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HESS observations of GC
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The Galactic Centre is a unique astronomical source hosting the
nearest to us supermassive black hole of the mass M=4x10° M_

After EGRET discovery of the HE from the GC the origin
and mechanism(s) of the emission are actively debated.

HESS observations allowed to place the center-of-gravity of the TeV
point source within the central 6" of the Galaxy(Acero et al. 2010),
leaving only a handful of possible sources:

» the central black hole itself, Sgr A* (Aharonian & Neronov 2005),

» a plerion discovered within the central few arcseconds
(Hinton & Aharonian 2007)

> a putative “black hole plerion” produced by the wind from Sgr A*
(Atoyan & Dermer 2004),

» the diffuse10 pc region surrounding Sgr A* (Aharonian & Neronov
2005; Ballantyne et al. 2007, 2010).



Fermi/LAT observations of GC
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In 2011 Chernyakova et al. analyzed 25 months of the data. On the

base of 1FGL catalog they reconstruct GC spectrum and propose a

model of diffusion of CRs in GC ambient medium.

theory and observations

The observed shape can be explained either by the

e energy dependent diffusion coefficient or

e flare happened 100 — 300 years ago (e.g. Sunyaev et al. 1993,
Koyama et al. 1996)

High energy emission from the Galactic Center:

~100MeV cut-off in photon spectrum is un-avoidable due to cutoff in
p-p cross section.
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Fermi/LAT observations of GC
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Leptonic (e.g. Hinton & Aharonian 2007, Kusunose 2012) and hybrid
(Guo 2013) models were also recently proposed in order to explain
the observed GC spectrum.

In recent works of Yusef-Zadeh (2013), Abazajan (2014), authors
argue on diffuse nature of GC FERMI/LAT source, that can be a
signature of DM decay.
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Morphology of the Galactic Center
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In our work we analyze 74 months of FERMI/LAT data

= To discriminate between point- and diffuse- morphologies proposed in the
literature we model GC as a disk of certain radius and investigate the

dependance of the detection significance on the disk size.

145

m, the G

b
®

SHERRMIRAY:

b

We perform simulations in 1-3GeV and 3-10GeV energy bands with the
similar results.
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» For the radii R<0.15° the flux attributed to GC changes within 10%
systematic error.
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HESS spectrum ——
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In our work we analyze 74 months of FERMI/LAT data, include
into analysis all 2FGL sources and consider low-energy (60-
100MeV) data. 10% systematic errors were added. We do not
observe clear low-energy cutoff predicted in pure hadronic
model.
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To verify low-energy analysis we built 60-100 MeV test-
statistic map of GC region. All diffuse and point-like source
beyond 0.7°circle (dashed cyan line circle) are subtracted.

At higher (100-300MeV and 300-1000MeV) energies the

position of brightest pixel at TS map shifts to the catalog GC
position.
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Leptonic Model: Flare
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X-ray data suggest flare happened about 300 years ago.

Injected electrons with energies > 10 GeV fully cool down (IC of
the soft photons with with density ~ 5x10* eV/cm™ ), while there
1s still a hump at lower enrgies.




15

14} ‘ ]
13} — :::;—-.F,:: :__ ........... |
12 ‘ 1

11 F

EFg. 1 0% rg.l'cmE.Fs

1F

54500 55000 55500 SE000 56500 57000
T, MJD

theory and observations

From the observed variability in X-ray data it folows that the
length of the flare was about 10 years (Terrier et al. 2010).

High energy emission from the Galactic Center:

The IC cooling time at GeV energy band is comparable with the
length of the flare. In ten years the expected 1 — 10 GeV flux
should decrease by ~ 5 — 10%.
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Modifications to the hadronic model
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~100MeV cutoft in photon
spectrum is un-avoidable due
to cutoff 1n p-p crossection.

The absence of the cutoff
indicates that the observational
results are in tension with a
pure hadronic model.

This tension can be significantly reduced taking into account
bremsstrahlung radiation of cosmic rays electrons, either
accelerated closer to the GC or seconary ones.

The requirement for the model flux not to exceed the observable
flux at 60 MeV 1mplies the ratio of proton to electron densities to

be np/ne > 50.



Conclusions

» We present the spectrum of the Galactic Center from the analysis
of 74 months of FERMI/LAT data, taking into account all 2FGL
sources. Low-energy (60-100MeV) results are also presented.

» We do not see the diffuse morphology of the Galactic Center.
Assuming GC to be a disk of radius R, our analysis statistically
can not exclude any radii R<0.13° above 10 GeV and R<0.22° in
3-10 GeV band.

» The attributed to GC flux is consistent with one for point-source
within 10% systematic errors.

theory and observations

» Low (60 MeV) energy detection of the GC can indicate the
presense of low-energy leptonic component in hadronic model or
give a preference to pure leptonic model.

High energy emission from the Galactic Center:
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