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1. Introduction

All-sky monitors are typcially responsible for triggeriofpservations with a main instrument,
workhorse science such as monitoring source states and flame serendipitous science resulting
from watching large fractions of the sky nearly all of the ¢inin this paper, we describe highlights
of all-sky monitoring science with the Gamma ray Burst Moni{GBM) on Fermi, including
the discovery of variations in the Crab Nebula flux in harda¥s and results from monitoring
accretion-powered pulsars.

2. Observations & Results

The Fermi satellite was launched on June 11, 2008. It cengfdtvo instruments, the Large
Area Telescope [1], sensitive to gamma rays from 20 MeV toentioain 300 GeV and the Gamma
Ray Burst Monitor [2], sensitive to gamma rays from 8 keV toMé@V. The GBM consists of 12
Nal detectors (8-1000 keV) and two BGO detectors (150 keV M&¥). The results described in
this paper are from the GBM Nal detectors.

2.1 Discovery of decline in Crab Nebula flux using the Earth ocultation technique

The GBM instrument is not a pointed or focusing instrumerd. nfeasure fluxes from indi-
vidual sources on the sky, we use the Earth occultation tqabn3, 4], measuring the change
in count rate as a source enters or exits Earth occultatiam. aPplication of this technique uses
a catalog of known source locations, for which Earth octioitatimes are calculated and a win-
dow of data containing the occultation time is extractedesSehdata from GBM detectors viewing
the source within 60 degrees of the detector normal are fitidda quadratic background plus a
model resulting from an assumed source spectrum convolitbdlve changing detector response
as GBM scans the sky, and the energy dependent atmosplamsotission function describing the
Earth occultation. Other bright sources within the windoe fit simultaneously. For the source
of interest, the flux is computed by first computing the beatestactor in each energy band for
all detectors in the fit, and then applying this scale faatahe reference flux, computed from the
assumed model in each energy band. GBM’'s CTIME (0.256-se8grbands from 8-1000 keV)
and CSPEC (4.096-s, 128 energy bands from 8-1000 keV) dathddNal detectors were used
in the analysis described here. The Earth occultation tqakns also applicable to the the GBM
BGO detectors.

As of 2011 May, GBM is monitoring a catalog of 107 sources g$tarth occultation. Most
of these sources were recently active X-ray binaries, plesirab, ten active galactic nuclei, two
soft-gamma repeaters, and the Sun. In the first two years mfi Bacultation monitoring with
GBM, six persistent and two transient sources were deteabede 100 keV[4]. More than 80
sources have been detected below 100 keV. Preliminary oromitresults can be found on our
websité.

The most remarkable result from GBM Earth occultation nmiig was the discovery that
the hard X-ray flux from the Crab nebula is not constant, anthdh, it declined by about 7%

Lhttp://gammaray.nasa.gov/gbm/science/occultation
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from 2008-2010 in the 15-50 keV band [5]. Figure 1 shows casitpdight curves combining
overlapping measurements of the Crab pulsar + nebula flux fn@ Rossi X-ray Timing Explorer
(RXTE), INTEGRAL's hard X-ray instruments ISGRI, SPI, ar@M-X, Swift, and Fermi/GBM.
With this suite of instruments, we cover a broad range in Hdsbft gamma-rays~ 10 keV
to > 100 keV) and simultaneously address systematic uncaesiasing very different types of
instrumentation to demonstrate overall consistency of@mab results. Six instruments on four
satellites agree well from 2008 to 2010, with all instrunsenegistering a- 7% decline in the 15-50
keV Crab nebula + pulsar flux over two years, starting at MJBO®4 and with a similar decline in
the 50-100 keV band. Details of the analysis for each inséntrare given in [5]. INTEGRAL/SPI
data [6] are compared with the other 5 instruments for thetiime in this paper. Prior to the launch
of Fermi in 2008, increases and decreases in flux at a levddaiteB.5% per year were seen in
the 15-50 and 50-100 keV bands, back to 1999. In more recémt slace August 2010, all of the
instruments show that the Crab has stopped fading and magdaening to brighten again.

From 1999 to 2010, the pulsed flux measured with RXTE showéyl asteady decrease at
~ 0.2% yr-1, consistent with pulsar spin-down. The largeB.5% yr—1 variations are not seen in
the pulsed emission, indicating that the variations arellagln origin [5].

In summary, the Crab is variable in hard X-rays and shouldba@ssumed as a constant source
suitable for normalizing instrument response functionsadibrating hard X-ray instruments. The
variations are seen in the nebular emission, apparentljtireg from changes in the shock accel-
eration or in the nebular magnetic field. Longer baselinesranlti-wavelength observations are
needed to understand the origin of these variations.

2.2 Monitoring accreting pulsars with GBM

As of May 2011, the GBM accreting pulsar team is currently imoimg 29 accreting pulsars
and is performing daily blind searches for new accretingamd [10]. For both techniques, GBM
data with 0.256-s time resolution for the 8-12, 12-25, aneb@%eV bands are used. First the
background data are fitted with a spline model that accoontSdrth occultation steps from bright
sources. Data including solar flares, gamma ray burstsy pal@el occultations and any other
problems are excluded from fitting. The remaining data teisutypical exposure times of 40
ks per day, although for some sources the exposure time eah i ks per day. For the blind
search, power spectra are generated for each of 24 galantgdude bins plus separate bins for
the Small and Large Magenllanic Clouds. The algorithm resppeak powers with frequencies
and the galactic longitude to find new accreting pulsars awd outbursts of known pulsars that
are not currently being monitored. Source specific searaleseing performed for 29 sourées
searching over a relatively narrow range of frequencied f@gyuency derivative for some sources).
Orbital parameters are accounted for if known. GBM has thewatdhge of long observing times
and continuous monitoring for these sources.

A recent highlight from GBM pulsar monitoring is the detectiof an unusually bright flare
near apastron in the 41.5 day orbit of GX 301-2 [11], shown in Figure 2. GX 301-2 congps an
early B-type companion and a 680-s pulsar. Typically, GX-301as a bright flare near periastron
and a weak flare near apastron. The bright apastron flareteléteith GBM coincides with the

2http://gammaray.nasa.gov/gbm/science/pulsar
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Figure 1: Composite Crab light curves f&XTE/PCA (15-50 keV - black diamondspwift/BAT (Top:
14-50 keV, Bottom: 50-100 keV - red filled circlegjermi/GBM (Top: 15-50 keV, Bottom: 50-100 keV
- open blue squares)NTEGRAL/SPI (Top: 25-50 keV, Bottom: 50-100 keV - light blue cro9séNITE-
GRAL/ISGRI (Top: 20-50 keV, Bottom: 50-100 keV - green triangjeend INTEGRAL/JEM-X2 (10-25
keV, orange asterisks). Each data set has been normalitsdttiean rate in the time interval MJD 54690-
54790. All error bars (exce@wift/BAT) include only statistical errors.Vertical lines mg@eV flares from
the Crab observed with AGILE ([7], dashed lines) and FermT I([8, 9], dotted lines).

onset of rapid spin-up beginning 2010 June 25. The spin p&fi@anged by 3 seconds during the
sharp rise of the flare. This episode of spin-up resembleepisndes observed with BATSE [12]
and one observed with GBM in 2009 January.

3. Discussion

In this paper, we have described highlights of serendipitecience from the Fermi GBM,
specifically from the Earth occultation monitoring and &ticm powered pulsar monitoring projects.
This science is beyond the primary gamma ray burst sciend@Bil and is supported by the
Fermi Guest Investigator program. It is made possible by GHa&fge field-of-view (the entire
unocculted sky), GBM'’s broad energy range (8-1000 keV ferNlal detectors), and GBM’s time
resolution (0.256-s for accreting pulsar monitoring.) GBMear continuous data with good time
resolution enables monitoring of accretion-powered pudgin-frequencies, source state changes
[13], quasi-periodic oscillations [10], and detectionsXafay bursts [15]. All-sky monitors are
valuable not only as triggers for the main instrument, bsb &r stand alone science.
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Figure 2: Top: GX 301-2 spin frequency. Center: GX 301-2 pulsed fluxhia 12-50 keV band. Bottom:
GX 301-2 total flux in the 12-50 keV band measured with GBM Raxtcultation. Downward arrows in the
center panel are upper limts. Red points in the bottom pawigtate 3 or better statistical significance.
Gaps in the bottom panel are because GX 301-2 is a high dgctireurce and is not always Earth occulted,
meaning that GX 301-2 is continuously visible to GBM for afpmm of Fermi’s precession cycle, increasing
the exposure time for pulsar monitoring observations..
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