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The XMM-Newton/Chandra/Suzaku era

* Densities in a handful of young stars [] evidence of accretion

*Detection of Fe KO at 6.4 keV: information on source size, height,

mechanism (but very limited!)
* Detection of jets and shocks in HH objects

* X-ray light curves of episodic accretion events in multi-wavelength

campaigns and some CCD spectra of FUors/EXors
* Magnetically confined wind shocks in some Herbig stars
* Diffuse X-ray emission in star forming regions

* Abundance studies (FIP and inverse FIP effect)

* Average density & opacity measurements

* Density variations during flares (rare! Low S/N)

* Eclipse & Doppler mapping of corona (limited by spectral resolution & resolution)
* Colliding wind binaries, WR stars, massive O stars

* Etc, etc...
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ASTRO-H in a nutshell

ASTRO-H is an international X-ray observatory, which is the 6th in the series of the
X-ray observatories from Japan. More than 20 icientists from Japan/US/Europe/

0
Canada. v caunch vehicle:J AXA H-1IA rocket
v Orbit Altitude: 550km
v Orbit Inclination: ~31 degrees

(Takahashi et al., 2012, SPIE, 8443, 1)

v Launch: 201 International Cooperations

6

SGD (Soft Gamma-
ray Detector)

micro Calorimeter Array/ADR
Two soft X-ray Telescopes
Eight Science Advisors
Pipeline Analysis

SRON & U.of Geneva

Filter Wheel/M XS for SXS
CEA/DSM/IRFU

Contribution to BGO Shield/ASIC test

ESA
SXI (X-ray CCD Three Science Advisors
SXS (Micro Calorim eter) Weight 2.7 t Contribution to mission instruments
(SXS/HXI/SGD/HXT)
HXI (Hard X-ray Imager) Height 14 m User supportin Europe
CSA

Metrology System

58 institutions (Japan 33)
266 scientists & leading engineers (Japan 152)



TABLE 2. Key parameters of the ASTRO-H payload

(Takahashi, 2013, MmSAI, 84, 776

Parameter Hard X-ray Soft X-ray Soft X-ray Soft y-ray
Imager Spectrometer Imager Detector
(HXI) (5XS) (SXI) (SGD)
Detector Si/CdTe micro X-ray Si/CdTe
technology Cross-strips calorimeter CCD Compton Camera
Focal length 12 m 5.6m 5.6m -
Effective area | 300cm?@30keV | 210 cm?@6 keV | 360 cm? @6 keV | >20 cm?@100 keV
160 cm® @ 1 keV Compton Mode
Energy range 5 -80 keV 0.3-12keV 0.5-12keV 40 - 600 keV
Energy 2 keV < T7eV 150 eV 4 keV
resolution (@60 keV) (@6 keV) (@40 keV)
(FWHM)
Angular <1.7 arcmin < 1.3 arcmin < 1.3 arcmin -
resolution
Effective ~9x9 ~3x3 ~ 35 x 35 0.6 x 0.6 deg?
Field of View arcmin? arcmin?® arcmin? (< 150 keV)
Time resolution | several 10 us several 10 us 4 sec several 10 us
Operating —20°C 50 mK —120°C —20°C
temperature

High-resolution spectroscopy
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ASTRO-H timeline

* Launch by the end of JFY 2015

* Similar operational approach as Suzaku, incl.
data rights and access for European

actrnnnmMmMarc ( ~Q0/)\
Time Allocation (TBC)

Phase0: 3Months : Satdlite/Instruments Check out

Phasel: 6Months : SWG 100 % (PV Phase, induding Galilration)

Phose2: 12Months : SWGCGarry Over 15 %, G075 %, Chservatory 10%
Phose3: Restofthemission: KeyPrgect 15 % (TBD), G075 % Chservatory 10%

e Call will be released some time after launch
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ASTRO-H user support for the European community

Science Operations Centre (SOC) at ESAC Science Support Centre (ESSC) at UNIGE

» Handling of European Announcement * Promotion in Europe (w/SOC)
of Opportunities, proposal technical
evaluation, OTAC support

» Expert knowledge on ASTRO-H
instruments for European users

* Liaison with | AXA for the
|mplementat|o_n of.European proposals « Review user's documentation

and cross-calibration observations

 Storage and dissemination of data * Training activities for European

astronomers

e Support to calibration and operations

at ] AXA

ESAC, Spain
| |

» Contribute to the validation of
calibration and data analysis software
Ecogia, Versoix, Switzerland
Current personnel: 883 n

Project Scientist: David Lumb (ESA-ESTEC)

Current personnel:

o Matteo Guainazzi (G AXA) Marc Audard - s
1 Bl Peter Kretschmar Carlo Ferrigno @ T .
i Celasanchez d StI’O h un | g e.C h Stephane Paltani SSteea®" S ol e i
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Athena

Ariane V launch to L2, 5yr nominal
mission

Launch goal: 2028 (L2)

. Wide Field
Fixed Imager

(Sizbased
PFET)
ESA Silicon Pore Optics
5" (3”) resolution

FACULTE DES SCIENCES UNIVERSITE
Département d’astronomie &Y DE GENEVE



Science Requirements
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ASTRO-H SXS vs Athena X-IFU

1?2 : i: Pna:wm:‘laﬂe”ﬁ 0,06 eV Cu KGl & KGZ
T T T T T T T[] . E:usﬂ\;fu?%‘iglml e
1.55 m? R,
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S, \ »rreq of 2.5 | )
: y eV (goal X-IFU
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High densities in accreting stars

High i/f ratio in He-like triplets of TW
Hya indicate ne=1013 cm-3 (Kastner et
al. 2002; Stelzer & Schmitt 2004). Also
Fe XVII (Ness & Schmitt 2005)

Plasma T=3 MK consistent with
adiabatic shocks from gas in free fall
(v=150-300 km s-1)

High densities in accreting young stars

(Schmitt et al. 2005; Robrade & Schmitt
2006; Gunther et al. 2006; Argiroffi et
al. 2007), but not all (Telleschi et al.
2007; Gudel et al. 2007, Argiroffi et al.
2011; etc)

7 Ly =
d A £ 7
. ./ £ jl
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From present challenges
to future observations

 Many grating spectra of magnetically active stars (esp. young pre-main sequence
stars) suffer from low signal-to-noise ratios

* It will be possible to obtain densities in many sources within 500 pc relatively
quickly (<50 ks, e.qg., Taurus, Chamaeleon, Orion, etc)

* Caveat of NH for young stars (1020-1022 cm-2)

« BP Tau, 50ks
. T .

BP Tau with RGS1 ®

Athena, X-IFU

50ks, 2.4 c/s .
h NH=6x1020
+ ++ cm-2

0.6

normalized counts/sec/Angstrom

Schmitt et al. (2005)
Counts/37.88mA bin/131.0ksec

o 1 1 1 1 1 1 1
21 21.2 21.4 21.6 21.8 22 22.2 22.4
channel wavelength (Angstrom)

FACULTE DES SCIENCES 3 UNIVERSITE

Département d'astronomie &Y DE GEN EVE




* Potential of Athena to observe several “nearby” (=500pc) star forming regions also
with Athena X-IFU to obtain densities

* Importance to determine the contribution of accreting plasma

* Access to Ne IX (but blends with Fe). Access to OVII will depend on column density
(OK for NH<5x1021 cm-2 [J AV<3 at 500pc).

Orion distance (500pc), Athena X-IFU (50 ks), 0.22 c/s

BP Tau @ Orion, 50ks . i . BP Tau @ Orion, 50ks
. T .

NelX [ i § | o

0.15

0.1
0.04

normalized counts/sec/Angstrom
0.02

0.05
normalized counts/sec/Angstrom

B LA s L5k X AU
13 13.2 13.4 21 21.2 214 21.6 21.8 22 222 224
channel wavelength (Angstrom) channel wavelength (Angstrom)
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Flux density (erg / cm® / sec)

TOO observation of an erupting
young star

« Young accreting star can undergo episodic accretion during
which massive loads of circumstellar matter falls onto the
star

« Previous observations showed a correlation between the
optical-IR and the X-ray fluxes [] interaction between
magnetosphere and accretion

« But previous observations have failed to measure electron
densities which can provide measurements of the infalling
mass e st 5

* SXS,.and..XFU will measure densities for_b |ght IEE@IXOdIC
16-09 W%%ﬁg Hartmann ( 1%,97T" \‘ %fﬂlog\' :E»
v B TOO  withi loc M&%ger (?\Nee sa d basgd on
e confirmation of:X- X i E_ ift TO

« V1647 Orli - i 5[
1e-12 x . ? . ———— * — =
TN | R WU ;i 1 dM/dt(d sk) ~ 10‘%—-107

& x i ?;‘(

Kastner et al (2006{: I *I

1e-15

1000 1500 2000 2500 3000 3500 4001
Julian Date - 2 450,000

dM/dt (wind) ~ 10" dM/dt (acc) dMy/dt (infall) ~ 107 =



Dynamics and structures of protostars

Protostar
Outflow

* the accreting phase of
stars

* surrounded by dense

,» Soft X-ray dust envelope
 only > 2 keV X-ray

emission gives view on
core and the formation

Envelope FFOCGSS

lron line series at 7 keV is an unique
probe of the dynamics and structures of

ard X-ray
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Dynamics and structures of protostars

From 6.7 keV line
Pcore, vcore [] Rcore , ( 5

From 6.4 keV line A
Pdisk, vdisk [] rdisk 6.7 keV

mOre \ \
quite brand-new m \

unigque science which can be core disk

only done with Astro-H/SXS .
A few hints are obtained for S B ——— 1

protostellar rotation (Pcore~1
day)

at near-break-up speed

R0 B3R .1

IS expected

10

Lx=1033 er

Intensity [counts keV-! s7!]

¢ | s, ":’ I
can be resolved with Lx ° 0.5 by bVl ) =132
>1032erg s-1 and expQsus| wuei 10 ks exposure timerg s-1

Fivraa N A~F -~ 1N |, ~




SPICA originally a MOO for ESA
participation in large JAXA mission,
since 2007

* New plan due to budgetary issues:
ESA proposed CDF study for cold IR
mission within ESA/M + JAXA/M
context

W
J
)
>

* European-Japanese project
competing for ESA M5 slot, launch in
late 2020’s

Send your email to
B.Sibthorpe@sron.nl
to reqgister as a

Japan MDR (O .“L5) supports SPI
Telescope of =z.5m, T=8K
supporter Two Instruments
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A cool telescope

10-1 e 1 T T T | T T T T T T T T I T T T T T T T l—r
—- 1= = 80K -
C = (Herschel)
O =107
n o
Y E Zodiacal
n et Emission
D >

-6

c . ;
Jr_U’ 5 L Cosmilc
< E10® - Microwave
j: - Background
o 107 SPICA's covérage
TC;- 10‘104—1 I ||/ 1 /l |_ | '
_— 5 6 789 s 3 4 5 6789
o 10 100 1000

Wavelength (um)
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SMI: SPICA Mid-infrared Instrument

\ree spectroscopic channels: Pl: Kaneda (JAXA, JP)

) Multi-long-slit prism + Si:Sb w/ slit viewer
2ALSERS 17 — 36 um, R =50 — 120, slit:10’ long, 4 slits;

5g-1hr = 6-23 10-20 W m-2, 20-140 pJy

m Grating + SI:Sb w/ beam-steering mirror
18 — 36 um, R = 1200 — 2300, slit: 1’ long;
50-1hr = 3-40 10-20 W m-2, 2-4 mJy

m Immersion grating + SI:As
12 — 18 um, R = 25,000, slit: 4” long;
50-1hr = 1.5-3 10-20 W m-2, 2-4.2 mJy
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SAFARI: SPICA Far-infrared Instrument

» New design: grating instrurigiig =ema >RON. N

* 3 bands covering 34-210 um

* 3 pixels simultaneous on-sky

 Grating R=300: 50-1hr: =5 10-20 W m-2, =0.5
mjy

 Fabry-Perot [] R=3000: 50-1hr = 2.5 10-19 W
m-2, =30 mjy

 Mapping spectroscopy possible

 Photometry by degrading spectroscopic data

FACULTE DES SCIENCES &hey UNIVERSITE

Doraitement d'asironomie 2*-;233“4 Dc GENEVE



—k

:.
il
I

I 1 I L] I I 1 L] I L L] I L L] ¥ 1 i

SOFIA/FORCAST
— Herschel/PACS -
Herschel/SPIRE

—_

<
-
o

!
=
@

—
=
9
-
|
|

Spitzer/IRS

SPICAENI f et

—
<
o

ek
o
@
!
n
R
>
o
>
=
\E
4
@
a
I

ALMA

Limiting line flux (5c-1hr) / Wm™*

—
<
]
L=
I

— JWST/MIRI

—
<
ra

100 1000
Wavelength / um

—
o

FACULTE DES SCIENCES

Département d'astronomie




SPICA Main Science Goals

e Galaxy formation and evolution over
cosmic time
(co-coordinators: Luigi Spinoglio, Lee Armus)
* Lifecycle of gas and dust within the Milky
Way and the local Universe

(co-coordinators: Floris van der Tak, Suzanne
Madden)

 Tracing gas, ice, and dust evolution In
(proto)planetary systems
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Tracing the gas, ice and dust evolution In
(proto)planetary systems

SPICA’'s mid- to far-IR spectroscopy will provide crucial information on the evolution of
gas, the thermal and chemical history of building dust and ice blocks of planets, and
relate nearby Kuiper belt objects to distant debris disks.

Young disks Evolved disks Planet formation
Y - Debris disks

Kuiper belt
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a LI B B LB — .I — -1 ' Distance: 140 DC
a.a__ HDJ=1-0 [Bergin et al__' 20133 } <= minimum mass solar
i i 230 N
COJ=23-22 — nebula
[ v I g, pi HD R(0) 112\ .range of gas mass
a7 | 4 5 T ,R—l———g—"_ inferred from dust
2 T - % : D (0 11 (1)p6 1 Oobservations
> . -0 — =] - =
5 18 — HD 8=2-1; Som S(0) 28 i
7L —H,0050)282um ]
r —:zggg(ég E%m 12 2 5x10-20 W/m?2
8. — 3um i
m ofservat
M _H25(1) 17 pipn > 2x10-20 W/m2
i 20 40 60 80100 300 500 700
3-5_ 1 1 l 1 l | | J 1 l |l 1 B T<K)
e e B HD lines optically thin

] HD abundance unaffected by chemistry and dust
Science goals SMI/SAFARI:

« direct disk gas mass evolution 7 Robust disk mass probe of cool H2
through HD

Uniqueness: several lines of HD HP J=1-0 @112um (Tex=128.5K) and J=2-1 @56 pum (Tex=384.6K)
. ] NB: higher excitation lines in SMI range (at high R)
probing a wide range of Tgas
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Gas dissipation and photoevaporation

14 jet
Spectrally resolved [Nell] line from an evolved disk |

|~ lneprofic foma [Pontoppidan et al. 2011 1.2~ ﬂ
poompuiveid | Baldovin-Saavedra et al. 2012
\ Aresu et al. 2012]

Flux (Jy)

s shift [Nell] _ , ]
5| observed vs
modelled 100 0 100
wind profile velocity [km/s]
o : b{f# fh}i 40 V892 Tau
" T s '°° Wlnd
[Pascucci et al. 2012] §
3 30,
Science goals SMI:
* gas disk dispersal processes —trace ./~ g — . oo o 100
directly launching of inner disk hot gas veldcity [kms]

Uniqueness: 12-18 um range with high
spectral resolution (R~25000)
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Chemistry in protoplanetary disks

0.4:— , R=3,000
Carr & Najita 2011 ApJ
733, 102

* Spectral range of 12-18 pm contains |
numerous emission bands of major
C-bearing molecules, HCN, C2H2, and

v&BéidTeLsl\ 2% s, B AR L8Y,
C2H2 lines

— C/O ratio distribution at <~1-2 AU in
disks

S 02|

-CO o

tCC’z, i 3 L | ] | l | e-blendlng, 2o SR AR ,\ﬁ LTE,,_, o

- H0 i yut also - H,O ™ x
- OH

N‘r
" o A

HCH 7

_ | I
LS T———— 111"

N2

14.0

Wavelength (pm)
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The Water Trall

IRS SH IRS LH IRS LH PACS PACS HIFI C?{.?Q o ‘(? o
24 TreeTY T T . .
2 ] e 117 S | PVRR | P o6 T thermal emission from
b 1 ¢ . .
2 R Ao 05 120 y ’W.M Lm &L water ice in a standard
18 i T | B . - 03 3 100 y I"“mn T
16 i W L {1 ﬁ : J‘WMM o & / T Tauri disk
14 ﬁdh&g[ ﬂ 0 ao_ f - van
2 r{4 )E 8 17. 2({(1%?;0 23. ‘a(umidﬂ wi‘ﬁ)a sai(sum) 63.4 1196‘;11)?9.80 1v2(k?n;;}5 6 ﬁn;‘i"‘ l | - 150 |
[Zhang et al. 2013] b [Min et al. submitted]
0.5 T T 3 crystalline water ice (T=50K)]
] » 1

[ o7 - A ]
04f - logsy, T T (¥
»’;'\\7 agQQ - /// A 1
I P ‘
0.3+ > -
L - 5 A i

021

0.1 10 100 1000

Science goals SMI/SAFARI:

, | * trace the snow line with line fluxes (drop-out method)
01 a1 e study the thermal history of ices during disk evolution
Uniqueness: ice features, broad A coverage

0.1

[FT Tau disk model:
Garufi et al. 2014]
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Mineralogy of Planet Forming Disks

0.7¢ — T T T T T 3 | RLERT MR P Eo e B s
E : ] ; 10, 20 and 69 um features:
. [69 um forsterite feature: 300K, 3 e SO : [Maaskant o a|“2015]
- °°F deVriesetal 2012] 00k, 250« ; j ' -
? 0_53 300K, 250 K _ #1: RS 48
E 200K, [ |
é 0.4F 3 = #2: HD141569
-
'; 03E 150 K 4 E é #3: HD100546
§ - 150 K/ 13 ,A_/\/-\/\,/‘“ux_/\.m
? 0.2 E 150K / ) E - #4: HD179218
. E 00K 50 K ;
0.1F = #5: HD104237
= 0K : M\M‘W

0.0E P I #6: HD144668
69.0 69.5 70.0
Central wavelength (um) it b P e LR -!‘j
5 20

1
10 1 25 30 35 89 70
(micron )

wavelength

Science goals SAFARI(/SMI - DD?):
* determine evolution of composition and lattice structure of grains

Uniqueness: features beyond 30 um (e.g. forsterite, calcite, dolomite,
pyroxene)
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