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TRINITY IDEA AND OUTLINE
o 3+ arrays of <=6 ground-

based air-Cherenkov 
telescopes 

o Detect UHE earth-
skimming astrophysical 
tau-neutrinos (1-100 PeV)

o One demonstrator in 
place at Frisko Peak 
(Utah) reported here
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EARTH-SKIMMING TAU NEUTRINOS
o The emerging UHE tau-leptons can 

generate e.m. atmospheric (sub)showers

o Imaging Cherenkov telescopes (IACT) 
record image of air shower à  

Only works for tau neutrinos
106-1010 GeV UHE nu-tau, when crossing 
1-100 km of rock have significant 
probability of emerge as tau-lepton
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DEMONSTRATED BY MAGIC TELESCOPES
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Two 17-m diameter ground-based 
Imaging Cherenkov telescopes for TeV 
astrophysics at ORM, La Palma (Spain)
• Operating since 2003

• They can point toward the ocean (-2 deg 
altitude) 

• A window of 60x5 deg2, but FOV is 3x3 deg2
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RESULTS BY MAGIC
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Very easy 
discrimination 
between tau-induced 
(closeby, intense) 
showers and muons



RESULTS
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Sensitivity to diffuse neutrino emission PoS(ICRC2019) 970
+targets

It works, but very 
poor sensitivity, 

how to cope?
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THE MACHETE IDEA 
Trinity optics borrows from 
MACHETE optics concept
Astropart.Phys. 72 (2016) 46-54

Keys for FOV of 60x10deg2:
• Thoroidal section as 

primary dish
• Curved rectangular 

camera

• Different camera regions 
see different mirror 
regions



TRINITY DESIGN
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SIMULATIONS
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No need for huge reflectors No need for extreme elevation View above and below horizon for 
bkg rejection
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AN ARRAY OF THEM
• Each telescope has 

60deg wide FOV:
• Array of of <=6 

telescopes to cover 
entire horizon

• Mountain peak and 
arranged in a circle 

• Sensitivity computed 
for 3x such 
installations over 
different sites
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THREE PHASES FOR TRINITY
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- Up to 18 telescopes on three sites 
- 15 M$ investment



SENSITIVITY
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ß Trinity



FRIENDS AND FOES https://trinity.physics.gatech.edu/
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Webcams, info, etc+

https://trinity.physics.gatech.edu/
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DEMONSTRATOR PROOF OF CONCEPT
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FRISKO PEAK

o Facility with optical telescopes funded by Ekkels, managed by W. 
Springer and D. Kieda (U. Utah)

o N38 W113, at 3,000 m asl, about 1,500 m above the surrounding terrain
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https://www.youtube.com/watch?v=Qp5-jweuQBc 

https://www.youtube.com/watch?v=Qp5-jweuQBc


DOME

o Funded by NSF grant PHY-2112769 (800k$, PI N. Otte). 
o NSF MRI calls under prep.

o Custom-design building built by U. Utah (commercial 
contractor)
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The telescope points towards an azimuth of 
280◦ and one degree above the horizon. 



DEMONSTRATOR FACTS
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• 84 spherical mirrors (1.5f, 
15cm) for a total of 0.75 m2 
area 

• Provided by U. Delaware (J. 
Holder)

• Mirror alignement with 
drone emitting blue light 
(see reference)

• SiPM-based camera from 
SPB2 balloon experiment

• 256 pixel 6x6 mm2
• Curved focal plane
• See ICRC…



DEMONSTRATOR FACTS #2
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• 32 Commercial MUSIC 
board used to set/read 8 
SiPMS

• Single SIPM trigger
• Topological SW trigger on 

FPGA

ü Dome built in 2022
ü Telescopes and subsystem installed 

in two weekly campaing in 2023
ü All systems check
ü First ’light’ in September 2023

Ø First ‘image’ under preparation



DEMONSTRATOR PROOF OF CONCEPT
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BUT ALSO SCIENCE IS EXPECTED!
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TXS 0506+056 and NGC 1068 
both passing through FOV

ß1 year

TXS 0506

NGC 1068

Demonstrator
ß5 year
ß10 year



TAKE-AWAY

o Imaging Cherenkov works for tau-
neutrinos

o Effective ‘volume’ is 100/1000x time 
that of IC, but atmosphere and not 
ice

o Wide FOV is key
o Simpler design than g-ray IACTs
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Remarks

= many x MAGIC

Full Trinity bridges gap between IC/radio 
(1-100 PeV)

Demonstrator has 
good science output 
forecasts

Thanks!


