INFN

Istituto Nazionale di Fisica Nucleare

® The impact of the Cosmic-Ray diffusion
in the gamma-ray observations of the
Galactic Centre region
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NASA's Compton Gamma Ray Observatory TIDE IG TIDE

Observation of y-ray diffuse
emission = large-scale
background emission
expecially along the GP

It is crucial to not under/over estimate the galactic diffuse

large-scale background (foreground) emission

building icreasingly realistic large-scale
background models
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Large-scale background detected by Fermi-LAT
explained In terms-of galactic CR populations
(CR-sea) diffusing within the Galaxy

CR interactions with gaseous matter locked in the
Galaxy produce gamma rays \

Galactic gas

distribution model

- » : *’ .
- ' divided by rings

Interstellar Emission

represents a passive

source of gamma rays

Large scale component

models could differ in
predicted flux

(i.e. depending on diffusion

s0* a0 "

parametrization)
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Beyond the conventional (homogeneous) diffusion (constant diffusion coefficient 0): -

@ CRs undergo to inhomogeneous diffusion _)
@ Motivated by several independent analyses (o]
Fermi-LAT data |

@ Additional hardening at 300 GeV/n (PAMELA,
AMS-02, CREAM - Gaggero et al., 2015)

Fermi-LAT coll. 2016 o

Due to large uncertanities of proton spectral index in

the inner galaxy, this hypothesis represents an : AT alL. (Ro16)

extrapolation for R ~ 0 of the trend between
8 <R <3 kpc

D(E)= D, (ﬂ

EO
o(r)=Ar+B
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https://ui.adsabs.harvard.edu/abs/2015ApJ...815L..25G/abstract
https://ui.adsabs.harvard.edu/abs/2015PhRvD..91h3012G/abstract
https://ui.adsabs.harvard.edu/abs/2015PhRvD..91h3012G/abstract
https://ui.adsabs.harvard.edu/abs/2016ApJS..223...26A/abstract

@ One of the most rnterestlng reglons for the astroparticle physics &
high energy astrophysms ‘ g
@ The perfect Iaboratory for studylng phenomena & phyS|caI processes

may be occur in other gala&trc nucle| e '?""% g q

® CMZis one of the densest reglon of the MW

® Mgas ~ﬂ 35 1()7® 1nner 15 () pc

© Ny, ~ 103 cm™3 4.

® Extends up to ~ 250 pc away from the GC along the GP
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The nature of the Very High Energy (VHE)
gamma-ray diffuse emission

in the Galactic Center (GC) region is still unknown & debated

Two main scenarios:
. Local PeVatron
Il. Inhomogeneous Galactic CR-sea

SMBH (SGR A*)
Unknown population of SNRs, PWNe &
Stellar Wind Cluster
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180 200

diffuse emission from CMZ

¢ VERITAS
¢+ HESS 2018
¥ MAGIC 2020

correlated with gas distribution
The observed spectrum is harder
' ~23, ', ~ 2.7)

Fresh accelerated (hard) CR hadron

(PeVatron)

101

Energy (TeV)

VERITAS Coll. (2021)

Inferred CR density profile consistent with that
expected from CR diffusing out stationary
source & continuous CRs injection in the CMZ

Qsourc.‘e(E) 1 — +
W (E, 1) = Fro e T soireet)



https://www.nature.com/articles/nature17147
https://ui.adsabs.harvard.edu/abs/2021ApJ...913..115A/abstract

@ Inner ring = analytical 3D model gas distribution (smooth w/o cluds)

@ 4 models comparison:

. Gamma model: radial depedence diffusion coefficient,

hardening at 300 GeV

Ferriere ek al. (2007)

. Gamma model w/o hardening at 300 GeV
lll. Base model: constant diffusion coefficient, hardening at

300 GeV

IV. Conventional model: constant diffusion coefficient w/0

hardening at 300 GeV DRAGON code to compute CR

distribution

GAMMASKY to perform integration
along the line-of-sight

Sofia Ventura - RICAP 2024 - September 25, 2024


http://Ferriere%20et%20al.%20(2007)
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Ventura, 2018, 2019, 2022, 2023

Central Molecular Zone - Data vs Model Comparison Central Molecular Zone - Data vs Gamma Model Uncertanties

—— Gamma Model 71 Model Uncertanties
—— Gamma noHard Model ® Fermi-LAT
—— Base Model ¢ HESS
—— Conventional Model
Fermi-LAT
HESS
VERITAS
MAGIC
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https://etd.adm.unipi.it/theses/available/etd-03272018-145514/
https://ui.adsabs.harvard.edu/abs/2019ICRC...36..816V/abstract
https://ui.adsabs.harvard.edu/abs/2022icrc.confE.901V/abstract
https://usiena-air.unisi.it/handle/11365/1245254
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CMZ Gamma Model (10.0 GeV)

CMZ Gamma Model noHardening (10.0 GeV) CMZ Conventional (10.0 GeV)
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https://etd.adm.unipi.it/theses/available/etd-03272018-145514/
https://ui.adsabs.harvard.edu/abs/2019ICRC...36..816V/abstract
https://ui.adsabs.harvard.edu/abs/2022icrc.confE.901V/abstract
https://usiena-air.unisi.it/handle/11365/1245254

e 100 h, IRF: Prod 5 (South 50 h)

@ Updated model: KRA gamma (D. Gaggero presentation; De La Torre Luque et al, 2023)

@ Used to build GPS (CTAO consortium, 2023)

00’ 359°30" 00’

0°30'
Gal

Galactic Latitude
o
o

On the behalf GC-CTAO WG in
collar. With G. Morlino, P. Cristofari,
E. Amato, M. Fiori - WORK IN

PROGRESS!

actic Longitude
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https://ui.adsabs.harvard.edu/abs/2023A&A...672A..58D/abstract
https://ui.adsabs.harvard.edu/abs/2023arXiv231002828C/abstract
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H,E,S,!, PSF

173™ 17731™ 17°39™
Right Ascension (J2000)

H.E.S.S. Collab. (2o1%)

The source is a natural target to probe how/if the CR

population properties change with R
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https://ui.adsabs.harvard.edu/abs/2018A&A...612A..13H/abstract

@ Simulation of 10 h
@ HESS J1741-302 + DC | sources

—_— CMZ 1/r

@ |IRF: Prod 5 (South 50 h) —— CMZ gamma model

CTAO could be a PeVatron discriminator?And

discriminate among different scenarios?

E2 x dN/dE (erg cm~2 s71)

n

illuminates CMZ (inner ring) + foreground 10° 10°

Energy (TeV)

A. central PeVatron as detected by H.E.S.S.

illuminated by Gamma Model Ventura 2019, 2023

B. Gamma Model (foreground + CMZ) = passive source

L
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https://ui.adsabs.harvard.edu/abs/2019ICRC...36..816V/abstract
https://usiena-air.unisi.it/handle/11365/1245254

O)

Several independent observations support the hardening of CR-sea approaching the GC and the CR inhomogeneous
Diffusion: this evidence is of crucial relevance for studying complex regions

For shedding light on the nature of observed emission from GC realistic models of gas density distribution & dynamical
description of inner Galaxy are required (3D gas modeling)

Source confusion prevents to discriminate among different emission components

At higher energies contribution of diffuse emission is highly depedent to CR transport parameterization

Molecular clouds reside farther from the GC (within the 1 kpc) may be the ideal targets to understand the impact of central

PeVatron & hard diffusion scenario (Bania Clump, HESS J1848-018 — Ventura, 2018, 2019, 2022, 2023)

Cherenkov Telescope Array (CTAO) with increased sensitivity & angular resolution may lead to definitive conclusions

Inclusion of Synthetic population of unknown SNRs, PWNe and YSCs (CTAO GC WG)

|

For building a more realistic

model of the observed gamma-ray

diffuse emission 0.3
—1.00 —0.75 —0.50 —0.25 0.00
lon (deg)
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https://etd.adm.unipi.it/theses/available/etd-03272018-145514/
https://ui.adsabs.harvard.edu/abs/2019ICRC...36..816V/abstract
https://ui.adsabs.harvard.edu/abs/2022icrc.confE.901V/abstract
https://usiena-air.unisi.it/handle/11365/1245254
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Fermi-LAT analysis ~ 10 yr
4FGL-DR2 catalog

P8R3_CLEAN_V2
iIso_ CLEAN_V2

GAMMA-RAY LARGE AREA SPACE TELESCOPE
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Il 10 Layers of 0.5 rad Length Converter (pb)
B 12 Layers of XY Silicon Strips
~ Gamma Rays
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https://heasarc.gsfc.nasa.gov/docs/cgro/images/epo/gallery/glast/

