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Focus of A02 Group

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

• Beyond LHC energies: “energy frontier"
• Usually more challenging for direct detection
• Indirect searches → “multi-messenger” approach

- VHDM searches with nearby halos
- Cosmic-ray detection & DM searches w. all-sky particles
- VHDM production mechanisms

Our main target 



VHDM Searches with Gamma Rays from Nearby Halos

• Extending gamma-ray search beyond TeV energies
• Electromagnetic cascades are crucial
• Analyzing 14 yr Fermi-LAT data for dwarf galaxies and clusters
• Better than existing constraints by Fermi/IACTs w.o. cascades

Song, Hiroshima & KM 2401.15606 Song, KM & Kheirandish 2308.00589

Dwarf galaxies Galaxy clusters



Cosmic-Ray Detection

Figure 1: (Left) An example of a cosmic-ray extensive air shower recorded by the CCD of
Subaru-HSC. (Right) A schematic view of the four possible incident directions of a charged
particle penetrating the depletion layer of a CCD.

Mauna Kea in Hawaii. Subaru HSC typically observes distant stars, galaxies and other inter-

stellar objects in the optical and infrared by utilising more than one hundred 2k⇥4k Charge

Coupled Devices (CCDs). The total area of the CCD array is approximately 0.18m2.

When an extensive air shower occurs in the vicinity of Subaru HSC, charged particles pene-

trate into the depletion layer of the CCDs. If this occurs during an exposure period i.e. whilst the

telescope is measuring, the particles leave long thin “tracks” on the final image. An example of

this effect is shown in Figure 1 (left). In this case, the majority of tracks are aligned in a similar

direction, indicating the probable arrival direction of the original cosmic ray. Noticeably, there

are a few tracks not aligned with the general direction of the shower. These may be deflected

particles from the same shower, or randomly directed particles originating from the constant

background of low energy cosmic ray showers.

The angle of entry into the CCD for each particle can be determined based on the tracks

length. However, this still leaves 4 possibilities for the 3D direction of the particle, as illus-

trated in Figure 1 (right). The procedure for deciding upon a particles direction and how these
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Discovery of the Amaterasu particle 

E=2.44x1020 eV

Scientific Reports 13, 16091 (2023) 
in collaboration w. B03 group



VHDM Searches with All-Sky Particle Fluxes

• Developing propagation codes for
neutrinos, gamma rays & CR nuclei

• Applications to VHDM
• Lunar radio observations are 

important for GUT-scale DM
• Updated gamma-ray search for the 

Milky Way halo is going on
→ see talk by Song

Applications to BSM interactions
Eskenasy, Kheirandish & KM 23 PRD
Carpio, KM, Shoemaker & Tabrizi 23 PRD
Carpio & KM 23 JCAP
Carpio, Kheirandish & KM 23 JCAP 

nn → anything



Applications to Sub-GeV Dark Matter
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• IceCube evidence for neutrinos 
from a nearby active galaxy

• BSM cosmic-ray cooling should
be sufficiently inefficient

• Novel constraints on DM-p/DM-e
scattering
(better than boosted DM limits) 

Herrera & KM 2307.09460 

Das et al. in prep. 24

• Composite asymmetric DM
accompanied by dark nucleon decay

• g, n, CR constraints are complementary
(ex. EGRET, Super-K, AMS-02)
→ see talk by Dasprel
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DM Production Mechanisms
• Quantum annihilation

of kink-antikink networks
• Background field f

coupled to a massive field y
• Implications for VHDM production?

• Higgsplosive dark matter
→ see talk by Yamanaka

Mukhopadhyay, KM, Naruko & Zahariadec 24 in prep.
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Collaboration with Other Groups 

see Hiroshima’s talk (in collaboration with C02 group)



Thank you!!!


