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LISA	  in	  2012:	  
	  20	  years	  of	  development!	  



Last	  year...	  
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ESA	  Cosmic	  Vision	  L1	  DownselecAon	  

•  04/2011	  –	  11/2011,	  Rescoping	  study	  

•  11/2011	  –	  02/2012,	  Technical	  assessment	  by	  ESA	  

•  March	  15,	  2012,	  DelegaAons	  MeeAng	  in	  Paris	  

•  April	  2,	  2012,	  SSAC	  MeeAng	  in	  Paris	  

•  May	  2,	  2012,	  SPC	  MeeAng,	  SelecAon	  
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Technical	  Assessment	  
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Technical	  Assessment	  
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•  We	  came	  out	  well!	  	  
•  LISA-‐EST-‐RP-‐1018:	  



NGO:	  Revealing	  a	  Hidden	  
Universe	  

Presenta2on	  to	  SSAC,	  Paris,	  April	  2,	  2012	  
	  

Bernard	  Schutz	  and	  Karsten	  Danzmann	  
for	  the	  NGO	  Study	  Team	  



SSAC	  RecommendaAon	  
•  EUROPEAN	  SPACE	  AGENCY	  
•  SPACE	  SCIENCE	  ADVISORY	  COMMITEE	  (SSAC)	  
•  Recommenda5on	  on	  the	  selec5on	  of	  the	  L1	  mission	  
•  At	  its	  138th	  meeAng	  held	  at	  Paris	  on	  April	  3-‐4	  2012,	  the	  SSAC	  met	  to	  recommend	  

the	  mission	  to	  be	  selected	  for	  the	  L1	  launch	  slot	  of	  the	  Cosmic	  Vision	  
Programme.	  The	  SSAC	  considered	  the	  three	  missions	  ATHENA,	  JUICE,	  and	  NGO.	  

•  The	  SSAC	  carefully	  considered	  both	  the	  scienAfic	  and	  programmaAc	  aspects	  
concerning	  the	  three	  mission	  candidates,	  including	  their	  scienAfic	  value	  and	  the	  
overall	  impact	  on	  the	  Science	  Programme.	  	  

•  A^er	  an	  extensive	  discussion	  the	  SSAC	  came	  to	  a	  consensus	  and	  recommends	  
the	  JUICE	  mission	  to	  be	  selected	  as	  the	  L1	  mission	  leading	  to	  a	  launch	  in	  2022.	  

•  The	  SSAC	  unanimously	  recognized	  the	  high	  science	  value	  of	  NGO	  and	  therefore	  
recommends	  conAnuing	  the	  necessary	  technology	  acAviAes	  to	  enable	  a	  
gravitaAonal	  wave	  observatory	  to	  be	  a	  strong	  candidate	  for	  the	  next	  launch	  slot.	  

•  The	  SSAC	  also	  recognized	  the	  science	  value	  of	  ATHENA	  and	  therefore	  
recommends	  conAnuing	  the	  technology	  acAviAes	  for	  enabling	  an	  X-‐ray	  
observatory	  to	  be	  a	  strong	  candidate	  for	  the	  next	  launch	  slot	  
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ESA	  SPC	  Decision	  
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ESA	  SPC	  Decision	  
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New	  NASA	  AcAviAes	  
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Interest	  from	  China	  
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ESA‘s	  L2	  Mission	  
•  Next	  call	  for	  proposals	  2013	  or	  2014	  
•  Cornerstone	  scheme	  ?	  

– Firm	  selecAon	  of	  L2/L3	  
– Order	  and	  Aming	  of	  implementaAon	  depend	  on	  
readiness	  

à LISA	  hard	  to	  beat	  a^er	  successful	  Pathfinder	  launch	  
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ESA	  Member	  State	  Involvement	  
•  TradiAonally:	  

–  ESA:	  spacecra^	  bus	  
–  ESA	  member	  state	  agencies:	  science	  instrument	  

•  In	  old	  ESA/NASA	  LISA:	  
–  Payload	  was	  European	  contribuAon	  paid	  for	  by	  ESA	  
–  Different	  from	  other	  L1	  mission	  candidates	  

•  In	  eLISA:	  
–  Use	  tradiAonal	  approach	  of	  naAonal	  consorAum	  

•  LISA	  =	  	  
class	  of	  laser	  interferometric	  missions	  with	  million	  km	  arms	  in	  
heliocentric	  orbit	  using	  drag-‐free	  satellites	  

•  eLISA	  =	  	  
„evolving	  LISA“	  =	  specific	  LISA	  incarnaAon	  for	  an	  EU	  L-‐mission	  	  
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What	  is	  the	  instrument	  on	  NGO?	  	  
•  Treat	  like	  focal	  plane	  instrument	  for	  Astronomy	  
mission	  

•  ESA	  responsible	  for:	  	  
– Satellite	  plajorm,	  including:	  	  

•  Telescope,	  laser,	  and	  structure	  for	  opAcal	  assembly	  
mounAng	  

•  Member	  States	  fund:	  
– ScienAfic	  consorAum	  to	  deliver	  integrated	  
instrument	  consisAng	  of:	  

•  	  OpAcal	  Bench	  with	  akached	  InerAal	  Sensor	  and	  detached	  	  
	  Phasemeter,	  Electronics,	  DiagnosAc	  System	  
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The	  Science	  Instrument	  	  
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•  2	  on	  Mother	  

•  1	  each	  
on	  Daughter	  

S/C	  mounted	  

FEE	  

PM	  

ULU	  

DMU	  



Laser	  Subsystem	  
•  Requirements	  for	  LISA/NGO	  Laser	  Subsystem	  largely	  

compaAble	  with	  the	  specs	  of	  available	  COTS	  laser	  sources	  
–  Master	  Oscillator	  Fiber	  Power	  Amplifier	  (MOFPA)	  architecture	  
–  AlternaAve	  technologies	  are	  maturing	  

•  NPROs	  for	  space	  applicaAon	  are	  available	  from	  TESAT	  
•  Planar	  Waveguide	  External	  Cavity	  Laser	  (e.g.	  NASA	  GSFC,	  Numata	  et	  al.,	  
2012)	  

•  Eagleyard	  DFB	  Laser	  qualified	  for	  GAIA	  (eagleyard	  Photonics	  GmbH,	  
2010)	  

•  Fiber	  Laser	  (e.g.	  Koheras	  BoosAk)	  
–  Fiber	  Amplifier	  technology	  is	  mastered	  by	  a	  number	  of	  suppliers	  

•  Available	  for	  space	  applicaAon	  from	  TESAT	  
•  100	  W	  single-‐frequency	  operaAon	  demonstrated	  in	  lab-‐environment	  
(FSU	  Jena,	  A.	  Tünnermann,	  2003)	  

NGO 

PW-‐ECL	  
(NASA)	  

Bukerfly	  Packaged	  DFB	  Laser	  
(eagleyard)	  

Innolight	  Mephisto	  
(NPRO)	  

Koheras	  BoosAk	  
(Fiber	  Laser)	  

Orbits	  Lightwave	  
(Fiber	  Laser)	  



Laser	  Subsystem	  –	  Heritage	  of	  TESAT	  
Nd:YAG	  Lasers	  

Instrument	   Laser	  Architecture	   Op5cal	  Power	   Models	   Year	  

LCT	  on	  NFIRE	   Nd:YAG	  NPRO	  +	  2-‐stage	  Amplifier	   1.5	  W	   2	  FMs	  in	  operaAon	   Launched	  24.	  April	  2007	  

LCT	  on	  TerraSAR-‐X	   Nd:YAG	  NPRO	  +	  2-‐stage	  Amplifier	   1.5	  W	   2	  FMs	  in	  operaAon	   Launched	  15.	  June	  2007	  

GIFTS	   Nd:Yag	  NPRO	  RLU	   25	  mW	   1	  FM	  delivered	   2004	  

ALADIN	  on	  AEOLUS	   Nd:Yag	  NPRO	  RLH	   25	  mW	   2	  FMs	  delivered	   2006	  

ATLID	  on	  EarthCare	   Nd:Yag	  NPRO	  RLH	   1	  PFM,	  1	  FM	  

LTP	  on	  LISA	  Pathfinder	   Nd:YAG	  NRPO	  RLU	   40	  mW	  ±	  30%	   1	  PFM	  delivered	   18.	  June	  2010	  

LCT	  on	  Alphasat	   Nd:YAG	  NPRO	  +	  3-‐stage	  Amplifier*	   5	  W	   2012	  

LCT	  on	  SenAnel	  1-‐A	   5	  W	   FM	   2012	  

LCT	  on	  SenAnel	  2-‐A	   5	  W	   FM	   2013	  

LCT	  on	  EDRS-‐A	   5	  W	   FM	   2013	  

LCT	  on	  EDRS-‐C	   5	  W	   FM	   2014	  

LCT	  on	  SenAnel	  1-‐B	   5	  W	   2014	  

LCT	  on	  SenAnel	  2-‐B	   5	  W	   2015	  

NGO	  

*an	  equivalent	  system	  was	  provided	  to	  AEI	  for	  tesAng	  wrt.	  LISA/NGO,	  showing	  adequate	  
performance	  

ESA/SPC(2012)12	  



High	  Power	  Laser	  
àRe-‐use	  LISA	  Pathfinder	  master	  and	  ERDS	  fiber	  amplifier	  
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•  Stable	  low-‐noise	  operaAon	  up	  to	  2.2	  W	  



Laser	  development	  for	  LISA	  
•  LTP	  RLU,	  EOM,	  opAcal	  amplifier	  with	  control	  
electronics	  available	  from	  Tesat	  Spacecom	  (with	  
flight	  heritage	  or	  approval)	  

•  Frequency-‐	  and	  power	  stabilizaAons	  only	  exist	  
in	  breadboard	  version	  (High-‐Stability	  Laser	  
project),	  require	  adaptaAon	  to	  Tesat	  laser	  

•  Next	  steps:	  	  
– build	  EM	  of	  laser	  system	  including	  stabilizaAons	  
– performance	  tesAng	  
– verify	  low	  differenAal	  phase	  noise	  for	  GHz	  
sidebands	  in	  opAcal	  amplifier	  



Telescope	  Subsystem	  –	  Key	  
Requirements	  

•  This	  wording	  appears	  misleading:	  
–  The	  first	  sentence	  is	  not	  relevant	  for	  LISA	  and	  in	  the	  context	  of	  the	  paper	  extremely	  

misleading	  for	  a	  layman.	  
–  The	  second	  sentence	  seems	  to	  imply	  the	  correct	  meaning:	  the	  picometer	  pathlength	  

stability	  only	  has	  to	  be	  provided	  for	  Fourier	  frequencies	  within	  the	  LISA	  band,	  but	  not	  in	  
an	  absolute	  sense.	  NGO	  

Parameter	   Requirement	   Comment	  

External	  Pupil	  Diameter	   	  NGO	   	  200	  mm	  
	  Original	  LISA 	  400	  mm	  

The	  reducAon	  of	  the	  Telescope	  Diameter	  for	  NGO	  is	  enabled	  by	  the	  reducAon	  of	  the	  
interferometer	  arm	  length	  from	  5	  Mio.	  km.	  to	  1	  Mio.	  km.	  
The	  reduced	  diameter	  in	  turn	  facilitates	  an	  all-‐Zerodur	  design	  opAon,	  which	  is	  not	  reasonable	  
for	  the	  larger	  40	  cm	  telescope	  of	  the	  original	  LISA,	  due	  to	  its	  higher	  mass.	  

Field	  of	  View	   ±200	  µrad	   Minimum	  FoV	  required	  for	  iniAal	  beam	  acquisiAon.	  For	  standard	  telescopes,	  this	  value	  is	  
equivalent	  to	  „on-‐axis“	  operaAon.	  Note	  that	  the	  Telescope	  is	  an	  a-‐focal,	  non-‐imaging,	  
monochromaAc	  system,	  and	  the	  design	  is	  specifically	  opAmized	  for	  such	  operaAon.	  

Wavefront	  Error	   <	  λ/30	  rms	  total	  for	  Z5	  and	  
higher	  (Noll)	  

This	  requirement	  drives	  the	  absolute	  tolerancing	  of	  the	  telescope	  mirrors.	  See	  next	  slide	  for	  a	  
discussion.	  

Pathlength	  Stability	   „System“	  CTE	  <	  2	  ×	  10-‐7	  m/K	   The	  required	  picometer	  pathlenght	  stability	  of	  the	  Telescope	  within	  the	  LISA	  band	  is	  achieved	  
by	  a	  high	  temperature	  stability	  (within	  the	  LISA	  band)	  in	  combinaAon	  with	  a	  low	  „System	  
CTE“.	  	  The	  main	  stability	  requirement	  to	  the	  Telescope	  Subsystem	  is	  therefore	  solely	  a	  
requirement	  to	  ist	  effec5ve	  temperature	  coefficient,	  compaAble	  with	  standard	  engineering	  
pracAces	  and	  considered	  to	  be	  within	  the	  current	  state-‐of-‐the-‐art.	  

ESA/SPC(2012)12	  



Telescope	  Subsystem	  –	  Heritage	  
•  CFRP	  thermostable	  structures,	  supporAng	  
mainly	  Zerodur	  mirror	  substrates	  (abridged	  list)	  
– µm/µrad	  absolute	  accuracy	  and	  stability	  required	  
for	  all	  instruments	  below	  

Instrument	   Models	   Status	  

Gomos	  on	  Envisat	  (LEO)	   2	  FM’s	  +	  1	  QM	   in	  orbit	  since	  2002	  

Cartosat-‐2	  (LEO)	   4	  FM’s	   in	  orbit	  since	  2007	  

Kompsat	  3	  (LEO)	   1	  FM	   in	  orbit	  since	  2012	  

Kompsat	  3A	  (LEO)	   1	  FM	   launch	  in	  2013	  

Seviri	  on	  MSG	  (GEO)	   4	  FM’s	  +	  1	  QM	   in	  orbit	  since	  2002	  

Planck	  reflectors	  (L2)	   1	  FM	  +	  1	  QM	   in	  orbit	  since	  2009	  



Telescope	  Subsystem	  	  	  
Running	  LISA	  CTP	  

•  Telescope	  Assembly	  for	  LISA	  OSC	  
–  EBB	  representaAve	  of	  FM	  design	  
–  All	  requirements	  are	  predicted	  to	  be	  saAsfied	  
–  Current	  status:	  

•  AcAvity	  is	  on	  schedule	  
•  Telescope	  structure	  delivered	  to	  TNO	  for	  tesAng	  
•  Begin	  of	  thermo-‐elasAc	  test	  in	  July	  2012	  

–  If	  test	  is	  successful:	  
•  TRL6	  is	  achieved	  
•  System	  CTE	  <	  10-‐7	  K-‐1	  demonstrated,	  even	  with	  an	  off	  

axis	  telescope	  design	  
•  Design	  concept	  for	  smaller	  telescopes	  (NGO)	  

–  Possibly,	  an	  all	  Zerodur	  design	  is	  feasible:	  no	  effect	  
of	  moisture	  	  

–  Use	  of	  Zerodur	  as	  structural	  material	  matured	  
through	  LTP	  on	  LISA	  Pathfinder	  

•  Fracture	  properAes	  
•  Mechanical	  &	  Thermal	  tesAng	  
•  Insert	  &	  Bonding	  Technology	  
•  etc.	  …	  

04.	  Nov.	  2010	   MeeAng	   Page	  23	  

1m
	  



NGO	  ConsorAum	  (NC)	  
maintained	  as	  eLISA	  ConsorAum	  

eLISA	  Consor5um	  
Instrument-‐PI	  (D),	  Co-‐PIs	  (I,	  F,	  UK,	  CH,	  DK,	  ES)	  

Germany	  

ConsorAum	  
Lead	  
	  
System	  
Engineering	  

Phasemeter	  

France	  

AIVT	  

SE	  Support	  
Mechanics	  

Data	  Center	  

UK	  

OpAcal	  
Bench	  

Charge	  
Control	  

Italy	  

GRS	  Lead	  
	  
	  	  EH	  
	  	  Vacuum	  
	  	  TM	  

Switzerland	  

ISS	  FEE	  

ISS	  Caging	  

Denmark	  

Phasemeter	  
	  	  Support	  

Spain	  

Thermal	  
Design	  

DignosAcs	  

DMU	  
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www.elisa-‐ngo.org	  
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ESA	  appoints	  TASAT	  
•  Technology	  AcAviAes	  Science	  Advisory	  Team	  
for	  GravitaAonal	  Wave	  Missions	  
– Chair:	  Oliver	  Jennrich	  
– Members:	  Pierre	  Binetruy,	  Karsten	  Danzmann,	  
Stefano	  Vitale,	  Harry	  Ward	  
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•  CoordinaAon	  and	  management	  of	  instrument	  
consorAum	  and	  deliverables	  

•  System	  Engineering	  
•  Requirements	  SpecificaAons	  
•  Instrument	  test	  plan	  
•  Shadow	  Engineering	  	  	  

–  Interface	  control	  
	  

Germany:	  	  
ConsorAum	  Lead	  and	  System	  Engineering	  



•  Some	  heritage	  from	  LISA	  Pathfinder	  
•  For	  LISA,	  PM	  was	  	  
NASA-‐provided	  item	  

•  Laboratory	  experiments	  in	  
Europe	  

•  German/Danish	  team	  
•  Performance	  well	  in	  spec	  

•  German	  funding	  available	  for	  complete	  unit	  
•  Support	  from	  Denmark:	  few	  FTEs/y	  TBC	  

–  Treated	  as	  conAngency	  

Germany:	  Phasemeter	  



Phasemeter	  TRP	  
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ESA	  TRP	  Contract	  	  

•  Now	  in	  Phase	  2	  	  
•  20-‐channel	  prototype	  
•  Professionally	  engineered	  
•  Hardware	  space	  qualifyable	  
•  Delivered	  to	  AEI	  on	  August	  17	  

for	  tesAng!	  



Phasemeter	  SituaAon	  
•  Contract	  ends	  Dec	  2012	  
•  Only	  electrical	  tests	  

–  Signal	  simulator	  fundamentally	  not	  sufficient	  	  
– Need	  photons	  to	  bits	  tests	  

•  No	  redundancy,	  no	  flight	  hardware	  
•  No	  complete	  system	  testbed	  

à Need	  second	  study:	  	  
	  LISA	  Metrology	  System	  E2E	  characterizaAon!	  

à Was	  foreseen	  in	  ESA	  plans!	  
à DLR	  takes	  over	  unAl	  2015!	  

31	  



France	  
•  Three	  major	  contribuAons:	  

– Overall	  Instrument	  AIVT	  responsibility	  
– System	  Engineering	  support	  	  

•  Related	  to	  AIVT	  
•  Mechanical	  and	  thermoelasAc	  

– Data	  Processing	  Center	  
•  Data	  intake	  from	  ESA	  SOC	  
•  Provision	  of	  Level	  2	  and	  3	  data	  to	  NaAonal	  Data	  Centers	  
and	  to	  SOC	  for	  later	  community	  delivery	  

32	  



France:	  Data	  Center	  at	  APC	  	  
•  Data	  storage,	  so^ware	  provision	  and	  support	  
•  Data	  input	  from	  ESA	  SOC	  	  
•  Timely	  provision	  of	  Level	  2	  and	  3	  data	  	  

–  to	  SOC	  and	  NC	  naAonal	  data	  centers	  	  

•  Already	  used	  for	  
Pathfinder	  

•  CNES	  funds	  Level	  0	  
study	  for	  LISA	  
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Italy:	  GRS	  Lead	  
•  Italy	  provides	  

– Electrode	  Housing,	  Vacuum,	  Test	  Mass	  
•  Italy	  receives	  

– Front-‐End	  Electronics	  (CH),	  Charge	  Management	  (UK)	  
Caging	  (CH),	  some	  DiagnosAcs	  (ES)	  

•  Italy	  performs	  
–  IntegraAon	  of	  complete	  GRS	  
– FuncAonal	  and	  performance	  tesAng	  
– Environmental	  tesAng	  
– Delivery	  to	  AIV	  responsible	  (F)	  
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Italy:	  GRS	  Lead	  
LISA	  Pathfinder	  Heritage	  
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Performance	  on	  Ground	  
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Uni	  Trento	  



GRS	  SituaAon	  
•  Italy	  fully	  supporAng	  LISA	  
•  First	  priority	  is	  LISA	  Pathfinder	  
•  A^er	  successful	  flight	  move	  on	  to	  develop	  and	  
provide	  same	  for	  LISA	  
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UK	  
•  Major	  contribuAons:	  

– Charge	  Management	  System	  
•  UV	  light	  source	  assembly	  (ULU)	  
•  Fiber	  opAc	  harness	  
•  IS	  UV	  Feedthroughs	  	  
•  IntegraAon	  and	  tesAng	  

– OpAcal	  Bench	  
•  Zerodur	  base	  plate	  
•  OpAcs	  etc.	  
•  IntegraAon	  and	  tesAng	  
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•  LISA	  Pathfinder	  Heritage	  
– New	  developments:	  UV	  diodes	  
– ESA	  TRP	  ongoing	  

UK:	  Charge	  Management	  System	  



Charge	  Management	  SituaAon	  
•  Current	  ESA	  contract	  Phase	  1	  ends	  Oct	  2012	  
•  UV	  LED	  technology	  with	  added	  AC	  
synchronisaAon	  is	  important	  next	  step	  

àNeed	  	  Phase	  2	  contract	  
àWas	  foreseen	  in	  ESA	  plans	  
àNo	  UKSA	  funding	  for	  this	  before	  2016	  	  
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UK:	  OpAcal	  Bench	  
•  LISA	  Pathfinder	  Heritage	  
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UK:	  OpAcal	  Bench	  
•  TRP	  funding	  by	  ESA	  for	  LISA-‐like	  OB	  

– Needs	  only	  changes	  in	  layout	  detail	  for	  NGO	  
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OpAcal	  Bench	  development	  for	  LISA	  
•  In	  running	  opAcal	  bench	  contract,	  reciprocity	  of	  
backlink	  fiber	  was	  demonstrated	  

•  Backlink	  fiber	  is	  unavoidable	  source	  of	  stray	  light	  	  
•  In	  current	  topology,	  effects	  of	  stray	  light	  need	  to	  
be	  subtracted	  (suppression	  of	  more	  than	  two	  
orders	  of	  magnitude	  required)	  

•  Possible	  soluAons	  to	  miAgate	  stray	  light	  effects:	  
– Noise	  subtracAon	  as	  demonstrated	  à	  requires	  twice	  as	  
many	  photodiodes	  for	  redundancy	  

–  Strap-‐down	  architecture	  with	  addiAonal	  low-‐power	  
laser	  per	  opAcal	  bench	  to	  avoid	  stray	  light	  
contaminaAon	  



OpAcal	  Bench	  SituaAon	  
•  Present	  contract	  ends	  2013	  
•  Severely	  impacted	  by	  LPF	  work	  

à 	  Need	  adapAon	  to	  eLISA	  needs	  
à 	  Concentrate	  on	  key	  subsystems	  instead	  of	  
complete	  Elegant	  Breadboard	  

à 	  Full	  support	  from	  DLR	  
à	  UKSA	  funding	  funding	  problem	  in	  2013!	  

	  ESA	  may	  help!	  
	  UKSA	  picking	  up	  again	  in	  2014/15!	  
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Switzerland	  
•  Major	  contribuAons:	  

– GRS	  Front-‐End	  Electronics	  
•  Delta	  qualificaAon	  from	  LPF	  

– Caging	  Mechanism	  
•  Launch	  lock	  
•  GPRM	  
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Switzerland:	  GRS	  Front-‐End	  Electronics	  	  
•  LISA	  Pathfinder	  heritage	  

– Needs	  delta	  qualificaAon	  for	  lower	  frequencies	  
– ESA	  TRP	  ongoing	  

46	  



GRS	  FEE	  SituaAon	  
•  Present	  contract	  ends	  Feb	  2013	  
•  Only	  preparatory	  work	  for	  full	  LISA	  specs	  

à	  Phase	  2	  of	  FEE	  will	  now	  be	  kicked	  off	  in	  2013!	  
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Switzerland:	  Caging	  Mechanism	  
•  LISA	  Pathfinder	  Heritage	  
•  A^er	  successfull	  LPF	  flight	  available	  as	  is	  
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•  Extensive	  Systems	  Experience	  
•  Thermal	  

– Temperature	  	  
sensors	  

– Heaters	  
•  MagneAc	  

– Magnetometers	  
– Coils	  

•  DMU	  
•  Charging	  

– RadiaAon	  Monitor	  

Spain:	  DiagnosAc	  System	  



•  LISA	  Pathfinder	  Heritage	  
– Needs	  more	  channels	  for	  NGO	  

Spain:	  DiagnosAc	  System	  



DiagnosAc	  System	  SituaAon	  
•  Spain	  is	  fully	  behind	  LISA	  
•  Willing	  to	  fund	  improvements	  in	  DiagnosAc	  
System	  necessary	  for	  LISA	  

•  No	  money	  for	  other	  contribuAons	  
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Technology	  Roadmap	  
•  Most	  technologies	  well	  in	  hand,	  some	  crucial	  
finishing	  touches	  missing	  

•  Previous	  tech	  develoment	  geared	  towards	  ESA	  
providing	  all	  of	  LISA	  P/L	  

•  Instrument	  consorAum	  well	  established,	  MSs	  
willing	  and	  able	  to	  provide	  flight	  hardware	  

à Preliminary	  agreement	  reached	  at	  
consolidaAon	  telecon	  with	  Member	  States	  and	  
ESA,	  8th	  October,	  2012	  

à Interim	  funding	  2013	  –	  2015	  reasonably	  secure	  
53	  



DelegaAons	  Telecon	  Dra^	  MoM	  
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ESA	  
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ESA	  Summary	  
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Goals	  of	  the	  MeeAng	  
•  Keep	  and	  grow	  the	  wonderful	  science	  
•  Fix	  technology	  gaps	  before	  L2	  selecAon	  
•  Organize	  Working	  groups	  
•  Discuss	  contribuAons	  from	  US	  and	  China	  
•  Need	  modularity	  
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LISA Technology for 
Earth Gravity Field Missions 



Gravity	  Recovery	  and	  Climate	  
Experiment	  (GRACE)	  

GRACE	  Mission	  (UTCSR,	  GFZ,	  DLR,	  JPL).	  Image	  credit:	  NASA	  

Velicogna,	  “Increasing	  rates	  of	  ice	  mass	  loss	  from	  the	  
Greenland	  and	  Antarc2c	  ice	  sheets	  revealed	  by	  GRACE”	  
Geophys.	  Research	  Lek.	  36,	  L19503	  (2009).	  

GFZ	  

Tiwari	  et	  al.,	  “Dwindling	  groundwater	  resources	  in	  northern	  India,	  
from	  satellite	  gravity	  observa2ons”,	  Geophys.	  Research	  Lek.	  36,	  
L18401	  (2009).	  

Ground	  water	  loss	  in	  India	   Ice	  mass	  loss	  in	  Greenland	  



GRACE	  Follow-‐On	  Mission	  Approved!	  
•  USA/Germany,	  approved	  in	  Germany	  last	  week	  
•  Launch	  in	  2017	  
•  First-‐ever	  intersatellite	  laser	  ranging	  instrument!	  
•  Satellite	  built	  in	  Germany	  with	  US	  money	  
•  Russian	  launcher	  paid	  with	  German	  money	  
•  Carrying	  German/US	  laser	  interferometer	  with	  German	  
laser	  paid	  by	  US	  money	  



LISA	  Pathfinder	  

62 
•  WaiAng	  for	  a	  launch	  in	  2015!	  



Roadmap	  for	  LISA	  
•  PreselecAon	  of	  eLISA	  for	  L2	  in	  2013/14	  
•  ConfirmaAon	  a^er	  successful	  LISA	  Pathfinder	  
flight	  in	  2015	  

•  Fixing	  of	  technology	  gaps	  not	  covered	  by	  LPF	  in	  
2013	  –	  2015	  	  

•  Build	  EQM	  of	  complete	  Payload	  in	  2016	  –	  2020	  
•  Start	  industrial	  implementaAon	  in	  2020	  
•  Launch	  in	  2028	  
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