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THE MODEL
Ma, Phys. Rev. D73 (2006) 077301
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DARK MATTER
Dark Matter (DM) candidate (lightest odd particle):
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parameter regions:
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A : 2.0 < M⌘/M1 < 9.8

B : 1.2 < M⌘/M1 < 2.0

C : 1.05 < M⌘/M1 < 1.20

D : 1.0 < M⌘/M1 < 1.05

A,B,C, and D consistent with neutrino data,
LFV, perturbativity and DM relic density 

sin

2
2✓13 = 0.092± 0.016± 0.005 : additional contributions toµ ! e�

DAYA-BAY, Phys.Rev.Lett. 108(2012) 171803
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DIRECT DETECTION:
COMPARISION WITH EXPERIMENTS
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CONCLUSION

7

Ma model: Neutrinos have mass and the Universe has Dark Matter.

coannihilations important for DM relic density

constrains from LFV processes

direct detection of leptophilic DM possible by photon exchange

calculation of relevant loop processes for the first time

charge-charge interactions dominate XENON100 event rate

stringent test by XENON1T
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APPENDIX A: THE MODEL
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APPENDIX B: FLAVOR 
STRUCTURE
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APPENDIX C: DARK MATTER
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APPENDIX D: EFFECTIVE 
INTERACTIONS
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APPENDIX E: DIRECT 
DETECTION

19
9F

23
11Na

73
32Ge 127

53I
131
54Xe 133

55Cs
183
74W

JA 1/2 3/2 9/2 5/2 3/2 7/2 1/2
µA/µN 2.629 2.218 �0.879 2.813 0.692 2.582 0.118

Energy range Quenching factor
XENON100 8.4� 44.6 keV �

KIMS 3.6� 5.8 keVee 0.1 (Cs), 0.1 (I)
DAMA 2� 8 keVee 0.3 (Na), 0.09 (I)

energy range and the quenching factor forXENON100, KIMS,DAMA

magnetic moments in units of nuclear magneton
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