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Features	
  of	
  Clusters	
  

•  Nearly	
  representa?ve	
  census	
  of	
  maBer	
  (gas,	
  
stars,	
  dark	
  maBer)	
  within	
  ~10	
  Mpc	
  scales	
  

•  Host	
  the	
  most	
  massive	
  galaxies	
  and	
  
supermassive	
  black	
  holes	
  

•  Natural	
  laboratories	
  for	
  studying	
  high-­‐density	
  
galaxy	
  environments	
  (100s-­‐1000s)	
  

Bullet Cluster 

Clowe+04




Why	
  WFIRST	
  will	
  Revolu'onize	
  Cluster	
  Science:	
  
1)	
  Resolu?on	
  

•  Higher	
  resolu?on	
  than	
  LSST/Euclid	
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25 clusters at 0.2 < z < 0.9 Postman+12




Why	
  WFIRST	
  will	
  Revolu'onize	
  Cluster	
  Science:	
  
2)	
  Large	
  FOV	
  

•  Higher	
  resolu?on	
  than	
  LSST/Euclid	
  
•  Larger	
  field	
  of	
  view	
  than	
  HST/JWST	
  



CLASH	
  Ensemble	
  Mass	
  Profile	
  

At	
  z	
  <	
  0.5,	
  HST	
  and	
  JWST	
  don’t	
  give	
  you	
  virial	
  radius	
  in	
  single	
  poin?ng	
  

 Umetsu+15




MACSJ1206.2-­‐0847	
  z=0.44	
  

Subaru	
  FOV	
  

WFIRST	
  FOV	
  

Umetsu+12


WFIRST	
  wide-­‐field	
  imaging	
  will	
  allow	
  HST-­‐level	
  
PSF	
  and	
  galaxy	
  densi?es	
  over	
  ~degree	
  scales	
  



Why	
  WFIRST	
  will	
  Revolu'onize	
  Cluster	
  Science:	
  
2)	
  Large	
  FOV	
  

•  HLS	
  will	
  return	
  CLASH-­‐depth	
  for	
  40,000	
  clusters	
  
extending	
  far	
  beyond	
  virial	
  radius	
  

•  GO	
  Program	
  could	
  do	
  Fron?er	
  Field-­‐depth	
  for	
  
>100	
  clusters	
  	
  



Why	
  WFIRST	
  will	
  Revolu'onize	
  Cluster	
  Science:	
  
3)	
  Can	
  Discover	
  Clusters	
  at	
  z	
  >	
  1	
  

•  Higher	
  resolu?on	
  than	
  LSST/Euclid	
  
•  Larger	
  field	
  of	
  view	
  than	
  HST/JWST	
  

•  Low	
  sky	
  background	
  in	
  space	
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z = 1.035	



SpARCS J104737+574137 	


z = 0.956	



SpARCS J161641+554513 	


z = 1.157	



SpARCS J163435+402151 	


z = 1.180	



SpARCS J163852+403843 	


z = 1.196	



SpARCS J003550-431224 	


z = 1.335	
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SpARCS J161314+564930 	


z = 0.871	



SpARCS J003442-430753 	


z = 0.867	



Ten	
  clusters	
  at	
  
z~1	
  from	
  Spitzer	
  
SpARCS	
  near-­‐IR	
  
selected	
  survey	
  

SpARCS J003645-441050	


z = 0.869	



SpARCS J021524-034331 	


z = 1.004	



Wilson+09, Muzzin
+09




Why	
  WFIRST	
  will	
  Revolu'onize	
  Cluster	
  Science:	
  
3)	
  Can	
  Discover	
  Clusters	
  at	
  z	
  >	
  1	
  

•  Higher	
  resolu?on	
  than	
  LSST/Euclid	
  
•  Larger	
  field	
  of	
  view	
  than	
  HST/JWST	
  

•  Low	
  sky	
  background	
  in	
  space	
  
•  Higher	
  z	
  than	
  LSST/Euclid	
  	
  



Why	
  WFIRST	
  will	
  Revolu'onize	
  Cluster	
  Science:	
  
4)	
  Will	
  Discover	
  40,000	
  Clusters	
  at	
  z	
  >	
  1	
  =>	
  	
  

Cluster	
  Cosmology	
  “for	
  free”	
  	
  

•  Higher	
  resolu?on	
  than	
  LSST/Euclid	
  
•  Larger	
  field	
  of	
  view	
  than	
  HST/JWST	
  

•  Low	
  sky	
  background	
  in	
  space	
  
•  Higher	
  z	
  than	
  LSST/Euclid	
  	
  
•  Cluster	
  mass	
  evolu?on	
  at	
  z	
  >	
  1	
  



Considera?ons	
  for	
  Cluster	
  (&	
  AGN)	
  
Science	
  with	
  WFIRST	
  

•  HLS	
  choice	
  of	
  fields:	
  op?mal	
  overlap	
  with	
  other	
  surveys	
  
e.g.,	
  LSST,	
  Euclid,	
  eRosita,	
  SZ,	
  spectroscopy	
  

•  Filter	
  choices	
  

•  Observa?on	
  strategies:	
  dithers,	
  depth	
  
•  Revisit	
  strategies:	
  Op?mal	
  number	
  and	
  type	
  of	
  pointed	
  
observa?ons	
  towards	
  the	
  most	
  massive	
  (and	
  therefore	
  
rare)	
  systems.	
  

•  Much	
  work	
  needed:	
  simulators,	
  lensing	
  experts,	
  and	
  
survey	
  experience	
  required	
  



Why	
  WFIRST	
  will	
  Revolu'onize	
  Cluster	
  Science:	
  
5)	
  Will	
  Discover	
  40,000	
  Clusters	
  at	
  z	
  >	
  1	
  =>	
  	
  

Galaxy	
  Evolu?on	
  as	
  a	
  Func?on	
  of	
  Environment	
  	
  

•  Higher	
  resolu?on	
  than	
  LSST/Euclid	
  
•  Larger	
  field	
  of	
  view	
  than	
  HST/JWST	
  

•  Low	
  sky	
  background	
  in	
  space	
  
•  Higher	
  z	
  than	
  LSST/Euclid	
  	
  
•  Cluster	
  mass	
  evolu?on	
  at	
  z	
  >	
  1	
  

•  Stellar	
  mass	
  at	
  z	
  >	
  1	
  



Gemini-South

Cerro Pachon, Chile


Gemini-North

Mauna Kea, Hawaii


The	
  GCLASS	
  Survey	
  (PIs	
  Wilson/Yee)	
  
25	
  night	
  Gemini	
  spectroscopic	
  program	
  

•  z	
  ~1	
  clusters	
  from	
  Spitzer	
  SpARCS	
  
survey	
  

•  500	
  members	
  total	
  amongst	
  10	
  clusters	
  

van der Burg+14	
  

Also Muzzin+09; Wilson+09; Demarco+10; 
Muzzin+12; Lidman+12,13; Noble+13,16; 

van der Burg+13; Foltz+15; Balogh+16 	
  



Quenching	
  



Two	
  Ways	
  to	
  Kill	
  a	
  
Galaxy	
  

z	
  =	
  0	
  (SDSS)	
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Stellar	
  Mass	
   Peng+2010


Frac?on	
  of	
  quenched	
  galaxies	
  is	
  
correlated	
  with	
  stellar	
  mass	
  BUT	
  
ALSO	
  with	
  environment	
  



ScaSer	
  in	
  RS	
  Color	
  constrains	
  FormaTon	
  RedshiU	
  to	
  z	
  >	
  3	
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  Foltz+15


WFIRST	
  will	
  extend	
  this	
  analysis	
  to	
  higher	
  redshiU	
  and	
  with	
  thousands	
  of	
  clusters	
  



Phase	
  Space	
  Analysis:	
  Constraining	
  the	
  
Quenching	
  Timescale	
  and	
  Mechanism	
  	
  

Oman+14
                                 Muzzin+14

see also Noble+13; Balogh 16


Comparison	
  of	
  locaTon	
  of	
  25	
  post-­‐starburst	
  galaxies	
  with	
  simulaTons	
  suggests	
  
quenching	
  is	
  due	
  to	
  either	
  hot	
  halo	
  gas	
  stripping	
  “strangulaTon”	
  or	
  cold	
  gas	
  

stripping	
  “ram	
  pressure	
  stripping”	
  	
  

OBSERVATIONS	
  SIMULATIONS	
  



Scaling	
  Rela?ons	
  



Scaling	
  RelaTon	
  between	
  Total	
  Mass	
  of	
  Cluster	
  and	
  
Stellar	
  Mass	
  of	
  Brightest	
  Cluster	
  Galaxy	
  (BCG)	
  

Lidman+12


See also van der Burg+14; Webb+15 	
  



Co-­‐evoluTon	
  of	
  Supermassive	
  Black	
  Holes	
  and	
  
their	
  Host	
  Galaxies	
  	
  

McConnell/Ma+13


Local	
  Universe	
  	
  



WFIRST:	
  Co-­‐evoluTon	
  of	
  Supermassive	
  Black	
  
Holes	
  and	
  their	
  Host	
  Galaxies	
  

•  HLS	
  will	
  discover	
  tens	
  of	
  thousands	
  of	
  type-­‐1	
  and	
  type-­‐2	
  AGN	
  
•  One	
  or	
  more	
  broad	
  lines	
  fall	
  con?nuously	
  in	
  WFIRST	
  grism	
  
from	
  z=0.06	
  to	
  z=2.8	
  	
  

•  ~50,000	
  type-­‐1	
  AGN	
  will	
  have	
  a	
  broad	
  line	
  in	
  the	
  grism,	
  bright	
  
enough	
  to	
  es?mate	
  a	
  width	
  and	
  hence	
  a	
  black	
  hole	
  mass	
  	
  

•  Stellar	
  mass	
  of	
  host	
  halo	
  can	
  be	
  es?mated	
  from	
  PSF	
  
subtrac?on	
  (of	
  AGN+quasar	
  host	
  galaxy)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  	
  
	
  =>	
  M-­‐sigma	
  relaTon	
  to	
  z~3	
  
	
  	
  

•  GO	
  program	
  could	
  use	
  coronograph	
  to	
  study	
  host	
  proper?es	
  
of	
  brightest	
  type-­‐1	
  quasars	
  (stellar	
  luminosity,	
  size	
  etc.)	
  



Synergy	
  with	
  TMT	
  	
  

•  Redship	
  distribu?on	
  of	
  background	
  galaxies	
  	
  
WFIRST	
  will	
  return	
  z	
  for	
  clusters	
  but	
  in	
  order	
  to	
  obtain	
  unbiased	
  
weak	
  lensing	
  cluster	
  mass	
  es?mates,	
  will	
  require	
  to	
  determine	
  the	
  
background	
  redship	
  distribu?on	
  spectroscopically	
  

•  Strong	
  Lensing	
  Angular	
  Diameter	
  Cosmography	
  	
  	
  
Cosmological	
  constraints	
  from	
  posi?ons	
  of	
  mul?ple	
  images	
  (which	
  
depend	
  on	
  lens	
  mass	
  distribu?on	
  and	
  background	
  redship	
  
distribu?on).	
  The	
  10x	
  higher	
  resolu?on	
  of	
  TMT	
  will	
  provide	
  many	
  
addi?onal	
  lensed	
  pairs	
  (more	
  accurate	
  mass	
  models)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
than	
  WFIRST	
  alone	
  +	
  a	
  spectroscopic	
  background	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
redship	
  distribu?on	
  

Dell’Antonio, Wilson & Treu

WFIRST-­‐TMT	
  Science	
  Synergy	
  ar?cle,	
  SDT	
  2015	
  Report	
  	
  



WFIRST	
  will	
  discover	
  40,000	
  clusters	
  to	
  z~3	
  but	
  follow	
  up	
  
needed	
  

Jullo+11	
  


