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Sun	– Dark	Matter	detector
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Solar	WIMP	Search
• Best	limit	on	SD	cross	
sections
– Hard	Channels

• Both	scattering	and	
Annihilation	!

• How	far	can	neutrino	
telescopes	reach?
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C3F8		Direct	Detection	
Neutrino	floor
Ruppin et	al.	2014



Sun	– Cosmic-ray	beam	dump

CR	protons
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Solar	Atmospheric	Neutrinos

• Dilute	atmosphere,	larger	neutrino	flux	
Seckel+	1991,	Moskalenko+,	1993,	Ingelman+	1996,		
Hettlage+	2000,	Fogli+	2003

Figure 4: Cosmic ray induced E3-weighted neutrino fluxes at the Earth integrated over the solid
angle of the Sun. The fluxes from the Sun obtained in this study (solid lines) are compared with
the earlier calculation SSG [22] and the one MK derived from [2], as well as those from the
Earth’s atmosphere as calculated for the vertical flux (curve V) [1], the horizontal flux (curve
H) [21], and the prompt charm-induced flux (curve P) [1].

fact by using the fluxes in Fig. 1c (where secondary interactions are unimportant) for the whole
Sun, the result of Moskalenko and Karakula is roughly reproduced.

One can represent the neutrino fluxes by the simple parameterisation

φ(E) =

⎧

⎪

⎨

⎪

⎩

N0 E−γ−1/(1 + AE) , E < E0,

N ′
0 E−γ′−1/(1 + AE) , E > E0.

(15)

Although the form is the same as in Eq. (19) of [1] for the atmospheric fluxes, the physical
interpretation is not as simple here due to the integration over impact parameter and the inclu-
sion of the attenuation factor. Still, this form gives a good fit to the total attenuated fluxes in
Fig. 4 resulting in the parameter values in Table 2. (N ′

0 is not fitted but given by the continuity
condition at E0.)

N0 γ A E0 γ′ N ′
0

νµ + ν̄µ 1.3 · 10−5 1.98 8.5 · 10−6 3.0 · 106 2.38 5.1 · 10−3

νe + ν̄e 7.4 · 10−6 2.03 8.5 · 10−6 1.2 · 106 2.33 5.0 · 10−4

Table 2: Values of parameters in Eq. (15) obtained from fits to the attenuated neutrino fluxes
given by the solid lines in Fig. 4.

Neutrino telescopes measure neutrino fluxes indirectly through the Çerenkov light emitted
from the muons and electrons produced in charge current neutrino interactions. The rate is,
therefore, not directly proportional to the flux, but rather to the flux folded with the probability
that the neutrino undergoes a charge current interaction and that the produced charged lepton
reaches the detector, i.e. proportional to its range. Thus, the rate in a water/ice Çerenkov
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from the muons and electrons produced in charge current neutrino interactions. The rate is,
therefore, not directly proportional to the flux, but rather to the flux folded with the probability
that the neutrino undergoes a charge current interaction and that the produced charged lepton
reaches the detector, i.e. proportional to its range. Thus, the rate in a water/ice Çerenkov
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Neutrino	Flux
• Muon	neutrino	
for	directionality	

• Above	~3	TeV,	
greater	than	Earth	
ATM	background
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>300	GeV
Ingelman+	1996
Fogli+	2003

<	300GeV
Seckel+	1991



Muon	spectrum
• 10	years	of	1	Gton
– IceCube
– KM3NeT	
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SA𝜈 as	a	Signal
• Muon	(>1TeV)	energy	
with	energy	loss	

• ~	4	:	4	Events	in	10	
years

• 1st high-energy	
neutrino	source?

• Common	source	for	
IceCube +	KM3NeT
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Signal



Astrophysical	implications
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2009 2014

Nisa ICRC	2017

Solar	Magnetic	Fields	->



SA𝜈 as	Dark	Matter	Background

• <	TeV muons
• Poor	energy	resolution
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DM
Background



Solar	Atmospheric	Neutrino	Floor
• SA𝜈 vs	DM𝜈 ,	<	TeV muons
• Large	model	uncertainties	->	hard	floor
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Solar	Atmospheric	Neutrino	Floor
• Large	direct	detection	experiments	are	needed	to	
reach	10^-44
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Ruppin et	al.	2014



Can	Dark	Matter	give	>TeV 𝜈s	?	
• Long	lived	Mediators!
– Unsuppressed	neutrino

• Also	𝛾 and	𝑒±

• Low	background	at	high	E	
(𝛾, 𝑒±)
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• SA𝜈 as	a	dark	matter	background	(<	TeV 𝜇)
– Background	to	solar	WIMP	search
– Large	model	uncertainty	->	Hard	sensitivity	floor

• SA𝜈 as	a	astrophysical	signal	(>	TeV 𝜇)
– Cosmic-ray	interactions	in	the	Sun
– Reduce	the	SA𝜈 untertinaty	

• SA𝜈 as	a	dark	matter	signal	(>	TeV 𝜇)
– Hidden	mediator	models
– Multi-messenger	constraints

Summary

Thanks!
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