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GAMMA-RAY DATA ANALYSIS 
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Calculate the fit to the data by calculating the Poisson probability 
of observing X photons in each bin given the model.  

Can calculate the improvement to the fit by adding additional 
point sources into the model. 



GAMMA-RAY DATA ANALYSIS 

▸ Advantages: 

▸ Nearly equivalent coverage of the full sky. 

▸ Universe nearly transparent to GeV gamma-rays 

▸ Disadvantages: 

▸ Not much energy information 

▸ Poor PSF (~1o PSF; ~0.1o localization of bright sources)



BACKGROUND MODELING ISSUES

▸ Background fluctuations not Poisson Statistics:



BACKGROUND MODELING ISSUES

▸ Employ “blank sky locations” to 
characterize the background. 

▸ Accounts for known and 
unknown systematic issues and 
point source properties.

▸ Computationally intensive, hard to understand rare 
events. 

▸ Background changes based on source model. 

▸ Can have global changes in model - e.g. galactic plane.



USING LOW ENERGY INFORMATION

Determine the gamma-ray luminosity of a population of point 
sources

▸ Advantages: 

▸ Know where sources are, and approximately how 
bright they should be (model dependent) 

▸ Disadvantages: 

▸ Flux fluctuations in the background often larger 
than individual source fluxes.



USING LOW ENERGY INFORMATION

Determine the gamma-ray luminosity of a population of point 
sources
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EXAMPLE - DWARF SPHEROIDAL GALAXIES

▸ Dark Matter Annihilation in Dwarf Galaxies



▸ Dark Matter Annihilation in Dwarf Galaxies

Normalization Factor  

Common to all dwarfs  

Want to test if it is non-zero.

Dwarf Environment 

Optical Observations 

Have Uncertainties

EXAMPLE - DWARF SPHEROIDAL GALAXIES



▸ Nearby Star-Forming Galaxies

EXAMPLE - STAR FORMING GALAXIES



▸ Believe that star-formation leads to supernovae, and 
that supernovae produce gamma-rays:

▸ If there is uncertainty in the efficiency of gamma-ray 
production from star formation:

EXAMPLE - STAR FORMING GALAXIES



PREVIOUS METHOD (ACKERMANN ET AL. 2014 + MANY OTHERS)



▸ First Fit the Flux of a Individual point source in a 
number of energy bin, assuming a given spectrum.

Carpenter et al. 2016

PREVIOUS METHOD (ACKERMANN ET AL. 2014 + MANY OTHERS)



▸ Calculate the improvement in log-likelihood by adding 
a source with a  given flux at a specific sky position. 

▸ Assume a particle physics model (blue)

improvement in fit from adding a dwarf with a given flux

cost from modifying the J-factor 
of the dwarf to accommodate 
that flux in a certain model

PREVIOUS METHOD (ACKERMANN ET AL. 2014 + MANY OTHERS)



▸ Find the total likelihood as the product of the individual likelihoods, and 
then correlate with a given probability by comparing with blank sky 
locations:

PREVIOUS METHOD (ACKERMANN ET AL. 2014 + MANY OTHERS)



NEGATIVE BACKGROUND FLUCTUATIONS

▸ Another problem with this model is seen for the 50% of 
sources with almost no TS.
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DIFFICULTIES: NEGATIVE BACKGROUND FLUCTUATIONS

▸ Background fluctuations 
are almost as likely to be 
negative as positive. 

▸ These background fluxes 
can be much brighter 
than individual sources — 
which will then appear to 
have no flux.

▸ Need a solution that can find a correlation even in the 
limit of significant negative background fluctuations.



CORRELATION BETWEEN FLUX AND LG(L)

▸ TS is a photon 
counting statistic: 

▸ The LG(L) change 
produced by a point-
source scales directly 
with its flux.

▸ Can compute the correlation between fluxes and 
LG(L) and compute the likelihood of having a point 
source at a specific value directly in flux space. 

▸ Don’t need to directly use this relation.



CORRELATION BETWEEN FLUX AND LG(L)

▸ The probability of having a 
background sky location 
with a given flux is: 

▸ Can go through and test 
the point source flux at 
each sky position for every 
possible choice of 
background fluctuation.



CORRELATION BETWEEN FLUX AND LG(L)

▸ While the probability of having a source with a given 
flux comes from the correlation function:

▸ And can be calculated by:



CORRELATION BETWEEN FLUX AND LG(L)

▸ Then the total probability of some correlation with {⍺,β,σ} 

Probability of a given flux from 
the background and point source 
improving the fit to the data

probability of this 
background 
fluctuation

probability of this 
point source flux.

product over 
all SFGs



CORRELATION BETWEEN FLUX AND LG(L)

▸ Injected signal with:



RESULTS

▸ Looking at science results momentarily:

▸ Have a model that predicts the luminosities of the 
brightest star forming galaxies, while remaining 
consistent with the population of dimmer systems.  



EXTRAPOLATION TO DIM SOURCES

▸ Extrapolation to dim point 
sources in FIR observations:

▸ We can now calculate the 
total contribution of all star-
forming galaxies to the totally 
isotropic gamma-ray flux.



DWARF SPHEROIDAL GALAXIES

▸ Transferring this analysis to dwarf galaxies is straightforward. 

▸ Analysis potentially has a very high impact
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DISCUSSION AND CONCLUSIONS

▸ Some Challenges: 

▸ Still need to analyze blank sky locations 

▸ Extremely expensive 

▸ Only ~105 independent locations 

▸ How to deal with negative model expectations? 

▸ Need to assume that the flux/likelihood 
correlation is similar in blank sky locations and in 
sources.


