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• T90 < 2 sec 
• Associated with the coalescence of a binary system of compact objects(?) 
What would be the keys to the progenitor? 
• gravitational-wave transients coincident with SGRBs 

• KAGRA, advanced LIGO, & advanced VIRGO (2018-)  
• X-ray imager with wide field of view from Kanazawa Univ. -> latter talk 

• formation rate 
• only ~ 20 of SGRBs with known redshift! 
• We need more and more samples… 

credit NASA 
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Epeak – Luminosity Correlation of LGRBs/SGRBs 

LGRB (Yonetoku et al. 2004, 2010) 
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SGRB (Tsutsui et al. 2013) 

We can use the correlation as 
the Luminosity/Distance indicator. 

Yonetoku + (2004, 2010) for LGRBs 
Tsutsui + (2013) for SGRBs 

LGRBs 
SGRBs 

Epeak (1+z)  [keV] 
Hereafter we used 
Ωm = 0.3, ΩΛ = 0.7, and H0 = 71 km s-1 Mpc-1. 
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Event selection 

(1) 100 brightest SGRBs with T90 < 2 sec  

CGRO/BATSE current burst catalog 

(2) Spectral parameters are obtained  
      for 72 SGRBs. 
      (for remaining 28, poor statistics  
       and variable BGD condition) 

(3) We succeeded in calculating the pseudo-z  
      for all 72 SGRBs. 

BATSE life time = 9.2 years 
Fraction of sky coverage = 0.483 
Trigger efficiency > 99.988 % for F = 1 ph/cm2/s  
Effective life time = 4.4 years 

CGRO 
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Redshift Distribution 

Fong et al. 2013 

Local Rate including geometrical factor  
    >  1.15 x 10-7 events/Mpc3/yr  (Lower Limit) 
    > 3.8 event/year in (200Mpc)3   (Lower Limit) 

<θj> ~ 6 degrees 

~ 10 events/year  in  (200 Mpc)3 

Flux limit 
F > 4x10-6 erg/cm2/s 

expected to detect GW  

We used a non-parametric method. 
           (Lynden-Bell 1971, Petrosian 1993, etc.) 

●   pseudo-z sample (72) 
■ known-z sample (8) 

Ψ(L) ∝ L-0.84 
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Luminosity (1052 erg/s) 

Luminosity Function 

― best estimation 
― 100 trials of MC 

Yonetoku, Nakamura, TS + 2014 Yonetoku, Nakamura, TS + 2014 
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SGRB Formation Rate 

with L > 1050 erg/sec 
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― best estimation 
― 100 trials of MC 

Yonetoku, Nakamura, TS + 2014 
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Development of X-ray Imaging Sensor 
for Short GRBs 

Tatsuya Sawano 
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Short Gamma-Ray Bursts (SGRBs) 

Gamma-ray emission 
of short GRB 
Jet opening angle: 
5~10 degree  

Extended soft X-ray  emission 

Extended emission of nearby SGRBs is enough bright. 
We can observe them by small instruments with 100 cm2. 
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Bagoly et al. 2003 

Extended Emission (∝E-2,  1~10 keV):   
Expected photon flux : 10-6 erg/cm2 ~ 300 photon/cm2  
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Swift-BAT (15 – 150 keV) 

Effective Area 5240cm2 

Half coded 8σ detection 

X-ray Imaging Detector X-ray Imaging Detector 

Detector Si single side strip ( X and Y) 

Energy 1～20 keV 

Size 0.3mm pitch coded mask 
10cm×10cm×2 

Effective Area 100cm2 @ ~1 keV (Half Coded) 

Spatial Resolution ~7 arcmin  (geometrical) 

Field of View ~ 1 str 

Weight 5~10 kg 

Electric Power ~ 20 W 

8 

1 or 2-dimensional 
Coded Mask 

1 or 2-dimensional 
Imaging Detector 

1 – 20 keV 

X-ray 
Possible to Realize 
small satellite 
(Hodoyoshi-class) 
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1-dimensional Si sensor 

Angular resolution 

Si strip sensor (Hamamatsu Photonics) 
・ 64 strips (0.3mm pitch) 
・ 0.5mm thickness (1~20 keV) 
・ Fan-out structure to connect ASIC 
・ Capacitance 5 ~ 10 pF  each strip 
・ 30 ~ 50 pieces of Si detectors 

θ = tan-1(2d/D) = 7 arcmin  

for d = 0.3mm,  D = 30cm 

5 ~ 10 kg 

1-dimensional  random mask 

Si strip 
d = 0.3mm pitch 

D = 30cm 

10cm 
10cm 

10cm 
10cm X Y 

20cm 20cm 

20cm 

(Requirement for Attitude Stability) 

シリコンの写真 

32 mm 

16 mm 
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Development of ASICs 

With Prof. Ikeda (ISAS/JAXA), 
Harayama-san (ISAS/JAXA), 
& Prof. Takahashi (ISAS/JAXA) 
Arimoto-san (Tokyo Tech) 

Schematic view(Analog, Digital, 64ch) 

8.80 mm 

7.46 mm 

good gain linearity in 
1 – 23 keV for Si sensor 



SN/GRB Conf. @ Riken, 2014-08-27 

mask is 
in production… 

100 mm 

Development of X-ray imager board 

ΔE = 1.2 keV (FWHM) @ 14.4 keV 

35 mm 

80 mm 

T = -20 ℃, 
Vbias = 300 V 
strip length: 32 mm 
strip width : 200 μm 
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12 

From FY2014,  
Our university will start to establish  
Educational course of  
Space Science and Technology, 
and develop 50 kg class of Small Satellite. 

We are planning to install  
the wide field X-ray imaging system  
to observe the short GRBs, 
and to support the GW observations.       
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• Short GRBs are the most important candidates of GW detection, 
      and local SGRB rate is  > 1.15x10-7 events/Mpc3/yr. 
                       ( > 3.8 event/yr within (200Mpc)3,  maybe ~ 10 event/yr) 

• Now we are developing the X-ray imaging system with 
 coded aperture mask system. 

Summaries 


