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Outline

K-ray emission from star forming

| X-ray emission from low mass PMS stars

" Coronae (Results from COUP, XEST, DROXO)

. Accretion
Jets

3. Effects of X-rays on circumstellar disks




Jse X-ray emission

M17
Blue: Chandra
Red: Spitzer

y et al. 2003),
g et al. 2009),
luno et al. 2006),
-zoe et al. 2009),
al. 2002, 2006),
et al. 2006),
wnsley et al. 2006)

Wind-wind, wind-cloud collision

Tlownsley et al. (2003)

T~1-10 MK
Ly=3.4 103 ergs/s




1 Nebula Cluster
Guedel et al. (2008)

XMM-Newton EPIC XMM-Newton EPIC + Spitzer IRAC

Ly=5.5103" ergs/s
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K-ray emission from star forming

. Accretion
Jets

3. Effects of X-rays on circumstellar disks




t Ppservations with Einstein (~1980)

s-Aurigae, Ophiucus, Corona Australis, Chamaeleon

nown T Tauri stars bright X-ray sources
| Ly~ 103% ergs s

A number of other other X-ray sources also
detected: Weak line T-Tauri Stars (WTTS)

Declination

Gahm (1980); Feigelson and Decampli (1981); Feigelson and

Kriss (1981); Walter and Kuhi (1981); Feigelson and Kriss

(1983); Montmerle et al. (1983); Mundt et al. (1983); Walter

and Kuhi (1984); Herbig, Vrba and Rydgren (1986); Walter

(1986); Walter et al. (1987); Feigelson et al. (1987); Walter et 0 05 ["00™ _ 1oM55M
al. (1988); Feigelson and Kriss (1989); Damiani et al. (1990); Right Ascension

Walter (1992);Walter et al. (1994);Walter et al. (1997). Feigelson & Kriss (1989)




p Ophiuchi: an “X-ray Christmas tree”

Montmerle et al. 1983 (Einstein IPC data)







Sliandra Orion Ultradeep Project

handra Orion Ultradeep Project

850 ks Chandra
on Orion Nebula Cluster (~ 1Myr)

PI: E. Feigelson

13 papers in ApJS Special Issue 160
and several others

1616 X-ray sources
of which >1300 cloud members
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19 x 30 ks XMM-Newton
in Taurus Molecular cloud
(+ 9 XMM-Newton fields
in Taurus from archive)

PI: M. Guedel

15 papers in A&A Special Issue 468

126 cloud members detected,
33 cloud members undetected



YEEp R0 Ophiucht XMM-Newton Observation
(DROXO)

500 ks XMM-Newton
on p Oph core F

PI: S. Sciortino

2 paper published,
several others in prep.

111 X-ray sources




HIVIS stars (Taurus / XEST ONC / COUP)

I:Io».

D

TMC non-accreting
TMC accreting

Briggs et al. (2007) -

L -1 ANNN\ 00 o ¢ —

Open Clusters (Pizzolato
ONC (Preibisch et al. 2005

0.01 0.1

All PMS stars in the saturated regime, but much
larger scatter with respect to MS stars:

A) Variability
B) Unresolved binaries -> make up for <0.5 dex
C) Accretion ?

Rossby number



=ray activity and accretion

Preibisch et al. (2005)
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Accretion disks affect (depress) activity?




X-ray luminosities of Class |

objects (ONC / COUP)
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planation for lower L, of accretors:

sity = less efficient heating

obscured by accretion streams




‘rday photoevaporation of
accretion disks?

1078
-1

dMevap/dt [M5un yr ]
Drake et al






Blare energy distribution
Nanoflare heating?
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HIATe number energy distribution
BOUP solar-analogs + XEST stars
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Stelzer et al. (2007)




Hlare energy distribution
Arious star forming regions

COUP solar analogs : 1.9+-0.3 1 /1150 ks 850
COUP very low-mass 22+-0.2 - 850
COUP all 35.6 2.05+-0.15 1/ 5542 ks 850
- XEST all 34.9 24+-05 1/ 770ks 30 22
CygOB2 low mass 35.1 21+-01 1 /1320 ks 100 1003

Wolk et al. (2005), Caramazza et al. (2007), Stelzer et al. (2007), Albacete Colombo et al. (2007)

Flare energy distributions in all Pre-MS samples support nano-flare heating,
but completeness limits for energy are high
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Counts / K sec

Counts / K sec

otationdal'modulation of X-ray emission of
ONC stars (COUP

9

10 11

FCOUP 174

I|!I||IIIII!II|H1IIIIII‘

P[d]:

IS
o

counts [approx.]

N
o

Time [sec.]

P,: 4.68d (0.9) FAP:

Counts / K sec

Flaccomio et al. (2005)

9 10 11

Fcoup 932 " B[d]:

|II:I:(‘I|¥I|IIIT|

IERRRRER] RSRRRRERL NANY

llfll/lllllllll

T T
4

T 7T Iﬂ&‘? T bbJ.

-]
o]
o
£

o
Fit ] R

L ad

Jllll.i

o

N

Rotational modulation is detected in >10% of the sample. Amplitudes: 20-70%

X-ray emitting structures must be compact (< R.)

counts




Outline

K-ray emission from star forming

| X-ray emission from low mass PMS stars

" Coronae (Results from COUP, XEST, DROXO)

Accretion

3. Effects of X-rays on circumstellar disks




sfrom protostellar and pre-MS jets
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DG Tau - Guedel et al. (2007)

Guedel et al. (2008

DG Tau - Guedel et al. (2008)



)erays from protostellar and pre-MS jets

Object Lx kT Nu Uen D Leci /L Lx /Lo
(107 ergs™') [keV) [10%em™) [kms™']  [pc)

HH 2 52 0.23 < 0.09 230 480 g1 1.7x10°

HH 154 3.0 0.34 1.40 500 140 a0t 9.7x 107

HH 80/81 450 0.13 0.44 700 1700  2x 10 1.5x 107"

HH 168 1.1 0.5 0.40 500 730 25x 10 36x107

HH 210 10 0.07-0.33 0.80 130 450 - -

Bonito et al. (2007)

Only a handful of pre-MS jet shocks have been detected in X-rays.
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o0l | | [ | Lo Calculations for jets with different Mach number

0 1 20 1 20 1 2 (plotting symbols) and different medium/jet density
r (100 AU) contrast (size of symbols).



Outline

K-ray emission from star forming

| X-ray emission from low mass PMS stars

" Coronae (Results from COUP, XEST, DROXO)

Accretion

Jets




Kerays and circumstellar disk

eat and ionize circumstellar disks
old 1999, Glassgold et al. 2004)

gl ant effects on disk structure /evolution and planet formation
o.: viscosity, photoevaporation (>EUV)

Temperature

Mejierink et al. (2008)

log Height [AU]

Ercolano et al. (2009)

a.0 0.5
lag Radius [AU]

Glassgold et al. (2007), Mejierink et al. (2008), Gorti & Hollenback (2008), Ercolano et al. (2009)
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30
20
10 20t
0 e 0 Lot ]
< 250F 7 0 200 400 600 8001000120
2 200 :(7) ] Time (ks)
o 150} ]
2 100f ]
) :
S ot
0 200 400 600 80010001200
Time (ks)
COUP®
Sequence kg TT L%t LX, peak® Neo® EWk,*
Number (keV) (109 ergs sy (10°! ergs s7! (1077 ecm™2 s71) (eV)
331 4.6 (43-5.6) 3.4(2.7-39) 17 2.6 (0.1-4.6) 126
561 2.8 (2.6-2.9) 5.6 (5.8-6.1) 44 3.6 (1.1-7.3) 130
621 32(29-34) 4.1 (3.4-459) 1.6 2.5(0.5-3.9) 111
647 5.7 4.7-8.1) 3.3 (2.9-4.1) 5.7 4.1 (1.9-6.2) 135
649 3.0 (2.6-3.1) 14 (1.0-1.7) 2.1 1.2 (0.3-2.2) 268
1030 9.4 (6.4-14) 11 (9.3-12) 45 17 (2.5-17) 111
1040 33 (3.0-35) 6.7(6.2-7.2) 40 4.3 (1.5-6.6) 122

5x10~*

—z o 210  sx10°®
T

- +++'f*++¢# +’a|-«Hﬁi|=r+++—|—

>

VY (6)

4 1
W
7
A0

zo“ 10“ 10~ o001

W‘-WW%WWT#




0.30

0.25

0.20

Count rate [counts/s]

107

Normalized counts/(s keV)

107

A 486 Ori (COUP #331)

CCKJP 557 2 9 Kev Mght curve

Flare |

Flare |11

0.30

0.25

0.20

0.00

Q.035
0.030 F
0.025F
0.020 F
0.015
a.010

Q.005
)

Q.000

L L
100 1100 1125

Sonesaprtotan | copndrnirnsustnd | ttpismmtsiionciobe, | P renmiapatnriot

200

Time [ks] (from MJD 52847.738)

400

600 800 1000

N‘HH‘HH‘H\\‘\H\‘\H\‘HH

a

Normalized counts/(s keV)

5.0

I
5.5

I
6.0

. . .
6.5 7.0 7.5 8.0
Energy [keV]

-

N

Energy [keV]

Czesla & Schmitt (2007)

Rise—phase

Phase Il

EW~1400 eV

55 6.0 65 7.0 7.5
Energy [keV]

6.0 6.5 7.0 7.5

Energy [keV]

6.0 6.5 7.0 7.5 8.0
Energy [keV]




Counts / ksec Counts / ksec Counts / ksec Counts / ksec

Counts / ksec

Elias 29 (DROXO)

Giardino et al. (2007,2009)
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Ihe INe 11:12.81um fine structure line:
racer.of disk gas and of its response to
Igh energy radiation

lon potentials: 21.56 and 41.0 eV

sgol d et al. (2007 ), Mejierink et al. (2008), Gorti & Hollenback (2008),
ander(2008), Ercolano et al. (2009)

Ne Il 12.81 um emissivity

Mejierink et al. (2008)




Flaccomio et al., in press DROXO/' RS Sam ple

astro-ph:arXiv0906.4700 o ) .
(Deep Rho Ophiuchi XMM-Newton Observation - PI: S. Sciortino)

DoAr25/GY17 I
IRS14/GY54 I
WL12/GY111 I
WL22/GY174 I
WL16/GY182  1I
WL17/GY205 I
WL10/GY211 I
EL29/GY214 I
GY224 11
WL19/GY227  1II
WL11/GY229  1I
WL20/GY240
IRS37/GY244
WL5/GY246
IRS42/GY252
GY253
WL6/GY254
CRBR85
TRS43/GY265
IRS44/GY269
IRS45/GY273
IRS46/GY274
IRS47/GY279
GY289

28 YSOs in the DROXO field with h#&h resolution (R~600) Spitzer IRS spectra  GY291

IRS48/GY304
25 X-ray sources = Ly IRS51/GY315

RS54/ GY378

3 not X-ray detected=> upper limits to Ly




® SED Class | (8)

Il SED Class Il (16)
A SED Class Il (4)

» Pascucci et al. (2007)

< CSCha/ A TW Hya
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Final remarks

1ssion from SFRs is a complex multi-

* faceted phenomenon (cloud, coronae, accretion,
jets)

ligh energy phenomena now important for star
formation and early stellar evolution

= In the past 10 years Chandra & XMM-Newton have
indeed produced new exciting results

= We have now reached the limits of current
instrumentation, and progress will be painful
(e.g. for flare analysis, Fe6.4 keV line)




