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GeV Excess: a well known issue since 2009
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GeV Excess: confirmed by Fermi Collaboration

Fermi-LAT OBSERVATIONS OF HIGH-ENERGY ~-RAY EMISSION TOWARD THE GALACTIC CENTRE

of the iterstellar emission and energy ranges used by the respective analyses. L'hree 1FIG sources are tound
to spatially overlap with supernova remnants (SNRs) listed in Green’s SNR catalog; these SNRs have not
previously been associated with high-energy ~-ray sources. Most 3FGL sources with known multi-wavelength
counterparts are also found. However, the majority of 1FIG point sources are unassociated. After subtracting
the interstellar emission and point-source contributions from the data a residual is found that is a sub-dominant
fraction of the total flux. But, it is brighter than the -ray emission associated with interstellar gas in the inner
~ 1 kpc derived for the IEMs used in this paper, and comparable to the integrated brightness of the point
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GeV Excess: déyemﬁ’ng on the asmyoﬁysica[ model
A: diffuse background
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posterior probability

GeV Excess: cfejaenoﬁ’ng on the asmyoﬁysica[ model
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Unresolved MSPs could be the source of this excess
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D3PO and Gamma-ray S ﬁy

Selig+ 2014 D3PO package: Based on a hierarchical
Bayesian parameter model, the signal
inference exploits prior information on

the spatial correlation structure of the
diffuse component and the brightness
distribution of the spatially uncorrelated
point-like sources.

catalog with 3106 candidates,
1897 of them known in 3FGL



Selig+ 2014

Phenomenological Decomposition
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D3PO and Gamma-ray S Ey

Selig+ 2014

Phenomenological Decomposition

“pubble”-like “cloud™-like

Planck 2013 low frédguency componrent




D3PO and Gamma-ray S ﬁy

Selig+ 2014 Phenomenological Decomposition
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D3PO and Dark Matter




D3PO and Dark Matter

X%{OI (P) = 2_icror X; (p)
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GeV excess 7

Fitted with astrophysical model

Inner Galaxy
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GeV excess and Dark Matter

bb T T

likelihood map likelihood map

250 250
Lo 200 1o° 200
150 150
10° 1 100 _ 10 1 100
l'o M l'o
10-2 = s . 0;
3 P :EE i- - ‘ 1o
< ~
d_en 5‘- Sn
= 10° —— best fit value by Calore+ 2014 ‘
= 107 F 10° R —  pont
- .
e < oud 100
- —— AT bustle
\\\ N . DM
g 10’ R = tota -150
10 F g . . ¢ & Counts
10' . -200
10° ‘\1
lU'E A A A il A A A A A A A - ...I.}I‘ A A : A A i A " A A A 1 - — 2 50
10t 10° . 920 + 10! 10°
’ 3 ® a8 ) 1
m,,, (GsV) ‘ 210 » i m,  (GeV)
= QLS
“ are - - . . .
-Ji 3 1 '
10 13 10
Py G

5X1%{.(_)I(mdma (ov)) =
: 2 ~ ‘ - 9 | .
ming gX1o1(0; 0, @, 8) — ming gxpo1(Mdm, (0v), @, 5).

Ayt
Xnow



GeV excess and Dark Matter

Including DM in the fitting will not obviously disturb

“cloud”-like and “bubble”-like components
an:’ piny

“Cloud”-like (cold ISM) “Bubble”-like (hot ISM)



GeV excess and Dark Matter

agree well with each other
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Different regions to check the consistency of dark matter interpretation
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GeV excess and Dark Matter

§x2; = ming, 4.%5(0,0, oy, 8;) — ming, g.X2 (Mams, (00)4, @i, 5i)

best fit parameters

Improvement of fitting.f

each pixel after inc

[
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Improvement due to the inclusion of DM annihilation contribution is almost spherically

distributed around the GC. This is consistent with the anticipation that this signal has a
DM annihilation origin.



GeV excess and Dark Matter

What's the effect of another astrophysical component?
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GeV excess is still there!







ﬂsmyoﬁysica[ structures?
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“DM”-Like Comyonem‘

ijk__,, Uk jk ijk 4 Uk
/1 =7i ndm+ai % +ﬂi nj +np0int gnfw

RS 1/
/i ndm

logl10(y. )




“DM”-Like Comyonent Vs. “Bubble”-[ike Comyonent

After freeing the normalization of
DM component in each pixel, the morphology
of the Fermi bubbles as well as of the galactic

disk is shown at locations more distant from the GC
i30 i30)
yi ndm /31 n‘h

“DM”-like (?) “Bubble”-like (hot ISM)

Do similar structures indicate “similar” origin?



Constraints from Anti-Galactic Center Region
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AFRICAN | ASIAN
ELEPHANT ELEPHANT
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EARS: Large, “Africa-shaped” ear EARS: Small, rounded ear
TRUNK TIP: Two “fingers” for grasping TRUNK TIP: One “finger” for grasping
HEAD: Single dome HEAD: Twin dome
HEIGHT (tallest at shoulder): 9 - 13' HEIGHT (tallest at back): 6.5 - 9'
WEIGHT: 8,800 - 15,400 Ibs. WEIGHT: 6,600 - 13,200 Ibs.




Conclusions

With our phenomenological astrophysics modeling
(1) We find a excess in our ROI, and it is coincident with the GeV
excess reported in the literature
(2) Fitting this excess with DM annihilation signal, we get consistent
parameters with those in the literature
(3) Data favor a spherical component centered at GC, which is
consistent with a DM annihilation signal
However ..
(1) Find also preference of data for such DM-like component in
astrophysical emission regions
(2) Very strong constraints from anti-Galactic center region

(a) Additional astrophysical components may mimic

# DM annihilation signal
(b) More accurate astrophysical gamma-ray emission

model is needed!
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