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Eve Schoen  |  Characterizing the EGB in Fermi |

O U T L I N E

1. What is a point source? 

2. Preliminary results for EGB measurement in Fermi data 

3. How far can we push this technique?
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W H AT  I S  L E F T  B E YO N D  P O I N T  S O U RC E S ?

4F e r m i - L AT  G a l a c t i c  M a p  a t  ~ 2  G e V,  3 F G L  e x c l u d e d
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P R E V I O U S  A N A LY T I C A L  L I K E L I H O O D  AT T E M P T S

8

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

       

          Assumes pixels are independent 

         Energy independent

→ ℒ(θ) =
Npix

∏
p=1

P(np)

→

→
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T H E  C N N  
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Layers (non-linear transformations)

SCD
SCD
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Count map 
(one for each energy bin)

Energy spectra

Source Count Distribution

ROI: 
Mask 3FGL at 95% containment

r < 20∘; (l, b) = (135,60)
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A L R E A DY  A P P L I E D  TO  T H E  G C E  
E X T E N S I V E LY  T E S T E D  I N  M O N T E  C A R LO

10

2 5 10 20

E [GeV]

10°7

10°6

10°5

E
2 d

N
/d

E
[G

eV
/c

m
2 /

s/
sr

]

Inner Galaxy Spectrum
r < 25± |b| > 2±

LPoisson

º0, Brem.

IC

CNN

GCE

Disk

10°14 10°13 10°12 10°11 10°10 10°9

F [photons/cm2/s]

10°8

10°7

F
2 d

N
/d

F
[p

ho
to

ns
/c

m
2 /

s/
sr

]

GCE SCD

1
ph

ot
on

3F
G

L
threshold

CNN with energy

CNN no energy

NPTF (2016)

arXiv:2507.17804



Eve Schoen  |  Characterizing the EGB in Fermi |

T H E  E X T R AGA L AC T I C  - R AY  BAC KG RO U N D  ( E G B )  &  
T H E  I S OT RO P I C  D I F F U S E  - R AY  BAC KG RO U N D  ( I G R B )

γ
γ
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+ =

EGBResolved IsotropicIGRB
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DATA  G E N E R AT I O N
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* F e r m i  G a l a c t i c  m o d e l  p 6 v 11

Templates:

Galactic Isotropic

ROI: 
Mask 3FGL at 95% containment

r < 20∘; (l, b) = (135,60)
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DATA  G E N E R AT I O N
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+ =

 Number Energy Bins 

Following Power Law Spectra

×

Poisson realization Point Source Simulation
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M O D E L  VA L I DAT I O N
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R E S U LT S  -  E N E RGY  S P E C T R A
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16

Preliminary
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E X T E N S I O N S  

  Extend to full high latitude ROI ( º) 

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

  Unmask Fermi data  one consistent analysis for the full EGB including 

IGRB and resolved point sources 

  Consistency check: using 1 month of data and 17 years 

|b | ≥ 30

→
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F U T U R E  M E T H O D S  

• Flow matching: use ML to learn a likelihood formula 

• Can use transformer network or CNN as the ML 

•

18

P h o t o  a t t r :  F l o w  M a t c h i n g  G u i d e  a n d  C o d e .  L i p m a n  e t  a l .  
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S U M M A RY

19

• Method allows for consistent treatment of 

fitting with point source & poisson emission 

• EGB provides an opportunity to study non-

thermal universe and improve techniques 

relevant for DM 

• Thank you for your attention!
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B A C K - U P  S L I D E S
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| Eve Schoen

The full loss functions used to train the NN 
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ℒ(ỹθ(x), y) =
T

∑
t=1

E

∑
e=1 [ 1

2(σ̃t,e
θ (x))2

(ỹt,e
θ (x) − yt,e)2 +

ln[(σ̃t,e
θ (x))2]
2 ]

ℒτ(ũθ(x, τ), u) =
1
N

N

∑
n=1

[(Ũn
θ(x, τ) − Un)(τ − I[Ũn

θ(x, τ) < Un])]

Spectra:

Histograms:

=energy bin

=template


 = estimated SCD of all 
models


= true SCD of all models


= statistical uncertainty


= estimated counts per model, 
per bin


= true counts per model per 
bin


= the probability bin

= histogram quantile level


= estimated SCD histogram for 
all models


= true SCD histogram for all 
models


= Estimated cumulative 
histogram


= True cumulative histogram

= the indicator function


e
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ũn
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I[ . . ]

Florian List. The earth mover’s pinball loss: Quantiles for histogram-valued regression, 2021. 



Estimate FF and uncertainty 
with negative Gaussian LLH 

loss function
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NN Architecture
POINT SOURCES AND THE SPECTRUM OF THE GCE

⇒

Step 1: estimate template flux fractions

⇒

Input Output
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f!

Convolutional blocks Fully-connected blocks

# of channels

nside

(μ , σ )FF

Network similar to, 
but not exactly as 

depicted here
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NN Architecture
POINT SOURCES AND THE SPECTRUM OF THE GCE

⇒ ⇒

Input
Output

Convolutional blocks Fully-connected blocks

# of channels

nside
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Network similar to, 
but not exactly as 

depicted here

Step 2: estimate GCE & disk  (SCD)dN/dF
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T H E  E G B  A N D  I G R B

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

• EGB: The sum of all extragalactic gamma ray radiation
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   T E S T  Y O U R  U N D E R S TA N D I N G :  

  The IGRB is …….. ……..  ……..  ……..  ……..             fundamental              or           detector dependent 

  The EGB is……… ……..  ……..  ……..  ……..             fundamental             or            detector dependent
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