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Abstract

We demonstrate that an economical two Higgs doublet 
model can explain the electron and positron excesses in 
the recent Fermi, PAMELA and ATIC experiments by the 
three body decays of the dark matter (DM) fermions 
without requiring the fine turning of the couplings and 
degeneracy of masses. We also show that the mass and 
lifetime of the decaying DM particle may not be fixed to be 
around 1 TeV and 10^26 sec, respectively.
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Outline

Fermi / PAMELA / ATIC cosmic rays excesses
FPA anomaly from three-body decays
FPA anomaly, neutrino masses and LG
Conclusion



Fermi / PAMELA / ATIC cosmic 
rays excesses

Fermi:  arXiv:0905.0025 [astro-ph.HE]

PAMELA:  Nature 458 (2009) 607

ATIC:  Nature 456 (2008) 362
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FPA data
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DM decay
M ≥ 1 TeV 
τ ≤ 1026 s

DM annihilation
0.5 TeV < M < 1 TeV
<σv> ~10-26 cm3s-1 ~10-9 GeV-
2

BF ~ 102 - 104

Possible explanations of FPA anomaly

Astrophysics: nearby pulsars or microquasars etc.

Particle physics:
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Propagation of electrons/positrons in the galaxy
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Spherically symmetric DM density profile
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FPA anomaly from three-body 
decays

Toy model: 0901.2681 [hep-ph]

Split SUSY realization:  0905.0652 [hep-ph]
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Toy model

Two scalar doublets model:  φ,  η +  2 neutral leptons Nk.

Non-SM particles are odd under Z2 symmetry.
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DM decay
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Electron/positron fluxes
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Results

14
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Production of the DM leptons

16

N are produced copiously after the big bang. N is typical unwanted relic.
Inflation dilutes N away, since its number density reduces exponentially.

Present abundance of N may be generated at the end of reheating in the 
lepton scattering. 
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How to verify the model?

17

The model can be verified by precise measurements of the electron 
spectrum and positron fraction, since the shapes of the corresponding 
curves are not very flexible.

In particular, further measurements of the positron fraction at energies 
higher than 100 GeV are crucial in testing the same origin of the FPA 
electron/positron excesses.

Finally, the gamma-ray observations may help us to verify the model.



Split SUSY realization
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We focus on the lepton trilinear couplings
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FPA anomaly, neutrino masses and LG



Neutrino masses
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Leptogenesis

This mass degeneracy could be avoided in the extended model, e.g., by using 
the mechanism, proposed by Chuan-Hung Chen in 0905.3425 [hep-ph].
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Decaying Dark Matter
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Conclusion

29

• We have investigated a new mechanisms to generate 
the electron/positron excess from the decays of DM 
leptons.
• We have shown that the observed FPA anomaly can 
be explained by the decay of the neutral lepton N2 with 
the mass M2 ≥ 1.5 TeV and the lifetime τ2 ≤ 1026 s.
• We have shown that the FPA anomaly can be 
naturally explained in split SUSY model by the 
neutralino decays with including the muon effects.
• We have found the economy generalization of the SM 
to explain the neutrino masses, LG and FPA anomaly.


