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Outline	of	the	talk	

Ø  Template-fitting analysis (Planck	intermediate	results.	XXII	2015) 
 
Ø   Multicomponent fit in the harmonic space. 

Ø   Microwave dust SED for polarization and total intensity. 

Ø   Spectral decorrelation of dust B-modes. 



Polarized	dust	spectral	indices	at		
intermediate	la6tude	sky	

Planck Collaboration: Frequency dependence of thermal emission from Galactic dust in intensity and polarization

Fig. 1. Global mask used in the cross-correlation (CC) analysis
(Mollweide projection in Galactic coordinates). It comprises the
CIB mask (white region), the CO mask (light-blue), the free-
free mask (beige), the Galactic mask (deep-blue), and the mask
of point sources (turquoise). We use the red regions of the sky.
We refer readers to Sect. 3 for a detailed description of how the
global mask is defined.
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For this threshold, the CIB contribution to the CC coefficients
in Sect. 4.2 is smaller than about 1 % (1/92) of that of the to-
tal Galactic emission at 353 GHz. The summation is over the
multipole range 15 < ` < 300 (corresponding to an effective
range of angular scales from 1� to 10�). C

CIB
` is the best-fit CIB

power spectrum at 353 GHz (Planck Collaboration XXX 2014),
C

c
` is the best-fit CMB power spectrum (Planck Collaboration

XV 2014), I353 represents the Planck 353 GHz map, b` is the
beam function and w` is the HEALPix pixel window function.
We measure the Galactic to CIB emission ratio over patches with
10� radius centred on HEALPix pixels at a resolution Nside = 32.

The CO, free-free, and synchrotron emission are more im-
portant close to the Galactic plane. The first three CO line
transitions J = 1! 0, J = 2! 1, and J = 3! 2 at 115, 230, and
345 GHz, respectively, are significant emission components in
the Planck intensity maps (Planck Collaboration XIII 2014). The
CO mask is defined by applying a threshold of 0.5 K km s�1

on the “Type 2” CO J = 1! 0, which is extracted using the
Planck data between 70 and 353 GHz (Planck Collaboration
XIII 2014). The free-free emission is weak compared to the CO
line emission at 100 GHz for most molecular clouds. In mas-
sive star-forming regions and for the diffuse Galactic plane emis-
sion, free-free emission is significant (Planck Collaboration Int.
XIV 2014). We take the WMAP maximum entropy method free-
free map (Bennett et al. 2013) at 94 GHz and apply a thresh-
old of 10 µKRJ (in Rayleigh-Jeans temperature units) to define
the free-free mask. In addition, we use the Galactic mask (CS-
CR75) from the Planck component separation results (Planck
Collaboration XII 2014) to exclude the synchrotron emis-
sion from the Galactic plane and the Galactic “haze” (Planck

Collaboration Int. IX 2013). We also apply the Planck point
source mask (Planck Collaboration XV 2014).

Our mask focuses on the part of the sky where dust is the
dominant emission component at HFI frequencies. This choice
makes the spectral leakage from free-free and CO line emissions
to polarization maps negligible. After masking we are left with
39 % of the sky at intermediate Galactic latitudes (10�< |b| <
60�). The same global mask is used for both intensity and po-
larization correlation analysis to compare results over the same
sky.

4. Cross-correlation method

We use the CC analysis adopted in many studies (Banday et al.
1996; Gorski et al. 1996; Davies et al. 2006; Page et al. 2007;
Ghosh et al. 2012; Planck Collaboration Int. XII 2013) to ex-
tract the signal correlated with the 353 GHz template in inten-
sity and polarization. The only underlying assumption is that
the spatial structure in the 353 GHz template and in the map
under analysis are locally correlated. To reduce this assump-
tion, we apply the CC analysis locally over patches of sky of
10� radius (Sect. 4.4). Our choice for the dust template is pre-
sented in Sect. 4.1. The methodology is introduced for intensity
in Sect. 4.2 and for polarization in Sect. 4.3. The practical im-
plementation of the method is outlined in Sect. 4.4.

4.1. 353 GHz template

We perform the CC analysis locally in the pixel domain using
the Planck 353 GHz maps of Stokes parameters as represen-
tative internal templates for dust emission in intensity (I with
the ZLE subtracted) and polarization (Q and U). Our choice
of a Planck map as a dust template addresses some of the is-
sues plaguing alternative choices. First, unlike the HI map, the
353 GHz map traces the dust in both HI and H2 gas (Reach et al.
1998; Planck Collaboration XXIV 2011; Planck Collaboration
Int. XVII 2014). Second, unlike the full-sky Finkbeiner et al.
(1999) 94 GHz (hereafter FDS) map, the 353 GHz map does
not rely on an extrapolation over a large frequency range, from
100 µm to the Planck bands. The main drawback of the 353 GHz
template is that it includes CMB and CIB anisotropies. By intro-
ducing the global mask, we work with the sky region where the
CIB anisotropies are small compared to dust emission. However,
the contribution of the CMB to the CC coefficients, most signif-
icant at microwave frequencies, needs to be subtracted.

4.2. Intensity

4.2.1. Correlation with the 353 GHz template

For the intensity data, the CC coefficient (↵I
⌫) is obtained by min-

imizing the �2
I expression given by,

�2
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k=1
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i2
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where I⌫ and I353 denote the data and the 353 GHz template
maps, respectively. This is a linear fit and the solution is com-
puted analytically. Here the CC coefficient is a number in KCMB
KCMB

�1, as both I⌫ and I353 are expressed in KCMB units. The
constant offset, a, takes into account the local mean present in
the template as well as in the data. The sum is over the un-
masked pixels, k, within a given sky-patch. We are insensitive
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Only red sky region is considered 
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sky- patches is presented in Fig. 9. The distribution of �P
d,mm has

a mean value of 1.592 (round-off to 1.59), with a 1� disper-
sion of 0.174 (round-off to 0.17). This dispersion is the same if
we use the mean dust temperature of 19.6 K for all sky patches.
The statistical uncertainty on the mean �P

d,mm is computed from
the 1� dispersion divided by the square root of the number of
independent sky-patches (400/Nvisit) used, which is 0.02.

The mean value of the dust spectral index for polarization
is different from that for intensity, 1.51 ± 0.01 (Sect. 6) over
the same sky area. In the next section, we check whether the
difference of spectral indices in intensity and polarization is a
robust result against systematics present in the polarization data.
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Fig. 9. Top: Colour ratio R

P
100(353, 217) against the local disper-

sion of the polarization template at 353 GHz. Bottom: Histogram
of the �P

d,mm values inferred from R

P
100(353, 217) for all sky-

patches. The mean value of the spectral index for polarization is
1.59± 0.02, which is different from that for intensity 1.51± 0.01
(Fig. 3).

8.2. Uncertainties in �P
d,mm

For the mean polarized dust spectral index, we use the re-
sults from full mission Planck polarization maps with the two

Table 5. Polarized dust spectral indices derived using multi-
ple subsets and templates of the Planck data. The full mission
Planck polarization data along with the DS1 and DS2 tem-
plates (first entry in the Table below) is used in Sect. 8.1 to
produce Fig. 9. The scatter of the 20 measurements is consis-
tent with the 1� statistical uncertainty on the mean value of
�P

d,mm.

Templates Data sets �P
d,mm

. . . . . . . . . . . . . . Full 1.592

. . . . . . . . . . . . . . HR1 1.595
DS1 and DS2 . . . . HR2 1.595
. . . . . . . . . . . . . . YR1 1.619
. . . . . . . . . . . . . . YR2 1.592

. . . . . . . . . . . . . . Full 1.602

. . . . . . . . . . . . . . HR1 1.603
YR1 and YR2 . . . HR2 1.606
. . . . . . . . . . . . . . DS1 1.564
. . . . . . . . . . . . . . DS2 1.627

. . . . . . . . . . . . . . Full 1.613

. . . . . . . . . . . . . . DS1 1.579
HR1 and HR2 . . . DS2 1.639
. . . . . . . . . . . . . . YR1 1.639
. . . . . . . . . . . . . . YR2 1.614

. . . . . . . . . . . . . . Full 1.578

. . . . . . . . . . . . . . DS1 1.560
S1+S3 and S2+S4 DS2 1.590
. . . . . . . . . . . . . . HR1 1.581
. . . . . . . . . . . . . . HR2 1.588

detector set maps as fixed templates (Sect. 8.1). To estimate
the systematic uncertainty for the mean �P

d,mm, we apply the CC
analysis on multiple subsets of the Planck data, including the
combination of yearly maps (YR1 and YR2), the full mission
half-ring maps (HR1 and HR2), the combination of odd surveys
(S1+S3) and even surveys (S2+S4), and the detector set maps
(DS1 and DS2) (see Sect. 2.1.2 for more details). We use these
subsets of the data as maps and templates at 353 GHz. Table 5
lists the derived mean �P

d,mm, for all the sky-patches from each
combination of the data subsets. The dispersion of the �P

d,mm val-
ues in Table 5, 0.02, is consistent with the 1� dispersion on the
mean polarization spectra index from statistical uncertainties es-
timated in Sect. 8.1, making it difficult to separate the con-
tributions from the statistical noise and the data systematics.
Therefore, we use the 1� dispersion from the subsets of the
Planck data, as listed in Table 5, as a combine statistical and
systematic uncertainties on the mean value of �P

d,mm. Thus,
we find �P

d,mm = 1.59 ± 0.02 (stat.+ syst.). The small difference,
0.08, between �P

d,mm and �I
d,mm has a 3.6� significance, taking

into account the total uncertainty on both �P
d,mm and �I

d,mm.

9. Spectral energy distribution of dust

polarization

We now derive the mean SED for the dust polarization and ex-
tend to polarization the parametric modelling already made on
the dust SED in intensity (Sect. 7.2).
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h�P
d,mmi = 1.59± 0.17, Td = 19.6 K

Planck	intermediate	results.	XXII	2015	

To characterize the polarized dust SED, we cross-
correlate 353 GHz Q and U maps with the three 
lowest Planck HFI frequency channels (100 – 217 
GHz) + LFI (30 – 70 GHz) + WMAP (23 – 94 GHz) 
in the pixel space. 

We work with the colour ratio between two frequencies      and    
(      is used as a reference to get rid of the CMB contribution)  
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Planck	intermediate	results.	XXII	2015	

The	cross-correla6on	coefficients	are	fi@ed	with	a	simple	two-component	foreground	
model	(dust	+	353	GHz	correlated	synchrotron):			
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Issues:		
	

Ø  The	template	polariza6on	maps	at	353	GHz	have	low	signal-to-noise	ra6o	at	high	
Galac6c	la6tudes.	

Ø  Such	correla6on	analysis	picks	up	only	353-GHz	correlated	signal.	The	measured	
dust	SED	could	be	biased	due	to	the	spectral	decorrela6on.	

Td = 19.6K



Mul6component	analysis	in	the	harmonic	space	

A&A 586, A133 (2016)

Fig. 5. Ratio of the amplitudes of the DBB

` and DEE

` dust power spectra
at 353 GHz for the di↵erent LR regions defined in Sect. 3.3.1, distin-
guished here with fsky. The mean value

⌦
A

BB/AEE

↵
= 0.52 is plotted as

a dashed line.

LR33). The scaling can help to asses the order of magnitude of
the dust polarization level on a specific region, but is not a sub-
stitute for actually characterizing the polarized angular power
spectra.

4.4. Amplitude of DBB
` relative to DEE

`

We examine the ratio of the amplitudes of the fitted power laws
found in Sect. 4.3. The A

BB/AEE ratios are listed in Table 1, and
are plotted for di↵erent values of fsky in Fig. 5. For all of the
LR regions, we observe more power in the DEE

` dust spectrum
than inDBB

` . All ratios are consistent with a value of A

BB/AEE =
0.52± 0.03, significantly di↵erent from unity, over various large
fractions of the intermediate latitude sky.

This result is not taken into account in existing models of po-
larized microwave dust emission that have been developed to test
component separation methods. For example, we have computed
the DEE

` and DBB

` spectra over the LR regions for the Planck

Sky Model (Delabrouille et al. 2013) and the model of O’Dea
et al. (2012); for both models and all LR regions we find a ratio
A

BB/AEE close to 1. However, these two models are based on a
very simplified picture of the Galactic magnetic field geometry
and assumptions on how the polarized emission depends on it.
Further insight into the structure of the dust polarization sky is
required to account for the observed ratio.

4.5. Amplitude dependence on frequency

Finally, we explore the frequency dependence of the amplitude
of the angular power spectra. We compute the DEE

` and DBB

`
angular power spectra from the Q and U DetSet maps at 100,
143, 217, and 353 GHz (see Sect. 3.2). From these four sets of
polarization maps, we compute ten power spectra: 100 ⇥ 100;
100⇥143; 100⇥217; 100⇥353; 143⇥143; 143⇥217; 143⇥353;
217 ⇥ 217; 217 ⇥ 353; and 353 ⇥ 353.

The ten angular cross-power spectra are consistent with a
power law in `, with the exponent ↵

EE,BB

= �2.42 measured at
353 GHz (Sect. 4.2). Therefore, to each of these spectra we fit
the amplitudes of a power-law function that has a fixed expo-
nent ↵

EE,BB

= �2.42, in the range 40 < ` < 500, for DEE

` and
DBB

` . As an illustration of the quality of the fit, for the small-
est region (LR24, fsky = 0.3) the averages and dispersions of

Fig. 6. Frequency dependence of the amplitudes A

EE,BB of the angular
power spectra, relative to 353 GHz (see details in Sect. 4.5). Results
for DEE

` (red squares) and DBB

` (blue circles) for the smallest region,
LR24. These include evaluations from cross-spectra involving polariza-
tion data at two frequencies, plotted at the geometric mean frequency.
The square of the adopted relative SED for dust polarization, which
is a modified blackbody spectrum with �d = 1.59 and Td = 19.6 K,
is shown as a black dashed line. The ±1� uncertainty area from the
expected dispersion of �d, 0.03 for the size of LR24 as inferred from
Planck Collaboration Int. XXII (2015) (see Sect. 2.2.1), is shown in
grey.

the �2 (21 degrees of freedom) of the fits are �2
EE

= 13.4 ± 8.2
and �2

BB

= 12.8 ± 6.9 for the ten cross-frequency spectra.
To compare the frequency dependence of the results of the

fits to that expected from the SED for dust polarization from
Planck Collaboration Int. XXII (2015), we converted the fitted
amplitudes A

EE,BB from µK2
CMB to units of (MJy sr�1)2, taking

into account the Planck colour corrections11. For all regions, we
examined the frequency dependence by plotting the amplitudes
normalized to unity at 353 GHz versus the e↵ective frequency12.
A representative example is shown in Fig. 6 for the smallest re-
gion, LR24 ( fsky = 0.3).

For all of the LR regions the frequency dependence found
is in good agreement with the square of the adopted dust SED,
which is a modified blackbody spectrum having �d = 1.59 and
Td = 19.6 K (Planck Collaboration Int. XXII 2015). We note
that no fit was performed at this stage and that the square of
the adopted dust SED goes through the 353 GHz data point.
However, if we fit the amplitude of the dust frequency depen-
dence, with fixed �d and Td, the �2 (Nd.o.f. = 9) is 13.1 for
EE (PTE = 0.16) and 3.2 for BB (PTE = 0.96). This good
agreement supports the assumption made in the present work
about the faintness of the synchrotron and CO emission at high
Galactic latitude (see Sect. 2.2). The residuals to the fit do
not show any evidence for excess power at 100 GHz, which
might arise from polarized synchrotron emission. This result
is consistent with the study of synchrotron polarization at high
Galactic latitudes by Fuskeland et al. (2014), and confirmed in
Appendix D.4. Furthermore, we do not see any excess at ei-
ther 100 or 217 GHz, such as could arise from leakage and/or

11 Conversion factors were computed as described in Sect. 2.1, here
using colour corrections corresponding to a dust modified blackbody
spectrum with �d = 1.59 and Td = 19.6 K.
12 For a cross-spectrum between data at frequency ⌫1 and frequency ⌫2,
the e↵ective frequency is taken for convenience as the geometric mean
⌫e↵ ⌘

p
⌫1⌫2.

A133, page 10 of 25

Ø  Divide	the	sky	into	six	large	sky	regions	(fsky=	0.24,	0.33,	0.42,	0.52,	0.62	and	0.71).	
	
Ø  Compute	auto-	and	cross-power	spectra	over	all	the	sky	regions	using	Xpol.		
	
Ø  CMB	is	removed	from	power	spectra	using	the	latest	Planck	best-fit	model.	

CMB	variance	is	included	in	the	error-bars.		

Ø  Fit	all	the	spectra	simultaneously	with	five-parameter	foreground	model	as	a	
func6on	of	sky	regions	and	mul6poles.	

	

foreground	model		=		dust			+		synchrotron		

Ad,�d As,�s

⇢Dust-synchrotron	
correla6on	parameter	 =

Planck	intermediate	results.	XXX	2016	

amplitudes,		
spectral	indices	



Spectral	energy	distribu6on	of	polarized	foregrounds	

To characterize the SED of polarized foregrounds, we combine the four lowest 
Planck HFI frequency channels (100 – 353 GHz) + LFI (30 GHz) +  
WMAP (23 and 33 GHz). 
 
Amplitude of cross-spectra between frequencies       and        : 
 
 
 
 
 
 
 
 
This model does not include spectral decorrelation. 
 
Five model parameters: 
Ø  The synchrotron and dust amplitudes       and        . 
Ø  The two spectral indices       and       . 
Ø  The dust/synchrotron polarization correlation parameter      . 
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Choi	and	Page,	astro-ph/1509.05934	



Data	fi\ng	

Ø  Auto-	and	cross-spectra	of	seven	frequencies	provide	28	data	points.	

Ø  Error-bars	on	data	points	are	derived	from	E2E	simula6ons.	

Ø  CMB	is	removed	from	power	spectra	using	the	latest	Planck	best-fit	model.	
CMB	variance	is	included	in	the	error-bars.		

Ø  Fit	is	done	in	two	steps:	
						-	first	step	no	prior.	
						-	second	step,	a	prior,	inferred	from	the	results	of	the	first	fit,	is				
								introduced	on	the	synchrotron	spectral	index	(																																													).	
	
Ø  Same	method	repeated	on	the	data,	simula6ons	are	used	to	propagate	the	

error-bars	and	check	for	a	poten6al	bias	on	foreground	parameters.					
	
	

�s = �3.13± 0.07

Work	done	by	NicoleGa		
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Dust	and	synchrotron	amplitudes	
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Spectral	parameters	
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Ø  The frequency at which dust and synchrotron B-modes power are 
equal depends on multipole and sky region. 

 
Ø  Dust quickly dominates synchrotron at higher frequencies. 

Reioniza2on	B-modes				range	 Recombina2on	B-modes				range	` `
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Dust	SED	for	polariza6on	and	total	intensity	

Ø  For this comparison, we only use 217 and 353 GHz maps, which are dust 
dominated  (+ CIB for total intensity). 

 
Ø Spectral indices for polarization and total intensity are derived from the 

217x353 correlation. We compute 

 
       
    for XX  =  TT,  EE  and BB 
 
 
Ø  The same data analysis is repeated on simulated skies (300 realizations) 

to check for systematics and compute error-bars. 

↵XX
` (217, 353) =

CXX
` (217⇥ 353)

CXX
` (353⇥ 353)



Spectral	indices	for	dust	polariza6on		
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Ø  The mean spectral index for 
dust polarization is β(P) = 1.56 
± 0.01 (for Td=19.6K), a value 
slightly smaller than that (1.59) 
reported in PIP XXII. 

Ø  We find a small difference 
between spectra indices for 
polarization and total intensity: 
β(P) - β(I) = 0.08 ± 0.02 as in 
PIP XXII. 

Ø  Some evidence that the dust 
spectral index may vary more 
for polarized emission than 
total intensity. 

Ø  Good match between indices 
derived from colour ratios and 
multifrequency SED fitting. 



Mul6ple	dust	components	along	different	line	of	sights	

RBB
` =

DBB
` (⌫1 ⇥ ⌫2)q

DBB
` (⌫1 ⇥ ⌫1)⇥DBB

` (⌫2 ⇥ ⌫2)

Correla6on	ra6o	of	dust	B-modes	
between	two	different	frequencies	is	
measured	as		

Tassis & Pavlidou 2015, MNRAS

             Interplay with dust emission properties

The interplay between magnetic field structure and dust emission 
properties generates spectral decorrelation 

Dust polarization maps at high frequency do not simply scale to CMB 
frequencies

Section 5 : BBGV polarized sky model

B = B0 +Bt
Uniform field

Turbulent field

Turbulent-to-mean ratio fM =
�B

B0

Spectral index of  the turbulent component C` / `↵M

Planck Collaboration Int. XXXV (2016)

Planck Collaboration Int. XXXII (2016)

Planck Collaboration Int. XLIV (2016)

B

B0

Bt

 Stacking of  a small number of  polarized emission layers, with POS spatial correlations

Vansyngel et al. (2017)

Boulanger, Bracco, Ghosh, Vansyngel

Section 5 : BBGV polarized sky model

B = B0 +Bt
Uniform field

Turbulent field

Turbulent-to-mean ratio fM =
�B

B0

Spectral index of  the turbulent component C` / `↵M

Planck Collaboration Int. XXXV (2016)

Planck Collaboration Int. XXXII (2016)

Planck Collaboration Int. XLIV (2016)

B

B0

Bt

 Stacking of  a small number of  polarized emission layers, with POS spatial correlations

Vansyngel et al. (2017)

Boulanger, Bracco, Ghosh, Vansyngel

Stacking	of	small	number	of	polarized	
emission	layers,	with	plane-of-sky	spa6al	
correla6ons		

Tassis	and	Pavlidou,	2015,	MNRAS	

Planck	intermediate	results	XLIV,	2016,	A&A	
Vansyngel	et	al.	2017,	A&A	
Ghosh	et	al.	2017,	A&A	
	
	

Toy	example	



Spectral	energy	distribu6on	of	dust	emission	

To characterize the spectral decorrelation of dust B-modes over the multipole 
bin 50-160, we only consider the four lowest Planck HFI frequency channels 
(100 – 353 GHz) 
 
Amplitude of cross-spectra between HFI frequencies       and       : 
 
 
 
 
 
 
 
 
 
Three model parameters: 
 
Ø  The dust amplitude      . 
Ø  The dust spectral index      . 
Ø  The dust decorrelation parameter     . 

⌫1 ⌫2

Td = 19.6K

�d

Ad

�d

D`(⌫1 ⇥ ⌫2) = Ad

⇣ ⌫1⌫2
3532

⌘�d�2 B⌫1(Td)

B353(Td)

B⌫2(Td)

B353(Td)
R`(�d, ⌫1, ⌫2)

R`(�d, ⌫1, ⌫2) = exp

"
��d ln

✓
⌫1
⌫2

◆2
#where	

Assumes	a	frequency	dependence	model	
of	spectral	decorrela6on	based	on	
Vansyngel	et	al.	2017.	



Spectral	decorrela6on	
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 300 E2E simulations : 
 
Ø  results of HFI-only (100 – 353 GHz) multi-frequency fit over the multipole range 50 – 160. 
Ø  The mean of spectral correlation ratio is consistent with one within 1 sigma error-bars. 



Spectral	decorrela6on	
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300 E2E simulations : 
 
Ø  results of dust correlation ratio derived from 217 and 353 GHz bands over the multipole 

range 50 - 160. 
Ø  The mean of dust spectral correlation ratio is less than one (instrumental systematics, 

CMB lensing B-mode signal). 
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Spectral	decorrela6on	
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 300 E2E simulations : 
 
Ø  results of HFI-only (100 – 353 GHz) multi-frequency fit over the multipole range 50 – 160. 
Ø  The mean of spectral correlation ratio is consistent with one within 1 sigma error-bars. 



Spectral	decorrela6on	
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Using	217/353	correla6on	ra6o	 Mul6-frequency	fit	to	all	HFI	spectra	

Ø  Multifrequency approach provides a tighter constraint on spectral decorrelation of dust B-
modes. 



Spectral	decorrela6on		
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Illustra6on	of	fit	results	for	the	Planck	data	



Conclusions	

Ø  We	use	mul6component	analysis	to	measure	polarized	foregrounds	SED	as	a	
func6on	of	sky	regions	and	mul6poles.	

Ø  From	the	SED	fi\ng	analysis,	we	find																																																																and		

							

Ø  From	the	colour	ra6o	of	217x353	and	353x353	spectra,	we	find	the	mean	

polarized	dust	spectral	index																																																																									.		

Ø  The	dust-synchrotron	correla6on	dominates	at	low	ells.	

Ø  There	is	a	small	difference	between	spectral	index	of	polariza6on	and	total	

intensity																																						as	in	PIPXXII.	

Ø  We	find	no	evidence	for	a	loss	of	correla6on	in	the	Planck	data.		

	
Ø  We	provide	lower	limits	to	the	correla6on	ra6o	that	are	6ghter	than	values	

derived	from	the	correla6on	ra6o	of	217	and	353	GHz	alone.	

��d = 0.08± 0.01

�EE,BB
d = 1.56± 0.01(stat.)± 0.02(syst.)

�EE
d = 1.517± 0.004(stat.)± 0.01(syst.)

�BB
d = 1.538± 0.004(stat.)± 0.01(syst.)
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