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 a micro calorimeter array: SXS




- a micro calorimeter array
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1. ASTRO-H  Uniqueness : High resolution spectroscopy at hard band
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210cm2@6keV	
  

2. ASTRO-H  Uniqueness : Large effective area at hard band


 	
  	
  Powerful	
  tool	
  for	
  embedded	
  sources	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  with	
  line	
  emissions	
  in	
  hard	
  band	




1.  Dynamics and structures of protostars          �
2. Accretion process in T Tauri stars �
3. High-mass evolved stars/binaries�

Stellar Evolution Revealed with ASTRO-H �

The large effective area and the superior spectral 
resolution above 2 keV of ASTRO-H will help: �

1) Detect Fe Kα emissions (6.7 keV, 6.4 keV) and 
constrain geometries and dynamics�

2)  Probe densities using Si III and Mg XI triplets�



1. Dynamics and structures of 
protostars �

Understanding �
of star formation process  �
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hTp://wwwj.vsop.isas.jaxa.jp/vsop2/science/star.html	


Angular Momentum Transfer in a Protostar�
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 X-rays from Protostars  

Protostars	
  are	
  detectable,	
  if	
  we	
  use	
  hard	
  X-­‐ray	
  band	

Koyama+	
  1995	
  PASJ	




X-ray Spectra of Protostars	


e.g. R CrA src XE : Hamaguchi+ 05 XMM-Newton EPIC-pn	


Well described with highly absorbed thin thermal plasma 
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Some fraction of  
protostars have 6.4 keV 
fluorescent Fe line 

kT = 1～10 keV	

Abundance ～0.3 solar	

NH = 1022～1023 cm-2	


      Emission Measure 	

     = 1050～1054 cm-3	


LX = 1028～1032 ergs s-1	


Fe-­‐K	
  line	
  (6.4	
  keV):	
  	
  	
  
EW	
  =	
  300	
  eV	
  	


Protostar in general	




	
  	
  From	
  6.7	
  keV	
  line	
  
	
  	
  	
  	
  	
  Pstar,	
  vstar	
   Rstar	
  	
  	
  	
  

	
  From	
  6.4	
  keV	
  line	
  
	
  	
  	
  	
  	
  Pdisk,	
  vdisk	
  	
   Mstar	
  	
  ,	
  	
  	
  	
  rdisk	
  

The	
  two	
  lines	
  	
  
play	
  	
  
independent	
  role	
  	
  
to	
  obtain	
  the	
  
parameters	


AH	
  will	
  open	
  a	
  new	
  discovery	
  window	
  for	
  	
  
understanding	
  the	
  structure	
  and	
  the	
  dynamics	
  of	
  the	
  
central	
  protostar	
  

6.7keV	
   6.4keV	
  



WL6	
  in	
  Rho	
  Oph	
  	
  	
  	
  
Kamata+	
  1995	
  PASJ	
  

Spin	
  period	
  ~	
  1	
  day?	
  

A	
  few	
  hints	
  are	
  obtained	
  for	
  protostellar	
  rota,on	
  (P*	
  ~1	
  day)	
  	
  

	
  	
  	
  	
  at	
  near-­‐break-­‐up	
  speed	
  	
  	
  	
  	
  	
  	
  
e.g.	
  	
  Tsuboi+2000,	
  Montmerle+2000,	
  Hamaguchi+2012	
  

Break-­‐up-­‐speed	
  rota,on?	
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Faked	
  spectrum	
  	

The	
  used	
  model	
  is	
  

LX	
  =	
  1031.5	
  erg	
  s−1,	
  kT	
  =	
  6	
  keV,	
  	
  
NH	
  =	
  4	
  ×1022	
  cm−2,	
  and	
  	
  
the	
  abundance	
  of	
  0.3	
  solar.	
  	
  
The	
  exposure	
  ,me	
  is	
  ¼	
  day.	
  
The	
  response	
  with	
  the	
  energy	
  
resolu,on	
  of	
  5	
  eV	
  is	
  used.	
  	
  
For	
  the	
  6.4	
  keV	
  line	
  (Kα1	
  and	
  	
  
Kα2,	
  we	
  used	
  two	
  gaussian	
  	
  
func,ons	
  which	
  have	
  natural	
  
width	
  of	
  1.6	
  eV	
  (FWHM).	
  

With	
  this	
  spectrum,	
  we	
  will	
  obtain	
  
the	
  error	
  for	
  the	
  line	
  center	
  of	
  
0.27	
  eV.	
  

If	
  P*~1	
  day,	
  R*~5	
  Rsun,	
  then	
  V~250	
  km	
  s-­‐1	
  (ΔE~2.2	
  eV).	
  
2ΔE(FW	
  at	
  tangen,al	
  posi,on)/σEcen	
  ~	
  20.	
  	
  	


We	
  can	
  make	
  a	
  velocity	
  curve.	




V	
  curve	
  obtained	
  with	
  Chandra	
  	
  LETG	
  HRC-­‐S	


AB	
  Dor:	
  Hussain+	
  2005	
  
ApJ	
  621,	
  999	


AB	
  Dor:	
  Hussain+2007,	
  
MNRAS	
  377,	
  1488	
Phase-­‐folded	
  mean	
  velocity	
  shiqs	
  in	
  the	
  line	
  centroids	
  

of	
  the	
  O	
  CSCVIII/CSC	
  18.97	
  profile 	
   	
  	
  

Light	
  curve



2. Accretion process in T Tauri stars �



Early Evolution of a Star	
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ToO	
  of	
  an	
  Erup,ng	
  Young	
  Star	
  

•  A	
  young	
  star	
  (CTTS)	
  can	
  experience	
  strong	
  
outbursts	
  due	
  massive	
  accre,on	
  events	
  (not	
  
flares!)	
  
–  Several	
  stars	
  in	
  a	
  decade	
  in	
  the	
  sky.	
  Recently,	
  
–  V1647	
  Ori	
  (2003~)	
  
–  V1118	
  Ori	
  (2001-­‐2005),	
  EX	
  Lup	
  (2008)	
  
–  Such	
  events	
  last	
  for	
  a	
  few	
  months	
  to	
  >100	
  years.	
  

•  Significant	
  mass	
  can	
  be	
  dumped.	
  
–  Several	
  1e-­‐6	
  up	
  to	
  ~1e-­‐4	
  Msolar	
  yr-­‐1	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (accre,on	
  rate	
  in	
  protostar	
  phase)	
  



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; Günther et al. 2006; 
Argiroffi et al. 2007), but not all 
(Telleschi et al. 2007; Güdel et al. 
2007, Argiroffi et al. 2011; etc) 

1112 H. M. Günther et al.: Modelling the accretion in CTTS

accretion contributions (Robrade & Schmitt 2006) in the X-ray
spectra of CTTS. Other suggested sources of X-rays include
dense clumps in the stellar or disk wind of CTTS, heated up by
shock waves. Simulations by Matt et al. (2002) show sufficiently
dense regions in the stellar magnetosphere.

The goal of this paper is to consider the maximally possible
accretion shock contribution, to determine the physical shock
parameters, compute the emitted X-ray spectrum and assess to
what extent other emission components are necessary to account
for the observed X-ray spectra. The detailed plan of our paper
is as follows: in Sect. 2 the observations used in this study are
described briefly, in Sect. 3 we present our model and give the
main assumption and limitations, in Sect. 4 the results of the
simulation are shown and applied to observational data, followed
by a short discussion of the main points in Sect. 5.

2. Observations
2.1. Stellar parameters

With a distance of only 57 pc (Wichmann et al. 1998) TW Hya
is the closest known CTTS; it is not submerged in a dark,
molecular cloud like many other CTTS. Photometric obser-
vations show variability between magnitude 10.9 and 11.3 in
the V-band (Rucinski & Krautter 1983). Broad Hα profiles
(FWHM ∼ 200 km s−1) were observed by Muzerolle et al.
(2000), and TW Hya apparently belongs to a group of objects
with similar age, the so-called TW Hydrae association (TWA;
Webb et al. 1999). TW Hydrae’s mass and radius are usually
quoted as M∗ = 0.7 M$, R∗ = 1.0 R$, and its age as 10 Myr
from Webb et al. (1999). Alternative values are given by Batalha
et al. (2002), who place TW Hya on the HR diagram by Baraffe
et al. (1998) and determine stellar parameters from the opti-
cal spectrum, which fits an older (30 Myr) and smaller star
(R∗ = 0.8 R$). The spectral type of TW Hya is K7 V-M1 V
(Webb et al. 1999; Batalha et al. 2002) and the system is seen
nearly pole-on (Kastner et al. 1997; Wilner et al. 2000; Alencar
& Batalha 2002). Moreover, TW Hya displays variations in line
profiles and veiling, which have been interpreted as signatures of
accretion spot rotation (Alencar & Batalha 2002; Batalha et al.
2002). TW Hya has been observed in the UV with IUE, FUSE
and HST/STIS (Herczeg et al. 2002), revealing a wealth of H2
emission lines, consistent with the origin in the surface of a ir-
radiated disk, and in X-rays with ROSAT by Costa et al. (2000),
Chandra/HETGS (Kastner et al. 2002) and XMM-Newton/RGS
(Stelzer & Schmitt 2004), where the grating data indictes a sig-
nificant accretion shock contribution.

2.2. X-ray observations

We use high resolution spectra obtained with Chandra and
XMM-Newton. TW Hya was observed for 48 ks with the
Chandra HETGS on July 18, 2000 (Chandra ObsId 5). Kastner
et al. (2002) report atypically high densities measured from the
O and Ne  triplets, and a very high neon abundance as ob-
served for many active coronal sources in combination with a
low iron abundance; the anomalously high neon abundance of
TW Hya was investigated in more detail by Drake et al. (2005).
A different approach to assess the plasma density of the emit-
ting material by means of iron line ratios was performed by
Ness & Schmitt (2005). First-order grating spectra were ex-
tracted applying standard CIAO 3.2 tools, positive and nega-
tive orders were added up. Individual emission lines in the HEG
and MEG spectra were analysed with the CORA line fitting tool
(Ness & Wichmann 2002), assuming modified Lorentzian line

Fig. 1. Sketch illustrating the structure on the accretion column. In the
stellar atmosphere a thin standing shock front forms followed by a ra-
diative cooling zone.

profiles with β = 2.5. A flare occurring in the second half of
the observation was already mentioned by Kastner et al. (2002);
for our global fitting approach we excluded the flaring period to
avoid contamination due to the probable coronal origin of the
flare.

Another X-ray spectrum was taken with XMM-Newton
on July 9, 2001 with an exposure time of 30 ks (Obs-ID
0112880201) using the RGS as prime instrument. An analysis of
this observation was presented in Stelzer & Schmitt (2004). We
newly reduced also this dataset with the XMM-Newton Science
Analysis System (SAS) software, version 6.0 and applied the
standard selection criteria. The X-ray spectral analysis was car-
ried out using XSPEC V11.3 (Arnaud 1996), and CORA for
line-fitting. Because the line widths are dominated by instru-
mental broadening we keep them fixed at ∆λ = 0.06 Å. The
RGS spectra cover a larger wavelength range than HETGS spec-
tra and include, in addition to the He-like triplets of Ne and O,
also the N triplet. Both observations show the observed helium-
like triplets to be incompatible with the low-density limit and an
emission measure analysis indicates the presence of plasma with
a few million degrees emitting in the soft X-ray region (Kastner
et al. 2002; Stelzer & Schmitt 2004).

3. The model

In the currently accepted accretion paradigm the material fol-
lows the magnetic field lines from the disk down to the surface
of the star. Here we only model the base of the accretion column,
where the infalling material hits the stellar surface, is heated up
in a shock and cools down radiatively. A sketch of the envisaged
accretion scenario is shown in Fig. 1. Calculations of the excess
continuum produced in this region were carried out by Calvet &
Gullbring (1998). Lamzin (1998) already computed the emerg-
ing soft X-ray emission from such shocks, but due to bin sizes
of 50 Å his results do not resolve individual lines, thus conceal-
ing much of the valuable diagnostic information. Nevertheless
his models show that the hot spot produced by accretion can
possibly produce not only the veiling, but also the soft X-ray
emission. In our modelling we resolve all individual emission
lines, allowing us to use line ratios as sensitive tracers of the
density and temperature in the emitting region, and determine
the elemental abundances of the emitting regions. Additionally
we explicitly consider non-equilibrium ionisation states and dis-
tinguish ion and electron temperatures.

G
ünther	
  et	
  al.	
  (2007)	
  Slides	
  and	
  figures	
  provided	
  by	
  M.Audard	
  



L1647	
  outburst	


•  TeetTeet	

Hamaguchi+10	
  ApJ	


Teets+12	
  	
  ApJ	


Suzaku	
  	
  Obs	
  at	
  2008	
  October	
  8	
Chandra:	
  x	
  
the	
  IC-­‐band:	
  	
  
the	
  H-­‐band:	
  	


kT	
  ∼	
  5	
  keV	


The	
  event	
  accompanies	
  the	
  flux	
  increase	
  in	
  
X-­‐ray	
  band	
  also.	


The	
  temperature	
  cannot	
  be	
  
originated	
  by	
  accre,on	
  shocks,	
  with	
  
only	
  shallow	
  gravita,onal	
  poten,al.	


	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
    Opposed	
  to	
  the	
  other	
  
accre,on	
  processes,	
  i.e.	
  those	
  onto	
  compact	
  objects.	




SXS	
  observa,on	
  
Goal:	
  1.	
  measuring	
  the	
  Fe	
  K	
  profile/shiq,	
  to	
  understand	
  
the	
  accre,on	
  physics.	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2.	
  density	
  diagnos,cs	
  using	
  Mg	
  and	
  Si	
  triplets.	
  

	
  	
  	
  	
  	
  	
  	
  With	
  the	
  obtained	
  density,	
  we	
  will	
  obtain	
  the	
  
volume	
  of	
  the	
  region	
  also.	
  	
  

These	
  proper,es	
  will	
  be	
  the	
  clues	
  to	
  know	
  the	
  origin	
  of	
  
the	
  accre,on	
  process	
  in	
  star	
  forma,on	
  process,	
  
providing	
  some	
  implica,ons	
  to	
  the	
  accre,ng	
  process	
  
in	
  the	
  other	
  categories	
  of	
  objects.	
  



SXS	
  Spectra	
  around	
  Mg,	
  Ne	
  &	
  Si	
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Expected	
  densi,es	
  >	
  1e12	
  cm-­‐3	
  

	
  Mg	
  and	
  Si	
  triplets	
  important	




3. High-mass evolved stars/binaries�



High-­‐mass	
  star	
  -­‐	
  stellar	
  wind	
  measurement	


Eta	
  Car	
  (Hamaguchi	
  et	
  al.	
  2007)	
WR6	
  (Oskinova	
  et	
  al.	
  2012)	


Fluorescent	
  Fe	
  line	
  (6.4	
  keV)	
  “Reflec@on”	


Wind-­‐wind	
  collision	
  
system	
  is	
  a	
  strong	
  Fe-­‐K	
  
line	
  emiTer.	
  

Fe	
  line	
  emission	


©	
  Jon Lomberg/Gemin Observatory 



THE ORIGIN OF 6.4 KEV LINE FROM ETA CARINAE

Figure 1: SXS simulated spectra with 25 ksec exposure. Black and red show the 6.4 keV line models
on the bace of the circumstellar origin and stellar surface origin (in addition to colliding wind thermal
plasma model), respectively. In the case of a circumstellar origin, we adopted line broadening of
500 km s−1 (primary stellar wind). In the case of stellar surface origin, we assumed the a neutral
fluorescent iron line flux on the base of the amount and geometry of the photo-ionized material (see
also eq. [4] of Tsujimoto et al. 2005). We determined these exposure times in ordet to measure these
line flux, shifts and broadening within the limit of accuracy of about 10 %.

1

Narrow	
  	
  
	
  	
  Stellar	
  surface	
  	
  
Or	
  slowly	
  moving	
  
material	


Broad	
  
	
  	
  Stellar	
  wind	


Can	
  measure	
  the	
  surrounding	
  mass	
  
distribu,on	
  (i.e.,	
  mass	
  loss	
  rate)	
  	


6.4	
  keV	
  line	
 Eta	
  Carina	




A B	
 C	


A B	
 C	


Fe-­‐K	
  flux	
  maximum	
 Only	
  Fe-­‐K	
  lines	
  are	
  bright	
  enough.	
  
	
  →	
  No	
  gra,ng	
  data	
  is	
  obtained.	


SXS	
  +	
  HXI	


Big	
  absorp,on.	
  No	
  gra,ng	
  data	
  is	
  useful.	

Stellar wind measurement of high-mass star: WR140 

crash	
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Stellar wind measurement of high-mass star: WR140 

Crash!!	




1.  Dynamics and structures of protostars �
   Only AH can do!  Quite brand-new 

challenge.           �
2. Accretion process in T Tauri stars �
    Density distribution will be obtained.�
3. High-mass evolved stars/binaries�
    Can be new tool to measure WR wind 

mass loss rate.�

Stellar Evolution Revealed with ASTRO-H �


