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High-energy neutrinos,

Gigaton detectors – IceCube 
(km3), ANTARES (2% km3), 
KM3NET (in-progress km3)

Observed through Earth 
(upgoing) or from sky (down)

Backgrounds: Atmospheric 
neutrinos, muons (down only)

Tracks (c.c. muon/tau, ~deg) 
and Cascades (other, >15 deg)
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Produced in highest-energy 
cosmic particle accelerators 
(+cosmic rays)

Travel without attenuation 
through highest-density 
environments…
Across cosmological distances…

Without being absorbed or 
deflected

Questions: 
Source(s) of cosmic rays
GRB/SN/source physics
Dark accelerators? 

Neutrino Astronomy
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IceCube discovery of high-
energy cosmic neutrinos

Presented in IPA talks in May 
2013, published Nov 2013

Energies 30 TeV < Eν < 1.2 PeV

28 observed vs. 12 expected (ca. 
1 per month in IceCube)

>4σ excess over atmospheric 
backgrounds  (now >5σ)

Primarily cascade events; ~10% 
cosmic track events

No observed GRB coincidences

IceCube’s High-Energy 
Cosmic Neutrinos

IceCube 2013
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No GRB coincidences

No point sources
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Distribution consistent with isotropy
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Astrophysical Multimessenger 
Observatory Network: 
Multimessenger subthreshold 
coincidence searches

Evoke: Discovery of transient 
multimessenger sources

Exploit: Trigger follow-up 
observations to identify & study 
counterparts

Explore: Archival analyses in 
search of multimessenger activity

For cosmic neutrinos: Efficiency 
improvement from follow-up of  
smaller gamma-ray localizations

The AMON Idea 
amon.psu.edu

AMON


Smith+2013
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Discovery report (2013) 
from archival data

No real-time follow-up

AMON Initiative: First 
real-time likely-cosmic 
neutrino alerts

Track-type events only

Installed software to 
identify, localize, & relay 
events to GCN

Likely-Cosmic Neutrino 
Alerts

G. Tesic
A. Keivani
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AMON_ICECUBE_HESE

First alert on 3 April 2016 (test phase) – erroneous

First real alert on 27 April 2016:  pcosmic ≈ 50% (no Swift)

GCNs from MASTER, HAWC, Fermi LAT, Fermi GBM, 
Pan-STARRS, iPTF, FACT, VERITAS

Second alert on 31 July 2016: pcosmic ≈ 80% ⟶ Swift

GCNs from Swift, HAWC, FACT, MASTER, Fermi 
GBM, IPN, iPTF, Konus-WIND, ANTARES 



First Swift Campaigns

A. Keivani
J. Kennea
P. Evans
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IceCube EHE event of 2017 
Sep. 22

𝜀ν ≳ 300 TeV muon neutrino 
with pcosmic ≈ 50%

Swift follow-up revealed nine 
X-ray sources

Source X2 (central pointing) 
is TXS 0506+056, aka QSO 
J0509+0541

Fermi LAT team reports 
source is in GeV high state

MAGIC reports first-ever 
detection at 𝜀𝛾 > 100 GeV

IceCube 170922A
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IceCube-led Science paper: 
Focused on Fermi+MAGIC 
coincidence, ~3σ

Confirmation pursued via 
IceCube archival analysis 

AMON team paper on 
blazar SED, variability, and 
likely neutrino luminosity

Strongest limits via deep 
“dip” in the source SED at 
X-ray energies (Swift + 
NuSTAR)

A TXS 0506+056 Neutrino?
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Blazar Neutrinos!

IceCube’s second Science paper in 12 July 2018 issue

Identification of a high-energy neutrino flare from the direction 
of TXS 0506+056

3.5σ + statistically independent of IceCube-170922A

IceCube 2018b
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Blazar Neutrinos!

First identified source of high-energy neutrinos

First identified source of extragalactic cosmic rays

First Cosmic Pevatron: 𝜀ν ≳ 300 TeV neutrinos implies 𝜀cr ≳ 6 
PeV hadrons

But: Hard to explain 100% of IceCube neutrinos with blazars

IceCube 2018b



2. ANITA Anomalous Events

DBF &
S. Sigurdsson, S. Shandera,
P. Meszárós, K. Murase,
M. Mostafá, S. Coutu

ArXiv:1809.09615
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NASA “Ultra Long Duration 
Balloon” experiment

Seeking radio signature of 
UHE Earth-skimming neutrino 
interactions in ice (Askaryan)

Months-long flights “orbiting” 
Antarctica

4 flights to-date, 3 flights 
published

One candidate Askaryan event 
(p=0.7, conservatively)

What is ANITA?
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SM explanations for AAEs 
excluded on at least two grounds:

1. UHE Diffuse Neutrino Flux 
bounds (7.0σ)

2. AAE Zenith Angle distribution 
(5.8σ)

Apart from chord lengths, though, 
events look good! 

ANITA observables nominal

𝜀cr ~ 𝜀crit,𝜏 as expected for all 
higher-energy 𝝂𝛕
𝛕 / 𝝂𝛕 regeneration over final 
≲ 1000 km

AAEs in the SM

Alvarez-Muniz+18
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Zenith angles reproduced in 
simplest BSM scenarios

Highly predictive model! 
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IceCube…?
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IceCube-140611

IceCube 2016
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IceCube Anomalous 
Event Candidates

Fox+2018



Cascades v. Tracks

IceCube 2018

p=4%

Tracks
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Albuquerque & Cavalcante de Souza 2012: 
Stau ➞ Tau events in neutrino observatories

Albuquerque & Cavalcante de Souza 2013: 
Upgoing UHECRs from Stau ➞ Tau decays
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LHC Run 1:
m ≳ 300 GeV

(= 1.0 R⊕)

AAEs ~1 EeV
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CMS search for heavy stable 
charged particles with 12.9 fb–1 
of 2016 data

“One event with mass 510 ± 160 
GeV is found in the tracker + 
TOF analysis.”

Estimate p ≈ 0.5% ?

160 fb–1 CMS p-p collisions from 
LHC Run 2

>2.5 expected in CMS+ATLAS 
Run 2 (90% confidence)

3 events for >3σ (5 for >5σ)

CMS 2016 LLP Search

CMS 2016



ATLAS 2016 LLP Search

A
T

L
A

S 
20

16



ATLAS gluino targeted search for heavy stable charged particles 
with 36.1 fb–1 of data
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ATLAS gluino targeted search for heavy stable charged particles 
with 36.1 fb–1 of data

“2.4σ excess in stable region” over masses 500 GeV to 800 GeV

ATLAS 2016 LLP Search
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IceCube neutrino source searches

Pierre Auger FD-only analysis

ANITA-IV results published

LHC Run 2: CMS + ATLAS
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Model
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Peter Woit “SUSY Bets” page at Not Even Wrong (3 Sep 2014)

“300 fb–1 of data at √s = 13 TeV” appropriate per Gordon Kane

Wilczek $1000 bet with Lisi – conceded July 2016 (timestamped!)

SUSY Bets
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penetration through Earth (ABPR08)
Direct support from CMS 510 ± 160 GeV event (p ≈ 0.5%)

Confirmation may be possible using existing archival data of the 
IceCube and Pierre Auger Observatories

LHC Run 2 data now under analysis may be highly relevant
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Could the ANITA events be fake?
3 years since first publication
Recent ANITA team papers confirm SM exclusion
Not instrumental – definitely at least atmospheric
RFI seems wildly unlikely
Hypothetical “double bounce” / reimaged events never seen from 
pulser

How can we confirm SEECR interpretation?
IceCube particle mass diagnostics
Pierre Auger fluorescence detector data
UHE neutrino sources
LHC Run 2 or Run 3
Other?

FAQs



The End


