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CO (2-1)

Zhang+ (2021) MAPS V

40

g HCO7
—— Uniform CO |

_ Radially
Depleted CO

20

Seifert+ (2021)

> L_ow ionization rate
SSX

SSM
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High ionization rate
MO02

Model ID Cer 571
Moskalenko et al. (2002) MO02 6.8 x 10716 } High
Webber (1998) W98 2.0 x 1077 '9
Solar System Min SSM 1.1x 1078

Solar System Max SSX 1.6 x 107"

T Tauri Min TT™ 70 x 102 [ LOW
T Tauri Max TTX 1.0 x 1072
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Disk B-fields are connected
to cloud B-fields

(Different from T-Tauriosphere)
(Cleeves+ 2013)

Gyro radius of CRs
rs(E=100GeV) ~ Tau << 0.1pc

=» Even high energy particles
travel along B-fields
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w((| B~ 100mG CR flux increases for 104 times
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Conservation of magnetic moment
a
.2
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. disk _ Ddisk _ 104 a: pitch angle
Sln2@cloud Bcloud B
v

= sinadoud <0.01

CRs almost perfectly parallel to B-fields can only enter

Cosmic-ray flux: a2/4 = 2.5x10° times

Balance between focusing and reflecting
= CR flux is reduced to ]/4 (from isotropic distribution)



Sheared B-fields of PPD

(protoplanetary disk)
White lines : B-fields

Generation of toroidal component of B-fields
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— Effective column density should increase cuzuki & Inutsuka (2009)
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Simulation settings

Local ideal MHD (Athena)
Box size : Hx2Hx8H Reprodycir]g sheared
Resolution : 30x60x240 M9t flelds

Azimuthal magnetic field is enhanced
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(Zhang+ 2021, Lynden-Bell & Pringle 1974, Andrews+ 2011)
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This work: ¢cr = CaimCism [exp(—T dgetour Xeft /XCR)]

X-rays:

Igea & Glassgold(1999),
Bai & Goodman (2009)
Ly=103%rg/s, Ty=3keV

Radionuclides: Cry = 7.6 x 107"~
Umebayashi & Nakano (2009)
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r >130au : Higher ionization rate due to higher input CR contribution can be larger than that of X-ray
r < 130au : Lower value despite of high input rate
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Implications

® Highly settled disk around Oph 163131 ® CO depletion from ISM value

0.6

Conversion of CO in
05) L . . W’ high £ (2107 s1) and
low temperature (~20-30K)

Region 2

. Region1
. Central point source - 0.3

environment

(Furuya & Aikawa 2014;
Bosman+ 2018; Schwarz+ 2018)
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A6 (arcsec)
AjIsuajul pazijew.lon

-0.5F

20 au

v 3o T 0.0 Our model sugges’rs high

Aa (arcsec) ionization rate at outer radii
Villenave+ (2022)

Disk is laminar at ~100au
Consistent with our model



Ambipolar Diffusion?

MIR turbulence would be
suppressed/weakened by ambipolar

diffusion in outer disk Ambipolar Elsasser number
. 10% ¢ T T T T T
Bai & Stone (2013), -
Bai (2013), Simon+ (2015) o ;_”V' Lup, midplane
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Outer disk may be turbulent £ 1o | ]
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Conclusion & Discussion
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