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TAMBO: Looking for astrophysical tau neutrinos in the 
Peruvian Andes

Robert-Mihai Amarinei, University of Geneva (CH) on behalf of the TAMBO collaboration



Recent history of astrophysical neutrinos
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Last decade has seen major discoveries in astrophysical 
neutrino community

• IceCube – diffuse astrophysical neutrino flux 2013 [1]

• IceCube pin points astrophysical neutrino sources [2,3]

• PeV neutrino detection [4], Multiple tens of PeV  event 
(preliminary) KM3NeT [6]

Credits  [1]



Lessons from the Diffuse Astrophysical Neutrino Flux  
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• Astrophysical neutrinos → Neutrinos 
originating beyond our solar system.

• Flux: E-ɣ,  γ ≈ 2.5 (γ )

• “Spectral index”,  γ ≈ 2.5 [7]

• Spectral index encodes information about 
particle production mechanism… Active 
Galactic Nuclei (AGN), Gamma Ray Burst 
(GRB)

• The aim is to measure flux for different energy 
bands and flavours…

• Spectral index also sensitive to atmospheric or 
astrophysical

Credits  [7]

See also  preliminary results from KM3NeT present by J. 
Coelho at Neutrino2024 



Neutrino Flavour Ratio 
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• Are neutrinos arriving at Earth in equal 
amount for each flavour?
• Simple question… deep implications

• Most common model predicts at source:         
(fe:fµ:f𝜏)s = (1:2:0)s 

• Pions:

Bottom plot
• What to expect at Earth for four different 

models

• (1:2:0)S → (1:1:1)⊕

• (0:1:0)S or (1:0:0)S or (0:0:1)s would imply new 
other channels.

Credits  [8]

Credits  [9]



Current results
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Credits  [5]

IceCube can detect all flavours.

Distinguishing 
between electron 
and tau neutrinos is 
difficult…

Only 7 tau-like 
astrophysical 
neutrinos detected 
‘to date’.  

“Though the best-fit exclusion composition is (0.2 : 0.39 : 0.42) , 
the limits are consistent with any composition at source…”



Next generation observatories
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Community very well prepared 
for > 100 PeV

• Not a lot of effort to bridge the 
gap between ~ PeV and 100 
PeV

• The flavour identification is still 
a problem…



Next generation observatories
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TAMBO tackles these two problems 
through an innovative approach. 

Community very well prepared 
for > 100 PeV

• Not a lot of effort to bridge the 
gap between ~ PeV and 100 
PeV

• The flavour identification is still 
a problem…



TAMBO – detection principle
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TAMBO – 𝜈𝛕 detection principle



Baseline design
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Here put the mountain photo on 
the backgroun

Baseline design

22 k 
detector 
modules

150 m 
spacing 

~ km wide
1.5 m2 

module area

One order of 
magnitude 

better 
acceptance

Slide adapted from A. Garcia’s talk

https://agenda.infn.it/event/33457/contributions/204800/attachments/109518/155609/tambo.pdf


TAMBO - Simulation
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A complex simulation is developed covering all physics from primary neutrino 
to detector response. 

• Event injection: primary neutrino energy, CC interaction in rock

• 𝛕 lepton propagation (PROPOSAL):

  Energy losses, 𝜈𝛕 recombination 

• Event weighting:

 Correct for “unphysical assumptions”

• Detector response.
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TAMBO Simulation Jeffrey Lazar

Figure 3: Propagation process for tau and mu neutrinos. The top panels show a bird-eye view of the

propagation process, while the bottom panel shows the process from a vantage point perpendicular to the

neutrino momentum. The thickness of the line in each plot is proportional to the nergy of the lepton. Since

the simulation does not differentiate between neutrino flavors within the simulation region, we represent the

neutrino as a dashed black line in both cases. Once a charged-current interaction takes place, we simulate

theenergy losses of theparticle in matter. Asmentioned in themain text, thecharged mu lepton losesenergy

much more quickly than the charged tau lepton, and does not decay as promptly.

distance, is sampled uniformly in column depth. We then set the interaction vertex a distance 3

from the point of closest approach, in the direction opposite the neutrino momentum.

3. Final State Propagation

3.1 Charged Lepton Propagation with PROPOSAL

Oncethe initial quantitieshavebeen set, theoutgoing charged tau lepton ispropagated through

thesimulation volume until decay using the PROPOSAL software. This software, which uses Monte

Carlos techniques to simulate the passage of charged leptons through matter, contains up-to-date

cross sections for ionization, bremsstrahlung, photonuclear interactions, electron pair production,

Landau–Pomeranchuk–Migdal and Ter-Mikaelian effects, muon and tau decay, as well as Molière

scattering. Furthermore, it hasbeenwidely used, andassuchhasbeenwell-testedby thecommunity.

In Fig. 3, the full path an event takes from entering the simulation region to either decaying

or coming to rest for two different incident neutrino types. As can be seen on the left-hand plot,

the charged tau lepton which emerges from the a tau neutrino charged-current interaction retains

most of its energy and decays quickly in the valley. If we exchange the incident tau neutrino for an

incident muon neutrino, the story is quite different. Although the interaction vertex is the same in

each case, the emerging charged mu lepton is too long-lived and does not decay in the valley, and

thus cannot create an air-shower for TAMBO to detect. Furthermore, even if the muon did decay
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TAMBO - Backgrounds
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μ

Very high
 energy μ

μ which comes close 
to the top of the peak

𝜈μ CC interaction 
in the mountain 



TAMBO - Backgrounds
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μ

Very high
 energy μ

Backgrounds can be reduced through angular cuts (or they are very rare - 2/century).

μ which comes close 
to the top of the peak

𝜈μ CC interaction 
in the mountain 



TAMBO – First Module Prototype
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TAMBO comprises 22000 modules:

• Water Cherenkov vs plastic scintillator

• ~ns time resolution for 1° angular resolution

• No R&D needed to reach goals

• However, needs to be scalable and easy do 
deploy on a mountain face.

Current prototype:

• Plastic scintillator (1cm thick) with 
wavelength shifter

• 1.5 m2 area

• Readout by SiPM array.



TAMBO – Engaging with the local community
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Colca Valley at the fore-front of science:

• Strong support from local officials

• Partnership with local universities

• Engaging the local community in the construction of TAMBO.
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TAMBO

Smart design 
to detect 𝜈𝝉

Order of 
magnitude 
increase in 
sensitivity

Cost effective
Complementary 

approach for 
IceCube 

First ever to 
produce a 𝜈𝝉 
source map

Thank you  for your attention!
Robert-Mihai Amarinei, University of Geneva (CH) on behalf of the TAMBO collaboration
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