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Abstract

Observed durations of Gamma-Ray Burst (GRB) prompt emission are influenced by two competing
factors, namely, the elongation of the durations due to cosmological time-dilation and the underestimation
of the durations due to the loss of signal into the background noise (i.e., the “tip of the iceberg” effect). We
select a set of single-pulse GRBs observed by Swift/BAT and simulate Swift/BAT observed light curves at
varying redshifts. Using Bayesian Block analysis to find burst duration, we find that signal lost in the noise
significantly decreases observable structure leading to an underestimation of GRB durations and energy
when only time-dilation corrections are applied. We investigate whether the effects can be parameterized
in order to better characterize GRB durations and improve confidence in associating GRBs with collapsars
or compact binary mergers.
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1. Introduction

The observed durations of GRB prompt emission are
most strongly influenced by two competing factors; time
dilation and the “tip-of-the-iceberg” effect. The cos-
mological distances of GRBs results in elongation of
burst duration via time-dilation, yet flux decreases with
increasing distance, thus burst signal sinks into back-
ground noise below instrument sensitivity and decreases
observable durations (see Fig. 1). We do not know the
GRB light curve shape, therefore the signal lost into
the noise is irrecoverable. By assuming a simple light
curve shape (e.g., Fast Rise Exponential Decay (FRED)
or Gaussian shapes) it is possible to calculate lower lim-
its on the amount of structure lost, providing lower limit
estimates on the duration and energy of the burst. In
this work we investigate the “tip-of-the-iceberg” effect
and aim to quantify the amount of burst structure lost
into the noise. In section 2. we describe the code used
to simulate synthetic GRB light curves and report du-
rations that The Neil Gehrels Swift Observatory Burst
Alert Telescope (Swift/BAT) would measure. In section
3. we discuss the current results and future work for this
project.

2. Synthetic Light Curve Generation

We have written a code (see Fig. 2 for a schematic)
that takes either a synthetic light curve or a light curve

observed by Swift/BAT and simulates the light curve
at any specified redshift taking into consideration both
time dilation and “tip-of-the-iceberg” effects. In the near
future the code will be made openly available for the
community on Github (Moss, et al. in prep). A data-
scraping tool has been developed to download all avail-
able Swift/BAT GRB data from the online Swift/BAT
Catalog1 for user-specified GRBs (e.g., light curves, ob-
served duration, spectral shape, etc.). The current sam-
ple of GRBs analyzed have redshift measurements and
single-pulsed light curve shape, we include both short
and long GRBs. We have analyzed Swift/BAT light
curves with single-pulsed shapes so we could calculate
a lower limit on the amount of burst structure lost into
the noise and compare the structure lost to the structure
lost by synthetic FRED or Gaussian shaped light curves
in the same analysis. The script first shifts an input
light curve to any redshift by calculating the k-correction
using the spectral parameters observed by Swift/BAT
for that particular burst and applying distance correc-
tions (e.g., time dilation and the inverse square law)
based on the burst’s redshift. The shifted light curve
is then sent to a code which simulates what the light
curve would look like as observed by Swift/BAT2 us-
ing Swift/BAT response matrices and applying random

*1 https://swift.gsfc.nasa.gov/results/batgrbcat/

*2 https://userpages.umbc.edu/∼alien/trigger simulator/



Fig. 1. Shown are simulated Swift/BAT mask weighted light curves

of a) a synthetic Gaussian shaped light curve created a redshift

of z = 8 is simulated at various redshifts (z = 5 − −11) and

b) the light curve of GRB 140114A (z = 3) simulated at various

redshifts (z = 1.5 − −7). Both cases show light cure elongation

due to time dilation and also demonstrate the “tip-of-the-iceberg”

effect from loss of light curve structure into the noise at higher

redshifts.

Poisson backgrounds (Lien et al. 2014). The code deter-
mines whether Swift/BAT would trigger on the burst by
applying all of the few hundred trigger algorithms used
onboard Swift/BAT (Lien et al. 2014). A Bayesian Block
analysis3 is then applied to determine the duration of the
simulated light curves. An automated analysis pipeline
is then used to calculate the fluence of all simulated light
curves.

3. Results and Future Work

In our preliminary results we have found that there is
significant loss of burst structure due to the “tip-of-the-
iceberg” effect at high redshifts (see Fig. 3). We in-
fer that this loss of structure is also true for observed
GRBs and must be considered when reporting burst en-
ergy and duration. We are currently performing many
more simulations and extending our sample to include
more Swift/BAT GRBs. We are also investigating the
spectral dependence of our results. We are working to
provide a level of quantification to the amount of burst
structure lost into the noise (Moss, et al. in prep.).

*3 https://heasarc.gsfc.nasa.gov/lheasoft/ftools/caldb/help/battblocks.html

Fig. 2. Schematic of the automated code used to produce synthetic

light curves at various redshifts and measure synthetic light curve

duration. The red box indicates a user-interactive step, namely

specifying a GRB name, all other processes are automated.

Fig. 3. Shown are the measured durations of simulated light curves

as a function of redshift. The green line shows the expected

burst duration if only time dilation is considered. The measured

duration clearly deviates from the time dilation line, indicating

burst structure is being lost into the noise. The blue dots indicate

simulated bursts that were triggered by the Siwft/BAT onboard

trigger simulation code while the red dots indicate a non-trigger.

This result is typical for all GRBs tested.
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