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Totally three flights, adding up to 67
days of total observation time

TABLE I: ANITA-1-1II anomalous upward air showers.

event, flight| 3985267, ANITA-I (5717147, ANITA-III
date, time | 2006-12-28,00:33:20UTC |2014-12-20,08:33:22.5UTC
Lat., Lon." -82.6559, 17.2842 -81.39856, 129.01626

Altitude 2.56 km 2.75km

[ce depth 3.53km 3.22km

El,Az. |-274+03°,159.62+0.7°| -35.0£0.3°,61.41 £0.7°
RA, Dec'? | 282.14064, +20.33043 50.78203, +38.65498

al 06404 EeV 0.56°03 EeV

' Latitude, Longitude of the estimated ground position of the event.
> Sky coordinates projected from event arrival angles at ANITA.
> For upward shower initiation at or near ice surface.

Table from ANITA, 1803.05088




Antarctic Impulse Transient Antenna (ANITA) Experiment

interferometric Not to scale,
payload , angles don't
4.‘/1"-‘\ reflect reality
,'A"ul_
i
4-=’ Glloon
B. Hill /Hawaii
N
direct UHECR_—7"
it flected UHECR
= reriecte
=

g
.
.
.....
'''''

Askaryan
emission

]
------
LN ]
Ll |

The ANITA detection concepts, figure from Cosmin Deaconu

Properties of the anomalous upward events

1.Large Elevation Angle, going upwards.

2.No Polarity Reverse Relative to Geomagnetic Field.
3.Both have large energy~0.5EeV

4.Both interpreted as tau events by ANITA

Totally three flights, adding up to 67
days of total observation time

TABLE I: ANITA-1-1II anomalous upward air showers.

event, flight| 3985267, ANITA-I (5717147, ANITA-III
date, time | 2006-12-28,00:33:20UTC |2014-12-20,08:33:22.5UTC
Lat., Lon." -82.6559, 17.2842 -81.39856, 129.01626

Altitude 2.56 km 2.75km

[ce depth 3.53km 3.22km

El,Az. |-274+03°,159.62+0.7°| -35.0£0.3°,61.41 £0.7°
RA, Dec'? | 282.14064, +20.33043 50.78203, +38.65498

al 06404 EeV 0.56°03 EeV

' Latitude, Longitude of the estimated ground position of the event.
> Sky coordinates projected from event arrival angles at ANITA.
> For upward shower initiation at or near ice surface.

Table from ANITA, 1803.05088
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The ANITA detection concepts, figure from Cosmin Deaconu

Properties of the anomalous upward events

1.Large Elevation Angle, going upwards. ‘
2.No Polarity Reverse Relative to Geomagnetic Field.
3.Both have large energy~0.5EeV

4.Both interpreted as tau events by ANITA

Totally three flights, adding up to 67
days of total observation time

TABLE I: ANITA-1-1II anomalous upward air showers.

event, flight| 3985267, ANITA-I 15717147, ANITA-III
date, time | 2006-12-28,00:33:200TC | 2014-12-20,08:33:22.5UTC
Lat, Lon"| 82,6559, 17.2842 8139856, 129.01626
Altitude 2.56 km 2.15km
lcedepth | 3.53km - 322km
El, Az |-27.4+03°159.62£0.7°| ~35.0+0.3°,61.41£0.7°
RA, Dec” | 282.14064, 42033043 | 5078203, +38.65498
)| 06£04EeV 056103 EeV

1 Latitude, Longitude of the estimated ground position of the event.

> Sky coordinates projected from event arrival angles at ANITA.
> For upward shower initiation at or near ice surface.

Table from ANITA, 1803.05088
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The ANITA detection concepts, figure from Cosmin Deaconu

Properties of the anomalous upward events
1.Large Elevation Angle, going upwards. "ré/ﬁr
2.No Polarity Reverse Relative to Geomag
3.Both have large energy~0.5EeV

4.Both interpreted as tau events by ANITA

Totally three flights, adding up to 67
days of total observation time

TABLE I: ANITA-1-1II anomalous upward air showers.

event, flight 3985267, ANITA-I [5717147, ANITA-III
date, time | 2006-12-28,00:33:20UTC |2014-12-20,08:33:22.5UTC
Lat., Lon.! -82.6559, 17.2842 -81.39856, 129.01626
Altitude 2.56 km 2. 75km
[ce depth - 3.53km - 3.22km
El, Az. ‘7—2T4i{] 3““159 62 0. ?“ —35 0=x0. 3{‘\614&{] 7°
RA, Qeew 8. 14064, +2{J 33043 | 5. ?82{]3 +33 65498
ES | 06£04EV /u 56“” EeV.

*For upward shower initiation at or near ice surface.

Table from ANITA, 1803.05088
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1.Large Elevation Angle, going upwards. A

2.No Polarity Reverse Relative to Geomag

3.Both have large energy~0.5EeV

4.Both interpreted as tau events by ANITA

Totally three flights, adding up to 67
days of total observation time

TABLE I: ANITA-1-1II anomalous upward air showers.

event, flight 3985267, ANITA-I [5717147, ANITA-III
date, time | 2006-12-28,00:33:20UTC |2014-12-20,08:33:22.5UTC
Lat., Lon.! -82.6559, 17.2842 -81.39856, 129.01626
Altitude 2.56 km 2. 75km
[ce depth - 3.53km - 3.22km
El, Az. —2T4i{] 3““159 62 0. ?" —35 0=x0. 3“*61 41£0.7°
RA, Qeew / 280, 14{164 +2{J 33043 | 5. ?82{]3 +38 65498
ES | 06£04EV /u 56“” EeV.

*For upward shower initiation at or near ice surface.

Table from ANITA, 1803.05088
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Some plausible scenarios:
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“Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China

bSchool of Physical Sciences, University of Chinese Academy of Sciences, Beijing 100049, China

A Sterile Neutrino Origin for the Upward Directed Cosmic Ray Shower Detected by
ANITA

John F. Cherry' and Ian M. Shoemaker!

! Department of Physics, University of South Dakota, Vermillion, SD 57069, Uﬂfﬂ Abstract
(Dated: 2/5/18)

The ANITA experiment has observed two unusual upgoing air shower events which are

The ANITA balloon experiment has observed an ~ EeV cascade event at an angle below the consistent with the 7-lepton decay origin. However, these events are in contradiction with the
horizon that renders any Standard Model (SM) interpretation unlikely as the Earth is significantly standard neutrino-matter interaction models as well as the EeV diffuse neutrino flux limits
opaque to all SM particles at such energies. In this paper, we study a sterile neutrino interpretation set by the IceCube and the cosmic ray facilities like AUGER. In this paper, we have reinves-

of this event, calculating the angular event distribution of cascades and the relative sensitivities
of several experiments to a cascade initiated by an EeV sterile neutrino. We find that ANITA 1s
uniquely sensitive to this type of upward directed cascade signal and canonical ultrahigh energy
cosmic ray (UHECR) models can produce a reprocessed EeV sterile neutrino flux at sufficient levels
to accommodate the ANITA event.

tigated the possibility of using sterile neutrino hypothesis to explain the ANITA anomalous
events. The diffuse flux of the sterile neutrinos is less constrained by the IceCube and AUGER
experiments due to the small active-sterile mixing suppression. The quantum decoherence
effect should be included for describing the neutrino flux propagating in the Earth matter,
because the interactions between neutrinos and the Earth matter are very strong at the EeV
PACS numbers: 13.15.+¢, 14.60.5t, 14.60.Pg, 98.70.5a scale. After several experimental approximations, we show that the ANITA anomaly itself
is able to be explained by the sterile neutrino origin, but we also predict that the IceCube
observatory should have more events than ANITA. It makes the sterile neutrino origin very
unlikely to account for both of them simultaneously. A more solid conclusion can be drawn
by the dedicated ANITA signal simulations.
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! Department of Physics, University of South Dakota, Vermillion, SD 57069, Uﬂfﬂ Abstract
(Dated: 2/5/18)
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The ANITA experiment has observed two unusual upgoing air shower events which are

The ANITA balloon experiment has observed an ~ EeV cascade event at an angle below the consistent with the 7-lepton decay origin. However, these events are in contradiction with the
horizon that renders any Standard Model (SM) interpretation unlikely as the Earth is significantly standard neutrino-matter interaction models as well as the EeV diffuse neutrino flux limits
opaque to all SM particles at such energies. In this paper, we study a sterile neutrino interpretation set by the IceCube and the cosmic ray facilities like AUGER. In this paper, we have reinves-

of this event, calculating the angular event distribution of cascades and the relative sensitivities
of several experiments to a cascade initiated by an EeV sterile neutrino. We find that ANITA 1s
uniquely sensitive to this type of upward directed cascade signal and canonical ultrahigh energy
cosmic ray (UHECR) models can produce a reprocessed EeV sterile neutrino flux at sufficient levels
to accommodate the ANITA event.

tigated the possibility of using sterile neutrino hypothesis to explain the ANITA anomalous
events. The diffuse flux of the sterile neutrinos is less constrained by the IceCube and AUGER
experiments due to the small active-sterile mixing suppression. The quantum decoherence
effect should be included for describing the neutrino flux propagating in the Earth matter,
because the interactions between neutrinos and the Earth matter are very strong at the EeV
PACS numbers: 13.15.+¢, 14.60.5t, 14.60.Pg, 98.70.5a scale. After several experimental approximations, we show that the ANITA anomaly itself
is able to be explained by the sterile neutrino origin, but we also predict that the IceCube
observatory should have more events than ANITA. It makes the sterile neutrino origin very
unlikely to account for both of them simultaneously. A more solid conclusion can be drawn
by the dedicated ANITA signal simulations.
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(Dated: 2/5/18) — B

The ANITA experiment has observed two unusual upgoing air shower events which are
The ANITA balloon experiment has observed an ~ EeV cascade event at an ﬂngle below the consistent with the 7-lepton decay origin. However, these events are in contradiction with the
horizon that renders any Standard Model (SM) interpretation unlikely as the Earth is significantly standard neutrino-matter interaction models as well as the EeV diffuse neutrino flux limits
opaque to all SM particles at such energies. In this paper, we study a sterile neutrino interpretation
of this event, calculating the angular event distribution of cascades and the relative sensitivities
of several experiments to a cascade initiated by an EeV sterile neutrino. We find that ANITA 1s
uniquely sensitive to this type of upward directed cascade signal and canonical ultrahigh energy
cosmic ray (UHECR) models can produce a reprocessed EeV sterile neutrino flux at sufficient levels
to accommodate the ANITA event.

set by the IceCube and the cosmic ray facilities like AUGER. In this paper, we have reinves-
tigated the possibility of using sterile neutrino hypothesis to explain the ANITA anomalous
events. The diffuse flux of the sterile neutrinos is less constrained by the IceCube and AUGER
experiments due to the small active-sterile mixing suppression. The quantum decoherence
effect should be included for describing the neutrino flux propagating in the Earth matter,
because the interactions between neutrinos and the Earth matter are very strong at the EeV
PACS numbers: 13.15.+¢, 14.60.5t, 14.60.Pg, 98.70.5a scale. After several experimental approximations, we show that the ANITA anomaly itself
is able to be explained by the sterile neutrino origin, but we also predict that the IceCube
observatory should have more events than ANITA. It makes the sterile neutrino origin very

[ ] D ar k m atte r i n S i d e E art h ;;1;1:1](::);1::1:;‘::;1:1\{;;;;0;1;12;t:i:nril:;::::an('ously A more solid conclusion can be drawn
Explanation

Upgoing ANITA events as evidence of the CPT symmetric universe

Luis A. Anchordoqui,*-?? Vernon Barger,* John G. Learned,® Danny Martatia,’ and Thomas J. Weiler®

! Department of Physics & Astronomy, Lehman College, City University of New York, NY 10468, USA
2Department of Physics, Graduate Center, City University of New York, NY 10016, USA
3 Department of Astrophysics, American Museum of Natural History, NY 10024, USA
i Department of Physics, University of Wisconsin, Madison, WI 53706, USA
5 Department of Physics € Astronomy, University of Hawaii at Manoa, Honolulu, HI 96522, USA
S Department of Physics & Astronomy, Vanderbilt University, Nashuville TN 37235, USA

We explain the two upgoeing ultra-high energy shower events observed by ANITA as arising from
the decay in the Earth’s interior of the quasi-stable dark matter candidate in the CPT symmetric
universe. The dark matter particle is a 480 PeV right-handed neutrino that decays into a Higgs
boson and a light Majorana neutrino. The latter interacts in the Earth’s crust to produce a 7 lepton
that in turn initiates an atmospheric upgoing shower. The fact that both events emerge at the same
angle from the Antarctic ice-cap suggests an atypical dark matter density distribution in the Earth.
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A Sterile Neutrino Origin for the Upward Directed Cosmic Ray Shower Detected by
ANITA

John F. Cherry! and Ian M. Shoemaker!

! Department of Physics, University of South Dakota, Vermillion, SD 57069, Uﬂfﬂ
(Dated: 2/5/18)

The ANITA balloon experiment has observed an ~ EeV cascade event at an angle below the
horizon that renders any Standard Model (SM) interpretation unlikely as the Earth is significantly
opaque to all SM particles at such energies. In this paper, we study a sterile neutrino interpretation
of this event, calculating the angular event distribution of cascades and the relative sensitivities
of several experiments to a cascade initiated by an EeV sterile neutrino. We find that ANITA 1s
uniquely sensitive to this type of upward directed cascade signal and canonical ultrahigh energy
cosmic ray (UHECR) models can produce a reprocessed EeV sterile neutrino flux at sufficient levels
to accommodate the ANITA event.

PACS numbers: 13.15.+g, 14.60.5t, 14.60.Pq, 98.70.5a

 Dark matter inside Earth
Explanation

Upgoing ANITA events as evidence of the CPT symmetric universe

Luis A. Anchordoqui,*-?? Vernon Barger,* John G. Learned,® Danny Martatia,’ and Thomas J. Weiler®

! Department of Physics & Astronomy, Lehman College, City University of New York, NY 10468, USA
2Department of Physics, Graduate Center, City University of New York, NY 10016, USA
3 Department of Astrophysics, American Museum of Natural History, NY 10024, USA
i Department of Physics, University of Wisconsin, Madison, WI 53706, USA
5 Department of Physics € Astronomy, University of Hawaii at Manoa, Honolulu, HI 96522, USA
S Department of Physics & Astronomy, Vanderbilt University, Nashuville TN 37235, USA

We explain the two upgoeing ultra-high energy shower events observed by ANITA as arising from
the decay in the Earth’s interior of the quasi-stable dark matter candidate in the CPT symmetric
universe. The dark matter particle is a 480 PeV right-handed neutrino that decays into a Higgs
boson and a light Majorana neutrino. The latter interacts in the Earth’s crust to produce a 7 lepton
that in turn initiates an atmospheric upgoing shower. The fact that both events emerge at the same
angle from the Antarctic ice-cap suggests an atypical dark matter density distribution in the Earth.

Sterile neutrinos as a possible explanation for the upward
air shower events at ANITA

Guo-yuan Huang®’ E|

“Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China
bSchool of Physical Sciences, University of Chinese Academy of Sciences, Beijing 100049, China
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Abstract

The ANITA experiment has observed two unusual upgoing air shower events which are
consistent with the 7-lepton decay origin. However, these events are in contradiction with the
standard neutrino-matter interaction models as well as the EeV diffuse neutrino flux limits
set by the IceCube and the cosmic ray facilities like AUGER. In this paper, we have reinves-
tigated the possibility of using sterile neutrino hypothesis to explain the ANITA anomalous
events. The diffuse flux of the sterile neutrinos is less constrained by the IceCube and AUGER
experiments due to the small active-sterile mixing suppression. The quantum decoherence
effect should be included for describing the neutrino flux propagating in the Earth matter,
because the interactions between neutrinos and the Earth matter are very strong at the EeV
scale. After several experimental approximations, we show that the ANITA anomaly itself
is able to be explained by the sterile neutrino origin, but we also predict that the IceCube
observatory should have more events than ANITA. It makes the sterile neutrino origin very
unlikely to account for both of them simultaneously. A more solid conclusion can be drawn

by the dedicated ANITA signal simulations.

e stau Explanation

On ANITA’s sensitivity to long-lived, charged massive particles

Amy Connolly®, Patrick Allison*, Oindree Banerjee®

“Dept. of Physics, Center for Casmology and AstroParticle Physics, Ohio State Univ., Columbus, OH /3210.

Abstract

We propose that the Antarctic Impulsive Transient Antenna (ANITA) can serve as a detector for long-lived, charged
particles, through its measurement of extensive air showers from secondary leptons. To test this on an example model, we
simulate the production of staus inside the earth from interactions between ultra-high energy neutrinos and nuclei. We
propose that results of ANITA searches for upgoing air showers can be interpreted in terms of constraints on long-lived,
charged massive particles (CHAMPs) and consider a supersymmetric partner of the tau lepton, the stau, as an example
of such a particle. Exploring the parameter space in stau mass and lifetimes, we find that the stau properties that lead
to an observable signal in ANITA are highly energy dependent. At 10**® eV, we find that the best constraints on the

The ANITA Anomalous Events as Signatures of a Beyond Standard Model Particle,
and Supporting Observations from IceCube

Derek B. Fox,»23 Steinn Sigurdsson,’»3 Sarah Shandera,® %2 Peter
Mészaros,»4 23 Kohta Murase,® 13 Miguel Mostafa,® 3 and Stephane Coutu® '3

! Department of Astronomy & Astrophysics, 525 Davey Lab,
Penn State University, Unwersity Park, PA 16802, US/ﬂ
2Center for Theoretical and Observational Cosmology,
Institute for Gravitation and the Cosmos, 104 Davey Lab,
Penn State University, University Park, PA 16802, USA
3Center for Particle and Gravitational Astrophysics,
Institute for Gravitation and the Cosmos, 104 Davey Lab,
Penn State University, University Park, PA 16802, USA
4 Department of Physics, 104 Davey Lab, Penn State University, University Park, PA 16802, US
5Center for Fundamental Theory, Institute for Gravitation and the Cosmos,
104 Davey Lab, Penn State University, University Park, PA 16802, USA
(Dated: September 26, 2018)

The ANITA collaboration have reported observation of two anomalous events that appear to
be e & 0.6 EeV cosmic ray showers emerging from the Earth with exit angles of 27° and 35°,
respectively. While EeV-scale upgoing showers have been anticipated as a result of astrophysical
4+a11 neantrinne convertine ta $a11 lantoane diring Farth naceace +the nhearved avit anclee are much
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The ANITA experiment hasebserved two unusual upgoing air shower events which are

The ANITA balloon experiment has observed an ~ EeV cascade event at an ﬂngle below the consistent with the 7-lepton decay origin. vever, these events are in contradiction with the
horizon that renders any Standard Model (SM) interpretation unlikely as the Earth is significantly standard neutrino-matter interaction models as wetkas the EeV diffuse neutrino flux limits
opaque to all SM particles at such energies. In this paper, we study a sterile neutrino interpretation set by the IceCube and the cosmic ray facilities like AUGER~In this paper, we have reinves-
of this event, calculating the angular event distribution of cascades and the relative sensitivities : e ; = . ] -
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Upgoing ANITA events as evidence of the CPT symmetric universe On ANITA’s sensitivity to long-lived, charged massive particles

Luis A. Anchordoqui,’>?? Vernon Barger,* John G. Learned.> Danny Marfatia,® and Thomas J. Weiler® Amy Connolly®, Patrick Allison®, Oindree Banerjec®

' Department of Physics & Astronomy, Lehman College, City University of New York, NY 10468, USA “Dept. of Physics, Center for Cosmology and AstroParticle Physics, Ohio State Univ., Columbus, OH 43210.
2Department of Physics, Graduate Center, City University of New York, NY 10016, USA
3 Department of Astrophysics, American Museum of Natural History, NY 10024, USA
i Department of Physics, University of Wisconsin, Madison, WI 53706, USA

5 Department of Physics € Astronomy, University of Hawaii at Manoa, Honolulu, HI 96522, USA Abstract
6 - 7 T - Tom i 3 . g ar T
Department of Physics & Astronomy, Vanderbilt University, Nashwlle TN 37235, USA We propose that the Antarctic Impulsive Transient Antenna (ANITA) can serve as a detector for long-lived, charged
. . . . . . N . . . . . particles, through its measurement of extensive air showers from secondary leptons. To test this on an example model, we
We Expla,ll’.l the two up,gollng ]'.llt'ra"hlgh ener.g“‘ shower events Obsenec.l b} ‘%NITA as arising fror_n simulate the production of staus inside the earth from interactions between ultra-high energy neutrinos and nuclei. We
the decay in the Earth's interior of the quasi-stable dark matter candidate in the CPT symmetric propose that results of ANITA searches for upgoing air showers can be interpreted in terms of constraints on long-lived,
universe. The dark matter particle is a 480 PeV right-handed neutrino that decays into a Higgs charged massive particles (CHAMPs) and consider a supersymmetric partner of the tau lepton, the stau, as an example

of such a particle. Exploring the parameter space in stau mass and lifetimes, we find that the stau properties that lead

boson and a light Majorana neutrino. The latter interacts in the Earth’s crust to produce a 7 lepton ) 0 C 1 ! ¢
to an observable signal in ANITA are highly energy dependent. At 10**® eV, we find that the best constraints on the

that in turn initiates an atmospheric upgoing shower. The fact that both events emerge at the same
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Conclusion

* We propose that bino x in RPV SUSY could be a
suitable interpretation for ANITA events.

X should be long-lived with 7, ~ 0.219 £ 0.051 ns
with mass around a few GeV, with LLE coupling A ~ 0.2.

e |sotropic source (GZK) cannot provide enough events
to fit ANITA observation.

* Anisotropic/transient source could fit ANITA data while
being consistent with IceCube.

 Should be testable Iin the near future.



Thank you !
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Report ANITA events again with some details: upgoing, none phase reflection - meaning those
are events coming from Earth.

Explain why SM neutrino cannot past through Earth in such angle; and the effective area
comparison between IceCube and ANITA and their results contradiction

Ideas of BSM of getting around such stuff by Cherry, Huang, Dark matter people, stau people.
Still has some IceCube contradiction

To solve IceCube contradiction, we propose our model (cartoon explanation), such model
requires we have bino particle with certain interaction

This interaction could be provide by RPV SUSY and the bino being LSP particle
----------------------- some introduction of the theory

Possible sources of ANITA events and rough estimate shows that GZK cannot be the source for
the events

Setting up favored region for parameters: Geometry constraint and Events fitting constraint
calculation

Showing such constraints
conclude
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