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(b E- and B-modes in a nutshell

E-Mode Polarization Pattern B-Mode Polarization Pattern
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COSMIC CURL Spin intensity

The BICEP2 instrument observed a faint but distinctive twisting pattern, Il Clockwise [llAnti-clockwise

or spin, known as a curl or B-mode, in the polarization of the cosmic Polarization strength and
microwave background. This is the first evidence for gravitational waves / orientation at different
generated by rapid inflation of the Universe some 13.8 billion years ago. spots on the sky.
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B-mode is nothing to do with the magnetic field

Disclaimer



The Planck polarization sky

rotated 90° —> BJ_ — v =05x%x tg_l(U. Q).

(Bayesian)
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Color: Intensity at 353 GHz
Lines: Direction of magnetic field as projected on the sky. Normalized length.

» First all-sky map of dust polarization.

» Complementary to observations of stellar polarization
which provide detailed information on smaller angular
scales
Planck intermediate results XIX 2015, A&A, 576, A104
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@w) The Planck polarization sky

Magnetic field perpendicular to filaments
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E- and B-modes in filaments

E-Mode Polarization Pattern B-Mode Polarization Pattern
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If a filament is preferentially aligned with the local direction of magnetic
field, it produces more E-mode than B-mode.
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Power asymmetry in the dust E- and B-modes

Polarized dust emission produces about half as much as
B-mode power as E-mode power.
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“ Origin of dust E-B power asymmetry

BIILPOS Ngl;(th
Identifying elongated Study the relative orientation BB/EE~ 1/2

straight filaments between the filaments and the
magnetic field




Filament-finding algorithm
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Planck XXXVIII 2015, arXiv 1505.02779

Fig. 2. Data processing steps implemented to identify filaments from the Planck data. We start with the Planck Dis3 map (upper
left panel) smoothed at 15’ resolution. The bandpass-filtered D%, map (upper right panel) is produced using the spline wavelet
decomposition, retaining only the scales between ¢ = 30 and 300. The lower eigenvalue map of the Hessian matrix, A_, is shown
in the lower left panel. Structures identified in the high-latitude sky A- map are shown in the lower right panel. The superimposed
graticule is plotted in each image and labelled only on the lower right panel. It shows lines of constant longitude separated by 60°
and lines of constant latitude separated by 30°. The same graticule is used in all plots of the paper.
Bond et al. 2010

259 filaments at high Galactic latitude (|b| > 30°) with comparable column densities.
Filaments have typical lengths larger or equal to 2 deg (corresponding to 3.5 pc length
for a typical distance of 100 pc).




Q Histogram of relative orientation (HRO)
s between the filaments and B,
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- Filaments are statistically aligned with B, in the high-latitude sky .

- The HRO is fitted well with a Gaussian plus a constant. The constant arises from the
projection of the magnetic field and filament orientation on the plane of the sky
(Planck XXXII 2014, arXiv:1409.6728).

Planck XXXVIII 015, arXiv 1505.02779



A Projection effects

Projection effects (3D to 2D) are crucial for the
interpretation of the shape of the distribution.




Stacking of filaments in our sample
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Q’ and U’ are the Stokes Q and U maps computed with respect to the axis of the filament.

The average filament appears as a negative feature with respect to the background in <Q’'> image
and is not seen in <U’> image.

The 1 sigma uncertainty on the <Q’> and <U’> images is 1.3 uK -

The homogeneous background in the <Q’> and <U’> images reflects the smoothness of B, over the
patch size of 7x5 square degrees.

The mean polarization fraction of the dust emission in these intensity filaments is 11%.

Planck XXXVIII 015, arXiv 1505.02779




& BB/EE variance ratio using filtered data

High-latitude sky
NhL
VEE (HL) = Z Egsa i1 Easapmy = (46.6 £ 1.1) iKGyg
NHL
VRS (HL) = — Z B3ss i Basa e = (291 1.0) pKGy |
VBB (HL) This ratio is computed over the angular
VEE (HL) =0.62+0.03 scales 30 <1< 300.

The 1 sigma errorbar on the variance estimate is computed using the cross-product of the
independent subsets of the Planck data.

Planck XXXVIII 0185, arXiv 1505.02779



“ BB/EE variance ratio using filtered data

Filaments and their surroundings
(f,=f,,=0.28)

Nsp
VEE (SP) = Z Edsaimi Edsarme = (137.5 % 1A) uKE g
Nsp
Vo8 (SP) = — Z B353 HMlBgS&HMZ (91.2£13) IJKCI\/IB :
\/BB (SP) This ratio is computed over the angular
VEE (SP) = 0.66 £0.01 scales 30 <1< 300.

The 1 sigma errorbar on the variance estimate is computed using the cross-product of the
independent subsets of the Planck data.

Planck XXXVIII 015, arXiv 1505.02779




Sky variance from the bright filaments

High-latitude sky:
VEE(HL) = 46.6 uKZ

Filaments and their surroundings (f,=0.28):
VEE(SP) = 137.5 uK& s

The ratio of the sky variance is

f1 % VEE (SP)
VEE (HL)

Rsp =

=0.83.

83 % of the total variance
in EE polarization is in the
bright dust intensity
filaments.

- Rest of the high-latitude latitude sky (1-f;=0.72) does not contribute much to the
sky variance. It includes structures like local dispersion of the polarization angle.

Planck XXXVIII 015, arXiv 1505.02779




w Synchrotron polarization
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4
iz, Synchrotron polarization
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Strong alignment between the filaments in the
synchrotron emission and the magnetic field B-mode power spectrum




& Overall picture
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Degree of alignment is:
equal to 1 in case of perfect alignment
equal to -1 in case of perfect perpendicularity
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Conclusions
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Filaments in the diffuse medium are statistically
aligned with the local magnetic field.

The mean polarization fraction of the dust
emission in the filaments of diffuse interstellar
medium is 11%.

The histogram of relative orientation between
the bright filaments and the local magnetic field
can explain the observed E-B power
asymmetry.

Future models of dust polarization need to take
into account the alignment between the
filaments and the magnetic field.

(See poster by Flavien Vansyngel)




b+

_', . ‘ 2 - “i»\"‘ w3e 7 "f"‘ Ay ,‘#‘ .= ..: " .» 4 .q‘-v N o -. . . = ‘ \"\ x J - i!’".‘ ‘;; -

X Ve 4R

The ﬁcrentlfm nesults <that Wﬁ present td&da\(’are a pdeuct \
‘tl'ie Pﬁn’tk qulaboratlon,».\,inclu‘dmg mdlvrduals fmm*__ more;_\..\
than ﬁ:l“pQ Scientrflc ’ip’stttutes nguarOpe,, tHe USA ahd Ca@ada

w'

: "'7 e "". - .\4.|.

Planck is a
project of the
European Space
Agency, with
instruments
provided by two
scientific
Consortia funded
by ESA member
states (in
particular the
lead countries:
France and Italy)

(s

\\

¢:esa
R

agenzia spaziale
italiana

DTU Space -
Natlonal Space Institute & ¢ 3
Science & Technology ~

' Facilities Council

@ No’r|ono| Research Council of |’ro|y Ei@%

/

DLR zﬁul.t:fcthe:nzde;;ﬁ‘rr:fahrte\/ /‘ ContrIbUtlons
UK SPACE from NASA

AGENCY

e (USA), and
A, s HE INIVERSITY OF U:I\:(RI ® TN
§ B =5 & CAMBRIDGE 83 (. C\>ER @ (/’ASF @INSU“_ e %IJNZPQS telescope

Sl aay arm CITA-ICAT reflectors
[ Vel e Qspc IPL gap @ o BT Provided in @

Imperial College
London

collaboration
between ESA and

UNIVERS! EGLI STUDI

b1 MILANO

QDY @wre O e ’i’f_f Do a scientific
o= LESH glgll(\:IE:fISEIJE é ’1"”6‘;{'8?\}"])" %umvmsm{m ‘é T @P m CO nso rtl um |ed

and funded by
Denmark.



