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=% LISA essentials 2: the laseér transponding scheme™ ™
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Power loss due to beam divergence makes interferometry
by reflection impossible
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% LISA essentials 2: the laseér transponding scheme™ ™

Test mass

|
Sensor

Beating power loss due to beam divergence




The GW from difference of phase in adjacent arms

The standard GW
Interferometer

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




LISA unequal arms confuse phases
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Need to recombine light emitted at equal times
Needs knowledge of armlength with £ 20 m
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Drag-free key elements 2: Microthrusters
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Multi Layer Isolation
Cassegrain Telescope
with CFRP Spacer

A ET%UM ar

Firenze 28 09 2006



UNIVERSITA, DEGLI STUDI
CI TRENTO

LTP

ASTRIUM

Reference Cavity

Shown fiber launchers
are placehalders for final design

PAA Mechanism
{e.g. for Fiber Positioning Units)

Acquisition CCDs ———
1 ~d

A < " "3 e ==
a0 _E“-_‘H N Science Interferometer

¥ 3 —— TM Optical Readout

Folding Mirror
{Up to telescope,
down to TM)

340 mm

LO1-LO2 Reference Interferometer

LO Power Monitor Diodes
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Galactic Binaries, Compact Objects Orbiting
including future Massive Black Holes,
type la supernovae high-precision probes of

strong-field gravity

== Formation of Fluctuations from
== Massive Black Holes, Early Universe,

—cores of active galactic nuclel, pefore recombination

== formed before most stars formed 3° background




Bary Star in our Galaxy (White Dwarfs, Neutfon
Stars)

Very bright signal

List of known sources (verification binaries)
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Binary systems
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. _ M; M, SNR
class source dist (pc) | f=2/P,(mHz) M., M h (1 Year)
WD + WD WD 0957-666 100 0.38 0.37 0.32 4.00E-22 4.1
WD1101+364 100 0.16 0.31 0.36 2.00E-22 0.4
WD 1704+481 100 0.16 0.39 0.56 4.00E-22 0.7
WD2331+290 100 0.14 0.39 >0.32 2.00E-22 0.3
WD+sdB KPD 0422+4521 100 0.26 0.51 0.53 6.00E-22 2.9
KPD 1930 +2752 100 0.24 0.5 0.97 1.00E-21 4.1
AM CVn RXJ0806.3+1527 300 6.2 0.4 0.12 4.00E-22 173.2
RXJ1914+245 100 3.5 0.6 0.07 6.00E-22 195.0
KUV05184-0939 1000 3.2 0.7 0.092 9.00E-23 27.3
AM CV n 100 1.94 0.5 0.033 2.00E-22 35.6
HP Lib 100 1.79 0.6 0.03 2.00E-22 32.0
CR Boo 100 1.36 0.6 0.02 1.00E-22 10.6
V803 Cen 100 1.24 0.6 0.02 1.00E-22 9.2
CP Eri 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 3 1.4 <0.1 2.00E-23 5.7
4U1626-67 <8000 0.79 1.4 <0.03 6.00E-24 0.2
W UM a CC Com 90 0.105 0.7 0.7 6.00E-22 0.5
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THE USIVERESITY
OF BEIRMINCEHAN

Galactic WD binaries

| LISA Is expected to provide the
largest observational sample of
white dwarfs (WDs)

+ Very large numberin
frequency space

11/3

dN 0.001 Hz )

—=2x10"Hz™!
df

« WDs are detected as

* |ndividual deterministic
log f {Hz) ?r:?-lnzagnls (primarily for f > 3

« Astrophysical foreground (for
f <3 mHz large humber of
sources per frequency bin)

(Nelemans et al, 2001)

5" LISA Symposium A Vecchio — Astrophysics with LISA
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Galactic WD (/NS) binaries

Type Birth rate (year—')  Resolved systems  With frequency change
(wd.wd) 29x1072 12163 360
AMCVn 18x107? 10117 49
(ns,wd)  14x107* 21 3
(ns.ns)  3.2x1073 (T\ 0
(bh,wd) ~ 3.8x10~° W, 0
(bh, ns) 1.0 x 103 0 0

(Nelemans et al, 2001; Nelemans, 2002)

I 11viicy oV Vv ouVvuvuy V. vViwuio

Map (partially 3D) of
D the

-

For ~100 systems,
studies of:

* Tidal interaction
* Mass transfer

If follow-on optical
observations are
available (for some
objects):1information
on M-R relation
(Cooray and Seto,
2004)
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Supermassive”
Black-Hole
Mergers

Chandra Deep Image 1
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SMBH Binary formation
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NGC6240
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LTP So bright to be visible *~
“everywhere” in the Universe

Angular resolution up to 1’

106 E_l_l'l'l'l'l'l'l'l_l_l-rl'lTITI T ||||I'I'I'| T |||||I'I| UBLILRLLLL IR L
104 | .
z¥0.5
o ]
©
~ 1000 \ -
& ‘ ]
S ]
i~ 4
|
3 :
I
“g 100 3
S : .
0
10 = —
1 pruul [METT pdvwl vl

10 100 1000  10* 108 10¢ 107 108 100
total mass / M, Q
ale 33






\
\
1
|
|
1
--
I
I
I
I
I
I

I

\
\
\
|
|
—— e e k= = = =
|
|
I
1
I

\
|
|
1
I
|
I

I

I
r-—=—=—="72"=7=72

3 -
® .~
Cd
~\ 7’
P 0/\\ /
N

/ /

~

I

S
/

-~
i .

-_——-l'——-_j—-_——

I

|

|
|
\
\

I

|
|
\
\

/
1
I
|
-
|




Firenze 28 09 2006

S. Vitale

g ﬁiﬁ &
mi.‘fg UNIVERSITA DEGLI STUD
R DITRENTO

A recent
result in
numerical
relativity:



LTP

Signal from EMRIs

shalFFTiR, ] —

Frequencies sweep
and shift slowly as
compact object spirals in,

mapping space-time outside --_,'J~-|~_-,-, ----U!*,l-]; !’-~,’=j. |'
the horizon. et

= Like a Geodesy satellite mapping Geopotentiall

= GRACE for Elack Holes!

mo betore plunge:

r=3.1 'horizon
41,000 cycles left,

Sh

lyr beore plunge:

10°1° r=6.8 rorizon
185,000 cycles left,

10740
ay before plunge: DO BIaCk HOIeS
7l Zﬁiit:‘;?.i‘:ﬂj really have no hair?

0.0001 0.001 0.01 0.1 le 37 e



Cutler,
Phinney
et al.
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Is LISA feasible?
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Free falling particles mark TT coordinates




Mass-energy distort distances (metric tensor)
° o () oUlLLLINRRNRED ¢ ° () °
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Interferometer
(40 pm Hz'2 @ 3 mHz)
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5 %106 km
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Free falling LTP
particles

Parasit|c force flyctuations
change distanceg’and mimic gxavitational waves
No garasitic force (acceleration) beyond
3x10-15ms2/VHz @ 0.1 mH42 (3 hours)

I0 <z
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Plow accurately coordinate frame must be marked by
free-falling particles?
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How accurate must be 'free-fall of particles? =~

(lack of spurious relative acceleration)
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e TRANSLATION Z

RANGE 60 mm
RESOL. 0.01 mm
ROTATION Rz Test-mass
RESOL. 0.5 mrad
A
|
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ROTATION Rx
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RESOL. 0.5 mrad RANGE 50 mrad
[INERTIAL SENSOR] . RESOL. 0.5 mrad
i
| Rz
BN 62 CF | (J|)
CF 330 . |
— , ; ROTATION Rz
e b B s 100 RANGE 50 mrad
i § i RESOL. 0.5 mrad
|
R x |
Y {. “ i 2= Ve
Mgy . N Ie flaia | I5AF- sl
| _
* I ==
I 5
| o

TRANSLATION Y
i TRANSLATION X)|RANGE 10 mm

- RANGE 0 mm RESOL. 0.02 mm
< /|RESOL. 0.02 mm ||




Achieving free motion in the horizontal plane (0 g)

Firenze 28 09 2006

LTP

o e

o

—==Ig

T T

S. Vitale



UNIVERSITA, DEGLI STUDI
CI TRENTO

Firenze 28 09 2006



T
':',?‘-?J":ff UNIVERSITA DEGLI STUD
FIE DITRENTO

Hollow proof-mass
for torsion
pendulum testing
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Converted into acceleration for LISA
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Tilt and temperature subtracted
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LISA requirements
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The measured excess
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Upper limit form fit and uncertainties
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Time (ks)

Testing specific
disturbances. One example:
temperature gradients
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Knudsen formula
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4-TM pendulum
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10-14

10-15
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Torsion pendulum
(surface disturbances)

LISA



The LTP Concept
Shrink one LISA arm to 38 cm

And fit it into one Spacecraft
Goal: 3x10%4/NHz f>1mH
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Test-mass
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Electrode
Housing
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Figure 2-1 LISA Electrode housing exploded view
S. Vitale

FACE X
(Bread board
face)
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Side for electrical pin

Electrical sapphire
Sapphire Socket inserted in the

sample fsapphwe sample

Figure 3-16 Details of sapphire electrical socket inserted in the sample for insertion
test
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Vacuum

enclosure
Electrode
Test-mass Housing
Caging
Mechanism Optical
Window
UV Optical
Fibres for
Discharging
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X-y-Z-0 test mass
fiber suspension and
manipulation stage

test mass pitch and yaw
readout system

test mass position

readout system test mass

N\

N

mirror

O

external microscope
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plunger suspension
load cell

plunger
actuator

plunger

/
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m
Linear momentum (kg —)
s

1.2x1077 |
1x10°7 |
8x107° |
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0.001

- m
acceleration (—)
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Fine alignment
Jig

Template
assembly
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LTP lab in operation

CMM operation — metrology with 2.5 um
precision over 20 cm distances

| 3

-
|
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Class 1000 cleanroom with large ultra-
clean laminar flow cabinet for bonding
operations

LTP Team Workshgp; Trefte, 10 - 12 October 2005
DETAIL OF MACHINING AND ACID-ETCH.
FOR USE BY SCHOTT GUINCHARD.,
[ALL DIMENSIONS ARE PRIOR TO
POLISHING ON FACES (SEE SHEET 2 of 2)]
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Laserhead
Nd:YAG 1064nm

Pumpmodule
bragg-stabilized 808nm
with redundant bench

all optical units in direct
thermal contact with
RLU housing

Firenze 28 09 2006



% UNIVERSITA DEGLI STUDI
CEEE DITRENTO

LTP
*Fighting cosmic rays ¢
with UV-light non-
contacting discharging
system
®
<
L
o electrode N /
.®e‘ /-
®|  proof-
ol mass
Imperial College
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Injection
% Manoeuvre

Large Eclipse Free b >~
Lissajous Orbit

Separation

Y.

C‘\

L1

8 hours a day
communication link to

15m ground station Up fo 16 kbps
i X Band TM

=
™~
N
»~
Station Keeping 4 Kbps
X Band TC

Launch into
elliptical orbit

Multiple burns raise apogee to 1.3 million km

Fire._. __ __ ____ e ——
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Experiment Main Goals

1. Demonstrate that total acceleration noise In
realistic conditions iIs not larger than goals

LISA Technology Package

P

o= : ; A
--.-‘______S(_":"ﬁ‘-:nce Requirements and Top-level Architecture

Definjﬁdﬁ“for—-the.Li_sa_f[e_ghg(_)logy Package (LTP) on Board
LISA Pathfinder (SMART-2) o

-
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Source Name Formula Value [ms=3/2]
Correlated ) 2 2 _18
readout noise fCOfT fcorr = ‘/-2 thnp + famplp + facthO 6.36x 10
Uncorrelated .
f — 2 2 -18
readout noise unc func = V_Z Jfacto + faCtth 881)( 10
Thermal effects fthermal fthermal = 2 (frad + fradpr + fog + fth + fgrauvis) 4.97x 10715
Brownian Noise 1:Brov\/nia,n fBrovmian = \/'5 \/fgiel + fgzas + fr%agdmp + fr%agimp 9.36 % 10_16
Megnetics S/C fmagnsc frnagnsc = V2 (fg + fap + fgac) 8.9x 10~
Magnetics .
; fmagnip frnagnip = V2 (fgi + fL2) 3.25x 10716
Interplanetary
Charging and voltage feharge foharge = V2 \/— fo? + fis? 3.61x 1071
Miscellanea fmisc fmisc =2 \/ fGac + fiaser + Trav 6.04x 10~15
Cross —talk foross —talk feross —talk 1.01x 10~14
Readout noise freadout freadout = \/fcorr2 + func2 1.09% 1017
Drag —free fdragfree fdragfree = Abs[waz] Xtot 1.57x 10~15
fiotal =
2 2 2 2 2 2
Total frotal V (fGragtree + éorr + fiine + Treadout + Tthermal + TBrownian + 1.61x 1014
2 2 2 2 2
feross—talk + fiagnsc + Trmagnip + Teharge + frrisc)
Measurement noise fmeas freas = \/ fact? + T2 + fon? 5.06x 1071
Grand Total fototal fototal =V Frotal? + Treas 1.68x 10714

HNuliey v Vv vuv
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The plan:

LISA PF: In flight demonstration of reference
frames 2009

LISA PF +6 years: LISA

LISA + 1 year: enjoy listening to black-holes
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