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Monte Carlo Simulation

● Multiple Antenna Arrays on Mountains Tau Sensitivity

● Monte Carlo which calculates the effective area of any configuration of 
mountaintop phased arrays to point-sources of neutrinos

● Accounts for the effective areas of individual stations overlapping

𝐴 𝑡, 𝐸𝜈 , 𝛼, 𝛿 ≈
𝐴𝑔
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( Ƹ𝑟𝑖  ∙ ො𝑢𝑖) 𝑃𝑖,exit 𝑃𝑖,detect
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From each station, find where a 
cone in the source direction (− Ƹ𝑟) 

intersects Earth

Union of all the areas = 𝐴𝑔. 
Uniformly sample tau exit 

points ( ො𝑢𝑖)
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From each station, find where a 
cone in the source direction (− Ƹ𝑟) 

intersects Earth

𝑃𝑖,exit and 𝜏 energies 
from NuTauSim

Decay distances from 
exponential distribution. 

Shower energies from PYTHIA

Union of all the areas = 𝐴𝑔. 
Uniformly sample tau exit 

points ( ො𝑢𝑖)

Electric fields from ZHAireS-
RASPASS Interpolation
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From each station, find where a 
cone in the source direction (− Ƹ𝑟) 

intersects Earth

𝑃𝑖,exit and 𝜏 energies 
from NuTauSim

Decay distances from 
exponential distribution. 

Shower energies from PYTHIA

Peak voltages from 
simulated antenna gain 

and impedance 

𝑉rms due to galactic and 
ground temperature

𝑁ants × (𝑉/𝑉rms) > Threshold 
at any station ➔ 𝑃𝑖,detect 

Union of all the areas = 𝐴𝑔. 
Uniformly sample tau exit 

points ( ො𝑢𝑖)

Electric fields from ZHAireS-
RASPASS Interpolation

𝐴 𝑡, 𝐸𝜈 , 𝛼, 𝛿 ≈
𝐴𝑔
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( Ƹ𝑟𝑖  ∙ ො𝑢𝑖) 𝑃𝑖,exit 𝑃𝑖,detect



Optimizing for 100 PeV

● Use MARMOTS to optimize the sensitivity of the phased arrays by 
altering:
○ Altitude
○ Station layout
○ Antenna model
○ Location
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Optimizing for 100 PeV

● Use MARMOTS to optimize the sensitivity of the phased arrays by 
altering:
○ Altitude
○ Station layout

■ Number of stations
■ Number of antennas
■ Station spacing

○ Antenna model
○ Location

7



Optimizing for 100 PeV

● Use MARMOTS to optimize the sensitivity of the phased arrays by 
altering:
○ Altitude
○ Station layout
○ Antenna model

■ Gain
■ Bandwidth
■ Field-of-view
■ Sky-coverage

○ Location
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Optimizing for 100 PeV

● Use MARMOTS to optimize the sensitivity of the phased arrays by 
altering:
○ Altitude
○ Station layout
○ Antenna model
○ Location

■ Magnetic field
■ Topography
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Effective Area: Argentina*

● 24 stations w/ 24 antennas
● 1 km elevation, 3 km spacing
● 50-200 MHz matched antenna, 5 dBi gain
● 120∘ FoV, West-facing, SNR = 5 threshold

10* Without topography



Phasing Efficiency Simulation

● Assumption: phasing improves SNR by 
𝑁ants

● At what distance between antennas is this no 
longer valid?

● RASPASS setup:

…

Spacing

𝜃exit

ℎdecay
ℎdetector

𝑑de𝑐𝑎𝑦

X-axis

Y-axis
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Sparse Array Simulations

● Triangular grid of 65 antennas with 500 m spacing
● Use DANTON to generate tau decays seen by the 

central antenna with 𝜓 < 3∘

● Two simulation sets:
○ 250 events with 𝐸𝑠ℎ𝑜𝑤𝑒𝑟 ∈ 108 − 1010  GeV
○ 972 events with 𝐸𝑠ℎ𝑜𝑤𝑒𝑟 ∈ 107.3 − 109  GeV
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Sparse Array Simulations

● RASPASS simulates 
radio emission at each 
antenna

● Simulations will be 
used to test 
interferometry (next 
presentation)

13



Summary

● MARMOTS is being used to optimize the sensitivity of the phased 
arrays at 100 PeV

● RASPASS simulations suggest 90% phasing efficiency for antennas 
within 250 meters of each other

● DANTON + RASPASS simulation library will be used to test 
interferometry capabilities
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