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White	  paper	  :	  supported	  by	  more	  than	  1200	  scien(sts	  



Some	  principles	  to	  redefine	  the	  mission	  LISA	  ! NGO:	  

• 	  Keep	  the	  same	  principle	  of	  measurement	  and	  the	  same	  payload	  concept	  
• 	  Innovate	  the	  least	  possible	  with	  respect	  to	  LISAPathfinder	  
• 	  Op(mize	  the	  orbit	  and	  the	  launcher:	  remove	  masse	  
• 	  Simplify	  the	  payload	  

• 	  Remove	  one	  of	  the	  triangle	  arms:	  	  
	  	  	  	  	  	  	  	  	  	  	  mother-‐daughter	  configura(on	  
• 	  Reduce	  the	  arm	  length	  from	  5	  Mkm	  to	  1	  Mkm	  
• 	  New	  orbit	  closer	  to	  Earth	  (drif	  away)	  
• 	  Iner(al	  sensor	  iden(cal	  to	  LISAPathfinder	  
• 	  Nominal	  mission	  length:	  2	  years	  (ext.	  to	  5	  years)	  

Solu(ons	  



Roadmap	  for	  eLISA	  

•  eLISA	  Science	  Theme	  selected	  as	  L3	  in	   	   	   	  	  	  	  	  2013	  
•  Technology	  Roadmap	  work	  	   	   	  	  	  	  	  2013	  –	  2015	  	  
•  Possibly	  con(nued	  Mission	  Concept	  Study	   	  	  	  	  	  2014	  –	  2015	  
•  Successful	  LISA	  Pathfinder	  flight	  in	   	   	   	  	  	  	  	  	  2015	  

–  Assessment	  of	  technology	  status	  
–  Possibly	  addi(onal	  work,	  e.g.	  breadboarding	  

of	  Payload	  +	  (1	  to	  4)	  years	  
•  Selec(on	  of	  Mission	  Concept	  in	   	   	   	  2015	  +	  (1	  to	  4)	  
•  Possibly	  Start	  EQM	  of	  complete	  Payload	   	  2015	  +	  (2	  to	  5)	  
•  Start	  of	  Industrial	  Defini(on	  Study	   	   	  2015	  +	  (2	  to	  5)	  
•  Start	  of	  Industrial	  Implementa(on	   	   	  2015	  +	  (6	  to	  9)	  
•  Launch	  in	   	   	   	   	   	  	  	  	  	  	  	  	  	  2015	  +	  (15	  to	  18)	  

6	  



?	  

	  	  	  	  SE	  lead	  

	  	  	  	  	  	  	  	  Data	  Centre	  	  

The	  European	  consor(um	  for	  eLISA	  



The	  science	  of	  eLISA	  
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Test	  of	  gravity	  in	  strong	  regime	  	  

Plunge	  
2.6 Confronting General Relativity with Precision Measurements of Strong Gravity 49
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Figure 2.23.: Gravitational wave signal for the final few orbits, plunge, merger and ringdown of a coalescing binary. The
total mass of system M(1 + z) = 2 ⇥ 106 M�, mass ratio m1/m2 = 2, spin magnitudes a1 = 0.6 a2 = 0.55, misalignment
between spins and orbital angular momentum few degrees, the distance to the source z = 5. The inset shows the signal on a
larger data span.

those in the Solar System: the semimajor axis of the orbit of PSR 1913+16 is about 1.4 R�. Such weak fields limit
the ability of binary pulsars to probe nonlinear GR dynamics. They do provide important tests of strong-field
static gravity, as the redshift at the surface of a neutron star is of order 0.2.

NGO observations of coalescing massive black hole binaries, or of stellar-mass compact objects spiralling
into massive black holes, will allow us to confront GR with precision measurements of physical regimes
and phenomena that are not accessible through Solar System or binary pulsar measurements. The merger of
comparable-mass black hole binaries produces an enormously powerful burst of gravitational radiation, which
NGO will be able to measure with amplitude SNR as high as a few hundred, even at cosmological distances. In
the months prior to merger, NGO will detect the gravitational waves emitted during the binary inspiral; from
that inspiral waveform, the masses and spins of the two black holes can be determined to high accuracy. Given
these physical parameters, numerical relativity will predict very accurately the shape of the merger waveform,
and this can be compared directly with observations, providing an ideal test of pure GR in a highly dynamical,
strong-field regime.

Stellar-mass compact objects spiralling into massive black holes will provide a qualitatively di�erent test, but
an equally exquisite one. The compact object travels on a near-geodesic of the spacetime of the massive black
hole. As it spirals in, its emitted radiation e�ectively maps out the spacetime surrounding the massive black hole.
Because the inspiralling body is so small compared to the central black hole, the inspiral time is long and NGO
will typically be able to observe of order 105 cycles of inspiral waveform, all of which are emitted as the compact
object spirals from 10 horizon radii down to a few horizon radii. Encoded in these waves is an extremely high
precision map of the spacetime metric just outside the central black hole. Better opportunities than these for
confronting GR with actual strong-field observations could hardly be hoped for.

The Advanced LIGO/Virgo detectors should come online around 2015, and their sensitivity is large enough
that they should routinely observe stellar mass black hole coalescences, where the binary components are of
roughly comparable mass. However, even the brightest black hole mergers that LIGO and Virgo should observe
will still have an amplitude SNR about 10 to 100 times smaller than the brightest massive black hole coalescences
that NGO will observe. The precision with which NGO can measure the merger and ringdown waveforms
will correspondingly be better by the same factor when compared to ground-based detectors. The situation
is similar for the EMRIs described in the previous section: while ground-based detectors may detect binaries
with mass ratios of about 10�2 (e.g., a neutron star spiralling into a 100 M� black hole), in observations lasting
approximately 102 to 103 cycles, the precision with which the spacetime can be mapped in such cases is at least

DRAFT 0.9.4pre

Merger	   Ringdown	  

RG:	  approxima(on	  	  postNewtonienne	  

RG:	  rela(vité	  numerique	  

Théorie	  de	  	  perturba(on	  

LGW	  =	  1023	  L#	  



EMRI	  (Extreme	  Mass	  Ra(o	  Inspiral)	  

Allows	  to	  iden(fy	  in	  a	  unique	  way	  the	  geometry	  of	  space-‐(me	  close	  to	  a	  black	  hole	  
(the	  object	  cycles	  some	  105	  (mes	  before	  plunging	  into	  the	  horizon)	  

Gravita(onal	  waves	  produced	  by	  massive	  objects	  	  
(stars	  or	  black	  holes	  of	  mass10	  to	  100	  M#)	  falling	  	  
into	  the	  horizon	  of	  a	  supermassive	  black	  hole.	  



Data	  analysis	  

Challenge:	  signals	  from	  the	  whole	  Universe	  all	  with	  a	  latge	  S/N	  ra(o.	  
How	  to	  	  separate	  them?	  

(≠	  ground	  interferometers)	  



important	  progress	  of	  the	  analysis	  methods	  these	  last	  years	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  thanks	  to	  the	  Mock	  LISA	  Data	  Challenge	  

• 	  4	  supermassive	  black	  holes	  
• 	  5	  EMRI	  
• 	  26.1	  million	  galac(c	  binaries	  
• 	  instrumental	  noise	  



Data	  processing	  

consor(um	  

tous	  membres	  	  
	  	  consor(um	  

France	  

Data	  policy:	  all	  data	  publicly	  released	  



François	  Arago	  Centre	  (FACe)	  

Centre	  François	  Arago	  (APC):	  external	  data	  center	  for	  the	  LISAPathfinder	  mission	  (2015-‐2016)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  foreseen	  data	  processing	  center	  for	  eLISA	  

LISAPathfinder	  exercise	  at	  	  FACe	  
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Physical	  Infrastructures	  criteria	  &	  
scenarios	  
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3	  criteria,	  	  
4	  scenarios	  

§9.1	  



Physical	  Infrastructures	  scenarios:	  	  
Key	  characterisCcs	  	  
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Simulated	  use	  case	  of	  infrastructure	  
needs	  
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$  These	  scenarios	  are	  characterized	  by	  an	  ini(al	  investment	  
equals	  to	  maximum	  needs	  to	  be	  sure	  to	  be	  able	  to	  cover	  
resource	  needs	  

Scenarios	  1,	  2	  and	  3	  
Dedicated	  or	  Reserved	  infrastructures	  	  

Scenario	  4	  
Purely	  on-‐demand	  infrastructures	  

$  This	  scenario	  maximizes	  resource	  alloca(on	  by	  providing	  on-‐
demand	  hos(ng	  according	  to	  on-‐the-‐fly	  needs.	  It	  allows	  
managing	  resource	  needs,	  without	  facing	  any	  ini(al	  
investment:	  resource	  alloca(on	  depends	  upon	  the	  
instantaneous	  needs	  of	  the	  resources	  

UnanCcipated	  
peaks	  	  

(Arbitrary	  here)	  

Weekly	  recurring	  
analysis	  





2.1	  

Early	  DPC	  



Why	  start	  so	  early?	  

• 	  allow	  as	  soon	  as	  possible	  the	  community	  to	  develop	  code	  in	  a	  coordinated	  way:	  this	  
is	  very	  important	  if	  one	  has	  to	  release	  the	  data	  publicly.	  
• 	  coordinate	  with	  the	  ground	  interferometers	  
• 	  the	  data	  will	  address	  a	  large	  community	  (astrophysicists)	  which	  is	  not	  used	  to	  this	  kind	  of	  	  
data:	  provide	  simulated	  data	  and	  associated	  sofware	  to	  get	  acquainted	  with	  such	  data.	  	  
• 	  because	  this	  is	  a	  discovery	  mission,	  the	  development	  of	  code	  will	  not	  stop	  with	  the	  	  
launch:	  conceive	  the	  centre	  and	  its	  development	  plavorm	  in	  way	  that	  allows	  flexibility	  	  
and	  adapt	  to	  new	  discoveries	  or	  new	  theories;	  bexer	  start	  early	  to	  benefit	  evolu(on	  of	  
thinking	  in	  coming	  years.	  	  	  



Website	  eLISA	  

hxps://www.elisascience.org/	  


