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The Galactic Center region
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¢ One of the richest region in the Milky Way: Massive Stellar Clusters,
, Supernova Remnants, etc.
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The Galactic Center region
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¢ One of the richest region in the Milky Way: Massive Stellar Clusters,
, Supernova Remnants, etc.

¢ The supermassive black hole Sgr A* is surrounded by dense molecular
complexes shaping the so-called Central Molecular Zone (CM2Z)
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The Galactic Center region
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The Galactic Center region
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Context: Gamma-ray morphology of the CMZ

¢ H.E.S.S. excess map:

&
g 30 \
St
5 20 X\
||||||||||| 160,0 % \\ ’ »}\
'—
+ 617 = AN
y- 10
< “ +00,2 [ —
g +o § 230 3 - 1/r
v v — '\
{ .. : e —
3 . L\ e RO ) R 6.0 local CR density _
3 E 1.9 N\ —
3 3 AN .
<004 05 1/r N —~ -
a4
. 004 002 00,0 3598 3596 3594
Galactic Longitude (deg.) Galactic Longitude (deg.)
.| [HESS 2016 <
||||||||[||||||||||||I|[||N|||||l|

| | | | |
0 20 40 60 80 100 120 140 160 180 200
Projected distance (pc)

= Excess of cosmic rays (CRs) near the Galactic Center with a 1/r density profile:

1

Wer o< — [HESS 2016, MAGIC 2020]
r

Indication of a continuous injection (steady source) of CRs near the

Galactic center and diffusion through the Central Molecular Zone
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Context: Gamma-ray spectrum of the CMZ

¢ No significant curvature detected:

¢ But hint for a spectral transition:
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== HAWC SED with H.E.S.S. sources subtracted
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What can we say with a more detailed analysis?

Can we better measure the H.E.S.S. spectrum?
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Aim

What is the distribution and spectrum of CRs in the inner 200 pc?
Where and how particles are injected?

Revisiting the diffuse emission at the Galactic center with more statistics and a 3D
likelihood approach (gammapy: simultaneous fit in latitude, longitude and energy)

1. Do we have a steady source at the Galactic Center?
= Test of a possible deviation from a 1/r profile
= Spectral variations across the CMZ?

2. Spectral distribution of the diffused and injected CRs?
= First intrinsic gamma-ray spectrum of the CMZ
(and then modeling of the corresponding parent population)

+ First intrinsic gamma-ray spectrum of the H.E.S.S. sources in the region
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Aim

What is the distribution and spectrum of CRs in the inner 200 pc?
Where and how particles are injected?

Revisiting the diffuse emission at the Galactic center with more statistics and a 3D
likelihood approach (gammapy: simultaneous fit in latitude, longitude and energy)

T

Simultaneous spectro-morphological fits of the components m

1. Do we have a steady source at the Galactic Center?
= Test of a possible deviation from a 1/r profile <«—— 3D gas template (I, b, z)
= Spectral variations across the CMZ?

2. Spectral distribution of the diffused and injected CRs?
" First intrinsic gamma-ray spectrum of the CMZ
(and then modeling of the corresponding parent population)

+ First intrinsic gamma-ray spectrum of the H.E.S.S. sources in the region
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H.E.S.S. telescopes and observations

Namibia, Khomas Highland

Observations:
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& Zenith angle zmax = 40°, <z >=18°
& Offsetmax = 2° (to the camera center)
& 6°x4° 0.4 —100 TeV




H.E.S.S. excess map
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Model components in 3D (/, b, E)

¢ 4 point sources: HESS J1745-290, G0.9+0.1,
HESS J1746-285, HESS J1741-302 with an
associated spectrum

¢ Hadronic background component: re-scaled normalization in each energy bin
= introducing nuisance parameters on the background

e Large-scale emission: Gaussian extent in latitude with an associated spectrum
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¢ Template for the CRs in the CMZ: need a gas distribution and a CR distribution
(3D reprojected into 2D)
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Template for the Cosmic Rays in the CMZ

[Tsuboi et al. 1999] [Sawada et al. 2001]
2D map (I, z) CO 3D CS map (/, b, z)
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o Assume that CS and CO velocity distributions are similar
o Distribute CS emission along the l.o.s. for each bin in longitude
e Same distribution assumed at each latitude

3D CSmap (I, b, z) 1/r (I, b, z) Projected in 2D (I, b)
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modeled with an associated spectrum

J. Devin 9



l. Importance of the large-scale emission in the analysis

e Position of the HESS sources and large-scale component extent fitted
simultaneously with their spectrum

¢ Residual significance maps:

orsc = 0.32° +0.02°

Background + HESS sources + CMZ + large-scale component
subtracted subtracted subtracted
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= The large-scale component is needed to properly model the region

Data indicate that a curvature is needed in the large-scale component
= [ ogParabola model used (source of systematic uncertainty that does not

change our conclusion)
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Il. Best-fit spectrum of the H.E.S.S. sources

-Tr —I
dN E dN b —E
Spectral shapes: 77 = No (1 Tev> S ( 1 TeV) b (Ewt
Source No (TeV'ecm™%s7) r E.y (TeV)
HESS J1745—290 (2.09 :t 0.0Ss[at :t 0.493)(5() X 10—12 1.98 :t 0.0Ss(a[ :t 0.085)(3( 9.69 :t 1.165(3[ :t 0.953ys[
G0.9+0.1 (7.54 + 0.725 £ 1.784y5) X 1073 1.87 £ 0.1545 + 0.13

HESS J1746-285
HESS J1741-302

(8.42 + 1.58, + 1.93) x 10714
(9.85 + 2.34¢y + 2.78,y5) X 1071

1.97 £ 01245 + 0.11 5y
2.12 + 0.18415 £ 0.11 5y

5.03 £ 1.68 = 0'915)'3‘

E2 x g—’;’ (ergcm™2s71)
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= Significant cutoff in the pulsar
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ATSwrt.a=1

lll. A continuous source at the Galactic Center?

1. Test of a possible deviation from a 1/r profile

3D template (x, y, z) reprojected in 2D for the fit: S(x,y) = Af
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= Morphology fully compatible with a stationary source at the Galactic Center
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Galactic Latitude

J. Devin

lll. A continuous source at the Galactic Center?

2. Spectral variations across the CMZ?

Fit of the spectrum of each cloud (2D template) simultaneously with the other

components:
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= No evidence for a deviation from a steady-source injection model
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IV. Gamma-ray spectrum within the CMZ

Model No (TeV-' em™ s71) [ora B Ey or Eqy (TeV) ATS
PL (3.57 £0.14 + 0.764y5) X 10712 2.34 + 0.04 + 0.19 - — 0
BPL | (3.79 +0.12 + 0.504y5) X 10712 2.25 + 0.05 + 0.114y 3 (fixed) 7.55 +0.33 + 0.455 | 10.3
LogP | (3.68 +£0.13 + 0.65y) X 10712 2.14 £ 0.06 + 0.105yr  0.11 % 0.03 =+ 0.204ys - 12.8
ECPL | (3.78 £0.17 + 0.784ys) X 10712 2,14 + 0.06 + 0.124y — 18.63 + 5.80 + 3404y | 13.2
— CMZ - BPL
_ CMZ - LogP
1074 - —— CMZ - ECPL
, _ = Significant (> 3 sigma)
"“E curvature in the CMZ
o gamma-ray spectrum
EJ, 10—12
S
X
w Cannot distinguish between
models: similar up to ~ 40 TeV
10—13_
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Comparison with previous H.E.S.S. results

More detailed analysis with simultaneous spectro-morphological fits of the different

components
= better modeling of the systematic uncertainties related to the large-scale
component and to the hadronic background

+ enhanced statistics allow the detection of a

-8 |

- il Related to the accelerator itself?
it To propagation effects?
s To a contribution from multiple
'5 sources? ...
g 10

| —— inner 0.45° - HESS 2016

| —— CMZ, Gauss - HESS 2018

| —— CMZ (ECPL) - This Work

- e CMZ (Log Parabola) - This Work (Consistent with previous results)
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Comparison with other experiments

Consistent with the hint from MAGIC:
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Enhanced statistics above 10—20 TeV

with better angular resolution

(Cherenkov Telescope Array) and joint

fit analysis (larger lever arm) would help

And recent results from HAWC:
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—— CMZ (Broken PL) - This Work
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® HAWC (2024)

10! 102

Energy (TeV)

10°

==HAWC extension UL at 68% CL
H.E.S.S. diffuse-emission region (2016)

/~\P0|nt Source

HESS J1745-290 (Sgr A*)
@ HESS J1746-285 (Arc)
@ SNR G0.9+0.1
=+= HESS J1745-303

16




Conclusions

We revisit the gamma-ray diffuse emission at the Galactic Center with more
statistics and a 3D likelihood approach:

® Spatial and Spectral distributions within the CMZ are fully compatible with a
continuous injection scenario

= Best-fit radial index: o = 1-050f81832

= No spectral variations across the CMZ

® Curvature in the CMZ spectrum and first intrinsic spectrum of the 4 HESS
sources (significant cutoff in G0.9+0.1 detected):
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