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Objectives

• Long-term monitoring of bright X-ray sources.

• Follow-up observations of unexpected objects.

Gas Multiplier 
Counter (GMC)

Radiation Belt 
Monitor (RBM)

Role Main instrument 
X-ray detector

Environment monitor

Issue alert

Mass,  
Power 1.2 kg, 1.8 W 70 g, 1 W

Sensor Xe/Ar/DME gas Si-PIN diode

Energy 2–50 keV >200 keV electron 
>5 MeV proton

Science payloads

Satellite bus (NanoAvionics) 
 Mass: 8 kg, Power: 16 W.



Project history 3
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(a) (b)

(c) (d)

Fig. 11. Snapshots taken during the Ninjasat development. (a) The electrical boards photographed during GMC2 assembly. The right board is the FEC,
and the left one is the DAQ. Harnesses between the FEC and DAQ are almost assembled. (b) The GMC on the vibration test bench. (c) NinjaSat in the
thermal vacuum chamber. (d) NinjaSat stowing into the EXOpod deployer. The inset at the bottom right corner is the NinjaSat emblem. Alt text: A graph
consists of four photographs.
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Fig. 12. The NinjaSat project timeline. Acronyms are BBM (breadboard model), EM (engineering model), PDR (preliminary design review), FM (flight
model), NA (NanoAvionics), and CDR (critical design review). Alt text: A chart.

Initial payload operation

IACHEC 2024 (May 15, 2024） 10

1) Launch November 11, 2023

2) Functional verification of the satellite until January 

23, 2024

3) RBM1/2 startup (~ 1 week) => mapping particle 

environment in the orbit.

4) GMC1 startup (~ 1 week) => HV ramp-up, function, 

background level.

5) Pointing an X-ray source => Crab observation on Feb. 

10-11. Measure flux, spectrum, and check alignment.

6) GMC2 startup (~ 1 week) => same procedure as 

GMC1

7) Multiple pointing observations of Crab for optical-

axis cross-alignment among STT and GMCs.

8) Start scientific observations from Feb. 23. Any target 

can be observed if sun angle < 40 (20) degrees.© SpaceX

SpaceX Transporter-9
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FEC DAQ

Bottom view of gas cell

GMC

• Engineering model x 1 
• Flight model x 4 
→  selected two of them



NinjaSat satellite bus 4

• Sun-synchronous polar orbit

• Deployed altitude: 530 km (Nov. 2023)

• Re-entry prediction  

<350 km in summer of 2025

• GPS module receives absolute time 
and location data (NMEA format).


• Star Tracker sun avoidance: 35˚

• Satellite pointing accuracy < 0.1˚ (2σ)

525

500

475

450

425
400

375

A
lti

tu
de

 (k
m

)

2024 
Jan.

 
Mar.

 
May.

 
Jul.

 
Sep.

 
Nov.

2025 
Jan.

 
Mar. S

ep
ar

at
io

n 
an

gl
e 

(Z
) [

de
g]

Separation angle (Y) [deg]

C
ou

nt

0.1deg
0.2deg
0.3deg
0.4deg

100

101

0.4

-0.4

0.0

-0.2

0.2

0.00.20.4 -0.2 -0.4



Specification of GMC 5

• Field of view : 2.1˚ (FWHM)

• Effective area (1 units): 16 cm2 @ 6 keV

• Time measurement resolution: 61 µs  

10 cm 10 cm

10 cm
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Fig. 5. A functional block diagram of the GMC. Alt text: A diagram.
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Fig. 6. The measured angular response of the collimator. The inset figure
is a micrograph of a part of the hexagonal aperture. The units for the values
written in the inset are mm. The angle scan was performed by tilting the
X-ray beam in the direction indicated by the double-headed arrow of the
inset figure. Alt text: A graph with an inset graph.
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Fig. 7. A schematic cross-section of the collimator and gas cell of the
GMC. The regions from which X-ray signals are collected by the inner and
outer pads are indicated with blue and red hatching, respectively. Alt text:
A drawing.
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Fig. 8. The effective area combining GMC1 and GMC2. The value was
derived from simulations incorporating actual measurements and experi-
mental data. Alt text: A graph.

a timestamp simultaneously with an internal time counter. These
data are then sent to the STM32H7 Micro Control Unit (MCU),
where digital waveform processing is performed by software. The
processed information of the signal, including peak height and rise
time, is sent to the PC. A test pulse can be sent from the digital-to-
analog converter (DAC) to the A225 preamplifier through a 1 pF
capacitor to test the circuit. The maximum signal processing capa-
bility is approximately 800 Hz per GMC.

4.1.4 Operation

The onboard software of the GMC is designed as a state machine.
Figure 9 shows a diagram illustrating the states the GMC can
take and their interrelationships. Commands executable in each
state are predefined to prevent misoperation. Immediately after the
GMC is powered on, the GMC state transitions automatically from
HYBER, where only the DAQ board is powered on, to SLEEP,
where the FEC is also powered on. In the SLEEP state, commands
related to high voltage cannot be issued, but all GMC housekeep-
ing data can be retrieved.

The three states, IDLE, STANDBY, and OBS, are used in reg-
ular operations. The HV module is turned on in the IDLE state,

Collimator

Gas cell

Electronics
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a timestamp simultaneously with an internal time counter. These
data are then sent to the STM32H7 Micro Control Unit (MCU),
where digital waveform processing is performed by software. The
processed information of the signal, including peak height and rise
time, is sent to the PC. A test pulse can be sent from the digital-to-
analog converter (DAC) to the A225 preamplifier through a 1 pF
capacitor to test the circuit. The maximum signal processing capa-
bility is approximately 800 Hz per GMC.

4.1.4 Operation

The onboard software of the GMC is designed as a state machine.
Figure 9 shows a diagram illustrating the states the GMC can
take and their interrelationships. Commands executable in each
state are predefined to prevent misoperation. Immediately after the
GMC is powered on, the GMC state transitions automatically from
HYBER, where only the DAQ board is powered on, to SLEEP,
where the FEC is also powered on. In the SLEEP state, commands
related to high voltage cannot be issued, but all GMC housekeep-
ing data can be retrieved.

The three states, IDLE, STANDBY, and OBS, are used in reg-
ular operations. The HV module is turned on in the IDLE state,
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In-orbit calibration history 6

Page, 5GMC と Star Tracker の光軸の測定試験
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Crab nebula observation 7

• Spectrum calibration

　(given by Amira Aoyama’s talk) 

• Timing calibration 

(given by Takuya Takahashi’s talk)
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Demonstration of observation at polar region 8

Total observable region 35%

• CubeSats are launched as ride-shares and the available orbits are restricted.

• Operational time of GMC is limited by radiation belts.

Observable

RBM alert 
signals



Demonstration of observation at polar region 9

Total observable region 35% => 44%

• RBM alert is calm above northern aurora belt.

• We perform Crab Nebula pointing at north polar region.

RBM alert 
signals

Observable



Results of Crab observation at polar region 10

• Background ratio increase in high 
energy band (>10 keV).

• Need background model.


• Pulse phase is consistent and pulsed 
fraction residual < 10%.

• Useable for timing measurement of 

bright source.
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Observed source list 11

Source name Type
1 Crab Nebula NS
2 Sco X-1 NS
3 SRGA J144459.2-604207 NS
4 EXO 0748-676 NS
5 4U 1636-536 NS
6 GX 17+2 NS
7 Cyg X-1 BH
8 Cyg X-2 NS
9 MXB 1730-335 NS

10 Her X-1 NS
11 SMC X-1 NS
12 GX 301-2 NS
13 4U 0115+63 NS
14 1E 1841-045 NS

Source name Type
15 GX 339-4 NS
16 NGC 4151 AGN
17 NGC 526 AGN
18 T CrB WD
19 Aql X-1 NS
20 GX 1+4 NS
21 MAXI J1752-457 NS
22 Cen X-3 NS
23 IC 4329A AGN
24 MAXI J1744-294 BH

25 Cir X-1 NS
26 4U 1700-377 NS

27 4U 1538-52 NS
28 4U 0614+091 NS

Neutron Star: 22     Black Hole: 2     Active Galactic Nuclei: 3     White Dwarf: 1



Scientific results 12

Astronomical papers: 3

• SRGA J144459.2−604207 

Clocked burster

• Takeda et al., PASJ77 2025

• Dohi et al., PASJ77 2025 


• MAXI J1752−457 
Super-burst

• Aoyama et al. (under review) 

given by Amira Aoyama’s talk

• Separation angle from sun: 40–50˚ 

➡︎ NinjaSat can observe >35˚


• Other papers are in progress


The Astronomer’s Telegram: 4 

SRGA J144459.2−604207  burst profile
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Table 1. Properties of Type-I X-ray bursts from SRGA J1444 observed with NinjaSat.

ID MJD ⇤ �tpre†

(hr)
trise§

(s)
tplk

(s)
⌧D#

(s)
A⇤⇤

(counts s�1)
Fluence
(counts)

⌧††

(s)
�trec§§

(hr) �2/d.o.f.

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
12kk 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

⇤ MJD: burst onset time in Modified Julian Date (MJD).
† �tpre: elapsed time (hr) since the previous burst detected with NinjaSat.
§ trise: time to reach the peak from the onset in a unit of seconds.
k tpl: duration of the plateau (s).
# ⌧D: decay time constant (s).

⇤⇤ A: burst amplitude, i.e., the count rate during the plateau (counts s�1).
†† ⌧ : equivalent duration (s), ratio of burst integrated fluence to peak flux.
§§ �trec: average burst recurrence time (hr) (see section 3.2).
kk Only the burst onset times, �tpre, and �tave are listed because the burst was
truncated by the boundary of the observations.

the dependence of trise, A, the burst fluence, and ⌧ on the persis-
tent level, which are estimated by linear interpolation and averag-
ing the NinjaSat light curve (figure 1) at each interval. While the
persistent level, which is proportional to the mass accretion rate,
decreased from approximately 63 mCrab to 13 mCrab, the rise
time decreased from trise = 4.4± 0.7 s to trise = 0.3± 0.3 s, and
the amplitude increased by 44% from A = 11.8± 0.7 counts s�1

to A = 17.0± 1.2 counts s�1. In contrast, the fluence showed
no significant changes, with average values of 240 counts. The
equivalent duration marginally decreased from ⌧ = 19.3± 2.3 s
to ⌧ = 15.5± 2.3 s. The best-fit parameters for each burst are
also listed in table 1. The burst onset times are determined with
an accuracy of approximately 1 s, and the elapsed times since the
previous burst �tpre range from 7.909 hr to 80.408 hr.

We assessed the systematic uncertainties in our burst profile
analysis based on count rates without performing spectral analysis.
Fu et al. (2024) reported Insight-HXMT’s observations of photo-
spheric 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�
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 param-
eters such as ⌧ 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 persis-
tent X-ray intensity and detected 12 X-ray bursts (figure 1). Based
on a comparison with IXPE observations (Papitto et al. 2024), only
burst IDs 10 and 11 were confirmed to be consecutive, with the
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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-fit model of the linear
rise, plateau, and exponential decay (see section 3.1) applied to the overall
average profile (a). In the lower four panels, the red solid lines are the best-
fit models for each burst profile (b)–(e), where the best-fit average profile
(blue solid line) is also shown for comparison. The best-fit parameters are
summarized in table 1. Alt text: Five line graphs.

burst recurrence time of �trec = 7.9 hr. To quantify the �trec–
Fper relation in SRGA J1444, we developed a new method using a
Markov chain Monte Carlo (MCMC) approach, which is applica-
ble even when several bursts fall within observation gaps and are
consequently missed.
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Figure 2. (a) The 2–10 keV light curves of MAXI J1752�457 observed with NinjaSat/GMC (red circles), MAXI/GSC (black
squares), and NuSTAR/XRT (blue diamonds, Pike et al. 2024) presented in the mCrab unit between MJD 60235 (November
11) and 60632 (November 18). The NinjaSat/GMC data are shown with the bin size of 1.5 hours on MJD 60624.6–60626.5, 3.0
hr on MJD 60626.5–60627.4, and 6.0 hr after MJD 60626.5. The X-ray intensity is converted to the X-ray flux (right vertical
axis) assuming the conversion factor of 2.09 ⇥ 10�8 ergs cm�2 s�1 at one Crab unit, derived from the Crab spectrum fitting
model (Kirsch et al. 2005). NuSTAR data were converted from X-ray flux to X-ray intensity using this factor. Each time span
for spectral fittings is indicated in the upper part of the figure. (b) The ratio of data to the best-fit curve (Eq. 2) of panel a (see
the main text). (c) The black-body temperature. (d) The black-body radius of the blackbody model at the assumed distance
of 8 kpc (Table 1).
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Summary 14

• We observed the Crab Nebula and calibrated timing, spectrum, and 

detector alignment.


• To increase observation time, a demonstration of observation at the polar 

regions was performed.


• Pulse phase is consistent between polar and normal region.  The 

observation data can be useable for timing measurement.


• More background modeling is needed for spectrum analysis.


• NinjaSat mission succeeds in producing scientific results.


• 28 sources are observed, 3 astronomical papers are written, and 4 

Astronomer’s Telegrams are announced. 
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GMC X-ray detection flow

Preamplifier

Main amplifier

Fast ADC


(2 V/12 bit, 
25 MHz)

CPUFPGA

Time counter 

X-ray

XeArDME gas

Photoelectric  
effect1.

55
 c

m

Electric 
field

Collimator

0 20 40 60 80 100 120

1000

1200

1400

1600

1800

2000

Trigger 
threshold

X-ray signal 
(digitalized)

4 µs

12
bi

t A
D

C

Sampling (25 MHz)

16

HV



電場

読み出し電極 

コリメーター ガスチェンバー 

GEM

天体からのX線 荷電粒子

時間差

高さ方向の差

(a) X線波形と荷電粒子波形の立ち上がり時刻の違い (b) PSD Index の算出方法の模式図

図3.8: X線波形と荷電粒子波形の立ち上がり時刻の違い

地球磁場 B
地軸

高エネルギーな 
宇宙線

図3.9: 地球磁場が高エネルギーな宇宙線を弾き飛ばす様子
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NXB rejection method 17
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NXB rejection results; polar/normal region comparison 18
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In orbit spectrum of 
onboard 55Fe source
Rate ~ 1.2 cps
+ bg + an X-ray object

dE/E = 19.8% (FWHM)

• Timing calibration & verification 
given by Naoyuki Ota in the next talk.

• Background modeling & temp-
dependent response file (in progress) • Energy resolution is the same as ground 

measurement.
• 20% jump in gas gain from ground, but keep 

constant in orbit

Temperature (CPU)
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Star tracker coordinate system issue 20Page, 17光軸測定試験の結果と考察

STT 光軸中⼼
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12⽉

4⽉

+Y [degree]

+Z
 [d

eg
re

e]

STT 光軸中⼼

衛星の構造上、このようなずれは⽣じない

計算に使⽤する座標系を GCRS に変更
(NanoAvionics社: TEME を推奨)

時期によらず光軸の関係は⼀致
STT と GMC 光軸のずれは約 0.1 度

April

Star tracker center Star tracker center

Changed the coordinate system 
TEME to GCRS.


Estimated GMC 
center (April)

December
Estimated GMC  
center (December)

• We adjust the pointing direction of  star tracker based on GCRS system.

• Crab flux increased to expected value.  

9.50 ± 0.27 cps → 11.72 ± 0.20 cps (inner readout electrode)

Alignment error < 0.2deg
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IACHEC 2024 (May 15, 2024） 11

• 3 out of 12 contact passes at Svalbard used
• NanoAvionics is responsible for satellite ops.
• NinjaSat team is responsible for science ops.
• Send ops command (2-3 hrs before uplink), 
pointing list (one day before uplink)

• Data can be analyzed with a standard method.

A corner
of an office

UPDN

OperatorG. Station 3 Duty Sci.QL monitor

Data processing pipeline
KSAT

Svalbard

Operation command / pointing info
RIKEN

1–2 Duty Sci.

Scientific operations

IACHEC 2024 (May 15, 2024） 11

• 3 out of 12 contact passes at Svalbard used
• NanoAvionics is responsible for satellite ops.
• NinjaSat team is responsible for science ops.
• Send ops command (2-3 hrs before uplink), 
pointing list (one day before uplink)

• Data can be analyzed with a standard method.

A corner
of an office

UPDN

OperatorG. Station 3 Duty Sci.QL monitor

Data processing pipeline
KSAT

Svalbard

Operation command / pointing info
RIKEN
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Discharge at polar region 23

Nominal region

7 count / 14 min = 0.5 cpm

Polar region

30 count / 5 min = 6 cpm
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COR (GV) 2–50 keV rate (cps) 1 σ error (cps)
2–7 1.00 0.02

7–12 0.648 0.006
12–17 0.477 0.004
17–21 0.418 0.003

BKGD RXTE6
BKGD RXTE4

Altitude (km) 2–50 keV rate (cps) 1 σ error (cps)
520 0.516 0.002
450 0.456 0.003

※ Inner readout electrode
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May 13th (UTC)


