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third dimension (not shown) — energy
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Studies of the Fermi Data

The galactic center and inner galaxy is a very interesting region.
Interesting CR activity. Burst? Point Sources. pESSiEREmEE
A possible signal of Dark Matter Annihilation?
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Robust to diffuse gamma-ray
emission uncertainties

II

The GCE is present
everywhere in the
i inner galaxy




What are the explanations?
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Alternative work related to the Galactic Center the
GeV excess and it’s interpretations

Millisecond Pulsars: e ... MSPs+All Unidentified

Hooper, IC, Linden, Siegal-Gaskins & Slatyer dentitiod uSps
PRD 2013 (1305.0830), (<10% of total)

Calore, Di Mauro, Donato Apd 2014
(1406.2706) (<10%)

|IC, Hooper, Linden JCAP 2015 (1407.5625)
NOT REALLY ABOVE 5deg

Calore, Di Mauro, Donato, Hessels, Weniger
(1512.06825) MAYBE YES ! |
Brandt, Cocsis ApJ 2015 YES BUT SPECIAL Il BT
MSPs F, (ph em 2 s ' E
O’Leary, Kistler, Kerr, Dexter 2016
PROBABLY
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As reference we need 1-3x10A3 MSPs in the
iInner 2 kpc bellow threshold

.
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Sensitivity analyses on point-sources
and astrophysics modeling:

Bartels, Krishnamurthi, Weniger PRL 2016
Lee, Lisanti, Safdi, Slatyer, Xue PRL 2016
Huang, Ensslin, Selig JPCS 2016.

b Gal. latitude kleg|



How to characterize a
Central Source Population”

dN/dL

Lnin = gamma-ray physics
L« — detection threshold
- Lmax ? gamma-ray physics




A simple Question: Can the
CSP Be Bright Enough?

e (Given an assumption about the
“luminosity function” (the
dependence of Nps on Lps),
can ask if “point source-y” PSs
are compatible with unresolved
PSs accounting for the GCE

Inner Galaxy
wavelet analysis

.
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GCE intensity \\b \
3 )

N
e Claimin 2015 was “yes” if the
luminosity function had a

power-law index a=1.5 107 i G i

Maximum ~-ray luminosity, L.y [erg s™1
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Yes, a CSP Can Be Bright
Enough

e (Given an assumption about the
“luminosity function” (the

Inner Galaxy
dependence of Nps on I—PS) wavelet analysis
can ask if “point source-y” PSs

Strong Support for the Millisecond Pulsar Ollp,m of the Ga]actlc Contor GeV Excess

1,1t

Richard Bartels,*|” Suraj Krishnamurthy,"[T and Christoph Weniger

VGRAPPA Institute, University of Amsterdam, Science Park 904, 1090 GL Amsterdam, Netherlands
(Dated: 4 February 2016)

Nnosity tuncition haa a

power-law index aL=1.5 107 5 e

Maximum ~-ray luminosity, L.y [erg s™1

Bartels et al., 1 506051 04




The 4FGL Catalog

1FGL
2FGL
3FGL
4FGL
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Abdollahi et al., 1902.10045




The 4FGL Catalog
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The Masks of ditferent Fermi
Catalogs (#FGL)

2FGL + disk 3FGL + disk 4FGL + disk
o




What are wavelets?

Wavelets have been used in image compression (JPEG), de-
noising, fast signal identification, even in HEP data

Allow analysis of data in both time/space and
frequency space ¢

Different type of structures
will have a different power at
different levels of the deco-
mposition (e.g. edges and
other small scale structures
vs larger scale variations).

1

Wavelets can find these different structures.




GCE: “Wavelet” Results

Zhong, McDermott, Cholis, Fox, 1911.12369

117 peaks (w/ S>4) > 109 peaks near 4FGL



Counting “Wavelet” Peaks
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Data (no mask) Data (3FGL mask) Data (4FGL mask) —t+- Diffuse only (4FGL mask)

Zhong, McDermott, Cholis, Fox, 1911.12369

wavelet statistics change qualitatively with 4FGL!



High-S Sources

Zhong, McDermott, Cholis, Fox, 1911.12369

117 peaks (w/ S>4) D 109 peaks near 4FGL D 47 are unknown/unassociated
We have access to all of those spectra in 4FGL!




Compare Spectra

Zhong, McDermott, Cholis, Fox, 1911.12369
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implications for GCE
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L uminosity Function

dN/dL

Lnin ™ gamma-ray physics
L« — detection threshold
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L uminosity Function

dN/dL

Lnin ™ gamma-ray physics
L« — detection threshold

& “.._. .5 —] - P~ ’_g d

<thr L dN/dL dL “= GCFE’




L uminosity Function

dN/dL

Lwin — 1029 erg/s
Linr — 1034 erg/s
" Lmax — 1035 erg/s

L-a

<thr L dN/dL dL “= GC&



. uminosity Function®

dN/dL

Lonin = 0O
" L = 3x1034 erg/s

Lnax — 1035 erg/s
<thr L dN/dL dL “= GC&




L uminosity Function

dN/dL

<thr L dN/dL d



DM or Cosmic-Ray Burst activity still work

No additional small-scale structure,
so it looks just as good as diffuse-only
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Zhong, McDermott, Cholis, Fox, 1911.12369

3 DM models x 60 diffuse models x 100 trials




Thanks!




Extra




Point Source Fit Update
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most of the brightness should have
been just below the (ca. 2015) (time invariant statement)
point source detection threshola




Point Source Statistics

dark matter onl point sources onl point sources only (w/o PSF)

curves
predicted DM only
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Point Source Statistics

dark matter onl point sources onl point sources only (w/o PSF)

» curves
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histograms
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similar at low counts
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Point Source Statistics

dark matter onl point sources onl point sources only (w/o PSF)

curves
- predicted DM only
------ predicted PS only
predicted PS only (w/o PSF)
histograms
simulated DM only
simulated PS only
simulated PS only (w/o PSF)
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Point Source Fits

Leeetal, 1506.05124

3FGL masked

— NFW PS
— NFW DM

DM only
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be from point sources



Point Source Fits

Leeetal, 1506.05124
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pb-dependence of detection
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GCE: Template Fit Results

Zhong, McDermott, Cholis, Fox, 1 911 1 2369
2FGL mask, NFW

— tot ICS — isotropic
_— 70 & Brem — Bubbles — NFW
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GCE: Template Fit Results

Zhong, McDermott, Cholis, Fox, 1 911 1 2369

2FGL mask, NFW 4FGL mask, NF'W

— tot ICS — isotropic

— tot ICS — isotropic
_— 70 & Brem — Bubbles — NFW

— 79 & Brem — Bubbles — NFW
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GCE: Template Fit Results

Zhong, McDermott, Cholis, Fox, 1 911 1 2369
2FGL mask, NFW 4FGL mask, NF'W

— tot ICS — isotropic

— tot ICS — isotropic
_— 70 & Brem — Bubbles — NFW

— 79 & Brem — Bubbles — NFW
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T
wn
~
wn
~—
C\](_'
=
(&)
~
>
D)
O,
—
Q
3
~—
ZF‘
-]
AN~
Sa

E

TABLE 1. Difference in —21n A\ (lower numbers are better) at
the best fit points of each model, summed over energy bins,
compared to our best fit for each mask.




GCE: Template Fit Results

Zhong, McDermott, Cholis, Fox, 1 911 1 2369
2FGL mask, NFW 4FGL mask, NF'W

— tot ICS — isotropic
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_ 70 & Brem — Bubbles — NFW
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What are wavelets”?

wavelet coefficients orlglnal signal

(ab /f *(x_b>dx
/ \ \/_ mother wavelet

cale Sltl - (different choices)




Other Energy Binnings

S is a nonlinear function of counts/binning — but
AFGL always captures entire relevant population
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L uminosity Function

dN/dL

Lwin — 1031 erg/s
Linr — 1034 erg/s
" Lmax — 1035 erg/s

L-a

<thr L dN/dL dL “= GC&



