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1. Tihe Origin of/Cosmic Rays and high-energies
gamma-ray astronomy
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The Origin of Cosmic-rays

e High energy cosmic particles continuously arriving on Earth, discovered by V. Hess in 1912
DA5ARS |
VR
(o) i (b)
Figure 1.3, The balloon flights of Victor F. Hess. (a) Preparation for one of his fights
in the period 1911-12. (h) Hess after one of the successful balloon flights in which the
inerease injonisation with altitude through the atmosphere was discovered. (From Y.
Sckido and H. Elliot (eds) (1985). Early history of cosmic ray studies, Dordrecht: .
Reidel Publishing Company.)
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The Origin of Cosmic-rays

e High energy cosmic particles continuously arriving on Earth, discovered by V. Hess in 1912
* 89% protons, 9% helium, 1% electrons and extremely isotopic up to very high energies
e the spectrum is (ALMOST) a single power law -> CR knee at few PeVs + ankle at 10 EeV
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The Origin of Cosmic-rays

High energy cosmic particles continuously arriving on Earth, discovered by V. Hess in 1912
89% protons, 9% helium, 1% electrons and extremely isotopic up to very high energies
the spectrum is (ALMOST) a single power law -> CR knee at few PeVs + ankle at 10 EeV
Supernova remnants can sustain CRs up to hundreds of TeV and extragalactic sources are
responsible for the Ultra High Energy Cosmic-rays
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The Origin of Cosmic-rays

e High energy cosmic particles continuously arriving on Earth, discovered by V. Hess in 1912
* 89% protons, 9% helium, 1% electrons and extremely isotopic up to very high energies
e the spectrum is (ALMOST) a single power law -> CR knee at few PeVs + ankle at 10 EeV
e Supernova remnants can sustain CRs up to hundreds of TeV and extragalactic sources are
responsible for the Ultra High Energy Cosmic-rays
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The Origin of Cosmic-rays

* High energy cosmic particles continuously arriving on Earth, discovered by V. Hess in 1912

* 89% protons, 9% helium, 1% electrons and extremely isotopic up to very high energies

e the spectrum is (ALMOST) a single power law -> CR knee at few PeVs + ankle at 10 EeV

e Supernova remnants can sustain CRs up to hundreds of TeV and extragalactic sources are
responsible for the Ultra High Energy Cosmic-rays

* Trajectory deviated from its origin by diffusion in the interstellar/intergalactic magnetic
fields => need for indirect detection of CR sources
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The Origin of Cosmic-rays

* High energy cosmic particles continuously arriving on Earth, discovered by V. Hess in 1912
* 89% protons, 9% helium, 1% electrons and extremely isotopic up to very high energies
e the spectrum is (ALMOST) a single power law -> CR knee at few PeVs + ankle at 10 EeV
e Supernova remnants can sustain CRs up to hundreds of TeV and extragalactic sources are

responsible for the Ultra High Energy Cosmic-rays

* Trajectory deviated from its origin by diffusion in the interstellar/intergalactic magnetic
fields => need for indirect detection of CR sources

Gamma-rays! o
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Y
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How to catch a Pevatron?

« Gamma-ray observations is the most powerful tool to detect PeVatrons

* We use molecular clouds as a cosmic-ray barometer

* E, zEp/ 10 => need TeV gamma-rays to identify PeV protons

™ y+y
Particle
Accelerator ISM molecular clouds EY zEp/lO
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» Gamma-ray production by non-thermal processes

Hadronic processes (accelerated protons): pion decay

Leptonic processes (accelerated electrons):
Synchrotron radiation, Bremstrahlung and inverse
Compton

Self-annihilation or decay of large mass particles (dark
matter)

> Detection:

Gamma-rays interact with the atmosphere
Satellites detection up to ~100 GeV (Fermi)
Above 100 GeV : ground based Cherenkov

telescopes (indirect detection)
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» Interaction of gamma-rays in the atmosphere

» Particles shower developpement : Cherenkov light

emission in cone of anglea~ 1.0°

» Discrimination between showers initiated by hadrons
and gamma-rays based on their image on the cameras

A. Viana

{ Z-RoNoNoX ¥ 2
0 8 15 30 & 150 300 pa

1.0 TeV gamma shower

2.6 TeV proton shower

GC Pevatron

—— Light pool

Detection by
fast cameras
in telescopes
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Imaging Atmospheric Cherenkov Telescopes

que

» Interaction of gamma-rays in the atmosphere

» Particles shower developpement : Cherenkov light
emission in cone of anglea ~ 1.0°

» Discrimination between showers initiated by hadrons
and gamma-rays based on their image on the cameras

» Stereoscopic technique improves primary particle
direction reconstruction (also improves hadron
discrimination)

— Light pool

Detection by
fast cameras
in telescopes

HHHR A_‘:“' coza
o5 credits*k s Berniont s
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Data analysis in‘arnutshell™: reconstruction and
discrimination gamma/hadrons

» Semi-analytical « Model » analysis:
e comparison of the recorded showers in the camera, with calculated shower images
from a model of the Cherenkov light distribution in electromagnetic showers.

» A maximume-likelihood procedure allows to recover the best parameters of any shower:
* Energy
* Direction
* Impact parameter

* Primary interaction depth : []Gamma MC
141 [ ]Proton MC
12F

() _
o o
(] L
» Discriminating variable to select gamma-like @ 8
events =
o
4l
[ credits M. de Naurois
2+
of

20 2 4 6 & 10 1214
Discriminating Variable
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The current IACT world

/ ; B 5 LETR "
\ “MAGIC Canary Island, Spaln
= 4112t'715m \!\Ifs " § “La Palma, 2225m a.s.d.
r telescope S ) 2 telescopes;, @17m

Stereoscopy _
23007 >2009

- ‘s. .'.' -
D ‘:‘K‘ ‘_"’5 -
it 5
‘H.E.S.S. Namibia
1800m a.s.l.
4 telescopes, @12m

stereoscopy

>2003
HESS 2 : 4+ 1 (@28m) telescopes, 2012
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The current IACT world
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>2009
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- Stereoscopy
>2007
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H E.S.S. Namibia

Geographically best suited for the
Galactic Center observation

The only IACT with a constant
monitoring of the GC

Now more than 220h with very precise
measurements (spectrum and
position)
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H.E.S.S.-phase 1: 2003-2012

Array of four Imaging Atmospheric Cherenkov Telescopes
located in Namibia (1800m a.s.l.)

e 12 m diameter telescopes : 107 m? each e Angular resolution < 0.1°/y

* Observations on moonless nights, ~1000h/year || ® Energy threshold (zenith) ~ 200 GeV
e Field of view of 5° in diameter e Energy resolution ~ 15%

e Stereoscopic reconstruction
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The H.E.S.S. telescope array
H.E.S.S.-phase 2: 2012

Array of FIVE Imaging Atmospheric Cherenkov Telescopes
located in Namibia (1800m a.s.l.)

5th telescope(@28m):

Surface ~ 600 m?

Energy threshold (zenith) ~ 50 GeV
Field of view ~3.5°

‘‘‘‘‘‘‘‘

>
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The H.E.S.S. telescope array
H.E.S.S.-phase 2: 2012

Array of FIVE Imaging Atmospheric Cherenkov Telescopes
located in Namibia (1800m a.s.l.)

P
g

5th telescope(@28m):

Surface ~ 600 m?

Energy threshold (zenith) ~ 50 GeV
Field of view ~3.5°

‘‘‘‘‘‘‘‘
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2. Galactic Center region at high energies
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The Galactic Center'region

Herschel (IR) : dust/gas map

» Central Molecular Zone (CMZ): giant
molecular clouds (~10% of all Galaxy)
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The Galactic Center region

» Central Molecular Zone (CMZ): giant
molecular clouds (~10% of all Galaxy)

» CR accelerators: SNRs, magnetic filaments,
supermassive black hole Sgr A*

o)

VLA 90cm radio image
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Past activities ot the Galactic Centel

> 10° years timescale

Radio emission -> Huge ouflow (10 erg

._ :",.:5 Carrethet al, Nature 2013 - - =
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Past activities of the Galactic Center

> 10° years timescale

- e -

e m. \\ ~— ¥

— Credit: NASA/DOE/Fermi LAT/D. Finkbeiner et
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Past activities of the Galactic Center

> 10° years timescale

(10394 ergs/s)

8 kpe .

Su, Slatyer, and'Fin'kbeiner, ApJ 2010
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The Galactic Center region

» Central Molecular Zone (CMZ): giant
molecular clouds

» CR accelerators: SNRs, magnetic filaments,
supermassive black hole Sgr A*

o)

VLA 90cm radio image
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The Galactic Center'region infgamma-rays: H.E.S.S.
2003-2005

Two bright point-like sources:

- G 0.9+0.1 : SNR/PWN association
-HESS J1745-290 : unidentified source

E Excess map (55h)

150 pc Counts
800

— 0.5
700

H.E.S.S. J1745-290
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REL o — 400
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160 : Y
-28.1 140 1 ll
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Aharonian et al. (H.E.S.S. Collaboration), Nature 439 (2006) 695
] =

17h48m 17h47m
| . : |
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The Galactic Center diffuse’ emission with'H.E.S.S.:
2003-2005

» Search for much fainter emission

» Subtraction of the two bright sources

» Correlation of emission with molecular clouds of the Central
Molecular Zone (CMZ) => hadronic origin of emission

s map (55h)

H.E.S.S. J1745-290

3EG J1746-2851

Diffuse emission along the
galactic plane!

3EG J1744-3011

“

Aharonian et al. (H.E.S.S. Co//aborat'io.n),'Na'l"ure 439 (2006) 695
V -1 5
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The Galactic Center diffuse emission with'H.E.S.S.:
2003-2005

» Search for much fainter ¢
» Subtraction of the two bi
» Correlation of emission v

Molecular Zone (CMZ) =>

N Contours: gas (CS)
Histogram: y-rays
red: gas
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TeV diffuse emission X gas tracers

CS map
* Intensity proportional to

gas density

HERSCHEL multifrequency
* Gasdensity N,

found by multiplying by

a dust-to-gas ratio

259 59.5 1259
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TeV diffuse emission X gas tracers

CS map
* Intensity proportional to

gas density

HERSCHEL multifrequency
* Gasdensity N,

found by multiplying by

a dust-to-gas ratio

9.2 259 59.5 1259

» TeV emission well correlated to gas density => pp emission processes
» Use of different tracers => systematical uncertainty evaluation
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3. Galactic Centre as a powerful Pevatron
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Data analysis of G€ region: 2003-2012 (allfHESS-I

. Full dataset analysed : 2003

« Diffuse emission excluded, G0.9

dataset)

excluded, HESS J1745-303

excluded, for background estimate

3
-2012:

0.600 S
0.400 g
0.200 i
0.000 ’

-0.200 ¢

Galactic la

-0.400 ¢

1.500

' Excess map (220h)

Abramowski et al, HESS collaboration(corr. authors
B AV, F. Aharonian, S. Gabici, E. Moulin), Nature 531, 476-479 (2016)

| | \ I I I . 1 i\
1.000 0.500 0.000 359.500 359.000 358.500
Galactic longitude

o“ Model [Sgr A*]

Year 9;” T(glz)z gamma-ray excess(3) Signiﬁcance @ 4000 Sgr A* 220.0 live hours (175 2 acc. corrected)
[°] [h] [o] ] ON=11487 OFF=33061 (0:=10.79)
2004 218 435 20752 534 35000 8422.7 v,0=108.1 $/B=2.7
2005 28.8 68.6 2594.6 60.8 3000 0.64 +- 0.01y/mn
2006 18.7 28.7 1056.8 38.0
2007  11.2 114 300.8 24.6
2008 153 132 567.0 27.3 Diffuse
2009 17.8 4.4 123.7 12.8 . .
2010 108 823 294.9 21.0 emission
2011 33.6 10.1 267.9 18.5
2012 214 26.8 1078.2 38.8
All 22.6  220.0 8422.7 108.1
82, = 0.01(point-like source) ¢ (deg?)
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Cosmic-ray energy density distribution

0.600

Excess map (220h)

* Correlation with molecular clouds 0.400
=> pp interaction target mass (M)

0.200 g
0.000 g

-0.200 ¢

Galactic latitude

-0.400 “...
Abramowski et al, HESS collaboration(corr. authors
B AV, F. Aharonian, S. Gabici, E. Moulin), Nature 531, 476-479 (2016)

[ [ [ [ 1 "
1.500 1.000 0.500 0.000 359.500 359.000 358.500

Galactic longitude
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Cosmic-ray energy density distribution

0.600 §

Excess map (220h)

* Correlation with molecular clouds 0.400

=> pp interaction target mass (M), oz
 Gamma-ray luminosity (L) in several 3 |

regions .

-0.400 *..-
* =>CR energy denSIty o L/M B AV, F. Aharonian, S. Gabici, E. Moulin), Nature 531, 476-479 (2016)
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won(> 10E,) = Wp(ZVIOE'y) ~ 1.8 % 102 (;}_1; ) 1 (fagirf;i) (10% ) eV /om® Galult\(g v sQurce: Lemiére et al. arXiv:1510.04518
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Cosmic-ray energy density distribution

0.600 §

Excess map (220h)

* Correlation with molecular clouds 0.400
=> pp interaction target mass (M)

0.200 g

0.000 g

 Gamma-ray luminosity (L) in several
regions

Galactic latitude

-0.200 ¢

-0.400 ¢

e =>CR energy density oC L/M
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Cosmic-ray energy density distribution

e Correlation with molecular clouds
=> pp interaction target mass (M)

 Gamma-ray luminosity (L) in several
regions

Galactic latitude

e =>CR energy density oC L/M

0.600 §

Excess map (220h)
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: ‘?g 30 \ HESS collaboration, Nature 531 (2016) 476-479
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Cosmic-ray energy density distribution

e Correlation with molecular clouds
=> pp interaction target mass (M)

 Gamma-ray luminosity (L) in several
regions

Galactic latitude

e =>CR energy density oC L/M

CR density radial distributions meanings:
 Homogeneous/Constant

- Impulsive injection of CRs and diffusive

propagation

e 1/r2
- Wind-driven or ballistic propagation

e 1/r
- continuous injection and diffusive
propagation

1.500

Wwea(210TeV) (107 eV ecm™®)

pc and injecting CRs continuously
over more than 1000 years

Central accelerator located within 10

A. Viana
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Diffuse gamma-ray emission and injection spectra

0.5 00 e I e e ey Y L L e =

e Spectrum diffuse emission extracted from
large ring [r.,r...] = [0.15°,0.45°]

0.400

in’

0.200 g
0.000 g

-0.200 ¢

Galactic latitude

-0.400 ¢

B AV, F. Aharonian, S. Gabici, E. Moulin), Nature 531, 476-479 (2016)
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Galactic longitude
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Diffuse gamma-ray emission and injection spectra

0.600

" Excess map (220h)

e Spectrum diffuse emission extracted from
large ring [r,,,ro.] = [0.15°,0.45°]

0.200 g

0.000 . .. @

-0.200

e Spectrum of diffuse emission: power-law
with index 2.3 extending up to 50 TeV
without energy cut-off

Galactic latitude

-0.400 ¢

e Solve transport equation of protons ' Abramowski et al, HESS collaboration(corr. a.thors
. . . aaad AV, F. Aharonian, S. Gabici, E. Moulin), Natuie 531, 476-479 (2016)
injected at the center of the Galaxy and fit SR O aduie AT e et

I 1.500 1.000 0.500 0.000 359.500 3594000 . . 58500
to HESS data Galactic logaitude
—~10"'[
L o - HESS collaborgtion, Nature 531 (2016) 476-479
e Parent proton injection spectrum should E u
extend to PeV energies > B
* quasi-continuous injection lasting 'i' = .
over ~10% years c i
* total CR power injected at the GC %
~1038 erg/s 162

Illlll[

1

|:| Diffuse emission
—— Model (best fit): Diffuse emission

—— - Model: Diffuse emission Egz""'pc‘- = 2.9 PeV

First robust detection Model: Diffuse emission EX%°" = 0.6 PeV

I

Model: Diffuse emission E:iff'pu = 0.4 PeV

10"

Illll[
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Galactic Centre as a powerful Pevatron

1I;,/_I;:SS collaboration, Nature 531, 476-479 (2016)
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* Given the location (< 10 pc), the maximum acceleration energy (~PeV), the continuous

power and age of the accelerator only the SMBH Sgr A* is a viable couterpart

* Asignificant fraction of accretion in Sgr A* is released through acceleration of particles to
ultrahigh energies

» SgrA* has been more active in the past (Ponti et al. 2010/12, Terrier et al. 2010) => if
injection power = 103° erg/s, GC PeVatron can explain the fluxes of Galactic CRs above
100 TeV to a few PeV (region of the “knee”)

* Possible origin of two large scale structures : Fermi Bubbles observed by Fermi-LAT (Su et al.
2010, Crocker & Aharonian 2010) and isotropic flux of the extraterrestrial neutrinos
discovered recently by IceCube (Taylor et al. 2014)
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Multi-TeV y-rays of leptonic origin?

Leptonic origin needs to address these questions:

1. whether the accelerator could be sufficiently
effective to boost the energy of electrons up to >
100 TeV under the severe radiative losses in the
GC;

2. whether these electrons can escape the sites of
their production and propagate over distances of
tens of parsecs;

3. whether they can explain the observed hard
spectrum of multi-TeV y-rays.

Synchrotron losses makes a leptonic origin
extremely unlikely => it implies very small
propagation distances and spectral break
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Alternative accelerators

Possible alternative sources for the Pevatron include:

1. Supernova remnants

2. Stellar clusters

3. Magnetic radio filaments (Yusef-Zadeh 2013)
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Alternative accelerators

Possible alternative sources for the Pevatron include:

1. Supernova remnants

For very young SNRs: Epmq. =~ 101 (B/100 uG)(us/10000 km s™1)?(Atpey /yr) €V

but Aty ~ 0(10-100 yrs) - Not enough time for a (quasi)
continuous injection

2. Stellar clusters

3. Magnetic radio filaments (Yusef-Zadeh 2013)
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Alternative accelerators

Possible alternative sources for the Pevatron include:

1. Supernova remnants

For very young SNRs: Epnqz =~ 101(B/100 uG)(us/10000 km s1)?(Atpey /yr) eV

Not enough time for a (quasi)

continuous injection

but A,y ~ 0(10-100 yrs) »
2. Stellar clusters

e Central stellar cluster located within 1 pc of the
GC (size ~ 0.4 pc)
* Need SNRs to reach PeV energies
* Number of supernovas needed
in the past 1000 yr ->n ~ 10(tpey/100 yr)(£in;/1000 yr) 1

3. Magnetic radio filaments (Yusef-Zadeh 2013)

- Absurd amount for such
a small region (0.4 pc)
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Alternative accelerators

Possible alternative sources for the Pevatron include:

1. Supernova remnants
For very young SNRs: Epnes &~ 1014 (B/100 uG)(us/10000 km s™1)?(Atpey /yr) €V

but At;; ~ 0(10-100 yrs) - Not enough time for a (quasi)
2. Stellar clusters

continuous injection
e Central stellar cluster located within 1 pc of the
GC (size ~ 0.4 pc)
* Need SNRs to reach PeV energies
* Number of supernovas needed - Absurd amount for such
in the past 1000 yr ->n  ~ 10(tpev/100 yr)(tin;/1000 yr) a small region (0.4 pc)

3. Magnetic radio filaments (Yusef-Zadeh 2013)  Need of fine-tuning distribution of
e Acceleration of electrons in elongated radio magnetic filaments (1/r)

filaments (though no explanation how) - e Injection rate to fill the CMZ ~10%
e Gamma-ray production through non thermal ergs/s => extremely high (= total

Bremstrahlung proton luminosity of the Galaxy)
Il these alternative sources fail to match the following three requirements:

i) the accelerator has to be located in the inner ~10 pc of the Galaxy,
ii) the accelerator(s) has(have) to be continuous over a timescale of at least thousands of years
iii) the acceleration has to proceed up to PeV energies.

| A. Viana GC Pevatron November 2016
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Multiwavelength'and multi-messenger signatures

of PeVVatrons

HESS collaboration, Nature 531, 476-479 (2016)
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4. Next steps and future with CTA
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Next steps: other Pevatrons with H.E.S.S. ?

such as SNRs or superbubbles are still possible

» Although the GC Pevatron could potentially explain all PeV CRs, other sources,

s 0.5

Westerlund 1
* hard powerlaw index
e superbubble candidate
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Abramowski et al , A&A 2012, arxiv: 1111.2043
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Next steps: H.E.S.S. Inner Galaxy Survey (high

latitude survey)

» Key Science Project for the last years of H.E.S.S.
> 1000h on high latitudes (~0.5°-5°)
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Next steps: H.E.S.S. Inner Galaxy Survey (high

latitude survey)

» Key Science Project for the last years of H.E.S.S.
» 1000h on high latitudes (~0.5°-5°)
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Search for :
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Next steps: H.E.S.S. Inner Galaxy Survey (high

latitude survey)

» 1000h on high latitudes (~0.5°-5°)

» Key Science Project for the last years of H.E.S.S.

Fermi Bubbles
inner 10° edge

Search for :

e Qutflows
e Link with the Fermi bubbles

ﬁ-ﬂ"\" )‘"K.’i\‘ - .
ALY g |
e e
e _, > _pointings
&

- ‘ \ ;(\ ¥ A m '..'

-20% 0 20% 40% 60% 80%
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Next steps: H.E.S.S. Inner Galaxy Survey (high

latitude survey)

» 1000h on high latitudes (~0.5°-5°)

» Key Science Project for the last years of H.E.S.S.

Fermi Bubbles
inner 10° edge

Search for:

Outflows

Link with the Fermi bubbles

Dark matter from GC halo

Dark matter clumps

Diffuse emissions far from the plane

‘ Pathfinder for CTA

1
"'J Ve 'J‘Q"Q"‘.."". %
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Al

,’ \
g

I
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CTA : Cherenkov Telescope Array
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Future with CTA

Galactic Centre Key Science Project [825 h]

» Large field of view => more detailed
view of the Diffuse VHE emission (new
sources, outflows, etc)

» Improved PSF (r68~0.02°-0.03 °),
pointing accuracy (3”) and sensitivity
=> resolve GC source (e.g.: 0.5 (0.01
°); size of circumnuclear disk;
distinguish Sgr A* and PWN

»Search for a possible time
dependent component => Sgr A* MWL
observations with IR/ X-ray
instruments and improved sensitivity
to flux variation for flares (typically 1h)

Galactic latitude

RXJ17138

»Search for long term flux evolution
=> Expected if energetic protons
accelerated during past periods of
increased activity of Sgr A*

Galactic lngitude
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Summary and outlook

» Gamma-ray observations is the most powerful tool to detect PeVatrons. H.E.S.S.-| Dataset
2003-2012: 220 hours

» First measurement of radial CR density distribution => central CR accelerator within 10 pc and
continuously injecting CRs for >> 1kyrs

» Spectrum of diffuse emission extending up to 50 TeV without energy cut-off, proton injection
spectrum => First robust detection of cosmic PeVatron
* quasi-continuous injection lasting over ~10* years
* total CR power injected at the GC ~1032 erg/s

» Only SMBH Sgr A* can sustain such acceleration power in the central 10 pc:
* significant fraction of accretion in Sgr A* is released through acceleration of particles to
ultrahigh energies;
 SgrA* has been more active in the past => GC PeVatron can explain the fluxes of galactic
CRs above 100 TeV to a few PeV (region of the “knee”) , Fermi Bubbles and extraterrestrial
neutrinos
 Connection between Pevatron and HESS J1745-290 possible with y absorption in IR field

» Paper published: Abramowski et al, HESS collaboration(corr. authors AV, F. Aharonian, S.
Gabici, E. Moulin), Nature 531, 476-479 (2016)
» Last years of HESS operation and first years of CTA will hopefully bring a revolution to the field
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Backup slides
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Connexion between the Pevatron and HESS

J1745-290

» HESS J1745-290 has significant deviation from a power-law with spectral index ~ 2.1 and exponential cut-off at
energy ~ 11 TeV(compatible with previous analyses: Aharonian et al. (HESS coll.) A&A 503 (2009) 817)

— -10
0 10 -HESS collaboration, Nature 531, 476-479 (2016)
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Connexion between the Pevatron and HESS

J1745-290

» HESS J1745-290 has significant deviation from a power-law with spectral index ~ 2.1 and exponential cut-off at
energy ~ 11 TeV

» If they are not connected, HESS J1745-290 could be explained by: Sgr A*, PWN ou Dark Matter

» if HESS J1745-290 is linked to PeVatron the energy cut-off in the central source could be explained from:
» photon absorption on the infrared radiation field
and/or
» difference in gamma-ray emission timescales due to energy dependent diffusion coefficient: 10 yrs for high
energies (ballistic motion) and 103 for low energies (diffusive motion) => a decrease in luminosity in
timescales O(10 yr) would generate a cut-off
» Using new Herschel data we show that absoprtion is a viable option (F. Aharonian, S. Gabici, E. Moulin, R. Tuffs, and
AV in preparation)
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Gas distribution'in the CMiZ

e Several tracers used to check
systematical uncertainty

* CMZ has a coherent structure => 3D
distribution of gas affects mildly the

CR density calculation (~10%)

Sawada et al 2004
' Ferriere et al 2007 s
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Fermi-LAT GeV excess : some caveats

It has been long known that the Fermi
diffuse models under-predict the data in
the inner Galaxy for energies above a few
GeV.

The Fermi collaboration itself “do not
recommend using this model for analyses
of spatially extended sources in the region
defined in Fig. 1”

http://fermi.gsfc.nasa.gov/ssc/data/access/lat/Model_details/
FSSC_model_diffus_reprocessed_v12.pdf
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Fermi-LAT GeV excess : some caveats

It has been long known that the Fermi
diffuse models under-predict the data in
the inner Galaxy for energies above a few
GeV.

The Fermi collaboration itself “do not
recommend using this model for analyses
of spatially extended sources in the region
defined in Fig. 1”

http://fermi.gsfc.nasa.gov/ssc/data/access/lat/Model_details/
FSSC_model_diffus_reprocessed_v12.pdf
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Fermi-LAT GeV excess : proton accelerator

* The convolution of the proton distribution and the warm ionized gas gives the right radial distribution|
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Fermi-LAT GeV excess : proton accelerator

* The convolution of the proton distribution and the warm ionized gas gives the right radial distribution|
Carlson & Profumo, 1405.7685

* The excess spectrum can be fitted with a proton injection spectrum with a broken power-law
 Interestingly the gamma-ray spectrum from pion decays of an initial proton spectrum with a E2
power-law has a bump at ~ 1 GeV
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Fermi map and contours at 1-300 GeV:

HESS source

- 2FGL J1745-2858 : coincident with the

GLAT

* Sgr B2 region spectrum well below the
expected emission from the « sea of
CRs»

* Beyond ~25 pc of the central proton
accelerator gamma-rays below 10 GeV
will be dominated by « isotropic »
diffuse component
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The Galactic Center diffuse emission with H.E.S.S.

Y > Diffuse emission
associated with giant
molecular clouds (CS maps
as tracers) => hadronic
interaction

CR energy density higher
than the local CR density
by an order of magnitude

Lack of TeV emission at
b>1.0° => CR gradient
necessary to explain
emission

Galactic Longituc?é)
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The HESS J1745-290 central source position

HESS coll. MNRAS 402, 1877 (2010) \

’ HESS improved pointing analysis : 30"'->6"
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The J1745-290 GC central source variability

* No signs variability in VHE light curve
observed based on 93 hours of data

» o Aharonian et al. A&A 503, 817 (2009) 1)
15—
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CTA improvements on Galactic Center

» Large field of view=> more detailed view of the Diffuse VHE emission
* Resolving new, previously undetectable sources
* Studying the interaction of the central source with neighbouring clouds
* outflows

» Improved PSF (r68~0.02°-0.03 °), Improved pointing accuracy (3”) and sensitivity:
* Try to resolve GC source (e.g.: 0.5 (0.01 °) size of circum-nuclear disk)
» distinguish Sgr A* and PWN
* If TeV emission produced by hadrons, emission should be extended (0.5')

»Search for a possible time dependent component
* Sgr A* MWL observations with IR/ X-ray instruments
* Improved sensitivity to flux variation for flares (typically 1h)

»Search for long term flux evolution
* Expected if energetic protons accelerated during past periods of increased activity of Sgr A*
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