TAMBO: A Deep-
Valley Neutrino

Observator

Will Thompson
TAMBO 101
October 20th, 2025




Why neutrino astronomy?

* Neutrinos are:
. . AGNs, SNRs, GRB:s... " * A\
e (Very) weakly interacting — |
* Electrically neutral black | Ll

multiple emission mechanisms.

* This means they:

e Can pass through dense
areas of space unimpeded

Neutrinos

* Are not bent by magnetic . Tney are weak neutral|
. particles that point to their
f| e I dS sources and carry information

from deep within their origins.

* But also makes them They arechrgedprtitesand
difficult to detect

* X

Image Credit: IceCube Collaboration/WIPAC, Juan
Antonio Aguilar, and Jamie Yang.
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The low flux also doesn’t help...
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Neutrino energy

30 orders of
maghnitude!
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ROCK

>4 KM SHIELDING FROM
BACKGROUND MUONS

L CHARGED-CURRENT
INTERACTION

DEEP VALLEY

TAU AIR-SHOWER MOUNTAMMMNFBASD OBSERVATORY (TAMBO)

AIR SHOWER:
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~150 M
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Air Shower Characteristics

TAMBO

primary
particie

e Air showers have been used as particle physics laboratories for 100+ years

* Many techniques for detecting these showers are well-established
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Why Put a Neutrino Telescope in a Canyon?

Air Shower
I

N

Inherently low geometrical acceptance
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Why Put a Neutrino Telescope in a Canyon?

2

lamoys Jiy

Better for physics, but the engineers didn’t seem to like it
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Why Put a Neutrino Telescope in a Canyon?

Air Shower

4
~

T

’ 4

We’ll do this instead

Will Thompson 11



Why Put a Neutrino Telescope in a Canyon?

TAMBO

*not to scale

Mountain-through-going event
(~downgoing/horizontal)

.® Earth-skimming event
(~upgoing)
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Why Put a Neutrino Telescope in a Canyon?

Downgoing Upgoing Full acceptance

10%

§0’ 1 §
Right Ascension Right Ascension Right Ascension [AMBO P1 glmm_)‘.]lﬂ]-\
Valley geometry increases acceptance by ~50% compared with
Earth-skimming only
viy Will Thompson 13
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Observatory Scale
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* Expect to observe ~3 v_

year with 5
* 150 meter spacing on triangular grid - ~33 (16.5) km along and 3km up canyon if single- (double-) sided
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Scintillator Detection Principles

—
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* Energy deposition in scintillator - flash of light

* Challenge is reading out large (2m-long) detector with single SiPM!
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Baseline Design Overview

Perry Sandstrom, WIPAC

16, 1.875m x 5 cm scintillator bars

* Coated with TiO, for specular reflection

* Threaded with 0.7 mm diameter wavelength-shifting optical fiber
 Electronics inside module; external device (communications) can just plug in
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Detector Research & Development 1

* Detector technology: either water Cherenkov or plastic scintillator
* Both well-experienced technologies!

 Special considerations for TAMBO:
 Difficulty of deploying detectors in canyon
e Cost of producing thousands of detectors

i A RN
TNV N
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Air Showers in TAMBO

TAMBO

First time [us] arXiv:2507.08070
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https://arxiv.org/abs/2507.08070

Removing Muon Background Requires Accurate Topography

TAMBO
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* Mountain acts as filter for muon backgrounds
* Neutrino purity tunable based on column depth requirement

108 00
5 Will Thompson 19



Removing Muon Background Requires Accurate Topography

TAMBO
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Peru Outreach Trip

* Traveled to Peru in fall 2022 to meet with
officials and visit site
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TAMBO & the Canyon
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Most promising location quite remote; closer areas for test array
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Societal Impact

lii.

* Want local community to embrace project, not just accept
* First steps: workshop with Peruvian social scientists & officials
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TAMBO’s Sensitivity Surpasses All-Flavor Observatories
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* 5x higher v_aperture than IceCube @ 10 PeV, before array optimization
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https://arxiv.org/abs/2507.08070

TAMBO’s Sensitivity Surpasses All-Flavor Observatories
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* 5x higher v aperture than IceCube @ 10 PeV, before array optimization

e With 5000 modules TAMBO wiill:

* Observe ~1 neutrino per year from lceCube SPL flux
* Optimistic source! & cosmogenic fluxes? - ~2 per year, observe cosmogenic flux

103 150 ) 1Rodrigues et al. arXiv:2003.08392
S Will Thompson 2Bergman & van Viet, arXiv:2004.09841 27
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TAMBO Timeline

Today:
TAMBO-4

Small test array

Detector & electronics prototypes
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Pilot array

Deployment techniques,
backgrounds, responsible siting
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Target full size array
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Summary

* TAMBO will:

* Enable the discovery of hidden neutrino sources
* Bridge gap between HE and UHE neutrino telescopes

« TAMBITO funded; development began in August

e Overview paper available at arXiv:2507.08070

* Interested in joining? Contact (me or Carlos
Arguelles) at will thompson@g.harvard.edu,
carguelles@g.harvard.edu

Will Thompson
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Next-Generation Prospects

TAMBO

— 1073
3 Arglelles, Kurahashi, Halzen (to appear 2024)
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C & 2
TAMBO Objectives ¥
Physics Objective Observatory Requirement

Determine if v sources accelerate ‘ >50 sensitivity to extrapolated IceCube
particles to >10 PeV flux from 1-100 PeV

Characterize 1-10 PeV flux by

. Efficient t-flavor discrimination
measuring v. component

Constrain multimessenger point source ‘

. , . Tau angular resolution of < 1°
transients’ properties

Will Thompson 33



Open Questions in Neutrino Astronomy

TA
IceCube, PRD 104 022002 IceCube, EPJC 82 1031 '00 10
i HH Data '
Astro.
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1001 T T T rrr| T T— 1T T T 171
10 10° 10° 107
Deposited Energy [GeV]
Fraction of v,
* Diffuse astrophysical flux discovered * Astrophysical flavor ratio can probe
by IceCube new physics
* Is there a high energy cutoff? * How can we better constrain these
measurements?
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Astrophysical Flavors

* Flavor ratios
characterize physics of
sources

e ... and probe BSM
physics on “long”
baselines
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Is This Insane?

TAMBO
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v Exclusivity

* Air-shower
sighature 6
isolates v, 5

Altitude [km]

e ¢ shielded by
rock

* U rarely creates
extensive air
shower

Altitude |[km]
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Developing Full Simulation

Pr

e Simplified
* No treatnmr= ¢ | / losses
* Approxim 1e 10 20 30 h CORSIKA 8

Propagated distance (km)
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Overview of Simulation Framework

Jeff Lazar Pavel Zhelnin

Detector response: Simulate internal
hardware to model what we will see
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What About Backgrounds?
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* Cosmic Rays

* Largely blocked by mountain

 Random coincidence from pathological
low-energy showers

* High-energy muons
* Create air shower in rare cases

e >4 km column depth removes
atmospherics
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TAMBO Air-Shower Detectors

. GPS antenna , o
' o i = Communications
- s | antenna

o~

X

3 photomultip
. (5 Battery —
S o Plastic tank with
-~ W 12 tons of clean water
>‘s | _
Pierre Auger Collaboration, ICRC(2021)

IceCube Collaboration, EPJ Web Conf. 210 (2019)

* Observatory is an array of thousands of individual detectors

* Two designs under consideration:

 Plastic scintillator panels
* Water Cherenkov tanks
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Hardware Development @ UTEC & PUCP

TAMBO

Adquisition subsystem

* Timing system is a primary challenge panel [ carmon [ sage | | Y
* 1° pointing requires < 10 ns resolution 4 | |rommincaen
over O(km?) g (Sgnal adagtation) i
¢ WIFEleSS tlmlng SyStem under Power system Synchronization Y
development at UTEC Solar panel
RS 2
* Scintillator & timing testbed being built
at PUCP o e
Central €= RS Feceerrerermranneannnnns RS 3
30 m
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