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Clusters

Alvarez,  Battaglia, Bond, Hajian, Stein, Emberson (in prep)
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XRAY X CMB:MOTIVATION

CMB observes distortions due to 
the SZ effect

ROSAT observes X-ray emissions 
due to the same hot and dense 
plasma

The two maps should be 
correlated and at nu < 220 GHz, 
the correlation is negative in sign

WMAP1xROSAT studied by 
Diego, Silk and Sliwa (2003) -> 
no detection on large scales ell < 
800.

12

ROSAT
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CROSS POWER SPECTRUM
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CATALOGS INSTEAD OF MAPS
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Subsamples of MCXC 
(flux limited)
REFLEX
BCS
CIZA I&II
}
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STACKED CLUSTERS
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OPTIMAL “STACKING”
Naive stacking does not 
take correlations in the 
map into account

Optimal estimator uses 
the full covariance 
matrix of the data
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Aslanbeigi, Lavaux, Hajian, Afshordi (2013)
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ROSAT X W96, P100 GHZ
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CMB map:

Cluster overdensity map
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R X P143 GHZ
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R X P353 GHZ
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MODELLING XSPECTRA
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Simulated Compton-y map: Feedback 
= AGN or Starburst E-feedback + radiative cool + SN energy + wind 
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FITTING XSPECTRA
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COMBINED XSPECS
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PARAMETERS

29
Hajian, Battaglia, Spergel, Bond, Pfrommer, Sievers (2013)
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BACKGROUND RADIATION BUDGET OF THE 
UNIVERSE

Star formation takes place in clouds composed of hydrogen and 
dust. 

Dust absorbs the starlight from young, hot stars, heats to ~30K.

Light re-emitted at longer (sub)millimeter wavelengths: Cosmic 
Infrared Background ( Bond, Carr, Hogan (1986) )

Dust in NGC 1055, a nearby spiral galaxy, seen in emission and absorption. 

ACT 145 GHz ACT 220 GHz Optical

Dole et al. (2008)
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ACT X BLAST

Hajian, Viero et al 2012
39

About 9 sq. deg. 
overlap with ACT

Maps in three 
frequencies: 250 
um, 350um and 
500um

Clean from 
Galactic dust 
emission
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Correlations in the CSB from ACT× BLAST 9

Fig. 6.— BLAST × BLAST (250–500µm) and ACT× BLAST (1380–2030µm) power spectra in P (kθ) with 1σ errorbars. Squares and
crosses are the data before and after cirrus removal. Red exes and red horizontal dotted lines are published power spectra and Poisson
noise levels from V09. The dotted blue lines which are horizontal and which are falling with kθ, are the best-fit Poisson and clustering
terms, respectively. The departure from Poisson is the evidence for clustering of DSFGs. Note that the vertical scale is different for each
panel. The error bars are described in Appendix B.

(I(sub)mm/I100)
2, which is estimated using model 8 of

Finkbeiner et al. (1999).

5. POWER SPECTRUM RESULTS

The BLAST auto-band and cross-band power spectra
and BLAST × ACT cross-frequency power spectra are
shown in Fig. 6. Raw data are shown as squares, while
cirrus subtracted points are shown as crosses with error
bars. The Galactic cirrus spectra, interpolated to our
bands as described in § 2.6, are shown as dashed lines
in the bottom left corner of each panel (when strong
enough to appear at all). Cirrus appears to have a nearly
negligible effect on the power in most bands, with only
a marginal contribution in the 250µm auto-spectrum.
Note, the cirrus contribution in V09 to the BLAST
bands was extrapolated from 100µm incorrectly; how-
ever, properly accounting for cirrus ultimately has little
impact on the final result. The cirrus-corrected data are
given in Table 2. We describe the models and the fits to
these data in § 6.
The figure shows a clear cross-correlation between

ACT and BLAST. There is both a significantly corre-
lated Poisson term (horizontal line) and a clear cluster-
ing term (rising to low kθ). This is the main result of this
paper: that the unresolved BLAST background made up
of DSFGs is intimately related to the ACT unresolved
background. The signal is clearest in the ACT 1380µm
correlation with BLAST 500 and 350µm, and less sig-

nificant in the ACT 1380 and 2030µm correlation with
BLAST 250µm. Additionally, the figure confirms the
V09 BLAST power spectrum analysis, and extends it to
include the cross-frequency correlation between BLAST
bands.
Not shown in Fig. 6 are predictions for the cross-

correlation of the SZ increment and decrement, nor that
of predictions for the cross-correlations of the SZ decre-
ment and DSFGs. Both of these signals would appear
as anti-correlated at the ACT 2030µm band, and would
act to decrease the total sky signal. The former, us-
ing templates of Battaglia et al. (2010), was predicted to
be negligibly small; and while at some level the latter
should exist, we have not yet identified a clear signature
(which should appear only in the cross-correlations with
the ACT 2030µm band).

6. LINEAR CLUSTERING MODEL

In this section we estimate the DSFG Poisson power
levels, and fit the clustered component using a simple lin-
ear model similar to that of V09 and Hall et al. (2010).
We assume that the clustered component of the DSFG
power spectrum, PDSFG, is related to the linear dark mat-
ter power spectrum, PDM, through a single bias param-
eter b(z):

PDSFG(k, z) = b(z)2PDM(k, z), (12)

Hajian, Viero et al 2012
40

ACT X BLAST

Wednesday, 18 December, 13



Amir Hajian LBNL December 13, 2013

Correlations in the CSB from ACT× BLAST 9

Fig. 6.— BLAST × BLAST (250–500µm) and ACT× BLAST (1380–2030µm) power spectra in P (kθ) with 1σ errorbars. Squares and
crosses are the data before and after cirrus removal. Red exes and red horizontal dotted lines are published power spectra and Poisson
noise levels from V09. The dotted blue lines which are horizontal and which are falling with kθ, are the best-fit Poisson and clustering
terms, respectively. The departure from Poisson is the evidence for clustering of DSFGs. Note that the vertical scale is different for each
panel. The error bars are described in Appendix B.

(I(sub)mm/I100)
2, which is estimated using model 8 of

Finkbeiner et al. (1999).

5. POWER SPECTRUM RESULTS

The BLAST auto-band and cross-band power spectra
and BLAST × ACT cross-frequency power spectra are
shown in Fig. 6. Raw data are shown as squares, while
cirrus subtracted points are shown as crosses with error
bars. The Galactic cirrus spectra, interpolated to our
bands as described in § 2.6, are shown as dashed lines
in the bottom left corner of each panel (when strong
enough to appear at all). Cirrus appears to have a nearly
negligible effect on the power in most bands, with only
a marginal contribution in the 250µm auto-spectrum.
Note, the cirrus contribution in V09 to the BLAST
bands was extrapolated from 100µm incorrectly; how-
ever, properly accounting for cirrus ultimately has little
impact on the final result. The cirrus-corrected data are
given in Table 2. We describe the models and the fits to
these data in § 6.
The figure shows a clear cross-correlation between

ACT and BLAST. There is both a significantly corre-
lated Poisson term (horizontal line) and a clear cluster-
ing term (rising to low kθ). This is the main result of this
paper: that the unresolved BLAST background made up
of DSFGs is intimately related to the ACT unresolved
background. The signal is clearest in the ACT 1380µm
correlation with BLAST 500 and 350µm, and less sig-

nificant in the ACT 1380 and 2030µm correlation with
BLAST 250µm. Additionally, the figure confirms the
V09 BLAST power spectrum analysis, and extends it to
include the cross-frequency correlation between BLAST
bands.
Not shown in Fig. 6 are predictions for the cross-

correlation of the SZ increment and decrement, nor that
of predictions for the cross-correlations of the SZ decre-
ment and DSFGs. Both of these signals would appear
as anti-correlated at the ACT 2030µm band, and would
act to decrease the total sky signal. The former, us-
ing templates of Battaglia et al. (2010), was predicted to
be negligibly small; and while at some level the latter
should exist, we have not yet identified a clear signature
(which should appear only in the cross-correlations with
the ACT 2030µm band).

6. LINEAR CLUSTERING MODEL

In this section we estimate the DSFG Poisson power
levels, and fit the clustered component using a simple lin-
ear model similar to that of V09 and Hall et al. (2010).
We assume that the clustered component of the DSFG
power spectrum, PDSFG, is related to the linear dark mat-
ter power spectrum, PDM, through a single bias param-
eter b(z):

PDSFG(k, z) = b(z)2PDM(k, z), (12)

Hajian, Viero et al 2012
40

ACT X BLAST

25 sigma
detection!

Wednesday, 18 December, 13



Amir Hajian LBNL December 13, 2013

ASTROPHYSICAL OUTPUTS 

41

Lensed 
CMB/

Lensing
CIB SZ

Lensed 
CMB/

Lensing
Primordial 

signals

time evolution 
of potential,

measurements 
of galaxy bias

cluster mass 
measurements

CIB
Star 

formation 
history

contamination

SZ sigma_8

Wednesday, 18 December, 13



Amir Hajian LBNL December 13, 2013

CLUSTERS AND CIB
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 Both are
correlated 
with the 

underlying
dark matter 

density
like a landscape
covered by snow
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CLUSTERS AND CIB 
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maxBCG IRAS (100 u)
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40 SIGMA DETECTION!
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Hincks, Hajian, Addison (2013)
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CMB LENSING
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Copyright: ESA and the Planck Collaboration
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