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Template fitting: a primer

Discovery of new components:
Fermi Bubbles

However: quality of fits remains poor

LAT Collaboration, 2014, ApJ 793:64

Fixed 
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Template fitting: a primer

LAT Collaboration, 2014, ApJ 793:64
Credit: C. Weniger

Fermi Bubbles Spectrum “Bracketing uncertainties”



Template fitting: a primer

LAT Collaboration, 2014, ApJ 793:64
Credit: C. Weniger

Fermi Bubbles Spectrum “Bracketing uncertainties”

need models that fit the data

solution: massively increase the parameter space



A new approach: SkyFACT

Sky Factorization with Adaptive 
Constrained Templates

Storm, Calore, Weniger: 
JCAP08 (2017) 022
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SkyFACT

Sky Factorization with Adaptive 
Constrained Templates
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● Spatial
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● overall

p: spatial pixel
b: energy bin
k: model component
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SkyFACT

Sky Factorization with Adaptive 
Constrained Templates

Normalizations per:
● pixel
● energy bin
● component

Number of free parameters ̴ 
number of pixels ̴ 1e5
● Need to prevent overfitting
● Borrow techniques from 

image reconstruction
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Sky Factorization with Adaptive 
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Penalization terms in the likelihood:
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term

Regularization of 
modulation parameters



SkyFACT

Sky Factorization with Adaptive 
Constrained Templates

Penalization terms in the likelihood:

Regularization terms:
● Strength is controllable
● Typically, different for 

different components
● Regularization via 

MEM and smoothing

Regularization of 
modulation parameters



Data and initial model

Data:

Model:

Template: sum of HI and H2 column densities 
from  GALPROP; no dark gas correction
Spectrum: Fermi-LAT (2012) ApJ 750

Template: ISRF from GALPROP, propagation 
with DRAGON
Spectrum: Fermi-LAT (2012) ApJ 750

Spectrum: Fermi-LAT (2015) ApJ 799 Locations and spectra: 3FGL catalog



SkyFACT vs the traditional approach

Fixed templates + constrained spectra

The traditional approach

No spatial modulation allowed ̴25% variations allowed
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SkyFACT vs the traditional approach

Constrained templates + spectra

With adaptive template modulation

Spatial modulation: 25% for gas, x2 for ICS 
Spectral modulation:  20-25% 
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Constrained templates + spectra

With adaptive template modulation

Spatial modulation: 25% for gas, x2 for ICS 
Spectral modulation:  20-25% 



Additional necessary components

Constrained templates + spectra

Irreducible residuals → add new components

Spatial modulation: 25% for gas, x2 for ICS 
Spectral modulation:  20-25% 



SkyFACT: modulation parameters

Original Template Best-fit Template

Template and Spectra Modulation



SkyFACT: modulation parameters

Original Template Best-fit Template

Template and Spectra Modulation

Dark gas



Reference model
Best-fit model components for reference model:



Application: bulge emission
Best-fit model components for reference model:



Application: bulge emission

12σ

Spectrum: fixed to Fermi-LAT (2014) ApJ 793, 5% 
variation
Template: free

Spectrum: free
Template: fixed to 511 keV emission,
20% variation

For future study:
● Low latitude behavior of Fermi Bubbles
● Robust characterization of GCE -- see Richard’s talk!



Application: CR proton gradient

With: Mart Pothast, Daniele Gaggero

Does the cosmic ray proton spectrum get harder closer to the 
Galactic Center?



SkyFACT: summary

● Introducing nuisance parameters into template 
fits dramatically improves fit quality

● Dominant components (gas, ICS) are recovered 
within 30-40%

● GCE spectrum recovered from input spatial 
template -- see Richard’s talk tomorrow!



Backup slides



Reference model rescaling



SkyFACT: likelihood + regularization

Regularization Definitions

Poisson Likelihood:

Regularization Likelihood Terms: 



SkyFACT: model

Model Definition

A1,A2,A3 = spatial, spectral, normalization
Big sparse matrices

Expected counts



SkyFACT: statistics definitions

Naively:

But: non-gaussianity, regularization constraints, 
parameter degeneracies:



SkyFACT: statistics table


