
The ANITA Anomalous Events 
and LHC LLPs

Derek B. Fox 
Penn State University 

Fourth Workshop of the LHC LLP Community 
Science Park, Amsterdam 

23 October 2018

ArXiv:1809.09615



ANITA Anomalous Events 
and LHC LLPs

1. What are the ANITA Anomalous Events?

2. AAEs and the Standard Model

3. More Pieces of the Puzzle

4. AAEs and LHC LLPs



1. What are the ANITA 
Anomalous Events?



What is ANITA?



NASA “Ultra Long Duration 
Balloon” experiment

What is ANITA?



NASA “Ultra Long Duration 
Balloon” experiment

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

What is ANITA?



NASA “Ultra Long Duration 
Balloon” experiment

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

Months-long flights “orbiting” 
Antarctica

What is ANITA?



NASA “Ultra Long Duration 
Balloon” experiment

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

Months-long flights “orbiting” 
Antarctica

4 flights to-date with three 
flights published

What is ANITA?



NASA “Ultra Long Duration 
Balloon” experiment

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

Months-long flights “orbiting” 
Antarctica

4 flights to-date with three 
flights published

One candidate Askaryan event 
from talks (not published)

What is ANITA?
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AAE Zenith Angles
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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! 

All ANITA observables

Energies ~ Ecrit,𝛕 as expected 
for all higher-energy 𝝂𝛕
Tau / 𝝂𝛕 regeneration maxes 
out at ~1000 km
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High-energy neutrinos,

Gigaton detectors – IceCube 
(km3), ANTARES (5% km3), 
KM3NET (in-progress km3)

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

Backgrounds: Atmospheric 
neutrinos, muons (down only)

Tracks (c.c. muon, ~deg) and 
Cascades (other, >15 deg)

IceCube Neutrino 
Observatory



Track ~1°

Cascade ~15°



“Hidden Tau” Events

Kistler & Laha 2018
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Candidate Analog 
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IceCube Anomalous 
Event Candidates
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Cascades v. Tracks

IceCube 2018

p=4%

Tracks
Cascades
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Albuquerque, Burdman, & Chacko 2004: “Dual 
Stau” track events in neutrino observatories

Ando, Beacom, Profumo, & Rainwater 2008: 
Event rates & zenith angles for Stau events

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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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.”

Please keep doing what you’re 
doing! 

AAEs and LHC LLPs

CMS 2016



ANITA has observed two anomalous events in flight over Antarctica

Interpreted as Sub-EeV Earth-emergent Cosmic Rays (SEECRs), 
these require the existence of a long-lived BSM particle

Independent support for SEECR hypothesis from IceCube

Theoretical precedents point to SUSY NLSP “stau”  
Relatively long lifetime
Decays to tau lepton + LSP
Intermediate cross section (?) allowing both production in UHE 
neutrino interactions and deep penetration through Earth
Potential support from CMS? 

Confirmation of SEECR phenomena may be possible with existing 
archival data from IceCube and Pierre Auger Observatories

Anita Anomalous Events & 
LHC LLPs



Can we talk about the 510 ± 160 GeV CMS event? What are the 
SM backgrounds? 

Can we have updated cross sections and lifetimes incorporating 
known constraints on Stau as well as associated LSP(s)

Especially interested in SUSY scenarios that generate Dark Matter 
in proper abundance, e.g. SuperWIMP scenarios (let us avoid 
closing the Universe with overmassive gravitino)

With proper inputs (ranges of inputs) we can test these models 
against ANITA and IceCube data today! 

(And explore a surprising window onto UHE neutrino sky!)

Questions



What if ANITA events aren’t real?
4 years since first publication
Not instrumental – definitely at least atmospheric
RFI seems wildly unlikely
Hypothetical “double bounce” events never seen from pulser

How can we confirm the SEECR interpretation?
IceCube particle mass diagnostics
Pierre Auger fluorescence detector data
Other?

FAQs



The End


