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Observation of protoplanetary disks
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Dust opacity (single size): MieI®:k
Miel5m: —RIRDILFRIEZE 5 A 2 HRE# e
INTGA—=H 32D A X - )\TA—5— x:T

BREBITE m(l) = n + ik
5 X ~ Mopacity (cm?2 per gram of dust) (JEHTZE D KR RKF*E Zz #E17)
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Dust opacity (single size): MieI®:k
MielB5m: —IREKDIEZERE = 5 2 D BE e
INTGAX—=FF2D . A X - J\TA—=5H— x:T

BREBITE m(l) = n + ik
5 X ~ Mopacity (cm?2 per gram of dust) (JEHTZE D KR RKF*E Zz #E17)
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grazing angle
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single scattering albedo
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QD7 IJLNRK ~Bw (e.g., Inoue et al. 2008)
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albedo w
Grazing angle 8

1) star disk

» Wdisk~Pw ~ 0.1 x 0.5 ~ 0.05 (at r=100 au, flare up)
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Red & Faint disk problem
Mulders et al. 2013
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HD 100546RED Y X ~

VLT/SPHERE D #%8I %Z JTIC phase function

VLT/SPHERE Flaring geometry mapping
Polarized Intensity  (Stolker et al. 2016) Total intensity phase function
Garufi et al. 2016) . assuming Rayleigh’s. polarization
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VLT/SPHERE R-band
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Degreg of polarization
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Scattering angle [ded]

He=1 ~ 1.9 H, (at 100 au) (ICEumt 1 XD X ~ HiF7E (Stolker+16)
AN N AN EZ ENBEES &, BLAREEa>0.2 (Mulders+13)
— Aerodynamic support CZ&K[E X TE& = _Lh - f-fluffy aggregate ?

Further constraints? — Polarization!
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Scattering polarization (single size): MieiE
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Scattering polarization: Distribution of Spheres
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Scattering polarization: Porous dust aggregate

fluffy aggregate (df=1.9) compact aggregate (df~3)

X ~ 23, P(6=90°) ~ 80% X ~ 45, P(6=90°) ~ 40%
RT et al. 2016 Min et al. 2016
aggregates at A = 0.55 umr
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Radiative transfer with porous dust aggregates

GG Tau Circumbinary disk:

RIAEEL & m WMRICE D HF
BEE77YUTA N THIEEE !

Observation aAVINIRT X B KRBEFSYUHA N
(Itoh et al. 2014) (amax=1.5um, p=3.5, (Rg=0.4um, Ro=0.01um)
| | silicate)

100%

Subaru/HiCIAQO ' =

RT et al. in prep.



Radiative transfer with porous dust aggregates

Negative Polarization Branch (NPB)IC K 2 {RHXRNY ML D KER
- Compact aggregates|(3 U (3 U ITEARELB TRAEELAICL S
— BABELOEE, PODET— RMNERNICTHL THEOEND
(Weak localization effect; Mishchenko et al. 2009)
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Dust opacity (single size): MieI®:k
Miel5m: —RIRDILFRIEZE 5 A 2 HRE# e
INTGA—=H 32D A X - )\TA—5— x:T

BREBITE m(l) = n + ik
5 X ~ Mopacity (cm?2 per gram of dust) (JEHTZE D KR RKF*E Zz #E17)
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Dust opacity (single size): MieI®:k
MiedE&H: —REIKDIHEZFRFIEZ 5 2 D B i

2ma
INTA—=HFE2D : A X )\TAXA—=—H— Xx= o
BREITE m(d) =n + ik
5 X~ Dopacity (cm?2 per gram of dust) (el dii i de et

silicate +H, O ice
a=1.0 ym
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¥ Opacity index

KSCEI

Kabsy Fsca (Cm2 S_l)

Kabs & /l_'B




FARNICEKD I U RIRINDY)IE

Bs := B in Rayleigh limit (x<<1)
(a) HEERE OfBEIA (ihaaEsilicate/H20 ice’s &) ‘,35 ) ‘
IR DIRENIENRE D damping winglc & % I&IX (Lorentz model)
(b )%ﬁil LIE{K (graphite’i &)
EFIC & DT RJLF—EUGE (Drude model)

TnITII

=2
(c) IEERE DA (FEMEEsilicate/H20 ice’i &) "BS ‘
ETFIVEIERER L, FICENEER THNSNTLS (e.g., Coupeaud+12)
B - #HRE LD D RKEBMINRE

BRGNS 2 #

SERBY A M KBRINETIL: see e.g., Meny et al. 2007
ZfY AN (amax~0.1um << mmjfz)

- D FHADET Bline of sight TR=1.66
(Planck Collaboration Int. XIV , 2014, A&A, 564, A45)

‘No unique B‘




FH#% T D Opacity index B

Taurus

Serpens
ONC

100 1000
Foamimm [MJy, dist = 140 pc]

Testl et al. 2014




YA MO EEopacity{t (compact grain)

Ricci et al. 2010

.01
3.0
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1.5
1.0 E
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—_—t

Draine (2006): amax >>3mm, n(a)da « a9da (3 <q < 4)
B(A=1mm)~(g-3)Bs (Bs: Rayleighti R T Dopacity index)

Bs ~ 1.7 (ISM-value), g=3.5D K, B(A=1mm) ~ 0.9




B~1DHIFDIEF : compact vs porous

Kataoka et al. 2014

- mass-to-area ratioh’— 7€ (fractal dim.=2)

\ \ \ \ \ af=1 um ———-
— a*f=const TIlXopacity (& &R NN N N aredtm

\
Q af=tmm - ---
af=1lcm - ---

(f : volume filling factor)
%) af=1mmDIZF S

f=1 (compact), a =1 mm
f=104 (fluffy), a=10m

HRSDOHEBE TIEXBITE/GRL !
- BRELIZHEBR L AW | (RT et al. 2017)
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Kataoka et al. 2015
x> 1 (Y ARN¥ERE S BRE2M)T7ZILRFob Eh B
* X >~1 EHAEPHRRICTHS (AV/XY MFT R S DKEE)
» Pw (~MEHEE) [d x~1TpeakZ 15D %K
AR R Aobs TIRIRDIZDNUIE, amax ~ Aobs/2m
(Porous aggregate DIz S, Y- XD TEREHN 1D B amax > Aobs/2M1)
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5 A NEF or/and A MEYEL
BIUVEEREFRARIDSD FEFRGIRFIEZRELLcZ &
b, W ek T ICLBREHE (Y ANSERTHRW)

e.g., RT, Lazarian & Nomura 2017 e.g., Kataoka et al. 2015

(A), (B) Grain alignment (C) Scattering
Axis of grain alignment
Magnetic field

or radiative flux
unpolarized light unpolarized light

Oblate grains dust (scatterer)

A-
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Bertrang et al. 2016 RTLazarlan & Nomura 2017
(b A1 Y ILBIRES = (R E) (BFIEH/ L BENICEE)
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HD 1 425277’J‘b0)ﬁiﬁ (Kataoka+2016)

Polarization fraction
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HL Taubd' 5 DfEiE (Kataoka+2017)
A =13 mm A=3.1mm

PI (ALMA, 3.1 mm)
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(SR & 1TIC /RS see, e.g., Yang et al. 2016)




AEKREETDY XA MEE : B vs. ElLRY

a few mm NIE ~a few 102 ym
BSFRAENBIY1R) @EEEELISTHEINZ Y1 X)

A=870 umD{RIE D IR (& ?

HD 142527 ARSI ? Porous™y X N IC B~1DIERIX?
K BELEL?
HL Tau RRIKEE 2 SHEUVWHEDERIE ?

M ? (Porous® X k DELEL T
B9 2 DL L)

Low alpha-value?




FRERNRDOBHLGRS., BIFICHTHEIINRZS?
A [um]

il

L armorjmzZ Dtimescale: N

A A—2 3 2 p—1~—1
I[Larmor ~ 1.3 YI OgS / __ B X

P> 0 el 00 &8

BEFAIAEA S 2 |~ ¥Z ~ @mssons

' R (IWm S (CHF] | :
(RE| ié 5 (RS REE) 01020 30 40 0 80 70 80 0 10

- HExREZ ML —X 9 SMIRTORERIE

 F A NDMEIZICXT U TES T S REEMED D

(BU. BIZEREPY X b DB JZE%)

AERERDOHEISRDEE

— > qﬂFa'i'Rﬂffwi(Mmym)d)ﬁﬁ'ﬁhi{%
80 TERAIS NS rEEED B B

-80 -60 -40 20 0 20 40 60




Summary

o MEDFRNRIREEA

T ASDYA XFELDEP ZILRKICHEN
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e B8R ) RIRIRER
opacity slope B~1(F¥ A M HEEHmmP A XEEZSNTE L
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