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The Problem

• The LAT data motivate likelihood-based 
analyses: 
– Strong dependence of instrument 

performance on energy and geometry 
– All-sky survey strategy 
– Structured gamma-ray backgrounds 
!

• The sensitivity provided by likelihood-based 
analyses is especially important in searches 
for faint sources 
!

• However, the likelihood formalism 
necessitates a model of the gamma-ray sky, 
including the putative source of interest. 
!

• Often the spectrum of the putative source is 
unknown.
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Figure 4. Evolution of the ratio P1/P2 with energy, plotted in variable-width
energy bins, each one containing 10,000 events.
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Figure 5. Evolution with energy of the FWHM of P1 (bottom) and P2 (top),
plotted in variable-width energy bins, each one containing 10,000 events. Both
peaks narrow at increasing energies.

appear at high energies in the bridge region between P1 and P2
(“first interpeak”).

Figure 4 shows the evolution of the P1/P2 ratio as a function
of energy, plotted using variable-width energy bins. The curve
depends very weakly on the bin choice; Figure 4 was made
using 10,000 events per bin. A clear decreasing trend is visible,
as observed in the Crab, Vela, and PSR B1951+32 γ -ray pulsars
by EGRET (Thompson 2004) and now confirmed for the Vela
(Abdo et al. 2009a) and the Crab pulsars (Abdo et al. 2010c)
by Fermi-LAT. Adopting the same variable-width energy bins,
we fit the peaks in each energy range with a Lorentz function to
determine the peak center and width. Figure 5 shows the energy
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Figure 6. Phase-averaged spectral energy distribution (SED) of the Geminga
pulsar. The solid line represents the best-fit power law with exponential cutoff
(i.e., b = 1), while the dashed one represents the best-fit power law with
exponential cutoff with free exponential index (in this case, the result is b =
0.81). The LAT spectral points (open circles) are obtained using the maximum-
likelihood method described in Section 4.2.
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Figure 7. Phase evolution of the spectral index (top) and energy cutoff (bottom)
above 0.1 GeV as the function of the pulse phase, divided in phase bins each
containing 2000 photons. Vertical bars indicate the combined statistical and
systematic uncertainties. For each phase interval (defined in Table 3 in the
Appendix), a power law with exponential cutoff has been assumed. The dashed
histogram represents the Fermi-LAT light curve above 0.1 GeV in variable-width
phase bins of 2000 photons bin−1.

evolution of the FWHM of P1 and P2: both peaks narrow with
increasing energy. The decreasing trend in pulse width of P1
and P2 is nearly identical. P1 has an FWHM decreasing from

Geminga Pulsar

Abdo et al. (2010)
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The Recipe

1. Broad-Band: Fit the background sources in the region of interest over the 
broad-band energy range. 

2. Bin-by-Bin: Model the putative source with a fixed power law within each 

energy bin. 

3. Bin-by-Bin: Scan the likelihood in each bin as a function of the putative 
source flux in that bin. 

4. Bin-by-Bin: Assemble a 2D likelihood surface as a function of photon 
energy and putative source flux. 

5. Bin-by-Bin: Measurements of (upper limits on) the putative source flux can 
be set in each energy bin individually. 

6. Broad-Band: Assuming a broad-band spectrum for the putative source can 
compress the likelihood surface into the common 1D likelihood as a 
function of putative source flux.
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Detecting a Source
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Details

• Assumed spectrum within each bin 
– Assumed spectrum convolved by IRFs in each bin 
– If IRFs change rapidly within a bin, predicted counts will depend on 

spectrum 
– For ~8 bins per decade, this is <1% effect at >1 GeV 

• Nuisance parameters in the bin-by-bin fit: 
– Fixed at broad-band values (avoid numerical degeneracies) 
– Free and unconstrained (includes correlated uncertainties) 
– Free with prior derived from broad-band fit 
– Choice depends on region of interest
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Dwarf Galaxies

Anderson (Plenary 17)

Smith Cloud

Goméz-Vargas (Poster 3.04)

Clusters of Galaxies

Zimmer (Poster 3.11)

Type IIn SNe

Franckowiak (Poster 10.01)
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