
Galactic Component: Diffuse
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differential inelastic cross 
section and secondary particle 

spectra [Kelner, Aharonian, 
Bugayov (2006). ]

interstellar gas 
distribution in the 
Galaxy [Galprop]

Cosmic rays energy and spatial distribution
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High-energy galactic neutrinos and their origin

Results

Introduction

Total galactic neutrino flux: diffuse flux + source flux
'⌫,tot = '⌫,di↵ + '⌫,S
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Hadronic interactions which occur in the Galaxy produce a roughly equal number of charged and neutral pions which decay respectively into muonic and electronic neutrinos, and gamma rays. If 
photons are not absorbed by the intervening medium, we thus expect that the HE neutrino sky is strongly correlated with the HE gamma sky. This correlation provides us an handle to perform a detailed 
multi-messengers study of the galactic plane. The results of HE gamma observatories can be combined with the data collected by neutrino telescopes in order to test their consistence in a coherent 
scenario. The total galactic neutrino and gamma-ray flux are written as:

'�,tot = '�,di↵ + '�,S + '�,IC
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'⌫,tot = '⌫,di↵ + '⌫,S
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The gamma ray flux is measured by 
HESS, MIlagro, HAWC, Argo-YBJ


at energies around TeV.
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In the window -60°<l<60°, |b|<7.5°, galactic diffuse fluxes give a comparable contribution to the 
isotropic HESE flux. At 100 TeV: 

      Diffuse with Hardening (R = 1 kpc) / Isotropic : 110% 
      Diffuse with Hardening (R = ∞) / Isotropic : 64% 
      Diffuse without Hardening (R = 1 kpc) / Isotropic : 36% 
      Diffuse without Hardening (R = ∞) / Isotropic : 25% 

      Sources (Energy cutoff = 10 PeV) / Isotropic : 120%

On the overall sky the galactic contribution (diffuse flux + source flux) at 100 TeV gives 
a subdominant contribution to the isotropic HESE flux measured by IceCube:


      Diffuse with Hardening (R = 1 kpc) / Isotropic : 7% 
      Diffuse with Hardening (R = ∞) / Isotropic : 5% 
      Diffuse without Hardening (R = 1 kpc) / Isotropic :4% 
      Diffuse without Hardening (R = ∞) / Isotropic : 3% 

      Sources (energy cutoff = 10 PeV) / Isotropic : 8.5%

M. Cataldo,   G. Pagliaroli,   A. Palladino,  V. Vecchiotti,    F. L. Villante1,2 2,3 4 1,22,3

IceCube datasets
The most recent High-Enery Starting Events (HESE) dataset (6 yrs exposure) has been presented in 
2017, and this is the dataset used to claim the discovery of a diffuse flux of HE neutrinos coming from 
both hemispheres. It’s characterized by a soft spectrum: 

The Through-going muons dataset (presented in 2017, 8 yrs exposure) is sensible only to muonic 
neutrinos which interact through CC interaction producing a muon and coming from the Northern 
hemisphere. It is characterized by a harder spectrum than the HESE dataset:

↵µ = 2.2± 0.1,
<latexit sha1_base64="2Ra8Bo+uHqXeufrmV0vKCVNPazw=">AAACDHicbVDLSgNBEJyN7/iKehG8DAbBg4TdIOhFEL14jGBiILssvZM2GTKzO8z0ChL0E/wKr3ryJl79Bw/+i5uYg686FVXddFclRklHvv/ulaamZ2bn5hfKi0vLK6uVtfWWy3IrsCkyldl2Ag6VTLFJkhS2jUXQicLLZHA68i+v0TqZpRd0YzDS0EvllRRAhRRXNnkIyvQhDnV+VK/VeWg092vBXlyp+jV/DP6XBBNSZRM04spH2M1ErjElocC5TuAbioZgSQqFt+Uwd2hADKCHnYKmoNFFw3GCW76TO6CMG7RcKj4W8fvGELRzNzopJjVQ3/32RuJ/Xienq8NoKFOTE6ZidIikwvEhJ6wsqkHelRaJYPQ5cplyARaI0EoOQhRiXnRVLvoIfqf/S1r1WlC0d75fPT6ZNDPPttg222UBO2DH7Iw1WJMJdsce2CN78u69Z+/Fe/0aLXmTnQ32A97bJxLfmUI=</latexit><latexit sha1_base64="2Ra8Bo+uHqXeufrmV0vKCVNPazw=">AAACDHicbVDLSgNBEJyN7/iKehG8DAbBg4TdIOhFEL14jGBiILssvZM2GTKzO8z0ChL0E/wKr3ryJl79Bw/+i5uYg686FVXddFclRklHvv/ulaamZ2bn5hfKi0vLK6uVtfWWy3IrsCkyldl2Ag6VTLFJkhS2jUXQicLLZHA68i+v0TqZpRd0YzDS0EvllRRAhRRXNnkIyvQhDnV+VK/VeWg092vBXlyp+jV/DP6XBBNSZRM04spH2M1ErjElocC5TuAbioZgSQqFt+Uwd2hADKCHnYKmoNFFw3GCW76TO6CMG7RcKj4W8fvGELRzNzopJjVQ3/32RuJ/Xienq8NoKFOTE6ZidIikwvEhJ6wsqkHelRaJYPQ5cplyARaI0EoOQhRiXnRVLvoIfqf/S1r1WlC0d75fPT6ZNDPPttg222UBO2DH7Iw1WJMJdsce2CN78u69Z+/Fe/0aLXmTnQ32A97bJxLfmUI=</latexit><latexit sha1_base64="2Ra8Bo+uHqXeufrmV0vKCVNPazw=">AAACDHicbVDLSgNBEJyN7/iKehG8DAbBg4TdIOhFEL14jGBiILssvZM2GTKzO8z0ChL0E/wKr3ryJl79Bw/+i5uYg686FVXddFclRklHvv/ulaamZ2bn5hfKi0vLK6uVtfWWy3IrsCkyldl2Ag6VTLFJkhS2jUXQicLLZHA68i+v0TqZpRd0YzDS0EvllRRAhRRXNnkIyvQhDnV+VK/VeWg092vBXlyp+jV/DP6XBBNSZRM04spH2M1ErjElocC5TuAbioZgSQqFt+Uwd2hADKCHnYKmoNFFw3GCW76TO6CMG7RcKj4W8fvGELRzNzopJjVQ3/32RuJ/Xienq8NoKFOTE6ZidIikwvEhJ6wsqkHelRaJYPQ5cplyARaI0EoOQhRiXnRVLvoIfqf/S1r1WlC0d75fPT6ZNDPPttg222UBO2DH7Iw1WJMJdsce2CN78u69Z+/Fe/0aLXmTnQ32A97bJxLfmUI=</latexit><latexit sha1_base64="2Ra8Bo+uHqXeufrmV0vKCVNPazw=">AAACDHicbVDLSgNBEJyN7/iKehG8DAbBg4TdIOhFEL14jGBiILssvZM2GTKzO8z0ChL0E/wKr3ryJl79Bw/+i5uYg686FVXddFclRklHvv/ulaamZ2bn5hfKi0vLK6uVtfWWy3IrsCkyldl2Ag6VTLFJkhS2jUXQicLLZHA68i+v0TqZpRd0YzDS0EvllRRAhRRXNnkIyvQhDnV+VK/VeWg092vBXlyp+jV/DP6XBBNSZRM04spH2M1ErjElocC5TuAbioZgSQqFt+Uwd2hADKCHnYKmoNFFw3GCW76TO6CMG7RcKj4W8fvGELRzNzopJjVQ3/32RuJ/Xienq8NoKFOTE6ZidIikwvEhJ6wsqkHelRaJYPQ5cplyARaI0EoOQhRiXnRVLvoIfqf/S1r1WlC0d75fPT6ZNDPPttg222UBO2DH7Iw1WJMJdsce2CN78u69Z+/Fe/0aLXmTnQ32A97bJxLfmUI=</latexit>

↵HESE = 2.9± 0.3,
<latexit sha1_base64="xXU/ECdR60WK1mTZkL5KuZrueQo="></latexit><latexit sha1_base64="xXU/ECdR60WK1mTZkL5KuZrueQo="></latexit><latexit sha1_base64="xXU/ECdR60WK1mTZkL5KuZrueQo="></latexit><latexit sha1_base64="xXU/ECdR60WK1mTZkL5KuZrueQo="></latexit>

NHESE = 2.5± 0.8 10�18 GeV�1 cm�2 s�1 sr�1
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Kappes et al., Astrophys. J. 656, 870 (2007)

Galactic Component: Sources
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The HESS Galactic Plane Survey in 2018 provided a catalogue of 78 gamma ray sources at 
1 TeV in the region -100° < l < 60° and |b|< 3°. Each source is spatially represented by a 2-
dimensional gaussian with sizes given in the catalogue and a power law or a broken power 
law function in energy with a given spectral index. We re-binned the data choosing the bin 
dimension of ~15°  (HESE showers resolution).

Hess Collaboration, HGPS (2018)

We assume that sources are all powered by hadronic interactions. In this hypothesis:
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We analyse the Galactic neutrino component considered as the sum of a diffuse flux (            ) and a sources flux (         ). We base the model of the diffuse galactic flux on four different assumptions 
on the cosmic rays distribution in the Galaxy. We compare our results with the isotropic astrophysical neutrino flux required to fit IceCube data.
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Cosmic Ray distributions: 4 scenarios [arxiv.org/abs/1904.03894]
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<latexit sha1_base64="U0pMoZVbsYEHh1ONtZboKObfGWw=">AAACDnicbVDLSsNAFJ3UV62vqDvdDBbBVUmKoBuhKKLLCvYBTSiT6W0dOnkwcyOUUPAT/Aq3unInbv0FF/6LScxCW8/qcM493HuuF0mh0bI+jdLC4tLySnm1sra+sbllbu+0dRgrDi0eylB1PaZBigBaKFBCN1LAfE9CxxtfZH7nHpQWYXCLkwhcn40CMRScYSr1zT0nTO0snVxO6RmtWw51lE+voN03q1bNykHniV2QKinQ7JtfziDksQ8Bcsm07tlWhG7CFAouYVpxYg0R42M2gl5KA+aDdpO8w5QexpphSCNQVEiai/A7kTBf64nvpZM+wzs962Xif14vxuGpm4ggihECni1CISFfpLkSaXugA6EAkWWXAxUB5UwxRFCCMs5TMU6/VUn/Yc+2nyftes22avbNcbVxXnymTPbJATkiNjkhDXJNmqRFOHkgT+SZvBiPxqvxZrz/jJaMIrNL/sD4+AbslZrp</latexit><latexit sha1_base64="U0pMoZVbsYEHh1ONtZboKObfGWw=">AAACDnicbVDLSsNAFJ3UV62vqDvdDBbBVUmKoBuhKKLLCvYBTSiT6W0dOnkwcyOUUPAT/Aq3unInbv0FF/6LScxCW8/qcM493HuuF0mh0bI+jdLC4tLySnm1sra+sbllbu+0dRgrDi0eylB1PaZBigBaKFBCN1LAfE9CxxtfZH7nHpQWYXCLkwhcn40CMRScYSr1zT0nTO0snVxO6RmtWw51lE+voN03q1bNykHniV2QKinQ7JtfziDksQ8Bcsm07tlWhG7CFAouYVpxYg0R42M2gl5KA+aDdpO8w5QexpphSCNQVEiai/A7kTBf64nvpZM+wzs962Xif14vxuGpm4ggihECni1CISFfpLkSaXugA6EAkWWXAxUB5UwxRFCCMs5TMU6/VUn/Yc+2nyftes22avbNcbVxXnymTPbJATkiNjkhDXJNmqRFOHkgT+SZvBiPxqvxZrz/jJaMIrNL/sD4+AbslZrp</latexit><latexit sha1_base64="U0pMoZVbsYEHh1ONtZboKObfGWw=">AAACDnicbVDLSsNAFJ3UV62vqDvdDBbBVUmKoBuhKKLLCvYBTSiT6W0dOnkwcyOUUPAT/Aq3unInbv0FF/6LScxCW8/qcM493HuuF0mh0bI+jdLC4tLySnm1sra+sbllbu+0dRgrDi0eylB1PaZBigBaKFBCN1LAfE9CxxtfZH7nHpQWYXCLkwhcn40CMRScYSr1zT0nTO0snVxO6RmtWw51lE+voN03q1bNykHniV2QKinQ7JtfziDksQ8Bcsm07tlWhG7CFAouYVpxYg0R42M2gl5KA+aDdpO8w5QexpphSCNQVEiai/A7kTBf64nvpZM+wzs962Xif14vxuGpm4ggihECni1CISFfpLkSaXugA6EAkWWXAxUB5UwxRFCCMs5TMU6/VUn/Yc+2nyftes22avbNcbVxXnymTPbJATkiNjkhDXJNmqRFOHkgT+SZvBiPxqvxZrz/jJaMIrNL/sD4+AbslZrp</latexit><latexit sha1_base64="U0pMoZVbsYEHh1ONtZboKObfGWw=">AAACDnicbVDLSsNAFJ3UV62vqDvdDBbBVUmKoBuhKKLLCvYBTSiT6W0dOnkwcyOUUPAT/Aq3unInbv0FF/6LScxCW8/qcM493HuuF0mh0bI+jdLC4tLySnm1sra+sbllbu+0dRgrDi0eylB1PaZBigBaKFBCN1LAfE9CxxtfZH7nHpQWYXCLkwhcn40CMRScYSr1zT0nTO0snVxO6RmtWw51lE+voN03q1bNykHniV2QKinQ7JtfziDksQ8Bcsm07tlWhG7CFAouYVpxYg0R42M2gl5KA+aDdpO8w5QexpphSCNQVEiai/A7kTBf64nvpZM+wzs962Xif14vxuGpm4ggihECni1CISFfpLkSaXugA6EAkWWXAxUB5UwxRFCCMs5TMU6/VUn/Yc+2nyftes22avbNcbVxXnymTPbJATkiNjkhDXJNmqRFOHkgT+SZvBiPxqvxZrz/jJaMIrNL/sD4+AbslZrp</latexit>

Hardening: �(r, z) = 0.3

✓
1� r

r�

◆

<latexit sha1_base64="Pm1ZCLdMzAZ0LUqI66HRa6nk9qw="></latexit><latexit sha1_base64="Pm1ZCLdMzAZ0LUqI66HRa6nk9qw="></latexit><latexit sha1_base64="Pm1ZCLdMzAZ0LUqI66HRa6nk9qw="></latexit><latexit sha1_base64="Pm1ZCLdMzAZ0LUqI66HRa6nk9qw="></latexit>

N =

Z
d3x fS(r� � x)

F(|x|/R)

|x|
<latexit sha1_base64="ztkAagy+5KFoIS2Sh+RwgpWr+nU="></latexit><latexit sha1_base64="ztkAagy+5KFoIS2Sh+RwgpWr+nU="></latexit><latexit sha1_base64="ztkAagy+5KFoIS2Sh+RwgpWr+nU="></latexit><latexit sha1_base64="ztkAagy+5KFoIS2Sh+RwgpWr+nU="></latexit>

F(⌘) ⌘
Z

⌘
d�

1p
2⇡

exp
�
��2/2

�

<latexit sha1_base64="+gd5M6ioQdBgrhTWQ2bUzQb1JAU="></latexit><latexit sha1_base64="+gd5M6ioQdBgrhTWQ2bUzQb1JAU="></latexit><latexit sha1_base64="+gd5M6ioQdBgrhTWQ2bUzQb1JAU="></latexit><latexit sha1_base64="+gd5M6ioQdBgrhTWQ2bUzQb1JAU="></latexit>

CR spatial distribution function:

R = 1
<latexit sha1_base64="iWLQv0JquDnjA0k2J/snX1fop0A=">AAAB/HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyIPIQiRWtL5twyvls3a2Roih8BS1UdIiWf6HgX7BNCkiYajSzq52dIFbSkut+OguLS8srq4W14vrG5tZ2aWe3YaPECKyLSEWmFYBFJTXWSZLCVmwQwkBhMxheZn7zAY2Vkb6lUYx+CAMt+1IApdLdDT/nHan7NOqWym7FzcHniTclZTZFrVv66vQikYSoSSiwtu25MfljMCSFwkmxk1iMQQxhgO2UagjR+uM88YQfJhYo4jEaLhXPRfy9MYbQ2lEYpJMh0L2d9TLxP6+dUP/MH0sdJ4RaZIdIKswPWWFkWgXynjRIBFly5FJzAQaI0EgOQqRiknZTTPvwZr+fJ43jiudWvOuTcvVi2kyB7bMDdsQ8dsqq7IrVWJ0JptkTe2YvzqPz6rw57z+jC850Z4/9gfPxDVZMlLg=</latexit><latexit sha1_base64="iWLQv0JquDnjA0k2J/snX1fop0A=">AAAB/HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyIPIQiRWtL5twyvls3a2Roih8BS1UdIiWf6HgX7BNCkiYajSzq52dIFbSkut+OguLS8srq4W14vrG5tZ2aWe3YaPECKyLSEWmFYBFJTXWSZLCVmwQwkBhMxheZn7zAY2Vkb6lUYx+CAMt+1IApdLdDT/nHan7NOqWym7FzcHniTclZTZFrVv66vQikYSoSSiwtu25MfljMCSFwkmxk1iMQQxhgO2UagjR+uM88YQfJhYo4jEaLhXPRfy9MYbQ2lEYpJMh0L2d9TLxP6+dUP/MH0sdJ4RaZIdIKswPWWFkWgXynjRIBFly5FJzAQaI0EgOQqRiknZTTPvwZr+fJ43jiudWvOuTcvVi2kyB7bMDdsQ8dsqq7IrVWJ0JptkTe2YvzqPz6rw57z+jC850Z4/9gfPxDVZMlLg=</latexit><latexit sha1_base64="iWLQv0JquDnjA0k2J/snX1fop0A=">AAAB/HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyIPIQiRWtL5twyvls3a2Roih8BS1UdIiWf6HgX7BNCkiYajSzq52dIFbSkut+OguLS8srq4W14vrG5tZ2aWe3YaPECKyLSEWmFYBFJTXWSZLCVmwQwkBhMxheZn7zAY2Vkb6lUYx+CAMt+1IApdLdDT/nHan7NOqWym7FzcHniTclZTZFrVv66vQikYSoSSiwtu25MfljMCSFwkmxk1iMQQxhgO2UagjR+uM88YQfJhYo4jEaLhXPRfy9MYbQ2lEYpJMh0L2d9TLxP6+dUP/MH0sdJ4RaZIdIKswPWWFkWgXynjRIBFly5FJzAQaI0EgOQqRiknZTTPvwZr+fJ43jiudWvOuTcvVi2kyB7bMDdsQ8dsqq7IrVWJ0JptkTe2YvzqPz6rw57z+jC850Z4/9gfPxDVZMlLg=</latexit><latexit sha1_base64="iWLQv0JquDnjA0k2J/snX1fop0A=">AAAB/HicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyIPIQiRWtL5twyvls3a2Roih8BS1UdIiWf6HgX7BNCkiYajSzq52dIFbSkut+OguLS8srq4W14vrG5tZ2aWe3YaPECKyLSEWmFYBFJTXWSZLCVmwQwkBhMxheZn7zAY2Vkb6lUYx+CAMt+1IApdLdDT/nHan7NOqWym7FzcHniTclZTZFrVv66vQikYSoSSiwtu25MfljMCSFwkmxk1iMQQxhgO2UagjR+uM88YQfJhYo4jEaLhXPRfy9MYbQ2lEYpJMh0L2d9TLxP6+dUP/MH0sdJ4RaZIdIKswPWWFkWgXynjRIBFly5FJzAQaI0EgOQqRiknZTTPvwZr+fJ43jiudWvOuTcvVi2kyB7bMDdsQ8dsqq7IrVWJ0JptkTe2YvzqPz6rw57z+jC850Z4/9gfPxDVZMlLg=</latexit>
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Source (SNR) distribution in the Galaxy [Green et al. (2015)]

Galprop

fS
<latexit sha1_base64="Ae3azilQbFhDxvG8aLxW3SqNu0I=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8kCJFZ0vm3DK3dm6WyNFlr+CFio6RMvHUPAv2MYFJEw1mtnVzk4QSWHRdT+dpeWV1bX1ykZ1c2t7Z7e2t9+xYWw4tHkoQ9MLmAUpNLRRoIReZICpQEI3mF7lfvcRjBWhvsNZBL5iEy3GgjPMpPvxMBkYRW/TYa3uNtwCdJF4JamTEq1h7WswCnmsQCOXzNq+50boJ8yg4BLS6iC2EDE+ZRPoZ1QzBdZPisApPY4tw5BGYKiQtBDh90bClLUzFWSTiuGDnfdy8T+vH+P4wk+EjmIEzfNDKCQUhyw3ImsC6EgYQGR5cqBCU84MQwQjKOM8E+OsmmrWhzf//SLpnDY8t+HdnNWbl2UzFXJIjsgJ8cg5aZJr0iJtwokiT+SZvDip8+q8Oe8/o0tOuXNA/sD5+AZVaZTE</latexit><latexit sha1_base64="Ae3azilQbFhDxvG8aLxW3SqNu0I=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8kCJFZ0vm3DK3dm6WyNFlr+CFio6RMvHUPAv2MYFJEw1mtnVzk4QSWHRdT+dpeWV1bX1ykZ1c2t7Z7e2t9+xYWw4tHkoQ9MLmAUpNLRRoIReZICpQEI3mF7lfvcRjBWhvsNZBL5iEy3GgjPMpPvxMBkYRW/TYa3uNtwCdJF4JamTEq1h7WswCnmsQCOXzNq+50boJ8yg4BLS6iC2EDE+ZRPoZ1QzBdZPisApPY4tw5BGYKiQtBDh90bClLUzFWSTiuGDnfdy8T+vH+P4wk+EjmIEzfNDKCQUhyw3ImsC6EgYQGR5cqBCU84MQwQjKOM8E+OsmmrWhzf//SLpnDY8t+HdnNWbl2UzFXJIjsgJ8cg5aZJr0iJtwokiT+SZvDip8+q8Oe8/o0tOuXNA/sD5+AZVaZTE</latexit><latexit sha1_base64="Ae3azilQbFhDxvG8aLxW3SqNu0I=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8kCJFZ0vm3DK3dm6WyNFlr+CFio6RMvHUPAv2MYFJEw1mtnVzk4QSWHRdT+dpeWV1bX1ykZ1c2t7Z7e2t9+xYWw4tHkoQ9MLmAUpNLRRoIReZICpQEI3mF7lfvcRjBWhvsNZBL5iEy3GgjPMpPvxMBkYRW/TYa3uNtwCdJF4JamTEq1h7WswCnmsQCOXzNq+50boJ8yg4BLS6iC2EDE+ZRPoZ1QzBdZPisApPY4tw5BGYKiQtBDh90bClLUzFWSTiuGDnfdy8T+vH+P4wk+EjmIEzfNDKCQUhyw3ImsC6EgYQGR5cqBCU84MQwQjKOM8E+OsmmrWhzf//SLpnDY8t+HdnNWbl2UzFXJIjsgJ8cg5aZJr0iJtwokiT+SZvDip8+q8Oe8/o0tOuXNA/sD5+AZVaZTE</latexit><latexit sha1_base64="Ae3azilQbFhDxvG8aLxW3SqNu0I=">AAAB+3icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjKChjII8kCJFZ0vm3DK3dm6WyNFlr+CFio6RMvHUPAv2MYFJEw1mtnVzk4QSWHRdT+dpeWV1bX1ykZ1c2t7Z7e2t9+xYWw4tHkoQ9MLmAUpNLRRoIReZICpQEI3mF7lfvcRjBWhvsNZBL5iEy3GgjPMpPvxMBkYRW/TYa3uNtwCdJF4JamTEq1h7WswCnmsQCOXzNq+50boJ8yg4BLS6iC2EDE+ZRPoZ1QzBdZPisApPY4tw5BGYKiQtBDh90bClLUzFWSTiuGDnfdy8T+vH+P4wk+EjmIEzfNDKCQUhyw3ImsC6EgYQGR5cqBCU84MQwQjKOM8E+OsmmrWhzf//SLpnDY8t+HdnNWbl2UzFXJIjsgJ8cg5aZJr0iJtwokiT+SZvDip8+q8Oe8/o0tOuXNA/sD5+AZVaZTE</latexit>

R = 1
<latexit sha1_base64="vKVSudpQVYHNPtpmolA3k48cCCU=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyIJxESqxofdmEU84P3a2RIivfQAsVHaLlcyj4F2zjAhKmGs3samfHj5U0ZNuf1tLyyuraemWjurm1vbNb29tvmyjRAl0RqUh3fTCoZIguSVLYjTVC4Cvs+JPr3O88ojYyCu9pGqMXwDiUIymAMsm945fcGdTqdsMuwBeJU5I6K9Ea1L76w0gkAYYkFBjTc+yYvBQ0SaFwVu0nBmMQExhjL6MhBGi8tAg748eJAYp4jJpLxQsRf2+kEBgzDfxsMgB6MPNeLv7n9RIaXXipDOOEMBT5IZIKi0NGaJm1gHwoNRJBnhy5DLkADUSoJQchMjHJaqlmfTjz3y+S9mnDsRvO7Vm9eVU2U2GH7IidMIedsya7YS3mMsEke2LP7MWaWq/Wm/X+M7pklTsH7A+sj2/wmpIx</latexit><latexit sha1_base64="vKVSudpQVYHNPtpmolA3k48cCCU=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyIJxESqxofdmEU84P3a2RIivfQAsVHaLlcyj4F2zjAhKmGs3samfHj5U0ZNuf1tLyyuraemWjurm1vbNb29tvmyjRAl0RqUh3fTCoZIguSVLYjTVC4Cvs+JPr3O88ojYyCu9pGqMXwDiUIymAMsm945fcGdTqdsMuwBeJU5I6K9Ea1L76w0gkAYYkFBjTc+yYvBQ0SaFwVu0nBmMQExhjL6MhBGi8tAg748eJAYp4jJpLxQsRf2+kEBgzDfxsMgB6MPNeLv7n9RIaXXipDOOEMBT5IZIKi0NGaJm1gHwoNRJBnhy5DLkADUSoJQchMjHJaqlmfTjz3y+S9mnDsRvO7Vm9eVU2U2GH7IidMIedsya7YS3mMsEke2LP7MWaWq/Wm/X+M7pklTsH7A+sj2/wmpIx</latexit><latexit sha1_base64="vKVSudpQVYHNPtpmolA3k48cCCU=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyIJxESqxofdmEU84P3a2RIivfQAsVHaLlcyj4F2zjAhKmGs3samfHj5U0ZNuf1tLyyuraemWjurm1vbNb29tvmyjRAl0RqUh3fTCoZIguSVLYjTVC4Cvs+JPr3O88ojYyCu9pGqMXwDiUIymAMsm945fcGdTqdsMuwBeJU5I6K9Ea1L76w0gkAYYkFBjTc+yYvBQ0SaFwVu0nBmMQExhjL6MhBGi8tAg748eJAYp4jJpLxQsRf2+kEBgzDfxsMgB6MPNeLv7n9RIaXXipDOOEMBT5IZIKi0NGaJm1gHwoNRJBnhy5DLkADUSoJQchMjHJaqlmfTjz3y+S9mnDsRvO7Vm9eVU2U2GH7IidMIedsya7YS3mMsEke2LP7MWaWq/Wm/X+M7pklTsH7A+sj2/wmpIx</latexit><latexit sha1_base64="vKVSudpQVYHNPtpmolA3k48cCCU=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyIJxESqxofdmEU84P3a2RIivfQAsVHaLlcyj4F2zjAhKmGs3samfHj5U0ZNuf1tLyyuraemWjurm1vbNb29tvmyjRAl0RqUh3fTCoZIguSVLYjTVC4Cvs+JPr3O88ojYyCu9pGqMXwDiUIymAMsm945fcGdTqdsMuwBeJU5I6K9Ea1L76w0gkAYYkFBjTc+yYvBQ0SaFwVu0nBmMQExhjL6MhBGi8tAg748eJAYp4jJpLxQsRf2+kEBgzDfxsMgB6MPNeLv7n9RIaXXipDOOEMBT5IZIKi0NGaJm1gHwoNRJBnhy5DLkADUSoJQchMjHJaqlmfTjz3y+S9mnDsRvO7Vm9eVU2U2GH7IidMIedsya7YS3mMsEke2LP7MWaWq/Wm/X+M7pklTsH7A+sj2/wmpIx</latexit>

R = 1
<latexit sha1_base64="vKVSudpQVYHNPtpmolA3k48cCCU=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyIJxESqxofdmEU84P3a2RIivfQAsVHaLlcyj4F2zjAhKmGs3samfHj5U0ZNuf1tLyyuraemWjurm1vbNb29tvmyjRAl0RqUh3fTCoZIguSVLYjTVC4Cvs+JPr3O88ojYyCu9pGqMXwDiUIymAMsm945fcGdTqdsMuwBeJU5I6K9Ea1L76w0gkAYYkFBjTc+yYvBQ0SaFwVu0nBmMQExhjL6MhBGi8tAg748eJAYp4jJpLxQsRf2+kEBgzDfxsMgB6MPNeLv7n9RIaXXipDOOEMBT5IZIKi0NGaJm1gHwoNRJBnhy5DLkADUSoJQchMjHJaqlmfTjz3y+S9mnDsRvO7Vm9eVU2U2GH7IidMIedsya7YS3mMsEke2LP7MWaWq/Wm/X+M7pklTsH7A+sj2/wmpIx</latexit><latexit sha1_base64="vKVSudpQVYHNPtpmolA3k48cCCU=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyIJxESqxofdmEU84P3a2RIivfQAsVHaLlcyj4F2zjAhKmGs3samfHj5U0ZNuf1tLyyuraemWjurm1vbNb29tvmyjRAl0RqUh3fTCoZIguSVLYjTVC4Cvs+JPr3O88ojYyCu9pGqMXwDiUIymAMsm945fcGdTqdsMuwBeJU5I6K9Ea1L76w0gkAYYkFBjTc+yYvBQ0SaFwVu0nBmMQExhjL6MhBGi8tAg748eJAYp4jJpLxQsRf2+kEBgzDfxsMgB6MPNeLv7n9RIaXXipDOOEMBT5IZIKi0NGaJm1gHwoNRJBnhy5DLkADUSoJQchMjHJaqlmfTjz3y+S9mnDsRvO7Vm9eVU2U2GH7IidMIedsya7YS3mMsEke2LP7MWaWq/Wm/X+M7pklTsH7A+sj2/wmpIx</latexit><latexit sha1_base64="vKVSudpQVYHNPtpmolA3k48cCCU=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyIJxESqxofdmEU84P3a2RIivfQAsVHaLlcyj4F2zjAhKmGs3samfHj5U0ZNuf1tLyyuraemWjurm1vbNb29tvmyjRAl0RqUh3fTCoZIguSVLYjTVC4Cvs+JPr3O88ojYyCu9pGqMXwDiUIymAMsm945fcGdTqdsMuwBeJU5I6K9Ea1L76w0gkAYYkFBjTc+yYvBQ0SaFwVu0nBmMQExhjL6MhBGi8tAg748eJAYp4jJpLxQsRf2+kEBgzDfxsMgB6MPNeLv7n9RIaXXipDOOEMBT5IZIKi0NGaJm1gHwoNRJBnhy5DLkADUSoJQchMjHJaqlmfTjz3y+S9mnDsRvO7Vm9eVU2U2GH7IidMIedsya7YS3mMsEke2LP7MWaWq/Wm/X+M7pklTsH7A+sj2/wmpIx</latexit><latexit sha1_base64="vKVSudpQVYHNPtpmolA3k48cCCU=">AAAB93icbVC7TsNAEDzzDOEVoKQ5ESFRRTZCggYpgoYyIJxESqxofdmEU84P3a2RIivfQAsVHaLlcyj4F2zjAhKmGs3samfHj5U0ZNuf1tLyyuraemWjurm1vbNb29tvmyjRAl0RqUh3fTCoZIguSVLYjTVC4Cvs+JPr3O88ojYyCu9pGqMXwDiUIymAMsm945fcGdTqdsMuwBeJU5I6K9Ea1L76w0gkAYYkFBjTc+yYvBQ0SaFwVu0nBmMQExhjL6MhBGi8tAg748eJAYp4jJpLxQsRf2+kEBgzDfxsMgB6MPNeLv7n9RIaXXipDOOEMBT5IZIKi0NGaJm1gHwoNRJBnhy5DLkADUSoJQchMjHJaqlmfTjz3y+S9mnDsRvO7Vm9eVU2U2GH7IidMIedsya7YS3mMsEke2LP7MWaWq/Wm/X+M7pklTsH7A+sj2/wmpIx</latexit>

R = 1
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Data driven local CR spectrum [Dembinski, Engel, Fedynitch et al. (2018)]

We consider the possibility of CR position-dependent spectral index recently emerged from the analysis of the Fermi-LAT data at ~20 GeV (Acero et al. 2016; Yang et al. 2016; Gaggero et al. 2018).
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