





What can we learn using X-rays? (l)
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X-Rays: Probing Deep Universe!!
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X-Rays: Probing Hot Universe!!



http://chandra.harvard.edu/xray_astro/proton.html

How can we observe using X-rays?

(0.1 keV) (200 kel)
1m Fipli TOO0A 1004
Radio and Microwave | IR l;l uv K-Rays
o SATELLITES
400
200 ROCKETS
100 l
BALLOONS
a0 I
23 AIRCRAFT
T 12
s
E 5] MOUNTAINTOP
g OBSERVATORIES

Lt

e o T )/ <
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Big flare on V773Tau (TTS)






Coronet CIUSter with ASCA CCD Camera (SIS}
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YLW15 (Classl) in Rho Oph
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Spin period ~ 1 day!?




Sinusoidal light curve of WL6
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Unprecedented spatial resolution

Orion nebula
5 arcsec FWHM
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Rosat HRI Observation Chandra ACIS Observation



How can we detect the central star
of a protostar?
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(Hard) X-rays could be powerful to detect them
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The nearest cloud

— (d~165 pc)
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0.5-2.0keV

Rho Oph

Imanishi, Koyama,

Imanishi et al. 2
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False Color in X-ray
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RhO Oph o FES (classified in all references)

Imanishi, Koyama, Tsuboi 2000 ApJ 9/15
Imanishi et al. 2003 PASJ Class | candidates 15/19

Detection rate
of Class | 70%
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>60% of the Class | showed f
with 10,000-100,000 times
larger luminosities than solar flares.
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6.4 keV line at flare from YLW16A (protostar)

reflection by a cool matter

2nd Flare: neutral Fe line
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Geometry of the protostar
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N,~5><10%%cm™ N~ 5>10%cm™
EW~15eV EW~100eV



6.4 keV line appearance (XRS)
(Lx = 1032 erg s1)
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6.4 keV line appearance (Chandra)

6.4keV line appeared
Ar~20AU

At ~160min
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Early Evolution of a Star
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Orion Molecular Cloud
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False color image of
Orion Molecular Cloud 3 region
Tsubol et al. 2000 ApJ

Red : 0.5-3.0keV
Blue : 3.0-8.0keV

Contour :
dust emission map
(Chini et al. 1997)

X rays from Class O candidates were discovered.




X-ray Spectrum of the Class 0
candidates
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‘ A Cartoon of a protostrar itself and the vicinity

‘ a few tens of Kelvin

10-100 million Kelvin
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Middle Aged l-band image
Brown Dwarf '

TWA 5B /
t ~107yrs |

D~ 55 pcC I
E

~Boundary between
Planet and BD (13M,) Neuhauser et al. 2000
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TWA 5A/B
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X-rayS frOm HH 2 Pravdo et al. 2001 Nature




normalized counts/sec/keV
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Spectrum of HH2

data and folded model
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High-mass
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Chandra Observation of HH 1/2

GTO Observation

8 Oct 2000, Exp. Time: 21.4 ksec,
ACIS-S
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Cometary X-rays

e Lines from Linear 1999 S4 nucleus
Nitrogen and
Oxygen ion

e Collisional
excitation by
solar wind

"'
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To the Sun

Comet 199954




Summary

Detection of X-rays from Class O
candidates.

Access to the nature of Class |, BD, PN,
comets,Jets....

Whole life of a star ?

Future Challenge

Extra solar planets ??
Class O protostars
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4 VS KT
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KT vs age of solar-mass YSOs
Class | Flare o | B !

Class Il Flare

kT [keV]
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& Tsuboi 2001, ApJ
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Summary
/0% Class | protostars (and candidates)

are detected in Rho Oph with flare-like
time variabllities. Virtually, all Class Is
could emit X-rays possibly with magnetic
activity.

« X-rays from two Class O candidates are
discovered. We need more sensitivity
and samples!




ACIS S Spectrum of TWA 5B

a KT = 0.3+/- 0.1 keV
T o — i Lx ~ 2 x 10?7 ergs s’
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