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1.	Rate	trigger	followed	by	image	threshold:		
• 	>	600	different	trigger	criteria		
• 	Each	trigger	criterion	has	different		
• 	energy	bands,	Tme	periods,	signal-to-noise	thresholds,	etc	

• 	Image	threshold:	AddiTonal	thresholds	for	localizaTon	
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•  Check	image	threshold	
•  Signal-to-noise	raTo	using	image	background	

•  LocalizaTon	
•  Known	souce?	Check	with	on-board	sky	catalog	
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GRB140629A	



Image	trigger	

•  15-50	keV	
•  Typical	image	exposure	Tme:	64	s,	320	s,	full	
observaTon	(1-43	min).	

•  When	a	rate	trigger	is	acTve,	the	image	trigger	
is	extended	by	increment	of	8	sec	
–  (64+8x)	secs,	320		s,	and	full	observaTon	(1-43	
min)	

• When	rate	trigger	happens,	the	image	trigger	
is	extended	
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If	close	to	a	nearby	
known	galaxy	à	treated	
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			(0.4%	real	event);	
Special	GCN	noTces	
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DetecTons	from	Ground	Process	

•  Transient	Monitor	
– Energy	range:	15-50	keV	
–  Delay	Tme:	few	hours	
–  Image	exposure:	～	1200	s	to	days	
–  Currently	the	public	results	only	include	known	

sources	
•  Ground-detected	bursts	
–  Failed-event	data	
•  Auto	search:	Taka’s	pipeline	
•  Human	search:	Jay	Cummings/David	Palmer	
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Swip/BAT	hard	X-ray	transient	monitor	
•  15-50	keV	(single	energy	

range)	
•  Built	from	on-board	“scaled	

maps”	from	64	to	>1000	
seconds	duraTon.	

•  Rapid,	near	real-Tme	pipeline	
processing	

•  269	detected	sources:		146	
persistent	and	123	in	outburst	

Red=steady	 Blue=variable	

Green=outburst	

Orange=flaring	

Very	sensiTve	to	
variable	sources	

IGR	J17391-3021	

GX	9+1	
GRS	1915+105	1A	0535+262	

Results	from	monitor	paper:	
Krimm	et	al,	ApJSS	209,	2013	Krimm,	BAT	Monitor	&	Survey	

Slide	from	Hans	Krimm		
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DetecTons	from	Ground	Process	

•  Transient	Monitor	
– Energy	range:	15-50	keV	
– Delay	Tme:	few	hours	
–  Image	exposure:	～	1200	s	to	days	
– Currently	the	public	results	only	include	known	
sources	

•  Ground-detected	bursts	
–  Failed-event	data	(～	10	s;	pass	rate	failed	image)	
•  Auto	search:	ground	scripts	from	Takanori	Sakamoto	
•  Human	search:	Jay	Cummings/David	Palmer	
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GRBs	missed	by	on-board	triggers	

Off-axis	 On-axis	
～	50o	Off-axis	 ～ 30o	Off-axis	



Sub-threshold	short	GRBs	
(from	the	BAT	trigger	simulaTon)	

B) Immediate Objective:

We recently developed a code that is capable of simulating the complex BAT-trigger algorithm, including simulating
the total number of 674 rate trigger criteria and mimicking the image trigger threshold (Lien et al. 2013). Results
from careful examination indicate that this BAT-trigger simulator can detect simulated bursts with fluxes as low as
⇠ 10�8 erg s�1 cm�2 for on-axis bursts, and ⇠ 10�7 erg s�1 cm�2 for off-axis bursts, which agrees very well
with the fluxes of real GRBs detected by Swift. This program makes it possible, for the first time, to perform a
systematic study of instrumental effects with adjustable burst properties. We propose to use this code to perform a
more complete and comprehensive study for the causes of the lack of short-GRB detections in the BAT sample.

Specifically, we aim to use the GBM data as the input for the short burst properties. This is because the GBM
is currently the most prolific detector of short GRBs, and has a very wide energy bandpass from 8 keV to 40 MeV,
which covers completely the BAT energy range from 15 to 150 keV. Moreover, the GBM records data with high
temporal (2µs) and spectral resolution. Therefore, the GBM data can provide the best knowledge of the burst
observational characteristics, such as the pulse structures and burst spectra, in the BAT energy range.

The proposed study will improve our understanding of the intrinsic properties of short bursts, and shed light on
the possible confusion in the burst classifications. Once we find the robust reasons for the missing detections of
short GRBs in the BAT, we will explore possible methods to increase the coincidental detection rate of short bursts
by both the BAT and the GBM. In other words, we will search for the possibility to recover those GBM-detected
short bursts in the BAT failed event data, to provide better burst localization for follow-up observations and redshift
measurements. Our detailed plans are summarized below:
(1) Understand the cause for the lack of short-GRB detections in the BAT, with the help of the GBM data:
We propose to use the BAT-trigger simulator we developed and the short GRBs detected by the GBM to explore
possible reasons that BAT misses short bursts. The Co-Is on the GBM team (V. Connaughton and V. Pelassa) will
provide the background-subtracted light curves of the short GRBs detected by the GBM. These GBM light curves
will be generated in the four BAT energy bands used by the on-board triggers (15-25 keV, 15-50 keV, 25-100 keV,
and 50-350 keV). We will run the light curves in these four energy bands through the BAT-trigger simulator to
determine whether the burst passes the rate and/or image trigger threshold.

The GBM has detected 201 short GRBs to date. Among these, 40 bursts were in the BAT field of view: 19
of them simultaneously triggered the BAT; 3 of them were recovered in ground analysis; 9 of them passed only
the BAT rate triggers but remain un-investigated; and 9 of them were undetected. We will first start with these
40 bursts for a test run. We will run the GBM light curves (after converting to the BAT energy bands) through
the BAT-trigger simulator, and compare the results to the actual BAT detections (or non-detections) to make sure

Figure 3: An example of using a real GBM light curve
(background-subtracted; see the top panel) to simulate the burst
detection in BAT with two different incident angles (on-axis in
the second panel, and off-axis in the third panel). The grey and
blue shaded areas mark the foreground and background regions
used by the rate trigger criterion that triggered the burst.

we can reproduce the BAT observations. For the
triggered bursts, we will check whether our BAT-
trigger simulator successfully recovers the pulse
shapes and the signal-to-noise ratios as those from
real BAT detections, in both the rate and image
domains, and in all four BAT energy bands. Once
we confirm that this procedure works as expected,
we will apply it to the rest of the 161 short bursts
to investigate whether they could have been de-
tected by the BAT if they were in the field of view.

Moreover, the trigger simulator includes op-
tions to modify the burst characteristics, such as
the burst spectral shape, spectral evolution, burst
incident angle relative to the detector plane, burst
redshift, and luminosity. Adjusting these char-
acteristics permits a systematic study of possible
causes for a non-detection of a burst in the BAT.
For example, we can change only the burst in-
cident angle to see whether a burst detected by
GBM could only be detected if it happens to ap-
pear on-axis relative to the BAT-detector plane.
We can also modify the burst spectrum to examine

3

			Rate	SNR:	～ 52	
			Image	SNR:	～	34	

			Rate	SNR:	～	9	
			Image	SNR:	～	5		

Troja,	Lien	et	al.	
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			Rate	SNR:	XXX	
			Image	SNR:	XXX	
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Burns	et	al.	(2015)	
•  Search	Fermi/GBM	sGRBs	in	BAT	
•  Expect	30	sGRBs	in	BAT	FOV	+	observe	Tme	
•  22	triggered	BAT	
•  5	found	on	ground-analysis	(not	during	slew)	
•  A	few	more	GBM	sGRBs	are	likely	found	in	

BAT	failed	event	data.	
•  BAT	see	most	of	GBM	sGRBs.	
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Thank	you!	
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Sub-threshold	

•  Normal	image-domain	threshold=6.5	sigma	
•  Subthreshold	NoTces	(image	sigma	is	in	the	
5.7-6.5	range)	

•  LocaTon	uncertainty:	2-4	arcmin	(90%	CL)	
•  False-posiTve	rate:	~	96%	(3	real	astrophysical	
sources	in	75	subthreshold	triggers)	–	~6.3	



Sub-sub	threshold	

•  Scaled-map	images	(from	the	shortest	duraTon	
of	the	rate	foreground	period	up	to	full	
observaTon	of	43	min)	

•  SNR:	3.8-6.5	
•  Rate:	3000	per	day	(1000	known	source)	
•  False-detecTon	rate:	very	high	(3-4	real	event	in	
1000	noTce)	

•  Time	delay:	1-8	hours	
•  LocaTon	error:	1-4	arcmin	



BAT	transient	monitor	

•  Based	on	scaled	map	(15-50	keV)	
•  Search	known	and	unknown	sources	in	images	
for	each	poinTng	(~	1200	s),	1,	2,	,	4,	8,	16	
days	
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Foreground	-me	 Number	of	sGRB	triggers	

0.512	 12	

1.024	 8	

0.032	 9	

0.256	 12	

0.064	 23	

0.128	 8	

0.384	 2	


