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eLISA:	  A	  Mature	  Concept	  
• M3	  proposal	  for	  4	  S/C	  ESA/NASA	  
collabora've	  mission	  in	  1993	  	  

•  LISA	  selected	  as	  ESA	  
Cornerstone	  in	  1995	  

•  3	  S/C	  NASA/ESA	  LISA	  
appears	  in	  1997	  

•  Joint	  Mission	  Formula'on	  study	  
un'l	  2011	  

•  Reformula'on	  in	  2012	  as	  	  
ESA-‐only	  NGO	  mission	  concept	  	  
with	  1	  Mio	  km	  arms	  



Science	  around	  2030	  
•  Observatories	  

– Ground	  
•  LHC,	  LSST,	  (EELT,	  TMT,	  GMT),	  SKA,	  ALMA,	  EHT	  

–  Space	  
•  JWST,	  EUCLID,	  Gaia,	  WFIRST,	  eROSITA,	  GRAVITY	  

– Ground-‐based	  GW	  observatories	  
•  aLIGO,	  aVIRGO,	  KAGRA,	  ET	  

•  Big	  science	  ques'ons	  
–  Cosmic	  structure	  forma'on	  and	  Black	  Hole	  growth	  
–  Physics	  beyond	  Higgs,	  supersymmetry,	  extra	  
dimensions,	  Phase	  transi'ons	  on	  TeV	  scale,	  cosmic	  
strings,	  Dark	  Macer	  

–  Physics	  of	  Dark	  Energy,	  gravita'on,	  new	  fields	  
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Black	  Hole	  Astronomy	  by	  2028	  
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Black	  Hole	  Astronomy	  by	  2028	  
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Black	  Hole	  Astronomy	  by	  2028	  
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eLISA	  for	  Astrophysics,	  Cosmology,	  	  
and	  Fundamental	  Physics	  	  

•  Massive	  Black	  Holes	  (104	  to	  108	  M☉)	  	  
–  When	  did	  the	  first	  Black	  Holes	  appear	  	  in	  pre-‐galac'c	  halos	  and	  what	  is	  their	  mass	  and	  spin?	  
–  How	  did	  Black	  Holes	  form,	  assemble	  and	  evolve	  from	  cosmic	  dawn	  to	  present	  'me,	  due	  to	  accre'on	  and	  mergers	  
–  What	  role	  did	  Black	  Holes	  play	  in	  re-‐ionisa'on,	  galaxy	  evolu'on	  and	  structure	  forma'on?	  
–  What	  is	  the	  precise	  luminosity	  distance	  to	  loud	  standard	  siren	  black	  hole	  binaries?	  
–  What	  is	  the	  distance	  –	  redshij	  rela'on	  and	  the	  evolu'on	  history	  of	  the	  universe?	  
–  Does	  the	  Graviton	  have	  mass?	  

•  Extreme	  Mass	  Ra'o	  Inspirals,	  EMRIs	  (1	  to	  10	  M☉	  into	  104	  to	  5	  x	  106	  M☉)	  
–  How	  is	  the	  stellar	  dynamics	  in	  dense	  galac'c	  nuclei?	  
–  How	  does	  dynamical	  relaxa'on	  and	  mass	  segrega'on	  work	  in	  dense	  galac'c	  nuclei?	  	  
–  What	  is	  the	  occupa'on	  frac'on	  of	  black	  holes	  in	  low-‐mass	  galaxies?	  
–  How	  large	  are	  devia'ons	  from	  Kerr	  Metric,	  and	  what	  new	  physics	  causes	  it?	  
–  Are	  there	  horizonless	  objects	  like	  boson	  stars	  or	  gravastars?	  
–  Are	  alterna'ves	  to	  GR	  viable,	  like	  Chern-‐Simons	  or	  scalar	  tensor	  theories	  or	  braneworld	  scenarios?	  	  

•  Ultra-‐Compact	  Binaries	  in	  Milky	  Way	  
–  What	  is	  the	  explosion	  mechanism	  of	  type	  Ia	  supernovwe?	  
–  What	  is	  the	  forma'on	  and	  merger	  rate	  of	  compact	  binaries?	  
–  What	  is	  the	  endpoint	  of	  stellar	  evolu'on?	  

•  Stochas'c	  Signals	  
–  Directly	  probe	  Planck	  scale	  epoch	  at	  1	  TeV	  to	  1000	  TeV	  before	  decoupling	  of	  microwave	  background	  
–  Were	  there	  phase	  transi'ons	  and	  of	  which	  order?	  
–  Probe	  Higgs	  field	  self	  coupling	  and	  poten'al,	  and	  search	  for	  supersymmetry.	  
–  Are	  there	  warped	  sub-‐millimetre	  extra-‐dimensions?	  
–  Can	  we	  see	  braneworld	  scenarios	  with	  rehea'ng	  temperatures	  in	  the	  TeV	  range?	  
–  Do	  topological	  defects	  like	  Cosmic	  Strings	  exist?	  

•  The	  Unknown	  !	   7	  



Sensi'vity	  and	  Black	  Hole	  Science	  
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Black	  Hole	  Merger	  Signals	  far	  above	  Noise!	  
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•  Simulated eLISA data stream 
105 M¤ BH binary merger at z=7,  
 including instrumental noise (SNR~100) 

Baker et al. 2006 
Time [s] 

NGC	  6240	  



All	  Binary	  Black	  Holes	  cross	  eLISA	  band:	  
Trace	  Galaxy	  Mergers	  
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eLISA	  Black	  Hole	  Physics	  at	  high	  SNR	  
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•  BBH	  rest	  mass	  104	  –	  107	  

•  Out	  to	  redshij	  	  z	  >>	  10	  
–  if	  they	  exist	  

•  10	  –	  100	  events	  per	  year	  

•  Redshijed	  mass	  to	  0.1%-‐1%	  

•  Absolute	  spin	  to	  0.01-‐0.1	  

•  Luminosity	  distance	  	  1	  –	  50	  %	  

•  Sky	  loca'on	  1°	  -‐	  10	  °	  

LSST	  



Astrophysics,	  Cosmology	  and	  
Fundamental	  Physics	  	  

•  Massive	  Black	  Holes	  (104	  to	  108	  M☉)	  	  
–  When	  did	  the	  first	  Black	  Holes	  appear	  	  in	  pre-‐galac'c	  halos	  and	  what	  is	  their	  mass	  and	  spin?	  
–  How	  did	  Black	  Holes	  form,	  assemble	  and	  evolve	  from	  cosmic	  dawn	  to	  present	  'me,	  due	  to	  accre'on	  and	  mergers	  
–  What	  role	  did	  Black	  Holes	  play	  in	  re-‐ionisa'on,	  galaxy	  evolu'on	  and	  structure	  forma'on?	  
–  What	  is	  the	  precise	  luminosity	  distance	  to	  loud	  standard	  siren	  black	  hole	  binaries?	  
–  What	  is	  the	  distance	  –	  redshij	  rela'on	  and	  the	  evolu'on	  history	  of	  the	  universe?	  
–  Does	  the	  Graviton	  have	  mass?	  

•  Extreme	  Mass	  Ra'o	  Inspirals,	  EMRIs	  (1	  to	  10	  M☉	  into	  104	  to	  5	  x	  106	  M☉)	  
–  How	  is	  the	  stellar	  dynamics	  in	  dense	  galac'c	  nuclei?	  
–  How	  does	  dynamical	  relaxa'on	  and	  mass	  segrega'on	  work	  in	  dense	  galac'c	  nuclei?	  	  
–  What	  is	  the	  occupa'on	  frac'on	  of	  black	  holes	  in	  low-‐mass	  galaxies?	  
–  How	  large	  are	  devia'ons	  from	  Kerr	  Metric,	  and	  what	  new	  physics	  causes	  it?	  
–  Are	  there	  horizonless	  objects	  like	  boson	  stars	  or	  gravastars?	  
–  Are	  alterna'ves	  to	  GR	  viable,	  like	  Chern	  Simons	  or	  scalar	  tensor	  theories	  or	  braneworld	  scenarios?	  	  

•  Ultra-‐Compact	  Binaries	  in	  Milky	  Way	  
–  What	  is	  the	  explosion	  mechanism	  of	  type	  Ia	  supernovae?	  
–  What	  is	  the	  forma'on	  and	  merger	  rate	  of	  compact	  binaries?	  
–  What	  is	  the	  endpoint	  of	  stellar	  evolu'on?	  

•  Stochas'c	  Signals	  
–  Directly	  probe	  Planck	  scale	  epoch	  at	  1	  TeV	  to	  1000	  TeV	  before	  decoupling	  of	  microwave	  background	  
–  Were	  there	  phase	  transi'ons	  and	  of	  which	  order?	  
–  Probe	  Higgs	  field	  self	  coupling	  and	  poten'al,	  and	  search	  for	  supersymmetry.	  
–  Are	  there	  warped	  sub-‐millimetre	  extra-‐dimensions?	  
–  Can	  we	  see	  braneworld	  scenarios	  with	  rehea'ng	  temperatures	  in	  the	  TeV	  range?	  
–  Do	  topological	  defects	  like	  Cosmic	  Strings	  exist?	  

•  The	  Unknown	  !	   12	  



At	  the	  Edge	  of	  a	  Black	  Hole	  
•  Capture	  by	  Massive	  Black	  Holes	  

–  Compact	  objects	  inspiral	  into	  massive	  black	  hole	  (MBH),	  	  	  
–  GWs	  map	  space-‐'me	  geometry	  with	  superb	  precision	  
–  Allows	  inves'ga'on	  of	  'ny	  devia'ons	  from	  General	  
Rela'vity	  including	  the	  “no	  hair”	  theorem	  

Ghez et al. 1998 ApJ 509, 678, Eckart et al. 2002 MNRAS 331, 917  

Our own BH! 

13	  



a=6M, e=0.2, i=80 
Frequencies sweep and shift  
during inspiral, mapping space-time  
outside the horizon. 
⇒ Like a Geodesy satellite mapping Geopotential! 
⇒ GRACE for Black Holes! 

Extreme	  Mass	  Ra'o	  Inspiral	  (EMRI)	  

Phinney 

You	  can	  hear	  if	  the	  	  	  
Event	  Horizon	  exists!	  
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Extreme	  Mass	  Ra'o	  Inspirals	  

15	  

•  SNR	  20	  up	  to	  z	  ≈	  0.7	  for	  105-‐106	  M⊙	  
•  Dozens	  of	  events	  per	  year	  
•  Mass,	  spin	  to	  0.1%	  –	  0.01	  %	  
•  Quadrupole	  moment	  	  

to	  <	  0.001	  M⊙3G2/c4	  
	  

•  Do	  Black	  Holes	  have	  hair?	  
– New	  objects	  in	  General	  Rela'vity	  

•  Boson	  Stars,	  Gravastars,	  non-‐Kerr	  solu'ons	  (e.g.	  Manko-‐Novikov)	  
– Devia'ons	  from	  General	  Rela'vity	  

•  Chern-‐Simons,	  Scalar-‐Tensor,	  light	  scalar	  fields	  (axions)	  and	  black	  
hole	  bomb	  instabili'es	  

•  Each	  has	  specific	  GW	  fingerprint!	  



eLISA	  as	  Dark	  Macer	  Probe	  

•  Dark	  Macer	  spike	  around	  BH	  
changes	  inspiral	  GW	  phase	  

•  Sensi've	  even	  to	  non-‐
interac'ng	  Dark	  Macer	  

16	  
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Astrophysics,	  Cosmology	  and	  
Fundamental	  Physics	  	  

•  Massive	  Black	  Holes	  (104	  to	  108	  M☉)	  	  
–  When	  did	  the	  first	  Black	  Holes	  appear	  	  in	  pre-‐galac'c	  halos	  and	  what	  is	  their	  mass	  and	  spin?	  
–  How	  did	  Black	  Holes	  form,	  assemble	  and	  evolve	  from	  cosmic	  dawn	  to	  present	  'me,	  due	  to	  accre'on	  and	  mergers?

What	  role	  did	  Black	  Holes	  play	  in	  re-‐ionisa'on,	  galaxy	  evolu'on	  and	  structure	  forma'on?	  
–  What	  is	  the	  precise	  luminosity	  distance	  to	  loud	  standard	  siren	  black	  hole	  binaries?	  
–  What	  is	  the	  distance	  –	  redshij	  rela'on	  and	  the	  evolu'on	  history	  of	  the	  universe?	  
–  Does	  the	  Graviton	  have	  mass?	  

•  Extreme	  Mass	  Ra'o	  Inspirals,	  EMRIs	  (1	  to	  10	  M☉	  into	  104	  to	  5	  x	  106	  M☉)	  
–  How	  is	  the	  stellar	  dynamics	  in	  dense	  galac'c	  nuclei?	  
–  How	  does	  dynamical	  relaxa'on	  and	  mass	  segrega'on	  work	  in	  dense	  galac'c	  nuclei?	  	  
–  What	  is	  the	  occupa'on	  frac'on	  of	  black	  holes	  in	  low-‐mass	  galaxies?	  
–  How	  large	  are	  devia'ons	  from	  Kerr	  Metric,	  and	  what	  new	  physics	  causes	  it?	  
–  Are	  there	  horizonless	  objects	  like	  boson	  stars	  or	  gravastars?	  
–  Are	  alterna'ves	  to	  GR	  viable,	  like	  Chern-‐Simons	  or	  scalar	  tensor	  theories	  or	  braneworld	  scenarios?	  	  

•  Ultra-‐Compact	  Binaries	  in	  Milky	  Way	  
–  What	  is	  the	  explosion	  mechanism	  of	  type	  Ia	  supernovwe?	  
–  What	  is	  the	  forma'on	  and	  merger	  rate	  of	  compact	  binaries?	  
–  What	  is	  the	  endpoint	  of	  stellar	  evolu'on?	  

•  Stochas'c	  Signals	  
–  Directly	  probe	  Planck	  scale	  epoch	  at	  1	  TeV	  to	  1000	  TeV	  before	  decoupling	  of	  microwave	  background	  
–  Were	  there	  phase	  transi'ons	  and	  of	  which	  order?	  
–  Probe	  Higgs	  field	  self	  coupling	  and	  poten'al,	  and	  search	  for	  supersymmetry.	  
–  Are	  there	  warped	  sub-‐millimetre	  extra-‐dimensions?	  
–  Can	  we	  see	  braneworld	  scenarios	  with	  rehea'ng	  temperatures	  in	  the	  TeV	  range?	  
–  Do	  topological	  defects	  like	  Cosmic	  Strings	  exist?	  

•  The	  Unknown	  !	  
17	  



eLISA:	  30	  Million	  White	  Dwarf	  Binaries!	  

18	  

•  Several	  Thousand	  resolvable	  in	  2	  yr	  
•  Discriminate	  between	  BH,	  NS,	  and	  WD	  binaries	  

•  	  Synergy	  between	  eLISA	  and	  GAIA:	  	  
– eLISA	  polarisa'on	  measurement	  	  
gives	  inclina&on	  of	  orbital	  plane	  

– eLISA	  gives	  accurate	  distances	  to	  	  
and	  masses	  of	  WD/WD	  binaries	  	  
whose	  orbits	  show	  effects	  of	  	  
gravita'onal	  radia'on	  reac'on	  



eLISA	  has	  guaranteed	  Sources:	  	  
Known	  Verifica'on	  Binaries	  

HM	  Cnc	  

SDSS	  J0651	  
AM	  CVn	  HP	  Lib	  

V803	  Cen	   CR	  Boo	  ES	  Cet	  
V407	  Vul	  

19	  



Astrophysics,	  Cosmology	  and	  
Fundamental	  Physics	  	  

•  Massive	  Black	  Holes	  (104	  to	  108	  M☉)	  	  
–  When	  did	  the	  first	  Black	  Holes	  appear	  	  in	  pre-‐galac'c	  halos	  and	  what	  is	  their	  mass	  and	  spin?	  
–  How	  did	  Black	  Holes	  form,	  assemble	  and	  evolve	  from	  cosmic	  dawn	  to	  present	  'me,	  due	  to	  accre'on	  and	  mergers?

What	  role	  did	  Black	  Holes	  play	  in	  re-‐ionisa'on,	  galaxy	  evolu'on	  and	  structure	  forma'on?	  
–  What	  is	  the	  precise	  luminosity	  distance	  to	  loud	  standard	  siren	  black	  hole	  binaries?	  
–  What	  is	  the	  distance	  –	  redshij	  rela'on	  and	  the	  evolu'on	  history	  of	  the	  universe?	  
–  Does	  the	  Graviton	  have	  mass?	  

•  Extreme	  Mass	  Ra'o	  Inspirals,	  EMRIs	  (1	  to	  10	  M☉	  into	  104	  to	  5	  x	  106	  M☉)	  
–  How	  is	  the	  stellar	  dynamics	  in	  dense	  galac'c	  nuclei?	  
–  How	  does	  dynamical	  relaxa'on	  and	  mass	  segrega'on	  work	  in	  dense	  galac'c	  nuclei?	  	  
–  What	  is	  the	  occupa'on	  frac'on	  of	  black	  holes	  in	  low-‐mass	  galaxies?	  
–  How	  large	  are	  devia'ons	  from	  Kerr	  Metric,	  and	  what	  new	  physics	  causes	  it?	  
–  Are	  there	  horizonless	  objects	  like	  boson	  stars	  or	  gravastars?	  
–  Are	  alterna'ves	  to	  GR	  viable,	  like	  Chern-‐Simons	  or	  scalar	  tensor	  theories	  or	  braneworld	  scenarios?	  	  

•  Ultra-‐Compact	  Binaries	  in	  Milky	  Way	  
–  What	  is	  the	  explosion	  mechanism	  of	  type	  Ia	  supernovwe?	  
–  What	  is	  the	  forma'on	  and	  merger	  rate	  of	  compact	  binaries?	  
–  What	  is	  the	  endpoint	  of	  stellar	  evolu'on?	  

•  Stochas'c	  Signals	  
–  Directly	  probe	  Planck	  scale	  epoch	  at	  1	  TeV	  to	  1000	  TeV	  before	  decoupling	  of	  microwave	  background	  
–  Were	  there	  phase	  transi'ons	  and	  of	  which	  order?	  
–  Probe	  Higgs	  field	  self	  coupling	  and	  poten'al,	  and	  search	  for	  supersymmetry.	  
–  Are	  there	  warped	  sub-‐millimetre	  extra-‐dimensions?	  
–  Can	  we	  see	  braneworld	  scenarios	  with	  rehea'ng	  temperatures	  in	  the	  TeV	  range?	  
–  Do	  topological	  defects	  like	  Cosmic	  Strings	  exist?	  

•  The	  Unknown	  !	  
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STOCHASTIC	  GW	  BACKGROUND	  
•  Wavelength	  of	  primordial	  Gravita'onal	  Waves	  set	  by	  horizon	  

scale	  at	  'me	  of	  emission	  (with	  temperature	  T✻):	  
	  
•  eLISA	  band	  	  

–  0.1-‐100	  mHz	  ⟹	  1-‐1000	  TeV	  (beyond	  LHC)	  
–  1	  mm	  scale	  @	  TeV	  
–  3×10-‐18	  -‐	  3×10-‐10	  s	  ajer	  the	  Big	  Bang	  

•  eLISA	  sensi've	  to	  LHC	  physics	  	  
and	  beyond	  
–  Higgs	  self-‐couplings	  and	  poten'al	  
–  Supersymmetry	  
–  Extra	  dimensions	  
–  Strings	  
–  Dark	  Energy	  density	  ≈	  (0.1	  mm)-‐4	  

•  Signature	  in	  eLISA	  band?	  
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LISA	  Mock	  Data	  Challenge	  
•  Prac'cing	  data	  analysis	  

on	  synthe'c	  data	  

•  Blind	  interna'onal	  
challenge	  

•  Full	  eLISA	  data	  stream	  

–  Instrumental	  noise	  

–  4	  MBH	  events	  

–  5	  EMRI	  events	  

–  26.1	  million	  Galac'c	  	  
binaries	  

•  Effec've	  data	  analysis	  algorithms	  are	  in	  hand!	  
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Ajer	  15	  years	  of	  joint	  LISA	  
development	  in	  March	  2011...	  
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•  Redesign for ESA-only mission	


• Cost-cap for ESA cost at 850 M€ plus���
member state contributions around 200 M€	


Ø Build on LISA Pathfinder hardware	

Ø Shorter arms, smaller telescopes, ���

simpler orbits, less mass	

Ø Can use cheaper launcher	


à Mission Concept called NGO (eLISA)	


à eLISA: evolving LISA	

à NGO: specific incarnation of eLISA for ESA L1 selection!	


LISA Redefinition Study for L1	


Soyuz Fregat 



NGO	  Layout	  for	  eLISA	  
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Heliocentric	  orbit	  trailing	  earth	  by	  20∘	  
Free-‐floa'ng	  test	  masses	  

Drag-‐free	  control	  
1	  Million	  km	  arms	  
20	  cm	  telescopes	  

2	  W	  lasers	  



Op'cal	  Assembly	  
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Daughters	  

Mother	  



The	  Science	  Instrument	  	  
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S/C	  mounted	  

FEE	  

PM	  

ULU	  

DMU	  

Op'cal	  Bench	  (OB)	   Gravita'onal	  	  
Reference	  	  
Sensor	  (GRS)	  

•  Provided	  by	  eLISA	  Consor'um	  (D,	  F,	  I,	  UK,	  ES,	  CH,	  DK,	  NL)	  
•  Also	  providing	  LISA	  Pathfinder	  Instrument	  	  

www.elisascience.org	  



LISA	  Pathfinder	  

•  Take	  one	  eLISA	  link	  	  
•  Hardware	  designed	  for	  LISA	  
•  Squeeze	  it	  into	  one	  spacecraj	  

28	  Stefano	  Vitale	  



LISA	  Pathfinder	  

29 
•  Launch	  date	  has	  now	  been	  stable	  at	  July	  2015!	  
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Tes'ng	  Free	  Flying	  Test	  Mass	  
(GRS)	  on	  Ground:	  	  
Torsion	  Pendulum	  

Test-‐mass	  (hollow)	  

	  	  	  	  	  Disturbing	  surroundings	  (GRS)	  



eLISA	  	  
spec	  

LPF	  	  
spec	  

U.	  Trento	  

Superb	  GRS	  Performance	  on	  Ground	  
•  Upper	  limits	  from	  torsion	  pendulum	  
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Op'cal	  Metrology	  Ground	  Tes'ng	  

32	  



Superb	  Op'cal	  Performance	  on	  Ground	  
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All	  Payload	  Hardware	  delivered	  and	  
tested	  by	  November	  2013	  

•  All	  remaing	  integra'on	  steps	  successfully	  prac'ced	  
•  Launch	  July	  2015	  now	  stable	  !	  
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LTP SubContracts  

GPRM Calibration GPRM FM 2

dCCU

CVM

ISH 1 & 2 Flight Models

CFIs  

EH1

EH2

ISUK modified

ULU repaired & accepted  --> to SCM

2 OB final Qual (Spare)  --> to ASD

3 OB final Qual

ASD AIT  

LCA MAIT preparation

LCA Composite Prep

LCA final lntegration DRB @ ESA Launch

LCA Composite final lntegration  --> to SCM

Spacecraft tasks to launch (~8months)

CCU Repair

Waiting for optical bench 3

2 months



New	  ESA	  Call	  for	  Large	  Missions	  
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Warsaw,	  July	  11,	  
2013	  

S.	  Vitale	   36	  

	  
	  h4p://elisascience.org/whitepaper	  



ESA‘s	  L2	  and	  L3	  Missions	  
•  Call	  for	  Science	  Themes	  2013	  
•  Selec'on	  of	  Themes	  in	  Nov	  2013	  
•  LISA	  Pathfinder	  launch	  2015	  
•  Launch	  of	  L2	  in	  2028	  
•  Launch	  of	  L3	  in	  2034	  
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Roadmap	  for	  LISA	  
•  Launch	  LISA	  Pathfinder	  in	  2015	  
•  Coordina'on	  of	  interna'onal	  partners	  
•  If	  LISA	  is	  L2:	  

– Build	  EQM	  of	  complete	  Payload	  in	  2016	  –	  2020	  
– Start	  industrial	  implementa'on	  in	  2020	  
– Launch	  in	  2028	  

•  If	  LISA	  is	  L3:	  
– Technology	  development	  un'l	  2019	  
– Payload	  EQM	  2020	  –	  2024	  
– Start	  industrial	  implementa'on	  2025	  
– Launch	  2034	  
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Summary	  
•  LISA	  will	  

–  Explore	  the	  whole	  Universe	  through	  Gravity	  only	  
–  Probe	  assembly	  of	  cosmic	  structure	  through	  Black	  Holes	  
and	  observe	  their	  seeds	  

–  Inves'gate	  General	  Rela'vity	  in	  Strong	  Field	  Regime	  
–  Explore	  the	  Early	  Universe	  
– Have	  a	  huge	  discovery	  space	  

•  LISA	  Pathfinder	  
– Has	  all	  payload	  hardware	  tested	  and	  delivered	  next	  month	  
– Will	  fly	  in	  2015	  on	  a	  robust	  schedule	  
– Will	  fly	  hardware	  designed	  for	  and	  usable	  by	  eLISA	  

•  LISA	  will	  be	  a	  true	  Cosmic	  Vision	  !	  
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