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New Team Members

Unfortunately, COVID-19 led to many complications...
But 2 postdocs have almost joined the team!

Saikat Das — original plan: 2021 summer
— started in 2021 fall
working on multimessenger
emission at UHE energies

Deheng Song — original plan: 2021 winter
— will start in 2022 spring
working on multimessenger
emission at MeV-TeV energies
and DM models
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Our main target

>10 orders of magnitude in energy (above TeV)
It may not be a desert

Beyond LHC energies: “energy frontier"
More challenging for direct detection
Indirect searches are much more important
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Golden era of multimesssenger astrophysics has come!



Diffuse Multi-Messenger Limits on Decaying DM
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Beyond EeV energies? Other astrophysical probes?
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Das, KM & Fuijii to be submitted

Updated constraints from the latest Auger data with composition
— talk by Saikat Das



Seeing Cosmic-Ray Extensive Air Showers

Direct detection of Subaru HSC CCDs Koike, Kawanomoto, Miyazaki (NAOJ), Fuijii (Kyoto) in prep. (HSC Project 433)

Altitude 4139 m, Mauna Kea, Hawai CCD size

Optical and Infra-red telescope 30 mm x 60 mm

8.2 m diameter mirror :

34' x 27 field of view 0.2 mm thickness
150 sec. exposure

116 CCDs

Image credit: https://subarutelescope.org

idnEge Seeing shower!

HSC

App Store (Mac)

HSC CCDs can be used as cosmic-ray detectors
— talk by Toshihiro Fujii



Search for Nearby DM Halos

- Galactic DM halo (e.g., Bai+ 14 PRD)

- Nearby DM halos (clusters & galaxies) stacking/cross-correlation
“point/extended” sources “independent” of y—ray bounds
decaying DM: signal flux «< My,,,/tym/d?
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Sensitivities from Nearby DM Halo Searches

Chianese, Kheirandish & KM 22 in preparation
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In future, stacking w. more clusters/galaxies can overwhelm diffuse v searches






Astrophysical Effects

AMES - Astrophysical Multimessenger Emission Simulator
simulating high-energy nonthermal emission
computing EM and v oscillation/cascades (w. BSM)




Neutrino Interactions En Route

Standard Model
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Neutrino Attenuation/Cascades as New Probes
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Heavy Dark Matter Production

* Thermal production of CDM, freeze-out (e.g., WIMP)
unitarity bound: mpy, < 100 TeV (Griest & kamionkowski 90)

 VHDM production mechanisms?




Summary

« Updated constraints with the latest multimessenger data
- Das & Fujii

« v and y-ray searches for nearby dark matter halos for VHDM
(with EM cascades inside halos) — Song & Hiroshima

« Code development on astrophysical processes
(bonus: neutrino-neutrino, neutrino-DM interactions)

« Cosmological probes - Yamanaka & Naruko
- DM production mechanisms
- quantum phase transition & topological defects

More results will come out in 2022



