NuTauSim: A comprehensive approach to
tau-lepton production by Ultra-High-
Energy lau Neutrinos Propagating
through Earth

Jaime Alvarez-Muiiz, Washington R. Carvalho Jr., Kévin
Payet, Andrés Romero-Wolf, Harm Schoorlemmer, Enrique Zas






I
| ACCF—=—tr—==>v "
!

shower 0.2

0.8 emerging

$>



A =170 km in rock for o = 1032 cm?

Standard Model
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Models constrain upper and lower bounds on the standard model
neutrino cross sections at Ultra High Energies.



1075 Tau Lepton Energy Loss Rate
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1. Ionization

2. Bremsstrahlung

3. Pair Production

4. Photon-Nuclear interactions

leptonic:18% + 18% pionic; 64 %



Exit Probability Exit Energy

Tau Lepton Exiting Energies for Various
Neutnno Energles and Emergence Angles
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Exit Probability

Probability of Tau Lepton Exiting for Various
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Exit Energy

Exiting Tau Lepton Energies for Various

Cross-section and Energy Loss Models

21 — 21
Upper ASW o

20
19

17
16
15

M'ddle,ASW Do Do

19
18
17
16
15

01 03

Lower ASW

20 L] 20

19

17
16
15

Emergence Angle, degrees

18-

01 0.3 1.0 3.0 100300 O.

1.0 ‘3'6”‘1‘60‘30'.6 0.
21 —— 21

18|

0.1 0.3 1.0 3.0 100300 O.

Upper ALLM

1 03 1.0 3.0 10.030.0
Middle, ALLM

1 0.3 1.0 3.0 10.030.0
Emergence Angle, degrees



Probability of Tau Exit

Exit Probability

Probability of Tau Lepton Exiting
Wlth and W|thout Tau Re eneration
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Exit Probability

Probability of Tau Lepton Exiting for
Various Ice Thicknesses
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Tau Lepton Exiting Energies for Various

Ice Layer Thi2c:1knesses

lce Th|ckness O 0 km 20

Ice Th|ckness 1 0 km

19
18
17
16
15

-1 ZOI-?;ZZ

1.0 3.0 100300 01 03 1.0 3.0 10.030.0

21

lce Th|ckness 2.0 km 20l

lce Th|ckness _4 0 km

19
18
17
16
15

01 03
Emergence Angle, degrees

0.1 03 1.0 3.0 10.030.0
Emergence Angle, degrees

1.0 3.0 10.0 30.0



Interactions

Mean Number of Interactlons
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Response to a cosmogenic input neutrino flux

Kotera et al 2010
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Flux in different tau
production channels
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Flux model: Kotera -mean
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Detection possibilities ...

Atmospheric decay:
Air shower

pionic: 64 % CHEC

leptonic:18% + 1 3,

Fluorescence Radio &

Cherenkov
Y \ \ / CTA or

Radio antenna




