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High-energy neutrino astronomy

• neutrinos are not deflected in magnetic fields hence they travel in 
straight lines


• neutrinos are weakly interacting and not absorbed 
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High-energy neutrinos (HEN): IceCube signal

The signal is of astrophysical origin confirmed with ~7σ of evidence.

IceCube observes a signal compatible with an isotropic flux fitted by 

a power law dependece on the energy:
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[IceCube coll. 2017]



High-energy neutrinos (HEN): IceCube signal

There is still no clustering evidence of the events in the sky.

[IceCube coll. 2017]

The recent observation of a neutrino-flare coincidence represents the only 
significative correlation evidence so far (TXS0506+056).



Galactic diffuse neutrinos

Galactic neutrinos is a guaranteed component in the total signal. It is 
subdominant and it is not been observed yet.

The interactions between cosmic rays and the interstellar gas 

produce an high-energy (HE) neutrino flux called diffuse galactic flux.

Ref. F. Vissani



Multimessenger approach

Neutrinos and photons are produced in the same hadronic 
interactions: 

It is necessary a multimessenger study: 

we combine results from both neutrinos (IceCube) and gammas 

(HESS, HAWC) observations.

Ref. F. Vissani



Galactic diffuse neutrinos and gammas

The neutrino and gamma diffuse fluxes can be written as:
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where:  

nH(r)
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is the nucleon-nucleon cross section 
[Kelner & Aharonian, PRD 2008, 2010]

Gas density — Galprop 

[http://galprop.stanford.edu]

Differential CR flux

i = ν, γ 
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Galactic diffuse neutrinos and gammas
To estimate the diffuse fluxes we used 3 different cosmic rays models: 

'CR(E, r) = 'CR,�(E)
<latexit sha1_base64="eXgz2N5B4/BMuE55cnkKfP7YjIM=">AAACLXicbVDLSgNBEJz1bXxFPXoZDEIECbsiqAdBFMFjFPOAbAi9k44OmX0w0xuQJd/iJ/gVXvXkQVCv/oa7cQ+aWKeiqpruLi9S0pBtv1lT0zOzc/MLi4Wl5ZXVteL6Rt2EsRZYE6EKddMDg0oGWCNJCpuRRvA9hQ2vf575jQFqI8Pghu4jbPtwG8ieFECp1CkeuwPQ0Z3sJK72+fn1kJcv9hLX63E93D0pjLl7btgNKcvsFjrFkl2xR+CTxMlJieWodoofbjcUsY8BCQXGtBw7onYCmqRQOCy4scEIRB9usZXSAHw07WT04pDvxAYo5BFqLhUfifh7IgHfmHvfS5M+0J0Z9zLxP68VU++oncggigkDkS0iqXC0yAgt0+6Qd6VGIsguRy4DLkADEWrJQYhUjNMysz6c8e8nSX2/4tgV5+qgdHqWN7PAttg2KzOHHbJTdsmqrMYEe2BP7Jm9WI/Wq/Vuff5Ep6x8ZpP9gfX1DYXgppk=</latexit><latexit sha1_base64="eXgz2N5B4/BMuE55cnkKfP7YjIM=">AAACLXicbVDLSgNBEJz1bXxFPXoZDEIECbsiqAdBFMFjFPOAbAi9k44OmX0w0xuQJd/iJ/gVXvXkQVCv/oa7cQ+aWKeiqpruLi9S0pBtv1lT0zOzc/MLi4Wl5ZXVteL6Rt2EsRZYE6EKddMDg0oGWCNJCpuRRvA9hQ2vf575jQFqI8Pghu4jbPtwG8ieFECp1CkeuwPQ0Z3sJK72+fn1kJcv9hLX63E93D0pjLl7btgNKcvsFjrFkl2xR+CTxMlJieWodoofbjcUsY8BCQXGtBw7onYCmqRQOCy4scEIRB9usZXSAHw07WT04pDvxAYo5BFqLhUfifh7IgHfmHvfS5M+0J0Z9zLxP68VU++oncggigkDkS0iqXC0yAgt0+6Qd6VGIsguRy4DLkADEWrJQYhUjNMysz6c8e8nSX2/4tgV5+qgdHqWN7PAttg2KzOHHbJTdsmqrMYEe2BP7Jm9WI/Wq/Vuff5Ep6x8ZpP9gfX1DYXgppk=</latexit><latexit sha1_base64="eXgz2N5B4/BMuE55cnkKfP7YjIM=">AAACLXicbVDLSgNBEJz1bXxFPXoZDEIECbsiqAdBFMFjFPOAbAi9k44OmX0w0xuQJd/iJ/gVXvXkQVCv/oa7cQ+aWKeiqpruLi9S0pBtv1lT0zOzc/MLi4Wl5ZXVteL6Rt2EsRZYE6EKddMDg0oGWCNJCpuRRvA9hQ2vf575jQFqI8Pghu4jbPtwG8ieFECp1CkeuwPQ0Z3sJK72+fn1kJcv9hLX63E93D0pjLl7btgNKcvsFjrFkl2xR+CTxMlJieWodoofbjcUsY8BCQXGtBw7onYCmqRQOCy4scEIRB9usZXSAHw07WT04pDvxAYo5BFqLhUfifh7IgHfmHvfS5M+0J0Z9zLxP68VU++oncggigkDkS0iqXC0yAgt0+6Qd6VGIsguRy4DLkADEWrJQYhUjNMysz6c8e8nSX2/4tgV5+qgdHqWN7PAttg2KzOHHbJTdsmqrMYEe2BP7Jm9WI/Wq/Vuff5Ep6x8ZpP9gfX1DYXgppk=</latexit><latexit sha1_base64="eXgz2N5B4/BMuE55cnkKfP7YjIM=">AAACLXicbVDLSgNBEJz1bXxFPXoZDEIECbsiqAdBFMFjFPOAbAi9k44OmX0w0xuQJd/iJ/gVXvXkQVCv/oa7cQ+aWKeiqpruLi9S0pBtv1lT0zOzc/MLi4Wl5ZXVteL6Rt2EsRZYE6EKddMDg0oGWCNJCpuRRvA9hQ2vf575jQFqI8Pghu4jbPtwG8ieFECp1CkeuwPQ0Z3sJK72+fn1kJcv9hLX63E93D0pjLl7btgNKcvsFjrFkl2xR+CTxMlJieWodoofbjcUsY8BCQXGtBw7onYCmqRQOCy4scEIRB9usZXSAHw07WT04pDvxAYo5BFqLhUfifh7IgHfmHvfS5M+0J0Z9zLxP68VU++oncggigkDkS0iqXC0yAgt0+6Qd6VGIsguRy4DLkADEWrJQYhUjNMysz6c8e8nSX2/4tgV5+qgdHqWN7PAttg2KzOHHbJTdsmqrMYEe2BP7Jm9WI/Wq/Vuff5Ep6x8ZpP9gfX1DYXgppk=</latexit>

Case A: The CR flux is homogeneous in the Galaxy

Case B: The CR flux follows the distribution of galactic CR sources (SNRs, PWN)

Case C: The CR flux has a spectral index that depends on the galactocentric distance

'CR(E, r) = 'CR,�(E) g(r)
<latexit sha1_base64="wWIuprxLTD2O/ABeMOmpMX+Y8jM="></latexit><latexit sha1_base64="wWIuprxLTD2O/ABeMOmpMX+Y8jM="></latexit><latexit sha1_base64="wWIuprxLTD2O/ABeMOmpMX+Y8jM="></latexit><latexit sha1_base64="wWIuprxLTD2O/ABeMOmpMX+Y8jM="></latexit>

g(r) =
nS(r)

nS(r�)
<latexit sha1_base64="A3LjAhgp7HYqOxugHFILuUvaPe8=">AAACOHicbVBNS8NAEN34WetX1aOXxSLopSQi6EUo6sFjRatCU8pkO62Lm03YnQgl5A/5E/wVXisI3sSrv8CkFlHrO715b4aZeUGspCXXHTpT0zOzc/OlhfLi0vLKamVt/cpGiRHYFJGKzE0AFpXU2CRJCm9igxAGCq+Du5PCv75HY2WkL2kQYzuEvpY9KYByqVM57e+kftDjJtvlR9zvGRCp7qS+CflF9m1lE1peRt2IstwrlzuVqltzR+CTxBuTKhuj0am8+N1IJCFqEgqsbXluTO0UDEmhMCv7icUYxB30sZVTDSHadjr6NuPbiQWKeIyGS8VHIv6cSCG0dhAGeWcIdGv/eoX4n9dKqHfYTqWOE0ItikUkFY4WWWFkHiPyrjRIBMXlyKXmAgwQoZEchMjFJM+1yMP7+/0kudqreW7NO9+v1o/HyZTYJttiO8xjB6zOzliDNZlgD+yJDdmz8+i8Om/O+1frlDOe2WC/4Hx8AtrLrAQ=</latexit><latexit sha1_base64="A3LjAhgp7HYqOxugHFILuUvaPe8=">AAACOHicbVBNS8NAEN34WetX1aOXxSLopSQi6EUo6sFjRatCU8pkO62Lm03YnQgl5A/5E/wVXisI3sSrv8CkFlHrO715b4aZeUGspCXXHTpT0zOzc/OlhfLi0vLKamVt/cpGiRHYFJGKzE0AFpXU2CRJCm9igxAGCq+Du5PCv75HY2WkL2kQYzuEvpY9KYByqVM57e+kftDjJtvlR9zvGRCp7qS+CflF9m1lE1peRt2IstwrlzuVqltzR+CTxBuTKhuj0am8+N1IJCFqEgqsbXluTO0UDEmhMCv7icUYxB30sZVTDSHadjr6NuPbiQWKeIyGS8VHIv6cSCG0dhAGeWcIdGv/eoX4n9dKqHfYTqWOE0ItikUkFY4WWWFkHiPyrjRIBMXlyKXmAgwQoZEchMjFJM+1yMP7+/0kudqreW7NO9+v1o/HyZTYJttiO8xjB6zOzliDNZlgD+yJDdmz8+i8Om/O+1frlDOe2WC/4Hx8AtrLrAQ=</latexit><latexit sha1_base64="A3LjAhgp7HYqOxugHFILuUvaPe8=">AAACOHicbVBNS8NAEN34WetX1aOXxSLopSQi6EUo6sFjRatCU8pkO62Lm03YnQgl5A/5E/wVXisI3sSrv8CkFlHrO715b4aZeUGspCXXHTpT0zOzc/OlhfLi0vLKamVt/cpGiRHYFJGKzE0AFpXU2CRJCm9igxAGCq+Du5PCv75HY2WkL2kQYzuEvpY9KYByqVM57e+kftDjJtvlR9zvGRCp7qS+CflF9m1lE1peRt2IstwrlzuVqltzR+CTxBuTKhuj0am8+N1IJCFqEgqsbXluTO0UDEmhMCv7icUYxB30sZVTDSHadjr6NuPbiQWKeIyGS8VHIv6cSCG0dhAGeWcIdGv/eoX4n9dKqHfYTqWOE0ItikUkFY4WWWFkHiPyrjRIBMXlyKXmAgwQoZEchMjFJM+1yMP7+/0kudqreW7NO9+v1o/HyZTYJttiO8xjB6zOzliDNZlgD+yJDdmz8+i8Om/O+1frlDOe2WC/4Hx8AtrLrAQ=</latexit><latexit sha1_base64="A3LjAhgp7HYqOxugHFILuUvaPe8=">AAACOHicbVBNS8NAEN34WetX1aOXxSLopSQi6EUo6sFjRatCU8pkO62Lm03YnQgl5A/5E/wVXisI3sSrv8CkFlHrO715b4aZeUGspCXXHTpT0zOzc/OlhfLi0vLKamVt/cpGiRHYFJGKzE0AFpXU2CRJCm9igxAGCq+Du5PCv75HY2WkL2kQYzuEvpY9KYByqVM57e+kftDjJtvlR9zvGRCp7qS+CflF9m1lE1peRt2IstwrlzuVqltzR+CTxBuTKhuj0am8+N1IJCFqEgqsbXluTO0UDEmhMCv7icUYxB30sZVTDSHadjr6NuPbiQWKeIyGS8VHIv6cSCG0dhAGeWcIdGv/eoX4n9dKqHfYTqWOE0ItikUkFY4WWWFkHiPyrjRIBMXlyKXmAgwQoZEchMjFJM+1yMP7+/0kudqreW7NO9+v1o/HyZTYJttiO8xjB6zOzliDNZlgD+yJDdmz8+i8Om/O+1frlDOe2WC/4Hx8AtrLrAQ=</latexit>

nS(r) =
<latexit sha1_base64="LHE0wDJPGcFXTdb8oii9aD/QdL8=">AAACCnicbVDLSsNAFJ3UV62vquDGzWAR6qYkIuhGKLpxWdE+oCllMr2tQyeTMHMjlJg/8Cvc6sqduPUnXPgvJjULbT2rwzn3cs89XiiFQdv+tAoLi0vLK8XV0tr6xuZWeXunZYJIc2jyQAa64zEDUihookAJnVAD8z0JbW98mfnte9BGBOoWJyH0fDZSYig4w1Tql/dUP3a1T2+Saux6Q6qTI3pOS/1yxa7ZU9B54uSkQnI0+uUvdxDwyAeFXDJjuo4dYi9mGgWXkJTcyEDI+JiNoJtSxXwwvXiaP6GHkWEY0BA0FZJORfi9ETPfmInvpZM+wzsz62Xif143wuFZLxYqjBAUzw6hkDA9ZLgWaTFAB0IDIsuSAxWKcqYZImhBGeepGKVNZX04s9/Pk9ZxzbFrzvVJpX6RN1Mk++SAVIlDTkmdXJEGaRJOHsgTeSYv1qP1ar1Z7z+jBSvf2SV/YH18A4G6mQU=</latexit><latexit sha1_base64="LHE0wDJPGcFXTdb8oii9aD/QdL8=">AAACCnicbVDLSsNAFJ3UV62vquDGzWAR6qYkIuhGKLpxWdE+oCllMr2tQyeTMHMjlJg/8Cvc6sqduPUnXPgvJjULbT2rwzn3cs89XiiFQdv+tAoLi0vLK8XV0tr6xuZWeXunZYJIc2jyQAa64zEDUihookAJnVAD8z0JbW98mfnte9BGBOoWJyH0fDZSYig4w1Tql/dUP3a1T2+Saux6Q6qTI3pOS/1yxa7ZU9B54uSkQnI0+uUvdxDwyAeFXDJjuo4dYi9mGgWXkJTcyEDI+JiNoJtSxXwwvXiaP6GHkWEY0BA0FZJORfi9ETPfmInvpZM+wzsz62Xif143wuFZLxYqjBAUzw6hkDA9ZLgWaTFAB0IDIsuSAxWKcqYZImhBGeepGKVNZX04s9/Pk9ZxzbFrzvVJpX6RN1Mk++SAVIlDTkmdXJEGaRJOHsgTeSYv1qP1ar1Z7z+jBSvf2SV/YH18A4G6mQU=</latexit><latexit sha1_base64="LHE0wDJPGcFXTdb8oii9aD/QdL8=">AAACCnicbVDLSsNAFJ3UV62vquDGzWAR6qYkIuhGKLpxWdE+oCllMr2tQyeTMHMjlJg/8Cvc6sqduPUnXPgvJjULbT2rwzn3cs89XiiFQdv+tAoLi0vLK8XV0tr6xuZWeXunZYJIc2jyQAa64zEDUihookAJnVAD8z0JbW98mfnte9BGBOoWJyH0fDZSYig4w1Tql/dUP3a1T2+Saux6Q6qTI3pOS/1yxa7ZU9B54uSkQnI0+uUvdxDwyAeFXDJjuo4dYi9mGgWXkJTcyEDI+JiNoJtSxXwwvXiaP6GHkWEY0BA0FZJORfi9ETPfmInvpZM+wzsz62Xif143wuFZLxYqjBAUzw6hkDA9ZLgWaTFAB0IDIsuSAxWKcqYZImhBGeepGKVNZX04s9/Pk9ZxzbFrzvVJpX6RN1Mk++SAVIlDTkmdXJEGaRJOHsgTeSYv1qP1ar1Z7z+jBSvf2SV/YH18A4G6mQU=</latexit><latexit sha1_base64="LHE0wDJPGcFXTdb8oii9aD/QdL8=">AAACCnicbVDLSsNAFJ3UV62vquDGzWAR6qYkIuhGKLpxWdE+oCllMr2tQyeTMHMjlJg/8Cvc6sqduPUnXPgvJjULbT2rwzn3cs89XiiFQdv+tAoLi0vLK8XV0tr6xuZWeXunZYJIc2jyQAa64zEDUihookAJnVAD8z0JbW98mfnte9BGBOoWJyH0fDZSYig4w1Tql/dUP3a1T2+Saux6Q6qTI3pOS/1yxa7ZU9B54uSkQnI0+uUvdxDwyAeFXDJjuo4dYi9mGgWXkJTcyEDI+JiNoJtSxXwwvXiaP6GHkWEY0BA0FZJORfi9ETPfmInvpZM+wzsz62Xif143wuFZLxYqjBAUzw6hkDA9ZLgWaTFAB0IDIsuSAxWKcqYZImhBGeepGKVNZX04s9/Pk9ZxzbFrzvVJpX6RN1Mk++SAVIlDTkmdXJEGaRJOHsgTeSYv1qP1ar1Z7z+jBSvf2SV/YH18A4G6mQU=</latexit>

'CR(E, r) = 'CR,�(E) g(r)h(E, r)
<latexit sha1_base64="lpqWH7Y7h0NVsCqWW4ymYZ1mVQQ="></latexit><latexit sha1_base64="lpqWH7Y7h0NVsCqWW4ymYZ1mVQQ="></latexit><latexit sha1_base64="lpqWH7Y7h0NVsCqWW4ymYZ1mVQQ="></latexit><latexit sha1_base64="lpqWH7Y7h0NVsCqWW4ymYZ1mVQQ="></latexit>

h(E, r) =

✓
E

E

◆�(r)

<latexit sha1_base64="pqaktiyTrXB0EO55Upone0BnbSU="></latexit><latexit sha1_base64="pqaktiyTrXB0EO55Upone0BnbSU="></latexit><latexit sha1_base64="pqaktiyTrXB0EO55Upone0BnbSU="></latexit><latexit sha1_base64="pqaktiyTrXB0EO55Upone0BnbSU="></latexit>

�(r, z) =
<latexit sha1_base64="VrYIRMjI8K2SKC1TuRQg/q9PX0Y=">AAACA3icbVDLSgNBEJyNrxgfWfXoZTAIESTsiqAXIagHjxHMA5IQeiedOGT2wUyvEEOOfoVXPXkTr36IB//FzboHjdapqOqmq8uLlDTkOB9WbmFxaXklv1pYW9/YLNpb2w0TxlpgXYQq1C0PDCoZYJ0kKWxFGsH3FDa90cXMb96hNjIMbmgcYdeHYSAHUgAlUs8udi5REZT1Ib8/4Ge8Z5ecipOC/yVuRkosQ61nf3b6oYh9DEgoMKbtOhF1J6BJCoXTQic2GIEYwRDbCQ3AR9OdpMGnfD82QCGPUHOpeCriz40J+MaMfS+Z9IFuzbw3E//z2jENTrsTGUQxYSBmh0gqTA8ZoWXSCPK+1EgEs+TIZcAFaCBCLTkIkYhxUlEh6cOd//4vaRxVXKfiXh+XqudZM3m2y/ZYmbnshFXZFauxOhMsZo/siT1bD9aL9Wq9fY/mrGxnh/2C9f4FIAGWEg==</latexit><latexit sha1_base64="VrYIRMjI8K2SKC1TuRQg/q9PX0Y=">AAACA3icbVDLSgNBEJyNrxgfWfXoZTAIESTsiqAXIagHjxHMA5IQeiedOGT2wUyvEEOOfoVXPXkTr36IB//FzboHjdapqOqmq8uLlDTkOB9WbmFxaXklv1pYW9/YLNpb2w0TxlpgXYQq1C0PDCoZYJ0kKWxFGsH3FDa90cXMb96hNjIMbmgcYdeHYSAHUgAlUs8udi5REZT1Ib8/4Ge8Z5ecipOC/yVuRkosQ61nf3b6oYh9DEgoMKbtOhF1J6BJCoXTQic2GIEYwRDbCQ3AR9OdpMGnfD82QCGPUHOpeCriz40J+MaMfS+Z9IFuzbw3E//z2jENTrsTGUQxYSBmh0gqTA8ZoWXSCPK+1EgEs+TIZcAFaCBCLTkIkYhxUlEh6cOd//4vaRxVXKfiXh+XqudZM3m2y/ZYmbnshFXZFauxOhMsZo/siT1bD9aL9Wq9fY/mrGxnh/2C9f4FIAGWEg==</latexit><latexit sha1_base64="VrYIRMjI8K2SKC1TuRQg/q9PX0Y=">AAACA3icbVDLSgNBEJyNrxgfWfXoZTAIESTsiqAXIagHjxHMA5IQeiedOGT2wUyvEEOOfoVXPXkTr36IB//FzboHjdapqOqmq8uLlDTkOB9WbmFxaXklv1pYW9/YLNpb2w0TxlpgXYQq1C0PDCoZYJ0kKWxFGsH3FDa90cXMb96hNjIMbmgcYdeHYSAHUgAlUs8udi5REZT1Ib8/4Ge8Z5ecipOC/yVuRkosQ61nf3b6oYh9DEgoMKbtOhF1J6BJCoXTQic2GIEYwRDbCQ3AR9OdpMGnfD82QCGPUHOpeCriz40J+MaMfS+Z9IFuzbw3E//z2jENTrsTGUQxYSBmh0gqTA8ZoWXSCPK+1EgEs+TIZcAFaCBCLTkIkYhxUlEh6cOd//4vaRxVXKfiXh+XqudZM3m2y/ZYmbnshFXZFauxOhMsZo/siT1bD9aL9Wq9fY/mrGxnh/2C9f4FIAGWEg==</latexit><latexit sha1_base64="VrYIRMjI8K2SKC1TuRQg/q9PX0Y=">AAACA3icbVDLSgNBEJyNrxgfWfXoZTAIESTsiqAXIagHjxHMA5IQeiedOGT2wUyvEEOOfoVXPXkTr36IB//FzboHjdapqOqmq8uLlDTkOB9WbmFxaXklv1pYW9/YLNpb2w0TxlpgXYQq1C0PDCoZYJ0kKWxFGsH3FDa90cXMb96hNjIMbmgcYdeHYSAHUgAlUs8udi5REZT1Ib8/4Ge8Z5ecipOC/yVuRkosQ61nf3b6oYh9DEgoMKbtOhF1J6BJCoXTQic2GIEYwRDbCQ3AR9OdpMGnfD82QCGPUHOpeCriz40J+MaMfS+Z9IFuzbw3E//z2jENTrsTGUQxYSBmh0gqTA8ZoWXSCPK+1EgEs+TIZcAFaCBCLTkIkYhxUlEh6cOd//4vaRxVXKfiXh+XqudZM3m2y/ZYmbnshFXZFauxOhMsZo/siT1bD9aL9Wq9fY/mrGxnh/2C9f4FIAGWEg==</latexit>

position dependent of the CR spectral index

source (SNRs, pulsars) density

and assuming h(E, r) ! h̄(r) =

✓
ECR

Ē

◆�(r)

<latexit sha1_base64="AbATqJITFgfLX3ng2trrX6pqqug="></latexit><latexit sha1_base64="AbATqJITFgfLX3ng2trrX6pqqug="></latexit><latexit sha1_base64="AbATqJITFgfLX3ng2trrX6pqqug="></latexit><latexit sha1_base64="AbATqJITFgfLX3ng2trrX6pqqug="></latexit>

ECR = 2 PeV
<latexit sha1_base64="uE5ZHOdXARLk/yFQ7B8qbJvH+b8=">AAACDnicbVBNS8NAEN3Ur1q/ot70slgETyURQS9CsQgeq9gPaEPYbKd16WYTdidCCQV/gr/Cq568iVf/ggf/i2nsQVvf6c17M8zMC2IpDDrOp1VYWFxaXimultbWNza37O2dpokSzaHBIxnpdsAMSKGggQIltGMNLAwktIJhbeK37kEbEalbHMXghWygRF9whpnk23uXftrVIa3djOk5PaZdmpd1aI59u+xUnBx0nrhTUiZT1H37q9uLeBKCQi6ZMR3XidFLmUbBJYxL3cRAzPiQDaCTUcVCMF6a/zCmh4lhGNEYNBWS5iL8nkhZaMwoDLLOkOGdmfUm4n9eJ8H+mZcKFScIik8WoZCQLzJciywcoD2hAZFNLgcqFOVMM0TQgjLOMzHJ0iplebiz38+T5nHFdSru9Um5ejFNpkj2yQE5Ii45JVVyReqkQTh5IE/kmbxYj9ar9Wa9/7QWrOnMLvkD6+MbFPiaaQ==</latexit><latexit sha1_base64="uE5ZHOdXARLk/yFQ7B8qbJvH+b8=">AAACDnicbVBNS8NAEN3Ur1q/ot70slgETyURQS9CsQgeq9gPaEPYbKd16WYTdidCCQV/gr/Cq568iVf/ggf/i2nsQVvf6c17M8zMC2IpDDrOp1VYWFxaXimultbWNza37O2dpokSzaHBIxnpdsAMSKGggQIltGMNLAwktIJhbeK37kEbEalbHMXghWygRF9whpnk23uXftrVIa3djOk5PaZdmpd1aI59u+xUnBx0nrhTUiZT1H37q9uLeBKCQi6ZMR3XidFLmUbBJYxL3cRAzPiQDaCTUcVCMF6a/zCmh4lhGNEYNBWS5iL8nkhZaMwoDLLOkOGdmfUm4n9eJ8H+mZcKFScIik8WoZCQLzJciywcoD2hAZFNLgcqFOVMM0TQgjLOMzHJ0iplebiz38+T5nHFdSru9Um5ejFNpkj2yQE5Ii45JVVyReqkQTh5IE/kmbxYj9ar9Wa9/7QWrOnMLvkD6+MbFPiaaQ==</latexit><latexit sha1_base64="uE5ZHOdXARLk/yFQ7B8qbJvH+b8=">AAACDnicbVBNS8NAEN3Ur1q/ot70slgETyURQS9CsQgeq9gPaEPYbKd16WYTdidCCQV/gr/Cq568iVf/ggf/i2nsQVvf6c17M8zMC2IpDDrOp1VYWFxaXimultbWNza37O2dpokSzaHBIxnpdsAMSKGggQIltGMNLAwktIJhbeK37kEbEalbHMXghWygRF9whpnk23uXftrVIa3djOk5PaZdmpd1aI59u+xUnBx0nrhTUiZT1H37q9uLeBKCQi6ZMR3XidFLmUbBJYxL3cRAzPiQDaCTUcVCMF6a/zCmh4lhGNEYNBWS5iL8nkhZaMwoDLLOkOGdmfUm4n9eJ8H+mZcKFScIik8WoZCQLzJciywcoD2hAZFNLgcqFOVMM0TQgjLOMzHJ0iplebiz38+T5nHFdSru9Um5ejFNpkj2yQE5Ii45JVVyReqkQTh5IE/kmbxYj9ar9Wa9/7QWrOnMLvkD6+MbFPiaaQ==</latexit><latexit sha1_base64="uE5ZHOdXARLk/yFQ7B8qbJvH+b8=">AAACDnicbVBNS8NAEN3Ur1q/ot70slgETyURQS9CsQgeq9gPaEPYbKd16WYTdidCCQV/gr/Cq568iVf/ggf/i2nsQVvf6c17M8zMC2IpDDrOp1VYWFxaXimultbWNza37O2dpokSzaHBIxnpdsAMSKGggQIltGMNLAwktIJhbeK37kEbEalbHMXghWygRF9whpnk23uXftrVIa3djOk5PaZdmpd1aI59u+xUnBx0nrhTUiZT1H37q9uLeBKCQi6ZMR3XidFLmUbBJYxL3cRAzPiQDaCTUcVCMF6a/zCmh4lhGNEYNBWS5iL8nkhZaMwoDLLOkOGdmfUm4n9eJ8H+mZcKFScIik8WoZCQLzJciywcoD2hAZFNLgcqFOVMM0TQgjLOMzHJ0iplebiz38+T5nHFdSru9Um5ejFNpkj2yQE5Ii45JVVyReqkQTh5IE/kmbxYj9ar9Wa9/7QWrOnMLvkD6+MbFPiaaQ==</latexit>



Galactic diffuse neutrinos: results

'⌫(E⌫ , n̂⌫) = F(E⌫)I(n̂⌫)
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I(n̂⌫) = A,B, C
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where: depending on the considered scenario

Case A

Case B

Case C

for

The flux of high-energy neutrinos of each flavour at Earth

 (in the energy range 10 TeV—1 PeV) is:

The integrated galactic diffuse neutrino flux is always subdominant 

respect to the isotropic signal

[Pagliaroli, Villante JCAP 2017]
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Galactic diffuse neutrinos: results

It always exists a region where the galactic diffuse flux is comparable with or 
larger than the isotropic component.

The region where galactic neutrinos dominate is quite narrow and the 
optimal detector should have a good pointing cabability or a large 
counting rate to extract this signal. 

Galactic diffuse neutrinos as a function of the Galactic coordinates:

B

C
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•  It!always!exists!a!region!where!the!galac&c!diffuse!ν!flux!is!comparable!or!larger!than!
isotropic!component.!!

•  The!region!where!galac&c!neutrinos!dominate!is!quite!narrow!(e.g.!|b|<!4°!!and!|l|<70°!
for!Case#C).!The!op&mal!detector!should!have!a!good!poin&ng!capability!(or!a!large!
coun&ng!rate)!in!order!to!avoid!dilu&ng!the!signal!below!the!isotropic!background.!

•  The!angular!distribu&ons!are!quite!different!in!the!three!considered!scenarios!!!!!!!!!!!
(e.g.!the!flux!from!galac&c!center!is!factor!≈10!larger!in!Case#C!than!in!Case#A)!
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B
B

[Pagliaroli, Villante JCAP 2017]



Gamma-rays: HESS and HAWC

HAWC:

HESS: (1 TeV)   in |b| < 2°, -75° < l < 60°
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FIG. 1. Top panel: The white regions depict the diffuse analysis region (DAR). Black are regions of significant γ-ray emission.
Horizontal dashed lines mark the region −1.2◦ < b < 1.2◦ that is excluded from background subtraction. Middle panel: The
longitudinal profile of the Galactic Plane over a latitude range of −2◦ < b < 2◦. Shown is the differential flux at 1 TeV including
sources. H.E.S.S. TeV data, which include known sources, are indicated by black crosses. The minimal 1 TeV γ-ray emission
from hadronic interactions, estimated using HI and H2 data (traced by CO data) and a solar-like cosmic-ray spectrum (see
text), is shown as model curve. The dashed line includes a nuclear enhancement factor of 2.1. Model curves do not comprise a
reduction due to background subtraction. Bottom panel: The same as the middle panel, except only the DAR is considered.
The distribution is strongly influenced by the shape of the DAR (cf. top panel). Model curves correspond to the minimal
hadronic γ-ray emission expected in the same region.

tion of the DAR.
Systematic uncertainties enter at several stages in the
presented analysis. A comparison with an independent
cross-check analysis with separate calibration procedures
of the data resulted in consistency within ∼ 30% in flux
normalisation. This uncertainty, however, does not ac-
count for the effect of a reduced signal due to the applied
background subtraction, which is present in both anal-
ysis chains. The influence of the background removal
technique can be determined under a model assumption
for the γ-ray emission: a Gaussian of width 2◦ in lati-
tude results in a reduction of 30% of the original signal,
a Gaussian of width 20◦ in a reduction of 95%.

B. Assessment of the Detection

The observed signal can originate from hadronic emis-
sion of cosmic-ray interactions with matter via π0 pro-
duction and decay, inverse Compton scattering of cosmic-

ray electrons off radiation fields and unresolved γ-ray
sources. The contributions of these possible origins are
discussed in the following sections.

1. Hadronic emission

The component of hadronic emission is constrained by
the level of cosmic rays and the total target material.
For an estimation of the minimum, guaranteed contribu-
tion to be present in our observed signal, the emission
from the sea of cosmic rays (assumed to resemble the
locally measured cosmic-ray spectrum) interacting with
gas content (indicated from respective spectral line ob-
servations) is calculated. This minimum γ-ray emission
related to hadronic gas interactions undergoes the same
spatial selection as H.E.S.S. flux maps for the produc-
tion of profiles. Results of these calculations are shown
in Figs. 1 and 2, together with the H.E.S.S. data, as red
model curves.

(7 TeV)   in |b| < 2°,  0° < l < 180°

[HAWC coll. 2017]

[HESS coll. 2014]

Observe the total high-energy γ-ray flux on 2 windows on the galactic disk:



Galactic diffuse gamma-rays: results 
Comparison with the total flux of HESS 2014 (1 TeV):

Comparison with the total flux of HAWC 2018 (7 TeV):
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[work done in 
collaboration with G. 

Pagliaroli, F. L. 
Villante, V. Vecchiotti]



Conclusions

We estimated the contribution of diffuse galactic fluxes of neutrinos and 
gammas based on 3 assumption on cosmic rays distribution in the galaxy.

We compared the diffuse fluxes with experimental data:


The diffuse neutrino flux is subdominant respect to the isotropic 
signal observed by IceCube

The diffuse gamma flux is compatible with both the total fluxes 
observed by HESS and HAWC 

Work in progress:


Include the contribution of the galactic sources.



Thank you

Maddalena Cataldo
University of L’Aquila



The!CR!flux:!local!determina&on!

The!neutrino!flux!at!Eν=100!TeV!is!

determined!by!CR!flux!at:!

At!the!Sun!posi&on!the!CR!flux!is!

constrained!by!observa&onal!data!

[CREAM,!KASCADE,!KASCADE'Grande]!

Broken!Power!Law!–!Ahlers!et!al.,!PRD!2016!

'CR,�(E) ⌘
X

A

A2 d�A

dEAd⌦A
(AE)

E ' 20E⌫ = 2PeV

Note!that:!Other!fits!are!possible![see!e.g.!Gaisser!et!al,!Front.!Phys.!China!2013].!!

If!we!increase!heavy!element!contribu&on!at!expenses!of!hydrogen,!we!obtain!a!

smaller!CR!flux!!(since!the!flux!decrease!faster!than!E'2)!

The CR flux: local determination



The CR distribution: A, B, C
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Plots of the Cosmic Rays distributions in the Galaxy for the 3 cases 
depending on the galactocentric distance at E = 2 PeV :



The CR distribution: spectral index

The!CR!flux!in!the!Galaxy!
CR!density!above!20!GeV!!
[re6adapted!from!Morlino!et!al,!2016]!!

CR!spectral!index!
[re6adapted!from!Morlino!et!al,!2016]!!
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for

Cosmic-rays spectral index distribution respect to the galactocentric 
distance:



3 event topology:

TracksShowers Double-Bang

Neutrino event signaturesν 8

CC Muon Neutrino
Neutral Current /
Electron Neutrino 

CC Tau Neutrino

track (data) 

factor of ≈ 2 energy resolution 
< 1° angular resolution at high 

energies

cascade (data) 

≈ ±15% deposited energy resolution 
≈ 10° angular resolution (in IceCube)  

(at energies ⪆ 100 TeV)

“double-bang” (⪆10PeV) and other 
signatures (simulation) 

(not observed yet: τ decay length is 
50 m/PeV)

⌫µ +N ! µ+X ⌫⌧ +N ! ⌧ +X⌫
e

+N ! e +X

⌫
x

+N ! ⌫
x

+X

time

Neutrino event signaturesν 8

CC Muon Neutrino
Neutral Current /
Electron Neutrino 

CC Tau Neutrino

track (data) 

factor of ≈ 2 energy resolution 
< 1° angular resolution at high 

energies

cascade (data) 

≈ ±15% deposited energy resolution 
≈ 10° angular resolution (in IceCube) 

(at energies ⪆ 100 TeV)

“double-bang” (⪆10PeV) and other 
signatures (simulation) 

(not observed yet: τ decay length is 
50 m/PeV)

⌫µ +N ! µ+X ⌫⌧ +N ! ⌧ +X⌫
e

+N ! e +X

⌫
x

+N ! ⌫
x

+X

time
Neutrino event signaturesν 8

CC Muon Neutrino
Neutral Current /
Electron Neutrino 

CC Tau Neutrino

track (data) 

factor of ≈ 2 energy resolution 
< 1° angular resolution at high 

energies

cascade (data) 

≈ ±15% deposited energy resolution 
≈ 10° angular resolution (in IceCube)  

(at energies ⪆ 100 TeV)

“double-bang” (⪆10PeV) and other 
signatures (simulation) 

(not observed yet: τ decay length is 
50 m/PeV)

⌫µ +N ! µ+X ⌫⌧ +N ! ⌧ +X⌫
e

+N ! e +X

⌫
x

+N ! ⌫
x

+X

time

(ang. resolution 15°) (ang. resolution 1°)

IceCube
Neutrino telescope in Antarctica; 

Ice is the interaction medium; 

It observes Cherenkov light of 
particles produced in the interactions of 
neutrinos in ice. 


