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The Fermi Gamma-Ray Burst Monitor (GBM) is an all-sky gamma-ray detector operating in
low-earth orbit since 2008. The 12 individual Nal scintillation detectors have a roughly cosine
angular response, which limits the ability to detect point sources to an accuracy of several
degrees radius. Still, a diffuse source at the Galactic Center should be detectable. Assuming
a sterile neutrino Dark Matter candidate that decays to an active neutrino and a photon, we
present search results for a line signal from the Galactic Center in the hard X-ray regime.

1 Motivation

The Gamma-ray Burst Monitor (GBM), on board the Fermi Gamma-ray Space Telescope mis-
sion, views the entire unocculted sky in the energies between 8 keV and 40 MeV. The lower
energies (below 1 MeV) are observed by 12 Sodium Iodide (Nal) detectors that have modest
localization capabilities. The primary science objectives of GBM are the detection and analysis
of gamma-ray bursts. However, the instrument’s versatility allows the study of other transient
sources, such as solar flares, soft gamma-ray repeaters and terrestrial gamma flashes, as well as
the continuous monitoring of soft gamma-ray sources in the Galaxy and pulsar timing analyses.
We present here an effort to use GBM observations of the Galactic Center as an indirect search
for sterile neutrinos as a dark matter candidate.

Massive sterile neutrinos can radiatively decay to active neutrinos, producing a photon line
signal at half the sterile neutrino mass 3. Meanwhile, sterile neutrinos produced by neutrino
oscillations in the early universe can satisfy the abundance constraints for being a dark matter
(DM) candidate, if they have a mass on the order of 1-100keV range %5, X-ray telescopes
have already been searching for spectral lines from keV neutrinos 78 and (model-dependent)
constraints have been obtained from Lyman alpha measurements (probing clustering in the early
universe) 1°. However, a window of parameter space remains between 12 and 40 keV, while with



a low-energy cutoff of 8 keV, GBM can put constraints on line emission at half the mass above
16 keV.

2 The Fermi Gamma-Ray Burst Monitor

The GBM was designed to support the Large Area Telescope (LAT) on Fermi, which nominally
observes in a sky survey mode, resulting in the spacecraft pointing typically within 50° of zenith.
GBM Nal detectors 0 and 6 point within ~ 20° of the LAT pointing direction, however, the
spacecraft blocks part of their field of view !1. For this analysis, we use detector 7, which has
good sky coverage (also close to the LAT pointing direction) but has minimal problems with
spacecraft blockage. Nal 7 is also not on the Sun-facing side of the spacecraft, so it suffers
relatively little soft X-ray contamination from the Sun.

The Nal detectors do not record the arrival direction of each photon; rather, the effective area
defines the relevant field of view (FOV). The flat geometry of the Nal crystals, plus attenuation
by the housing materials, result in an angular response very similar to the cosine of the detector
zenith angle. At low energies, the effective area is close to 0 at incidence angles > 90°, but
note that the response is non-negligible over half the sky. As a function of energy, the effective
area increases rapidly from the threshold of 8 keV up to ~ 30 keV. Thus, assuming a line signal
from a distribution of DM concentrated at the Galactic Center, it doesn’t matter how the DM
is distributed, most of it will be contained within 60°, corresponding to the GBM FOV.

2.1 Arrival direction analysis tools for GBM

Since it is not possible to correctly calculate a flux within a limited region-of-interest (ROI), due
to lack of individual photon tracking and extremely broad “FOV” of the GBM detectors, we
created a suite of tools for directional analysis of GBM data. This includes a tool to calculate
the count rate in a specified Nal detector as a function of Galactic pointing direction, based on
the actual pointing and livetime history of Fermi, which uses public data files (GBM CSPEC
files and LAT FT?2 files). This is discussed in section 2.2 below. We have also developed a tool
to simulate Nal counts data from an input source model, which accounts for the Nal effective
area as a function of inclination angle and photon energy. Using this tool, the count rate in
a specified Nal detector as a function of Galactic pointing direction can be predicted for a
theoretical model.

2.2 The X-ray sky as seen by GBM

Figure 1 is an example of GBM count rate maps as a function of the detector pointing direction
of Nal detector 7 in Galactic coordinates for three different energies: 10-11 keV, 16-17 keV
and 40-42 keV. Note that this is not a flux map, which would require knowledge of the arrival
direction of each count. The map is constructed by first dividing the sky into 768 equal-area
pixels (using HEALPi®) and then using the LAT FT?2 files to determine the detector zenith
pointings that correspond with each pixel. The GBM data set is filtered, excluding data time
intervals containing GRBs and other transients, passages through the South Atlantic Anomaly
(where the instrument is turned off) and high magnetic latitude regions (to avoid elevated
charged particle rates). We also eliminate times when the Earth may be in the field of view.
The remaining count rates are then averaged for each sky pixel. The result is a map of the count
rates seen by the detector, averaged over the effective area angular response.

Soft X-ray sources centered on the Galactic Center (GC) are clearly detected by this tech-
nique, as seen in the top left panel in Figure 1. As expected, no features are significant, due

®http://healpix.jpl.nasa.gov 12
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Figure 1 — The final counts rate sample from 4 years of data from Nal detector 7, which corresponds to 4.6 million
seconds (~ 53 days) of live time after data cuts. The pixel position corresponds to the pointing direction of the
detector normal. The grey pixels are where no observing time is registered after the selection cuts.

to the blurring by the angular response. At higher energies, instrumental backgrounds dom-
inate over astrophysical signals, so the enhancement of count rates at the GC fades into the
background.

The counts spectrum (not shown) for the final data sample for both GC ROI (3 < 60°) and
anti-GC ROI (¢ > 120°) chosen to have the same solid angle, has as its dominant component a
power-law plus various background lines. There is an additional excess at low energies towards
the GC region that suggests the rise of the astrophysical component.

3 Sterile Neutrino Line Strength Analyses

Two analyses are presented in Figure 2. For the first, we require that the flux from a dark matter
signal doesn’t exceed the total measured count rate in the energy bin of the line, in the selected
ROL This ‘total flux’ constraint is quite robust and conservative. For the second analysis, we
choose a window around each line energy (larger than expected line signal width) and model
the spectrum as a line signal (at fixed energy) plus a power law. The fitted line intensity is the
smallest signal to yield a worse fit than the background only hypothesis at the 95% level and
thus provides a constraint on the mixing angle between active and sterile neutrinos.

In the mass range shown in Figure 2, the best previous constraints are set by observations
of the cosmic X-ray background (CXB) by HEAO-113, the Milky Way (MW) halo from INTE-
GRAL!, as well as a model-dependent lower bound based upon DM abundance 15.We show the
new limits derived in this work, one derived only from the total flux, and the other derived using
spectral line fitting. The spectral analysis is stronger than that from prior studies by about an
order of magnitude.
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Figure 2 — Constraints from X-ray missions on sterile neutrino dark matter decays, which depends on the mixing
angle, sin?(26), and the mass, m..
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