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キューブサットX線衛星NinjaSat
による時間軸天文学への貢献

榎戸輝揚A, B, 玉川徹B, C, 岩切渉D, 武田朋志E, 大田尚享B, C, 青山有未来
B, C, 岩田智子B, C, 高橋拓也B, C, 山崎楓B, C, 喜多豊行D, 土屋草馬B, C, 中
野遥介B, C, 一番ヶ瀬麻由F, 三原建弘B, Chin-Ping HuG, 土肥明B, 西村
信哉H, 北口貴雄B, 加藤陽B, 沼澤正樹I, 高橋弘充E, ほか NinjaSat Team 
京大A, 理研B, 東理大C, 千葉大D, 広島大E, 立教大学F, 彰化師範大G, 東大H, 都立大I 

YITP workshop “Exploring Extreme Transients: Frontiers in the Early Universe and Time-Domain Astronomy” 
2025/8/5 15:00-15:15, Yukawa Institute for Theoretical Physics, Kyoto University

米国で大型科学に逆風が吹く中、 
小さな衛星では何ができるか？



日本初のキューブサットＸ線衛星 NinjaSat
• 明るいＸ線源の柔軟なモニタリングや、突発現象の迅速な追跡観測 
• NanoAvionics社 6Uバス (M6P), ~8 kg, 16 W (w/40% マージン) 
• Space X Transpoeter-9, 太陽同期軌道 510 km (2024年7月時点) 
• 3軸姿勢制御 (w/スタートラッカー) → ポインティング精度 <0.1°
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衛星軌道の例
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NinjaSat 科学ペイロード
コリメーター

ガスセル
Front-end card
DAQ board

質量 : 1.2 kg  
消費電力 : 1.8 W

質量 : 70 g  
消費電力 : 1 W

3.2 cm

9.5 cm

~10 cm

~10 cm~10 cm

55Fe 較正源
GMC

RBM Si-PIN フォトダイオード 
(浜松ホトニクス S14605)

• Gas Multiplier Counter (GMC) 
• 非撮像型ガス検出器 FoV 2.1° (FWHM) 
• Xe (75%) Ar (24%) DME (1%) 
• 2-50 keV (△E/E~20%@5.9 keV) 
• 有効面積: 32 cm2@6 keV (2台) 
• Radiation Belt Monitor (RBM) 
• Si-PIN 光ダイオード 9x9 mm2 500 um厚 
• 軌道上の放射線環境の常時モニタ 
• 太陽フレアを検知し GMCへアラート 
• GPS 時刻タグ, CAN 経由で他機器通信 
•キューブサットで過去最大の有効面積！

3Takeda et al., in prep. for GMC; Kato et al., in prep. for RBM



打ち上げから科学運用までの履歴
• 2020年に正式始動、コロナ下でも3.5年の短期間で製作から軌道投入 
• 2023年11月11日打ち上げ、 同 12月1日 3軸姿勢制御の開始 
• 2024年1月21日 衛星コミッショニング終了、1月22日ペイロード立上 
• 2024年2月23日 科学観測の開始 (SRGA J144459.2-604207 から）

©︎NanoAvionics©︎NanoAvionics ©︎SpaceX4
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launch Science Obs.
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3軸姿勢制御

2024
衛星コミッショ

ニング完了 科学観測 SRGA Crab TCrBHer X-1 SMC X-1
2023 12月 2月 3月 4月 5月 6月 7月 8月 9月

代表的な観測天体

Sco X-1 Cyg X-1



NinjaSat の衛星運用 NinjaSat

NanoAvionics

NinjaSat  
チーム

ペ
イ
ロ
ー
ド
運
用
コ
マ
ン
ド

コンタクト 3回/day 
S-band 通信 
< 60 MB/day

衛星運用

ペイロード運用

• 観測天体の選定は、毎週の NinjaSat 定例会
議で数週間先まで選定。ToO も対応可。 
• 1日に1-2天体。１天体は数日から数週間 
•若手研究者(理研の学生)を中心に運用コマン
ド作成、データQL、パイプライン処理 
• ペイロード運用は NinjaSat チーム 
• 衛星運用は NanoAvionics 社

NA社 オペレータ

スバールバル(北極圏) KSAT基地局

Amazon Web Service

Raw data

Influx DB 
(時系列データ)

Grafana 
(Quick look)

NinjaSat チーム オペレータ

Level1 FITS 
(fits変換後)

Level2 FITS 
(Calibrated/GTI)

Level3 FITS 
(Cleaned)

理研の運用室

遠隔運用
岩田智子さんスライド 
(天文学会2024秋)5



軌道上の性能検証: 時刻付け
• 衛星バスGPS (1秒周期PPS) のUTC配信と

GMC内蔵の時刻カウンタを紐づけて(GPS 
packet)、放射線イベントに時刻付与(61 μs)

• 33ミリ秒の「かにパルサー」のＸ線ピーク
をJodrell Bank Observatory (JBO)と比較。

• Ｘ線パルスのピークは、電波より0.01位
相(340 μs)先行することを確認できた。

• GMCの絶対時刻精度は <1 ms と検証。

• Her X-1 (1.23秒周期)や SMC X-1 (0.7秒)な
どの明るいＸ線天体のパルス波形を再現。
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NinjaSat/GMC Crab pulsar 
Pulse frequency: 29.56 Hz 

大田尚享、高橋拓也、Chin-ping Hu ほか6
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軌道上の性能検証: かに星雲のスペクトル
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「かに星雲」スペクトルのフィット結果 5

F = exp (−σ NH) × N ( E
1 keV)

−Γ

photons s−1 cm−2 keV−1

 Kirsch et al. (2005) 「かに星雲」スペクトルのモデル 
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フィットパラメータとフラックスは、ともに想定値と大きく外れていない 
→ NinjaSat の観測エネルギー帯域は 2 keV 以上のため、  の決定精度は低いNH

χ2/dof = 610/78±4 %

　　　　(2.010 0.003)±

　　
想定値 
(4.5)

• GMCの温度依存性 (1.2-15.4℃範囲、平均9.3℃)を考慮した検出器レ
スポンスを作成。1℃ごとのテンプレートとイベント数の重み付け平均 
• かに星雲のスペクトルを±5%の精度で再現（光子指数 2.010±0.003, 
2-10 keVフラックス 1.92×10-8 ergs/s/cm2)、先行研究の範囲内

温度依存性 を持つレスポンスを軌道上のデータを用いて検証

軌道上のレスポンス構築 4

観測期間 
実質的な観測時間 
GMC の温度変動範囲

2024年2月23日‒4月20日 
約 114 ksec 
1.2‒15.4℃ (平均 9.3℃) 

「かに星雲」: スペクトルが既知のX線較正天体
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 [2024年度春季年会、青山ほか]

① 1℃ ごとに基本となるレスポンスを用意 
② 各イベントに付与された温度の頻度分布を計算 
③ 各温度の基本レスポンスをイベント数で重み付け平均

7青山有未来、武田朋志ほか



軌道上の性能検証: かに星雲のスペクトル
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① 1℃ ごとに基本となるレスポンスを用意 
② 各イベントに付与された温度の頻度分布を計算 
③ 各温度の基本レスポンスをイベント数で重み付け平均

• GMCの温度依存性 (1.2-15.4℃範囲、平均9.3℃)を考慮した検出器レ
スポンスを作成。1℃ごとのテンプレートとイベント数の重み付け平均 
• かに星雲のスペクトルを±4%の精度で再現（光子指数 2.010±0.003, 
2-10 keVフラックス 1.92×10-8 ergs/s/cm2)、先行研究の範囲内

7青山有未来、武田朋志ほか



軌道上の性能検証: コリメータと光軸中心
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• Pointing accuracy: 0.11 deg (2 sigma)
• Calculate the angular distance between the RA, Dec values of the target 

object and the RA, Dec values in the Sat +X direction for each pointing period.

Fig.6 Pointing accuracy between May 2nd to Sep, 6th

Only used the data with star tracker valid.

Fig.7 Results of the X-ray rate at cross-shaped 13 points and the optical axis of GMC1.
The red numbers represent the count rate of X-rays acquired by the GMC1.

X-ray collimator
• 2.1-degree (FWHM) field of view in the ground test.
• Only the X-rays pass through the collimator detected by GMC, the others are 

absorbed on the surface of the collimator.
• Narrow the field of view to see the specific target, and reduce the CXB events.

• Made with high precision using etching and diffusion bonding techniques.
• Height: 15 mm / Diameter: 70 mm / Weight: 160 g

On-orbit optical-axis survey of the X-ray detector onboard 
the 6U CubeSat observatory NinjaSat

2. Introduction
NinjaSat Project

• ADCS determines the attitude with inputs from some sensors, and control 
reaction wheels and a 3-axis magnetic torquer.

Attitude Determination and Control System (ADCS)

• 1U-size non-imaging gas X-ray detector x2
• Measure the number, time, and energy for 

each X-ray photon.
• Energy bandpass: 2 - 50 keV
• Effective area: 32 cm2 /2 GMC @6 keV

Fig.4  Flow chart of  M6P satellite ADCS developed and managed by NanoAvionics

Cross-shaped multiple scan
3. Target pointing system

Gas Multiplier Counter (GMC)

The result of cross-shaped multiple scan GMC1 GMC2

Maximum count rate point [Y, Z] deg [0.22, 0.11] [0.28, 0.15]

Separation angle from optical axis [deg] 0.25 0.32

The percentage reduction of X-ray 12.3% 15.2%

Table1. The result of cross-shaped multiple scan

• Test date: March 26th,2024 and  May 2nd, 2024
• Pointed target: Crab Nebula (RA, Dec = 83.62, 22.02 deg)
• X-ray source, constantly bright.
• Frequently used as a calibration source for other X-ray observatories.

• Dither the Sat +X direction up to 1.0 deg in each RA and Dec direction.

Reference

Spacecraft
4. Optical axis search

Pointing accuracy

Finding the optical axis of GMC
• The shape of the collimator aperture is approximately triangle.
• The scan direction was almost parallel to RA and Dec.
• Performed the linear fitting for each scan direction and defined the point of 

intersection as an optical axis.

• NinjaSat is a 6U-size CubeSat X-ray observatory for 
monitoring specific X-ray celestial objects. 

• Pointing accuracy of the spacecraft is 0.11 deg.
• FOV of GMC is 2.1 deg (FWHM).

5. Summary
• Conducted GMC alignment search using Crab nebula.
• As a result, the optical axis of the GMC shifts ~ 0.3 deg in 

nearly the same direction relative to Sat +X.
• We will conduct more detailed alignment searches when the 

Crab Nebula becomes observable in the fall.

• Enoto et al., 2020, Proc. SPIE 11444, 114441V
• Tamagawa et al., 2023, Small Satellite Conference, 

WIV-06
• Takeda et al., 2023, Small Satellite Conference, WIII-01
• M6P satellite bus: https://nanoavionics.com/small-

satellite-buses/6u-cubesat-nanosatellite-m6p/

Fig.5 Appearance of NinjaSat, coordinate of the 
spacecraft and optical axis of GMC1 and GMC2

Conclusion and discussion 

• Table1 shows the optical axes of GMC1 and GMC2 deviate at almost the 
same angle in nearly the same direction.

• We suspect that Star Tracker optical axis and Sat +X are misaligned.
• We will conduct more detailed alignment searches when the Crab Nebula 

becomes observable in the fall.

Basic Information of NinjaSat
Size 6U (!"×$"×%" &'!), 8.14 kg

Launch Nov 12th, 2023, by SpaceX Falcon9

Orbit Sun-Synchronous Orbit @530 km

Purpose Observations of bright X-ray compact sources

Collimator

10 cm 10 cm

10 cm

Fig.1 Appearance of GMC flight model and
magnified image of the collimator hole

• We use the NanoSatellite M6P bus system developed by NanoAvionics
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• e.g. star tracker, solar panels, battery, attitude control system, memories

600 µm

100 µm

Gas

Readout pad

Photoelectric 
absorptionGEM

Angled X-ray
(Partially Illuminated)

Angled X-ray
(Completely blocked)

X-rays parallel 
to optical axis 

X-ray
Collimator

Fig.3 Collimator aperture measured in ground testFig.2 Cross-sectional view of the gas cell of the GMC

Star 
Tracker

GMC2

GMC1

GMC2
optical axis

+X

GMC1
optical axis+X

+Z

+Y

4 Axis of NinjaSat
• Sat +X, the directional axes of the satellite
• Star Tracker optical axis
• GMC1 and GMC2 optical axis

almost parallel
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than 0.11 degrees, enabling precise pointing at target sources. Due to the characteristics of the collimator, the observed X-ray intensity decreases as the source moves 
away from the optical axis. To account for this, we scanned the Crab Nebula by adjusting the satellite's line of sight and measured X-ray intensity at each point. We 
found an offset of 0.25 degrees for GMC1 and 0.32 degrees for GMC2, resulting in X-ray intensities that are 12.3% and 15.2% lower, respectively, when the satellite 
points directly at a source compared to when the source is observed at the center of the field of view.
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Fig.6 Pointing accuracy between May 2nd to Sep, 6th

Only used the data with star tracker valid.

Fig.7 Results of the X-ray rate at cross-shaped 13 points and the optical axis of GMC1.
The red numbers represent the count rate of X-rays acquired by the GMC1.

X-ray collimator
• 2.1-degree (FWHM) field of view in the ground test.
• Only the X-rays pass through the collimator detected by GMC, the others are 

absorbed on the surface of the collimator.
• Narrow the field of view to see the specific target, and reduce the CXB events.

• Made with high precision using etching and diffusion bonding techniques.
• Height: 15 mm / Diameter: 70 mm / Weight: 160 g

On-orbit optical-axis survey of the X-ray detector onboard 
the 6U CubeSat observatory NinjaSat

2. Introduction
NinjaSat Project

• ADCS determines the attitude with inputs from some sensors, and control 
reaction wheels and a 3-axis magnetic torquer.

Attitude Determination and Control System (ADCS)

• 1U-size non-imaging gas X-ray detector x2
• Measure the number, time, and energy for 

each X-ray photon.
• Energy bandpass: 2 - 50 keV
• Effective area: 32 cm2 /2 GMC @6 keV

Fig.4  Flow chart of  M6P satellite ADCS developed and managed by NanoAvionics

Cross-shaped multiple scan
3. Target pointing system

Gas Multiplier Counter (GMC)

The result of cross-shaped multiple scan GMC1 GMC2

Maximum count rate point [Y, Z] deg [0.22, 0.11] [0.28, 0.15]

Separation angle from optical axis [deg] 0.25 0.32

The percentage reduction of X-ray 12.3% 15.2%

Table1. The result of cross-shaped multiple scan

• Test date: March 26th,2024 and  May 2nd, 2024
• Pointed target: Crab Nebula (RA, Dec = 83.62, 22.02 deg)
• X-ray source, constantly bright.
• Frequently used as a calibration source for other X-ray observatories.

• Dither the Sat +X direction up to 1.0 deg in each RA and Dec direction.
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4. Optical axis search

Pointing accuracy

Finding the optical axis of GMC
• The shape of the collimator aperture is approximately triangle.
• The scan direction was almost parallel to RA and Dec.
• Performed the linear fitting for each scan direction and defined the point of 

intersection as an optical axis.

• NinjaSat is a 6U-size CubeSat X-ray observatory for 
monitoring specific X-ray celestial objects. 

• Pointing accuracy of the spacecraft is 0.11 deg.
• FOV of GMC is 2.1 deg (FWHM).

5. Summary
• Conducted GMC alignment search using Crab nebula.
• As a result, the optical axis of the GMC shifts ~ 0.3 deg in 

nearly the same direction relative to Sat +X.
• We will conduct more detailed alignment searches when the 

Crab Nebula becomes observable in the fall.
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• Tamagawa et al., 2023, Small Satellite Conference, 

WIV-06
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• We will conduct more detailed alignment searches when the Crab Nebula 
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than 0.11 degrees, enabling precise pointing at target sources. Due to the characteristics of the collimator, the observed X-ray intensity decreases as the source moves 
away from the optical axis. To account for this, we scanned the Crab Nebula by adjusting the satellite's line of sight and measured X-ray intensity at each point. We 
found an offset of 0.25 degrees for GMC1 and 0.32 degrees for GMC2, resulting in X-ray intensities that are 12.3% and 15.2% lower, respectively, when the satellite 
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object and the RA, Dec values in the Sat +X direction for each pointing period.

Fig.6 Pointing accuracy between May 2nd to Sep, 6th

Only used the data with star tracker valid.

Fig.7 Results of the X-ray rate at cross-shaped 13 points and the optical axis of GMC1.
The red numbers represent the count rate of X-rays acquired by the GMC1.

X-ray collimator
• 2.1-degree (FWHM) field of view in the ground test.
• Only the X-rays pass through the collimator detected by GMC, the others are 

absorbed on the surface of the collimator.
• Narrow the field of view to see the specific target, and reduce the CXB events.

• Made with high precision using etching and diffusion bonding techniques.
• Height: 15 mm / Diameter: 70 mm / Weight: 160 g

On-orbit optical-axis survey of the X-ray detector onboard 
the 6U CubeSat observatory NinjaSat

2. Introduction
NinjaSat Project

• ADCS determines the attitude with inputs from some sensors, and control 
reaction wheels and a 3-axis magnetic torquer.

Attitude Determination and Control System (ADCS)

• 1U-size non-imaging gas X-ray detector x2
• Measure the number, time, and energy for 

each X-ray photon.
• Energy bandpass: 2 - 50 keV
• Effective area: 32 cm2 /2 GMC @6 keV

Fig.4  Flow chart of  M6P satellite ADCS developed and managed by NanoAvionics

Cross-shaped multiple scan
3. Target pointing system

Gas Multiplier Counter (GMC)

The result of cross-shaped multiple scan GMC1 GMC2

Maximum count rate point [Y, Z] deg [0.22, 0.11] [0.28, 0.15]

Separation angle from optical axis [deg] 0.25 0.32

The percentage reduction of X-ray 12.3% 15.2%

Table1. The result of cross-shaped multiple scan

• Test date: March 26th,2024 and  May 2nd, 2024
• Pointed target: Crab Nebula (RA, Dec = 83.62, 22.02 deg)
• X-ray source, constantly bright.
• Frequently used as a calibration source for other X-ray observatories.

• Dither the Sat +X direction up to 1.0 deg in each RA and Dec direction.

Reference

Spacecraft
4. Optical axis search

Pointing accuracy

Finding the optical axis of GMC
• The shape of the collimator aperture is approximately triangle.
• The scan direction was almost parallel to RA and Dec.
• Performed the linear fitting for each scan direction and defined the point of 

intersection as an optical axis.

• NinjaSat is a 6U-size CubeSat X-ray observatory for 
monitoring specific X-ray celestial objects. 

• Pointing accuracy of the spacecraft is 0.11 deg.
• FOV of GMC is 2.1 deg (FWHM).

5. Summary
• Conducted GMC alignment search using Crab nebula.
• As a result, the optical axis of the GMC shifts ~ 0.3 deg in 

nearly the same direction relative to Sat +X.
• We will conduct more detailed alignment searches when the 

Crab Nebula becomes observable in the fall.
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Conclusion and discussion 

• Table1 shows the optical axes of GMC1 and GMC2 deviate at almost the 
same angle in nearly the same direction.

• We suspect that Star Tracker optical axis and Sat +X are misaligned.
• We will conduct more detailed alignment searches when the Crab Nebula 

becomes observable in the fall.
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• We use the NanoSatellite M6P bus system developed by NanoAvionics
• M6P bus provides us with the essential components for our observation.
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NinjaSat is a 6U CubeSat X-ray observatory launched in November 2023. NinjaSat has two non-imaging Gas Multiplier Counters (GMCs) sensitive to 2–50 keV X-rays, 
each with a 2.1 degree (FWHM) field of view X-ray collimator to point at specific target. The satellite utilizes NanoAvionics' M6P bus with an pointing accuracy better 
than 0.11 degrees, enabling precise pointing at target sources. Due to the characteristics of the collimator, the observed X-ray intensity decreases as the source moves 
away from the optical axis. To account for this, we scanned the Crab Nebula by adjusting the satellite's line of sight and measured X-ray intensity at each point. We 
found an offset of 0.25 degrees for GMC1 and 0.32 degrees for GMC2, resulting in X-ray intensities that are 12.3% and 15.2% lower, respectively, when the satellite 
points directly at a source compared to when the source is observed at the center of the field of view.
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object and the RA, Dec values in the Sat +X direction for each pointing period.

Fig.6 Pointing accuracy between May 2nd to Sep, 6th

Only used the data with star tracker valid.

Fig.7 Results of the X-ray rate at cross-shaped 13 points and the optical axis of GMC1.
The red numbers represent the count rate of X-rays acquired by the GMC1.
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• 2.1-degree (FWHM) field of view in the ground test.
• Only the X-rays pass through the collimator detected by GMC, the others are 

absorbed on the surface of the collimator.
• Narrow the field of view to see the specific target, and reduce the CXB events.

• Made with high precision using etching and diffusion bonding techniques.
• Height: 15 mm / Diameter: 70 mm / Weight: 160 g

On-orbit optical-axis survey of the X-ray detector onboard 
the 6U CubeSat observatory NinjaSat

2. Introduction
NinjaSat Project

• ADCS determines the attitude with inputs from some sensors, and control 
reaction wheels and a 3-axis magnetic torquer.

Attitude Determination and Control System (ADCS)

• 1U-size non-imaging gas X-ray detector x2
• Measure the number, time, and energy for 

each X-ray photon.
• Energy bandpass: 2 - 50 keV
• Effective area: 32 cm2 /2 GMC @6 keV

Fig.4  Flow chart of  M6P satellite ADCS developed and managed by NanoAvionics

Cross-shaped multiple scan
3. Target pointing system

Gas Multiplier Counter (GMC)

The result of cross-shaped multiple scan GMC1 GMC2

Maximum count rate point [Y, Z] deg [0.22, 0.11] [0.28, 0.15]

Separation angle from optical axis [deg] 0.25 0.32

The percentage reduction of X-ray 12.3% 15.2%

Table1. The result of cross-shaped multiple scan

• Test date: March 26th,2024 and  May 2nd, 2024
• Pointed target: Crab Nebula (RA, Dec = 83.62, 22.02 deg)
• X-ray source, constantly bright.
• Frequently used as a calibration source for other X-ray observatories.

• Dither the Sat +X direction up to 1.0 deg in each RA and Dec direction.
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Finding the optical axis of GMC
• The shape of the collimator aperture is approximately triangle.
• The scan direction was almost parallel to RA and Dec.
• Performed the linear fitting for each scan direction and defined the point of 

intersection as an optical axis.
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than 0.11 degrees, enabling precise pointing at target sources. Due to the characteristics of the collimator, the observed X-ray intensity decreases as the source moves 
away from the optical axis. To account for this, we scanned the Crab Nebula by adjusting the satellite's line of sight and measured X-ray intensity at each point. We 
found an offset of 0.25 degrees for GMC1 and 0.32 degrees for GMC2, resulting in X-ray intensities that are 12.3% and 15.2% lower, respectively, when the satellite 
points directly at a source compared to when the source is observed at the center of the field of view.

Sota Watanabe1,2, Toru Tamagawa1, Teruaki Enoto3, Takao Kitaguchi2, Yo Kato2, Tatehiro Mihara2, Wataru Iwakiri4 , Masaki Numazawa5, Keisuke 
Uchiyama1,2, Tomoshi Takeda1,2, Yuto Yoshida1,2, Naoyuki Ota1,2, Syoki Hayashi1,2, Hiroki Sato1,6 , Arata Jujo1,2, Amira Aoyama1,2, Satoko Iwata1,2, 

Takuya Takahashi1,2, Kaede Yamasaki1,2, Chin-Ping Hu7,2, Hiromitsu Takahashi8, Hirokazu Odaka9, Tsubasa Tamba9, Kentaro Taniguchi10 

1 Tokyo Univ. of Science, 2 RIKEN, 3 Kyoto Univ., 4 Chuo Univ., 5 Tokyo Metropolitan Univ., 
6 Shibaura Inst. of Tech., 7 National Changhua Univ. of Educ., 8 Hiroshima Univ.,9 The Univ. of Tokyo., 10 Waseda Univ

1. Abstract

Z108b 

Sat +X center
[0,0 deg]

Major axis
Minor axis

Purpose of this report
To understand the 
difference in direction 
between these axes

渡部蒼汰さんポスター (天文学会2024秋)

FWHM
2.1°

8



X線バースターの連続観測

8

L26 Publications of the Astronomical Society of Japan (2025), Vol. 77, No. 3 
Table 1. Properties of Type I X-ray bursts from SRGA J1444 observed with NinjaSat. ∗
ID MJD !t pre t rise t pl τD A Fluence τ !t rec χ2 / d.o.f. 

( hr ) ( s ) ( s ) ( s ) ( counts s −1 ) ( counts ) ( s ) ( hr ) 
1 60367.19877 – 5.3 ± 0.6 9.6 ± 0.8 5.8 ± 1.5 12.0 ± 1.1 216 ± 29 18.1 ± 2.9 – 82 . 1 / 105 
2 60367.73134 12.782 0.6 ± 1.7 10.2 ± 2.1 11.9 ± 2.0 12.9 ± 1.3 289 ± 48 22.4 ± 4.3 2.130 107 . 8 / 103 
3 60368.68673 22.929 3.4 ± 1.4 13.6 ± 1.4 3.0 ± 1.0 11.4 ± 1.0 209 ± 29 18.3 ± 3.0 2.293 82 . 1 / 102 
4 60369.67668 23.759 5.2 ± 0.7 4.0 ± 1.1 8.8 ± 1.5 14.1 ± 1.5 216 ± 35 15.4 ± 3.0 2.970 103 . 4 / 102 
5 60370.85748 28.339 1.4 ± 1.6 3.5 ± 1.9 9.4 ± 1.4 18.2 ± 2.3 248 ± 54 13.6 ± 3.4 3.149 113 . 7 / 104 
6 60372.57310 41.175 3.5 ± 0.8 10.4 ± 1.3 6.0 ± 1.1 13.3 ± 1.2 241 ± 31 18.2 ± 2.9 3.167 91 . 2 / 102 
7 60373.76358 28.571 1.9 ± 0.4 9.4 ± 1.0 5.7 ± 1.4 14.7 ± 1.3 237 ± 33 16.0 ± 2.6 3.571 101 . 0 / 103 
8 60374.94451 28.342 0.3 ± 1.3 10.4 ± 1.7 6.2 ± 1.3 14.1 ± 1.3 235 ± 39 16.7 ± 3.2 4.049 116 . 4 / 103 
9 60376.16844 29.374 0.5 ± 0.1 8.0 ± 1.3 9.3 ± 2.3 13.6 ± 1.3 239 ± 43 17.6 ± 3.6 4.896 114 . 7 / 102 
10 60376.72939 13.463 0.5 ± 0.8 9.6 ± 1.3 5.2 ± 1.2 16.1 ± 1.4 244 ± 36 15.1 ± 2.6 6.731 110 . 5 / 100 
11 60377.05892 7.909 0.5 ± 1.0 7.2 ± 1.2 5.1 ± 1.2 18.0 ± 1.7 227 ± 39 12.6 ± 2.4 7.909 111 . 2 / 103 
12 † 60380.40925 80.408 – – – – – – 10.051 –

1–11 – – 1.4 ± 0.4 9.8 ± 0.6 7.7 ± 0.5 13.3 ± 0.4 241 ± 13 18.1 ± 1.2 – 103 . 9 / 105 
1–3 – – 4.4 ± 0.7 10.9 ± 1.1 5.3 ± 0.9 12.0 ± 0.7 232 ± 23 19.3 ± 2.3 – 91 . 4 / 105 
4–6 – – 4.2 ± 0.6 4.9 ± 1.4 8.9 ± 0.9 15.1 ± 1.2 241 ± 32 15.9 ± 2.4 – 122 . 5 / 105 
7–8 – – 2.5 ± 0.4 9.0 ± 0.7 5.9 ± 0.7 14.3 ± 0.8 230 ± 19 16.1 ± 1.6 – 106 . 1 / 105 
9–11 – – 0.3 ± 0.3 5.8 ± 1.3 9.6 ± 1.2 17.0 ± 1.2 264 ± 35 15.5 ± 2.3 – 145 . 1 / 105 
∗ Descriptions of columns. MJD: Burst onset time in Modified Julian Date ( MJD ) . !t pre : Elapsed time since the previous burst detected with NinjaSat. t rise : 
Time to reach the peak from the onset. t pl : Duration of the plateau. τD : Decay time constant. A : Burst amplitude, i.e., the count rate during the plateau. 
τ : Equivalent duration, ratio of burst integrated fluence to peak flux. !t rec : Average burst recurrence time ( see subsection 3.2 ) . 

†Only the burst onset times, !t pre , and !t ave are listed because the burst was truncated by the boundary of the observations. 
because their signal rise time ( ∼1 µs ) is longer than that of X- 
ray events ( ∼400 ns ) due to the difference in the distributed 
length of the electron cloud along the drift direction. On the 
other hand, events from the parallel direction leave signals 
on both pads, resulting in a relatively high correlation coef- 
ficient R . This allows them to be distinguished from X-ray 
events, except when X-rays enter between the pads. Addition- 
ally, the event cut based on the correlation coefficient R is also 
useful for the common-mode electrical noise simultaneously 
triggered in both channels, which typically has a value of 
R ∼ 0 . 95 . 

In this letter, we only use the X-ray count rate for the follow- 
ing analysis without the response for the spectral discussions. 
The persistent count rate in the 2–10 keV band is converted to 
X-ray intensity in units of mCrab, i.e., a flux referenced to the 
count rate of the Crab Nebula. Because the detector calibra- 
tion is still ongoing, we employed a tentative event selection 
criterion: selecting events with signal rise times in the range 
of 200–800 ns and correlation coefficients R of less than 0.4. 
The average raw background rates of the inner and outer re- 
gions in the 2–10 keV band are 6 . 0 and 10 . 6 counts s −1 , re- 
spectively. After applying the event cut, the rates are reduced 
to 0 . 294 ± 0 . 003 and 2 . 26 ± 0 . 02 counts s −1 , respectively. 
The event cut based on the correlation coefficient R between 
the inner and outer waveforms is sensitive to events that are si- 
multaneously triggered in both regions. Consequently, it func- 
tions similarly to the anti-coincidence method, making it more 
effective in the inner region, which is surrounded by the outer 
region. Thus, we analyzed only event data of the inner region 
for the persistent flux evaluation to obtain a higher signal-to- 
noise ratio, while we used event data extracted from both re- 
gions for the X-ray burst analysis. The background-subtracted 
rate of the Crab Nebula in the 2–10 keV band is estimated to 
be 11 . 89 ± 0 . 03 counts s −1 . The time variation in the 3 . 0 hr 
binned background light curve shows a slight periodicity at 
approximately 1 and 6 d and follows a Gaussian distribu- 
tion with a 1 σ width of 0 . 025 counts s −1 , corresponding to 
2 . 5 mCrab. 

60345 60350 60355 60360 60365 60370 60375 60380 60385 60390
 MJD

0

20

40

60

80

100

120

140

 2-
10

 ke
V 

X-
ray

 In
ten

sit
y (

mC
rab

)

NinjaSat
MAXI

Fig. 1. 2–10 k eV light curv es of SR G A J1444 monitored b y NinjaSat 
( red circles ) and MAXI ( black squares ) with the bin sizes of 3 . 0 hr and 
24 hr , respectively . The NinjaSat light curve is calculated using e v ent data 
from the inner region with a subtraction of the a v eraged back ground rate 
( 0 . 294 counts s −1 ) . T he time interv als betw een 5 s bef ore and 50 s after 
the burst onset are e x cluded to show the persistent flux decay, while these 
burst onsets are indicated by red vertical lines. 
3 Data analysis and results 
To search for X-ray bursts, we extracted 10 s binned light 
curves from all screening data and clearly detected 12 X-ray 
bursts ( IDs 1–12 ) , as listed in table 1 . These bursts exhibit a 
peak X-ray intensity of ∼1 Crab and lasting ∼20 s ( Takeda 
et al. 2024 ) , consistent with observations reported by NICER 
and SRG ( Ng et al. 2024 ; Molkov et al. 2024 ) . 

Figure 1 shows the persistent light curve of SRGA J1444 
in the 2–10 keV band observed with NinjaSat, compared 
with that from MAXI ( Matsuoka et al. 2009 ) . The 2–10 keV 
X-ray intensity observed with MAXI was calculated using 
publicly available data.2 The outburst of SRGA J1444 reached 
the maximum X-ray intensity at ∼100 mCrab at MJD 60361 
and then gradually decayed for nearly 30 days to the 

2 ⟨ http:// maxi.riken.jp/ top/ slist.html ⟩ . 
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Fig. 2. Average profiles of X-ray burst IDs 1–11, 1–3, 4–6, 7–8, and 9–11 
( top to bottom ) . These light curves are calculated in the 2–20 keV energy 
band at 1 s resolution after subtraction of the persistent emission based 
on fitting results. The blue solid line represents the best-fitting model of 
the linear rise, plateau, and exponential decay ( see subsection 3.1 ) applied 
to the o v erall a v erage profile ( a ) . In the lo w er f our panels, the red solid 
lines are the best-fitting models for each burst profile ( b ) –( e ) , where the 
best-fitting a v erage profile ( blue solid line ) is also sho wn f or comparison. 
The best-fitting parameters are summarized in table 1 . 
background level. The NinjaSat monitoring campaign covered 
almost the entire outburst decay phase until MJD 60387. The 
flux evolution observed with NinjaSat is consistent with that 
of MAXI, achieving comparable statistical errors with 3 . 0 hr 
bins to those of the MAXI daily light curve. NinjaSat enables 
us to track finer variations in the persistent X-ray intensity. 
3.1 Evolution of burst profiles 
Figure 2 a shows the overall averaged burst profile in the 2–
20 keV band. The burst profile is characterized by a fast lin- 
ear rise, followed by a plateau and an exponential decay, sim- 
ilar to those reported in NICER and SRG observations ( Ng 
et al. 2024 ; Molkov et al. 2024 ) . To investigate the evolution 
of the burst profile during the outburst with better statistics, 
we combined the first 11 bursts into four intervals based on 
the persistent X-ray intensity. Then we fitted each light curve 
with a burst model [ f (t ) as a function of time, t], described 
by 
f (t ) = 

⎧ 
⎪ ⎪ ⎪ ⎨ 
⎪ ⎪ ⎪ ⎩ 

c per t ≤ t 0 
A 

t rise ( t − t 0 ) + c per t 0 < t ≤ t 0 + t rise 
A + c per t 0 + t rise < t ≤ t 0 + t rise + t pl 
A exp (− t−t 0 −t rise −t pl 

τD )
+ c per t > t 0 + t rise + t pl 

, 
( 2 ) 

where c per is the persistent rate ( counts s −1 ) , A is the burst 
amplitude ( counts s −1 ) , t 0 is the burst onset time ( s ) , t rise is 
the time to reach the peak from the onset ( s ) , t pl is the du- 
ration of the plateau ( s ) , and τD is the decay time constant 
( s ) . Figures 2 b–2 e show the averaged profiles at each inter- 
val ( IDs 1–3, 4–6, 7–8, and 9–11 ) with the best-fitting mod- 
els. The corresponding best-fitting parameters are given in ta- 
ble 1 . The X-ray burst profiles showed a significant evolution 
in morphology; the burst rise time ( t rise ) became faster, and 
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Fig. 3. Flux dependence of the various parameters in burst profiles: time 
to reach the peak flux t rise , burst amplitude A , burst fluence, and equiva- 
lent duration τ ( top to bottom ) . The x-axis represents the persistent X-ray 
intensity estimated by linear interpolation and averaging the NinjaSat light 
curves at each interval ( IDs 1–3, 4–6, 7–8, and 9-11 ) . 
its amplitude ( A ) increased as the outburst decayed. In addi- 
tion, we evaluated the burst fluence using the fit results and 
then employed the equivalent burst duration τ , which is de- 
fined as the ratio of burst fluence to peak intensity, as a use- 
ful indicator independent of the uncertainty of the distance. 
Figure 3 shows the dependence of t rise , A , the burst fluence, 
and τ on the persistent level, which are estimated by linear in- 
terpolation and averaging the NinjaSat light curve ( figure 1 ) 
at each interval. While the persistent level, which is propor- 
tional to the mass accretion rate, decreased from approxi- 
mately 63 to 13 mCrab, the rise time ( t rise ) decreased from 
4 . 4 ± 0 . 7 to 0 . 3 ± 0 . 3 s, and the amplitude ( A ) increased by 
44% from 11 . 8 ± 0 . 7 to 17 . 0 ± 1 . 2 counts s −1 . In contrast, 
the fluence showed no significant changes, with average val- 
ues of 240 counts. The equivalent duration ( τ ) marginally de- 
creased from 19 . 3 ± 2 . 3 to 15 . 5 ± 2 . 3 s. The best-fitting pa- 
rameters for each burst are also listed in table 1 . The burst on- 
set times are determined with an accuracy of approximately 
1 s, and the elapsed times since the previous burst "t pre range 
from 7.909 to 80 . 408 hr. 

We assessed the systematic uncertainties in our burst pro- 
file analysis based on count rates without performing spectral 
analysis. Fu et al. ( 2025 ) reported Insight-HXMT’s observa- 
tions of photospheric radius expansions ( PREs ) in 14 out of a 
total of 60 bursts. They presented the evolution of blackbody 
temperature, which is kept high ( roughly 2–3 keV ) in spite of 
the occurrence of PREs. This fact justifies our approach using 
the count rate rather than the bolometric flux. This stems from 
a small variation of count rate to bolometric flux conversion 
factor by only ±15% during bursts, given the effective area of 
the GMC, which is comparable to the 1 σ statistical error of 
light curves as shown in figure 2 . Furthermore, since the PRE 
effects on the spectrum are remarkable in a short timescale of 
less than ∼3 s, they little affect characteristic parameters such 
as τ in an overall burst. 
3.2 MCMC inference of burst recurrence time as a 

function of persistent flux 
During the campaign, NinjaSat monitored the evolution 
of persistent X-ray intensity and detected 12 X-ray bursts 
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• 2024年2月21日発見の史上6番目のクロッ
クトバースターSRGA J144459.2-604207
を最初の科学ターゲットとして2月23日
から25日間にわたり連続観測。

• 12個の Type-I Ｘ線バーストを検出。
• バースト継続時間は、他の天体より短い
約20秒 → 降着物質にヘリウムが多い？

• バースト再帰時間は、降着量の現象に従
い2時間から10時間へ( )→ 
理論モデルで中性子星の質量が大きい？

△ trec ∝ F−0.84
per

Takeda+25
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Table 2. Maximum likelihood estimates for each 1D marginalized posterior distribution with 68% highest posterior density intervals. 
η C n 1 n 2 n 3 n 4 n 5 n 6 n 7 n 8 n 9 n 10 n 11 
0 . 84 +0 . 02 

−0 . 01 0 . 198 +0 . 002 
−0 . 002 6 . 16 +0 . 07 

−0 . 06 9 . 70 +0 . 10 
−0 . 08 8 . 15 +0 . 06 

−0 . 05 9 . 05 +0 . 06 
−0 . 06 12 . 84 +0 . 09 

−0 . 07 8 . 16 +0 . 06 
−0 . 05 7 . 07 +0 . 05 

−0 . 05 6 . 10 +0 . 05 
−0 . 05 1 . 93 +0 . 02 

−0 . 03 0 . 76 +0 . 02 
−0 . 02 7 . 96 +0 . 14 

−0 . 13 

Fig. 5. R elation betw een the burst equiv alent duration τ and the recur- 
rence time #t rec , with the best-fitting linear model shown as a red dot- 
ted line. Eight filled-circles are calculated from our model HERES in case 
of X/Y = 1 . 5 , Z CNO = 0 . 015 , and the accretion rate of ˙ M = (0 . 8 − 5) ×
10 −9 M ⊙ yr −1 ( Dohi et al. 2025 ) . T he observ ed relations f or GS 1826–24 and 
4U 1820–303 are also shown in blue and green circles, respectively, taken 
from Gallo w a y, Goodwin, and K eek ( 2017 ) . T he best-fitting parameters 
are SR G A J1444 (a = −0 . 8 ± 0 . 5 s hr −1 , b = 20 ± 2 s , χ2 / d . o . f = 3 . 22 / 8) , 
GS 1826–24 (a = −3 . 5 ± 1 . 1 s hr −1 , b = 54 ± 5 s , χ2 / d . o . f = 0 . 13 / 1) , and 
4U 1820–303 (a = −0 . 4 s hr −1 , b = 7 . 3 s ) . 
HPD intervals, are listed in table 2 . The inferred power-law in- 
dex is significantly lower than 1; η = 0 . 84 +0 . 02 

−0 . 01 . The ratios of 
the maximum likelihood estimates n i to their nearest integer 
values are well within ±5% , except for n 10 , which exhibits a 
residual of approximately 25% . The average burst recurrence 
times for each observed burst #t rec increased from 2.1 hr to 
10.1 hr, as given in table 1 . 
3.3 Recurrence time variation with burst duration 
The compositions of the accreted matter, i.e., mass frac- 
tions of hydrogen ( X) , helium ( Y ) , and heavier CNO ele- 
ments or metallicity ( Z CNO ) , are reflected in the burst prop- 
erties such as the burst equivalent duration τ and the recur- 
rence time #t rec ( Lampe et al. 2016 ) . Although only an up- 
per limit of 10 . 6 kpc on the source distance has been deter- 
mined for SRGA J1444 ( Ng et al. 2024 ) , both τ and #t rec 
are independent of the distance, making these parameters use- 
ful for comparing observations and theoretical predictions 
across different sources. Figure 5 shows the τ–#t rec relation 
of SRGA J1444, alongside the clocked burster GS 1826–
24, which has a near-solar composition ( e.g., Johnston et al. 
2020 ) , and the ultra-compact binary 4U 1820–303, believed 
to be a pure-He burster with a low-mass He white dwarf ( e.g., 
Cumming 2003 ; Galloway et al. 2008 ) . The burst recurrence 
times #t rec of GS 1826–24 and 4U 1820–303 are taken from 
table 2 in Galloway, Goodwin, and Keek ( 2017 ) , and τ ≡
E b /F pk are calculated using the burst fluence E b and peak flux 
F pk from the same table. We also show the theoretical relation 
from our model HERES with X/Y = 1 . 5 and Z CNO = 0 . 015 
( for the HERES model, see Dohi et al. 2020 ) , which is in line 
with various observations of SRGA J1444 ( Dohi et al. 2025 ) . 
To characterize the observed τ–#t rec relations, we fitted a lin- 

ear model ( τ = a #t rec + b) to each data. The average burst 
duration of SRGA J1444 is less than half that of GS 1826–24 
and three times that of 4U 1820–303. Furthermore, the nega- 
tive slope between τ and #t rec becomes shallower for sources 
with shorter τ values. 
4 Discussion and conclusion 
In this letter, we present the long-term monitoring of 
SRGA J1444 conducted with NinjaSat over a period of ap- 
proximately 25 days. We found that SRGA J1444 exhibited 
X-ray bursts with a fast rise time of < 5 s and a short dura- 
tion of τ = 18 . 1 ± 1 . 2 s ( IDs 1–11 ) , the latter of which is con- 
sistent with the values derived by the spectral analysis from 
other satellites, such as IXPE ( τ = 16 . 8 ± 1 . 6 s, Papitto et al. 
2024 ) and SRG ( τ ∼ 16 s, Molkov et al. 2024 ) , with an ac- 
curacy of ∼10% . The fast rise time and short duration are 
characteristic features of sources with relatively He-rich ac- 
creted fuel. This is because He burns during the burst via the 
triple- α reaction, which proceeds on a much shorter time scale 
than the H burning via the hot-CNO cycle, rp, and αp pro- 
cesses. The observed burst duration in SRGA J1444 is longer 
than in pure-He bursters but shorter than sources with solar 
composition ( figure 5 ) . Given that no photospheric radius ex- 
pansion burst has been observed from SRGA J1444, including 
with observations from other satellites, it is reasonable to as- 
sume that SRGA J1444 has a relatively He-enhanced accreted 
fuel compared to the solar composition. The He-enhanced sce- 
nario with X/Y = 1 . 5 and Z CNO = 0 . 015 is further supported 
by the theoretical predictions from the HERES model ( Dohi 
et al. 2025 ) . 

We show that the recurrence time in SRGA J1444 is roughly 
inversely proportional to the persistent X-ray intensity with 
a power-law index η = 0 . 84 +0 . 02 

−0 . 01 . We also noted that n i are 
closely matched to integer values within ±5% , except for n 10 . 
The deviations from integers could be attributed to the av- 
erage variation in C between each detected burst and/or to 
limitations of the simplified burst model expressed in equa- 
tion ( 3 ) . Contributing factors may include incomplete ob- 
servational coverage, potential variations in persistent flux 
on timescales of 3 . 0 hr or shorter, which corresponds to the 
time resolution of the light curve ( figure 1 ) , and long-term 
spectral variations associated with the outburst. Our results 
are consistent with the IXPE observation reported by Papitto 
et al. ( 2024 ) , which shows η ∼ 0 . 8 with recurrence time devi- 
ations ranging from a few to roughly 10% ( see also Fu et al. 
2025 ) .5 

The estimated index η = 0 . 84 +0 . 02 
−0 . 01 of SRGA J1444 is the 

lowest value observed among X-ray bursters ( section 1 ) . Dohi 
et al. ( 2024 ) investigated the η dependence on the equation of 
state ( EOS ) and NS masses in the range of 1.1 to 2 . 0 M ⊙. They 
found that compacted NS models tend to have lower values 

5 The variation of the recurrence time is reflected in the deviation of 
n i from their nearest integer values in our formulation expressed in equa- 
tion ( 3 ) . 
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NinjaSat から連星進化の議論へ

10

SN
+
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Intermediate-mass
X-ray binary (IMXB)

SN + donar

LMXB

He-rich Starconvective core Pure-He Star

LMXB

LMXB

----------------------------

-----------------------------------------------------------

-------------------------------
SRGA J1444
at present

(Courtesy: Ryosuke Hirai)

2025年6月には、GS 1826-238の再帰バー
ストも観測し、この天体で史上一番短い1.6時
間の再帰時間を報告 (Iwata+ ATel #17245)

(Figure Courtesy: Ryosuke Hirai)

1.Ｘ線バーストの光度曲線から、燃料である水素とヘリウムの組成が判定
2.これまでのＸ線バーストは太陽系組成か進化が進んだ純ヘリウム星のみ。SRGA J14445
は、著しくヘリウム過剰（水素が半分） で、初めて「中間」（主系列の終わりかけ）か？

3.「主系列の終わりかけ」という絶妙なタイミングを同定は難しく、新たな手法・例？

土肥明、西村信哉ほか



新天体のスーパーバースト観測

11

• 2024年11月9日に MAXI J1752-457が見つ
かる(ATel #16898)。発見から2.5時間後に
NinjaSatが観測開始し8日間、追跡。

• 他のＸ線衛星は太陽角制限で観測できず
• Ｘ線フラックス減衰は２成分(指数関数の
時定数で 1.2時間と15時間）で、黒体放射
の温度は1.8 keVから0.6 keVまで低下

• 低質量Ｘ線連星で、炭素燃焼によるスーパ
ーバーストと解釈できる(史上17例目)

• 2成分の減衰も中性子星のアウタークラス
と近傍での核融合の理論モデルで説明可能

Aoyama, Enoto, et al., ApJL (2025)

Aoyama+25
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E17 = 5.1 and y12 = 1.8 for the Δt0 = 1.44 hr 

Aoyama+25

Aoyama+25
バースト開始時間 
を複数仮定
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明るいＸ線源 SMC X-1 の長期モニタリング

12 Hu et al., in prep.

• 小マゼラン雲の明るいＸ線源 SMC X-1 
(連星周期 3.9日、パルス周期 0.7秒）に
は40-65日の superorbital modulation 

• これが降着率の変化によるのか、傾いた
降着円盤による遮蔽かを検証するため
2024年12月13日から翌年1月23日までの
長期モニタリングを実施。

• NinjaSat によりパルス波形の長期変化や
パルサーの暦をモニタリングでき、MAXI 
とも合わせることで、superorbital 
modulation は円盤遮蔽の可能性を示唆？



多波長(可視光・電波)との連携モニタリング

13

Sco X-1の可視光 
(TESS)との同時観測

Cyg X-1の電波(6, 8GHz) 
(山口)との同時観測

山崎楓ほか、山口大学などの電波メンバー(藤沢
氏、穐本氏、新沼氏、前川氏、松﨑氏)と連携高橋拓也ほか

山崎・天文夏の学校25高橋・天文夏の学校25



荷電粒子モニタの活用
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RBM測定の荷電粒子 
の全球マップ(北行軌道)

Kato et al., in prep. 検出器論文 
Numazawa et al., in prep. 太陽活動

• 荷電粒子モニタ(RBM)は、主検出器
GMCの保護を目的に衛星周辺の荷電
粒子（陽子、電子）を測定する

• 太陽活動の第25期極大期(2025年7月
がピーク?）に近づく中、太陽フレア
に伴うSAAやオーロラ帯の変化を検出



NinjaSat で他にもこんな事をやっています
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• Ｘ線パルサーによるパルサー航法の検証 (大田尚享ほか)
• AGN (IC 4329A) の可視光との同時観測 (岩田智子ほか)
• 銀河中心のＸ線源 MAXI J1744-294 の観測 (山崎楓ほか)
• 大気掩蔽観測から地球大気密度の測定 (土屋草馬ほか)
• IXPE や XRISM との同時観測 4U 1700-377, Her X-1 など
• 衛星GPSによる軌道情報を活用し、太陽EUV放射に対する地球大
気の応答（田中颯さん[東京科学大学・ISAS]ほかと連携、詳細は天文学会2025
春季年会の発表参照)

キューブサットの自由度を活かし、アイデアベースで「やってみなはれ」



まとめ
•キューブサット衛星NinjaSatは、2023年11月に打ち上がり、2024年2月23日か
ら科学観測を開始した。X線天文学で必要な時刻付けや分光性能を軌道上で較正・
検証できた。(Enoto et al., SPIE, 2020; Tamagawa et al., PASJ, 2025) 
•キューブサット衛星の機動性を活かして時間軸天文学を中心に科学成果を蓄積。 
•新天体のクロックトバースター SRGA J144459.2-604207から12個のTypeIＸ
線バーストを検出し理論モデルとの比較からヘリウムが多い降着物質と重たい中
性子星を示唆。GS 1826-238の再帰バーストも報告 (Takeda+2025, Dohi+2025) 
•新発見のＸ線トランジェント MAXI J1752-457 の追跡観測で、低質量Ｘ線連星
での炭素燃焼型のスーパーバーストを検出  (Aoyama et al., ApJL, 2025) 
• LMC X-1 の Superorbital modulation の長期観測や、Sco X-1 の可視光
(TESS)同時観測、Cyg X-1 の電波(山口干渉計)との同時観測、パルサーナビゲ
ーションや大気密度測定、太陽活動のモニタリングなど多様な科学を実現。 

•キューブサット衛星でもサイエンスができるか？→ はい、できます。
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