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Template Fitting: The Standard Approach
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Template Fitting: The Standard Approach

=N

N |
oOoUIOCUTIOUTIOUTIO

sum of modeled components

— examine residuals



Template Fitting: The Standard Approach

GeV Excess

Fermi Bubbles Calore+2015
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Fruitful approach, so far



Template Fitting: The Standard Approach

Calore+2015
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Always present: other residuals



Template Fitting: The Standard Approach

Calore+2015
Residuals (Counts - Model)
o
...... PEEIEPEPEPH EPEPEPRY SR PR
& .
¢
I | | | D T B
-5 -4 -3 -2 -1 0 1 2 3 4 )
(data-model) / sgrt(model) -3.84 3.84

Residuals: missing components? Mis-modeling?
Consistent with uncertainties in data/model?



Template Fitting: The Standard Approach
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What can we do?

e Develop better data analysis techniques
e Develop better theoretical predictions
® Parameterize uncertainties in models




Template Fitting: A Primer

Model = ZSpectrum x Morphology
k



The Traditional Approach

Model = ZSpectrum x Morphology
k



The Traditional Approach
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The Traditional Approach
Model = ZSpectrum x Morphology

k
(K)p(k)
Hij = E T HJ.
I spatial pixel %o
j: energy bin
K: model component N

Calore+2015



Spectral Decomposition

Model = ZSpectrum x Morphology
k



Spectral Decomposition

Model = 3 [Specirun] x Morphology
k

Spectra fixed

to (data- Spatial
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Spectral Decomposition

Model = ZSpectrum x Morphology
k

pip =5, 6,
k

J: energy bin .

K: model component

Selig+2015, Huang+2016



A New Approach

Model = ZSpectrum x Morphology
k



A New Approach

Mode = 5 ipecrun] rphobgy
k

Spectra free to | |Templates free

vary in energy | [lto vary spatially
bin by bin pixel by pixel



A New Approach

Mode = 3 Specron]x loielop]
k

Spectra free to | |Templates free

vary in energy | lto vary spatially
bin by bin pixel by pixel

SkyFACT



SkyFACT

Sky Factorization with Adaptive
Constrained Templates
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Sky Factorization with Adaptive
Constrained Templates

eSS Tgk)Sj(.k)HI(k)ej(.k)g(k)
k



SkyFACT

Sky Factorization with Adaptive

Constrained Templates
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SkyFACT

Sky Factorization with Adaptive
Constrained Templates
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SkyFACT

Sky Factorization with Adaptive
Constrained Templates

Traditional Approach:

10s of free parameters
Slow fitting (e.g. Minuit)
Rigid spatial templates not
accurate enough for data
Large residuals that are
difficult to interpret

SkyFACT:

~100,000 free parameters
Super fast fitting algorithm
Realistic model
uncertainties built in
Flexible physically
motivated templates



SkyFACT

Sky Factorization with Adaptive
Constrained Templates

Preliminary Science



SkyFACT vs the Traditional Approach
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SkyFACT vs the Traditional Approach
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Mask inner galaxy (for now)



SkyFACT vs the Traditional Approach

Data:
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SkyFACT vs the Traditional Approach

-ixed templates, free spectra
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The traditional approach



SkyFACT vs the Traditional Approach

-ixed templates, free spectra
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SkyFACT vs the Traditional Approach

Free templates, free spectra
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With adaptive template fitting
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SkyFACT

Free templates, free spectra
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With adaptive template fitting



SkyFACT

Template rescaling factors
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SkyFACT

Template rescaling factors
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Point sources?
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SkyFACT

Inner Galaxy Unmasked
Add bubble spectrum
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SkyFACT

Inner Galaxy Unmasked
Add bubble spectrum
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Bubble morphology recovered!



SkyFACT

Inner Galaxy Unmasked
Add bubble spectrum
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Summary and future plans

SkyFACT: towards zero residuals

Energy > 0.3 GeV

Future plans:
e Robustly determine the best fit to the galactic

center, within uncertainties
e Understand degeneracies between model/data

components



