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Introduction

— Dust scattering
e |Interstellar medium

* Active Galactic Nuclei (blazars)
* Gamma-Ray Bursts



Galactic Dust Emission

The Planck one-year all-sky suruey Eesa (d ESA, HFT and LFI consortia, July 2010




e Optical starlight polarization arises from dust
grains aligned by interstellar magnetic field

» Starlight Polarization =2 dust properties &

interstellar magnetic field SRS,

Q
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Problems for extra-galactic polarization study

* No accurate, high spatial resolution, and uniform Galactic
interstellar polarization data

=» Serious problems for foreground polarization correction

GRB, blazars,
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Polarized light
= magnetic field, dust properties, circum-stellar
structure, gas distribution, foreground correction

* No all-sky polarization survey in optical/NIR bands

* The current catalog (Heiles 2000; 9286 stars) is quite
heterogeneous and shallow (< 9mag.) at only one band (V).

N2
* 2m telescope + multi-color polarimeter
* 0.1% polarimetric accuracy with 90s exposure at m,, < 14mag
=» More than 1,000,000 stars in the northern sky
=» 100 times deeper than the existing database
* Optical three color

* Collaboration with GAIA
* Three dimensional structure of Galactic magnetic field

Legacy database of polarized objects




SGMAP project

Search for Galactic Magnetic field by All-sky Polarization survey

* Optical polarization survey of northern sky

* Survey area:
« R1:-30<b<+30, 0</<220 12,600 deg?
* R2: +30<5<90, 0</<360 10,300 deg?

* Sensitivity:
— Polarimetric accuracy 0.1% at m,,~ 13 mag.

* Three (or Four) color simultaneous polarimetry
— 3 (or 4) broad bands: (B), V, R, |



Method

« MAGNUM 2m telescope (Univ. Tokyo -> Hiroshima Univ.)

* Three color wide-field polarimeter
— 3 (or4) x 4K CCD 0”.49/pix

Polarimetric accuracy

FOV:33’(P achievable at 158sec
— Rotatable waveplate + Wollaston exposure

prism + 2 dichroic mirrors =» 3 (or 4) m,| accuracy
color polarimetry 13l 0.1%
| Suggy Stritegy for each field = 4 D27

— 158sec x 4 exposure for each fie o
polarimetric accuracy < 0.3% at 15 0.3%
my=15. 16, 0.6%
— Survey area: 17} 1.1%
« R1:-30<b6<+30, 0</<220 12,600 deg? 18 2.4%

« R2: +30<6<90, 0</<360 10,300 deg?



Survey Area

Region 2

Northern Sky

Southern sky

We explore the anti-center disk and the high latitude

of the Milky-Way Galaxy.



Survey Speed

FOV
— 33.3 arcmin ¢, 15% overlap

Observation parameters

— Seeing 1.8 arcsec FWHM

— Atm. Extinction (mag) B: 0.75, V: 0.55, R: 0.40, 1: 0.20

— Sky brightness (mag/arcsec?) B: 19.0, V: 19.0, R: 18.8, |: 18.0
— System efficiency B:0.14, V: 0.25, R: 0.29, 1: 0.31

Observation time and Limiting magnitude

— V=13.0mag G5 star (158s exp + 15s read) * 4 + overhead 60s = 278s
— B:0.21%, V: 0.10%, R: 0.04%, |: 0.04% for 13.0mag G5 star

Survey speed
— 0.2056 deg? per 1 set exposure
— Region 1:12605/0.2056=61308 sets -> 595 nights ->x 3 =» 1786 nights
— Region 2 :10313/0.2056=50161 sets -> 487 nights -> x 3 =2 1461 nights



MAGNUM 2m telescope
(Univ. of Tokyo)

Low cost, quick construction,
and quick start of observation

Dismantled and

back to Japan
In 2009
MAGNUM was operated atop
Move to Haleakara from 2000 to 2008

our observatory
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* What we want to do
* Large are survey of optical polarimetry of northern sky
= huge database of polarized sky =» Galactic
magnetic field

* Related various science cases = { R
* CMB foreground polarizationin _r” ust, polarized objects

Already surveyed ared [
(Heiles 2000)

Explore ~10 times larger
area than the currently
surveyed area

— 14
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Polarization Mapping for Southern Sky
SOUTH POL

* T80S Robotic Telescope
o FAPESP, PI: C. M. de Oliveira,
o To be wstalled 1n 2013 @ CTIO

— support for J-PAS (B. Ascaso’s talk)

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 =5 um /0.28 arcsec (diameter)
80% EE =13 um/0.72 arcsec (diameter)
Distortion  0.6%

— CCD:

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

Q0 Srrvave 21172
ESO Surveys 2012 . » . 2 . .




Science Impact

* Galactic Astronomy

— Interstellar Polarization

* SGMAP should provide ~10? more objects
* Deeper, more precise and accurate
e Combination of SGMAP (+SOUTH POL) and GAIA

= 3-D Mapping of ISM Magnetic Field!
— Magnetic Field topology across Molecular Clouds

* From less dense regions (optical, SGMAP, SOUTH POL)
* to denser regions (sub-mm: Planck, ALMA, APEX)
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Science Impact

* Extragalactic Astronomy

— Many blazars will probably be discovered

e EGRET & FERMI sources with V~ 18 will be identified

* Indentification of EGRET sources
— highly polarized blazars
— (polarization variability)

* Indentification of FERMI sources
— ~1,000 sources (Abdo et al. 2010)

— Study of known blazars

e 500 Blazars with R<19 exist in dec>-15° (Massaro et al. (2009))
° ~17

median



Science Impact

e Stellar Astrophysics

— ToO polarization observation =» Time evolution of
explosive phenomena

* Gamma Ray Bursts
* Supernovae
* Novae

— Study of circumstellar environments
* Young stellar objects
* Evolved objects



Summary

* SGMAP

— Measure polarized northern sky
— With three (or four) optical colors simultaneously
— Accuracy of ~0.1% at m,, = 13 mag.

* Optical/NIR Pol Surveys are unprecedented

— Scientifically opportune
— Synergy with Planck, ALMA & GAIA
— Complementary with radio polarization survey

* The data will impact various research fields
— from Cosmology to Solar System studies
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