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OUTLINE

1. What is a point source?

2. Preliminary results for EGB measurement in Fermi data

3. How tar can we push this technique?
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RESOLVED POINT SOURCES

Fermi-LAT 3FGL at ~2 GelV Eve Schoen | Characterizing the EGB in Fermi | 3




WHAT IS LEFT BEYOND POINT SOURCES?

Fermi-LAT Galactic Map at ~2 GeV, 3FGL excluded Eve Schoen | Characterizing the EGB in Fermi| 4



DETECTING AN UNRESOLVED POINT SOURCE
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DETECTING AN UNRESOLVED POINT SOURCE
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PREVIOUS ANALYTICAL LIKELIHOOD ATTEMPTS

® E.g. 1 pPDF, NPTF or CPQG (Zechlin et al., Misha-Sharma et al., Collin et al.)

Npix

-~ L) = Hp(np)
p=1

—  Assumes pixels are independent

—  Energy independent
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Energy spectra
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ALREADY APPLIED TO THE GCE

EXTENSIVELY TESTED IN MONTE CARLO

Inner Galaxy Spectrum GCE SCD | [ | CNN with energy

r < 25° || > 2° --= CNN no energy

--- NPTF (2016)
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THE EXTRAGALACTIC »-RAY BACKGROUND (EGB) &
THE ISOTROPIC DIFFUSE y-RAY BACKGROUND (IGRB)

IGRB Resolved Isotropic EGB
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DATA GENERATION ROL: 7 < 20°: (I, b) = (135,60)

Mask 3FGL at 95% containment

Templates:

Y

ey

Galactic Hejige]e]le

*Fermi Galactic model p6vlil
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DATA GENERATION
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Poisson realization Point Source Simulation
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MODEL VALIDATION

diffuse Fermi iIsotropic PS

Estimated

W.Mean Max
423% 48.88%
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RESULTS - ENERGY SPECTRA

Ty 10_6 -
N i
} :' |:w'|~ ,‘I-lll_ | | | | o
> :'1&1/'1\\ """ e o)
— 1077 ¢ N
O i
s |
A
= s
% 10 3 CNN - Galactic
CEQ CNN - Extragalactic
- |- Poisson
10_9 —— ' : N I I I 1 A
101 102
E |GeV]

Eve Schoen | Characterizing the EGB in Fermi | 15




RESULTS - SOURCE FLUX DISTRIBUTION

: ISO | JCNN with energy |
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EXTENSIONS

Extend to full high latitude ROI (| b| > 30°)

Use full energy range of Fermi (200 MeV - 2 TeV)

Unmask Fermi data — one consistent analysis for the tull EGB including

|IGRB and resolved point sources

[ 1 Consistency check: using 1 month of data and 17 years
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FUTURE METHODS

Flow matching: use ML to learn a likelihood formula

Can use transformer network or CNN as the ML

Photo attr: Flow Matching Guide and Code. Lipman et al.
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BACK-UP SLIDES



The full loss functions used to train the NN

Spectra:

Histograms:

e=energy bin
I=template

Y (X) = estimated SCD of all
models

y= true SCD of all models

L e | [ ~1.e 2]
3(5’9(X)a Y) — Z Z 2(52)6(}())2 (yge(x) _ yt,e)Z 4 I (UHZ(X))

=1 e=1

F(ii (X, T), u) = Z [(U%(x,7) — UMz = I[U(x,7) < U™)]

n 1

n= the probability bin

6,°(x)= statistical uncertainty Uj(x, 7)= Estimated cumulative

_ 7= histogram quantile level -
ytge_ estimated counts per model, -1 .g , histogram
oer bin u,= estimated SCD histogram for U"= True cumulative histogram
all models L .
te_ I| . . ]=the indicator function
gin_ true counts per model per u= true SCD histogram for all
models

21
Horian List. The earth movers pinball loss.: Quantiles for histogram-valued regression, 2021,



POINT SOURCES AND THE SPECTRUM OF THE GCE

NN Architecture

Step 1: estimate template flux fractions

# of channels

X
-----\--

198 256 256 256 256 257

log,(total counts)

Output

Estimate FF and uncertainty

with negative Gaussian LLH
loss function

/
fe(x) B(x

(1, 0)FF

Fermi map

- ‘ - Network similar to,
y— but not exactly as
depicted here

MaxPool

Convolutional blocks Fully-connected blocks
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Input

Fermi map

f“ residual

POINT SOURCES AND THE SPECTRUM OF THE GCE

NN Architecture

Step 2: estimate GCE & disk anv/dF (SCD)

# of channels

\

2048
256 256 256 256 257

CDF Histogram

Network similar to,
but not exactly as
depicted here

Convolutional blocks Fully-connected blocks

GCE SCDs

: Disk ‘ '

at quantile level 7 B}
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THE EGB AND IGRB

IGRB: True extragalactic poisson emission as well as unresolved point
sources

EGB: The sum of all extragalactic gamma ray radiation

TEST YOUR UNDERSTANDING:

The IGRB is fundamental detector dependent

The EGB is fundamental or detector dependent
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THE EGB AND IGRB

IGRB: True extragalactic poisson emission as well as unresolved point
sources

EGB: The sum of all extragalactic gamma ray radiation

TEST YOUR UNDERSTANDING:

The IGRB is fundamental or detector dependent
The EGB is or detector dependent
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