Introduction
Analyzing POL-2 data
POL-2 850 micron maps
POL-2 sensitivity
vs. 450 pm maps

... with my apology for totally incomplete references

Polarization imaging:

lessons learned and wishes for future instrumentation




B-field and polari questions to be addressed

¢ Bfields are detected via polarimetry towards any astronomical objects.

¢ What is the origin of B fields?
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| Are there primordial B fields or

Lare they produced by astrophysical process?
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B-field and polari questions to be addressed

Center of gravity can be defined

Primordial Primordial
[ Circumstellar B J [ Circumnuclear B j
[ Interstellar B j [Intergalactic B field]

Primordial?, astrophysical process? or both?

Center of gravity cannot be defined



B field structure of a cloud:
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Planck, BISTRO data: Y. Doi, RSF et al. 2019, in prep.

CARMA data: Hull et al. 2014



B-field study with questions to be addressed

Primordial?, astrophysical process? or both?

Interstellar B |
Star formation rate

Initial conditions of ga lapse itial mass function
Feedback process /\

Grain-alignment mechanism

[ Circumstellar B j What is the “Qest” method to Clrcumnuclear B j
infer B filgd|strength?

Primordial WV ﬁ Primordial
[ Dust and B field

In most astrophysical process, B fields are passive in dynamics,

however, B fields play significant roles in some stages.

At what evolut:onary stage over what spat:al scale

or/and over what dens:ty range do B fleld is playlng key role'?




What does arimetry tell us?

® Intrinsic polarization of the emitter Objects

¢ Anisotropy of directions of charged-particles’ motions
e.g., thermal emission from aligned dust, synchrotron radiation
¢ Absorption or emission in molecules and atoms,

e.g., Zeeman effect, maser, laser, Goldreich-Kylafis effect

® Polarization caused in radiative transfer process

Path

¢ Linear polarization by selective absorption and/or scattering,

¢ Liner polarization by scattering and reflection

¢ Circular polarization by multiple scattering

e.g., absorption and scattering by aligned dust

& Faraday rotation



Photo by RSF

Analyzing POL-2 data



Data and data reduction _

& Tried to reduce the accessible data taken between 2015 and 2019 April

< 450 micron data are limited to those taken under 15,5<0.04

& Successfully reduced,
¢ Twenty-eight 450-micron observations (including 21 BISTRO targets)
¢ Forty-three 850 micron observations (including 23 BISTRO targets)

& Data reduction
¢ Starlink 2019-02-05 version (not the faster PCA version)

¢ 12 Linux machines — CPU 3 GHz 16 cores, memory = 256 Gb at NAOJ

¢ Tried pixel sizes ot 4 and 12 arcseconds

¢ Data volume and required scratch area

- Rawdata = 5.5 Tb, Starlink scratch area = 4.1 Tb for BISTRO data
- Rawdata = 2.1 Tb, Starlink scratch area = 1.5 Tb for non-BISTRO data




1. Reduced 850 micron data pol2map pipeline

2. Reduced 450 micro data using the 850 map as a reference map, yielding a
common pixel gridding

3. Convolved 450 um data with a single-gaussian-beam so that the dual-
band data have the same beam size

4. Produced
(a) Pol. intensity (PI), pol. fraction (P), pol, angle (PA) maps
(b) Vector catalogues

(c) House keeping, e.g., verification, various images statistics
5. Vector catalog matching between the 450 and 850 data

6. Image display
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What we would see with 10-ti
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What are presented here?

- Data: 850 micron

- Image: Stokes |

- Contour: 90%
percentile of Stokes |

- Vectors: rotated 90 deg,
shown w. identical
length to see directions

How vectors are selected?
- A threshold of I/Al > 10
only, so as not to miss

intrinsically-weak

polarization

Liu, ..., RSF et al. 2019, ApJ, in press.



1 2%0

What we would see with 10-t higher scan speed ?
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What we would see with 10-times  11{s |y 1@ =13 K] o J-I-Te Is
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Coude, ..., RSF et al. 2019, ApJ, in press.



What we would see with 10-ti higher scan speed ?
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What we would see with 10-ti higher scan speed ?
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POL-2 give us Stokes Q and U maps!

Interstellar B ?

1.5 pc

d ~ 78600 pc Stokes Q

Project code #M17APQ074.



POL-2 give us Stokes Q and U maps!

Interstellar B ?

1.5 pc

d ~ 78600 pc Stokes U

Project code #M17APQ074.



Stokes Q and U yield o) E1rZ=l R S8/ N ] o,

(" )

Circumnuclear B
\_ Y,
4 )

Interstellar B ?
\_ _J

Sorry that | forgot to bring
the Pl image of the G.C.

in my laptop!!

Polarized intensity, pj = \/ 02 + U? , always takes positive value.

PDF of API : Rice distribution Project code #M17AP074.






Sensitivity of POL-2 maps [} G CONRA Y|
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Inside the AST mask
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Stokes ’ Due to e.g.,
( Time variation of atmospheric opacity?
Uncertainty of instrumental polarization model?
— Needs to monitor time variation during exposure
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Sensitivity of POL-2 maps [} G CONRA Y|
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INn Stokes | vs. PI
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850 um sensitivity of POL-2 m In Stokes | vs. Pl
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Oph A 850 um data inside AS
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Oph A 850 uym data inside AS
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Oph A 850 uym data inside AST
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Photo by RSF

Do we really need 450 um?




Caught pol. structure oward highest Nis\ regions!

Image: 450 micron Stokes |
Contour: 90% percentile of |
Brown vectors: 450 micron
Green vectors: 850 micron

23 183 45
Right Ascention (J2000)

RSF et al., in prep



Caught pol. st

NMain field2, 450 and 850 um vectors, Stokes J, polvesatSerpM2YYAN4Smatched 12as

W. Kwon, ..., RSF et al., in prep
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Caught pol. structure ard highest N5 regions!

0.483 pc

Image: 450 micron Stokes |
Contour: 90% percentile of |
Brown vectors: 450 micron
Green vectors: 850 micron

0.48 pc

J. Hwang, ..., RSF et al., in prep



Caught pol. structure ' ions!
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Interstellar B Circumstellar B

The new camera should
v e simple design to get good IP correction
v e mappable extended emission
v e delivered to community in timely manner
v concentrate on 850 micron only



