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LSA is a space missi d to for the Laser Interferometer Space
Antenna (LISA). LISA is a joint ESA/NASA to detect | i waves in the 0.0001 to 0.1 Hz
frequency band. LISA is expected to observe 100’s of merging masswe black hole binaries out z~15, tens of

of close binary in the Mitky Way, ing inter black hole binaries, tens of
stellar-mass black holes falling into supermassive black holes in galactic centers, and possibly other exotic sources.

Several critical LISA technologies have not been at the isite level of in spaceflight,
and some flight hardware cannot be tested in a 1-g environment. Hence, the LISA Pathfinder mission is being
implemented to demonstrate these critical LISA ies ina flight i

LISA Pathfinder mlmlcs one am ot the LISA constellation by shrinking the s-mllhon-kllometer armlength down to a
few tens of The isto the relative two test

their own and thereby determine the relative residual acceleration between them near
1 mHz, about a decade above the lowest frequency required by LISA.

To implement such a concept, disturbances on the test masses must be kept very small by many design features, but
chiefly by “drag-free” flight. A drag-free spacecraft follows a free-falling test mass which it encloses, but has no

spacecraft, and acting on the test mass. LISA f

to. The senses its orientation and separation with respect to the proof mass, and
its p system is d to keep the sp about the test mass. Thus, the spacecraft
shlelds the test mass from most i and the effects of force gradients arising from the

the geodesic of one test mass against that of

monitor

the other.
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to that required by LISA, and using the same The European provided

LISA Technology Package

d in the first half of 2010 to a Lissajous orbit around the first Sun-Earth

Lagrange point, L1. in ition to a

({the LISA , of LTP),

LISA Pathfinder will also carry thrusters and software, known as ST-7, a part of NASA's New Millennium Program.

Top Level Requirements for the LISA Pathfinder Misslon

The primary goal of LISA Pathfinder (LPF) mission

is to verify that a LISA-like test mass can be free of
disturbances within an order of magnitude of
USA’s i The one
order of magnitude rule applies also to frequency.
Thus the top level requirement on the LTP is & *
residual acceleration noise {i.e., amplitude spectral
density) of one test mass relative to the other of
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picometer fnter mirrors. This
e, goal is also directly appllcable to LISA: the LISA
armlength is measured in a three-step process - by
measuring the displacement from test mass to optical
bench, from local optical bench to far optical bench,
and finally far optical bench to far test mass (on the
other spacecraft). In this case, the LTP requirement is
similar to that of LISA, namely:
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LISA Pathfinder Status

The LISA Technology Package successfully passed the Critical Design Review in November 2007.
This review paves the way for the preduction and procurement of the LTP flight hardware. The
Critical Design Review of the LISA system is for mid-2008. Howsver, spacecraft
flight hardware has already besn deliversd or is awaiting detivery to the LPF prime contractor.

Flight units which have been defivered include:

Digttal sun sengor flight unit Spacecraft separation system flight unit

More i ion on LISA

or rssd.esa

Technology Demonstrated by L/ISA Pathfinder

The genersi philosophy of the LTP is to build to the LISA
requirements, tc measure to the LISA sensitivity, but allow the
higher acceieration noise of the L1 environment. This produces
hardware directly transferable to LISA, and noise assessment at
LISA leveis.

The i i diatel to LisA
includes: the lmf the optical bench and the phase meter. The
inertial sensor equipment includes: the test mass, the electrode
the caging i the
system. Mi

i l'.ﬁwz laser source used in the LTP is a Nd:YAG non-
planar ring oscillator emitting ~25mW at 1064 nm.
This laser is identical to the master osclllator
proposed for LISA. The laser light is coupled intc a
single-mode, polarisation-maintaining optical fiber,
before being split into two paths, sach of which is
directed to an Acousto-Optic Modulator (AOM). The
difference in the drive frequencies of the AOMs
defines the yne signal of the

The light is then deliversd by fiber to the optical
bench. The flight moded is scheduled for delivery in
July 2008.

Concept drawing of the LTP

Fuqu;v;cy' noise of
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Engineering model
(EM) of the LTP Laser

The laser light is coupled onto the optics bench via quasi-monolithic
fiber injectors manufactured from fused silica. The fiber injectors are
bonded to the Zerodur optical bench using potassium hydroxide
catalysis bonding. The mirrors, aiso manufactured from fused sitica,
are bonded to the optics bench using the same technique as the fiber
injectors. The optical bench is essentially one solid piece of glass: the
only mirrors in the are the free-falling test
masses.

The four interferometers on the bench measure: (1) the differential
motion of the test masses; (2) the displacement of one test mass with
respect to the optics bench; (3) the frequency noise of the laser; and
4a reference length. The outputs from the interferometer

are fed into a multi that tracks the

P

phase of the heterodyne signal. The flight models of the phasemeter
and optical bench are scheduled for delivery in March and August
2008, respectively.

Performance of interferometer and
phasemeter (green curve)

The test masses in the LTP are 46 mm cubes of a goldlphtlnum alloy. Au:Pt
is chosen for its high density and low ility,
with the correct alloy ratio. The position of the mass is measured using the
interferometer in the sensitive x-axls and by capacitive sensing in all six

d of The of the gold coated M the

test mass and gold coated, sapphi inthe d
Electrode To minimise the effects, for of resi gas the ol
Housing EM is inside a system. Also within the vacuum tank

is a caging mechanism to hold the test mass during launch and positien it
(with zero momentum) once on-orbit. The charge on the proof mass is
sensed i and with UV light, fiber-fed from mercury
lamps. these ise the inertlal Sensor
Subsystem, the core of the LISA Pathfinder mission. The flight models of
the inertial sensor system and its front end electronics wilf be delivered in
the first quarter 2008.

The output of the interferometer forms the primary input to the Drag-
free and Attitude Control System (DFACS) - the set of control
algorithms which keeps the sp. d on the test: by
actuating micro-Newton thrusters. LPF will carry two sets of control
laws and two sets of thrusters; one set each from ESA and NASA. The
European thrusters are based on Field Emission Electric Propulsion
{FEEP). Currently two different i of FEEP are being
developed; one based on a slit emitter with a cesium propellant, and the
other on needle with Indium p. Flight models are
scheduled for delivery no later than March 2009.

In the US, a third type of mmro—Newton thruster is bemg developed This
thruster is also based on ion witha as

p Us flight is for delivery to ESA in April
2008. Cs FEEP

can be found at http://sci.esa.intllisapf
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