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The Fermi Gamma-Ray Burst Monitor (GBM) onboard the Fermi spaceawaftently operates
on several trigger algorithms on various time scales andggnmanges. Motivated by the pursuit
of faint Gamma-Ray Bursts (e.g. the elusive class of pogtdIpw-luminosity GRBs), here we
present the search for untriggered GRBs in the GBM datarstr&a this end, | will demonstrate
the methods and algorithms which have been developed by B\ tBam. As a preliminary
result, | am going to highlight the spectral analysis of GRBgch triggered the Swift satellite,
but not GBM, and came from positions above the horizon, widvarable orientation to at least
one GBM detector. The properties of these GRBs are then caupa the full sample of GBM
GRBs published in the GBM spectral catalogue. We estimaitietiie lower limit for untriggered
GRBs in the GBM data is about 1.6 GRBs per month which cornedpdo about 7% of the
triggered GRBs.
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1. Introduction

The Gamma-Ray Burst Monitor (GBM) is one of the instrumemtisaard the~ermi Gamma-
Ray Space Telescope [1] launched on June 11, 2008. Spdgitieaigned for GRB studies, GBM
is comprised of a total of 12 sodium iodide (Nal(Tl)) sciatilon detectors covering the energy
range from 8 keV to 1 MeV and two bismuth germanate scinilfatietectors (BGO) sensitive to
energies between 150 keV and 40 MeV [2].

GBM continuously observes the whole unocculted sky, wishflight software (FSW) con-
stantly monitoring the count rates recorded in the varieisaors. For GBM to trigger on a GRB
or any other high energy-transient, two or more detectorstrnave a statistically significant in-
crease in count rate above the background rate. GBM cwrep#rates on 75 (of 119 supported)
different trigger algorithms, each defined by its timesdflem 16 ms to 4 s) and energy range
(25— 50 keV, 50— 300 keV,> 100 keV, and> 300 keV). In addition, the trigger algorithm is con-
structed to have two temporally overlapping windows (at tied window length) for all timescales
above 16 ms (the so called “offset”) and each algorithm caopgmrated on different threshold
settings from QLo to 2550. GBM persistently records two different types of scienceadealled
CTIME (fine time resolution, coarse spectral resolution) &SPEC (coarse time resolution, full
spectral resolution). CTIME (CSPEC) data have a nominas tiesolution of 0.256 s (4.096 s) (see
Fig.1) which is increased to 64 ms (1.024 s) when GBM triggéder 600 s in triggered mode,
both data types return to the non-triggered time resoluti@t a more detailed review on the data
types and trigger properties of GBM we refer & and [3].

Here, | present the preliminary results of an on-groundcteiar CTIME data for GRBs which
were detected by th8wift satellite [4] but did not trigger GBM, although having a feable orien-
tation to the GBM detectors.
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Figure 1: Typical CTIME light curve of one Nal detector over a full daythe energy interval from 1.8
1000 keV. One can clearly identify the overall backgroundateons and SAA passages during which the
detectors are switched-off.
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2. Methods

From 2008 August 22 to 2012 January @iift observed 299 GRBs 107 (36 %) of these
also triggered GBM. 30 (10%3wift-GRBs happened while GBM was flying through the South
Atlantic Anomaly (SAA) during which the high-voltage of tldetectors is switched off. 88 (29%)
of the GRBs were either shadowed by the Earth when they négidgvift or had source angles to
all detectors which were larger than°g@nhaking a GBM detection unlikely because of the rapidly
dropping effective area of the Nal detectors at such higldémce angles. Using these geometrical
and orientational arguments, the remaining 74 (2=4ift-GRBs could have been observed by
GBM.

The newly developed on-ground trigger algorithm looks Fese GRBs by employing a rou-
tine which is similar to the FSW. For a trigger, an excess toate (above background) in CTIME
data in two detectors must be observed with a statisticalfgignce of 4 and 380, respectively.
The search is restricted to the energy range between&D keV which is the energy range in
which GRBs typically trigger GBM (see [3]). The trigger tirseales vary from 0.256 st0 8.192 s.
The greatest advantage, compared to the FSW triggeringgxfnom the fact that the background
can be handled better on-ground because we have knowledgethb background variation over
the whole day which is simply modeled using a spline functibmaddition to this, the rise and
set times of 92 known gamma-ray sources over the Earth’gdmonvith respect to GBM are cal-
culated. Usually, these rises/sets result in an abruptgehemcount rate in the Nal detectors, best
described as “occultation steps” [5]. In order to accounttifiis effect in the Nal detectors, the
source’s photon spectrum is used which is then folded thirdhg detector response to calculate
the expected change in count rate.

3. Results

17 untriggered GRBs (1 short and 16 long) were identified {edxe 1). A spectral analysis
of all the long GRBSs, using CSPEC data, was performed. Theshsailection comprised a simple
power law (PL), a power law with an exponential cutoff (COMPY the Band function (BAND)
[6]. The spectral analysis reveals no fundamental diffeesror peculiarities (see Fig.2) compared
to the full GBM-GRB sample [7]. As is expected, these evergspapulating the lower end of the
photon flux distribution with fluxes ranging betweei 0 1.5 ph cn? s1 in the 10— 1000 keV
energy range. Along with being faint, most of the events &se eelatively soft, havinds, values
which are located at the lower tail of th distribution of the complete GBM-GRB sample [7].
No spectral analysis could be performed for the short GRE30SA (time resolution of CSPEC
data is too long compared to the actual duratifag,~ 0.3 s, of the GRB. However, GBM currently
observes in continuous TTE mode above certain regions dE#nth. As soon as this observing
mode will be extended and activated full-time, this willi@sult in more detections of untriggered
short GRBs and, more importantly, (i) allow for a spectrablgsis of such short events). The
remaining 57 events which could have been detected by GB&/Igeetion 2) are probably to weak
to be seen in GBM and are only observed3wjft due to its better sensitivity.

Ihttp://swift.gsfc.nasa.gov/docs/swift/archive/grb_table.htm/
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Considering that the Field-of-View (FoV) &wift is roughly 4 times smaller than GBM’s FoV,

one can estimate that the GBM on-board trigger algorithnmsess 1.6 GRBs per month.
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Figure 2: Left panel: Distribution of the low-energy power-law indices. The ira# the PL model for the

untriggered sample (blue dash-dotted histogram) and aM&HRBs (light-grey dashed histogram). The

histogram for COMP and BAND model for the untriggered sampéel hatched histogram) and the full
GBM-GRB sample (black solid histogram) are indicatBoyht panel: Distribution of theE, values for the

6 bursts which were fitted by COMP or BAND for the untriggerathgle (light-grey dashed histogram) and

the full GBM-GRB sample (black solid histogram). The valt@sall triggered GBM-GRBs are taken from

[71.
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GRBID model Eeak[keV] a B flux [ph cm 2 s71]
111212A PL — —-1.62+0.04 — 0.784+0.04
110801A PL — —-1.61+0.04 — 1.10+0.04
PL — —-1.86+0.07 — 1.07+£0.06
110719A COMP 75+50 +0.364+0.30 — 0.63+0.04
110414A BAND 678+ 8.8 —-0.66+0.21 -2.23+02 0.86+0.03
110411A COMP 642 +5.3 -1.29+0.11 — 1.04+0.03
110315A COMP 66b+8.9 —-1.58+0.10 — 1.28+0.04
110312A PL — —-2.35+0.11 — 0.8940.06
100902A COMP 99+172 -131+0.14 — 0.734+0.03
100305A PL — —-1.25+0.07 — 0.7940.07
091029A PL — —-1.83+0.04 — 1.51+0.05
090728A PL — —-1.60+0.05 — 1.12+0.06
090520A PL — —-1.14+0.08 — 0.7440.08
090404A PL — —2.20+£0.05 — 1.31+0.05
090305AS - — — - -
090123A PL — —-1.68+0.04 — 0.734+0.03
080906A COMP 244€4480 —-1.194+0.10 - 0.924+0.04
080916B PL — —1.55+0.12 — 0.954+0.15

Table 1: Swift-GRBs found in untriggered GBM data. The results of the speahalysis, peak energsp,
low-energy power law inde#, high-energy power law indeg& and photon flux, are shown. Please note that
GRB 110801A was a very long GRB with two distinctive emissggisodes and that a spectral fit was not
possible for short GRB 090305A.



