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● Introduction
Many experimental evidences are found for dark matter 

(DM).

etc...

DM exists !



WMAP requires the annihilation cross section:



Notice: Fermi exp. 
reached at 200 GeV.

Leptophilic DM is in favor of explaining the observation 
of the positron excess and no excess of anti-proton.

Indirect detection



Annihilation DM

Techniques:

Decaying DM



Notice: Profile 
dependence exists 
for gamma ray flux.



Annihilation



Decaying



Direct detection

Important to search the DM!



D_6 Model



● Dihedral groups N(N=3,4,5,...) are the 
non-abelian finite subgroups of SO(3).
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D_6 Group

12 elements, four singlets and two doubles.

The element



Eur.Phys.J.C71:1688,2011. (Y. kajiyama, H.O., T. Toma)





E. Ma(phys.Rev.D73:077301,2006)

Predictions:

After the EW breaking, the neutrino masses are radiatively 
generaed.

κ







Note:

comes from the WMAP 
and LFV experiments.

Remarks: These shapes of the line are 
only determined by the final particles. 



NOTE: 
If the sign is changed to minus, 
then a light dark matter can be 
considered to explain CoGent. 
(1109.2722; Y. Kajiyama, H.O., T. Toma)



Decaying DM Model
(A_4, T_13)



Decaying Dark Matters

L= +MXX

To minimaly well-explain Indirect 
detection like PAMELA/Fermi-Lat

Λ~GUT scale(10^16 GeV)

However one simultaneously has to forbid 
many terms in the SM model without any 
symmetries except the baryon number !

symmetry!

(Baryon number is conserved)



NOTE 1...How to realize such a  situation?
NOTE 11...How to control the final state enough?

(No pure tauon by gamma ray Fermi-Lat exp.)
                                                        arXiv:0912.0742

Non-Abelian discrete symmetries might give us an 
answer!!

○ A_4 Model

○ T_13 Model

 Complete universal decay mode is achieved.

Two family universal decay mode is achieved.

(If you assgin appropriately.)

Matsumoto, H.O., Yoshioka, etc, (Phys.Lett.B695:476-481,2011.)

Yajiyama, H.O., (Nucl.Phys.B848:303-313,2011.) 



A_4 Model

Even permutation of N objects. It has N!/2 elements.

A_4...It is known as a minimal group with 
triplet (three singlets and one triplets).

This assignmnets derive the universal decay mode.

※ A_5 (A’_5) can derive the decay mode. 
(1110.3640 with K. Hashimoto and H.O.)  



The symemtries determind the final states!!!

The universal decay mode is fitting well !



T_13 Model

It consists of 4 triplets and 3 singlets.



Two triplet multiplication rules give different type of triplets 
that  is different from A4 and Δ(27).

ex.





T(13) assignments 

This assignmnets derive the two family universal 
decay mode.



The symemtries determind the final states!!!

(α,β,γ)=[(eτe), (μeμ),(τμτ), (eeτ), (μμe),(ττμ),]/6
...three families are mixed

The two family universal decay mode is also fitting well !



○ Summary
Some Non-Abelian discrete symmeties could have a 

possibilities to well-explain direct and indirect detection 
without spoiling lepton/quark sectors. 

(D_6, A_4, T(13),...)

In decaying DM scenario, if one wants to predict 
lepton/quark sector maintaining the explanation of 

PAMELA/Fermi-lat,
some more complicated groups might be promising

(S_4, A_5,...) 

Higgs sector is discussed more seriouly. 
NOTE;

Thanks !


