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LISA Parhfinder

e« ESA’'s SMART-2 now renamed LISA
Pathfinder

* Technology demonstrator mission in
preparation for LISA.

* Payload:

« ESA supplied LISA Technology Package
 NASA supplied ST-7

 Launch in 2007
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Purpose LISA pathfinder
Demonstrate drag-free flying:
« Verify the performance of the gravitational reference

sensors by optically monitoring the distance between
two free floating test masses
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LISA critical Technologies 1o be
demonsirated by LPF

 Gravitational reference sensors:

Test mass in a cage with capacitive sensors /
actuators. The test mass is freely floating, subject
only to gravitational forces, and the spacecraft
shields and follows it (drag-free control).

+ Low-noise LN thrusters:

These compensate all non-gravitational forces acting
on the spacecraft.

« Ultra-stable optical interferometry
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Optical inferferomefter
sysfem

LTP interferometer is the diagnostic tool to continuously
monitor the test masses in all operating modes by
measuring:

Sensor

Test mass
A0 A0 40 mum
Pt—Au alloy

Optical bench
200x 200x 4 mm

LISA TECHNOLOGY PACKAGE §y %A

F ULE / Zerodur [ 1
N 1) X1-X2: Distance between T/M'’s
2) X1: Position T/M 1 w.r.t. OB !
3)  Tilt(X1):  Tilt T/M 1 (Y and Z-axes) -+ '
4) Tilt (X1-X2): Differential Tilt T/M 1 and T/M 2
Ax=x1-x2
IR
i Test mass
- Inertial A0x40x 40 mm
Sensor Pi—Au alloy
esa



Inferferomefer Design
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4 non-polarizing heterodyne Mach Zehnder
interferometer systems on Zerodur slab of 200 X 200
mm”2

LISA TECHNOLOGY PACKAGE
Cll’.: 0
\[

o

@
7
QD



XT1=-X2 path

2
Time dependence heterodyne signal:| cosy = cos (27? fhet t — ﬂ)
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Distance between one test mass and the

optical bench

X7T path

T/M 1
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Reference ifo
Provides the reference phase for the
(X1-X2) and X1 measurements
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Unegual Arm length ifo

Intentionally unequal path lengths =
Measure laser frequency fluctuations
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Monitoring defectors

Voo A TH et ATOTONHIAL ¥577

T/M 2

T/M 1
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Laser Power Stabilization

Requirement for laser power stability driven by:

« Radiation pressure on test mass
» Direct coupling into phase measurement @ f, .,
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Radialtion pressure
* Noise budget allocated to each interferometer noise source:

8x < 1pm/ /NHz between 1 mHz and 3 mHz
« Displacement fluctuation given s, — 2“:
o=
 Required power stability : 5 x 105 / VHz between 1 mHz and
3 mHz, relaxing as 2 up to 30 mHz
"
Coupling info phase
measvrement
« At the heterodyne frequency (a few KHz) the requirement is:
. SFTD _ 1 é‘-—f
P 22 v

» Required power stability: 1.8 x 106 / V\Hz
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Frequency stabilization

« Laser frequency fluctuations cause spurious
phase fluctuations

« Between 3 mHz and 30 mHz, the requirement for
frequency stability is:

b = S - kHz Al
I =< AL — ¢
N ’ VHz 1 cm
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10 1072 0.1

Frequency [Hz]
« Factor 100 is needed for frequency stabilization
« Reference cavities or molecular references too complicated
* |n stead unequal armlength auxilliary ifo (AL = 40 cm) is used

 Two possible stabilization schemes:
« Use feedback loop to actively stabilize the laser
* Apply a post-measurement correction

 Selected B/L = Active stabilization
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Laser

 TESAT Laser:
‘NPRO Nd:YAG
Laser Head (Nd:YAG crystal) space qualified
*QOutput power : 1 W
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tue .20 N Inertial sensor Sysfem
LLI & I
Q . Cptical
- LASER ;
§ : —_— I:lr ™ E:Et:z;'umugh
kJ > FEE shall drive the electrode’s EH Caging
‘ , voltages to produce electrostatic Up ang "
p l sensing and force VE Bottom)
' G . e 1
'3 . > CM (Caging mechanism) shall e . CM EU UVLA
_ S | safely hold the test mass during ; Sensiglacluaton Actustors amp
launch and afterwards shall , Dither Electromcs | Electranics Flectronics
Q . position it at the centre of the . SAU,
E - housing L e
: Power : : Power : ' Cower
t ' DC/OC convertar . Do . Module
» Module . +converter - .
h > : PCU. | Module | : I
' LLI CMS (charge management (| 22277ttt [ttt B L——
}\ system): shall make sure the
charge on the test mass is lower ISC SW CM SW CMS SW
. q ' than the required level (on DMU) (on DMU) (on DMU}
b] ISC CM cMS
d °
c e LTP Inertial Sensor




Inertial Sensor Overview
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Electrocde Housing
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+2 CAG
ISSECTIONED

L CAG

Caging Mechanism




Charge Managemenit Sysifem

* Needed for discharging the
testmasses

U Beam

’
-

Electrode Housing

Elecirede Housing hiola far CM

hale for CMS
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Status Inertial Sensor

* Engineering Model level for the mechanical part
and the FEE is being finalized.

* BB electronics for non critical electronical parts

« Manufacturing of all the mechanical inertial sensor
H/W is finished.

’

* Intermediate vibration testing will be performed
shortly to check the structural performances of the
caging mechanism

W
‘3
X
A
ooy
¥
E.
s
E.

o

@
7
QD



‘3
X .
<. X
N
¥
E.
s
E.

3

’

®
()]
m \

Optical interferometer integration completed February 7t 2004

Interferometer successfully shipped from RAL (UK) to ASG
(Germany) February 8th 2004

ASG currently finalizing the assembly of the complete LTP OB
system.

Completely assembled LTP OB system will be shipped to TNO-
TPD (Netherlands) shortly

Performance test campaign (including environmental testing) will be
finalized end March

Technical Readiness Demonstration



Optical Bench sysfem during

Allgnmenf af RAL, UK
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Final step of each

inferferomefer alignment

r 29 ?ﬂ‘
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Complefted inferferomefer

including phofodiodes
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Hardware added by ASG

Ti Brackets for struts...

Ti Interface OB - |5

Inserts Ti-alloy

) L Ll

Zerodur Side slabs, dummy end mirrors and stiffening rods

LISA TECHNOLOGY PACKAGE 54
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First resvulis
LTP EM OB sysiem

BS7 65 hrs after bond, probes just released
(note: p.d. quad. labels are as seen from back of p.d.)

i

w

+ top left quad

= 1
> = top right quad
% s, N T T T o T sum
E -0.0002 . 0 /',f"" Ea@z 0.0004 0.0006 .~ O\.OOQS 0.001 bottom left quad

Wy 4 \ / \ * sinusoidal fit

5/

Time /s
Oscilloscope Readings C
ontrast
max sum signal 3.23 t |
min sum signal 0.13 eXCI Ing y
| high

contrast (max-min)/(max+min) 92% 4'/




Glasgow pre-investigations

e During pre-investigations phase of the OB activity, UoG developed
a simple rigid interferometer system, phasemeter and laser beam
preparation bench

e Goal: Demonstrate the suitability of hydroxide catalysis bonding
for the construction of the SMART2 and LISA optical benches -
precursor to LTP optical bench (RAL)

LISA TECHNOLOGY PACKAGE ;%4
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Glasgow pre-investigations

Laser beam
preparation
bench

Optical bench in vacuum tank

Phasemeter |
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Resvulfts pre-investigation
fests UoG

o After extensive investigations, UoG demonstrated that the
displacement stability of their simplified, but still very
representative, OB system meets the LPF goal for almost the
complete frequency range

06/11/2003, 11:05:51, file=031106_1.txt

: Sigﬁal “uncorrected
| = Signal corrected for fnoise |-
| — Interferometry goal

»

.

Phase (cycles/rt(Hz))
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Performance Tesfts planned
on LTP OB sysfem

 Displacement noise test:

Requirement 10 pm/vVHz

for frequencies between 3 mHz and 30 mHz
* Full stroke test (+ 100 um)

« Tilt Test: Misalignments that are introduced shall
be: 5-10-20-50-100-200-500-1000 prad.
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Vibration ftesting

« Qualification level Sine vibration test 2 25 g

e Qualification level Random vibr. Test =2
« 20-100 Hz - +3 dB/oct
« 100 Hz - 400 Hz 0.1 g*2/Hz between
« 400-2000 Hz - -6 dB/oct

LISA TECHNOLOGY PACKAGE "

OB system with integrated dummy Test adaptor for vibration tests
tests masses
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Thermal Cycling

5 thermal cycles from 0 °C and +40 °C
Equilibrium time > 1hr

Temp change rate < 1 °C/min
Vacuum - 1e-5 mbar
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TNO test facility for thermal cycling
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Performance Tesr Facilities

j+ TVC for performance testing completely
qualified and commissioned

¥ » Facility already successfully used for
ESA’s GAIA project

E r

N K| i |

i : |
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LISA TECAHNOLOLGY PACKAGE g 3]

TNO TVC for performance test campaign
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Time Schedule

« Optical bench activity:
 Delivery integrated EM OB to TNO February 18"
 Finish Performance test campaign March 31st
* Finish of OB activity April 26nd

 LTP implementation Phase
¢ Kick off > Beginning 2004

« PDR - August 2004
e CDR - August 2005

e TRR - January 2006
e FAR - June 2006
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WY Encd of presenftation
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Thermal I/F 10 S/C

Radiation heating (50%)

|

i 10 ' KirtHz
stability
<102 within SC
¥ \‘, 102KirtHz b
« IRD:
-3
|_1_|qw KirtHz 0.5YV+-
: 1%/ rtHz
. Temperature 10-*KirtHz
Gradient 10K 10MPa Sateliite
777 maximum 2 thermal Structure
|—i canisters
i
]
[ N\
= \ Eg Super isolation folie:
- g radative input
i
i Conductive
v 'I heating (50%):
¢ H-OB 215 i Struts, harness, fibers
LTP Core |
exparment :
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Thermal shield FM

» Needed thermal stability < 104 K/VHz
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LA I Modes of inertial sensor
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> | operation
 S/C follows one of the test masses.

The other one is left freely floating

» Second test mass is controlled in only
a few of its DOF

« S/C folows a linear combination of
both test mass positions.
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