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The nature of the Very High Energy (VHE)
gamma-ray diffuse emission

in the Gralactic Center (GC) region is still unknown

Two malin scenarios:
® Local PevVatron
® Inhomogeneous =
CGralactic CR-sea " s ¥

SMBH (SR A™)

Skellar Wind Cluster
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© diffuse emission from CMZ C VERITAS

¢ HESS 2018
¥ MAGIC 2020
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correlated with qas distribution

© The observed spectrum is
harder (I' ~ 2.3, I'g,., ~ 2.7)

® Fresh accelerated (hard) CR

Galactic latitude (degrees)

E2dN/dE (TeV cm~2 s~ 1)
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Galactic longitude (degrees) .
e hadron (Pevakron) .
Energy (TeV)

VERITAS Coll. (2021)

Inferred CR density profile consistent
with thak expm:&ed Erom CR Aiffusing
out stationary source & continuous
CRs injection in the CMZ
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https://www.nature.com/articles/nature17147
https://ui.adsabs.harvard.edu/abs/2021ApJ...913..115A/abstract
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Large-scale background detected b3 Fermi-LAT explained i terms of galactic CR populations
(CR-sea) diffusing within the Gralaxy

© CRs undergo to ihomogeneous A usion
© Motivated by several independent analyses
of Fermi-LAT data
. @ Additional hardening at 300 GeV/n
(PAMELA, AA.AS-‘OZ, CREAM - Gaggero et al,,
R015)

& T T M mep———————
ﬁeproduce 15 TeV '

Milagro anomaly

Spectral index of y-ray diffuse emission

inerease fromI'~28 toI' ~ 2.3 for R

decreasingtrom 10 kpc to 0 kpc

Fermi-LAT coll. 2016

(c)

Due to large uncertanities of proton

spectral index tn the tnner galaxy, this

Acero et al. (2016)

kvpca&kesas represem&s an ex&mpota&iom
ICRC 2021 fOl‘ R ~ O 0‘{ H’\Q &Tebf\d bQ&NQ@.M
3 <R <3 kpc
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https://ui.adsabs.harvard.edu/abs/2015ApJ...815L..25G/abstract
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/2016ApJS..223...26A/abstract
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© Inner ring = analytical 3D model gas distribution
(swooth w/o cluds)

® 4 models &amparisont

1.

11,
111,
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Gamma model: radial depedence diffusion

coefficient, hardening at 300 GeV

Ferriere ek al. (2007)

Gamma model w/o hardening at 300 GeV

Base model: constant diffusion coefficient,

hardening at 300 GeV
DPRAGON code to tompu&e CR
diskribution
«/0 hardening at 300 GeV GAMMASKY to perform
inkteqration along the line-of-
stqght

Conventional model: constant ditfusion coefficienkt



http://Ferriere%20et%20al.%20(2007)
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CMZ Gamma Model (10.0 GeV)
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CMZ Base Model (10.0 GeV)
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®© Fermi-LAT analysis ~ 10 yr .
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®© 4FGL catalog
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https://heasarc.gsfc.nasa.gov/docs/cgro/images/epo/gallery/glast/
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Central Molecular Zone - Data vs Model Comparison

Gamma Model
Gamma noHard Model
Base Model
Conventional Model
Fermi-LAT

HESS

VERITAS

MAGIC
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E2 d®/dE,/dQ[GeVecm ™25~ tsr™1]

Central Molecular Zone - Data vs Gamma Model Uncertanties

1 Model Uncertanties
® Fermi-LAT
4 HESS
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© The Y-ray emission from CMZ weasured bt? IACTs & Fermi-LAT (few GeV =50 TeV) may be originated bv CGralactic CR=-sea
undergoes inhomogeneous diffusion = producing harder spectrum in GC because of dense molecular clouds filling the
region

® Uncertainties o gas demsi&v distribution & djnamitat des&rip&ion of tner Gralaxy does not allow definitive conclusions

® At higher enerqies contribution of diffuse emission is highly depedent to CR transport parameter variations

® Molecular clouds reside farther from the GC (within the 1 kpc) may be the ideal targets to discriminate between the

PeVatron & hard diffusion scenario (Ventura, 201%, Ventura et al., 2019)

® Cherenkov Telescope Array (CTA) with increased sensitiviy & anguluar resolution may lead to definitive conclusions

® Realistic 3D gas distribution maps
® Recently released DRAGONR & HERMES codes
® Upcio&eci Gammwa Model
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https://etd.adm.unipi.it/theses/available/etd-03272018-145514/
https://ui.adsabs.harvard.edu/abs/2019ICRC...36..816V/abstract
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Untangling the
Complexity in the -
Galactic Centre: a way to
understand the origin of
the gamma-ray emission
from the inner Galaxy
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