etre Array Project
2. Depolarizing Intervening Galaxies

@m‘*e Takuya Akahori
NAX _J

Section of Future Project,
Mizusawa VLBI Observatory, Japan

National Astronomical
Observatory of Japan

2018/11/24-25 Cosmic Shadow 2018 @ Ishigaki ls.
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12 SKA members

e, e
s, - -(_

Natlonal Astronomical _——
Observatory of Japan

Jodrell Bank
Obsgrvatorx
P d\. Klr?gdom

2 Sireland 5 ‘0

lD Observatory @SA

SKA1 133 Dlshes(l 5m) + 64 Dishes(13.5m) Max. 150km
SKA2=2,000 Dishes(15m) Max. 3000km

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

2028 2029

T, ' ' 64 256 512 LOW
Construction 691 M€,077 8+0 64+0 120+8 133+64 MID(SKA+MKT)

Cosmic Shadow 2018 @ Ishigaki ls.
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BuEss e : ac .
»®-4 Status of Japan

Observatorg of Japan

1. Time Allocation | 2. Fair Return | 3.1GO m )

&7 N = ratons ISR s

representative Individual

institutes researchers

\\ J

B SKA members share 90%** of observing time

m Japan’s Plan 4% ~ 2 of China
« 2-4% contribution (TBD) ~KSP 4, Pl 4/yr
- NAOJ SKA promotion office Widefield & multi-mode >
(submitted as category-A) multi-objective project

- An associate member

mExpected Return
« KSP/PI opportunities
« Science/engineering promotions
« Training of next generations
 International presence and status

LOW Bandb5

W W

4% can produce many results
~ (papers) and students (PhD)

2018/11/24-25 Cosmic Shadow 2018 @ Ishigaki Is. 4



SKA Science
Book 2015

Natlonal Astronomical
Observatory of Japan

= yJIEIEI:T—?E'Q‘%

Cosmology s + AC Star/Planet
HADKREREDSSWN? (A- ¥ I NiEE? SRR E 0
Eﬁk?ﬁ@#ﬁ?llﬂﬂ Y ' " Y Zih—=IVDRLE SEFAOHER?
Bo1? 0 N, 7 J1—FRyo0ELR? | FHMTFI/BRFE?
ICM, IGM, CGM Cosmic Magnetism Radio galaxies HO_T
Fast Radio Burst, Transients Quasars AGN jets Universe
Sun, Stars Pulsars, Magnetars Protostars Late-type Stars . SET!

?? GHz
Freq.

| LOW | Band 1/ Band 2 [ 3/4 ] Band 5ab [ 5c ® Band 6 |

MWA/LOFAR ASKAP/MeerKAT /Parkes JVN VERA/KaVA (GHz)
|_| T Y J ‘ [ A 4 Y A =5 1_;
HI (Epoch of - Glycin,|Alanin, Urea,|... 107
(Epoch of  H| (Galaxies) . y HCN NH; |COLD

Reionization, :
Cosmic Dawn) HI (Milky Way)

CHgOH* HZCO HZO* Universe

2018/11/24-25 Cosmic Shadow 2018 @ Ishigaki Is. 5




ErERS ﬁJ

National Astronomical
Observatory of Japan

—— | olosr | zozosr

S Telescope LOFAR SKA1-LOW JVLA SKA1-MID

(O]

» Site BRI (AEHEEK) =M (FIEEKR) KE (ALHER) 77 UhENE FEHER)

g Freq. (GHz) 0.03-0.22 0.050-0.35 0.058-50 0.35 - 15(24)

= Antenna @ - # 31m x 48, 40m 15mx 133 + 13.5m

% x 14. 57m x 13 35m x 512 26m x 27 x 64

g Array config. - 3RT7 — LI 3R — LA a7 4+ 3RT7 —

c Max. baseline 120 km 65 km 36 km 150 km

l_

<z A/T @0.1,1.4 GHz 0.6 5.6 2 15

= I RAREY -'- - LAY | ‘ '[ ' LR B | :-' -

:  Sensitivity Goéd 1 Resolution

O 104 e o e o= OTRVOROOIIIIN .73 . i - .

;:: : QWAL \LMA : :

@ 1000 - f-M ] ~

x  F

E 100 lpufiord \ :

g F LOFAR ,' 1 ;

3 9 . ik Good
0.1 1 100 o :

Frequency (GHz)
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SKA Science Book 2015
SKA-TEL-SKO-0000818

Natlonal Astronomical
Observatory of Japan

modB8kvasr.sub
r

Luminosity function of linearly-
polarized extragalactic sources

*4 uJy/bm, 2"resolution g
SKAZ2 (Johnston-Hollitt, TA+15) = : 1
SKA] * 30°10'- .

1000

(230 Mim&}k udnick & Owen, 2014, Ap) 785, 4°
tot:
ATLAS  Haffs et al. 2014, 1403.5308
~NVSS AGN Stack Stil et al., 2014, 1404.1859
OELAISN1 Grant et al., 2010, Ap| 714, 1689
A ATLBS Subrahmanyan et al., 2010, MNRAS 402, 2792

o"o1™o0* O oo"‘;o 0 00’“00 23N 9 30° 23"59™00°
Ri gl t Asc v (J2000)

X NVSS Tucdi et al. 2004, MNRAS 349, 1267 2 A

100 |

odSkO k 1.5 \b

2 N UM(30) |2 ]

O -I O : : 1 § 29°50'|- 4

— 3 |

& _ ]

< NvssT) o F ] ¢ |
Taylor TA+1 5 3 ;

4 3 2 -1 0 1 2 |
P [log mJy] SKALG e, .

o"o1™00® ofoo™ 30 ohgo™p0®  23f59M30*  23"59™00°

Pt U B

Right Ascension (J2000)

2018/11/28 NSPO 7
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Buxss . — TA & Ryu 10;1 |
G J : TA+18a;18d

Observatory of Japan

National Astronomical 5 - " ' IG M I
o = :‘,,:.A— :,--

Std. Cosmology‘
Observation ‘

Visualized by R. Kaehler
http://www.youtube.com/watch?v=8UzVi8MJolo

- Warm-hot intergalactic medium (WHIM)
 In galaxy filaments. T~1057 [K], n~106-10 [cm™3]
- Inter-galactic magnetic field (IGMF)

« WHIM is most likely magnetized
« RM ~ 1 rad/m? (local) and ~several rad/m? (/dz, z=b) = / neB,dl

2018/11/24-25 Cosmic Shadow 2018 @ Ishigaki ls. 9



TA+14b; TA18d

National Astronomical
Observatory of Japan

QSO/FRB

High-z sources?
oint(z=2)~1 rad/m?2

Cluste
Criteriz

Depolarization
\| Use no-DING LoS

Filter at ~
High-b is better

—[Bright sources? ]

2018/11/24-25 Cosmic Shadow 2018 @ Ishigaki Is. 10




Brxss Burns 66; Sokoloff+98

NA“ JJ = Arshakian & Beck 11

National Astronomical
Observatory of Japan

Wavelength-independent Differential Faraday rotation
depolarization depolarization

1 n pol? N\z

no pol?
Faraday rotation

2\ -

E-vector angles

Beam Depolarization
NVSS =45" , ASKAP ~10” , SKA1 Band2 ~1"

no pol?

Faraday rotation




ErERS 6.1

National Astronomical

Observatory of Japan
P .

ETwo A-mdependent quantities becomes
A-dependent quantities

I < Farnes+14a
P — E
> - 5 o o
frequency Y ° ﬂi ':‘;.-.E" -
© - -
2 | e
Y =
P/l [}
.
I o 951 sources
.02 |ocya nocAB
Q ']i' 1.0

>
frequency a: slope of Stokes I(V)

1. Polarization fraction

| & P have the same spectral indices.

DP reduces P, so that P/l decreases
in wavelength

E _l lrLl':: l IIIF-

| e ; 1

Y -

@ . : L Bernet+ 12
O x 8} :
X o :

O F o

2 [ -

2 _

E - -

3 [ 3

£ jSolid: 6cm (4.9 GHz);
O | Dash: 21cm (1.4 GHz)I

0 L1 1.1 I 8 199 l L1 1 1 l | Bl 108 BRS |
0 50 100 150 200

Small RM? e

2. Faraday RM

P through a larger RM is more
depolarized than that through a
smaller RM. DP biases RM.

2018/11/24-25

Cosmic Shadow 2018 @ Ishigaki ls. 12



BIIXszs

NAC)J

National Astronomical
Observatory of Japan

steep-type .
232 sources-—~
=
oc
* a< =07
o
L — N0
5 Nicg =
5 . =
0 0 10 mlm /ndm~:m gl 5
> | v P
s |flat-type ~
= 143 sources -~
£
: |
O
| > -03
" Nam =0
e B
= 2 | ks W8
009 10  F— 10 %

2018/11/24-25

Cosmic Shadow 2018 @ Ishigaki Is.

Farnes+14b

ning Galaxies

-« Steep-type sources

* siokes | <= -0.7, unresolved lobes?
« Large DP (B<0)
« No clear RM from Mg systems

| » Flat-type sources

* U stokes | >= -0.3, AGN cores?
« Weak DP (B-~0)
« 6.9 £ 1.7 rad/m2/DING at observer

[ Question/Motivation

« Why only “steep-type” shows large DP?
« Why only “flat-type” shows excess RM?
« Dependence on z, beam, frequency

? Let’s do simulations!

13



National Astronomical
Observatory of Japan

« Modified NE200O1 (h=1.8 kpc)
« Disk(ASS/BSS) + Toroidal + X/OFF

- Local (turbulent) components
« Given M, B, I.,n~10-15 pc, we input data
at the saturation stage of isothermal
compressible MHD turbulence
- Wind components (minor)
« Just incorporated. No figures, Sorry!

-5 0 5
z [kpc]

Global grids = coherent fields Local grids = turbulent fields
30 kpec: - 100 pc leoherent << DOX size
CSESESAS Ne reg (XY,2) <> - Gaussian > Burn’s DP
N ?99" % B reg (X)y.2) 1 Oranda RM dispersion for
Sl b ~ i > this local grid
;?;;;?fi,;;f?;:jferms(X,y,Z) 5 4
SNUONCT L7 Bo (Xy,2) pocexp(—Zarand)\ )
2018/11/24-25 Cosmic Shadow 2018 @ Ishigaki ls. 14



National Astronomical
Observatory of Japan

dshift of DIG (0.1 Sz = 1.0
- Source redshift of DIG (0.1 S z S 1.0)
« 1" or 10" size inclination angle of DIG \  model of DIG
e Uniform (0° =i =909 fﬂ ' (A/B+D/Q+0/X)
« A= Ap= -1 y (toward galactic halo) | 17 ~ 2 kpc (z=0.1),

6 kpc (0.5), 8 kpc (1.0)

« 100% pOI observer \emm , . 01 beam size
A of source
° DING x (along galactic plane) | offset from the DIG center  ( p,=1",10")
. (-15 kpe = dx = 15 kpe)
* Z, 1, models, (-15kpe S dy < 15 kpe)
beam offset ~50% Mgll system of SDSS
- Quasars (Zhu & M’enald 13)
- Observation
* StOkeS Qs U Consider RM; et =~ 812 /neB||dl rad m 2
« Classical style: | the redshift .
RM is from of the source | X = X« +RMA )
the pol. angle 1 dvia2y |
gradient X() = garctanU(N)/Q()  RM, = X

2018/11/24-25 Cosmic Shadow 2018 @ Ishigaki Is. 15



O: 10%, z=0.1, dx=0 kpc
O: 17, 2=0.5, dx=5 kpc

National Astronomical
Observatory of Japan

E
: RMus [radint] Oowe [radi’]
: Al

300 O 100 0 0 X
[ SSS——— )

ADX

' BDX 7
29 [rad'm 15 [radmy) 34 jrad'm]
—LM, . - _lm » | L

w ] (e &
Mean : 0-200 rad/m?2 Dispersion: 5-40 rad/m?2
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1”, z=0.5,

Natlonal Astronomical | '3 Po I m f ra Ct i o n dx=5 kpc

Observatory of Japan

« PDF of RM within a beam does not follow the Gaussian
> the resultant DP does not follow the Burn’s law

%

8 us v -a
3 BREARD P i3
d43F * : Egs
b s s 3
- -2z
>9 :
B 3 k3
: $% Ega
t |
. 2=
-
g :
S de 2=
: B " §°
x2 1
. ié
§= if
%33 g!
_,?_3 832
% ze g3
N '4-5...
- A=

A o8 A
0 0 W0 400 0 10 J08 0 0 400 0 Mo 03 | 3 03 1 3 O 1 3 &3 -3 )
RM [rods) RM [rad'’] RM redin) RM [red'o ] Fooguescy (O] Froguency [COits) Proguency O Proguency (O]
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e I 2. DIN . '
NAX_/J Mon e=Carlo Simulations

Observatorg of Japan

L1(700-1000 MHz) (L2(1100-1400 MEiz)) L3(1500-1800 MHz)  S(2000-4000 Mkz)

. 100_'( _ :.0 .
realizations  °{*,0°"
 Inclination, B- E‘

shape, offset are :-
chosen randomly Z3f 3
-1
- Results = : :

* Freq. dependent

- Trends broadly  i- it
consistent with éé: || S
Farnes+14ab > L e ||

112141618 21 12141618 21 12141618 21 12141618 2
I+z \ 1+z y 1+z 1+z

2018/11/24-25 Cosmic Shadow 2018 @ Ishigaki Is.



National Astronomical .

Observatory of Japan T
e S

- If we increase the intrinsic RM by 5 times,
the observed RM does not increase by 5!

« The “effectiveness” is 0.5 - 0.9 as func. of A and zpg

~ L1G0O-1000 MHz) L2(1100-1400 Miz) L31500-1800 MHz) S(2000-4000 Mkz)

— -

Effectivencss
04 06 O3

1 121401603 21 121416018 21 121416183 21 12141618 2

142 1e2 142 142
Estimated DING’s RM Intrinsic DING’s RM
\@) \@) \@ \@)
8 rad/m?Z2 60 rad/m?2 10 rad/m?2 100 rad/m?2
> 7 > Z
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NAC)J

National Astronomical
Observatory of Japan

BSKA will appear soon
« The world-largest cm-m wavelength interferometer
« EoR and Pulsars + diverse science objectives
« Japan may join SKA as an associate member of a 2-4% share

mDepolarizing Intervening Galaxies (DINGs)

« Absorber systems (do/don’t) contribute to RM measurement
of background polarized sources
« DINGs simulation: a Milky Way model (Akahori+13)

« DING’s DP/RM depend on the source size. The results seem
to be consistent with Farnes+14 work

« We tend to underestimate the evolution of galaxies

Discovery of the WHIM and the IGMF
- Testing the standard cosmology!

Understanding

2018/11/24-25 Cosmic Shadow 2018 @ Ishigaki Is. 20




