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Figure: Vitagliano, Tamborra, and Raffelt 2020
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* CvB (relic neutrinos) decoupled from matter at the early universe (~ 1 second
old).

¢ As the universe expanded, it further cooled down (~ 1.95K).

CvB is extremely difficult to detect due to its low energy!
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Previous work

* 'overdensity’
* KATRIN placed an upper limit on neutrino overdensity Aker et al. 2022: 10

Figure: Irvine and Humphreys 1983
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Is it possible for CvB to be boosted to higher energies?
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Motivation
000e000

Is it possible for CvB to be boosted to higher energies?

YES!

Cosmic rays scattering off relic neutrinos — boost!
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Previous work
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Previous work

Figure: Ciscar-Monsalvatje, Herrera, and Shoemaker 2024
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Figure: Ciscar-Monsalvatje, Herrera, and Shoemaker 2024
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Schematic plot

Figure: Herrera, Horiuchi, and Qi 2024
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CR composition

consider only protons

scattering process
consider only neutral current interactions
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Cosmological terms
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Double integral
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proton-neutrino scattering cross section
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Cosmic Ray spectrum in the Milky Way
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Double integral
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maximal energy transferred to a neutrino in one scattering
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redshift evolution of Cosmic Ray flux
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Redshift evolution of CR

< Return to other terms

Redshift evolution of Figure: Kotera, Allard, and Olinto 2010
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Figure: Ciscar-Monsalvatje, Herrera, and Shoemaker 2024
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Result

Figure: Herrera, Horiuchi, and Qi 2024
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Result - incorporating overdensity

Figure: Herrera, Horiuchi, and Qi 2024
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Result - incorporating overdensity

Figure: Herrera, Horiuchi, and Qi 2024
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Conclusion and Outlook

Boosted flux

Relic neutrino flux is remarkably
boosted.
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Stringent constraint on

overdensity

With a sensitivity increasing of

only ~ 150 compared to IceCube

Gen2, we have a hope to directly

detect CvB. \/728 Coiing
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Conclusion and Outlook

Boosted flux Outlook
Relic neutrino flux is remarkably Further improvement is possible
boosted. by taking into account:

* heavy nuclei
* deep inelastic regime
* charged current interaction

Stringent constraint on

overdensity

With a sensitivity increasing of —» a program in progress with

only ~ 150 compared to IceCube shunsaku Horiuchi. lan

Gen2, we have a hope to directly Shoemaker, Gonzalo Herrela.
detect CvB. vzt SINIA
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More Results
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lceCube Gen2

* next-generation South Pole neutrino observatory

* "A core detector will be the IceCube-Gen2 optical array, with a size eight times
larger than the current IceCube and optimized to detect neutrinos with energies
ranging from hundreds of TeV to tens or even a few hundreds of PeV."

Figure: https://icecube-gen2.wisc.edu/about/icecube-gen2/

lanned IceCube-Gen2 extension. loeCube-G mpasses
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