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o Optical/ NIR Polarization of Starlight Polarization
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o Optical/ NIR Polarization of Starlight Polarization

Outline of the Talk

e Basic Facts
o Starlight & Emission Polarization & the ISM

* Solar Neighbourhood
o Local ISM vs. Heliosphere

e Galactic ISM
o Southern IS Pol Survey at IAG-USP
o Dark Clouds

o TFields on small & large scales
o High Galactic Latitudes

* ISM in Nearby Galaxies

o SMC dust
o SMC/LMC connection

* ISM & Stars
o Relation between Envelopes & Ambient Field

SOUTH POL
o Survey of the Polarized Southern Sky

* Conclusions
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The Planck one-year all-sky suruey

Eesa

c) ESA, HET and LFT consortia, Jely 2010




o Optical/ NIR Polarization of Starlight Polarization LPLE Y

Basic Facts

e Polarization arises from

— Dust grains
aligned by
— ISM’s Magnetic Field, B

* Polarization provides info on

— Dust properties

o size distribution, composition

— Bsky

o B component projected on the sky
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Unpolarized
B field star radiation
i (optical)

Dust grain

Transmitted

(optical)

o IR dust radia}ion

adapted from Ponthieu, Lagache; www.planck.fr
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o Optical/ NIR Polarization of Starlight Polarization

Basic Facts

-
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 Polarization arises from
. Unpolarized
— Dust grains B fieldy W Imcsen
ahgned by Dust grain
. . Transmitted
— ISM’s Magnetic Field, B (optical)
/ IR dust radiajion
) ) ) . adapted from Ponthieu, Lagache; www.planck.fr
* Polarization provides info on
— Dust properties
o size distribution, composition In the Optical/NIR: PA 7/ By
— By In the Sub-mm: PA 1 By
o B component projected on the sky
7
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« Optical/ NIR Polarization of Starlight Polarization Thhe

Basic Facts

e Optical/NIR Technique
— IAGPOL polarimeter

o Rotatable waveplate
+

calcite prism
+

detector (CCD or NIR array)

Magalhaes et al. 2005
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o Optical/ NIR Polarization of Starlight Polarization -

Basic Facts

e Optical/NIR Technique
— IAGPOL polarimeter

o Rotatable waveplate
+

calcite prism
+

detector (CCD or NIR array)

* Counts (@ waveplate angles V;:
N, — N
I | = Q- cos(4v:) + U -sin(4v)

= Q =21-23+ 25- 27

U =12y-24+ 75 - 23

Magalhaes et al. 2005
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o Optical/ NIR Polarization of Starlight Polarization

Basic Facts

e (Observational uncertainties

_ Hiltner 1951, Ap] 114, 241:
5 pe =0.0022mag < 0=0.15% (!) (photoelectric)

— Tinbergen 1982, A&A 105, 53:

5 0 =.007% (photoelectric, combining data)

— Carcioft, Magalhaes 2007, Ap] 671, L49:
5 0 = 0.002% (CCD imaging, single obs)
(06 = 28.6 /P deg)

* High accuracy now possible opens up interesting
possibilities!

10
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o Optical/ NIR Polarization of Starlight Polarization Ly

Basic Facts

* B-field of the Galaxy from stellar (optical) polarization

”

— Heiles (1 996) Mathewson & Ford 1970
o Center of curvature, Re, and direction of center, l.:

5 Ree = (8.8 +- 1.8) kpe,  lee = (-7.2° +- 4.1°)

— (northern) Galactic Plane IR Polarization Survey (GPIPS)
o Clemens (2009)

11
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o Optical/ NIR Polarization of Starlight Polarization -V kg

Basic Facts

- B-ﬁeld info from stellar , Starlight Polarization (5500 Stars)
) o . Nearby Stars (d < 1 Kpc)
polarization g /
— Statistical analysis (Fosalba et al. E
2002) g
S
O
Fy
e
— u = uniform g
r =random §
— also: Heiles (1996) g
© (Fosalba et al. 2001)
= Angular Sp ectrum: P = Cl x /-1.5 Galactic Longi(t)ude (Deg) e e
— does reflect underlying polarized continuum Fosalba et al. 02

CAVEAT EMPTOR: This is for
Galactic Plane

— important for modeling Galactic polarized
emission in sub-mm
Cho & Lazarian (2010) 12
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o Optical/ NIR Polarization of Starlight Polarization

Polarization by ISM Dust

* Optical polarization

— works w/ low Ay

* Sub-mm polarization

(1 - 5 mag)

o Ex., outskirts of dark

clouds

— works w/ high Av
(10 - 100)

o Ex., central regions of

22/Ago/11

dark clouds

Magalhaes

MFU III - Zakopane

Unpolarized
Bfield  star radiation
(optical)

Dust grain

Transmitted
(optical)

/ IR dust radiation

adapted from Ponthieu, Lagache; www.planck.fr
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o Optical/ NIR Polarization of Starlight Polarization = ;"Z?:
Basic Facts

* Some Surveys of the Milky Way in the sub-mm

— WMAP
o 23,33, 41,61 & 94 GHz, 6 > 0.2°

— BICEPS

— Bierman et al. (2011)
= 100 GHz (0.93°), 150 GHz (0.6°), 220 GHz (0.42°)

o 3 seasons, 3 large areas of the Southern Sky

— Planck

o LFL: 30 - 70 GHz,  12° (70GHz)/ 33(30GHz)
o HFI: 100 - 860 GHz, 5 (850GHz)/ 9.2’ (100GHz)

— More to come: CMBPol (USA), COrE (ESA) 14
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o Optical/ NIR Polarization of Starlight Polarization Pk

Basic Facts: B-field strength

Pereyra & Magalhaes 07

Chandrasekhar & Fermi
method
_ C&F (53)

o Equipartition between
kinetic & perturbed magnetic
energies
+

isotropic rms velocity:

Falceta-Gongalves et al. (08)

Polarization PA distributions
= B estimates

22/Ago/11  Magalhaes MFU III - Zakopane
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Basic Facts: B-field strength
— Another approach

o Motivation: sub-mm

— Falceta-Gongalves et al. (2008)
— Hildebrand et al. (2009)

— Construct Dispersion Function:

N()

1/2
1
2 w172 — _ 2
(AD” (£)) /- = iN(g) i=1 [ (x) — D (x+4)] }

— One expects:
(AD*(0)) ~ b* + m? 02,

2) 0 = correl. length of B

- d = correl. length of Buuir = Bo
or, realistically,

(AD*(0))ior = b* + m*0* + 0 (£),

1 = angular separation between points

o< 1<<d

16
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o Optical/ NIR Polarization of Starlight Polarization : ;'f‘?:
Basic Facts: B-field strength
— Another approach

o Motivation: sub-mm

— Falceta-Gongalves et al. (2008)
— Hildebrand et al. (2009)

— Construct Dispersion Function:

N()

1
2 12 _ _ 2
(AD? (£))/? = izw);[q’(") @ (x +£)]

— One expects:

(AD*(0)) ~ b* + m? 02, (2)

or, realistically,
(AD*(0))ior = b* + m*0* + 0 (£),

22/Ago/11
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o Optical/ NIR Polarization of Starlight Polarization

Basic Facts: B-field strength

— Another approach

o Motivation: sub-mm
— Falceta-Gongalves et al. (2008)
— Hildebrand et al. (2009)

22/Ago/11  Magalhaes MFU III - Zakopane

Houde et al. 2004

SHARC Il/Hertz OMC—1 350um

Aa (arcmin.)
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o Optical/ NIR Polarization of Starlight Polarization

Basic Facts: B-field stren

Hildebrand et al. 2009 |

— Another approach

o Motivation: sub-mm

— Falceta-Gongalves et al. (2008)
— Hildebrand et al. (2009)

— Construct Dispersion Function:

1 N () 1/2
(AD* (0))'/* = {— [®(x) — P (x+ e)]z}
N () ;

Table 1
Results for the Dispersion, the Turbulent-to-Mean Magnetic Field Strength
Ratio, the Line Widths, and the Mean Field Strength

Object b? (B2)'/2/Bo® o(v) Bo©

(deg) (km s~ 1) (mG)
OMC-1 83403 0.10 £ 0.01 1.85 3.8
M17 10.440.6 0.13+0.01 1.66 2.9
DR21(Main) 6.8+1.3 0.08 +0.02 4.09 10.6

22/Ago/11 ~ Magalhaes MFU III - Zakopane
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Basic Facts: B-field strength

— Use of DF with optical
data

— Ex. Pipe Nebula

o Franco/Alves/Girart
(2010)

[}
°
3
=
=
o
-
2
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o
8
<
G

359° 358° 357° 356°
Galactic Longitude
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o Optical/ NIR Polarization of Starlight Polarization

Basic Facts: B-field strength

— Use of DM with optical
data

— Ex. Pipe Nebula
o Franco/Alves/Girart
(2010)
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Galactic Longitude
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; Optical/ NIR Polarization of Starlight Polarization 3,‘"?:
Basic Facts: B-field strength

— Use of DM with optical
data

— Ex. Pipe Nebula

o Franco/Alves/Girart
(2010)

Galactic Latitude

Table 4
Structure Function Parameters for the Pipe Nebula

ap a 8 (8B?/B})*
dian? )
% (radian®) (mpc)

B 59 0.44

Stem 0.08 0° 359° 358° 357° 356°
Stem-Bowl 0.38 Galactic Longitude

Bowl 0.01

Note. ? Estimated for N = 30 (see the text).

p)
22/Ago/11  Magalhaes MFU III - Zakopane
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o Optical/ NIR Polarization of Starlight Polarization

Solar Neighbourhood

* IBEX probe:

Detection of the SS interaction With the Local ISM
— ring of energetic particles

Galactic Local Magnetic Field

22/Ago/11

Magalhaes

McComas et al. 2009

WWW.Nnasa.gov

MFU III - Zakopane

13 November 2008 | 59

\Sc ience

\\\f \

IBEX

and the heliosphere S bolndaey

RVAAAS
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o Optical/ NIR Polarization of Starlight Polarization

Solar Neighbourhood

* Comparison with the LLocal ISM Magnetic Field

— Starlight polarization within 40pc
o Polarization pole: (1, b) = (38°, 25°) (£33°)
IBEX pole: = (33°, 55°)

— New polarization data are being gathered
o in both Hemispheres

22/Ago/11  Magalhaes MFU III - Zakopane
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Frisch et al 2010
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e Optical/ NIR Polarization of Starlight Polarization kg
Solar Neighbourhood
* Comparison with the LLocal ISM Magnetic Field

— Starlight polarization within 40pc

= Polarization pole: (I, b) = (38°, 25°) (+33°) }Same pole within errors!
IBEX pole: = (33°, 55°)
| Frisch et al 2010

— New polarization data are being gathered
o in both Hemispheres 27
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Optical /IR Survey of ISM Polarlzatlon

* Conducted at IAG-USP
— LNA observatory (22 deg South)
— initially in V
— now at H (1.65um) band

o point sources & extended objects
o http://www.astro.iag.usp.br/~polarimetria/survey

— Data being reduced & will become public

e Main Goal

— Improve our knowledge of:

o Magnetic Field Structure of the Diffuse ISM
o Ratio between random & uniform components of B
o Scale Length, L, of the Magnetic Field

28

22/Ago/11  Magalhaes MFU III - Zakopane


http://www.astro.iag.usp.br/~antonio/survey
http://www.astro.iag.usp.br/~antonio/survey

° _";.-'b
.:. “ ul
ok B

; Optical/ NIR Polarization of Starlight Polarization -V kg
Collapsing Dark Clouds

* Magnetic Field in Dark Clouds

— B and grain alignment in expanding shells and fronts?
— Role of B in cloud collapse?

Feitzinger & Stuve 84
Musca Dark Cloud c
29
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e Optical/ NIR Polarization of Starlight Polarization Fakg

Collapsing Dark Clouds

Magnetic Field in Dark Clouds

— What is the role of B in cloud collapse? o",:.'. 56

* Mapping the Musca Dark
Cloud

22/Ago/11  Magalhaes MFU III - Zakopane



o Optical/ NIR Polarization of Starlight Polarization

Collapsing Dark Clouds

Magnetic Field in Dark Clouds

What is the role of B in cloud collapse?

* Mapping the Musca Dark
Cloud

Pereyra & Magalhaes 04

1,363 objects with P/c > 10

22/Ago/11

Magalhaes

MFU III - Zakopane
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o Optical/ NIR Polarization of Starlight Polarization

Collapsing Dark Clouds

* Magnetic Field in Dark
Clouds

— What is the role of B in cloud
collapse?

Pereyra & Magalhaes 04

e —

* Mapping the Musca Dark
Cloud

— Collapse along B

Polarization vector maps for the three

= |B| ~0.03 mG - 0.15 mG R o 0 T o o

3o Al WP LE20T6; (b) Centeal, RAzm
= Mcloud -~ 140 M@ ¥ o W |:' "n- : ." 1: zl n‘\ a
. d - 3 with, RAux 122275313, DEC ax

LGS0 Only the 1 363 ob pocts with oy >

ve boen plotted. The polaruation scale is

wun to the spper right of each mag
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; Optical/ NIR Polarization of Starlight Polarization E ':3.'
Collapsing Dark Clouds

* Does Polarimetry Map the
Field?

Polarization vector maps for the three
5 the MDC, The centers of ench
o) Noeth, HA w0 ZF o
JULG20.71; (b) Centeal, RA
PIRAY ., DEC TIELM"; o
with, RAux 12°22" 3, DEC

T Only the 1363 o jocts with Floy >
m plotted. The polaration scale is

w upper right of each mag
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o Optical/ NIR Polarization of Starlight Polarization -Pikd-

Collapsing Dark Clouds

* Does Polarimetry Map the
Field?

Observed Fields in the Optical

Pereyra & Magalhaes 04

Polarization vector maps bor the three
regors wn the MDC, The centers of each |
region aee: () Neeth, RA 0 1Z=ox
DFXC 300 TG990 (b) Centreal, RA a0

1230254y, DEC IIEMLUT; ad
(¢) South, RAx 122275305, DECun
TIIGIS 06", Only the 1363 obbocts with /oy >

10 bave been plotted. The polaruation scale is

shown to the wpper right of each mag
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o Optical/ NIR Polarization of Starlight Polarization

Collapsing Dark Clouds

* Does Polarimetry Map the
Field?

High Polarization associated w/ Ay~2-3mag

declination (degrees)

Polarization along the Cloud

22/Ago/11 ~ Magalhaes MFU III - Zakopane
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Pereyra & Magalhaes 04

Polarization vector maps bor the three

regors wn the MDC, Th s of ek 1™
= (a) Neeth, RA 0 173" 0x1),
TG990 (b) Centreal, RA a0
1230254y, DEC IIEMLUT; ad

DEC 00

TZEIS08" . Only the 1363 ob jects

with Play »

10 bave been plotted. The polaruation scale is
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o Optical/ NIR Polarization of Starlight Polarization

Collapsing Dark Clouds

RE L R
Pereyra & Magalhaes 04
* Does Polarimetry Map the TR
Field?

Change in PA associated w/ Ay~2-3mag

Polarization vector maps bor the three
regors wn the MDC, Th s of ek 1™
(a) Neeth, RA 0 LFan a1 S
DFXC 300 TG990 (b) Centreal, RA a0
1230254y, DEC IIEMLUT; ad

N (¢) South, RAux ¥ 1.03%, DEC 00

with Ploy >

TZEIS08" . Only the 1363 ob jects

10 have boen plotted

declhination (degrees)

The polaruation scale is
shown to the wpper right of each mag

Position Angle along the Cloud
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o Optical/ NIR Polarization of Starlight Polarization

Collapsing Dark Clouds

* Does Polarimetry Map the
Field?

g
3]
g
a

22/Ago/11

m
32

Magalhaes

Near IR Polarimetry confirms optical PA

RA (2000)

MFU III - Zakopane

Near IR (1.65um)
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o Optical/ NIR Polarization of Starlight Polarization

Sub-mm Polarization from Bok Globules

* CB3

— Basic data
o 6.7x5.6 arcmin
o d~ 2.5kpc
o 2 embedded YSOs
o intermediate mass star formation
site

22/Ago/11  Magalhaes MFU III - Zakopane o

YSO =
Young
Stellar
Object

bipolar
outfiow
-
A s A
v dusty
. onvelope
|-
- 4 »
protostar
\clrcumsulu
disk
Y Y

http://www.cfa.harvard.edu/rg/star_and_planet_formation/
young_stellar_objects.html

39
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o Optical/ NIR Polarization of Starlight Polarization -V kg

Sub-mm Polarization from Bok Globules

>
(©))

e CB3
o Ward-Thomson et al. 2010

.
(ﬁ
-

— Polarization maps
o optical
o sub-mm
0O contours:

850um (353 GHz)

— Stars near the border
= PAopt ~ PAsub—mm

Ol

P
N H ~ E N IN IN
o0 © O _ N & N

— Optical:
o Av ~03-1.8
— Sub-mm: : &
o N~102 cm2 = Av ~ 10

Obs: PAsub-mm rotated by 90°

22/Ago/11  Magalhaes MFU III - Zakopane
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o Optical/ NIR Polarization of Starlight Polarization = ;"Z;:

Sub-mm Polarization from Bok Globules

>
(©))

e CB3
o Ward-Thomson et al. 2010

.
(ﬁ
-

— Polarization maps
o optical
o sub-mm
0O contours:

850um (353 GHz)

— Stars near the border
= PAopt ~ 1)lasub-mm

Ol

P
N H ~ E N IN IN
o0 © O _ N & N

— Optical:
o Av~0.3-1.8
— Sub-mm: : : 4
o N~102 cm2 = Av ~ 10

Obs: PAsub-mm girado de 90deg

22/Ago/11  Magalhaes MFU III - Zakopane
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o Optical/ NIR Polarization of Starlight Polarization

Polarization by ISM Dust

R
* Optical polarization

Unpolarized
Bfield  star radiation
— works W/ low AV (optical)
1-5ma
( g> . Dust grain
o Ex., outskirts of dark
clouds

Transmitted
(optical)

/ IR dust radiation

* Sub-mm polarization

adapted from Ponthieu, Lagache; www.planck.fr
— works w/ high Av
(10 - 100) Important role of telescopes like:
o Ex., central regions of
dark clouds JCMT, APEX
LLAMA (proposed)
42
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o Optical/ NIR Polarization of Starlight Polarization

Polarization by ISM Dust

* In summary:

— From Optical/NIR
o B-field in the ISM & collapsing cloud periphery

_ From JCMT, APEX, (LLAMA)...
o B-field in the denser parts of the dark cloud

— From ALMA, SMA...
(+ ALMA/LLAMA)

o B-field in cloud cores

43
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o Optical/ NIR Polarization of Starlight Polarization

Collapsing Dark Clouds

* Magnetic Field in Dark Clouds

— B and grain alignment in expanding shells and fronts?
— Role of B in cloud collapse?

22/Ago/11

Magalhaes

IRAS Vela Shell

Feitzinger & Stuve 84

MFU III - Zakopane
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o Optical/ NIR Polarization of Starlight Polarization

Collapsing Dark Clouds

* Magnetic Field in Dark Clouds

— B in expanding shells and fronts?
* Mapping the IRAS Vela Shell

— Churchwell et al. 96 (in CS)

22/Ago/11

Magalhaes

€ Pup

Vl|

E

MFU III - Zakopane
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; Optical/ NIR Polarization of Starlight Polarization kg
Collapsing Dark Clouds

Magnetic Field in Datk Clouds

— B in expanding shells and fronts?

* Mapping the IRAS Vela Shell | Pereyra & Magalhaes 07 |
— Mass-to-Flux Ratio, A %

o All regions sub-critical

o They join smoothly w/
molecular cloud data
of Crutcher 04

22/Ago/11 ~ Magalhaes MFU III - Zakopane
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o Optical/ NIR Polarization of Starlight Polarization T A

Large Scale Magnetic Field

o 42 General ISM fields observed

— 2-3 integrations/field
— ~10? objects/field with 0,/P = 10

* Observed pointings

22/Ago/11  Magalhaes MFU III - Zakopane o o o o o " " o



o Optical/ NIR Polarization of Starlight Polarization

Large Scale Magnetic Field

General ISM

22/Ago/11

Magalhaes

MFU III - Zakopane
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o Optical/ NIR Polarization of Starlight Polarization

Large Scale Magnetic Field
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o Optical/ NIR Polarization of Starlight Polarization

Large Scale Magnetic Field

Campo 18 - 00abr09 Campo 01 - 00abr07

tmp$mag1936dia nstars 467. correc —431845 +/- 0.006976937 tmp$mag2353bd nstars 53. correc ~3.7578 +/~ 0003145727

Campo 08 - 00abrl0

tmp$magd88ie nstars 89, correc 2586 _+/~ 0.0017

Campo 20 - 00abr09

p$mag!936ri nstars 227. correc ~0.5023_ +/- 9.
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tmp$mag2149ec nstars 58. correc —5.1504 +/— 0.0041
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tmp§magBBb nstars 233. correc —5.47052 +/— 0.004182057
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$mag6854g nstars 260.
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o Optical/ NIR Polarization of Starlight Polarization

Large Scale Magnetic Field

General ISM

Estimates of B-strength (preliminary)

Campo AR2000 (h m s) DEC2000 (0’ ”) P (%) V (mag) 6B (uG) Bsky cold/warm(uG)
-28 37 46.56
-38 46 35.04
-50 06 25.20
-64 03 18.72
-61 11 35.88
-45 46 50.52
-54 38 36.60

06

08
09

14
18
20
22

22/Ago/11  Magalhaes

7 55 52.85
08 25 39.19
09 13 11.77
12 44 25.53
13 29 34.29
15 40 22.52
15 55 39.60

MFU III - Zakopane

1.37
1.96
5.48
2.9
1.42
2.04
2.5

10
10

10
10

25 6.8(9)/6.8(9)
25 6.8(5)/6.8(5)
2.5 17.0(3)/17.1(3)
25 10.8(9)/10.8(9)
25 9.7(9)/9.7(9)
2.5 18.0(5)/18.1(5)
2.5 22(1)/22(1)
Marcelo Rubinho
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o Optical/ NIR Polarization of Starlight Polarization -Pakd

Large Scale Magnetic Field

e Future:

— Use of data w/
Parallax missions

o Gaia:

=> 3D-Map of Galactic Magnetic Field

22/Ago/11 ~ Magalhaes MFU III - Zakopane
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o Optical/ NIR Polarization of Starlight Polarization Tk

Small Scale Magnetic Field

* Open Clusters

-~
; </ Paris
) 4.6x10° AU

Cluster

— allow study of the field structure on smaller scales

53
22/Ago/11 ~ Magalhaes MFU III - Zakopane
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o Optical/ NIR Polarization of Starlight Polarization

Small Scale Magnetic Field

Open Clustets
K Crucis

CCD Image with

M\/2-plate + calcite prism

Magalhaes et al. 05

22/Ago/11  Magalhaes MFU III - Zakopane . . . . . . . .



o Optical/ NIR Polarization of Starlight Polarization

Small Scale Magnetic Field

Open Clustets
kappa Cru

k Crucis

— distance = 1900 pc

— angular decorrelation size
for Bunifo

>
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= L < 4.6 pc
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Cluster 55
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o Optical/ NIR Polarization of Starlight Polarization -V kg

"‘; -.

Small Scale Magnetic Field

~ Open Clusters Decorrelation length

Cluster Distance (pc) L ()<
C1115-624 - 1240 5.5
C1250-600 1980 8

C1714-429 - 1000 6.8
C1828-192 - 620 21
C1836+054 480 33

Ferreira & Magalhaes 2009

— L = few pc

— L <« values from the General ISM data
o 1 kpc (Jones et al. 92; Heiles 96)

o not unexpectedly though...

— L = values from Faraday rotation
o from Extragalactic sources (Minter & Spangler 1996; Haverkorn 08)

— L: Input to CMB Foreground Polarization

o L away from the Plane has to be determined 56
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o Optical/ NIR Polarization of Starlight Polarization

MHD Turbulence Simulations

— B on the plane of the sky

o Supersonic, sub-alfvenic

— Pol. vectors show the
effects of By

22/Ago/11

Magalhaes

MFU III - Zakopane

Falceta-Gongalves, Gouveia Dal Pino
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o Optical/ NIR Polarization of Starlight Polarization

MHD Turbulence Simulations

o Supersonic, sub-alfvenic

— B along lo.s

— Polarization vectors
show effects of Biind

22/Ago/11

Magalhaes

MFU III - Zakopane

Falceta-Gongalves, Gouveia Dal Pino
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; Optical/ NIR Polarization of Starlight Polarization T kg
MHD Turbulence Simulations

* Polarization vs. Density

polarization
polarization

- -
[ o
© '
o g
o o
< [

v v

° °
< <
o o
o o
- | 4
e <
- -

Falceta-Gongalves, Gouveia Dal Pino
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o Optical/ NIR Polarization of Starlight Polarization P

MHD Turbulence Simulations .

e Structure functions

Polarization Position Angle Polarization

Falceta-Gongalves, Gouveia Dal Pino

22/Ago/11 ~ Magalhaes MFU III - Zakopane
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o Optical/ NIR Polarization of Starlight Polarization

High Latitude Clouds
| Fields towards DIR313-29

Magnetic field along
ISM filaments =

Cassia Fernandez |

1

22/Ago/11  Magalhaes MFU III - Zakopane



o Optical/ NIR Polarization of Starlight Polarization

General ISM - The IAG Survey

High Latitude Clouds

— By-products:

o Zero-point of P vs. column density

o Position angles away from the Plane

— Important for CMB!

22/Ago/11  Magalhaes MFU III - Zakopane
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o Optical/ NIR Polarization of Starlight Polarization N Wak

SMC Magnetic Field

* Early optical polarization observations

— Mathewson & Ford (70)
— Schmidt (76)
— Magalhaes et al. (90)

=> Suggestion of a

Pan-Magellanic field

22/Ago/11 ~ Magalhaes MFU III - Zakopane



o Optical/ NIR Polarization of Starlight Polarization

SMC Magnetic Field

* Magnetic Field intensity

— From dispersion of position angles:

o n~10tem3, OVies ~ 22 km s°!

— Estimating

Mao et al. (08, synchrotron): 3.2 x 10° G

= Mao et al. (08, synchrotron): (1.6 +0.4)x10° G

— Formal uncertainty not too bad (~20%)

o but answer probably within a factor of a few...

65
22/Ago/11  Magalhaes MFU III - Zakopane



SMC Magnetic Field

On-goit
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o Optical/ NIR Polarization of Starlight Polarization

SMC Magnetic Field

M-gT7sel 0. < p
a)

counts

0.04

—-0.04 —-0.02

)
centl 2344 (0.44)
fwhm1 26.3 (0.99)

22/Ago/11

* On-going program

0.02 0.04

Magalhaes

counts

MFU III - Zakopane

0.02 0.03

polarization

"
e /N
! 4:'?4._'
(A g
Gomes & Magalhaes 2009
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SMC Magnetic Field

* On-going program

— Imaging polarimetry

— Preliminary
results

SMC Magnetic field along
SMC-LMC direction =

22/Ago/11  Magalhaes MFU III - Zakopane
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SMC Magnetic Field

* On-going program

— Imaging polarimetry

— Preliminary
results

SMC Magnetic field along
SMC-LMC direction =

Poster by Aiara Gomes g ;

22/Ago/11  Magalhaes MFU III - Zakopane
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; Optical/ NIR Polarization of Starlight Polarization -V kg
Orientation of Stellar Envelopes

* Polarimetry of Herbig Ae/Be objects

o Pre-MS, intermediate mass stars

o Comparison of
Polar. Position Angle with ISM Magnetic Field direction

Net Polarization
o e,

Envelope Orientation vs. ISM B-field L to

disk orientation

o Statistics of
Direct Light

Aﬂ = Il’ltl‘il’lSiC PA - ISM POI PA. unpolarized
can be done. gglfi;:?red Light

22/Ago/11 ~ Magalhaes MFU III - Zakopane 70



o Optical/ NIR Polarization of Starlight Polarization

40,
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Az VA
X_Wal
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Orientation of Stellar Envelopes

* Polarimetry of Herbig Ae/Be objects

o Statistics of
AO = Intrinsic PA - ISM Pol PA

22/Ago/11

Magalhaes

MFU III - Zakopane
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___ All stars

- = Pobs

obs

> 2%
> 3%

Rodrigues et al. 2009




o Optical/ NIR Polarization of Starlight Polarization
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Orientation of Stellar Envelopes

* Polarimetry of Herbig Ae/Be objects

o Statistics of

AO = Intrinsic PA - ISM Pol PA

— For the more highly
polarized stars:

AO — parallel

to ambient B-Field
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Envelopes have memory

of ISM B-field !

22/Ago/11 ~ Magalhaes MFU III - Zakopane

Rodrigues et al. 2009




o Optical/ NIR Polarization of Starlight Polarization

Orientation of Stellar Envelopes

* Origin of Earth’s Magnetic
Field?

— Dynamo from Earth’s rotation

— Earth’s rotation derived from
Protosolar Nebula

— Nebula probably had memory of
ISM B field

22/Ago/11  Magalhaes MFU III - Zakopane




o Optical/ NIR Polarization of Starlight Polarization

SOUTH POL

SOUTH POL:
— Survey of the Polarized Southern Sky in the Optical

e Goal:

— Polarimetric accuracy of 0.1% at V=15-16

* First epoch:

— Sky South of Dec -15°
— Completed in ~ 2 years

It will steadly progress Northwards
74
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Optical Polarization by Dust
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SOUTH POL

* 80cm Robotic Telescope
o TR-80S PI: C. M. de Oliveira

— Instalation: 2012
o CTIO, Chile

Table 1: Summary of the performance of the T80 design

Performances of design
Aperture  0.840 m diameter
Plate scale 55.56 arcsec/mm
Focal length 3712 mm

Field of view 110 mm (1.7°) with optimized image quality
155 nm (2.4°) with limited performances
Image Quality 50% EE =35 um/0.28 arcsec (diameter)

80% EE =13 um/0.72 arcsec (diameter)
Distortion 0.6%

— CCD:

o EEV, 9k x 9k, 92mm
5 2.0 deg? (1)

22/Ago/11  Magalhaes MFU III - Zakopane



o Optical/ NIR Polarization of Starlight Polarization

SOUTH POL

e Polarimeter

22/Ago/11

Magalhaes

MFU III - Zakopane
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« Optical/ NIR Polarization of Starlight Polarization Fakg-

SOUTH POL - How?...

e (Combination of

— Southern 80cm Robotic Telescope in Chile
o just funded by FAPESP

— Large field Imagingolgri_meter
o 2.0 sq.deg.

PO 15"

22/Ago/11  Magalhaes MFU
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o Optical/ NIR Polarization of Starlight Polarization

SOUTH POL - How?...

e (Combination of

— Southern 80cm Robotic Telescope in Chile
o just funded by FAPESP

— Large field Imaging Polatimeter
o 2.0 sq.deg.

22/Ago/11  Magalhaes MFU [Ki§
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o Optical/ NIR Polarization of Starlight Polarization ' 4'"‘-"

Como?’...

* High Galactic Latitude
Clouds

— Need V~15-16
in order to map B

— Av~0.3 typically
= PV < 3.AVN 0.1-1.0%

— For P/op = 5,
if P~0.5%
= op = 0.1%

22/Ago/11 ~ Magalhaes MFU III - Zakopane

Table 1. Polasimetric accuracy, in %, with the 80cm Telescope(*).




o Optical/ NIR Polarization of Starlight Polarization

SOUTH POL - Overall impact

* Extragalactic Astronomy

— Many blazars will probably be discovered

— EGRET & FERMI sources down to V~19

o will be identified

— Magnetic Field structure of interacting systems
o eg., Magellanic Clouds

81
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o Optical/ NIR Polarization of Starlight Polarization

SOUTH POL - Overall impact

* Galaxy, Interstellar Medium & Star Formation

— Magnetic Field structure of the Galaxy
o with paralaxes from GAIA
o Large (~kpc) & small (s pc) scales

— Grain alignment theory

— Magnetic Field topology across Molecular Clouds

o From less dense regions (optical, SOUTH POL)
to denser regions (sub-mm, Planck)

82
22/Ago/11  Magalhaes MFU III - Zakopane
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o Optical/ NIR Polarization of Starlight Polarization

SOUTH POL - Overall impact

o Stellar Astrophysics

— Statistics & Time evolution of explosive phenomena
o GRBs
o SNe

— Circumstellar environments

o YSOs
o Evolved objects
— Galaxy & Magellanic Clouds

— Census of magnetic White Dwarfs

83
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o Optical/ NIR Polarization of Starlight Polarization

SOUTH POL - Overall impact

* Solar System

— Asteroids

o Determinacao de albedos, hence sizes
o Inventory & size distribution

o Curves of Polarization vs. phase:
clarity population divisions among Main Belt, NEOs, etc.

22/Ago/11  Magalhaes MFU III - Zakopane
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o Optical/ NIR Polarization of Starlight Polarization

SOUTH POL

e SOUTH POL

— unprecedented undertaking in the optical

— will impact several areas

o from Cosmology to Solar System studies

— accuracy of 0.1% down to V=15-16

— will cover -15" < dec <90° in first 2 yrs

22/Ago/11  Magalhaes MFU III - Zakopane
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o Optical/ NIR Polarization of Starlight Polarization = ;"Z?:
Conclusions

* Stellar polarimetry provides information on

— The general Galactic B field

o at large scales (= 100 pc)
o at small scales (= 1 pc)

— B field structure in collapsing clouds of the ISM
— Relation of circumstellar disks & Ambient ISM field
— B tield structure of Interacting galaxies (Magellanic Clouds)

— The Polarized Foreground for CMBR studies.

86
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