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30o

ACT

The	  Site	  and	  Telescope
Fowler	  et	  al.	  2007

6	  meter	  Survey	  Telescope	  at	  5200	  m	  Atacama	  Site	  (near	  ALMA)
Not	  far	  from	  the	  equator:	  65%	  of	  sky	  survey-‐able	  above	  45o	  elevaFon.
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The	  Receiver
Swetz	  et	  al.	  2011	  (1007.0290)

14
8	  
G
H
z

21
8	  
G
H
z

27
7	  
G
H
z

1.4’!

1.0’!

0.9’!

1.4’!

1.0’!

0.9’!

1.4’!

1.0’!

0.9’!

Thursday, April 4, 13



ACT Survey

Dunkley, Calabrese, Sievers et al 2013

Dashed Regions
ACT-E : 2009-2010;  ACT-S 2007-2010

Essentially 1000 sq-deg (950 sq-deg SZ studies)

ACT-E
ACT-S

Dotted Regions are first 800 sq-deg of SPT (out of 2500 sq-deg)
Thursday, April 4, 13



ACT Maps

Dünner, Hasselfield, TM, 
Sievers et al 2013

ACT & SPT

Signal Recovery from Acoustic Oscillation to Cluster Scales

148 GHz, 218 GHz reduced so far;
277 GHz is almost there
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Angular Power Spectrum
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Angular Power Spectrum
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ACT      Planck
CMB Power Spectrum

ACT:	  σ8	  =	  0.78	  ±	  3%	  stat	  ±	  3%	  sys	  (Wilson+2012)
Planck:	  σ8	  =	  0.789	  ±	  .015	  (PXXI	  2013)

Skewness

tSZ Power Spectrum
ACT:	  σ8	  (Ωm/.27).3=	  0.77	  ±	  .06	  	  (Sievers+2013)
Planck:	  σ8	  (Ωm/.27)3.2/8.1=0.78	  ±	  .016	  (PXXI	  2013)

(Sievers+2013,	  Calabrese+2013,	  PXVI	  2013)

Source Fluxes

(Gralla+prep,	  PXXIII	  2013)

Lensing
(Das+2013,	  PXVII	  2013)

And 
much 
more

...
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Published	  ACT	  Cluster	  Studies
Southern Survey Clusters

First Look: Hincks et al 2011; SZ Catalog: Marriage et al 2011; 
Confirmation+: Menanteau et al 2010; Cosmology: Sehgal et al 2011.

Equatorial Survey Clusters
SZ Catalog & Cosmology: Hasselfield, Hilton, TM et al 2013; 
Confirmation+Physical Properties: Menanteau et al 2013.

Stacking Studies with SDSS Stripe 82
LRG tSZ: Hand et al 2011; LRG kSZ: Hand et al 2012; 

MaxBCG SZ with mis-centering: Sehgal et al 2012

Related (Beyond Counts)
SZ in PS I: Dunkley et al 2012; SZ in PS II: Sievers et al 2013;

Skewness from SZ: Wilson et al 2012

Multifrequency Studies
Dynamical Masses: Sifon et al 2012; El Gordo: Menanteau et al 2012; 

SZA: Reese et al 2011; Subaru: Miyatake et al 2012; 
Spitzer: Hilton et al 2013
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Cluster	  ExtracEon

10

Matched	  Filter	  (148	  GHz	  only)

Hasselfield,	  Hilton,	  Marriage	  et	  al	  2013
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Catalog	  Results
+68	  Blindly	  Detected	  Galaxy	  Clusters;	  19	  New	  discoveries

+SZ	  S/N	  >	  4.0	  &	  OpGcally	  Confirmed

Median	  σ=46	  μK
(refered	  to	  2’	  fwhm	  
profile	  decrement)	  

+504	  sq-‐deg	  total	  (270	  sq-‐deg	  in	  SDSS	  Stripe	  82)

With	  Southern	  Sample:	  91	  total	  published	  SZ-‐selected	  Clusters
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OpEcal	  ConfirmaEon

12

Menanteau	  et	  al	  2013Contours	  are	  equi-‐spaced	  betwee	  Min/Max	  SZ	  decrement

Imager
Min/Max	  SZ

SDSS	  and	  APO	  3.5m

Thursday, April 4, 13



13

OpEcal	  ConfirmaEon
Redship	  Measurements	  (many	  spectroscopic)	  and	  	  Sample	  Purity
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OpEcal	  ConfirmaEon
Redship	  Measurements	  (many	  spectroscopic)	  and	  	  Sample	  Purity

PXX	  2013
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From	  ysz	  to	  Mass

A0,	  B0,	  C0	  correspond	  to	  the	  Universal	  Pressure	  Profile	  (UPP)	  based	  scaling	  
parameters	  (Arnaud+	  2010),	  so	  UPP	  has	  A=B=C=0.

A	  =	  NormalizaMon
B	  =	  Mass	  Scaling
C	  =	  RedshiP	  EvoluMon
(σ	  =	  Intrinsic	  ScaTer)
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SZ-‐Mass	  RelaEon	  -‐-‐	  Fits	  to	  Sims

Three	  SimulaEons:

-‐	  AdiabaEc	  (No	  feedback)
-‐	  Nonthermal20	  (20%	  of
pressure	  nonthermal)

Fit	  A	  (normalizaEon),	  B	  (mass	  power	  law	  scaling),	  C	  (redship	  dependence)	  
&	  intrinsic	  scarer	  to	  Sims

-‐	  “B12”	  (arempt	  at	  realisEc
feedback	  included)

Trac	  et	  al	  2012

Bode	  et	  al	  2012

AdiabaEc	  will	  give	  largest	  Y
for	  given	  M

Nonthermal20	  the	  smallest

B12	  is	  in	  between.
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SZ-‐Mass	  RelaEon	  -‐-‐	  Sim	  Results

Results	  from	  Fits	  to	  Sims

+	  As	  expected	  Non-‐thermal	  processes	  decrease	  SZ	  given	  a	  mass	  
+	  AdiabaEc	  equivalent	  to	  UPP
+	  For	  M	  >	  4.3x1014	  M☉,	  The	  main	  difference	  is	  in	  the	  
normalizaGon	  A
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SZ-‐Mass	  RelaEon	  -‐-‐	  Fit	  to	  Mdyn

18

(Evrard	  et	  al	  2008)

Sifon+	  2012.
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SZ-‐Mass	  RelaEon

Dynamical	  mass	  results	  best	  resemble	  B12	  or	  Nonthermal	  (large	  errors)

“El	  Gordo” Fixed
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Completeness
EsMmate

Total	  Sample	  (S/N>4;	  solid	  line):
B12:	  90%	  Complete	  at	  M500c=6x1014	  M☉
UPP:	  90%	  Complete	  at	  4x1014	  M☉

Cosmo	  Sample	  (S/N>5.1;	  dored	  line):
B12:	  90%	  Complete	  at	  7x1014	  M☉
UPP:	  90%	  Complete	  at	  5x1014	  M☉
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Cosmology

Fix	  scaling	  relaEon	  
parameters	  to	  values	  
from	  previous	  fits

15	  equatorial	  clusters	  with
S/N>5.1;	  0.2<z<1.4

WMAP

AdiabaEc

Nonthermal20

UPP

Result:
Depending	  on	  scaling
relaEon,we	  can	  
accommodate	  a	  broad
parameter	  space.
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Cosmology

Marginalize	  over	  cosmo	  and
scaling	  relaEons,	  including	  
15%	  bias	  in	  dynamical	  mass.

15	  equatorial	  clusters	  with
S/N>5.1;	  0.2<z<1.4

+	  7	  southern	  clusters	  with
S/N>5.7;	  0.314<z<1.4;	  
and	  measured	  mdyn

Result:
Constraints	  favoring	  high	  
σ8	  likely	  because	  of	  an	  
excepEonal	  sample	  (El	  Gordo,	  
Bullet...)	  but	  sEll	  consistent	  
with	  other	  observaEons.

Planck

Cartoon	  of	  Planck	  bias	  marginalized	  result

Planck:	  189	  Clusters,	  71	  with	  Yx	  (PXX	  2013)

SPT:	  100	  Clusters,	  14	  with	  Yx	  (Benson+2012,	  Reichardt+2013)

ACT:	  22	  Clusters,	  7	  with	  Mdyn	  (This	  work)

Mdyn

Fixed
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Next	  Steps:	  More	  Data

23

+	  Dynamical	  data	  for	  equatorial	  sample	  in	  hand	  (Sifon	  et	  al	  2013,	  in	  prep)	  to
obtain	  more	  dynamical	  masses	  for	  the	  “Cosmo”	  Sample.

+	  Chandra	  data	  reduced	  for	  approximately	  half	  the	  “Cosmological	  Sample”
of	  22	  clusters,	  and	  we	  have	  applied	  for	  the	  remaining	  observaEons.	  (Hughes	  et	  
al	  2013,	  in	  prep)

+	  Sunyaev-‐Zel’dovich	  Array	  follow-‐up	  at	  30	  GHz	  and	  higher	  resoluEon	  to	  obtain	  
complementary	  SZ	  data.	  (Reese	  et	  al	  2013,	  in	  prep)

+	  Subaru	  weak	  lensing	  observaEons	  of	  equatorial	  sample	  soon	  (HSC	  survey)

ACT+Chandra	  for
“El	  Gordo”	  z=0.87
(ACT-‐CL	  J0102-‐4915)

Awarded	  Chandra+HST
Eme	  for	  full	  study	  
(Menanteau	  et	  al,	  in	  prep)

(Some	  Examples)
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Reese	  et	  al	  2013,	  in	  prepMore	  SZA	  data	  on	  all	  S/N>6	  Equatorial	  Clusters

Working	  To	  Constrain	  Inner	  and	  Outer	  Scales	  with	  SZA/CARMA+ACT+Planck
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First	  robust	  detecEon	  of	  KSZ	  (from	  ACT)	  associated	  with	  
pairwise	  galaxy	  velociEes	  (from	  BOSS). Hand+	  2012	  

3.8	  σ	  DetecEon

Amplitude	  consistent	  with	  standard	  structure
formaEon	  scenario.

Probing	  linear	  velocity	  field
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New	  ACT	  Survey:	  ACTPol

M.	  Niemack	  et	  al.	  (2010),	  1006.5049

Same	  Telescope	  New	  Receiver
•Deployed	  to	  Atacama	  January	  2013
•Much	  More	  SensiEve	  than	  first	  receiver
•4000	  sq-‐deg	  medium	  (20	  uK-‐arcmin)	  survey
•150	  sq-‐deg	  deep	  (4	  uK-‐armin)	  survey
•Equatorial	  LaEtudes
•~1000	  Clusters	  Expected	  

Overlap	  with	  many	  mulEfrequency	  datasets,	  
including	  Subaru	  Hyper	  Suprime	  Cam	  (HSC)	  lensing	  
survey	  and	  Prime	  Focus	  Spectrograph	  (PFS)	  survey.	  
(Think	  Sloan	  photometry/spectroscopy	  with	  Subaru	  
instead	  of	  the	  APO	  2.5	  meter.)

Next-‐Next	  GeneraEon:	  Advanced	  ACTPol

65%	  of	  the	  sky	  from	  30-‐300	  GHz.

~16,000	  polarizaEon	  sensiEve	  mulEchroic	  	  detectors

Advanced	  ACTPol
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Auxilliary
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ALMA

ACT
ABS

Polarbear
CLASS

The	  CMB	  Plateau
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ACT Maps Dünner et al 2013

ACT & SPT

Signal Recovery from Acoustic Oscillation to Cluster Scales

148 GHz, 218 GHz
reduced so far;

277 GHz is almost 
there
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ACT Maps Dünner et al 2013

ACT & SPT

Signal Recovery from Acoustic Oscillation to Cluster Scales

148 GHz, 218 GHz
reduced so far;

277 GHz is almost 
there
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ACT Angular Power Spectrum

Das, Louis, Nolta et al

Sample Variance
Limited

Primary
CMB

Clusters/
Sources

Das+2013, Dunkley+2013
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Cluster	  ExtracEon	  Harmonic	  View

32

Cluster NoiseCMB

Beam	  cuts	  off	  signal	  also.

Matched	  filter	  acts	  as	  band	  pass	  filter,	  removing	  CMB	  at	  low	  angular
frequencies	  and	  smoothing	  over	  noise	  at	  high	  angular	  frequency.

Power	  spectra
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Catalog	  Results

Ten	  Most	  Significant	  Decrements	  (Filtered	  Map)
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SZ-‐Mass	  RelaEon

+	  Data(k)
Filtered

SZ	  Decrement	  ΔT
(Θ500=5.9’)

“Uncorrected”
Central	  Compton	  
y	  parameter

Scaling	  RelaEon

A0,	  B0,	  C0	  -‐-‐	  Universal	  Pressure	  
Profile	  (UPP)	  based	  scaling	  
parameters	  (Arnaud	  2010)

Q	  funcEon	  “corrects”	  for	  fixed	  angular	  scale	  filter	  on	  a	  UPP	  profile	  of	  different	  scale

Q	  is	  a	  fixed	  funcEon

RelaEvisEc	  correcEon	  (~6%)
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Comparison	  to	  X-‐ray	  Masses

35

Reasonable	  agreement	  
with	  UPP	  masses
(maybe	  not	  surprising
given	  that	  UPP	  come	  from
X-‐ray?)
Errors	  are	  large	  though
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Full	  Scaling	  RelaFon	  Table
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Cosmology

37z

mdyn

Cosmo:	  Ωm,	  σ8,	  ...

Scaling:	  A,	  B,	  C,	  σ,	  ...

z

y

Poisson-‐based	  Likelihood	  confrontaEon
with	  measurements

SZ	  selecEon	  
funcEon

Number	  counts	  in	  observable	  space

Binned	  Data

Parameters
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Cosmology

Marginalize	  over	  cosmo	  and
scaling	  relaEons,	  including	  
15%	  bias	  in	  dynamical	  mass.

15	  equatorial	  clusters	  with
S/N>5.1;	  0.2<z<1.4

+	  7	  southern	  clusters	  with
S/N>5.7;	  0.314<z<1.4;	  
and	  measured	  mdyn

Result:
Constraints	  favoring	  high	  
σ8	  because	  of	  an	  excepEonal
sample	  (El	  Gordo,	  Bullet...)
but	  sEll	  consistent	  with	  
upper	  half	  of	  WMAP	  volume
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Follow-up From Southern and 
Northern Observatories

Reese et al (2011), 1108.3343

Host of millimeter 
facilities in the north for

detailed SZ studies.

CARMA

SZA follow-up of New Massive z=0.82 Cluster 
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Reese	  et	  al	  2013,	  in	  prepMore	  SZA	  data	  on	  all	  S/N>6	  Equatorial	  Clusters

Working	  To	  Constrain	  Inner	  and	  Outer	  Scales	  with	  SZA+ACT+Planck
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Miyatake	  et	  al	  2012Subaru	  Lensing	  Study	  of	  ACT	  Equatorial	  Cluster	  

ACT-‐CL	  0022.2-‐0036
z	  =	  0.82
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Sehgal	  et	  al	  2012

Study	  of	  SZ	  vs	  OpEcal	  Richness
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El	  Gordo,	  El	  Gordo,	  El	  Gordo
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Reese	  et	  al	  2013,	  in	  prepMore	  SZA	  data	  on	  all	  S/N>6	  Equatorial	  Clusters

Working	  To	  Constrain	  Inner	  and	  Outer	  Scales	  with	  SZA+ACT(+Planck)
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Skewness

46

α3≈11	  (depends	  on	  SZ	  model)

-‐	  ContribuEon	  to	  skewness	  mainly	  from	  low	  
redship	  massive	  clusters	  (unlike	  power	  spectrum).
-‐	  Weak	  dependence	  on	  Ωm.

σ8	  =	  0.78	  +/-‐	  3%	  staEsEcal	  +/-‐	  3%	  systemaEc

Should	  we	  use	  this	  (or	  other	  probes)	  to	  constrain
cluster	  physics?

Wilson,	  Hill,	  Sherwin	  et	  al	  2012
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