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NASA GW-EM Task Force Report

• Collimated relativistic outflow.

• Prompt keV-MeV emission, afterglow in other wavelengths.

• Detected ~ once per day, distributed all over the sky.

Gamma-Ray Bursts

Fermi-GBM Short Gamma-Ray Bursts
Credit: Adam Goldstein
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Open questions: merger and jet geometry, intrinsic properties, population characteristics.

Predicted 
• Merging neutron stars are a progenitor of short Gamma-ray Bursts.

• GW and SGRB are separated by ~SGRB duration.

• Kilonova producing heavy elements.

• Speed of light = speed of gravity.

Unexpected 
• GW detection from NS merger met optimistic predictions.

• GRB 170817A was dim despite being close.

• Unusual time-history for a SGRB: hard spike followed by a softer tail.

• Optical, X-ray, and radio counterparts brightened instead of fading.

• Bright UV counterpart was not predicted by kilonova models.

Observed 
• GWs from merging NS followed by a SGRB, 1.7 s later.

• Hours later – kilonova.

• > 1 week, X-ray and radio counterparts.


Lessons from GW 170817
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Onboard Trigger 
Timescale: real-time 

Search of detector rates for 4 
sigma excess in at least two 

detectors. Issues onboard trigger 
and localization alerts 

Trigger Notice 
Timescale: 10 sec 

Localization Notice 
Timescale: 10 min 

Untargeted Search 
Timescale: 4-5 hours  

Comparison to candidates from a 
blind search of continuous time 
tagged event data for 4 sigma 

excess in at least two detectors 

Targeted Search 
Timescale: 4-5 hours  

Seeded coherent search of 
continuous time tagged event 

data combing data from all 
detectors at a specific time

GW Trigger

Co-detection Circular 
and Joint Localization 

Timescale: 1 hour 

Sub-threshold 
Detection Circular 

Timescale: 5-6 hours 

Earth Occultation Search 
Timescale: 1 day  

Constraining gamma-ray 
emission from a specific point in 
the sky using Earth occultation 

Sub-threshold Detection 
or Upper Limit Circular 

Timescale: 1-2 days 

Searching For More

Credit: Dan Kocevski
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Joint Gamma-Ray and Gravitational Wave Searches

• GBM-LVC partnership for unique data sharing. 

• GBM provides sub-threshold GRBs in low-latency for GW follow-up. 

• LVC provides GW candidates below EM Follow-up threshold in low-latency for  

autonomous targeted searches with GBM.

• GBM detections would increase GW detection confidence, effectively increasing the 

volume of the Universe accessible. 

• Similar GBM / Swift-BAT agreement to increase number and confidence of GRB detections.

• GBM targeted search increases gamma-ray horizon, 60% increase in maximum detection 

distance of GRB 170817A.

Ideal 170817 Scenario: 
triggered both GBM and GW detectors

Sub-threshold GBM

Sub-threshold GW

Sub-threshold GBM and GW 

GBM LIGO GW  

surrounding T0. The timescale that provided the highest
likelihood ratio, and hence the greatest S/N in the multi-
detector data, is highlighted as the blue shaded region in the
middle panel of each subplot. This detection window can be
compared to the Swift BAT T100 duration for each burst, shown
as the green shaded region in the top panel. In the case of GRB
160726, the detection window is offset from the BAT trigger
time by >1 s because of signi!cant substructure in the burst
light curve, where BAT triggered on a precursor to the primary
emission episode of the burst.

Similar plots for four bursts that only triggered BAT, but
which were recoverable in the GBM CTTE data through
ground analysis, are shown in Figures 2 and 3. Figure 2
highlights two bursts that were recovered in the GBM data only
on the shortest timescales analyzed by the search, whereas
Figure 3 highlights two bursts that were detected only after
integrating on longer timescales, re"ecting the longer T100
durations of the two bursts as seen by BAT. All four bursts
serve as examples of how the choice of binning can
signi!cantly affect the sensitivity to sub-threshold signals and
highlights the need to examine the wide range of timescales
and bin phasing that we employ. The light curve and event
displays for GRB!170817A and GW150914-GBM are shown
in Figure 9 for comparison.

The resulting S/N of all 44 bursts in our sample versus their
likelihood ratios is shown in Figure 4. The gray dashed line
represents the line of equivalence between the likelihood ratio
and the square root of twice the S/N. The bursts which
triggered both Swift BAT and Fermi GBM (blue circles) and

the GBM sub-threshold population (green diamonds) are well
differentiated by both their likelihood ratio and S/N values.
Generally, bursts with likelihood ratios greater than 40$ 2
and S/N !10 resulted in onboard triggers of GBM, whereas
the sub-threshold population are largely relegated to bursts with
S/N "10.
The likelihood ratio of the candidate detections versus their

time offset !t from the BAT trigger time (T0) is shown in
Figure 5. Here, the error bars represent the timescale of the
source window on which the highest likelihood ratio was
obtained by the targeted search. The center of each timescale is
systematically shifted to the right of the Swift BAT T0, as
expected since the targeted search identi!es the timescale that
maximizes the signi!cance of the signal over the background.
The BAT and GBM detected sample (blue circles) have a
median offset of !t!!!0.126 s compared with the GBM sub-
threshold population of !t!!!0.44 s.
The area of the 90% localization credible region versus the

likelihood ratio for each source is shown in Figure 6. The color
scale represents the credible region of the GBM localization
that is required to contain the true position of the source.
The true position of GW150914-GBM is not known, so we
exclude this event from the color scale, but plot the data point
to compare its detection signi!cance and localization area.
Due to the present limitations of the targeted search when
applied to legacy CTIME data, the localizations presented in
Figure 6 are limited to bursts after 2013 for which CTTE data
is available. The resulting localization area is seen to fall
sharply as a function of increasing detection signi!cance, with

Figure 4. Signal-to-noise ratio of all 44 bursts in our sample vs. their likelihood ratios. The circles represent the bursts that triggered both the BAT and GBM, while
the diamonds are candidate GBM detections of bursts that only triggered BAT. The x and star represent GRB 170817A and GW150914-GBM. The gray dashed line
represents the line of equivalence between the likelihood ratio and the square root of twice the S/N.

7

The Astrophysical Journal, 862:152 (13pp), 2018 August 1 Kocevski et al.

Kocevski et al., ApJ 862, 152 (2018)
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• First joint sub-threshold alert sent on Aug 20 2019 (GCN 25406 / 25465):
• Fermi GBM-190816: A sub-threshold GRB candidate potentially associated with  

a sub-threshold LIGO/Virgo compact binary merger:
• a candidate gamma-ray signal identified starting 1.5 s after the GW trigger time.
• GBM-190816 is approximately 0.1 s in duration, consistent with a short GRB-like signal.

• Followed up observations by several gamma-ray, neutrino, and optical observatories: 
• Some optical candidates found but no firm association. 

Both gamma-ray and gravitational events remain sub-threshold after further analyses.

Sub-threshold Searches
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Sub-threshold Searches

O3 catalogs followup with Fermi-GBM targeted search is underway. 
More details in iposter by Corinne Fletcher:
Session 125
125.07. Gamma-ray Follow-up of the LIGO/Virgo Third 
Observational Run (O3) with Fermi-GBM

O1/O2 catalogs followup with Fermi-GBM 
targeted search,  
Hamburg et al. ApJ 893,100 (2020).
◀ Cumulative distribution with GW170817
▶ Cumulative distribution without GW170817

15

Figure 4. Cumulative distribution of the Targeted Search
p-values. The dashed black lines represent the expected
background distribution. Top: Follow-up search sample in-
cluding GW170817. The main emission episode of GRB
170817A is found with higher ranking than any other can-
didate within the background distribution. Its p-value is
therefore marked as an upper limit (black triangle) at greater
than 3� deviation from the background p-value distribution.
Bottom: Follow-up search sample without GW170817.

the reweighted S/N of the GW trigger, (iii) the Tar-
geted Search ⇤, and (iv) the overlap between the GW
and gamma-ray sky localizations defined in Ashton et al.
(2018). Further details on the statistical method will
be given in Stachie et al. (2020). Although we find no
highly significant associations, a close inspection of the
data around the 80 candidates with the highest signifi-
cance (i.e. lowest FAR) was performed. For these can-
didates, LIGO detector characterization was performed
using standard tools like Omicron scans, Omega scans,
and Used Percentage Veto (Abbott et al. 2018, 2016b;
Isogai et al. 2010). Sixty-four candidates in temporal

proximity with known types of instrumental transients,
blip glitches (Abbott et al. 2016b; Cabero et al. 2019),
non-stationary noise visible in spectrograms, and scat-
tered light were rejected. There were 12 other triggers
disfavoured because parameter estimation (Veitch &
Vecchio 2010) either showed evidence of a glitch (i.e.,
the existence of bimodality in posterior probability for
di↵erent CBC parameters) or returned a low (< 5) log10
Bayes factor. The Bayes factor compares the hypothesis
of the presence of signal in the data to the hypothesis of
the presence of Gaussian noise, with a low Bayes factor
indicating the data contain little evidence of a signal.
Three candidates were also eliminated due to noticeably
poor background fits in the low-energy channels of the
GBM detectors, which often cause inflated ⇤ values.
A single L1 surviving coincident association remained

with no obvious reason for rejection. However, the
derived FAR, based on coincidences between noises in
LIGO and noises in GBM (Stachie et al. 2020), is rela-
tively high at 1.1⇥10�6 Hz. The implied low significance
is mainly due to the soft spectrum of the GBM candi-
date. The GBM candidate has a localization consistent
with the galactic plane and is likely produced by Scor-
pius X-1, as a strong occultation step caused by this
Galactic X-ray source was observed close in time to the
trigger. Finally, the parameter estimation of the LIGO
signal indicates masses of > 100 M� for the two compo-
nents of the binary. As of yet, there are no confirmed ob-
servations of such binary mergers (Abbott et al. 2019f),
which suggests that these systems, if they exist, are not
common.

4. SUMMARY AND FUTURE DIRECTIONS

We have used LIGO/Virgo and Fermi -GBM data and
multiple algorithms to search for gamma-ray transients
associated with high and low significance CBC events re-
ported in the first gravitational-wave transient catalog,
GWTC-1. The GBM subthreshold searches for gamma-
ray candidates employed improved algorithms to con-
duct more sensitive searches than those used in online
follow-up during O1 and O2. All searches identified the
coincidence between the short gamma-ray burst GRB
170817A and the BNS coalescence signal GW170817.
We found no additional coincident detections between
CBC triggers and GBM triggers or Untargeted Search
candidates. The GBM Targeted Search found the main
emission peak and the long, soft tail of GRB 170817A
with FARs of 2.0⇥ 10�5 Hz and 4.1⇥ 10�4 Hz, respec-
tively, and the p-value of the joint association was found
to deviate from the background distribution at greater
than 3 sigma. The gamma-ray transient GW150914-
GBM was also found with a FAR of 8.7⇥ 10�4 Hz, but
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Figure 4. Cumulative distribution of the Targeted Search
p-values. The dashed black lines represent the expected
background distribution. Top: Follow-up search sample in-
cluding GW170817. The main emission episode of GRB
170817A is found with higher ranking than any other can-
didate within the background distribution. Its p-value is
therefore marked as an upper limit (black triangle) at greater
than 3� deviation from the background p-value distribution.
Bottom: Follow-up search sample without GW170817.

the reweighted S/N of the GW trigger, (iii) the Tar-
geted Search ⇤, and (iv) the overlap between the GW
and gamma-ray sky localizations defined in Ashton et al.
(2018). Further details on the statistical method will
be given in Stachie et al. (2020). Although we find no
highly significant associations, a close inspection of the
data around the 80 candidates with the highest signifi-
cance (i.e. lowest FAR) was performed. For these can-
didates, LIGO detector characterization was performed
using standard tools like Omicron scans, Omega scans,
and Used Percentage Veto (Abbott et al. 2018, 2016b;
Isogai et al. 2010). Sixty-four candidates in temporal

proximity with known types of instrumental transients,
blip glitches (Abbott et al. 2016b; Cabero et al. 2019),
non-stationary noise visible in spectrograms, and scat-
tered light were rejected. There were 12 other triggers
disfavoured because parameter estimation (Veitch &
Vecchio 2010) either showed evidence of a glitch (i.e.,
the existence of bimodality in posterior probability for
di↵erent CBC parameters) or returned a low (< 5) log10
Bayes factor. The Bayes factor compares the hypothesis
of the presence of signal in the data to the hypothesis of
the presence of Gaussian noise, with a low Bayes factor
indicating the data contain little evidence of a signal.
Three candidates were also eliminated due to noticeably
poor background fits in the low-energy channels of the
GBM detectors, which often cause inflated ⇤ values.
A single L1 surviving coincident association remained

with no obvious reason for rejection. However, the
derived FAR, based on coincidences between noises in
LIGO and noises in GBM (Stachie et al. 2020), is rela-
tively high at 1.1⇥10�6 Hz. The implied low significance
is mainly due to the soft spectrum of the GBM candi-
date. The GBM candidate has a localization consistent
with the galactic plane and is likely produced by Scor-
pius X-1, as a strong occultation step caused by this
Galactic X-ray source was observed close in time to the
trigger. Finally, the parameter estimation of the LIGO
signal indicates masses of > 100 M� for the two compo-
nents of the binary. As of yet, there are no confirmed ob-
servations of such binary mergers (Abbott et al. 2019f),
which suggests that these systems, if they exist, are not
common.

4. SUMMARY AND FUTURE DIRECTIONS

We have used LIGO/Virgo and Fermi -GBM data and
multiple algorithms to search for gamma-ray transients
associated with high and low significance CBC events re-
ported in the first gravitational-wave transient catalog,
GWTC-1. The GBM subthreshold searches for gamma-
ray candidates employed improved algorithms to con-
duct more sensitive searches than those used in online
follow-up during O1 and O2. All searches identified the
coincidence between the short gamma-ray burst GRB
170817A and the BNS coalescence signal GW170817.
We found no additional coincident detections between
CBC triggers and GBM triggers or Untargeted Search
candidates. The GBM Targeted Search found the main
emission peak and the long, soft tail of GRB 170817A
with FARs of 2.0⇥ 10�5 Hz and 4.1⇥ 10�4 Hz, respec-
tively, and the p-value of the joint association was found
to deviate from the background distribution at greater
than 3 sigma. The gamma-ray transient GW150914-
GBM was also found with a FAR of 8.7⇥ 10�4 Hz, but

https://www.abstractsonline.com/pp8/%23!/9243/presentation/2434
https://www.abstractsonline.com/pp8/%23!/9243/presentation/2434
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StarBurst
• ESPA-Grande SmallSat to detect SGRBs coincident with GW detections.

• Selected for NASA’s new Astrophysics Pioneers Program.


• PI: Dan Kocevski 
• 50% Science, 25% tech dev, and 25% advancing early career researchers.

• Cost cap of $20M.


• Partnership between NASA Marshall Space Flight Center, Naval Research Lab, 
and the University of Toronto’s Space Flight Laboratory. 


• Nominal launch in 2025 for a 1-2 year mission to coincide with LIGO A+.


• Science Objectives:

1) Constrain the progenitors of SGRBs. 

2) Probe the remnants of BNS mergers. 

3) Constrain the neutron star equation of state. 

4) Probe the structure of relativistic outflows produced in neutron star 

mergers.

+Z Radiator Area 
(1500 cm^2)

GPS Antenna
Linkstar-STX3

Body-mounted 
Solar Array 

StarBurst 
Instrument

GPS Antenna, 
Linkstar-STX3

Separation 
System

Deployable Solar Array
(Deployed)

Deployable Solar Array
(Deployed)

+X Star Tracker

Sun Sensor

X-band Transmit 
Patch

S-band Transmit 
Patch

Body-Mounted
Solar Array

S-band Receive
Patch

Sun Sensor

Separation System

Sun Sensor

Keep-Alive 
Solar Array

Sun Sensor

-Z Radiator Area
(1500 cm^2)

StarBurst 
Instrument

S-band and X-band 
Transmit Patches

S-band Receive 
Patch

Sun Sensor

+Z Star Tracker

Sun Sensor

Stowed dimensions 96.5cm (X), 71cm (Y), 61cm (Z)
Deployed dimensions 96.5cm (X), 335 cm (Y), 61cm (Z) 

Deployable 
Solar Array

(Partially Deployed)

Deployable Solar Array
(Partially Deployed)
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• Instrument will be designed and built by Naval Research Lab.

• Based on the Glowbug ISS payload.

• 12 CsI scintillation detectors.

• Sensitive to 30-2000 keV energy range.

• Crystal size: 27 cm x 27 cm.

• Instrument payload: 58 cm x 58 cm x 29 cm. 

• Instrument mass: 164.6 kg.


• Spacecraft bus provided by Space Flight Laboratory.

• ESPA-Grande DAUNTLESS platform. 

• Spacecraft mass: ~63 kg.


• Combined Mass: 228.6 kg.

Glowbug flight unit detector assembly and SiPM array

StarBurst Instrument and Bus



c. michelle hui GAmma rays and gravitational waves 10

StarBurst Performance

• Instrument Performance: 

• Azimuth average effective area peak of ~3500 cm2 

• Compared to GBM @ ~600 cm2 and Glowbug @ ~1100 cm2


• Detection Rate:

• StarBurst: 200 SGRBs/yr

• Swift: 10 SGRBs/yr, GBM: 40 SGRBs/yr


• Joint Detection Rate:

• Based on model developed by E. Howell et al (2018)

• Estimated rate of 3.7% of the A+ BNS detection rate

• Estimated median rate of 9.8 GW-SGRBs/yr (2.6—25.2 @ 90% CL)
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MoonBEAM
Moon Burst Energetics All-sky Monitor

• 2-year SmallSat mission concept to detect gamma-ray bursts, currently undergoing 
concept study funded by the 2019 Astrophysics Science SmallSat Studies.

• Mission goals and objectives: 
‣Understanding the physics of neutron star mergers and using them as tools to 
probe fundamental physics and the behavior of astrophysical jets.
1.Characterize short gamma-ray bursts to better understand jet structure and 
evolution in the multi-messenger era.

2.Associate short gamma-ray bursts with compact binary merger events that also 
produce kilonovae.

3.Enable earlier afterglow detection and localization to understand kilonova source 
evolution and the heavy element enrichment history.

PI: C. Michelle Hui
MSFC: D. Kocevski, T. Littenberg, C. Wilson-Hodge, J. Wood
UAH: M. Briggs, P. Jenke
USRA: C. Fletcher, A. Goldstein, O. Roberts
LSU: E. Burns 
GSFC: J. Perkins, J. Racusin, J. R. Smith
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MoonBEAM
Moon Burst Energetics All-sky Monitor

• 2-year SmallSat mission concept to detect gamma-ray bursts, currently undergoing 
concept study funded by the 2019 Astrophysics Science SmallSat Studies.

• Science instrument is 5 detector modules (NaI/CsI phoswich + SiPM) positioned to 
maximize sky coverage.

SGRB rate up to 
70/year

*assuming single-
crystal detector

• Cislunar orbit at L3 point of Earth-Moon system (95,500 — 665,000 km from Earth).
‣Earth occults < 0.1% of sky at maximum.
‣High duty cycle, no SAA passage.
‣More stable background compared to Low Earth Orbit.
‣Additional localization improvement with IPN-like timing triangulation.
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Median-bright GRB at 45deg baseline
MoonBEAM average distance from Earth

MoonBEAM localization of an average GRB
MoonBEAM + LEO instrument timing 
annulus
Combined posterior (loc area reduced by 
factor of 3)

• 2-year SmallSat mission concept to detect gamma-ray bursts, currently undergoing 
concept study funded by the 2019 Astrophysics Science SmallSat Studies.

• Science instrument is 5 detector modules (NaI/CsI phoswich + SiPM) positioned to 
maximize sky coverage.

• Cislunar orbit at L3 point of Earth-Moon system (95,500 — 665,000 km from Earth).
‣Earth occults < 0.1% of sky at maximum.
‣High duty cycle, no SAA passage.
‣More stable background compared to Low Earth Orbit.
‣Additional localization improvement with IPN-like timing triangulation.

Currently evaluating 
additional potential orbits

MoonBEAM
Moon Burst Energetics All-sky Monitor
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SUMMARY
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• GW170817 / GRB 170817A is one of the best observed transient and highlights the science impact of 
multimessenger observations.


• Many open questions remain, with increased GW interferometer sensitivity, looking forward to more 
joint detections with gamma-ray instruments, enabling deeper population studies of SGRBs.


• Subthreshold searches are crucial to increasing GRB sensitivity and the detection horizon to weak 
events like GRB 170817A


• Several future gamma-ray missions in different phases of development. 

• Session 135.02 LEAP - A Large Area Gamma-Ray Burst Polarimeter for the ISS by Colleen Wilson-Hodge

• BurstCube and AMEGO later in this session by Judy Racusin 


• Looking forward to future multimessenger discoveries: 

• Neutron star — Blackhole merger, Fast Radio Bursts, giant magnetar flares, neutrinos


• session 233 on recent giant magentar flares observations

• Bursting Magnetars press conference on Wednesday

•

https://www.abstractsonline.com/pp8/%23!/9243/presentation/1478
https://www.abstractsonline.com/pp8/%23!/9243/session/476
https://www.abstractsonline.com/pp8/%23!/9243/session/610

