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Mission	Team	is	studying	two	
options/parts

• Imager:	Multi-frequency	focal	plane.	Starting	
point:	EPIC-IM	(from	previous	decadal	survey)

• Spectrometer:	A	Fourier-transform	
Spectrometer	based	on	the	PIXIE	design	(but	
larger)



EPIC-IM



Dust	Sensitivities	(EPIC-IM)



PIXIE	Parameters

Angular	Resolution 2.6	degrees

Frequency	Coverage 30-6000 GHz

Frequency Resolution 15	GHz



Science	Questions:

1) The	Role	of	Magnetic	Fields	in	Star	Formation
2) Magnetic	Fields/Turbulence	in	the	Diffuse	

ISM
3) Properties	of	Dust	grains/grain	alignment
4) Magnetic	fields	in	nearby	galaxies
5) Other	topics?



Magnetic	Fields	in	Star	Formation

• Planck	resolution:	10	
arcmin	in	most	
molecular	clouds

• CMB	Probe:	1	to	2.5	
arcmins

• Questions:
– What	linear	scales	do	
we	need	to	resolve?		
• 2.5	arcmin	resolution	~	
0.1	pc	@150	pc	distance.

Planck	Int XXXV	(2016)
LIC	image	of	the	magnetic	field	in	Taurus	at	
353	GHz	with	10	arcmin	resolution



Magnetic	Fields	and	Turbulence	in	the	
Diffuse	ISM

• Planck	Resolution:	10	
arcmin	to	1	degree

• Questions:
– What	dust	column	
sensitivity	
level/resolution	do	we	
need?

– Is	this	science	likely	to	
be	achieved	by	ground-
based	optical/near-IR	
polarimeters before	
CMB	probe	launches?

A&A 596, A105 (2016)

Fig. 2. Planck D353 (same as in the left panel of Fig. 1) with the “drap-
ery” pattern, orthogonal to the polarization orientation, produced with
the LIC algorithm. The part of the sky at b < �60� has been highlighted
in colour in this figure.

p0 = pdust R is the e↵ective dust polarization fraction, which
combines the intrinsic polarization fraction of dust grains pdust
(the ratio between the polarization and average cross-sections
of dust, as defined in Planck Collaboration Int. XX 2015) and
R, the Rayleigh reduction factor (related to the degree of dust
grain alignment with the GMF; Greenberg 1968; Lee & Draine
1985). The factor R is equal to 1 for perfect grain alignment. The
factor F accounts for the depolarization due to variations of the
GMF orientation along the LOS and within the beam.

2.3. Polarization parameters of the southern Galactic cap

Planck Collaboration Int. XIX (2015) characterized the polar-
ized sky at 353 GHz at low and intermediate Galactic latitudes.
Now, with the maps released in early 2015 (Planck Collaboration
I 2016), we can extend this analysis to the high Galactic latitudes
of the southern sky. In this work, we focus on the region around
the south Galactic pole (Galactic latitude b < �60�), which is
well suited to study emission from dust in the di↵use ISM, and
directly relevant to study the dust foreground for CMB polariza-
tion.

We compute p and  from the Stokes parameters in Fig. 1
at a resolution of 1�. Because of the square of Q and U, and
the contribution from noise, p cannot be computed directly from
Eq. (1) at high Galactic latitudes where the Planck signal-to-
noise is low. A number of algorithms have been proposed (e.g.
Montier et al. 2015) to derive unbiased estimates of p; here, we
use the pMAS estimator presented in Plaszczynski et al. (2014).

Figure 2 shows a map of the Planck dust emission inten-
sity, D353, with the drapery pattern of  , rotated by ⇡/2, produced
with the linear integral convolution (LIC) algorithm (Cabral &
Leedom 1993) as in Planck Collaboration Int. XXXV (2016) and
Planck Collaboration I (2016). This map reveals a high degree of
order in  at b < �60� (blue region). Figure 3 shows the normal-
ized distributions of the polarization fraction from the pMAS un-
biased estimator, over the whole sky (in black) and at b < �60�
(in green). We also show the uncertainty on pMAS at high lat-
itude (green-shaded area) due to the error on the zero level of

Fig. 3. Normalized distributions of the polarization fraction from the
pMAS debiased estimator (see text). The black distribution shows pMAS
over the whole sky. The green distribution shows pMAS at b < �60�. The
green-shaded area represents the 1� error on pMAS at high latitude.

D353 as estimated by Planck Collaboration XI (2014). Both dis-
tributions indicate a wide range of pMAS values up to 25%. The
main di↵erence at low pMAS values is likely caused by depolar-
ization from LOS variations of the GMF orientation closer to the
Galactic plane (Planck Collaboration Int. XIX 2015).

How do we explain the high pMAS values and the observed
dispersion in the distribution? As we will show, the GMF struc-
ture in the solar neighbourhood is essential to consider when an-
swering this question.

3. Model framework

The polarization of thermal dust emission results from the
alignment of elongated grains with respect to the GMF (Stein
1966; Hildebrand 1988). Within the hypothesis that grain polar-
ization properties, including alignment, are homogeneous, the
structure of the dust polarization sky reflects the structure of
the GMF combined with that of matter. Throughout the pa-
per, we assume that this hypothesis applies to the di↵use ISM,
where radiative torques provide a mechanism to e�ciently align
grains (Dolginov & Mitrofanov 1976; Hoang & Lazarian 2014;
Andersson et al. 2015). Our data modelling focuses on the struc-
ture of the GMF. This section describes the model framework
(Sect. 3.1) and how we proceed to fit it to the data (Sect. 3.2).

3.1. Magnetic field modelling

We now introduce the framework we use to model the
GMF structure within the solar neighbourhood. The integral
equations of the Stokes I, Q and U parameters are recalled in
Appendix A.

We follow earlier works (e.g. Chandrasekhar & Fermi 1953;
Hildebrand et al. 2009), expressing the GMF (B) as the sum of
its mean (B0) and turbulent (Bt) components:

B = B0 + Bt. (3)

We introduce and discuss the assumptions we make about each
of these two components.

Our model aims at describing dust polarization towards the
southern Galactic cap at Galactic latitudes b  �60�. We focus
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Planck	353	GHz	magnetic	field	map	
of	the	Southern	Galactic	Cap
with	1	degree	resolution



Dust	Polarization	Spectra

• Questions:
–What	spectral	
coverage	do	we	need?

–What	predictions	from	
dust	
models/alignment	
models	can	we	test?

Gandilo et	al.	2016	BLASTPol	
Polarization	Spectrum	of	Vela	C:



Other	“Galactic”	Science	Cases

• Tracing	magnetic	fields	in	nearby	Galaxies?	
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Fig. 1.9.  Simulated dust polarization map of the Andromeda Galaxy with EPIC.  The color scale shows Spitzer 160 

Pm emission [80], which has about the same resolution as EPIC at 850 GHz.  Randomized green magnetic field 

vectors are shown where EPIC has enough sensitivity to detect polarization with accuracy VP < 0.3%; for clarity, 
only one vector per 5 resolution elements is shown.  No instrument in the field or in development has the sensitivity 
and resolution to map dust emission polarization for other spiral galaxies, until EPIC. 

1.4 Angular Resolution and Sensitivity Requirements 
The cosmic shear, scalar polarization and interstellar magnetic field science themes are 

especially dependent on the choice of angular resolution. While these themes are important, and 
robustly predicted by standard cosmology, they are outside the main science goal, namely to 
probe the IGW B-mode signal to at least r = 0.01.  Though a deep search for IGW B-mode 
polarization, at least until confusion with cosmic shear B-mode polarization becomes 
problematic [81-82], does not require high angular resolution, a search for IGWs below 0.01 and 
for important secondary science goals centered around cosmic shear, non-Gaussianity, and scalar 
fluctuations, we have considered a higher resolution mission option than the Low-Cost mission 
that was considered in the previous EPIC concept study [18]. 

The new intermediate design of EPIC is optimized to carry out 1) a deep search for IGW 
B-mode polarization after lensing subtraction, and 2) the full secondary science themes described 
in section 1.3.  We calculate the sensitivity and resolution required for a clear detection of sum of 
the neutrino masses down to 0.05 eV with lensing B-modes making use of a lensing potential 
power spectrum extraction using higher-order statistics from temperature anisotropy.  For the 
lensing reconstruction, the signal-to-noise ratio for the lensing power spectrum detection is a 
function of both sensitivity and resolution. Most of the lensing detection is realized for a 

sensitivity wp
-1/2 = 1-2 PK-arcmin and a resolution of ~6 arcmin, which allows a cosmic variance 

limited detection of lensing B-modes out to Ɛ ~ 1800 (Fig. 1.10). 
 

(Figure	taken	from	the	EPIC	proposal	
https://zzz.physics.umn.edu/_media/groups/ipsig/epic-im-report.pdf )


