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ANITA Anomalous Events

 In 2016 and 2018, ANITA reported
observation of two events with ~500 PeV
from 30° below the horizon

e The chord this would traverse 6,371 km
of earth but the interaction length is ~500
Km In rock at this energy

= 6,371 km
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CPT Symmetric Explanation

L. A. Anchordoqui proposed that this could
be due decays of captured heavy right-
handed neutrinos

 Model requires a local modification to dark
matter distribution—we cannot use the

Galactic Center as a direct probe of this
model
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What About the Sun ?

* Sun should capture DM in the same way
Earth would

e |tislocal, and so is subject to the same
potential DM overdensity

e Can we test this model using the Sun ?




Solar Opacity

e Above ~3 TeV, the solar core

becomes opaque to neutrinos >
We run into the same issue as the 0.6-
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Tau Neutrino Regeneration

 Since 7 decay very quickly secondary v_ are created with ¢ v,
a significant fraction of the primary energy :
* (Continues until critical energy where on-spot decay Bl

approximation is valid |
* Buildup at this energy. ~1 PeV for Earth, ~500 GeV for Sun o |

* Use regenerated flux + existing solar WIMP limits to test R0t
this model 0 |
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TauRunner

 Complete and versatile Python-based package for
simulating UHE neutrinos

* Follows all flavors of neutrinos, and /it and 7 leptons

e Recent rewrite allows for customizable bodies and
neutrino trajectories

* Pip installable !
e (Check us out on the ArXiv

TauRunner: A Public Python Program to Propagate Neutral and Charged Leptons

O

[brahim Safa®P* Jeffrey Lazar®?* Alex Pizzuto®, Oswaldo Vasquez?,
Carlos A. Argiielles®¢, Justin Vandenbroucke®

“Department of Physics € Laboratory for Particle Physics and Cosmology, Harvard University, Cambridge, MA 02138, USA
b Department of Physics and Wisconsin IceCube Particle Astrophysics Center, University of Wisconsin-Madison, Madison, WI 53706, USA
“The NSF' Al Institute for Artificial Intelligence and Fundamental Interactions

https://github.com/icecube/TauRunner

- DL
Ol A X
N e
- \W/’ : ‘.\M/
\' A
%) A

R RVALY

[
\%\\s‘!/



https://arxiv.org/abs/2110.14662

TauRunner Output

e TauRunner allows:
, Propagation along a radial
* Tracking of all leptons trajectory in the Sun

* Custom bodies, 1103
including the Sun

° : = 10_4|_|
radial and chord e -
- >
included @,

e Custom stopping 10_62 g
conditions 07

* Example of .
monochromatic, radially g 10
propagated flux from 1o .
solar center E, [GeV] E, |GeV]

top when”
oscillation dominates
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Flux after propagation
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Flux after propagation
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How much DM do we need ?

dD(E,)
dV

N = TJdEV dQA_(E) D(E,) = TJdED dQdVA_(E)

dq)(Ew r, 99 t) |
=0 | E, |
dv |

. | Probability of |
. neutrino exiting from:
. DMdecayatr,g

Detector
angular
efficiency

| Monochromatic { |  Dark matter

signal . distribution
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How much DM do we need ?

* Assuming that we have a uniform distribution of DM
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How much DM do we need ?

* Assuming that we have a uniform distribution of DM

T Q) Aeff (% ) " R /2 exit exit
N = OJ J drdo r? sin 0 £(0) p+2 :p‘2
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How much DM do we need ?

* Assuming that we have a uniform distribution of DM

TQ A ff (E) R /2 exit exit
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How much can we accommodate ?

* Fluxes have different shapes, but are of the | --=- WIMPSim
same order of magnitude = e

* |ntegrated values match within ~30%

 For now, | will call them equal to do a quick
calculation
hmmm .-
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The Galactic Center L

Vi b

 ANTARES sees GC through the Earth, but
these neutrinos cannot traverse the Earth

 Can we use tau regeneration to set limits
on the DM lifetime ?

* Looking at ANTARES public muon selection
data
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The Galactic Center
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Vi b
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Ave.

10~ - a= - ) [
* TR depends on zenith angle of detector S g * -
 GC moves with respect to detector "i"w u
coordinates 103
 \WWe must compute the flux averaged over |
all angles that ANTARES sees the GC - | |
» Calculate number of muons at the ' 10 10°
detector Ey [GeV]
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Astrophysical Input
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10° | -+ = Burkert profile |-

s/{s+bg
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g pc] angle from GC position / degrees

* We assume NFW profile in what follows, » Signal to background peaks at 6° from GC
highly peaked
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Limits

 Assuming the NFW profile, and a region of

interest of 6° around the GC, we expect
35.15 events

* 26 events observed in this region

e F-C upper limit of 11.47 events from dark
matter

 Upper limit on the lifetime at 4.5 x 10?° sec
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Conclusions

* Tau regeneration in the Sun unable to rule out most conservative heavy

RHv proposal for explaining anomalous ANITA events. Can likely rule out
SD capture but math is trickier

* Using tau regeneration to probe high-mass dark matter shows promise in
Galactic Center

* Tau regeneration in the Sun may offer more power to standard solar WIMP
searches. Further studies needed to confirm
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e(0)

« “Note that £(€) vanishes for €(f) < 35°, peaks at around 75°, and
vanishes above 85°.”

0.4 - Note: Normalization chose so that it integrates to one when
i integrated over solid angle
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Total Number of Events

dd(E,)
N = TJdED dQ A (E) D(E,) = TJdED dQdV A4 (E) —
TQA (E )Jdv APE)  here B = 24
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Total Number of Events

* Assuming that we have a uniform distribution of DM

TOA (F R /2 exit exit
= il o) nOJ J drdor2sin6e() | L 1 & —
27 Rgsmn@ Y0 C + C —

* |f we integrate this over radius we get the following distribution

—b
17 10

o)

N Note: The vertical lines are the positions of the events so this uniform
distribution recreates the expected distribution
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* Assuming that we have a uniform distribution of DM
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How much DM do we need ?

* Assuming that we have a uniform distribution of DM

T Q) Aeff (% ) " R 7/2 exit exit
N = OJ J drdo r? sin 0 £(0) p+2 :p‘2
2 v JRgysingJ0 2 =
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First estimate: with Feldman-Cousins tables, evaluate U.L. and L.L. from the observation of
Nobs events in Rol, expecting n,. The (average) background number is obtained from a band

at the declination of the source, scaled to the angular size of the Rol.

-80 -70 -60 -50
RA

Example considering Rol = 10°, 8753 tracks:
estimated background: 97.3868, (384.87 for Rol = 20°

number of observed events: 91 (379 for RolI = 20°
UL = 18 3 35 2 for Rol - 200 || —




(@)
®)
+ e S/A/S + bg peaks at 6°
- [
nEEEEEEEEE I EEEEEEEEE NN RN _
=y e JHfactor of 4.5e21GeV cm -
84:—:‘ ....... UOTUOTS DSOS SUUOTS SOUUOOE SOUPROE SUUTON SUVPUORE SOURUIN ST SO ........ PO SOTOTS SOOI SOUOPR OUUOS- SV SOPRUROE SOTPOOS RPN SOVt SO
o 11« —l]imit on lifetime of 1.04e24
NEEEEEREREE R EE RN NN RN seconds
78 B e Limit from IceCube is ~1€27
76?— seconds
74:_§§ E i F
72:|1,1,| ........ | ....... | ....... | ........ | ....... | ....... | ........ | ....... | ....... | ........ | ....... | ....... | ........ | ....... | ....... | ........ | ....... | ....... | ........ | ....... |
0 2

| | | | | | | | | | | | | | | | | | | | | |
4 6 8101214161820222426283032343638404244464850
angle from GC position / degrees

BN




Compute number of targets
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