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In this talk, I would like to show the capability of ASTRO-H in the aspect of GRB observation.
A part of this talk will be published in ASTRO-H White Paper which will be released in astro-ph in a month or two.
ASTRO-H is the Japanese 6-th X-ray astronomical satellite, and scheduled to be launched in Japanese Financial Year of 2015, succeeding to Suzaku.
 



ASTRO-H
will be launched in 

FY2015 

SXS 
(inside)

SXI 
(inside)

SGD

2 + 2 
soft & hard  
X-ray telescopes

12 m

HXI

プレゼンター
プレゼンテーションのノート
The ASTRO-H has been developed under international collaboration by JAXA, NASA, ESA and other collaboration.
And we are starting final integration and test from the next month
ASTRO-H carries two soft X-ray imaging spectrometers SXS, SXI, a pair of hard-X-ray imaging spectrometers HXI.
These imaging spectrometers are equipped with two sets of Soft X-ray Telescope mirrors developed mainly by GSFC
and two other Hard X-ray Telescope mirrors mainly developed by Nagoya University and ISAS.
We also have a pair of soft-gamma-ray detectors SGD with Suzaku-HXD like active collimators. 



ASTRO-H Performance
Soft X-ray Spectrometer

(SXT-S+XCS)
X-ray µ-calorimeter array

0.3-12 keV

Angular resolution 1.7 arcmin (HPD)
Effective area 210 cm2@6 keV

Energy resolution 4-7 eV FWHM
FOV 3 arcmin @ 6 keV

Soft X-ray Imaging System
(SXT-I+SXI)

X-ray BI CCD
0.5-12 keV

Angular resolution <1.7 arcmin (HPD)
Effective area 360 cm2@6 keV

Energy resolution 150 eV
FOV 34 x 34 arcmin 2

Hard X-ray Imaging System
(HXT+HXI)

multi-layered hard X-ray mirror 
DS-Si-D+ CdTe

5-80 keV (F.L 12 m)

Angular resolution 1.7 arcmin (HPD)
Effective Area 300 cm2 @30 keV

Energy resolution 2 keV
FOV 9 arcmin @ 30 keV

Soft Gamma-ray Detector
(SGD)

Si-Pad+ CdTe-Pad
10-600 keV

Compton Camera
Effective area 100 cm2@100 keV

Energy resolution 2 keV
1mCrab @ 200 keV

polarimetry
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Performance of each instrument is summarized in this table.
The SXS consisting of a soft-X-ray mirror and an X-ray micro-calorimeter array realizes extreme energy resolution power of 4 to 7 eV in FWHM.
The SXI is backside illuminated CCD beneath the other SXT covers wide field of view of 34 arcmin square.
The multi-layered “super” mirror HXT is equipped with DSSD and CdTe multi layered hard-X-ray imager, covers up to 80 keV with imaging.
The soft gamma-ray detectors are two arrays of three well type active shield and equipped with Si-Pad/CdTe-pad multilayed Compton camera extends the energy range up to 600 keV.



Prompt emission 
with SGD-Shield

Effective area ~800 cm2 at 1 MeV (2 x of WAM)
Energy range: 150(TBR)-5000 keV
 High speed spectroscopy: 

32 enegy ch in every 16 ms (covers 5.376 s /GRB) 
enhance the hard-X-ray spectroscopy science

BATSE 4B
WAM (confirmed)
WAM (possible)

Suzaku-WAM
Observed over 
1000 confirmed GRBs

Suzaku-WAM

SGD-shield

twice of Suzaku-WAM’s

SGD
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Just like Suzaku/HXD-WAM, the soft-gamma-ray detector actively shielded with a large amount of BGO crystals. 
The guard counters are also functioned as a hard X-ray transient source detector, similar to the Suzaku-WAM. 
Suzaku-WAM has observed over 1000 confirmed GRBs and over 500 possible GRB events so far.
The effective areas of the SGD-shield is twice as large as that of HXD-WAM.. 
But unlike Suzaku/WAM the SGDs are installed outside of the spacecraft, to have relatively simple response matrix. 
Thus SGD-Shield will be powerful in time evolution study. Once SGD-Shield is triggered it stores 32 energy bin spectra in every 16 ms for 5.376 second.
The stored data is transferred to spacecraft after the event and be ready to next trigger soon.




Short GRB simulation with SGD-shield
Assumed spectra:  Band function 

alpha = -0.8 and beta = -2.3. including 
evolution of the Epeak = 200  1500 keV

Input Model Light Curve

Simulated Light Curve (All energy)

[sec]

[sec] Time-resolved spectra with
~0.1 s time resolution

①②③ ④

①

②

③

④

SGD-shield has 32 ch energy bin.
(Suzaku-WAM: 4 ch)
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This is powerful to observe time resolved spectra from short GRBs.
We performed a short GRB simulation including spectral variability. 
Assumed spectra are the Band function with alpha = -0.8 and beta = -2.3. 
We also introduced spectral evolution of the Epeak from 200 keV to 1500 keV depending on the flux.
As we see in the right panel, The large effective area of SGD-shield will allow us to investigate the spectral evolution with finer time resolution than HXD-WAM.




Afterglow observation
with telescopes

luminosity functions 
of GRB afterglow 
based on 572 samples of 6-
year Swift/XRT data. 
Evans et al. (2009, MNRAS, 397, 1177)

Flux T0 + 10 hr. To + 30 hr. To + 50 hr.
> 10-11 erg s-1 cm-2 1.7 GRB/yr. 0.5 GRB/yr. 0.2 GRB/yr.
> 10-12 erg s-1 cm-2 20 GRB/yr. 10 GRB/yr. 3 GRB/yr.
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The wide band and high resolution spectrometers on board ASTRO-H is powerful in observations of X-ray afterglows.
Although the policy of ToO is under discussion by the ASTRO-H team, we are proposing ToO follow up observations of GRB afterglow with the pointing telescopes, to reveal progenitor and environment of the bursts..
We calculate luminosity function according to Swift/XRT data of 572 GRB samples. 
We can perform good spectroscopy when the flux of 10 to -12 to -11 erg or brighter, as I show latter.
According to the luminosity function, we expect 0.5 to 10  GRBs exceeding this limit, when we follow-up in a day or two. 
We also have to consider operation limit due to solar angle or other conditions – including slew the long spacecraft safely, though.



GRB011211 (Reeves et al.)GRB970828 (Yoshida et al.)GRB970508 (Piro et al.)

GRB000214 (Antonelli et al.) GRB991216 (Piro et al.)

GRB990705 (Amati et al.)

GRB030227 (Watson et al.)

GRB001025A (Watson et al.)

Atomic features in X-ray afterglow spectra
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What is the new twist of ASTRO-H in X-ray afterglow observation.
One of we interested in is spectral features in soft-X-rays.
It is undoubted that the expected atomic features in X-ray spectrum is, if it is, a key to investigate the ejecta and/or environment of GRB progenitors.
So far, many spectral features from the GRB X-ray afterglows, including iron K emission, its radiative recombination edge, or emission lines from lighter elements has been reported, although their significance is still under debate.
The high energy resolution realized with X-ray micro calorimeter will  change the situation. 



Afterglows with SXS+SXI

0.6 0.65 0.7 0.75

Iron emission line

RRC structure

Fe features from Ejecta/CSM
assuming the  case of GRB991216 (Piro et al. 2000)
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These are simulated spectra for the SXS calorimeter and SXI CCD camera. 
The assumed flux is 3 times 10 to -12 with the exposure time of 100 ks. 
We added iron spectral features according to that Piro et al reported from GRB991216
If it is the case, SXS and SXI are expected to detect the spectral features; of if not they will set a tight upper limit to the features.



Simulation of X-ray afterglow spectra 10 ksec exposure

as reported from GRB 011211 by XMM (Reeves et a   
Soft X-ray emission linesWeak iron emission line

EW = 50 eV
σ = 30 eV

σ = 10 eV

σ = 5 eV

Search the emission lines in X-ray afterglow spectra.

Doppler velocity and time variation of emission lines show a geometrical 
structures of GRB explosions.
We can trace the circumstellar chemical environment of GRB progenitors.
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Let me show the iron line feature simulation in detail. 
Although Piro et al reported a prominent and broad iron line from GRB 991216, it is not typical unfortunately.. 
As Yonetoku et al. 2000 calculated the typical upper limit of iron line in the afterglow is the equivalent width of 100 eV, here we show the case of the equivalent width of 50 eV half of the upper limit.
Here we show the cases of doppler broadened line whose sigmas of 30, 10 and 5 eV. In this simulation the exposure time is limited to just 10 ks.
The calorimeter is more powerful for the narrower line. But even in the broadest case 30 eV the calorimeter is as powerful as CCD.
Thus the combination of SXS and SXI will be idealistic to observe the material distinguishing ejecta from circum-stellar materials.    

Situations is the same for the lighter element lines. This is a demonstration for the light element lines according to the Reeves et al. 2003, although we doubled the flux in this simulation.





Behar 
et al. 
(2011)

Absorption features 
in high-z GRB
Afterglows
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Another issues to reveal what to produce the often reported intrinsic absorption like features in X-ray afterglow.



Afterglows with SXS+SXI

0.6 0.65 0.7 0.75

Including WHIM structure at z = 0.1 by XSTAR
(100 ks exp. F=3x10-12 erg/cm2/s, 

T=105 K, Z = 0.2 ZSUN , NH = 1022 cm-2)

4σ significance

WHIM at z=0.1
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Intrinsic absorption in the afterglow is the another issue for the Astro-H. 
The intrinsic absorption is often reported, for example by Behar et al. and Starling et al. as I mentioned. 
Although the origin is still under debate. WHIM – warm hot inter-galactic medium is one of the candidates. 
And as the brightest source in the universe, the GRB and its afterglow can be the light house to illuminate intervening materials.
If it is the case, the SXS is the tool to identify, through the expected resonant absorption lines like these and to contribute in searching for the missing baryons. 

These are again simulated spectra for the SXS calorimeter and SXI CCD camera. 
This is the zoom up of expected resonant absorption features which is detected with 4 sigma confidence level.
Here we assumed WHIM at z = 0.1, temperature of 10 to 5 K, 0.2 solar abundance, with the column density of 10 to 22 to reproduce the typical intrinsic absorption.



Fine spectroscopy of Afterglows
Search for the missing baryons --- WHIM

WHIM elements detectability 
F2-10keV= 2 x 10-12 cgs (100 ks)

WHIM of 
NH= 1022 cm-2 

TWHIM = 105 K 
ZWHIM = 0.2 Zsolar
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If the WHIM really exists between the GRB bright afterglow and us, the included elements are to be detected with a rather high significance by the SXS.
This is the expected signal to noise ratios for the elements of  Fe, Mg, Si, S, and Ar  assuming their redshifts of 0 to 3.
Since WHIM is expected to be in the redshift of 0.1 to 0.3, if it is the case, SXS is powerful enough to measure the elements. 



Hard X-ray/Gamma-ray Sensitivity

Expected sensitivity of SXI, HXI and SGD

1/100 1/30
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Of course the hard-x-ray spectrum in afterglow is interesting to investigate the emission region of the afterglow. 
Here is the expected sensitivity of SXI, HXI, and SGD. 
Below 10 keV, it reaches to 1 micro-Crab or better, while it keeps 10 uCrab even 50 keV.
In the soft gamma-ray band, the 1mCrab at 200 keV is better than Suzaku-HXD by a factor  of 30.
This combination of new wide band telescopes from 0.3 to 600 keV improve the possibility of the observation of the hard-X-ray spectrum of afterglows following the Beppo-SAX PDS and NuSTAR



Schedule
2011 2012 2013

Phase B Phase C

Fabrication

Phase A
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R

C
D

R
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2014 2015

Operation
Integration 
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Initial Operation

SD
R
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MIC/ EIC

2010

Finalize

TTM/MTM
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This is the schedule of development.
We are here, are going to start the final integration and test.
After one year of integration test, ASTRO-H will be launched from Tanegashima Space Center, in  FY 2015.



Summary
Suazku to ASTRO-H

Suzaku
1. Prompt emissions with WAM

– Confirmed BATSE like 
spectral parameter 
distribution w/ ~1200 GRB

– Temporal studies using 
large sample

2. Afterglows with XIS+HXD
– Spectral study of 4 GRBs 

afterglows

ASTRO-H
1. Prompt with SGD-Shield 

Doubled area than that of  
Suzaku/HXD-WAM
High time resolution spectroscopy

2. Follow-up with narrow fovs
 Elemental features in spectra
 Ejecta/CSM search with the 

High resolution spectroscopy 
with SXS (∆E ~ 7eV @ 6keV)

 WHIM at distant universe
 wide band high sensitivity

observation up to 80 (600) keV
by SXT-SXI + HXT-HXI (+SGD)

ASTRO-H SXS-XCS
(flight model) 2014-09-6
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This is the summary of my talk.
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