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Free falling particles
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‘ Interferometer
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QW detection by macrescopic test-
“ass laser tracking: LISA, LISA
Pathfinderand the fundamental
limitations. e
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GW at Strain sensitivity

0.1 mHz— 0.1 Hz h=102/JHz @ 10°Hz

LISA’s smart orbits

* Measurements on
detected sources:
-AO~1"=1°
- A(mass,distance) < 1%
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The GW from difference of phase in adjacent arms

The laser 2-ways Doppler link * =

§

The standard GW
interferometer

A Laser Transponder

Laser phase noise common to both arms:
GW signal from difference: laser noise is suppressed

LISA unequal arms confuse phases

|

<« L+10%m

|

O
L

Need to recombine light emitted at equal times
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Massive Elnary Black Holes: strong signals aurn 3
Le
Contours of SNR, equal mass merger (optimal) Supel’maSSIVG BH
In the center of (all)
galaxies
Form binaries upon
galaxies collision
Strong SNR

Redshift->

Mass—>

Accuransly recovered 18000 seurces

S. Vitale
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Black-hole
merger tree

i H,and Dark Energy parameters BH Mergers: Nodes on Merger Trees

Bl potentially measured to <1%

= 100's of events expected to z~20

- Distance requiresredshift via
identification of host galaxy

- Comparable precision to CMB, WL,
BAO, CL, SN techniques
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The basic element of one LISA arm: the “Doppler link” : @ The basic element of one LISA arm: the “Doppler link”
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Measuring relative velocity along the line of sight
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Time delay: to be pictured in space-time
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« Links are split as test-masses cannot carry optics
» Perfect split is insensitive to motion of body (bodies)
* Misalignments, calibration errors mix motion of extra bodies in
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Pathfinder — LISA @

* Fly nominal LISA i )'
hardware on Pathfinder: 3
— Maximize returns of the
test
— Shortens time to develop
LISA
* Identify quantitatively
leading sources of noise:
— Physical model allows
extrapolation to LISA
— Will allow accurate

understanding of LISA
data
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Figure 4-84 Data Management Unit Model
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Test-
mass

Pathfinder interferometry and théw “
relevance to LISA

Test-
mass

5x100km

LISA link is 3-stage
LISA pathfinder has no spacecraft — spacecraft link
A test of the local interferometric readout for LISA

A test of the test-mass — spacecraft — test-mass
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LISA Path

Overview of electrical models
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The link hardware:
the ultra-stable
structure

PMU BBR
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LISA P:

LTP EM flat-bed set-up

EM Set-up
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The link hardware:
ultra-stable structure

LTP SCOE & OM SCOE
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Err Astrium e 6.5 Mission goal: the physical model
The tinal objective of LISA Pathfinder is to confirm the overall phvsical mode] of the forces that act]
on a test-mass in interplanetary spaceTo fulfil this program, mission is not go
IEASILT of acceleration but will impl a full menw of measurements:
" o Measurement of ac ion notse between 0.0001 and 1 He.
oy »  Measurement of de-forces
G o e o Measurement of force gradients
- »  Calibration of control loop transfer functions
*  Characterization of thrust and thrust noise of micro-thrusters
o Measurement of interferometer perfonr and interferometer cross-talk
o Measurement of all cross-alk coefficients among different degrees of freedom
*  Test of continuous charge measurement
*  Test of continuous discharging and of discharging induced noise
. .[ st ui.m.ugncllc |.ndu,;ml noise . esa. PR
& Teat of thermally induced acceleration noise
*  Characterization of charging environment.
ANDEPIIS A Getll AR g AT AP S0 — : Eisenze Echouani 23 2000 S Vil
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One example: “spacecraft noise” Things are not perfectly differential

s/C

Figure 7-12: Thristor commands (sl thrusters avaitabie)
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The effect of gradients
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The effect of gradients
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The effect of gradients

Spacecraft jitter accelerates test-mass via gradients
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Correcting for Spacecraft Motion

* Spacecraft motion is measured with high
resolution (interferometer)

» Effect in differential link can be subtracted
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Data analysis

ASClI Analysis Objects
Raw data

Raw data

2009 tale.

Analysis Objects
Processed data
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Data analysis running during operation for quick re-planning
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