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SPIDERS	
  
•  Spectroscopic	
  IdendiVfcaVon	
  of	
  eRosita	
  sources	
  (SDSS-­‐IV)	
  
•  Tier	
  0	
  (before	
  launch):	
  follow-­‐up	
  of	
  RASS/XMM	
  sources	
  (>5000	
  deg2)	
  
•  Tier1+2:	
  eRASS:2+4	
  depths	
  (750+1500	
  deg2)	
  

(from	
  T.Dwelly)	
  



RASS-­‐faint	
  sensi<vity	
  ergs/s/cm2	
  

1e-­‐13	
  

2e-­‐13	
  

8e-­‐13	
  

4e-­‐13	
  

Pre-­‐eRosita:	
  CODEX	
  (RASS+RedMapper)	
  

SDSS	
  ugriz+RedMapper	
  

Goal:	
  secure	
  spectroscopic	
  confirmaVon	
  of	
  
75%	
  CODEX	
  clusters	
  (=4,500)	
  +	
  staVsVcal	
  
velocity	
  dispersion	
  for	
  massive	
  subsamples	
  
	
  
•  0.1<z<0.6	
  
•  0.8/deg2	
  (richness>10)	
  
•  Median	
  mass	
  ~4.1014	
  Msol	
  
•  OpVmized	
  selecVon	
  of	
  targets	
  

Ø  17<i(2”)<21.2	
  
Ø  Red-­‐sequence	
  prioriVzaVon	
  
Ø  Cluster	
  richness	
  penalty	
  

(Predic<ons)	
  
From	
  median	
  ~2	
  
to	
  ~10	
  spec-­‐z/cluster	
  



Pre-­‐eRosita:	
  RM-­‐XCLASS	
  (XCLASS+RedMapper)	
  

•  XMM	
  archive	
  “C1”	
  clusters	
  correlated	
  to	
  RedMapper	
  
catalogue	
  (Sadibekova+14)	
  

•  Few	
  clusters	
  (~200	
  in	
  eBOSS	
  footprint)	
  

•  XMM	
  data	
  closer	
  to	
  eRosita	
  (e.g.	
  PSF)	
  
•  Lower	
  mass	
  regime	
  (good	
  for	
  scaling	
  relaVons)	
  
•  X-­‐rays	
  ensure	
  they	
  are	
  clusters	
  à	
  no	
  bound	
  on	
  richness	
  
•  Sky	
  sparse:	
  higher	
  prioriVzaVon	
  



eRosita	
  era	
  

Goal:	
  spectro-­‐z	
  of	
  90%	
  z<0.6	
  clusters	
  (à	
  LX,	
  mass…)	
  and	
  
staVsVcal	
  velocity	
  dispersion	
  for	
  massive	
  subsamples	
  

•  0.1<z<0.6	
  
•  Good	
  X-­‐ray	
  posiVons/extent/flux	
  
•  1.5	
  cluster/deg2	
  (eRASS:4)	
  
•  Median	
  mass	
  ~1014	
  Msol	
  
•  Target	
  BCG	
  in	
  distant	
  clusters	
  

PredicVons	
  in	
  
targets	
  dn/dz	
  PredicVons	
  in	
  cluster	
  

mass	
  distribuVon	
  



Analysis	
  steps	
  

1.  Cluster	
  database:	
  collect	
  data	
  per	
  cluster	
  
2.  Automated	
  membership	
  assessment	
  
3.  InteracVve	
  membership	
  assessment	
  
4.  Redshiq/Vdisp,	
  uncertainty	
  esVmates	
  
5.  Catalogue	
  producVon	
  
6.  Science	
  



SEQUELS	
  as	
  a	
  pilot	
  
•  TargeVng	
  similar	
  to	
  SPIDERS	
  except	
  

–  i(fiber2)	
  <	
  21	
  instead	
  of	
  21.2	
  
–  RM	
  richness	
  >	
  3	
  instead	
  of	
  10	
  

•  SEQUELS	
  program	
  (through	
  Aug.	
  2014):	
  
–  66	
  good	
  SEQUELS	
  plates	
  covering	
  320	
  deg2	
  
–  351	
  CODEX	
  clusters	
  ;	
  223	
  fully	
  observed	
  
–  8	
  XCLASS	
  clusters	
  ;	
  fully	
  observed	
  

SEQUELS area 
 
•  All CODEX 
•  Fully obs (223) 
•  Partial obs (128) 



Analysis	
  steps	
  

1.   Cluster	
  database:	
  collect	
  data	
  per	
  cluster	
  
2.  Automated	
  membership	
  assessment	
  
3.  InteracVve	
  membership	
  assessment	
  
4.  Redshiq/Vdisp,	
  uncertainty	
  esVmates	
  
5.  Catalogue	
  producVon	
  
6.  Science	
  











Analysis	
  steps	
  

1.  Cluster	
  database:	
  collect	
  data	
  per	
  cluster	
  
2.   Automated	
  membership	
  assessment	
  
3.  InteracVve	
  membership	
  assessment	
  
4.  Redshiq/Vdisp,	
  uncertainty	
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SEQUELS/CODEX:	
  
ß	
  FracVonal	
  number	
  of	
  
clusters	
  with	
  less	
  than	
  N	
  
spectro-­‐members	
  
	
  
•  fully	
  observed	
  sample	
  [223]	
  
•  fully	
  obs.,	
  λ>10	
  [169]	
  
•  fully	
  obs.,	
  λ>10,	
  zphot<0.5	
  [113]	
  

3+	
  members	
  
(=“auto	
  confirmed”)	
  

N.B.:	
  zphot>0.5	
  clusters	
  take	
  
only	
  4%	
  of	
  the	
  SPIDERS	
  
cluster	
  fiber	
  budget	
  

~80%	
  “auto”-­‐confirmaVon	
  rate	
  for	
  
SPIDERS-­‐like	
  selecVon,	
  z<0.5	
  



Analysis	
  steps	
  

1.  Cluster	
  database:	
  collect	
  data	
  per	
  cluster	
  
2.  Automated	
  membership	
  assessment	
  
3.   InteracDve	
  membership	
  assessment	
  
4.  Redshiq/Vdisp,	
  uncertainty	
  esVmates	
  
5.  Catalogue	
  producVon	
  
6.  Science	
  



Recovering	
  individual	
  z	
  

•  Spectra	
  visual	
  inspecVon	
  
•  New	
  fit	
  with	
  priors?	
  
•  Add	
  non-­‐RedMapper	
  spectra	
  



Membership	
  “priors”	
  

First	
  guess	
  for	
  iteraVve	
  
3σ-­‐clipping:	
  	
  
§  Average?	
  (current)	
  
§  RM	
  photo-­‐z	
  ±	
  Δz?	
  
§  f(probability,	
  
magnitude,	
  distance)	
  of	
  
available	
  zspec?	
  

§  1st	
  clipping	
  amplitude	
  
(current:	
  ±5000	
  km/s)	
  



Refinement	
  

•  Substructure	
  flagging	
  
•  Re-­‐run	
  RedMapper	
  
using	
  all	
  spec-­‐z	
  

SEQUELS:	
  
Confirmed, λ>10	
  
Confirmed,	
  λ<10	
  



Analysis	
  steps	
  

1.  Cluster	
  database:	
  collect	
  data	
  per	
  cluster	
  
2.  Automated	
  membership	
  assessment	
  
3.  InteracVve	
  membership	
  assessment	
  
4.   RedshiH/Vdisp,	
  uncertainty	
  esDmates	
  
5.  Catalogue	
  producVon	
  
6.  Science	
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Cluster	
  Redshiqs	
  

•  Bi-­‐weight	
  esVmate	
  (Beers+90,	
  ROSTAT)	
  
•  “Bootstrap”	
  and	
  “standard”	
  uncertainVes	
  



Radial	
  velocity	
  dispersions	
  
•  “Gapper”	
  and	
  “Biweight	
  variance”	
  agree	
  well	
  for	
  Nmem>10	
  
•  Outliers:	
  merging	
  clusters	
  or	
  2+	
  interlopers	
  
•  UncertainVes:	
  work	
  in	
  progress	
  (stacking,	
  resampling,	
  simulaVons…)	
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Analysis	
  steps	
  

1.  Cluster	
  database:	
  collect	
  data	
  per	
  cluster	
  
2.  Automated	
  membership	
  assessment	
  
3.  InteracVve	
  membership	
  assessment	
  
4.  Redshiq/Vdisp,	
  uncertainty	
  esVmates	
  
5.   Catalogue	
  producDon	
  
6.  Science	
  



Catalogue	
  producVon	
  

•  Catalogue	
  of	
  X-­‐ray/opVcal/spectroscopy	
  
•  Open	
  items	
  
– Subsample?	
  20%	
  of	
  clusters	
  require	
  80%	
  
manpower:	
  are	
  they	
  really	
  of	
  interest?	
  

– Re-­‐esVmaVon	
  of	
  cluster	
  parameters	
  
•  X-­‐rays	
  (new	
  redshiqs)	
  
•  OpVcal	
  (refined	
  red-­‐sequence	
  finder)	
  

–  InteracVve	
  database	
  (see	
  pipeline	
  session)	
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  steps	
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  cluster	
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Science	
  
•  This	
  first	
  technical	
  paper	
  will	
  discuss	
  scaling	
  relaVons	
  

–  Consistency	
  checks	
  
–  OpVcal	
  properVes/X-­‐ray	
  properVes/Vdisp	
  
–  How	
  does	
  it	
  relate	
  to	
  mass	
  esVmates?	
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Preliminary	
  (SEQUELS)	
  



Science	
  

•  A	
  sample	
  of	
  mergers?	
  



First	
  SPIDERS	
  results	
  

•  As	
  of	
  Friday,	
  13	
  ‘good’	
  eBOSS	
  plates	
  observed	
  
– 72	
  CODEX	
  clusters	
  (λ>10)	
  ;	
  52	
  “fully	
  observed”	
  
– 8	
  RM-­‐XCLASS	
  clusters	
  

SPIDERS/CODEX:	
  
ß	
  FracVonal	
  number	
  of	
  
clusters	
  with	
  less	
  than	
  N	
  
spectro-­‐members	
  
	
  
•  fully	
  obs.,	
  λ>10	
  [52]	
  
•  fully	
  obs.,	
  λ>10,	
  zphot<0.5	
  [41]	
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eROSITA	
  era	
  expectaVons	
  

•  Needs	
  work	
  on	
  the	
  X-­‐CLASS/RM	
  sample	
  (~200	
  
clusters	
  in	
  eBOSS	
  footprint)	
  

•  Improved	
  red-­‐sequence	
  finder	
  with	
  X-­‐ray	
  
priors	
  (posiVon/extent/…)	
  

•  ConfirmaVon	
  with	
  BCG	
  is	
  more	
  straigh{oward	
  


