplate

1.7 W cond to MLI-equivalent
baseplate




Mechanical Implementations .

Aluminum structure
Top View
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e\ | - Open to creative designs

.~ | « Off-axis

» Unobstructed, stable

» Materials exist/being developed




Dimensional stability testing

« University of Florida/Gainesville
» Dimensional stability measurement

Large, instrumented vacuum tank used for spacer
stability demonstration
« Vibration and thermal isolation

» Frequency stabilized laser
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Dimensional stability testing

« University of Florida/Gainesville

» Dimensional stability measurement

» Large, instrumented vacuum tank used for spacer
stability demonstration

« Vibration and thermal isolation
» Frequency stabilized laser i -

— telescope at NT — telescope at 62 C
— reference cavity — referance cavity
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Scattered light performance

(] EXtenS'ively modeled 'in FRED 1.E_N’Lah Measurements consistent with models
(software by Photon Engineering) :::::::::r::;
» Scatter is design-dependent. For 4- - oy
s S —

mirror designs, M3 and M4 are
important.

BRDF (1/steradian)

Roughness: 5-15 angstrom e
Cleanliness: CL 200 to CL 300 (1246-c) e romspenuiar e

(Courtesy of G. Billingsley and L. Zhang, LIGO Caltech)

Scattered light testing and
model verification underway
with prototype at Goddard!

Pictured: Hudson Loughlin
(Princeton, Mather scholar 2016)







Points of Contact
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