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e 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

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

e Often the spectrum of the putative source is

unknown.
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The Problem
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500 MeV to 500 GeV _ 4-year

Co

Counts

Alex Drlica-Wagner | Bin-by-Bin Likelihood l[ ] 3



s, i The Problem

4 =l 4
- :
— ]
—
. ]
. ]
i

= _ 4 Counts |]
103} Simulation 4
10% ¢ < i

0 ...
10 .E_ 7.0. 9 _E'
: R4 ° :

0.8 4

0.0 F!Ahii—i—bij_}J_i_r}q

10° 104 10°
Energy (MeV)

Alex Drlica-Wagner | Bin-by-Bin Likelihood 4



Alex Drlica-Wagner | Bin-by-Bin Likelihood

s eromi The Problem
7 o e
].0-9 | | I T T T
| 500 MeV to 500 GeV | |
_ Simulation
T: I i
3
= v I i
: l
~ 10—10 |
b I i
E
= |
a
S
@)
x : l :
-11 | | | | l
107575 3.0 2.5 2.0 15 1.0

Spectral Index

0.5



~

The Problem

‘@5 ermi
CJ""T’IJ ray
'- Space Telescope
10'8: | T T T T 11 | T T T 11T | T T 115
- Geminga Pulsar| =
107

[y IIIII|

E2 Flux (erg cm? s1)
o

—

:I
-
—

| Abdo et al. (2010) |

| | :
1 L1 1 1 1 11 1 L1 1 1 1 11 LI I I R I

1072
107

Alex Drlica-Wagner | Bin-by-Bin Likelihood

1 10
Energy (GeV)




s, vl 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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e 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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- Gomeéz-Vargas (Poster 3.04)
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