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Many studies have found the GeV excess is best-fit

by an NFW density profile. Here we do a reanalysis

of the spatial morphology of the GeV excess.



1) Data set used in this analysis:

e ~7 years of Pass8 UltraCleanVeto class

mesd | oE = 667 MeV — 158 GeV
® ROI = 15x15 deg region around the GC

2) Fitting Technique:

;
—

® Spectrum: Bin-by-bin analysis )

kospatial morphology: Template fitting methodJ

3) Analysis Methods:

f1:Use alternative interstellar gas maps ﬁ‘\
e Interpolated and hydrodynamical gas maps

e What is the GeV excess associated with?
e Bulge stellar distributions, new point

sources, Fermi Bubbles, Dark Matter?

/




Interstellar gas maps Inverse Compoton
(Hydrodynamical and Interpolated) (Predicted by GALPROP)

V' ~7 years of Pass8 data
(UltraCleanVeto class)

LoopI template
(Wolleben (2007))

3FGL sources
(Acero et al. (2015))

Sun & Moon templates
(Generated with the gtsuntemp tool — FermiTools)
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There are noticeable morphological differences
between the two methods.
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The hydrodynamical gas maps are preferred
by the data at almost every energy bin.
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l {There are 81 new point sources in 2FIG and 64

in our work. Our analysis confirms 31 2FIG PSs.
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There is residual extended emission which
' looks very similar to the X-shaped infrared bulge.



Image credit:ESO

» Close to 33% of all Galaxies display a boxy/penaut
or X-shaped bulge when seen edge on [Jarvis 1986].



» Close to 33% of all Galaxies display a boxy/penaut
or X-shaped bulge when seen edge on [Jarvis 1986].



Image credit:ESO

The Boxy Bulge

Weiland et al. (1994)
(COBE diffuse Infrared emission)

» COBE observations of the Galactic bulge reveal
a boxy shape morphology.



Image credit:ESO
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More precise WISE observations of the Galactic
» bulge reveal an X-shaped bulge morphology.
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There is an additional dense and disky stellar
» population close to the supermassive black hole.



Base Source log(LBase) log(LBasetsource)  TSsource o Number of
source parameters
baseline FB -172461.4 -172422.3 78 6.9 19
baseline NFW-s -172461.4 -172265.3 392 18.4 19
baseline X-bulge -172461.4 -172224.1 475 20.5 19
baseline NFW -172461.4 -172167.9 587 23.0 19
baseline NB -172461.4 -171991.8 939 29.5 19
baseline NP -172461.4 -169804.1 5315 55.7 64 x 19
baseline+NP FB -169804.1 -169773.6 61 5.8 19
baseline+NP NB -169804.1 -169697.2 214 13.0 19
baseline+NP NFW -169804.1 -169623.3 362 17.6 19
baseline+NP X-bulge -169804.1 -169616.2 376 18.0 19
baseline+NP+X-bulge NFW -169616.2 -169568.4 96 7.9 19
baseline+NP+X-bulge NB -169616.2 -169542.0 148 104 19
baseline+NP+X-bulge+NB  NFW -169542.0 -169531.0 22 2.4 19
baseline+NP+X-bulge+NB FB -169542.0 -169525.5 33 35 19
baseline+NP-+NB X-bulge -169697.2 -169542.0 310 16.1 19
baseline+NP+NFW X-bulge+NB  -169623.3 -169531.0 185 10.8 2x19

. To appear in a new version of Macias et al. (2016
NP:=New point sources PP ( )

NB:=Nuclear Bulge
FB:=Fermi Bubbles




Base Source log(LBase) log(LBasetsource)  TSsource o Number of
source parameters

baseline FB “172461.4 -1724223 78 6.9 19
baseline NFW-s -172461.4  -172265.3 392 18.4 19
baseline X-bulge J172461.4  -172224.1 475 20.5 19
baseline NFW J172461.4  -172167.9 587 23.0 19
baseline NB -172461.4  -171991.8 939 29.5 19
baseline -172461.4  -169804.1 5315 55.7 64 x 19
baseline-+NP FB -169804.1  -169773.6 61 5.8 19
baseline+NP NB -169804.1  -169697.2 214 13.0 19
baseline+NP NFW -169804.1  -169623.3 362 17.6 19
baseline+NP X-bulge -169804.1  -169616.2 376 18.0 19
baseline+NP+X-bulge NFW -169616.2  -169568.4 96 7.9 19
baseline+NP+X-bulge NB -169616.2  -169542.0 148 10.4 19
baseline+NP+X-bulge+NB ~ NFW -169542.0  -169531.0 22 2.4 19
baseline+NP+X-bulge+NB  FB -169542.0  -169525.5 33 35 19
baseline+NP+NB X-bulge 169697.2 -169542.0 310 16.1 19
baseline+NP+NFW X-bulge+NB  -169623.3  -169531.0 185 10.8 2 x 19

NP:=New point sources
NB:=Nuclear Bulge
FB:=Fermi Bubbles

To appear in a new version of Macias et al. (2016)



Base Source log(LBase) log(LBasetsource)  TSsource o Number of
source parameters
baseline FB 1724614 -1724223 78 6.9 19
baseline NFW-s 1724614 -172265.3 392 18.4 19
baseline X-bulge J172461.4  -172224.1 475 20.5 19
baseline NFW 1724614 -172167.9 587 23.0 19
baseline NB -172461.4  -171991.8 939 29.5 19
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baseline+NP FB 169804.1  -169773.6 61 58 19
baseline+NP NB 169804.1  -169697.2 214 13.0 19
baseline+NP _NFW 169804.1  -169623.3 362 17.6 19
baseline+NP X-bulge 169804.1  -169616.2 376 (18.0) 19
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baseline+NP+NB X-bulge 1696972 -169542.0 310 16.1 19
baseline+NP+NFW X-bulge+NB  -169623.3  -169531.0 185 10.8 2% 19

NP:=New point sources
NB:=Nuclear Bulge
FB:=Fermi Bubbles

To appear in a new version of Macias et al. (2016)



Base Source log(LBase) log(LBasetsource)  TSsource o Number of
source parameters
baseline FB 1724614 -1724223 78 6.9 19
baseline NFW-s 1724614 -172265.3 392 18.4 19
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Base Source log(LBase) log(LBasetsource)  TSsource o Number of
source parameters

baseline FB -172461.4 -172422.3 78 6.9 19
baseline NEFW-s -172461.4 -172265.3 392 18.4 19
baseline X-bulge -172461.4 -172224.1 475 20.5 19
baseline NFW -172461.4 -172167.9 587 23.0 19
baseline NB -172461.4 -171991.8 939 29.5 19
baseline NP -172461.4 -169804.1 5315 55.7 64 x 19
baseline+NP FB -169804.1 -169773.6 61 5.8 19
baseline+NP NB -169804.1 -169697.2 214 13.0 19
baseline+NP NEW -169804.1 -169623.3 362 17.6 19
baseline+NP X-bulge -169804.1 -169616.2 376 18.0 19
baseline+NP+X-bulge NEW -169616.2 -169568.4 96 7.9 19
baseline+NP+X-bulge NB -169616.2 -169542.0 148 104 19
baseline+NP+X-bulge4+NB  NFW -169542.0 -169531.0 22 2.4 19
baseline+NP+X-bulge+NB FB -169542.0 -169525.5 33 35 19
baseline+NP-+NB X-bulge -169697.2 -169542.0 310 16.1 19
baseline+NP+NFW X-bulge+NB  -169623.3 -169531.0 185 10.8 2x19

NP:=New point sources

NB:=Nueclear Bulge
FB:=Fermi Bubbles

To appear in a new version of Macias et al. (2016)

The Fermi GeV excess 1s best-fit by the X-bulge +
» Nuclear Bulge. The NFW template does not improve
the fit and is therefore not required by the data




X-shaped stellar Bulge
(Ness and Lang (2016),
Macias et al. (2016

Nuclear Stellar Bulge
// (Nishiyama et al (2013))
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The Galactic Center excess gamma-rays are

distributed as the X-bulge + Nuclear bulge stars.
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is consistent with that of MSPs.



1) Gas Maps for the Galactic Center

—

2) What is the Galactic Center excess due to?

—

a better fit to the data than

\inner 15x15 deg of the GC.

fﬁydrodynamical gas maps provide‘\

the interpolated gas maps in the

Wy,

GeV excess is associated with
stellar bulge populations e.g.

\MSPs .

(is very plausible that the Fermi\

J










Analyzed Fermi-LAT Galactic center excess emission taking into
account degeneracy with point sources and systematics in
diffuse Galactic background.

Interstellar gas maps constructed with the help of
hydrodynamical simulations are a better description of the data
than the ones constructed with the interpolation approach used
In most previous works.

Found 64 new gamma-ray point source candidates. Confirmed
the existence of 31 new point sources in the 2FIG catalog.

The spatial morphology is Galactic Center excess is spatially
distributed as the previously known X-shaped bulge infrared
emission and the nuclear bulge stellar population map.

Found of order 1074 or unresolved millisecond pulsars in the
Xbulge could account for the excess emission.

Annihilating dark matter is not longer a good fitting model for
the Galactic center excess.



In our bin-by-bin analysis we had 19 energy bands in each of
which the point source amplitude was not allowed to take
on a negative value, we thus have a mixture distribution given

7 5(TS) + 312 (19)52, (TS
1) = 213+ Bl ()15
1=0 \ 4

To work out the number of O of a detection we evaluate the
equivalent p-value for a one new parameter case:

Number of o = \/InverseCDF (X%, CDF [p(TS), ’fS] )

For 19 d.o.f a 40 detection corresponds to TS>41.8.



Base Source log(LBase) log(LBase+Source)  TSsource o Number of
source parameters
baseline+NB+-X-bulge NEFW -171956 .4 -171948.7 15 1.5 19
baseline+NFW NB+X-bulge -172167.9 -171948.7 438 18.6 2x19
baseline* NFW -173565.0 -172929.2 1272 34.6 19
baseline* +NFW NB+X-bulge -172929.2 -172592.0 674 23.8 2x19
lbaseline*+NBiX-bulge NEW 1 -172631.5 -172592.0 79 6.9 19
baseline 2FIG -172461 .4 -170710.5 3501 37.3 81 x 19
baseline+2FIG X-bulge -170710.5 -170487.3 446 19.8 19
baseline+2FIG NFW -170710.5 -170484.6 452 19.9 19
baseline+2FIG NB -170710.5 -170470.5 480 20.6 19
baseline+2FIG+NB NFW -170470.5 -170387.8 165 I1.1 19
baseline+-2FIG4+-NB X-bulge -170470.5 -170307.6 326 16.6 19
Ibaseline—l—ZFIG—I—NB—I—Xbulge NFW_| -170307.6 -170301.8 12 1.1 19

/géseline:= Hydrodynamical gas maps
baseline*:= Interpolated gas maps
NP:= New point sources
NB:= Nuclear Bulge
FB:= Fermi Bubbles
\EFIG:= 81 new point sources in the 15x15 R?E/

To appear in a new version of Macias et al. (2016)
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Dynamical instabilities of stars
in the Galactic bar send these

on orbits resembling an X-shape

x(kpc)
Portail et al. (2015)

Bland-Hawthorn & Gerhard (2016)
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Ness & Lang (2016),
Macias et al. (2016)

, ® Recent work by the Fermi collabora-
{1205 tion arguably shows a similar X-shaped
| excess at the base of the Fermi

' bubbles.

Galactic Latitude

Arbitrar

| ® However, our analysis shows distinct
og;mfhwﬁg“'o spectral characteristics to the over-

all Fermi bubbles ones: while the bu-
bbles are described by « F 1Y the
Xbulge is by(x_ET‘234i0ﬂq

® The luminosity per solid angle of

the X-bulge is (2.7+0.3) x 10°® erg/s/sr
while that of the Fermi bubbles co-

rresponds to (6.3 1+ 0.1) x 10°7 erg/s/sr

® When our analysis considers the Fer-
mi bubbles template proposed by ApJdSup
223(2016)no.2,26 we find it has a
negligible TS-value.

ApJ.Suppl. 223 (2016) no.2, 26




MSP-like component

, Bubbles template low latitudes
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15x15 degrees and is not spherically symmetric
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® The stellar mass of the X-bulge plus the nuclear

bulge isJNJQj)yzlogdwﬂjtherefore the Luminosity-to-
: . 27

Mass ratio for E>100 MeV is~ 3 X 10 erg/s/ﬂ4t> .

From Winter et al. (2016) we infer the total MSPs

luminosity of the Galaxy to be ~ 2 x 10?7@rg/5/ﬂ40

while for 47 Tuc is~ 5 X 102863g/s/ﬂl®.
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Dust emission provides an alternative method
# of tracing hydrogen gas in the Galaxy.



Credit: Fermi-LAT collaboration ApJ.Suppl. 223 (2016) no.2, 26
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® The Fermi-LAT Galactic background model is only
recommended for analyses of astrophysical compact
objects.
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» Dark matter is no longer favored by the data!



arXiv.org > astro-ph > arXiv:1702.08602

Astrophysics > High Energy Astrophysical Phenomena

Observations of M31 and M33 with the Fermi Large Area Telescope: a galactic center excess in Andromeda?

Fermi-LAT Collaboration

(Submitted on 28 Feb 2017)

Andromeda is ~770 kpc
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