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1 -Introductions and motivations

1. Introductions and motivations - E clurize] emisaton il
) ssio

. : : : : 3 aligned dust graing
*» Magnetic field (B-field) is believed to play a substantial role ? ; A=

in the star-formation processes (Crutcher 2012) o :
¢ Direct measurement of B-field is a difficult issue ‘

- Indirect methods: . \ B

e the dust polarization (SOFIA/HAWC+ and others) .

e the Zeeman effect | —
* the Goldreich-Kylafis effect |
* the Faraday effect

. . * . . E
« the synchrotron emission Polarized thermal dust emission
% Radiative torque (RAT) alignment theory is a popular theory Planck collaboration 2018
describing grain alignment and polarization (Lazarian & Hoang 2007; Andersson et al. 2015) BT F O 7 E Eg Ty T O ks
- implemented to POLARIS code (Reissl & Bauer) [ 850um ) e

Mean

% One of the key predictions of the RAT theory:
the polarization degree correlates with the intensity of the radiation field -
(or equivalently dust temperature, see e.g., Lee et al. 2020) B

¢ Observational Question: p increases and then decreases as T4 increases? < :
. \ - L1 1 | | |
(RAT prediction) (Opposite to RAT prediction) ’ 5 - %0 o o1
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1. Introductions and motivations

Santos et al. 2019; Tram, Hoang et al. 2020b

Oph-A observations

SOFIA/HAWCH (Tram, Hoang et al. 2020b)
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2D histogram of the dust polarization degree and dust temperature for 89 um (left panel)
and 154 pum (right panel). The gray lines show the binning weighted-mean of the data and
the error bars represent the standard deviation within the bin. The black dashed lines show

SOFIA/HAW C+ (Santos et al. 2019)
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the best t of the piecewise linear function to the data.

* p increases and decreases with Td

* p decreases toward + lower gas density
+ higher dust temperature

Ny ¢ rninal » I

Le Ngoc Tram — SOFIA-tele-talk

* B-field is “well ordered” in Oph-A

= Turbulent of B-field within the scale
of the beam size 7?7




2-Dustpol model

2. Radiative torque disruption (RATD) mechanism (Hoang, Tram et al. 2019)

¢ Large grains exposed in a strong radiation field
(or high dust temperature in equivalent) can be spin-up very fast by RAT.

WRAT = 7.6><1010)/a1'§ia_§'7U61/3 rad s-!

1/2
* The induced centrifugal stress S = pw?a?/4 = Wit = 3(Sm") rad s°!
a\ p
¢ For sufficiently high rotation rate, the induced centrifugal force can exceed the
binding force (5,,.,) that holds the grain's structure
—> disrupts the large grain into smaller species.

Hoang, Tram et al. 2019 Nature Astronomy

¢ Smax = 100-108 erg cm3: composite structure (Hoang 2019)
Smax = 10°-1019 erg cm3: compact structure (Draine & Salpeter 1979; Burke & Silk 1974)
Smax = 101 erg cm3: ideal materials (i.e., diamond, Hoang et al. 2019)



12/15/20

dense MC with »
no disruption
Smax = 107 erg cm~

Aen=81,04um
r=173 A Aam97.5Tum

A =160,09.m

Vs A w246.915m

dense MC with »

RATD

Smax = 10" ergcm™ ,  _sg2.68,

r=1/3 i....=181.19,4m.’__l_ »357.95,m

Acum67.30um #7 X5, & "t
=81.04,m / A - Ry

107
wavelength (gm)

19
10.0 139 195 27.3 38.2

10 —%— Smax=10"
Smax=10°%
Smax=10"
Smax=10*
Smax=10°

Taurus
Cham-Musca

Polaris

53.4

850 um dense MC with +

Ophiuchus
Aquila Rift
Mean




A % no RATD 154pm
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2.1 Applications to Oph-A (Tram, Hoang et al. 2020b)

Interpret SOFIA/HAW C+ observations
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Table 1F x? of the (r;\odels »l\'ith a siné,;lilaligcr:icd si:)ic:xte
oy gt et Ty e . . . R .
By e )t gl % Assuming that all dust grains follow a power-law size distribution.
x* = 7 20 (Pl — Prnod)*/ Pl
N s topabiss o et % Our modeling results could successfully reproduce both the rising and declining trends of the
C(894m, frowe =1) [ X(1542m, frn = 0.35) observational data.
f  sil grain car+sil grain | sil grain  car+sil grain
el ot 1T o % We show that the alignment of only silicate grains or a mixture of silicate-carbon grains
o oE o | oo e within a composite structure can reproduce the observational trends
G5 T 1 1.35 1.98 1.80 . . i
G0 s ia] | 16 1 ¢ Grains in Oph-A cloud have a composite structure
4.1 1.53 1.44 1.01 1.02
42 186 1.71 1.09 1.04 \¢ g g 5 g g .
= & B |2 T %+ The grain-size distribution has steeper slope f < —3.5 (ISM).
4.4 2.71 2.50 1.84 1.67
4.5 3.15 2.94 2.33 2,12
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2.1 Applications to 30 Dor (Tram et al in prep)
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pe (%)

pE (%)

Toward R136

Toward R136

neg. slope = —0.51

T
pos. slope = 1.43

radiation source

—> Like Oph-A

log1o(Ng (cm™2))

There are 2 mains regions in 30 Dor: North, South
Dust grains are heated more efficiently close to the

Gas is denser farther away from the source



2-Dustpol model

2.2- Limitations

2.2 Limitations and perspectives of DUSTPOL code

>

s DUSTPOL’s input parameters are the local ny and the local Ty

 first controls the damping process of the rotating grains,
O its value is derived from a spherical model

» second denes the angular rotational rate of grains.
O its value is adopted from observations
(projection effect -- the actual value could be higher than these)

L)

0‘0

B-field is assumed to be uniform
* In realistic, the variation of B-field along the l.0.s could reduce p(%)
but not change the p(%)-T} trend.

0‘0

DUSTPOL’s input parameters are the local parameters.

» prescription will be easy to incorporate into more elaborate models that have better physical
treatments for the gas and dust properties
O 3D radiative dust modeling codes (e.g., Dullemond et al. 2012; Liseau et al. 2015)

% Variation of B-field is being updated into the new version of DUSTPOL code
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3-Polarization hole
3.1- Theoretical cal.

3.1 Theoretical calculations (Hoang, Tram et al., submitted to ApJ)

MC without an embedded source: Starless core-like
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*  Analytical results are in excellent agreement with numerical results. * The degree of dust polarization by dichroic extinction
: .. : is expected to decrease with increasing A
* The alignment size increases gradually with 4, and ny. P g Av
Q n,; = 10* cm3, standard grains (a < 0.3 um) can be aligned upto 4,~10 *  Grain completely loss alignment: @,;,,> @,y

O ny > 10° cm3, only large grains of @ > 0.5 um can be aligned at 4y, > 10



3-Polarization hole
3.1- Theoretical cal.

3.1 Theoretical calculations (Hoang, Tram et al., submitted to ApJ)

MC with an embedded source: protostar-like

Ay (mag)

145 125 105 8575655545352515 5 * Analytical results (solid lines) are in good agreement with numerical results

oo (filled circles)
envelop 0F =107, « Alignment size is lower for more luminous sources.
b 100L, * In the envelope (Ay+> Ay,):
Ave = Q the alignment size decreases gradually with decreasing Ay « (increasing Ay)
< U only large grains can be aligned because of the rapid increase in the gas density
10 F 10%L, 10°L, as ~r~P
central * In the central region (Ay:< Ay,): ny=const, the alignment size decreases rapidly with
central | p=3/2 — Analytical Ay« due to increase of the radiation intensity.
MC oo region jenvelop o Numerical - if the grain size distribution is constant, the polarization of thermal dust emission
0 20 A0 e, %1 would increase toward the central protostar producing a slope = 0
{, fop s | —> we should not see the polarization hole!
nu(r) = i (7) P T Av(mag)
( 144 134 124 114 104 94 84 74 64 54
, i A I I I I
‘ 1 V,c
ILls — .1}11 ( : ) ll 1 re “ll l-" | IJ‘-" I . . b . . . . °
' Tin, o " Disruption range * QGrains are rotationally disrupted by RATs in the central region.
Low-mass protostar : 1+ The removal of the largest grains by RATD is predicted to reduce p(%) at long
(Visser et aé- 201%) g wavelength (Lee et al. 2020; Tram, Hoang et al. 2020).
* njp=10° cm i .
e 1, =30AU ® oot 4 = p(%)should decrease toward the protostar, and one expects the slope ~0—1
E — Analytical 7 . .
: . ical 1 —> produce polarization hole
High-mass protostar central | p=3/2 Numerical 3 : .
(BiSSChipoit al. 2007) - region | enyelop
* Nin = cm’ 40 60 80 100
* r,=500AU Ay x(mag)



3-Polarization hole
3.1- Theoretical cal.

3.1 Theoretical calculations (Hoang, Tram et al., submitted to ApJ)

MC with an embedded source: protostar-like
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(1) The degree of dust polarization by dichroic extinction * Loss-alignment zone: shaded regions

is expected to decrease with increasing AV * Ay, depends on the a,,,, and radiation field (internal + external)
—>(2) Grain completely loss alignment
—>(3) Radiation from the source make p(%) increase

—>(4) Disruption effect causes the slope <0



x  SOFIA/HAWC+ Observations ~ —— Fit
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4-Conclusion

Conclusion

TIK]

Large grains exposed to a strong radiation field can be disrupted into smaller species via the RATD mechanism =~ »e ns s 55 s e o

T T T
[ Spaeie. dense MC with + |
-o- Smax=10'

r=0,3

RATD mechanism constrains the upper limit for the grain size distribution
RATD efficiency depends on (ny, Ty, U, Spax)

In molecular cloud hosted by a strong radiation source (i.e., a massive star or a cluster of it)
+ joint effect of RAT + RATD reproduces successful the observational p(%) - T trend

* suggests a composite grain structure S v
* the power-index of size distribution steeper than the standard MRN distribution (i.e., -3.5) 10—
* need to be tested in various astrophysical environments/conditions FSopes &/_’ ]
S Co@\\ RAT+no RATD
RATD could not tell us which sizes are produced via the disruption § ks | Rene0d
5 . . £ D\VO -~ +R,q7-D
» multiple polarimetric data would help §F RN 5
 coupling among facilities at different wavelength (SOFIA, JCMT, BLASTPol, APEX) is very important g I E— Py
F S £ %@;\\
Grain alignment and disruption by RAT can explain the polarization hole effect i 2 \’
* p(%)-Ay trend is being developed and implemented to DUSTPOL code B
* need to be tested observationally Apalications 1 Astrophysics

Input parameters are the local parameters
* prescription will be easy to incorporate into more elaborate models (e.g., POLARIS)

GRB af(/erg() AGN

B-field is assumed to be uniform TR e
* its variation along l.o.s is being considered in the future work ‘ g e

47 rption REs

RATD can be responsible for other long-standing questions in Astrophysics (see Hoang 2020 for review) . Dobrts ook

Thank you very much for your time — Xin cam on!
Hoang (2020)



