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GRB PRIMER
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GBM SEES LOTS OF BURSTS BECAUSE OF 
ITS WIDE SKY COVERAGE - 1000TH GRB 

4.2 YEARS INTO MISSION!

Not as sensitive as Swift => GBM GRBs are brighter and probably on 
average closer (long GRBs).
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GBM LOCATION NOTIFICATIONS SECONDS 
AFTER TRIGGER: MAJOR CUSTOMERS

The LAT!

Ground-based Very High-Energy (VHE) community

Neutrino experiments

Gravitational Wave experiments

Wide-field telescopes or willing to tile

GBM Localization of
bright burst (1 sigma)

Swift BAT error box

Swift XRT FoV
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REQUIREMENTS FOR VHE (IACT) 
COUNTERPART HARVEST 

Bright in ! rays (observer frame)

Nearby in cosmological terms (EBL)

Lots of GRBs (duty cycle, duration distribution) 

Moderate localization accuracy
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HOPE FOR IACT GRB DETECTIONS?

4 Acciari et al.

TABLE 1
Details of 16 GRBs observed by VERITAS

GRB Swift trigger T90(s)! Fluence (10!7erg cm!2)" T#
trig RA Dec Error z

070223 261664 89 17 01:15:00 10h13m48s.39 +43"08#00.70## 0.30## ...
070419A 276205 116 5.6 09:59:26 12h10m58s.83 +39"55#34.06## 0.15## 0.97$

070521 279935 37.9 80 06:51:10 16h10m38s.59 +30"15#21.96## 1.70## 0.553?%

070612B 282073 13.5 17 06:21:17 17h26m54s.49 !08"45#06.3## 4.0## ...
071020 294835 4.2 23 07:02:26 07h58m39s.78 +32"51#40.4## 0.250## 2.145&

080129 301981 48 8.9 06:06:45 07h01m08s.20 !07"50#46.3## 0.3## ...
080310 305288 365 23 08:37:58 14h40m13s.80 !00"10#29.60## 0.6## 2.43'

080330 308041 61 3.4 03:41:16 11h17m04s.50 +30"37#23.53## 0.7## 1.51(

080409 308812 20.2 6.1 01:22:57 05h37m19s.14 +05"05#05.4## 2.0## ...
080604 313116 82 8.0 07:27:01 15h47m51s.70 +20"33#28.1## 0.5## 1.416)

080607 313417 79 240 06:07:27 12h59m47s.24 +15"55#08.74## 0.5## 3.036*

081024A 332516 1.8 1.2 05:54:21 01h51m29s.71 +61"19#53.04## 1.9## ...
090102 338895 27 68 02:55:45 08h32m58s.54 +33"06#51.10## 0.5## 1.55+

090418A 349510 56 46 11:07:40 17h57m15s.17 +33"24#21.1## 0.5## 1.608µ

090429B 350854 5.5 3.1 05:30:03 14h02m40s.10 +32"10#14.6## 1.8## ...
090515 352108 0.036 0.04 04:45:09 10h56m36s.11 +14"26#30.3## 2.7## ...

All information was taken from GCN circulars (http://gcn.gsfc.nasa.gov/gcn3 archive.html). ! Duration over which 90% of the emission
in the 15–350 keV energy band occurs, as measured by the Swift Burst Alert Telescope (BAT). " 15–150 keV fluence, as measured by the
Swift-BAT. # UT time of the GRB trigger determined by the Swift-BAT. $Cenko et al. (2007). %Hattori et al. (2007). &Jakobsson et al.
(2007). 'Prochaska et al. (2008a). (Malesani et al. (2008). )Wiersema et al. (2008). *Prochaska et al. (2008b). +de Ugarte Postigo et al.
(2009). µChornock et al. (2009).
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Fig. 1.— Delay from the start of the burst to the beginning of VERITAS observations for all GRBs with VERITAS data. The open
symbols correspond to observations that were delayed due to constraints such as the burst occurring during daylight or below the horizon.
Filled symbols are unconstrained observation delays and are primarily determined by the time it takes the telescopes to slew to the burst.
The 16 stars correspond to the GRBs discussed in this paper. The shaded regions indicate the annual shutdown of the array due to the
summer monsoons.

(3% Crab flux with a spectral index, ! = 2.5), while
the soft-source analysis gives a reduced energy threshold
and assumes a ! = 3.5 spectrum. While the spectral
characteristics of GRBs are unknown at the highest en-
ergies, the standard analysis spectral index of 2.5 was se-
lected based on the average high-energy spectral index,
! observed by BATSE (Kaneko et al. 2006). Since it is
expected that the extragalactic background light (EBL)
will significantly soften the intrinsic GRB spectrum, the
soft source analysis was optimized to the softer assumed
spectral index of 3.5. It should be noted that although
the analysis is optimized for a specific spectral index and
source intensity, this does not preclude the detection of
sources with characteristics significantly di"erent than
those assumed.
At this stage, any event with images in fewer than

two telescopes is rejected because stereo reconstruction

is not possible. Furthermore, any event with images in
only the two telescopes with the smallest separation is
removed as the proximity of these two telescopes (! 35
m) in the old array configuration produced less reliable
event reconstruction and an increased background rate
that resulted in decreased sensitivity. After event recon-
struction, the rejection of background events, which are
due largely to cosmic rays, is accomplished by comparing
the length and width parameters of shower images with
those predicted by Monte Carlo simulations of gamma
ray-initiated air showers (Krawczynski et al. 2006). Fi-
nally, a cut on the arrival direction of the gamma ray
of " < 0!.13 (" < 0!.14) for the standard (soft) analysis
is applied, where " is the angular distance in the FOV
from the reconstructed arrival direction of the event to
the putative source location. For all bursts presented
here, the uncertainty in the GRB position (in all cases

20 years of upper limits:
-- Duty Cycle

-- Field-of-view
-- Slew time
-- Redshift

VERITAS:  arXiv:1109.0050

... but we know (especially) from Fermi 
LAT that GRBs have HE emission...
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ARE LAT-DETECTED BURSTS “SPECIAL”?

LAT sees bright, on-axis GRBs
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CTA PROSPECTS FOR GRBS

GRB prospects for CTA 13

Instrument DE (bandex) DE (fixed)
CTA (baseline) 0.0744 0.115
CTA (optimistic) 0.163 0.328
CTA (baseline; LST only) 0.0732 0.110
CTA (baseline; MST only) 0.0231 0.0310
VERITAS (Eth = 65 GeV) 0.0241 0.0281
VERITAS (Eth = 100 GeV) 0.0216 0.0235

Table 2 Summary of detection e!ciencies for several in-
strumental arrangements. In the ‘LST only’ and ‘MST only’,
the e"ective area and background contributions of the MST
and LST components are respectively set to zero. We also
show results for the VERITAS e"ective area, assuming two
di"erent energy thresholds.

tion rate. We also show results for the VERITAS ar-
ray in the table, for comparison. In this case we follow
the same analysis procedure as for CTA, using the
VERITAS e!ective area function shown in Fig. 6, and
assuming a delay time of 100 s, rather than 60 s.

Figure 10 shows the expected distribution of red-
shifts for detected GRBs, compared to the whole pop-
ulation. The CTA e!ective area, with sensitivity be-
low 50 GeV, potentially allows GRB detections at high
redshift, though those at lower redshift will generally
have better photon statistics and will therefore be fa-
vored. Assuming the baseline e!ective area, few GRBs
are detected above redshift 2, due to the strong impact
at higher redshift of the UV- optical EBL at energies
above 50 GeV. When the optimistic e!ective area is
assumed, a subset of GRBs (! 0.1) are bright enough
from 10 to 50 GeV to be detectable even at very high
redshift. These detections are still a minority of the
full set of detected GRBs, however, and are entirely
dependent on the low energy performance of the LST
array. In all cases, the distribution is significantly bi-
ased towards lower redshifts relative to the Swift dis-
tribution as a whole, with median redshifts of z = 0.9
and 1.2 for the baseline and optimistic e!ective area
functions, respectively.

In Appendix A, we show a number of other prop-
erties for GRBs that pass the detection criteria. This
provides some insight into the properties that could
be expected of typical IACT GRB detection. In Ap-
pendix B, we discuss how our results are a!ected if
only the prompt phase of the burst emission is consid-
ered, and the fading afterglow signal is ignored.

4.1.2 Variation of model parameters

In this section, we discuss the impact that variations
in instrument properties and other general assump-
tions could have on the GRB detection e"ciency. This

demonstrates the e!ect of variations from our baseline
models discussed in the last section. A summary of re-
sults is shown in Fig. 11.

The impact of VHE observation delay time due
to GRB localization and telescope slew time, as dis-
cussed in Section 2.3.3, is dependent on the assumed
model for the GRB lightcurve at these energies. The
upper left panel of Figure 11 shows the overall impact
of parameter Tdelay on the detection e"ciency, with
other modeled parameters held constant.

Next, in the upper right panel, we show how a
higher or lower value of the telescope energy thresh-
old than the ! 25 GeV assumed in the baseline model
would influence the detection e"ciency. The e!ective
area function is assumed here to have the same shape
as presented in Figure 6, but with a shift in energy
by a constant multiplicative factor. As discussed in
the introduction, GRB observations are strongly af-
fected by spectral cuto!s due to EBL, and raising the
telescope threshold energy reduces the redshift range
over which GRBs are detectable. Detection e"ciency
is seen here to vary strongly with energy threshold, for
both spectral extrapolation models. Note that setting
the energy threshold here to 100 GeV is essentially the
same as removing the LSTs from the telescope array
(see Table 2), since at these energies the e!ective area
function is dominated by the MSTs. The large decline
in detection e"ciency with increasing energy thresh-
old demonstrates the importance of having an LST
array with low energy threshold to GRB detection,
even though the LSTs may only contribute a fraction
of the e!ective area of the total array at higher energy.

The bottom-left quadrant of Fig. 11 addresses how
altering the afterglow light curve index ! in Eq. 2 af-
fects results. As discussed in §2.1.3, we have imple-
mented a lightcurve in this work based on the T90
time of a given GRB at Band peak energies, in which
VHE emission is flat for this period and then decays
as t!3/2. In such a model, 2/3 of the total VHE en-
ergy emerges after the end of the T90 period, leading
to a substantial afterglow flux that enables detection
of GRBs after the lower energy emission has subsided.
A faster or slower fallo! of afterglow flux in time will
change the optimal integration time for GRBs in our
simulation, as well as the distribution in detection sig-
nificance and therefore the detection e"ciency. The
e!ect is found to be relatively minor.

Finally, we show in the bottom-right panel of the
figure how altering the normalization of the back-
ground rate changes detection e"ciency. As discussed
in §2.3.2, the background rate assumed in this work

18 R. C. Gilmore, et al.
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Fig. 15 The integral distribution of redshifts in all Swift

GRBs (blue) compared with the subset that also have GBM
detections (green). Solid lines are the data for each, while
the dotted blue and green lines are the fits used in the pre-
vious sections and the following sections, respectively.

and is used for both LST and MST observations. We
set 2!Rfov to 4.25 degrees for the LSTs and 8 degrees
for the MSTs.

4.2.2 Static observations of GBM bursts

As a first step, we calculate the detection e!ciency of
this population without applying any search mecha-
nism in the GRB observation. This analysis, and that
of the next section, will only utilize the fixed model, as
spectral details for this burst population are not avail-
able at the time of writing. Results from the previous
sections indicate that detection e!ciencies of GRBs
are typically a factor of 1.5-2 times higher in the fixed
model than in the bandex model; there is no reason
to believe a similar relationship would not hold true
as well here.

The limiting factor in these observations is the field
of view of the telescope. As most GRBs in the sam-
ple have a minimum uncertainty of " 4 degrees from
combined statistical and systematic e"ects, a 3 to 5
degree diameter FoV is insu!cient to catch more than
a minority of events. Figure 16 shows the current de-
tection e!ciencies calculated, and how these could be
increased by future reductions in the amount of un-
certainty a"ecting GBM burst positions as reported
in real time.

4.2.3 Scanning mode observations

A possible solution to the FoV limitations of CTA is
to attempt to rapidly scan over some portion of the

Fig. 16 Detection e!ciency for static observations of GBM
bursts, as a function of the uncertainty in burst position.
Variations along the x-axis indicate the e"ect of multiply-
ing the total positional uncertainty for each GRB, which is
calculated as described in the previous section, by a given
constant scaling factor. Curves show the detection e!ciency
for the CTA baseline (solid black) and CTA optimistic (dot-
ted grey) e"ective area functions. The right-hand axis shows
the detection rate for the telescope under a standard set of
assumptions; see §4.3 for details.

GRB error box after the burst alert, rather than sim-
ply observing the coordinates of the best GRB local-
ization. We consider in this section the possibility of
increasing the GRB detection e!ciency using “scan-
ning mode” observations, and address the question of
how the search box should be chosen to optimize this
rate. A larger search box increases the probability that
the GRB will be observed, but at the cost of exposure
time. We make the assumption here that the data from
such a scanning observation over minutes or hours
could be compared with a later determination of the
actual burst position, and the significance of the GRB
detection would then be computed in an after-the-fact
analysis taking into account the photon counts and ex-
pected background within the source PSF. We do not
consider here the possibility that VHE emission could
be identified in real time, i.e., for a “stop-on-target”
type of scan.

Our calculation of the detection e!ciency follows
that of §4.1 above, with a few modifications. We as-
sume that the time required for the LST array to
search a region of 15 degrees radius is about 120 sec-

...  fold in duty cycle, field-of-view, 
localization of GRB,

slew time, GRB duration distribution, 
extrapolation from MeV to TeV,
redshift distribution, EBL model

Kakuwa et al. 2012, Gilmore et al. 2012
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HIGH ALTITUDE WATER CERENKOV 
(HAWC): A WATER CERENKOV 

EXPERIMENT

A similar predictive analysis to Gilmore et al (2012) for CTA is in progress
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REQUIREMENTS FOR NEUTRINO 
HARVEST FROM GRBS

Bright in ! rays (observer frame)

Low Bulk Lorentz factor

Lots of bursts 
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IMPLICATIONS OF NON-DETECTIONS OF 
NEUTRINOS FROM BRIGHT GRBS

Abbasi et al. (2012): 196 
GRBs.

Gao, Asano, and 
Meszaros (2012) provide 
more GRB scenarios and 
" pathways.

5
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FIG. 4. Constraints on fireball parameters. The shaded re-
gion, based on the result of the model-dependent analysis,
shows the values of GRB energy in protons and the average
fireball bulk Lorentz factor for modeled fireballs6,9 allowed by
this result at the 90% confidence level. The dotted line in-
dicates the values of the parameters to which the completed
IceCube detector is expected to be sensitive after 3 years of
data. The standard values considered9 are shown as dashed-
dotted lines and are excluded by this analysis. Note that the
quantities shown here are model-dependent.

boost factor �. Increasing � increases the proton en-
ergy threshold for pion production in the observer frame,
thereby reducing the neutrino flux due to the lower pro-
ton density at higher energies. Astrophysical lower limits
on � are established by pair production arguments9, but
the upper limit is less clear. Although it is possible that
� may take values of up to 1000 in some unusual bursts,
the average value is likely lower (usually assumed to be
around 3006,9) and the non-thermal gamma-ray spectra
from the bursts set a weak constraint that � . 200021.
For all considered models, with uniform fixed proton con-
tent, very high average values of � are required to be
compatible with our limits (Figs. 3, 4).

In the case of models where cosmic rays escape from
the GRB fireball as neutrons8,10, the neutrons and neu-
trinos are created in the same p� interactions, directly
relating the cosmic ray and neutrino fluxes and remov-
ing many uncertainties in the flux calculation. In these
models, � also sets the threshold energy for production
of cosmic rays. The requirement that the extragalactic
cosmic rays be produced in GRBs therefore does set a
strong upper limit on �: increasing it beyond ⇠ 3000
causes the proton flux from GRBs to disagree with the
measured cosmic ray flux above 4⇥1018 eV, where extra-
galactic cosmic rays are believed to be dominant. Limits
on � in neutron-origin models from this analysis (& 2000,
Fig. 3) are very close to this point, and as a result all
such models in which GRBs are responsible for the entire
extragalactic cosmic-ray flux are now largely ruled out.

Although the precise constraints are model dependent,

the general conclusion is the same for all the versions of
fireball phenomenology we have considered here: either
the proton density in gamma ray burst fireballs is sub-
stantially below the level required to explain the highest
energy cosmic rays or the physics in gamma ray burst
shocks is significantly di↵erent from that included in cur-
rent models. In either case, our current theories of cos-
mic ray and neutrino production in gamma ray bursts
will have to be revisited.
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8Rachen, J. P. & Mészáros, P. Cosmic rays and neutrinos
from gamma-ray bursts. In C. A. Meegan, R. D. Preece, &
T. M. Koshut (ed.) Gamma-Ray Bursts, 4th Hunstville Sym-
posium, vol. 428 of American Institute of Physics Conference
Series, 776–780 (1998). arXiv:astro-ph/9811266.

9Guetta, D., Hooper, D., Alvarez-Muñiz, J., Halzen, F. &
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IS THERE A DISTRIBUTION OF BULK 
LORENTZ FACTORS?
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REQUIREMENTS FOR GRAVITATIONAL 
WAVE HARVEST

Short GRB indicating merger progenitor

Nearby: within GW experiment horizon

Lots of bursts 
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GBM-ALIGO YEARLY HARVEST

Assuming z-distribution of 
short Swift GRBs without z is 
same as those with z, and z 
distribution of Fermi GBM short 
GRBs is same.

EM allows sub-threshold search 
in GW data.  GW candidate 
allows sub-threshold search in 
GBM.

see also Metzger & Berger (2011) 
and Kelley, Mandel, & Ramirez-
Ruiz (2012).

Short Burst Redshift Distribution

ALIGO horizons:
NS-NS NS-BH

Based on horizons from Abadie et al. 2010
and Swift GRBs with known z.
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THE GOOD NEWS FROM GBM FOR THE 
MULTI-MESSENGER ERA

GBM sees lots of GRBs - ~250 per year

VHE:   long, bright,  nearby, high #

Neutrinos: long, bright, low #  

Gravitational waves: short, nearby
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HUNTSVILLE IN NASHVILLE: THE 7TH 
HUNTSVILLE GRB SYMPOSIUM  14-18 

APRIL 2013.

Organizers:  Michael Briggs, Valerie Connaughton, and Neil Gehrels.    

http://huntsvilleinnashville.uah.edu                   Contact:  grb2013@uah.edu
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TRADITIONAL AFTERGLOW SEARCHES

Pandey et al. 2010:  Observations of 
GBM error box for 090902B gave 
ROTSE the early afterglow 
measurements hours before the LAT 
detection/XRT follow-up. 

2 Pandey S. B. et al. 2010

law spectral distribution at both low and high ener-
gies (de Palma et al. 2009). The detailed analysis of the
LAT and GBM data has been presented in Abdo et al.
(2009a). The observed features in the prompt burst
spectrum have also shown evidence for an underlying
photospheric thermal emission (Ryde et al. 2010). ToO
observations with Swift started ! 12.5 hours after the
GBM trigger. The X-ray afterglow was detected within
the LAT error-circle by the XRT (Kennea & Stratta
2009), the UVOT (Swenson & Siegel 2009) and later
by several other ground-based multiwavelength facili-
ties. The burst redshift, z = 1.822, was determined
by the Gemini-North telescope (Cucchiara et al. 2009).
The afterglow was also seen at radio frequencies by
the WSRT (van der Horst et al. 2009) and by the VLA
(Chandra & Frail 2009).
The details of the optical-infrared (IR) observations

along with the temporal and spectral properties of the
afterglow are described in the next section. In §3, we dis-
cuss the observed properties of the afterglow and compar-
isons to various models. These results are summarized in
§4. Throughout the paper, we use the usual power-law
representation of flux density, f!(t) " !!"t!#, for the
regions without spectral breaks where " and # are the
power-law temporal decay and spectral indices, respec-
tively. For the cosmological calculations we have used
the cosmological parameters H0 = 71 km s!1Mpc!1,
!M = 0.27, !! = 0.73. Errors are quoted at the 1-sigma
level unless otherwise stated.

2. OBSERVATIONS AND DATA REDUCTION

The receipt of a ground-corrected GBM trigger with
a 1 degree nominal location error initiated an observing
sequence for ROTSE-IIIa, located at the Siding Spring
Observatory in Australia. The telescope began taking
three sets of thirty 20-s images, tiled around the GBM
estimated location. Only the third set, starting 80 min-
utes after the burst, with R.A. = 17h 38m 13s and Dec.
= +27" 30# 59##, covered the XRT burst location later
identified as R.A. = 17h 39m 45.26s and Dec. = +27"

19# 28.1## (Kennea & Stratta 2009). A substantial frac-
tion of the delay was imposed by the overlap of a previ-
ous observation request for an unrelated field. Since the
burst occurred during the early afternoon in Namibia
and Turkey, ROTSE-IIIc and d could not respond until
6 hours later at which point similar sequences of images
were obtained. The raw images were processed using
the standard ROTSE software pipeline and photometry
was performed on co-added images using the method de-
scribed in Quimby et al. (2006). The ROTSE-IIIa obser-
vations were taken under bright night sky conditions with
a lunar phase two days short of full. By the time the rel-
evant exposures began, the transient was 13 " above the
horizon, decreasing to less than 11 " at completion.
Because of the di"cult observing environment, we

carefully examined various possibilities that could lead
to a false identification. All such e#orts were confined to
a 329#304 pixel sub-image spanning 18##17#, centered
at the OT. Within this field, 34 false positives were iden-
tified by SExtractor with signatures similar to the GRB
OT. After correcting for the small fraction of the image
too bright for such detections, the probability of such an
event within a 5#5 pixel region close to the GRB coor-
dinates established by later observations is less than 1%.
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Fig. 1.— X-ray and optical afterglow light curves of the GRB
090902B. The solid lines mark the best fit power-laws to the XRT,
u and R band light curves. An o!set of 2 magnitudes has been
applied to the u!band data for clarity. The power-law segment
between the first ROTSE data point and the Nickel data is shown
by a dashed line.

We next examined the sequence of 30 images carefully to
determine if the apparent OT signal was an artifact of
one or two frames with spurious problems. Five USNO
stars with 13.2 $ mR $ 14.3 were chosen to establish
the image point spread function and the sky extinction,
frame-by-frame. Not surprisingly, the sky extinction and
the ambient sky brightness increased by 30% and 20%,
respectively, over the 890 second duration of these obser-
vations. For each image, the OT amplitude was deter-
mined and the entire set was fit to a power-law in time,
constrained to the observation obtained by the Nickel
telescope (Perley et al. 2009) 17 hours post-burst. The
best fit corresponds to mR = 16.4±0.5 at t = 5320 s
after the burst and located within 1## of later, deeper
detections. Based on the statistical analysis of the total
ensemble of 30 measurements, we estimate a spurious de-
tection probability of less than 1%. Combined with the
spatial localization constraint, the probability of a false
identification is less than 1#10!4.
The UVOT magnitudes in u band were calculated us-

ing the UVOT photometric system (Poole et al. 2008)
and the XRT data were reduced using the standard tools
(Evans et al. 2001). The V,R and I magnitudes of the
afterglow from the data taken by 1.0m Nickel, 2.0m Liv-
erpool and 2.5m NOT telescopes were computed using
nearby stars in the GRB field calibrated on October
10 under good photometric sky conditions by the 2.5m
NOT telescope. The r# magnitudes were obtained using
GROND (for details McBreen et al. 2010; Olivares et al.
2009). The J and K magnitudes of the afterglow were
computed with respect to nearby 2MASS stars from the
data taken by 3.8m UKIRT and 4.2m WHT. The pho-
tometry of the optical afterglow from these observations
are summarized in Table 1 and the V,R, I magnitudes of
the 5 nearby stars in the GRB field are given in Table 2.

Wednesday, November 21, 12


