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ANITA: Al tarctica 'mpulsive
ransient ~ ntenna

 Balloon based detector at altitude of 37 Km

* Detects cosmic rays and neutrinos through
observation of radio pulses

« Cosmic rays: Geo-synchrotron radiation
produced in Extensive Air Showers

* Neutrinos: Ultra high energy neutrinos
produce Cherekov radiation in ice
(Askaryan Effect)
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ANITA Launch




HiCal (High Altitude Calibration)
Launch

radio frequency transmitter

Used for Calibration
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Antarctic Ice Surface






Radio Signal is strongly polarized

Cosmic Rays: Geo-synchroton Radiation has
H-Pol (perp to plane of incidence) due to
vertical magnetic field in Antarctica

Neutrinos: Cherenkov Radiation produced by v
In ice is dominantly VPOL (parallel to plane of
Incidence) after refration
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ANITA: Types of events

Cosmic Rays: Direct radio pulse (HPOL)
Cosmic Rays: Reflected radio pulse (HPOL)
Neutrino: Askaryan effect, upcoming radio pulse (VPOL)

v_: produces t lepton in ice which decays to produce an
upward radio pulse






Observations

ANITA - |, II, lll, IV have been completed

ANITA-I: both H-Pol and V-Pol trigger.
Observed 16 cosmic ray events and one
upcoming event

ANITA-II: Only V-Pol trigger. Two cosmic ray
events and one neutrino event observed

ANITA-IlI: both H-Pol and V-Pol trigger.
Observed 20 cosmic ray events and one
upcoming event



Neutrino Event

* Neutrino event Is consistent with Askaryan
radio emission with a background of

0.7 (+0.5)(-0.3)
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Reflected

Earth Skimming

Refracted
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5152386, direct CR
7122397, direct CR
21684774, direct CR
3985267, reflected CR
3985267, direct CR
‘geomagnetic prediction
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20 ANITA-III UHECR candidates
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Theoretical Interpretation

« Decay of quasi-stable dark matter particle which may
e a right handed neutrino

« Decays into Higgs + Majorana neutrino v,,

e V,, produces T lepton by interaction with ice

T lepton initiates air shower observed
Anchordoqui et al 2018

Cherry and Shoemaker 2018 and Huang 2018 suggests
sterile neutrino as the explanation of these events

Romero-Wolf et al 2019 rule out T neutrino as the
explanation of these events (requires flux two orders
of magnitude larger than the current limit)



Theoretical Framework for Reflected and
Refracted Radio Signals

We need the reflected, transmitted wave In
the far zone

r >> A

r<< R

earth



Problems

* Need to deal with spherical waves.
Reflection/refraction with spherical waves is
considerably more complicated than with phane

waves
 Need reflection on spherical surface (Earth)

* Need to include surface roughness effects

Have developed a reliable formalism to deal with
spherical waves and surface curvature using
reasonable models for surface roughness
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Each plane wave is split into components
perpendicular (s) and parallel (p) to the plane of
Incidence and treated independently



Reflection, Transmission

Fresnel formalism: Compute reflected, transmitted
electric and magnetic fields for each component
by Imposing boundary conditions at the interface
add contributions from all plane waves

Finally compute H-Pol (or V-Pol)

H-Pol: y-comp of reflected and transmitted
Electric field in y=0 plane
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HC2A+B 200-650 MHz
HC1

A3 solar

A2 solar

Fresnel HPol
UHECR:arXiv:1506.05396
(Spherical)x(Rough)
(Flat)x(Rough)x(Curve)

r/d power ratio
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Local Plane Wave Approximation

» \We assume that for each incident plane wave,
the reflected wave from a spherical surface can

be approximated as a plane wave in a small
heighbourhood of any point

« We can simply draw a tangent plane at any
point on the reflected wave front. This
defines the plane wave front at that point









= Simulated r/d power reflection ratio with error bar (Elevation angle 20degree)
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® calculated average r/d power reflection ratio
- = fitted curve for calculated average r/d power reflection ratio
—e—fitted curve for r/d power reflection ratio for flat reflecting surface
B HiCal2 data (averaged over frequency 200MHz-650MHz) with error bars
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Reflection of Pulses

We study reflection of pulses in order to
understand the mystery events

Perhaps with some generalized roughness
models the polarity can be reversed



Reflection of Pulses

Obtain Fourier components of the incident pulse

2nn

Z f(p) = pulse in time domain
t=0

N V)

E(n)=F q(n)+iF,g(n)

Direct Field P
1~ .~ e N
Ed(t’r)zﬁ Z (Freal<n)+lFimag<n)> r
n=0

Sum over monochromatic spherical waves or
dipole radiators, y=0 plane, E, component



Reflected Pulse
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E

X(w,r) Is an integral over angles a, 3
corresponding to different plane waves for
each monochromatic spherical wave
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Another Roughness Model

F(k,p,0)=exp(—(k—ky) o,(p,)cos’(6,))



Generalized Roughness Models

We find:

Relative amplitude of peaks and dips can change,

leading to misidentification of reflected as direct
signhal

However for the models studied so far the effect is
not large and can arise only in cases when the
difference between the two is not large
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Conclusions

ANITA has observed very interesting events which In

all likelihood represent Physics beyond the standard
model

We have developed a rigourous model in order to
handle reflection, refraction of radio pulses

The power reflection coefficient has been found to
be in good agreement with HiCal data

The main uncertainty arises from the roughness effects
which have to be modelled. But these appear to be
relatively small



Conclusions

We see the expected change in polarity between direct
and reflected pulses.

This relationship can be misinterpreted in some
cases when the difference in amplitude between
dominant peak and dip is smali

But for the observed ANITA Illl event this difference is

rather large. Hence misidentification does not seem
possible
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