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Diffusegrays afundamentaltool to study CRsrigin
andpropagationin the Galaxy

A The knowledgeof the CRsflux and spectrain the whole Galaxyis
fundamentalto studythe originandpropagation of cosmicrays

A Cosmiaay spectraare only measuredocally

A How the CRflux changesat different distancesfrom the Galactic
center?

A Isthe CRspectralshapeequalin all the Galaxy?

A Diffusegammaraysare the most poweful method to answerthese
guestions
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Diffusegrays afundamentaltool to study CRsriginand
propagationin the Galaxy

A CR propagatingin the Galaxyinteract with with gas and radiation
producing a diffuse flux of grays and neutrinos, that arrive at Earth
encodingthe spaceand energydistribution of CRin the whole Galaxy

A We built two models for the diffuse gray flux up to 10 PeVbasedon
simpleassumption®n the CRspectralbehaviounn the Galaxy

A Thetwo modelspredict very different gammaspectraat high energy in
particular above 30 TeV

A Existingneasurementf diffusegrays Fermi,Milagro, ARGO
Above30 TeV only upperlimits by CASAVIIAandKASCADERANDE

S.Vernetto& P.Lipari Phys.RevD98, 043003, 2018
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Fermi diffuse gammaayflux at 12 GeV
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Fermi made @aemplate of diffuseGalactiogammaray flux to be usedasa background
for the searchof point sources
Themapsare givenfor 30energiesfrom ~60 MeV to ~500GeV
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Fermi diffusegray
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Ingredientsfor the calculation
of the diffuse gammaay flux

Gammaray production ineverypoint of the Galaxy

A Cosmiaay spectrum (p,He,nuclei,8
A Targetdensity.
Interstellarmatter (H, He heavynuclei)
Radiationfields(CMB Dust& staremissior)
A Crosssections pp, p-nuclei, nuclenuclei-> g

Gammaray propagation
A Integration of theflux alongthe line ofsight

A Calculatiorof the absorptionof gammaray by pair production
In the Galaxyradiationfield
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Stepsin the calculationof the diffusegray flux

Takinginto account theavailabledata, we developed
A A model for thespatialdistribution of the interstellarmatter

A A model for theradiationfield in the Galaxyto evaluatethe
absorptionof gammaray by pair production

A Amodel for thecosmicray spectrain all the Galaxy
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The interstellarmatter

Gas~99% Dust~ 1%
Local gasomposition ~ 90%Hydrogen ~ 9%Helium ~ 1%other

Hydrogencomponentdan the Galaxy

A Atomic H -21cm line> Hcolumndensity
- Dopplershift ->radial velocity-> distancefrom GC
- needto knowthe Galaxyrotation curve v(r)

A Molecular H, -carbonmonoxide'2COand3COemission->H,columndensity
- needto knowthe ratio CO/Hand theGalaxyrotation curve

A lonized H* -Halineat6563 A @bsorbedby dust)

Theyare spatiallydistributedin different ways

Structuresare presentat all scalesspiralarms spurs clouds filaments..
A barisobservedn the center

Thediskiswarpedandasymmetric
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Interstellarmatter
In M31

~ Visiblelight

g = MolecolarH,
et (1°CO line)

Nietenet al., 2005
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H surfacedensity
Spiralarmsfit
(LABdataset Levine et al, 2006)

Hemission(21 cm) integrateaver the
velocity range-400<v < +400 kns?
(LABdataset Kalberlaet al., 2005)




