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Like in the Earth the Sun is bombarded by CR, which shower
IN the solar atmosphere 2
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We study CR, hadronic, atmosphere model
uncertainties



e These error bands account for cosmic ray, hadronic, and
atmospheric model uncertainties
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For neutrino propagation we use the nuSQuIDS package.

(here)
g Op(E, x)
ox

= —i{Hi(E,z),p(E,z)] —{I'(E,z),p(E,z)} + F [p, p; E, x]

- _ o0 _ B ]_ aNO{ E,ja, E
F [p7 p’ E7 x:l - z :Ha(E7 x) /sz T‘r [Ha(Eﬂoﬂ ‘,I’.)p(Eljoﬂ x)] S\%C(Eyj , x) NCéE )dEDa
LTL(E, 2 / Tr [[L, (Ey,, 2)p(Ey, , @)

E.

all
1 a‘]VCC(E1 E )aNdec( E)dE dE
)‘(TJC(E z)

SQUIDS (Br Il (E, x) +Br“ E:z: //Tr[r[ (E,.,z)p(E,,, )]

1 ONE(E,., E.) ON X (E,, E)

dec

)\60 (E,._, ) OE. OF

+ (Z ﬁa(E,x)> /E Tr [I:I(E,;e,x)ﬁ(E,ye,x)] S\GR(;_ . 5Nce;Ra(gﬂe,E) dE,,

dE,, dE, (10b)

Neutrino propagation accounts for CC, NC, oscillations, and tau
Get it here: regeneration. Code is fast: 15-30 min per calculation.

https://github.com/jsalvado/SQuUIDS
https://github.com/arguelles/nuSQuIDS
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Expected flux at Earth
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e At these high energies neutrino coherence is maintained.

L e | ow energy fast oscillation are average out due to vacuum
’# oscillation through the year:

e Aphelion to perihelion distance difference is ~ 4 million km.
e Oscillation length at 100 GeV is ~ 1% of this distance.

e Oscillation length is comparable at 10 TeV.




Comparison of DM rates with solar

neutrl nos
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IceCube (IC79) 1.33< R <212 0.70 < R < 1.11
IceCube (IC86)* 2.04 < R < 3.28 1.91 < R < 3.07

ANTARES* 0.032 < R < 0.053 0.029 < R < 0.047
IceCube+PINGU 1.39 < R < 2.22 0.77 < R < 1.23
KM3NeT™* 3.00 < R <4.94 2.67 < R <4.36
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3 \_—\/ and cross section
f ] we calculate the

energy region of
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90% of the DM-
neutrino events are.
¢ \We calculate In the
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_ neutrinos.
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Comparison with recent resulits!

“*Edsj0 et al. (1704.02892) recalculate the flux (using MCeq too!). Good agreement in

fluxes and floor.

Edsjo, Elevant, Enberg & Niblaeus, 2017
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Comparison with recent resulits!

“*Edsjo et al. (1704.02892) recalculate the flux (using MCeq too!). Good agreement in

fluxes at high energies and floor.

EdS_/O E/evant Enberg&N/b/aeus 2017
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Comparison with recent resulits!
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*Ingeman-Thunman calculation in good agreement with new calculationsup to ~ 1 TeV.
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Comparison with recent resulits!

“*Ng et al. (1703.10280) use previous calculation by Ingelman-Thunman. Modification
of the flux at low energies due to magnetic field effects accounted in their

calculation.
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Comparison with recent resulits!

“*Ng et al. (1703.10280) use previous calculation by Ingelman-Thunman. Modification
of the flux at low energies due to magnetic field effects accounted in their
calculation.

10-38

llll’ﬂ'll LB R

[ cm? ]
/

-40
10 E Super-K(28

A S
5
10-41 |
10-42;‘ 1 /, )
= | rrfloor =" 7 floor bb floor bb
i ST " Supérk - - IceCube i Super-K IceCube
10743 Locwivwd <wn L Y T 1043 bl 0
10* 102 103 10* 10* 102 10° 10*
m, [ GeV ] m, [ GeV ]

15



Take home message

“*We are getting closer to detecting Solar-Atmospheric
neutrinos!

“*Three new independent calculations of the predicted
Solar-Atmospheric neutrino tlux: good agreement. See
1703.07798, 1703.10280, and 1704.02892.

“*Fluxes for all variants and at several stages available
online.

THANIKS!

*Fluxes available here
https://dspace.mit.edu/handle/1721.1/108394
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https://dspace.mit.edu/handle/1721.1/108394

BONUS
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Comparison with Ingelman-Thunman
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