TSR ("1
S+, -$#$, ") $012#$34" )5 67-
et BEYG"982:12;"3" s

] e evnsnas sl (ot uiy Vo 2 e S— |



#$%&lll()*+,_./"12ll
341,56"78./(97,(:"
(-":7/<1,5"'=.>/"

)*(,".28.@).-"

;2B"

esa

>

lisa pathfinder

srianespace

cprvice & solutions




H77-",.:2"(-"=(-",.;

(75" =(", 20"

DF$"'@(,,7)").::"47G")*."577-", 2"

From: Paul McNamara
Subject: [Lpf] Embargo on flight data and results
Date: 22 February 2016 06:42:51 CET
To: Ipi@aei.mpg.de
Dear All,

Now that we have flight data available, may | remind you that ALL data and results are embargoed until we release the first |
papers. This also includes the commissioning data, which is essentially our first science data.

As a team, we need to be careful on how we distribute results. Before any results are to be used, please request permission
the collaboration (Science team).

This will be discussed further on Thursday at the Science Team meeting.

Thank you for your understanding,
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The Gravitational Wave Spectrum

Quantum fluctuations in early universe

Binary Supermassive Black
Holes in galactic nuclei

w) <
@ - —
Q Compact Binaries in our
5 Galaxy & beyond
O “ >
(Vp) Compact objects
captured by Rotating NS,
Supermassive Black Supernovae
Holes - -
wave period age of . :
g universe years hours sec ms

| = | .
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B - — < > 4 —p
Cosmic microwave Pulsar Timing Space Terrestrial
background Interferometers interferometers
polarization

Detectors
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Gravitational Wave Periods

Minutes Years Billions

Milliseconds P — to Decades of Years
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2"V/TP"=1, /4"1 281/(:"

M, SNR
class source dist (oc) | F=2/P . (mHz) M. M . h (1 Year)
WD +'WD WD C957-6E68 100 0.38 0.37 0.32 4.00E-22 41
WD1101+364 100 0.16 0.31 0.36 2.00E-22 0.4
e E—
WD 1704+481 100 0.16 0.39 0.56 4.00E-22 0.7
WD2331+290 100 0.14 0.39 >(.32 2.00E-22 0.3
WD+sdB KPD 0422+4521 100 0.26 0.51 0.53 6.00E-22 29
KPD 1930 +2752 100 0.24 0.5 0.97 1.00E-21 1_4#_.
AM CVn RXJ0B06.3+1527 300 6.2 0.4 0.12 4.00E-22 173.2
RXJ1914+245 100 35 0.6 0.07 B.00E-22 | 1950
1000 3.2 0.7 : 27.3
AMCVn 100 1.94 0.5 0.033 2.00E-22 35.6
HP Lib 100 1.79 0.6 0.03 2.00E-22
CR Bco 100 1.35 0.6 0.02 1.00E-22
VB03 Cen 100 1.24 0.6 0.02 1.00E-22 I
CP En 200 1.16 0.6 0.02 4.00E-23 3.3
GP Com 200 0.72 0.5 0.02 3.00E-23 1.1
LMXB 4U1820-30 8100 J 1.4 <01 2.00E-23 5.7
AN1E62667 <8000 0.79 1.4 < 0.03 6.00E-24 0.2
WUMa CC Com 90 0.105 0.7 0.7 6.00E-22 0.5
Inspiral
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Physical observable: tidal acceleration between 2 distant test masses

Measurement technique: time varying Doppler shift in light exchanged between TM

eLISA

Gravitational T = o
—C s, =10 / Hz (1 mHz)

acceleration

F_Iﬁ

v,~v, _[a)-h(-Lrc)] g,()-g.(-Lic)

1% 2 c

L 3
/ '

IFO doppler signal Differential force
$!% =10 ' /Hz'? (1mHz) per unit mass

Ar s
SH! " 5 ws mz 1£2 (1 mHz)
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2 Smart Orbits
3 Transponders vs. mirrors

4 Time Delay Interferometry
5 Drag free motion
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— Thrusters
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Test-mass

Capacitive motion
sensor
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4 The micro-Newton
thrusters

» Cold gas developed for Gaia
better than requirements

» Now selected as baseline in
place of FEEPs

'S e L R R o '
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Dabe 15 09 20es Ref SHE-FN/ w23 e2/00M ﬁ"
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Sulyect; Dectsdon on the change of Micro-Progmilsion System baseline for
LISA Pathfindder

In November 2001 the LISA Pathfinder Micro-Propualsion System Review (MPSR) Board
reviewnd the stutis of the Cassium FEEP developuent tests sl of the allernative Cald Gas
wystemn The Bosed peconunended (of Board Report DG-IR/2011/100/KL) continuing the
testing of the FEEPs on unit and assemubly level (TUVT and TAET respectively). In paradlel,
ns & backuy, the Bosrd recotmmended to proceed with and complete the design wark for the
cold gas systesn and to initinte the procurement of the long lead itema. The overall status
should be presented to the Board not bster than Apnl 2012 Such report was redeased 10 due
tie by the LPF Progect (of SRE-PN/17408-12-GR), including the crtenia to resch a

This memorsndom ssmmmarizes the status teachod ot the present time, and introduces the
LPF Project decision to select the cold micro-propulsion system as baseline and to
discoatinue further development work cﬁge FEEP system wathin the coatext of the LISA
Pathfinder propect
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Single link IFO noise
<10 pm/VHz @1 mHz
Single TM stray acceleration
<3 fm/(s®VHz) @ 0.1 mHz
3 non-contacting (“drag-free”) satellites

3arms -2 2arms
5 Mo km 2> 1 Mo km

eLISA design parameter space: 2-3 arms, armlength

Spectaculare science in reach even with smaller, cheaper
NGO design

3rd arm gives 2"d and 3™ |IFO combinations

-> instantaneous polarization, redundancy / debugging
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. Can we trust to test the free fall on LISA
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~r lisa pathfinder
"""

The LISA Pathfinder differential accelerometer

GRS1 E0

1 spacecraft
GRS2 drag-free control

2 test masses
\x‘ -> 38 cm separation along x science axis

38cm

- 1TM drag-free reference
- 2nd TM electrostatically forced

Each TM inside gravitational reference sensor (GRS)
-> 6 DOF capacitive position sensor + actuator

Interferometer to measure relative TM acceleration

LPF tests force noise and local IFO measurement for eLISA
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Nature News&Comment ©NatureNews - 16 feb
#LISAPathfinder makes step towards detectmg #igravitationalwaves in space ow.ly

namre
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< 9 pm/Hz/2

First high-precision interferometer coupled to free-falling TM in space
Demonstration of eLISA local position measurement

Zerodur optical bench with 4 heterodyne interferometers

01 (% =Xg)
WG 1N T™ - SC
+01, N +A¢,. An
L S
o "y |
J=r-." n o B S
.;_-_j Q“J |
i -2 Elrsy
eele L ma e

+ frequency and phase stabilization IFO
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Readouts: 0, (TM =SC)
0,, (TM-=TM)
Actuators: thrusters
electrostatic TM2
Drag-free: thrust SC to follow TM1 (null IFO 01, 1 Hz BW)

Electrostatic suspension: force TM2 to follow TM1 (null IFO 012, 1 mHz BW)

_F, - «gravitational observable»
S

m differential force per unit mass

Ag =

F2
m
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Newton’s Egns: IFO Readouts :
mjr'l=F,—mw,‘P(xl—xsc) O =i =K,
mx:=F2—mw;p(xz-x.sr)+F£.s 0 =% = X
FZ Fl
AgE ————= =gy
m m
IFO
Ag estimator:  Acceleration
¥
a : fo 2 2 2 >
Ag ®o, =~——% (mz, - (o,p)oI +w, 0. =Ag+ IFO noise
m
Commanded Elastic
control forces coupling
* Produce differential acceleration time series
* Spacecraft coupling term (stiffness) subtracted (also for LISA)
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LPF performance and TM acceleration noise sources for eLISA

S\2 (fm/s?/Hz'"?%)

1
10

0
10

y

LPF Instrument limit

P

Actuation noise

/

IFO

A

Torsion pendulum
small force
measurements
(lightweight TM)

— Instrument Limit
~ ¢ actuation
~ Gas brownian
Thermal gradient
— Charge + stray E
Laser rad press
Crosstalk
— Magnetics

Surface

—> 3D sensing+ actuation

Grav gradient

10

Frequency (Hz)

2
10

} Bulk - 1

LISA Pathfinder
flight test
ER"
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Injection
£ o Manoeuvre

-~
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Large Eclipse Free
Lissajous Orbit

8 hours a day
communication link to
15m ground station Up to 16 kbps

X Band TM

Station Keeping 4 Kb
ps

X Band TC

Launch into
elliptical orbit

M%&"P12217,"w_&%&"8(@<(5."
#(G,@*.-"7,""b.@"E/-6"0S["

Multiple burns raise apogee to 1.3 million km
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