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ASTRO-‐‑Hについて�

ASTRO-H…日本の次世代Ｘ線天文衛星�
�

² 地球に飛来するＸ線を観測する�
² 現在稼働中の衛星「すざく」の次世代機�
² Ｘ線エネルギーの測定範囲、分解能が大幅に向上�
² 新たに軟ガンマ線検出器を搭載�
² 2014年打ち上げ予定�



ASTRO-‐‑Hについて�

Ｘ線、ガンマ線�

² 地球に飛来する高エネルギーの宇宙線�
² エネルギーの大きさによって「軟」「硬」と分ける�

² 非常に高い温度の領域から出ている波長の光�

　　→激しく活発な活動をしている�

　　　　　　　　　領域の解明につながる！�

(超新星爆発、ブラックホールetc…)�



ASTRO-‐‑Hについて�

 4-6. 観測機器配置

32

4. システム選定と基本設計要求
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４つの搭載機器�

軟ガンマ線検出器（SGD）�



SGDの装置概要�

² 軟ガンマ線を観測�
　検出範囲:40~600keV�

　エネルギー分解能:<2keV �

² コンプトン運動学による�
　　バックグラウンドの低減�

² ガンマ線の偏光測定が可能�



SGDの装置概要�
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Figure 1. Conceptual drawing of an SGD Compton camera unit.

and activation backgrounds are negligible in low-Z material. Note that neutron and activation backgrounds are
the dominant background contributions in the SGD.

We require each SGD event to interact twice in the Compton camera, once by Compton scattering in a Si
sensor, and then by photo-absorption in a CdTe sensor. Once the locations and energies of the two interactions
are measured, as shown in Figure 1, the Compton kinematics can be calculated by the direction of the incident
photon with the formula,

cos θ = 1 +
mec2

E2 + E1
− mec2

E2
, (1)

where θ is the polar angle of the Compton scattering, and E1 and E2 are the energy deposited in each photon
interaction. The high energy resolution of the Si and CdTe devices is essential in reducing the uncertainty of θ.
The angular resolution is limited to ∼8◦ at 100 keV due to the Doppler broadening and ∼3◦ at 600 keV due to
pixel size of the semiconductor sensor. We require that the incident photon angle inferred from the Compton
kinematics is consistent with the FOV, which dramatically reduces dominant background sources such as radio-
activation of the detector materials and neutrons. Low background realized by the Compton kinematics is the
key feature of SGD since the photon sensitivity of SGD is limited by the backgrounds, not the effective area.

As a natural consequence of the Compton approach used to decrease backgrounds, SGD is quite sensitive to
X/gamma-ray polarization, thereby opening up a new window to study the geometry of the particle acceleration
and emission regions, and the magnetic field in compact objects and astrophysical jets. The Compton scattering
cross section depends on the azimuth Compton scattering angle with respect to the incident polarization vector
as;

δσ

δΩ
∝

(
E′

γ

Eγ
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E′
γ

− 2 sin2 θ · cos φ

)
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where φ and θ are the azimuth and polar Compton scattering angles, and Eγ and E′
γ are incident and scattered

photon energies. It shows that the φ modulation is largest at θ = 90◦, i.e. perpendicular to the incident
polarization vector.

コンプトン運動学:�

cos!  = 1+ mec
2
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E2

ガンマ線はエネルギーの大きさと物質の原子番号に依存して�

　　　　　　　　　　　　　        異なる相互作用をする�

コンプトン散乱	
（原子中の電子をエネルギーE1で	
はじき、角度θの方向に散乱する）�

光電効果	
（エネルギーE2を吸収）�



SGDの装置概要�

コンパクトさと多機能の両方を�

　兼ね備えた集積回路(ASIC)が必要となる。�

4. INSTRUMENT DESIGN
SGD consists of two identical set of a SGD-S, two SGD-AE, a SGD-DPU and a SGD-DE. SGD-S is a detector
body that includes a 4 × 1 array of identical Compton camera modules surround by BGO shield units and
fine passive collimators as shown in Figure 2 (a). Two SGD-S are mounted on opposite sides of the spacecraft
side panels to balance the weight load since it has a high mass (150 kg). It was determined that a 2 × 2
array arrangement is preferred as it allows an increase of the BGO thickness for the same weight and can also
keep a symmetry against 90◦ rotation which is important for polarization measurements. However, the current
4 × 1 is employed to minimize the deformation of the spacecraft side panel. SGD cooling system is attached to
the cold plate of the SGD-S housing. APD CSA (charge-sensitive amplifier) box and HV (high voltage) power
supply are also attached to the SGD housing. SGD-AE is an electronics box that provides power management and
housekeeping (HK) functions for Compton camera system and APD readout system. It also performs APD signal
processing. SGD-DPU functions as a digital interface to the SGD-DE via SpaceWire network standard and also
houses SGD-PSU (Power Supply Unit) inside. SGD-DE includes a microprocessor and performs data processing
for event and HK data, and is connected to the satellite SpaceWire network. Topology of the SpaceWire network
is designed to be redundant. Data can be routed via another DPU if one of DPU-DE or DE-router connections
is broken. In addition, a spare DE shared by all instruments on the satellite is included in the payload: the
data can be routed to the spare DE if one of the SGD-DEs malfunctions. Design details of each component are
described below.
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Figure 2. Schematic drawing of (a) an SGD-S and (b) sensor configuration of a Compton camera.

4.1 Compton camera
The Compton camera consists of 32 layers of Si sensors and 8 layers of CdTe sensors surrounded by 2 layers
of CdTe sensors as shown in Figure 2 (b). The location of the CdTe sensors on the side is slightly displaced
in the horizontal direction to allow placement of readout ASIC (Application Specific Integrated Circuit) at the
corner of the sensor. This arrangement allows a placement of the CdTe sensor on the side very close to the
stacked Si and CdTe sensors to maximize the coverage of the photons scattered by the Si sensors. In addition
to sensor modules, the Compton camera holds an ACB (ASIC controller board) and four ADBs (ASIC driver
boards). The ACB holds an FPGA (filed programmable gate array) that controls the ASIC and communicates
with SpaceWire interface by a serial link. The ADB buffers control signals from the ACB and sends control
signals to 52 ASICs, and also provides a current limiter to power the ASICs.

The mechanical structure of the Compton camera needs to hold all components described above within the
size of 11 × 11 × 12 cm3. This size constraint is imposed to minimize the size of BGO active shield since the
BGO is the dominant contribution to the total weight of the SGD-S. Another important requirement for the
mechanical structure is cooling of the sensors. The temperature of all sensors needs to be maintained to within
5◦C of the cold plate interface at the bottom of the Compton camera.

5cm�



専用ASICの最適化�

SGD専用に開発されたASIC �
�

　　半導体検出器からの電荷信号を�

　　　　　　　　　　　検出しデジタル化する�
�

² 宇宙空間で動作させるため、�
　低電力で熱を発生しない設計に�

² 回路を設置する空間が強く制限されているため、�
　なるべく多くの機能をコンパクトに集積する�



→ASICの性能・特性を十分に把握することが必要�

�

²  入力信号とASICからの出力値の関係(応答関数)を把握�
²  非線型性の原因の切り分け�
²  適切な応答関数やそのパラメータの�
　　　チャンネル・温度依存性の研究�

　　　　　　　　　　　　　　　　　　　etc… 

専用ASICの最適化�

SGDのエネルギー測定の分解能を最大限に生かせる

よう、動作パラメータの最適化をおこなう�



まとめ�

² 次世代のＸ線天文衛星「ASTRO-H」を�
　　　　　　　　　　　現在研究・開発中である。�

² ASTRO-Hに、新たに�
　　　「軟ガンマ線検出器(SGD)」を搭載する。�

² SGDの性能を最大限に生かすため、�
　　　　　ASICの特性の把握と�

　　　　　　　その動作性能の最適化をおこなう。�


