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Neutrinos Astro-particle physics

• Reveal concealed 
astrophysical sites
– Solar, Supernova 
– AGN

• Ideal messenger

• Cosmic hadron accelerator
– 100 year CR problem
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Astro ---------------------- Particle
• Neutrino mass
– Dirac mass, why so small? 

-> Sterile neutrino!
– Majorana mass?
– Both?

• New physics portals?
– Dark maUer
– Secret interacVons



Supernova Neutrinos
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Galactic Supernova
• SN1987A
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SK IMB

Vissani 2015

Blum Kushnir 2016



Galactic Supernova
• IceCube

• Bounce 4me± 3.5ms -> GW
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Halzen Raffelt 2009

Tamborra+2013



Nearby Supernova

• Can we see nearby supernova?
– Local Overdensity?

• 1/year <6Mpc

• Singles (+ optical)
– 30%

• 10 years
– 1- P(no det.) > 97%!
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Nakamura et al 2016



Diffuse Supernova neutrinos
• Diffuse supernova neutrinos is detectable 
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Astrophysical Neutrinos
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Diffuse Astrophysical Neutrinos
• IceCube HESE and !"
• #$%.% vs #$%.' ?
• Two components?
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Schneider TeVPA2018

• Source cannot be rare 
and bright

• Or maybe hidden?



Multi-messenger Connection
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Ahlers, Halzen 2018



Where are the Taus?

• Double Bang
• Double Pulse
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IceCube 2015
3 years



Point source astrophysical Neutrinos

• Era of mul5messenger astronomy with TXS events

• Asso
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Blazar as a hadronic accelerator!

Association ~3 sigma

Neutrino flare ~3.5 sigma

Need more of these! 



Sun – Cosmic-ray beam dump

CR protons

!"
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!γ

Seckel, Stanev, Gaisser (1991),
Moskalenko, Karakula (1993),
Ingelman, Thunman (1996), +

Low density atmosphere
-> long interaction length
->  more decays
-> Higher flux, higher energy



Neutrino Flux
• Showers: !",$%%, !&'%
• Tracks: !(%%

• !(%% for directionality
– kinematic angle 

• Above ~3 TeV, greater 
than Earth ATM 
background

• Unclear how solar 
magnetic fields change 
the prediction
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>300 GeV
Ingelman+ 1996
Fogli+ 2003

< 300GeV
Seckel+ 1991
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Solar Atmospheric !

Katz, Spiering, 2012



SA! as a Signal
• Muon (>1TeV) 

– Energy resolu7on via 
energy loss 

• ~ 5 signal events in 10 
years (4 bkg)

• 1st high-energy neutrino 
source?

• Common source for 
IceCube + KM3NeT
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Signal

Another



Solar Atmospheric gamma rays

Neutrinos could help understand the gamma rays
– Time variation
– Hard spectrum
– Large flux
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Tang et al 2018



Dark Matter and New physics
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Dark Matter
• Weakly Interacting Massive Particles (WIMPs)

• Abundance <-> Total Cross section!

• !"# $%
&.( ≈ *×(&,%-./01,2

3456
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?
Physics

DM

DM

γ, ν, q….

γ, ν, q….



• Specific channels or models

Dark Matter Annihilation
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AnIproton, Reinert & Winkler 2018 Gamma rays, Fermi collab. 2017



• Total cross section 

constraint

– Arbitrary, mixed channel 

(mixed spectrum)

– Fermi dwarf, AMS positron,

Planck CMB

• New physics for large xsec

• Sub DM thermal relics

• All visible channels except 

Neutrinos!

The simplest WIMP hypothesis
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Leane, Slatyer, Beacom, KCYN, 2018



Neutrino Channel
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Mijakowski TAUP 2017

Klop Ando 1809.00671
Also see 
Olivares-Del Campo, Palomares-Ruiz, Pascoli 1805.09830

• Reaching thermal?
– A significant milestone for testing WIMPs



Dark Matter
• Weakly Interac/ng Massive Par/cles
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Dark Ma'er Search from the Sun
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Ro',  NOW 2018



Solar ATM neutrino – indirect detection Neutrino Floor

No B-field effect are considered

IceCube Search ongoing [S. In & C. Rott ICRC17 (965)]
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KCYN, Beacom, Peter, Rott, 1703.10280
See also
Arguelles+ 1703.07798
Edsjo+ 1704.02892



Dark Matter with long-lived mediators

• No neutrino absorp9on

• + EM signatures!

9/21/18 Kenny C.Y. NG, TMEX2018, Warsaw 26

Leane, KCYN, Beacom 1703.04629
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We search three years of data from the High Altitude Water Cherenkov (HAWC) observatory and57

find no statistically significant detection of TeV gamma-ray emission from the Sun. Using this, we58

constrain the spin-dependent elastic scattering cross section of dark matter with protons for dark59

matter masses above 1 TeV, assuming an unstable mediator with a favorable lifetime. The results60

complement constraints obtained from Fermi-LAT observations of the Sun and together cover WIMP61

masses between 4 and 106 GeV. The cross section constraints for mediator decays to gamma rays62

can be as strong as ⇠ 10�45 cm�2, which is more than four orders of magnitude stronger than63

current direct-detection experiments for 1 TeV dark matter mass. The cross-section constraints at64

higher masses are even better, nearly 7 orders of magnitude better than the current direct-detection65

constraints for 100 TeV dark matter mass. This demonstration of sensitivity encourages detailed66

development of theoretical models in light of these powerful new constraints.67

I. INTRODUCTION68

A variety of astrophysical observations, including69

galaxy rotation curves, large scale structure and cosmic70

microwave background (CMB) measurements, point to-71

wards the existence of non-baryonic dark matter in the72

Universe [1–5]. Testing the particle nature of dark mat-73

ter candidates through their interactions with baryonic74

matter is a key aspect of research in physics beyond the75

Standard Model (SM).76

The scattering cross section of weakly interacting mas-77

sive particle (WIMP) dark matter can be studied in as-78

trophysical environments of high matter density, such as79

the Sun. WIMPs from the galactic dark matter halo can80

be gravitationally trapped by the Sun through scattering81

off solar nuclei, and settle into thermal equilibrium at the82

core [6–11]. The overdensity of dark matter in the core83

can result in the annihilation of dark matter into SM84

particles [12–16]. Once equilibrium has been reached,85

the flux of the annihilation products only depends on the86

capture rate, and therefore, the scattering cross section87

(see Sec. II).88

If dark matter has only spin-dependent elastic scatter-89

ing interactions, the best sensitivity from direct-detection90

experiments [17–20] is several orders of magnitude weaker91

than for spin-independent scattering [21–26]. For study-92

ing spin-dependent cross sections, indirect methods based93

on WIMP capture in the Sun (with abundant hydrogen94

targets) can be substantially more sensitive than direct-95

detection techniques [27, 28]. IceCube [29], ANTARES96

[30] and Super-K [31] have performed searches for the97

neutrino signatures of annihilating dark matter in the98

Sun, and constrained the cross sections up to an order of99

magnitude better than direct-detection experiments for100

dark matter masses above a few hundred GeV.101

WIMP annihilations also produce gamma rays, though102

they are extinguished by solar matter. In typical WIMP103

scenarios, the probability of observing a gamma-ray sig-104

nal from the Sun is extremely low. The thermalized105

dark matter profile is peaked at the Sun’s core, with a106

very small annihilation rate outside the solar atmosphere107

[13, 33–35]. Such scenarios do not produce a high enough108
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FIG. 1. Illustration of dark matter annihilation into long-
lived mediators that decay to SM particles outside the solar
surface (adapted from Ref. [32]).

gamma-ray flux that could be probed with ground or109

satellite-based detectors, as shown in Ref. [34].110

A different scenario — with enhanced prospects of111

gamma-ray detection — comes from models in which112

dark matter annihilates into a long-lived mediator that113

could escape and decay outside the Sun to produce114

gamma rays, electrons or other SM particles [14–16, 32,115

36–57], as illustrated in Fig. 1 and detailed further in Sec.116

II. A fairly minimal dark sector contains a dark matter117

candidate, along with a mediator, which allows interac-118

tion between the dark and SM sectors. Dark mediators119

appear naturally in many ultraviolet complete theories,120

and include examples such as dark photons, dark Higgs,121

and axions [38–41, 58]. If the mediators are light or have122

small couplings, they can be long-lived, and can decay123

outside the Sun into detectable gamma rays.124

The prospects for detecting TeV signals from the decay125

of long-lived mediators outside the Sun with HAWC were126

first studied in Refs. [32, 57]. It was predicted that the127

solar gamma-ray channel can provide very strong sensi-128

tivity to the dark matter scattering cross sections in the129

spin-dependent parameter space. In this work, we follow130

up with observations of the TeV Sun. The High Altitude131

Water Cherenkov (HAWC) Observatory can search for132

gamma rays from the Sun in an energy range that was133



Dark Matter Decay
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IceCube Collab, 2018
Cohen, Murase, Rodd, Safdi, Soreq 2017

Chianese, Miele, Morisi 2017



Boosted Dark Matter
• Super-K, IceCube
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Cosmic neutrino cascades
• Secret neutrino 

interactions
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HE neutrino

Cosmic neutrino Bkg.



Neutrino Dark Ma-er Interac0on
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Argu ëlles, Kheirandish , Vincent, 2017



Dark Matter Beam (T2K)

9/21/18 Kenny C.Y. NG, TMEX2018, Warsaw 32

deNiverville et al, 2017



Summary
• Rich astroparticle phyiscs, many can only be done

with water Cherenkov detectors

• Exciting times ahead for new detectors and maybe 
new techniques
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Thanks!



Backup slides
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Solar Atmospheric Neutrino Floor
• Large direct detection experiments are needed to 

reach 10#$$ cm'
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Solar, diffuse supernova, atmospheric neutrinos
Ruppin et al. 2014


