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Abstract:  SIRI-2 is a collection of Strontium Iodide gamma-ray detectors sensitive at approximately 400 
keV to 10 MeV, launched on the Department of Defense's STPSat-6 to geosynchronous orbit. SIRI-2 
detected the gamma-ray burst (GRB) 221009A and, unlike most GRB detectors, was not saturated and 
did not require any pulse pile-up corrections. We present observations of this GRB by SIRI-2, including 
spectral fits and comparison with other detectors.

I. GRB 221009A IV. Spectral fits
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Two SIRI instruments have been launched as part of 
the Department of Defense Space Test Program 
(STP).  The original instrument was launched in 
2017.  SIRI-2 was launched in 2021 to 
geosynchronous (GEO) orbit onboard STPSat-6.  
SIRI-2 consists of 7 hexagonal shaped SrI2:Eu 
detectors with a frontal area of 66 cm2, and an anti-
coincidence detector.  The SrI2 scintillator has 
greater energy resolution than most room-
temperature detectors (4% at 662 keV) and does not 
have cryogen requirements like, e.g., Germanium 
used by COSI (Tomsick et al. 2023).  It is sensitive 
in the energy range 400-7000 keV.  Left:  Exploded 
view showing major components of the SIRI-2 
Instrument. Below:  Mass model for STPSat-6 and 
SIRI-2, along with simulated direction of GRB 
221009A and the Earth.
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The Gamma-ray Burst 221009A was the brightest of all time (BOAT; Burns et al. 2023).  It was detected by almost 
every astrophysical gamma-ray detector that existed at the time of its explosion.  The burst was so  bright that 
most gamma-ray detectors were saturated.  One exception was the Strontium Iodide Radiation Instrument II 
(SIRI-2; Mitchell et al. 2022).

II. SIRI-2 Instrument

We fit the spectrum of GRB 221009A with a Band function (Band et al. 1993).  SIRI-2 was designed to qualify 
these new scintillators in the space environment, not necessarily for science operations.  Consequently, there are 
no response functions for SIRI-2.  In order to fit the spectra, we simulated the instrument’s response to several 
Band function spectra using SWORD (Duvall et al. 2019) and Geant4.  Fits were performed in the 600-7000 keV 
band.  Results were extrapolated to the 20 keV – 10 MeV bandpass for comparison with other instruments.  
Above:  Band function parameters from this fit.  Below:  Band function parameters as a function of time for SIRI 
and several other instruments, taken from the literature (GBM, Lesage et al. 2023; Konus-Wind, Frederiks et al. 
2023; Insight and GECAM, An et al. 2023).
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Figure 1. An exploded view showing the major components
of the SIRI-2 instrument.

2. SIRI-2 INSTRUMENT81

So far, two SIRI instruments have ben launched as82

part of the Department of Defense Space Test Pro-83

gram (e.g., Sims 2009). The original SIRI instrument84

was launched on [xx] to low Earth orbit as part of the85

Department of Defense Space Test Program’s STPSat-86

5 satellite (Mitchell et al. 2017). It consisted of a87

single SrI2:Eu crystal in an aluminum enclosure with88

a total mass of 1.62 kg. The scintillating light was89

read out with a silicon photomultiplier (SiPM). The90

SiPM provides similar performance to traditional photo-91

multipliers, but with a lower bias, power, and space. The92

SrI2:Eu provides greater spectral resolution than most93

room temperature scintillators currently used in �-ray94

astronomy, and without the cryogen requirements of,95

e.g., Germanium used by COSI (Tomsick et al. 2023).96

Figure 1 shows an exploded view of SIRI-2 instrument.97

The main components include a trapped electron shield,98

an anti-coincidence detector (ACD), a passive low en-99

ergy shield, a data acquisition system and the detec-100

tors. SIRI-2’s primary detector array has a frontal area101

of 66 cm2 and consists of 7 hexagonal shaped, SrI2:Eu102

detectors. The energy resolution is 4% at 662 keV for103

each detector and they are arranged in a close-packed ar-104

rangement. Individual detector crystal dimensions are105

3.81 cm. in diameter and 3.81 cm tall.106

Onboard MCAs can provide event histogramming,107

event-by-event list mode data and individual pulse shape108

measurements or pulse “scope traces”. At the time of109

the GRB the instrument was configured to telemeter110

rate data and histograms from each detector at a 2 s111

and 10 s cadence, respectively. Histograms include both112

vetoed and unvetoed spectra for the configured integra-113

tion time. This configuration was required keep the in-114

strument’s data rates within the allotted bandwidth and115

is optimized for solar flare transients, which tend to be116

substantially larger in duration than GRBs. Further117

details of SIRI-2 can be found elsewhere (Mitchell et al.118

2019).119

3. SIRI-2 OBSERVATIONS OF GRB 221009A120

3.1. Detection of GRB 221009A121

SIRI-2 detected the bright long-duration GRB122

221009A. SIRI-2 does not have trigger alert algorithm,123

so it was only noticed once the GRB had been annouced124

by other instruments. Figure 2 shows the light curve as125

measured by the SIRI-2 instrument and was generated126

from the state-of-health messages which log the count127

rate in each detector every two seconds. The figure128

also shows the intense and highly variable background of129

GEO. Bremsstrahlung radiation is generated by trapped130

electrons interacting with the spacecraft. From the light131

curve, four peaks are easily identifiable and have also132

been observed by Fermi-GBM (Lesage et al. 2023). The133

largest two peaks P1 and P2 in the light curve had peak134

event rates of ⇠ 90, 000 and ⇠ 70, 000 count s�1 dur-135

ing that 2 second interval. These values have been cor-136

rected for dead time which peaked at ⇠ 50% during137

this time P1. Smaller peaks in the light curve, P3 and138

P4 where also observed in SIRI-2 instrument, and corre-139

spond temporally to event peaks seen in the Fermi GBM140

data (Lesage et al. 2023).141

The direction of the GRB relative to the SIRI-2 in-142

strument was determined based upon coordinates pub-143

lished by the XXXX (One of the GCNs published co-144

ordinates or just use coordinates on the FERMI page?)145

team through the GCN [REF] [Lee you’ll have to help146

me out here]. Using spacecraft ephemeris data it was147

determined that the GRB was 19.97� o↵-boresight of148

the instrument. This was extremely fortunate for two149

reasons: the SIRI-2 instrument is pointed towards the150

Earth; and the FOV is occulted by the payload electron-151

ics and the spacecraft on the sides and aft. From the152

10-second histograms, the background-subtracted count153

rate between 400-7000 keV averaged 65,000 count s�1
154

and 24,000 count s�1 from 2022 Oct 9 13:20:51-13:21:11155

and 13:21:11-13:21:41 UTC, respectively. This coincided156

temporally with the previously-reported peaks in the157

GRB light curve (e.g., Lesage et al. 2023; Frederiks et al.158

2023).159
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Figure 3. The mass model of the STPSat-6 used in the SWORD-geant4 simulations of GRB 221009A. The direction of the
GRB and the Earth are shown in the illustration.

Table 1. Result of Band Function fits

Time since GBM trigger [s] ↵ � Epk [keV] 20 keV - 10 MeV flux [erg cm�2 s�1]

211� 221 �1.1* �2.08± 0.02 < 860 (1.6± 0.6)⇥ 10�5

221� 231 �1.28± 0.03 �2.06± 0.01 831± 46 (7.2± 0.2)⇥ 10�3

231� 241 �0.91± 0.03 �2.47± 0.01 788± 22 (4.9± 0.1)⇥ 10�3

241� 251 �1.1* �2.69± 0.01 < 724 (4.60± 0.07)⇥ 10�5

251� 261 �1.1* �2.35± 0.01 < 763 (7.3± 0.1)⇥ 10�4

261� 271 �0.90± 0.014 �2.45± 0.02 746± 29 (1.36± 0.04)⇥ 10�4

271� 281 �1.1* �2.30± 0.01 < 775 (1.43± 0.03)⇥ 10�5

281� 291 �1.04± 0.06 �2.00± 0.10 1951± 160 (1.64± 0.05)⇥ 10�6

⇤Fixed in fit.

Spectral results for SIRI-2, along with results from193

Fermi-GBM (Lesage et al. 2023) and Konus-Wind194

(Frederiks et al. 2023) are plotted in Figure 5 and 6.195

Lesage et al. (2023) did not try to obtain spectra dur-196

ing the “bad time intervals” when GBM was saturated.197

Frederiks et al. (2023) did estimate spectral parameters198

for Wind with spectra that were corrected for pulse pile-199

up. For SIRI-2, no corrections for pulse pile-up were200

needed. The ↵ and � obtained by GBM and Wind201

are roughly the same as with SIRI-2, although not for-202

mally within the 1� uncertainties. The Epk obtained203

with SIRI-2 are generally quite a bit below the ones204

obtained by Wind in the 200-250 s time interval af-205

ter the GBM trigger (Figure 6). The Epk values for206

SIRI-2 and the Insight and GECAM fits are roughly207

in agreement here, and these detectors were all unsatu-208

rated, and thus no corrections were needed. Since the209

unsaturated instruments roughly agree, and the satu-210

rated Wind instrument does not, it may be an indica-211

tion that the corrections by Frederiks et al. (2023) are212

not completely accurate. In Figure 7 we plot the flux213

versus Epk for Band function fits with the various in-214

struments. The Wind results show a strong correlation215

between flux and Epk. Since the Wind instrument was216

saturated at high energies, many lower-energy photons217

may have been recorded as higher energies photons at218

these high energies. This might explain this correlation.219

Basic synchrotron theory perscribes that if the220

gamma-ray emission is from synchrotron radiation, the221

lower energy index ↵  �2/3, the so-called “line-of-222

death” (Preece et al. 1998). All of the values of ↵223

measured by SIRI-2 and other instruments for GRB224

221009A (Figure 5) are consistent with this constraint.225

III. SIRI-2 Light Curve of 221009ASIRI-2 Detection of the GRB 221009A 3

Figure 2. The sum of event rates in the 7 SIRI-2 Strontium Iodide detectors. Four peaks were observed. The primary peak
(P1) and secondary peaks (P2) were observed by the SIRI-2 instrument.

3.2. Simulations160

There are no response functions for SIRI-2. Instead we
simulated the GRB using a SoftWare for Optimization
of Radiation Detection (SWORD; Duvall et al. 2019)
model for SIRI. SWORD is a graphical user phase that
allows easy access to the Geant4 and Monte Carlo N-
Particle radiation transport codes. Figure 3 shows the
mass model of the STPSat6 spacecraft used in the sim-
ulations. GRB spectra are usually described by a Band
function (Band et al. 1993)
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,

(1)
where E2 is the observed photon energy in units 102 keV.161

This has free parameters A, ↵, �, and Epk ⌘ (2 +162

↵)Es,2⇥102 keV. With SWORD we simulated the GRB163

with several values of the Band function parameters ↵, �164

and Epk. With these models, we can interpolate between165

the simulated instrument spectrum to get the simulated166

instrument spectrum for any set of parameter values.167

3.3. Spectra168

Using the interpolation between the simulated instru-169

ment spectra, we performed a Markov chain Monte170

Carlo fit to the SIRI spectrum for GRB 221009A in 10171

second intervals. For comparison, we measure all times172

relative to the Fermi-GBM trigger from this GRB (2022173

October 9 at 13:16:59.99 UTC; Lesage et al. 2023). The174

model parameter results from our fits can be found in175

Table 1. For ease of comparison, We present all times176

in this Table as time since the Fermi-GBM trigger. In177

cases where we got an upper limit on Epk due to the178

limited energy range of the spectrum, we fixed the value179

of ↵. Although fits were performed in the 600 keV –180

7 MeV range, we extrapolated the spectrum to higher181

energies to get the 20 keV – 10 MeV flux. The results182

can be seen in Table 1.183

An example of a count spectrum and its best fit model184

are shown in Figure 4. The fit was only performed in the185

600 keV to 7 MeV range. Below 600 keV the the simu-186

lations show photoelectrons not present in the physical187

spectra. Above 5 MeV, the observed spectrum shows a188

small “upturn”, which is not well modeled by the sim-189

ulation. There is some uncertainty in the mass model190

of the STPSAT spacecraft, since some of its payload is191

classified and unavailable to us.192
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Figure 3. The mass model of the STPSat-6 used in the SWORD-geant4 simulations of GRB 221009A. The direction of the
GRB and the Earth are shown in the illustration.
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Frederiks et al. (2023) did estimate spectral parameters198

for Wind with spectra that were corrected for pulse pile-199

up. For SIRI-2, no corrections for pulse pile-up were200

needed. The ↵ and � obtained by GBM and Wind201

are roughly the same as with SIRI-2, although not for-202

mally within the 1� uncertainties. The Epk obtained203

with SIRI-2 are generally quite a bit below the ones204

obtained by Wind in the 200-250 s time interval af-205

ter the GBM trigger (Figure 6). The Epk values for206

SIRI-2 and the Insight and GECAM fits are roughly207

in agreement here, and these detectors were all unsatu-208

rated, and thus no corrections were needed. Since the209

unsaturated instruments roughly agree, and the satu-210

rated Wind instrument does not, it may be an indica-211

tion that the corrections by Frederiks et al. (2023) are212

not completely accurate. In Figure 7 we plot the flux213

versus Epk for Band function fits with the various in-214

struments. The Wind results show a strong correlation215

between flux and Epk. Since the Wind instrument was216

saturated at high energies, many lower-energy photons217

may have been recorded as higher energies photons at218

these high energies. This might explain this correlation.219

Basic synchrotron theory perscribes that if the220

gamma-ray emission is from synchrotron radiation, the221

lower energy index ↵  �2/3, the so-called “line-of-222

death” (Preece et al. 1998). All of the values of ↵223

measured by SIRI-2 and other instruments for GRB224
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Below: Light curve of 221009A with SIRI-2. The rapidly varying background at GEO is shown.  Several peaks of 
the GRB are shown in the inset. 
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Figure 5. The Band parameters ↵ (left) and � (right) as a function of time for GRB 221009A. The di↵erent instruments are
shown with the legend. Values of ↵ where it was fixed in the fit are not shown.
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Figure 6. The Band parameter Epk (left) and flux (right) from the Band function fit as a function of time for GRB 221009A.
The di↵erent instruments are shown with the legend.
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The SIRI-2 spectral results are generally consistent with other instruments.  The value Epk with SIRI-2 is softer than 
instruments that were saturated (Fermi-GBM and Konus-Wind), but roughly consistent with GECAM, which was 
not saturated.  Lesage et al. (2023) did not attempt to correct the instrument for saturation during the bad time 
intervals.  Frederiks et al. (2023) did try estimate spectral parameters with Wind while the instrument was 
saturated, by correcting for pulse pile-up.  For this instrument, many lower-energy photons may have been 
recorded as higher energy photons, leading to a harder spectrum determined by the instrument than the actual 
GRB spectrum.
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