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What makes high-energy cosmic v exciting?
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Next decade: a host of planned neutrino detectors
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TeV-EeV v cross sections v self-interactions
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TeV-EeV v cross sections v self-interactions v scattering on Galactic DM
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TeV-EeV v cross sections v self-interactions v scattering on Galactic DM
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Making high-energy astrophysical neutrinos
(or p +p)
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Neutrino energy = Proton energy / 20
Gamma-ray energy = Proton energy / 10
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IceCube: Energy spectrum (~10 yr)
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Arrival directions (HESE 7.5 yr)

No significant excess in the neutrino sky map:

+75°

. Largest TS
Post-trial

p-value: 0.092

Galactic Cente

Milky Way sources?
Possibly: A few fimes 0.0 10.5 21.0

107 of the diffuse flux TS = —2A ln(ﬁ) IceCube, 2011.03545
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Blazar TXS 0506+056:

IceCube, Science 2018
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c IceCube HESE (7.5 yr) extrapolated
g IceCube vy, (10 yr) extrapolated
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o IceCube HESE (7.5 yr) extrapolated
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@ IceCube HESE (7.5 yr) extrapolated @) Heinze et al., fit to Auger
g IceCube vy, (10 yr) extrapolated
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@ IceCube HESE (7.5 yr) extrapolated @) Heinze et al., fit to Auger
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What do we hope to learn in the next 10-20 years?
TeV-PeV neutrinos: sharpen

a What are the sources of the IceCube TeV-PeV neutrinos?

e Relative contribution of steady-state vs. transient sources at TeV-PeV? > Need mainly

statistics
9 Is there a sizable component of TeV-PeV neutrinos of Galactic origin?
@ What is the precise flavor composition of TeV-PeV neutrinos? /
Gap at few to
EeV neutrinos: discover tens of PeV
\

e What is the size of the diffuse flux of UHE neutrinos?

. Need mainly
higher energies

.

6 Relative contribution of cosmogenic vs. source UHE neutrinos?

a The big one: what are the sources of UHECRs?



TAMBO astro case #1: the tail of the IceCube flux

All-flavor neutrino flux, E%CID,,W [GeVem 25 1sr1]

@ IceCube HESE (7.5 yr) extrapolated

@ IceCube vy, (9.5 yr) extrapolated

Valera, MB, Glaser, 2210.03756

i T T T T T T T T T T T T T T T T 0\ T T T T T T T T I T |J’”|/-]’/' T
r \‘~-é.ugerlll e ETET
L IcecubeBL__________ 's'\,s.s__.-_-_'___:'_‘)-rv"'ﬂ;—""
10_8? ,/-""'_- =
[~ ",/
C ~ .. —_
5 ~..
= ~e.
- @
10-7¢ -
10~ 101 E
L @ IceCube v extrapolated i
L B Cosmogenicv
: ‘ Source v
IceCube-Gen2 Radio energy range :
@ Cosmogenic + source v
10_11 Lo | 1 Lo | 1
10° 107 108 10°

Neutrino energy, E, [GeV]

1010



TAMBO astro case #1: the tail of the IceCube flux

Valera, MB, Glaser, 2210.03756
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TAMBO astro case #1: the tail of the IceCube flux

All-flavor neutrino flux, E%CIDUW [GeVem 25 1sr1]

@ IceCube HESE (7.5 yr) extrapolated
IceCube vy, (9.5 yr) extrapolated

Valera, MB, Glaser, 2210.03756
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TAMBO astro case #1: the tail of the IceCube flux

Valera, MB, Glaser, 2210.03756
@ IceCube HESE (7.5 yr) extrapolated Rodrigues et al., HL BL Lacs

@ IceCube vy (9.5 yr) extrapolated

‘T QRodrigues etal., all AGN
m [ T T T T T T T T T T T LI B .\. T T T T T T T T l/ TR ]
‘T | Au L e |
7)) L &y . _
9
© i ;
> [ o
) L 4
g‘ L =
[N B T
t
g 107%F E
o> r -4
S| C ]
X I :
=)
= L
g
g 1071
2 i
(- + o @ IceCube v extrapolated
= r ."~.~. B Cosmogenicv
g i ) S ‘ Source v .
= IceCube-Gen2 Radio energy range T @ Cosmogenic + source v
EI 10_ 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 | I .NlA.s 1 A ] 1 1 1 1
= 10° 107 10° 10° 100

Neutrino energy, E, [GeV]



TAMBO astro case #1: the tail of the IceCube flux
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TAMBO astro case #1: the tail of the IceCube flux
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TAMBO astro case #1: the tail of the IceCube flux
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TAMBO astro case #1: the tail of the IceCube flux
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TAMBO astro case #1: the tail of the IceCube flux
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TAMBO astro case #1: the tail of the IceCube flux
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TAMBO astro case #1: the tail of the IceCube flux
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TAMBO astro case #1: the tail of the IceCube flux
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TAMBO astro case #1: the tail of the IceCube flux
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TAMBO astro case #1: the tail of the IceCube flux
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TAMBO astro case #1: the tail of the IceCube flux
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TAMBO astro case #1: the tail of the IceCube flux
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TAMBO astro case #1: the tail of the IceCube flux
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TAMBO astro case #1: the tail of the IceCube flux
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TAMBO astro case #1: the tail of the IceCube flux

5 10—
i - Prior on the HE v flux cut-off energy UHE v flux model 1
50 i Flat on log,,(EFE, /GeV) & & Rodriguesetal, all AGN ]
L.% L — ?g’ag;e?j‘;e;)logm(fi?fm/ GeV) I
Some knOWIedge E_’\ I ___ Gaussian on logm(EEEut/GeV) /,w"/’ |
of the cut-off energy 10l ~ #=80=02) e

1 L L LN |
\
1 lIIIII]

T
A

p—

o
p—

Decisive

Very strong
| Strong
[0 Substantial

I Negligible

1 10
Valera, MB, Glaser, 2210.03756 IceCube-Gen2 Radio exposure time, T [yr]

Mean UHE v flux discovery Bayes fact

I
p—



TAMBO astro case #1: the tail of the IceCube flux
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TAMBO astro case #1: the tail of the IceCube flux
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TAMBO astro case #1: the tail of the IceCube flux
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TAMBO astro case #2: finding PeV bumps A bump can reveal a

population of py sources
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TAMBO astro case #2: finding PeV bumps
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TAMBO astro case #2: finding PeV bumps

Equivalent IceCube exposure [years]
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TAMBO astro case #2.5: constraining subdominant bumps
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TAMBO astro case #3: flavor composition
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TAMBO astro case #3: flavor composition
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TAMBO astro case #3: flavor composition
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What do we need to define about TAMBQO?

We need these to gear the preceding predictions to TAMBO:
» Energy range where it is sensitive
» Effective volume

» Benchmark energy and angular resolution

» Benchmark event rates

With them, we can assess the position of TAMBO
as the bridge between PeV and EeV neutrinos
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Astrophysical sources Earth
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Quick aside: how to read a ternary plot

Assumes underlying unitarity —

sum of projections on each axis is 1

How to read it:
Follow the tilt of the tick marks

Always in this order: (f,, f,, f.)
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From sources to Earth: we learn what to expect when measuring f, g

( Sources
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\_
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One likely TeV-PeV v production scenario:
p+y_)ﬂ:+el’l++vp fOHOWGdby “+—)e++ve+\7p

Full m decay chain
(1/3:2/3:0)s

Note: v and v are (so far) indistinguishable

in neutrino telescopes
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One likely TeV-PeV v production scenario:
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First identified high-energy astrophysical v,
Double bang:
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Energy dependence of the flavor composition?

Different neutrino production channels accessible at different energies —
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» TP13: py model, target photons from e'e” annihilation rimmer+, Astropart. phys. 20101
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Energy dependence of flavor ratios — in IceCube-Gen2
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Energy dependence of flavor ratios — in IceCube-Gen2
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Inferring the flavor composition at the sources
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More than one production mechanism?

Can we detect the contribution of
multiple v production mechanisms?
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Propagate to Earth l
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Assume real value k, =1 (k, =k, = 0)

By 2040, how well will we recover the real value?
[Adding spectrum information (not shown) will likely help]
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Side note: Improving flavor-tagging using echoes

Late-time light (echoes) from muon decays and neutron captures can separate
showers made by v, and v, -
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