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Star Formation in the Rho Ophiuchi Cloud Spitzer Space Telescope ¢ IRAC * MIPS
NASA / JPL-Caltech / L. Allen (Harvard-Smithsonian CfA] & D. Padgett (SSC-Caltech] ssc2008-03a
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= AR

BEREOREZIL: RER.BEICLSIRYRRARYE

= (A AN KDE

= 5 X (accretion, wind/outflow) (53¢)

= IRIHER
s[[BNCDOFRNEBE, FRNT—Fv—  HX

Romanova et al.

Williams & Cieza (2009)
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= FU Ori#! (Herbig 1977, many papers by L. Hartmann)
Luminosity BN ZE L
[EEFEOEXRIZCEDETIRN—X
«EX Orifl: FU Ori 8 &Y /NRIE

UX OriZ! (Grinin etal. 1991) SMAL (BRELS)
2 A% EBZ L

B CREISHUT. #ES or 155)
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1#E& andlor S AR ENF Y —7 ¢ s
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FIDE HBEREG
EHIREAKREN, FBEEUEFIZ, (REC)
RHEEN LIS, ENFIEIZEELAH.  {RER: variable shadowing
tDoT*ﬁ@i’éﬁ’D (e.g., Juhasz et al. 2007)
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{kER: variable shadowing
(e.g., Juhasz et al. 2007)
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AR TIIARERA, TR TAYIREDEED—D.
(Herbst et al. 1994, AJ, 108, 1906)
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Periodic Quasi-periodic Irregular
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= |RAS 12, 25 um (Prusti & Mitskevich 1994)

=|1SO

=ith F8~13 um & (Liu et al. 1996)

“simultaneous multiwavelength observations are
needed for a proper analysis of SED”

= 2009FRICHLLIVMGRITYHT ?
= Spitzer, %< warm mission

= RSV, DFEYE

\n

BEZHNND, AIREMAED

HAHZET. ERBODRELRILEDUIY S FAATEE,
= Muzerolle et al. (2009), Espaillat et al. (2011), ...




(1) 3~5370mTORANE=S |

= YSOVAR - Spitzer warm mission, 3.6 & 4.5 micron

A A UEDISRE

= 2009FRRIZA VAU ZEFrYIZER A (A0HRE. 81 epochs)
= $J20001& ., Al F1FE~3%

= |nitial results reported by Morales-Calderon et al. (2011)
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Orion Christmas Tree

This is a rough representation of how the stars in Orion vary with time. Click on any source to see its light curve and its spectral
energy distribution. The boxes indicate examples for which we also show ] and Ic band light curves.

[SOY J053546.23-051808.6

RA: 05:35:46.21 Dec: -05:18:08.45
Class II

Magnilude
g 2 =2
= o ) (=]

=
4 ¢

Julian Date - 55000

AF;. erg/s/m®/m

ttp://ysovar.ipac.caltech.edu



Orion Christmas Tree

This is a rough representation of how the stars in Orion vary with time. Click on any source to see its light curve and its spectral
energy distribution. The boxes indicate examples for which we also show ] and Ic band light curves.
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Orion Christmas Tree

This is a rough representation of how the stars in Orion vary with time. Click on any source to see its light curve and its spectral
energy distribution. The boxes indicate examples for which we also show ] and Ic band light curves.

ttp://ysovar.ipac.caltech.edu

ISOY J053503.23-051753.3

Magnitlude

RA:05:35:03.22 Dec: -05:17:53.31
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= Episodic crystallization by outbursts (Abraham et al. 2009)

=EX Lupi: 3 Myr, T TauriZZ £ (0.6 M) . EX Ori# &£ 2
(episodic accretion, sub-FU Ori#¢)

= 2008F1BIZ7 R/ \—XR | (A[$R TL1O0fZ 1)
=4 B Spitzer TH It (IEFIF30/Z) . 2005F L LLER
= 7)) RN—XREF, faemib ) —rHIR
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(3) Sillicate feature M Z & [

10278 ®m V) T— I —Fvy—DERIZEE : DG Tau, XZ Tau
(Bary et al. 2009): 24 L AR7—)LIE month—year (day, week
TSI, AEMESANRN DGO THENGEL, )

=H T )LEEM (~50K1K; Kospal et al. 2012)

= A AMARRIEZEHBES TRV —X 4, Variable shadowing?

DG Tau

Wavelength [pm]



(3) DG Tau — silicate emission/absorptiorl.

|
silicate emission

fealures

97 September



(3) DG Tau — silicate emission/absorptior].

=V band, long-term photometric variability (Grankin et al. 2007)

ejected material
(jets in the stellar vicinity; Agra-Amboage
et al. 2009)

HST/STIS optical archival image
(filter=clear, obtained in 2003 December)




(4) Transitional disks DFRNZEN |

e Transitional disk — yU/F¥vv7HY DA i
MEWAEZ?2ER? HEBEECERBO-OHICEELGLELERMNE

SAO 206462

SAQ 206462

10.0 100.0 1000.0
A(um)

Grady et al. (2009) 880 um dust cont.

(Andrews et al. 2011)



(4) Transitional disks DFRNZEN |

e Transitional disk — yU/F¥vv7HY DA i
MEWAEZ?2ER? HEBEECERBO-OHICEELGLELERMNE

Scat. Light Pl at 1.6 um
(Muto et al. 2012)

1.0 10.0 100.0 1000.0
A(um)

Grady et al. (2009) 880 um dust cont.

(Andrews et al. 2011)



(4) Transitional disks DFNEX  |IB

AR ~103902 TE 206462
@J%*ﬁ m <>30) — 070708 SpeX XD Scaled 1.2x
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Grady et al. (2009)



(4) Transitional disks DFRNZEN |

= LRLL31 (Muzerolle et al. 2009)

= 1218 (/1ME) D TRV B ETEN
1R (Espaillat et al. 2010)

s A LR —)UITBEBIRY(Z 2~34F
» 2| LRLL31 D &L5H—y—H

s (EERNZDEHZ 20%< 50V E 1L
SHBTETHAERBETES,
Variable shadowing. (e.g., Sitko et
al. 2008)
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(a) Higher Lacc leads to
larger scale height

—

Large wind removes
(¢}  dust from the inner disk

/-
W\

Companion on misaligned orbit
() drags dust out of the midplane

L |
#.J ;
-+
-

Oscillating magnetic
field warps the disk

O— O

(M R "7, Tilted magnetic
11 field warps disk

---'.I

(b) Higher X leads to
larger scale height

e
«— —

(d) Asymmetric wind
distorts disk

\;h

Buoyant magnetic field
launches dust out of the disk

O O =

Tongue-shaped inflow
is not constant

O Q-

Flaherty et al. (2012)
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= Variable shadowing?
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= ZSERIE . AR (T T, FAOFNETBAE
hHhETEAIZITHNTLYS, "Disks are not static at all.”
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= Transitional disks M FRFMRZESE 1T — AR EY

(1) MRMGEERE. (2) ABEE.
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