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Today (Sept 3rd) LPF has reached a major milestone: 
the launch composite has been packed into its shipping 
crate; the next time the box is opened will be in Kourou! 



THE GRAVITATIONAL UNIVERSE has been 
selected, when on 28 November 2013 ESA decided 
on the next large missions in the time frame 2028-

2034  
 
 
 

The PI Stefano Vitale informs that LPF, the 
precursor mission to demonstrate the LISA 
technology, will be launched November 27 this year 
at 1 am Kourou time  



# basics in brief as Q&A 
 

# LISA concept 
 

# LISA science [also vs other gw detectors in operation]    

    fundamental physics and cosmology with LISA like 
     GW detectors 
 

# LPF: a PathFinder for LISA  
        [not just a proof of concept...] 
 

# LPF: preparation, launch, trip to results 



    What are gravitational waves? 
GW are vibrations of-, while em waves propagate in- spacetime 
 

    Can we detect them ? (if space shrinks/stretches under the 
    GW and the light does the same, maybe the effects compensate…) 
Yes, we can: with Michelson interferometers measure phase shifts of light, 
which is a scalar – a gauge invariant measurable quantity [confusions are 
induced by attaching physical meaning to coordinates, which in GR have none , as 
they are arbitrary, and even worse by using two coordinates at the same time]  
 

not a trivial question > general satisfactory answers are recent: 
  G.Congedo, R.Dolesi, M.Hueller, S.Vitale and W.J.Weber  ”Space-borne  gravitational wave  
      detectors as time-delayed differential dynamometers” Phys.Rev.D 88 (2013) 082003 
  M.J.Koop and L.S.Finn  “Physical response of light-time gravitational wave detectors”   
      Phys.Rev.D 90 (2014) 062002 

Derivative of the light frequency shift as a measure of spacetime curvature for 
gravitational wave detection      G.Congedo Phys.Rev.D 91 (2015) 082004 
“Without assuming any coordinate system or fixing the gauge, and thus retaining 
the full covariant nature of the formalism, we have found that the only 
gravitational contribution to the time derivative of the observed frequency shift 
comes just from the derivative of the parallel transport of the emitter’s 4-
velocity along the light beam’s geodesic to the receiver. This is, in turn, given by an 
integral of the Riemann tensor along the null geodesic “ 





   Did we have already detection?  
Yes (indirectly… !?…): neutron stars in binary systems 
spiralize  and the energy and angular momentum loss is due to 
emission of the gravitational waves of General Relativity 
 
  Would be LISA unnecessary, if a GW astronomy is in place 
  with ground based detectors?  
No: the two instruments are complementary in frequency and 
in the physics  to look at  > it would be like saying that we do 
not need to detect and study the Universe in microwaves and 
infrared, as we have already the astronomy in the visible !  
 
  Why GW have not yet been detected with the  
  LIGO/VIRGO/GEO/TAMA “initial” instruments?  
NS-NS mergers per galaxy ~ 10-4 /y  > need  to look out at 
100 Mpc for enough galaxies for 1/y  > then  hGW ~10-22 and, 
as hGW~DL/L mirrors, in LIGO need resolve 10-19 over 4 km 
close to quantum limits ! > Adv LIGO/VIRGO/KAGRA will do 
 



from G. Hobbs (2011)  
Astroph. Space Sci. Proc.  



eLISA is a joint effort of eight European countries: Denmark, France, Germany, 
Italy, The Netherlands, Spain, Switzerland and the UK – supported by our 

colleagues in the US       https://www.elisascience.org/   
 

eLISA Consortium  Karsten Danzmann Albert Einstein Institute  
Core team: 
    Albert Einstein Institute Hannover - Max Planck Institute for Gravitational 
           Physics & Leibniz Universität Hannover 
    APC - AstroParticule et Cosmologie, Paris; François Arago Centre (FACe) 
    DTU - Danmarks Teknikse Universitet 
    Institut de Ciències de l'Espai - ICE (CSIC - IEEC) 
    Imperial College London 
    Radboud University Nijmegen 
    University of Glasgow 
    University of Milano-Bicocca 
    University of Trento – Italy 
    University of Zurich and ETH Zurich 
 

Consortium at large (Europe): 
   ARTEMIS, CNRS, DLR , Nyon, INFN, IAP, CEA, KU, LPC2E), LAPP, LNE-SYRTE,  
   LUTh, Max Planck Society, ONERA,STFC, Valencia 
 

Consortium at large (US & Australia): 
   Caltech, JILA, MIT, Montana, NASA Goddard, NASA JPL, Northwestern,    
  Stanford, ANU, Chicago, Florida, Mississippi, Brownsville, West Virginia 

https://www.elisascience.org/
https://www.elisascience.org/
https://www.elisascience.org/


Basic concepts 
of LISA/eLISA 

• Orbits:  
– Satellites 

follow 
independent 
heliocentric 
orbits. No 
formation 
keeping 
needed 

– Constellation 
rotates within 
waves and give 
source location Beijing 09/04/15 S. Vitale 10 

Roland Schilling,  MPQ Garching,  21.02.97  17:59:41



Basic concept of LISA/eLISA 

Non contacting 
spacecraft in  

drag-free operation 

– Position of spacecraft 
relative to test-mass is 
measured by  local  
interferometer 

– Spacecraft is kept 
centered on test-mass 
by acting on micro-
Newton thrusters. 
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The LISA link: a differential 
dynamometer 

• Accelerations of satellites, relative to their 
local inertial frame, modulate frequency as 
curvature does.  
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The detector arm (eLISA) 

• Two counter-propagating, phase-locked links 
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test-masses 



eLISA/NGO 
• 2 arms 1 Mo km 
• 10 pm/√Hz single-link 

interferometry @1 
mHz 

• Forces (per unit mass) 
on test-masses < 3 
fm/(s2√Hz) @ 0.1 mHz 

• 3 non-contacting 
(“drag-free”) satellites 
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Parameter space for L3 mission design 
• 1 Mo km ≤ arm-length≤5 Mo km  

• 2 ≤ Number of arms ≤ 3 
• 2 (6) ≤ Mission duration ≤ 5 (10) 

 



LISA 
a signal dominated  

gravitational wave detector 
 

all others are noise dominated  
 
 

No highbrow !  To disentangle signals from too 
many or from too much noise is just as challenging 

 
In both cases they are well prepared to cope with 

this with frontier data analysis methods 



Compact galactic binaries 

 Guaranteed 
(known) sources at 
high SNR: verification 

binaries calibration  

 About 3000 double 
white dwarf binaries 
resolved (20000 with 
LISA!) 

 Distinguish and 
count NS and BH 
binaries. 
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• eLISA measures: 

– For more than 100 sources around 

inner Galaxy, distance accuracies 

better than 1 %, gives distance of 

source to the Galactic Centre.  
 



           Arp 299                          NGC6240                             Abell 400                           NGC 3393 

Super-massive black-hole mergers 
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• Simulated signal for e-LISA (106M☉) 
• No signal processing 



Observing black-holes in the entire universe 
• eLISA will detect ALL the 

mergers in the universe in its 
frequency band, even out to 
z=20 if they are happening.  

• Measures: luminosity 
distance  1 – 50 % 

• Sky location 1° - 10 ° 

• Masses to ±0.5% 

• Spin magnitudes to ±0.01.   

• Spin alignments 

• No complex modeling 
needed: these data are 
directly encoded in the 
phase of inspiral waveform.  
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SNR 



Extreme Mass-Ratio Inspirals: EMRIs 
• Stellar-mass BH capture 

by a massive BH: dozens 

per year to z  ~ 0.7. 

• 105 orbits very close to 

horizon.   

– Prove horizon exists. 

– Test the no-hair theorem to 

1%. 

– Masses of holes to 0.1% 

– Spin of central BH to 0.001.  

19 
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General Relativity, GR, has passed with flying colors all 
local tests, that is those in the Solar system and, via the 
observations on pulsars in NS binaries, farther in the 
Galaxy to some 10 kpc. Observations of strong 
gravitational lensing of quasars light by intervening 
galaxies and galaxy clusters give somewhat weaker test 
of GR farther away in the cosmos. But to use weak lensing 
to map the distribution of dark matter and even more to 
construct the standard cosmological model from the 
current “precision” cosmological observations, one needs 
to assume GR to be accurately valid at all scales, where 
we do not have any independent test of its validity.  
 
In principle there are still opportunities for theories 
which are alternative to GR, in some of which dark matter 
and/or dark energy are just absent.  



Cosmography with GW 
GW from the coalescence of binary systems of black-holes are standard sirens 
(Schutz 1986)  
absolute luminosity distance DL from period P, period derivative and amplitude h 
  
 
 

• Brightest sources at z= 1-2 →  1 deg2, get DL at ~ 1% 

• GW do not measure redshift z,  DL(z) requires identification of e.m. counterpart 
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  DL
µ cPP h

• No “ladder” of standard candels  

• If third arm can be recovered 
within mission budget, ranging 
capability is increased  

 

LISA → dark energy equation of 
state parameter w to ±2-4% from 
mergers to z = 3 

 



Stochastic GW background 
• Assuming wavelength of relic GW set by horizon scale at time of emission (with 

temperature T) 

• eLISA band  

– 0.1-100 mHz ⟹ 1-1000 TeV scale (LHC) 

– 1 mm Horizon scale 

– 3×10-18-3×10-10
 s after the Big Bang 

• eLISA sensitivity ΩGW<10-9 Ω 
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 Higgs self couplings and 

potential 

 Supersymmetry 

 Conformal dynamics at TeV 

scales.  

 Warped sub-millimetre extra 

dimensions in some string 

theory scenarios  

 Cosmic strings…… 

Inflation much lower ~10-14 



LISA Pathfinder concept 
• Take away the long-arm interferometer 

• Substitute the long-arm laser beam reference, 
with a second (quasi-)free test-mass 

• One (e-)LISA arm squeezed into one spacecraft 
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LISA Pathfinder 

1. A test of the entire local 
measurement (95 % of 
noise) with a requirement 
at 3 fg/√Hz @ 1 mHz 

2. A verification step in the 
development of eLISA 
using same 
hardware/processes to 
carry them at TRL 8-9.  

3. A final in-orbit 
consolidation test for our 
physical model of free fall. 
Integrates the results of 
extensive ground testing 
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Verification of hardware:  
Element needed by eLISA, tested on LPF at comparable 

level of performance 

• Free flying test mass subject to very low parasitic forces: 
– Drag free control of spacecraft (non-contacting spacecraft) 
– Low noise micro-thruster to implement drag-free 
– Large gaps, heavy masses with caging mechanism 
– High stability electrical actuation on cross degrees of freedom 
– Non contacting discharging of test-masses 
– High thermo-mechanical stability of S/C 
– Gravitational field cancellation 

• Precision interferometric, local ranging of test-mass and spacecraft: 
– pm resolution ranging, sub-mrad alignments 
– High stability monolithic optical assemblies 

• Precision 1 Mo km spacecraft to spacecraft precision ranging: 
– High stability telescopes 
– High accuracy phase-meter 
– High accuracy frequency stabilization 
– Constellation acquisition 
– Precision attitude control of S/C  
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LISA Pathfinder concept 
• Two Au-Pt test-masses and two 

interferometers on same optical 
bench 

• Non contacting satellite 
• Second test-mass forced to follow 

the first at very low frequency by 
electrostatics 

Beijing 09/04/15 S. Vitale 26 test-masses 

interferometer 



The GRS: test-mass 

• Flight test-masses (2 kg, 46 mm) 
• Very high density homogeneity 

(<<1μm pores) 
• CoG at geometrical center within 

±2 μm 
• Magnetic susceptibility at  

χ = –(2.3±0.2)×10-5 

• Magnetic moment < 4 nAm2 
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The GRS: electrode housing 
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The optical bench 

• Carries on all needed 
interferometry 

• Monolithic ultra-stable 
structure obtained by silica 
hydroxyl bonding 
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• Test-mass 

• Electrode Housing 

• Test-mass launch lock 

• Release mechanism 

• UV fibers for 
discharging 

• Vacuum enclosure 

• Venting valve 

• Gravitational Balance 
mass (not shown) 
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Inertial Sensor: a sophisticated system 



Final integration with 
optical metrology and 

satellite 
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The LISA Pathfinder Satellite 
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Launching on Vega 
• 4 successful launches 

• We are booked on n. 6 for second half of November, 2015 
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The LPF Experiment 

• An experimental, self-consistent  verification of 
the physical model for geodesic motion 

• A sequence of investigations dedicated to: 
– Quantitatively assess the dominating components of 

the residual acceleration noise  
– Assess their parametric dependence on measurement 

conditions  and compare with predictions 
– Measure critical physical parameters and compare 

with models 
– Return an upper limit on non-modeled parasitic forces 

for eLISA or LISA 
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Measurements of physical parameters 

• Gravitational dc gradient and field (gravitational flattening) 
• Stray electrostatic fields (charge patches) and test of 

electrical compensation 
• Reference frame inaccuracy parameters 
• On-orbit performance of control systems 
• Magnetic field and gradient. dc values and noise  
• Thermal fluctuation noise and thermal distribution across 

the test-mass (verification of thermal model) 
• Verification of model of test-mass charging by cosmic rays 
• Thermodynamic test-mass environment: pressure, 

outgassing etc.  
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