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WFIRST	
  Summary	
  

•  WFIRST	
  is	
  the	
  highest	
  ranked	
  large	
  space	
  mission	
  in	
  
2010	
  US	
  Decadal	
  Survey	
  	
  
	
   	
  -­‐	
  	
  exoplanet	
  microlensing	
  
	
   	
  -­‐	
  	
  exoplanet	
  coronagraphy	
  (op0onal)	
  
	
   	
   	
  -­‐	
  	
  dark	
  energy	
  
	
  	
  	
  	
  	
  	
  -­‐	
  	
  galac0c	
  and	
  extragalac0c	
  astronomy	
  
	
  	
  	
  	
  	
  	
  	
  -­‐	
  Guest	
  Inves0gator	
  program	
  
	
  

• 	
  	
  	
  Measurements:	
  	
  
	
  	
  	
  	
  	
  	
  -­‐	
  	
  NIR	
  sky	
  surveys	
  for	
  BAO	
  &	
  weak	
  lensing	
  
	
  	
  	
  	
  	
  	
  -­‐	
  	
  NIR	
  monitoring	
  for	
  SNe	
  &	
  microlensing	
  
	
  

• 	
  	
  	
  Enabled	
  by	
  US-­‐developed	
  large	
  format	
  HgCdTe	
  	
  	
  	
  	
  
	
  	
  	
  	
  detectors	
  

JWST	
  HgCdTe	
  Detector	
  



•  WFIRST	
  design	
  specified	
  by	
  Astro2010	
  with	
  1.5m	
  telescope.	
  

•  2012:	
  	
  NRO	
  makes	
  available	
  two	
  2.4m	
  telescope	
  to	
  NASA;	
  one	
  under	
  
considera0on	
  for	
  WFIRST	
  

•  Science	
  Defini0on	
  Team	
  formed	
  to	
  study	
  WFIRST-­‐AFTA	
  

•  There	
  is	
  enthusiasm	
  the	
  community	
  for	
  AFTA.	
  	
  Capabili0es	
  greatly	
  expanded	
  
compare	
  to	
  DRM-­‐1	
  

•  There	
  is	
  good	
  hope	
  for	
  overlap	
  of	
  LSST,	
  Euclid,	
  JWST	
  &	
  WFIRST.	
  	
  Great	
  win	
  for	
  
science	
  due	
  to	
  complementarity	
  of	
  capabili0es.	
  

WFIRST	
  Status	
  



q  WFIRST-­‐2.4m	
  AFTA	
  
§  2.4	
  meter	
  on-­‐axis	
  telescope	
  
§  288	
  Mpixels,	
  0.3	
  deg2	
  

§  AddiAonal	
  IFU	
  for	
  SN	
  slit	
  spectroscopy	
  
§  5	
  year	
  mission	
  (2.5	
  yr	
  Dark	
  Energy)	
  
§  Falcon9	
  Heavy	
  or	
  Atlas	
  V	
  Launch	
  Vehicle	
  

q  DRM1	
  	
  
§  1.3	
  meter	
  off-­‐axis	
  telescope	
  
§  150	
  Mpixels,	
  0.4	
  deg2	
  

§  5	
  year	
  mission	
  (2.5	
  yr	
  Dark	
  Energy)	
  
§  Atlas	
  V	
  Launch	
  Vehicle	
  

q  DRM2	
  
§  1.1	
  meter	
  off-­‐axis	
  telescope	
  
§  234	
  Mpixels,	
  0.6	
  deg2	
  

§  3	
  year	
  mission	
  (1.5	
  yr	
  Dark	
  Energy)	
  
§  Falcon9	
  Launch	
  Vehicle	
  

Design	
  Concepts	
  



•  Determine science requirements and key mission parameters 

•  Work with Project office to develop a Design Reference 
Mission using one of the 2.4m telescope assets 

•  Use telescope "as is" 

•  Maintain the technical viability for a 2022 launch 

•  Incorporate modularity in design and attach points to facilitate 
on-orbit servicing and I&V testing.  Consider GEO orbit. 

•  Keep overall mission cost as low as possible 

•  Study including a coronagraph instrument as an option  
 

•  Study utilizing optical communication as an option 

SDT	
  Charter	
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Brief&Summary&of&New&Asset&
� Two&2.46m&telescopes&have&been&

transferred&to&NASA:&
� Designed&as&a&TMA&system&but&tertiary&

mirror&is&not&applicable&for&science&
mission&

� Primary&mirror&is&f/1.2,&on6axis&system&
� Compact&design&is&similar&to&the&

dynamic&test&unit&shown&here&
� Thermal&control&heaters&are&already&on&

the&shell&
� 6&struts&position&the&secondary&mirror&

� 6&actuators&at&the&base&of&the&SM&struts&
� 1&focus&actuator&on&the&SMA&for&fine&focus&

� Long&struts&to&spacecraft&bus&provide&
approximately&1.5m&of&available&space&
for&aft&optics,&instruments,&etc.&

�	���
��������������
	���������	�����
����&of&Exelis&via&Gary&Matthews&Science	
  Defini0on	
  Team	
  #2	
  

AFTA	
  
Astrophysics	
  Focused	
  
Telescope	
  Assets	
  



Focal	
  
Plane	
  

F1	
  

M3	
  

Op0cs	
  

looking	
  up	
  	
  
from	
  bo`om	
  



Detector	
  Layout	
  on	
  Sky	
  

Slitless	
  spectroscopy	
  with	
  grism	
  in	
  filter	
  wheel	
  
R_θ ~	
  100	
  arcsec/micron	
  

Each	
  square	
  
is	
  a	
  H4RG-­‐10	
  

288	
  Mpixels	
  total	
  

0.788° wide

6x3 H4RG  @ 0.11"/p, 0.328 sq.deg 

JWST [all instruments]HST [all instruments]
Moon (average size 

seen from Earth)

0.427° high

Coronagraph 
Field

IFU field

X gaps 2.5mm
Y aps 8.564mm

0.11	
  arcsec/pixel	
  	
  	
  	
  	
  	
  0.33	
  deg2	
  



Evolu0on	
  of	
  Imaging	
  Speed	
  

HST	
  

AFTA	
  



IFU	
  Spectrometer	
  

R	
  ~	
  75	
  	
  spectral	
  resolu0on	
  
	
  
Background	
  zodi	
  is	
  100X	
  less	
  than	
  
with	
  slitless	
  grism	
  spectroscopy	
  



NRO	
  Telescopes	
  for	
  
NASA	
  and	
  Astrophysics	
  

•  2.4	
  meter	
  telescope	
  
– High	
  quality	
  mirror	
  and	
  op0cal	
  system	
  
– Easily	
  used	
  in	
  a	
  TMA	
  design	
  
• Wide	
  field	
  of	
  view	
  

– Well	
  suited	
  towards	
  WFIRST	
  mission	
  concept	
  
•  Higher	
  spa0al	
  resolu0on	
  enhances	
  science	
  capability	
  
•  Larger	
  collec0ng	
  area	
  enables	
  more	
  science	
  in	
  fixed	
  
0me	
  



Complementarity	
  to	
  LSST	
  &	
  Euclid	
  

WFIRST-­‐2.4	
  IR	
  depth	
  well	
  
matched	
  to	
  LSST	
  op0cal.	
  
Scan	
  strategy	
  achieves	
  
100%	
  overlap	
  with	
  LSST	
  	
  
	
  
Compared	
  to	
  Euclid	
  IR,	
  	
  

• WFIRST-­‐2.4	
  is	
  ~10x	
  
deeper	
  

•  2.3	
  higher	
  angular	
  
resolu0on	
  

•  Less	
  0me	
  spent	
  in	
  prime	
  
mission	
  on	
  DE	
  survey	
  
(2.5	
  vs	
  6.25	
  years)	
  

	
  



instrument	
   telescope	
   pixel	
  scale	
   field	
  of	
  view	
   wavelength	
  

WISE	
   0.4m	
   2.75	
  arcsec	
   47	
  arcmin	
   3	
  –	
  28	
  µm	
  

ISO	
   0.6m	
   12	
  arcsec	
   3	
  arcmin	
   2.4	
  –	
  240	
  µm	
  

Akari	
   0.7m	
   1.5	
  arcsec	
   10	
  arcmin	
   1.8	
  –	
  180	
  µm	
  

Spitzer	
   0.85m	
   1.2	
  arcsec	
   5.2	
  arcmin	
   3	
  –	
  8	
  µm	
  

Hubble/NICMOS	
   2.4m	
   0.04	
  –	
  0.20	
  arcsec	
   0.2	
  –	
  0.9	
  arcmin	
   0.8	
  –	
  2.5µm	
  

Hubble/WFC3	
  IR	
   2.4m	
   0.13	
  arcsec	
   2	
  arcmin	
   0.9	
  –	
  1.7	
  µm	
  

Euclid	
   1.2m	
   0.3	
  arcsec	
   44	
  arcmin	
   0.9	
  –	
  2.0	
  µm	
  	
  

WFIRST	
  –	
  2.4m	
   2.4m	
   0.11	
  arcsec	
   25	
  x	
  52	
  arcmin	
   1.0	
  –	
  2.0	
  µm	
  

Near	
  IR	
  Capabili0es	
  



WFIRST	
  provides	
  a	
  factor	
  of	
  100	
  
improvement	
  in	
  IR	
  surveys	
  

WFIRST	
  

NIR	
  RedshiZ	
  Surveys	
  NIR	
  Imaging	
  Surveys	
  

WFIRST	
  
	
  	
  	
  	
  WFIRST-­‐SN	
  

WFIRST	
  NIR	
  Surveys	
  



New	
  Science	
  Enabled	
  by	
  2.4	
  m	
  

•  Higher	
  Resolu0on	
  Galaxy	
  Survey	
  
–  More	
  galaxies	
  enables	
  mapping	
  large-­‐scale	
  

distribu0on	
  of	
  dark	
  ma`er	
  

–  Detailed	
  galaxy	
  morphology	
  enables	
  
detailed	
  study	
  of	
  galaxy	
  evolu0on	
  (HST	
  
imaging	
  with	
  more	
  than	
  100	
  x	
  FOV)	
  

–  How	
  Do	
  Cosmic	
  Structures	
  Form	
  and	
  
Evolve?	
  
•  “It	
  is	
  most	
  important	
  to	
  obtain	
  HST-­‐like	
  imaging	
  

to	
  determine	
  the	
  morphologies,	
  sizes,	
  density	
  
profiles	
  and	
  substructure	
  of	
  dark	
  ma`er,	
  on	
  
scales	
  from	
  galaxies	
  to	
  clusters	
  by	
  means	
  of	
  weak	
  
and	
  strong	
  gravita0onal	
  lensing,	
  in	
  lens	
  samples	
  
at	
  least	
  an	
  order-­‐of-­‐magnitude	
  larger	
  than	
  
currently	
  available”	
  (GCT,	
  p97)	
  	
  

Imagine	
  a	
  2000	
  sq.	
  degree	
  version	
  of	
  
the	
  Cosmos	
  dark	
  ma`er	
  map!	
  



New	
  Science	
  II:	
  Improved	
  	
  
Dark	
  Energy	
  Measurements	
  

•  Supernova	
  
–  IFU	
  improves	
  SN	
  info.	
  

•  BAO	
  with	
  OIII	
  
•  Strong	
  Lensing	
  
•  Redshit	
  Space	
  Distor0ons	
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Millennium	
  Simula0on	
  

Springel	
  et	
  al.	
  2005	
  

z	
  =	
  1.5	
   500	
  h-­‐1	
  Mpc	
  
9	
  degrees	
  

galaxies	
  at	
  luminosity	
  	
  
threshold	
  to	
  match	
  	
  

WFIRST-­‐2.4m	
  space	
  density	
  
	
  

galaxies	
  at	
  luminosity	
  	
  
threshold	
  to	
  match	
  	
  
Euclid	
  space	
  density	
  

	
  

dark	
  ma`er	
  

Figure	
  by	
  Y.	
  Zu	
  



New	
  Science	
  III:	
  Strong	
  Lensing	
  

CLASH	
  Survey	
  across	
  2600	
  sq.	
  deg	
  



New	
  Science	
  IV:	
  JWST	
  Target	
  Finder	
  

•  Deeper	
  HLS	
  (mag	
  26	
  (10	
  σ)	
  
rather	
  than	
  25)	
  enables	
  the	
  
detec0on	
  of	
  large	
  number	
  of	
  
high	
  z	
  target	
  galaxies	
  for	
  JWST	
  



New	
  Science	
  (V):	
  Astrometry	
  and	
  Dark	
  Ma`er	
  

•  Astrometry	
  
–  Higher	
  resolu0on	
  and	
  improved	
  collec0ng	
  area	
  

enables	
  AFTA/WFIRST	
  to	
  achieve	
  same	
  
astrometric	
  accuracy	
  10	
  0mes	
  faster	
  than	
  
DRM1	
  	
  

–  Trace	
  substructure	
  in	
  globular	
  cluster	
  0dal	
  tails:	
  
test	
  whether	
  dark	
  ma`er	
  is	
  warm	
  dark	
  ma`er	
  

–  GAN	
  4:	
  What	
  are	
  the	
  connec?ons	
  between	
  dark	
  
and	
  luminous	
  maBer?	
  
•  Using	
  local	
  universe	
  as	
  dark	
  maBer	
  laboratory	
  
•  What	
  is	
  the	
  baryon-­‐dark	
  maBer	
  connec?on	
  at	
  

low	
  galaxy	
  masses?	
  
•  How	
  much	
  Low-­‐Mass	
  Substructure	
  Exists	
  Locally	
  	
  

–  GAN	
  DA:	
  Astrometry	
  as	
  a	
  General	
  Area	
  of	
  
Discovery	
  Poten?al	
  



New	
  Science	
  VI:	
  Exoplanet	
  Science	
  

–  Replace	
  with	
  Kasdin	
  slides	
  



Rich	
  GO	
  Science	
  
(New	
  Science	
  VII…..)	
  



Project	
  

25	
  


