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The Gamma-ray Burst Monitor (GBM)

• 12 sodium iodide (NaI) detectors 
(8 - 1000 keV, in 128 energy bins)

• 2 bismuth germanate (BGO) 
detectors (150 keV - 40 MeV)

• GBM observes the entire 
unocculted sky

• Versatile:

• GRBs

• Low energy Galactic sources

• Pulsar timing

• TGFs

• Why not Dark Matter?
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Indirect searches for sterile neutrinos

• sterile neutrinos can radiatively 
decay to active neutrinos, 
producing a photon line signal at 
half the sterile neutrino mass

• X-ray telescopes can search for 
spectral lines from keV neutrinos

• (model-dependent) constraints 
also obtained from Lyman alpha 
measurements (probing clustering 
in the early universe) and the 
dark matter abundance

• a window of parameter space 
remains...

4

those today, for example, in the calculation of the diffuse
extragalactic background radiation (see Section 5).

ν2 W+ ν1

l -l -

γ

ν2 l - ν1

W+W+

γ

FIG. 2 — Principal radiative decay modes for massive singlet neu-

trinos.

The principal radiative decay modes of singlet neutrinos
are shown in Fig. 2. Majorana neutrinos have contribu-
tions from conjugate processes. For the Majorana neutrino
case, the decay rate for m2 ≫ m1, is (Pal & Wolfenstein
1982)
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where α ≈ 1/137 is the fine structure constant. Here,
rβ = (mβ/MW )2 is the square of the ratio of the β flavor
charged lepton mass and the W± boson mass, and
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The sum in equation (8) is over the charged lepton flavors.
For decay of a doublet neutrino into another flavor doublet,
the sum in equation (8) vanishes for the first term in equa-
tion (9) on account of the unitarity property associated
with the transformation matrix elements in equation (3).
The second term in equation (9) causes the sum not to van-
ish, but the resulting term is obviously very small because
it involves the fourth power of the ratio of charged lepton
to W± masses. This is the so-called Glashow-Iliopoulos-
Maiani (GIM) suppression (or cancellation).

For a singlet decay, the sum over the charged lepton
flavors in equation (9) does not cancel the leading con-
tribution in equation (9) because there is no charged lep-
ton associated with the singlet state. The decay rate is
consequently greatly enhanced over the GIM-suppressed
doublet decay case. The rate of singlet neutrino radiative
decay is

Γγ(ms, sin
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where we have identified ms ≈ m2, since the mixing is
presumed to be small.

The singlet neutrino can also decay via two-photon emis-
sion, ν2 → ν1 + γ + γ. However, this decay has a leading
contribution scaling with the inverse square of the charged
lepton mass (Nieves 1983), and therefore is strongly sup-
pressed. Since the two-photon decay rate scales as m9

s,
it will dominate over the single photon mode for masses
ms ! 10 MeV. However, singlet neutrino masses over 10
MeV are excluded by other considerations (AFP).

In the case of the single photon channel, the decay of
a nonrelativistic singlet neutrino into two (nearly) mass-
less particles produces a line at energy Eγ = ms/2 with a
width given by the velocity dispersion of the dark matter.
For example, clusters of galaxies typically have a virial
velocity dispersion of ∼ 300 km sec−1. Therefore, the
emitted line is very narrow, ∆E ∼ 10−3Eγ . The observed

width of the line will be given by the energy resolution
of the detector in this case. For example, the energy res-
olution of Chandra’s ACIS is ∆E ≈ 200 eV, while the
Constellation X project hopes to achieve a resolution of
∆E ≈ 2 eV.

The luminosity from a general singlet neutrino dark
matter halo is [from equation (1)]
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This implies that the radiative decay flux from singlet neu-
trinos in the halo is

F ≈ 5.1 × 10−18 erg cm−2 sec−1
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Therefore, for a general singlet neutrino candidate with
rest mass ms and vacuum mixing angle sin2 2θ, the mass
limit—assuming no detection of a line at a flux limit level
of Fdet—is

ms " 4.6 keV
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Using equation (5), the dependence on mixing angle
can be eliminated, and with equation (1), we have for the
Lνα

≈ 0 case that the flux due to singlet neutrino decay
is
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For the Lνα
≈ 0 production case, the corresponding singlet

mass limit from a null detection of a line at Eγ = ms/2 at
flux limit Fdet is

ms " 1.25 keV
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It should be noted that the decay limits presented here
derive from a specific type of mass-generation mechanism
for the singlet neutrino: those arising from the simplest
case of Majorana or Dirac type mass terms. More compli-
cated neutrino mass models would have different mass-
terms, radiative decay widths and possibly other cou-
plings, and bounds on these models would require indi-
vidual analysis.

3.2. Active Neutrinos

The direct experimental upper limits on the νµ and
ντ masses are only 190 keV and 18.2 MeV, respec-
tively (Groom et al. 2000). Although the observationally-
inferred age of the universe precludes the possibility of
fully thermalized active neutrinos being the WDM or
CDM (Gerstein & Zeldovich 1966; Cowsik & McClelland
1972), the active neutrinos may not be fully thermalized in
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those today, for example, in the calculation of the diffuse
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trinos.

The principal radiative decay modes of singlet neutrinos
are shown in Fig. 2. Majorana neutrinos have contribu-
tions from conjugate processes. For the Majorana neutrino
case, the decay rate for m2 ≫ m1, is (Pal & Wolfenstein
1982)
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contribution scaling with the inverse square of the charged
lepton mass (Nieves 1983), and therefore is strongly sup-
pressed. Since the two-photon decay rate scales as m9
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It should be noted that the decay limits presented here
derive from a specific type of mass-generation mechanism
for the singlet neutrino: those arising from the simplest
case of Majorana or Dirac type mass terms. More compli-
cated neutrino mass models would have different mass-
terms, radiative decay widths and possibly other cou-
plings, and bounds on these models would require indi-
vidual analysis.

3.2. Active Neutrinos

The direct experimental upper limits on the νµ and
ντ masses are only 190 keV and 18.2 MeV, respec-
tively (Groom et al. 2000). Although the observationally-
inferred age of the universe precludes the possibility of
fully thermalized active neutrinos being the WDM or
CDM (Gerstein & Zeldovich 1966; Cowsik & McClelland
1972), the active neutrinos may not be fully thermalized in

Abazajian, Fuller, & Tucker 2001
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Indirect searches for sterile neutrinos
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decay to active neutrinos, 
producing a photon line signal at 
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spectral lines from keV neutrinos

• (model-dependent) constraints 
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low-energy reach
of GBM
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The Gamma-ray Burst Monitor (GBM)
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detectors 0 and 6 point within ~ 20 deg of LAT pointing direction, 
but the spacecraft blocks part of their field of view

we use detector 7 which has good sky coverage (points near LAT 
pointing direction) but minimal problems with spacecraft blockage
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NaI detector effective area

• effective area defines the relevant FOV

• at low energies, effective area is close to 0 at incidence angles ≳ 90 deg (note that effective 
area is non-negligible over half the sky!)

• effective area increases rapidly up to ~30 keV
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Dark matter decay signal
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Arrival direction analysis tools for GBM

• 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 GBM detectors

• we created a suite of tools for directional analysis of GBM data, including:

• a tool to calculate the count rate in a specified NaI detector as a function of 
Galactic pointing direction based on actual pointing and livetime history of 
Fermi; uses public Fermi data files (GBM CSPEC files and LAT FT2 files)

• a tool to simulate NaI counts data from an input source model; accounts for 
NaI effective area as a function of inclination angle and photon energy

• the count rate in a specified NaI detector as a function of Galactic pointing 
direction can be predicted for a theoretical model



FIG. 6.ÈAito†-Hammer maps of the (a) R12, (b) R45, and (c) R67 band data. The projection is an Aito†-Hammer equal area centered on the Galactic
center with Galactic longitude increasing to the left. The values next to the color bars indicate the intensity and the units are 10~6 counts s~1 arcmin~2.
Regions of missing data are black.

SNOWDEN et al. (see 485, 127)

PLATE 6

The X-ray sky as seen by ROSAT 

Image Credit: Snowden et al. 1997
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The X-ray sky as seen by GBM 
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GBM count rate in detector pointing direction 
(10 keV < E < 11 keV, NaI detector 7, Galactic coordinates)

NB: not a flux map

(excluding data time intervals with GRBs, transients, SAA, 
and after magnetic latitude cut)



The X-ray sky as seen by GBM 
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10-11 keV

16-17 keV

40-42 keV

at higher energies, 
instrumental 

backgrounds dominate 
over astrophysical signals



Simulated DM decay signal
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GBM count rate in detector pointing direction 
(NaI detector 7, Galactic coordinates)

NB: not a flux map

(excluding data time intervals with GRBs, transients, SAA, 
and after magnetic latitude cut)



Moriond 2015 | La Thuile | March 26, 2015R. Preece

Flux analysis

• require that the dark 
matter signal doesn’t 
exceed the total 
measured count rate 
in the energy bin of 
the line, in the 
selected ROI

• most robust / 
conservative limits

• note that we have 
several background 
lines! (some of which 
we know the origin!) 10 100 1000
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Spectral analysis

• choose a window around 
each line energy (larger than 
observed line signal width) 

• model spectrum as line signal 
(at fixed energy) + power law

• model parameters are the 
signal and background 
normalizations and the 
power-law index

Counts spectrum
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Summary

• tools to use angular information in GBM data have been developed and 
applied in the context of a search for lines from sterile neutrino dark 
matter

• constraints from GBM data exclude new regions of sterile neutrino dark 
matter parameter space



Moriond 2015 | La Thuile | March 26, 2015R. Preece

Data selection for dark matter line search

• used data from NaI detector 0 (~20 deg offset from LAT pointing direction, 
minimal Earth limb contamination)

• selected good time intervals (GTIs):

• exclude any orbits which pass through SAA (activation effects lead to heightened 
backgrounds for some time after Fermi has exited the SAA)

• select times when LAT is in normal survey mode and LAT rocking angle < 52 deg

• remove times when GRBs and transients are detected by GBM

• pre-cut livetime ~108 sec (~3 years), total livetime in GTIs  = 2.85 x 107 sec

• chose pointing directions within 30 deg of the Galactic Center

• livetime in ROI = 1.7 x 106 sec

• average counts in ROI in a single energy bin = 4 x 107 counts
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Credit: NASA/General Dynamics

The Fermi Gamma-ray Space Telescope



Moriond 2015 | La Thuile | March 26, 2015R. Preece

The Gamma-ray Burst Monitor (GBM)

• 12 sodium iodide (NaI) detectors 
(8 - 1000 keV, in 128 energy bins)

• 2 bismuth germanate (BGO) 
detectors (150 keV - 40 MeV)

• GBM observes the entire 
unocculted sky
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Bulk counting analysis limits
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